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ACTA A G R O N O M I C A 

ТОМ XIV — ВЫП. 1—2 

Р Е З Ю М Е 

ИССЛЕДОВАНИЕ ОБЩЕЙ И СПЕЦИАЛЬНОЙ 
КОМБИНАЦИОННОЙ СПОСОБНОСТИ 18 ЛИНИЙ САХАРНОЙ КУКУРУЗЫ 

(ZEA MAYS L. CONVAR. SACCHARATA KÖRN.) 
ПРИ ДИАЛЛЕЛЬНОМ СКРЕЩИВАНИИ 

Л. Д А Н И Е Л Ь 

Нами изучалась хозяйственная ценность 18 линий сахарной кукурузы при диал-
лельном скрещивании. Изменчивость общей комбинационной способности по отдельным 
признакам в большой степени достоверна и только по двум признакам не была выше 
специальной комбинационной способности; один из них важный с хозяйственной точки 
зрения — длина первого початка (VaJVSa = 0 , 9 9 ; А2 = 0,26). Это показывает, что 
по этому признаку селекцию надо проводить на основе общей комбинационной способ-
ности, но она не должна быть очень строгой, и специальной комбинационной способности 
тоже надо придавать большое значение. Наш материал чрезвычайно богат по генному 
составу и пригоден без нового дополнения для выведения высокоурожайных гибридов 
различного срока созревания. Исследования корреляции частично подтверждают взаи-
мосвязь характерных признаков в пределах группы южного зубовидного и северного 
кремнистого типов, однако индекс размеров листа и пасынковость (кустистость) ослаб-
ляют связь. 

В опытах, проведенных при неблагоприятных условиях, участвовали три извест-
ных американских линий, средняя продуктивность которых оказалась намного ниже 
средней продуктивности опыта, в то время как 5 линий, выведенные в Венгрии из амери-
канских сортов и еще не испытанные, обладают средним выше среднего опыта. 

ФЕНОЭКОЛОГИЧЕСКИЕ ИССЛЕДОВАНИЯ НА ЯРОВЫХ 
ЗЕРНОВЫХ 
ДЬ. МАНДИ 

Показанное автором проявление «индивидуальных амплитуд» (степень отклонения 
фенологических явлений внутри стеблестоя) изучалось в сроках посева у яровых овса 
и ячменя. Показано, что сорта ярового ячменя в меньшей степени чувствительны к край-
ностям погодных условий, чем сорта овса. Сорта овса были требовательны не только к 
осадкам, но и к температуре. Было определено, что температурный оптимум для раз-
вития обоих видов намного ниже, чем это обычно приводится в специальной литературе. 

ВОЗМОЖНОСТЬ ПРЕМУНИТАЦИИ У ПУЗЫРЧАТОЙ 
ГОЛОВНИ КУКУРУЗЫ 

(Ustilago maydis [D .c . ] Eda) 

E. ХАЛАС 

Доказана возможность премунитации у пузырчатой головни кукурузы при иссле-
довании ее в полевых условиях. Семена гибридов, использованные для маркировки, зама-
чивались в культуре с живыми, умерщвленными или претерпевшими деструкцию путем 
центрифугирования возбудителями болезни. Растения, полученные из этих семян, зара-
жали на различных этапах развития в течение всего вегетационного периода; заболевание 
у отдельных вариантов было в меньшей степени, чем у контроля. 



ИССЛЕДОВАНИЕ ВЗАИМОСВЯЗИ МЕЖДУ ТЕМПЕРАТУРОЙ 
ВОЗДУХА И РАСТЕНИЯ 

К. РАДНАИ, ДЬ. П А Л , Б. ПАПП 

Наименьшее колебание температуры наблюдается у стебля растения, наибольшее 
— на нижней стороне молодого листа. Колебание температуры больше у молодого листа, 
чем у старого. У старого листа не наблюдается разницы в колебании температуры на верх-
ней и на обратной стороне листа; у молодого листа колебание температуры больше на 
обратной стороне листа, чем на его поверхности. Когда поднимается температура воздуха, 
температура растения также поднимается, но в большей степени, чем температура воз-
духа. Когда же температура воздуха снижается, температура растения снижается в 
большей степени, чем воздуха. При нагревании (облучении), следовательно, тело рас-
тения, подобно почве, поглощает тепловые лучи, а затем отдает окружающему воздуху. 
При охлаждении (излучении) растение сильнее и быстрее охлаждается, чем окружающий 
воздух. 

ВЫБОР ИСХОДНОГО МАТЕРИАЛА ДЛЯ ВЫВЕДЕНИЯ 
ТЕТРАПЛОИДНОГО КРАСНОГО КЛЕВЕРА 

А. Я Н О Ш Ш И 

В 1952—1953 гг. в Таплансенткересте (Западная Венгрия) нами было исследовано 
67 сортов красного клевера, в том числе и сорта местного происхождения с целью исполь-
зования сортов, обладающих хорошими признаками, для получения тетраплоидных форм. 
На основании исследования, произведенного с точки зрения изучения всех признаков, 
были выбраны 27 сортов. В 1953 г. скрестили два показавших себя наилучшими сорта 
и первое поколение обработали колхицином. Всего в январе 1954 г. подвергли обработке 
28 образцов. Тетраплоидный материал размножался и селектировался попеременно в 
Тапиоселе с сухим климатом Большой Венгерской низменности (количество осадков в 
среднем за 50 лет было равно 551 мм) и в Таплансенткересте с большим количеством 
осадков (700 мм). 

Изучение потомства подтвердило, что линия тетраплоида, происходящая от пер-
вого поколения двух лучших диплоидных сортов по продуктивности лучше, чем тетра-
плоиды, происходящие от родительских сортов, а также лучше, чем смесь тетраплоидов, 
происходящих от 28 образцов. 

РЕПАРАТИВНАЯ РЕГЕНЕРАЦИЯ У ОВСА (AYENA SATIVA L.) 
Ш. Ф А З Е К А Ш 

На основании опытов было определено, что овес в виду большой способности к 
регенерации способен восстановить целое растение. Срезание побегов овса стимулирует 
процессы роста и развития и это проявляется косвенно на повышении жизненности от-
дельных кустов. Срезание побегов может повлиять на вегетационный период, удлиняя 
его, и .может послужить образованию новых свойств (повысить способность к регенерации) 
у отдельных кустов. 

ЯРОВОЙ ЯЧМЕНЬ МК—42, УСТОЙЧИВЫЙ ПРОТИВ 
МУЧНИСТОЙ РОСЫ 

Э. П О Л Х А М Е Р 

Разница в урожае между сортами ярового ячменя, восприимчивого и устойчивого 
против мучнистой росы, полученная в результате ущерба, вызванного мучнистой росой, 
в среднем за четыре года оказалась большей, чем ее оценивали раньше. Мучнистая роса 
снижала урожай, прежде всего в годы, когда урожай был меньше среднего. 

На опрыскивание 0,5%-ным раствором каратхана сорта реагировали по-разному. 
На устойчивом сорте-кандидате, МК—42 появились пятна ожога; урожай зерна и пока-



затели по другим признакам снизились. Опрыскивание вызвало повышение урожая вос-
приимчивых сортов, а показатели по другим признакам в зависимости от сорта изменя-
лись по-разному. 

МК—42, несмотря на отсутствие зимостойкости, может служить хорошим компо-
нентном для скрещивания с целью выведения озимого ячменя, устойчивого против муч-
нистой росы. 

СРАВНЕНИЕ НЕСКОЛЬКИХ ЛИНИЙ ГИБРИДНОГО 
МАКА Б Ц - 2 С ТОЧКИ ЗРЕНИЯ ЛЕКАРСТВЕННОЙ 

ПРОМЫШЛЕННОСТИ 
Ш. ШАРКАНЬ, И. ШАРКАНЬ-КИШ, Г. В. ПЕТРИ, А. С. К О В А Ч 

Авторы исследовали 10 линий гибридного мака БЦ—2 в нескольких повторностях, 
всего на 50 делянках. При сравнении исследовали формирование наиболее важных с 
практической точки зрения особенностей. С вниманием следя за рядом морфологических 
признаков оценивали также окраску семян, урожай, вес 1000 зер., вес коробочки, урожай 
семян из одной коробочки, далее содержание морфина и близких к нему алкалоидов 
(кодеин, тебаин, наркотин, папаверин). Определено, что линии относительно выровнен-
ные морфологически отличаются между собой по урожаю семян и коробочек. По продук-
ции алкалоидов также наблюдаются различия, хотя линии из массового материала не 
дают сигнификантной разницы, но по близким к морфину алкалоидам линии различаются. 
Некоторые из новых линий «А», происходящие от индивидуумов, выбранных из наилуч-
ших гибридных линий БЦ—2 (напр. 57/1964, 60/1964) по содержанию близких к морфину 
алкалоидов приближаются к наиболее продуктивному родителю ШЦ, тогда как и по 
ряду других особенностей их продукция также является хорошей. 

БИОХИМИЧЕСКИЕ ПРОЦЕССЫ ЯРОВИЗАЦИИ 

III. Изменение активности окислительной системы аскорбиновой кислоты 
гл. ДЕВАЙ 

Нами исследовалась окислительная способность аскорбиновой кислоты молодых 
побегов и корней в различной степени яровизированных пшениц и определено, что: 

1. Окислительная способность аскорбиновой кислоты молодых побегов и корней 
по мере прохождения яровизации изменяется в зависимости от температуры. Температур-
ный оптимум окислительной системы аскорбиновой кислоты по мере прохождения яро-
визации сдвигается в сторону низких температур и при прохождении яровизации на 50% 
достигает 5° С. Это явление можно объяснить синтезом или активизацией энзимов нового 
типа, показывающих большую активность при более низких температурах. 

2. Наблюдаемое явление играет важную роль в создании зимостойкости и моро-
зостойкости возможно тем, что обеспечивает уровень кофермента дегидроаскорбиновой 
редуктазы, управляющей содержанием SH. 

3. Образование нового энзима требует затраты ДНК и энергии ввиду того, что 
акридиноранж, DNP и хлорамфеникол тормозят процесс. 

В результате исследований получены данные, указывающие на связь процесса 
яровизации с зимостойкостью. 

ДАННЫЕ К АЗОТНОМУ И АМИНОКИСЛОТНОМУ 
ОБМЕНУ ВЕЩЕСТВ У ПШЕНИЦЫ 

Л. Д Е Ж И , Г. ПАЛФИ, М. БАРКОЦИ 

Среди свободных аминокислот и амидов концентрация аспарагина в побегах при 
нормальных условиях, возможно, является показателем азотного питания. Количество 
аспарагина обыкновенно изменяется соответственно концентрации наиболее важных 
аминокислот, т. наз. «ключевых аминокислот». Под влиянием сильно разнящегося уровня 
азотного питания в спектре свободных аминокислот качественное изменение не наблю-
далось (рис. 2 и 3). 



Общее содержание аминокислот в побегах пшеницы чувствительно отражает вели-
чину азотного обеспечения: среди вариантов наблюдалось отклонение, достигающее 
даже 300% (рис. 4). Корни пшеницы содержат значительно больше глютамина и глюта-
миновой кислоты, чем побеги (рис. 6). Побеги ж е содержат больше у-аминокислоты, ала-
нина и аспарагина (рис. 5). 

В пшенице, выращенной в среде с полным раствором Кноппа и в среде с раствором 
Кноппа с 1/2 дозой азота, концентрация азота почти не показывала отклонения (рис. 1). 
В пшенице, выращенной в среде с раствором Кноппа, где количество азота было сокра-
щено до 1/10, концентрация азота была значительно ниже, чем в предыдущих двух случаях. 
Данные количества азота, приходящегося на сухое вещество побега, оказались более 
реальными, чем данные концентрации (рис. 1, 4). 

Пшеница, выращенная на полном растворе Кноппа и на растворе Кноппа с 1/2 
дозой азота, нормально развивалась; пшеница, выращенная на растворе Кноппа с 1/10 
частью азота, осталась карликовой и не кустилась. 

ОПЫТ ПО МИНЕРАЛЬНОМУ У Д О Б Р Е Н И Ю ОЗИМОЙ ПШЕНИЦЫ 
А. КОЛТАИ 

В течение двух лет исследовалось влияние фосфорного и калийного удобрений во 
взаимодействии с различными дозами азотного удобрения. В оба года удобрение азотом 
оказалось очень действенным. Фосфорное удобрение только совместно с большой дозой 
азотного удобрения сказалось в умеренном повышении урожая. Влияние калия в опыте 
обнаружить не удалось. 

И З М Е Н Е Н И Е СОДЕРЖАНИЯ АЛКАЛОИДА У В И Д О В DATURA, 
ВАЖНОЙ С Л Е Ч Е Б Н О Й ТОЧКИ ЗРЕНИЯ, В ПРОЦЕССЕ 

ОНТОГЕНЕЗА 
Г. ВЕРЗАР-ПЕТРИ 

Исследовалось изменение общего содержания алкалоидов в отдельных органах у 
видов Datura, где в качестве основных алкалоидов являются hyoscyamin-и scopolamin 
в процессе онтогенеза в выделенных нами II фазах. Определено, что абсолютное содер-
жание алкалоида и его процент в равной мере показывают онтогенетическую изменчи-
вость. Было замечено, что у различных видов и органов наблюдается два, редко три мак-
симума по содержанию алкалоида, меняющегося в процессе онтогенеза. Это явление по-
зволяет предположить о наличии ремобилизации и повторного возникновения алкалоидов. 

П Р И Б Л И Ж Е Н Н О Е КОЛИЧЕСТВЕННОЕ О П Р Е Д Е Л Е Н И Е 
ЛИНАООЛА В КОРИАНДРОВОМ МАСЛЕ МЕТОДОМ 

IЮСЛОЙНОЙ ХРОМАТОГРАФИИ 
Ж. ЛАШШАНИ 

Разработан быстрый метод тонкослойной хроматографии для определения содер-
жания линаоола, почти соответствующий количественному определению. Если содер-
жание линаоола в растворе находится в пределах 60— 62у - 180—187у размер круга, 
полученного пятна пропорционален концентрации. Так путем измерения площади можно 
определить количество. Точность измерения + ц = H 6,5%. 

АНАЛИЗ — «РАТН» ЭЛЕМЕНТОВ СТРУКТУРЫ УРОЖАЯ 
ОЗИМОЙ ПШЕНИЦЫ ОПЫТА ПО МИНЕРАЛЬНОМУ УДОБРЕНИЮ 

Я. ОШВАТ 

В опыте по определению влияния минеральных удобрений и др. факторов, как 
например, влияния условий внешней среды был произведен анализ — «path» элементов 
структуры урожая озимой пшеницы. Опыт проводился в течение двух лет. Несмотря на 
то, что ошибка взятия пробы была большой (51%), хорошо можно было показать, что 
минеральные удобрения почти не оказали действия на число колосьев. Но внесение азота 
оказало влияние на вес зерен одного колоса (37%). 



ИССЛЕДОВАНИЕ УСТОЙЧИВОСТИ ПРОТИВ СТЕБЛЕВОЙ 
И ЛИСТОВОЙ РЖАВЧИН СОРТОВ ПШЕНИЦЫ В ПОЛЕВЫХ 

УСЛОВИЯХ В МАРТОНВАШАРЕ 1960-1964 ГГ. 
М. МАННИНГЕР 

В 1960—1964 гг. в Мартонвашаре в полевых условиях изучалась устойчивость 
против стеблевой (Puccinia graminis Pers. f. sp. tritici Erikss. et H e n n . ) и ЛИСТОВОЙ 
(Puccinia recondita R o b . ex Desm. f . sp. tritici Er ikss . ) р ж а в ч и н в п р о в о к а ц и о н н ы х 
опытах при микроклиматических условиях наиболее благоприятных для развития ржав-
чины; для заражения использовались популяции уредоспор превалирующих в Венгрии 
рас. Приведенные в статье сорта испытывались в течение 2—5 лет. Устойчивыми против 
обеих ржавчин оказались сорта: Пембина, Рафаэла, Пергамино Гобото, Клейн Петишо; 
устойчивыми только против стеблевой ржавчины: Ли, Селкирк; только против листовой 
ржавчины: Безостая 1, Скороспелка 36, Скопле, Клейн Аниверзарио, № 10 (болгарский), 
Мида, Эль Гаучо, Керн 11, Фертёди 249, Ранняя 27, Осетинская 3, Моцинаве, Феранол 
Пинто, Атлас 50, Бледсо. 

ОСУЩЕСТВЛЕНИЕ СОВРЕМЕННЫХ ГЕНЕТИЧЕСКИХ 
ПРИНЦИПОВ С ЦЕЛЬЮ ПОВЫШЕНИЯ ЭКОНОМИЧНОСТИ 

ПРОДУКЦИИ КОРОВ ВЕНГЕРСКОЙ ПЕСТРОЙ ПОРОДЫ 
А. ХОРН 

Обсуждая вопросы направления разведения и современного типа крупного рога-
того скота автор показывает, что в будущем главная задача разведения будет составлять 
принцип увеличения интенсивности производства продукции животноводства, приходя-
щейся на единицу производственной площади. В результате этого на передний край вы-
двигается то стремление, чтобы на определенной площади, где возможно произвести 
определенное количество кормов можно было произвести продукцию животноводства в 
наибольшем количестве и наилучшего качества. Корова с высоким удоем сравнительно 
эффективно трансформирует и грубые корма и этот факт значения молочной коровы по 
всей вероятности выдвигает ее на передний план и в будущем. Автор приводит среди 
наиболее важных хозяйственно-ценных признаков венгерской пестрой породы опреде-
ленные фенотипические и генетические корреляции, а также те заключения из данных 
мировой литературы, на основании которых (табл. 8) он разработал следующие пред-
ложения: в стаде коров, находящейся под контролем определения молочной продукции, 
формирование групп потомков по количеству производимого жира (кг) и по продукции 
стандартизированного молока 4% жирности (FCM), приходящейся на 100 кг. живого 
веса, служили бы основой селекции, таким образом, что эти признаки при селекции учиты-
вались бы на равных началах. Оценка продукции, произведенная таким образом, дает 
«хозяйственную эффективность продукции», которую целесообразно выразить в отно-
шении к продукции хорошего типа коровы (650 кг. живого веса, удой 4000 кг. с жир-
ностью молока 4%), приняв ее продукцию за 100%. Это отношение к общей основе дало 
бы возможность для решения того, что использование определенных абсолютного досто-
инства быков в какого уровня продукции стадах целесообразно, далее в определенном 
отношении может служить в какой-то мере основой даже для международного срав-
нения. С целью поддержания венгерской пестрой породы, характеризующейся разно-
сторонним использованием, благоприятной силой роста и откорма, автор рекомендует, 
чтобы на станциях по выращиванию быков подвергались браковке быки с наименьшим 
дневным привесом, браковка может достигать 30%, далее при централизованном иссле-
довании потомства в средних условиях крупного хозяйства, быки, у которых дневной 
прирост потомства не достигает 850—1000 г. не должны квалифицироваться как улуч-
шатели стада. 





A STUDY OF GENERAL AND SPECIFIC COMBINING 
ABILITY IN THE DIALLEL CROSSES OF 18 SWEET 

CORN VARIETIES 
(ZEA MAYS L. CONVAR. SACCHARATA KÖRN.) 

B y 

L . D A N I E L 

I N S T I T U T E O F G E N E T I C S O F T H E H U N G A R I A N A C A D E M Y O F S C I E N C E S 

Economic va lue of our sweet corn material has been studied in the diallel crosses 
of 18 lines. The var iat ion of the general combining abi l i ty is highly s ignif icant for each 
character and was o n l y for two characters not higher than the specif ic combining 
abi l i ty; one is the f irst ear's l ength important from the economic point of view 
( Vqq!V$a = 0 .99: h'- = 0.26) indicat ing tha t selection for general combining ability 
must be carried out but it must not be too strict and great attent ion mus t be paid 
to the specific combin ing ability. Our material contains a very rich stock of genes and 
is suitable wi thout further complet ion for the product ion of productive hybrids with 
different ripening dates . Our correlation examinat ions partly support the relationship 
wi th in the group of features characterist ic of the Southern Dent and Northern Flint 
t y p e s but leaf blade index and suckering loosen the relation. 

The mean performance of the three known U S A lines included in the tes t s con-
ducted under unfavourable condit ions lagged substant ia l ly behind the average of the 
exper iment while the m e a n value of f i v e l ines produced in Hungary out of U S A varieties 
and not tested so far is higher than the mean of the experiment . 

Introduction 

Sweet corn had been probably known by the Indians for a long t ime 
pas t ; however, since it is much more demanding t h a n common maize, i t could 
not spread under t he primit ive condit ions of product ion . I ts economic impor-
tance begun to rise in the United S ta tes of America during the pas t century 
and whereas in 1858 a to ta l of six variet ies were recorded, their number 
exceeded sixty in 1899. From these some are still under general cul t ivat ion 
hu t a great par t is superseded by single cross hybr ids ( H U E L S E N , 1 9 5 4 ) . 

Par t icu la r ly in large-scale production only the hybr ids continue in our days 
to enter in to considerat ion (SMITH, 1955) b u t instead of double crosses widely 
used in the breeding of maize for stock feed in sweet corn single crosses yielding 
more un i form commodi ty are used. T h e test ing of the value of inbred lines 
forming the hasis of heterosis breeding is carried out on the grounds of their 
per formance shown in crosses. For th i s purpose S P R A G U E and T A T U M ( 1 9 4 2 ) 

in t roduced the concept of general and specific combining ability. These au thors 
1 \ 

publisshed formulae for the diallel t ab le containing - generat ions 
2 

of then inbred lines, b u t proper s ta t i s t ica l evaluat ion of the diallel t ab le has 
been realized only la te r by Y A T E S ( 1 9 4 7 ) . 
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10 L. D A N I E L 

G R I F F I N G , u t i l iz ing both w o r k s and t h e gene model of K E M P T H O R N E 

(1955) deduces t h e relat ionship be tween combin ing abil i ty and genetic var i -
ance (2 s2Ga = A + 1/2 AA + 1/4 AAA + . . . ; s2Sa = D + 1/2 AA + AD + 
+ DD + 3/4 AAA + AAD + ADD + DDD - f . . . ; ) (1956a), a n d discusses 
t h e var iance ana lys i s of general a n d specific combin ing abi l i ty according t o 
componen t s for f o u r methods on t h e s t reng th of two models (1956b). Gene t ic 
va r i ab i l i t y of swee t corns s tud ied wi th th i s m e t h o d proved to be n a r r o w 
( D A N I E L and V Á R Ó C Z Y , 1959) a n d t h e p resen t objec t ive of t h e a u t h o r is t o 
e v a l u a t e the m a t e r i a l completed in t h e mean t i m e . 

Materials and Methods 

The diallel crosses of the 18 l ines (Table 1) characterist ic of the material have beeil 
accompl ished wi thout réciproques and a comparat ive trial was established on April 26 1962 
in Pesth idegkút in a 3 X 3 Latin rectangle design (MUDRA, 1952) with 0 . 6 X 0 . 6 m quadrat ic 

spac ing , 10 hill plots , l eav ing one plant i n each hill. F r o m the 153 F,̂ —"—<j —Jcombinations 

poss ible without réc iproques twenty were missing. The va lues of these were subst i tuted b y 

Table 1 

Data of the lines used in the trial 

N u m b e r 
of line Starting mater ia l 

Exten t 
of inbreeding Grain colour 

1 C13; U S A l ine  I n Yellow 

2 Fehér Mazsola 1.3 White 

3 Population of Szentes 1,4 White 

4 Populat ion of Szentes 1,4 White endosperm 
brown pericarp 

5 Inst, für Kulturpflanzenforschung (Gatersleben 
N. D. К . )   h White 

6 Bantam Evergreen  h Yellow 

7 Mauthncr Arany Bantam I e X Lila Mazsola I e I 6 
Yellow 

8 Arany Mazsola I» Yellow 

9 Open pol l inated material  G Yellow 

10 Mauthner Arany Bantam  1,2 Yel low 

11 Mauthner Arany Bantam  1,4 Yellow 

12 P39; U S A line  ln Yel low 

13 Open pol l inated material  I , Yel low 

14 Early Evergreen  h White 

15 Burpee a n d Wilke's Evergreen  h White 

16 Stowell's Evergreen  h White 

17 C53; U S A Une  In Ye l low 

18 Stowell's Evergreen  I5 White 
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A STUDY OF GENERAL A N D SPECIFIC COMBINING ABILITY 3 

minimizing the specific combining ability and the number of the degrees of freedom has been 
reduced accordingly (Table 4). 

In a previous paper (DANIEL, 1954) the 3 X 4 and 3 X 1 1 combinations (lines Nos 1249 
and 1265) were already involved; the lines N o 2, 3, 4 and 10 are the lines No 1, 5, 7 and 9 
of our 1959 communication (DANIEL and VÁRÓCZY, 1959) while the basic material of line No 7 
is the combination 9 x 4 . Wi th the aid of these , the results of the three tests are comparable. 

The data — except for the values concerning the grains — have been assessed individ-
ually, averaged for each plot and the comparative trials subjected to variance analysis. Since 
the variance attributed to the combination was significant for all features analysed, the vari-
ance analysis of the general and specific combining ability (GRIFFING, 1956b) II. model of 
method 4 could be carried out, variances, variance ratios (Table 2) and values for the two-
combining abilities were calculated (Table 3). Table 4 presents data for length of first ear 
judged to be most important from the economic point of view as well as the march of statistic 
elaboration. For some characters also individual variances were calculated and coefficients 
est imated. 

The relationship of general combining abilities proportionate to the additive genetic 
effect was studied with the aid of the usual correlation coefficient (Table 5) the formula of 
which, since x = y = 0 in the present case, can be simplified to the following form: 

я  
r = Sxy : y Sx2 SY 2 . 

The following characters have been individually assessed: Flowering date (some out-
standingly late flowering plants have greatly increased the means of certain combinations and, 
to el iminate this, flowering date has been established as the average of 50 per cent male and 
female inflorescence); suckering; plant height; number of branchings on the tassel, apical-, 
branching part and length of the stalk from the lowest branching to the nodus; width, length, 
index of the leaf below the highest ear; width and length of the largest husk-blade of the highest 
ear, (at the highest ear of some plants of certain combinations there was no husk-blade and, 
therefore, no real width/length index could be calculated); width and length of the first (upper-
most) ear; mean length of all ears (the sum of the length of all ears in the plot divided by the 
number of plants); number of kernel rows. Furthermore, a typical ear was put aside from each 
plot and on these assessed — in laboratory air-dry condition — width, thickness and length 
of the kernels, the difference between cob and ear diameter and kernel-weight (on the strength 
of test-measurements the mean water content was found to be 8.19 per cent; Chi | = 0.043) 
but no significance calculations were made for these characters. Moreover, the economic value 
of the individual combinations was determined by utilizing the weighted data based on the 
deviation from averages for the flowering date (1 day = 3 units) length of first ear (1 cm = 
= 20 units), total ear length (1 cm = 5 units) and kernel weight (1 gr = 50 units). 

Results and Discussion 

T h e var ia t ion ascr ibable to genera l combining ab i l i ty was for each of the 
16 cha rac te r s subject t o var iance ana lys i s s ignif icant a t t h e 0.1 per cent level 
while t h e variat ion ascr ibable to speci f ic combining ab i l i ty was s igni f icant for 
eight charac te rs a t t h e 0.1 per cent , fo r one a t t h e 1 pe r cent , and for 4 ones 
a t t h e 5 per cent level while for t h r ee ones it did n o t s ignif icant ly dev ia te f rom 
zero. T h e variance ascr ibable to t h e general combin ing abi l i ty ranges only for 
two charac te r s ( length of the apical p a r t on the tasse l a n d length of f i r s t ear) 
on t h e same level wi th t h e var iance ascr ibable to t h e specif ic combining abi l i ty; 
for t w o characters i t is twice as high, fo r three ones nea r ly three t imes as high 
and fo r t h e others m u c h higher (Table 2). The f i v e her i tab i l i ty coefficients 
ca lcu la ted present some re la t ionship w i t h the ra t io of t h e var iances of general 
and specific combining abili t ies; the regression coeff icient b — 10.17, Fj, = 0.71; 
№ a n d t h e rat io be tween t h e var iances of general a n d specific combining abil i ty 
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4 L. DANIEL 

Table 2 

Variance analysis of the general and specific combining ability 
of 18 siveet corn lines according to GRIFFING (1956b) 

Denominat ion MSg MS« M S * Vg Vs Vg/Vs 

Flowering date  187.38*** 2.77* 1.59 10.88 1.18 9.22 
Suckering  2.89*** 0.12* 0.06 0.17 0.06 2.83 
Plant height  2006.97*** 45.51** 21.67 122.59 23.84 5.14 

Tassel: 
-Number of branchings  266.60*** 3.73*** 1.13 16.43 2.60 6.32 
Length of apical part  49.34*** 3.95*** 0.95 2.84 3.00 0.95 
Length of branching part  66.25*** 0.70*** 0.09 4.10 0.61 6.72 

Stalk length  57.88*** 2.32*** 1.01 3.47 1.31 2.65 

Leaf blade: 
Width  4.07*** 0.18*** 0.06 0.24 0.12 2.00 

Length  292.58*** 6.63* 3.44 17.87 3.19 5.60 

Index X 104  5.20*** 0.19 0.30 0.31 - 0 . 1 1 

Largest husk blade: 
Width  2.99*** 0.20 0.19 0.17 0.01 17.00 

Length  247.95*** 8.27*** 2.55 14.98 5.72 2.62 

First ear: 
Width  1.12*** 0.02 0.02 0.07 0.00 

Length  20.04*** 1.70*** 0.54 1.15 1.16 0.99 

Total ear length  66.88*** 5.03* 3.14 3.87 1.89 2.05 

Number of kernel rows  43.52*** 0.57*** 0.07 2.68 0.50 5.36 

* Significant at the 5% level; 
** significant at the 1% level; 

*** significant at the 0.1% level. 

is 0.26 and or 0.99 for the l e n g t h of the f i rs t ear , 0.33 and 2.83 for suckering, 
0 .39 and 2.00 for leaf blade w i d t h , 0.65 and 6.32 for the n u m b e r of branchings 
o n t h e tassel a n d 0.73 or 5.36 fo r the number of kernel rows. 

The correla t ion of the gene ra l combining abilities of lines is highly signif-
i c a n t for the fol lowing charac te r i s t i c s : number of tassel b r anch ings and length 
of t h e branching p a r t , width a n d length of t h e largest husk-b lade and length 
of f i r s t and all ears ; the ind iv idua l pairs of charac te r s behave a lmos t un i formly 
t o w a r d s the o t h e r charac ter i s t ics . Fu r the r , t h e combining ab i l i ty for the leaf 
b l a d e index exh ib i t s a s ign i f icant correlation wi th t h a t of leaf b lade b read tb 
o n l y . If possible, we may c o n s e q u e n t l y discuss n u m b e r of tassel branchings and 
l e n g t h of b r anch ing pa r t unde r t h e t e rm of tassel branchings , leaf blade wid th 
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Fig. 1. Genera] combining ability of 18 sweet corn lines for 23 characters in per cent of the 
sums of absolute values 
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6 L. DANIEL 

Table 3 

General combining ability 

Denomination 

Flowering date . . . . 
Suckering  

Plant height  

Tassel: 
Number of branch-
ings  

Length of apical 
part  

Length of branching 
part  

Stalk length  

Leaf blade: 
Width  

Length  

Index X 102  

Largest husk blade: 
Width X 10 
Length  

First ear: 
Width  

Length  

Total ear length . . . 
Number of kernel 

rows  

Kernel X 102: 
Width  
Length  

Thickness  

Weight  

Difference between 
thickness of cob 
and ear X 10 . . . . 

General economic 
value  

— 8.48 

— 0.35 

— 10.56 

— 8.93 

+ 0 . 5 0 

— 4.49 

+ 1.99 

— 0.98 

- 6 . 7 3 
— 0.43 

+ 4 . 9 3 
+ 6.15 

—0.03 
— 0 . 2 1 

— 0.85 

— 1.17 

+ 5.06 
+ 0 . 3 1 
+ 1.18 
+ 2.81 

+ 1.15 

+ 29.85 

- 4 . 4 5 
+0 .12 
- 6 . 6 9 

- 5 . 4 2 

- 1 . 5 5 

- 1 . 7 7 
+ 1.64 

- 0 . 0 7 
- 3 . 2 1 
+ 0.43 

+ 8.48 

+6.20 

- 0 . 1 0 

+ 1.13 
+0 .67 

- 1 . 6 2 

+ 7 . 0 6 
- 6 . 6 2 

+ 4 . 4 3 
+3 .76 

- 0 . 7 2 

(33.59 

— 2.41 

— 0 . 0 2 

+ 10.04 

— 0.67 

+ 0.16 

+ 0.85 
+ 2.11 

+ 0.41 

+ 4 . 5 3 
— 0.03 

+ 4.11 

+ 6.77 

— 0.37 

+ 1.00 

+ 3.42 

-1.02 

— 2 . 8 6 

— 4.81 

— 0.78 

— 2.72 

— 0.67 

+ 36.57 

- 2 . 4 0 
- 0 . 5 3 
+ 6.19 

- 2 . 0 3 

+ 2.03 

- 0 . 2 5 
+ 1.24 

+ 0.80 

+ 2.63 

+ 0 . 7 6 

+ 0 . 0 3 
- 0 . 6 5 

- 0 . 2 4 
+ 0 . 6 8 
+ 3 . 2 0 

- 2 . 1 4 

+6.88 
- 0 . 2 5 
+ 0.43 
+ 2 . 0 6 

- 0 . 2 3 

+35 .44 

— 2 . 1 2 

+ 0.39 

— 3.64 

- 3 . 2 9 

+ 1.48 

— 1.27 

+ 0.12 

— 0 . 2 1 

— 3.21 
+ 0.26 

— 3.06 

— 0.90 

+ 0.04 
+ 0.11 

0.23 

+ 0.47 

— 2.05 

— 4.75 

— 1.22 

- 3 . 0 0 

— 0.29 

+ 2.92 

- 1 . 1 7 

- 0 . 5 6 

+5.25 

+ 1.30 

+ 0.24 

+0.09 

+ 2.03 

+ 0.17 
- 1 . 9 3 
+ 0.56 

- 7 . 0 2 

- 4 . 0 9 

+0.16 
- 1 . 6 1 
- 2 . 7 7 

- 0 . 5 6 

+2.81 
+0.43 
+0.12 
+ 1.02 

+0.03 

- 4 2 . 0 3 

— 0.77 
+ 0.51 
— 3.08 

— 1 . 2 6 

— 2.31 

— 0.63 
+ 0.61 

— 0.38 
- 3 . 1 7 
+ 0.03 

+ 4.24 
+ 4.90 

- 0 . 3 8 

— 0.53 
+ 0.23 

- 2 . 1 7 

+ 2.13 

— 7.50 
+ 0.81 
+ 1.07 

- 1 . 9 1 

- 2 5 . 8 4 

- 0 . 7 3 

- 0 . 2 4 

+3 .22 

+0 .16 

- 1 . 6 3 

+0.27 

+ 3.35 

- 0 . 2 3 
- 3 . 0 3 
+0 .13 

- 3 . 7 6 
-2 .26 

+ 0.02 

+ 0.23 

- 1 . 1 5 

- 0 . 5 6 

+ 2.19 
+ 1.93 
+0 .18 
+ 1.58 

+0 .70 

+ 8.68 
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of 18 sweet corn lines 

10 i l 12 13 14 15 16 17 18 U 

- 0 . 2 6 - 0 . 0 2 + 1.02 + 2.29 + 2 . 4 2 + 3 . 9 4 + 4 . 1 8 + 4 . 6 1 + 4 . 6 9 100.60 days 

- 0 . 0 3 + 0 . 7 3 + 0 . 2 7 + 0 . 7 3 - 0 . 3 7 - 0 . 4 5 - 0 . 1 3 — 0.12 - 0 . 3 8 1.47 pieces 

- 8 . 0 7 - 8 . 6 1 - 1 2 . 4 1 - 1 8 . 0 6 + 4 . 6 8 + 20.36 + 11.27 + 5.79 + 18.75 117.80 cm 

+ 2.06 - 2 . 2 5 - 1 . 4 5 + 1.68 + 3.16 + 7.92 + 4 . 8 1 + 0.02 + 6 . 3 6 15.63 cm 

- 2 . 0 0 —0.87 - 1 . 3 7 — 1.87 + 1.80 + 0 . 8 8 + 0 . 4 2 + 4.57 —0.31 23.46 cm 

- 0 . 2 0 - 0 . 7 4 — 1.90 - 0 . 4 6 + 0 . 8 0 + 3.45 + 2.81 + 0.85 + 4 . 0 4 9.74 cm 

- 1 . 0 2 - 0 . 5 4 - 2 . 1 3 — 2.91 - 0 . 6 2 —0.47 + 1.00 — 3.64 - 1 . 5 5 18.36 cm 

- 0 . 0 4 - 0 . 2 3 - 0 . 3 5 — 0.23 + 0 . 8 4 + 0 . 6 5 - 0 . 1 8 + 0 . 7 5 - 0 . 1 4 6.45 cm 

- 3 . 2 3 - 1 . 8 3 - 1 . 9 0 —3.00 + 4 . 6 7 + 7 . 3 3 + 4 . 5 0 + 4 . 4 6 + 6 . 4 3 60.63 cm 

+ 0 . 5 3 - 0 . 0 1 —0.27 — 0.03 + 0 . 4 6 - 0 . 2 7 - 0 . 9 7 + 0 . 4 3 - 1 . 1 1 0.11 

+ 3.61 + 3.21 - 0 . 3 0 - 4 . 8 6 - 2 . 1 0 + 2.74 - 4 . 5 3 - 6 . 5 3 - 0 . 0 3 2.42 cm 

+ 2.76 + 0 . 3 3 — 3.03 —4.62 - 2 . 9 0 + 0.21 - 3 . 0 1 —5.75 - 1 . 5 3 14.77 cm 

- 0 . 2 0 - 0 . 1 3 - 0 . 2 0 - 0 . 1 2 + 0 . 6 3 + 0 . 1 1 + 0 . 3 3 + 0 . 2 7 + 0 . 3 1 4.39 cm 

+ 0 . 2 7 - 1 . 4 3 - 1 . 3 6 — 1.50 - 0 . 6 8 + 2.16 + 0 . 8 1 - 0 . 8 6 + 1.64 15.98 cm 

+ 0.14 - 1 . 3 5 - 0 . 8 6 — 2.33 - 1 . 8 6 + 2.43 + 1.33 — 2.74 + 3.38 17.95 cm 

— 1.15 —0.49 + 0 . 3 0 + 0 . 1 8 + 3.40 + 2.17 + 2.88 + 1.15 + 1.46 12.44 

+ 1.38 - 1 . 3 6 - 5 . 3 6 - 0 . 8 6 - 5 . 2 4 - 7 . 9 3 - 4 . 6 1 —0.12 - 3 . 0 6 0.91 cm 
— 7.62 - 0 . 4 3 - 3 . 3 1 - 4 . 1 8 + 10.78 + 8.47 + 7 . 4 8 + 3.41 + 6 . 9 1 0.98 cm 

+ 0 . 7 5 - 1 . 2 2 — 1.87 - 0 . 3 1 - 0 . 9 3 - 1 . 9 4 - 1 . 8 1 - 0 . 6 3 - 1 . 1 9 0.37 cm 

+ 0.43 - 1 . 2 8 - 2 . 8 1 — 1.22 + 0.77 - 3 . 3 1 - 1 . 7 8 —0.25 + 0 . 0 6 0.23 g 

- 1 . 7 1 + 0 . 1 6 - 0 . 5 8 - 0 . 2 6 + 2 . 6 3 - 0 . 2 8 + 1.72 —0.40 + 0 . 4 6 1.61 cm 

- 9 . 7 4 - 3 4 . 4 6 - 4 1 . 8 5 - 5 1 . 6 5 - 4 . 1 5 + 37.21 + 29.35 —48.91 + 40.93 0 . 0 0 
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a n d length under leaf blade size, g rea tes t husk b l ade width a n d leng th under 
h u s k blade size a n d length of f i r s t and all ear combined u n d e r ear length. 

Flowering date. Lines 1 a n d 2 display a r a t h e r high n e g a t i v e , whereas 
l ines 15, 16, 17 a n d 18 a r a t h e r high posi t ive general combin ing abil i ty; 
b e t w e e n the single crosses of t w o lines each represent ing e x t r e m e values, 
a dev ia t ion of 22 d a y s can be e x p e c t e d . The g rea tes t dev ia t ion realized was 
22 .2 days hu t t h i s occurred p a r t l y between t h e means of 1 x 4 and pa r t ly 
b e t w e e n 1 4 x 1 7 , a n d 1 5 x 1 7 ; t h e difference b e t w e e n the h y b r i d s 1 x 2 and 
1 7 x 1 8 was — i n s t e a d of the 22 days expected — no more t h a n 18 days. 

The correlat ion is s igni f icant ly positive wi th t h e tassel b ranch ings , kernel 
r o w numbers , leaf b lade size a n d e a r width , while negat ive wi th t h e husk blade 
size and tassel s t a l k length gene ra l combining abili t ies. 

Suckering. T h e extreme exper imen ta l va lues 0.07 ( 4 x 1 5 ) and 3.47 
( 7 x 1 1 ) respectively exceeded in b o t h directions t h e es t imates . T h e correlation 
of t h e general combin ing abi l i t ies is s ignif icant ly positive w i t h the general 
combin ing abi l i ty corresponding t o flowering d a t e and nega t i ve with those 
cor responding to p l a n t height, l ea f b lade length a n d length of f i r s t ear. 

Plant height. I n conformity w i t h the ex t reme values of genera l combining 
a b i l i t y the combina t ion 9 X 13 is t h e lowest (81.37 cm) while 15 X 18 the highest 
one (169.13 cm) be ing in a p o s i t i v e correlation wi th tassel b ranch ing , ear 
l e n g t h , kernel row n u m b e r and f lower ing date , whereas in a n e g a t i v e correla-
t i o n wi th suckering. 

Tassel branchings. The gene ra l combining abil i t ies are in a close positive 
cor re la t ion , wi th f lower ing da te , l ea f blade size (especially l eng th ) kernel row 
n u m b e r and s o m e w h a t more loose ly with the corresponding d a t a of ear size. 
T h e highest m e a n realized was f o u n d in conformi ty with t h e e s t i m a t e in the 
c o m b i n a t i o n 1 5 x 1 8 (19.1 cm or 31 .5 units) while — instead of t h e combina-
t i o n 1 x 2 — t h e lowest value w a s observed in 1 x 9 (3.9 cm a n d 3.8 units) . 

Tassel length at the apical part. There is a s ignif icant pos i t ive correlation 
w i t h leaf blade size a n d width of t h e f i r s t ear; i t is s tr ikingly h igh in line No. 17. 

Tassel stalk length. The g e n e r a l combining abi l i ty is ve ry low in the line 
N o . 17 and shows a s ignif icant correlat ion only wi th the f lower ing da te . 

Leaf blade size. The general combining ab i l i ty for lines 15 and 18 is 
p o s i t i v e for length a n d negat ive f o r wid th f rom which it follows t h a t in these 
cases combining ab i l i ty for leaf b l a d e index is nega t ive wi th a h igh absolute 
v a l u e . Ex t reme v a l u e s are 48.8 c m ( 1 x 9 ) and 76.0 cm ( 3 x 1 5 ) for length, 
4 .1 c m (1 x 9 ) and 8.4 cm ( 2 x 1 5 ) f o r width, while the leaf b l ade index ranges 
f r o m 0.09 to 0.13. T h e general c o m b i n i n g abili ty is in positive corre la t ion with 
p l a n t height, tasse l length a t t h e apical par t a n d with b r a n c h i n g , in addi-
t i o n , length w i t h flowering d a t e , number of kernel rows a n d ear size; 
w h i l e in negat ive correlat ion w i t h t h e corresponding da ta of sucker ing ; out of 
28 correlat ions e x a m i n e d 12 are s igni f icant . 
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Table 4 

Analysis of the length of the first ear in 18x18 sweet corn diallel crosses 

14.13 

16.90 

- 2 . 7 7 

16.17 

16.77 

— 0 . 6 0 

17.67 

18.11 

- 0 . 4 4 

15.10 

16.45 

— 1.35 

17.60 

17.79 

- 0 . 1 9 

17.03 

17.66 

- 0 . 6 3 

15.13 

15.88 

—0.75 

16.97 

17.22 

- 0 . 2 5 

16.13 

17.09 

- 0 . 9 6 

16.77 

16.77 

0.00 

12.60 

14.16 

- 1 . 5 6 

16.16 

15.50 

+0.66 

15.13 

15.37 

— 0.24 

IjÜÖT 
15.05 

0.00 

13.53 

14.48 

- 0 . 9 5 

13.07 

15.24 

- 2 . 1 7 

17.10 

16.58 

+ 0 . 5 2 

16.67 

16.45 

+ 0.22 

16.40 

16.13 

+ 0 . 2 7 

16.43 

15.56 

+ 0 . 8 7 

15.20 

13.84 

+ 1.36 

14.33 

16.00 

- 1 . 6 7 

16.07 

17.34 

- 1 . 2 7 

16.27 

17.21 

- 0 . 9 4 

17.07 

16.89 

+ 0 . 1 8 

15.43 

16.32 

- 0 . 8 9 

15.80 

14.60 

+ 1.20 

16.33 

15.68 

+ 0 . 6 5 

Schema of the comparative trial 

16.23 

15.92 

+ 0 . 3 1 

16.53 

17.26 

- 0 . 7 3 

1 ~17ТГ3" 
17.13 

0.00 

18.30 

16.81 

+ 1.49 

18.47 

16.24 

+ 2.23 

16.87 

14.52 

+ 2.35 

15.47 

15.60 

—0.13 

17.43 

16.36 

+ 1.07 

1 2 3 Total 

1 663.3 760.3 717.2 2140.8 

2 703.2 599.3 823.4 2125.9 

3 766.0 663.5 697.7 2127.2 

Total 2132.5 2023.1 2238.3 6393.9 

10 

15.13 

16.04 

— 0.19 

17.93 

17.38 

+ 0.55 

18.07 

17.25 

+ 0.82 

17.10 

16.93 

! + 0 . 1 7 

16.53 

16.36 

+ 0.17 

15.43 

14.64 

+ 0.79 

13.13 

15.72 

- 2 . 5 9 

16.60 

16.48 

+0.12 

14.60 

16.40 

— 1 . 8 0 

11 

16.26 

14.34 

+ 1.92 

16.33 

15.68 

+ 0 . 6 5 

15.23 

15.55 

- 0 . 3 2 

15.23 

15.23 

0.00 

16.83 

14.66 

+ 2.17 

11.87 

12.94 

— 1.07 

14.53 

14.02 

+ 0 . 5 1 

13.50 

14.78 

- 1 . 2 8 

15.43 

14.70 

+ 0.73 

15.47 

14.82 

+ 0 . 6 5 

Variance analysis of the comparative trial 

D é n o m i n a t i o n 
Degree 

of freedom Var iance 
Var iance 

ra t io ^ P robab i l i ty 

Combination 132* 10.85 6.66 < 0 . 0 0 1 

Row 2 0.52 0.32 
Column 2 87.07 53.42 < 0 . 0 0 1 

Rest 262** 1.63 

*; ** Reduced b y 20 and 60 according to missing combinations 

The analysis of variance for general and special combining ability 

Denomina t ion 
Degree 

of freedom Var iance 
Var iance 

r a t io P robab i l i ty 

General combining 
ability 17 20.04 11 .79 < 0 . 0 0 1 

Specific combining 
ability 115* 1.70 3.15 < 0 . 0 0 1 

Error 0.54** 

* reduced by the number of the missing combinations (20) 
" 1.63/3 

12 

16.50 

14.40 

+ 2.10 

15.74 

15.74 

0.00 

16.23 

15.61 

+0.62 

14.63 

15.29 

—0.66 

14.60 

14.72 

- 0 . 1 2 

13.01 

3.00 

+0.01 

13.10 

14.08 

- 0 . 9 8 

14.17 

14.84 

- 0 . 6 7 

14.77 

14.76 

+ 0 . 0 1 

15.10 

14.88 

+ 0 . 2 2 

12.30 

13.18 

- 0 . 8 8 

13 

15.97 

14.27 

+ 1.70 

16.83 

15.61 

+ 1.22 

15.50 

15.49 

+0.01 

14.67 

15.16 

—0.49 

14.77 

14.59 

+0.18 

12.20 

12.87 

- 0 . 6 7 

13.96 

13.95 

+0.01 

16.40 

14.71 

+ 1.69 

10.90 

14.63 

- 3 . 7 3 

12.70 

14.75 

- 2 . 0 5 

13.06 

13.05 

+ 0.01 

12.67 

13.11 

- 0 . 4 4 

14 

14.53 

15.09 

- 0 . 5 6 

16.13 

16.43 

- 0 . 3 0 

18.47 

16.30 

+ 2.17 

15.83 

15.98 

—0.15 

15.37 

15.41 

- 0 . 0 4 

12.80 

13.69 

- 0 . 8 9 

16.83 

14.77 

+ 2.06 

14.83 

15.53 

- 0 . 7 0 

15.45 

15.45 

0.00 

17.83 

15.57 

+ 2 . 2 6 

13.37 

13.87 

- 0 . 5 0 

13.50 

13.93 

- 0 . 4 3 

14.97 

13.80 

+ 1.17 

15 

19.23 

17.93 

+ 1.30 

19.57 

19.27 

+ 0 . 3 0 

19.53 

19.14 

+ 0 . 3 9 

20.30 

18.82 

+ 1.48 

18.67 

18.25 

+ 0 . 4 2 

14.80 

16.53 

- 1 . 7 3 

17.67 

17.61 

+0.06 

18.93 

18.37 

+ 0 . 5 6 

17.13 

18.29 

— 1.16 

19.23 

18.41 

+0.82 

15.90 

16.71 

— 0.81 

16.93 

16.77 

+ 0 . 1 6 

18.13 

16.64 

+ 1.49 

15.40 

17.46 

/—2.06 

17.27 

16.58 

+ 0 . 6 9 

17.37 

17.92 

- 0 . 5 5 

17.47 

17.79 

- 0 . 3 2 

17.80 

17.47 

+ 0 . 3 3 

16.90 

16.90 

0.00 

15.97 

15.18 

+ 0 . 7 9 

16.13 

16.26 

- 0 . 1 3 

17.60 

17.02 

+ 0 . 5 8 

17.43 

16.94 

+ 0 . 4 9 

17.97 

17.06 

+ 0 . 9 1 

14.90 

15.36 

- 0 . 4 6 

17.30 

15.42 

+ 1.88 

14.97 

15.29 

- 0 . 3 2 

15.13 

16.11 

— 0.98 

17.53 

18.95 

- 1 . 4 2 

18.70 

14.91 

+ 3.79 

19.00 

16.25 

+ 2.75 

16.40 

16.12 

+0.28 

15.20 

15.80 

—0.60 

13.57 

15.23 

- 1 . 6 6 

12.17 

13.51 

- 1 . 3 4 

14.03 

14.59 

- 0 . 5 6 

16.87 

15.35 

+ 1.52 

14.30 

15.27 

- 0 . 9 7 

15.40 

15.39 

+0.01 

12.37 

13.69 

— 1.32 

13.76 

13.75 

+0.01 

13.63 

13.62 

+0.01 

12.40 

14.44 

— 2.04 

17.07 

17.28 

- 0 . 2 1 

16.40 

15.93 

+ 0 . 4 7 

18 

17.90 •268.25 

17.42 

+ 0 . 4 8 

18.57 289.70 

18.76 

- 0 . 1 9 

18.62 287.72 
18.63 

- 0 . 0 1 

18.53 282.61 

18.31 

+ 0.22 

17.37 273.47 

17.74 

- 0 . 3 7 

17.23 245.82 
16.02 

+ 1.21 

17.09 263.14 

17.10 

- 0 . 0 1 

17.86 275.49 

17.86 

0.00 

17.78 274.22 

17.78 

0.00 

17.90 276.12 

17.90 

0.00 

16.19 248.77 
16.20 

- 0 . 0 1 

15.50 249.81 

16.26 

- 0 . 7 6 

16.37 247.70 

16.13 

+ 0.24 

17.97 260.81 

16.95 

+ 1.02 

20.20 306.22 

19.79 

+ 0 . 4 1 

16.50 284.64 
18.44 

- 1 . 9 4 

16.63 257.90 

16.77 

— 0.14 

298.21 + 1 . 6 4 

4890.60 0.00 2T 

и = 15.9824 

1 8 x 2 6 8 . 2 5 - 4 8 9 0 . 6 0 
G a ' = Ш 0 6 = 

missing combination 

Upper rows: the means of the individual combinations; middle rows: sums of the general 
combining ability of the two components and the mean of the whole trial (и); lower rows: specific 
combining abilit) loaded with error of the two lines involved in the cross. 
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Husk blade size. The lowest average f o u n d in trials was 4 .2/0 .8 cm (14 X 17) 
and the h ighes t 30.1/3.9 cm ( 2 x 7 ) . On t h e s t reng th of genera l combin ing 
abi l i ty it is in nega t ive correlat ion wi th t h e f lowering d a t e a n d par t ly w i t h 
t h e n u m b e r of tassel b ranchings ( length) as well as wi th t h e ear width a n d 
n u m b e r of kernel rows (width) . 

Width of firsetar. I n conformi ty wi th e s t i m a t i o n the h ighes t value real ized 
is 5.55 cm ( 1 4 x 1 6 ) while the lowest 3.58 cm ( 3 x 7 ) . The corre la t ion is s ignif-
icant and posi t ive wi th f lower ing da te , t a s se l branchings, l eng th of ap ica l 
p a r t and kernel row n u m b e r ; nega t ive wi th t h e data of sucker ing and b u s k 
b lade . 

Ear length. The mean of hybr ids of the t w o best lines is 20.2 cm exceeding 
expected value only by 0.4 cm (abou t 2 pe r cen t ) while t h e highest ave rage 
( 4 x 1 5 ) was 0.1 cm above this , surpass ing e s t i m a t e d value b y 1.5 cm. According 
to general combin ing abi l i ty of the indiv idual l ines it is in pos i t ive correla t ion 
wi th p lan t he ight , tassel b ranchings and leaf b l a d e , but not w i t h the f lower ing 
da t e (r = + 0 . 0 5 8 ) . 

Among t h e combining abili t ies for c h a r a c t e r s not s u b j e c t e d to s t a t i s -
t ical analysis kernel width and th ickness show — on t h e s t rength of 
Fig . 1 — a close posi t ive correlat ion and b o t h wi th kernel l e n g t h a nega t ive 
correlat ion, t h e l a t t e r de te rmin ing roughly t h e cob—ear d i a m e t e r difference. 
Combining abi l i ty for kernel weight seems t o b e in positive correlat ion w i t h 
t h e sum of kernel wid th , th ickness and l e n g t h . By the combin ing abili ty of 
economic value lines separa te r a t h e r readily i n t o groups of good [18, 15, 3, 4 , 
2, 1, 16], bad [13, 17, 6, 12, 11] and medium [5, 7, 8, 9, 10, 14] lines. 

Conclusions and S u m m a r y 

The high signif icance of general c o m b i n i n g ability fo r every f e a t u r e 
as well as the ra t io of i ts var iance to t h a t of speci f ic combining abil i ty (Vg/Vs) 
stresses the i m p o r t a n c e of the add i t ive genie e f f ec t . J I N K S (1955) af ter h a v i n g 
e labora ted t r ia ls wi th maize, f l ax , egg-plant , Galeopsis and Nicotiana rustica 
demons t r a t ed t h a t specific combin ing abi l i ty w a s invariably associated w i t h 
non-allelic in te rac t ion while general combin ing abil i ty was t h e result of n o n 
complicated dominance . According to the g iven formula , howeve r , the genera l 
combining abi l i ty conta ins , besides t h e simple a d d i t i v e effect, a lso addit ive X a d -
di t ive in terac t ions , while specific combining a b i l i t y is loaded, bes ides the e f fec t s 
ind ica ted , also wi th geno type-env i ronment i n t e r ac t i on ( R O J A S a n d S P R A G U E , 

1952). Recent s tudies ( G A M B L E , 1962a, b, S P R A G U E et al. 1962) have also a t -
t r a c t e d a t t en t ion to the epistasis effects , and t h e Vg/ Vs ratio can no t be regarded 
as a t rue charac te r i s t ic of dominance condi t ions (if 2 Vg = D and Vs — H 
t h e n ö2 = Vs/2 Vg) still it expl ic i t ly marks t h e pa thway t o be followed in 
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breeding. F i r s t of all a n o t too r igorous selection m u s t be in the g iven ma te -
rial c o n d u c t e d for genera l combining ab i l i ty (for f i r s t ear length i m p o r t a n t 
f rom economic point of v iew the Vg/Vs ra t io is 0.99), t h e n lines t h a t p roved 
to be b e t t e r must be g r o u p e d and t e s t e d — as far as possible in c o m p l e t e or 
par t ia l diallel crosses — also for spec i f i c combining abil i ty. In s w e e t corn 
breeding single crosses a r e generally u s e d . There is n o need for a n u m b e r of 
single crosses to predic t yields of the d o u b l e crosses as in common m a i z e , and 
therefore , t h e use of p a r t i a l diallel is more jus t i f i ed . The complete diallel, 
however, offers more rel iable i n f o r m a t i o n , supply ing useful d a t a b o t h on 
general a n d specific combin ing abi l i ty fo r the nex t s t e p of breeding, t h e im-
p r o v e m e n t of the i nd iv idua l lines. 

Gene t i c var iab i l i ty of our comple t ed material is r a t h e r wide b u t we are 
still sho r t of lines su i t ab l e for p r o d u c t i o n of very ea r l y hybrids w i t h short 
vege ta t ion period. A m a t e r i a l with s h o r t growing pe r iod is i m p o r t a n t f rom 
two v iewpoin t s . On t h e one hand of f -season produce fe tches high p r ices and 

Table 5 

Correlation coefficients of the general 

Denominat ion 

Tassel 

Denominat ion 
Suckering 

P l a n t 
h e i g h t 

Number of 
branchings 

L e n g t h of 
apical par t 

Length of 
branching 

pa r t 

Stalk 
length 

Flowering date  —0.017 + 0.443 + 0.861 + 0 . 2 1 0 + 0.805 — 0.616 

Suckering  — 0.698 - 0 . 2 9 9 — 0.139 - 0 . 3 6 6 —0.362 

Plant height  +0 .651 + 0.436 + 0 . 8 3 0 + 0 . 2 0 2 

Tassel: 
Number of branchings . . . . + 0.063 + 0 . 9 2 5 - 0 . 2 9 5 

Length of apical part  + 0 . 2 0 3 - 0 . 1 9 7 

Length of branching part - 0 . 1 6 1 

Stalk length  

Leaf blade: 
Width  

Length  

Index  r I 6 Р5°/0 = 0.468 

Largest husk blade: 
Width  

Length  

First ear: 
Width  

Length  

Total ear length  
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t h e r e f o r e a t t e m p t s a r e m a d e t o s h o r t e n the v e g e t a t i o n period e v e n b y t echn ica l 
p r o c e d u r e s (MILLER a n d BUNGER, 1963), and on t h e other h a n d , i t can be wel l 
g rown a f t e r a u t u m n fodder m i x t u r e s , m i x t u r e of oat a n d v e t c h e s , l e t t u c e , 
pea s a n d new p o t a t o e s . The g e n e r a l combin ing abil i t ies of t h e th ree ear l ies t 
l ines a r e —8.48; —4.45 and — 2 . 4 1 days, wh i l e for the l a t e s t ones - ( - 4 . 6 9 . 

Accord ing ly , t h e r e a r e 4 days b e t w e e n the ea r l i es t and s u b s e q u e n t line, 2 d a y s 
b e t w e e n t h e second a n d th i rd o n e whereas b e t w e e n the t h i r d a n d 18th t h e r e 
a re 7 d a y s which invo lves a lower average d e v i a t i o n t h a n 1/2 d a y . If the expe r -
i m e n t a l m a t t e r , on t h e whole, is t r u l y re f lec ted in t he 18 se lec ted lines, w h i c h 
needs — accord ing t o H A Y M A N (1960, 1963) •— a m i n i m u m of t e n lines, t h e 
n u m b e r of the e a r l y lines h a v e t o b e mul t ip l ied . Inser t ion of l a t e lines r a i s ed 
consp icuous ly t h e v a r i a n c e of t h e general c o m b i n i n g abi l i t ies fo r leaf b l a d e 
l e n g t h , l eng th of f i r s t ear a n d k e r n e l row n u m b e r ; for t he l a t t e r t h e ave rage 
o f t h e w h o l e t r i a l w a s r a i s e d f r o m 9 . 2 9 ( D A N I E L a n d VÁRÓCZY, 1 9 5 9 ) t o 1 2 . 4 4 . 

B R O W N a n d A N D E R S O N (1947, 1948) a n d A N D E R S O N a n d B R O W N (1952) 
d i s t ingu ish the S o u t h e r n den t a n d Nor the rn f l i n t types a n d a s s u m e t h a t t h e 

combining abilities in 18 sweet сотп lines 

Leaf Made Larges t husk blade Firs t ear 
T o t a l ear 

l eng th 
Kernel row 

number 
W i d t h Length I n d e x W i d t h Length W i d t h Length 

T o t a l ear 
l eng th 

Kernel row 
number 

+ 0 . 4 2 2 

- 0 . 4 6 6 

+ 0.602 

+ 0.687 

- 0 . 4 7 2 

+ 0.850 

—0.283 

— 0.078 

—0.172 

- 0 . 5 1 6 

+ 0.156 

- 0 . 1 6 7 

—0.687 

+ 0 . 1 1 1 

—0.153 

+ 0.512 

— 0.468 

+ 0 . 4 5 7 

+ 0 . 0 5 7 

. - 0 . 4 1 5 

+ 0 . 6 1 2 

+ 0.005 

— 0.289 

+ 0.558 

+ 0 . 7 2 0 

- 0 . 2 5 4 

+ 0 . 4 7 6 

+ 0 . 4 6 7 

+ 0 . 6 0 3 

+ 0 . 5 3 9 

- 0 . 2 3 2 

+ 0 . 7 3 7 

+ 0 . 5 2 3 

+ 0 . 8 6 3 

—0.208 

— 0.272 

+ 0.178 

— 0.312 

+ 0.122 

- 0 . 3 7 6 

- 0 . 4 1 4 

- 0 . 3 0 6 

+ 0 . 2 4 8 

- 0 . 4 9 2 

- 0 . 3 5 9 

- 0 . 3 8 2 

+ 0.463 

+ 0 . 4 7 9 

+ 0.522 

+ 0.469 

— 0.184 

+ 0.312 

+0 .098 

+ 0.491 

+0 .272 

+ 0 . 2 4 9 

—0.029 

+ 0.440 

+ 0.258 

+ 0 . 6 7 2 

+ 0 . 4 0 9 

+ 0 . 6 1 3 

- 0 . 3 5 4 

+ 0 . 7 3 9 + 0.478 

+ 0 . 0 1 9 

+ 0 . 2 4 7 

- 0 . 2 0 4 

- 0 . 0 5 1 

- 0 . 3 2 1 

- 0 . 3 0 1 

- 0 . 0 2 6 

+ 0 . 3 4 4 

+ 0 . 4 8 9 

—0.164 

+ 0 . 1 9 0 

+ 0 . 4 8 3 

- 0 . 3 1 1 

+ 0.187 

+ 0.480 

— 0.323 

-j- 0.350 

+ 0 . 6 4 7 

- 0 . 3 4 9 

+ 0 . 9 0 7 - 0 . 5 4 4 

- 0 . 3 4 9 

+ 0 . 4 0 9 

+ 0 . 3 9 5 

+ 0 . 0 4 8 

+ 0.465 

+ 0.442 

—0.235 

+ 0 . 8 4 3 

- 0 . 4 7 4 

— 0.423 

+ 0.849 

+ 0 . 1 1 4 

-9.064 
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USA h y b r i d s are buil t u p o n the heterosis effect arising f r o m differences between 
the two groups . T a k i n g in considera t ion only the charac te rs s tud ied in our 
trials t h e following f e a t u r e s are for t h e f i rs t group character is t ic : long vege-
ta t ion pe r iod , poor sucker ing , tall g r o w t h , a b u n d a n t l y branching tasse l , broad 
and compara t i ve ly s h o r t leaves, h u s k s wi thout b l ades , short a n d th ick ear 
tu rn ing conical , m a n y kerne l rows a n d long kernels , while the second group 
is a t comple t e var iance wi th all s t a t e d above: s h o r t growing per iod , good 
suckering, low size, poor tassel with f e w lateral b r a n c h e s , long a n d th in leaf, 
large h u s k blade, cy l indr ica l ear, f e w kernel rows a n d broad, f l a t kernels. 

Accordingly the l ines Nos 14 a n d 17 tend t o w a r d s t h e Southern d e n t type 
while t h e l ines Nos 7 a n d 9 are near t h e Nor the rn f l i n t t y p e , the res t represent-
ing d i f f e ren t types of t r ans i t i on . The gene stock of ou r mater ia l w h e n assessed 
f rom th i s viewpoint s eems to be also v e r y rich. T h e re la ted lines 16 a n d 18 are 
r a the r in teres t ing , the i r combining ab i l i t y for f lower ing date (suckering) , plant 
height , t asse l b ranching (husk blade), ke rne l row n u m b e r and kernel s h a p e corre-
sponding t o the Sou the rn dent while as t o leaf shape t h e y explicitly do to the 
N o r t h e r n f l in t type ; in l ine No. 1 t h e v a l u e of sucker ing conspicuously differs 
f rom t h e posi t ive va lues expected on t h e grounds of o t h e r combining abilities. 

T h e correlation coeff icients of t h e general combin ing abilities (Table 5) 
suppor t t h e theory of A N D E R S O N a n d B R O W N concern ing the N o i t h e r n and 
Southern types . The long vegeta t ion per iod , large size, t h e a b u n d a n t l y branch-
ing and shor t s talked tassel , reduced h u s k blade, b r o a d ear, high kerne l row 
n u m b e r a n d , by means of ear width a n d plant he igh t t h e poor sucker ing form 
a group of more or less close inher i tance . I t is in t e res t ing to note t h a t the leaf 
blade i n d e x which be longs , according to general t h e o r y also to t h e group, 
shows a significant corre la t ion only w i th leaf b l a d e wid th and sucker ing is 
i n d e p e n d e n t of earl iness. 

T h e calculated f e w her i tabi l i ty coefficients (ft2) supply a u s e f u l infor-
mat ion as well. U n f o r t u n a t e l y , the lowes t value was f o u n d at the m o s t impor t an t 
fea ture , t h e length of t h e f i rs t ear (ft2 = 0.26), wh ich , on the s t r e n g t h of the 
low VgjVs ra t io and g r e a t env i ronmen ta l effect is n o t surprising. T h e value 
is the h ighes t in the ke rne l row n u m b e r de te rmined by genes of pr imari ly 
addi t ive effect (DANIEL, 1963) and o n l y slightly depend ing on env i ronmen ta l 
effects (ft2 — 0.73) as well as in t h e n u m b e r of t asse l branchings (ft2 = 0.65) 
being also known as a r a t h e r c o n s t a n t character a n d recently u sed to deter-
mine m u t a t i o n a l f r equenc ies arising in q u a n t i t a t i v e characters (SPRAGUE 
et al., 1 9 6 0 ; R Ü S S E L et al., 1 9 6 3 ) . 

T h e behaviour of t h e three USA lines deserves a t t en t ion , t oo . Only the 
very ea r ly C13 (line N o 1) belongs t o the bet ter ones , occupying a m o n g 18 the 
place, whi le C53 (line N o 17) — it be ing t a r d y w h e n compared t o t h e aver-
age of t h e exper imenta l mate r ia l — w a s 17th and t h e mid- la te P39 (line No 12) 
was t h e 15th . The p o o r achievement of P39 is pa r t i cu la r ly s t r ik ing ; in the 
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Table of S M I T H (1955) on popular Amer i can hyb r id s it is a c o m p o n e n t of four 
out of t h e 10 open pedigree single crosses a l t h o u g h its qua l i t y , however, 
being m e d i u m (HUELSEN, 1954) i ts sp read ing is p r o b a b l y due to h igh combining 
abi l i ty . The poor ach ievement of t h e USA lines can be explained b y adverse 
condi t ions (mean p l a n t height 118 cm). They h a v e not got accl imat ized to 
growing conditions prevai l ing in H u n g a r y and the i r high demands are evident 
also in t h e hybr ids ; t he i r yield u n d e r t h e condit ions of poor n u t r i t i o n a l s ta tus 
and w a t e r supply lagged — with f e w except ions — below average . Al though 
t h e y are lines i n t roduced into g e n e r a l cul t iva t ion , their average combining 
abi l i ty for general economic value is —20.30 whi le the average of f ive lines 
selfed f r o m USA var ie t ies in H u n g a r y bu t not selected is + 1 2 . 2 6 . 

* 

Author expresses his gratitude to Prof . B. GYŐRFFY for revision of the manuscript. 
Thanks are due to Mrs. T. SÁNTA and I. CZIBULYA for technical assistance. 
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PHENOECOLOGICAL INVESTIGATIONS 
IN SPRING CEREALS 

B y 

G Y . M Á N D Y 

N A T I O N A L I N S T I T U T E O F A G R O B O T A N Y , T Á P I Ó S Z E L E 

The manifestat ion of "individual amplitude" (i.e. the range of dispersion of 
phenological phenomena within stands) w a s studied in so-cal led periodical crops of 
spring barley and oat variet ies (established b y delayed sowing technique). It w a s demon-
strated that spring bar ley varieties were far less sensitive to weather ex tremes than 
oats; the latter being h ighly particular not only about precipitation hut also about 
temperature. The o p t i m u m temperature for the development of both species w a s found 
m u c h lower than po in ted out in general b y special l iterature. 

Introduction 

Ecological inves t iga t ions pe r fo rmed some years ago b y the a u t h o r re-
vealed t h a t t h e individual dispersion ( " ind iv idua l a m p l i t u d e " ) of some phenolog-
ical p h e n o m e n a in crops depends to a considerable degree on w e a t h e r inf lu-
ences. I t was found t h a t t h e range of dispersion was smal les t if t h e w e a t h e r 
was f a v o u r a b l e and m u c h greater unde r adverse condi t ions . Results p e r t a i n i n g 
to this p rob l em were o b t a i n e d in the course of inves t iga t ions on w h e a t , maize 
and hop var ie t ies ( M Á N D Y 1 9 6 0 , M Á N D Y 1 9 6 2 , M Á N D Y 1 9 6 3 , M Á N D Y — S Z É K Á C S 

1 9 6 3 ) . 

T h e discovery of t h e phenomenon of individual a m p l i t u d e (MÁNDY 1962) 
has opened new possibili t ies in ecological research, e x a c t l y in recognizing the 
charac te r of species a n d variet ies . The dispersion of phenological p h e n o m e n a 
within s t a n d s proves to b e v e r y suitable for the d e m o n s t r a t i o n of the ecological 
react ion of varieties a n d t h u s the eva lua t ion of phenological data gets deeper 
ecological impor tance t o o . 

T h e cl imatic ecological series es tab l i shed by d e l a y e d sowing t e c h n i q u e 
showed a regular d i s t r i bu t ion of t h e va lues of i n d i v i d u a l ampl i t ude : t h e y 
generally decreased f r o m " u n f a v o u r a b l e " toward " f a v o u r a b l e " sowing t imes 
and increased , respect ively , in the oppos i te direction. I n winter cereals the 
values were most ly d i s t r i b u t e d according t o the o p t i m u m curve, because b o t h 
too ear ly (September) a n d too late (November -December ) sowings c rea t ed 
un favou rab l e ecological condi t ions for t h e varieties of t h e crop series. 

Con t ras t ed with w i n t e r cereals in spr ing s tands e x a m i n e d so f a r (maize 
and hop) only a symmet r i c d is t r ibut ion was obtained. I n fac t the long vege-
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t a t i o n period d id no t permit t o establish a too l a t e crop, because due to a u t u m -
na l frosts i ts r ipen ing could n o t be expec ted . Therefore, t h e dis t r ibut ion of 
va lues showed on ly a "half c u r v e " . 

I t seemed desirable t o e x a m i n e the chang ing values of periodical c rops 
also in spring cereals of short vege ta t ion pe r iod in order t o f i n d out the t y p e 
of d is t r ibut ion of the values. 

Material, Method and Conditions of Investigations 

Investigations were started wi th 10 spring barley and 13 oat varieties in 1963; chiefly 
native and — in smaller strength — foreign varieties of promising outlook were used. The 
estimation was carried out on the basis of variety means. The values of the different varieties 
were examined in a separate paper (MÁNDY—KOVÁCS 1964a and 1964b). 

It was of particular interest that as to their general ecological feature both species were 
essentially different. 

+ 3 

+1 - • 

1 - -

Tápiószele 1963 
•SO 

Temperature 

+25 

+20 --

+ 10 

II/ 

-10 

-20 

mm 
V VI VII VIII 
Precipitation 

Fig. 1. Deviations of weather factors in April-August from many years' mean values at 
Tápiószele 
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According to MERKENSCHLAGER and KLINKOWSKI (1963) barley has an arid, cosmo-
politan constitution of alkali demand, while oat is a hygrophilous, drosophilous "hygro-limno-
constitution" sensitive to wind and salt content. 

Thus these species are nearly inconsistent with one another. 
The series of spring barley varieties were sown at four dates (April 3, 17, 30 and May 30) 

that of oat varieties on f ive occasions (April 3, 17, 30, May 15 and 30). All varieties were at 
every seeding date sown in six replications and from each replication three specimens were 
held under systematic observation. 

Investigations were conducted at the Experimental Station of the National Institute 
of Agrobotany at Józsatanya on chernozem-like humous sand, covered w i t h a 60 cm thick 
humus layer. The surface soil shows an alkaline reaction (pH = 8.2) and a low CaC03 
content of 0.68 per cent; the subsoil is alkaline too (pH = 8.5) and calcareous (8 to 23 per cent). 
The humus content amounts to 2.06 per cent. 

From April to August — and especially in April — the weather was generally warmer 
than the many years' mean temperature in the same period (Fig. 1). The precipitation of April, 
May and June lagged considerably behind the average of many years but reached a somewhat 
higher level in July and surpassed the average a good deal in August. 

The soil was prepared, after harvest ing the autumnal mixed fodder crop, by stubble 
ploughing and was held in good culture condition, free of weeds till the beginning of experi-
ments. Before seeding no manure was applied. 

Grains were sown by hand to 4 — 5 cm depth and at distances of 2 cm, in rows 10 c m 
apart from each other. 

Results 

Phenological phenomena were registered b y individual observat ion. 
On previously selected specimens, in every per iodic crop and in all variet ies 
t h e appea rance of phenomena was careful ly recorded and on t h e i r es t imat ion 
t h e earliest and la tes t momen t of the i r man i fe s t a t ion es tabl i shed . The t i m e 
di f ference be tween bo th values represen t s the r ange of ind iv idua l dispersion, 
t h e indiv idual ampl i tude . In b a r l e y the ass ignat ion of the beg inn ing of eff lo-
rescence is uncer ta in , therefore , on ly the m o m e n t of earing w a s registered. 
Similar ly to bar ley also in oat were noticed t h e d a t a of cluster ing. The pheno-
logical va lua t ion was carried out on t h e s t rength of var ie ty means . Accordingly, 
for t h e es tab l i shment of the b e h a v i o u r of spr ing bar ley 1080 a n d in oat 1404 
indiv idual da t a were recorded. 

a) Examination of spring barley varieties 

The deve lopment of p lan t s in question h a d accomplished according to 
t h e change of wea the r condi t ions during t h e vegeta t ion pe r i od (Fig. 2). 
M a x i m u m height was p ropo r t i ona t e t o the a m o u n t of p rec ip i ta t ion and aver-
age t e m p e r a t u r e . The " a r i d " f e a t u r e of bar ley manifes ted i tself clearly in 
m o d e r a t e decrease of height , r e m a i n i n g even in t h e 4th per iodical crop over 
50 per cent of the m a x i m u m va lue . In oat — as will be seen l a t e r the d rop 
was m u c h grea ter . 

The ampl i tudes bo th of ea r ing and w a x y ripeness show unequivoca l ly 
a У-shaped dispersion curve. T h e lowest value occurred in t h e 2 n d periodical 
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crop (Fig. 3) and d e m o n s t r a t e d t h a t t h e deve lopmen t of spring b a r l e y was 
most ly f avoured by w e a t h e r condit ions of the 2nd periodical crop. Moreover, 
p lan ts reached also t h e i r m a x i m u m he igh t in th is c rop . The w e a t h e r in the 
phenophase of vege t a t i ve deve lopment (emergence, earing, Fig. 3) revealed 
t ha t spr ing barley w a s satisfied bes t b y the m e a n t e m p e r a t u r e of t h e 2nd 
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40-

30-
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Fig. 2. Changes in average stand height of spring barley varieties in the different periodical 
crops and the connection of height with precipitation sum and mean temperature of the vege-

tation period 
The right vertical axis shows the precipitation (in millimetres), the left one the stand 
height (in centimetres) and temperatures, while on the horizontal axis the periodical crops 
(I to IV) are plotted. The broad columns marked with heavy line represent the average stand 
height, the narrow columns designed with thin full line portray the precipitation sum and 

those sketched with dotted line the mean temperature 

periodical crop (17.4° C) and average values over 20° С were less favourab le . 
This observat ion d i f fe rs considerably f r o m " o p t i m u m " data t h a t m a y often 
be found in l i te ra ture , ind ica t ing t e m p e r a t u r e s of 25 t o 30° С as bes t condit ions 
of bar ley deve lopment (HAJAS—RÁzsó 1962). As i t m a y be concluded even 
much lower values a f f e c t the deve lopmen t of sp r i ng barley u n f a v o u r a b l y , 
because a phenophase average of 20° С increases n o t only the range of individ-
ual a m p l i t u d e in ea r ing , b u t d iminishes also t h e h e i g h t and even t h e yield 
of crops. The ampl i t udes of waxy r ipeness evidence t h a t yield deve lopment 
of bar ley is p romoted b y t e m p e r a t u r e s of about 20° С if s imul taneous ly the 
s tands receive an a d e q u a t e amoun t of prec ip i ta t ion . I n the vege t a t i ve devel-
opment period of sp r i ng bar ley a prec ip i ta t ion s u m of 95 to 100 m m is very 
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benef icent . An amount surpass ing or lagging behind t h i s quan t i t y increases 
the ind iv idua l dispersion of phenological phenomena . Spring barley is a plant 
very sensitive to climate, because the dispers ion of i ts phenological p h e n o m e n a 
is cons iderably affected b y weather changes of even l ow degree. In t h e stage 

20 

W--

Days 
Spring barley 

Earing 
15,7 

12,1 12,2 
9,8 

I. а. т. i f . 

Seeding Ш Т7Ж Ш 15.1/. 

15 

10 + 

Days Waxy ripeness 

7,7 7,2 
5,8 

I. II. III. IV. 

Fig. 3. Phenoecological diagram of spring barley. The graphs on the left side above show the 
individual amplitudes of earing, the columns below those of w a x y ripeness in the different 
periodical crops (values are given in days). The small table below contains the totals and 
averages of most important weather factors in the phenophases preceding the examined 
phenological phenomenon. Above: the data pertaining to the stages from emergence until 
earing; below: from earing until waxy ripeness. The numbers of the columns indicate the 
following factors: 1 = temperature sum in °C, 2 = mean temperature of the phenophase (°C). 

3 = precipitation sum of the phenophase in m m 

Phenophase 
l 2 3 

Phenophase 
z°c °C mm 

I. IV. 1 4 - V I . 6 912.7 16.9 71.2 
П. IV. 23—VI. 13 916.4 17.4 93.4 

III. V. 6 - V I . 20 841.6 23.4 82.7 
IV. V. 20—VII. 9 1024.2 20.1 118.4 

I. VI. 7 - 2 5 355.2 18.7 69.9 
II. VI. 14—VII. 1 396.2 22.0 40.0 

Ш . VI. 2 1 - V I I . 6. 382.9 23.9 31.8 
IV. VII. 1 0 - 1 9 227.6 22.8 0 
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of generative deve lopment a prec ip i ta t ion s u m of about 40 m m proved m o s t 
benef icent . 

For spr ing bar ley the i n d i v i d u a l ampl i tude of earing s e e m s to be — m o s t 
charac ter i s t ica l ly — of a larger r ange than t h a t of waxy r ipeness , because in 
t h e lat ter s tage t h e values of t h e ampl i tude decrease b y 25 t o 40 per cen t 

b) Examination of spring oat varieties 

In the series of periodical crops the ave rage height of s t a n d s successively 
a n d considerably decreased (F ig . 4). This va lue scale does no t fo l low the changes 
of precipi ta t ion sum in the vege t a t i on per iod being given t h e fact t ha t t h e 
q u a n t i t y of prec ip i ta t ion d imin i shes till the 3 rd sowing da te o n l y and increases 

Oat 
90 T cm 

70--

50 

30-

10 

73,1 
69.2 

№2 

200 Tmm 

1 5 0 - -

3 7 6 

100 

&6 50--

IV. V. 

Fig. 4. Changes in average stand he ight of oat varieties in the different periodical crops and 
the connection of height with precipitation sum (black columns) and mean temperature. 

Designation as in Fig. 2 

the rea f t e r n o t a b l y . In the 4 t h periodical crop t h e height c o m e s bu t nearly t o 
t h e half of t h e m a x i m u m in t h e series and remains even be low this level in 
t h e 5th per iodical crop. Accord ing ly in bo th l a t t e r crops prec ip i ta t ion h a d n o 
s t imula t ive e f fec t , while t h e v a l u e s of average t empera tu r e in the vege ta t ion 
period successively increased. Between t h e he ight of oa t s t a n d s and m e a n 
t empera tu res t h e r e seemingly exists an inverse mutua l i ty , i .e . temperature is 
the most important growth factor of oat being in th is respect m u c h more sensi t ive 
t h a n barley. 

As to t h e individual ampl i tudes of phenological p h e n o m e n a (Fig. 5) 
a sensitiveness similar to t h a t of height and greater t h a n in barley can also 
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Oat Heading of panicle 
20 j Days 

16,5 

75;-

70;-

5- -

72,4 
8,5 

10,3 

7,8 

/• II. III. IK V. 

Seeding: 3.K 17. IV. 30-/V. 15.К 29. v 

20-j Days Waxy ripeness 

15 

10 

5 + 

14,7 

6,8 

11,2 77,4 

6,3 

/ . II. III. /К К 

Fig. 5. Phenoecological diagram of o a t . Designation a n d arrangement as in Fig. 2 

Phenophase 2"'C °C mm 

I. IV. 1 7 — V I . 20 1143.7 17.6 101.6 

i l . IV. 2 6 - V I . 26 1125.4 18,4 127.2 

i n . V. 8—VII . 4 1135.4 19.9 114.0 

IV. V. 22 —VII. 13 1096.3 20.7 118.4 

V. VI. 4 — V I I . 23 1088.5 22.2 74.4 

I. VI. 2 1 - V I I . 12 512.2 23.3 36.3 

II. VI. 27—VII . 16 493.6 23.5 4.5 

III. VII. 5 - 2 1 396.2 23.3 4.5 

IV. VII. 1 4 - 2 8 389.9 26.0 35.5 

V. VII. 24—VIII . 18 585.4 22.5 99.9 

be observed . Therefore , t he ampl i t udes of oat h a v e a wider range a n d f l u c t u a t e 
more irregularly. T h o u g h in its gene ra l course t h e gradient of ampl i tudes 
resembles the dispers ion curve, in details the d i s t r ibu t ion of va lues has a 
wave-l ike shape. T h e va lues of t h e 2nd periodical crops p ro t rude r e m a r k a b l y 
f rom t h e regular course and display g rea te r unevenness especially in cluster ing. 
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Let us examine more closely t h e cause of th is d is turbance . As t h e condi-
t ions of the l a te r vege ta t ive deve lopmen t have p roved favourable , t h e reason 
m u s t p robab ly be sought in t h e mos t ex t r eme fac to r of pos temergence weather . 
Accordingly t h e mos t i m p o r t a n t d iu rna l values of post-emergence wea ther in 
t h e f i r s t three periodical crops a re t o be analyzed (Fig. 6). 

days are plotted. The upper diagram drawn with a thin uninterrupted line represents the diurnal 
mean temperatures (°C), below it the numbers put under a horizontal line indicate the temper-
ature sums (°C), the dotted thin line displays the diurnal data of radiation minimum (°C) 
and the vertical heavy lines the amount of daily precipitation. Average emergence data obser-

ved in the different periodical crops are marked with small arrows 

The d a t a reveal t h a t a f t e r the average emergence m o m e n t of the 2nd 
crop daily t e m p e r a t u r e and rad ia t ion min imum successively d imin ish and the 
fo rmer remains — wi th the except ion of two days — below 16° С near ly for 
2 weeks and t h e l a t t e r drops one d a y (April 30) t o freezing po in t . As it may 
b e seen f r o m reg is t ra t ions these adverse condi t ions did not a f fec t t h e young 
s t a n d of t h e 1st crop ( the p lan t s be ing a l ready t w o weeks old on t h e day of 
t h e + 0 . 5 ° С rad ia t ion min imum) , b u t supposedly influenced t h e seedlings of 
t h e 2nd crop. The high-grade drop in t e m p e r a t u r e and the long- las t ing cool 
w e a t h e r m a y h a v e h a d a considerable effect on t h e s tand of t h e 2nd crop, 
a n d the wide range of dispersion in phenological phenomena , so in clustering 
a n d w a x y r ipeness, can be a t t r i b u t e d to this f ac t . I n t h e identical deve lopment 
s t age of t h e 1st and 3rd crop w a r m e r condit ions prevai led , t he re fo re the range 
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of their ind iv idua l ampl i t udes remained r e m a r k a b l y na r rower . The a m p l i t u d e 
of c luster ing in the 1st c rop developing u n d e r lower t e m p e r a t u r e was n a t u r a l l y 
larger t h a n in the 3rd c rop (due to d i f f e r e n t t e m p e r a t u r e , see Fig. 6). 

These d a t a r epea t ed ly confirm t h e observat ions of t h e au thor on t h e 
higher sensi t iveness of o a t t o t e m p e r a t u r e . This sensit iveness is of an inc reased 
degree especial ly in y o u n g seedlings, j u s t a f t e r ge rmina t ion . If in th i s s t age 
the seedlings have to e n d u r e t e m p e r a t u r e s below 5° С (or near to f r eez ing 
point for a s h o r t time) a n d also the d i u r n a l mean t e m p e r a t u r e remains be low 
15° C, t h e deve lopment of oa t may be d i s t u r b e d and t h e dispersion of p h e n o -
logical p h e n o m e n a in i ts s t ands n o t a b l y increases. These condit ions — as i t 
was shown previously — do not d a m a g e spr ing barley, on t h e con t ra ry , t h e y 
should be considered as r a t h e r a d v a n t a g e o u s . 

F r o m t h e individual ampl i tude v a l u e s of clustering i t m a y be seen t h a t 
for the v e g e t a t i v e deve lopmen t of o a t a m e a n t e m p e r a t u r e of abou t 18 t o 
20° С and a prec ip i ta t ion s u m of 110 to 120 m m in this phenophase are f a v o u r -
able. The d a t a reveal t h a t dur ing the s t age of deve lopment as t o most i m p o r t a n t 
weather f a c t o r s oat is r a t h e r more e x i g e n t t h a n bar ley , b y requir ing h ighe r 
t e m p e r a t u r e a n d larger a m o u n t s of p rec ip i t a t ion t h a n t h e la t te r still b o t h 
species concour with one another in p r e f e r r i ng fairly t e m p e r a t e condi t ions . 
Barley is n o t so much a f fec ted by t h e e x t r e m e f l u c t u a t i o n of wea the r , o a t 
is sensitive t o th is factor in an increased degree . The development of oat is pro-
moted best by temperate and equalized weather. 

The h ighe r heat d e m a n d of oa t , s imi lar to t h a t of barley, m a n i f e s t s 
itself also in t h e genera t ive deve lopmen t stage. The ind iv idua l a m p l i t u d e s 
of waxy r ipeness (Fig. 5) d isplay t h a t o a t requires as bes t condition a m e a n 
t e m p e r a t u r e of about 23° С (a t e m p e r a t u r e sum of 400 t o 500° C) and a t o t a l 
prec ip i ta t ion n o t less t h a n 30 mm in t h e s t ages of clustering and waxy r ipeness . 
Spring b a r l e y is satisfied w i th less h e a t b u t needs more precipi ta t ion. 

Compar ing the ampl i tudes of c lus t e r ing and w a x y ripeness in o a t i t 
tu rns out t h a t the ranges in earlier ( 1 s t — 3 r d ) crops d iminish , bu t t h o s e of 
la ter ones increase , as a consequence of h ighe r t empera tu re s . This is in c o m p a r -
ison to sp r ing barley a d i f ference showing consequent ly a considerable decrease 
of the a m p l i t u d e of w a x y ripeness in all per iodical crops. I t is in te res t ing t o 
note t h a t t h e a f t e r m a t h of cold effect p reva i l ing in seedling stage comes also 
forward here in the 2nd crop . Though t h e range of th is ampl i tude is n o t so 
wide as in clustering, it t ouches — h o w e v e r — nearly t h e double of t h a t in 
t h e 2nd a n d 3 r d crop a n d approaches e v e n t h e value in t h e 4 t h crop (F ig . 5). 
Accordingly t h e more f avourab le w e a t h e r prevailing in t h e stage of w a x y 
ripeness is ab le to mode ra t e the effect of ea r ly cold ve ry adverse for v e g e t a -
t ive deve lopmen t . At th is po in t a cooler a n d highly r a i n y weather is a l r e a d y 
ra ther u n f a v o u r a b l e . 
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Conclusion 

Phenoecological inves t iga t ions in spr ing cereals have p roved the a s s u m p -
t ion tha t in p l a n t s tands of sho r t e r vegeta t ion per iod and es tabl ished by de l ayed 
sowing t e c h n i q u e the d i s t r i bu t ion of ind iv idua l ampl i tude va lue shows t h e 
same dispersion curve as in w in t e r cereals. N e w da t a obta ined f r o m the a u t h o r ' s 
examinat ions evidenced aga in t h e appl icabi l i ty of the phenoecological m e t h o d 
elaborated b y h im. 

Also ind iv idua l amp l i t udes of phenological phenomena in spring b a r l e y 
and oat var ie t ies depend on w e a t h e r changes a n d disclose in deta i l the c l ima t i c 
ecological r equ i r emen t s of examined spr ing cereals. 

Inves t iga t ions on spr ing bar ley var ie t ies have revealed t h a t in the s t a g e 
of vegeta t ive deve lopment (i.e. t he phenophase f rom emergence until e a r ing ) 
a mean t e m p e r a t u r e of 17 t o 18° С is ve ry favourab le if, a t t h e same t i m e a 
p ropor t iona te ly d is t r ibu ted t o t a l p rec ip i t a t ion of 95 to 100 m m is f a l l i ng 
down. In t h e s tage of genera t ive development ( f rom earing un t i l waxy r ipeness) 
t empera tu res a b o u t 22° С a n d a p rec ip i ta t ion sum of 40 m m represent t h e 
op t imum. T h e s e condit ions diminish to t h e lowest degree t h e f luc tua t ion of 
phenological phenomena in t h e s tands of sp r ing barley var ie t ies and p r o m o t e 
their uni form deve lopment . 

A m p l i t u d e changes observed in per iod ica l crops h a v e revealed t h a t 
spring bar ley is a plant v e r y sensitive to c l imate . 

T e m p e r a t u r e and prec ip i ta t ion — as deve lopment f ac to r s — prevai l in 
oa t to a l a rger ex ten t t h a n in barley. The deve lopment of t h e la t ter is i n f l u -
enced by w e a t h e r elements wi th in a wider r a n g e , while oa t grows within n a r -
rower bounds . This proves t h a t spring b a r l e y endures even more e x t r e m e 
weather f l u c t u a t i o n s b e t t e r t h a n oat r equ i r ing ra ther equalized conditions. 
B u t both species concur in demanding t e m p e r a t e w e a t h e r for o p t i m u m 
growth. 

Phenoecological inves t iga t ions of o a t variet ies h a v e manifes ted t h a t 
in the s tage of vegeta t ive development a m e a n phenophase t e m p e r a t u r e of 
abou t 18 t o 20° С is f a v o u r a b l e if at t h e s a m e t ime t h e s t ands get a t o t a l 
precipi ta t ion of about 110 to 120 mm in a d e q u a t e d i s t r ibu t ion . The d e m a n d 
on heat su rp lus d i f fe ren t ia t ing oat f rom b a r l e y , manifes ts itself even in t h e 
stage of genera t ive deve lopmen t . In the s t age of r ipening t h e best g r o w t h 
condition for oa t is a m e a n t empera tu r e of abou t 23° С b u t it may also b e 
satisfied b y a prec ip i ta t ion s u m less t h a n 30 mm. The t e m p e r a t u r e d e m a n d 
of oat is especial ly high in seedling stage. Cold effects below 15° С or d r o p p i n g 
even to f reez ing point d i s t u r b in this per iod t h e equal deve lopment of s t a n d s 
and increase h ighly the r a n g e of individual ampl i tude eve ry moment of t h e 
whole ind iv idua l deve lopment is ha rmfu l l y inf luenced b y such an a d v e r s e 
impac t . 
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The invest igat ions described here m a k e clear t h a t special l i t e r a t u r e 
points ou t t empera tu re s of 25 to 30° С erroneously as b e s t growth cond i t ion 
for spring b a r l e y and oa t , because the deve lopmen ta l o p t i m u m of these cereals 
lies considerably below t h i s level, and 25 t o 30° С t e m p e r a t u r e s are a l r e a d y 
u n f a v o u r a b l e or exert e v e n an inh ib i to ry effect . As t o op t imum d e m a n d 
spring ba r l ey differs n o t a b l y f rom oat , i t is, therefore, w r o n g to present t h e m 
as species of identical deve lopmenta l r equ i r emen t s . E q u a l l y is er roneous t h e 
s t a t emen t of l i terature t h a t oat is p a r t i c u l a r only a b o u t prec ip i ta t ions , s ince 
i t lays an exceedingly h igh claim also t o t empe ra tu r e . 
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THE POSSIBILITY OF PREMUNITY 
IN MAIZE SMUT 

(LSTILAGO MAYDIS [D. c.] Cda.) 

B y 

É V A H A L Á S Z 

C O L L E G E O F A G R I C U L T U R A L S C I E N C E S . M O S O N M A G Y A R Ó V Á R 

Invest igat ions in a field test prove tha t the possibility of premunity in maize 
smut h a s been verified. Seeds of hybrids used as indicator plants were soaked in viable 
and ki l led cultures of the pathogen or in cultures which had suffered destruct ion b y 
centri fugat ion. Plants obtained from these seeds were inoculated during the v e g e t a t i o n 
period in different developmental phases a n d in some treatments incidence of a sl ight 
degree w a s observed as compared with the controls. 

Introduction 

Accord ing to the t e r m in t roduced b y SZEPESSY ( 1 9 6 3 ) , " b y p r e m u n i t y 
such t y p e of react ion is m e a n t t h a t is a c t i v a t e d as a consequence of t h e infec-
t ion of t h e pa ra s i t e and u p o n its act ion, h inder ing the re infect ion b y iden t i ca l 
or closely r e l a t e d pa thogens b u t being u n a b l e to des t roy t h e p r imary i n v a d e r 
in the o r g a n i s m " . As examples f rom a m o n g mycoses the exper iments of M Ü L L E R 

and B O R G E T w i th Phytophtora infestans, while f rom viruses the expe r imen t s 
of SALAMAN w i t h the t o m a t o X virus are c i ted by the same au thor . He a t t r a c t s 
a t t en t ion t o t h e fact t h a t a lmost no th ing h a s been done t o exploit p r e m u n i t y . 

M I L I N K Ó (1961) d e m o n s t r a t e d p r e m u n i t y when e luc ida t ing p h y l u m con-
ditions of D M V infecting t o m a t o . The green strain of Aschersleben i n d u c e d 
p r e m u n i t y t o the s t ra in isolated by t h e a u t h o r f rom t o m a t o on Nicotiana 
sylvestris t e s t p lan t . 

No e f fec t ive m e t h o d exists so f a r fo r protect ion aga ins t maize s m u t 
except for t h e breeding of res is tant h y b r i d s . Should it be possible t o i n d u c e 
p r e m u n i t y b y methods which can be app l i ed also in prac t ice , an i m m e d i a t e 
procedure of protect ion could be gained. 

In t h e present expe r imen t s the possibi l i ty of induc ing p r e m u n i t y has 
been inves t iga t ed by va r ious seed t r e a t m e n t s . A pre l iminary condi t ion of t h e 
appl icat ion of seed t r e a t m e n t s is infect ion in an early age and occurrence of 
t h e spread ing of the p a t h o g e n in the p l a n t t issues. When se t t ing up t h e exper -
iment we re l ied on the r e l a t ed posit ive f ind ings of D I E T R I C H ( 1 9 5 3 ) , Y A K O V -

LEVA ( 1 9 6 1 ) a n d K E C H E K ( 1 9 5 9 ) . 
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Material and Method 

The characteristic data of the experiment are: Plant/plot: in the main plot ^time of 
infection): 180, in the subplot (seed treatment): 45, Spacing (sq.m.) 0.32, Seeding date: in 1963 
8. V. in 1964 29. IV. Number of replications: 4. Design: split-plot, Latin square. 

The seed treatment with which we attempted to induce premunity were: 
a) Control: the seeds were soaked in water. 
b) The seeds were soaked in vital sporidium suspension. 
c) Sporidium suspension was centrifuged. After centrifugation practically no spori-

dium was left in the liquid in which the seeds had been soaked. 
d) Seeds were soaked in a sporidium suspension which heated on 55° С for 2 minutes . 
The duration of soaking was 2 days in both years. The sporidium suspension has been 

produced on a l iquid carrot medium. 
During the vegetation period artificial infect ion was carried out in various develop-

mental phases of the plant, as to control the duration of premunity induced by seed treatments. 
The treatments were as fol lows: 

Serial 
No 

Developmental phase of 
plant a t infec t ion 

D a t e of infection for indicator p lan t s employed 
in each year 

1963 1964 

1. Control (non-infected) 

2. 3—4 leaf phase  

3. 1 m  

4. Female inflorescence . 

31. V 

9. VII 

23. VII 

23. V 

27. VI 

16. VII 

23. V 

30. VI 

27. VII 

The method of infection during the vegetation period was dusting with chlamidospores. 
In the 2. and 3. treatment the inoculum was first of all given into the leaf funnel. 

In 1964 the two maize hybrids were included in two separate experiments. Maize smut 
incidence was established from 30. VI to 10. I X every f ive and/or ten days. In the course of 
the survey the number of the infected plants and the location of the galls were established. 

Experiments were carried out in the trial grounds of the College of Agricultural Sciences 
Mosonmagyaróvár. 

Results and Discussion 

Charac ter i s t ic da ta of incidence observed in the exper iment set u p in 
1963 are p r e s en t ed in Tab le 1. 

E x a m i n a t i o n of the e f fec t s of seed t r e a t m e n t s in the average of in fec t ion 
periods r evea led t h a t in t r e a t m e n t " a " incidence up to 30. VI I was h igher 
t h a n in t h e o the r s while a f t e r this date it was lower. Signif icant d i f ference 
could be obse rved only as r e l a t ed to " b " a t t h e 10 Sep tember survey. 

E x a m i n a t i o n of t h e seed t r e a t m e n t s dur ing the vege ta t ion period a t 
t h e various d a t e s of in fec t ion revealed t h a t : 

there is n o signif icant difference b e t w e e n the incidence of plants o b t a i n -
ed from seeds soaked in w a t e r . In the case of spor id ium suspension t r e a t -
men t on 5. V I I I in t h e cont ro l , on 10. I X in the t r e a t m e n t s 1, 2 a n d 4 
(infection pe r iod) incidence was s igni f icant ly lower t h a n in t r e a t m e n t 3. 
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I n t h e case of cent r i fuged spor id ium suspens ion seed t r e a t m e n t on 
5. V I I I . in t r e a t m e n t 2, on 25. VI I . in t r ea tmen t s 1, 2 and 4 and on 10. I X . 
in t r e a t m e n t 2 incidence was s igni f icant ly lower t h a n in t r e a t m e n t 3. On 10. 
I X . incidence was h ighe r even in t h e control t h a n in 2. 

I n t h e case of h e a t e d sporidium suspension seed t r e a t m e n t incidence was 
in the con t ro l lower d u r i n g the whole vegeta t ion pe r iod t h a n in t r e a t m e n t 3. 

On examining, in t h e average of seed t r e a t m e n t s , t h e result of t h e infec-
tion per iod i t tu rned o u t t h a t incidence was lowest w h e n it took p lace in the 
3 to 4 leaf age. This gave a s igni f icant ly lower v a l u e as compared b o t h to 
t r e a t m e n t s 3 and 4. 

F r o m these it fo l lows t ha t if n o inoculat ion t a k e s place dur ing t h e vege-
ta t ion per iod the seed t r e a t m e n t w i t h hea ted spor id ium suspension, while if 
combined wi th inocula t ion in the 3 t o 4 leaf age t h e centr i fuged spor id ium 
suspension seed t r e a t m e n t seems to be useful in p r o t e c t i o n f rom s m u t . 

W h e n the e x p e r i m e n t was r e p e a t e d in 1964, d a t a ob ta ined followed 
not pe r fec t ly the same t r e n d (Table 2) concerning t h e seed t r e a t m e n t s . I n the 
case of ind ica to r p lan t Mv—42 a p r o m i n e n t l y high incidence was also in this 
year o b t a i n e d in t r e a t m e n t 3 ( infect ion carried o u t when plants were 1 m 
high). T h e s m u t reduc ing effect of t r e a t m e n t 2 ( inocula t ion in the 3 t o 4 leaf 
age) now appeared still more acutely t h a n in 1963. I n t h e case of h e a t e d spo-
r idium suspension t r e a t m e n t both in t h e control a n d t r e a t m e n t 2 incidence 
was lower as related t o t h e water soak ing t r e a t m e n t b u t the d i f ference was 
not s igni f icant . 

In Mv 5 when inocula t ion was carr ied out a t f e m a l e inflorescence ( t rea t -
ment 4) a n d in the 3 t o 4 leaf age, ( t r e a t m e n t 2) h igher incidence was ob ta ined 
t h a n in t h e control or in t r e a t m e n t 3. The difference was signif icant only as 
compared w i th t r e a t m e n t 4. Among t h e seed t r e a t m e n t s , similarly t o previous 
experience, t h e greates t a m o u n t of s m u t was found in " b " . The smut - reduc ing 
effect of hea t ed spor id ium suspension t r e a t m e n t was f o u n d to prevai l in the 
2 and 3 while t ha t of t h e centr i fuged suspension in t r e a t m e n t 3. 

U p o n t h e effect of seed t r e a t m e n t s changes were observed in t h e ra t io 
of gall t y p e s (Fig. 1). B o t h in the cen t r i fuged and in t h e hea ted spor id ium 
suspension t r e a t m e n t s t h e r e have increased the p ro p o r t i o n of galls above 
the ears as well as in Mv 42 t ha t of t h e smut - in fec ted suckers and , in Mv 5 
t ha t of in fec ted tassels. T r e a t m e n t " d " has also increased , in Mv 42 t h e infec-
tion of ears and , in Mv 5 t h a t of t h e leaves. 

U p o n t h e effect of seed t r e a t m e n t " b " an increase appeared in t h e pro-
por t ion of galls found on suckers, a t Mv 42 in t h a t of t h e galls on a n d above 
the second ear and a t Mv 5 in the p ropor t i on of t h e galls below t h e ea r . 

As a resul t of inocula t ion carr ied out in the 3 t o 4 leaf age, a t Mv 42 
the same occurred to t h e propor t ion of galls f o u n d on and above t h e ear, 
at Mv 5 t o t h a t of t h e galls on t h e leaves . As an e f fec t of inocula t ion con-
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Table 1 

Incidence of maize smut (°/0) 

Serial Infect ion dur ing the Trea tment Maize smut incidence ( % ) 
No vege t a t i on period (soaking) 

28. VI . 5 . VII . 10. VI I . 

1 Control (not inoculated) in water 1.1 1.1 
in sporidium suspension 

in centr. spor. suspension 

in spor. suspension heated 55° С 

Average 0.3 0.3 

2 In the 3 — 4 leaf age in water 0.6 1.1 1.1 
(31. V.) in sporidium suspension 

in centr. spor. suspension 

in spor. susp. heated 55° С 

Average 0.2 0.3 0.3 

3 In 1 m age (9. VII.) in water 

in sporidium suspension 0.6 0.6 

in centr. spor. suspension 0.6 

in spor. susp. heated 55° С 0.6 

Average 0.2 0,4 

4 At female inflorescence in water 
(23. VII.) in sporidium suspension 0.6 0.6 

in centr. spor. suspension 0.6 0.6 

in spor. susp. heated 55° С 0.6 0.6 

Average 0,4 0,4 

Average in water 0.2 0.6 0.6 

in sporidium suspension 0.3 0.3 

in centr. spor. suspension 0.2 0.3 

in spor. susp. heated 55° С 0.2 0.3 

Average 0.0 0.3 0.4 

SD ä% Between two infection periods in the mean of seed treatments 

Between two infection periods in the same seed treatment 

Between two seed treatments with the same infection date 

Between two seed treatments in the mean of infection dates 

0.6 

1.6 
1.6 

0.8 
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in various treatments, 1963 

on t h e day of survey 

15. VII. 25. VII. 30. vu. ! S. VIII . 10. VIII. 20. VIII. 30. VIII . 10. IX. 

1.6 1.6 2.8 2.8 9.1 18.4 18.8 18.8 
0.6 0.6 0.6 7.2 11.7 15.6 15.6 
0.6 1.1 2.2 11.2 18.1 20.3 20.3 

1.1 4.5 8.4 10.6 11.8 

0.4 0.7 1.1 1.7 8.0 14.2 16.3 16.6 

1.1 1.1 1.1 2.3 5.7 12.7 14.4 14.4 
0.6 1.6 6.7 13.9 16.6 16.6 

0.6 0.6 1.1 7.9 12.5 12.5 12.5 
0.6 1.6 4.4 8.3 11.8 15.7 15.7 

0.3 0.6 1.0 2.4 7.2 12.8 14.8 14.8 

1.1 2.2 8.9 13.9 14.5 14.5 

1.1 1.1 1.1 3.9 17.3 23.6 25.8 25.8 

0.6 1.1 1.6 5.0 17.3 23.6 27.5 27.5 

1.1 1.1 1.1 4.6 10.2 22.9 24.4 24.4 

0.7 0.8 1.2 3.9 13.2 16.9 23.0 23.0 

2.2 7.2 10.1 17.1 17.1 

0.6 0.6 0.6 3.3 7.7 12.0 18.9 18.9 

0.6 0.6 1.1 2.2 9.4 12.9 15.1 15.1 

0.6 0.6 0.6 1.6 11.9 17.6 19.1 19.1 

0,4 0,4 0.6 2.3 8.7 13.2 17.4 17.4 

0.7 0.7 1.3 2.4 7.7 13.8 16.2 16.2 

0.4 0.4 0.7 2.4 12.2 15.3 19.2 19.2 

0.3 0.7 1.1 2.6 11.5 16.4 18.8 18.8 

0.4 0.6 0.8 2.9 13.7 15.2 17.5 17.8 

0.5 0.6 1.0 2.6 11.3 15.2 17.9 18.0 

0.9 1.1 4.9 4.0 3.0 

1.9 3.7 9.3 12.8 10.6 

1.9 2.2 9.3 10.1 9.1 

0.9 1.1 4.9 4.0 3.0 
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Table 2 

Incidence of maize smut (%) 

Serial 
No 

Infection during t h e 
vegetation period 

T rea tmen t 
(soaking) 

Maize smu t incidence 
Serial 

No 
Infection during t h e 

vegetation period 
T rea tmen t 
(soaking) 

25. VI. 

ív t h e Mv 42 

5. V I I . J 15. VII. 

1 Control (not inoculated) in water 0.6 

in sporidium suspension 0.6 
in centr. spor. suspension 1.4 
in spor. suspension heated 55° С 1.3 3.8 

Average 0.3 1.6 

2 In the 3—4 leaf age in water 1.3 
(23. V.) in sporidium suspension 3.0 

in centr. spor. suspension 0.6 

in spor. susp. heated 55° С 0.7 0.7 1.3 

Average 0.2 0.2 1.6 

3 In I m a g e (27. VI.. 30 VI.) in water 0.7 1.3 

in sporidium suspension 2.7 

in centr. spor. suspension 1.4 

in spor. susp. heated 55° С 2.8 

Average 0.2 2.1 

4 At female inflorescence in water 
(16. VII., 27. VII.) in sporidium suspension 0.8 — 0.6 

in centr. spor. suspension 

in spor. susp. heated 55° С 0.6 

Average 0.2 0.3 

Average in water 0.2 0.8 

in sporidium suspension 0.2 1.7 

in centr. spor. suspension 0.9 

in spor. susp. heated 55° С 0.2 0.5 2.1 

Average 0.1 0.2 1.4 

Between two infections in the mean of seed treatments 

Between two infection periods in the same seed treatment 

Between two seed treatments with the same infection date 

Between two seed treatments in the mean of infection dates 
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in various treatments, 1964 

( % ) on the day of s u r v e y 

by the Mv 5 

25. VI I . 5. V I I I . 15. VI I I . 25. V I I I . 10. I X . 5. VII . 15. V I I . 25. VII. 5. V I I I . 14. VII I . 25. V I I I 1 10. I X . 

0.6 9.6 15.0 22.0 24.0 1.3 1.3 1.9 3.8 4.4 5.0 

4.0 10.0 19.0 20.9 21.6 2.7 4.0 5.2 6.4 7.0 7.7 

4.0 12.7 23.7 26.5 28.6 0.6 2.6 3.3 4.0 4.0 4.0 4.0 

6.5 14.7 18.5 22.3 22.3 0.6 1.3 3.1 3.1 5.0 5.6 

3.8 11.8 19.1 22.9 24.1 0.2 1.8 2.5 3.6 4.3 5.1 5.6 

4.0 10.0 14.6 17.3 19,4 0.6 3.2 4.5 5.2 5.9 5.9 

3.0 12.8 17.3 22.6 22.6 0.6 1.9 5.2 6.0 8.1 8.8 

4.0 10.0 13.9 16.6 18.5 2.5 2.5 3.2 5.8 6.4 

3.3 7.3 10.0 14.9 17.8 1.9 3.8 3.8 3.8 3.8 3.8 

3.6 10.0 14.0 17.9 19.6 0.8 2.9 4.0 4.6 5.9 6.2 

3.2 18.1 22.6 24.6 25.3 0.6 1.3 1.9 3.1 3.1 4.4 5.6 

7.2 22.8 24.3 28.4 31.2 0.6 3.2 3.8 4.5 4.5 4.5 6.3 

7.7 13.8 22.1 26.9 29.3 0.6 0.6 1.9 3.2 3.2 3.2 

5.6 10.9 21.4 27.6 30.0 1.3 3.1 3.8 3.8 4.4 4.4 4.4 

5.9 16.4 22.6 26.9 29.0 0.6 2.1 2.8 3.3 3.8 4.1 4.9 

1.3 9.0 13.6 14.2 17.4 0.6 1.3 1.9 1.9 1.9 3.2 

3.5 11.9 18.4 23.5 24.9 2.1 2.1 3.3 4.6 5.2 9.4 

2.0 8.0 13.7 17.0 17.7 1.3 2.6 3.8 4.4 5.7 7.0 

5.1 9.0 15.5 18.1 20.1 1.3 2.5 3.8 5.1 7.0 7.6 

3.0 9.5 15.3 18.2 20.0 1.3 2.1 3.2 4.0 5.0 6.8 

2.3 11.7 16.5 19.5 21.5 0.2 1.0 1.9 2.8 3.5 4.2 4.9 

4.4 14.4 20.0 23.9 25.1 0.2 2.1 3.0 4.6 5.4 6.2 8.1 

4.4 11.1 18.4 21.8 23.5 0.2 1.1 2.3 3.1 3.7 4.7 5.2 

5.1 10.5 16.4 20.7 22.5 0.3 1.7 2.8 3.6 4.1 5.1 5.3 

3.0 11.9 17.8 21.5 23.2 0.2 1.5 2.5 3.5 4.2 5.1 5.9 

1.6 3.8 0.2 2.4 

4.1 9.5 0.6 6.0 

1.6 3.8 0.2 2.4 

3.2 7.9 0.4 4.9 

31 Acta Agr. Hung. Tomus XIV. 1965 



34 É. HALASZ 

Gall types 

a b с d M ' a b с d M a~ b~ с d Я a b с d ' ff: seed treatment 

ControlП) 3to4 leaf (2) 1 m (3) ç (4-) infection period 

Fig. 1. The proportion of gall types depending on the seed treatment and the period of infection 
1. on the tassel, 2. above the ear, 3. on ear 1, 4. on ear 2, 5. below the ear, 6. on the 

leaf, 7. on the sucker 
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ducted with 1 m high p lan t s a t Mv 42, t h e propor t ion of t h e galls grew a b o v e 
t h e ear, at Mv 5, below t h e ea r and on t h e leaves; in t h e case of inocu la t ion 
carried out a t female inf lorescence the p ropor t ion of galls found a b o v e t h e 
ear and on t h e tassel increased . 

Conclusions 

At Mv 42, maize s m u t incidence w a s reduced as a consequence of seed 
t r e a t m e n t w i t h heated spo r id ium suspension (1963 and 1964 in the con t ro l , 
1964 at inocula t ion conduc ted in the 3 t o 4 leaf age) a n d u p o n the a c t i o n of 
seed t r e a t m e n t wi th cen t r i fuged sporidium suspension (in b o t h years inocu la -
t ion being ca r r ied out in t h e 3 to 4 leaf age) . 

Similar ef fect was o b t a i n e d by inocu la t ion c o n d u c t e d in the 3 t o 4 
leaf age. 

At Mv 5 again a s imilar effect was o b t a i n e d with h e a t e d sporidium sus-
pension in t r e a t m e n t s 2 a n d 3, with cen t r i fuged spo r id ium suspension in 
t r e a t m e n t 3. F r o m all this i t follows t h a t b y seed t r e a t m e n t with t h e ki l led 
cu l ture of t h e pa thogen or w i t h a suspension containing t h e metabol ic p r o d u c t s 
of the p a t h o g e n , with inocula t ion in a c e r t a i n deve lopmenta l stage of t h e 
p l a n t or wi th a combina t ion of these m e t h o d s p r e m u n i t y can be i n d u c e d . 

The m e t h o d must be developed ind iv idua l ly for e ach hybr id . 
In p l an t s originating f r o m seeds s o a k e d in vital spor id ium suspens ion 

t h e maize s m u t incidence w a s p rominen t ly h igh. From t h i s fact it m a y b e 
concluded t h a t t h e infection of seedlings m a y occur also in n a t u r e and for p a r t 
of the later s y m p t o m s the p r i m a r y infect ion is responsible. 

Changes arising in t h e p ropor t ion of t h e gall types on t h e action of seed 
t r e a t m e n t s a n d inoculations carr ied out in var ious deve lopmenta l s t ages of 
t h e plant also suppor t this s t a t e m e n t . 
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EXAMINATION OF RELATIONSHIPS 
BETWEEN AIR AND PLANT TEMPERATURE 

By 

K A T A L I N R A D N A I , G Y . P Á L , В . P A P P 

A G R O M E T E O R O L O G I C A L O B S E R V A T O R Y O F T H E H U N G A R I A N M E T E O R O L O G I C A L S E R V I C E A N D 
A G R I C U L T U R A L R E S E A R C H I N S T I T U T E O F T H E H U N G A R I A N A C A D E M Y OF S C I E N C E S , M A R T O N v A s A l i 

In the course of the present investigations there have been examined at each 
hour of a space of 24 hours both t h e temperature of the stem on Asparagus sprengeri 
Rgl. and Coleus scutellarioides (L. ) B e n t h at 5 cm he ight from the soil surface and tha t 
of the leaves of Dracaena indivisa Rg l . and Sansevieria hyacinthoides (L . ) Druce. In addi-
t ion, a measurement of air temperature has been carried out at the same height of 
the plant but 5 c m from stem and/or leaf. Determinat ion of temperature at plant surface 
and that of air temperature were conducted by a thermistore type 4 TH-1.5 manu-
factured by the Tungsram factory. 

Introduction 

Chemical a n d biological p rocedures t ak ing p lace in the v i t a l act ivi t ies 
of t h e p lan ts depend , t o a s ign i f ican t extent , on t empera tu re . I n the course 
of me tabo l i c processes there are such periods w h e n h e a t is released in the p lan t , 
t h a t is t h e t e m p e r a t u r e of the p l a n t does not uncondi t iona l ly agree with t h e 
t e m p e r a t u r e of t h e env i ronment . T h e t e m p e r a t u r e of plant o rgan i sm is deter-
mined b y i r radia t ion a n d emana t ion , air mot ion a n d evapora t ion as well as 
by air t e m p e r a t u r e ( B A C S Ó 1 9 6 3 ) . 

T h e t e m p e r a t u r e of various p l a n t species a n d varieties can of course he 
d i f fe ren t even u n d e r identical meteorological condi t ions . 

All these d a t a a n d factors d r a w a t ten t ion t o t h e fact t h a t i n glass house 
and ou tdoor exper imen t s , in case of biological a n d micrometeorological tes t , 
beside t h e m e a s u r e m e n t of air t e m p e r a t u r e g rea t a t t en t ion m u s t be paid t o 
the e x a c t de t e rmina t ion of plant t e m p e r a t u r e s ince t h e difference of the t w o 
m a y in ext reme cases a t t a in even 10°C. 

Real izat ion of t h e examina t ions is rendered diff icul t b y t h e fact t h a t 
no un i fo rmly accep ted measuring i n s t r u m e n t has evolved so f a r . T h e mercury 
t h e r m o m e t e r s of g r e a t extension a r e unserviceable for such m e a s u r e m e n t s 
while n o n e of the v a r i o u s electric t h e r m o m e t e r s — thermocouple , resistance 
t he rmomete r s , t he rmis to re s — b e c a m e universa l ly adop ted so f a r . 

According to M A D E ( 1 9 5 2 ) t h e accuracy of t he rmoe lemen t s m a y a t t a in 
0 . 1 ° C . T h e t e m p e r a t u r e values o b t a i n e d can be recorded ; H U B E R ( 1 9 3 7 ) has 
employed mul t ico loured recorders fo r this p u r p o s e . The g rea tes t drawback 
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of this measu remen t p rocedure is t h a t i t is very d i f f icu l t — especially- outdoor 
in t h e field — to keep t h e "cold e n d s " a t cons tan t t emp e ra tu r e . 

The accuracy of resis tance t h e r m o m e t e r s is lower and t h e y are only 
sui ted for m e a s u r e m e n t of larger o rgans , owing to t h e i r compara t ive ly great 
ex tens ion; t h u s wi th t h e resistance t h e r m o m e t e r of M A D E (1939) only t h e mean 
t e m p e r a t u r e of the su r face of leaves longer t han 4 cm could he measured . 

The a d v a n t a g e o u s propert ies of thermis tores (small dimensions, higher 
suscept ibi l i ty , etc.) lend themselves t o t h e m e a s u r e m e n t of the t e m p e r a t u r e 
of p l an t surfaces. Thei r appl icat ion m a k e s it possible t o carry o u t approxi-
m a t e l y s imul taneous measuremen t s , t h o u g h the record ing of data r equ i r e s more 
compl ica ted ins ta l la t ions . The d i s advan tage of this device is t h a t t e m p e r a t u r e 
can be establ ished only b y m e a s u r e m e n t of low a m o u n t s of e lec t r ic i ty , since 
only a compara t ive ly small amoun t of current can be released on t h e small 
sized thermis tores w i t h o u t the haza rd of self-heat ing ( H Ö H N E 1 9 5 7 ) . 

Several research workers were dea l ing with t h e measurement of tempera-
t u r e a t var ious p l an t species and var ie t ies in H u n g a r y . B E R É N Y I a n d SZÁVA-

K O V Á T S ( 1 9 4 8 ) have f o u n d the t e m p e r a t u r e of the leaf of tobacco a n d soybean 
in the period of light i r rad ia t ion 5 — 8 or 10 degrees h igher than air t e m p e r a t u r e . 
M A N N I N G E R , P L E T S E R and PUSZTAI ( 1 9 6 0 ) examined t h e t e m p e r a t u r e of winter 
f l a x . E R D Ő S , P L E T S E R a n d PUSZTAI ( 1 9 5 9 ) measu red plant t e m p e r a t u r e in 
f rost protect ion and win te r hardiness exper iments . Conclusions d r a w n from 
t h e resul ts of H U B E R a n d M A D E accord ing to which the t e m p e r a t u r e of the 
p lan t is be tween t h a t of soil surface a n d air — are not of general val idi ty. 
R A D N A I ( 1 9 6 1 ) has measu red the t e m p e r a t u r e of t h e tillering node in winter 
whea t , According to t h e d a t a the daily f l uc tua t i on of t e m p e r a t u r e a t t h e tillering 
node yvas following t h e soil t e m p e r a t u r e , its va lue still being some t en ths of 
degree lower. 

Rela t ionship b e t w e e n the t e m p e r a t u r e of p l a n t and its env i ronmen t 
— as it appears f rom t h e few examples referred to — is not su f f i c i en t ly eluci-
da t ed so far . In our opinion a more thorough inves t igat ion of t h e question 
requires polyfactor ia l t e s t series t o be conducted for a longer pe r iod under 
var ious meteorological condit ions. 

Exper imenta l Procedure 

Invest igat ions were conducted in one of the glass houses of the D e p a r t m e n t of Plant 
Genetics of the Agricultural Research Inst i tute of the Hungarian Academy of Sc iences in Mar-
tonvásár. The glass houses are facing North and South, their surface being 65 sq.m., their 
height 3 m. The heating s y s t e m is hot svater heat ing , the temperature of the introduced heating 
water being 30 to 35°C. 

The plants examined were placed 1 m high in one row o n the shelves of the glass house. 
Material of examinat ions was Asparagus sprengeri Rgl., Coleus scutellarioides (L.) Benth, 
Dracaena indivisa Rgl. , and Sansevieria hyacinthoides (L.) Druce. The temperature of 10 
individuals of each species was measured. T w o of these Dracaena indivisa Rgl. and Sansevieria 
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hyacinthoides (I,.) Druce are ornamental leaf plants , Asparagus sprengeri Rgl. and Coleus 
scutellarioides (L.) Benth are s t em plants. Dracaena has leaves wi th broad blades, the Sanse-
vieria's are succulent and the Coleus leaves are of sof t tissue while Asparagus has phylloclodia. 
The surface of leaf blade of the plants is also different (waxy leaves , strongly thickened epi-
dermis and leaves with tomentose hairs). Similarly the structure of the leaf tissue and the 
stems are different. On selecting the species we aimed at having t h e possibly greatest differ-
ences in the structure of plants in order to obta in information on the response of p l a n t s of 
different structure to the evenly changing temperature. 

Plants of different species and ecological requirements, together with temperature 
values measured on various organs and their parts made it possible t o demonstrate differences 
or agreement between plant and air temperature of the environment even within a dai ly space 
on plants of different ecological types . Measurements were carried o u t on 30 — 31 October 1963. 
According to the observations obtained from the meteorological station at Martonvásár 
belonging to the Agrometeorological Observatory of the Hungarian Meteorological Service 
the mean diurnal temperature was — on the above days — 7.4 and/or 9.0°C while the highest 
values of the air temperature 13.0 and 14.1°. At t w o metres height t h e air cooled down to 3.5° 
and the radiation minimum of the night was —3.2°. In the observat ion period the number 
of sunlit hours were 3; the sky w a s mostly covered by clouds of low and middle level ,sunshine 
observed only at measurings taken at 1, 2 and 3 p.m. According t o the air volume calendar 
of the Daily Weather Report of the Hungarian Meteorological Service, continental cool 
(ck) air masses prevailed on October 30 — 31 1963. The impact of the external atmospheric 
conditions was eliminated by the glass house so that the experiments were carried o u t under 
balanced conditions. 

Determination of plant surface and air temperature was conducted with 4 T H —1.5 
type thermistore manufactured b y the Tungsram factory. The electric resistance of t h e ther-
mistore was measured with the Wheatstone bridge zero shift m e t h o d according to CZELNAI 
(1957), PLETSER — PUSZTAI (1959). Since the same thermistore was used in all experiments , 
we could avoid the error caused b y correction of instruments which is difficult to el iminate 
when several gauges are used and besides, measurement itself could be accomplished more 
rapidly. Two observators could carry out the determination of 80 temperature values i n about 
5 minutes so that the data can be considered as nearly simultaneous. 

Measurements were taken every hour. In every full hour the temperature at a height 
of 5 cm from the soil surface was determined on the stem of Asparagus sprengeri Rgl . and 
Coleus scutellarioides (L.) Benth and on the leaves of Dracaena indivisa Rgl. and Sansevieria 
hyacinthoides (L.) Druce as well as air temperature at the same he ight at a distance of 5 cm 
from stem and/or leaf. Temperature was measured on the surface of plant organs because the 
pointed shape of the thermistore, i.e. the small e x t e n t of its perceptive part made i t possible 
to measure the surface of plant organ reliably and without the destruct ion of its t issues. The 
measurements were conducted for 24 hours; the first measurement took place at 11 a.m. 
on October 30, 1963 while the last at 10 a.m. on October 31. 

Results obtained from the measurements were evaluated b y statistical methods . The 
value of X, s and t, the mean, the standard deviation, the reliability of the difference between 
the two values were calculated, i.e. whether the difference between the two values is signif-
icant on the P = 5; P = 1; and P — 0.1 per cent probability level . 

In the course of these experiments the following problems were examined: 
1. On which organ of the plant is the variability of temperature values the lowest? 
2. Is there a difference between temperature values measured on the plant organs 

and in the air? 
3. Is the temperature of the individual p lant organs identical or different? 
4. What is the diurnal course of the temperature of plant surface and of the air? 
5. Is there a difference between the plant and air temperature in the course of t h e day? 

Results 

This p a r t of the e x a m i n a t i o n s was conducted in a glass house — t h a t 
is unde r compara t ive ly b a l a n c e d condi t ions as to t e m p e r a t u r e — e l imina t ing 
hereby t h e ac t ion of o the r env i ronmen ta l fac tors which m i g h t — u n d e r f ie ld 
condi t ions — have modi f ied exper imen ta l results. 
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1. Va r i ab i l i t y of the t e m p e r a t u r e v a l u e s measured on plant o rgans -
in the cou r se of e x p e r i m e n t s the f i r s t problem to be examined was t h e 

var iabi l i ty of t empe ra tu r e v a l u e measured on various o r g a n s of the p l a n t . 
Measurements were conduc ted on Coleus scutellarioides (L . ) Benth . T e m p e r -
a t u r e on t h e su r face of the o rgans referred t o was d e t e r m i n e d on blade s u r -
f ace and b a c k side of the y o u n g leaf, on b l a d e surface a n d back side of t h e 
aged one a n d o n the stem. E x a m i n a t i o n s h a v e been i n v a r i a b l y conducted on 
p lan t s of t h e s a m e age and leaves of the s a m e deve lopmenta l stage. I n t h e 
Tab le the v a l u e s of x, s, sx a n d С F were ind ica t ed for t h e p l a n t organs a n d 

Table 1 

Variability of temperature values measured on various organs of the plant 
(Coleus; n = 10; 10 o 'c lock a. m.) 

Serial Places of cv number measurement X S 'X cv 

l . Surface of young leaf  29.99 0.40 0.12 1.33 

Air  30.05 0.37 0.09 1.23 

2. Back side of young leaf  29.96 0.47 0.14 1.56 

30.03 0.21 0.06 0 .69 

3. Surface of old leaf  30.11 0.36 0.11 1.19 

Air  30.08 0.66 0.20 2 .19 

4. Back side of old leaf  30.13 0.36 0.11 1.19 

Air  30.11 0.65 0.20 2.15 

5. S tem of plant  29.12 0.20 0.06 0 .69 

Air  29.58 0.22 0.07 0 .74 

t h e air t e m p e r a t u r e . From t h e da ta of t h i s Tab le it can b e established t h a t 
t h e lowest va r i ab i l i t y is f o u n d in t e m p e r a t u r e measured on t h e stem of t h e 
p l a n t while t h e highest on t h e back side of t h e young leaf. Tempera tu r e f l u c -
tua t ion of t h e y o u n g leaf seems to be wider t h a n t ha t of t h e o ld one. In the a g e d 
leaf no d i f fe rence was f o u n d be tween the t e m p e r a t u r e f l u c t u a t i o n on s u r f a c e 
a n d back side of the leaf whi le in the case of y o u n g leaves t h e hack side of t h e 
leaf blade e x h i b i t s more s ign i f i can t f l u c t u a t i o n s of t e m p e r a t u r e than the leaf 
surface. The f i r s t phenomenon , i.e. t ha t t h e t empera tu re f l uc tua t ion of t h e 
young leaf is m o r e s ignif icant , m a y be b r o u g h t in connec t ion with the m o r e 
intensive me tabo l i sm and c h a n g e of the developing and g rowing leaves. T h e 
l a t t e r , i.e. t h e f luc tua t ion of t empe ra tu r e b e i n g more a p p a r e n t on the h a c k 
side of the y o u n g leaf t h a n o n t h e leaf s u r f a c e , can be i n t e r p r e t e d by h ighe r 
amoun t of s t o m a t a on the b a c k side or it m a y as well be c a u s e d , by f l u c t u a t i o n 
of evapora t ion as a consequence of the o p e r a t i o n — o p e n i n g and closing 
of the s t o m a t a . The least f l u c t u a t i o n of t e m p e r a t u r e is f o u n d on the s t em of 
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the p l an t which can b e explained b y pa r t i a l absence in the p r i m a r y cor tex 
of metabo l ic processes as related to t h e leaf and —- bes ides — b y t h e lower 
number of s t oma ta as r e l a t e d to the u n i t area in the p r i m a r y epidermis tissue 
of the shoo t . I t should b e no ted as an in te res t ing p h e n o m e n o n tha t t h e f luc tu -
ation of a i r t e m p e r a t u r e measured bes ide t h e various o r g a n s changes accord ing 
to the organs , i.e. t h e f l u c t u a t i o n of t h e t e m p e r a t u r e measured t h i s w a y is 
not ident ica l . I t can b e explained b y several a s s u m p t i o n s but a n u m b e r of 
c o m p l e m e n t a r y e x a m i n a t i o n s are needed to elucidate t h e question. 

Table 2 

Development of t values calculated between the values measured 
on the plant organs and in the air 
(Coleus; n = 10; 10 o'clock a. m.) 

Serial 
number 

Calculated 
t value 

I s t h e difference s ignif icant a t t he 
Serial 

number Place« of measurement 
Calculated 

t value 5 % i % 0 .1% 

probability level 

l . Surface of young leaf  
Air  0 . 4 6 8 

2 . Back side of young leaf  

Air  0 . 4 2 3 

3 . Surface of old leaf  
Air  0 . 2 2 3 

4 . Back side of old leaf  

Air  0 . 1 5 6 

5 . Stem of plant  

Air  0 . 5 1 2 - — ' 

2. T h e deve lopment of the d i f fe rence measured o n the individual p lant 
organs a n d on the air. 

The second par t of o u r exper iments was focussed o n the problem w h e t h e r 
a s ignif icant difference cou ld be found be tween the t e m p e r a t u r e va lues meas-
ured on t h e various o r g a n s and the a i r t empera tu res measured bes ide them 
at a d i s tance of 5 cm. T a b l e 2 presents t h e development of the l v a l u e b e t w e e n 
surface a n d back side of y o u n g leaf, su r f ace and b a c k side of old l e a f , p lant 
stem and air t e m p e r a t u r e . As it can be established f r o m t h e data of t h e Table 
no s ignif icant difference c a n be found between the ind iv idua l p l a n t organs 
and the air t e m p e r a t u r e measured a t a dis tance of 5 c m from the o r g a n s at 
the P = 5, P = 1 and P = 0.1 per cent probabi l i ty leve ls , since the ca lcu la ted 
t values a re lower t h a n t h e t values of t h e Table (0 .700; 1.812; 3.169). So the 
examina t ions point out t h a t the t e m p e r a t u r e of the p l a n t at the d a t e of the 
examina t ions did not d i f f e r f rom the a i r t empera tu re measu red at 5 c m f rom 
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t h e p lant , i.e. t h e t empe ra tu r e measured on t h e surface of t h e plant o rgans 
is identical w i t h t h e air t e m p e r a t u r e of the env i ronment . 

3. The deve lopmen t of t e m p e r a t u r e v a l u e s measured a t the sur face 
of t h e individual p l a n t organs. 

In the t h i r d p a r t of our exper iments i t w a s examined w h e t h e r a signifi-
c a n t difference cou ld be found a m o n g the t e m p e r a t u r e values measu red on t h e 

Table 3 

Development of values calculated betiveen the temperature values measured 
on various organs of the plant 

(Coleus; n = 10; 10 o'clock a. m.) 

Serial 
Places of measu remen t 

Calcula ted Is the d i f fe rence significant a t t h e 
n u m b e r Places of measu remen t t v a l u e 

3% 1% 0.1% 

l . Surface of voung leaf  

Back side of young leaf  
0 .133 - . - — 

2. Surface of old leaf  

Back side of old leaf  
0 .111 - — — 

3. Surface of old leaf  

Surface of young leaf  
0.735 - — — 

4. Back side of old leaf  

Back side of young leaf  
1.914 - — — 

5. Stem of plant  

Surface of young leaf  
6 .244 + + 

6. Stem of plant  

Surface of old leaf  
7.871 + + 

7. 

8. 

Stem of plant  

Back side of young leaf  

Stem of plant  

Back side of old leaf  

5.195 

8.028 

+ 

su r f ace of p l a n t organs. P u t t i n g i t in a n o t h e r way, the q u e s t i o n is w h e t h e r 
a t a given air t e m p e r a t u r e t h e var ious organs of the plant a r e of identical or 
d i f f e ren t t e m p e r a t u r e . The r e s u l t s of these examina t ions a re seen in Table 3. 
According to t h e s e results n o n e of the four combinat ions b e t w e e n the y o u n g 
a n d aged leaf, t h e surface and b a c k side of t h e leaf blade e x h i b i t s a s ignif icant 
di f ference a t t h e P = 5; P = 1; and P = 0 .1 per cent p robab i l i t y levels, 
t h a t is, the t e m p e r a t u r e of t h e organs of iden t i ca l physiological funct ion is 
— a t a given air t empe ra tu r e — identical. If on t h e other h a n d t h e t e m p e r a t u r e 
va lues measured on the s tem sur face are c o m p a r e d with t h a t on surface a n d 
b a c k side of t h e y o u n g leaf, as well as on s u r f a c e and back s ide of the old lea f , 
i t is found t h a t a significant d i f fe rence exists be tween the t e m p e r a t u r e of s t e m 
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and leaf of t h e p lan t a t t h e P = 5; P = 1 and P = 0.1 per cent p robabi l i ty 
levels. T h u s i t may be s t a t e d t ha t t h e surface t e m p e r a t u r e of organs b o t h with 
d i f ferent age and deve lopmenta l s t age still w i t h identical physiological 
func t ion is also ident ical , while the t e m p e r a t u r e of t h e organ sur face of differ-
ent physiological f u n c t i o n is d i f fe ren t , should the i r age he the s a m e . I t can 
be also surmised t h a t t h e leaf in a t r ansve r se pos i t ion gets more in tensively 
wa rmed u p t h a n the s t e m of vertical pos i t ion the l a t t e r being most ly in shadow 
and para l le l t o the direct ion of convec t ion . 

4. D iu rna l march of the t e m p e r a t u r e of p l an t surface and a i r . 
Also t h e problem has been e x a m i n e d whe the r in case of c h a n g i n g air 

t e m p e r a t u r e , the t e m p e r a t u r e of t h e p l a n t surface follows this c h a n g e . Such 
m e a s u r e m e n t s were conduc ted 24 t i m e s in each h o u r , so tha t a possibil i ty 
was o b t a i n e d to e x a m i n e also the deve lopment of t empe ra tu r e of t h e day. 
Measuremen t s were conduc ted — a t 5 c m from the soil surface — on t h e stem 
of Asparagus sprengeri Rgl . and Coleus scutellarioides (L.) Benth . a n d on the 
lowest fol iage leaf of Dracaena indivisa Rgl. and Sansevieria hy acinthoides (L.) 
Druce. Also the t e m p e r a t u r e of t h e a i r was de t e rmined at the s a m e height, 
at 5 cm f r o m the p l a n t . The results of these measu remen t s are p r e sen t ed in 
Fig. 1. On t h e ordinate t h e t e m p e r a t u r e values while on the abscissa t h e date 
of m e a s u r e m e n t s are seen. 

E x a m i n i n g the m a r c h of t r end of t empera tu re f r o m Fig. 1 it c a n be seen 
t h a t t h e course of t h e curves of t h e t empe ra tu r e of air and p l a n t sur face is 
near ly iden t ica l in t h e case of the f o u r p l an t species examined be ing measured 
bo th on t h e leaf and on t h e stem. I n all fou r plants as well as in the su r round ing 
air t he h ighes t t e m p e r a t u r e was m e a s u r e d at the s a m e time (14 h) — when 
the sun was shining — similarly was measured the lowes t t e m p e r a t u r e (19 h). 

T h e f l uc tua t ion of t e m p e r a t u r e — t h e difference between m a x i m u m and 
m i n i m u m — was h igher on the su r face of all four p l a n t s than in t h e air. The 
greates t d iurna l f l u c t u a t i o n was obse rved in the t e m p e r a t u r e m e a s u r e d on 
the s t em of Coleus scutellarioides (L.) Ben th . (9.5 degrees) and t h e smallest 
in t h a t measured on t h e stem of Asparagus sprengeri Rgl. (8.8 degrees) . The 
diurnal f l uc tua t i on of air t e m p e r a t u r e was highest n e a r Dracaena indivisa Rgl. 
(8.8 degrees) , the lowest near Coleus scutellarioides (L.) Benth. (8.5 degrees). 
In th is — beside a n u m b e r of other f a c t o r s — also t h e direction of t h e meta-
bolic processes and t h e measure of e v a p o r a t i o n m a y b e subs tan t ia l ly involved. 
I t is in t e res t ing to no t e t h a t on the o rgans in which intensive m e t a b o l i c pro-
cedures a re conduc ted (leaf) the t e m p e r a t u r e measu red a t the s u r f a c e closely 
follows t h e march of air t e m p e r a t u r e ; while in t h e organs where metabol ic 
processes a re less s igni f icant (stem) t h e march of t h e t w o curves shows a more 
i m p o r t a n t deviat ion. 

5. Deve lopment of t h e dif ference between t h e t e m p e r a t u r e of t h e plant 
and of t h e air in the course of the d a y . 
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С" с0 

Fig. 1. Development of the temperature of the plant and of the air at a distance of 5 em 
in the course of a day (24 hours) 

air temperature temperature of plant surface 

I n the last p a r t of our inves t iga t ions the q u e s t i o n was e x a m i n e d whether 
t h e r e were such m o m e n t s du r ing one day w h e n a significant difference was 
f o u n d between t h e t e m p e r a t u r e measured a t t h e surface of t h e p l a n t and air 
t e m p e r a t u r e . Fo r eva lua t ion t h e d a t a on t e m p e r a t u r e of p l a n t surface f r o m 
Fig . 1 and on air t e m p e r a t u r e were utilized. I n t h e case of all four p l a n t 
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species measured eve ry hour t h e index of t h e reliability of t h e difference 
be tween the two v a l u e s — t e m p e r a t u r e of p l an t su r face and air t e m p e r a t u r e — 
t h e t va lue was ca lcu la ted on t h e P = 5; P = 1 and P = 0.1 p e r cent p r o b -
abi l i ty levels. T h e yes or no indica t ions of t h e va lues thus o b t a i n e d are seen 
in Tab le 4. The t e m p e r a t u r e of t h e stem of Coleus scutellarioides (L.) B e n t h 
a t 12 h , on the P = 5 per cent p robab i l i ty level is significantly lower t han t h e 

Table 4 

The development of the difference between the temperature of plant 
and air in the course of one day 

October 3 0 - 3 1 1963 

Date 
of measurement 

Coleus Asparagus Dracaena Sansevieria 

Da te 
of measurement 

Is the difference between the t e m p e r a t u r e of plant and air s ignif icant? Date 
of measurement 

at the p r o b a b i l i t y level of 

Da te 
of measurement 

5 % i % 0.1% 5 % 1% 0.1% 5 % 1% 0.1% 5 % 1% 0 . 1 % 

October 30. 
11 o'clock — + + — 

12 + 

14 + - - - — 

* r 
+ + — . + - — 

16 
+ 

+ + .— 
17 

18 + + — - + - — 

19 + + 
20 + + • 

21 + + + - + - — 

22 + + + — - — — — - — - — 

23 + + — — - — — — - — - — 

24 + - ) - J , — 

October 31. 
1 o'clock + + + - — — — 

2 + — — — — - — 

3 -H — — - — 

4 + + - — - — 

5 + + - — — — 

6 
1 
о 

+ 
— — - — 

9 

10 

- Г 

— 

+ 
— 
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air t e m p e r a t u r e ; it is h igher at 14 h a n d again lower t h a n the air t e m p e r a t u r e 
between 18 and 8 h in t h e morning. I t should be n o t e d t ha t b e t w e e n 18 and 
01 h t h e p l an t t e m p e r a t u r e is s ign i f i can t ly lower t h a n the air t e m p e r a t u r e 
also a t t h e P = 1 per cen t probabi l i ty level. 

On t h e stem of Asparagus sprengeri Rgl. in t h e course of a d a y not a 
single m o m e n t was f o u n d when a s ign i f ican t d i f ference existed b e t w e e n the 
t e m p e r a t u r e of the p l a n t and the a i r t e m p e r a t u r e , no t even a t t h e P = 5 
per cent p robabi l i ty level . 

On t h e leaves of Dracaena indivisa Rgl. in the per iod between 13 and 15 h 
a d i f ference was f o u n d a t the P = 5 a n d P = 1 pe r cent p r o b a b i l i t y level, 
when t h e t e m p e r a t u r e of the p lan t w a s higher t h a n t h a t of t h e air of the 
env i ronmen t . On t h e leaves of Sansevieria hyacinthoides (L.) D r u c e a t 10, 
11,14 a n d 16 h the t e m p e r a t u r e of t h e p l a n t was h igher at the P = 5 per cent 
probabi l i ty level t h a n t h e air t e m p e r a t u r e , while be tween 18 and 21 h it was 
lower. 

U p o n inspect ion of Fig. 1, Tab le 4 and the a b o v e considerat ions a con-
clusion m a y be v e n t u r e d i.e. when t h e air t e m p e r a t u r e rises the t e m p e r a t u r e 
of the p l a n t increases t o a greater e x t e n t t h a n the air t empera tu re . W h e n again 
the air t e m p e r a t u r e diminishes, the t e m p e r a t u r e of t h e plant falls t o a greater 
ex tent t h a n the air t e m p e r a t u r e . This m a y be i n t e r p r e t e d by the f a c t t h a t in 
the course of i r rad ia t ion the plant b o d y , similarly t o t h e soil absorbs t h e heat-
rays t h e n t r ansmi t s t h e m to the s u r r o u n d i n g air. Once cooling d o w n s tar ted 
the p l a n t , arising f r o m its general h a b i t , grows s t rong ly and m o r e rapidly 
cooler t h a n the env i ron ing air. 

Conclusion 

T h e lowest f l u c t u a t i o n of t e m p e r a t u r e is found on the stem of t h e plant 
while t h e greates t on t h e back side of t h e young leaf. The t e m p e r a t u r e f luctu-
ation of t h e young leaf is more d e f i n i t e than t h a t of the old one. On 
the old leaf no d i f fe rence is found between t h e t empera tu re f l u c t u a t i o n 
on su r face and b a c k side of t h e leaf b lade; in the case of young 
leaves t h e b a c k side of t h e leaf blade exh ib i t s a g rea te r f luc tua t ion of tempera-
ture t h a n t h e surface. T h e more d e f i n i t e t e m p e r a t u r e f luc tua t ion of young 
leaf can b e b rought in connection w i t h a n intensive metabol ism a n d i t s change 
in the developing and growing organs. T h e greater f luc tua t ion of t e m p e r a t u r e 
on hack side of the y o u n g leaf m a y b e explained w i t h the higher n u m b e r of 
s toma ta on back side. T h e lowest t e m p e r a t u r e f l u c t u a t i o n on p l a n t s tem is 
caused b y the pa r t i a l absence of t h e metabol ic processes in t h e pr imary 
cortex. 

T h e t e m p e r a t u r e of the p lant , i n the m o m e n t of our e x a m i n a t i o n s and 
in the case of the e x a m i n e d plant species and their o rgans did not s ignif icant ly 
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differ f rom t h e air t e m p e r a t u r e measured a t a distance of 5 cin from t h e p l a n t . 
Thus, t e m p e r a t u r e m e a s u r e d a t the s u r f a c e of the p l a n t organs is i den t i ca l 
with the t e m p e r a t u r e of t h e e n v i r o n m e n t . The t e m p e r a t u r e at t h e su r f ace 
of organs of d i f fe rent age a n d deve lopmenta l stage b u t ident ical physiological 
func t ion is ident ica l , while t h e t e m p e r a t u r e a t the surface of organs of d i f f e r e n t 
physiological func t ions d i f fe rs f rom each o ther . 

The d iu rna l march of t e m p e r a t u r e measured b o t h on leaf and s t e m of 
the p lan t a n d compared w i t h air t e m p e r a t u r e is a lmost identical in t h e case 
of the fou r p l a n t species examined which m e a n s tha t t h e t empe ra tu r e of p l an t 
surface follows the march of t e m p e r a t u r e of the env i ronmen t . The e x a m i n a -
tions also allow the conclusion t h a t when a i r t e m p e r a t u r e rises the t e m p e r a t u r e 
of the p l a n t increases — t o o — to a g r e a t e r extent t h a n t h e air t e m p e r a t u r e . 
When t h e air t e m p e r a t u r e diminishes t h e t e m p e r a t u r e of the p lan t fa l l s to 
a greater e x t e n t t han t h e air t e m p e r a t u r e . 

* 

Thanks are due to the scientif ic research worker Mrs. ERNA RAJKI who made i t possible 
to conduct the experiments and to the experimental foreman Mr. LAJOS NAGY and the exper-
imental worker Miss MARIA EISENBACHER for competent aid in carrying out the measurements . 
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SELECTION OF FOUNDATION MATERIAL 
FOR THE PRODUCTION OF TETRAPLOID 

RED CLOVER 
( P R E L I M I N A R Y COMMUNICATION) 

By 

A . JÁNOSSY 

NATIONAL INSTITUTE OF AGROBOTANY, TÄPIÖSZELE 

In 1952 — 53 at Táplánszentkereszt (Western-Hungary) 67 red clover variet ies 
and local ( land) races had been t e s t e d with the p u r p o s e of utilizing var iet ies with g o o d 
properties in t h e product ion of tetraploid forms. O n t h e strength of the se examinat ions 
27 varieties were chosen which h a d been found t o b e outstanding for some character 
or other. The t w o varieties which seemed to be b e s t o f all were crossed in 1953 and t h e 
F, generation t r e a t e d with colchicin. Treatment of all 28 lots was carried out in January 
1954. The te traplo id material w a s increased and se l ec ted in succession at Tápiószele, 
a station of dry lowland cl imate (50 year average of precipitation 551 mm) and a t 
Táplánszentkereszt which is more abundant in ra in (700 mm). 

Progeny t e s t s have revealed higher product iv i ty of tetraploid deriving from t h e 
cross of the t w o g o o d diploid var iet ies (F, generat ion) than was f o u n d in the tetra-
ploid progeny of t h e parents and i n the tetraploid m i x t u r e originating from 28 lots. 

Introduction 

The certif ied Hunga r i an r ed clover var ie t i es (Táplánszentkereszt i a n d 
Fer tod i ) are, in p r o p e r sur roundings and with s u i t a b l e fa rm technology, capable 
of h igh yields, b u t in t h e na t iona l va r ie ty tr ials t h e examina t ions of TAROCZI 

( 1 9 5 5 ) and later of K E L E M E N ( 1 9 6 2 ) verified t h a t t hey did n o t s ignif icant ly 
exceed the best l a n d races. This is not a special phenomenon restr icted t o 
H u n g a r y , for several research worke r s in var ious p a r t s of E u r o p e have s t a t e d 
t h a t t h e improved r ed clover var ie t i es are supe r io r only in r e l a t ion to some 
cha rac te r s (resistance, seed p roduc t ion capaci ty) t o land races g rown in the i r 
own regions ( L I S X C I N 1 9 5 1 , W O L F F H A R D T 1 9 5 9 , N Ü E S C H 1 9 6 0 , B I N G E F O R S 

and Â K E R B E R G 1 9 6 1 , L E H M A N 1 9 6 1 , etc.). 
A new possibi l i ty was involved in breeding r e d clover b y t h e product ion 

of t e t r ap lo id forms . F i r s t of all Swedish (U. J U L É N 1 9 5 0 , G. J U L É N 1 9 5 4 . 

1 9 5 9 etc.) , Danish ( F R A N D S E N 1 9 4 8 ) , Finnish ( V A L L E 1 9 6 1 ) l a t e r German 
( S C H W E I G E R 1 9 5 7 ) a n d Polish ( L A C Z I N S K A - H U L E W I C Z O W A 1 9 5 7 , 1 9 5 8 a n d 
1960) breeders h a v e produced , w i t h colchicine t r e a t m e n t , t e t r ap lo id red clover 
var ie t ies . As a resu l t of a t t e m p t s hav ing been conduc ted for m o r e t han 20 
years in various coun t r i e s several t e t rap lo id red c lover varieties a re a t present 
k n o w n (Rea, TPA, Groß-Lüsewitz 551, Weitetra, e tc . ) which are in their own 
c o u n t r y capable t o p r o d u c e 10 to 25 per cent h i g h e r green mass a n d hay yield 
t h a n t h e diploids whi le their res i s tance , mainly t o fungus diseases, is higher, 
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too, b u t t he i r seed s e t t i n g capacity is generally poor , no t a t t a i n i n g even 60 
to 70 per cent of the seed growing c a p a c i t y of the diploid variet ies a n d , con-
sequent ly the i r seed h a s no t been u p t o now avai lable in considerable quan-
ti t ies. 

D i f f e r e n t reasons a re advanced b y research worke r s to exp la in the low 
seed-se t t ing capaci ty of te t raploid r e d clover var ie t ies . Opinions generally 
agree in t h a t the longer corolla tubes of te t raploid offsprings (corolla tube of 
diploid r ed clover 7 — 9 m m , of t e t r a p l o i d s 10—11 m m ) must cause diff icult ies 
in fe r t i l iza t ion by m a k i n g it diff icul t f o r the bees t o carry out pol l ina t ion; 
in fer t i l iz ing te t rap lo ids f requent t r o u b l e s of the meiosis arise a n d an early 
death of t h e embryo m a y also occur ; according t o several workers t h e te t ra 
forms are liable to a h ighe r grade of se l f ing which l eads af ter a few genera t ions 
to depress ion (?) by inbreed ing a p p a r e n t also in d i s tu rbances of fer t i l iza t ion. 

T h e seed-producing capacity of t h e Hunga r i an b r e d te t raplo id r ed clover 
var ie ty is capable of equall ing, u p o n t h e effect of a l te rna t ing se lec t ion con-
ducted u n d e r di f ferent ecological cond i t ions the seed-set t ing c a p a c i t y of di-
ploids ( J Á N O S S Y 1 9 6 2 , 1 9 6 3 , 1 9 6 3 , 1 9 6 3 ) . 

T h e te t raploid r e d clover var ie t i es produced in the E u r o p e a n countries 
referred t o are late or mid la te types a n d mostly of a single cut . T h e y do not 
s tand t h e tes t under Hunga r i an condi t ions . 

I n order to i m p r o v e red clover growing in H u n g a r y it is desirable to 
p roduce an early p r o d u c t i v e v a r i e t y of several c u t s and of i n t ens ive type 
which re l iab ly yields m o r e than t h e diploids. This could be e x p e c t e d from 
te t r ap lo id forms since n o notable r e su l t s had been obtained w i t h t h e new 
diploid var ie t ies for a couple of yea r s . T h e object ive of this research work was 
to c lar i fy t h e choice of t h e f u n d a m e n t a l mater ia l a n d t h e methods of selection. 
In th is pre l iminary communica t ion a n account is g iven of e x a m i n a t i o n s con-
duc ted w i t h te t raploid red clover l ines originating f r o m different f u n d a m e n t a l 
mater ia l s . 

Selection of Experimental Material, Methods 

In 1952 — 53 at the variety exper iment station of Táplánszentkereszt 67 red clover 
varieties and progenies were examined. Dis tr ibut ion of origin and types of variet ies were 
as fol lows: 

Ear ly Late 
type 

53 
2 
1 1 

2 
3 
1 
2 (mid- la te ) 

1 
1 

Total 58 9 
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Hungarian local (land) races . . . 
Hungarian improved var ie t ies . . 
GDR variet ies  
GFR variet ies  
Swedish varieties  
Northern French variety  
Austrian variety  
R o u m a n i a n (Transylvanian) var. 
CSR (Slovakian) variety  



S E L E C T I O N O F F O U N D A T I O N MATERIAL 51 

The Hungarian land races were collected in 1950 — 51 from the following localities: 
Őrség district 22 local varieties 
Plains in the eastern part of Yas county 
Hilly country of Zala county (Göcsej) 
Hanság district  
Mezőség district (Veszprém) 
Bakonyalja district  
Somogy county  
Szatmár county  
Nógrád-Heves county  

7 
10 
1 
1 
2 
1 
4 
5 

Czechoslovakia f 

""••ЫМ-

J*-S. 

f u f f o s / a v / a 

Fig. 1. Regions of Hungarian land races of red clover collected in 1950 — 51 

Varieties had been examined in one series, on 2.4 sq.m. experimental plots during 2 years 
for the following characters: 

Foliage to stem ratio 
Number of cuts in each year 
Plant height 
Early or late type 
Winter hardiness 

Unfortunately there was no technical possibility to examine the resistance to diseases, 
and natural infection in the two experimental years was represented only by a slight mildew 
incidence which could not afford the occasion to establish significant differences. 

According to the viewpoints referred to, the varieties showing best results were the 
following (JÁNOSSY, 1962) 

Local varieties of Őrség and other districts in Vas county (10 lots) 
Local varieties of Zala county (4 lots) 
Local varieties of Szatmár county (4 lots) 
Transylvanian red clover (Roumania) 
Local variety Véglesi (Slovakia) 
Lembkes (GFR) 
Ostsaat (GDR) 
Northern French 
Fertődi 
Táplánszentkereszti 
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Thus the above 27 lots and the first generation of Táplánszentkereszti x Lembkes 
cross conducted in 1953 served as fundamental material of the tetraploid red clover. 

Out of the original seed of every lot 25 individual plants were raised in 5 pots (5 plants 
in 1 pot). Treatment began in the three-leaf age of the plants. A smal plug of cotton-wool 
was placed on the growing point and 1% aqueous colchicine solution poured on in drops. After 
the first treatment a break of t w o days was inserted and then another treatment g iven with 
1 per cent solution; subsequently the plants were treated every second day with a 0.1 per cent 
solution for 50 days ( 2 x 2 5 treatments) . 

50 seeds from each lot were soaked in water for 24 hours and then placed in Ö.2 per cent 
colchicine solution for 24 hours. 

Treatments were carried out in January 1954. 
As a result of treatments o n the growing point on 51 plants — from a total of 700 ones — 

inflorescences with tetraploid chromosome complement were found. 
50 X 28 = 1400 seeds were treated with soaking. On the act ion of this treatment 424 

normal plants developed while the other seeds or seedlings were destroyed or developed mal-
formed or distorted plants. 

The total of 475 plants obtained by the two patterns of treatment were planted out 
in breeding garden and from these 405 plants which had proved to be tetraploid yielded a 
total amount of 47.5 g of seed in September 1954 (C0 generation). 

Tetraploid lines originating from the following three fundamental materials have been 
propagated under isolation: 

Part of the polyploid p lants originating from the improved variety Táplánszentkereszti 
From the 1953 cross Táplánszentkereszti X Lembkes and 
Variety Lembkes (GFR). 
The rest of the seed was mixed and propagated on microplots with narrow drills in 

Tápiószele under dry conditions of the lowlands, on calcareous garden loam of good quality, 
and concurrently in Táplánszentkereszt. In each year, including the year of planting, seed 
was obtained and sown next year on the other stat ion (seed harvested in Tápiószele was sown 
in Táplánszentkereszt and vice versa). Thus the following generations were available: 

Table I 

Propagation pattern of the tetraploid red clover progenies 
Tápiószele—Táplánszentkereszt 1954—1958 

Generat ions 

Year Standing 
vegeta t ion 

of last y e a r 

Seed yield 
Year 

Seeding 
Standing 

vegeta t ion 
of last y e a r from last 

year 's seeding 
f rom new 

seeding 

1954 C0 
— — c, 

1955 c , c„ Сз c . 
1956 c„ Ci c2 C3 

1957 C3 c 2 C3 Сз 
1958 C4 C3 C4 C5 

The above 3 progenies l i f ted out had been propagated until 1958 (C3 + C4) only at 
Tápiószele, in microplots, "with irrigation in case of drought. First selection was carried out 
in Tápiószele 1957, in Táplánszentkereszt 1958 on plots of 60 X 20 c m spacing. In the course 
of selection plants showing 

early flowering, 
rapidly tillering, 
developing many stems, 
developing many leaves, 
less susceptible to virus and fungus incidence, 
good vielders of seed — were marked. Only these marked plants were allowed to pol-
linate. 
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To test the seed-producing capaci ty , examinations were conducted on flowering biology, 
while after fertilization cytological examinations were carried out. 

The plants selected in 1957 a t Tápiószele were sown at Táplánszentkereszt on plots 
with narrow drills and here seed was collected no sooner t h a n in 1959. The seed obtained f rom 
the plants selected a t Táplánszentkereszt in 1958 were planted in a 6 0 x 6 0 cm spacing for 
propagation and f u r t h e r selection at Tápiószele in 1959. 

The same year the comparative productivity of t he progenies lifted out was also tes ted, 
while in 1962 — 63 the productivity of "Tápiói poly" originating from the mixture of 28 vari-
eties and in 1964 the performance of Tápiói poly and of the tetraploids originating from the 
cross were examined. 

Since 1959 propagation of the best lines has been conducted al ternately on the two 
stations of contrasting climate in order to utilize positively the selective action of the cl imate 
mainly on fertilization and development of the seed. 

Results 

On the w a y to our aim we considered i t primarily important to decide 
whether the fundamental material had been properly chosen. Hence a progeny 
test was conducted with a material in the early C 3 generation. Owing to tech-
nical difficulties only the tetraploid progeny generation of two outstanding 
diploid varieties (Táplánszentkereszti and Lembkes) and of their preliminary 
crosses was propagated under isolation. The rest of tetraploid progenies were 
first mixed up then propagated and selected. 

Both on account of the necessary reserve and of the further seed propa-
gated for selection at two stations as well as of the young generation, a very 
little amount of seed could be used for experimental purposes and therefore, 
from C3 generation seed obtained in 1957 (second year's yield of the C2 gener-
ation planted in 1956) microplots of 10 plants each were sown in 2 0 x 2 0 cm 
spacing in 4 series. Crosses were conducted in 1956 between the line poly 51 
of the variety Táplánszentkereszti and the line po ly 27 of the variety Lembkes. 
In the experiment there were included the original diploid variety Tápláni 
as a standard (lot 1 in Table 2), the tetra l ine originating from this diploid 
variety (2), the tetra line originating from the variety Lembkes (3), the tetra 
line originating from the preliminary cross of the two diploid varieties (4), 
the tetra mixture originating from the 29 start ing varieties (5) and the cross 
between the tetra line from Tápláni and the tetra line from Lembkes (6). 
No more original seed was available from the var iety Lembkes. Results of this 
experiment are presented in Table 2. 

Hay and protein yield of Tápiói poly available in larger quantities were 
compared in 1962 — 63 with the Hungarian diploid varieties and the Weitetra 
(CFR) red clover (4 series, 20 sq. m plots). 

Out of the experiment sown in 1964 only one year's data from Tápió-
szele have been available so far. I n this experiment it has been first examined 
whether the line Tápláni poly 120 originating from the cross maintains i ts 
superiority to the Tápiói poly mixture as it has already been established above 
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Table 2 

Green yield in the C3 generation of tetraploid red clovers of various origin 
Táplánszentkereszt 1958 — 59 10 plants/plot; 4 series 

Green yield per plot 

T rea tmen t 
1958) 

(1 cut) 

1959 
cu t s 
kg 

1958 - 59 
total 

Proportional 
number 

% 

1 . Táplánszentkereszti* 
(diploid)  2.9 ± 0 . 2 4 7.4 ± 0 . 7 9 10.3 100 

2. T. poly 51 (from diploid Táp-
láni) 4.1 ± 0 . 5 3 11.2 ± 1 . 7 5 15.3 148 

3. T. poly 27 (from Lembkes) 4.3 ± 0 . 6 6 11.7 ± 0 . 9 0 16.0 156 
4. T. poly 120 (from Tápláni X 

5.2 ± 0 . 5 4 16.8 ± 1 . 9 0 22.0 213 
5. Poly mixture  3.9 ± 0 . 6 4 15.3 ± 1 . 5 7 19.2 186 

6. T. poly 51 X T. poly 27 . . . 4.3 ± 0 . 4 5 14.8 ± 1 . 5 6 19.1 185 

* Synonym: Tápláni 

Table 3 

Red clover variety trial 
Tápiószele, 1962 -63 . 

1962 1963 Combined table 

1 I. Cut I I I . Cut 
Varie ty Huv r aw protein I -

hay j r aw prot. h a y 1 raw prot. 
h a y raw prot. Varie ty 

hay j r aw prot. h a y 1 raw prot. 

q/ha 

Tápláni 49.38 7.40 55.57 7.75 26.31 4.08 131.27 19.25 

Fertő di 47.89 7.49 48.22 7.11 27.99 4.34 124.11 18.94 

Tápiói poly 56.16 8.25 57.01 8.13 27.28 4.21 140.48 20.59 
Weitetra 51.18 8.39 34.88 5.91 31.31 5.13 117.38 19.44 
GD5% 6.08 — 11.62 1.68 3.70 0.56 5.42 — 

GD,O/0 8.76 — 16.72 2.43 5.33 0.80 7.26 _ 

GD0,I% 12.88 — 24.59 3.56 7.84 1.18 9.59 -

M 51.14 7.89 48.93 7.23 28.22 4.43 128.31 19.55 

F test 10°/ AU /0 10% 1°/ 
1 /0 

10% 10% 1% 0.01% 10% 

in t h e C 3 g e n e r a t i o n . T h e 1 9 6 4 e x p e r i m e n t is set u p in 4 r e p l i c a t i o n s on 20 
sq. m . p l o t s w i t h 8 v a r i e t i e s . 

T h e f i r s t year ' s d a t a r e v e a l t h a t l i n e N o . 120 o r i g i n a t i n g f r o m c o l c h i c i n e 
t r e a t m e n t o f p r e l i m i n a r y cross of w e l l s e l e c t e d pairs o f p a r e n t s h a v i n g y i e l d e d , 
in C 3 g e n e r a t i o n ( T a h l e 2 ) , 27 per c e n t m o r e t h a n T á p i ó i po ly o r i g i n a t i n g 
f r o m " m i x e d " m a t e r i a l p r o v e d t o b e , e v e n in t h e C 8 g enera t ion p l a n t e d in 

Acta Agr. Hung. Tomus XIV. 1965 



S E L E C T I O N OF F O U N D A T I O N MATERIAL 5 5 

Table 4 

Combined table of variance 
Red clover, Tápiószele, 1962 — 3 

hay q/ha 

Fac to r F G SK MQ 

Total  47 4288.13 
Replication  3 35.88 11.96 
Variety  3 225.48 75.16 
Cut  2 2943.04 147.15 
Repl. X Variety  9 86.94 9.66 

Table 5 

Red clover experiment I year 
Tápiószele, 1964. 

Variety 
1. Cu t 2. Cut Total P ropor t ionab 

n u m b e r 
% 

Variety 

green yield q /ha 

P ropor t ionab 
n u m b e r 

% 

1. Tápláni poly 120 174.99 219.30 394.28 118.5 
2. Tápiói poly  163.86 191.49 372.04 111.8 
3. Fertődi 174.29 172.03 355.36 106.8 
4. TPA poly (Finland)  134.32 197.75 324.25 97.4 
5. Táplánszentkereszti 144.75 179.50 315.39 94.8 
6. Red clover " G " (Szarvas) 143.36 171.68 309.66 93.1 
7. Szkrezowicka (Poland)  137.97 161.95 300.10 90.2 
8. Tammisto (Finland)  128.76 165.78 290.72 87.4 

M  150.28 182.41 332.72 100.0 
G D . p . 5 %  4.3 

1964 (Table 5), of significantly higher productivity b y 6.7 per cent. Thus the 
choice of the fundamental material, the realization of the cross and i ts utili-
zation have constituted a correct method. 

According to 2 year's experiments Tápiói poly originating from the 
great population mixture supplies a significantly higher hay yield than the 
Hungarian diploid varieties and the West-German tetraploid red clover 
Weitetra of Swedish origin. No significant difference was found in protein 
yield. 

The results of the microexperiment performed in 1958/59 and those of 
the 1964 test cannot jus t i fy to draw definite conslusions. — However, the 
similar trend of these two experiments results supports the following assump-
tion. 
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The choice of the great starting material after preliminary evaluation 
was the right thing to do because the tetra lines originating from it exhibit 
already in the C3 generation a n d without selection a higher productivity than 
the Hungarian improved diploid varieties. 

Preliminary crossing of outstanding diploid varieties and colchicine 
treatment of the Fj generation result in a tetraploid progeny of higher pro-
duct ivi ty than the tetraploid l ines of the same varieties and t h e tetra mixture 
of the starting material or t h e crossing of varieties in tetraploid condition. 

The yield of the C3 generation is still very high after the colchicine treat-
ment of the generation w h e n compared w i t h the mixed p o l y (Tápiói poly); 
w i th a surplus green yield of 27 per cent. I n the C8 generation the surplus 
y ie ld of the tetra line originating from the cross is only 6.7 per cent as related 
to the same variety. Thus t h e effect in the C3 shows a decreasing trend. 

Examinations are under w a y to establish what m e t h o d s of selection 
are suited to stabilize the "heterosis effect" in the young generation. 

Conclusion 

The improved red clover varieties are generally hardly better than the 
local (land) races. A new possibi l i ty of increasing productivity arises with the 
production of tetraploid forms which has been — in some foreign countries 
(Sweden, Denmark, Finland, Germany, Poland) — successfully conducted 
for several decades. The cul t ivated tetraploid red clover varieties exceed in 
h a y yield the diploids by 20 t o 25 per cent. The seed production capacity 
of the tetraploids is, however, low, and this is why they are rather s lowly 
spreading in agriculture. 

Experiments to produce Hungarian tetraploid red c lover varieties of 
intensive type were started at Táplánszentkereszt (Western-Hungary) in 1954. 

The starting material was selected on the basis of preliminary examina-
t ions carried out in 1952 — 53. A total of 27 varieties and land races and 1 F t 

population were treated with colchicin in 1954. 
Cultivated tetraploid populations had been under propagation from 

1955 to 1957 without selection. By collecting the seed e v e r y year, C2, C3 

and C4 generations had been obtained until 1957. The select ion was begun 
in 1957 under dry conditions of the lowlands in Tápiószele. Alternately, one 
generation was propagated under dry lowland conditions a n d another under 
the rainy conditions of Western Hungary (Táplánszentkereszt). 

The correct choice of the fundamental material was veri f ied by the pro-
duct ivi ty examination of C3 a n d C8 generations. Productivity in tetraploid 
lines is better than that of the Hungarian diploid varieties. From tetraploid 
l ines the line of cross origin h a s exceeded in C3 generation b y 27 per cent , 
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in Cg g e n e r a t i o n b y 6 . 7 per c e n t g r e e n y i e l d t h e p o l y l ine o r i g i n a t i n g f r o m 
t h e m i x t u r e of 28 v a r i e t i e s . 

O n t h e s t r e n g t h o f e x p e r i m e n t s i t m a y be a s s u m e d t h a t f o r t h e produc-
t i o n o f t e t r a p l o i d r e d c l o v e r it w o u l d b e m o s t l y a d v i s a b l e t o s e l e c t t h e f u n d a -
m e n t a l m a t e r i a l a c c o r d i n g t o t h e f o l l o w i n g v i e w p o i n t s . 

A m p l e s t a r t i n g p o p u l a t i o n s h a v e t o be d e a l t w i t h , i. e . a n u m b e r o f 
d i p l o i d v a r i e t i e s w i t h r i ch y i e l d are t o b e s e l e c t e d . 

P r e l i m i n a r y c r o s s i n g of s e l e c t e d d ip lo ids a n d p o l y p l o i d i z a t i o n of the 
F j g e n e r a t i o n p r o d u c e t e t r a p l o i d p r o g e n i e s of b e t t e r p r o d u c t i v i t y t h a n t h e 
t e t r a p l o i d p r o g e n y o f t h e s e v a r i e t i e s . 

T h e " h e t e r o s i s e f f e c t " e x h i b i t s a d i m i n i s h i n g t r e n d . 
E x a m i n a t i o n s are u n d e r w a y t o f i n d out w h a t m e t h o d s o f s e l e c t i o n are 

s u i t e d f o r t h e s t a b i l i z a t i o n of p r o d u c t i v i t y f o u n d i n the y o u n g (C 3 —C 4 ) 
g e n e r a t i o n s . 

A c k n o w l e d g e m e n t s 

Author wishes to express thanks to his co-workers M. D e u t s c h , Mrs. L. H o r v á t h , 
A. Szűcs, Táplánszentkereszt, F. Szűcs Tápiószele, (at present Sydney, Australia) for their 
generous assistance. 

R E F E R E N C E S 

B i n g e f o r s , S. — Â k e r b e r g , E. (1961): Swedish landraces of red clover, Euphytica, 10,147 — 151. 
F r a n d s e n , K. J . (1948): Jagttagelser over polyploide former of Kulturplanter, Oslo, Nordisk 

Jordbrugsforskning, 1—3. 
J á n o s s y , A. (1962): The Tetraploid Red Clover from the Point of View of the P l an t Breeder 

(Hungarian, English Summary). Budapes t , Növénytermelés, 11, 341 — 354. 
J á n o s s y , A. (1963): Tetraploider Rotklee ungarischer Züchtung. Internationale Zeitschrift 

der Landwirtschaft , Berlin, 1963, Nr. 3. p. 112 — 113. 
J á n o s s y , A. (1963): A vöröshere termesztése és nemesítése (Growing and breeding of red 

clover). Budapest, Mezőg. Kiadó, 154. 
J á n o s s y , A. (1963): Befruchtungsuntersuchungen bei tetraploidem Rotklee. Der Züchter. 

33, 1 4 9 - 1 5 2 . 
J u l é n , G. (1954): Aspects on the breeding of tetraploid red clover with special reference to 

the seed setting problem, Europ. Grassl. Cong. Paris, 1954, 69—72. 
J u l é n , G. (1959): Rotklee, Trifolium pratense L., in Roemer — R u d o r f : Handbuch der Pflan-

zenzüchtung, 2. Aufl . 4. IV, 242 — 305. 
J u l é n , U. (1950): Fertil i ty conditions of tetraploid red clover. I. Seed setting of tetraploid 

red clover in the presence of haploid pollen, Hereditas, Genetiskt Arkiv 36, 151 — 160. 
K e l e m e n , J . (1962): Vöröshere (Red clover). Nemesített növényfaj tákkal végzet t országos 

fajtakísérletek eredményei 1960, 293 — 299. 
L a c z i n s k a - H u l e w i c z o w a , T. (1957): Investigations on artificial polyploids, I . Red clover, 

(Polish, summary English and Dutch) Roczn, Nauk Rolniczych, Ser. 75 —A 3, 291 — 338. 
L a c z i n s k a - H u l e w i c z o w a , T. (1958): Badania nad samoplodnoscia konczng czeroonej di i 

tetraploidalnej (Investigation on selffertility of diploids and tetraploid of Red Clover, 
English summary) Roczn. Nauk. Roi. Ser. A. 79, 151 — 160. 

L a c z i n s k a - H u l e w i c z o w a , T. (1960): Selbstfertili tät und Inzuchtdepression hei tetraploidem 
Rotklee, Der Züchter 30, 219 -222 . 

Lehman, U. (1961): Deutsches Rotkleesaatgut, Saatgutwirtschaft . Stuttgart 13, 337. 
Lisicin, P. I. (1951): Krasny klever (Red clover), Sel'hosgis, Moscow, 532. 

Ada Agr. Hung. Тот и s XIV. 1965 



5 8 A. JÁNOSSY 

N ü e s c h , В. (I960): Einige wichtige Resul ta te aus Beobachtungen an Rotklee-Einzelpflanzen 
verschiedener Sorten, Mitt. für die Schweiz. Landw. 10, 145 — 153. 

S c h w e i g e r , W. (1957): Internationales Symposium über Fragen der Züchtung polyploider 
Futterpflanzen, Deutsche Landw. 11, 532 — 533. 

T a r ó c z i , H. (1955): Szántóföldi herefélék (Field clover varieties). Nemesített növényfaj tákkal 
végzett országos fajtakísérletek eredményei, Budapest , 198 — 214. 

V a l l e , O. (1961): Tatraploidin puna apilon siemenviljeljongelma (Seed sett ing in tetraploid 
red clover, English summary) Maataolus ja Koetoiminta Agric. and Res. 15, 185 — 190. 

W o l f f h a r d t . D. (1959): Rotklee und Luzerne Sorten- u n d Herkunftsprüfungen 1954 — 1959. 
11. Sonderheft der Bundesanstalt f. Pflanzenbau und Samenprüfung in Wién, 141 —150. 

Z ü r n , F. (1960): Rotklee und Kleegrasversuche mit deutschem und englischem Saatgut, 
Saatgutwirtschaft Stut tgar t 12, 278 — 281. 

Acta Agr. Hung. Tomus XIV. 1965 



REPARATIVE REGENERATION OF OATS 
(AVENA SATIVA L.) 

By 

S . F a z e k a s 

I N S T I T U T E O F B I O C H E M I S T R Y , M E D I C A L U N I V E R S I T Y O F B U D A P E S T , B U D A P E S T 

We have s tudied the repara t ive regeneration of oa t s for 12 years . T h e aim of 
our exper iment was to compel oats t o perform repa ra t ive regeneration i .e. to obtain, 
a f t e r cut t ing back , productive ears of t he sprouts which would mature s imultaneously. 

Introduction 

It has been observed for long t ime past that when mowing grain crops 
for fodder, on the vigorous stubs shoots will develop that, in some cases, 
grow ripe. The idea was suggested to utilize, in some way, this chance granted 
by nature in such a manner that from year to year, by single selection, high 
regenerative individual plants should be selected having a number of sprouts 
being in agreement with or exceeding that of the parents. Certain oat varieties 
are of high regenerative capacity especially in the early stage of ontogeny. 
Several varieties are known in France, in England, in U.S.A. and California 
as being suitable for grazing purposes and, besides, they are to yield grain, 
too ( C o f f m a n 1 9 6 1 ) . Our target agrees with the above only in part since 
we do not deal w i t h the I — I V s t a g e s ( K u p e r m a n 1962) apt for pasture 
and organ formation, but with the I X , X , XI stages of the plant correspond-
ing to the zygote genesis and karpogenesis stages. Then it occurs, that the 
ready, developed plant reproduces itself from its parts left behind. 

Material and Methods 

We have chosen oa t as material of our experiment because it is strictly self-fertilizing, 
in mos t cases it becomes fert i le as early as in t he "bel ly", and allogamy meets w i t h difficulties 
even when brought abou t artificially; therefore , breeding is also performed b y w a y of single 
selection. Weather fac tors and soil condit ions have influence on the work of selection and, 
for th i s reason, sowing has been done in newly manured soil every year. On c u t t i n g back it 
was i r r iga ted , bu t once. Oats are considered ma tu re when the s t raw is yellow a n d the grain 
slightly soft . 

In August 1951 we gathered in t he f i r s t ripe ears f r o m a field t ha t had b e e n cut back 
for forage purposes, and in the next year on March 31, same were planted. At f lower ing time 
the p lan t s were cut back a t 5 —8 cm. The average height of oa t plants was t h e n 102 cm; they 
were cu t back on the 73rd day reckoned f r o m sowing. Our v a r i e t y corresponds t o t h e medium-
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high category group determined by S t b a m t o n (1961), the height of which is 90 — 120 cm. 
Oats being first cut will be called hereinafter crop I, while the re-sprouting ears will be referred 
to as crop II. On the 47th day following cutt ing, further matured shooting ears could be gathered. 
The two growth seasons were 73 -(- 47 = 120 days. From our first-year experiment one indi-
vidual plant was the only basis of our fur ther experiments. For control we use the progenies 
of ears that had not been cut back, these having a ma tu r i ty time of 103 days. This process 
had been continued up to 1957, throughout 6 growth seasons. In 1958 20 per cent of the experi-
mental plants were allowed to reach the waxen ripeness, and the first crop was cut no sooner 
than tha t . This time, ou r second crop was of less height t h a n that with the plants cut back 
during flowering (48 cm), however, we obtained well-developed sprout-ears with germinative 
grans. The ripening of the control ensued on the 110th day . 

10 10 20 30 40 50 50 70 9 
the vegetation period in days 

Fig. 1. The growing rate of oat 

In the year 1959 the seeds of the two groups, i.e. the progenies of the plants cut back 
at flowering and at the waxen ripeness were sown simultaneously. Up to the time of flowering 
no difference whatsoever could be noticed between the two groups. Growth-rate was the 
same in both groups. I n this year the t ime of cutting back was fixed near the time of full 
ripening and thus, the f i rs t yield was harvested on Ju ly 24 (on the 106th day), while the 
harvesting of the second crop occurred on September 5 (on the 43rd day). Growth season of 
the f irs t and second crop was 106 + 43 = 149 days. The second crop was not uniform because 
there still were found young sprouts 3 weeks after harvest. 

In 1960 we performed measurings on the progenies of the firts crop concerning 
growth-rate. The results thus obtained are shown in Fig. 1. I n Fig. 1 we see the regular growth-
rate curve. According to Sabinin (1963) as well as proved by our investigations, sprouts are 
declining if not cease growing on the 77th day from planting. In this year the material of the 
experiment was being cut back periodically from the time of flowering (71 day), and the second 
crop was harvested a t a fixed date (September 4). 

The values thus obtained are shown in Table 1. In Table 1 we have also indicated the 
period available for the development of the second crop f rom the cut-hack up to harvesting. 
The sprouts of the second crops produced in the first week, have ripened, in the course of the 
experiments carried out so far, within 43 — 47 days. Therefore, in our this year 's experiments 
the time-interval between the last cutt ing date up to harvesting, i.e. 47 days, was sufficient 
for the formation of the second crop. The total growth period of the first and second crop 
was 147 days, and tha t of the control not being cut back, was, however, 108 days which means 
tha t ripening of our last crop cut back was almost identical with that of the control. 

I t can be seen f rom Table 1 tha t the cut-back has been performed for 24 days. From 
the 92nd day of the growth season the second crop consisted of individual ears of sprouts 
only, and the majority of these remained in the "belly". On some plants, however, there could 
be found occasionally a few normally developed sprouts. 

In the 1960 crop, similarly to the previous years, i t could be established that bulk of 
the second yield was made up of sprouts developing in the course of the first week tha t followed 
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Table 1 
Sowing date: 10th April, 1960 

Day of cu t -back 
Number of days up 
to cu t -back . Growth 
season of t h e crop I. 

Growth season of the 
crop I I . N u m b e r of 
days f r o m cut-back 

to ha rves t ing 

June 25 appearance of 

the anther 76 71 

27 78 69 

29 80 67 

July 1 
4 

82 65 

3 4 84 63 
5 86 61 

7 88 59 

9 90 57 
11 92* 55 

13 94 53 

15 96 51 
17 98 49 
19 100 47 

From the day on marked with (*) we have obtained single sprouts only, these being 
hardly able to get matured. 

the cut-back, bu t not sooner than this cut-back had been carried ou t up to the 90th day of 
the vegetative period. On the other hand, our supposition, viz. t h a t if the first shoots are cut 
back during the 76 — 91 days of the growth season, the number of sprout-ears is greater than 
in case we cut them back towards the end of the growth season — was not justified. Our exper-
iments have proved that bet ter sprouting capacity is not a result of t he longer growth season 
but rather a peculiarity of individual plants. F rom the above-said i t can be concluded tha t 
in the 76 — 91 days of the vegetative period, a t the stage of karpogenesis, efficient selection 
can be achieved on oats, regarding sprouting capacity. 

In 1961 we planted the seeds of the previous year's second crop. Data of the year 1961 
proved tha t the first crop of the plots that had been planted simultaneously, showed uniform 
behaviour qui te independently f rom the time of cut-back of the second crop. Neither did the 
progenies of germinative seeds gained from the second crop and having a vegetative period 
of 47 days, differ from the others. The first crop of the year 1961 reached an average height 
of 130 cm. In 1961 the first crop was harvested on the 83rd day, a t the beginning of waxen 
ripeness, and the grain yield, too, displayed germinating power on this occasion. F r o m the 
second crop — quite independently of their origin — five plants were selected for propagation 
having 6 —10 sprout-ears and maturing at the same time. The vegetat ive period of t he first 
and second crop was 83 + 47 = 130 days, while t h a t of the control was 109 days. 

In the year 1962 out of 5 plants one was carried on: the one t h a t , in 1960, had been cut 
back on the 82nd day of the growth season. The result of our work of selection was t h a t vigour 
and regenerative power of the progenies have somewhat increased, f rom the second stand, 
however, only few plants could be gained tha t matured simultaneously. 

Likewise, in 1963 we planted the progenies of one plant. The f i rs t yield was harvested 
on the 78th day of the growth season having the ears still in milky stage. Plant-height was 
then 138 cm, and the vegetative period of the second crop was 58 days. That of the control 
was 108 days, while the total vegetation period of the first and second crop amounted to 
78 + 58 = 136 days. On the day of cut-back the plots were irrigated to promote sprouting. 
Due to irrigation, the signs of sprouting could he noticed as early as on the third day, and on 
the seventh day the shooting sprouts were several cm long. 
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Results and Discussion 

In our experiments we have been dealing with the producing of a second 
crop from the reparative regeneration capacity of oats. We have studied the 
process in the course of which, when cutting back the plant in the stage of 
zygote genesis and especially in that of karpogenesis, it could be established 
what the feasibilities were to develop, by wa y of selection, two productive 
oats from the second crop. In the course of our 12 year selection work it could 
be observed that , as a result of our work done so far, there were still some 
plants only, capable to produce a second crop maturing at the same time. 
The question remains: through how many generations of the present stand 
has selection to be performed to result in developing the two productive oats. 
From the results of our present investigations no answer is available to the 
question raised because the problem itself consists of two factors. 

1. The lifetime of the stubs remaining hack after the first crop has to 
be prolonged in such a way as to he apt to produce a so-called second crop. 

2. The prolongation of the lifetime requires a change in several properties 
of the experimental plant, and the developing of new hereditary properties. 

The first factor is in connection with the cyclic ageing theory described 
by K r e n k e ( 1 9 5 0 ) viz. that the plant cut back in the given stage of develop-
ment will start a new ontogenetic period on the old existing bases. While the 
young plant is capable of this performance without any difficulty (see the 
varieties suitable for grazing purposes), at the later phase of ontogenesis and 
especially at that of karpogenesis — as it can be seen from the experiments 
there exist very strong limits to this. 

However, there are always stubs that acquire these properties, but in 
the progenies this property doesn't remain constant; in the following genera-
tion there will only be a few stubs again having these properties. 

From a certain view-point, however, there is a considerable development 
in our experiments, and the fact is that after the regular cut-back performed 
from year to year, the developing second crop contains less and less such stubs 
that don't dispose of sprouting capacity. At the start of the experiments 
the number of stubs without sprouts amounted to 50%, while for the t ime 
being it is 4 — 6%. This means that with the second crop the number of the 
sproutless stubs has decreased. Another important observation might be con-
sidered by the fact that when leaving the first crop for control, its growth 
period is by about one week longer than it had been at the start. The growth 
period of the second crop gets longer in a similar way. 
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Conclusion 

In the course of our experiments it has been established that due to their 
high capacity of reparative regeneration, oats are capable of the regeneration 
of the whole plant. The cut-back has a stimulative effect on the development 
and growth stages of oats, and this shows itself indirectly in the vigour and 
growth of individual plants, too. The cut-back affects the growth season and 
might evolve new properties with certain stubs. 
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THE MILDEW-RESISTANT SUMMER BARLEY 
VARIETY MK 42 

By 

E . p o l l h a m e r 

a g r i c u l t u r a l r e s e a r c h i n s t i t u t e of t h e h u n g a r i a n academy of sciences, m a r t o n v a s a r 

Damage caused by mildew has been examined lor 4 years in a total of 18 trials 
on the grounds of the difference in yield between the new mildew-resistant selection 
reported to certification MK 42 and the standard variety MFB 104. The effect of an 
increasing number of 0.5 per cent Kara thane sprayings was compared in a two year 
glass house and field experiment on susceptible and resistant varieties. The production 
and breeding values of the new selection MK 42 have been established by mildew 
inoculation for seven years and selection of the progeny of crosses. 

Introduction 

Mildew (Erysiphe graminis DC. f . sp. hordei) is one of the most wide-
spread diseases of barley. Incidence and dimensions of the damage caused 
are essentially dependent on variety and environmental conditions. Accordingly, 
the damage is highly variable as to years, habitats and varieties. I s e n b e c k 

and H o f f m a n n ( 1 9 4 4 ) in Germany, G o r l e n k o ( 1 9 5 0 ) and Y u r y e v ( 1 9 5 2 )  

in the Soviet Union estimate the mean difference in yield between resistant 
and susceptible varieties to at least 10 per cent of the annual yield. A similar 
o p i n i o n is e x p o s e d b y C l a r k ( 1 9 5 2 ) f or t h e U S A . P a p e a n d R a d e m a c h e r 
( 1 9 3 4 ) in Denmark and S t e p h a n ( 1 9 5 7 ) in Germany assume a still greater 
extent of damages by mildew. 

L a s t ( 1 9 5 5 ) found in his experiments a 1 6 . 8 per cent difference in yield 
between the non-infected treatments sprayed with calcium sulphite, and the 
non-sprayed, heavily infected ones. In the field experiments of B e n a d a ( 1 9 6 1 )  

mildew caused a 19 per cent réduction of grain yield in the variety Piroline, 
20 per cent with Triumpf, 33 per cent with Valticky and 37 per cent with 
Opavsky. 

Few experimental data are available for the damage by mildew in Hun-
gary. The mean value of the damage was generally estimated by specialists 
at less than 1 0 per cent of the annual crop yield. P o d h r a d s z k y and C s u t i 

( 1 9 6 4 ) , in 1 9 6 1 , a year favourable for mildew established losses of 2 0 to 3 0  

per cent in several countries. In recent years ever more intensive incidences 
can be observed consequent upon the fact, in our opinion, that winter and 
summer barley varieties have been increasingly grown side by side. The growing 
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damages render production of varieties resistant to the disease an ever more 
urgent necessity. 

In literature a comparat ively great amount of data evidence that damages 
d o n e by mildew can be control led and/or diminished by methods of plant 
protection and farm technology. Breeders h a v e made use for a long t ime 
already of repeated dusting w i t h powdered sulphur in the control of mildew 
( S o r a u e r 1 9 2 8 , B r i g g s 1 9 3 5 , R a d e m a c h e r 1 9 4 9 , e t c . ) . I s e n b e c k a n d H o f f -

m a n n (1944) e.g. attained a surplus yield of 14.6 per cent b y this method. 
B e n a d a (1961) found that a m o n g Karathane, Polybarit , Thiovit and the 
powdered sulphur Sphynx the latter proved to be most e f fect ive , Karathane 
s t o o d the test also in the experiments of C r o i s i e r and S z k o l n i k (1956), 
P a r m e n t i e r ( 1 9 5 6 b ) and D o l i n g and H a p p l e (1959) . P a r m e n t i e r ( 1 9 5 6 a ) 
examined a series of fungicides both in the laboratory and in field tests and 
f o u n d that 0.8 per cent dissolved sulphur and 0.1 per cent barium polysulphide 
displayed the m o s t favourable e f fect . P o d h r a d s z k y and C s u t i (1964) reported 
o n P F U — 2 6 - W e p s y n and Act id ion being wel l suited for diminishing the 
incidence of mi ldew in barley. Successful experiments were conducted with 
Tl i iov i t spray in 1964 within t h e national trial of barley varieties of the National 
Ins t i tute for t h e Qualif ication of Agricultural Varieties and Production 
Techniques. 

Recently M o s o l o v , L a p s i n a and P o p o v a (1956), L a s t (1955, 1957), 
K r z y s c h (1958a, 1958b, 1958c) and K r z y s c h and E b e r h a r d t (1960) have 
reduced the damage caused b y mildew by foliar spraying with 2.0 to 2 .6 
per cent solutions of potass ium magnesia, ammonium sulphate, potassium 
nitrate , primary potassium phosphate and/or primary magnes ium phosphate. 
I n our own 5 series field experiments , upon the effect of prevent ive spraying 
conducted with 2 per cent aqueous solution of 40 per cent potassium salt 
a n d subsequent spraying w i t h 40 per cent potassium salt and 2 per cent 
aqueous solution of superphosphate, mildew infection was diminished by 8 
t o 12 per cent. The effect of spraying, however , was on ly of quantitat ive 
character and far from being satisfactory. 

Experimental Procedure 

Breeding work to produce a mildew resistant barley variety was started in the Agri-
cultural Research Inst i tute of the Hungarian Academy of Sciences at Martonvásár in 1953. 
T h e mildew resistant new selection M К 42 was reported to the national variety trials in 1962. 
This new selection has been perfectly resistant (00 type) for 7 years bo th in the glass house 
and in the field. Wi th the aid of the new resistant selection it became possible for the first 
t ime to establish the damage done by mildew in Hungary. For the comparison a mixture 
of the lines of the new selection MK 42 and the s tandard variety MFB 104 were used. The 
d a t a of the best line of the new selection MK 42 each year are reported for information. 

For mildew control in 1962 and 1963 the effect of 0.5 per cent Karathane spraying was 
examined on three susceptible (MFB 104, MFB 102, M Korai) and one resistant (MK 42) 
variety in glass house and field experiments with 4 t reatments (I untreated control, II spraying 
prior to the appearance of mildew, I I I spraying at the appearance of mildew, IV spraying 
prior to the appearance of mildew and one week later). 
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Results and Discussion 

During 4 years a total of 18 experiments were set up with the new selec-
tion resistant to mildew MK 42 and with the standard variety MFB 104 
(Table 1). From the 4 experimental years referred to, mildew incidence was 
insignificant in the breeding garden in 1962, medium in 1963, strong in 1961 
and very strong in 1964. The difference in yield between the two varieties 
developed accordingly. In 1962 there was no substantial difference in pro-

Table 1 

Surplus yield of the new mildew resistant selection MK 42 as related to MFB 104 
Martonvásár 1961 — 64 

(1) 
Years 

(2) 
Gra in yield 

of M F B 104 
q/cad.hold 

(3) 
M K 42 mix tu re of lines 

(*) 
Best line of t h e 

of MK 42 

y e a r 

(1) 
Years 

(2) 
Gra in yield 

of M F B 104 
q/cad.hold 

Surp lus yield (1) 
Years 

(2) 
Gra in yield 

of M F B 104 
q/cad.hold 

( • ) 
q/cad.hold 

(b) 
% 

(•) 
q/cad.hold 

<b) 
0/ /о 

1961 12.30 + 1.14 + 9.2 +4.50 + 36.5. 
1962 21.03 + 0 . 4 6 + 2.1 + 8.57 + 40.7 
1963 26.01 + 1.08 + 4.1 +3.51 + 13.4 
1964 12.84 + 5.39 +41.9 +7.56 + 58.8 

Average 18.04 + 2.01 + 11.1 +6 .03 + 34.8 

National variety trials 
1964 8.57 + 2.37 + 26.4 — — 

ductivity between the resistant and the susceptible variety, whereas in the 
other years the yield difference increased to the benefit of the resistant variety 
parallel with the intensification of incidence. In a total of 18 field tests of 
the years 1961 to 1964 the mixture of lines MK 42 gave on the average a grain 
yield of 2.01 q/cad.hold (1 cadastral hold = 0.57 ha) or 11.1 per cent higher 
than the susceptible standard MFB 104. Damage caused by mildew varied 
in conformity with expectations depending on the years on a very wide range 
(2.1 to 41.9 per cent) and on the average it has proved to be higher than esti-
mated so far. This was particularly evident in the national variety trials 1964 
when the new selection MK 42 was superior in yield by 2.37 q/cad.hold i.e. 
by 26.4 per cent to the MFB 104 standard variety. 

The picture is still more striking when the productivity of the best line 
of the new selection MK 42 each year is compared with the parent variety 
MFB 104. The difference in yield between the two is substantially higher 
(6.03 q/cad.hold i.e. 34.8 per cent) than between the mixture of the lines of 
MK 42 and the variety MFB 104. It is evidenced by the data obtained that 
the surplus yield of the resistant variety considerably varies also according 
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Fig. 1. The effect of Karathane spraying on plant weight. Martonvásár 1962. Vertical axis; 
P l a n t weight, g, Horizontal axis; Trea tments : I. unt rea ted control, II. 0.5 per cent Karathane 
spraying prior to t he appearance of mildew, III. spraying at the appearance of mildew, 

IV. spraying before the appearance of mildew and one week later 
MK 42 The mean of varieties MFB 104, MFB 102, M Early and В 40. 

Plant weight, g 

Fig. 2. Summer barley spraying experiment 1962. Resistant var ie ty MK 42. 
Trea tments : I—IV, see Fig. 1 

I. t r ea tment — — II. t rea tment —.— I I I . t reatment IV. t rea tment 
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Treatments I—IV see Fig. 2 
I . treatment — — II. t reatment —.— III. t rea tment — IV. t rea tment 

to the regions of production and to the lines (genotypes) of the resistant variety. 
Consequently, with a seed obtained b y mixing suitable lines still greater dif-
ferences can be observed. 

On the strength of earlier experience the opinion prevailed that mildew 
is used to diminishing the yield of barley to the greatest extent on plots with 
a well developed highly tillering dense stand and, for the most part, in years 
when crop yields are above average. Contrary to this earlier view, our experi-
mental data seem to prove that resistance to mildew involves, first of all, 
a higher reliability of yield. The difference between the yields of the resistant 
and susceptible variety is higher in the years with lower average yields and 
lesser in years when mean crop yields are higher. Thus, the advantages of the 
variety resistant to mildew are most conspicuous in the "mildew years" 
and in those with crop yields lower than the average. 

In the glass house experiments the young plants raised in boxes had 
been previously inoculated with mildew. Under the action of the treatment 
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Fig. 4. 

I. 

(Fig. 1) the green weight of the susceptible varieties gradually increased while 
that of the resistant variety diminished. The data evidenced that the Karathane 
spraying exercises a disadvantageous effect on the resistant variety while it 
is favourable for the susceptible ones. The unfavourable effect of Karathane 
spraying was indicated on the resistant variety also by scorching spots similar 
to the so-called "resistance spots". No such phenomena were observed on the 
susceptible varieties. The grain yield of the varieties developed similarly to 
the green weight in the field experiments. The new resistant selection and 
the susceptible varieties responded differently to the treatments. 

Yield components and other economically important properties of the 
new resistant selection MK 42 obtained the highest scores in the case of the 
untreated control (Fig. 2). Under the influence of the Karathane sprayings 
the scores of the properties suffered a reduction unequivocal and proportional 
to the increase of the number of treatments. 

/ Alumber of 
' shoots, units 

Ear length,0m Number of r;ian" 
ears/plant, units 

Cilim height cm 

.80 

Plant rveiqht, q 

/! % 
17 V . 
17 Vdumber of ; 

N^.earst/p/ànt, 
^units 

' V 

\ 
23. 

ûrain/ear, units 

Summer barley spraying experiment 1962. MFB 102 susceptible variety. 
Trea tments I—IV see Fig. 2 

t r ea tmen t — — II. t r ea tment —.— III . treatment IV. treatment 
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Plant weight, g 

Fig. 5. Summer barley spraying experiment 1962. M Korai (early) susceptible var iety. 
Treatments I—TV see Fig. 2 

_ _ I . t reatment — — II . t reatment —.— III. t rea tment IV. t rea tment 

The susceptible var iety MFB 104 responded to Karathane just the other 
way round (Fig. 3). All treatments, when related to the untreated control, 
increased the yield components as well as the other economically important 
features. 

The varieties MFB 102 and Korai (early) M proved to be intermediary 
types (Figs 4 and 5!). The treatments did not act unequivocally on these vari-
eties, since some characters improved in certain cases very highly while others, 
at the same time, deteriorated. The considerable deformation of the curves 
indicates that the treatments exercised an injurious influence on the life pro-
cesses of the varieties upsett ing the biological equilibrium of the most impor-
tant properties. The remarkably strong reduction of the value scores of the 
features in the variety M Korai points to the fact t h a t there are substantial 
differences in the susceptibility to Karathane of the varieties. 

The results of the field experiments corroborate the conclusion drawn 
on the strength of the glass house experiments, i.e. that the new selection 
MK 42 resistant to mildew should not be sprayed wi th Karathane against 
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„ , , , , Plant weight, q Number of earst/ 
Culm height cm э 3 plant, units 

Ear length, cm 

Fig. 6. Summer barley spraying experiment 1963. MK 42 res i s tan t variety. 
Trea tments I—IV see Fig. 2 

I. t r ea tment — — II. t r e a t m e n t —.— III . treatment IV. t reatment 

Number 
shootsI 
units 

Ear weight, 
9 

Brain/ear, units Number of main 
eors/plant, units 

mildew and that the treatment has not always a positive effect , even in the 
case of the susceptible varieties. 

Field experiments conducted in 1963 gave similar results. The type of 
response in varieties indicated with curves (Figs 6, 7, 8 and 9) did not 
change, in fact, it became more explicit. The scores of the properties at the 
new resistant selection (Fig. 6) strongly decreased while those of the variety 
MFB 104 (Fig. 7) increased to a higher degree than in 1962. Characteristically 
of all varieties, they developed longer ears as compared wi th the past year 
while plant weight and grain t o ear ratio substantially decreased. Ear weight 
has shown the least change. The data seem to point out that environmental 
conditions changing year by year favour different yield components , i.e. the 
y ie ld of the variety may be based on an other yield component each year. 
If , however, a yield component developed extremely, the other components 
are similarly modified according to circumstances. The scores of the properties 
in varieties MK 42 and M Korai decreased in both years under the influence 
of the treatments, while those of MFB 104 increased. According to the data 
Karathane treatment inhibits, in some susceptible varieties, the development 
of mildew and induces a provisional freedom of symptoms thus , resulting in 
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Fig. 7. Summer barley spraying experiment 1963. MFB 104 susceptible variety. 
Treatments I—IV see Fig. 2 

I . t reatment — — II. t rea tment —.— III. t reatment IV. t reatment 

a higher yield. In the case of the mildew resistant variety MK 42, on the other 
hand, it causes scorching spots, diminishes the scores of yield components 
and other important properties leading then to a diminished yield. The same 
thing was established in the case of the susceptible variety M Korai wi th the 
difference that no scorching spots appeared. 

I t is comparatively easy to form a judgment of the "infection picture" 
caused by mildew incidence, varieties having a rather characteristic response 
to the infection. Several scales of evaluation were elaborated to determine the 
degree of infection. The best known of these are the scales of H o n e c k e r 

( 1 9 3 4 ) and H a n s e l — Z a k o w s k y ( 1 9 5 6 , 1 9 5 6 ) . Their main feature is that no 
conidia capable of infection develop on the plants of varieties that can be 
ranged into the resistant classes i, 00 and 0 and the place of the infection is 
marked by "resistance spots" drying up. The plants of varieties belonging 
to the susceptible classes 1 — 5 bear no "resistance spots" but they are more 
or less covered by mildew thalli. 

Nevertheless among the mutants of the variety MFB 104, varieties of 
the varietal collection and progeny of some crosses, also plants of the 00/1, 
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Fig. 8. 

I. 

00/2, 0/1 and 0/2 type were found. On these plants of intermediary infection 
t y p e there were for a few days, beside the "resistance spots", also thalli devel-
oping conidia which dried off and perished within 5 to 6 days. In view oi 
breeding, resistance of intermediary type proved to be worthless because these 
varieties when crossed with susceptible ones did not actually produce mildew 
resistant progeny. 

A particularly high number of plants of intermediary infection type 
were found in the hybrid generations of the resistant winter X susceptible 
winter and resistant summer X susceptible winter type barleys. Presuming 
t h a t from these combinations, in F 2 generation we succeeded by inoculation, 
at glass house in selecting resistant plants, the overwhelming part of these 
plants assumed, in the field and already in the F 2 or F 3 generation, the inter-
mediary infection type or became susceptible. Therefore, it is far more difficult 
to bread a mildew resistant winter barley type than a summer one. 

The appearance of an unexpectedly high number of intermediary type 
and susceptible plants in the F , and F 3 generations is, in our opinion, connected 
wi th the fact that the effectiveness of resistance to mildew depends largely 
on the environmental conditions. The mean evaluation value (84, 66) of the 
varietal collection consisting of 412 varieties sown among the winter barley 
e.g. substantially exceeded the value of the same varieties evaluated in the 
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Summer barley spraying experiment 1963. MFB 102 susceptible variety. 
Trea tments I—IV see Fig. 2 
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Fig. 9. Summer barley spraying experiment 1963. M Korai susceptible var iety. 
Treatments I—IV see Fig. 2 

I. t r ea tmen t — — II . treatment —.— III. treatment IV. t r e a t m e n t 

Number of 
shoots, 
units 

7 

var ie ta l c o l l e c t i o n (59, 2 2 ) . T h i s d i f f e r e n c e m a y be m o s t l y a t t r i b u t e d t o t h e 
f a c t t h a t t h e m i l d e w i n c i d e n c e a t t a i n e d i t s m a x i m u m o n t h e v a r i e t i e s s o w n 
a m o n g t h e w i n t e r bar ley a b o u t t w o w e e k s earlier. S i m u l t a n e o u s l y w i t h t h e s e 

Table 2 

D istribution of summer barley varieties according to classes of evaluation 
Martonvásár 1960 

(h 
Denomination 

(2) 
Treatment 

Classes of evaluat ion (3) 

i = 0 00 = 0 0 = 0 1 = 20 2 = 40 3 = 60 4 = 80 5 = 100 

(4) 
Tota l 
un i t s 

(5) 
Number of vari-

eties, units 

(6) 
Number of vari-

eties, % 

a) Among winter 
barley 

b) In the varietal 
collection 

a) Among winter 
barley 

b) In the varietal 
collection 

11 

13 

2.7 0.2 

3.2 1.9 

4 

18 

11 

40 

58 

217 

0.7 

0.9 2.6 14.1 

4.5 9.7; 52.7 

91 

94 

2 2 . 1 

22.7 

236 

19 

57.4 

4.6 

412 

412 

100.0 

100.0 

Note: General evaluation: among winter bar ley 
in the varietal collection 

4 = 84.6 
3 = 59.2 
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essentially quantitative changes, however, qualitative changes were also 
observed. While in the varietal collection the proportion of the actually resis-
tant varieties was 5.8 per cent , only 2.9 per cent from the same varieties s o w n 
among winter barley proved to be resistant (Table 2). 

Between the new selection MK 42 and its progeny from crosses realized 
with resistant and susceptible barley varieties no plants of the intermediary 
types of infect ion appeared either in the glass house or sown among winter 
barley. On these grounds it m a y be assumed that the new selection MK 42 
— disregarding its missing winter hardiness — may be a suitable crossing 
partner to produce a winter barley variety resistant to mildew. 

Conclusion 

Mildew (Erysiphe graminis D. C. f. sp. hordei) in recent years has caused 
increasing damages in cereals. The damage by mildew calculated on the 
grounds of the difference in yield between the mildew resistant new summer 
barley selection MK 42 and the susceptible standard variety MFB 104 
appearing in 4 years of experiment in Martonvásár (2.01 q/cad.hold, 11.1 
per cent) and one year of nat ional variety trial (2.37 q/cad.hold, 26.4 per cent) 
has proved to be higher t h a n estimated before. 

At variance with earlier views, mildew exhibited its main damages not 
on the plots w i th developed, highly tillering dense stands and in years hav ing 
higher yields than average b u t in the "mi ldew years" and those with crop 
yields below average (Table 1). 

It is well known from a number of experiments that the degree of mi ldew 
incidence and the damage caused can be diminished by means of plant pro-
tection and farm technology. According to glass house and field tests the 
mildew resistant new selection MK 42 responded to the increasing number of 
Karathane sprayings with scorching spots, reduction of yield and that of v a lu e 

• scores of economically important characters (Figs 1, 2 and 6) whereas the 
susceptible var ie ty MFB 104 wi th the increase of crop yield and of the scores 
(Figs 1 , 3 and 7). The response of MFB 102 (Figs 4 and 8) and of Marton-
vásári korai (Figs 5 and 9) was not unequivocal. According to data the 
"Karathane susceptibility" of the non mi ldew resistant varieties is substanti-
ally different. 

Breeding mildew resistant winter barley varieties is a difficult t a sk , 
owing to the scarcity of suitable resistant parent varieties, the close connection 
between resistance and environment (Table 2) and the exceedingly great 
number of "intermediate infect ion type" and susceptible plants appearing 
in the hybrid generations. The new selection MK 42 — apart from its miss ing 
winter hardiness — can be a good crossing partner also for the breeding of 
winter barley resistant to mildew. 
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COMPARATIVE ANALYSIS OF SOME LINES 
OF THE HYBRID POPPY B C - 2 FROM 

THE VIEWPOINT OF PHARMACEUTICAL INDUSTRY* 

By 

S . S á r k á n y , I r e n e S . Ktss, G i s e l l a V e r z á r - P e t r i , A n n a S z . K o v á c s 

D E P A R T M E N T O F A P P L I E D B O T A N Y A N D H I S T O G E N E T I C S O F T H E L. EÖTVÖS U N I V E R S I T Y , B U D A P E S T 

The fea tu res of breeding va lue of the lines carried on in 1963 of the ВС—2 
poppy were analyzed. The 10 lines examined were evaluated first of all f r o m the point 
of view of seed weight, seed yield, capsule weight, capsule yield, t h o u s a n d seed weight 
and so-called industr ia l alkaloid product ion and t h e n , next year t h e bes t individuals 
or groups were carried on and s tud ied for the propert ies referred to. I t h a s been establish-
ed t ha t in some of the new " A " lines originating f rom the best individuals of t he 
lines (e.g. 57/1964, 60/1964) the associate alkaloid con ten t approaches t h a t of the SC 
paren t of higher performance and a t t h e same t ime the i r production is favourable also 
for other proper t ies . 

Introduction 

As a first result of alkaloid poppy experiments ( S á r k á n y et al., 1959)  
conducted on the initiative of the Alkaloida Chemical Factory and of the 
Central Planning Board 3 new selections reported to certification were — and 
with the selection method — produced from 1951, on a broader basis with 
an objective of breeding and under the name of SB-, SC- and SD-morphin 
poppy ( S á r k á n y , S á r k á n y - K i s s and D á n o s , 1 9 5 9 ) . In the national variety trial 
of 1956 and 1957 from the 3 new selections referred to, SC wi th grey and 
brownish grey seeds with a rather strong stem and SB with lighter and/or 
darker steel blue coloured seeds distinguished themselves. Also for alkaloid 
production the first of these has been qualified under the name of SC morphin 
poppy as a free variety licensed for sale, while the second under the name of 
SB morphin poppy as preliminary certified improved variety and both have 
been taken into nation-wide cultivation ( A l b e r o w s k y et al., 1 9 6 3 ) . 

In the course of crosses conducted to obtain a good plant material for 
seed colour and beside morphin also for associate alkaloid contents ( s á r k á n y 

et al., 1959) among others we succeeded, in producing f .om S B X-SC the ВС 
hybrid poppy which, beside other properties, proved to be advantageous 
also as to seed colour. On the strength of experimental results one of the 
materials found to be best was reported to certification under the name of 

* Par t ly read a t the II. Hunga r i an Symposium on Medicinal P lan ts in Sopron, 1964. 
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ВС—2 hybrid poppy seed ( F 6 - g e n e r a t i o n ) ( S á r k á n y , D á n o s , s á r k á n y -

K i s s ) . — T h e n e w s e l e c t i o n w a s e v a l u a t e d in 1 9 6 2 i n o u r o w n b r e e d i n g g a r d e n 
a t A l s ó g ö d i n a 4 s e r i e s c o m p a r a t i v e e x p e r i m e n t a n d i t s p e r f o r m a n c e b e i n g 
s t u d i e d a s c o m p a r e d w i t h t h e SB — SC p a r e n t s a n d t h e r e g i s t e r e d v a r i e t y 
"Hatvani zárttokú kék mák'''' (b lue p o p p y f r o m H a t v a n w i t h c l o s e d c a p s u l e s ) . 
A f t e r t h e p o s i t i v e r e s u l t s o b t a i n e d t h e n e w s e l e c t i o n hybrid poppy ВС—2 
w a s i n c l u d e d in 1 9 6 3 a n d 1964 i n a n a t i o n a l t r i a l w i t h o t h e r n e w s e l e c t i o n s 
o n t h e s t a t i o n s of t h e N a t i o n a l I n s t i t u t e for t h e Q u a l i f i c a t i o n o f A g r i c u l t u r -
al V a r i e t i e s a n d P r o d u c t i o n T e c h n i q u e s . 

S e v e r a l l ines ( I — X V ) of t h e ВС—2 hybrid poppy a n d a m i x t u r e o f l ines 
r e s p e c t i v e l y w a s s e t i n a n e x p e r i m e n t a l s o in K e s z t h e l y 1 9 6 2 a n d t h e 1 0 b e s t 
l ines c a r r i e d o n f u r t h e r w i t h s e l e c t i o n b r e e d i n g e a c h y e a r . I n 1 9 6 4 f u r t h e r 
" A " l i n e s w e r e i n c l u d e d . I n t h e p r e s e n t p a p e r e x p e r i e n c e g a i n e d i n o u r w o r k 
c o n d u c t e d i n 1 9 6 3 a n d 1 9 6 4 w i t h t h e l i n e s of t h e hybrid poppy seed ВС—2 
is d i s c u s s e d . 

E x p e r i m e n t a l P r o c e d u r e 

T h e 10 best lines of t h e hybrid poppy ВС—2 were — in 1963 — set up in t he exhibition 
garden of t h e College of Agricul tural Sciences a t Keszthely. T h e experimental seed material 
was p l an t ed on a 450 sq .m. area in 5 series d ivided by pa ths , according to the block method 
( M u d r a , 1958), in a well cu l t iva ted soil on Apri l 5th. In each plot on the average 8 x 2 0 i.e. 
160 individuals were raised. — In 1964 again in Keszthely ( h u t in the external breeding gar-
den) 10 lines of the hybr id material ВС—2 were arranged similarly (plots 1 — 50). Besides 
(in the in ter ior breeding g a r d e n ) 14 new " A " lines (plots 51 — 64) and some progenies f rom the 
mixture of the best indiv iduals (4 — 5) were established (plots 65—92). The la t te r are not dealt 
with in t he present paper . T h e new " A " l ines referred to were raised from the seeds of the 
best indiv iduals of the 1963 s tand examined for several fea tures . 

Weather was f avourab le in the 1963 season. The number of sunlit hours was above the 
mean of m a n y years. At m a t u r a t i o n an average tempera ture of + 2 0 ° C prevailed. Most pre-
cipitation fell in the m o n t h of J u n e (65.3 m m ) . Due to the d r o u g h t in Ju ly the wall of the cap-
sule was th inner than usua l and , accordingly, lower values were obtained for capsule weight 
than in t h e previous years . — In 1964 the weather was pa r t i cu la r ly prior to f lowering less 
favourable . The number of sunl i t hours lagged behind the m e a n of many years. A t ma tu ra t ion 
the m e d i u m temperature w a s 19.2° C. During t h e vegetation per iod there was a comparat ively 
high a m o u n t of rainfall, m o s t of it in J u n e (88 m) and t h e m o n t h of Ju ly was also wetter 
than in t h e previous year (61 mm). 

T h e soil of the experimental area was m e d i u m heavy. I t w a s given f a r m y a r d manure in 
the previous year, head dress ing in 1963 a n d 1964, respectively, and 80 kg/cad.hold (0.57 ha) 
"Pét i só"* . Previous crop w a s peas in 1962 a n d potatoes in 1963.Seeding was pe r fo rmed with 
machine in bo th years. 

Care of plants consisted of scuffling a n d two hoeings. — F o r plant protect ion M E L I P A X 
t rea tment was applied, and D D T dusting in 1964. 

Flowering began m i d - J u n e in 1963 a n d end of June in 1964. Full inflorescence ensued 
in a week on the average. Ind iv idua l isolation was commenced on the flowers or b u d s not open 
yet previously. Development of the plant mate r ia l of the p lo ts was continuously followed 
according to possibilities in b o t h years and to establish the degree of the hybr id character 
a great m a n y observations a n d measurements were carried o u t as to the exterior morpholog-
ical and phenological p roper t i e s both outdoors and after ha rves t ing in the l abora to ry and the 
data ob t a ined for the lines were generally eva lua ted also s ta t is t ical ly . So among others the 
following fea tures were su rveyed : plant he igh t , number of f lowers or capsules in each indi-
vidual, hair iness of flower and /o r peduncule, colour of petals a n d character of the basic spot, 

* Calcium carbona te -ammonium n i t r a t e fertilizer m a n u f a c t u r e d in P é t , Hungary . 

Acta Agr. Hung. Tomus XIV. 1965 



SOME LINES O F T H E H Y B R I D P O P P Y BC-2 8 1 

shape and hybrid character of the capsules, colour of developing and mature capsules, colour 
of ripe seed, seed yield per lines and thousand seed weight, seed weight per capsules and indi-
viduals, capsule weight per lines and individuals. 

Methods and procedures applied to the determination of the contents of collected 
capsule material in morphine and in some associate alkaloids were as follows. Morphine exami-
nations were carried out with polarography in the laboratory of the Alkaloida Chemical Fac-
tory for which we wish to thank also here. Examinat ion of the associate alkaloids was conducted 
part ly with P f e i f f . r ' s (1956) paper chromatography and part ly with the volumetric analysis 
of G y ö n g y (1964). Besides we commenced also to apply the thinlayerchromatographic method 
of D á n o s (1964). 

From the mass materials of the plots f rom 5 replications each a minimum of two parallel 
measurements were carried out. So the means were calculated on the basis of at least 10 meas-
urements. The mean da ta of the individual examinations derived from ten or more individuals. 

Pa r t of the da ta obtained were also statistically evaluated (Sváb, 1961). 

Results and Discussion 

Morphological examination of the ten lines of ВС—2 hybrid poppy was 
concentrated on the capsules supplying industrial raw material. The develop-
ment of the shape of capsule was followed with a particular attention. This is 
suitable also for the purpose in view that the SB and SC parents exhibit a 
shape of capsule which characteristically differ from each other in several 
properties. Therefore, we endeavoured to establish to what proportion the 
hybrid lines exhibit the properties of one parent or the other or how far they 
are of an intermediary character. So we examined and fixed in drawing a total 
of 1280 capsules of the ten lines. The capsule shapes occurring in the hybrid 
material can be separated into 3 groups (Fig. 1.). The capsule shapes of the 
one group are showing more the properties of the SB parent, i.e. the fruit in 
mature condition is of a yellowish brown colour, flattened pear shape, with 
a cervical part withdrawing below and a cylindrical construction on the upper 
end. The disk of the stigma is archedly flat, up to the centre hardly sunk in. 
The number of the stigma rays not contacting each other is 12 —14. The colour 
of the capsular fruit which remains closed in half-ripe (opium-ripe) condition 
is greyish green, somewhat downy from a waxy cover. — The capsule forms 
of the other group are more suggestive of the properties of the SC parent. 
In mature condition the fruit is also remaining closed, of rust-brown colour, 
longitudinal pear-shaped, tapering toward the cervical part. The crown of 
the stigma is concave, with an edge turning strongly upwards. The edges of 
the stigma rays are for the most part characteristically contacting sometimes 
covering each other. The number of rays is 14 to 17. The colour of the capsule 
fruit is yellowish green in half-ripe (opium-ripe) condition, at places of a violet 
hue from anthocyan. — The capsule shapes of the third group show inter-
mediary forms between the previous ones. It is characteristic of this inter-
mediary form that the properties of the parents are not so explicit as in the 
previous ones. Table 1 presents the percentual distribution per lines of the 
capsule shape. Summing up briefly it may be stated that more than 50 per cent 
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Fig. 1. Scheme of the capsule forms of the B C - 2 hybrid poppy (Keszthely 1963) and capsule 
types of the parents (SB, SC) 
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of capsules in each line show a typical intermediary form that is it m a y be 
concluded on the dominant proportion of the hybrid character in the lines. 
The intermediary forms are least of all in the IX line: 44.1 per cent and most 
in IY: 60 per cent. From the capsule shapes suggestive of the parents those 
resembling the SC parent dominate up to 41 per cent except again for the 
IX line where the capsule form suggestive of the SB parent is more important: 
29.4 per cent, while the form resembling SC amounts to 26.5 per cent . 

Table 1 

Groupment according to capsule form of the lines of ВС—2 hybrid poppy 1963 

Lines 

Intermediary 
capsule forms 

Capsule forms Capsule forms 
suggestive of SB suggest ive of SC 

No. % No. % No . 1 % 

ВС - 2 Д 74 54.8 6 5.5 55 40.7 
ВС —2/II 60 51.4 15 12.6 44 37 
ВС — 2/IV 85 60.6 6 4.4 49 35 
ВС - 2 / V 85 51.2 13 7.8 68 41 
ВС - 2 / V I 75 59.1 15 11.8 37 29.1 
ВС -2 /VI I 74 57.8 29 19.6 25 22.6 
ВС -2 /VI I I 76 53.5 11 7.7 55 38.8 
ВС - 2 / I X 45 44.1 30 29.4 27 26.5 
ВС —2/Х 75 58.6 18 14.1 35 27.3 
ВС -2 /XV 52 56 5 5.3 36 38.7 

Further on we evaluated for each line seed weight and capsule weight, 
thousand seed weight and approximate seed yield as related to one individual 
or one capsule (Table 2). As to the capsule weight data obtained from 100 
measurements each and also for the seed yield collected from 5 experimental 
plots per line, significant differences can be established among the lines. 
So e.g. for capsule weight the lines No. VI , VII and X exhibited the best 
values while for total capsule weight within the individual first of all the lines 
VII and X excel. — As to seed weight, either as related to one capsule or one 
individual, no significant difference was found among the lines. On the strength 
of thousand seed weight the lines No. II , V, VI, VIII and 'X are better than 
the rest. 

When comparing the values obtained for the ten lines it appears that 
for all standards of value the line No. X is outstanding. In some properties 
the line V (seed yield), VII (seed weight) , VI, VII and I X (capsule weight) 
distinguished themselves. One of the poorest line for several features was 
No. IV. 
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Table 2 

Some value standards of ВС—2 hybrid poppy lines 
Keszthely 1963. 

Lines 

Seed yield 
in kg on 

a 45 sq.ra. 
area • 

Seed w e i g h t 
per capsu l e 

in g • »* 

Seed weight 
per 

individual 
in g 

Capsule 
weight 

in g ** 

Capsule 
we igh t 

in g per 
i n d i v i d u a l 

Thousand 
seed weigh t «* 

В С - 2 Д 29.51 2.08 6.24 1.36 4.08 0.426 

B C - 2 / I I 25.19 2.16 6.48 1.36 4.08 0.458 

ВС—2/TV 20.14 1.82 5.82 1.24 3.96 0.444 

B C - 2 / V 30.45 2.02 6.86 1.27 4.31 0.450 

B C - 2 / V I 23.97 2.07 6.00 1.50 4.35 0.458 
ВС—2/VII 28.45 2.29 6.87 1.56 4.68 0.432 

ВС —2/VIII 27.38 2.14 6.42 1.41 4.23 0.466 
B C - 2 / I X 22.19 2.15 6.45 1.48 4.44 0.440 

B C - 2 / X 29.95 2.37 7.11 1.56 4.68 0.454 

B C - 2 / X V 21.29 2.07 6.79 1.38 3.86 0.434 

* From the m e a n of 5 replications S. D. 5 % = 4.7 
** On the bas is of 100 measurements each SD 5 = 0.13 

*** F = 1.51, P 10% = 1.88 

Fig. 2. Detail of a s tand of ВС —2 hybrid poppy w i t h almost ripe capsules (Keszthely) 
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Now we are going to discuss the data pertaining to capsule and seed 
production of the new "A" l ines set up in a series in 1964 which bear a purely 
informatory character. Mean values obtained for the 14 new "^4" lines arranged1 

in the small plots 51—64 (3 sq.m each) are presented in Table 3. According 
to these data the highest values for the properties examined were obtained 
for the line No. X (plot 63), which derives from an individual of the line ВС—2/X 

Table 3 

Some value standards of the new "A" lines of the ВС—2 hybrid poppy 
Keszthely 1964 

(Informatory mean data) 

Plot 
number 
of lines 

Origin 
Seed weight 
per capsule 

in g 

Seed weight 
per individual 

in g 

Capsule weight 
in g 

Capsule weigh t 
in g 

per i nd iv idua l 

Thousand seed 
weight 

51 В С - 2 / 1 . 1.97 6.9 1.60 5.60 0.427 
52 В С - 2 Д 1 . 2.76 10.00 2.37 8.60 0.471 
53 B C - 2 / I I . 2.36 7.41 2.65 8.32 0.490 
54 B C - 2 / I I . 2.32 7.65 1.92 6.33 0.547 
55 B C - 2 / V . 2.19 5.47 2.11 5.27 0.433 
56 B C - 2 /V. 1.64 4.92 1.27 3.80 0.479 
57 B C - 2 / V I . 1.40 5.74 1.86 7.63 0.446 
58 B C - 2 / V n i . 1.76 5.46 1.50 4.65 0.396 
59 ВС —2/VIII. 1.62 4.86 1.48 4.44 0.402 
60 BC—2/IX. 2.68 7.50 2.39 6.69 0.460 
61 B C - 2 / I X . 2.89 9.39 2.25 7.31 0.456 
62 B C - 2 / X . 2.64 9.24 2.00 7.00 0.500 
63 B C - 2 / X . 3.28 10.66 2.35 7.64 0.508 
64 B C - 2 / X V . 2.47 8.64 1.60 5.6 0.435 

exhibiting also a good performance in 1963. Good results were attained also 
by the stands of the lines II (plot 52), XI (plot 61) and partly of III (plot 53). 
As to thousand seed weight the material of the lines No. II and X (plots 
54, 62, 63) was found most outstanding. — For the distribution of capsule 
shape — on the grounds of 450 analyses — the intermediary form appeared 
with a considerable dominance in line I (plot 51) and in an a lmost 50 per cent 
proportion at the stands of line No. I l l (plot 53), No. IV (plot 54), No. VIII 
(plot 58), No. I X (plot 59) and No. XI (plot 61); concerning similarity to 
the one parent (SB) or the other (SC) on the one hand line No . X (plot 60) 
and XIV (plot 64) and on the other hand line No. VI (plot 56) , VII (plot 57) 
and VIII (plot 58) excelled. — As to seed colour in some of the lines more 
the medium blue (plots 51 — 53, 56 — 59) in others more the greyish blue seed 
colour (plots 60—63) was found to be characteristic. Sporadically also the 
bluish violet, darker blue and brownish-greyish-blue colours were encountered. 
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Fig. 3. Intermediary capsule forms in an almost ripe stand of the ВС —2-hybrid poppy; 
Keszthely, 1963 

Table 4 

Morphine content of the 1963 lines of the 
ВС—2 hybrid poppy 

Lines 
Morphine °/00 

Lines 
Ind iv idua l means Mass m e a n s * 

ВС —2/1 6.6 5.62 

B C - 2 / I I 6.7 5.63 
B C - 2 / I V 7.5 5.74 

ВС — 2/V 6.6 5.87 
B C - 2 / V I 6.6 5.37 
ВС —2/VII 6.5 5.18 
ВС —2/VIII 7.2 5.41 
B C - 2 / I X 7.3 5.76 
B C - 2 / X 8.00 5.28 
ВС—2 /XV 8.00 5.56 

* F = 2.14, P 10% = 1.88 

Results of alkaloid analyses refer partly to morphine content and partly 
to the developments in the individuals of the associate alkaloids important 
for the pharmaceutical industry (codeine, thebaine, papaverine + narcotin), and 
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also to their tota l value within the ten lines; both mass materials and individual 
samples were evaluated for this purpose. 

No significant differences were found among the lines as to morphine 
contents. These values ranged for the most part from 5.5 to 6%0 in the mass 
materials and lagged behind the values obtained from individual means which 
attain, e.g. in the lines X and XV even 8 % 0 (Table 4). 

Table 5/a 

Associate alkaloid examination results of the 1963 lines of the hybrid poppy ВС—2 on the 
grounds of the volumetric analysis of Gyöngy 

(Means of mass material) 

Lines 
Codeine 

01 100 
Thebaine 

»/.о 
Narcotin 

/00 
Papave r ine 

7 . . 

Tota l associa te 
alkaloid m e a n 

/ 00 

ВС—2/1 0.392 0.097 0.063 0.029 0.581 

B C - 2 / I I 0.403 0.145 0.075 0.052 0.674 

BC-2 / IV 0.553 0.079 0.105 0.064 0.801 

B C - 2 / V 0.320 0.107 0.075 0.055 0.559 

BC-2 /VI 0.467 0.087 0.050 0.050 0.654 

BC-2 /VI I 0.297 0.102 0.048 0.036 0.482 

ВС—2/VIII 0.409 0.097 0.046 0.032 0.584 

B C - 2 / I X 0.423 0.086 0.060 0.073 0.642 

B C - 2 / X 0.275 0.072 0.029 0.037 0.413 

B C - 2 / X V 0.318 0.019 0.036 0.047 0.420 

For the most important associate alkaloids the volumetric analyses 
from mass materials resulted in low values . The best was the line N o . IV 
which proved in morphological respect to be poorest, followed by N o s VI 
and VII (Table 5/a). 

Also some individuals were lifted from the lines for associate alkaloid 
examinations conducted wi th chromatography and evaluating the material 
with relative scores from 0.1 to 3.00 on the strength of a comparison with 
a standard series. — Considerable differences were found among the l ines as 
to associate alkaloid contents. Since well developed characteristic hybrid indi-
viduals were chosen, also the values of associate alkaloids were higher than 
those found for the mass material. On the strength of individual evaluat ion 
the high relative mean values were obta ined in the l ines Nos II, I V , VI, 
VIII, XV (Table 5/b). The lines II, IV and VI proved to be good b o t h in 
individual evaluation and from the v iewpoint of mass value. 

In 1964 on the basis of individual selection from the ВС—2 lines the best 
material was carried on in the form of n e w " A " lines. Line No. IV, however , 
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Table 5/b 

Associate alkaloid examination results of the 1963 
lines of the hybrid poppy ВС—2 in relative values 

(Individual means) 

Lines Codeine Theba ine 
Papaverine 

+ 
Narcotin 

Associate 
alkaloids 

examined, 
total 

В С - 2 Д 0.8 0.4 0.6 1.9 
ВС—2/II 1.1 0.5 0.5 2.1 
ВС—2/TV 1.2 0.7 0.8 2.6 
B C - 2 / V 0.5 0.4 0.7 1.6 
B C - 2 / V I 0.8 0.5 0.6 2.3 
ВС —2/VII 0.7 0.4 0.5 1.7 
ВС—2/VIII 0.9 0.5 0.6 2.2 
ВС —2/IX 0.7 0.3 0.6 1.6 
B C - 2 / X 1.3 0.6 0.7 1.2 
ВС—2/XV 0.9 0.7 0.7 2.5 

Figs. 4 and 5. 7 var ian t capsule forms of an individual of ВС —2 hybrid poppy; Keszthely 1963 

was eliminated owing to its low values for capsule and seed weight. Resul t s 
obtained in 1964 for associate alkaloids w i t h indication of the lines of origin 
are presented in Table 6. The progenies originating from the outstanding 
individuals of the lines II and VI partly retained their higher associate alka-
loid character. — Very good results were obtained also from a new "A" l ine 
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Table 6 

BC-2 "A" lines from 1964 
Keszthely 

Volumetric analysis according to Gyöngy 

Plo t № or 
mark of lines 

Associate alkaloids Associate 
alkaloids 
total • / » 

P lo t № or 
mark of lines 

Origin 
Codeine 

7oo 
Thebaine 

7.» 
Narco t in 

0/ /00 
Papaver ine 

°/oo 

Associate 
alkaloids 
total • / » 

ВС—2/51 ВС—2/1 1.23 0.056 0.083 0.028 1.397 

ВС —2/52 B C - 2 / I I 0.717 0.056 0.055 0.033 0.861 

ВС—2/53 B C - 2 / I I 1.01 0.35 0.134 0.137 1.631 

ВС—2/54 B C - 2 / I I 0.974 0.089 0.16 0.166 1.389 

В С - 2 / 5 5 В С - 2 / V 0.85 0.089 0.097 0.092 1.128 

ВС —2/56 В С - 2 / V 0.54 0.060 0.082 0.047 0.709 

ВС—2/57 B C - 2 / V I 1.52 0.218 0.625 0.6 2.963 

ВС—2/58 ВС—2/VIII 0.727 0.188 0.038 0.356 1.301 

В С - 2 / 5 9 ВС —2/VIII 1.41 0.093 0.025 0.037 1.565 

В С - 2 / 6 0 B C - 2 / I X 1.73 0.29 0.64 0.33 2.99 

В С - 2 / 6 1 В С - 2 Д Х 1.29 0.109 0.028 0.101 1.528 

В С - 2 / 6 2 B C - 2 / X 1.12 0.115 0.064 0.078 1.377 

ВС —2/63 B C - 2 / X 0.645 0.216 0.044 0.099 1.004 

В С - 2 / 6 4 B C - 2 / X V 0.91 0.214 0.025 0.099 1.248 

Table 7 
Associate alkaloid content of parent SB 

(1964 examination) 

Volumetric analysis according to Gyöngy 

Codeine 
7oo 

Theba ine 
loo 

Papaver ine 
li 0 

Narcotin 
0loo 

Associate 
alkaloids 

examined, 
t o t a l 0 / , , 

1963 Ag (Alsógöd) 0.182 0.19 0.149 0.032 0.553 

0.55 0.117 0.057 0,014 0.737 
0.565 0.033 0.046 0.051 0.695 

1964 Ag (Alsógöd) 0.312 0.161 0.025 0.017 0.515 
0.362 0.176 0.039 0.019 0.596 
0.425 0.124 0.159 0.09 0.798 

o r i g i n a t i n g f r o m t h e l i n e N o . I X ( p l o t 60) . L i n e s carr ied on w i t h i n d i v i d u a l 
s e l e c t i o n genera l ly b e h a v e d we l l i n 1 9 6 4 . 

N o t for c o m p a r i s o n ' s sake b u t j u s t t o i n d i c a t e b e t w e e n w h a t l i m i t s t h e 
a s s o c i a t e a lka lo id c o n t e n t ranges c o n c e r n i n g t h e p a r e n t s (SB a n d SC) t h e 
d a t a o f t w o c o n s e c u t i v e y e a r s are p r e s e n t e d . T h e s e e n t i r e l y s u p p o r t our e x p e -
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rience gained during many years, since in previous years, when the two parents 
were set up on the same area the character of the differences appeared the same 
as in the last two years (Tables 7 and 8). — The contents of the most impor-
tant associate alkaloids ranged around 0.5%0 in both years in SB while the SC 
parent distinguished itself by a high, 2.4 to 3.8%0 associate alkaloid content. 

Table 8 
Associate alkaloid content of parent SC 

(1964 examination) 
Volumetric analysis according to Gyöngy 

Codeine 
°/00 

Thebaine 
/оо 

Papaverine 
о/ 
loo 

Narcotin 
7.0 

Associate 
alkaloids 

examined, 
total "/„ 

1963 M (Makó) 1 . 9 8 0 . 0 8 6 0 . 2 4 4 0 . 1 8 7 2 . 4 9 7 

1 . 8 9 0 . 8 0 . 5 0 0 . 0 2 8 3 . 2 1 8 

1 . 8 4 0 . 1 8 3 0 . 2 7 0 . 1 2 8 2 . 4 2 1 

2 . 5 6 0 . 4 6 0 . 5 7 0 . 2 8 3 . 8 7 0 

1964 M (Makó) 2 . 2 3 0 . 0 3 6 0 . 4 1 0 . 0 3 2 . 6 5 

1 . 8 5 0 . 4 2 9 0 . 3 3 0 . 0 4 7 2 . 7 0 6 

The mass material of the ВС—2 hybrid poppy lines as shown produced 
a lower associate alkaloid content in 1963. The progenies of the best (SC capsule 
shaped) blue seeded individuals selected ("A" lines) approach the higher asso-
ciate alkaloid production character of the SC parent. It should be particularly 
stressed that in the "A" line (plot 57) which appears as the progeny of line 
YII total associate alkaloid content was 2.96%0 in 1964. One of the progeny 
" A " lines of line I X (plot 60) also exhibited an outstanding associate alkaloid 
content: 2.99%0. From the new " A " lines only one originating from line II 
and another from line Y gave a total associate alkaloid content of less than \°/00. 

Comparing the associate alkaloid content of the new lines with 
some standards of value (Table 3) it can be stated that the material of plot 
60 deriving from line No. I X with an outstanding alkaloid content results in 
standards of value somewhat higher than medium and in this respect exceeds 
the features of the "A" line of plot 57 originating from line No. VI. Pro-
genies originating from line No. X which disposes otherwise of good value 
standards (plots 62, 63) resulted more in lower total associate alkaloid 
contents. 

The new " A " lines, after proper evaluation, will be carried on next year 
and set up with the two parents and with the registered variety "Hatvani" 
on the same place and under the same conditions. These new examinations 
will help us to decide how far the higher total associate alkaloid eontent found 
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in 1964 is a characteristic and permanent feature of the lines involved. There 
is no doubt that it is worth while going on with further examination of the new 
lines showing a higher alkaloid content. 

Conclusion 

Ten lines of the hybrid poppy seed ВС—2 set up in several replications, 
the material of a total of 50 plots was studied and the practically most impor-
tant features were subjected to a comparative investigation. I n the course of 
this work some morphological characters were observed and seed colour, seed 
yield, thousand seed weight, capsule weight and individual capsule yield as 
well as the morphine and associate alkaloid (codeine, thebaine, narcotin, papa-
verine) content of the test material evaluated. I t has been established that the 
lines are morphologically comparatively well balanced but differ from each 
other as to seed and capsule yie ld. Their alkaloid production exhibits also 
differences as though the morphine content does not show in the mass material 
of the lines significant differences, the associate alkaloid content differs in the 
lines examined. From the new " И " lines originating from the individual pro-
genies of the best ВС—2 hybrid lines in some (e.g. No. 57/1964, 60/1964) the 
associate alkaloid content approaches the SC parent of higher performance 
and at the same t ime their production is also advantageous for other prop-
erties. 
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THE BIOCHEMICAL PBOCESSES 
OF VEBNALIZATION 

III . T H E CHANGES O F ASCORBIC ACID OXIDIZING CAPACITY 
IN T H E C O U R S E OF VERNALIZATION 

By 

M a r t h a D é v a y 

A G R I C U L T U R A L R E S E A R C H I N S T I T U T E O F T H E H U N G A R I A N A C A D E M Y OF S C I E N C E S , M A R T O N V A S A R , 
H U N G A R Y 

Invest igat ions having been m a d e on the ascorbic acid oxidizing capac i ty of the shoots 
and roots of young wheat p l a n t s a t different levels of vernalization i t has been es tab-
lished t ha t the temperature o p t i m u m of the ascorbic acid oxidizing system is shi f t ing 
with the progress of vernal izat ion towards the lower temperatures and it attains 5°C 
at the 50 per cent vernalization level. This phenomenon can be expla ined by the syn the -
sis or act ivat ion of new types of enzymes exhibit ing high activity a t lower tempera tures . 
The phenomenon observed p lays an important p a r t in the development of winter h a r d i -
ness and f ros t resistance of w h e a t plant. I t is m o s t probable t h a t t h e dehydroascorbic 
acid reductase, which controls t h e SH content , assures the level of the coenzyme. 

I n t r o d u c t i o n 

I n a p r e v i o u s s t u d y ( D é v a y 1962) w e s u c c e e d e d i n e s t a b l i s h i n g t h a t , 
e s s e n t i a l l y , t h r e e p r o c e s s e s s u p p l e m e n t i n g e a c h o t h e r t a k e p l a c e d u r i n g t h e 
v e r n a l i z a t i o n o f w h e a t : 1. T h e d e v e l o p m e n t o f w i n t e r h a r d i n e s s a n d t h a t o f 
t h e c a p a c i t y t o m a k e p r e p a r a t i o n f o r w i n t e r t i m e . 2 . T h e s y n t h e s i s of h o r m o n a l 
or o t h e r f a c t o r s o f t h e t r a n s i t i o n f r o m v e g e t a t i v e i n t o g e n e r a t i v e s t a g e . 
3 . T h e i n f l u e n c e o f v e r n a l i z a t i o n r e q u i r e m e n t a n d / o r d e g r e e o f a u t u m n a l 
c h a r a c t e r o n t h e v a r i o u s p r o c e s s e s . T h e a u t h o r i n t e n d s , in t h e p r e s e n t p a p e r , 
t o r e p o r t o n t h e d e v e l o p m e n t o f t h e c a p a c i t y t o prepare f o r t h e w i n t e r a n d 
o n r e s u l t s o b t a i n e d in c o n n e c t i o n o f w i n t e r h a r d i n e s s w i t h t h e d e g r e e o f v e r -
n a l i z a t i o n . 

M a t e r i a l and M e t h o d 

Investigations were conducted on winter wheat Bánkuti 1201. T h e experimental seed 
material had been swollen for 12 hours a t 20°C and subsequently germina ted for 24 hou r s 
a t the same tempera ture . During th is period the embryo had broken t h r o u g h the seed coa t . 
Then vernalization had been conducted at 0°C in a ref r igera tor for 0, 12, 24, 36 and 48 d a y s ; 
these periods correspond to 0, 25, 50, 75 and 100 per cen t degree of vernal izat ion. After ve rna -
lization the germs were planted in wet sand for fu r the r examinations a n d raised on art i f icial 
light unti l their two-leaf stage ( D é v a y 1962). The young plants were washed out of the s a n d 
in due time and the ascorbic acid oxidizing capacity of shoots and roots determined f rom t h e 
average of twice 100 plants, at 0, 5, 10 and 20°C t empera tu re . 

The determination of the ascorbic acid oxidizing capacity in vitro 
The shoot and root parts a f t e r having been careful ly cleaned f r o m sand, were homo-

genized in turmix homogenizator in 100 ml 0.15 M, p H 5.6 phosphate buf fe r and, subsequently, 
the homogenizate was put through a silk bolter tissueNNo. 8. Then 2 ml solution containing 
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a total of 500 y ascorbic acid and 10 y copper sulphate was added to 2 ml homogenizate. 
The period of the reaction was 60 minutes. Once reaction period being over, the proteins were 
precipitated with an amount of 10 per cent ice-cold metaphosphoric acid in order to obtain 
5 per cent f ina l metaphosphoric acid concentration of the solution. The amount of ascorbic 
acid was subsequently determined with dichlorophenol-indophenolic titration. As a control 
we used, in all cases, a sample taken and t i t r a t ed after 0 minute reaction i.e. a t once, and 
a sample being kept for 60 minutes at the t empera tu re of the reaction and not containing any 
enzyme, bu t the pure phosphate buffer, v i tamin С and CuSO,. F rom the sample we used as 
a measure of the ascorbic acid decrease the relat ive number of the у ascorbic acid (1 mg protein) 
60 minutes and established this as activity. The accuracy of the determination was, taking 
the serial deviat ion as a basis, ± 2 . 5 per cent on the average. The changes demonstrated were, 
in all cases, significant!—]. 

Results and Discussion 

With our investigations we have been tracing the ascorbic acid oxidizing 
capacity of the shoots and roots of p lants at different levels of vernalization. 
The results are presented in Figs 1 — 2. On the three dimension diagrams 
there has been illustrated the development of the ascorbic acid oxidation 
capacity b o t h as a function of the degree of vernalization and that the tem-
perature changes, between the limits of 0° and 20°C. 

From Fig. 1 it clearly appears that the ascorbic acid oxidizing capacity 
is to change at various temperatures, w i t h the progress of vernalization accord-
ing to a maximum curve, though the site of the maximum is shifting. At higher 
(20°C) temperature the highest act ivi ty is shown by plants being not in the 
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vernalization stage, while progressing towards lower temperatures, the site 
of the maximum is gradually shifting to the later stages of vernalization. The 
case seems to be similar when examining temperature dependence of the 
diminution of ascorbic acid at different levels of vernalization. The temperature 
maximum of the ascorbic acid oxidizing activity is shift ing with the progress 
of vernalization towards the lower temperatures, indicating that one must 

reckon with the synthesis of a new type of the enzymes involved in the process 
and being active at lower temperatures. The ascorbic acid oxidizing capacity 
reaches its maximum at 0°C by the half-t ime of vernalization. 

Processes of similar type can be observed also in the ascorbic acid oxi-
dizing activity of the roots with the difference (Fig. 2) that , here, the develop-
ment of the maxima occurs in other periods of vernalization. Particularly 
conspicuous is the first maximum developing in the first phase of vernalization 
at the 10° С temperature level. 

It is well known that the SH content is a new field of investigation in 
the biochemistry of frost resistance ( L e v i t t , S u l l i v a n 1 9 6 1 ) . It has been as 
well known for a long time, that, in the development of winter hardiness, 
two important factors are mainly involved: 1. the concentration of the cell 
sap and the sugar content of the plants, 2. the physico-chemical properties 
of the plasma. The first one is probably related to the changes of amilase 
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act ivity . Results obtained in this domain will be reported elsewhere. The 
second point, t h e physicochemical condition .of the plasma, depends on the 
number of the polar groups and, by implication, also on the SH content. 
This has subsequently led to the recognition that the S H groups play an 
important role in the development of frost resistance. 

According to W a i s e l , K o h n , L e v i t t ( 1 9 6 2 ) the GSH oxidation is not 
connected in t h e first half of vernalization, w i t h the induction of flowering. 
Increased GSH oxidation, during vernalization, is not supposed to be related 
t o the enhancement of the enzyme dehydro ascorbic acid reductase but to 
t h a t of its co-factor, the dehydro ascorbic acid. As to the dehydro ascorbic 
acid content, i t still depends on ascorbic acid oxidase act iv i ty . Therefore, 
i t may be assumed that the ascorbic oxidizing enzyme observed by us and 
proving to be v e r y active around 0 — 5°C is responsible for the high DHA level. 

The preparation for the wintering and, b y implication, the development 
of frost resistance must be composed in all probability, of the following steps: 

1. The synthesis of new enzymes being active at low temperatures, 
which process takes place as part of the vernalization. 

2. As a consequence to the appearance of the new type of enzyme, the 
D H A content of the tissues is increasing. 

3. The D H A level, as a co-factor, is to regulate the S H content. 
The development of new proteins, new enzymes with a low temperature 

optimum i.e. t h a t , of the ascorbin oxidizing system in our case, is also sup-
ported by the fac t that if the seeds to be vernalized are treated with 10 - 2 

per cent acridine orange or dinitrophenol, or chloramphenicol of similar con-
centration, this phenomenon cannot he observed. The process is not influenced 
b y the use of other respiration poisons e.g. sodium arsenate. The enzyme 
developed is, in all probability, ascorbic acid oxidase (Table 1) in view of the 
fact that 87 per cent of ascorbic acid diminution can be ascribed to the activity 
of the enzyme. 

Isolation and analysis of the enzyme are being prepared. 

Table 1 

The proportion of the different ascorbic acid consuming systems 
in the shoot of the wheat plant at 50 per cent vernalization level 

(on the basis of calculated ascorbic acid diminution) at 0°C 

Ascorbiu oxidase 87 per cent 
Polyphenol oxidase 8 per cent 
Citrochrome system 5 per cent 
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Conclusions 

The ascorbic acid oxidizing capacity of the shoots and roots of young 
wheat plants at different vernalization levels has been investigated in vitro 
and it has been established that: 

1. The ascorbic acid oxidizing capacity of shoot and root changes with 
the progress of vernalization in dependence on temperature. 

2. The temperature optimum of the ascorbic acid oxidizing system is 
shifting with the progress of vernalization towards the lower temperatures 
and it attains 5°C at the 50 per cent vernalization level. This phenomenon 
can be explained by the synthesis or activation of new types of enzymes exhib-
iting high act iv i ty at lower temperatures. 

3. Ascorbic acid oxidation can be ascribed, to 87 per cent, to ascorbic 
acid oxidase activity. 

4. The phenomenon observed plays an important part in the develop-
ment of winter hardiness and frost resistance of the wheat plant. The dehydro 
ascorbic acid reductase controlling the SH content presumably assures the 
level of the co-enzyme. 

5. The development of the new enzyme requires D N A and energy, 
in consideration of the fact that acridine orange and D N P and chloramphenicol 
are inhibiting the process. 
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DATA OF THE NITROGEN 
AND AMINO ACID METABOLISM IN WHEAT 

By 

L . D É z s i , G. P a l p i , M . B a r k ó c z i 

L A B O R A T O R Y O F P L A N T P H Y S I O L O G Y OF T H E H U N G A R I A N A C A D E M Y O F SCIENCES, A L S Ó G Ö D 
A N D P L A N T P H Y S I O L O G Y I N S T I T U T E O F T H E J Ó Z S E F A. U N I V E R S I T Y , S Z E G E D 

The composition and quant i ta t ive change of amino acids were studied in leaves 
and roo ts of winter whea t as influenced b y different N-supplies. I t has been established 
t ha t in whea t shoots asparagine, alanine, g lu tamic and y -amino butyr ic acid are present 
in m a j o r i t y . Under the influence of highly different N -supply levels, no quan t i t a t ive 
divergency appears in t h e spectrum of amino acids. The amino acid contents of shoots 
indicate , in a sensitive manner , the r a t e of N-supplying; as much as 300 per cent 
differences could be proved between the var ian t s . As to the va lues of dry weight, amino 
acid and N-composition a bet ter parallelism has been found between them t h a n in the 
case of concentration. 

Introduction 

It has not been quite known so far how the decreased N-contents of the 
soil influence — in the course of initial autumn development the N-uptake 
of wheat and the protein synthesis respectively. Concerning protein metab-
olism as described by F a r k a s (1963), m a n y plant physiology problems have 
arisen recently which problems result from the peculiar organization of the 
plant. Though after germination the seedling has much space at its disposal, 
practically the N-contents of only a small area can be taken into consideration, 
the one covered with the network of the roots since the migration of the 
nutrient ions in the soil is very slow. 

From the work of D é v a y ( 1 9 6 2 ) it lias become evident that if seedlings 
are deprived of nitrogen in the first 12 days of their development, the number 
of heads will decrease even if they are afterwards given plenty of nitrogen. 
Wheats that had been sown in time and being well supplied, will have grown 
thick before the beginning of winter (DÉzsi— D é v a y — N a g y — P Á l p i , 1 9 6 0 ) .  

The photosyzing surface being thus increased, it can store a larger quant i ty 
of organic substances in the root-system. Nowadays the importance of carbo-
hydrates and free amino acids is well known in connection with vernalization 
and winter hardiness ( D é v a y , 1 9 6 2 ; T e l t s c h e r o v a , 1 9 6 2 ; T r u n o v a , 1 9 6 3 )  

as well as w i th disease resistance ( F a r k a s , 1 9 6 3 ; K i r á l y — F a r k a s , 1 9 5 7 ;  

S o l y m o s y — F a r k a s , 1 9 6 3 ) . 

In our present experiment we a imed at elucidating the behaviour of 
N-contents of wheat shoots in a culture medium with tota l and decreased N; 
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and whether there is any difference of quality in the free amino acid store 
of wheat shoots due to different levels of N supplying. We also wanted to 
know if there is any change in total amino acids of the wheat shoots according 
to the degree of N supply. 

Materials and Method 

As cul ture medium qua r t z sand washed up chemically was used. T h e variants in 6 l i te r 
culture dishes were set up in th ree repeti t ions; as cu l ture fluids K n o p to t a l applied were t h e n 
tha t of 1/2 N a n d of 1/10 N con ten t s . To the med ium H o a g l a n d A —Z microelement a n d 5 
per cent ferric chloride were separa te ly added. In order to equalize the concentration, i n s t ead 
of the calcium and potassium n i t r a t e tha t had been withdrawn, corresponding quanti t ies of 
calcium sulphate ( F r e n y ó , 1959) were supplied. 

The sowing of the Bdnkuti 1201 variety was performed on t h e 5 th October, 1963. 
The wheat hav ing been raised in sunshine, was th inned a f te r 6 days of emergence to the u sua l 
plant distance as used in the f ie ld . Every day the cu l ture was given a l te rnate ly culture f l u i d 
and dist. wa te r . The concentrat ion of the culture med ium had been checked up and a d j u s t e d 
weekly. Sampl ing of the shoots h a d been done on every 12th day — 100 shoots of each va r i -
an t — a l thogether five t imes. I n December, when hard frost set in , we washed ou t t h e 
roots, too. 

Samples were fixed and dr ied a t 65°C. They were ground to powder and then requ i red 
quantities being destructed with sulphuric acid, t he to ta l nitrogen was measured photomet r i -
cally after N e s s l e r reaction. 
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Fig. 1. To ta l N , to ta l amino acid and asparagine concentration in whea t shoots raised a t 
different N-levels expressed in t h e % of dry mater ia l . 1 = total N ; 2 = 1/2 N; 3 = 1/10 N ; 
I—V = the order of samples t a k e n on every 12th d a y . The length of t he vertical short- l ines 

ind ica te the rate of the average error 
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Fig. 2. Amino acids in the wheat shoots on the occasion of the first sampling. A = 1/10 N ; 
В = 1/2 N; С = to ta l N; D = universal standard wi th 50 g total amino acids; E = univ. 
s tand, with 37.5 g to ta l amino acids; F = univ. s tand, with 25 g total amino acid contents 

Amino acids of t he 
universal s tandard 

(D «trip) 

1. Leu 1.5 g 
2. Phen 3.0 „ 
3. Val 1-5 „ 
4. y-amb 1.5 „ 
5. Pro 5.0 „ 
6. Ala 5.0 „ 
7. Glu + Ser 6.0 „ 
8. Gly + Glu —NH, 3.5 „ 
9. Asp 10.0 „ 

10. Asp — N H , 8.0 „ 
11 Lys 1.0 „ 
12. Cys 4.0 „ 

The detection of amino acids was carried out with rising paper chromatography method 
s tar t ing from the air-dry weight. 

The 70 per cent ethanol ext rac ts were added on Whatman No 1 paper in four repeti-
tious. The solvent was butanol—glacial acetic acid — water (2 : 1 : 1). Wi th one-dimension 
evolvement retarded by cooling (at 0°C for 24 hours), prolonged and repeated runs, respec-
tively, were also performed. In case of a two-dimension identification on Sch.-Sch. No. 2043b 
paper , we used the mixture of phenol—water (4 : 1), wi th ninhydrine development. As to the 
method those of "universal standard mix tu re" and of "quick eluational determination of to ta l 
amino acid" have been applied ( P á l f i , 1963; P á l f i , 1963; Szala i , 1957). The main point in 
this process is t ha t the composition of the standard amino acid'is similar to the amino acid 
supply of the plant extracts. On determining the to ta l amino acid, one develops a series of 
s tandard-mixture concentration with the unknown extracts , on a paper without evolvement, 
wi th ninhydrine. The spots that have been fixed with a mixture of copper-salt, are photo-
metered by alcoholic eluation. The extinction values of the eluated s tandard spots give the 
calibration curve. 
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Fig. 3. Amino acids of the wheat shoots and of the roots on the occasion of the 5th sampling. 
A = shoot 1/10 N; В = shoot 1/2 N; С = shoot total N; D == univ. stand, with 50 g total 

amino acid: E = root total N; F = root 1/2 N; G = root 1/10 N 
Amino acids of 

t h e s tandard (D) 

1. Leu 
2. Phen 
3. Val 
4. y-amb 
5. Pro 
6. Ala 
7. Glu ± Ser 
8. Gly + G l u - N H , 
9. Asp 

10. Asp—NH2 
11. Lys 
12. Cys 

Experimental Procedure 
Wheats once being given total nitrogen and 1/2 N portion, have developed normally. 

Wheat plants being raised on 1/10 of the N in the Knop culture f luid, have remained stunted 
and have not grown thick. Ill Fig. 1 the dry weight of the shoots shows distinctly the difference 
in N supplying. With total N concentrations expressed in the per cent of dry material, wheats 
raised both on total N portion and on half N port ion, produced almost identical value (Fig. 1). 
However, the total N concentration of the wheat raised on one t en th of the normal N portion 
has considerably lagged behind the two other variants . With the to ta l amino acid concentra-
tions, the f irst and second t rea tments are equally different although with the total N con-
centration no difference has appeared (Fig. 1). The variant with greatly diminished N portion, 
shows considerably less values than the other two ones. 

As to asparagine concentrations, it has already been proved in the course of experiments 
with rice ( P á l f i , 1963; p á l f i , 1963), that its ra te changes parallel with the total N concentra-
tion in the plant being cultivated under normal conditions. From Fig. 1 it can be seen that 
the asparagine quanti ty displays similar tendency. 

When establishing the free amino acids, it had been evidenced that the great difference 
in N supply does not create qualitative changes (Figs 2, 3). From the chromatogram pictures 
it can also be established tha t the amino acids of the universal s tandard mixture are at the 
same level as the spots of the wheat extracts (Figs 2, 3). 
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Fig. 4. To ta l N and t o t a l amino acids in t he dry material of wheat shoots raised a t different 
N levels, in mgs 

Fig. 5. Amino acids of w h e a t shoots on the occasion of the 5 t h sampling. 1. dim = butanol — 
glacial acet ic acid—water (2 :1 :1); 2. dim. = phenol—water (4 :1) Evolvement = 5° C, 24 hours 

Ou t of young w h e a t shoots asparagine, alanine, g lu tamine , y-amino bu ty r i c acid and 
g lu tamic acid could be evidenced in largest quan t i ty (Figs 2, 3 and 5). 

If the concentra t ion data of the va r i an t s are referred to the total dry mater ia l per 
shoot, we shall obtain resu l t s being propor t ional to N supply ( P á l f y — DÉzsi, I960). Fig. 4  
shows t h a t in the case of to ta l N, t r ea tmen t s 1 and 2 produce considerably divergent results 
a l though our concentra t ion data have no t diverged considerably (Fig. 1). W i t h the to ta l 
amino acid curves in Fig. 4, the values of t he var iants being raised on total and 1/10 port ion, 
differ as much as 300 per cent . The amino acids of roots t h a t had been washed ou t were com-
pared w i t h the amino acid contents of t he shoots. The resul ts obtained have shown t h a t the 
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shoots contain considerably more y-amino butyr ic acid, alanine and asparagine (Figs 3 and 5). 
The roots on the o ther hand, are remarkable for their high glutamine and glutamic acid con-
t e n t s (Fig. 6). The changes of amino acids in wheats in connection with supply will be fur ther 
invest igated. 

Fig. 6. Amino acids in the roots of wheat on the occasion of the 5th samplings. Evolvement 
same as in Fig. 5 

Results and Discussion 

When referring the evinced N concentrations to the total dry material 
in shoots of the variants, the differences obtained will be corresponding to 
the rate of N supply (Fig. 4). From this it can be concluded that the contents 
of the nutrients reveal the supply just as well as the concentration values 
( G r o s , 1 9 5 5 ; L l o y d , 1 9 6 1 ; S c h l i c h t i n g , 1 9 5 5 ) . I n w h e a t s h o o t s t h e r e p r e v a i l 
—• according to quant i ty — asparagine, alanine, glutamine and y-amino butyric 
acid, though, the quantity of leucine and valine is still considerable (Figs 2, 
3 , 5 and 6 ) . Similar statement has been made b y C o c k i n g and Y e m m ( 1 9 6 1 )  

in the case of barley. 
Between wheats raised on total N portion and on culture f luid with N 

contents reduced to the tenth, the difference concerning amino acid concentra-
t ion, exceeds sometimes even the 1 0 0 % (Fig. 1). 

The brown spot produced b y asparagine with ninhydrine will appear 
in an independent spot in case of one-dimensioned evolvement delayed through 
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c o o l i n g ( F i g s 2 , 3) . W h e n f o l l o w i n g w i t h a t t e n t i o n i t s q u a n t i t y , it h a s b e c o m e 
e v i d e n t t h a t i n case of w h e a t s e e d l i n g s , i t s c o n c e n t r a t i o n c h a n g e s p a r a l l e l w i t h 
t h e r a t e o f N s u p p l y ( F i g . 1) . I t is t r u e t h a t i n w h e a t s h o o t s t h e g l u t a m i n e 
i s a lso p r e s e n t in c o n s i d e r a b l e q u a n t i t y , b u t , t h e c o n c e n t r a t i o n of a s p a r a g i n e 
i s st i l l m o r e c o n s t a n t ; a f a c t e x p l a i n e d b y t h e cyc l i c s t r u c t u r e ( D o b y , 1 9 5 9 ) .  

O w i n g t o t h i s a s p a r a g i n e i s t a k i n g a b e t t e r p a r t in s t o r i n g N a n d a m i n o g r o u p , 
r e s p e c t i v e l y . T h e i n t e n s i t y o f p r o t e i n s y n t h e s i s m i g h t d e c r e a s e i n case o f v i r u s or 
f u n g u s i n f e c t i o n ( H a r p a z — A p p l e b a u m , 1 9 6 1 ) . S imi lar e f f e c t m i g h t b e i n d u c e d 
a l so b y l o n g - l a s t i n g d a m a g i n g e n v i r o n m e n t a l c i r c u m s t a n c e s (e .g . a l k a l i so i l ) . 
U n d e r s u c h c i r c u m s t a n c e s t h e a s p a r a g i n e c o n c e n t r a t i o n m i g h t i n c r e a s e 
( P a l f i , 1 9 6 3 ) . T h e l a t t e r c a s e c a n be c o n c l u d e d t o if b o t h d r y w e i g h t a n d t o t a l 
N c o n t e n t s i n t h e e x a m i n e d v a r i a n t is b e i n g d e c r e a s e d . T h e p r i m a r y r o l e o f 
a s p a r a g i n e a n d g l u t a m i n e i n t h e N m e t a b o l i s m of w h e a t i s a l s o p r o v e d b y t h e 
r e s u l t s o f H e l l e b u s t a n d B i d w e l l ( 1 9 6 3 ) , r e su l t s o b t a i n e d w i t h r a d i o -
a c t i v e i s o t o p e . 
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WINTER WHEAT MANURING EXPERIMENT 

B y 

á . k o l t a y 

A G R I C U L T U R A L R E S E A R C H I N S T I T U T E OF T H E H U N G A R I A N A C A D E M Y O F SCIENCES, M A R T O N V Á S Á R 

The effect of phosphorus and po ta s s ium fertilizer application was e x a m i n e d in 
two consecutive years in the relat ionship of different n i t rogen dosage ra t e s . Nitrogen 
ferti l izer application proved to be unequivocal ly very effect ive, while phosphorus 
exer ted a more modera te yield increas ing effect only w i t h a high ra te of nitrogen 
fertil izer application. No potassium e f f ec t could be demons t r a t ed in this exper iment . 

Introduction 

The optimum ratio of active principle given wi th the chemical fertilizer 
depends on many factors. Recently the significance of nitrogen restoration 
has been largely increasing. In the f ie ld experiment w i t h N P K chemical ferti-
lizers on wheat conducted by P r a s h a r and A i n g h ( 1 9 6 3 ) only the nitrogen 
fertilizer resulted in a considerable excess yield and showed some residual 
effect, whereas phosphorus and potass ium had less influence on t h e yield. 
I n t h e s t u d i e s of S e n , B a i n s a n d M a t h u r ( 1 9 6 2 ) m a i z e s u b s e q u e n t t o l e g u m e s 
and then wheat with one-sided nitrogen fertilizer application gave t h e highest 
yield. One-sided phosphorus fertilizer application and still more phosphorus 
and potassium was injurious and sometimes caused e v e n a depression. S a r k a d i 

( 1 9 6 3 ) when evaluating 3 8 4 data obtained from 3 6 experiments conducted 
in various regions of Hungary in 1956 1962 established very little e f f ec t with 
phosphorus applied alone to wheat whi le with higher nitrogen dosage rates the 
nitrogen phosphorus diagram decisively exceeded the nitrogen diagram. On 
the average of experiments phosphorus effect was about half o f t h a t of nitro-
gen. According to D e z s ő and M a r t i n ( 1 9 6 1 ) in the environments of Debrecen 
on some grassland soils phosphorus was in many cases more def ic ient than 
nitrogen. E c k , T u c k e r and S c h l e h u b e r ( 1 9 6 3 ) had examined through seven 
years the effect of seven different increasing dosage rates on five w h e a t vari-
eties. During seven experimental years phosphorus effect was obta ined in 
five cases while nitrogen effect only in three. The highest grain y ie ld on the 
average of seven years was obtained with the combined dosage of nitrogen 
and phosphorus. West-European literature ( S c h u l z e , 1 9 6 1 ; A n n e , D u p u i s 

a n d M a r o c k e , 1 9 5 6 ; B l a c k e t t , 1 9 5 7 ; L i n s e r a n d P r i m o s t , 1 9 5 8 ; W i d -
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d o w s o n , P e n n x a n d W i l l i a m s , 1 9 6 1 ; e tc . ) h a s re f l ec ted i n t h e last d e c a d e 
a n d in c o n f o r m i t y w i t h the l a t e s t results o b t a i n e d in H u n g a r y the d e c i s i v e 
i n f l u e n c e of n i t r o g e n , on r e g u l a r l y fert i l ized s o i l s a n d p a r t i c u l a r l y in t h e c a s e 
o f t h e s o - c a l l e d i n t e n s i v e w h e a t var ie t ies . 

I n c h e r n o s e m forest r e s t so i l s of M a r t o n v á s á r the n i t r o g e n fer t i l i zer 
a p p l i c a t i o n t o w h e a t is the m o s t i m p o r t a n t y i e l d increas ing f a c t o r whi le p h o s -
p h o r u s and p o t a s s i u m ef fect w a s e x c e p t i o n a l . A s i t is only e v i d e n t that a b o v e 
a c e r t a i n n i t r o g e n l e v e l also p h o s p h o r u s and p o t a s s i u m e f f e c t i s t o be p r e s e n t , 
o u r e x p e r i m e n t h a s e x a m i n e d t h e p o s s i b i l i t i e s of m a k i n g p h o s p h o r u s a n d 
p o t a s s i u m f e r t i l i z e r a p p l i c a t i o n m o r e e f f e c t i v e . 

E x p e r i m e n t a l P r o c e d u r e 

The experiment was conducted on grassland loam of medium cultural condition (accord-
ing to genetical classification: chernosem with forest rests) , after mixture of oats and vetches 
in t he first year (1961 — 62), while in t h e second one (1962—63) after sweet sudan grass grown 
for green fodder as previous crops. T h e experimental soil has contained 3.5 per cent humus, 
0.11 per cent total N , 64 mg total P per 100 g of soil, 8.2 mg available (according to E g n e r ) P , 
600 mg total or 20 m g available К and t hus it can be described as well provided with phospho-
rus and potassium. 

During the winter 1961 — 62 w i t h about average temperature f rom December 20 to 
March 25 the soil was seven times covered by snow, w i t h two occasions of the most crucial 
cooling down. Excep t for November a n d January the vegetat ion period was characterized by 
a considerable deficiency of precipitation. In 1962 — 63, during an exceedingly severe winter 
t h a t lasted from November 23 until end of March the experimental soil was covered with snow 
f r o m November 23 to March 11 with shor t interruptions, bu t in January a cooling off below 
— 20°C without snow cover occurred. Distribution of precipitation was highly unfavourable. 

Table 1 

Data of precipitation measured on the experimental area 

Month I и I I I I V V V I V I I VIII I X X X I X I I 

Mean 1901-1940 31 31 39 46 66 62 50 52 52 53 46 43 

1961 
Precipitation mm 20 46 0 45 68 22 29 6 2 19 100 33 
Deviation mm — 11 15 39 - 1 2 - 4 0 — 21 - 4 6 - 5 0 - 3 4 54 - 1 0 
Deviation % — 34 47 - 1 0 0 - 2 4 - 6 3 — 41 - 8 9 - 9 7 — 64 120 - 2 2 

1962 
Precipitation mm 34 16 34 44 32 16 44 I 30 6 187 31 
Deviation mm 3 - 1 5 — 5 - 2 - 3 4 - 4 6 — 6 - 5 1 - 2 2 - 4 7 141 - 1 2 
Deviation % 8 - 4 7 - 1 3 - 5 - 5 2 - 7 4 - 1 2 - 9 7 - 4 2 - 8 9 305 - 2 8 

1963 
Precipitation mm 70 75 29 43 25 72 58 68 103 17 17 38 
Deviation mm 39 44 - 1 0 - 3 - 4 1 10 8 18 51 — 36 - 2 9 — 5 
Deviation % 13 14 - 2 6 - 6 - 6 2 16 16 31 98 — 68 - 6 3 — 12 
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The winter precipitation t h a t fell abundant ly as snow on the soil was frozen to a depth of 
70 cm. On the rapid melt ing in March it r an off the surface. Spring in both years was drier 
than average with a significant lack of precipitation especially in the month of May. Data 
of precipitation measured on the experimental area are presented in Table 1. 

The 3 x 3 x 3 factorial experiment included in two replications, all possible combina-
tions of the chemical fertilizer active agent quantities involved in Table 2. The 27 possible 
combinations form, according to the plan 6, 7 of C o c h r a n and Cox (1957) 3 incomplete 
blocks in each replication; in the first one W , in the second X components of N P K interaction 
have been confounded wi th the block effect (Table 3). 

After harvesting t he mixture of oats and vetches, in the first year of the experiment, 
the stubble was stripped with tractor disk and then rolled. On Sept. 19 1961 the experimental 

Table 2 

Experimental treatments 

Act ive agent 

Levels 

Act ive agent 0 1 2 Act ive agent 

containing, the following a m o u n t 
of active agent k g / h a 

N 0 70 140 

P A 0 70 140 
K 2 0 0 70 140 

area was ploughed 20 cm deep with rolling as a closing operat ion. On October 6 the soil was 
disked and after having marked out the plots (plot size 28.79 sq.m.) the total a m o u n t of super-
phosphate and potassium salt and one thi rd of "p®tls<5"* were spread out and harrowed into 
the soil. On October 24 the experiment was sown with the winter wheat variety Besostaya 1, 
using 550 germinating seeds per sq.m. 2/3 of the nitrogen fertilizer (pétisó) applied on March 30 
as head dressing. Phosphorus and potassium fertilizer — in contrast to the general practice 
in Hungary — has not been ploughed in because, according to local experience, it is more 
effective when applied f l a t ly or, moreover, given as head dressing in spring t ime. 

On the area of the 1962 —63 experiment after the harvest ing of Sudan grass on July 10 
the stubble was stripped and rolled. On Sept . 17 the soil was ploughed to a dep th of 20 cm 
with subsequent disking and harrowing. Superphosphate and potassium salt in their total 
amount and 1/3 of the pétisó had been applied before sowing and the experiment was sown 
again with the wheat va r i e ty Besostaya 1, 550 germinating seeds per sq.m. on October 17th. 
2/3 of the nitrogen fertilizer was given April 3, 1963. 

In both years the crop was protected f rom insect pests by autumn dusting with contact 
poison. Except for a medium mildew incidence no damages occurred in the experiments. 

The yield of the f i r s t year's experiment was harvested on July 25., t ha t of the second 
year on Ju ly 10. with t he "Massey Ferguson 603" harvester-thresher. The grain was stored 
in sacks and weighed in air dry condition. Straw yield has not been weighed. F r o m the results 
of weighings and observations carried out in this experiment the present paper proposes to 
bring out only the da ta of grain yield per plot . 

Results and Discussion 

Grain yield data of the experiment for both years and on the average 
of the two experimental years are presented in Tables 4, 5 and 6 calculated 
in kg per hectare. D a t a of the analysis of variance are shown in Table 7. 

*Caleium carbonate-—ammonium ni t ra te fertilizer manufac tu red in Pét (Hungary) 
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T a b l e 3 

Treatment combinations (in parentheses) and grain yield data 
(kg/plot) 

(in the upper row the grain yield da ta of 1961/62, in the lower row those of 1962/63) 

I. п . 

npk npk npk npk npk npk 

( i l l ) ( 2 2 0 ) ( 2 0 1 ) ( 2 0 2 ) ( 1 1 2 ) ( 1 2 1 ) 

1 2 . 3 1 3 . 2 1 2 . 6 1 3 . 1 1 3 . 8 1 5 . 0 

7 . 9 1 0 . 0 9 . 6 8 . 0 7 . 3 7 . 6 

( 1 0 2 ) ( 1 0 1 ) ( 1 1 2 ) ( 2 2 1 ) ( 2 1 1 ) ( 0 2 2 ) 

1 3 . 2 1 3 . 0 1 3 . 7 1 5 . 8 1 4 . 7 1 2 . 1 

7 . 7 8 . 7 9 . 2 9 . 6 1 0 . 3 5 . 1 

( 0 1 0 ) ( 0 2 1 ) ( 1 0 0 ) ( 1 2 2 ) ( 0 0 2 ) ( 2 1 2 ) 

1 2 . 5 1 1 . 7 1 3 . 8 1 5 . 2 1 1 . 8 1 3 . 9 

5 . 3 6 . 1 8 . 4 7 . 5 5 . 1 9.4. 

( 0 2 2 ) ( 0 0 0 ) ( 2 1 0 ) ( 0 2 0 ) ( 0 2 1 ) ( 0 1 1 ) 

1 1 . 4 1 1 . 2 1 4 . 2 1 2 . 2 1 1 . 4 1 1 . 4 

5 . 3 5 . 9 1 0 . 7 4 . 9 4 . 8 7 . 3 

( 1 2 0 ) ( 0 1 2 ) ( 1 2 1 ) ( 1 0 0 ) ( 2 2 2 ) ( 1 1 0 ) 

1 4 . 4 1 2 . 3 1 4 . 6 1 4 . 4 1 5 . 1 1 5 . 3 

1 0 . 9 6 . 8 9 . 7 7 . 3 1 0 . 5 8 . 8 

( 2 1 2 ) ( 2 0 2 ) ( 0 1 1 ) ( 2 1 0 ) ( 2 0 0 ) ( 2 0 1 ) 

1 4 . 9 1 4 . 0 1 3 . 8 1 5 . 2 1 3 . 9 1 4 . 3 

11.0 1 0 . 7 6 . 2 9 . 0 8 . 7 8 . 4 

( 0 0 1 ) ( 1 2 2 ) ( 0 2 0 ) ( 0 1 2 ) ( 0 1 0 ) ( 0 0 0 ) 

1 3 . 1 1 4 . 4 1 3 . 8 1 2 . 3 1 2 . 7 1 3 . 1 

6 . 4 1 0 . 2 6 . 2 6 . 9 5 . 2 7 . 6 

( 2 2 1 ) ( 2 1 1 ) ( 2 2 2 ) ( 0 0 1 ) ( 1 2 0 ) ( 1 0 2 ) 

1 6 . 0 1 4 . 8 1 6 . 5 1 2 . 0 1 4 . 8 1 4 . 1 

1 0 . 2 1 0 . 1 1 0 . 9 6 . 5 9 . 9 9 . 2 

( 2 0 0 ) ( 1 1 0 ) ( 0 0 2 ) ( 1 1 1 ) ( 1 0 1 ) ( 2 2 0 ) 

1 4 . 9 1 3 . 5 1 2 . 7 1 5 . 0 1 4 . 7 1 5 . 1 

8 . 0 7 . 9 5 . 3 8 . 4 7 . 6 8 . 9 

In the year 1961/62 out of the experimental treatments only the nitrogen 
effect was significant (on the P = 0.1 per cent probability level) (Table 7). 
The linear component of the nitrogen effect was also significant at the P = 0.1 
per cent while the quadratic component at the P = 1 per cent probability 
level. This implies that with increased nitrogen dosage rates no yie ld increase 
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Table 4 

Means of grain yield in 1961/62 (kg/ha) 
P 

Mean 0 1 2 Mean 

0 4278 4342 4203 4275 
N 1 4817 4840 5118 4925 

2 4794 5077 5309 5060 

Mean 4630 4753 4877 4753 

N 

Mean 0 1 2 Mean 

0 
К 1 

2 

4371 
4249 
4203 

4991 
4898 
4886 

5008 
5106 
5066 

4790 
4751 
4718 

Mean 4275 4925 

P 

5060 4753 

Mean 

Mean 

0 1 1 2 

4753 

Mean 

0 
К 1 

2 

4707 
4614 
4568 

4828 
4747 
4684 

4834 
4892 
4904 

4790 
4751 
4718 

Mean 

Least 

4630 

significant 

4753 

differences 

4877 

(LSD) kt 

4753 

r/ha 

Between means 
of t rea tments 

Between means 
of inner cells 

P = 5% 209.3 376.5 
P = 1% 281.9 511.8 
P = 0.1% 382.7 688.4 

of direct proportion can be expected but the yield function increases with 
increasing doses at a diminishing rate. 

In contrast to the nitrogen effect in phosphorus only the linear effect is 
significant (P = 5 per cent) while the quadratic effect is zero. After all the 
combined linear and quadratic phosphorus effect presents no significant result 
at the P = 5 per cent probability level. 
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Tabele 5 

Means of grain yield in 1962/63 (kg/ha) 
P 

0 1 2 Mean 

0 2131 2183 1876 2063 
N 1 2831 2866 3231 2976 

2 3092 3503 3479 3358 

Mean 2684 2850 2862 2799 

N 

0 1 2 Mean 

0 2032 3080 3202 2771 
К 1 2159 2889 3369 2806 

2 1997 2958 3503 2819 

Mean 2063 2976 3358 2799 

P 

0 1 2 Mean 

0 2657 2715 2941 2771 
К 1 2733 2906 2779 2806 

2 2663 2929 2866 2819 

Mean 2684 2850 2862 2799 

Least significant differences (LSD) kg/ha 

Between m e a n s 
of t r e a t m e n t s 

Be tween means 
of inne r cells 

P = 5% 196.5 340.5 
P = 1% 267.1 462.8 
P = 0.1% 359.4 622.5 

The nitrogen X phosphorus interaction is not significant, except for 
one of its components the N tPx (linear X linear) interaction component. When 
investigating in detail (Table 4) phosphorus given without nitrogen fertilizer 
had no yie ld increasing effect. At the single dose nitrogen level, however, 
phosphorus increased significantly the yield (P = 5 per cent) and in the case 
of double nitrogen dosis a yield increasing effect was obtained even at the 
P = 0.1 per cent probability level. 
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Table 6 

Means of two years'1 combined grain yields (kg/ha) 

P 

Mean 0 1 2 Mean 

0 3204 3262 3039 3169 
N 1 3824 3853 4174 3950 

2 3943 4290 4394 4209 

Mean 3657 3802 3869 3776 

N 
Mean 0 1 2 Mean 

0 3202 4035 4105 3781 
К 1 3204 3893 4238 3779 

2 3100 3922 4284 3769 

Mean 3169 3950 4209 3776 

P 

Mean 0 1 2 Mean 

0 3682 3772 3888 3781 
К 1 3673 3827 3836 3779 

2 3616 3807 3885 3769 

Mean 3657 3802 3869 3776 

Least significant differences (LSD) kg/ha 

Between means 
of t rea tments 

Between means 
of inner cells 

P = 5% 139.4 
• 

241.5 
P = 1% 186.5 323.1 
P = 0.1% 244.9 424.3 

In 1962/63, similarly to the results of the previous year, the greatest 
effect was obtained by the application of nitrogen fertilizer being both the 
linear. Nitrogen effect component and the quadratic component was signifi-
cant; the former at the P = 0.1 per cent, the latter at the P = 1 per cent 
probability level (Table 7). 

In this year neither of the components of the phosphorus effect was 
significant whereas the nitrogen X phosphorus interaction on account of the 
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high linear X linear interaction-component was significant (P = 5 per cent). 
From the data of Table 5 it appears that — similarly to the previous year — 
phosphorus fertilizer application in itself did not increase, but combined with 
simple and double dosis nitrogen did increase the yield at the P = 1 per cent 
probability level . 

The two years together. The combined results (Table 7) indicate that in 
the course of two year examinations the effect of nitrogen fertilizer application 
was the highest, followed in order of magnitude by the nitrogen X phosphorus 
interaction. Finally the l inear effect of the phosphorus application was also 
significant (P = 1 per cent) . 

Beside those mentioned, other effects of experimental treatments — at 
the P = 5 per cent probability level — were not significant. 

Conclusion 

In both years greatest increase of yield was obtained from ni t iogen 
fertilizer application. On the two year average 70 kg/ha nitrogen active agent 
was responsible for a surplus grain yield or 781 kg/ha while the 140 kg/ha 
nitrogen dosage rate for 1040 kg/ha as compared with the yield of the control 
plots. In the case of the smal l dosis 11.16 kg while with high nitrogen dosis 
7.43 kg grain yield was obtained per kg of nitrogen act ive agent. Thus the 
measure of the yield increase was not proportionate to the dosage: with the 
increase of the nitrogen dosis the positive effect followed a diminishing trend. 

Phosphorus fertilizer application resulted in both years in a considerably 
more modest surplus yield b u t on the other hand the effect on the given range 
of fertilizer application was explicitly linear for the whole experiment, partic-
ularly in the first year. 

In this experiment a noteworthy nitrogen X phosphorus interaction 
appeared. Phosphorus given alone was ineffective while supplying in high 
dosis it caused a reduction of yield being almost a significant one (in the 
1962/63 experiment). On the other hand phosphorus given together with the 
high nitrogen dosis invariably resulted in a significant increase of yield. 

The potassium fertilizer application both in each year and on the two 
year average was ineffective and did not present an interaction either. 

The 3-factor NPK interaction was not significant in either of the two 
years. 

It should be stressed t h a t the area of the experiment presented had 
received regular phosphate and potassium fertilizer application and its soil 
was primarily not deficient in these nutrients. In cases when the soil is not 
saturated with phosphorus the restitution of this nutrient may be of great 
importance even in the case of lower nitrogen levels. 
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Table 7 

Analysis of variance 

Чпмгее nf variation DF 
MS 

DF 
MS 

DF 
1961/62 1962/63 

DF 
T w o years to ta l 

Years — — — 1 854.58*** 
Replicat ions 5 0.84 1.29 10 1.06 

Trea tmen t s : 
N, 1 46.0136*** 125.0669*** 1 161.3766*** 
N 2 1 6.6008** 7.0023** 1 13.6042*** 

N 2 26.31*** 66.04*** 2 87.49*** 

P I 1 4.5511* 2.3511 1 6.7320** 
P 2 1 0.0000 0.5926 1 0.2960 

P 2 2.28 1.48 2 3.51* 

N A 1 4.3350* 5.1338* 1 9.4572** 
N,P., 1 0.0939 0.0235 1 0.0117 
N , P , 1 0.1089 1.8368 1 1.4157 
NJPJ 1 0.8067 2.9167 1 3.4087 

NP 4 1.34 2.48* 4 3.57** 

К , 1 0.3803 0.1736 1 0.0204 
K 2 0.0008 0.0112 1 0.0032 

К 2 0.19 0.10 2 0.01 
N . K , 1 0.6338 1.4017 1 1.9594 
N j K 2 0.1901 0.2689 1 0.0035 
N 2 K , 0.0401 1.0756 1 0.7665 
N 2 K 2 0.0704 0.9869 1 0.7955 

NK 4 0.23 0.93 4 0.88 
P , K , ; 0.5400 0.0817 1 0.1012 
P , K 2 0.0355 0.6422 1 0.1872 
P 2 K , 1 0.2006 1.0272 1 0.1584 
P 2 K 2 1 0.0017 0.2674 1 0.1120 

PK 4 0.19 0.50 4 0.14 
N P K (unconfounded) 8 0.87 1.11 8 1.28 

Trea tments (total) (26) (2.74)** (6.07)*** (26) (7.98)*** 

Years ± t rea tments — — 26 0.83 
Error 22 0.76 0.67 44 0.71 

53 107 
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ALKALOIDAL CONTENTS OF DATURA SPECIES 
SIGNIFICANT FROM THE THERAPEUTICAL POINT 

OF VIEW DURING ONTOGENY 

By 

G i s e l l a V e r z á r - P e t r i 

i n s t i t u t e of appl ied b o t a n y and h i s togene t ics . l . eö tvös un ivers i ty . b u d a p e s t 

Datura species with hyoscyamine and scopolamine as main alkaloids were exam-
ined during ontogeny in 11 different developmental phases established by the 
author in various organs, for total alkaloid contents. I t has been found t h a t both the 
percentual and absolute alkaloid contents exhibit ontogenetical variability. Two or 
less often three alkaloid maxima were observed according to species and organs during 
ontogeny. This phenomenon permits to assume remobilization and occasional new 
development of the alkaloids. 

In t roduct ion 

Most of the 2 5 species of the genus Datura ( S a f f o r d , 1 9 2 1 ) contain 
most ly t ropane alkaloids. F r o m t h e ex tended r e l a t i v e l i t e ra tu re only the 
comprehensive works of B l a k e s l e e ( 1 9 5 7 ) and G e r a s i m e n k o ( 1 9 5 3 , 1 9 6 1 )  

should be referred to . Some Datura species are also i m p o r t a n t f r o m t h e thera-
peut ica l aspect as e.g. Datura stramonium L., Datura meteloides D u n . , Datura 
innoxia Mill, and Datura metel L. 

A n u m b e r of communica t ions were published on alkaloidal c o n t e n t s and 
composi t ion of Datura species. Genera l ly , da ta given f o r to ta l a lka lo ida l con-
t e n t s show a wide range . E .g . according to M o r i t z ( 1 9 6 2 ) the leaves of Datura 
stramonium may con ta in 0.2 t o 0.5 per cen t of a lkaloids . Deviat ions in alkaloidal 
con ten t s m a y be t r aced b a c k on the one hand to i n d i v i d u a l dif ferences (indi-
v idua l spreading) and on t h e o ther h a n d to the i n f l u e n c e of env i ronmen ta l 
fac tors . These causes, however , do n o t explain in e v e r y case comple te ly the 
differences arising in a lkaloidal con ten t s . Thus it a p p e a r s both j u s t i f i e d and 
necessary to examine t h e p l an t species, in the p re sen t case the Datura species, 
for a lkaloidal conten ts du r ing on togeny on as m a n y occasions as possible in 
morphological ly well de f ined deve lopmenta l p h a s e s . Possible changes in 
alkaloidal contents du r ing on togeny p re sen t the ontogenet ica l cha rac t e r s of 
the p l a n t species. Inves t iga t ions of t h i s kind m a k e us acqua in ted w i t h the 
r h y t h m of active agent p roduc t ion in medic ina l he rbs , while f rom t h e practical 
aspect t h e y point to t h e labile cha rac t e r of the a c t i v e agent con t en t s and to 
the necessi ty of the knowledge of these changes t o o b t a i n more compensa ted 
raw ma te r i a l . 
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A c c o r d i n g t o S c h r a t z ( 1 9 6 3 ) o n t o g e n e t i c a l v a r i a b i l i t y m a n i f e s t s i t s e l f 
i n t h e e v o l u t i o n o f t h e p l a n t i n d i v i d u a l . — T h e r e c o g n i t i o n o f t h i s v a r i a b i l i t y 
i s r e n d e r e d d i f f i c u l t b y t h e f a c t t h a t s i m u l t a n e o u s l y w i t h t h e p r o g r e s s of t h e 
d e v e l o p m e n t o f t h e p l a n t u n d o u b t e d c h a n g e s o f e n v i r o n m e n t a l c o n d i t i o n s 
o c c u r as wel l . — T h e o n t o g e n e t i c a l v a r i a b i l i t y o f e n d o g e n o u s o r i g i n is a c c o m -
p a n i e d b y m o d i f i c a t i o n s of e x o g e n o u s o r i g i n . T h e s ingle e f f e c t of t h e t w o 
f a c t o r s m a y b e s u m m a r i z e d o r c o m p e n s a t e d , w h i c h c a n d i s t u r b t o a n u n k n o w n 
d e g r e e , t h e o n t o g e n e t i c a l b e h a v i o u r . W h e n c o m p a r i n g t h e d a t a o f t w o or m o r e 
y e a r s t h e m o d i f y i n g f a c t o r s r e s u l t m a i n l y f r o m t h e i n f l u e n c e o f t h e e n v i r o n -
m e n t . T h e r u n o f t h e d i a g r a m s , h o w e v e r , m a k e s u s a c q u a i n t e d i n a m a n i f o l d 
c o m p a r i s o n , w i t h t h e p r o g r e s s o f t h e d e v e l o p m e n t of t h e a l k a l o i d a l c o n t e n t 
e x a m i n e d . 

I n r e c e n t l i t e r a t u r e s o m e d a t a a r e f o u n d w h i c h r e f e r t o t h e d e v e l o p m e n t s 
o f a l k a l o i d s d u r i n g o n t o g e n y . E . g . in Hyoscyamus muticus A h m e d a n d F a h m y 

( 1 9 4 9 ) , in p o p p y S á r k á n y a n d D á n o s ( 1 9 5 7 ) i n Datura stramonium K o l o d -

z i e j s k i a n d K u l a s i n a ( 1 9 5 9 ) c a r e f u l l y r e c o r d e d , b e s i d e a l k a l o i d e x a m i n a t i o n s , 
t h e m o r p h o l o g i c a l d e v e l o p m e n t a l s t a g e s of t h e p l a n t s . W h e n s e t t i n g u p t h e 
p r e s e n t i n v e s t i g a t i o n s we e n d e a v o u r e d to i n d i c a t e — in k n o w l e d g e of t h e b o d y 
o r g a n i z a t i o n of Datura s p p . — a s m a n y m o r p h o l o g i c a l l y we l l d e f i n e d p h a s e s a s 
p o s s i b l e in 2 y e a r s ' r e p l i c a t i o n , t o s t u d y t h e d e v e l o p m e n t s o f a l k a l o i d a l c o n -
t e n t s , in o r d e r t o b e ab le t o r e c o r d c h a n g e s a s d e n s e l y a s p o s s i b l e . R e s u l t s 
a r e p r e s e n t e d i n t h e f o l l o w i n g . 

M a t e r i a l s a n d M e t h o d s 

The following Datura species were used for investigations: 
4 varieties of Datura stramonium L. of the hyoscyamine type according to the sys-

temization of D a n e r t (1954); these a re : var. stramonium L., var. tatula Torr . , var. inermis 
J a c q . and var. Godroni Dan.; and on the other hand Datura meteloides Dun. and Datura innoxia 
Mill, of the scopolamine type. 

In 1959 — 60 preliminary studies were conducted concerning the body organization of 
D a t u r a species and a plant material t r u e to species selected for further examinations. At the 
s ame time also phenological observations were made (G. V e r z á r - P e t r i — S. S á r k á n y 1960)  
which were later utilized in the exper t collection of p lant material. 

11 kinds of developmental phases were found to be well defined and characteristic of 
t h e species examined from which the collections were carried out. These phases were the fol-
lowing: I — seedling, I I — nursling wi th 2 leafs, III — 3 — 6 foliage leaf young plant, IV — 
development of 1. branching, V — f lower opened in the 1. branching, VI — flower opened in 
t h e 2. branching, VII — green fruit developed in the 1. branching, VIII — green fruit developed 
in the 2. branching, I X — ripe fruit in t he 1. branching, X — 3—4 ripe f ru i t s , XI — more than 
5 ripe fruits. Developmental phases a re illustrated by Figs 1 — 3. 

The plant mater ia l was raised in the Botanical Garden of the Universi ty in 1961 and 
1962 under identical conditions, a p a r t f rom meteorological differences. Collection was made 
f r o m the developmental phase just prevailing according to the plant material , taking into 
consideration the diurnal fluctuation, in the same hour of the morning. In a serene, dry weather 
we collected according to requirements different numbers of individuals, several thousand 
f r o m seedlings and a t least ten f rom developed plants. The collected p lan t s were processed 
immediately. After dissection to organs the enzymes were inactivated at 105°C to 15' and then 
t h e plant material dried to dry weight a t 60°C. 

Total alkaloid determination was carried out with volumetric analysis according to the 
prescriptions of the Hungarian Pharmacopoeia, deviating f rom these only in the preparation 
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Fig. 1. Datura meteloides Dun. in the I I I . developmental phase 

Fig. 2. Datura stramonium L. var . inermis Jacq. in the VII. developmental phase 

. V 
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of the extract ion, giving preference to the ammonium digestion suggested by B e r g e r (1950) 
and to threefold cold chloroform shaking. 

Af ter having determined the green and dry weight of t he collected plant material for 
each organ we calculated t he absolute alkaloid content for the mean organ weights obtained 
from at least 10 measurements. Besides, we evaluated also the relative alkaloid per cent used 
generally in practice. The d a t a have been t abu la t ed and part of t hem graphically represented 
(see Tables 1—6 and Figs. 4 — 9). 

Fig. 3. Datura s t ramonium L. var. t a t u l a Torr, in the VI I I . developmental phase 

R e s u l t s 

Datura stramonium .varieties 

T h e roots of var. stramonium s t a r t e d to develop bo th in t h e 1. and 2. 
expe r imen ta l year w i t h a very low a lka lo ida l con t en t (Table 1 a n d Fig . 4). 
In p l an t s w i th two fo l iage leaves a r i se can be obse rved both in pe rcen tua l 
and abso lu t e alkaloidal contents . W i t h t h e s t r eng then ing of the p l a n t s and 
the s t a r t of the o rgan iza t ion of the r ep roduc t ive p h a s e (Phase I I I , IV) the 
alkaloidal con ten t in t h e root rises a l m o s t to its fou r fo ld which decis ively sup-
ports t h e v iew tha t in t h i s phase there is a greatly inc reased metabol i s t ic activ-
i ty in t h e p l an t and t h e root is the p l a c e of r enewed alkaloidal synthesis 
or accumula t ion . The s t a r t of f lower ing (Phase V) in t h e first expe r imen ta l 
year r e su l t ed in a considerable r educ t ion of the a lka lo ida l content of t h e root. 
This g r ea t reduct ion, however , was n o t verified b y t h e second expe r imen ta l 
year . I n connect ion w i t h this d i f ference we may r e f e r t o the meteorological 
condit ions since this p h a s e was w e t t e r in the f i rs t y e a r than in t h e second. 
Thus t h e reduc t ion of alkaloidal c o n t e n t s in the V p h a s e is no charac te r i s t ic 
fea ture of v a r . s t r a m o n i u m , but it m a y b e traced b a c k to the man i f e s t a t i on 
of the e f fec t of meteorological , e n v i r o n m e n t a l or p e r h a p s other f ac to r s . Simul-
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Table 1 

Developments of the alkaloidal content of Datura stramonium L. var. stramonium !.. during ontogeny 

Roo t S t e m Leaf Flower or f ru i t 

Deve lopmenta l 
phase 

To ta l alkaloidal 
con ten t in per cen t 

Abs. a lk . 
in m g 

To ta l alkaloidal 
con ten t in per cent 

Aba. a lk . 
in mg 

To ta l alkaloidal 
c o n t e n t in per cent 

Aba. a lk . 
in mg 

T o t a l 
a lkaloidal 

con ten t in 
per cent 

Abs . a lk . 
in m g 

1. yea r 2. yea r 2. y e a r 1. yea r 2. yea r 2. yea r 1. yea r 2. year 2. yea r 2. yea r 2. yea r 

I. 0.089 0.103 0.001 0.133 0.168 0.003 0.133 0.140 0.005 

п . 0.129 0.156 0.003 0.153 0.160 0.005 0.096 0.105 0.012 

ш. 0.498 0.530 0.84 0.140 0.250 0.06 0.257 0.260 0.84 
í v . 0.480 0.465 0.68 0.165 0.463 1.66 0.165 0.192 1.72 
V. 0.096 0.281 1.068 0.102 0.384 4.22 0.126 0.241 6.049 0.203 0.087 

VI. 0.219 0.225 1.26 0.213 0.220 4.26 0.165 0.180 5.40 

VII. 0.185 0.180 3.43 0.136 0.135 7.50 0.286 0.209 2.62 

VIII . 0.563 0.395 9.27 0.105 0.176 17.95 0.551 0.534 54.46 

IX . 0.205 0.228 3.19 0.173 0.176 10.91 0.235 0.234 14.50 0.199 0.57 
X. 0.150 0.155 4.74 0.101 0.321 32.74 0.198 0.223 13.83 

XI . 0.63 0.120 3.74 0.050 0.187 22.66 0.095 0.179 14.17 0.215 2.88 
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t aneous ly with f lower ing and t h e fo rmat ion of t h e green f ru i t t h e alkaloid 
level establishes i tself around 0.2 pe r cent. A n e w maximum (less sharply in 
t h e 2. year) is fe l t a t the s ta r t of m a t u r a t i o n whi le later the a lkaloid level 
decreases again. 

I n the s tem t h e to ta l a lka lo idal content is dur ing on togeny invar iably 
lower t h a n in the r o o t ; it amoun t s t o 0.16 per c e n t on the average. An increase 
can only be observed in flowering (Phase Y, VI) . B y the end of t h e vegeta t ion 

developmental phase 

Fig. 4. Developments of the total a lkaloidal contents of D a t u r a s tramonium L. var . s tramo-
nium L. in t he vegetative organs during ontogeny (1. experimental year ) 

t h e alkaloid level in t h e stem decisively diminishes. I n the 2. y e a r the reduc-
t ion was less expl ic i t . The compensa t ed alkaloid v a l u e s which can be otherwise 
observed in the s t e m suppor t t h e v i ew tha t no a lka lo id accumula t ion of vary-
ing measure occurs in this organ. 

I n the leaf t h e t o t a l alkaloid con ten t is h igh ly f luc tua t ing . I t begins wi th 
0.13 per cent to a t t a i n 0.551 or 0.534 per cent b y the s ta r t of ma tu ra t i on 
of t h e f ru i t . This m a x i m u m coincides with t h e root m a x i m u m . Later on, 
a considerable r e d u c t i o n of a lkaloidal contents can be observed in the foliage 
leaf. Dur ing the s a m e t ime (Phase V I I I ) when c o m p a r i n g the abso lu te alkaloid 
con ten t of the leaf w i t h tha t of t h e root it can b e found t h a t t h e alkaloidal 
c o n t e n t expressed in weight (mg) in t h e leaf is s ix fo ld o f t h a t f o u n d in the root . 
T h u s i t proves v e r y useful to c o m p a r e the r e l a t i v e and abso lu te alkaloidal 
con t en t s in the v e g e t a t i v e organs. T h e volume of t h e foliage s t rong ly influences 
t h e absolute a lka lo ida l content of t h e leaf p lac ing then the leaf as alkaloid 
source above t h e r o o t . 

Tota l a lka lo idal contents of f lower and f r u i t agree wi th l i t e ra ry da t a 
and somewhat increase with the m a t u r a t i o n of t h e f ru i t . 
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Table 135 

Developments of the alkaloidal content of Datura stramonium L. var. tatula Torr, during ontogeny 

Roo t S tem Leaf Flower or f r u i t 

Deve lopmenta l 
phase To ta l alkaloidal 

con ten t in per cent 
Abs. a lk . in m g To ta l alkaloidal 

con ten t in per cen t 
Abs. alk. 

in m g 
To ta l alkaloidal 

. con ten t in per cent 
Abs. a lk . 

in mg 
To ta l alkaloidal 

con ten t in per cent 

1. year 2. year 2. yea r 1. year 2. yea r 2. yea r 1. yea r 2. yea r 2. yea r 2. yea r 2. y e a r 

I. 0.270 0.282 0.0090 0.205 0.223 0.003 0.189 0.236 0.00826 

II. 0.280 0.282 0.012 0.225 0.220 0.016 0.176 0.250 0.01625 
in. 0.138 0.145' 0.044 0.207 0.195 0.086 0.278 0.209 0.418 
IV. 0.213 0.190 0.315 0.147 0.149 0.557 0.165 0.218 2.040 
v. 0.222 0.128 0.576 0.239 0.249 3.013 0.184 0.123 3.087 0.325 1.79 

VI. 0.142 0.091 0.637 0.135 0.202 4.352 0.220 0.280 9.510 

VII. 0.123 0.105 2.520 0.161 0.178 11.570 0.501 0.396 44.596 
VIII . 0.232 0.225 9.450 0.193 0.188 24.816 0.255 0.315 40.320 

IX . 0.281 0.290 10.440 0.141 0.168 16.80 0.267 0.302 36.844 0.289 34.10 
X . 0.213 0.262 24.0516 0.093 0.196 14.308 0.226 0.419 71.900 

XI . 0.202 0.223 0.92 0.067 0.120 20.88 0.190 0.200 15.720 0.466 70.18 
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Total alkaloidal content of the seed (2. experimental year): 0.231 per cent. 
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I n t h e o rgans of var. tatula t he t o t a l a lkaloidal c o n t e n t is more b a l a n c e d 
as c o m p a r e d wi th t h e rhapsod ic c h a r a c t e r o b s e r v e d in var . s t r a m o n i u m 
(Table 2, d i a g r a m 5). A l k a l o i d a l c o n t e n t s g iven as p e r c e n t of d ry w e i g h t are 
only t e m p o r a r i l y h igher i n t h e root t h a n in the l e a v e s . T h e d e v e l o p m e n t of 
t h e roo t , in c o n t r a s t t o v a r . s t r a m o n i u m , beg ins with a h i g h alkaloid syn thes i s . 
A l ready b e f o r e f lower ing a slight m a x i m u m occurs. L a t e r , with t h e p rogress 

a/k.% 
0,6 

0,5-

0,4 

0,3 

0,2-1 

Ű7 

root 
stem 
leaf 

III. 
—I— 
/к 

—I— 
И. m. IX. XI. 

developmental phase 

Fig. 5. Developments of the to ta l alkaloidal contents of Datura stramonium L. va r . tatula 
Torr, in the vegetative organs during ontogeny (1. experimental year) 

of t h e m a t u r a t i o n of t h e f r u i t (Phase I X ) , ano ther m a x i m u m a p p e a r s . Thus 
t h e t w o m a x i m a a t t h e t i m e of f lower ing o r m a t u r a t i o n , respec t ive ly , a r e observ-
able also in t h e va r . t a t u l a a n d as a t h i r d m a x i m u m t h a t f o u n d in t h e seedl ing 
m a y be a d d e d . P e r c e n t u a l a lkaloidal c o n t e n t of t h e s t e m lags b e h i n d t h a t of 
t h e roo t . A f l u c t u a t i o n c a n be o b s e r v e d also here . T h e modera t e m a x i m a 
coincide w i t h those of t h e r o o t . The a b s o l u t e a lka lo ida l c o n t e n t of t h e s t e m is 
h ighes t in t h e V I I I d e v e l o p m e n t a l p h a s e . 

T h e leaf mirrors , p a r t i c u l a r l y in t h e 1. e x p e r i m e n t a l year , t h e reversed 
d e v e l o p m e n t s of a lka lo ida l con t en t f o u n d i n the roo t . T h e r e is a m a x i m u m in 
t h e leaf w h e n a m i n i m u m is found in t h e r o o t ( I I I , V I I phase ) . In t h e 2 . experi-
m e n t a l y e a r t h e m a x i m u m occurr ing a t t h e r ipening of t h e f ru i t r e p e a t s itself 
in a m i l d e r f o r m . T h e f i r s t m a x i m u m fa i l s to come a b o u t and t h u s h a s no 
on togene t i c s igni f icance . 

T h e a b s o l u t e a l k a l o i d a l conten t g r a d u a l l y i n c r e a s e s in all o r g a n s . Also 
in th is v a r i e t y i t is h i g h e s t in the leaf , a t t a i n i n g its m a x i m u m in t h e X . phase 
(71.9 mg) . 

Ac,a Agr. Hung. Tomus XIV. 1965 



Table 3 

Developments of the alkaloidal content of Datura stramonium L. var. inermis Jacq. during ontogeny 

R o o t S t e m Leaf Flower or fruit 

Deve lopmenta l 
phase To ta l alkaloidal 

con ten t in per cent 
Abs . a lk . in m g T o t a l alkaloidal 

con ten t in per cen t 
Abs . a lk . 

in m g 
T o t a l alkaloidal 

c o n t e n t in per cen t 
Abs . alk. 

in m g 
To ta l a lkaloidal 

con ten t in p e r cent 

1. yea r 2. yea r 2. yea r 1. yea r 2. yea r 2. yea r 1. yea r 2. y e a r 2. year 1. yea r 2. yea r 

I. 0 .103 0.105 0 . 0 0 1 0.104 0.110 0 .003 0.192 0.235 0.019 

II. 0 .112 0.120 0.005 0.120 0.138 0.007 0 .240 0.267 0.053 

i n . 0.168 0.185 0.06 0.46 0.145 0.072 0.187 0.167 0.43 

IV. 0.280 0.295 0 .413 0.162 0 .306 1.07 0.165 0.282 2.23 

v . 0.427 0.405 3.40 0 .170 0 .123 2.16 0.186 0.189 6 .64 0 .206 0 .79 

VI . 0 .179 0.241 1.59 0 .083 0.478 10.61 0.247 0.146 4.18 

VII . 0 .098 0.349 10.05 0.072 0 .223 11.60 0.202 0.175 18.20 

VIII. 0 .191 0.200 4 0.268 0 .320 21.12 0.435 0.287 22.71 0.280 12.32 

I X . 0.265 0 .283 4.98 0.192 0 .240 15.36 0.315 0.285 23.03 0.401 12.35 

X . 0.202 0.225 4.05 0.059 0 .230 15.53 0.232 0.286 23.60 0.229 14.54 

X I . 0.192 0.220 3.78 0.062 0 .160 10.24 0.237 0.235 14.85 0.217 8.59 

T o t a l a lka lo ida l c o n t e n t of t h e seed : 0 . 2 7 3 % . 
(2. e x p e r i m e n t a l y e a r ) 
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T h e a lka lo id c o n t e n t of f l ower a n d f r u i t is c o m p a r a t i v e l y h i g h : 0.3—0.46 
p e r cen t . 

I n t h e r o o t of var. inermis ( T a b l e 3, Fig . 6) , s imilarly t o v a r . s t ramo-
n i u m , t w o r a t h e r s h a r p m a x i m a c a n be obse rved . These occur i n Phase Y 
(beg inn ing of f l ower ing ) and in P h a s e I X ( b e g i n n i n g of m a t u r a t i o n ) . T h e 
d i f fe rence a g a i n s t t h e f o r m e r va r i e t i e s is t h a t he re t h e f i rs t m a x i m u m is more 
i m p o r t a n t . B e t w e e n t h e d e v e l o p m e n t s of a b s o l u t e and p e r c e n t u a l alkaloid 

alk.% 

developmental phase 

Fig. 6. Developments of the total alkaloidal contents of Datura stramonium L. var. inermis 
Jacq. in the vegetative organs during ontogeny (1. experimental year) 

c o n t e n t s t h e r e is a de f in i t e d i f fe rence in t h e Y I I p h a s e which r e q u i r e s f u r t h e r 
e x a m i n a t i o n . 

I n t h e f i r s t e x p e r i m e n t a l y e a r t h e a lkaloid c o n t e n t of t h e s t e m a t t a ins 
0.22 per cen t on ly in t h e I I I a n d V I I d e v e l o p m e n t a l phases. T h e d a t a of t h e 
second yea r a re s o m e w h a t h igher . 

I n t h e leaf t h e t o t a l a lka lo ida l c o n t e n t s h o w s a similar t r e n d in bo th 
e x p e r i m e n t a l y e a r s . T w o m a x i m a c a n be observed , a t t h e beg inn ing of f lower ing 
( P h a s e VI) a n d a t m a t u r a t i o n of t h e f r u i t (Phase V I I I ) of which t h e second is 
m o r e i m p o r t a n t . 

T h e a b s o l u t e a lka lo ida l c o n t e n t of t h e v e g e t a t i v e organs is aga in t h e 
h ighes t in t h e leaf , a m o u n t i n g t o 98 m g in t h e X p h a s e . 

T h e a lka lo ida l c o n t e n t of t h e f lower is 0.2 p e r cent whi le t h a t of t h e 
f r u i t t h r o u g h 0.28 — 0.40 per cen t d imin ishes t o 0 .21 . 

I n var. Godroni (Table 4, a n d F i g . 7) the t o t a l a lkaloidal c o n t e n t similarly 
t o v a r . s t r a m o n i u m shows a more cons iderab le f l u c t u a t i o n in t h e vege t a t i ve 
o rgans . I n t h e r o o t t h e t w o m a x i m a also occur t o g e t h e r wi th a f i n a l t h i r d one. 
T h e second m a x i m u m is decisively m o r e cons ide rab le . The a l k a l o i d a l con ten t 

Acta Agr. Hung. Tornus XIV. 1965 



Table 139 

Developments of the alkaloidal content of Datura stramonium L. var. Godroni Dauert during ontogeny 

S ä с 
* 

Hoot S t e m Leaf F lower or f r u i t 

Deve lopmenta l 
phase 

To ta l alkaloidal 
c o n t e n t in per cent Abs. a lk . in mg 

To ta l a lkaloidal 
con ten t in per cent 

Abs . a lk . 
in m g 

T o t a l a lkaloidal 
c o n t e n t in per cen t 

Abs. a lk . 
in m g 

To ta l 
alkaloidal 
con ten t in 

per cent 

Abs. alk. 
in m g 

1. year 2. yea r 2. yea r 1. year 2. yea r 2. year 1. yea r 2. yea r 2. yea r 2. yea r 2. yea r 

I . 0.093 0.126 0.008 0.076 0.150 0.0045 0.142 0.201 0.014 

I I . 0.194 0.245 0.020 0.102 0.123 0.006 0.302 0.295 0.059 

Ш . 0.208 0.203 0.07 0.225 0.255 0.23 0.287 0.306 0.98 

IV. 0.383 0.390 1.01 0.146 0.203 1.28 0.206 0.223 3.35 

V. 0.355 0.365 2.92 0.282 0.285 6.13 0.394 0.425 21.97 0.235 0.75 
VI. 0.248 0.270 4.49 0.136 0.140 5.74 0.205 0.215 12.36 

VII . 0.175 0.226 5.31 0.220 0.220 23.98 0.221 2.234 13.81 

VIII. 0.582 0.450 15.08 0.186 0.200 21.9 0.232 2.240 18.12 

I X . 0.279 0.302 11.17 0.096 0.106 13.78 0.395 0.457 59.41 0.246 18.20 

X. 0.371 0.400 21.2 0.156 0.150 36.75 0.353 0.402 98.49 
XI . 0.269 0.276 35.47 0.050 0.120 39.61 0.153 0.203 67.5 0.236 81.42 

Total alkaloidal content of the seed (2. experimental year): 0.215 per cent. 
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of t h e s tem lags b e h i n d t h a t of t h e roo t , s im i l a r l y to the o t h e r var ie t ies . T h e 

a lka lo id m a x i m u m of the leaf fo l lows, w i th a s l ight d i f fe rence , t h e a lkaloid 

m a x i m a of t h e r o o t . I n c o m p a r i s o n of the t w o y e a r s the c h a n g e of the t o t a l 

a lka lo ida l c o n t e n t s is in close a g r e e m e n t . 

T h e a b s o l u t e alkaloidal c o n t e n t is again t h e highest in t h e l ea f , a t t a i n i n g 

98 m g (Phase X ) , s imilarly t o v a r . inermis . 

T h e a l k a l o i d a l conten ts of t h e f lower a n d f r u i t are 0 .23 — to 0.24 

c e n t , c o m p a r a t i v e l y lower. 

p e r 
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Fig. 7. Developments of the total alkaloidal contents of Datura stramonium L. var. Godroni 
Danert in the vegetative organs during ontogeny (1. experimental year) 

I n Datura meteloides t h e a lka lo ida l c o n t e n t dur ing o n t o g e n y (Table 5, 
F i g . 8) was a v e r a g e l y abou t 0.3 p e r cent in r o o t s a n d leaves w h i l e in the s t e m 
a lesser a m o u n t , a b o u t 0.2 pe r c e n t could be d e m o n s t r a t e d . E v e n in the r o o t 
of t h e y o u n g seed l ing the t o t a l a lka lo ida l c o n t e n t is r a the r h i g h . I t decreases 
b e f o r e f lower ing , t h e n rises aga in f o r a shor t t i m e a t t h e m a t u r a t i o n of the f r u i t . 
I n t h e s tem t h e t o t a l alkaloidal c o n t e n t a t f i r s t r u n s parallel w i t h t h e root b u t 
w i t h t h e b e g i n n i n g of f lower ing ( P h a s e V) c o n t r a r i l y increases , t o g radua l ly 
decrease l a t e r on . I t s values a l w a y s l ag beh ind t h o s e of the r o o t . T h e a lka lo idal 
c o n t e n t of t h e l ea f follows, u n t i l f lower ing , ( P h a s e V) a d e f i n i t e l y opposi te 
t r e n d t o t h a t of t h e roo t , b u t f r o m th i s po in t o n i t runs para l le l w i t h the s a m e . 

T h e o b s e r v a b l e d e v e l o p m e n t s of t o t a l a lka lo ida l c o n t e n t s in D a t u r a 
mete lo ides o f fe r ev idence of a v e r y in tens ive a lka lo id f o r m i n g a c t i v i t y in t h e 
y o u n g seedl ing, especial ly in t h e leaf . The a l k a l o i d level of t h e roo t fol lows 
a n oppos i te t r e n d . Dur ing t h e t i m e w h e n i t is h i g h in the leaf , b e f o r e f lower ing , 

Ada Agr. Hung. Tomus XIV. 1965 



Table 141 

Developments of the alkaloidal content of Datura meteloides Dun. during ontogeny 

R o o t S t e m Leaf Flower or f ru i t 

Deve lopmenta l 
phase 

To ta l alkaloidal 
con ten t in per cen t Abs. a lk . in mg 

To ta l alkaloidal 
con ten t in per cen t 

Abe. a lk . 
in m g 

Tota l alkaloidal 
con ten t in per cen t 

Abe. a lk . 
in m g 

To ta l 
alkaloidal 
con ten t in 

per cen t 

Abs. a lk . 
in m g 

1. yea r 2. y ea r 2. year 1. yea r 2. y ea r 2. y ea r 1. yea r 2. year 2. y ea r 2. y ea r 2. year 

I . 0.293 0.315 0.003 0.205 0.234 0.0037 0.297 0.265 0.0053 

II. 0.275 0.304 0.009 0.227 0.260 0.03 0.327 0.304 0.012 

i n . 0.253 0.260 0.026 0.162 0.203 0.08 0.305 0.315 0.32 

IV. 0.169 0.202 0.32 0.117 0.120 0.29 0.347 0.390 1.72 

V. 0.211 0.215 6.88 0.212 0.245 14.26 0.418 0.484 36.59 0.460 0.92 

VI. 0.250 0.260 8.94 0.127 0.150 9.30 0.263 0.307 41.99 

VII. 0.219 0.219 10.25 0.117 0.137 17.21 0.381 0.305 39.41 

VIII. 0.305 0,305 12.57 0.141 0.142 25.16 0.317 0.306 19.16 

I X . 0.152 0.187 8.23 0.048 0.080 14.40 0.165 0.184 12.14 0.273 28.39 

X . 0.138 0.165 9.74 0.073 0.115 23.46 0.212 0.200 16.00 

X I . 0.147 0.180 14.65 0.102 0.104 39.10 0.250 0.223 20.16 0.246 79.29 
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T o t a l a lka lo ida l c o n t e n t of t he seed (2. expe r imen ta l year ) : 0.239 per c en t . 
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i t shows a decrease , whi le i t increases i n t h e s tem, p r o v i n g t h a t a cons ide rab le 
t r a n s p o r t i n g a c t i v i t y is go ing on t h e r e . T h e r e is no d o u b t t h a t t h e onse t of 
t h e r e p r o d u c t i v e p h a s e closely i n f l u e n c e s the a lka lo id level of t h e p l an t . 

T h e abso lu t e a lka lo ida l c o n t e n t l ags beh ind t h a t of the s t r a m o n i u m 
var ie t ies . T h e abso lu te a lka lo ida l c o n t e n t of the r o o t is t h e leas t t o t h e end 
while a t t h e beg inn ing ( a t t h e f lower ing) i t is h igher in t h e leaf, l a t e r in the 

olk.% 

developmental phase 

Fig. 8. Developments of the total alkaloidal contents of Datura meteloides Dun. in the vege-
tative organs during ontogeny (2. experimental year) 

s t e m ( m a t u r a t i o n of t h e f ru i t ) . The t r e n d of the a b s o l u t e alkaloid c o n t e n t is 
rea l ly in close connec t ion w i t h the p r o g r e s s of t h e d e v e l o p m e n t of t h e p l an t . 
T h e shoo t ax is c o n t i n u o u s l y grows, inc reases and deve lops b r a n c h i n g s . The 
leaves a re of c o m p a r a t i v e l y smaller s ize and begin soon (Phase I X ) t o dry. 

I n t h e Datura innoxia (Table 6 , F i g . 9) t h e t o t a l alkaloidal c o n t e n t in 
t h e seedl ing age is s t r i k ing ly high in t h e r o o t — 0.6 p e r cen t — in b o t h exper i -
m e n t a l y e a r s . T h e h igh a lka lo idal c o n t e n t lasts u n t i l t h e I I I d e v e l o p m e n t a l 
p h a s e a n d w i t h t h e r e p r o d u c t i v e o r g a n i z a t i o n s u d d e n l y falls. S i m u l t a n e o u s l y 
wi th t h e o rgan iza t ion of f r u i t t he a lka lo ida l c o n t e n t of the r o o t inc reases 
aga in a n d moreover , in t h e V I I d e v e l o p m e n t a l p h a s e an explicit m a x i m u m 
can be obse rved . I n P h a s e I X also a n o t h e r mild m a x i m u m occurs. A s a result 
3 a lka lo id p e a k s evolve in t h e root of Datura innoxia. A t the s t e m t h e tota l 
a lka lo ida l c o n t e n t is less t h a n half , w i t h a r h y t h m i c f l u c t u a t i o n d u r i n g ontog-
eny , wh ich , however , does n o t fol low t h e changes of alkaloid d e m o n s t r a b l e 
in t h e r o o t b u t develops p a r t l y para l le l w i t h the a lka lo ida l con ten t of t h e leaf. 

Acla Agr. Hung. Tomus XIV. 1965 



Table 143 

Developments of the alkaloidal content of Datura innoxia Mill, during ontogeny 

R o o t S t e m Leaf F lower or f r u i t 

Deve lopmenta l 
phase 

To ta l alkaloidal 
con ten t in per cent Abs. a lk . in m g 

Tota l alkaloidal 
con ten t in per cent 

Abs . a lk . 
in m g 

To ta l alkaloidal 
con ten t in per cen t 

Abs. alk. 
in m g 

To ta l 
alkaloidal 
con ten t in 

per cent 

Abs. alk. 
in m g 

1. yea r 2. yea r 2. yea r 1. yea r 2. yea r 2. y e a r 1. y e a r 2. year 2. yea r 2. yea r 2. yea r 

I. 0.601 0.625 0.006 0.302 0.252 0.013 0.259 0.305 0.0061 
H. 0.648 0.660 0.020 0.349 0.294 0.015 0.208 0.253 0.037 

in. 0.645 0.603 1.15 0.123 0.153 0.052 0.110 0.154 0.15 

IV. 0.295 0.346 0.55 0.215 0.202 0.78 0.180 0.200 1.8 

v. 0.085 0.250 3.05 0.121 0.143 4.92 0.264 0.270 18.47 0.223 35.54 
VI. 0.367 0.302 6.28 0.096 0.105 5.63 0.317 0.325 18.85 

VII. 0.636 0.704 24.78 0.046 0.050 4.16 0.193 0.210 21.21 

VIII. 0.337 0.352 12.14 0.152 0.152 22.12 0.267 0.304 33.70 

IX . 0.425 0.464 36.47 0.107 0.123 33.21 0.208 0.228 46.19 0.145 18.27 

X. 0.368 0.395 36.34 0.196 0.215 64.20 0.228 0.265 53.03 
XI . 0.177 0.213 17,04 0.110 0.120 21.91 0.165 0.202 30.99 0.196 11.99 

Total alkaloidal content of the seed (2. exper imental year): 0.281 per cent. 
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I n the l e a v e s t h e a lka lo ida l c o n t e n t is r a t h e r high a g a i n i n young p l a n t s . 
D u r i n g the I I I p h a s e , i.e. e a r l i e r t h a n in t h e root it dec r ea se s , then g ra -
d u a l l y rises a g a i n a n d ear l ier t h a n in the r o o t , as ear ly as i n t h e IV p h a s e 
i t a t t a i n s t h e m a x i m u m , w h i c h fu l ly coincides in bo th e x p e r i m e n t a l y e a r s . 

The two m a x i m a f o u n d i n t h e s t r a m o n i u m var ie t ies c a n n o t be obse rved 
i n t h e leaves of Datura innoxia. T h e a lka lo ida l con t en t of t h e f lower is 0 .22 

developmental phase 

Fig. 9. Developments of the total alkaloidal contents of Datura innoxia Mill, in the vege-
tat ive organs dur ing ontogeny (2. experimental year.) 

p e r cent , t h a t of t h e f ru i t in g r e e n condi t ion 0 .14 per c e n t , i n r ipe cond i t ion 
0 . 1 9 per cent . T h e alkaloidal c o n t e n t of t h e r i p e seed is 0 . 2 8 p e r cent . 

The a b s o l u t e alkaloidal c o n t e n t is t h e h i g h e s t in t h e s t e m : 64.2 m g in 
t h e Phase X . T h e absolute a l k a l o i d a l c o n t e n t of the leaf is a t t h e same t i m e 
a s h igh as 57 m g . I n the r o o t t h e m a x i m u m ( I X phase) is 36 .47 mg. 

Conclusion 

4 var ie t ies of Datura stramonium L., Datura meteloides D u n . and Datura 
innoxia Mill, w e r e examined w i t h i n two y e a r s ' repl ica t ion f o r pe rcen tua l a n d 
a b s o l u t e a lka lo ida l con ten t s i n 11 phases of on togeny e s t ab l i shed b y t h e 
a b o v e - m e n t i o n e d ins t i tu t e . 

The per c e n t of to ta l a l k a l o i d a l con t en t in t h e va r ious o r g a n s f l u c t u a t e s 
o n a wide r a n g e , be tween 0 .2 a n d 0.8 per c e n t . F r o m t h e o rgans e x a m i n e d 
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general ly the root has t h e highest a lkaloidal c o n t e n t ; the re is s o m e w h a t less 
in t h e leaf and least of all in the s t e m . 

As to absolute a lkaloidal c o n t e n t generally t h e foliage is l ead ing except 
for t h e th ick - s t emmed species D. innoxia Mill., D. meteloides Dun . where t h e 
abso lu te alkaloidal c o n t e n t of the shoo t axis is s ign i f i can t . 

F o r the D a t u r a species examined it may be considered as generally 
val id t h a t in the course of on togeny a t the va r ious organs 2 or 3 alkaloid 
m a x i m a arise. The m a x i m a occur in f lower ing (or i m m e d i a t e l y before f lowering) 
in P h a s e IV, V and l a t e r when the f r u i t begins t o m a t u r e (Phase V I I I , IX) . 
A possible th i rd alkaloid m a x i m u m m a y be observed b y beginning of ontog-
eny (roots of Datura stramonium L . var. tatula To r r . ) or at i ts e n d (roots 
of Datura innoxia Mill.). 

T h e maxima observed in the va r ious organs m a y occur s imul taneous ly 
(Datura stramonium L. var. stramonium L. var. inermis Jacq . ) or w i t h a t ime 
i n t e rva l (D. stramonium L. var. tatula Torr . , var. Godroni Dan., D. meteloides 
D u n . a n d par t ly D. innoxia Mill.). 

T h e intensive changes in a lkaloid contents obse rved dur ing ontogeny 
ind ica te a high grade a n d rapid r a t e of t r anspor t ing ac t iv i ty and t h e maxima 
arising tes t i fy as well fo r alkaloid fo rma t ion occurr ing on several occasions. 
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APPROXIMATE QUANTITATIVE DETERMINATION 
OF LINALOOL IN CORIANDER OIL 

RY WAY OF LAYER CHROMATOGRAPHY 

B y 

S u s a n L a s s á n y i 

N A T I O N A L I N S T I T U T E FOR A G R I C U L T U R A L QUALITY T E S T I N G , B U D A P E S T 

I have e labora ted a thin-layer chromatographic procedure for the app rox ima te 
q u a n t i t a t i v e de te rmina t ion of the l inalool content in cor iander oil. The a d v a n t a g e of 
t he me thod lies in t h e fac t that the l inalool content of volat i le oils can be de termined 
wi th in one hour and a half. 

I n t r o d u c t i o n 

A c c o r d i n g t o t h e d a t a of G i l d e m e i s t e r ( 1 9 6 1 ) , Oleum coriandri c o n t a i n s 

6 0 — 7 0 p e r c e n t of l i n a l o o l . T h a t u n s a t u r a t e d t e r t i a r y a l c o h o l is a v e r y i m p o r -

t a n t a r o m a - s u b s t a n c e b e i n g u s e d e s p e c i a l l y i n t h e p e r f u m e i n d u s t r y a n d i n 

c o s m e t i c s ; i t i s a l s o a p p l i e d a s s c e n t m a t t e r i n s o a p m a n u f a c t u r i n g ( G u e n t h e r 

1 9 5 7 ) . 

T h e m a i n p o i n t o f t h e m e t h o d a s a p p l i e d b y m e , h a d b e e n d e s c r i b e d 

b y H e i n d b r i n k ( 1 9 6 4 ) ; a m o n g o t h e r s , h e h a d d e t e r m i n e d t h e l i n a l o o l c o n t e n t 

in L a v a n d e r oi l , h o w e v e r , o n l y r e f e r e n c e h a d b e e n m a d e t o h i s i n t e n t i o n t o 

r e p o r t o n i t i n a s u b s e q u e n t p a p e r . C o r i a n d e r oil h a s n o t b e e n s t u d i e d b y h i m . 

M a t e r i a l s a n d M e t h o d s 

In m y analyses I h a v e used commercial coriander oil. T h e characteristic d a t a of the 
volatile oil were the following: specific weight : 0.868, optical ro t a t i on : +9 .65 , r e f rac t ion index 
1.466, acid number : 2.0, es ter number: 16.8, es ter number a f t e r acetifying: 140.7. As test 
material p u r e linalool was used t ha t had been obta ined , through M E D I M P E X , f r o m t h e f i rm 
Dragoco. F o r the chromatographic procedure 2 0 x 2 0 cm glass sheets were used; f o r 5 sheets 
a suspension of 20 g Kieselgel-G Merck a n d 45 ml water was p repared . After ac t i va t ing at 
100° С for half an hour, and a subsequent cooling, the solution was dripped wi th a certified 
pipette of 0.1 ml. Of the oil solution drops of identical concent ra t ion were appl ied on each 
sheet, while of the linalool solut ion the drops were of increasing concentrat ion. As so lven t and 
as plat ing substance, benzene was equally u sed . The distance of plat ing was 10 c m . Plating 
was pe r fo rmed in two ways: a) plating in t he general ly used chromatography vessel; b ) plating 
without us ing a closed chromatograph vessel — a method as suggested by WASICKY (1963); 
viz., placing two sheets in to a glass t ray h a v i n g the width of a tes t - tube . This do ing in such 
a way t h a t t he sheets faced each other wi th the i r smeared sur face ; a 2 mm wire br id le tha t 
had been b e n t twice in r ight angle, was insta l led between them. T h e glass sheets were fastened 
together w i t h clips. Following the evaporation of t h e benzene, the sheets were placed in a vessel 
filled wi th bromide fumes; a f t e r being b romized for 3 — 5 minu tes , they were p l aced under 
a hea t - rad ia tor so tha t the distance from t h e r ad i a to r was abou t 10 cm. A wire screen was 
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placed under the sheets to prevent their eventual cracking. After cooling, the spots were 
assayed. 

Assaying was performed in two different ways: a) On a sheet transilluminated f rom 
below, the spots were measured with the aid of a t r ansparen t plastic pa t te rn . The pattern was 
made in a manner t h a t the holes on the start line were 1.5 cm from the lower edge; through 
these holes the place of droppings could be marked wi th a needle. On the upper part of the 
sheet there were holes of different size, their diameters ranging from 3 m m to 15 mm. Wi th 
t he aid of these the size of the spots can be measured, b) The cooled sheets were transilluminated 
f rom below; a glass plate being placed on them, the spots were stencilled to a tracing paper 
and then measured with a planimeter. 

The results obtained were i l lustrated graphically; the concentration was applied on 
axis X, while the values of the linalool solution tha t had been gained either by planimeter 
or by the pat tern-method, were applied on axis Y, and f rom this the linalool content of t he 
oil could be concluded to. 

R e s u l t s a n d D i s c u s s i o n 

As i t c a n b e s e e n f r o m t h e T a b l e , w h e n a p p l y i n g i d e n t i c a l c o n c e n t r a t i o n 
o n d i f f e r e n t s h e e t s , t h e s p o t s o b t a i n e d a r e n o t o f e n t i r e l y i d e n t i c a l s ize; i t w i l l 
b e a d v i s e d , t h e r e f o r e , t o f o l l o w t h e m e t h o d s u g g e s t e d b y S t a h l ( 1 9 6 2 ) a c c o r d -
i n g t o w h i c h i t s e e m s a p p r o p r i a t e t o a p p l y t o e v e r y s h e e t a t e s t m a t e r i a l o f 
i n c r e a s i n g c o n c e n t r a t i o n , t o o . 

Table 1 

Linalool content of coriander oil as measured with the pattern method 

Spot d i ame te r of t h e linalool-test i n 
of var ious dilutions 

solut ions D i a m e t e r of 
t h e linalool 

spo t of the oil 

Measured 
oil in y 

Linalool 
per cent 

of the oil 

62 y 92 y 125 y 156 y 187 y 

11 12 13 13.5 14 13 181 63.5 
10.5 11.5 13 14 14,5 12.5 181 63.5 
12 12.5 13 13.5 - 12 90.7 68.3 

62 y 78 y 94 y 125 y 156y 

10 11 11.5 13 14 11 90.7 68.3 
9.5 10 10.5 11.5 12 10.5 90.7 68.3 

10 10.5 11 12 12.5 10.5 90.7 68.3 
9 9.5 10.5 11.5 12 9 83.8 83.4 

10 10 11 11.5 12 10 83.8 83.4 
9 10 10.5 — 12 9 83.8 83.4 

62 y 94 y 125 y 156 y 181 y 

10 10.5 — 12 12.5 10.5 97.5 79.8 
9 10 11 12 12 9.5 97.5 82 
8 9 9.5 10 10.5 8.5 97.5 82 
9.5 11 11.5 12 12.5 10.5 121 64.4 
9 10 11 11.5 — 9.5 97.5 79.8 
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In t h e p resen t case p l a t i n g w i t h o u t t h e use of a c losed c h r o m a t o g r a p h y 
vessel sugges t ed by W a s i c k y (1963), c a n be applied b e c a u s e the p l a t i n g 
subs tance consis ts of one c o m p o n e n t on ly . T h e results a r e ident ica l w i th t h o s e 
ob ta ined in t h e c u s t o m a r y p l a t i n g runs p e r f o r m e d wi th t h e use of a c h r o m a t o -
g raphy vesse l . As a d v a n t a g e of the m e t h o d i t may b e m e n t i o n e d t h a t on ly 
l i t t le p l a t i n g subs tance is n e e d e d , on t h e o t h e r hand , i t s d i s a d v a n t a g e is t h a t 
t h e e v a p o r a t i n g benzene u s e d as subs t ance , is very n o c u o u s . 

I h a v e used a 10 c m p la t ing m e t h o d as, accord ing t o W a l d i (1963), 
separa t ion is most e f f ec t i ve in the lower one th i rd of t h e sheet. W h e n t h e 
q u a n t i t y of l inalool is d e c i d e d upon in a w a y t h a t t h e co n cen t r a t i o n r a n g e s 
f r o m 60—62 y to 180—187 y, t h e spot-size will be p r o p o r t i o n a l to t he l inalool 
concen t r a t i on . However , w h e n raising t h e q u a n t i t y a b o v e 200 y, the s p o t will 
n o t be r o u n d any more. W i t h higher concen t r a t i on , b e s i d e s linalool 3 m o r e 
c o m p o n e n t s can be d i sce rned in the vo la t i l e oil; one b e l o w linalool a n d t w o 
above i t . O n e of these t a k e s place a t t h e f r o n t line. Since I h a v e a imed a t t h e 
q u a n t i t a t i v e d e t e r m i n a t i o n of linalool, I h a v e not fo l l owed with a t t e n t i o n 
t h e o ther c o m p o n e n t s , a n d h a v e applied b o t h linalool a n d t h e oil in a c o n c e n t r a -
t ion t h a t h a s rendered i t poss ib le to o b t a i n round spots . 

U n d e r t h e inf luence of bromizing, w i t h the spo ts of solutions h a v i n g 
higher concen t ra t ion , t h e r e becomes a ye l low spot d iscernib le ; when, howeve r , 
placing it u n d e r the h e a t r a d i a t o r , the s p o t will increase , and on t h e layer 
t h a t has r ema ined colourless u p till t h e n , t h e spots, t oo , will become vis ible 
in abou t 5 minu t e s . The co lou r will t h e n t u r n f rom y e l l o w t o b rown. A f t e r 
cooling, t h e size of the s p o t will remain, howeve r , t he c o l o u r gets f a d e d . Th i s 
shade is n o w p e r m a n e n t ; o n hea t ing i t ge t s darker a g a i n b u t on cool ing i t 
will become l ighter once m o r e . 

The a s s a y s were n o t p e r f o r m e d in a s e p a r a t e , special r o o m , and t h e rela-
t ive h u m i d i t y of the air i n t h e l abo ra to ry w a s changing. I t is wel l -known t h a t 
t h e re la t ive h u m i d i t y of t h e a i r inf luences t h e Rf value n o t on ly on the a l u m i n a 
layer ( G e i s s and S c h l i t t 1 9 6 3 ) , b u t a lso on Kieselgel-G ( D a l l a s 1 9 6 5 ) ,  

s u b m i t t i n g i t seems — t h e r e f o r e — to b e unnecessary b e c a u s e there is on ly 
one spot a n d t h e test m a t e r i a l , too, r u n s a long with i t . 

On b a s i s of the a v e r a g e of the r e su l t s ob ta ined w i t h t h e plast ic p a t t e r n 
m e t h o d , t h e linalool c o n t e n t of the e x a m i n e d cor iander oil was 7 3 . 3 % . Six 
sheets were measured w i t h p lan imete r a n d t hus t h e a v e r a g e was 7 2 . 6 % . 
According t o t he s t a t i s t i c a l d e t e r m i n a t i o n of error, i n case of p e r f o r m i n g 

m e a s u r e m e n t s wi th plas t ic p a t t e r n , the m e a s u r i n g accuracy is = — a.e. ^ 6 .5 % . 
6 
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C o n c l u s i o n 

A s c a n b e s e e n f r o m t h e a b o v e , t h e m e t h o d m a y b e a p p l i e d f o r q u i c k , 
a p p r o x i m a t e a s s a y i n g . I t s a d v a n t a g e l ies i n t h e f a c t t h a t n o s p e c i a l e q u i p m e n t 
is n e e d e d a n d , if s h e e t s a r e p r e p a r e d b e f o r e , t h e m a x i m u m t i m e f o r d e t e r -
m i n i n g t h e l i n a l o o l c o n t e n t o f t h e v o l a t i l e oi l is n o t m o r e t h a n one h o u r a n d 
a h a l f . 
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EXAMINATION OF YIELD COMPONENTS BY PATH 
ANALYSIS, IN A FERTILIZER EXPERIMENT 

WITH WINTER WHEAT 

By 

J . O ' s v á t h 

A G R I C U L T U R A L R E S E A R C H I N S T I T U T E OF T H E H U N G A R I A N A C A D E M Y O F SCIENCES, M A R T O N V Á S Á R 

The yield components of a win te r wheat experiment lasting two years were 
examined by the aid of the so-called " p a t h analysis", taking into consideration the 
effects of t reatment with fertilizers a n d of other, environmental influences. Though 
sampling error was great (51 per cent), i t could clearly be demonstrated t h a t t he number 
of ears is hardly affected Ьу fertilizing. The weight of grains per ear, however, was influ-
enced (to 37 per cent) by nitrogen dressing. 

In t roduc t ion 

T h e yield c o m p o n e n t s of w in t e r whea t are d i f fe ren t ly a f f e c t e d b y the 
t r e a t m e n t s : certain character is t ics scarcely change , others r e s p o n d sen-
sit ively. 

O n examining t h e internal connec t ions a m o n g features t h e m e t h o d of 
pa th ana lys i s has been used. The a d v a n t a g e of this p rocedure is t h a t t h e direct 
effect of independen t components (causes) and t h e correlation a m o n g them 
(if such exists) may be por t rayed in a single d iag ram. The result of t h e path 
analysis is, therefore, exceedingly express ive and mul t i -var iable connect ions 
can m u c h be t t e r be i l lus t ra ted b y i t t h a n by the u s u a l regression analysis. 
In t h e l a t t e r the expec tab le value of means is d i s in tegra ted , in t h e former 
the va r i ances are resolved. The " p a t h coeff ic ient" i tself is t h a t p a r t of the 
dispersion of У, which depends on t h e var iabi l i ty of the x, charac te r i s t i c 
c o m p o n e n t (cause). I t s i m p o r t a n t t r a i t is t h a t certain p a r t of the e n t i r e process 
may express ively be represented e v e n wi thout r e spec t ing some p a r t s of the 
main process . Therefore , t he appl ica t ion of the p a t h analysis is a d v a n t a g e o u s , 
if (as in m a n y cases) t h e regression f u n c t i o n chosen does not a d e q u a t e l y meet 
the rea l biological s t a t e or if errors a re g rea t . Against t h e favourable a t t r ibu te s 
men t ioned above s t a n d s t h e d r awback t h a t pa th ana lys i s can only b e applied 
for a d d i t i v e models a n d is unserviceable fo r expressing t h e effect of in te rac t ions . 

T h e present p a p e r is an example fo r using t h e p a t h analysis w h e n t reat-
ments (fertilizers) of t h e exper iment as well as i ts env i ronment ( t h e blocks) 
are also included in to t h e causal s y s t e m . As it does no t lay c la im t o draw 
fa r - reach ing conclusions, only l i t e r a t u r e da ta p e r t a i n i n g to the ana lys i s are 
quo ted . 

Acta Agr. Hung. Tom us X I V . 1965 



1 4 0 J. O'SVÁTH 

T h e m e t h o d of p a t h a n a l y s i s , e l a b o r a t e d p r i m a r i l y b y W r i g h t 

( 1 9 2 1 , 1934 , e t c . ) i s c h i e f l y a p p l i e d in g e n e t i c s . T h e h a n d b o o k s o f L i ( 1 9 5 5 ) , 

K e m p t h o r n e ( 1 9 5 7 ) a n d L e R o y (1960) d e s c r i b e t h e p r o c e d u r e in d e t a i l . 

A c c o r d i n g t o l i t e r a t u r e i t is a l s o f r e q u e n t l y u s e d i n f i e l d e x p e r i m e n t s . I f b e s i d e 

t o t a l y i e l d a l s o o t h e r f e a t u r e s — m o s t l y y i e l d c o m p o n e n t s — a r e s u r v e y e d 

t h e s e m a y b e d e a l t w i t h in a " p a t h d i a g r a m " . T h e d a t a o f a w i n t e r w h e a t 

f e r t i l i z i n g e x p e r i m e n t t o b e d e s c r i b e d b e l o w w e r e e l a b o r a t e d so t h a t t h e 

e f f e c t of t r e a t m e n t s h a d a l s o t o m a n i f e s t i t s e l f i n t h e p a t h d i a g r a m . S u c h 

e v a l u a t i o n of f a c t o r i a l e x p e r i m e n t s b y p a t h a n a l y s i s is n o t h a b i t u a l in l i t e r -

a t u r e . 

E x p e r i m e n t a l P r o c e d u r e 

The effect of n i t rogen fertilizers on the Soviet w i n t e r wheat var ie ty Besostaya-1 was 
examined by K o l t a y in Martonvásár , applying collateral ly P and К fert i l izers. Originally 
an n X p X к factorial experiment a r r anged in incomplete blocks was set u p and doses were 
g iven on three levels (n = p = fe = 3). B u t NPK in t e r ac t ion components confounded w i t h 
incomple te blocks were generally u n i m p o r t a n t , therefore f r o m the aspect of elaboration t h e 
exper iment may be looked upon as a r a n d o m block of 2 replications. T h e conditions of t h e 
exper iment performed in 1961/62 and 1962/63 as well as t h e analysis of t o t a l grain yield were 
described by K o l t a y (1965). 

Beside measur ing the grain yield of plots also o the r characteristics were surveyed, he re 
only the number of ea r s per plot and t o t a l grain weight pe r ear are discussed. The wheat was 
harves ted and th reshed b y combines, g ra in yield stored i n sacks in a b a r n and its quan t i t y 
per plot established b y weighing it in air dry state. The n u m b e r of ears a n d t h e grain weight 
per ear were obta ined for each plot o n t h e strength of samples . Immedia te ly before harves t 
( Ju ly 25, 1962 and J u l y 10, 1963) ea red sample plants were collected f r o m 2 current met res 
in each plot and f r o m these was the n u m b e r of ears per p lo t established. Subsequent ly f r o m 
th is eared sample p l a n t material 10 specimens per plot, i. e. 40 specimens pe r t rea tment com-
bina t ion (thus a l toge ther 1080 plants in t h e whole expe r imen t ) were selected b y balloting and 
e laborated assessing t h e value of grain weight per ear. Theoret ical ly the following connection 
exis ts : 

. . . , , , grain we igh t 
total grain yield = ear n u m b e r X — 

ear 

As in pa th ana lys i s an additive m o d e l must be appl ied , the following connect ion was used 

>", = U + Y, 

where Y, = the l o g a r i t h m 
Y2 = the l o g a r i t h m 
Y3 = the l o g a r i t h m 

of grain yie ld per plot, 
of ear n u m b e r per sample, 
of grain weight /ear per p lo t . 

T h e value of the f i r s t yield component was obtained b y measurement , t h a t of the others b y 
sampling. When speak ing hereinafter — for reasons of b r e v i t y — simply a b o u t grain yield 
per plot , number of ea rs per sample or grain weight per ea r , always the logar i thm of these 
va lues are to be unde r s tood . Y2 and Y 3 are naturally n o t independent f r o m one another , 
because both yield componen t s were collectively affected m o r e or less by t h e different in f lu-
ences of N, P and К fert i l izers ( t r ea tmen t s ) , blocks and y e a r s (a case of corre la ted causes). 
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Results and Discussion 

T h e result of va r i ance and covar iance analysis pe r ta in ing to t h e data 
of the exper imen t compris ing a two-year-o ld mater ia l is presented in T a b l e 1. 
In i ts H e a d I "Source of v a r i a t i o n " t h e effect of y e a r s and full b locks has 
not been divided, b u t a re evidenced jo in t ly as t h e cause of va r i a t i on (В) 
b rough t a b o u t by e n v i r o n m e n t . Consequent ly , the ana lys i s is essential ly iden-
tical w i th the r andomized block design of four c o m p l e t e blocks (b = 4). 
T r e a t m e n t s contain all m a i n effects a n d two-factor in t e rac t ions . B u t t h e NPK 
effect of th i rd degree, be ing in rea l i ty confounded w i t h certain incomple te 
block i m p a c t s ( K o l t a y , 1965), was recorded under t h e designation " O t h e r 
causes" . The mean s q u a r e da t a (MS) of to ta l yield ( Y j ) does n a t u r a l l y not 
correspond with those previous ly publ i shed ( K o l t a y , 1965), because t h e la t ter 
were gained on the basis of original va lues , whereas in t h e e laborat ion described 
here the i r logar i thms were used. Due t o this reason a n d as a consequence of 
t r a n s f o r m a t i o n also s ignif icance da t a d i f fer slightly f r o m those to b e read in 
K o l t a y ' s p a p e r . 

Mean squares of va r i ance analysis and data on s ignif icance are con ta ined 
in the t h r ee columns of H e a d I I I in Tab le 1. All m e a n squares (MS) have 
na tu ra l ly posi t ive values . T h e last t h r ee columns of T a b l e 1 (Head IV) evidence 

Table 1 

Analysis of variance and covariance for data of KOLTAY'S experiment 

i ii i n iv 

Source DF 
y, y, y. y ,y , y,y, y,y, 

of variation MS MP 

Environment (В) 3 0 . 5 2 7 4 1 3 0 . 0 5 0 7 0 2 0 . 0 2 4 8 7 2 + 0 . 1 5 7 7 9 + 0 . 1 0 3 2 0 + 0 . 0 2 8 8 6 

Treatments; 
N 2 0 . 2 0 1 5 6 3 0 . 0 0 5 2 8 0 . 1 0 4 2 8 3 + 0 . 0 3 1 6 4 + 0 . 1 4 0 9 4 + 0 . 0 2 3 4 7 

P 2 0 . 0 0 4 3 4 0 . 0 0 1 0 4 0 . 0 0 3 9 8 - 0 . 0 0 1 3 1 - 0 . 0 0 3 7 0 — 0 . 0 0 0 3 7 

NP 4 0 . 0 0 7 6 7 1 0 . 0 0 7 2 0 0 . 0 0 2 1 5 + 0 . 0 0 1 7 8 + 0 . 0 0 4 2 0 — 0 . 0 0 1 6 4 

К 2 0.00011 0 . 0 0 6 6 6 0 . 0 0 7 2 3 - 0 . 0 0 0 5 3 + 0 . 0 0 0 8 5 + 0 . 0 0 2 6 9 

NK 4 0 . 0 0 1 8 6 0 . 0 0 3 9 6 0 . 0 0 0 8 8 + 0 . 0 0 0 9 0 + 0 . 0 0 0 2 4 + 0 . 0 0 1 8 5 

PK 4 0 . 0 0 0 8 8 0 . 0 0 3 8 0 0 . 0 0 3 8 4 + 0 . 0 0 1 7 4 + 0 . 0 0 0 7 2 + 0 . 0 0 1 4 0 

Other causes 8 0 . 0 0 2 2 2 0 . 0 1 1 7 2 0 . 0 0 1 7 4 + 0 . 0 0 0 9 8 + 0 . 0 0 1 0 5 — 0 . 0 0 1 2 4 

Error 7 8 0 . 0 0 2 6 2 0 . 0 0 8 6 2 0 . 0 0 4 1 6 - 0 . 0 0 0 3 2 + 0 . 0 0 1 8 2 + 0 . 0 0 0 1 2 

Total 1 0 7 0 . 0 2 1 1 0 0 . 0 0 9 3 8 0 . 0 0 6 2 7 + 0 . 0 0 4 9 9 + 0 . 0 0 7 0 4 + 0 . 0 0 1 3 5 

1 Signif icant on the P = 5% probability level 
2 Signif icant on the P — 1% probability level 
3 Signif icant on the P = 0.1% probability level 
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t h e results of covar iance ana lys i s . The signs of mean p r o d u c t s (MP) were 
a l w a y s indicated. The lowermost row of Table 1 displays t h e es t ima ted va lues 
of t o t a l var iance a n d covar iance respectively (MS and MP) pe r ta in ing to t h e 
loga r i thms of t h e da t a on g r a i n yield per p lo t , ear n u m b e r pe r sample a n d 
g r a i n weight pe r ear . If pa th ana lys i s is c o n d u c t e d only on t h e basis of these 
t h r e e factors ( the yield and i t s t w o components ) , then n o t h i n g else hut t h i s 
u n d e r m o s t row is needed, i.e. v a r i a n c e and covar iance analysis m a y be omi t t ed . 
M o s t authors do so. 

This is t h e simplest a n d m o s t f r equen t ly applied p r o c e d u r e by which 
t o t a l correlation coefficients ex i s t i ng among t h e character is t ics are calculated 
a n d on their bas i s pa th coeff ic ients established. I n case of t h e three fea tu res 
men t ioned above t h e following correlat ion coeff ic ients are o b t a i n e d : r12 = 0.355; 
r 1 3 = 0.613; r 2 3 — 0.176.These va lues may d i r ec t ly be gained f r o m the lowest 
r o w of Table 1. E . g. 

e t c . I t is evident t h a t in this case the logar i thm of total g r a in yield is closer 
cor re la ted to t h e grain weight pe r ear (r13 = 0.613) t h a n t o t h e number of 
e a r s (r12 = 0.355). The case of corre la ted reasons is shown b y t h e pa th d iagram 
of Fig. 1. Cus tomar i ly the l ine provided wi th t w o arrows ind ica t e s the corre-
l a t i o n coefficients, while those w i t h one arrow i m p l y the " p a t h e s " . T h e unknown 
v a l u e s of p a t h coefficients m a r k e d with the l e t t e r s u, v a n d w may be cal-

1. Path analysis ivithout considering the treatments 
and other effective reasons 

0.00135 
0.176 

1/(0.00938) (0.00627) 

V •9 

\ 
r„= 0,176 23 

E 

Fig. 1. Path diagram without considering the t r ea tment and other effective reasons 
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culated f r o m t h e following th ree equa t ions : 

r12 = " + r23 ' v ' (D 

Г13 = V + r 2 3 ' U ( 2 ) 

1 = u2 + v2 + 2 • и • v • r 2 3 + w2 (3) 

In t h e present case t h e correlat ion coefficients of t h e equat ions equa l 
the values described before . Fig. 1 d e m o n s t r a t e s c lear ly t h e c o m p o n e n t s of 
correlat ions. 

Number of ears versus total yield r1 3 = 0.355 

Direct effect of ear number p 1 3 = 0.255 = и 
Indirect effect via grain weight per ear r2 3 • pl3 — 0.100 = r23 • v 

Total : 0.355 

B o t h e f fec t s were posi t ive , the d i r e c t one proved s t ronger in t h e pres-
ent case. 

Grain weight per ear versus total yield r l 3 = 0.613 

Direct effect of grain weight per ear pl3 = 0.568 = v 
Indirect effect via number of ears r3 3 . p1 2 = 0.045 = r 3 3 . u 

Total : 0.613 

The indi rec t ef fect was u n i m p o r t a n t . 
H o w e v e r , t he var iab i l i ty of to ta l g r a i n yield per p lo t cannot in p r a c t i c e 

be fully es tab l i shed on t h e s t r eng th of ea r n u m b e r per s a m p l e and grain we igh t 
per ear, b e c a u s e grain yield was ac tua l ly measured, whi le the value of b o t h 
other f ac to r s assessed b y sampling. T h e r e f o r e , in t h e p a t h diagram also a 
" S a m p l i n g e r r o r " , as va r i ab i l i t y reason, was inser ted. The pa th v a l u e of 
sampling e r ro r computed b y equat ion (3): w = 0.749 is v e r y high; 56 p e r cent 
of the v a r i a n c e of to ta l y ie ld (0.7492 = 0 .561) may be t r a c e d back exclus ive ly 
t o this r eason (Fig. 1). U n d e r given expe r imen ta l cond i t ions the t o t a l yield 
of the w h e a t va r ie ty Besos taya-1 d e p e n d e d much more ( to 32 per c e n t ) on 
the to ta l we igh t of grains pe r ear t han o n t h e number of ears per p lo t (6 per 
cent) . I n d i r e c t effects (2. u.v. r2 3) p a r t i c i p a t e d merely w i t h 5 per cen t . 

2. Path analysis taking treatments 
and other effective reasons into consideration 

The corre la t ion b e t w e e n both y ie ld components : t h e number of ears 
per sample a n d the grain we igh t per ear w a s low: r 2 3 = 0.176. Paying r e spec t 
t o the d i f f e r en t effective reasons of the expe r imen t we m a y continue t o in te r -
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prê t also th i s correlat ion. R e g a r d i n g only t h e simple in f luences Table I w a s 

somewhat t r a n s f o r m e d by d r a w i n g in te rac t ions into the r e s t ; thus its deg ree 

of freedom ( D F ) amounted t o 98. By this r educ t ion for t h e logari thm of e a r 

n u m b e r per s a m p l e (Y2) a n d fo r the l o g a r i t h m of grain we igh t per ear (Y3) 
t h e es t imated var iances (MS) and covar iances (MP) accord ing to T a b l e 2 

Table 2 

Alternative analysis of covariance 

Source 
of variat ion DF 

y, V, y . y . Source 
of variat ion DF 

MS MP 

Envi ronment ( B ) 3 0 . 0 5 0 7 0 0 . 0 2 4 8 7 + 0 . 0 2 8 8 6 

N 2 0 . 0 0 5 2 8 0 . 1 0 4 2 8 + 0 . 0 2 3 4 7 

P 2 0 . 0 0 1 0 4 0 . 0 0 3 9 8 — 0 . 0 0 0 3 7 

К 2 0 . 0 0 6 6 6 0 . 0 0 7 2 3 + 0 . 0 0 2 6 9 

Res t ( E ) 98 0 . 0 0 8 4 3 0 . 0 0 3 7 3 + 0 . 0 0 0 0 6 

Table 3 

Components of variance and covariance 

У, V, Y Y 1 2 1 3 

o h — 0 . 0 0 1 8 8 II 0 . 0 0 0 9 2 о1г, = 0 . 0 0 1 0 7 

Oni = 0 . 0 0 0 1 5 0 . 0 0 2 9 0 = 0 . 0 0 0 6 5 

Opi = 0 . 0 0 0 0 3 Ol 3 = 0 . 0 0 0 1 1 аРг3 — — 0 . 0 0 0 0 1 

o h = 0 . 0 0 0 1 8 Ok3 = 0 . 0 0 0 2 0 < 4 » = 0 . 0 0 0 0 8 

o h = 0 . 0 0 8 4 3 „2 
Oe3 = 0 . 0 0 3 7 3 ° f28 = 0 . 0 0 0 0 6 

OTi — 0 . 0 1 0 6 7 
? 

aT3 — 0 . 0 0 7 8 6 

's 0 . 0 0 1 8 5 

were ob ta ined , in cons t ruc t ing of which genera l ly the symbol s and p r e s e n -
ta t ion used in Table 1 were applied. 

The v a l u e s of variance a n d covariance components f i g u r e d out f r o m t h e 
d a t a recorded in Table 2 a re summarized in Table 3. The w a y of ca lcu la t ing 
t h e right v a r i a n c e and covar iance c o m p o n e n t s on the s t r e n g t h of MS a n d 
MP values is chief ly detailed in the books b y K e m p t h o r n e (1957) and L e R o y 
(1960). R e g a r d i n g the basic d a t a as "bas i c popu la t ion" , i n accordance w i t h 
t h e variance a n d covariance analysis of " m u l t i - w a y c lass i f ica t ion" (b = 4, 
n = p = к = 3 ) t h e f o l l o w i n g e q u a l i t i e s s u b s i s t ( K e m p t h o r n e , 1 9 5 7 ) : 
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MS env i ronment (В) = n .p .k . a\ = 27 • a\ 

MS n i t rogen (N) = b .p .k . a2
n = 36 • a\ 

MS phosphorus (P) — b.n .k . a2
p = 36 • o2

p 

MS po tass ium (K) = b .n .p . a\ = 36 • 

MS res t (E) = oP = Op 

al 

For M P values similar equation m a y be stated, b u t instead of var iances 
adequate covariances are t o be applied. Variance componen t s thus c o m p u t e d 

Table 4 

Coefficients of correlation 

X 
Y, Y. Y.Y, 

X 
V X rX• X-

В 0.4198 0.3420 0.813 
1V 0.1186 0.6074 1.000 

p 0.0530 0.1183 — 0.182 
к 0.1299 0.1595 0.388 
E 0.8889 0.6889 0.011 

rTlTl = 0.38872 rTlTl = 0.63270 гТгТш = 0.20156 

are shown in the f i rs t t w o columns, corresponding covariances in t h e th i rd 
column of Table 3. On summing up t h e calculated va lues of each column 
total var iances and covariances respect ively are ob t a ined (Le R o y , 1960). 

The different " p a t h s " and correlat ion coefficients m a y be reckoned f rom 
Table 3 a n d are presented in Table 4. Correlation coeff icients displayed in the 
last column were establ ished in the following way. On the basis of MS and 
MP d a t a f rom Table 2 t he correlation coefficient be tween the b locks Y2 

and Y3 has the following value 

0.02886 
' B.B' 

1^(0.05070) (0.02487) 
= 0 .8127. 

(The same result may also be obtained b y using the va r i ance and covar iance 
components of Table 3, b u t it would involve more rounding errors . ) The 
" p a t h s " f igur ing in t he f i rs t two co lumns of Table 4 were e. g. ca lcula ted 
as follows 

''TsB. 
0.00188 
0.01067 

= 0.4198: 
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t h e values n e e d e d were t a k e n f r o m Table 3. T h e lowermost row of Table 4 
conta ins the correla t ion coeff ic ients worked o u t on the basis of to t a l va r iances 
a n d covariances 

ГТгТг = Г В ГПВ- Р B-T, + />Т|Л РУТ, + Р'АР Грр• рр-т, + 

рт.кГкк'рк'Т, + рт,Е гее• Ре т3 = 0 . 2 0 2 6 8 . 

A p a r t from t h e rounding e r ror th i s value equa l s the directly calculated r e s u l t : 

0 . 0 0 1 8 4 6 
rT,T, = = 0 . 2 0 1 5 6 . 

1 ^ ( 0 . 0 1 0 6 7 ) ( 0 . 0 0 7 8 6 ) 

T h e connect ions are shown. 

Conclusion 

Considering also the e f f e c t of t r e a t m e n t s (full analysis) in the fer t i l iz ing 
exper iment conduc ted with t h e winter whea t in question, t h e sampling e r ro r 
p roved to be g r e a t (51 per cen t ) as to the l o g a r i t h m s of grain y ie ld per plot (У , ) , 
ea r number p e r sample (Y.,) a n d grain we igh t per ear (Y 3 ) (F ig . 2). Sampl ing 
errors of such degree are not u n k n o w n in l i t e r a tu re . I t can b e seen clearly t h a t 
despi te of t h e g rea t sampling e r ro r other p a r t s of the d i a g r a m m a y u n d i s t u r b -
edly be e v a l u a t e d . 
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Out of d i rec t effects 35 pe r cent of va r iab i l i ty in Y t h a v e been caused 
by the loga r i thm of grain weight per ear a n d 7 per cent b y t h a t of ear n u m b e r 
per sample. T h e value of ind i rec t effects ( 2 . u . v. r2 3) was only 6 per c e n t . 
The correlat ion between gra in weight pe r ea r and ear n u m b e r per s a m p l e 
manifes ted itself as r 2 3 = 0 .202; this can b e traced b a c k to the d i f f e ren t 
(block, N, P , К and other) e f fec t s and m a y ent i re ly be exp la ined numer ica l ly 
by pa th analys is . The posi t ive correlat ion be tween ear n u m b e r per s a m p l e 
and grain weight per ear is u n c o m m o n ; it u sua l ly is negat ive in var ie ty exper i -
ments . The di f ference may be a t t r i b u t e d t o t h e effect of fer t i l izer . 

In t h e expe r imen t r epo r t ed here the va r i ance of ear n u m b e r l o g a r i t h m 
m a y be ascr ibed to different ef fec ts , viz. 18 pe r cent to t h e blocks, 1 per cen t 
to N, 0.3 per cent to P , 2 per cen t to К a n d 79 per cent t o o the r causes. T h e 
n u m b e r of ears has hardly been inf luenced b y t h e applied fer t i l izer doses, t h i s 
seems chiefly t o be an inside v a r i e t y p r o p e r t y : the winter w h e a t Besos taya-1 
produces one ear per plant a n d seldom an af ter -ear . 

The l oga r i t hm of grain weight per ear h a s given qu i te a different r e su l t . 
The great ef fect of nitrogen t r e a t m e n t is conspicuous. F r o m tota l v a r i a n c e 
12 per cent was due to blocks, 37 per cent t o N, 1 per cen t t o P . 3 per c e n t 
t o К and 48 per cent to o ther reasons (Fig. 2). By the l a t t e r also the in t e rac -
t ions are r ep resen ted . 
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FIELD TESTS ON RESISTANCE OF WHEAT 
VARIETIES TO STEM AND LEAF RUST 

IN MARTONVÁSÁR 1960-1964 

By 

M a r i a n M a n n i n g e r 

A G R I C U L T U R A L R E S E A R C H I N S T I T U T E O F T H E H U N G A R I A N A C A D E M Y O F S C I E N C E S , M A R T O N V Á S Á R 

Invest igat ions of the res i s tance of wheat var ie t ies to stem ru s t (Puccinia gra-
minis Pers. f. sp. tritici Erikss. e t Henn.) and leaf rus t (Puccinia recondita Bob. ex 
Desm. f. sp. tritici [Erikss.]) were conducted in Mar tonvásár 1960 — 64 in provocatory 
field tests wi th uredospore popu la t ions including t h e prevalent domest ic races, under 
microclimatic conditions par t icu lar ly suited for these pathogens. The varieties involved 
were examined for 2 — 5 years. Res i s t an t to both ru s t s proved to be: Pembina, Rafaela, 
Pergamino Goboto, Klein Petiso ; to stem rust on ly : Lee, Selkirk ; to leaf rust only: 
Besostaya 1, Skorospelka 3b, Skoplje, Klein Aniversario, No. 10 (Bulgarian) , Mida, 
El Gaucho, Körn I I , Fertődi 249, Rannaya 27, Osetinskaya 3, Mocinave, Feranol Pinto, 
Atlas 50, Bledsoe. 

Int roduct ion 

Cereal rus t s belong to t h e pa thogens in which , since special izat ion has 
b e e n demons t r a t ed , and d i f fe ren t ia l test Sor t iment utilized w i t h the aid of 
in fec t ion types developing on w h e a t s in seedling condi t ion, the g rea t e s t n u m b e r 
of physiological races were i so la ted . Until 1962 as m a n y as 297 stem r u s t 
races were de t e rmined — S t a k m a n et al. (1962) — hu t since t h a t t ime the i r 
n u m b e r exceeded 300 and t h a t of t h e recorded leaf rust races is nearly 200 
— H a s s e b r a u k (1963). — I t is well known t h a t the rust races can be ranged 
i n t o r u s t groups. F o r instance, f r o m the two leaf r u s t races be ing most impor-
t a n t a t present in H u n g a r y t h e r ace No. 20 belongs to group 9 while No. 77 
to g roup 21. 

Resistance in early age es tab l i shed in the glasshouse in no w a y war ran t s 
t h a t t h e var ie ty in earing or in t h e subsequent deve lopmenta l phase would 
be res i s tan t on t h e field too; t h i s has been d e m o n s t r a t e d also w i th various 
progenies from crosses. I t has b e e n as well known for m a n y yea r s t h a t variet ies 
suscept ib le to some impor tan t r aces in seedling age are as developed p lan t s 
r e s i s t an t to the s a m e races — C a m p o s et al. ( 1 9 5 3 ) . — According to examina-
t ions conducted b y BÓCSA ( 1 9 6 4 ) no t a single v a r i e t y or line k e p t in glass 
house proved to be during the seedl ing stage r e s i s t an t to t h e leaf rus t No. 77 
considered as t h e mos t dangerous in H u n g a r y so fa r . In spi te of this fac t in 
t h e f ie ld , in developed plant condi t ion , under t h e inf luence of inoculat ion 
— w h e n the spore mater ia l doub t less ly included t h e race No. 77 — several 
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r e s i s t a n t v a r i e t i e s a n d l i n e s w e r e f o u n d — M a n n i n g e r ( 1 9 6 2 , 1 9 6 4 ) . I t is t o 

b e n o t e d t h a t S o p i n a ( 1 9 6 0 ) i n t h e S o v i e t U n i o n a n d s u p p o r t e d b y t h e i n v e s t i -

g a t i o n s c a r r i e d o u t i n t h e V I Z R i n 1 9 5 8 / 5 9 r e p o r t s a l r e a d y o n t h e w i d e s p r e a d i n g 

o f l e a f r u s t r a c e N o . 7 7 , w h i c h h a d o c c u r r e d b e f o r e t h e w a r o n l y i n A r m e n i a . 

M a t e r i a l s a n d M e t h o d s 

T h e objective of exper iments on resistance to stem rus t (Puccinia graminis Pers . f. sp. 
tri t ici Erikss. et Henn.) and leaf rust (Puccinia recondita Rob. ex Desm. f. sp. t r i t ic i [Erikss.]) 
in i t ia ted in Martonvásár 1960 was to demons t ra te , with provoc^tory field methods , differences 
in resistance among species, varieties, lines and hybr id populat ions and to promote t h e breeding 
of variet ies with field resistance. Natura l ly , according to H u n g a r i a n requirements resistance 
of winter wheat varieties are being preponderan t ly dealt with, b u t in view of t h e search for 
sources of resistance and of theoretical research work regular exper iments with s u m m e r wheat 
have also been set up year b y year. 

Since 1960 the round plot ( "head hil l") seeding method recommended by the Ins t i tu te 
for Agricultural Exper iments in Nor th -Eas te rn Hungary (Kompo l t ) has been employed and 
fulfil led expectat ions also here. Concurrently, since 1962 and owing to the small amount of 
the available seed samples, sowing in drills has also been employed repeatedly. T h e susceptible 
variet ies sown to the centre of the round plots or to the longi tudinal sides of the 1.2 m wide 
blocks have been infected wi th the inject ion me thod (for detai led description see M a n n i n g e r , 
1962), in view of our prac t ica l objectives wi th uredospore popula t ions containing the most 
i m p o r t a n t Hungar ian races. The stem rus t races No. 21, 40 and 17 as well as t h e leaf rust 
races 20 and 77 were obta ined by the courtesy of Bocsa . Maintenance and propagat ion of these 
races and/or of the rus t populat ions collected by us are being conducted in Martonvásár . 

Since it is also i m p o r t a n t to t ake in to consideration the na tu ra l infection, in summer 
1964 s tem rust f rom n a t u r a l infection was collectedNin Mar tonvásár . From these samples 
H a s s e b r a u k determined the races 17 and 21. 

In a u t u m n 1964 by the assistance of E l e m e n t f rom the Research In s t i t u t e of Plant 
Pro tec t ion the preservat ion (lyophilisation) of pa r t of the uredospore material un t i l the next 
inoculat ion period was e f fec tua ted . In the cur ren t year we in t end to complete t he inoculum 
mater ia l wi th the s tem rus t race No. 14. 

The winter wheat exper iments are established under par t icular ly favourab le micro-
cl imatic conditions — along a brook, on an area delimited f r o m the one side b y a forest in 
r a the r deep si tuation — in separate stem and leaf rust breeding gardens separa ted by broad 
machine seeding. Both for s tem and leaf rus t , in 4 series each generally every year 1000 — 1600 
round plots and 800 — 1000 drill plots are main ta ined with the inser t ion of 2 s t a n d a r d varieties. 
The exceedingly strong incidence has made possible a strict selection in every year so far. 
Only such material is included in next year ' s exper iment t ha t p roved to be susceptible at least 
for one of the two rusts . Except ion is made in the case of variet ies and lines ou ts tand ing for 
mildew resistance or o ther economically i m p o r t a n t characters. 

R e s u l t s a n d D i s c u s s i o n 

Resistance of ivheat varieties in the experiments sotvn in autumn 

1 9 6 0 / 6 1 : o u t of 1 4 3 v a r i e t i e s 4 w e r e r e s i s t a n t t o s t e m r u s t , 8 t o l e a f r u s t . 

1 9 6 1 / 6 2 : o u t of 1 7 5 v a r i e t i e s 9 p r o v e d t o b e r e s i s t a n t t o s t e m r u s t , 4 1 t o l ea f 

r u s t . 

1 9 6 2 / 6 3 : o u t of 8 4 v a r i e t i e s 2 0 w e r e r e s i s t a n t t o s t e m r u s t w h e r e a s o u t of 8 6 

v a r i e t i e s 2 3 t o l e a f r u s t . 

1 9 6 3 / 6 4 : o u t of 7 4 v a r i e t i e s 11 s h o w e d r e s i s t a n c e t o s t e m r u s t , 2 3 t o l e a f r u s t . 
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In the 2., 3. and 4. experimental year the following varieties were resistant 

(those examined also in spr ing sowing marked separa te ly ) 
In 1961, 1962, 1963 and 1964 
to b o t h rus t s : Pembina (1961 on ly in spring sowing, 1962, 1963 a n d 1964 

b o t h in a u t u m n and spring sowing) ; 
to s t em r u s t only: Lee (1961, 1963 a n d 1964 only in spring sowing, 1962 bo th 

in a u t u m n and spr ing sowing); 
to leaf r u s t only: Besostaya 1, Skorospelka 3b, Skoplje, Klein Aniversario 

(also in 1960 spr ing sowing). 
In 1961, 1962 and 1963 
to s t e m r u s t : Selkirk (1961 in sp r ing sowing only , 1962 and 1963 bo th in 

a u t u m n and spr ing sowing); 
to leaf r u s t : No. 10 (Bulgarian) . 
In 1961 and 1962 Mida to leaf r u s t . 
In the material tested only in 1962 and 1963 
to leaf r u s t : El Gaucho, Kärn II. 
In the material tested only in 1962, 1963 and 1964 
to b o t h rus t s : Rafaela (1963 and 1964 in a u t u m n and spring sowing), Perga-

mino Goboto (in 1964 also in s p r i n g stem rus t exper iment ) , Klein Petiso ; 
to s t e m rus t only: — 
to leaf rus t only: Fertődi 249, Rannaya 27, Osetinskaya 3, Mocinave, Feranol 

Pinto, Atlas 50, Bledsoe. 
Varie t ies exhib i t ing a t least m e d i u m res is tance to both k i n d s of rus t 

dur ing several years (which is p e r f e c t l y sa t i s fac tory f rom the p rac t i ca l point 
of view) are considered par t icu lar ly va luable . F r o m t h e varieties l i s ted , how-
ever, t h e winter hard iness of someones t ha t are ve ry i m p o r t a n t f r o m the 
aspect of resistance such as Pembina, Rafaela a n d Pergamino Goboto is not 
sa t i s fac to ry . Moreover Rafaela in t h e 1964 spr ing exper iments exhibi ted 
suscept ib i l i ty to leaf rus t . 

Resistance of lines and hybrid progenies 

F r o m the var ious lines and h y b r i d progenies included in the expe r imen t , 
the m o s t res is tant ones are to be men t ioned separa te ly . Res i s tance to s tem 
and leaf rus t was exh ib i t ed for severa l years by some Besostaya 4 a n d Besostaya 
1 l ines, Besostaya 1 X San Pastore a n d reciprocals, as well as Besostaya 1 X 
Produttore F 3 progenies and T. timopheevi conta in ing Czech lines, f u r t h e r 10 
Amer ican lines syn the t i zed f rom t h e variet ies Frontana, Neivthatch, Kenya 58, 
Lee 3, Klein Titan, Thatcher, Timstein. 

F r o m the crossings s tar ted in summer 1963 t h e par tners were chosen 
in a w a y t h a t the one pa ren t shou ld be a var ie ty or line t h a t h a d p roved to 
be r e s i s t an t to rus t in exper iments fo r several yea r s while the o t h e r pa ren t 
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re l iably winter h a r d y under condi t ions prevai l ing in Hunga ry , s t i f f -s t rawed 
a n d early as fa r as possible. E x a m i n a t i o n of t h e p rogeny of crosses concerning 
res is tance to r u s t is still being in progress. 

In our p r o v o c a t o r y expe r imen t s with cons i s t en t selection of lines and 
f u r t h e r extension of sources of resis tance we h o p e to promote t h e breeding 
of rus t - res is tant w h e a t variet ies. 

The whea t v a r i e t y of the f u t u r e must be r e s i s t an t to t h e m o s t var ious 
r u s t races. Consider ing the grea t mul t i t ude a n d v a r i e t y of the r u s t races t h e 
solut ion of this p rob l em is r a t h e r diff icul t . 

The breeder na tu r a l l y endeavours to uni te in his varieties as m a n y favour-
ab le properties as possible. Var ious methods r e ly ing on the p r e sen t s tate of 
science and on b reede r s ' experience make p r e s u m a b l y this syn thes i s possible 
a l r eady . 

May I q u o t e , a f t e r this reassur ing s t a t e m e n t t h e words of L e v i n e (1959) 
w h o died a few y e a r s ago: " N o one country , b ig or small, is in a position t o 
solve completely, all by itself, t h e vexat ious cereal rust p rob lems . For t h e 
m o s t effective des i rable results , t h e inves t iga tors would need a common 
technica l l anguage , uni form diagnost ic m e t h o d s and coord ina ted research 
procedures . " 

Conclusion 

The res is tance of wheat var ie t ies and l ines t o stem rus t a n d leaf rus t 
was examined in 1960 — 64 in p rovoca to ry field t e s t s . Artificial in jec t ion infec-
t ions were carried o u t on susceptible varieties sown in round plots on the centre 
while in drills on t h e longi tudinal sides of 1.2 m wide blocks w i th uredospore 
popula t ions . 

Generally 1000 to 1600 r o u n d plots were sown every year in 4 series and 
800 to 1000 drill p lo t s in 1 series each separa te ly for the s tem r u s t and leaf 
r u s t exper iment . 

From the m a n y varieties a n d lines exceedingly few proved to be res is tant 
t o bo th kinds of r u s t or to s tem r u s t only. Res i s t ance to leaf r u s t exhibited 
a compara t ive ly m o r e favourable p ic ture . 

Resis tant t o bo th rusts were : Pembina, Rafaela, Pergamino Goboto, 
Klein Petiso ; t o s t e m rust only: Lee, Selkirk ; t o leaf rust only : Besostaya 1, 
Skorospelka 3b, Skoplje, Klein Aniversario, No. 10 (Bulgarian) , Mida, El 
Gaucho, Käm II, Ferló'di 249, Rannaya 27, Osetinskaya 3, Mocinave, Feranol 
Pinto, Atlas 50, Bledsoe. 

Out of l ines and hybrid progenies res is tance to stem and leaf rust was 
f o u n d during severa l years in some Besostaya 4 or Besostaya 1 l ines, Besostaya 
1 X San Pastore a n d reciprocal, Besostaya 1 X Produttore F 3 p rogeny and 
T. timopheevi con ta in ing Czech l ine, fu r the r 10 American lines synthesized 
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f r o m t h e v a r i e t i e s Frontana, Newthatch, Kenya 58, Lee 3, Klein Titan, Thatcher, 
Timstein. 

I n o r d e r t o e n h a n c e r e l i a b i l i t y of y i e l d , v a r i e t i e s t h a t a r e p r a c t i c a l l y 
r e s i s t a n t t o r u s t i n d e v e l o p e d p l a n t c o n d i t i o n a r e n e e d e d . 

A s p o i n t e d o u t b y o u r r e s u l t s , t h e b r e e d e r m u s t i n c l u d e i n his e x p e r i -
m e n t s a g r e a t v a r i e t y of g r o u n d m a t e r i a l ( s p e c i e s , l a n d r a c e s , v a r i e t i e s , h y b r i d s , 
l i n e s ) t o f i n d t h e f e w t h a t a r e r e a l l y r e s i s t a n t . 

I t is n o t p o s s i b l e t o e x a m i n e a l a rge v a r i e t a l c o l l e c t i o n , s e v e r a l t h o u s a n d s 
o f l i n e s a n d p r o g e n i e s of c r o s s e s , f o r e a c h r u s t r ace . T h e r e f o r e t h e c o r r e c t 
m e t h o d is , i n o u r o p i n i o n , f i e l d i n o c u l a t i o n w i t h r u s t p o p u l a t i o n s c o n t a i n i n g 
t h e p r e v a l e n t r a c e s . 

F o r s t r i c t s e l e c t i o n in f i e l d e x p e r i m e n t s m i c r o c l i m a t i c c o n d i t i o n s p a r t i c -
u l a r l y f a v o u r a b l e f o r t h e d e v e l o p m e n t of r u s t a r e i n d i s p e n s a b l e . 
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THE APPLICATION OF MODERN GENETIC 
PRINCIPLES IN ORDER TO RENDER 

THE PRODUCTION OF HUNGARIAN SPOTTED 
CATTLE MORE ECONOMICAL* 

By 

A . H o r n 

I N S T I T U T E F O R A N I M A L H U S B A N D R Y , B U D A P E S T 

U p to the beg inn ing of this c e n t u r y the selection for breeding h a d been 
based on conformat ion of the an ima l , — a view accep ted t h r o u g h o u t Europe . 
Much a t t en t ion was pa id to the ex t e rna l fea tures like colour and t h e distri-
b u t i o n of same, t o t h e fo rmat ion of certain cons t i tu t iona l charac te r s , etc. 
This eva lua t ion a n d selection for b reed ing based in several respects on " fo rmal -
i s m " , and playing a r a t h e r i m p o r t a n t role in H u n g a r y be tween t h e t w o world 
wars a n d being m e t wi th , to a ce r t a in ex ten t , even in these days , generally 
a f f ec t ed the ra te of genetic progress adversely. The t r e n d to ob ta in uni form 
c h a r a c t e r of types a n d of colour m igh t be a t t r i b u t e d also to t h e erroneous 
no t ion as if greater un i fo rmi ty of shape and colour be tween indiv idual animals 
en ta i led higher u n i f o r m i t y and less divers i ty regarding in te rna l character is t ics , 
too. I n addit ion t o th i s , cat t le b reed ing was, in m a n y cases, a sort of hobby 
the chief aim of wh ich seemed t o be uni formi ty in per fec t shape a n d colour. 
This t r e n d was s u p p o r t e d , in some degree, by t h e shows a t which qual i fy-
ing was based pr incipal ly on the t y p e of the animal . However , the re is no doubt 
t h a t i t is much easier t o gain cer ta in un i fo rmi ty in pa r t i cu la r proper t ies showing 
themse lves in morphology and colour ing t h a n regard ing t h e in te rna l proper t ies , 
like p roduc t ion a n d re la ted f ea tu re s which cannot be j u d g e d by conformat ion 
only. 

T h e work of register ing and t h a t of milk record ing s t a r t ed widely a f te r 
Wor ld W a r I, doubt less ly c o n t r i b u t e d to providing more realistic bases for 
select ion in this c o u n t r y , too. E x a m i n i n g , however, t h e resul ts it m a y be es tab-
l ished t h a t in spite of t h e ne twork of milk recording set up wi th considerable 
f i nanc i a l sacrifice, t h e milking abi l i ty of our ca t t l e s tock did no t develop 
a t t h e r a t e required. Though it seems to be ra ther d i f f icu l t to fo rm an opinion 
on t h e format ion of milking capac i t y because t h e insuf f ic ien t feeding of the 
s tock renders ve ry dif f icul t t h e real is t ic eva lua t ion of the deve lopmen t of 
mi lk ing capaci ty , t h e view m a y — however — be v e n t u r e d t h a t in spite of 
o u t s t a n d i n g ind iv idua l results, especially the average milking ab i l i ty of the 

* Lecture delivered on the 17th March, 1964, at the Hungar ian Academy of Sciences. 
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H u n g a r i a n s tock h a s not cons iderably improved in the las t 30—40 years . 
T o a certain degree , this is s u p p o r t e d by the f a c t t h a t the b u t t e r f a t per cent 
w h i c h is less in f luenced b y env i ronmen t , has no t changed e i ther , though 
b u t t e r f a t was recorded as well as milk p roduc t ion . This lagging behind 
d isp layed in mi lk produc t ion is mainly due t o the fac t t h a t t h e spir i tual 
inher i t ance of Ú j h e l y i could n o t be realized enough in prac t ice , and t h a t the 
crossbreeding w i t h t h e Swiss S i m m e n t h a l ca t t l e for the t r a n s f o r m a t i o n of 
t y p e , was pe r fo rmed too fo rma l ly instead of re ly ing upon t h e excellent quali-
t i e s of individuals and families of the H u n g a r i a n spo t ted ca t t l e . Regarding 
the important properties of economical milk production as milk production 
per unit of live weight, the concentration of milk, the formation of udder for effi-
cient machine-milking as well as early maturity, our stock will not quite meet 
the claims made to an up-to-date stock. 

On the o t h e r hand , bes ides certain nega t ives showing themselves in 
mi lk ing ability, i t h a s to be es tabl i shed t h a t , due to grading wi th the Swiss 
S i m m e n t h a l breed and the select ion according to type , the ca t t l e stock has 
i m p r o v e d both in growth- ra te a n d general cha rac te r of t y p e . The excellent 
m e a t producing capac i ty be ing apprec ia ted on the wor ld -marke t can also 
b e a t t r i bu t ed to t h e above-said. 

Speaking n o w of the m o d e r n types of ca t t l e and the b reed ing t rend to 
h e followed, it has t o be es tabl i shed t ha t these seem to he ve ry diff icul t prob-
l e m s not only of general agr icu l tura l practice h u t , besides the scient if ic research 
of an imal h u s b a n d r y , it is also a problem par t i cu la r ly of genet ics , f a rm and 
gene ra l economics as well. In o t h e r animals, due pa r t l y to the smaller genera-
t i o n interval , p a r t l y t o their g r ea t e r prolificacy, i t was much easier to produce 
a t y p e tha t could bes t meet m a n ' s r equ i rements ; as an example it might be 
m e n t i o n e d t ha t in t h e last decade the " H u n g a r i a n m a n g a l i c a " pig has been 
rep laced within s h o r t t ime, b y t h e Yorkshire pig. The most conspicuous exam-
ple , however, is of fered by p o u l t r y hybrids a n d the way t h e y have ousted, 
all over the wor ld , the local b reeds . While in ca t t le breeding, due to slow 
mul t ip l ica t ion a n d change of genera t ions as well as to the technica l difficulties 
of establishing t h e real economic mer i t of animals , the s i tua t ion is much more 
complex . 

From t ime immemor ia l t h e change of m a n ' s demands has been the st im-
u l u s to turn out new animal p roduc t s . Therefore , it might be of interest t o 
s p e a k about t h e sub j ec t of t h e In t e rna t iona l Congress on An ima l Breeding 
he ld in 1961 in H a m b u r g re fe r r ing to the above, and dealing w i th the demand 
fo r animal p roduc t s in the coming 15 years ( K i r s c h ) . No d o u b t , th is reflects 
p r i m a r i l y the d e m a n d s of t h e western E u r o p e a n countr ies , however , t he 
t e n d e n c y may be accepted for t h e other E u r o p e a n countr ies , too . 

According t o th is forecas t , in connection w i th the d e m a n d for animal 
p r o d u c t s , it has t o be reckoned wi th the fol lowing: Marked increase appears 
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in poul t ry m e a t and eggs, a n d increasing d e m a n d in beef . Slightly increas ing 
demand in p o r k , b u t t e r , c ream, cheese a n d powdered mi lk ; the d e m a n d in 
consumpt ion-mi lk will be s t a g n a n t . At t h e same t ime we h a v e to reckon w i th 
a decrease in the consumpt ion of cereals, p o t a t o and marga r ine . Certainly., 
there will b e some devia t ion f r o m the above predict ion in d i f fe ren t coun t r i e s , 
depending on t h e c i rcumstances and cus toms of respective peoples — t h u s e.g., 
in H u n g a r y t h e low level of milk consumpt ion has to be ra ised . On t h e o t h e r 
hand , po rk f a t will p lay an i m p o r t a n t role in Hunga r i an food supply for some 
t ime ahead . According to all indicat ions, w i t h the increase of living s t a n d a r d s , 
t he t e n d e n c y of the above-ment ioned p red ic t ion seems to be , a t least in i t s 
outlines, p e r t i n e n t . 

In t h e f i e ld of mee t ing t h e increasing d e m a n d for an ima l products , c a t t l e 
breeding a n d , f i r s t of all, milk produc t ion h a v e a very i m p o r t a n t role. Besides 
meet ing t h e d e m a n d in ce r t a in p roduc t s of ca t t le breeding, a decisive problem 
is still the prime cost of the products. I n t h i s connection i t will be in t e re s t ing 
to note t h a t in the pr ime cost of beef p roduc t ion far less differences seem to 
appear t h a n in milk p roduc t ion . 

In our t imes , however , i t is not enough to deal wi th t h e problem as t o 
which commodi t i e s will be in greater d e m a n d . In f u r t h e r f u t u r e — w i t h t h e 
ra ther qu ick increase of m a n k i n d — we h a v e t o reckon w i th a more and m o r e 
increasing compet i t ion — a t least in some p a r t s of the world — be tween m a n 
and cer ta in f a r m animals for the avai lable vegetable food . This compe t i t ion 
will be t h e l eas t po ignan t for those vege tab le foods which are rich in cellulose 
and which c a n n o t be ut i l ized directly b y m a n ( P h i l l i p s ) . For this r ea son , 
the r u m i n a n t s will be in an a d v a n t a g e o u s position because , among o t h e r 
reasons, b y w a y of the microorganisms exis t ing in the i r digestive s y s t e m , 
they are ab le to t r ans fo rm to mea t and mi lk even those non-pro te in , n i t rogen 
containing compounds (amides) t h a t o the r animals c anno t utilize a t all or, 
only to a l imi t ed ex ten t . 

While previously increase in tu rn ing ou t animal p r o d u c t s was genera l ly 
tr ied to be solved by ra is ing the n u m b e r of animals, in our days coun t r i e s 
disposing of developed an ima l h u s b a n d r y endeavour to increase t h e p r o d u c -
tion by i m p r o v i n g the p r o d u c t i v i t y of t h e s tock . By this m e a n s t hey increase 
the p r o d u c t i v i t y per un i t of live weight a n d decrease t h e fodder p ro p o r t i o n 
needed for ma in t enance . T h e reason of t h i s change of t r e n d is, among o the r s , 
t h a t in m o s t countr ies , and to those belongs H u n g a r y , too , t h e available a r ab l e 
land is l imi t ed . So, the future task will be to render animal production more 
intensive. The main trend and effort of our stock breeding will most probably be 

for long decades ahead to produce, in return for the fodder grown on a given area, 
the largest quantity of best-quality of animal products. T h u s the p rob lem of 
energy r e q u i r e m e n t needed w i th cer ta in t y p e s of animal a n d wi th t u r n i n g ou t 
animal p r o d u c t s , has risen r a t h e r expl ic i t ly . F rom this po in t of view i t is t o 

Acta Agr. Hung. Tamus XIV. 1965 



1 5 8 A. HORN 

b e noted t h a t the energy requirement of milk production is relatively lotv. A good 
cow will t r a n s f o r m abou t 30 50 per cent of the nu t r i t i ve value in the f o d d e r 
consumed, i n t o human foods . On the o t h e r hand , the y o u n g catt le as well 
as the beef ca t t l e show b u t 10 18 per cen t of t r an s fo rma t ion , while hens 
t ransform a b o u t 20 -30 pe r cen t in the course of egg lay ing . The t r a n s f o r m i n g 
capacity of t h e pig falls b e t w e e n tha t of beef cat t le and t h e cow. 

The p rognos t ic of f u t u r e briefly ou t l ined , the t r ans fo rma t ion d a t a as 
well as the qua l i t y of t h e ca t t l e being able to produce t h e most i m p o r t a n t 
foodstuffs f r o m fodder -p lan t s rich in f ib res and unf i t for h u m a n consumpt ion 
show tha t t h e importance of the cow will probably greatly increase in the future, 
t he cow t r a n s f o r m s the f o d d e r by three t imes more ef f ic ient ly t han t h e beef 
catt le a l though the la t t e r , t oo , utilizes m u c h ruf fage . On t h e other h a n d , t he r e 
is no doubt t h a t when t r e n d i n g to obta in t h e m a x i m u m milk f rom t h e given 
uni t of s t a rch -va lue and p ro t e in , the p rob l em of the f u t u r e t ype of cow should 
be put in a n o t h e r light, a n d m a n y c i rcumstances have to be examined more 
exact ly in t h e light of f igures . 

Pass ing on to the discussion of t h e genetic aspects of p roduc t iv i ty , it 
seems to be advisable to t a k e for basis t h e generally accepted principle t h a t 
t h e cattle w i t h dua l -purpose and being a p t t o meet domest ic demands , yie lds 
in 2/3 pa r t s mi lk and in 1/3 pa r t s mea t p r o d u c t s . No d o u b t , the p r io r i ty is 
t h a t of mi lk . 

The c a p a c i t y of mi lk product ion a n d t h a t of m e a t product ion (daily 
gain in we igh t ) do not show negative correla t ion ( M a s o n , G r o e n e w o l d , 
L a n g l e t , e tc . ) . I t might be supposed t h a t where there is some slight pos i t ive 
correlation be tween the t w o t ra i t s , t he f a v o u r i n g of t h e larger f r a m e - t y p e , 
which produces also more mi lk , will show more gain in weight . In other words , 
more weight gained in y o u t h means a bigger cow, a f ac t t h a t might , however , 
influence mi lk product ion u n f a v o u r a b l y if th i s la t te r does no t increase p ropor -
t ionately w i t h the weight of the animal. 

Consequent ly , it is open to quest ion whe the r , especially in case of dual-
purpose an ima l s , the a iming a t a greater g r o w t h ra te is reasonable beyond cer-
ta in limits. O u r experiences gained in t h e course of crossbreeding of smal ler 
types seem t o prove t h a t t h rough increasing the weight of cow b y 50 kg, 
t h e daily gain dur ing f a t t e n i n g will increase b y about 50 g. (See Table 1.) Simi-
lar experiences were ob ta ined by T i m o t i t y and co-workers when examin ing 
t h e H u n g a r i a n spot ted t ypes . The average growth r a t e of cows belonging to 
different b r e e d s seems to s u p p o r t the above . 

In p rac t i ce , a growth r a t e of about 1000 g ob ta ined in cattle f a t t e n i n g 
meets the r equ i r emen t s concerning the cost of p roduc t ion . The bull calves of 
cows of a b o u t 550 — 650 k g live weight, will meet t h a t d e m a n d wi thou t a n y 
special b r eed ing work. If a iming at a da i ly gain in weight t h a t considerably 
exceeds 1000 g, one has to r eckon with a b igger type of an ima l which, r ega rd ing 
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milk p roduc t i on , could be considered economical only w i t h certain reserves . 
Milk p roduc t ion of cows of 700—800 kg live weight o u g h t to exceed cons id-
erably t h a t of smaller t y p e s , in order t o ma in t a in t h e i r p roduc t iv i ty a t an 
economical level. Besides, i t seems t h a t t o o big body of t h e animal i nvo lves 
calving diff icul t ies , l a rge-shaped cows also produce only one calf, and r e q u i r e 
a t the same t ime much fo rage for m a i n t e n a n c e . In the case of big t y p e s , one 
has to r eckon also with t h e f ac t t h a t u n d e r l imited f o r a g e supply, mi lk pro-
duct ion will decrease qu icker since t h e requirements for maintenance enjoy 
preference over milk production. 

Table 1 

Live weight of cow (kg)  550 600 650 
Daily gain (g) of heifers  470 516 562 
Daily gain of fattened bulls (g) 

50% Jersey blood (end weight 448 kg)  927 
25% Jersey blood (end weight 515 kg)  1002 
Hung. red. packed (end weight 560 kg)  1037 

In ca t t l e breeding t h e qua l i ty of m e a t does not s eem to be so m u c h a 
m a t t e r of t h e type . Exper iences in prac t ice show all ove r t h e world t h a t t h e 
largest q u a n t i t y of mea t is being provided b y dairy b r e e d s ; nei ther shows 
the mea t qua l i t y in every case super ior i ty if beef breeds a re compared w i t h , 
dua l -purpose or dairy b reeds a l though r ega rd ing this p r o b l e m , much sub j ec t i ve 
prejudice can be met wi th . This is proved no t only by crossbreeding p e r f o r m e d 
all over E u r o p e ; it seems t o be suff ic ient t o refer to those mode l -exper iments 
which were carr ied out in H u n g a r y (1954, H o r n et al.) a n d later on, t h e la rge-
scale expe r imen t s of B á r c z y et al. (SzuROMi). According t o these, no cons ider-
able super io r i ty in the m e a t product ion of t h e progenies could be p r o v e d in 
the course of crossbreeding t h e Herefored or Angus or , recently, t h e Cha-
rollais wi th t h e H u n g a r i a n spo t t ed ca t t le . There might be some a d v a n t a g e 
in somewha t be t t e r muscu l a r i t y , bone- ra t io or s laughter-weight , h o w e v e r , 
in g rowth- ra te t h e crossbreds all lagged beh ind and did no t j u s t i f y crossbreeding. 

As an o the r n o t e w o r t h y c i rcumstance can be considered the fac t t h a t in 
Great Br i t a in where the q u a l i t y of beef is an i m p o r t a n t f ac to r , in 1961 only 
20 per cent of the cat t le c a m e f r o m beef he rds alone. The remain ing 80 pe r cent 
were solely da i ry especially Frisians and o the r milking breeds or p rogen ies 
of crossbreeding wi th beef ca t t l e . As it can be seen, high qua l i ty mea t c a n be 
produced t h r o u g h da i ry a n d beef cat t le as well as of dual -purpose b r e e d s . 
This is p roved no t only b y t h e excellent m e a t producing abi l i ty of t h e H u n -
garian s p o t t e d cat t le , b u t also by the research work d o n e in recent y e a r s ; 
according to t h e opinion of consumers, t h e mea t qua l i ty of the dairy b r e e d s 
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(Frisian, J e r s e y , etc.) has b e e n found b e t t e r t h a n t h a t of cer ta in beef ca t t l e 
t y p e s ( F l o c k ) . W h e n mea t p roduc t ion is t h e aim, the a n i m a l s should be well-
muscled. T o d a y , however in t h e limelight is n o t so much t h e size of t h e f a t t e d 
animal , bu t r a t h e r the time d u r i n g which we can hit th is t a rge t . This m e a n s 
ea r ly m a t u r i t y and certain g rowth- ra te in t h e early p h a s e of deve lopmen t . 
T h i s proper ty c a n generally b e found in m a n y dairy or d u a l purpose b reeds ; 
t h e precondi t ion of high m i l k yield means a grea t capac i ty of food consump-
t i on , — a f a c t t h a t , of course , has a d v a n t a g e o u s in f luence on the resu l t s of 
fa t t en ing . 

Table 2 

Live weight 
of the cow 

kg 

Cow be ing kept on 
1000 kg s ta rch value 

Cow 

750 

700 

650 

600 

500 

0.782 

0.830 

0.856 

0.913 

0.944 

100.0 
106.1 

109.5 

116.8 

120.7 

On basis of the abovesa id , it seems t h a t the demands in meat p roduc t ion 
a re best m e t b y such t ypes of cattle t h e bull-calves of which reach a r o u n d 
800 —1000 g ga in per day r eckoned f rom t h e i r b i r th unde r no rma l field condi-
t ions ; being f a t t e n e d up to 450 550 kg l ive weight, t h e s e animals a re ade-
qua te ly ripe, a n d produce while being f l e s h y — just as well lean m e a t . The 
Hungarian spotted bull-calves serve very well these purpose while meeting, at the 
same time, the export requirements, — a factor being very important for Hungary. 
A fur ther e s sen t i a l r equ i r emen t is to p r o d u c e bull-calves as cheap as possible 
a n d in a d e q u a t e number . E d w a r d s , of t h e Milk M a r k e t i n g Board says : 
" i n c u b a t o r s " a re needed to p roduce beef ca lves for f a t t en ing . These i n c u b a t o r s 
can , of course, on ly be cows. T o this it m i g h t be added t h a t heavy cows hand i -
c a p calf p r o d u c i n g and h a v i n g more r e q u i r e m e n t s for m a i n t e n a n c e : t h e y are 
inefficient " i n c u b a t o r s " . T a b l e 2 d e m o n s t r a t e s how t h e q u a n t i t y of fodde r 
needed for t h e product ion of t h e calf changes with the increase of the weight 
of the cow. I n o the r words: w i t h a given q u a n t i t y of f o d d e r , less cows of big 
b o d y size can h e kept , consequen t ly less ca lves can be p r o d u c e d for f a t t e n i n g 
purposes. T h i s m e a n s tha t t h e potent ia l c a p a c i t y for mea t p roduc t ion in a s tock 
w i th big b o d y size, is less. 

I t dese rves a t tent ion t o consider t h e effect of ea r ly ma tu r i t y on t h e 
capaci ty of m e a t p roduc t ion . In case of s tocks of the s a m e n u m b e r , early 
maturing effects meat production in as high a percentage as raising period is 
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abbreviated by. As much less heifers can be kept for replacement, and the feed 
thus saved may be utilised for fattening purpose ( D u n a y ) . 

Speak ing of cer ta in problems of mi lk product ion, i t lias been an old aim 
of b reeders t o establish t h e economy of milk p roduc t ion . " E c o n o m y " means 
here a n d f i r s t of all l abour , fodder cost and other e x p e n d i t u r e for p roduc ing 
one un i t of dairy p roduc t which is, essent ia l ly , the pr ime cost of milk p roduc t ion . 
Since t h e most i m p o r t a n t i tem of expenses abou t 50—70 per cen t is 
t ha t of feeding, it is well u n d e r s t a n d a b l e t ha t the r a t e of economical milk 
p roduc t ion of dairy cows should pr inc ipa l ly depend on t h e quan t i t y of fodder 
used for obta in ing one u n i t of milk or da i ry product . 

Unfortunately the measuring of fodder used for producing milk, meets 
in practice, with almost insoluble difficulties. All efforts m a d e to es tabl i sh and 
to f ix t h e fodder consumed in the course of milkrecording performed in order 
to disclose the q u a n t i t y of the nour i sh ing substance consumed aga in s t the 
milk p roduced by the cow — have n o t jus t i f ied expec ta t ions . The he rd -book 
da ta re fe r r ing to the u t i l iza t ion of fodder , have remained b u t formal a n d t o d a y , 
in p rac t i ce , no much impor t ance is a t t a c h e d to t h e m . 

T h e herd-book cont ro l can es tab l i sh three p roper t i e s being i m p o r t a n t 
f rom t h e point of view of economy of milk p roduc t ion : the milk-yield, the 
production of butterfat through the control of butterfat per cent, and the live weight 
of cows, (measurements f r o m which t h e live weight can be computed) . T o con-
clude on economical milk product ion , we might rely u p o n these three avai lable 
da ta . 

Befo re dealing w i t h the th ree above propert ies f r o m an economical 
point of view, it is to be ment ioned t h a t the fodder r equ i rements of cows 
both for the i r ma in t enance and for product ion , do n o t show considerable 
ind iv idua l differences. T h u s , most healthy cows utilize the same amount of fodder 
in order to maintain the same unit of live weight, and to produce one kg milk of 
identical concentration. 

As referred to previously , the t h r e e above-ment ioned factors es tabl i shed 
dur ing milkrecording, h a v e a decisive inf luence on t h e economical e f f ic iency 
of milk p roduc t ion . The f i r s t of them is t h e amount of t h e year ly m i l k - o u t p u t , 
I t s re la t ion to the expenses of feeding is shown in T a b l e 3. 

I n t h i s Table it is well d e m o n s t r a t e d how the fodder - requ i rement needed 
for 1 kg of milk, decreases — though alwàys at a slower ra te , — w i t h the 
increase of the yearly mi lk ou tpu t . Whi l e wi th a yearly produc t ion of 2000 kg 
milk 844 g s tarch-value is needed per kg of milk, t h i s f igure will decrease 
to 494 g in t h e case of a yea r ly ou tpu t of 5000 kg of milk. Th i s means a decrease 
of abou t 40 per cent. W h e n , however, t h e product ion of 5000 kg is r a i sed by 
fu r the r 3000 kg to 8000 kg , the s tarch v a l u e needed for t h e product ion of 1 kg 
of milk decreases to 406 g, a p h e n o m e n o n which, on t h e o ther h a n d , shows 
a fodder-ut i l iza t ion t h a t is being reduced b y 10 per cent on ly . Taking i n t o con-
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Table 3 

Starch value requirements for producing 1 kg milk 
in case of different yearly milk production 

Milk p rod , 
kg 

Live weight 
kg 

Starch value 
for maintenance 

kg/year 

T o t a l starch 
v . needed 

fo r producing 
1 kg of milk 

kg 

To ta l s t a rch 
v. r equ i red 

for p roduc ing 
1 kg of milk 

% 

2000 650 1168 0.844 100 
3000 650 1168 0.649 77 
4000 650 1168 0.552 65 
5000 650 1168 0.494 59 
6000 650 1168 0.455 54 
7000 650 1168 0.427 51 
8000 650 1168 0.406 48 

Table 4 

Fodder requirement for producing butter from milk of different fat per cent, 
reckoning with a yearly output of 3500 kg milk 

(live weight 650 kg) 

Year ly m i l k 
p r o d u c t i o n 

kg 

Fat 
% 

F a t 
k g 

Starch value 
requirement 

kg 

S ta rch value 
requi rement in 

fodde r needed to 
p roduce 1 kg but ter 

kg 

Fodder 
requirement 

for bu t t e r 
product ion 

% 

3500 3.0 105 1955 16.0 100 
3500 3.5 123 2043 14.3 89 
3500 4.0 140 2131 13.0 81 
3500 4.5 158 2218 12.1 76 

3500 5.0 175 2306 11.3 71 
3500 5.5 193 2393 10.5 66 

siderat ion t h e excess work a n d fodder as well as the s t ress of the const i -
t u t i on , the economical level of product ion seems to be, fo r t h e t ime being , 
a round a p r o d u c t i o n of 4000 — 5000 kg. 

A nex t possibi l i ty to decrease the p roduc t ion cost is the increasing 
of tha fat per cent or the concen t r a t ion of mi lk . (I.e. with b u t t e r f a t the p ro te in 
con ten t of mi lk generally also increases, t h o u g h no t in a d i r ec t ratio.) Table 4 
demons t ra tes h o w the f o d d e r requi rements decrease for p roduc ing 1 kg of 
b u t t e r in the course of a y e a r l y milk p roduc t ion of 3500 k g w i th different f a t 
p e r cent. 

From T a b l e 4 it can b e seen tha t cows wi th ident ical milking capac i ty 
t hough yie lding milk of h u t 3 per cent f a t con ten t s , r equ i r e for bu t t e r p r o -
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duc t ion b y a b o u t 30 per cent more fodder t h a n those y ie ld ing milk of a f a t 
con t en t of 5 pe r cen t . Similar t endency shows itself in t h e fodder -expenses 
needed for p roduc ing good q u a l i t y cheese as well as o the r da i ry p r o d u c t s ; 
t h u s , the p r ime costs can be decreased e f f ic ien t ly through t h e concen t ra t ion 
of milk. 

The th i rd f ac to r t ha t is available t h r o u g h the da t a of the herd-book 
a n d can be used for ra t ional iz ing the aims of breeding — is t h e live w e i g h t 

Table 5 

The trend of feeding expenses in milk production depending on live weight 

Live 
weight 

ч 
Milk product ion 

kg 

Starch v a l u e 
needed t o 

produce 1 kg 
milk 

kg 

Starch value 
requirement 

of 1 kg milk 
% 

500 3500 0.552 100 
550 3500 0.563 102 
600 3500 0.573 104 
650 3500 0.594 108 
700 3500 0.604 109 
750 3500 0.625 113 
800 3500 0.646 117 ' 

wi th which a cow or the s tock produces t h e mi lk , the b u t t e r f a t or p ro te in . 
(See Table 5.) 

Besides t h e motives ou t l ined above, t h e r e arises also t h e r equ i remen t 
wi th the modern t y p e of cat t le according to w h i c h the cow has t o he p roduc t ive 
also on highly mechanized f a r m s . Therefore, such constitution is needed that 
transforms the fodder into meat, milk, butter, etc. most efficiently while requiring 
the possibly least l abour and a d a p t i n g itself t o modern ways of management. 

If we look for the type of cow tha t can m e e t the mani fo ld requi rements , 
it would be in s t ruc t ive to c o m p a r e the f inancia l va lue resul t ing f rom the mi lk 
p roduc t ion of d i f f e ren t types of cows or, more exactly, the financial income 
per unit of live weight. In order t o demons t r a t e t h i s re la t ionship , Table 6 shows 
a calculat ion r ega rd ing two pr ice-systems pa id t o the p roducer . These are t h e 
mi lk price sys tems of two E u r o p e a n countries t h a t play the m o s t i m p o r t a n t 
role on the world m a r k e t : i.e. D e n m a r k , and t h e Ne the r l ands ; t h e former h a s 
t h e most leading posit ion in wor ld ' s b u t t e r - m a r k e t , the l a t t e r has a conspic-
uous role in wor ld ' s cheese-marke t . In D e n m a r k b u t t e r f a t is being a p p r e -
c ia ted above all, while Ne the r l ande r s are ch ief ly interested in prote in due t o 
t he i r developed cheese-export . Both price-systems serve to support competitive 
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milk production on the world market and therefore, I am of the opinion that they 
deserve to be paid attention to. 

I t shou ld he noted t h a t the Dutch price-system t h a t has been i n t r o d u c e d 
in Fr ies land, is based on t h e milk-protein t e s t ; in our d a y s the milk of 350,000 
cows is r egu la r ly e x a m i n e d in the Ne the r l ands , and mi lk is being p a i d not 

Table 6 

B r i e d 
Milk 

kg 
Fa t 
kg 

F a t 
0/ /0 

Pro-
tein 
kg 

Pro-
tein 
% 

A m o u n t 
p a i d for 
t h e mi lk 

of o n e cow 
( D a n i s h 

Value of 
milk of one 

cow 
according t o 
the D u t c h 

L ive 
weigh t 

kg 

Value p e r 100 kg 
live weight expressed 
in the p e r c e n t a g e of 

Danish-red in D e n m a r k , 
b l a c k s p o t t e d t y p e 

in G e r m a n F e d . Rep. 
c rown) price 

sys tem Danish 
crown 

D u t c h 
v a l u e index 

Denmark (1960161) 

Danish-red 4465 190 4 .3 158 3.5 985 179 570 100 100 
Black-spotted 

low-land 4587 187 4.1 158 3.4 966 177 650 86 87 
Shorthorn 3809 149 3.9 128 3.4 771 142 600 74 76 
Jersey 3410 205 6.0 150 4.4 1090 187 400 158 149 

German Fed. Rep. (1960161) 

Black-spotted 
low-land 4367 167 3.8 145 3.3 855 160 640 100 100 

Red-spotted 
low-land 4220 156 3.7 137 3.2 798 150 600 100 100 

Angeln 3891 176 4.5 142 3.7 916 165 500 137 132 
Jersey 3101 187 6.0 137 4.4 994 170 400 186 170 
Fleckvieh 3602 145 4.0 123 3.4 748 138 650 86 86 
Brown swiss 3639 139 3.8 120 3.3 713 133 600 89 89 

only on t h e basis of fa t p e r cent , but also on t ha t of p r o t e i n per cent ( P o l i t i e k ) . 
This m e a n s t h a t the p r ice of milk is m a d e up by t h e f a t and protein pe r cent 
in the r a t i o of 2 : 1. T h e q u a n t i t y of l i qu id and other cons t i tuents of mi lk are 
not t a k e n in to cons idera t ion . The D a n i s h price-system has a p re fe rence for 
the p roduc t i on of b u t t e r f a t . 

In o rder to a p p r o a c h a cow t y p e producing mi lk in the most economic 
way, it seems reasonable t o examine, on basis of these price-systems, t h e pro-
duction v a l u e of cows in countries w h e r e different t y p e s having d i f f e ren t milk 
concen t ra t ions are be ing bred . S t a r t ing f rom this p o i n t of view, t h e d a t a of 
the he rd -books of two count r ies have b e e n used. The one of them is D e n m a r k , 
the o ther t h e German Fede ra l Republ ic . In both coun t r i es the c a t t l e stock 
consist of different b r e e d types p r o d u c i n g milk of d i f ferent concen t ra t ion . 

In D e n m a r k and in t h e German Fede ra l Republ ic where stock a r e under 
milk record ing , the p r o d u c t i o n and t h e va lues paid accord ing to the t w o price-
systems, a re absolute; however, the price of milk related to 100 kg live weight, 
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shoivs the superiority of types, first of all that of the Danish Jersey, which produces 
milk of higher concentration. (See Table 6.) While in D e n m a r k the D a n i s h red, 
a most p r edominan t breed which gained world wide f a m e even in p roduc t iv -
i ty has only brought in 985 Danish crowns, the J e r s e y cow as m u c h as 
1090 crowns, the rat io of which, accord ing to the D u t c h price s y s t e m , is 
179 : 187. E v e n greater is t h e difference if the values p a i d for milk re fer to 
100 kg live weight and, t a k i n g the p roduc t i on of the Danish- red cows for 100 
per cent , we shall ob ta in wi th the J e r s e y cows, accord ing to the t w o price 
sys tems, 157.7 per cent a n d 148.7 pe r cen t , respect ively . If this ca lcula t ion 
is m a d e on basis of the Brody—Ragsdale formula w h i c h had been e l abora t ed 
with regard to the decreasing d e m a n d s for m a i n t e n a n c e — the dif ference 
will be 22 and 15 per cen t respectively t o t h e credit of t h e Jersey t y p e . Here, 
however, t h e s t anda rd iza t ion for milk of 4 per cent (FCM) lessens t h e effec-
t iveness wi th the price sys t em. 

W h e n examining t h e controlled s tocks of the G e r m a n Federal Repub l ic 
the dif ference to the c redi t of the Dan i sh Jersey is even greater t h a n in Den-
mark . As agains t the b lack a n d white b reed prevail ing h e r e (100%) t h e Danish 
Jersey p roduced for 100 kg live we igh t — 186 pe r c e n t according t o the 
Danish milk price sys tem, which f igure , on basis of t h e Du tch pr ice-sys tem, 
was 170 per cent . According to the Brody — Ragsdale i n d e x there equa l ly shows 
itself a difference of 35 a n d 24 per c e n t , respectively, t o the c redi t of the 
Danish J e r s ey . 

I t would , however, be proper to ra ise t h e question w h e t h e r it is r i g h t only 
on basis of t h e milk p roduc t ion level t o decide on the d a i r y types t o be bred. 
No d o u b t t h a t especially in Europe , cons iderable claims m u s t be p u t fo rward 
concerning m e a t p roduc t ion , too. Thus , b reed ing — b e y o n d certain l im i t s — 
such t ypes t h e bull-calves of which are less suitable f o r fa t ten ing purposes , 
can be advised with reserva t ions and only to a m o r e l imited e x t e n t . Such 
breed is t h e Danish J e r s e y and others t h a t are s ingle-purpose dairy t y p e s . 

However , it seems ins t ruc t ive t o consider t h a t t h e efficiency of milk 
p roduc t ion points to t h e direct ion of t h e reasonableness of the concen t ra t ion 
of milk. 

Several new aspects are encounte red in modern ca t t l e breeding. Since 
in up - to -da te animal h u s b a n d r y the s t ress is not only on t h e problem w h e t h e r 
certain t r a i t s can be developed or not , a f ac to r of more impor tance is t h e time 
fac tor , — wi th each b r eed ing object ive t h e t ime has also to be t a k e n into 
considerat ion dur ing which t h e aim can b e a t ta ined. A n o t h e r feature of t o d a y ' s 
animal breeding is the t r e n d towards developing such popula t ions t h a t do 
no t show m u c h diversi ty in the i r qual i t ies being at t h e s a m e time, p roduc t i ve 
on high level. F rom an economic point of view, not so much the production of 
certain individuals is essential but the genetic security through which we might 
obtain populations of determined productivity, almost in series. 
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The area ava i lab le for g r o w i n g fodder c rops is ra ther l imi ted , yet m o r e 
a n d more da i ry p roduc t s a n d beef must be produced; consequen t ly a cow 
t y p e matur ing as early as poss ib le and y ie ld ing yearly 6 — 1 0 times its l ive 
w e i g h t (550—650 kg) in milk s t anda rd ized to 4 per cent (FCM), seems to b e 
economical . 

This t y p e of cow has also t o produce ca lves which can b e fa t tened w i t h 
g o o d results; i t s udde r must b e sui table for mechanized mi lk ing . Such a t y p e 
c a n be a t ta ined b y developing a s tock which p r imar i ly p r o d u c e s concent ra ted 
indus t r i a l milk or an other p r o d u c i n g a g r e a t quan t i t y of less concentj a t e d 
m i l k for liquid m i l k consumpt ion . The question m i g h t be ra ised how to app roach 
t h e outlined a ims in shortest w a y . I n modern genet ics a qu i cke r rate of devel-
o p m e n t might b e secured by w a y of applying t h r e e guiding principles: 

1. T h r o u g h reduction a n d ra t iona l iza t ion of the n u m b e r of charac te r -
i s t i cs which se rve as basis of select ion. 

2. By m e a n s of increasing selection pressure . 
3. Apply ing rational crossbreeding. 

The most d i f f icu l t task r equ i r ing the u t m o s t care, is to reduce the number 
of characteristics t h a t form t h e basis of se lec t ion . I t is n o t only a ques t ion 
of focussing ou r energy on deve lop ing economical ly i m p o r t a n t qualities, b u t 
a l so of combining, as far as poss ib le , those w h i c h are in pos i t ive correlat ion 
w i t h one a n o t h e r . Through each new trait with which we increase the number 
of properties that serve as basis of selection, the time required for attaining a given 
level, will be increased to the square. This r e q u i r e m e n t speaks a lso in the f a v o u r 
o f ignoring all k i n d s of f o r m a l i s m ; qualities w h i c h are no t b e a r i n g upon e f f i -
c i e n t product ion m u s t not be t a k e n into considera t ion. 

The second guiding p r inc ip le is the ra i s ing of selection pressure, a concep t 
"which means t h e number of r e c o r d e d or p r o g e n y tested a n i m a l s out of w h i c h 
t h e individuals f o r breeding c a n b e selected. T h e larger the n u m b e r of individ-
u a l s from a m o n g which we c a n select those wi th best h e r e d i t a r y qual i t ies 
a n d the less the per cent of individuals intended for further breeding, the greater 
is the selection pressure. At the same time, the selection differential raises and 
consequently, the work of breeding becomes more effective. 

By app ly ing the third g u i d i n g principle: crossbreeding, t h e gene-reserve 
of a given s tock can be r e n d e r e d richer wi th n e w genetic e lements . Since t h e 
a i m of this p a p e r is to discuss h o w to improve t h e Hunga r i an Fleckvieh b r e e d 
b y way of p u r e breeding, crossbreeding will n o t be discussed. 

On the f o r t h c o m i n g pages suggestions will be made concern ing the possi-
bi l i t ies of how t o rationalize t h e qualities t o b e selected fo r , t ak ing into con-
s idera t ion the ava i lab le genetic conditions for improving t h e milking — calv-
i n g — mea t -p roduc ing capaci t ies and, in genera l , the ef f ic iency of p roduc t ion 
of t h e H u n g a r i a n spotted b r e e d . 
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I t is a well-known fac t t h a t t h e l ier i tabi l i ty of milk production is r a t h e r 
low (ft2 = 0.2 — 0.3). A rich n u m b e r of domest ic papers a n d even more of 
those wr i t t en a b r o a d prove t h a t t h e genetic va r i a t ion in mi lk product ion in 
da i ry and dua l -purpose breeds is v e r y great. There fore , the s t a n d p o i n t accord-
ing to which the deve lopment of milk p roduc t ion th rough r ea sonab le selection 
were an unde r t a k ing promising b u t l i t t le resul t — seems to b e wrong. This is 
being def in i te ly under l ined b y m a n y foreign resul t s (Van V l e c k , Le R o y , 
J o h a n s s o n , e t c . ) . 

W i t h t h e genetic i m p r o v e m e n t of fat per cent, the s i t ua t i on is, in ce r ta in 
respects , inverse. Though the he r i t ab i l i ty of t h i s t r a i t is high (ft2 = 0.6—0.7), 
the var iabi l i ty wi th in the breeds is less t han in milk p roduc t ion . In this f i e ld 
in some countr ies and especially b y breeding lowland b r eeds , considerable 
progress has been a t t a ined . T h e m a i n mot ive for this seems t o be the f a c t 
t h a t the cent re of in teres t was t h e f a t per cen t , a n d the q u a n t i t y of milk w a s 
o f t e n neglected. Consequent ly , ce r ta in concessions were m a d e regarding t h e 
q u a n t i t y of milk p roduc t ion . 

As to fat quantity t he s i t ua t i on is about t h e same as w i t h mi lk q u a n t i t y . 
T h e r e is m u c h va r i a t ion in b u t t e r f a t p roduc t ion a t a low ft2 v a l u e . A t the s a m e 
t ime, in a lmos t every Eu ropean c o u n t r y the basis of p a y m e n t fo r milk, is t h e 
p roduc t ion of b u t t e r f a t . Also in H u n g a r y , since t h e 1st of J a n u a r y 1964 t h e 
t r ad ing con t rac t s have been conc luded on basis of b u t t e r f a t kg . Thus, i t is 
t h e produced f a t q u a n t i t y t h a t is in closest correlat ion wi th t h e economy of 
mi lk p roduc t ion . 

As to t h e protein con ten t s of milk, r a t h e r numerous examina t ions w e r e 
c a r r i e d o u t b o t h i n t h i s c o u n t r y ( C z a k ó , V e r e s s , H e r o l d , H o r n , D o h y , D u -
n a y , etc.) and ab road . For the increase of to ta l p ro te in conten ts in milk — a p a r t 
f r o m t h e in i t i a t ion of the Ne the r l ands , — no m a t e r i a l concern h a s been real ized 
so fa r . The suggest ion of some e x p e r t s ( H a n s s o n , J o h a n s s o n ) concerning t h e 
selection for t h e fat-protein-ratio is, for the t i m e being, not p romis ing in p r a c -
t ice because the va r ia t ion in these proper t ies w i th in the b r e e d s is very smal l ; 
t hus , considerable i m p r o v e m e n t could be hoped for only a f t e r v e r y long t i m e . 

There is no d o u b t t h a t w i th p ro te in per c e n t t h e s i tua t ion is, to a ce r t a in 
degree, s imilar t o t h a t of f a t pe r cen t . I t s ft2 v a l u e is high a n d shows even l e s s 
va r ia t ion t h a n t h e f a t con ten t . I f , on a given occasion, it is necessa ry to select 
e i the r for t h e f a t - f r ee solids or d i rec t ly for t h e prote in c o n t e n t s , bo th can b e 
realized as soon as the d i f fe rent scient if ic a n d economic p r o b l e m s have b e e n , 
in this respect , cleared up . H o w e v e r , for t h e t i m e being we canno t r eckon 
w i th the general in t roduc t ion of prote in t e s t s , nei ther c a n we expect t o 
r eward su i t ab ly t h e prote in as long as it is n o t a t t r ac t ive enough for t h e 
milk i n d u s t r y . 

For deve lop ing t h e m e t h o d of selection t o be followed, i t is essent ia l 
t o inves t iga te w h a t connect ions t h e d i f ferent correlat ions ca lcu la ted wi th in 
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the H u n g a r i a n spot ted b reed show rega rd ing the p h e n o t y p i c a n d genoetic 
correlat ions being i m p o r t a n t from an economic s t a n d p o i n t . 

T h e correlations es tabl ished w i t h t h e H u n g a r i a n spot ted b r e e d clearly 
relate t o t h e fact t h a t t h e most eff ic ient possibility of selection is t h a t for the 
quan t i t y of bu t t e r f a t . T h i s is being sugges ted by m o s t exper ts of impor t ance 
especially in Europe, on basis of inves t iga t ions ca r r i ed out in r ecen t years 
( J o h a n s s o n , H a r i n g , H e i d h u e s , H a r t m a n n , W i n n i g s t e d t , e t c . ) , a n d 

those w h o have dealt w i t h the p r o b l e m in connect ion with the H u n g a r i a n 
s p o t t e d b r e e d ( H e r o l d , V e r e s s , H o r n , D o h y , S e b e s t y é n , M u n k á c s i ) a r e 

of the s a m e opinion. 
I t is t rue tha t se lec t ion for b u t t e r f a t kg m a y resu l t , to some ex ten t , 

in a r educed increase of m i l k concent ra t ion , i. e. t h a t of f a t per cent , never the -
less the q u a n t i t y of mi lk will pr imari ly increase as a r e s u l t . And y e t , selection 
on basis of bu t t e r f a t is considerably m o r e a d v a n t a g e o u s than l ay ing stress 
on q u a n t i t y of milk; in this connec t ion negat ive correlat ions will reveal 
themselves as shown in t h e Table 7; w i t h other w o r d s , we have t o reckon 
with c o n s t a n t th inning of milk bo th in the case of f a t and of prote in 
per cen t . 

I n o rde r to keep u p m e a t p roduc t ion , it has to he t a k e n into considera t ion 
besides increasing of ca lv ing capaci ty t o keep also g r o w t h rate a t a proper 
level. I n v i ew of this i t is advised to c a r r y out such select ion, too, in t h e course 
of which individuals w i t h poor daily ga in will get exc luded . 

F o r t h i s reason w h e n evaluat ing hu l l s , the daily ga in has to be control led. 
From t h e s tock of the r a i s ing stat ions 30 per cent of t h o s e with poores t growth 
ra te shou ld be re jected. T h e sires of f a t t e n e d bu l l -p rogeny groups t h a t have 
not r eached in the course of central p r o g e n y tests a d a i l y gain of 1000 g, and 
of those which do not ga in 850 g da i ly , under a v e r a g e farming condi t ions , 
should n o t be qualif ied. 

O t h e r qualities l ike t h e scoring f o r con fo rma t ion , milk p roduc t ion , f a t 
per cent , qua l i ty of u d d e r , milkabil i ty, would be l i s t ed wi th m i n i m u m value 
in the course of c lass i fying stock cows appoin ted for bul l product ion . There-
fore, it wou ld be adv isab le t o keep u p t h i s system, u n d e r the s t ipu la t ion t h a t 
animals be ing under t h e average as t o prote in c o n t e n t of their mi lk (those 
with a p r o t e i n content p e r cent below 3 .3 per cent) o u g h t to be exc luded f rom 
this ca t egory of cows. 

A further crucial index of efficient milk production is the milk produced 
per unit of live weight. T h e realization of th is principle was suggested as early 
as 1940 b y G a i n e s ( " T h e lactat ional d r ive" ) , while B r o d y (1945) proposed 
the e x p o n e n t 0.73 of F C M kg/live we igh t for es tabl ish ing efficiency. 

On t h e other h a n d , M a s o n sugges ted the ra t io of lac ta t ion and withers 
height because according t o his data , t h e height of w i t h e r s is the mos t cons tan t 
value a n d reflects in a s u r e way body weigh t . 
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Table 7 
Correlation between properties connected with milk production 

in the Hungarian spotted cattle* 

Properties 
Value of t he correlat ion 

coefficient (r) 
Author and the year 

of t he test 

Quantity of milk — butterfat % . . 
Quantity of milk — butterfat % . . 
Quantity of milk — butterfat % . . 
Quantity of milk — butterfat % . . 
Quantity of milk — butterfat % . . 
Quantity of milk — butterfat quant. 
Quantity of milk (FCM) — butterfat 

quant  
Quantity of milk (daily) — butterfat 

quant, (daily)  
Quantity of milk — live weight . . . . 
Quantity of milk — live weight . . . . 
Quantity of milk — live weight . . . . 
Quantity of milk — heart girth . . . . 
Quantity of milk — heart girth . . . . 
Quantity of milk — heart girth . . . . 
Quantity of milk (FCM) — index of 

relative milk production  
Quantity of milk (per milking) - rate 

of miiking  
Quantity of milk (lifetime produc-

tion) — udder conf  
Quantity of milk — udder score 
Quantity of milk — udder score . . . 
Quantity of milk — total score  
Quantity of milk — total score  
Butterfat % — butterfat quantity . . 
Butterfat % — protein % 
Butterfat % — protein % 
Butterfat % protein % (Hing. spot. X 

Jersey)  
Butterfat quanti ty — protein quan-

tity  
Butterfat quanti ty — protein quan-

tity  
Butterfat quanti ty — protein quan-

tity  
Butterfat quanti ty — protein quan-

tity (Hung. spot. X Jersey)  
Butterfat quanti ty — total jury score 
Butterfat quanti ty — total jury score 
Butterfat quanti ty — udder conf. . . 
Butterfat quanti ty — udder conf. . . 
Cingulum — index of relative milk 

production  

- 0 . 1 5 0 
- 0 . 2 0 
—0,195 
- 0 . 3 9 
- 0 . 1 6 

P < 1%. 
(genotypic) 
(phenotyipic) 

+0.977 P < 1°/ 

+0.917 P < 0.1% 

+0.910 
+0.39 
+0.64 
+ 0.26 

P < 0.1% 
(genotypic) 
(phenotypic) 

+0.208 P < 0.1%  
—0.25 (genotypic) 
— 0.06 (phenotypic) 

F a r k a s (1936) 
H o r n (1942) 
H o r n (I960) 
S e b e s t y é n (1964) 
S e b e s t y é n (1964) 
H o r n (1960) 

H o r n (1960) 

H e r o l d — V e r e s s (1963) 
Czakó et al. (1963) 
S e b e s t y é n (1964) 
S e b e s t y é n (1964) 
Dunay—Dohy (1961) 
Sebes tyén (1964) 
Sebes tyén (1964) 

0.86 1-0.95 P < 0 , l u o Dohy —Dunay (1963) 

+ 0.70 P < 0.1% 

+0.215 
-0 .149 
- 0 . 1 2 
+0.32 
+0.25 

+0.189 
+0.302 

+ 0.261 

+0.916 

+0.91 

+0.976 

+0.906 
+0.42 
+0.07 
+0.22 
+ 0.11 

(genotypic) 
(phenotypic) 
(genotypic) 
(phenotypic) 

P < 0.1% 
P < 0.1% 

P < 0.1% 

P < 0.1 

P < 0.1% 

P < 0.1% 
(genotypic) 
(phenotypic) 
(genotypic) 
(phenotypic) 

-0.395 P < 0.1% 

Dohy (1958) 

H o r n (1942) 
Sebes tyén (1964) 
S e b e s t y é n (1964) 
S e b e s t y é n (1964) 
Sebes tyén (1964) 
H o r n (I960) 
H e r o l d — V e r e s s (1963) 
H o r n et al. (1963) 

H o r n et al. (1963) 

H e r o l d — V e r e s s (1963) 

H e r o l d — V e r e s s (1964) 

H o r n et al. (1963) 

H o r n et al. (1963) 
S e b e s t y é n (1964) 
S e b e s t y é n (1964) 
S e b e s t y é n (1964) 
S e b e s t y é n (1964) 

Dohy—Dunay (1963) 

* In the Literature as enumerated also the papers dealing with other breeds. 

I t s e e m s t h a t u n d e r v e r y f a v o u r a b l e cond i t i ons , a n d w i t h v e r y u n i f o r m 
breeds t h e h e i g h t of w i t h e r s is cha rac t e r i s t i c f o r l ive we igh t . H o w e v e r , in t h e 
H u n g a r i a n s p o t t e d b r e e d t he se t w o cond i t ions a re n o t y e t g iven . On t h e o t h e r 
h a n d , t h e h e r i t a b i l i t y of l ive we igh t as well as h e a r t g i r th t h a t is in close c o r -
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r e l a t i o n w i t h t h e f o r m e r , is h i g h (h2 = 0 . 3 7 — 0.41 M a s o n , S h e f f e r , T o u c h -
b e r r y , e tc . ) . Because of t h e low he r i t ab i l i t y of milk yield, due t o t h e posi-
tive corre la t ion between l ive weight and m i l k product ion , the selection for milk 
yield alone or for fa t q u a n t i t y only, w o u l d increase live weight a t a g rea te r 
ra te t han t h e relat ive mi lk product ion . There fo re , the selection carr ied ou t so-
lely on a b s o l u t e milk or f a t product ion, or for the p roduc t ion of FCM impai rs , 
to a cer ta in ex ten t , the re la t ive milk y ie ld and eff iciency of milk p roduc t ion . 
Most p r o b a b l y , this refers especially to t h e Hunga r i an spo t t ed b reed because 
in this b r e e d live weight shows pa r t i cu l a r ly great var ia t ions , more t h a n in 
other b reeds . 

On bas i s of the a b o v e briefly ou t l i ned views, it seems to be d i f f icul t 
today to t a k e a defini te a t t i t u d e concern ing the o p t i m u m live we igh t of the 
cow, and e v e n when accep t ing the a r g u m e n t t h a t unde r wel l-balanced, advan -
tageous f eed ing condit ions it is r easonab le to keep also herds w i th bigger 
body — there can hardly be divergence of opinions that one of the basic stipulations 
of economic milk production is high milk yield related to live weight and thus, 
it is of crucial importance in evaluating efficiency of milk production. 

In t h i s connection, t h e method of t h e Finnish breeders is v e r y note-
worthy: accord ing to th is , t h e y express t h e economic mi lk p roduc t ion b y way 
of showing, wi th certain cows, how m a n y kilos of 4 per cent s t anda rd i zed 
milk (FCM) are produced pe r 1000 Scand inav ian feed-uni ts required fo r main-
tenance. Prac t ica l ly this means how m u c h milk is p roduced b y t h e cows 
per unit of l ive weight. As a result of a p p l y i n g this principle, it could a lways 
be provided for the milk product ion of t h e stock to become more a n d more 
economical. Milk yield re fe r r ing to the u n i t of live weight as a s t a n d p o i n t for 
selection is v e r y i m p o r t a n t also because nowadays we are aware of t h e fac t 
t h a t select ion for milk or t h a t on b u t t e r f a t product ion as well as selection 
referring to t h e daily gain dur ing f a t t e n i n g tends to raise live weight all the 
t ime. This, on t h e other h a n d , lowers e f f ic iency of milk p roduc t ion and t h e calving 
capaci ty (pe r uni t of fodde r ) being i m p o r t a n t f rom po in t of view of mea t 
product ion . To ensure the balance, i.e. that between milk production and the eco-
nomic character of same as well as calving capacity, it is only possible i f , in the 
course of selection, milk production referred to one unit of live weight becomes 
prominent, thus preventing less efficient types getting to unjustified preference. 

The impor t ance of mi lkabi l i ty increases th rough t h e spreading of mach ine 
milking. F o r t u n a t e l y , t h i s t r a i t shows close correlation wi th the q u a n t i t y of 
milk yield. T h u s , in case of selection f o r b u t t e r f a t kg , we m a y r eckon wi th 
the i m p r o v e m e n t of mi lkabi l i ty , as well, as this appears also f r o m t h e inves-
t i g a t i o n o f J o h a n s s o n , F o o t , D o o d , D o h y , e t c . 

F r o m Tab le 8 it can be seen wha t pos i t ive and negat ive effects m a y re-
sult when selecting for b u t t e r f a t kgs, y ie ld of milk s t andard ized t o 4 per 
cent per u n i t of live we igh t , and for da i l y gain. 
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Table 183 

Selection for bu t te r fa t 
quan t i ty 

-great ly increases 

-increases 

-does not affect, or 
slightly enhances 

-probably decreases 
-decreases  

Selection for daily 
gain in weight 

increases 

.decreases 

Selection for milk 
standardized to 4 % 
fa t (FCM), related 
to 100 kg live weight 

-greatly increases 

-enhances or does not affect 

-probably decreases  

* Related to a given quant i ty of nutr ients . 

1. Milk quan t i ty 

2. Protein quan t i ty 

3. Total solids of milk 
4. Utilization of fodder 
5. Ra te of milking 
1. Body weight 

2. Udder conf. 

1. Bu t t e r fa t % 

2. Protein % 

1. Milk production related to live weight 

1. Calf-producing capacity* 

1. Live weight 

2. Utilization of fodder during fa t tening 

1. Milk production related to live weight 
2. Calf-producing capacity* 

1. Econ. prod, of milk and 
dairy products 

1. Calf-producing capacity* 

1. Body weight 
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According to the i n fo rma t ion ob t a ined f rom Tab le 8, as well as on basis 
of the p h e n o t y p i c and gene t ic correlat ions establ ished w i t h Hungar ian spo t t ed 
cows, a n d also found in wor ld l i t e ra ture — it is adv i sab le to rat ional ize the 
work of selection. Since in fu tu re besides increasing yield, the principle of 
efficient p roduc t ion m u s t prevai l in a m u c h more de f in i t e way — only such 
me thod m i g h t meet t h e r equ i rements t h a t can g ran t t h e suitable ba lance in 
es t imat ing p a r t l y t h e abso lu te p roduc t ion , pa r t ly t h e economic cha rac te r , 
developing, in bo th d i rec t ion , the capaci t ies parallel. 

In herds being under milkrecording and when evaluating the progeny 
groups, on basis of the abovesaid, the backbone of selection would be the quantity 
of fat, and the production of FC M per 100 kg live weight, in a manner that 
weighting would be 50- 50 per cent. Evaluating this way this would give the 
"Economical Value Index of Production". The weight ing of 50—50 per cent is 
reasonable when s t a r t i n g f r o m the theore t i ca l concept t h a t with t h e r a t e of 
increase in milk p r o d u c t i o n based u p o n t h e selection for fa t q u a n t i t y , Иле 
weight would increase in approx ima te ly t h e same ra t io . Therefore, if selection 
is a iming only at b u t t e r f a t and milk q u a n t i t y , t hen in case of the H u n g a r i a n 
spot ted cows, more e f f i c i en t milk p roduc t ion could be b u t par t ly carr ied out 
and a t t h e same t ime, ca l f -producing capac i ty of t h e s tock would decrease. 

I t deems advisable t o compare t h e "Economic Value Index of P roduc-
t i o n " w i th the p roduc t i on of a s t a n d a r d Hunga r i an s p o t t e d cow. Rega rd ing 
this, i t is suggested t h a t th is type of cow should be t h e one of 650 kg live 
weight, p roduc ing 4000 k g milk with a f a t content of 4 pe r cent (615 kg FCM 
per 100 kg live weight) . This p roduc t ion would rep resen t the 100 per cent . 

On t h e basis of t h e principles out l ined , if t he progenies of an " A " bull 
having an average we igh t of 500 kg, p roduce 3000 kg mi lk , and 120 kg 4 per 
cent b u t t e r f a t , the v a l u e index gained on basis of b u t t e r f a t product ion will be: 

X f a t k g x l 0 0 1 2 0 Х Ю 0 
— — (o 

^fatkg 1 6 0 

where X f a t k g = the a v e r a g e b u t t e r f a t p roduc t ion expressed in kg of t h e cow 
or p r o g e n y group in quest ion 

Afai Kg = fa t -y ie ld of the s t a n d a r d cow t a k e n for basis of the com-
par i son 

The eff ic iency index o b t a i n e d on basis of FCM/live we igh t : 

X k g FCM/live weight x 1 0 0 ^ 6 ( Ю x 1 Q 0 _ 

^ k g FCM/live weight g j g / 0 

where X F C M l w e w e | g ' l t
 = m i l k yield s t andard ized t o 4 per cent f a t con ten t 

of the cow or progeny g roup in question divided 
b y live weight 
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A f CM l , , e w e | g | l t
= т Л к p r o d u c t i o n s tandard ized on 4 % f a t con ten t , 

of the s t a n d a r d cow t h a t serves as basis of compa-
rison, d iv ided b y the live we igh t . 

7 5 _j_ 9 7 
The " E c o n o m i c Value I n d e x of P r o d u c t i o n " : = 8 6 % . 

Thus, a basic gauge of the level and economic production can be established 
to which the individual animals being under milk recording can be compared ; 
at the same time progeny groups and their sires can be evaluated. It has always 
been a problem to reduce to the same denominator the p roduc t ion of animals 
chosen fo r breeding a t d i f ferent age a n d weight, and p roduc ing milk of differ-
ent q u a n t i t y and concen t ra t ion , a n d being of d i f f e r en t live we igh t . This 
problem can be solved b y availing ourselves of t h e suggested " E c o n o m i c 
Value I n d e x of P r o d u c t i o n " . Animals t aken into b reed ing a t d i f f e ren t age, 
show u p in live we igh t ; th is is au toma t i ca l l y expressed by the " E c o n o m i c 
Value I n d e x of P r o d u c t i o n " . In connec t ion with l ive weight possibi l i ty for 
compensa t ion is a t t a i n a b l e here, cows and progeny groups wi th g rea t live 
weight b u t excellent p roduc t ion will be highly va lued . Only those t y p e s will 
not c o m e u p to s t a n d a r d the yield of which lag far b e h i n d their b o d y weight 
and t h e product ion of which is no t economical . 

Of course, there is no doubt t h a t t h e suggested m e t h o d can be improved 
in severa l relations; howeve r , unti l f u r t h e r data are avai lable , it m a y be used 
for e v a l u a t i n g indiv idual cows and p rogeny groups. T h e relat ive g rad ing of 
the p r o g e n y groups a t t h e test ing s t a t i ons can be p e r f o r m e d in such a way 
t ha t in addit ion to t h e absolute " E c o n o m i c Value I n d e x of P r o d u c t i o n " , 
the g r a d e of the bull in question can be expressed b y t h e percentage related 
to t h e average of t h e per formance a t the progeny t e s t i ng s ta t ion , a n d this 
might b e listed af ter t h e index of t h e progeny group (i.e. 85 —120%) . 

A fu r the r a d v a n t a g e of re la t ing t o the mutua l basis is t h a t bul ls with 
de t e rmined index m i g h t be used, d e p e n d i n g on the i r absolu te level, in herds 
having dif ferent p roduc t ion level. T h u s , in a stock w i th an average p roduc t ion 
of 160 k g bu t t e r f a t and 650 kg live we igh t , evidently, it will be advised to use 
a bull w i t h a value i n d e x higher t h a n 100 per cent . 

F ina l ly , the " E c o n o m i c Value I n d e x of P r o d u c t i o n " g ran t s possibil-
ities for making compar i son b e t w e e n breeds t h a t differ r egard ing early 
m a t u r i t y , mi lk-product ion , mi lk-concentra t ion as well as live weight , and, 
in ce r t a in respects, r e n d e r s the ob jec t ive comparison of breeds and bul ls pos-
sible even on an in t e rna t iona l level. 

T h e principles b r i e f l y outl ined requi re in some respects a new out look. 
There is no doubt , howeve r , t ha t the appl icat ion of p r e sen t genetic experiences 
in p r ac t i c e might give considerable impe tus to r ende r ing the p roduc t i on of 
especial ly dual-purpose ca t t le breeds more efficient . 
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VARIA 

V a r i e t i e s r e g i s t e r e d 

State certified plant varieties 

Hybrid maize Martonvásári 40 
(Mv 40) 

Origin: Crossing of 5 yellow and 1 white early inbred dent corn lines. 
Beginning of breeding: 1952, in the Agricul tura l Research I n s t i t u t e of the Hunga r i an Academy 

of Sciences, Mar tonvásár . 
Breeders : Endre Pap , I s t ván Kovács, K á r o l y Fehér and László Szentirmai. 
Yea r of qualification: 1959. 
Character izat ion of t he p lan t : Inbred d e n t hybr id corn of shor t vegetat ion period, rapid devel-

opment , medium growth, med ium standing ability, w i th one or two ears, productive 
as related to earliness, var iegated. 

Vege t a t i on period: Belongs to ma tu r i t y class 300; ripening d a t e 340. 
Morphological description 
Fol iage: Medium a b u n d a n t ; leaf blade relat ively broad and shor t . 
S ta lk : Medium high, of medium thickness. Somewhat susceptible to lodging. 
Til lering: Medium. 
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Male inflorescence: 5 — 20 July, under condi t ions prevai l ing in Hungary . 
M a t u r a t i o n : First ha l f of September u n d e r conditions prevai l ing in H u n g a r y . 
E a r : Medium size; l e n g t h 18 — 20 cm; a t t h e apex of husks smal l leaf blades. E a r s grow gener-

ally on pedunc le s of 10 —15 c m . Liable to p roduce several ears. E a r s are not com-
pletely c o m p e n s a t e d since t he h y b r i d originates f r o m mult iple cross. 

K e r n e l row: 14 —18, t h e rows are p r ac t i ca l l y straight a n d perfec t ly closed. 
Cob: Medium th ick ; colour meat-red. 
Shel l ing ra te ( % ) 85 — 86. 
K e r n e l : Medium long, d e n t corn, on w h i c h sometimes on ly a shallow cupule is seen. Colour 

var iegated: a b t . 15 — 20 per cen t of t he kernels are whi te , the rest yellow and of mixed 
colour. T h o u s a n d kernel weight 310 — 320 g; hi we igh t 72 kg. 

G r o w i n g region: Can be grown as a m a i n crop where t he condi t ions of g rowing hybr ids with 
ma tu r i ty class 300 are present . I n the region of maize varieties w i t h m a t u r i t y class 
100 and 200 i t c a n be grown as m a i z e for silage. I n places where also l a t e maize vari-
eties are r ipen ing , Mv 40 may be g rown as a second crop. 

Or ig in : Crossing of t w o yellow inbred d e n t corn lines a n d t he white Mindszen tpusz t a var ie ty 
Beg inn ing of breeding: 1950, Mar tonvásá r (Agricultural Resea rch In s t i t u t e of t h e Hungar ian 

Academy of Sciences) 
B r e e d e r s : Endre P a p a n d Is tván K o v á c s , Mar tonvásár 
F i r s t prel iminary s t a t e cert if icat ion: 1961 
Charac ter iza t ion of t h e p lant : High y ie ld ing , well ear ing, medium m a t u r i n g hybr id maize 

for silage; l a rge bulk of green m a t e r i a l ; very good response to i r r iga t ion 
V e g e t a t i o n period: Be longs to m a t u r i t y class 400; r ipening d a t e 430 
Morphological desc r ip t ion : 

Foliage: A b u n d a n t ; leaf blade m e d i u m broad and long 
Sta lk: Medium th ick , high 
Tillering: V e r y good 
Male inf lorescence: Second decade of Ju ly , 
Matura t ion: F o r kernels, second half of Sep tember under condi t ions prevailing in 

H u n g a r y 
For si lage, second half of Augus t , under condi t ions prevai l ing in Hungary 

Ea r : Producing 1 — 2 ears. The e a r is well covered b y husks. The husks f r equen t ly ter-
mina te in leaf blade. 

Peduncle 5 —10 c m . The ears a re project ing. L e n g t h of the ear: 20 — 23 cm. The ears 
are well covered 

Number of k e r n e l rows: 14 — 16 
Colour of cob: meat - red 
Shelling ra te ( % ) 85 
Kernel: The co lour is var iegated: 3/4 of the kernels be ing yellow, 1/3 whi t e . The kernel 

is s m o o t h or with shallow cupule . Thousand kernel weight 330 g 
Growing region: As maize for s i lage i t can be g rown in the region of hybr ids with 

m a t u r i t y classes 200, 300, 400 and 500, respect ive ly . 
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H y b r i d maize M a r t o n v á s á r i 26 
(Mv 26) 
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CHRONICA 

A L A D Á R P O R P Á C Z Y 
1 9 0 3 - 1 9 6 5 

In the person of Academician, Director, University Professor, Kossuth 
Prize-winner and holder of two degrees of the Order of Labour Aladár Porpáczy, 
an initiator of horticultural research work passed away from our ranks. He was 
one of those who, in this country, first took active part in fruit improving as 
organizer and founder of this kind of scientific work. 

In the past decades he was one of the most prominent personalities of 
horticultural science and of agriculture in general. Noble human qualities, 
indefatigable zeal to work, creative optimism, the possession of youthful 
intellectual faculties, and his unswerving pursuance of the new and true, 
have made him a great man. 

His activity displayed right up to his last days, leads us to believe that 
his death has deprived us of many creative years. 

He was horn in 1903, in Pápa. He continued his grammar school studies 
and made his final examination in that town. He then served as a probationer 
with Gyula Magyar, the most progressive horticultural researcher. After 
taking his degree at the School for Horticulture and Viticulture, first he had 
started his educational work here and later continued this at the Magyaróvár 
Agricultural College. Educating had been a recurrent passion throughout his 
whole life. In 1931 he was invited to become head gardener of the Esterházy 
Estate in Fee Entailed, being in this position up to 1945. In his soul he had 
borne the marks of various people, of friends and of his schools from previous 
times. However, his restless mind wanted to get acquainted with new ideas. 
It was in this period that he wrote articles and hooks in order to fill in the gaps 
in education. Besides meeting the requirements of his job, he found time for 
research work and for getting absorbed in the problems of his scientific field. 
He closely co-operated with neighbouring plant breeders thus getting much 
inspiration which formed the basis of his later work. 
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After the liberation in 1945 his activity became even more intense. 
In order to improve his faculties, the regime provided opportunities which, 
previously, had not been granted to him. Only a man with his qualities could 
have availed himself of the opportunities to such a degree as he did. By estab-
lishing the State Horticultural Experimental Station in 1945, he created the 
first institution of the kind. In 1946 he organized a specialized secondary 
school and later a technical college under the most difficult circumstances. 
Thus, he has established the first specialized school after the liberation. In 1949 
he gave up, for some time, special training and devoted himself to the thorough 
reorganization of the horticultural experimental station thus establishing 
horticultural research work and modern fruit improvement on a new basis. 
In 1950 together with the Agricultural Experimental Station, he had brought 
about such a wide-ranging institute the results of which soon became public 
property. From this time on his fame got more and more known; due to his 
practical and theoretical results, he rose to the rank of the most outstanding 
experts. In 1955 he was elected to be a corresponding member of the Hungarian 
Academy of Sciences. From the year 1957 he had been entrusted with the 
management of the Sopronhorpács Experimental Station, too. Between 1959 
and 1963 he became university professor of the Pomiculture Chair at the School 
for Horticulture and Viticulture. It was at that time that he was awarded 
1st grade of the Order of Labour. In 1961 he organized the Fertőd High-
Degree Pomiculture Technicum, and again he became closely connected with 
educational work. 

In 1963, on the occasion of his 60th birthday, he was awarded the gold-
grade of the Order of Labour as a reward of the Government for his scientific 
work. 

Besides these manifold activities, he devoted part of his time to research 
and educational work, too. His fruit varieties became acknowledged one after 
the other. The most outstanding work of his literary activity is the book: 
"Theoretical Problems of Modern Pomiculture", meeting in the most up-to-
date approach the highest requirements. The book has been published in 
several languages thus gaining more appreciation for scientific work done in 
Hungary. 

His theoretical knowledge and his results are appreciated all over the 
world. Reference is often made to his principles and to his science throughout 
Europe. 

His accuracy, love of work, kindness have been widely known. He loved 
his country, his people, and identified himself with all those principles that 
were to contribute to the welfare of humanity. 

His death, ensuing after a long illness, caused sincere grief to every true 
friend and scientist. 

It is with great regret that we had to take leave of the deceased at 
a relatively early age. 

However, his love of learning, his humaneness and modesty will survive 
as an example for us all. 

We will remember his creative optimism that had always lent him new 
power to his work. 

A great man of Hungarian horticultural science passed away but we 
will always keep his memory. 

F . В Е К Е 
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Gy. M á n d y et al.: A burgonya (The pota to) . 
Publ ishing House of the Hungar ian Academy 
of Sciences, Budapest 1964. 

Special li terature on po t a to in Hunga ry 
has dea l t up to now almost exclusively w i t h 
p roduc t ion problems. T h e present work 
published recently is t r ea t ing , as a sort of 
compend ium the po ta to , except for t h e 
growing of the plant, i t s botanical physiolog-
ical, biochemical and genet ic relationships. 
Knowledge pertaining to agricultural bo tan-
ies of po t a to has been elaborated in 20 
chapters . This comprehensive s tudy is mos t 
welcome and necessary to complete the scope 
of knowledge of experts deal ing with po t a to , 
first of all as related to botanies . 

He re t h e origin of po t a to is discussed 
f rom new viewpoints and a characterizat ion 
is suppl ied of the resistance of wild species 
(resistance both to climate and diseases). T h e 
work deals in detail wi th interior and exte-
rior morphology of po ta to , wi th the germina-
tion of p o t a t o seeds, the sprout ing or chi t t ing 
of tube r s and with the resul ts of exper iments 
carried ou t with " r i n d i t e " . 

A m o s t important p a r t of the book is 
the physiology of metabol ism in p o t a t o 
discussed in chapter 8. No such comprehen-
sive discussion of the physiology of m e t a b -
olism in pota to has been presented to t h e 
H u n g a r i a n reader so far . In this chapter t he 
author deals with mineral nut r i t ion of po ta to , 
photosynthesis , photoperiods, respiration (res-
pirat ion of cells) and alkaloid synthesis. 

I n t h e chapter on " T h e pota to and i ts 
e n v i r o n m e n t " the au thor s have developed 

in detail the influence of edaphic and cli-
matic factors as well as of physiographical 
and agrotechnical effects on the production 
of potato. 

An other impor t an t part of the book is 
the chapter on plant pathogens and animal 
pests of po ta to . The chapter on " T h e signif-
icance of resistance in the control of pota to 
diseases" deserves special interest since 
Hungary, as it is well known, is liable to the 
breakdown and degeneration of po ta to . 

60 per cent of new pota to varieties all 
over the world originate f rom crosses with 
wild species and therefore the chap te r of 
the book on "Chromosome condit ions and 
genetics of p o t a t o " , which is a detai led s tudy 
of the subject is very useful and necessary. 
Here the au thors discuss in detail the resist-
ance of po t a to to pathogens and pests f rom 
the point of view of genetics. 

The book contains da ta indispensable also 
for the pract ical specialists in i ts following 
chapters: "Y ie ld da t a of po t a to" , "Biological 
problems of the storage of p o t a t o " and 
"Economic significance and uses of 
po ta to" . 

The varietal systematics of p o t a t o are 
t reated in a completely new elaborat ion. The 
key of de te rmina t ion of the cu l t iva ted Hun-
garian and most impor tan t foreign varieties 
may supply an impor tan t aid for specialists 
engaged in the product ion of p o t a t o tubers . 
The book is completed by very ample Refer-
ences. 

Thus a long needed book came into the 
hands of pract ical and theoretical specialists 
filling a gap in Hungar ian agricul tural liter -
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a t u r e and in wh ich the latest resu l t s of 
research on po ta to can be found. 

B. K o c h 

of quest ions and all this in a very word-bound 
but fu l ly intelligible manner . 

E . G u z s a l : A háziállatok szövettana (Histol-
o g y of domestic animals) . Publishing House 
f o r Agricultural Books , Budapest 1963. 

We may he h a r d l y mistaken when s ta t ing 
t h a t in the world l i tera ture no o the r book 
is available discussing the theme in such 
de ta i l s and present ing such a rich choice of 
histological sections (477 pictures). Al though 
i t is a textbook of t h e Universi ty of Veteri-
n a r y Sciences, t h e i l lustrative presen ta t ion 
of the material of knowledge makes i t very 
use fu l also for ve t e r ina ry pract i t ioners and 
generally for those engaged in histological 
s tudies . 

G y . Mándy : Szántóföldi növények nemesítése 
táblázatokban (Breeding of field crops in 
t ab les ) . Publishing House for Agricul tural 
Books , Budapest 1963. 

A number of shor te r and more extensive 
works appeared in foreign countries on the 
breeding of field crops which are dealing 
w i t h problems of a n d da ta on the breeding 
of various plants. I t involves, however, a con-
siderable difficulty for the reader t h a t these 
w o r k s must be s tud ied with pa ins tak ing care 
whenever quick in format ion is w a n t e d in 
some question or o ther . This is where the 
p resen t work i n t e n d s to afford help. Data 
o n the breeding of sixty most i m p o r t a n t 
agricultural crops are discussed in a tabel lary 
composit ion and e labora ted according to uni-
f o r m viewpoints. T h u s for each p l an t the 
ques t ions concerning the origin of t he plant , 
i t s chromosome condit ions, species and gener-
ic hybridization, f lowering biology, fertili-
za t ion , castration, isolation, heredi ty , muta -
t ions , breeding purposes and me thods are 
exposed. As an a d v a n t a g e of tabel lary elabo-
r a t i o n the reader ob t a in s answers to a number 

Gy. M á n d y : Kertészeti növények nemesítése 
táblázatokban (The breeding of hort icultural 
p lants — in tables). Publ ishing House for 
Agricul tural Books, Budapes t 1964. 

In this book data and other knowledge 
concerning the breeding of about 60 vege-
tables and frui ts , medicinal herbs and orna-
menta l p lan t s are found. The tabellary form 
using columns has a number of other advan-
tages beside short and concise presentat ion: 
it is easy to survey and to handle, warrants 
the un i fo rmi ty of discussing the individual 
species, a t the same time practically compel-
ling the au thor to make public property a 
great m a n y of scattered and hardly available 
da ta no t only to breeders bu t to all gardeners-
specialists who are interested in fu r the r 
t raining. 

M. M o h á c s y , P. T o m c s á n y i , S. P e r e g i : 
A gyümölcs útja áfától a fogyasztóig (The pa th-
way of t he f ru i t f rom the tree to the con-
sumer). Publishing House for Agricultural 
Books, Budapes t 1964. 

The book deals with the up- to-date large-
scale manipula t ion of f ru i t produced for the 
marke t . I t s objective is to promote tha t a 
uni form, faultless commodi ty true to name 
and wi th a tasteful exterior should reach 
th rough the organs of the t r ade the table of 
the consumer and all works necessary for 
it should be inexpensive and economically 
efficient. The pa thway leading to this objec-
tive is modern technology, new methods of 
labour organization, m a x i m u m mechaniza-
t ion: machines for harvest ing, grading and 
moving of the produce. Moreover it is neces-
sary to clearly unders tand the biological 
processes taking place in the f ru i t f rom the 
beginning of ripening th rough storage to 
consumpt ion . 
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"The Position of Lactic Acid and its Derivatives in the Nutrition and the Metabolism 
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Chairman 
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grouping, The Royal Veterinary and Agricultural College, Copenhagen, Denmark 
Professor Dr. A. L. Black, D e p a r t m e n t of Physiological Sciences, Univers i ty of Cali-
fornia, Davis, U.S.A. 
Professor Dr. H. Hill, Physiologisches Ins t i tu t der Tierärztlichen Hochschule , Hannover , 
Germany 
Professor Dr. Aage Jepsen, D e p a r t m e n t of Bacteriology and Hygiene, The Royal 
Veterinary and Agricultural College, Copenhagen, Denmark . Chairman of Biocentralen 's 
executive commit tee 
Professor Dr. A. T. Phillipson, D e p a r t m e n t of Veter inary Clinical Studies, School 
of Veterinary Medicine, Cambridge, England 

All pape r s entered for these prizes mus t r each : 

B I O C E N T R A L E N , Bülowsvej 13, Copenhagen V, Denmark 

not later than 1st November 1965 (date of postmark). 

E n t r a n t s must submit their papers in typescr ip t in one of the following languages: English, 
F r e n c h or German. 
The ad judica t ing commit tee reserves the r igh t to publish the prize-winning papers in an appro-
pr ia te journa l to be chosen by the commi t tee . 
F u r t h e r information can be obtained f r o m B I O C E N T R A L E N at the above address. 
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Р Е З Ю М Е 

У Л У Ч Ш Е Н И Е ПРОДУКТИВНОСТИ TRITICALE 

А . К И Ш Ш 

Выло определено, что для улучшения продуктивности первичного Triticale наи-
лучшим методом является выведение вторичного Triticale. 

В то время как первичный гексаплоидный Triticale I за прошедшие 15 лет совер-
шенно не улучшился, потомки, полученные в результатае скрещивания Triticale 56 
хром. X 42 и 42 X 56 хром, гептаплоидов, создали чрезвычайно продуктивные вторичные 
гексаплоиды. В результате ежегодно проведенных скрещиваний и исследований потом-
ков было определено, что оптимальный геномный уровень Triticale не октоплоид, а 
гексаплоид. 

Д о сих пор наиболее продуктивным гексаплоидом является Triticale 30, который 
происходит от скрещивания Triticale «F» (2п=56) и Triticale I ( 2 n = 4 2 ) . Родитель 
Triticale «F» представляет собой Т. a e s t i v u m L. F. 481 (2n = 42) x S. cereale (2n=14) , 
a Tri t icale I — T t u r g i d u m var. bucca l e Alef. ( 2 n = 2 8 ) x S. cereale L. (2n = 14). 
Эта линия в 1964 г. на площади 4,5 кат. хольдов на бедном по качеству песчаном черно-
земе дал урожай выше, чем пшеница, р о ж ь и озимый ячмень. 

В 1965 г. Triticale 30 выращивали в кечкеметском колхозе «Золотой колос» на 
площади 30 кат. х. и в Сельскохозяйственном Опытном Институте в междуречье Дуная и 
Гиссы на бедной песчаной почве на площади 5 кат. х. Насколько нам известно, это первый 
случай в мировой практике, когда Triticale перешла с опытных делянок на производ-
ственные поля. 

Кечкеметская Triticale выносит песчаную почву также хорошо, как и рожь. 
В противовес ржи у нее есть большое преимущество, которое заключается в ее резистенции 
против мучнистой росы, листовой и стеблевой ржавчин. Содержание белка в ржи, озимой 
ячмене и кукурузе недостаточно. Triticale 30 на песчаной почве может служить источ-
ником ценного белка, как концентрированный корм и хлебный злак. Общее содержание 
белка 18—20% (рис. 1), таким образом чрезвычайно бедные запасы белка в стране улуч-
шатся и сократятся годовые потребности в импорте, которые составляют примерно 50 ООО 
вагонов. 

СОДЕРЖАНИЕ КАРОТИНОИДА В ЗЕРНЕ МУТАНТОВ К У К У Р У З Ы 

А . Ф А Л У Д И - Д А Н И Е Л Ь , Ф. Л А Н Г 

Нами исследовалось содержание каротиноида и его локализация в зерне линий 
кукурузы, содержащих у-каротин и ликопин. На основании абсорбционных спектров 
каротиноидных экстрактов, полученных из зерна нормальной кукурузы и мутантов, 
были сделаны выводы о синтезе полного блока каротнноидов. 

Вначале было найдено, что содержание каротиноида в зерне нормальной кукурузы 
и мутантов почти одинаковое, но как было показано в зародышах мутантов по сравнению 
с зародышами нормальной кукурузы на общее содержание каротнноидов приходилась 
большая часть. 

Количество каротиноида, приходящееся на один фактор, в нормальных зародышах 
меньше, а в мутантах намного больше, чем в эндосперме. 

На протяжении периода хранения зерна содержание каротиноида значительно 
снижается, поэтому для сравнения сортов наиболее пригодными являются свежие соз-
ревшие зерна. 



Г1АРТЕН0КАРПИЧЕСКАЯ МЕТАКСЕНИЯ У БАКЛАЖАНА 
(SOLANUM MELONGENA L.) 

Д ь . П А Л , Ж . О С В А Л Ь Д 

На баклажане исследовалась степень влияния пыльцы разлиных сортов, видов 
и родов на партенокарпическую метаксению. В случае партенокариической метаксенин 
влияние опыления проявляется на материнском растении на развитие плода (метаксения) 
и в таком случае образуются бессемянные плоды. 

Определено, что на баклажане при отсутствии оплодотворения образование бес-
семянных плодов и их число представляет собой сортовой признак. Чужеродная пыльца, 
в зависимости от вида и рода вызывает образование партенокарпических плодов в раз-
личной степени, но при опылении внутри рода и между родами прямой зависимости от 
степени родства не обнаружено. Пыльца видов, относящихся к одному и тому же роду 
и к другим родам, вызывала образование партенокарпической метаксении в большей 
или меньшей степени независимо от отношения растений к данному или другому роду. 

СРАВНИТЕЛЬНОЕ ИЗУЧЕНИЕ ПОГЛОЩЕНИЯ БРОМИДА ИНТАКТНЫМИ 
ПРОРОСТКАМИ И СРЕЗАННЫМИ КОРНЯМИ 

3 . Б Ё С Ё Р М Е Н И 

Сравнение поглощения бромида интактнымн проростками и срезанными корнями 
приводит к выводу, что причина, лимитирующая поглощение в обоих случаях одна и 
таже, а именно: аккумуляция, происходящая в клетках симпласта корня. 

Этот процесс двойной; его можно разделить на процессы, насыщающие растворы 
на низкую и высокую концентрации. В растворах с отношением хлорида : бромида = 1 : 1 
компетиция изменяется в зависимости от концентрации, максимума достигает при кон-
центрации 1 моль, экв./л. Транспортировка в побеги растет пропорционально концент-
рации (как % общего поглощения), но интересное переходное снижение проявляется 
при концентрации 0,1—0,3 моль, зкв./л. 

Концентрация поглощения бромида и кривые компетиции не дают основы для 
суждения о природе или кинетике аккумуляции, происходящей в вакуоли или секреции, 
выделяющейся в сосуды если такое можно предполагать. Возможность легкой транс-
локации аккумулированного в корнях Вг82 показывает, что между вакуолью и сим-
пластом происходит быстрый обмен Вг. 

В исследованном случае низкое содержание соли не влияло на процессы К т - пог-
лощения I; по сравнению с растениями с высоким содержанием соли сокращалась ско-
рость поглощения при любой исследованной концентрации. У растений с низким содер-
жанием соли транслокация Вг происходит в небольшой степени. Это повидимому след-
ствие начинающегося недостатка N (и Р). У растений с недостатком N при азотном удоб-
рении скорость поглощения Вг (при любой концентрации) и % транслокации быстро 
растут. Оба действия можно задержать одновременным применением хлорамфеникола. 

ВЛИЯНИЕ РАЗЛИЧНЫХ СПОСОБОВ ВЫРАЩИВАНИЯ РАССАДЫ КОЛЬРАБИ 
НА ЕЕ РАННЕСПЕЛОСТЬ И РЕНТАБЕЛЬНОСТЬ 

П. С А Л В А 

В овощеводстве Венгрии среди скороспелых культур кольраби является одним 
из первых, находящимся в широком производстве, овощей богатых витамином. Различ-
ные способы выращивания рассады способствуют более ранней уборке кольраби. В статье 
обсуждается часть результатов исследования, полученных в течение последних четырех 
лет. При выращивании рассады различными способами выяснилось, что выращивание 
рассады в питательных кубиках ускорило созревание на 7 дней и увеличило валовую 
доходность на 91% по сравнению с традиционным выращиванием рассады путем посева 
семян вразброс. 



С Е Л Е К Ц И Я SOLANUM LACIN IA TU M (AIT) С П О М О Щ Ь Ю О Б Л У Ч Е Н И Я 

П. ТЁТЕНИ 

В 1960 г. семена Solanum, laciniatum (AIT) были подвергнуты облучению изотопом 
Coeü в дозах 26, 34, 44, 58, 72 KR. LD50 наблюдалось у потомства семян, получивших облу-
чение в дозе 44— 58 KR; появились морфологические изменения и ненаследуемые моди-
фикации; в большой степени наблюдалось сбрасывание плодов, которое проявлялось и 
в последующих поколениях. Исследование самоопыленных линий, проведенное в течение 
5 лет, подтвердило сигнификантное увеличение отклонения содержания дрога, появление 
максимумов в 28—31% и наследование определенного уровня гликоалкалоида. Произ-
веденный после облучения позитивный отбор создал отклонения, в пределе вида, по 
химическому составу в такой степени, что смеси отселектированных линий по содер-
жанию гликоалкалоида оказались сигнификантно выше контроля на 26—43%. 

УСЛОВИЯ ОПЛОДОТВОРЕНИЯ СОРТОВ Я Г О Д Н Ы Х РАСТЕНИЙ 
А. ШЕЛЯХУДИН, Ш. БР03ИК 

Ягодные растения (земляника, крыжовник, малина, черная и красная смородина) 
будут приобретать все большее и большее значение. Условия оплодотворения находя-
щихся в производстве сортов в общем не выявлены, есть сведения об условиях оплодот-
ворения отдельных сортов и видов. В пределе некоторых видов имеется много самоопы-
ляющихся сортов. Но есть частично или полностью самобесплодные сорта, даже в отдель-
ных случаях встречаются взаимносовместимые сорта. 

Межсортовое оплодотворение во всех случаях вызывает более высокое завязы-
вание. Поэтому и у самоопыляющихся сортов можно показать влияние сортов-опыли-
телей, способствующих повышению урожая. 

Посадка сортов, которые хорошо взаимно оплодотворяются, целесообразна и рен-
табельна для хозяйства. 

Отдельные сорта, склонные к партенокарпии, и без оплодотворения обеспечи-
вают урожай. 

Приведенные выше вопросы выяснения взаимоотношения сортов изучались в 
течение 6 лет на 24 сортах земляники, 10 сортах малины, 10 сортах крыжовника, 14 сор-
тах красной смородины и 21 сорте черной смородины. 

И З У Ч Е Н И Е Х А Р А К Т Е Р А ОЗИМОСТИ - ЯРОВОСТИ У СОРТОВ ОЗИМОЙ 
ПШЕНИЦЫ. II. 

Й. МЕШ 

Несколько тысяч сортов пшеницы изучали при осеннем и весеннем посевах по 
характеру озимости-яровости на основании зимней гибели и данных по выходу в трубку-
колошению. По отношению к изученным признакам наблюдали большое обособление 
среди сортов, особенно в весеннем посеве. На основании анализа данных с определен-
ностью удалось показать качественное и количественное разделение сортов по характеру 
озимости—яровости. 

Эта дифференциация дала возможность разбить сорта по характеру о з и м о с т и -
яровости на типы и по устойчивости этих типов. 

БИОХИМИЯ ЯРОВИЗАЦИИ 

IV. Изменение активности рибонуклеазы в течение яровизации 

М. ДЕВАЙ 

Исследовали изменение активности рибонуклеазы в течение яровизации у озимой 
пшеницы Банкути 1201. Растения брались в виде проростков. Определено, что биохими-
ческий механизм яровизации частично связан с обменом веществ нуклеиновой кислоты. 
Очень активная форма PH-азы, принимающей участие в обмене веществ Р Н К , синте-
зируется и при низкой температуре (0° С) у ж е в первые часы процесса яровизации. Эту 



PH-азу мы обозначили РН-аза 1. На основании температурных условий ее образования 
и условий торможения можно предположить, что она непосредственно принимает участие 
в обмене веществ процесса яровизации. Энзим удалось изолировать. Кроме системы 
РН-азы 1 в проростках пшеницы действуют и другие системы PH-аз. Изучение их нахо-
дится в процессе исследования. 

ВЛИЯНИЕ МИНЕРАЛЬНЫХ УДОБРЕНИЙ НА ИЗМЕНЕНИЕ ТИПОВ 
ДЕРНИНЫ 

И . В И Н Ц З Е Ф Ф И 

Ряд типов дернины удобряли минеральными удобрениями различными способами 
и исследовали их изменение. Различные удобрения изменяли урожай дернины и ее состав. 
Количественное (урожай травы) и качественное (ботанический и химический состав рас-
тений) изменения при различных типах дернины проявились в разной степени. 

ВЛИЯНИЕ МОЛИБДЕНА НА СИНТЕЗ НУКЛЕИНОВОЙ КИСЛОТЫ 
В ЛИСТЬЯХ СОИ 

Б . И . П О Ж А Р 

Раствор аммония с молибденом в концентрации 50 ppin значительно стимулирует 
синтез нуклеиновой кислоты в листьях сои, при поглощении из раствора или при опры-
скивании листьев. В случае опрыскивания листьев влияние микроэлемента оказывается 
более благоприятным на включение фосфата нуклеиновой кислоты, чем при подаче через 
корни. Обработка молибденом способствует повышению уровня лабильного кислотного 
фосфата, наряду с поглощением общего фосфата. Так как влияние опрыскивания листьев 
увеличивает в большей степени синтез и накопление фосфата нуклеиновой кислоты, чем 
при поглощении корнями из раствора, поэтому с большей вероятностью можно пред-
положить, что процесс редукции нитрата тесно связан с непрерывной фотосинтетической 
транспортировкой водорода. В течение фотохимического распада воды начавшаяся транс-
портировка водорода связана с редукцией нитрата переносом редуцированного никотина-
мидаденина-динуклеотидфосфата. Неприменным условием увеличения синтеза нуклеино-
вой кислоты, в свою очередь, является редукция нитрата. 

10-ЛЕТНИЕ (1955-1965) ОПЫТЫ ПО ХИМИЧЕСКОМУ ИСТРЕБЛЕНИЮ 
СОРНЯКОВ В СОРГО 

Э . К Ю К Е Д И 

Исследование по химическому истреблению сорняков в сорго проводилось в Научно-
исследовательском институте сельского хозяйства Венгерской Академии наук. Всего 
испытано 13 гербицидов. Применялись дозы от 1,75 до 15 кг/га. Время опрыскивания 
осенью производилось в ноябре, а весной после обработки почвы, в апреле до всходов и 
после всходов. Исследование проводилось в посевах сладкой суданской травы, суданской 
травы Mv Hybar 301, сахарного сорго Early Sumac, американского гибрида NK 120 — 
зернового сорго, сортов зернового сорго Hybar Mv 101 Mv Hybar 102, и Early Hegari. 

На основании исследований выяснено, что 2,4-Д лучше применять на посевах 
суданской травы в возрасте 4—5 листьев (1,75—2,0 кг/га) опрыскиванием травостоя. 
Другое время не является удовлетворительным для опрыскивания. Суданскую траву 
можно с успехом выращивать после кукурузы на зерно и на силос, которая обрабаты-
валась Атразином или Хунгазином ПК. Суданская трава сильно реагирует на гербициды 
содержащие Триазин, поэтому надо избегать свежее опрыскивание этими гербицидами. 
Афалон, Арезин и Кармекс нельзя применять даже в малых дозах на посевах суданской 
травы. 



ПОЛОЖЕНИЕ РАСТЕНИЕВОДСТВА И АНАЛИЗ ФАКТОРОВ ЕГО РАЗВИТИЯ 

Г. ЛАНГ' 

Среди факторов, влияющих на урожай полевых культур, особое значение имеют 
сорта, имеющиеся в производстве, севооборот, обработка почвы, орошение и удобрение. 

Исследуя эти факторы приходим к выводу, что новые селекционные сорта по срав-
нению с имеющимися в производстве сортами, сами по себе только в небольшой мере 
могут повысить урожай. В прошедшее время, в основном, широкое распространение в 
производстве гибридной кукурузы способствовало увеличению урожаев. 

Севооборот, в первую очередь, зависит от соотношения площадей, занятых расте-
ниями, находящимися в производстве. Изменить сложившееся в стране соотношение 
культур еще нет возможности, это можно будет сделать только соответственно с увели-
чением средних урожаев. Так при имеющемся в настоящее время уровне производства, 
создание такого состава культурных растений, который мог бы значительно повлиять на 
плодородие почвы, почти невозможно. 

В Сельскохозяйственной Академии в Кестхее и в ряде научно-исследовательских 
институтов, проведенные опыты показывают, что только на некоторых типах почв более 
глубокая обработка, чем та, которая проводилась до сих пор, приводит к повышению 
урожая. В благоприятном случае пропашные культуры после глубокой обработки дают 
повышение в урожае более, чем на 20%. На протяжении последующих лет у следующих 
культур можно ожидать повышения урожая только на 5%. Так в конечном счете, произ-
водительность всего севооборота под влиянием глубокой обработки повысится самое 
большое на 8—10%. 

Орошение само по себе только редко, чаще всего в сочетании с интенсивным удоб-
рением дает положительный результат. 

Навоз, полученный в хозяйствах, является важным фактором поддержания пло-
дородия почвы. Количество навоза значительно повысить, в то же время, нет возможности, 
т. к. оно, в первую очередь, зависит от поголовья крупного рогатого скота. 

Среди наиболее важных средств повышения средних урожаев считаем минераль-
ные удобрения. В опытах по применению минеральных удобрений, проведенных с пше-
ницей, кукурузой, сахарной свеклой, картофелем, силосной кукурузой, затем на паст-
бищах и лугах, было достигнуто довольно значительное (20—100%) повышение урожая. 
Достигнутые по стране в течение последних трех лет повышенные урожаи, в первую 
очередь, можно приписать внесению большого количества минеральных удобрений. 

Между фактором применения минеральных удобрений, с одной стороны, и благо-
приятно действующими на величину урожая рядом других факторов, как-то: приме-
нение в производстве продуктивных сортов, установление оптимальной площади питания, 
правильная обработка почвы, рациональное использование навоза, с другой стороны, 
имеется существенная принципиальная разница. Последние факторы повышают урожай 
без больших добавочных затрат и, главным образом, представляют собой использование 
внутренних источников хозяйства. Использование же минеральных удобрений, с другой 
стороны, значительно повышает производственные затраты и обеспечить их можно только 
из источников вне хозяйства. Поэтому очень важно изучать факторы, влияющие на дей-
ствие минеральных удобрений, и особенно те способы, с помощью которых результаты, 
полученные на опытных делянках, можно было бы перенести на поля хозяйств с почвой 
не вполне соответствующей по качеству почве опытных делянок. 

ВЛИЯНИЕ СРЕДЫ И ОТБОР 

Ш. Р А Й К И 

В опытах по генетическому превращению незимующих яровых в зимостойкие 
озимые, расширение вариации по колошению — от яровости до озимости —, как это 
неоднократно было установлено, нужно приписывать, в основном, влиянию среды, а не 
отбору. 



В посевах зернового и сахарного сорго только гербицид 2,4-Д ввиду кратковре-
менного действия менее пригоден. Лучше всего их сеять после кукурузы, обработанной 
гербицидами Атразин или Хунгазин ПК, и в случае необходимости опрыскивать Атра-
зином 1,75—2,0 кг/га, Пропазпном или 2,4-Д. В случае свежего опрыскивания на черно-
земных почвах Атразином или Пропазином нельзя применять дозу выше 3 кг/га. Наи-
менее опасным является опрыскивание травостоя. 

Считаем, что среди испробованных гербицидов непригодными для борьбы с сорня-
ками в сорго являются Афалон, Арезин, Кармекс. Гербициды Аметрин, Прометрин в 
увеличенной дозе уничтожают посевы сорго, гербициды А-1798, А-1802, А-2099 и Ран-
докс в данном случае вызывают временное пожелтение сорго. 

Сделанные нами выводы относятся к опытам, проведенным только на черноземах. 

И З М Е Н Е Н И Е ПИГМЕНТА В ЛИСТЬЯХ ЯЧМЕНЯ 

д . л а с т и т и , м. х о р в а т 

У сорта ячменя MFB в изолированных и интактных листьях исследовалось изме-
нение содержания пигмента. 

Часть растений в течение 7 дней выращивали в темноте. Через 7 дней изолирован-
ные и интактные листья получали освещение. Исследование этиолированных растений 
проводилось на свету (8000 lux, F 30). 

Другая часть растений в течение первых 7 дней выращивались на свету, а затем 
помещались в темноту. Исследование этих растений также проводилось на свету. Конт-
ролем служили растения, которые и выращивались, и исследовались на свету. 

Третья часть растений выращивалась на свету, затем часть изолированных и 
интактных листьев помещались в водопроводную воду, а другая в 10 мол. раствор кине-
тина. Растения во время исследования были на свету. 

Во всех вариантах у изолированных и интактных листьев сравнивались общее 
содержание пигмента и компоненты. 

Определено, что у изолированных листьев ячменя общее содержание пигмента в 
зависимости от времени уменьшалось по сравнению с содержанием пигмента у интакт-
ных листьев, как на свету, так и в темноте. Наиболее определенное снижение показывал 
хлорофилл а. У листьев, обработанных кинетином, уровень общего пигмента и содер-
жание хлорофилла а достигал более высокой величины, чем у интактных листьев. 

ПАТОГЕННОСТЬ В О З Б У Д И Т Е Л Е Й К О Р Н Е Е Д А СВЕКЛЫ 

I. Метод селекции на устойчивость 

э. кишш 

Результаты проведенных в ящиках опытов указывают на необходимость помещать 
инфекционный материал на 1 см ниже уровня семяложа. 

Патогенность возбудителей болезней не проявлялась в полной мере при заражении 
семян агаро-споровой или мицелий-споровой суспензией (табл. 1.). 

Метод искусственного заражения почвы зарекомендовал себя удобным приемом 
в селекции свеклы на устойчивость к корнееду при внесении инфекционного материала 
по вышеуказанному способу. 

Метод приготовления инфекционного материала: агаро-грибная суспензия погло-
щалась раздробленными семенами сахарной свеклы, предварительно стерилизованными 
и высушенными при комнатной температуре, полученная таким способом масса измель-
чалась и перемешивалась. Приготовленный по описанному методу инфекционный мате-
риал высевали в почву под семяложе. 

Сорта различно относятся к отдельным возбудителям корнееда (рис. 3). Сорт 
Клейнванцлебен Поли, отличающийся в общем высокой резистентностью, оказался весьма 
восприимчивым к заражению Phoma betae. 

В среднем по одиннадцати сортам, испытывавшимся в течение двух лет, пора-
жаемость ростков отдельными возбудителями корнееда характеризуется, соответственно 
по годам, следующими показателями (в процентах): P y t h i u m de B a r y a n u m — 46,7 и 
36,0; Aphanomyces iaevis — 43,3 и 21,4; Phoma betae — 18,4 и 29,2 и, наконец, Fusa-
rium sps . 16,6 и 13,1. 



Exegi monumentum aere perennius 

(HORATIUS) 

It is with the deepest regret and grief that the Editorial 

Board of the Acta Agronomica announces the death of 

Kossuth-Prize holder Academician ; emeritus 

Professor of fifty years' standing ; the late de-

partmental head of the Agricultural Research 

Institute of the Hungarian Academy of Sciences; 

holder of the "Medal of Merits in Socialist Work", 

etc. 

D R . J Á N O S S U R Á N Y I 

who passed away, after long suffering, on the 8th of 

November, 1965 in the 79th year of his life. 

The burial of our well-remembered co-worker took place 

in the Farkasreti-Cemetery in Budapest, on the 15th 

November. 

The Editorial Board of 

Acta Agronomica 

2 Acta Mgr . Hung. Tomas X I V . 1965 





IMPROVEMENT OF THE FERTILITY OF TRITICALE 

B y 

Á. Kiss 
A G R I C U L T U R A L E X P E R I M E N T I N S T I T U T E I N T H E R E G I O N B E T W E E N T H E D A N U B E 

A N D T H E T I S 7 A R I V E R S , K E C S K E M É T 

Knowledge on the p r o d u c t i o n of s e c o n d a r y hexaploid Triticale a n d t h e r e su l t s 
o b t a i n e d are p r e s e n t e d here . I t h a s b e e n es tab l i shed t h a t t h e o p t i m u m g e n o m e level 
of Triticale is n o t t h e oc toplo id w i t h 2n = 56 c h r o m o s o m e s p r o d u c e d ear l ie r b u t the 
hexap lo id w i th 2n = 42 c h r o m o s o m e s p r o d u c e d l a t e ly . T h e s e c o n d a r y hexaploid Tri-
ticale 30 p r o d u c e d b y t he a u t h o r d e v e l o p s on s a n d y soils s imi la r ly to rye b u t m o r e pro-
t e in is o b t a i n e d f r o m the u n i t a r e a . 

Introduction 

The problem of the generic hybridization between wheat and rye had 
initially been dealt with by botanists who studied first of all the development 
of species and the degree of relationship between wheat and rye. 

W i l s o n presented in 1 8 7 5 to the Botanical Society of Edinburgh the first 
sterile wheat-rye hybrid produced by himself. The first stabilized wheat-rye 
hybrid of transitory character was produced by the German plant breeder 
R i m p a u in 1 8 9 0 . Since then both botanists and breeders have reported all over 
the world on a number of wheat-rye hybrids. Botanists, geneticists and cyto-
geneticists have been principally interested in evolutional problems, while 
breeders have been led by practical purposes. 

Some of them aimed at producing between the two cereal genera a new 
species that could have combined the favourable characters of wheat and rye. 
The more important pertinent literature is given by a number of authors 
( A u f h a m m e r et al. 1 9 6 1 , K a p p u s 1 9 6 4 , K a t t f . r m a n n 1 9 3 5 , Kiss R f . d e i 

1 9 5 3 , Kiss 1 9 5 8 , Kiss 1 9 6 5 , K o n s t a n t i n o v 1 9 6 3 , K r o l o w 1 9 6 2 , 1 9 6 3 ,  

L a p c h e n k o 1 9 6 3 , M a h a l i n 1 9 6 3 , L i n d s c h a u — O e h l e r 1 9 3 5 , M e i s t e r 1 9 2 1 ,  

M Ü N T z i N G 1 9 3 9 , 1 9 6 3 , N a k a y i m a 1 9 5 1 , 1 9 5 2 , 1 9 5 4 , e t c . , P i s a r e v 1 9 5 5 ,  

P i s a r e v S a m s o n o v 1 9 5 8 , P i s a r e v — Z i l k i n a 1 9 6 3 , R i l e y 1 9 6 0 , R i m p a u 

1 8 9 1 , S a n c h e z - M o n g e 1 9 5 6 , 1 9 5 8 , S c h n e i d e r 1 9 5 4 , 1 9 5 5 , T a y l o r — Q u i s e n -

b e r r y 1 9 3 5 , T s c h e r m a k 1 9 1 3 , V e t t e l 1 9 5 8 , 1 9 5 9 , 1 9 6 0 , a, b, etc.). 

Review of the Literature 

The amphiploids of the wheat-rye hybrids have attracted attention 
of plant breeders and geneticists, and rightly so. The fact itself that the 
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sum of the genomes of two genera can be united in a third species has raised 
the idea that the hereditary substance of the new stabilized hybrid would 
probably be richer and more varied, consequently, the organizatory and 
genetic value of the new plant higher. 

The Triticalia produced up to now have satisfied the requirements of 
botanists and geneticists but not the objectives of the plant breeders. In the 
f ield of practical utilization these hybrids have caused a great deception. 
The Triticalia produced lately show almost the same drawbacks as the first 
ones produced 75 years ago and those obtained subsequently (Kiss 1954,  
L i n d s c h a u — O e h l e r 1 9 3 5 , M ü n t z i n g 1 9 3 9 , P i s a r e v 1 9 5 6 , S a n c h e z - M o n g e 

1 9 5 6 , T s c h e r m a k 1 9 1 3 , V e t t e l 1 9 5 8 ) . It was surprising to find that the first 
Triticalia produced did not improve in the course of years either upon the 
influence of selection or on hybridization or mutational induction (Kiss 1958,  
L e i s e r 1 9 5 4 , P i s a r e v 1 9 5 6 , S c h n e i d e r 1 9 5 5 , V e t t e l 1 9 5 8 ) . 

M ü n t z i n g ( 1 9 3 9 ) regards the most efficient way of the improvement 
of fertility in the method of crossing the very fertile wheat mother varieties 
with self fertilizing rye varieties tolerating inbreeding and subsequently poly-
ploidizing the sterile hybrids. Such selection of the parent partners was adopted 
by a number of authors ( O e h l e r 1 9 4 1 , Kiss — R é d e i 1 9 5 3 ) . This selection 
of the parent partners did not bring about the desirable result either (Kiss 
1958). Since wheat and rye in nature had not produced during their co-exist-
ence of several thousand years a viable, fertile, stabilized hybrid, some authors 
came to the conclusion that the production of such stabilized hybrids was 
completely illusory ( F o r l a n i 1 9 5 4 , H e i n i s c h 1 9 6 4 oral communication, 
T s c h e r m a k 1 9 1 3 , M e i s t e r 1 9 2 1 , S t r a m p e l l i 1 9 0 4 , ( c i t . D i o n i g i 1 9 5 5 ) ) . 

Between the wheat and rye genera the genetical incompatibility is so 
great that the production of high productivity Triticalia is impossible from 
the very outset. Wheat is closely flowering and self fertilizing while rye open 
flowering and cross fertilizing, which means that wheat gets fertilized, for 
the most part, by its own pollen while rye requires the pollen of the neighbour-
ing plant individuals. In the case when the stigma of the rye gets fertilized 
by its own pollen, the progeny will be aborted and largely sterile. Now when 
uniting the hereditary substance of wheat and rye, the stabilized wheat-rye 
hybrid obtained will be self-fertilizing as the wheat and will be, to a very little 
degree, able to receive the pollen from foreign individuals. This feature acts 
detrimentally on the fertility character of the rye in the hybrid, the con-
sequence of which is the high grade of sterility of the Triticale progeny (Kiss 
1 9 5 3 , M ü n t z i n g 1 9 6 3 , S c h n e i d e r 1 9 5 4 , S t e b b i n s 1 9 5 1 ) . 

Most authors explain the high grade of sterility in the old and new Triti-
calia also by the abnormal division in meiosis, the primary cause of which is 
the genetical and biological incompatibility referred to before ( K r o l o w 1 9 6 2 ,  

M ü n t z i n g 1 9 4 8 , N a k a y i m a 1 9 5 1 , 1 9 5 2 , e t c . , S c h n e i d e r 1 9 5 4 , V e t t e l 1 9 6 0 a , 
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b). According to T i s c h l e r (1946) and S t e b b i n s (1951) the newly developing 
plant species must first of all go through a long period of selection. Hereby 
the chromosomes of the new species gradually exchange so far that they reach 
complete homology, moreover, at the production of gametes of the new species 
only bivalents arise. K a p p u s (1964) points out that the sterility of the present 
Triticalia may be brought about by unknown causes so that in the breeding 
of wheat-rye hybrids the practical result entirely depends upon chance. 

The explanations referred were verified by experience and by our own 
experimental data. On the grounds of the theories presented we arrived at 
a point where it seemed to us that the work directed to the breeding of Triticale 
should be abandoned, as the practical objective set out at the beginning of the 
work seemed unattainable (Kiss 1958). 

As a matter of fact no fertile Triticale have come into being either 
in nature during the course of many thousand years. Although spontaneous 
wheat-rye hibrids were found by several workers these were sterile and could 
not be taken into consideration from the view-point of plant production 
( L e i g h t y - S a n d o 1 9 2 8 , M e i s t e r 1 9 2 1 , T a v ö a r 1 9 4 1 ) . 

All of the Triticale produced b y plant breeders struggled with the dis-
turbances of fertility. The Soviet professor P i s a r e v alone published in 1 9 5 6  

reassuring data, explaining the weak fertilization and the skrinking and wrin-
kling of the grains by the deficiency of the trace element boron. In the material 
of the octoploid Triticale AD 20/1 lie had produced with the use of boron, 
lines setting, in 1954, 56.2 on the average and maximally 82 grains per main 
ear. The grain yield of the Triticale per spikelet does not touch two. The best 
strains of S c h n e i d e r ( 1 9 5 4 ) set 1 . 2 9 grains per spikelet, while the hybrids 
of K a p p u s ( 1 9 6 3 ) 1 . 3 3 and the Triticale of A u f h a m m e r et al. 1 . 4 7 maximum 
1.74 grains. 

Most breeders were engaged in the improvement of the fertility of the 
octoploid Triticale produced from the hybrid of the common bread wheat 
(Triticum aestivum) and of rye. L e i s e r , in 1 9 5 4 , aimed at producing strains 
of higher fertility from the various lines of Triticale "Rimpau". In 1961 A u f -
h a m m e r , F i s c h b e c k and S c h n e i d e r reported on the hybridization of various 
Triticale lines with each other. R u d o r f (cit. A u f h a m m e r et al. 1 9 6 1 ) obtained 
a minor improvement by the crossing of the fertile hybrids among each other. 
L e i s e r ( 1 9 5 4 ) when crossing the Triticalia of K a t t e r m a n n could not select 
individuals more fertile than the starting parent partners. Several workers 
recommended to use for the production of Triticale wheat partners readily 
crossing with rye. 

On the First International Wheat Genetics Symposium held in Winnipeg, 
Manitoba, Canada, 11- 15 August 1958, the idea was raised that perhaps the 
hexaploid Triticalia might prove to be more valuable than the octoploids 
( J e n k i n s 1 9 5 8 , M ü n t z i n g 1 9 5 8 , S h e b e s k i 1 9 5 8 , S a n c h e z - M o n g e 1 9 5 8 ) . 
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J e n k i n s ( 1 9 5 8 ) regards the hexaploid Triticale material of O ' M a r a and that 
deriving from Spain suitable for further breeding. Mac K e y (1958) considers 
t lie Triticale of S a n c h e z - M o n g e as a raw breeding material which must be 
further improved by the convergent method. S a n c h e z - M o n g e ( 1 9 5 8 ) recom-
mends for practical use the hybridization of the hexaploid Triticale and of 
common wheat. 

P i s a r e v ( 1 9 5 6 ) proved that the crossability of the wheat and rye partners 
did not involve higher productivity of Triticale. V e t t e l ( 1 9 5 9 ) suggests, beside 
the combination and selection breeding, the use of the mutation method. 
In his experiment he found few mutants the productivity of which was better 
than that of the initial form. 

According to Swedish experiments ( M ü n t z i n g 1 9 6 3 ) Triticale attains, 
on good clay soil, 65 per cent of the productivity of wheat (the wheat variety 
Skandia II — 100%) while on sandy soil 96 98 per cent. The Triticale of 
V e t t e l ( 1 9 5 9 ) approximated the wheat variety Derenburger Silber on a clay 
soil with loess to 60 65 per cent only. According to the written communication 
of M a y e r ( 1 9 6 5 ) the German Triticale of Hadmersleben attained in 1 9 6 4 only 
28.5 per cent of the yield of the wheat variety Eros. According to the oral 
communication of D o b b e n ( 1 9 6 5 ) the Dutch Triticale produced after 1 9 4 4 did 
not work well in practical farming either and at present are found only on plots 
of collections. Similarly the Italian, French and Austrian Triticalia are only 
grown in varietal collections. 

Since the practical value of Triticale produced up to now is insignificant, 
several workers tried to bring about neocombinations ( M ü n t z i n g 1963, 
P i s a r e v 1 9 5 5 , P i s a r e v Z i l k i n a 1 9 6 3 , S a n c h e z - M o n g e 1 9 5 8 , S c h n e i d e r 

1954, V e t t e l 1959) and mutations ( V e t t e l 1959, Kiss 1958). 

Material and Method 

From tlie l i t e r a ry d a t a out l ined i t a p p e a r s t h a t Triticale research has a p a s t of almost 
90 yea r s ( W i l s o n in 1875 p roduced the f i r s t steri le hyb r id ) b u t u p to the p re sen t d a y no such 
m a t e r i a l has emerged t h a t s tood the t e s t in prac t ica l f a r m i n g . Af t e r the a t t e m p t made by 
G y o r f f y in M o s o n m a g y a r ó v á r (1948 ined. ) t he o p t i m u m g e n o m e level of Triticale was s tudied 
b y t h e au tho r since 1951 in M a r t o n v á s á r a n d since 1957 in K e c s k e m é t (K i s s — R é d e i 1953, K i s s 
1954, 1958). Dur ing t h e las t 15 years we h a v e no t succeeded in p roduc ing b e t w e e n the diploid 
w h e a t and diploid r y e a t e t r ap lo id ( 4 X = = 28) Triticale. 

In 1951 the f i r s t hexaplo id Triticale was p roduced f r o m the hybr id b e t w e e n Triticum 
turgidum var . buccale (4 X = 2 8 ) and Secale cereale L. (2 X = 14) (Fig. 1). A l t h o u g h great 
hopeswere a t t a c h e d to t h e fe r t i l i ty of this Triticale of lower g r a d e of polyploidy, i t did no t prove 
m o r e fer t i le a t all t h a n the known fore ign octoploid Tr i t ica l ia . Our Triticalia p r o d u c e d f rom 
the cross be tween T. aestivum L. (6 X = 42) a n d rye ( 2 X = 14) were r a t h e r v a r i e d hu t did 
n o t exceed in fe r t i l i ty t he T. " R i m p a u " , t h u s our ini t ial a t t e m p t was unsuccess fu l . The hy-
b r i d s p roduced exh ib i t ed the saine d i s a d v a n t a g e s as the fo re ign Triticalia and t h e r e was no 
h o p e t h a t these d r a w b a c k s could be e l imina ted in one w a y or t h e o ther . 

Our research w o r k was led, however , no t only by the o b j e c t i v e of b reed ing b u t also by 
the v iewpoin t of e v o l u t i o n a r y genetics. Crossing expe r imen t s were conduc ted n o t only with 
t h e prac t ica l ly va luab le w h e a t and rye var ie t i es b u t also wi th t he pract ical ly wor th less wheat 
a n d rye species (T. turgidum L., T. carthlicum Nevski, T. durum Desf., T. timopheevi Z.huk., 
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T. monococcum L., Secale vavilovi, S. sylvestre Host.. S. montanum L . , S. africanum L. , etc.) 
The most valuable hybrids were obta ined from the crosses between T. turgidum L. a n d S. ce-
real? L. The inclusion of all o ther wheat and rye var ie t ies into the hybridizat ion and polyploi-
dizatiou exper imen t involved so m a n y bad and disadvantageous charac ters (fragil i ty of the 
car, shrunk and shrivelled grains , low fertil i ty, e tc . ) t ha t in the following they were disre-
garded. 

Result and Discussion 

The production of new wheat varieties with rye properties showed a some-
what quicker result but difficulties presented themselves also here. It was quite 
a surprise that from the Triticale X wheat crosses already in the second and 
third generations fertile wheat was readily obtained. The difficulty appeared 
when we tried to fix rye property in these hybrids. The rye character 
generally disappeared as soon as after the second back-cross with wheat. 
From the wheat-rye hybrid the rye genome fell out entirely. Isolation of the 
rye genome was often experienced in the meiosis studies and in the control 
of progenies. 

It was easy to fix in the wheat progeny the hairiness of the culm below 
the ear characteristic of rye. These lines did not distinguish themselves b y great 
fertility in any of the cases and it may be supposed that the rye chromosome 
(or chromosome particle) containing the hairiness improves neither fertility 
nor sand tolerance in the hybrid. 

We did not succeed at all in producing rye with wheat-cytoplasma from 
the Triticale X rye crosses, although L e i n (1943 ) reported on such result. 
From these experiments it appears that Triticale can be easily transformed 
into wheat but its retransformation to rye encounters difficulties. 

In the experiment we continued to lay the greatest stress on the improve-
ment of the stabilized wheat-rye hybrids. It was surprising to find that our 
hexaploid Triticale No 1 did not improve almost at all in the past 15 years. 
From the examinations it could be established that the hybrid raises many 
flowers in each main ear (90 —110, mean 98) but sets few grains (33 39, 
mean 37). The number of the grains in the spikelets of the main ear did not 
attain two in any of the experimental years. In the average of the years the 
extreme values ranged from 1.18 to 1.43, the mean being 1.29. 

Since the score of the hybrids produced from the Bánkúti and Fleisch-
mann wheats studied before and of the foreign Triticalia was not higher either, 
an attempt was made to hybridize the present Triticalia among each other. 
As transformation of polyhaploid hybrids with 14 and 35 chromosomes into 
dihaploid was not successful, the hexaploid X hexaploid, octoploid X octo-
ploid and hexaploid X octoploid and/or reciprocal crosses were thoroughly 
investigated. 

It should be noted bere that attempts to produce valuable neocombina-
tions from the crossing of Triticalia of a 42 X 42 or 56 x 56 chromosome poly-
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ploidy level were unsuccessful. All the more surprising and novel were the 
progenies of the crosses of various polyploidy levels. 

In the investigation of the yield components of Triticale hybrids the 
greatest stress was laid on the grain to main ear, grain to main spikelet ratio 
and on grain setting per ear as evaluated from the total number of flowers. 
In the course of selection it appeared that the ear to plant and grain to plant 
ratio supplied reliable data only together with the productivity of the spikelet 
and with grain size. The actual conditions of tillering may make appear 
eventually an entirely worthless line as productive and another one as not 
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productive. Since in the beginning, owing to poor grain setting and high degree 
of sterility, we could work with a low number of individuals only, we evaluated, 
also in the later generation, the individuals of hybrids raised on plots of 
1 1I2 to 2 sq.m. and sown at a spacing of 10 X 10 cm. After the second and 
third generation 4 X 100 plants were already analysed. Fig. 1 presents the 
mean values obtained in the years 1960 64. For better orientation also the 
scores established on the experimental plots for the wheat and rye parents are 
indicated (Fig. 1). From the Figure it appears that grain yield per main ear 
of the Triticale 30 plant individuals raised with a 10 X 10 cm spacing has 
attained and even exceeded the grain yield of the rye Kecskeméti "Л" and of 
the wheat varieties F 481 and Besostaya 1. 

In the case of Triticale the improvement of fertility is still the objective 
of the first order. While the hexaploid Triticale 1 in the mean of the years 
1960—64 showed only 36.5 per cent fertility, the hexaploid secondary Triti-
cale 30 from the hybrid between the 56 chromosome Triticale " F " and the 
42 chromosome Triticale 1 exhibited, in the average of the last 5 years, a fertil-
i ty of 16.2 per cent. In no other newer hybrid has been observed a higher aver-
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age fertility. It has been found that in the last one or two years the fertility 
evaluated from the total flowers has rapidly increased. Evaluating the data 
of the last year (1964) the fertility of Triticale 30 has come very near to that 
of the rye (71.4 per cent in this year, while Triticale 30 attained 69.5). 

It is worth while to compare minimum and maximum \-alues of the mean 
of the last 4 or 5 years because from these one may conclude whether there is 
hope for an improvement of the grain yield per ear (Table 1). 

Table 1 

Minimum and maximum grain yields per ear of the hexaploid Triticale hybrids 
in 1960—64 

(Controls: wheat , rye and the mos t fertile German Triticale Hadmersleben) 

Serial 
No. 

N u m b e r of grains per main ear 
Serial 

No. I.iin* or variety-
2n 

i960 1961 1962 1963 1964 
2n 

min. m a x . m i n . max. min. m a x . min. max. min. m a x . 

1. Rye Kecskeméti 
" h "  14 38 80 26 75 36 80 36 79 39 5 3 54.64 

2 . Wheat F 481 . . . 42 16 69 18 70 16 73 15 68 32 63 41.22 

3. Besostaya 1 42 — — 23 70 22 65 21 60 38 67 43.75 

4. Triticale 1 42 17 50 21 48 18 49 14 51 27 43 37.20 

5 . Triticale 30 42 26 59 25 63 28 60 24 63 32 99 54.86 

6. Triticale " H a d -
mersleben" . . . . 56 24 65 20 61 28 56 28 59 29 62 44.66 

7. 2 /B X Triticale 30. 42 — 0 2 13 36 22 49 32 68 40.97 

8. (AD X TT) X Tri t i -
cale 1 42 0 4 7 18 20 47 30 64 35.43 

9. 
10. 

К о Тс. X Triticale 1. 
К о Тс. X Trit icale 

3 0 

42 

42 

0 

2 

7 

7 

6 

21 

34 

53 

16 

18 

61 

63 

33 

35 

72 

112 

37.57 

53.80 

42 

42 

6 

21 

34 

53 

16 

18 

61 

63 

33 

35 

72 

112 

37.57 

53.80 

2/B = Triticale " B á n k ú t i " Ко Тс. = Triticale " K o r a i " 
AD = AD20/1 Triticale "P isa rev" 
TT = Triticale " T a y l o r " 

The 56 chromosome Triticale Hadmersleben under serial number 6 shows 
a good seed-setting, however, under the conditions prevailing in Hungary its 
fertility is very poor. As a consequence of its late ripening its thousand grain 
weight hardly reaches 20 g. Under serial numbers 7 —10 only a few newer 
hexaploid X octoploid hybrids are presented. Since these hybrids derive from 
parents of different polyploidity level, the seed setting of the FL generation 
is very poor. In the third and fourth generation high fertility hexaploids were 
obtained from these hybrids in every case while the fertility of the aneuploids 
was poor. Since 1952 from hexaploid and octoploid Triticale crosses in no case 
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have we succeeded in regaining from the segregating population the octoploid 
parent type. This made us well conclude that in the case of Triticale the 

Table 2 

Machine seeding experiment of Triticale 30, 1961 63 
(Plot size 28.77 sq. m. , 6 replicat ions) 

1961 1962 1963 X 

R y e Kecskeméti " h ' 18.76 16.10 15.44 16.77 
Tr i t ica le No. 30 . . . 14.22 13.90 12.50 13.54 

S- 1). 5 % 1.35 0 . 8 8 1.20 
Difference to the be 

va r i e ty Kecskeméti 
uef i t of the rye 
" h "  4.54 2.20 2.94 3.23 

Í'-'A -Igr. thing. Tom 1» XII . 1465 
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Fig. 3. Triticale exper iment w i t h machine seeding 1960 - 6 1 

Fig. 4. Triticale exper iment w i t h machine seeding 1961 — 62 
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optimum polyploid level is not the 56 chromosome octoploid but the 42 chromo-
some hexaploid form. 

It is surprising that the very first hexaploid Triticale 1 has exhibited no 
improvement at all during the last 13 years while its hybrid progenies (second-
ary hexaploids) yielded the most productive progenies. Triticale 30 caught 
our attention in 1960. Its FL and F., generations were in 1958 and 1959 still 
rather sterile but in the F3 generation we could already lift out individuals 
the grain yield per ear of which came very near to that of the rye. Although in 
the first four years values always lagged behind the rye Kecskeméti "h" in 
1964, the mean value of the 100 "elite" ears lifted out from F7 cought up with 
it already and even surpassed (63.1 grains per main ear). 

Triticale 30 was the first to be recommended for a farm-scale trial. 
The comparative experiments with machine seeding were carried out in 1961 
1963 (Figs. 2 and 3). 

Until 1963 even this Triticale did not attain the productivity of the rye 
Kecskeméti "h" best adapted to the sandy soils between the Danube and the 
Tisza rivers (Table 2). 

In 1964 Triticale 30 was grown on the 4.5 cad. hold field of the Agri-
cultural Cooperative Aranykalász. The result was 12.07 q grain yield per cad. 
hold and this was the first case when Triticale yielded more than rye. In the 
same farm rye yielded 8.84 q grain per cad. hold, winter barley Béta 8.22 q and 
the wheat variety Besostaya 1 8.49 q. It should be noted, however, that rye 
was grown on 10 cad. hold, winter barley on 62 and the wheat Besostaya 1 on 
70 cad. hold. 

In 1965 Triticale 30 is grown in the cooperative farm on 30 cad. hold. 
Besides, in the Szarkás station of this Institute on poor sandy soil an inform-
ative experiment with chemical fertilizer application is conducted on a 5 cad. 
hold area. 

According to our experience the hexaploid Triticale 30 tolerates 
the sand soil as well as does rye, but in years with mildew, leaf rust and stem 
rust incidence it does not get infected with these diseases while rye is suscep-
tible to all three. In 1964 there was a heavy incidence of mildew and leaf rust 
which damaged first of all the rye. 

Specialists expect a good deal of this new plant on sand exactly on account 
of its drought tolerance and resistance to diseases. Triticale 30 and its 
improved derivatives may play an important part in the production of fodder 
rich in protein. The protein content of rye, fodder barley and maize is not 
satisfactory and the missing proteins are substituted for by other fodders rich 
in protein. This emergency situation further deteriorates the adverse protein 
balance of the country and increases the amounts of fodder which must he 
imported. Triticale 30 with its 18 per cent protein contents enhances the 
value of the poor sandy areas. Since the quality of its flour is nearer to rye, its 

.Ida ILT. Hung. Tomus XIV. 1965 



IMPROVEMENT OF T H E FERTILITY OF TRITICALE 1 9 9 

production is recommended first of all for protein fodder and in the second 
place for bread-grain. Its healthy rich foliage renders it also suitable for green 
fodder, and can be used as green manure and silo fodder, too. 

Conclusions 

Production of secondary hexaploid Triticalia has been found to be the 
best method for the improvement of the fertility of primary Triticalia. 

While the primary hexaploid Triticale 1 has not improved at all during 
the last 15 years, exceedingly fertile secondary hexaploids have been produced 
from the progeny of heptaploids from the crosses of Triticale with 56 X 42 and 
42 X 56 chromosomes. From the annually reiterated crossing and progeny 
analysing experiments it has been established that the optimum genome level 
of Triticale is not the octoploid but the hexaploid level. 

Our most fertile hybrid so far is Triticale 30. In 1964 this line yielded 
more on sandy grassland soil of poor quality per unit area -- than wheat, 
rye and winter barley. 

In 1965 Triticale 30 is grown in the co-operative farm Aranykalász of 
Kecskemét on 30 cad. hold and on the poor sand of this Institute on 5 cad. 
hold. As far as we know this is the first case in world-wide relation that Triti-
cale has been carried out from the experimental plots on to farm fields: In 
autumn 1965 it will be planted on about 300 cad. hold. 

Triticale 30 tolerates sand as well as does the rye. As compared with rye 
it has the great advantage of being resistant to mildew, leaf and stem rust. 
The protein contents of rye, winter barley and maize are not satisfactory. 
Triticale 30 may become a valuable fodder and bread grain. Its total protein 
content amounts to 18 — 20 per cent (Fig. 1) and thus it may improve the 
rather poor protein balance of the country and help to reduce fodder impor-
tations amounting at present to 500,000 tons annually. 
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THE FORMATION OF CAROTENOID CONTENT 
IN THE GRAINS OF MAIZE MUTANTS 

B y 

Á g n e s F a l u d i - D á n i e l , F . L á n g 

D E P A R T M E N T O F P H Y L O G E N E T I C S A N D G E N E T I C S , EÖTVÖS L O R Ä N D U N I V E R S I T Y , B U D A P E S T 

The caro teno id c o n t e n t and i t s loca l i za t ion in the g ra in c rop of f - c a r o t e n i c and 
l ycopen ic maize s t r a i n s has been s t u d i e d . 

F r o m the a b s o r p t i o n spect ra of t h e carotenoid e x t r a c t p roduced f r o m n o r m a l 
a n d m u t a n t grains t h e t o t a l block of c a r o t e n e synthes is of t h e m u t a n t s h a s been 
conc luded . 

I n the beg inn ing t h e ca ro teno id c o n t e n t of the n o r m a l a n d m u t a n t g r a i n s had 
been f o u n d nearly i d e n t i c a l however , in m u t a n t embryos , a s c o m p a r e d wi th t h e n o r m a l , 
a h ighe r propor t ion of t h e to ta l c a r o t e n o i d c o n t e n t could b e de t ec t ed . 

T h e ca ro teno id yield for one f a c t o r is somewha t lower i n no rma l e m b r y o s , and 
cons ide rab ly higher in t h e m u t a n t s t h a n in t h e e n d o s p e r m i u m . 

Introduction 

Maize is the only corn fodder that contains carotene in high quantity, 
possessing also of considerable provitamin-A potency ( S m i r n o v a I k o n n i -

k o v a 1 9 5 8 ) . 

The carotene composition of maize grains might be very diverse in the 
strains. In comparative variety-experiments 0.2 — 60 /tg/g values have been 
obtained for the total pigment content ( Q u a c k e n b u s h F i r c h — B r u n s o n 

H o u s e 1 9 6 3 ) . The qualitative distribution of carotenoids might also be consid-
erably different; in general, they contain relatively high quantity of pbytoene, 
a- and /9-carotene, zeaxanthine and lutein ( S h a r m a 1 9 6 1 ) . Of these, a- and 
/^-carotene as well as zeaxanthine display vitamin-A activity; phytoene is 
indifferent; lutein, however, has an influence on the quality of certain animal 
products ( P a l m e r 1 9 1 5 ) . The carotenoids are not evenly distributed in the 
grains: the carotenoid content of the embryo is lower than that of the endo-
spermium, a fact that affects the quality of flour-milling products ( B l e s s i n 

B r e c h e r D i m l e r 1 9 6 3 ) . 

Growing conditions bear but little influence both on the carotenoid con-
centration and the qualitative composition since these are determined, primari-
ly, by genetic factors ( Q u a c k e n b u s h — F i r c h — B r u n s o n H o u s e 1 9 6 3 ) ;  

however, they are being changed by storage conditions ( D a h l e 1965,  
Q u a c k e n b u s h 1 9 6 3 ) . 
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In the present paper we want to report on comparative investigations 
performed with the grains of carotenoid mutant strains. Our deal is to com-
pare the carotenoid content in grains of various genotypes, and to examine 
the topographic distribution of carotenoids. 

Material and Methods 

Our m a t e r i a l consis ted of t w o i n b r e d s t ra ins of Zea mays L. w i t h g r a i n s of da rk -ye l l ow 
a n d lemon-yellow, a n d dark-yel low a n d red e u d o s p e r m i u m , r e spec t ive ly , in the ra t io of 3 : 1 . 
T h e i r pericarp is colour less , t h u s t h e charac te r i s t i c co lou r of the g r a i n s c a n be a t t r i b u t e d to 
t h e carotenoid c o n t e n t of the e n d o s p e r m . In bo th s t r a i n s , t h e da rk -ye l l ow gra ins p roduce n o r -
m a l seedlings whi le t h e grains of l emon-ye l low and r ed e n d o s p e r m yield seedl ings of a p i g m e n t 
c o n t e n t below t h e n o r m a l level a n d b e i n g ex t remely l ight -sens i t ive . B o t h conta in , i n s t e a d of 
t h e carotenoids c h a r a c t e r i s t i c of t h e n o r m a l leaves, C-carotene or l y c o p e n e (FALUDI — F . DÁ-
NIEL 1961). 

The ^ -ca ro t ene s t ra in was p l a c e d a t our disposal b y the A g r i c u l t u r a l Research I n s t i t u t e 
of t h e Hungar i an A c a d , of Sei. ( M a r t o n v á s á r ) , while t h e lycopene-s t ra in b y Prof . A. B i a n c b i , 
t h e s e being now p r o p a g a t e d a t t h e Biological S t a t i o n (Alsógöd) of t h e E ö t v ö s Loránd U n i v . 

The c a r o t e n e s were c o l d - e x t r a c t e d with a m i x t u r e of a c e t o n e - p e t r o l e u m - e t h e r (b . p. 
60 - 803 C) and t h e e x t r a c t was r e n d e r e d ace tone- f ree t h r o u g h wash ing w i t h water t h e n d r i e d 
w i t h Na 2 S0, . T h e ca ro t enes and x a n t h o p h y l l s were s e p a r a t e d by s h a k i n g wi th m e t h a n o l of 
9 5 % and the m e t h a n o l phase, b e i n g distilled in JN,, w a s carried o v e r i n t o p e t r o l e u m - e t h e r 
T h e gasolenic s o l u t i o n s were s p e c t r o p h o t o m e t e r e d . T h e q u a n t i t y of c a r o t e n o i d s was ca l cu la t ed 
f r o m the values m e a s u r e d on t h e a b s o r p t i o n m a x i m u m of the ma in c o m p o n e n t s (ß -carotene, 
o r lu te in , ^ -ca ro tene , lycopene). 

The h o m o z y g o u s dominan t g r a i n s (£ + )f + — ly + ( l y + ) had been t a k e n f r o m non-segrega t -
ing ears produced b y se l f - fer t i l iza t ion. T h e C-carotenic g ra ins being h o m o z y g o u s for m u t a t i o n , 
w e r e well s e p a r a t e d f r o m the n o r m a l o n e s wi th in t h e t ime-course of t h e inves t iga t ion a n d t h e 
l ycopen ic ones m a r k e d (C/C-ly/ly). 

The loca l iza t ion of ca ro teno ids w a s compared o n t h e 7 —8th week a f t e r poll ination s ince , 
a c c o r d i n g to the e v i d e n c e of our i n f o r m a t i v e e x p e r i m e n t , th i s was the t i m e when the express i -
v i t y of the v a r i o u s geno types w a s t h e most p r o n o u n c e d . 

The e f fec t of s torage was c o m p a r e d wi th g r a i n s being in t h e l a t e - w a x y r ipeness (15 
w e e k s ) . The gra ins w e r e stored o n t h e ears , a t r oom t e m p e r a t u r e , in s c a t t e r e d l ight. 

The da ta a r e t h e means of 3 pa ra l l e l analyses , t h e i r s t a n d a r d d e v i a t i o n sca t te r ing b e i n g 
of 15 20%. 

Results 

The absorption spectrum of the carotenoid extract of normal and mutant 
grains taken from f-carotenic and lycopenic strains, is shown in Fig. 1. 

From Fig. 1 it can be seen that the shape of the spectrum curve referring 
to the normal grains, indicates a carotene-Iutein mixture. The spectrum of 
the mutants sharply deviates from the normal. In the 7-carotenic grains 
practically pure f-carotene is present. The lycopenic grains chiefly contain 
lycopene, however, by way of chromatographic separation, a small amount 
of xanthophyll that has not been identified in particulars, can be revealed, too. 

In the course of quantitative analysis of the carotenoid content, we 
compared the quantity produced in one grain and from this the proportion 
localized in the sporophyton. The data are shown in Table 1. 
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O.D./ grain 

= normal , = lycopenic, . . . = C-carotenic 

Table 1 
Carolenoid content of normal and mutant grains 

Material 
Carotenoid % for Efficiency of genefac tor* 

Material 1 0 - " M/grain embryo 
endosperm embryo 

1 0 - " M/grain embryo 
endosperm embryo 

8.0 8 l i . i 7.2 

?/c 9.9 27 11.2 31.6 

l y+ / ly + 10.0 5 16.3 11.3 
ly/ly 8.8 45 13.3 39.1 

*10 ,J M carotenoid/g endospermium 

3 

10~'3 M carotenoid/g embryo 

2 

From the data of the table it can be established that the carotcnoid 
content of the normal and mutant grains is practically equal. However, in 
the topographic distribution of the carotenoids are great differences: the 
mutant embryo contains a considerably larger share of the total carotenoid 
content of the grain than the normal. 

When comparing the carotenoid concentration calculated the weightunit 
in the endosperm and the embryo, it can be seen that the carotenoid con-
centration for each normal factor is higher in the endosperm than in the 
embryo. In the homozygous recessive individuals the situation is the opposite: 
the carotenoid accumulation to one factor in the embryos is almost the 
treble of the value measured in the endosperm. 
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On the basis of literary data and on visual observations, it seemed as 
if the carotenoid content would change in the course of storage. In order to 
approach the problem, we compared the carotenoid extract of grains that had 
been stored for different periods. The qualitative carotenoid composition did 
not change, the quantitative data are presented in Table 2. 

Table 2 

The effect of storage on the carotenoid content in grains 
of various genotypes 

Material 
Storage, 
month 

Carotenes 
10—» M/grain 

Xanthophylls 
10—9 M/grain 

Total 
carotenoid 

10-« M/grain 

Mutant 
normal 

о 
2 . 5 3 . 3 5 . 8 

0 . 3 6 

c/c 2 . 1 0 . 0 2 . 1 
0 . 3 6 

1 0 
0 . 3 0 . 7 1 . 0 

0 . 9 0 

c/c 0 . 9 0 . 0 0 . 9 
0 . 9 0 

l y+ / ly+ 
0 

1 . 2 4 . 1 5 . 3 

0 . 5 0 
ly / ly 2 . 4 0 . 3 2 . 7 

0 . 5 0 

ly+/ ly + 
10 

0 . 8 2 . 1 2 . 9 

0 . 1 0 
ly / ly 0 . 3 0 . 3 

0 . 1 0 

From the Table it can be established that the carotenoid content has 
decreased in the course of storage. The rate of change is different in the 
various strains and this has an effect, at least, quantitatively, on the ex-
pressivity of the differences; e.g., the lycopenic characteristics that can be 
easily visually detected at the beginning of waxen ripening, are hardly 
visible in the ripened grains. After longer storage the grains that have origin-
ally been red, fade to ivory-white, while the carotenoid content of the normal 
ones decreases only bv the half. 

Discussion 

From the qualitative differences of the carotenoids in normal and 
mutant grains, it can be concluded that the formation of carotenoids being 
characteristic of the normal grains, is inhibited in the mutant ones. The block 
of the biosynthetic chain in the mutants is complete because in these not even 
the traces of carotenes illustrative of the normal grains, coidd be revealed 
( F a l u d i F . D á n i e l 1 9 6 1 ) . 
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The carotenoid yield falling to one factor is nearly the same in the normal 
and mutant endosperms, in the normal embryo it is lower, while in the 
mutants it is considerably higher. Consequently, the statement of M a n g e l s -

d o r f — F r a p s (1931), according to which the factor-number and the carotcnoid 
content are proportional, does not hold in respect of these factors that deter-
mine the carotenoid synthesis. 

The higher carotenoid content of mutant embryos might be explained 
by the fact that the cells of the embryo are considerably smaller than those 
of the endosperm, thus in the weight-unit of the embryo we have to reckon 
with more cells, i.e., with more factors ( S p r a g u e 1955). 

In order to explain the low carotenoid content of the normal embryos, 
a complementary hypothesis postulating some inhibiting mechanism, would 
he needed. The intensive carotenoid production as experienced in mutant 
embryos, cannot be explained even by the lack of dormancy being in connection 
with the vivipary that is closely related to the carotenoid-forming irregularities 
of the f-carotenic grains ( R o b e r t s o n , 1 9 5 5 ) because neither are the lycopenic 
grains, in spite of their high carotenoid content, germinating on the ear. 
To understand the phenomenon, further investigations are required. 

From the changes ensued under the effect of storage, it can be concluded 
that regarding vitamin-A activity, the freshly matured grains are the most 
valuable. 
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PARTHENOCARPICUS METAXENIA IN EGG-PLANT 
(SOLANUM MELONGENA L.) 

B y 

G y . P á l , S u s a n O s v a l d 

A G R I C U L T U R A L R E S E A R C H I N S T I T U T E O F T H E H U N G A R I A N A C A D E M Y O F S C I E N C E S . M A R T O N V Á S Á R 

We have been s tudying in egg-p lan t (Solanum melongena L.) to w h a t ex t en t the 
pollen of p lan t s of d i f fe ren t var ie t ies , species and genera causes p a r t h e n o c a r p i c u s me-
t axen ia . In the case of p a r t h e n o c a r p i c u s metaxen ia t h e effect of pol l ina t ion appears 
in t he female p l a n t , in its f r u i t f o r m a t i o n (metaxenia) and in such cases seed-
less f ru i t (parthenocarpicus) will deve lop . We have es tab l i shed t h a t if fe r t i l iza t ion does 
no t occur, the f o r m a t i o n of seedless f r u i t and the n u m b e r of these a re proper t ies of 
v a r i e t y . The e x t r a n e o u s pollen causes , depending on var ie t i es and genera , pa r thenocar -
picus metaxen ia of d i f fe ren t r a t e , however , in crossings wi thin the genus a n d in inter-
genera crossing, i. e. depending on the degree of re la t ionship , no cor re la t ion can be 
exper ienced. The pollens of congener ic species and those belonging to o the r genera 
migh t produce sl ight and h igh-degree p a r t h e n o c a r p i c u s metaxenia i r respect ive of 
whe the r they or ig ina te f rom p lan t s of t he same or of some different genus . 

Introduction 

The basic problems of the fertilization conditions of eggplant varieties 
have been studied by several authors; in spite of this, there are numerous 
problems concerning the fruit development which have not yet been elucidated. 
The process of fertilization was studied by M a g t a n g ( 1 9 3 6 ) and B a i l e y 

M u n s o n ( 1 8 9 1 ) . The latter authors established the fact that even if no fertiliza-
tion had occurred, fruit-development would start on egg-plants: in such, 
cases seedless fruit would be produced. 

J a s u d a (1933) studied the formation of seedless fruit produced 
without fertilization. He stated that the ovary of the egg-plant started to 
develop if pollination was performed with the pollen of Petunia violacea Lindl. 
On such occasions parthenocarpicus fruit would develop. On having used 
the pollen of tomato Lycopersicon esculentum Mill., with similarly emascu-
lated flowers — no such fruit was produced at all, or if so, only to a very little 
degree; this may be interpreted by the fact that in the stigma of the egg-
plant the pollen-tube of tomato grows more slowly, while that of petunia grows 
more quickly. 

According to the investigations of J a s u d a (1933), the pollen cells of 
Petunia violacea Lindl, start the formation of the fruit from the ovary in 
Solanum melongena L., whereas in Solanum gilo Raddi they do not. His 
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investigations have proved that the pollens of petunia grow more quickly in 
the stigma of Solanum melongena L. than in that of Solanum gilo Raddi. This 
has also been proved by having the pollens of Petunia violacea Lindl, germinat-
ed on various culture media because the value of germinating per cent of the 
pollens became higher and also the growth of tubes if an extraction made of 
the pistil of S. melongena L. was added to the culture medium. The investi-
gations of J a s u d a ( 1 9 3 3 ) showed that when the pollen-tubes penetrated the 
pistils deeply, and even in the case when fertilization did not occur, there 
developed from the ovary a seedless fructus. When, on the other hand, the 
increase of the pollen-tubes on the pistil was inhibited, no seedless fruit was 
produced. In the course of our investigations the problem for us was whether 
the pollens of plants of different varieties, species and genera had an effect 
on the development of the fructus forming from the ovary; if so, how did it 
depend on the grade of relationship. 

Materials and Method 

The material of our investigations consisted part ly of two varieties of egg-plant , part ly 
of several species of the genus Solanum as well as the species of several genera in the family 
Solanaceae. 

Taking for a hasis the system of FILOV (1940) the examined egg-plant varieties were 
the following: The Common Purple egg-plant (Solanum melongena L. ssp. occidentale Haz. var. 
bulgaricum Fil.), as well as the Common Whi t e egg-plant (S. melongena L. ssp. subsponta-
neum Fii. var . leucoum Alef.). Out of the species of genus Solanum the S. tuberosum L., S. gilo 
Raddi , S. abutiloides B i t t . e t Lille, S. heterodoxum Don., S. dulcamara L., S. luteum Mill., 
S. nigrum, L., S. laciniatum Ait., S. rostratum Dun., S. giganteum Jacq. , S. sinaicum Boiss, 
S. ribesiforme A. Voss were included in our investigations. 

Among the d i f fe ren t genera of the family Solanaceae the Nicandra physaloides (L.) 
Gaer tn . , Lycium halimifolium Mill., Atropa bella-donna L., Physalis peruviana L. , Datura me-
leloides Dun. , Capsicum annum L., Lycopersicon esculentum Mill., Petunia atkinsiana Don., 
Datura stramonium L., Saracha umbelluta G. Don. were examined . 

In our investigations the following t r ea tments were applied: 
1. Emasculat ion and isolation. The f lowers of both the Common White and the Common 

Purp le egg-plants were emasculated as ear ly as in their bud-s tage — before fert i l ization would 
have occurred, — and isolated. 

2. Crossing within the variety. The f lowers being in the bud-stage, of bo th the Common 
White and the Common Purp le egg-plants have been emasculated before self-fertilization and 
in b o t h cases pollination was performed wi th the pollen of ano ther individual belonging, how-
ever, to the same var ie ty . 

3. Intervarietal crossing. Between the Common White and Common Purp le egg-plants 
direct and reciprocal crossings were made. In the first case the Common Purple egg-plant was 
the female and the Common White egg-plant the male p lan t and vice versa. 

4. Interspecifific crossing. Crossings have been carr ied out between the Common 
Whi te and the Common Purple egg-plants as well as the species of the genus Solanum. As fe-
male p lan t the Common Whi te and the Common Purple egg-plant , as male p lan t on the other 
hand , various species of the genus Solanum have always been used. 

5. Intergeneric crossing. Crossings have been carried ou t between the Common White 
and Common Purple egg-plant as well as the genera Atropa, Capsicum, Datura, Lycium, Lyco-
persicon, Nicandra, Petunia, Physalis, Saracha of the family Solanaceae. As female plant the 
Common White and Common Purple eggplants have always been used, while as male plant 
we have used the species belonging to the different genera of the family Solanaceae. 

In each of the f ive t rea tments our investigations were made on 20 individuals. 
The f lowers had been emasculated as ear ly as in the hud-s tage , they had been isolated and 
then pollination was carried out ; isolating was then repea ted . Af ter the development of the 
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f r u c t u s h a d s tar ted , the isolators were r emoved . When the f i r s t f ro s t s set in, the f r u i t s were 
ga the red and the d a t a were worked up. W e de te rmined , in per cents , t he number of p a r t h e n o -
carpicus f ru i t as re la ted to the number of crossings, the weight , l eng th and width of t h e f ru i t . 

The following problems were set for us: 

1. Are all egg-plant varieties being examined by us, inclined to develop 
parthenocarpicus fruit? 

2. How is the number of parthenocarpicus fruit on individual plants 
influenced by emasculation, self-fertilization, open pollination within and 
between varieties, in crossings between species and genera; does the effect 
of extraneous pollen depend on the grade of relationship? 

Results 

a) Examination of emasculation. The flowers of the Common White and 
Common Purple egg-plants have been emasculated as early as in the hud-stage. 
After emasculation the flowers were isolated; therefore, neither self, nor 
extraneous pollination could occur. The isolators were removed only after 
the partial development of those fruits in which the development of the fructus 
had started from the ovary. In the case of flowers in which the formation 
of the fructus has not started, the pedunculus at the base will separate, together 
with the flower and will fall off. While those with which the formation of 
fructus has started, continue to develop. 

The fruits being biologically ripe according to colour, were picked, and 
then it was established that no seeds could be found in them proving that 
emasculation had been successful. The number of parthenocarpicus fruit is 
expressed in the percentage of pollinated flowers; the values obtained are 
shown in Table 1. From the relevant data it can be seen that the wild type 
of the Common White egg-plant is not inclined to produce parthenocarpicus 
fruit, viz., if fertilization did not occur, no fructus would form from the ovary. 
The culture-type of the Common Purple egg-plant on the other hand, is apt 
to produce parthenocarpicus fruit, namely, with this variety even in the absence 
of fertilizing, the formation of the fructus will start from the ovary. 

b) Examination of self-pollination. On the Common White and Common 
Purple egg-plants the flowers were isolated in their hud-stage, thus only self-
pollination could occur with them. The biologically ripe fruit as indicated by 
the colour, was picked and then established the number of fruits in which 
there were seeds to be found and the number of those without seeds. The 
number of parthenocarpicus fruit has been expressed in the percentage of 
pollinated flowers and the obtained values are shown in Table 1. The data of 
Table 1 referring to self-pollination show that both egg-plant varieties are 
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Table 1 

Number of seedless fruits taking shape in crossings uithin variety 

T r e a t m e n t 
Number of 

seedless fruits, 
% 

Average weight 
of f rui ts , 

g 

Leng th Wid th 
T r e a t m e n t 

Number of 
seedless fruits, 

% 

Average weight 
of f rui ts , 

g of t he frui ts , m m 

E m a s c u l a t i o n P 
W 

20.00 
-

293.6 139.2 91.9 

Sel f -pol l ina t ion P 
w 

29.41 
13.01 

211.6 
102.7 

121.6 
67.6 

70.5 
40.7 

O p e n pollination p w 31.42 
8.40 

206.3 
91.6 

119.6 
62.7 

70.6 
41.6 

Cross ing within t h e v a r i e t y P x W 
ff/W 

25.00 240.0 139.2 74.3 

I n t e r - v a r i e t y cross ing P x P 
Wx w 

30.00 196.9 129.9 71.2 

P = Common P u r p l e egg-plant 
W = Common W h i t e egg-plant 

l ikely to produce parthenocarpicus fruit in case of self-pollination. In the case 
of self-pollination the Common Purple egg-plant produces parthenocarpicus 
fruit to a greater extent than does the Common White egg-plant. 

c) Examination of open pollination. The flowers were neither emasculated 
nor isolated, only marked and when the fruits became biologically ripe, the 
data were worked up. We established in how many of them there were seeds 
to be found, and how many of them were seedless. The number of partheno-
carpicus fruit has been expressed in the percentage of marked flowers, and the 
results are shown in Table 1. The data in Table 1 referring to free pollination, 
show that in both egg-plant varieties one can find parthenocarpicus fruit. 
On the Common Purple egg-plant big fruits develop without seeds while on 
the Common White only very small fruits are produced also without seeds. 
On the Common Purple egg-plant the percentage of parthenocarpicus fruit is 
high while in the Common White variety they appear in lower percentage. 
In the case of open pollination, — as compared to self-pollination, — the 
number of parthenocarpicus fruit has increased on the Common Purple egg-
plant, while with the white variety it has decreased. 

d) Crossing within the variety. On the Common Purple and Common 
White varieties crossing was performed between two-two individuals of the 
same variety. The flowers had been emasculated and isolated in the bud-stage, 
after which pollination was carried out with the pollen of the other individual 
belonging to the same variety. After pollination, the flowers were isolated 
again. The number of parthenocarpicus fruit is expressed, related to the 
pollinated flowers, in percentage, and the data obtained are shown in Table I. 
The data of Table 1 show that in the case of crossing within the variety, under 
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the influence of the pollen of extraneous individuals, on the Common White 
egg-plant no parthenocarpicus fruit will be produced. On the other hand, with 
the Common Purple egg-plant, as a result of the pollen of the other individual, 
the number of such fruit decreases as related to the emasculated and isolated 
flowers. 

e) Intervarietal crossing. Direct and reciproc crossings were made 
between the Common White and Common Purple egg-plant varieties. The 
flowers had been emasculated as early as in the bud-stage, and the Common 
Purple egg-plant used as female plant was pollinated with the pollen of the 
male plant: the Common White egg-plant. Similarly to the previous results, 
these are expressed in percentage in Table 1. From the relevant data 
in Table 1 it can be established that if the Common Purple egg-plant is used 
as female, and the Common White egg-plant as male-plant, seedless fruit 
will be produced in great quantity and in the same value as produced by self-
and open pollination of the Common Purple egg-plant. If the female plant is 
the Common White egg-plant and the male plant the Common Purple egg-
plant, no such fruit will be produced. 

When examining the average weight and the sizes of the fruit, it has 
been found that when the quantity of seedless fruit is large, the average weight 
of the fruit is less — during the same growing period — than in the reversed 
case when, on the other hand, the weight of the fruit is greater. Viz., the two 
properties change reversely. 

f) Interspecies crossing. Crossings were carried out between the varieties 
Common White and Common Purple of the species Solanum melongena L. and 
several species of the genus Solanum. As female plant the two varieties of the 
egg-plant, while as male plant various species of the genus Solanum were 
always used. The flowers of the female plant were emasculated in bud-stage, 
then isolated and at last pollinated with the pollen of the male plant. After 
pollination the isolators were replaced on the flowers. The number of seedless 
fruit is expressed in percentage of pollinated flowers and seedless fruits. 
In the course of our investigations no seed-setting was experienced, thus, 
emasculation had been perfect because no self-pollination occurred, nor 
have we found hybrid seeds between the species in our present investigations. 
The results obtained in these examinations, are shown in Table 2. 

The data in Table 2 show that the wild type of Solanum melongena L. is 
not inclined to produce seedless fruit as a result of extraneous pollination. 
If the culture type of the Common Purple egg-plant is used as female plant, 
the pollen of the different species of the genus Solanum will cause the produc-
tion of seedless fruit to a great extent. According to the effect challenged by 
the pollen of various Solanum species, the number of seedless fruit changes 
in the Common Purple egg-plant. The least quantity of seedless fruit is pro-
duced when pollination is carried out with the pollen of Solanum gilo Raddi, 
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Table 2 

Number of seedless fruits developing in interspecific crossings 

Combination in crossings 
Number of 

seedless fruits , 
% 

Average weight 
of f rui ts , 

g 
Length and width 

of f rui ts , m m 

P X S tuberosum L. 2 0 . 0 0 3 2 3 . 3 1 3 8 . 0 8 0 . 0 

P X S gilo R a d d i 
5 . 0 0 2 4 2 . 6 1 7 4 . 9 7 7 . 8 

P x S abutiloides B i t t . et Lille 1 0 . 0 0 1 2 2 . 1 1 1 1 . 7 6 2 . 2 

P X S wx heterodoxum Don. 3 0 . 0 0 1 7 3 . 8 1 1 8 . 5 7 3 . 6 

P X S . dulcamara !.. 2 0 . 0 0 2 0 2 . 1 1 1 3 . 3 6 7 . 1 

P X S luteum Mill. 2 0 . 0 0 1 1 4 . 3 9 5 . 3 6 1 . 9 

P x S nigrum L. 6 5 . 0 0 2 9 4 J 1 4 0 . 3 8 3 . 0 

Wx s. laciniatum Ait . 4 5 . 0 0 3 2 9 . 8 1 3 6 . 6 8 8 . 3 

P x S w rostratum Dun. 3 0 . 0 0 2 7 6 . 5 1 4 1 . 5 8 6 . 2 

P X S giganteum J acq . 3 5 . 0 0 4 3 8 . 7 1 8 6 . 5 9 7 . 5 

P x S sinaicum Boiss. 2 0 . 0 0 2 1 . 6 1 3 . 6 9 . 8 

P x S Ribesiforme A. Yoss. 3 5 . 0 0 2 0 8 . 4 1 3 2 . 3 7 7 . 6 

Average 2 7 . 9 2 2 2 8 . 9 1 2 5 . 2 7 2 . 1 

P = Common Purp le egg-plant 
W = Common Whi te egg-plant 

while to the greatest extent, when the pollen of Solanum nigrum L. is used. 
The average weight of seedless fruit also depends on the species the pollen 
of which is used. 

The growth of the fruit is the least when the pollen of Solanum sinaicum 
Boiss. is used while the highest growth was observed in the case of using 
the pollen of Solanum giganteum Jacq. The length and width of seedless fruit 
change parallel with the average weight. 

g) Intergeneric crossing. Crossing was carried out between two varieties 
of Solanum melongena L., the Common White and the Common Purple egg-
plants and species belonging to the different genera of the family Solanaceae. 
As female plants the two egg-plant varieties were always used while as male 
plant a species belonging to various genera of the family Solanaceae. The flowers 
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Table 3 

The development of seedless fruits in intergeneric crossings 

Combinations in crossings 
Number of 

seedless fruits, 
% 

Average weight 
of fruits, 

g 

Length Width 
Combinations in crossings 

Number of 
seedless fruits, 

% 

Average weight 
of fruits, 

g of the fruits in m m 

p 
^X Nicandra physaloides (L.) Gaertn. 4 0 . 0 0 2 6 7 . 3 1 0 9 . 7 8 6 . 4 

P 
yjXLycium halimifoliunt Mill. 1 0 . 0 0 1 7 9 . 6 1 2 3 . 9 7 4 . 3 

p 
yy-X Atropa bella-donna L. 3 5 . 0 0 2 0 6 . 9 1 1 2 . 5 7 2 . 4 

p 
^•X Physalis peruviana L. 3 5 . 0 0 4 4 9 . 0 1 6 1 . 1 9 0 . 6 

p 
yyX Datura meteloides Dun. 2 0 . 0 0 1 3 9 . 5 1 1 4 . 6 6 7 . 7 

p 
s^X Capsicum annuum L. 1 5 . 0 0 3 0 9 . 7 1 5 8 . 0 9 2 . 9 

p 
yyXLycopersicon esculentum Mill. 3 0 . 0 0 3 4 4 . 6 1 3 8 . 0 8 3 . 0 

P 
^X Petunia alkinsiana Don. 

6 0 . 0 0 2 1 6 . 5 1 1 9 . 1 7 4 . 9 

p 
^X Datura stramonium L. 3 5 . 0 0 1 9 5 . 3 1 1 8 . 6 7 4 . 3 

P 
WX Saracha umbellata G. Don 

4 0 . 0 0 2 7 3 . 5 1 3 7 . 3 8 8 . 8 

A v e r a g e 3 2 . 0 0 2 5 8 . 2 1 2 9 . 3 8 0 . 5 

P = Common Purp le egg-plant 
W = Common White egg-plant 

of the female plants were emasculated in the bud-stage then isolated; and then 
pollinated with the pollen of the male plant. After pollination the flowers were 
isolated again. In the course of our investigations no seed-set has been ex-
perienced which shows that emasculation had been made perfectly since no 
self-pollination occurred and in our present investigations no hybrid seeds 
could be found between the genera. The number of seedless fruits is expressed 
in the number of seedless fruits and of pollinated flowers. The results of the 
investigations are shown in Table 3. 

From the data in Table 3 it can be established that the wild-type Sola-
num melongena L., the Common White egg-plant is not inclined to produce 
seedless fruit when being pollinated with the pollen of species belonging to 
the various genera of the family Solanaceae. The culture-type Common Purple 
egg-plant on the other hand, produces seedless fruit to a large extent if pollina-
tion has been done with the pollen of species belonging to various genera of 
the family Solanaceae. As a result of using the pollen of species belonging to 
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Table 4 

The ratio of the numbers of fruits with and without seeds 

T r e a t m e n t 

T h e 

fruits containing seeds 

r a t i o o f 

seedless f ru i t s 
T r e a t m e n t 

in % 
T r e a t m e n t 

P w P w 

Emasculation  20.00 

Self-pollination  70.59 86.99 29.41 13.01 
Open pollination  68.58 91.60 31.42 8.40 
Crossing within the var ie ty  75.00 100.00 25.00 — 

Inter-var ie ty crossing  70.00 100.00 30.00 — 

Inter-species crossing  — — 27.92 — 

inter-genera crossing  — 32.00 — 

1' = Common Purp le egg-plant 
W = Common Whi te egg-plant 

the family Solanaceae, with the Common Purple egg-plant the number of 
seedless fruit changes depending on the species. The least formation of seedless 
fruit occurs when pollination has been carried out with the pollen of Lycium 
Italimifolium Mill., while it is the highest when the pollens used have been those 
of Petunia atkinsiana Don. The average weight of seedless fruits depends also 
on the genus of the male plant. The growth of the fruit was the least if the 
male plant had been Datura mcteloides Dun., and it was the greatest if it had 
been Physalis peruviana L. The length and width of the seedless fruit change 
parallel with the average weight of the fruits. 

The percentage value of fruits with and without seed, obtained through 
emasculation, by different ways of pollination and crossings, are shown in 
Table 4. From the summarized data of Table 4 it can he concluded that on 
egg-plants the pollen of flowers of different varieties, species and genera, 
causes parthenocarpicus metaxenia of different rate. In the case of partheno-
carpicus metaxenia the effect of pollination appears on the female plant, in 
its fruit-formation (metaxenia), when seedless (parthenocarpicus) fruit is 
produced. We have established that if no fertilization occurs, the formation 
and number of seedless fruit is a trait of the variety. 

Extraneous pollen causes depending on species and genera, parthe-
nocarpicus metaxenia of different rate, however, no correlation can he observed 
in crossings within the genus and between genera, i.e. correlation depending 
on the grade of relationship. The pollens of species within the genus and those 
belonging to other genera, are capable of developing low- and high-degree 
parthenocarpicus metaxenia quite apart from the fact whether they are from 
plants belonging to the same or to some other genus. 
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Conclusion 

Of the egg-plant varieties examined by us the Common White produces 
seedless fruit only in the case of self- and open pollination; in these two kinds 
of pollination the forming of the fructus starts from the ovary without the 
ovules getting fertilized. The number of seedless fruit is higher with self-
pollination than with open pollination. No seedless fruit was produced in 
crossings within the variety and in the case of intervarietal, interspecific 
and intergeneric crossings. Fruits containing seeds were gained at different 
rate, with self-pollination, open pollination and with crossings within the varie-
ty and between varieties. When the flowers had been emasculated and isolated 
in their hud-stage, no seedless fruits were produced, — a proof that emascula-
tion had been perfect. Similarly, in our crossings between species and genera 
110 fruits were produced which contained seeds showing that the Common 
White egg-plant does not cross with other species and genera examined by us. 

The Common Purple egg-plant produces seedless fruit with all kinds 
of pollination; in the case of self-pollination, open pollination, with crossing 
within the varieties, intervarietal, — specific and — generic crossings and even 
when emasculation has been performed; in the latter case no pollination 
occurs. Fruits containing seed were obtained, of different values, through self-
pollination, open pollination, by way of crossings within and between varieties. 
When emasculating and isolating the flowers in their hud-stage, no fruits 
were produced that contained seeds. With crossings between species and genera 
no seed-containing fruits developed thus we might say that the Common 
Purple egg-plant does not hybridize with such other species and genera that 
have been studied by us. 
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A COMPARISON BETWEEN THE BROMIDE ABSORPTION 
BY EXCISED ROOTS AND INTACT PLANTS 

By 

Z . B ö s z ö r m é n y i 

INSTITUTE OF PI.ANT PHYSIOLOGY, EÖTVÖS UNIVERSITY. BUDAPEST 

A c o m p a r i s o n be tween t h e b romide u p t a k e of excised ba r l ey roo t s a n d ba r l ey 
seedl ings h a s o f f e r e d the conc lus ion t h a t t he l i m i t i n g s tep , viz., t h e a c c u m u l a t i o n in t h e 
s y m p l a s t of t h e r o o t cells is t h e s a m e in b o t h cases . 

Th is is a process of dua l c h a r a c t e r and c a n b e divided in to a process which s a t u -
r a t e s at low ( L ) , a n d the o t h e r (s) a t high ( H ) c o n c e n t r a t i o n s . T h e c o m p e t i t i o n be-
t w e e n ch lor ide a n d bromide in 1 : 1 C I - — B r ~ so lu t i ons depends on t h e c o n c e n t r a t i o n 
a n d reaches a m a x i m u m at 1.0 m . e q u i v . / 1 c o n c e n t r a t i o n . The t r a n s p o r t i n to the s h o o t 
(as per cen t of t h e to ta l u p t a k e ) increases p r o p o r t i o n a l l y wi th t he c o n c e n t r a t i o n , b u t 
a t r a n s i e n t d e c r e a s e appears a t t h e 0.1 — 0.3 m . e q u i v . / l c o n c e n t r a t i o n r a n g e . 

The c o n c e n t r a t i o n a n d c o m p e t i t i o n c u r v e s of b romide u p t a k e b y i n t a c t seed-
l ings do n o t o f f e r i n f o r m a t i o n a b o u t the n a t u r e or k ine t i c s of t he a c c u m u l a t i o n in t h e 
vacuo le , or a b o u t t he secret ion i n t o t he b leed ing s a p (if this c a n be cons idered a sep-
a r a t e process) . T h e quick t r a n s l o c a t i o n of t he p rev ious ly a c c u m u l a t e d Br 8 2 f r o m t h e 
r o o t s i n d i c a t e s a n easy exchange b e t w e e n t he t w o pools ( symplas t a n d vacuole) . 

In t h e case described t h e low salt c o n t e n t of t he p lan t s d id n o t a f f e c t t h e K m 
of process L , b u t decreased t h e r a t e of u p t a k e in t h e whole c o n c e n t r a t i o n r ange inves-
t i g a t e d . T h e low sal t p lan t s h a d a d imin i shed r a t e of b romide t r a n s l o c a t i o n , wh ich c a n 
p r o b a b l y he a s c r i b e d to an in i t ia l s t a g e of N ( and P ) def ic iency. T h e a d d i t i o n of N to t he 
N-de f i c i en t p l a n t s r ap id ly i n c r e a s e s t he r a t e of b r o m i d e u p t a k e a n d i t s t r a n s l o c a t i o n . 
B o t h e f f ec t s c a n be inhibi ted w i t h c h l o r a m p h e n i c o l g iven s i m u l t a n e o u s l y . 

Introduction 

The ion absorption of the excised roots as well as of intact seedlings has 
been examined on a fairly extensive scale in the last few years. However, 
the problem has frequently been confined — in the latter case — to the examina-
tion of relations between absorption and transpiration. The discussion has 
mainly been focused on trying to find out whether the whole stock of ions 
accumulated by active processes in the roots is available for further transport 
into the shoot, and whether this stock is the only source of this transport, or 
transpiration is also capable of evoking passive uptake. 

At present, because of methodical reasons, we cannot answer the question 
whether an uptake process is active or passive in the strict sense of the term, 
but the question whether this absorption is of mediated or non-mediated 
character can well be decided, so in the following discussion we confine our-
selves to investigating whether the step(s) constituting the absorption of the 
intact seedlings is of the former or the latter type. 
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The ion uptake is heterogenous in two respects. Firstly, it is apparent 
that some independent processes are taking part in the absorption of individual 
ions at different concentration ranges. Secondly, the mediated steps are 
divided between the surface of the cell and the surface of the vacuole (or sub-
cellular organelles). A further active (or mediated) process is frequently sup-
posed to have a role to play in the transfer of ions into the xylem. 

Few attemps have been made to consider these two kinds of hetero-
genity. B a n g e ( 1 9 5 9 , 1 9 6 1 ) distinguished two separate steps in the К uptake 
of maize, with both of them having different preference for Na. He has suggest-
ed that the mechanism which is specific to potassium transports the К + ions 
directly into the xylem. At the same time the non-specific K —Na absorption 
system is supposed to forward the ions into a pool (vacuole ?), which is only 
indirectly connected to the xylem through the specific potassium system. 
However, according to F r i e d et al. ( 1 9 6 1 ) , the Rh absorption of the barley 
corresponds well to the scheme according to which an intermedier of the 
mediated transport is distributed between the secretion into the vacuole or 
into the xylem. In this respect the behaviour of the two parallel mediated 
absorption processes of the R b + ion is identical. 

The question arises how it is possible to apply these hypotheses of 
cation absorption to anions. Can the picture be different according to the ion, 
to plant species or to what extent is it dependent on experimental conditions? 
What evidences can be offered by a kinetic analysis of the process about the 
participating mechanisms? 

Methods 

Plants 

The " H e r t a " bar ley var ie ty has been used, and the germination of the seeds init iated 
in a way usual in exper iments with excised roots (BÖSZÖRMÉNYI 1965). 

The seeds a f te r disinfection with HgCL solution were being washed in running t ap water 
for 1—2 hours and then soaked in distilled wa te r for a day a t 25°C with cont inuous aeration. 

These pre-soaked seeds were germinated on stainless steel ne t covered wi th a layer of 
gauze and wet ted wi th 2 X 10 - 4 M CaS04 solution. The solution was in shallow plast ic trays 
wi th the f rames placed on them. The t rays were continually aera ted and left in a controlled 
da rk room (25°C) till the four th day. 

In the morning of the fou r th day the roots were in favourable growing condi t ion for the 
t r ansp lan ta t ion to per fora ted plastic discs which subsequent ly were arranged over nutr ient 
solution in large plast ic t rays . Table I contains the composition of the WOODFORD — GREGORY 
nu t r i en t solution, and the N or P-deficient solutions constructed f rom it As a minor devia-
tion f r o m the original composition the iron has been given as Fe -EDTA in the r a t e of 1 mg/1 
The depth of the nu t r i en t solution layer was 4 cm and one unit with 12 p lan ts was 
placed on each square decimeter . A cont inuous modera te aerat ion was given. 

During the growing, the t empera ture stood a t 25°C. the photo-period was 16 : 8 hours 
day-night cycle wi th abou t 10 — 15,000 lux and the relative air humidi ty abou t 70 per cent. 
Af te r two weeks the p lants had three leaves and a well-developed root system of a length of 
abou t 30 cms. The f resh weight of one uni t varied between 8 — 10 grams in the d i f fe ren t series 
and the root sys tem accounted for 35 — 40 per cent of this weight. 

In some exper iments a pa r t of the va r ian t s were given dif ferent nutr i t ional t rea tments . 
The plants grown on complete nutr ient solution had a high salt content . A relat ively low salt 

Acta Agr. Hung. Tomus XIV. 1965 



BROMIDE ABSORPTION BY EXCISED ROOTS AND INTACT P L A N T S 2 2 1 

Table 1 

The composition of the nutrient solutions 
(mg/I) 

Complete N-deficient P-def ic ien t 

Ca(N03)2 • 3 H , 0 22.2 — 22.2 

K N 0 3 28.0 — 28.0 

MgS04 • 7 H 2 0 24.0 24.0 24.0 

KH2PO, 20.4 20.4 — 

CaSOj • 2 1I20 — 21.5 — 

plant material had been prepared by exchanging the nutrient solution with 2 X 10 'M CaS04 
on the sixth day. The growth of these low salt plants was almost the same in the day of the 
experiment as that of the control high salt group (fresh weight: high salt plants 8.4 g/unit. low 
salt plants 7.0 g/unit), and their leaves showed only an incipient chlorosis. 

In a further experiment N and P deficient material was grown on the respective nu-
trient solutions from the day of transplantation. As indicated by the fresh weight, the growth 
of the P deficient plants (7.1 g/unit) lagged behind the control (9.0 g/unit) hut their roots were 
longer. The leaves were dark green, a symptom of initial P deficiency. The growth of the N 
deficient material was very low (3.75 g/unit) with characttrisitc pale green leaves. 

In a final experiment N deficient plants were grown (3.1 g/unit). In the morning of the 
day preceding the experiment a series was transferred to complete nutrient solution, another 
one to complete nutrient solution supplemented with 1.16 g/1 chloramphenicol. (A third series 
remained as control on the N deficient solution.) After a 24 hour treatment there was no dif-
ference in the fresh weight of the variants, and only the greening of the younger leaves was 
noticeable on the first variant. 

Experimental conditions 

At the beginning of an absorption experiment the roots of the units taken from the nu-
trient solutions were rinsed with 2 X 10~4M CaS04 solution. The volume cf the solutions for 
the uptake was 830 ml, and besides KBr (and KCl) they contained 5 m. equiv./l Ca + + . 
The experimental plants were transferred to the surface of the solutions together with the per-
forated plastic discs. The solutions were continuously aerated at 25°C during the one hour ab-
sorption period. At the end, the roots were cut through on the upper surface of the discs and 
washed with running distilled water for one minute. The basis of the shoots was also rinsed 
and the empty seed-coat removed. 

In the comparison between intact seedlings and excised roots the shoots were removed 
the same way but before the absorption period ar.d the roots with the discs were used as units. 
No bleeding sap was observed. 

Changes in this experimental method were only made in cases when the time course 
of the absorption was studied (for 6 hours) or when attention was focused on the further trans-
location of labelled bromide (potassium) on inactive solutions. In the latter case the time-
table of the variants was: 1 or 4 hours absorption from labelled solutions, or 1 or 4 hours on 
inactive solutions after one hour uptake from labelled solution. 

Determination of the radioactivity 

To measure Br82 (or K 1 2 in one experiment) the roots and shoots were pressed separately 
into test tubes and their radioactivity was measured with a well-type scintillation detector. 
To obtain evenly dense preparations the shoots were withered with infrared lamps before fil-
ling the tubes. 
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Results 

The main characteristics of the bromide absorption 

The s t u d y of the b romide absorp t ion of excised b a r l e y roots a n d their 
segments has indicated two absorp t ion processes (L a n d H) which s a t u r a t e 
a t d i f fe ren t concent ra t ions . ( In some cases we d e m o n s t r a t e d a sy s t em [M] 
which was in te rmedia ry be tween sys tems L and H and accord ing to some new 
d a t a [ E l z a m et al., 1964] sy s t em H itself is also a complex one.) 

07 ' 1 1 1  
0,001 0,01 0,1 1 10 m.equiv/l 

h ig. 1. The comparison of the bromide absorption of barley seedlings and their excised roots 
(1 excised roots. 2 intact seedlings, 3 = bromide accumulated in the roots of intact 

seedlings) 

An i m p o r t a n t result of t h e expe r imen t s performed wi th in tac t p l a n t s is 
t h a t these two main stages of t h e concen t ra t ion curve a re always recognizable 
(Fig. 1). The exper imenta l un i t s consis t ing of in tac t seedlings are n e v e r so 
homogeneous as the samples p repared f r o m excised roo t s , consequent ly , and 
because re la t ive ly few concen t ra t ions h a v e been used, i t is not possible to 
resolve the supposed high concen t ra t ion processes. Accord ing to the d a t a the 
b romide u p t a k e of excised roots is app rox ima te ly iden t ica l with the b romide 
f rac t ion accumula ted in t h e roots of i n t a c t seedlings. 

The use of intact seedlings ins tead of excised roo t s has not in f luenced 
t h e general p a t t e r n of the concen t ra t ion dependence of t h e chlor ide-bromide 
compet i t ion . The compet i t ion in 1 : 1 CI — Br solutions is the s t ronges t at 
a m e d i u m concent ra t ion and t hen it decreases in bo th d i rec t ions (Fig. 2). I t is 
a minor q u a n t i t a t i v e dev ia t ion t h a t wi th excised roots m a x i m u m compet i t ion 
lakes place a t a lower concen t ra t ion as aga ins t intact seedlings in the r epor t ed 
expe r imen t . The compet i t ion curve is p rac t ica l ly ident ical when it is ca lcula ted 
for the root or the shoot f r ac t ion . Compet i t ion in the a c t u a l expe r imen t begins 
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to decline a t a somewha t lower concen t ra t ion in t h e root fract ion t h a n in the 
shoot , t h e present d a t a are — however — insuff ic ient t o decide w h e t h e r this 
slight d i f ference is s ignif icant or no t . 

The d is t r ibu t ion of the bromide b e t w e e n shoot and root is in accordance 
with expec ta t ions for the q u a n t i t y of t h e t r anspor t ed bromide (as t h e p e r c e n t 

Fig. 2. The competition between chloride and bromide in the bromide uptake""of barley 
seedlings. The accumulation in the roots or in the shoot from 1 : 1 chloride—bromide solutions 
is expressed as per cent of the accumulation from bromide solutions of equal concentration. 

(1 = root, 2 — shoot) 

Fig. 3. The bromide content of shoots of barley plants on bromide (1) and on 1 : 1 c h l o r i d e -
bromide solutions (2) after one hour uptake, as the per cent of the total uptake 

of t h e t o t a l up t ake ) depends on the concen t ra t ion . However , a more care fu l 
considera t ion of t h e d a t a has revea led a depression between 0.1 — 0.3 m. 
equiv . / l in every expe r imen t (Fig. 3). I n th is range, which is j u s t a b o v e the 
s a tu r a t i on of sys tem L, t h e rise in t h e r a t e of t rans loca t ion fails t o r e a c h t h a t 
of t h e t o t a l u p t a k e . Pe rhaps sys tem M which has been localised in t h i s con-
cen t ra t ion range by excised roots plays also a role in these peculiar t r ans loca t ion 
curves. 
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The effect of nutritional factors oil the bromide uptake 

The general cus tom of growing expe r imen ta l p lants for a week in dense 
s t a n d s in darkness t o provide excised roots is u n f a v o u r a b l e for t h e inves t igat ion 
of t h e effect of n u t r i t i o n a l fac tors . For this p u r p o s e the in t ac t seedlings offer 
a be t t e r mater ia l , and it is surpr i s ing that th i s f ield is so unexplored except 

0,001 0,01 0,1 1 10 m.equiv/l 

Fig. 4. The b r o m i d e absorption of high salt (1) and low salt (2) barley seedlings 
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Fig. 5. The bromide content of shoots of high salt (2) and low salt (1) barley seedlings, 
the per cent of the total u p t a k e 

fo r a few expe r imen t s with "h igh s a l t " and " l o w s a l t " p lants . Na tu ra l ly differ-
e n t qual i ta t ive a n d quan t i t a t i ve effects depend ing on the sort of p lan t mate r ia l , 
or on the ion u n d e r inves t igat ion can he e x p e c t e d , and a s t imula t ion of ion 
u p t a k e by low sa l t p lants ( B r o y e r H o a g l a n d 1 9 4 3 ) canno t be expected in 
eve ry case. 

In our e x p e r i m e n t the r a t e of bromide absorp t ion by high salt p l a n t s 
h a s surpassed b r o m i d e absorp t ion of the low sa l t p lan t s at eve ry concent ra t ion 
(Fig. 4). Howeve r t h e K m of sys t em L did n o t change. The r a t e of b romide 

t rans locat ion of t h e low salt p l an t s (Fig. 5) is lower t han t h a t of the cont ro l 
p l an t s . This d i f fe rence can r lear ly be observed a b o v e 0.1 m.equiv. / l concent ra-
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t ion. B o t h curves are character ized b y a t rans loca t ion minimum at 0.3 m. 
equiv. / l . 

One fac tor of the complex n u t r i t i o n a l effects w h i c h arises in a pre t rea t -
men t on diluted CaS0 4 solution can be the deficiency of the mac ro -nu t r i en t 
e lements . Of the possible cases t h e N a n d P def ic iency have been selected. 
None of them has a f fec ted the general pa t t e rn of t h e concent ra t ion curve or 

and N-deficient (3) nutrient solutions 

Fig. 7. The bromide content of shoots of barley seedlings grown on complete (1), P-deficient 
(2), and N-deficient (3) nutrient solutions, as the per cent of the total uptake 

the K m of process L (Fig. 6). A compar i son between t h e Vm a x va lues presents 
some diff icul t ies because there is no a d e q u a t e basis fo r t h e calculat ions (neither 
the f r e s h nor the d ry weight is fu l ly acceptable) . W h a t can be pos i t ive ly said 
is t h a t P deficiency d id no t reduce t h e bromide u p t a k e , and p robab ly N defi-
ciency increased t h e re la t ive con t r ibu t ion of sys tem H to the t o t a l up take 
at h igh concent ra t ions . 

T h e t rans loca t ion curve of all v a r i a n t s shows t h e min imum b e t w e e n the 
l imits 0 .3 —1.0 m.equiv. / l (Fig. 7). B o t h N and P def ic iency sharp ly decreased 
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t h e percentage of bromide t r a n s l o c a t e d into t h e shoo t ; this is especially notice-
ab l e in the case of P deficiency because it did no t affect t h e t o t a l absorpt ion 
of t h e seedling. 

We tried t o improve the comparison by a fu r the r e x p e r i m e n t in which 
t h e changes in t h e character is t ics of N-deficient plants were observed a f t e r 
N ferti l ization. T h e r a t e of b r o m i d e uptake is h ighe r in the whole concentrat ion 

Fig. 8. The bromide uptake of barley seedlings grown on N-deficient nutrient solution (1 
control , without pretreatment, 2 = 24 h pretreatment wi th complete nutrient solution, 3 = 2 4 h 

pretreatment with complete nutrient solution supplemented with 5 mM chloramphenicol) 

solution, as the per cent of the total uptake. (Explanation as on Fig. 8) 

r a n g e , bu t this is par t icu lar ly well expressed in t h e V m a x of s y s t e m L (Fig. 8). 
S y s t e m H seems t o be s t imula ted t o a lesser e x t e n t . The s t imu la t i on of bromide 
abso rp t i on was inh ib i t ed by chloramphenicol g iven s imul taneous ly . 

N fert i l izat ion also has inc reased the per cen t of the b r o m i d e t ranspor ted 
i n t o the shoot, a n d this effect has also been hindered b y chloramphenicol 
(F ig . 9). 
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The translocation of the bromide or potassium pool of the roots 

Two aspec ts of t r ans loca t ion have been considered in the s tudy of t h e 
bromide and potass ium con t en t of the roo t s : 1. the behav iou r of the label led 
ion conten t in t h e leakage or exchange wi th t h e ex terna l solut ion, and 2. t h e 
behaviour of th is content in t rans loca t ion in to the shoot . 

Fig. 10. The time-course of potassium42 (A) and bromide82 (C) uptake and exchange by intact 
barley seedlings and of potassium42 (B) and bromide82 (D) transported into the shoots ( 
1 = uptake f rom 0.01 m. equiv./l labelled solution throughout, 1 exchange on 0.01 
m. equiv./l inactive solution af ter one hour up take f rom 0.01 m. equiv./l labelled solution; 

2 — as 1 but one m. equiv./l) 

The leakage and exchange of bo th ions in to the ou te r solution is v e r y 
slight (Fig. 10 A, C). If a conclusion can be d rawn f rom t h e l imited d a t a on 
t h e compar ison between t h e two ions, we could say t h a t t h e leakage (-)- ex-
change) of t h e potass ium ion is p robab ly g rea te r . This compares f a v o u r a b l y 
wi th expec ta t ions , because in the case of po tass ium t h e D o n n a n free space 
m a y also con t r ibu te to the process. 
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The r a t e of t rans loca t ion of the label led bromide has been abou t e q u a l 
at both concent ra t ions as i l lus t ra ted in Fig. 10 D, and this r a t e has not u n d e r -
gone r e m a r k a b l e changes d u r i n g the in te rva l inves t igated. During th is t i m e 
no limit was found which, b y a lower r a t e of t rans loca t ion , might have indi-
cated a s epa ra t e pool. 

The r a t e of potass ium t rans loca t ion (as per cent of the to ta l u p t a k e ) 
f r o m 0.01 m.equiv. / l solut ion is lower t h a n f rom 1 in.equiv. / l (Fig. 10 B). 
P robab ly t h e r a t e of t r ans loca t ion of the previously accumula t ed К ^ is some-
w h a t lower t h a n tha t of t h e s imul taneous ly accumula ted K + . This ind ica tes 
the exis tence of two po t a s s ium pools in the roots. H o w e v e r , a m u c h more 
detailed compar ison is r equ i r ed to f ind a quan t i t a t ive in t e rp re t a t ion in t h e 
behaviour of t h e ion content of the roots . 

Discussion 

The mechan i sm of the t r ans fe r of ions across the roo t and the i r access 
t o the xy lem gives a special f e a tu r e to t h e ion up take of i n t a c t p lants . In th is 
connect ion f o u r questions are t o be answered : 

a ) the t rans fe r of ions f rom the ex t e rna l solution in to the p l an t cells 
(symplas t , pro toplasmic f ree space) 

b) t h e accumula t ion of ions in t h e vacuole 
c) t h e t rans fe r of ions in to the x y l e m (bleeding sap) 
d) t h e t r anspor t of ions across the t issues f rom t h e epidermis t o t h e 

xylem 

According to our p resen t knowledge d i f ferent car r ie r -media ted processes 
are d o m i n a t i n g in the process of ion abso rp t i on into t h e p l an t cell ( bu t see 
I Y I e n g e l 1 9 6 4 ) . The inves t iga t ion of t h e absorpt ion as t h e func t ion of con-
cent ra t ion has proved t h a t t h e process is heterogenous. A t f i rs t t h e ca t ion 
absorp t ion ( F r i e d — N o g g l e 1 9 5 8 ) , t h e n t h e anion abso rp t ion ( B ö s z ö r m é -

n y i C s e h 1 9 5 8 , 1 9 6 4 , B ö s z ö r m é n y i 1 9 6 5 ) were resolved in to two processes . 
Recent ly E l z a m et al. ( 1 9 6 4 ) have descr ibed three H processes and B ö s z ö r -

m é n y i (1965) presented ev idence of a n o t h e r process (M). Processes L a n d H 
are typica l in the cells of t h e d i f ferent roo t zones ( B ö s z ö r m é n y i 1 9 6 5 ) . 

A r i s z and his co-workers emphas ized (e.g. 1 9 5 3 ) on t h e basis of a long 
series of exper iments t ha t in Vailisneria leaves, besides t h e absorp t ion i n t o 
t h e symplas t , there was a s epa ra t e accumula t ion s tep i n t o t h e vacuole. T h e y 
m a i n t a i n e d t h a t bo th processes were ac t ive , and associated wi th d i f f e ren t 
metabol ic p a t h w a y s . Some similar cases are described concerning t h e Algae 
and Charales (e.g. M a c R o b b i e 1 9 6 4 ) in which some ions a re secreted i n t o t h e 
vacuole b y a separate process. We have n o r ight to d o u b t t h a t in t h e (root) 
cells of the higher plants a pa r t of the abso rbed ions are also used for t h e accu-
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ululation in to t h e vacuole. According to H e l d e r (1964, personal communica -
tion) the chloride : bromide d iscr iminat ion of t h e vacuole process is d i f f e ren t 
f rom the discr iminat ion of t h e absorp t ion process which delivers the ions i n t o 
the cells. 

Since t h e publ ica t ion of C r a f t B r o y e r ' s paper ( 1 9 3 8 ) t he m a j o r i t y 
of au thors agree t h a t the ions are t r ans fe r r ed into the xy lem vessels b y t h e 
same m e c h a n i s m t h a t plays a role in the i r absorp t ion f rom t h e ex terna l solut ion 
and the secret ion of ions is a consequence of t h e different condi t ions at t h e t w o 
places. W i e r s u m ( 1 9 4 7 ) wro te : " W e might a r r ive a good descr ipt ion of absorp-
t ion by accep t ing a di f ferent accumula t ion level (as a resul t of bo th l eakage 
and act ive accumula t ion) b e t w e e n cor tex and stele. As t h e l a t t e r cells h a v e 
the lower c a p a c i t y for r e t a in ing salts, t h e y ooze away in to t h e xylem where 
they can give rise to the p h e n o m e n a of exuda t ion or carried off by the t r a n s p i -
ra t ion s t r e a m . " The idea, t h a t t h e p r imary accumula t ion process of the cell is 
capable of c rea t ing accumula t ion t h r o u g h a t issue is suppor t ed by C h r i s t e n -

s e n ' s work ( 1 9 6 2 ) on art if icial t issue " m e m b r a n e s " cons t ruc ted f rom the f r ee 
cells of an ima l t issue cul tures . H e has d e m o n s t r a t e d t h a t t h e di f ferent f ac to r s 
which s t i m u l a t e or inhibi t t h e ca r r ie r -media ted amino acid absorp t ion of t h e 
free cells m a y br ing about concen t ra t ion differences be tween the two sur faces 
of the " m e m b r a n e " . 

Howeve r , another hypo thes i s (e.g. S u t c l i f f e , 1 9 5 6 ) can also be f o u n d 
in the l i t e r a tu r e according to which t h e t r a n s p o r t of ions in to t h e bleeding sap is 
carried ou t b y an independen t secret ion sys t em. This opinion is based on t h e 
observat ion t h a t the excised roots showed smaller preference to po tas s ium 
in absorp t ion f rom mixed Na — К solut ions t h a n the t rans loca t ion in to t h e 
shoot of i n t a c t seedlings. (We not ice here t h a t S u t c l i f f e , u n d e r the inf luence 
of a c o n t e m p o r a r y hypothes is , considered t h e cy toplasm a p a r t of the a p p a r e n t 
free space a n d therefore he supposed only t w o absorpt ion s teps (one in to t h e 
vacuole, t h e o the r into t h e b leeding sap). His evidence, however , is not con-
vincing because a vacuolar accumula t ion which has a d i f fe rent d i sc r imina t ion 
may cause such changes in t h e pool of t h e pro toplasmic non- f ree space, which 
would exp la in a shoot a ccumula t i on d i f fe ren t f rom the original d iscr imina-
t ion ( H e l d e r 1964, personal communica t ion ) . 

The f o u r t h problem, t h a t is, t h e t r a n s p o r t across t h e root tissues can 
similarly be divided into t w o pa r t s : a) t r a n s p o r t t h rough t h e tissues a n d 
b) t r a n s p o r t in t h e cells. I t is general ly accep ted t h a t t h e water - f ree space 
of the cell walls is accessible for the ions b y diffusion and so ions f r o m t h i s 
solution are t a k e n up by t h e cells of the deeper layers. The t r a n s p o r t f rom cell 
to cell t h r o u g h t h e p l a smodesma is p r e s u m a b l y slower, b u t in spite of t h i s 
fac t it is supposed to play a role in t h e reu t i l i sa t ion of the ions f r o m the vacuoles . 

The dif f icul t ies of f i nd ing an exp l ana t i on to the in t racel lu lar t r a n s p o r t 
are no t c lear ly surveyed. E .g . F r i e d ' s scheme ( F r i e d et al . , 1 9 6 1 ) a b o u t 
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t he ion absorp t ion of i n t ac t seedlings includes the supposi t ion t h a t t h e carr ier-
ion complex leaves the p lasmolemma m e m b r a n e , wander s to the tonop las t 
or to the 

membrane close to the x y l e m and there i t b reaks down and liberates t h e ion. 
According t o this i n t e rp re t a t ion there is no free ion in the cy toplasm, con-
sequently, in the strict sense of the word , no accumula t ion takes place in this 
c o m p a r t m e n t . This supposi t ion is con t r a ry to the general spirit of the carr ier 
theory. 

According to R o b e r t s o n ' s well-known hypothes is ( 1 9 5 1 ) the ions are 
t r anspor ted in the p ro top la sm by subcel lular components (e.g. mi tochondr ia ) 
between t h e p lasmolemma and tonoplas t or in to the direct ion of the xy lem 
vessels, so t h e subcellular components act as carriers. I t is obvious t h a t some 
ions are accumula t ed in t h e mi tochondr ia (or in other subcel lular componen ts ) , 
yet the role of this process is disputed in t h e ion absorp t ion of the cells. 

Of course our own exper imenta l ma te r i a l is not suff ic ient for answer ing 
all these ques t ions ; however , it makes possible to form somewhat an a t t i t u d e 
and it also reveals the p rob lems tha t r equ i re fu r t he r work. 

In F r i e d ' s et al. e s t ima t ion ( 1 9 6 1 ) b o t h the L and H systems con t r i bu t e 
to Rh accumula t ion in t h e roots and to the t rans loca t ion into t h e shoot , 
because t h e concent ra t ion curves of b o t h processes show the charac ter i s t ic 
dual s a tu r a t i on . Our observa t ions about t h e concent ra t ion curve of b romide 
u p t a k e h a v e been similar. The data we have obta ined are more deta i led in 
the H range t han theirs, ye t they are no t detai led enough to de te rmine the 
s u p p o s e d H o r M p r o c e s s ( E l z a m e t a l . , 1 9 6 4 , B ö s z ö r m é n y i 1 9 6 5 ) . 

Prac t ica l ly identical Cl : Br compet i t ion curves have been ob ta ined 
with excised roots and in bo th fract ions of t h e intact seedlings. On t h e basis 
of this observa t ion the conclusion may be d rawn t h a t bo th absorpt ion pro-
cesses c o n t r i b u t e to the roo t accumula t ion as well as shoot t rans loca t ion also 
in the case of chloride. I n th is respect t h e CI : Br ion pair differs f r o m t h e 
Na : К pair s tudied by B a n g e V l i e t ( 1 9 6 1 ) . It is possible t ha t this d i f ference 
steins f rom a speciality of t h e Na : К pa i r , hu t it may also have a method ica l 
reason because the de t e rmina t ion of Na absorp t ion is di f f icul t wi th f l ame-
pho tome t ry f r o m a low concent ra t ion solut ion. 

Q u a n t i t a t i v e and q u a l i t a t i v e similari t ies be tween the bromide u p t a k e 
curves of excised roots a n d in tac t seedlings indica te t h a t the ra te of absorp t ion 
is limited b y the same process, viz. t h e t r ans fe r of ions f rom the ex te rna l 
solution in to t h e plant cell (protoplasmic non-free space). 

M f R ^ MR M r o u t + R 

^shoot R 
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We used shor t absorpt ion or t rans loca t ion per iods, because t h e rate 
of absorpt ion decreased a f t e r one h o u r a t t h e lowest concen t ra t ions . This 
phenomenon m a y be connected with t h e physiological condi t ion of t h e plants 
t r ans fe r red f rom a nu t r i en t solution to di luted expe r imen ta l solutions. 
Shor t exper imen ta l periods might expla in why the CI : Br compet i t ion in 
t h e root or shoot accumula t ion was ident ica l . A d i f fe ren t compet i t ion could 
also prove a specific accumula t ion s t ep in to the vacuole ( H e l d e r ) or into 
t h e bleeding sap ( S u t c l i f f e ) . However , these two opinions are no t neces-
sar i ly confl ict ing as they affect d i f fe rent ions. 

We would point out t h a t such discr iminat ion is possible even if the 
s a m e absorpt ion sys tem is supposed to opera te in all t he three func t ions . 
C h r i s t e n s e n (1962) d e m o n s t r a t e d t h a t in the active amino acid accumula t ion 
of an imal cells the indiv idual amino acids lose di f ferent pa r t s of the i r a f f in i ty 
to t h e carriers on the inner side of the m e m b r a n e . (This decrease in t h e a f f in i ty 
is t h e energy consuming s tep of t h e accumula t ion . ) E v e r y combina t ion 
of t h e inf lux and e f f lux is possible and this f lux- ra t io de termines t h e final 
accumula t ion . The process of absorp t ion and discr iminat ion m a y he quite 
s imilar in the inorganic ion absorp t ion of p lan t s . 

Similarly, we m a y refer to the general l i t e ra ture on the p rob lem (Wi l -
b r a n d t 1956) t h a t in the initial absorp t ion an ion which has higher a f f in i ty 
to t h e carrier can surpass ano ther one wi th lower a f f i n i t y , bu t it will reach 
the f i na l accumula t ion equi l ibr ium la te r t h a n the previous one. Considering 
t h a t t h e volume of the vacuole is l imi ted (but the bleeding sap is not) it 
would come close to a s t a t e of equi l ibr ium earlier and the discr iminat ion 
of t h e ions may he reversed in the t w o stages, even if t he carrier sys tems 
are ident ical . 

Beside the differences in the d iscr iminat ion , the t ime curves of t rans-
loca t ion (-f- exchange and leakage) are regarded as evidences of the existence 
of t w o (or more) ion-pools and the i r in te rconnec t ing t r a n s p o r t processes. 
In t h e case of the К ion t r a n s p o r t ( B a n g e — V l i e t 1 9 6 1 , B o w l i n g — W e a t h e r -

l e y 1964) in p lan t s t r ans fe r red to distilled wa te r or to d i lu ted CaSO, solution 
the f u r t h e r po tass ium t r anspo r t into t h e shoots was f o u n d to decline rap id ly . 
According to our d a t a t h e previously accumula t ed Br8 2 was t r ans loca ted on 
inac t ive bromide solut ions wi thou t a change in the ra te over a re la t ively long 
t ime . This result is not con t r a ry to the previous ones because in this case the 
exi t f rom the vacuole m a y be an exchange and not a ne t leakage. 

W h e n discussing the effect of nu t r i t i on on the ion absorp t ion a n d t rans-
locat ion a dist inct ion mus t he d rawn be tween the case when the p l an t is well 
suppl ied with the inves t iga ted (or a re la ted) ion (see e.g. H o d g e s — V a a d i a 

1964) and when its nu t r i t i on varies in t h e main nu t r i en t s , with v a r i a n t s not 
d i f fe r ing f rom one ano the r in the e lements whose absorp t ion is u n d e r con-
s idera t ion . This was the case in our exper imen t s . Such expe r imen ta l design 
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m a y be followed in t h e case of t h e lialide ions, which are essential , b u t only 
in smal l internal concen t ra t ion . 

According t o B r o y e r — H o a g l a n d ( 1 9 4 3 ) the high salt con ten t in-
c reases bromide absorp t ion ; we, however, f o u n d the opposi te effect . These 
dev ia t ions are not surpris ing if we t ake into accoun t the enormous qua l i t a t ive 
a n d quan t i t a t ive var iab i l i ty in t h e nut r i t iona l s t a t e of p l an t s . Character is t ic 
a n d comparable resu l t s can on ly he expected if t he t e rms and me thods of 
assess ing the nu t r i t i ona l condi t ion are used accura te ly ( U l r i c h 1 9 5 2 ) . We can 
on ly speak abou t a relat ively h igh (luxurious) or low (deficient) nu t r i t ion if 
t h e critical i n t e rna l concen t ra t ion of the ind iv idua l e lements are k n o w n . 
F u r t h e r , it has t o be considered ( P r e v o t O l l a g n i e r 1 9 6 1 , B ö s z ö r m é n y i 

1958) t h a t the cr i t ical concen t ra t ions of the ind iv idua l e lements are m u t u a l l y 
i n t e rdependen t . 

Growth (and deve lopment ) as a result of nu t r i t ion are changing and 
t h e r e f o r e it is d i f f icu l t to f i n d a reference basis for a compar ison be tween 
t h e V m a x values or even to dec ide whether t h e ra te of absorp t ion increased 
or decreased. I t is safer to s t u d y the K m or t h e relat ive par t ic ipa t ion of t h e 
d i f f e r e n t absorp t ion processes in the to ta l u p t a k e . (In our case the K m of 
s y s t e m L was s table . ) 

I t seems t o be an i m p o r t a n t observat ion t h a t N and P def ic iency 
decreases the b r o m i d e t r ans loca t ion into the shoot . This ef fect is comple te ly 
d i f f e ren t from t h e cases in wh ich the s a tu ra t i ng ion and t h e inves t iga ted ion 
were the same (e.g. on absorp t ion- t rans loca t ion curves). N and P def ic iency 
m a y influence t h e ion absorp t ion in a va r i e ty of ways [e.g. the carriers are 
p r o b a b l y proteins (or nucleic acids?), the m e m b r a n e conta ins phosphol ip ids , 
P deficiency m a y have a s t rong effect on energy supply , e tc . ] , therefore it is 
n o t surprising t h a t t h e N fer t i l iza t ion of the def ic ient p lan t s increased t h e ion 
abso rp t ion . These d a t a are too pre l iminary t o author ize us to suppose t h a t 
t h e N fert i l ization increased t h e q u a n t i t y of pro te inous carr iers , hu t t h e y are 
n o t against it e i the r . 

The chloramphenicol as a n inhibi tor of t h e protein synthesis m a y af fec t 
t h i s process. Howeve r , when in t e rp re t ing the chloramphenicol effect , it m u s t 
b e born in mind t h a t it can inh ib i t respi ra t ion ( B a l o g h — B ö s z ö r m é n y i 

C s e h 1 9 6 3 ) , it m a y have an uncoupl ing ef fec t ( H a n s o n — H o d g e s 1 9 6 3 ,  

H a n s o n — S t o n e r — H o d g e s 1 9 6 4 ) , it also a f fec t s o ther metabol ic processes 
( B a l o g h , B ö s z ö r m é n y i — C s e h 1 9 6 1 , P e a u d L e n o e l d e G o u r n a y 1 9 6 2 ,  

H ö f n e r 1963) , a n d f i n a l l y , a c c o r d i n g t o E l l i s ( 1 9 6 3 ) a c h l o r a m p h e n i c o l 
i somer inhibi t ing t h e salt a b s o r p t i o n of higher p lan t s does no t inhibi t the pro-
t e i n synthesis of microorganisms . At present , therefore , it is still to be decided 
w h e t h e r the N nu t r i t ion a n d t h e chloramphenicol a f fec t the abso rp t i on 
processes direct ly or indirect ly . Fu r the r s tudies should be made as to t h e 
t ime-course of t h e phenomenon , and the associated metabol ic events . 
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C o n s i d e r i n g t h e f o u r q u e s t i o n s r a i s e d i n t h e i n t r o d u c t i o n t o t h i s c h a p t e r , 
we s u g g e s t t h e f o l l o w i n g s c h e m e ( p a r t l y b a s e d o n o u r e x p e r i m e n t s ) a s t h e m o s t 
p r o b a b l e a n d s i m p l e s t w o r k i n g h y p o t h e s i s : 

fc„ к! + R , 
+ Rí -—• MR; Mb ,eed ing sap 

kx kx / к-г fc-i 
M + Rr MRJ M c y t o p i a s m i c pooi 

k - i fc-2 \ кг k t + R 2 
~Ь R j 4 MR2 , ^vacuole pool It-» k - 4 

S u m m a r i z i n g t h e m a i n p o i n t s of t h e s c h e m e : T h e r o o t c o n t a i n s t w o i o n p o o l s 
w i t h a r a p i d e x c h a n g e b e t w e e n t h e m . P r o b a b l y t h e s a m e c a r r i e r s , w h i c h a c t 
in t h e a b s o r p t i o n o f i o n s i n t o t h e c y t o p l a s m i c p o o l p l a y a ro l e in t h e i r t r a n s f e r 
i n t o t h e b l e e d i n g s a p . I f t h e r e is a d i f f e r e n c e b e t w e e n t h e d i s c r i m i n a t i o n of 
t h e i o n s a c c u m u l a t e d i n t h e r o o t s o r s h o o t s , t h i s m a y h e a s c r i b e d t o v a r i o u s 
r e a s o n s , b u t m o s t p r o b a b l y t o t h e s e c r e t i o n i n t o t h e v a c u o l e . Al l c o n c e n t r a t i o n 
d e p e n d e n t a b s o r p t i o n p r o c e s s e s c o n t r i b u t e t o t h e t r a n s l o c a t i o n i n t o t h e s h o o t . 

A c k n o w l e d g e m e n t s 

1 express thanks to the International Atomic Energy Agency for the fellowship granted 
to ine in the Institute of Botany, State University of Leyden. I am also indebted to Prof. A. 
QUISPEL a n d G. G. J . BANGE f o r t h e i r c o n t i n u o u s a n d v a l u a b l e a i d a n d to Mis s L . DANIELS 
for her useful technical assistance. 

R E F E R E N C E S 

\RISZ. W. H. (1953): Active uptake, vacuole-secretion and plasmatic transport of chloride 
ions in leaves of Vallisneria spiralis. Acta Bot. Neerl. I , 506. 

BALOGH, E.— Z. BÖSZÖRMÉNYI—E. CSEH (1961): The effect of chloramphenicol on the amino 
acid metabolism and ion uptake of isolated wheat roots. Biochim. Biophys. Acta 52. 
381. 

BALOGH, E. —Z. BÖSZÖRMÉNYI—E. CSEH (1963): Chloramphenicol hatása búza gyökerek 
anyagcseréjére. Biológiai Közi. 11, 29. 

BANGE, G. G. J . (1959): Interactions in the potassium and sodium absorption by intact 
maize seedlings. P lan t and Soil 11, 17. 

BANGE, G. G. J.— E. VAN VLIET (1961): Translocation of potassium and sodium in in tac t maize 
seedlings. Plant and Soil 15: 312. 

BÖSZÖRMÉNYI, Z. (1958): Leaf analysis investigations with Scotch pine seedlings: The problem 
of the constancy of critical nutrient concentrations. Acta Bot. Hungarica 4, 19. 

BÖSZÖRMÉNYI, Z. (1965): The pat tern of the bromide absorption in the apex of excised barley 
roots. Botanikai Közi. 

BÖSZÖRMÉNYI, Z. (1965): The ion uptake of excised barley roots with special reference to the 
low concentration process, (in the press). 

BÖSZÖRMÉNYI, Z.—E. CSEH (1958): Relationships between the chloride and iodide uptake of 
wheat seedlings. Nature 182, 1811. 

BÖSZÖRMÉNYI, Z.—E. CSEH (1964): Studies of ion-uptake by using halide ions. Changes in 
the relationships between ions depending on concentration. Physiol. Plant . 17, 81. 

BROYER, Т. С,—D. R. HOAGLAND (1943): Metabolic activities of roots and their bearing on the 
relation of upward movement of salts and water in plants. Amer. J . Bot. 30, 261. 

BOWLING, D. J . F. — P. E . WEATHERLEY (1964): Potassium uptake and transport in roots of 
Ricinus communis. J . Exp. Bot. 15, 413. 

Acta Agr. Hung. Тот из XIV. 1965 



2 3 4 z. b ö s z ö r m é n y i 

C h r i s t e n s e n , H. N. (1962): Biological transport. Benjamin Inc., New York. 
C r a f t , A. S.—T. C. B r o y e r (1938): Migration of salts and water into xylein of roots of higher 

plants. Amer. J . Bot. 25, 529. 
E l l i s , R. J . (1963): Chloramphenicol and uptake of salt in plants. Nature 200, 596. 
E l z a m , 0 . E. —D. W . R a i n s , — E. E p s t e i n (1964): Ion t ranspor t kinetics in plant tissue: Com-

plexity of the chloride absorption isotherm. Biochem. Biophys. Res. Comm. 15, 273. 
F r i e d , M.—J. C. N o g g l e (1958): Multiple site uptake of individual cations by roots as af-

fected by hydrogen ion. Plant Phys. 33, 139. 
F r i e d , M. —H. E. O h e r l a n d e r — J . C. N o g g l e (1961): Kinetics of rubidium absorption and 

translocation by barley. Plant Phys . 36, 183. 
H a n s o n , J . В.—Т. К . Hodges (1963): Uncoupling action of chloramphenicol as a basis for 

the inhibition of ion accumulation. Nature 200, 1009. 
H a n s o n , J . В.—С. D. S t o n e r — Т . К . H o d g e s (1964): Chloramphenicol as an inhibitor of 

energy-linked processes in maize mitochondria. Nature 203, 258. 
H o d g e s , K. H.—Y. V a a d i a (1964): Chloride uptake and transport in roots of different salt 

status. Plant Phys . 39, 109. 
H ö f n e r , W. (1963): Chloramphenicol-Einfluss auf die C14-Aufnahme isolierter Gerstenwurzel 

aus NaH1 4C03 . Naturwiss. 50, 720. 
MacRobb ie , E. A. C. (1964): Factors affecting the f luxes of potassium and chloride ions in 

Nitella translucens. J . gen. Phys . 47, 859. 
M e n g e l , K. (1964): In f lux und Einf lux bei der Kal iumaufnahme junger Gerstenwurzeln. Z. 

Pflanzenern. Düng. Bodenk. 106, 193. 
P e a u d - L e n o e l , C. — C. d e G o u r n a y - M a r g e r i e (1962): Some effects of chloramphenicol on 

isolated wheat roots. Phytochem. 1, 267. 
P r e v o t , P.—М. O l l a g n i e r (1961): Law of the minimum and balanced mineral nutrition. 

(In Plant analysis and fertilizer problems.) Amer. Ins t . Biol. Sei. 
R o b e r t s o n , R. N. (1951): Mechanism of absorption and transport of inorganic nutrients in 

plants. Ann. Rev. Plant Phys. 2, 1. 
S u t c l i f f e , J . F. (1956): The selective absorption of alkali cations by storage tissues and intact 

barley plants. (In Potassium symposium.) In te rna t . Potash Inst . 
WIERSUM, L. K. (1947): Transfer of solutes across the young root. Ree. Trav. Bot. Neerl. 41, 1. 
W i l b r a n d t , W. (1956): The relation between rate and aff ini ty in carrier t ransports . J . Cell. 

Comp. Physiol. 47, 137. 
U l r i c h , A. (1952): Physiological bases for assessing the nutritional requirements of plants. 

Ann. Rev. P lan t Phys. 3, 207. 

Ada Agr. Hung. Ton,us XIV. 1965 



THE STUDY OF EARLY KOHLRABI GROWING 

I. EARLINESS AND PROFITABILITY OF KOHLRABI AS AFFECTED 
BY VARIOUS METHODS OF PLANT RAISING 

By 

P . SzALVA 

r e s e a r c h i n s t i t u t e of h o r t i c u l t u r e , e x p e r i m e n t s t a t i o n , szen tes 

Kohlrabi is one of the f irst mass vegetables rich in vitamins in the outdoor vege-
table production of Hungary. Earlier picking of kohlrabi can be promoted by various 
methods of raising the seedlings. The present paper deals with part of the results ob-
tained in the last 4 years. A comparison of various methods revealed that as against 
the traditional plant raising with broadcast seeding the cultivation with nutrient blocks 
increased earliness by 7 days and resulted in a 91 per cent increase of the gross earnings. 

Introduct ion 

After the long winter per iod human organ i sm increasingly requires t h e 
consumpt ion of t h e so-called f i n e vegetables, r ich in v i t amins , pa r t ly in order 
t o r ende r the d ie t more varied a n d par t ly in view of ma in t a in ing heal th . This 
is w h y growers all over the wor ld endeavour t o produce large quant i t i es of 
vege tab les for e a r l y marke t ing . 

I n the ea r ly product ion of vegetables, owing to i ts m a n y favourab le 
proper t ies , the s h a r e of kohl rabi ( Brassica oleracea L. va r . gongylodes L.) is 
ou t s t and ing . To p r o m o t e early kohl rab i p roduc t ion in H u n g a r y this I n s t i t u t e 
has b red the v a r i e t y Szentesi f ehé r (white) well adap ted to the condi t ions 
preva i l ing in th is coun t ry and r ipen ing earlier t h a n the foreign variet ies; it has 
also conducted a n u m b e r of expe r imen t s to e l abora te proper cul tura l pract ices 
for ear ly growing a n d to assure i t s p rof i tab i l i ty . I m p o r t a n c e of early growing 
is s t ressed by t h e f a c t tha t 39 per cent of the t o t a l produce is expor ted which 
percentage could be fur ther ra ised b y still ear l ier picking. 

One of t h e grea tes t deficiencies of early kohl rab i p roduc t ion in H u n g a r y 
was t h a t in absence of modern cul tural p rac t ices and f a r m technology t h e 
f a v o u r a b l e given climatic condi t ions and t h e sui table v a r i e t y could no t be 
m a d e use of suf f ic ient ly . So e. g. in the main ear ly kohlrabi producing region 
of t h e country , in t h e sur roundings of Szentes, where 65.7 per cent of yield 
of ea r ly kohlrabi and 86.6 per cent of the e x p o r t s is p roduced , t r ad i t iona l 
m e t h o d s are in m a n y cases emp loyed even t o - d a y a l though f rom the view-
po in t s of hygiene, nut r i t ion and ren tabi l i ty it is an urgent necessi ty to assure 
as ea r ly m a t u r a t i o n as possible b o t h on the level of the c o u n t r y and of world 
economics . 
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T a k i n g t h e s e c o n s i d e r a t i o n s i n t o a c c o u n t , a b r o a d f a r m t e c h n o l o g y 

e x p e r i m e n t h a s b e e n c o n d u c t e d c o n c e r n i n g e a r l y k o h l r a b i g r o w i n g i n t h e 

c e n t r e of t h e S z e n t e s r e g i o n . I n t h e f o l l o w i n g a n a c c o u n t w i l l b e r e n d e r e d 

o f t h e 4 - y e a r p e r i o d of t h i s r e s e a r c h w o r k , o f r e s u l t s o b t a i n e d w i t h t h e v a r i o u s 

m e t h o d s of p l a n t r a i s i n g a s t o t h e i n c r e a s e o f e a r l i n e s s , q u a l i t y a n d r e n t a b i l i t y . 

O n t h e s t r e n g t h of t h e e x p e r i e n c e g a i n e d f r o m r e s e a r c h w o r k a n d of 

l i t e r a r y d a t a i t a p p e a r e d s u i t a b l e f o r t h e p u r p o s e i n v i e w t o s e a r c h p o s s i b i l i t i e s 

o f i n c r e a s i n g e a r l i n e s s a n d p r o f i t a b i l i t y b y t h e m o s t a d e q u a t e m e t h o d of 

c o n t a i n e r o r n u t r i e n t b l o c k p l a n t r a i s i n g ( S z a l v a 1 9 6 3 ) . I t w a s v e r i f i e d b y 

a n u m b e r of s t u d i e s t h a t t h e u s e of s e e d l i n g s r a i s e d i n c o n t a i n e r s o r n u t r i e n t 

b l o c k s i n c r e a s e d , a s c o m p a r e d w i t h t h e t r a d i t i o n a l p l a n t r a i s i n g m e t h o d , 

e a r l i n e s s b y 7 — 1 5 d a y s a n d p r o f i t a b i l i t y b y 5 0 1 2 0 p e r c e n t ( B e c k e r 

D i l l i n g e n 1 9 2 9 , E d e l s t e i n 1 9 5 1 , F i l a t o v 1 9 5 2 , 1 9 5 3 , F r i e d r i c h — K e i n e r 

1 9 5 3 , C h a s e P o u n c y 1 9 5 5 , Z a t y k ó 1 9 5 7 , S o m o s 1 9 6 0 , S z a l v a 1 9 6 1 , 1 9 6 3 ,  

K o v á c s 1 9 6 3 ) . 

T h e k o h l r a b i p l a n t r a i s i n g i n c o n t a i n e r s o r n u t r i e n t b l o c k s h a s b e e n 

a s u c c e s s f u l f a r m t e c h n o l o g i c a l a c h i e v e m e n t ( L a u e n s t e i n — M a r x 1 9 5 2 ,  

F r i e d r i c h K e i n e r 1 9 5 3 , H a h n 1 9 5 3 , G o e t s c h 1 9 5 5 , S z a l v a 1 9 5 5 — 56 ,  

1 9 6 0 , 1 9 6 1 , 1 9 6 3 , R e i n h o l d — K r ü g e r 1 9 5 6 , L a u e n s t e i n 1 9 5 8 , V o g e l 

1 9 5 8 , S k a p s k i 1 9 5 9 , E i t e l g ö r g e 1 9 5 9 , P h i l i p p 1 9 6 3 ) . O n t h e g r o u n d s 

o f d a t a f o u n d i n l i t e r a t u r e w e c o u l d s t a r t o u r e x p e r i m e n t s s u p p o r t e d b y a 

c e r t a i n k n o w l e d g e . I n c o n s e q u e n c e of t h e c h a r a c t e r o f v a r i e t y a n d t h e g i v e n 

c o n d i t i o n s of t h e r e g i o n , h o w e v e r , w e h a d t o r e l y m a i n l y o n o u r o w n e x p e r i e n c e . 

M a t e r i a l a n d M e t h o d 

Experiments were conducted with the Szentesi fehér kohlrabi var ie ty bred by ourselves 
which had obtained preliminary s ta te certification in 1961 .Description of the variety: Tuber 
white , 5 — 6 cm in diameter , somewhat f la t tened globular, foliage th in (6 — 7 leaves); signifi-
can t ly frost to lerant (not injured even by a frost of -7°C), of short vegetat ion period (market-
able on the 38 — 44th day f rom plant ing) , early ripening (Fig. 1). I n connection w i t h this 
va r i e ty we should th ink of e laborat ing the most suitable early cul t ivat ion method, too . 

Six different methods of container and/or nu t r i en t block raising were examined (Fig. 2) 
a n d in addition three methods of hotbed seeding which were used as a control. T h e experi-
menta l t r ea tments were the following: 1. nut r ient block raising, 2. sod block raising, 3. clay 
pot raising, 4. paper pot raising, 5. corrugated iron raising, 6. pressed ear th ball ra is ing, 7. hot 
bed seeding a t a spacing of 5.5 X 5.5 cm., 8. ho tbed seeding at a spacing of 4 X 4 c m , 9. 6 g 
seed broadcast on an area under a hotbed window each. 

Composition of the nu t r i en t block: 50 per cent hotbed soil -)-50 per cent f a rmyard 
manure compost. This mixture had been matured for 2 months and then formed in to blocks 
of 5.5 X 5.5 X 6 cm with manua l press. Sod blocks were made of na tu ra l road side turf in 
similar dimensions as the nut r ien t blocks. They were produced still before the strong au tumna l 
f ros t s and stored unt i l use on a mois t place. The dimensions of the clay pot were also t he same 
as of the nut r ien t block. The paper pot was made ill the Ins t i tu te in a rectangular f o r m with 
st icking and lined wi th paraff ine. The corrugated iron moulds were also made in the Ins t i tu te . 
For each t r ea tmen t the soil mix tu re prepared for the nutr ient block was used. The e a r t h ball 
was prepared immedia te ly before p lant ing by pressing the earth wi th the hand to the roots of 
the plants. 

In all four experimental years (1961 — 64) seeding (into hotbeds) was carried out in 
the second half of J a n u a r y (Table 1 ) and the seedlings planted dur ing the m o n t h of March. 
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Fig. 1. The experimental test plant "'Szentesi '21 korai fehér kalarábé" (early white), the f i rs t 
Hungarian-bred variety. At present most adapted for the purposes of early growing 

Fig. 2. The placement of all containers together in the ho tbed . The photo shows also the place 
of the t reatments sown into the smooth hotbed soil in the upper par t of the liotbed 
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Table 1 

Major experimental data of Jarm technology 

T r e a t m e n t 1961 1962 
1 

1963 1964 

Seeding in hotbeds 
I 

20. I. 18. I . 
1 

22. I . 25. I . 

Irrigation wi th 14°C 
water in which Péti-
só* was diluted 

6. III . 
11. III . 

6. III. 
10. III . 
19. III . 

8. III. 
20. III. 

27. II. 
5. III . 

12. III. 

16. III. 4. IV. 28. III. 31. III. 

Protection f rom pests 
(with 20 per cent 
Nikerol) 

20. III . 
29. HI. 

10. IV. 
21. IV. 

17. IV. 
25. IV. 

17. IV. 
25. IV. 

Number of irrigations 4 6 5 7 

Precipitation, m m 102 33.1 30.6 57.1 

Ploughing summer 
and au tumn 20 cm deep 20 cm deep 20 cm deep 20 cm deep 

Manuring r ipe farm-
yard manure in winter 250 q/c. h. 250 q/c. h. 250 q/c. h. 250 q/c. h. 

Head dressing 25 per 
cent Pétisó 4 q/c. h. 4 q/c. h. 4 q/c. h. 4 q/c. h. 

* Calcium carbonate-ammonium ni t ra te fertilizer manufac tured in Hungary 

Trea tments were placed into randomized blocks with 10 replicat ions. Each plot was of 1 sq 
m size (with 16 plants p lanted in 25 X 25 cm spacing, one p lan t each). The p lan ts were raised 
with the usua l cultural pract ices with irrigation (Table 1). Since the trial g rounds in Szentes 
are immediate ly at the bank of the river Kuroa , irrigation was carried out with the water of 
the river. 

The soil of the trial g rounds is medium heavy (black) l o a m (Table 2) wi th sat isfactory 
nut r ient supply, good water conductivity and sufficient salt contents . 

Wea the r developed favourab ly for the growing of kohlrabi during the vege ta t ion period 
in all four years . Data of the meteorological f ac to r s are shown in Table 3. 

Picking was begun when the tubers reached a 5 cm d iamete r . Quality was determined 
according to the national s t anda rd (MSz 3594 — 57 I. grade). 

E x p e r i m e n t a l R e s u l t s 

E a r l i n e s s of t h e e x p e r i m e n t s i s m a n i f e s t l y d e m o n s t r a t e d h y t h e d a t a 

o n treatment a n d picking. D i f f e r e n c e s b e t w e e n t h e c o n t a i n e r a n d b r o a d c a s t 

( c o n t r o l ) r a i s i n g of p l a n t s w e r e c o n s i s t e n t l y a p p e a r i n g . T h e d a t a (Table 4) 
s h o w t h a t i n t h e container plant raising a 7 day earliness can be reckoned with 
safety. 
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Table 2 

Major analytical data of the soil of the trial grounds 
Szentes (1964) 

A n a l y s e s 
0 — 2 0 

c m 
20—40 

cm 
4 0 - 6 0 

cm 
60—80 

cm 

l . St icky point 51.5 51.0 49.6 51.6 

2. Capillary water raising 5 h. 
20 h. 

121.1 
232.1 

121.4 
235.0 

127.5 
248.2 

109.6 
219.6 

3. p H in water 7.5 7.5 7.5 7.6 

4. Tota l humus % 2.7 1.5 1.1 1.1 

5. Calculated total N mg/100 g 156.7 90.6 66.6 62.4 

6. Alkal ini ty as soda % w. t w. t w. t w. t 

7. Carbonic chalk CaC03 % t 0.28 0.41 0.38 
8. Tota l salt % 0.12 0.14 0.14 0.13 

9. Physical structure medium 
heavy 
black 
loam 

medium 
heavy 
black 
loam 

brownish 
black 
loam 

yellowish 
grey 
loain 

Indication: w. t . = weak t races 
t . = traces 

E f f e c t of t r e a t m e n t s was also measured on deve loped seedlings before 
p lan t ing ( Table 5 ) . I t was shown t h a t p l a n t s with s tocky s tems , well- developed 
leaves a n d s tou t tubers had been ob t a ined in the con ta ine r and n u t r i e n t block 
t r e a t m e n t s . 

No subs tan t ia l di f ferences in t h e deve lopmenta l s t a t e of the seedlings 
had a p p e a r e d yet be tween the con ta ine r and nu t r i en t block t r e a t m e n t s hu t 
the l a t t e r showed a s o m e w h a t more f a v o u r a b l e appea rance as agains t t h e o ther 
t r e a t m e n t s . The less f a v o u r a b l e a p p e a r a n c e of the p l a n t s raised in clay pots , 
cor ruga ted iron and wi th pressed e a r t h halls has been obvious. 

T h e effect of t h e d i f fe ren t ra is ing of p lants on earl iness has been mani-
fest. T a k i n g in to accoun t t h e results a n d values of t h e f i r s t 3 days of picking 
(Table 6J as well as the a m o u n t and va lue of to ta l p icking i t can be es tabl ished 
t h a t t h e bes t results h a v e been ob ta ined with the n u t r i e n t block a n d sod 
t r e a t m e n t s (Table 6, Fig. 3). Wi th t h e nu t r i en t block p l a n t raising m e t h o d 
higher r e su l t s can he o b t a i n e d both numer ica l ly and as t o t o t a l ea rn ings t h a n 
with a n y o the r conta iner raising m e t h o d . With the n u t r i e n t block p l a n t íais-
ing the doub le amount of ear ly yield, threefold early t o t a l income and near ly 
double t o t a l earnings (105 236 F t / c a d . hold*) can be ob ta ined as compared 

* 1 cad . hold = cadas t ra l hold = 0.57 ha 
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Table 3 

Half-month data for the major meteorological J'actors of 

Period 
Air temperature 

°C 
Rad ia t ion 
m i n i m u m 

°C ° C 

Soil t empera ture* 

on soil surface at a 5 cm depth 

II. 1—15. — 1.1 7.8 - 5 . 2 2.1 — 1.8 

1 6 - 2 8 . - 0 . 2 4.2 3.3 1.4 0.9 

III . 1 - 1 5 . 3.1 1.6 — 0.9 1.2 3.7 

1 6 - 3 1 . 6.5 -0 .9 1.8 3.2 4.3 

IV. 1 - 1 5 . 11.5 2.8 5.9 9.8 9.9 

1 6 - 3 0 . 15.4 4.0 8.1 16.9 13.2 

V. 1 15. 15.3 6.5 7.8 17.4 17.6 

1 6 - 3 1 . 17.4 8.7 13.2 19.4 20.9 

* = 3-year mean 

wi th the b r o a d c a s t control, a n d thus the success of the n u t r i e n t block p lan t 
ra is ing method dif ferent as it is f rom the t r ad i t iona l one has been verif ied. 

Through ex tend ing t h e tes t to the examina t ion of qua l i t y , f rom t h e 
percentual d i s t r ibu t ion of t h e t u b e r yield it clearly appears (Table 7) t ha t also 
t h e best qua l i ty has been a s su red by the n u t r i e n t block p lan t raising method . 
H e r e s u b s t a n d a r d qual i ty lias been found occurr ing to t h e lowest percentage; 
nea r ly half as m u c h as in t h e nex t best m e t h o d of t r e a t m e n t hu t three t imes 
less than in t h e t radi t ional b roadcas t control . 

Fig- 3. Plants of the container, n u t r i e n t block and other t r ea tmen t s 5 weeks after p lant ing 
o u t . The difference between the t r e a t m e n t s is well visible and the lagging behind of the control 
is particularly mani fes t . The t r e a t m e n t s in the order as discussed before: nut r ient block, sod 
block, clay pot, paper pot. co r ruga ted iron, pressed e a r t h hall, sown 5.5 5.5 cm. sown at 

4 x 4 cm. control (6 g seed broadcast) 

.tela 4gr. Hung. T o n n « XIV. I960 



t h e s t u d y of e a r l y k o h l r a b i g rowing 241 

the experimental period in Szentes, mean of the years 1961 — 64 

N u m b e r of f r o s t y days N u m b e r of sunl i t h o u r s 
P rec ip i t a t i on 

m i n i m u m 
m m 

M e a n * 
h u m i d i t y 

% 
rad. min. 

below 
°C 

min . temp, 
below 

0°C 
hours da i l y m e a n 

P rec ip i t a t i on 
m i n i m u m 

m m 

M e a n * 
h u m i d i t y 

% 

11.2 13.7 35.3 2.3 25.2 85.0 

10.5 9.7 44.0 3.3 9.9 78.0 

10.2 9.2 64.7 4.3 17.2 85.0 

8.2 5.0 58.3 3.6 17.0 79.0 

0.7 0.0 86.2 5.7 9.0 74.0 

0.2 0.0 119.1 7.9 21.7 57.0 

0.2 0.2 117.9 7.8 8.5 65.0 

0.0 0.0 138.6 8.6 25.3 65.0 

Table 4 

Mean data of treatments and picking 
(1961—64) 

Date, 
i p e r i o d 

Mean seeding da t e 21. 1. 

Period of emergence, days 7 

Plant raising, weeks 8 

Mean date of planting out 27. I I I . 

container and nutr ient block-plant raising 3. V. 

Mean date of f i rs t control 10. V. 
picking, days earliness of container and nutrient block plant 

raising 7 

Last picking container and nutr ient block plant raising 16. V. 

control* 22. V. 

Picking period, days container and nutr ient block plant raising 13 

control 12 

Period of t ube r devel- [ container and nutr ient block plant raising 37 

opment, days [ control 44 

* Control = broadcast 
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Table 5 
Major characteristic data on plants raised in containers, nutrient blocks and otherwise, 

directly before planting out, in the mean of the years 1961— 64 

Stem Leaf 

Treatments 

length/ 
from 
soil 

surface 

S tem 
thick-
ness 
m m 

length/ 
leaf 

stalk 
+ leaf 

Tuber 
dia-

meter 
m m 

Foliage 
leaf 

n u m b e r 
un i t s 

Description 
of the plant 

to tuber 
m m 

blade 
cm 

Foliage 
leaf 

n u m b e r 
un i t s 

1. Nutr ient block 5 3.0 19 8 5 Beautiful da rk grass green; wi th 
sound and vigorous foliage leaves 
and roots 

2. Sod block 5 3.0 20 8 5 Beautiful da rk grass green; wi th 
sound and vigorous foliage 
leaves and well-developed roo ts 

3. Clay pot 7 3.0 19 8 5 Beautiful da rk grass green; wi th 
sound and vigorous foliage 
leaves and well-developed roo ts 

4. Paper pot 5 3.0 20 8 5 Beautiful da rk grass green; w i t h 
developed foliage leaves 

5. Corrugated iron 9 2.6 19 7 5 Beautiful da rk grass green; wi th 
developed foliage leaves 

6. Pressed ear th ball 9 2.6 19 6 5 Beautiful light grass green; sound 
foliage leaves and roots 

7. Seeded at 5.5 X 5.5 cm 8 2.5 19 6 5 Beautiful, s turdy, light green; 
sound foliage leaves and root 
system 

8. Seeded at 4 x 4 cm 10 2.5 18 6 4 - 5 Light green, with beautiful de-
veloped foliage leaves and roo t 
system 

9. Control 6 g broadcast 15 2.2 17 4 4—5 Light green, wi th beautiful sound 9. Control 6 g broadcast 
foliage leaves and root sys tem, 
somewhat lanky stem 

Table 6 
Indices of earliness and profitability in the various plant raising experiments, 

in the mean of the years 1961—64 

System of p lant 
raising 

( treatment) 

3 f i rs t pickings as related to all 
pickings in i ron treatment 

As related to 
t he C. of the 
3 f i r s t pickings 

units/cad. ! un i t s 
É % F t /cad. h. F t % 

u n i t % ! Ft % 
increase increase 

Total picking 

un i t s /cad . Ft/cad. F t % 
hold hold ! increase 

1. Nutrient block 

2. Sod block 

3. Clay pot 

4. Paper pot 

5. Corrugated iron 

6. Pressed earth ball 

7. Seededat 5 . 5 x 5.5 cm 

8. Seeded at 4 x 4 cm 

9. Control 6 g broadcast 

S 5 % 

53.812 

53.665 

49.781 

42.874 

61.7 

64.2 

61.3 

51.7 

44.170 53.9 

32.657 41.3 

33.667 43.1 

31.940 40.6 

17.121 

804 
21.9 

72.875 

73.978 

69.330 

56.612 

56.595 

35.281 

37.975 

35.409 

16.512 

1.377 

69.2 

72.3 

70.7 

61.7 

62.7 

48.9 

53.2 

50.1 

30.0 

214.3 

213.4 

190.8 

150.4 

158.0 

90.7 

96.6 

86.5 

341.3 

348.0 

319.9 

242.9 

242.7 

113.7 

120.0 

114.4 

87.188 

83.591 

81.146 

82.872 

82.009 

79.131 

78.123 

78.700 

78.124 

653 

105.236 

102.369 

98.057 

91.755 

90.233 

72.102 

71.363 

70.712 

55.060 

1.706 

91.1 

85.9 

78.1 

66.6 

63.9 

30.9 

29.6 

28.4 
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Table 7 

Percentual qualitative distribution of tuber yields at the various plant raising methods 

Mean of the years 1961—64 
Method 

of p lan t ra is ing 
( t r e a t m e n t ) 

P l a n t e d ou t 
u n i t s / c a d . h. 

( 1 0 0 % ) good b u r s t e d run to 
seed 

s t r e t c h e d 
degene-

r a t e 

defi-
ciency 

T o t a l 
u n s u i t a b l e 

Nutr ien t block 92.080 94.7 1.6 3.1 0.6 5.3 

Sod block 92.080 90.9 4.8 3.2 0.3 0.8 9.1 

Clay pot 92.080 88.4 4.3 6.2 0.5 0.6 11.6 

Paper pot 92.080 89.9 3.3 5.5 0.5 0.8 10.1 

Corrugated iron 92.080 89.1 3.9 6.1 0.6 0.3 10.9 

Pressed earth ball 92.080 86.1 2.4 9.4 1.5 0.6 13.9 
Seeded at 5 . 5 x 5 . 5 cm 92.080 84.9 3.3 9.7 2.0 0.1 15.1 

Seeded at 4 x 4 cm 92.080 85.5 4.4 7.3 2.3 0.5 14.5 

Control 6 g broadcast 92.080 84.9 6.4 4.2 3.6 4.9 15.1 

Conclusions 

In H u n g a r y 65.7 per cen t of early kohl rab i product ion a n d 86.6 per cent 
of expor ts are supplied by t h e vegetable growing region of Szentes. 

The growing of early koh l r ab i at some places is still conduc ted accord-
ing to t rad i t iona l methods . V i t h the aim of e lucidat ing this p rob lem an experi-
m e n t was set u p in the cent re of the Region a t Szentes t o f i n d out t h e bes t 
cu l tu ra l pract ices for the g rowing of early kohl rab i . — I n th i s exper imenta l 
series during t h e years 1961—64 several con ta iner , n u t r i e n t block and some 
t rad i t iona l p l a n t raising m e t h o d s were inc luded in which t h e value of t h e 
proceedings was es t imated accord ing to earl iness, qua l i ty a n d prof i t ab i l i ty . 

From t h e d a t a of the exper imen t it has appeared t h a t with n u t r i e n t 
b lock and con ta ine r p lant ra i s ing 7 days earl ier picking can be achieved . 
T h e nut r ient b lock method , t h o u g h augmen t ing bu t s l ight ly the n u m b e r of 
t u b e r s to he m a r k e t e d , has subs tan t i a l ly increased the income by assur ing 
a great a m o u n t of early t u b e r s of good qua l i t y . 

R E F E R E N C E S 

BECKER-DILLINGEN, J . (1929): H a n d b u c h des gesammten Gemüsebaus. Pa rey . Berlin. 
CHASE, J . L. H.—POUNCY, A. J . (1955): Soil Block Gardening. Faber F a b e r . London. 
EDELSTEIN, V. I . (1951): Korai zöldségfélék szabadföldi termesztése. (Outdoor growing of 

early vegetable varieties) B u d a p e s t Mg. Dok. Közp. Ford. (2189). 39. 
EITELGÖRGE, A. (1959): Zur Frage der Plas t fol ieanwendung im Feldgemüsebau. Dtsch. Gar-

tenb., 6, 322—325. 
Филатов, H. A. (1952): Опыт выращивания рассады в торфо-перегнойных горшочках. 

Передовой опыт. Изд-во Моск. Раб. Москва. 

Ас tu Agr. Hung. Tomus XIV. 19 65 



2 4 4 P. S7.ALVA 

Филатов, H. A. (1953): Массовый опыт выращивания и посадки рассады в торфо-пере-
гнойных горшочках. Достижения науки и передового опыта. ВСХ., 10, 90—98. 

FRIEDRICH, G.—KEINER, W. (1953): Der Einf luss verschiedener T o p f a r t e n und Anzuchtver-
fahren . Dtsch. Gär tner -Pos t , 15, 3. 

GOETSCH, W. (1955): Bessere Frühgemüseversorgung durch Kohl jungpf lanzenüberwin te rung . 
Dtsch. Gär tner-Post , 7, 4. 

HAHN, P . (1953): Der Einfluss der Standweite auf Marktreife u n d Qual i tä t des E r t r a g e s bei 
F rühkohl rab i . Dtsch. Landwir t sch . , 4, 141 —144. 

KOVÁCS, К . (1963): Tőzeges t á p k o c k á k gyár tása és felhasználása. (Manufac tur ing and use of 
peat nu t r i en t blocks) Mezőgazdasági Kiadó , Budapest . 

LAUENSTEIN, Л. — MARX, M. (1952): Das Erd topfve r fah ren , die wir tschaf t l ichs te Methode zur 
Anzucht von Jungpf lanzen . Deutscher Bauern.verlag. Berl in . 

LAUENSTEIN, A. (1958): Einige Grundlagen f ü r die Mechanisierung der Jungpf lanzenanzucht 
im Frühgemüsebau . Vor t räge der wissenschaftl ichen J a h r e s t a g u n g 1957. des Ins t i tu t s 
für Landtechnik Po t sdam—Born im. 

PHILIPP, F . (1963): Die Aufse tzmethode nach Dr. Philipp. Rhein. Mschr. Obetb., 51, 178 
180. 

REINHOLD, J . — KRÜGER, K. — et . al. (1956): Die Kohlpf lanzenanzucht für den f rühes ten 
Fre i l andanbau . Dtsch. Gär tner -Pos t , 8, 3—4. 

SKAPSKI, H . (1959): Reagowanie ki lku odmian ka la repy na rózna t empera tu re w okrasie pro-
dukcj i rozsady. Biuletyn Warzywniczy, 4, 197—204. 

SOMOS, A.—TARJÁNYI, F. (1960): Palántaneveléshez használt présel t földkockák és gyepkoc-
kák összehasonlító v izsgála ta . (Comparat ive examinat ion of pressed soil and sod blocks 
used for p lan t raising.) A Kertészet i és Szőlészeti Főiskola Évkönyve , 24, 3—20. 

SZALVA, P . (1955 — 56): Derekegyházi tápkockás kísérletek. (Nu t r i en t block exper iments at 
Derekegyháza.) Manuscr ip t . 

SZALVA, P . (1960): Korai káposztafé lék termesztése a Szentesi T á j b a n . (Growing of ear ly cab-
bage variet ies in the Szentes Region.) Ker tésze t és Szőlészet, 9, 26—27, 9, 9—10. 

SZALVA, P . (1961): Korai káposztafé lék termesztése különös f igye lemmel az ú j a b b módsze-
rekre (Product ion of ear ly cabbage varieties with special r ega rd to new methods . ) Ter 
melőszövetkezeti továbbképző , II . fiizet. Tud . Ism. Társ , K e r t . Münk, köz., Csongr 
megyei Tanács , Hódmezővásárhely . 

SZALVA, P . (1963): A tápkockás palántanevelés . (P lan t raising with nu t r i en t blocks.) T u d . Ism. 
Társ . Szeged. 

SZALVA, P . (1963): A korai ka la rábé szabadföldi termesztése kapá lás nélkül. (Outdoor growing 
of early kohlrabi w i thou t hoeing.) Búvár 8, 73—78. 

VOGEL, G. (1958): Ergebnisse der Bodenheizung durch Dampf im Fre i l and hinsichtlich Er t rags-
höhe und Er t ragsf rühzei t igkei t im Gemüsebau. Dtsch. G a r t e n b . , 5, 34—35. 

ZATYKÓ, F . (1957): Mit v á r h a t u n k a tápkockás palántanevelés től? ( W h a t can be expected 
f rom nut r ien t block plant raising?) Ker tésze t és Szőlészet 6, 13. 

tela Agr. Hung. Тот,и XIV. 1965 



IRRADIATION OF MEDICINAL NIGHTSHADE 

By 

P . T é t é n y i 

RESEARCH INSTITUTE, OF MEDICINAL PLANT BUDAPEST 

In the year 1960 the seeds of medicinal n ightshade (Solanum laciniatum AIT) 
were t reated wi th Co00 isotope, 26, 34, 44, 58, 72 K R ray doses. In the treated genera-
tion LD J 0 is between 44 and 58 K R ; the occurr ing morphologic divergences are non-
hereditary modif icat ions; the " shedd ing" of the crops is increased and can be discovered 
in later generat ions, too. Five year-examinat ions of the self-fertilized lines have proved 
the significant increase in the scat ter ing of act ive const i tuents , the appearance of 28 — 
31°/00 maxima, the inheritance of a specific glycoalkaloid level. The chemical divergency 
brought about within the species through positive selection following irradiation, is of 
such a degree due to which the improved s t ra in-mixture shows a glycoalkaloid con ten t 
hy 43% and 2 6 % significantly more than the control . 

Introduction 

The accl imat iz ing of the species Solanum laciniatum A I T was s t a r t e d , 
upon the in i t ia t ive of T u z s o n , in t h e year 1952 a n d has been successfully car r ied 
ou t in these ten yea r s ( F ö l d e s i 1965, a). This rendered possible the domes t i c 
manufac tu r ing of s teroid ho rmone , and t h e product ion of solasodine was 
s t a r t ed in the Alkaloida Chemical Fac to ry in Tiszavasvár i ( A n o n y m u s , 1962). 

To ensure economical p roduc t ion is p a r t l y the task of technology; i t 
pa r t ly depends on t h e glycoalkaloid conten t of t h e basic mater ia l . T h o u g h 
the age-group and t h e applied agro technique b e a r influence on i t , the reac t ion 
la t i tude is de te rmined by the inher i ted proper t i es of the p l a n t . However, t h e 
her i tab i l i ty of a lkaloid conten t in the medicinal n ightshade a n d the prospects 
of breeding have no t been k n o w n by us. 

The breeding of the p l an t had been encumbered h y a methodological 
obstacle : t he appl ied chemical m e t h o d was a wearisome, p repa ra t i ve process 
( T u z s o n —Kiss , 1954) with t h e aid of which only the ana lys i s of s amples 
t a k e n f rom larger quant i t i es , i.e. f rom several individuals , was possible. 

Hungar i an cu l t iva t ion has s t a r t ed f rom a single ber ry , a n d this fact h a s 
caused a second obstacle . Since t h e species is a u t o g a m i c and e v e n in its c o u n t r y 
of origin the f acu l t a t i ve ex t r aneous poll inat ion ensues m a x i m u m for 8 — 1 0 % 
( B a y l i s , 1 9 6 3 ) , consequen t ly t h e progenies m i g h t be considered — a m o n g 
o thers in glykoalkaloid conten t — equi l ib ra ted . 
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In his s u m m a r y F ö l d e s i ( 1 9 6 5 , b ) reports 011 t h e fact t h a t t h e first 
exper iments in the ins t i tu te from 1958 t o 1960 did n o t yield resu l t s pa r t ly 
because of t h e methodological diff icult ies a n d even more because of t h e high-
degree homogene i ty of t h e p lan t ma te r i a l . F ö l d e s i also gives accoun t on the 
f indings t h a t the kolchicin t r e a t m e n t s analogously with the exper iences 
gained by S z t a r i j N o v á c s e k ( 1 9 5 9 ) a n d S t a r y - K y b a l ( 1 9 6 1 ) h a v e not 
brought a b o u t advan t ageous a l tera t ion in glycoalkaloid content . 

There fore , it seemed t o be a more feasible way of i m p r o v e m e n t t o get 
the inheri ted propert ies of t h e plant r e l axed . Distant or some o the r crossing 
methods deemed advan tageous , however , because of the d ivers i ty to be 
expected in hybr id progenies , they would have yielded results some t ime later 
only. T h o u g h we have s t a r t e d on th i s me thod , too ( F ö l d e s i 1965, с), the 
i r radia t ion t r e a t m e n t s which had been applied successful ly to o t h e r drug 
plants t h o u g h with d i f fe ren t direct a ims ( T é t é n y i M o l n á r , 1 9 6 2 )  

seemed to be quicker a n d be t t e r means t o serve the purpose . Our i r rad ia t ion 
exper iments wi th Solanum laciniatum h a v e been s t a r t e d s imul taneous ly , 
however, t h e object ive of i m p r o v e m e n t requ i red a longer process, t h e observa-
t ion of severa l genera t ions; thus a p a r t from t h e par t iculars s u b m i t t e d 
a l r e a d y in t h e P h . D. t h e s i s ( T é t é n y i , 1963) t h e s u m m a r i z a t i o n c o u l d he 
given bu t now. 

Material a n d Methods 

As mater ia l of the exper iments started in 1960, the produced seeds were used. T h e treat-
ment of samples consisting of 50 seeds, was per formed with CoBH isotope.* The applied ray 
doses were: 26, 34, 44, 58, 72 K R . The seeds a n d plants were given the usual agrotechnics 
(in the garden of our Inst i tute in Buda). The t r e a t e d materials were subjected as " p u r e " lines 
in families or iginat ing from self-fertilization, to examinat ion, to comparison (in our p lanta t ion 
Budakalász).** Though self-fertilization could, in general, be assured by isolation, it still occur-
red tha t in w a n t of isolated seed, the seed-progenies of the individual had been ob ta ined from 
unisolated seeds having been mos t probably or iginated from self-fertilization. 

In the chemical analyses f rom the prepara t ive process we f i r s t went over to the amphiin-
dication process of SZÁSZ et al. (1961), and then to the t i tr imetric method of Mrs. VALOVITS 
(1964). Both processes were sui table for the exac t analysis of small quant i ty measured drug. 
Sampling was performed by the cut t ing of 25 cm shoot-tips measured along the ruler . 

In the years 1961 and 1964 we had also t r ied FERENCZY'S (1961) microbiological quick 
method based on zone of inhibi t ion correlated wi th concentration. Due to method-technical 
or perhaps, to biological reasons, being the agreement now fault less in dry drugs the promis-
ing method is still not reliable. 

* We avai l ourselves of the opportuni ty to express our t h a n k s to Gy. Hardy , Director, 
to J . Dobó, Head of Depar tment and I. Somogyi, Research Worker, in the Synthet ic Materials 
Res. Inst. , for carrying out the irradiation t r ea tmen t s . 

** Gra te fu l acknowledgements are due to Mrs. Nyárádi-Szabady J . , Assis tant , for 
her contr ibut ion in the technical performance of the experiments. 
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Results and Discussion 

Physiological and morphological changes 

The emergency of the p lan t s was s imilar ly unequal in all doses. Af t e r 
the deve lopment of t h e cotyledons t h e differences however became immed ia t e -
ly visible. Out of t h e highest dose no t a single p lan t could be raised, t h e y had 

Fig. 1. Leaves of ray-treated plants 

per ished as ear ly as in the e m b r y o s tage. Of t h e 58, 44, 34 K R t r e a t m e n t s , 
viable p lan ts in gradua l ly higher percen tage (44, 54, 76%) could be ob ta ined , 
however , in t h e same rat io as the control , only t h e 26 K R t r e a t m e n t has 
produced p lan t s (82 and 8 4 % respect ively) . Thus , LD5 0 falls be tween the 
doses of 58 a n d 44 K R . 

In the s t r u c t u r e of the p l an t s only in few cases could be de tec ted numer -
ically less or excess branchings . There were also s t u n t e d or long-spun p lan t s 
especially in t r e a t m e n t s with higher dosis. I n t h e m a j o r i t y of p l a n t s t r e a t e d 
wi th 58 K R t h e leaf-blades have shrivelled a lmost to the n e r v a t i o n (see 
Fig . 1). In t h e o ther t r e a t m e n t s only wi th a smaller share of t h e p lan t s 
appeared deformi t ies and inter lacings. The morphologic a l te ra t ions h a d been 
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character is t ica l of t h e t rea ted genera t ions only, in the next genera t ion t h e y 
en t i re ly d i sappeared . 

Under the in f luence of t r e a t m e n t in some indiv idual p lan t — independ-
en t l y of its s t u n t e d or long-spun h a b i t u d e — flowerage occurred one week 
earl ier or three weeks la ter t h a n in t h e control . As general phenomenon could 
he observed the h igh degree of " s h e d d i n g " in seed-set t ing. (Wi th K R 58, e.g. 
3 7 % of the p lan t s did not p roduce f ru i t . ) The cause of this was no t pollen-
s te r i l i ty : according t o our inves t iga t ions t h e pollen was hav ing t u b e even in 
the case of 58 K R t r e a t e d p lan t s — b u t the cause was t h a t t h e t u r n i n g in to 
p r o d u c t i v i t y had been d is turbed . I t is a wel l -known fac t t h a t the p l an t s 
of species are l iable t o display " s h e d d i n g " in t h e absence of no rma l c i rcum-
s tances ; sudden ra infa l l s th row off the ba lance be tween f ru i t f o r m a t i o n and 
g rowth , and the f lower clusters in the f i rs t b r anch ing will p a r t l y or ent i re ly , 
get shedded . W i t h our t rea ted p l a n t s the analogous phenomenon has appea red 
not on ly in the f i r s t h u t also in t h e second and even in the t h i rd embranche -
m e n t . Thus , we were compelled, in several cases, to have the selected p l an t s 
over -wintered; n e x t year , in 1961 we had to t r a n s p l a n t t h e m again in order 
to ob ta in seed. Since we aimed a t p roduc ing isolated seed, it is possible t h a t 
the cause of s ter i l i ty experienced even in t h e second breeding year , was self-
incompa t ib i l i ty occurr ing periodical ly. U n f o r t u n a t e l y , " s h e d d i n g " A v a s not 
conf ined to the t r e a t e d generat ion b u t appeared also wi th the p lan t s of the 
R2 , R 3 generat ions , too , causing somet imes t h e loss of the most va luab le 
individuals . In t h e course of years " s h e d d i n g " has somewhat decreased, and 
f ree pol l inat ion as Avell as cloning offer expedien ts . 

Chemical alterations 

In the R2 s t r a ins t rea ted Avith 26 58 K1Î i r radia t ion , the glycolalkaloid 
c o n t e n t expressed in solasodine, general ly decreased in 1961, however , t he 
sca t t e r ing as c o m p a r e d with the cont ro l increased (Table 1). The mean-va lues 
of t h e t r ea ted s t ra ins being less is not, b u t t h e increase of the mean sca t t e r ing 
at P-0 / leA-el is s igni f icant . I t can also be es tabl ished t h a t with b o t h de te rmina-

д /о ~ 

t ions, levels of t h e same t endency will be ob ta ined . 
Scat ter ing could he observed also in l a te r generat ions , since e.g., in t h e 

nega t ive t rend , w i t h R s 1962 the re was also such a s train ( f rom the 34 K R 
t r e a t m e n t ) t h a t , h a v i n g 8 .99% glycoalkaloid conten t (expressed in sola-
sodine), had con ta ined active cons t i t uen t in a q u a n t i t y corresponding only 
a vi t l i 5 3 % of the cont ro l (16.8%). Though t h e control groAvn in our c o u n t r y 
when being sent b a c k to its original home, p r o v e d (according to expe r imen t s 
carr ied out there) t o be of the bes t act ive cons t i tuen t s con ten t ( B r o o k e r , 
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Table 1 

Data on the agent content of ray-treated Regeneration and of control strains 
(1961) 

Trea ted s t ra ins Control s t ra ins 

Number of strains 14 12 
Limit values (b) 21.6—23.75 mm 22.55—24.1 m m 

(a) 4 . 3 - 6.7%o 5 .95-7 .47%, 

Mean value (b) 22.76 min 23.62 m m 
(a) 5.69%, 6.65%, 

Scattering (b) 0.229 mm 0.136 min 
— difference F- tcs t 2.82 
(value of Table a t P s ° d 

level) 2.76 

b = biological method (FERENCZY, 1961)  
a = amphi indicat ion method (SZÁSZ et al., 1962) 

1962) in our exper iments t h e r e occurred f rom t h e generat ion R2 on, indivi-
dua l s and strains hav ing the h ighes t glycoalkaloid con ten t exper ienced so far . 

Such act ive agents could no t he revealed so far even in berr ies , not to 
s p e a k of shoots. 

L i te ra ture — in connect ion wi th the ray t r e a t m e n t of o ther p lan t species 
— gives account of similar resul ts . S t i i b b e ( 1 9 5 9 ) examined the glycoalkaloid 

.Maximum (glycolalkaloid content expressed in solasodine) 

ind iv idua l va lue s t ra in va lue 

1962 29.1%,* 28.0%,* 

1963 24.9%. 24.8%, 

1964 30.6%,** 26.2%,** 

* Data of the Drug Factory in K ő b á n y a : — for the performing of control analyses we 
express our thanks to Mr. K. SZÁSZ, Head of Depar tment and co-workers. 

** Data of the Alkaloida Chem. Fac tory in Tiszavasvári ; —for carrying ou t the control 
analyses we wish to express our t h a n k s to Mrs. VALOVITS et co-workers. 

c o n t e n t of more t h a n 100 p l an t s a f t e r i r radia t ion. The agent con ten t of some 
of t h e m decreased to 36 — 4 4 % of t h e original level, while o thers well exceeded 
the average. The re existed such p l a n t with which t h e agent con t en t increased 
to 2 8 2 % i.e. a lmos t to th ree- fo ld . S c h r e i b e r et al. ( 1 9 6 1 ) when analysing 
ma te r i a l s add t h a t , u n f o r t u n a t e l y , i t was always the s t u n t e d p lan t s w i t h which 
t h e alkaloid con t en t was higher . 

S t e i n e g g e r ( 1 9 5 8 ) exper ienced considerable sca t t e r ing in the analyses 
of Datura stramonium L. c a r ry ing out i r radia t ion t r e a t m e n t s up to the X , 
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genera t ion . The ac t i ve cons t i tuen t content of some p lan t s could scarcely be 
p r o v e d by paper c h r o m a t o g r a p h y ( 0 . 0 0 — 0 . 0 7 % ) , while t h a t of others con-
s ide rab ly increased ( 0 . 8 6 % ) . S t e i n e g g e r Z b i n d e n ( 1 9 6 1 ) eva lua t ing tin-
r a y t r e a t m e n t of Datura stramonium, proved t h a t only 1 .5% of the p lants 
h a d changed, t h e y chief ly decreased . As against 0 . 3 7 2 — 0 . 4 6 2 % alkaloid con-
t e n t of the control , the re had been plants wi th a m i n i m u m alkaloid content 
of 0 . 0 1 8 0 . 0 3 7 % . Though the alkaloid conten t ( X 2 , X 3 generat ions) of some 
p l a n t s is more t h a n t h a t of the cont ro l , however, in such eases ei ther the plant 

28 -1 

26-

24-

2?-

.8 20-
O4 

с 18-

72-

70-

К(Р)\ KÍF,) 158/59R4 K/Fi \ 50/59 R5 
R2-P3 112/60 R3 112/60 R4 

Fig. 2. The course of selection for agent content in ray- t rea ted strains ( R 3 — R 5 generation 

Key to the signs used: Control 
Ray- t rea ted s t r a in mixture К — — — 
Agent content of selected s t ra ins 58/59, 112/60 
Average and P5°/0-level limit values -f-

is smal l and i ts alkaloid c o n t e n t is therefore l i t t le — or, if i t is of normal 
g r o w t h , it could be established t h a t the chromosome-set was dupl ica ted . 

By separa t ing cont inuous ly individual p l an t s (strains) of Solanum laci-
niatum AIT hav ing high agent c o n t e n t , we could submi t in 3 s t r a in -mix tu res 
s u p e r elite seeds fo r p ropaga t ion in 1965. On t h e hasis of p rogeny tes t , we 
t r a c e d hack the t h r e e s t r a in -mix tu res and t h e s imilar ly ma in ta ined control 
f ami l i e s ; then the glycoalkaloid d a t a , expressed in solasodine, were averaged , 
i .e . , t h e s ignif icancy of d i f ferences for several years as repet i t ions , were 
e x a m i n e d . 

Our da ta are summar ized in Table 2. as it being of in te res t , we have also 
s u b m i t t e d par t i cu la rs . From t h e Tab le it can be seen t h a t t o the advan t age 
o f t h e t rea ted s t r a ins , as c o m p a r e d with the control , s igni f icant , posit ive 
d e v i a t i o n exists. T h e deviat ion f r o m the control wi th the 58/59 s t ra in is prob-
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able for 1 % , while wi th t h e two o the r s t ra ins b r a n c h i n g f rom the s a m e origin, 
this is 5 % . 

T h e da t a prove , in three yea r s ' average, the eff ic iency of t h e t r ea tmen t 
and of t h e subsequent selection — th i s is being s h o w n in Fig. 2 . — as well 

Table 2 

The formation of glycoalkaloid content, expressed in solasodine, 
of the strain mixtures and of the control 

Symbol of the strain mixture 58/59 112/60 Control 

1962 
a. 
b. 

1 
2 . 0 9 

1 
1 . 9 4 

3 
1 . 6 8 

1963 
a. 
b. 

3 
2 . 0 5 

5 
1 . 7 6 

2 
1 . 3 9 

1964 
a. 
b. 

6 
2 . 3 4 

9 
1 . 9 6 

4 
1 . 4 4 

average glycolalkaloid 
content in 3 years (%) 

in the % of the control 
P 6 % 

1 % 

2 . 1 6 
1 4 3 

0 . 2 8 8 
0 . 4 7 8 

1 . 8 8 7 
1 2 6 

1 . 5 0 3 
1 0 0 

a. = the number of strains in the strain-mixture, 
b . = average glycoalkaloid content in the strains (expressed in solasodine) in the % 

of dry mater ial 

as t h e product ion of s t r a in -mix tu res wi th act ive cons t i tuen t exceeding the 
con t ro l b y 2 6 % and 4 3 % , respect ive ly . The p roduced strains a re heal thy , 
of good growth, and it can be hoped t h a t in herb-yie ld , too, t h e y will not lag 
beh ind t h e control . To prove th is , exper iments will be carried o u t in 1965. 

F r o m the expe r imen t s follows also t ha t agen t - con ten t is a heredi ta ry 
pecu l ia r i ty and the genet ic f ixedness of quan t i t a t i ve deviat ion — t h e exist-
ence of chemocultivar level t axons has been p r o v e d b y our exper iments . 

Conclusions 

I n 1960, in a f ive-year inves t iga t ion of t r e a t e d generat ion and self-
fer t i l ized progenies of Solanum laciniatum seeds i r r ad i a t ed wi th Co60, the 
fol lowing could he es tabl i shed: 

LD 5 0 of the r a y - t r e a t e d seeds is between the doses 44 and 58 K R . 72 K R 
is l e tha l to 100%. In the R t p l an t s the re could be establ ished б о т е slight 
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d i v e r g e n c i e s i n h a b i t u d e a n d l e a f - b l a d e , h o w e v e r , i n t h e s u b s e q u e n t s e e d 
p r o g e n i e s t h e s e c o u l d n o t b e e v i n c e d a n y m o r e . W i t h R j p l a n t s " s h e d d i n g " 
o f t h e f r u i t a p p e a r s i n t h e 2 n d a n d 3 r d b r a n c h i n g s a s wel l . T h e c a u s e of i t i s 
n o t p o l l e n s t e r i l i t y , a n d — t h o u g h i n less d e g r e e — i t c a n b e o b s e r v e d a l s o 
i n l a t e r g e n e r a t i o n s . 

T h e s c a t t e r i n g o f a c t i v e c o n s t i t u e n t i n R 2 g e n e r a t i o n s i s s i g n i f i c a n t l y 
g r e a t e r t h a n t h e c o n t r o l . T h e m a x i m u m of g l y c o a l k a l o i d c o n t e n t e x p r e s s e d 
i n s o l a s o d i n e , w i t h i n d i v i d u a l s ( 2 9 — 3 1 % a n d w i t h s t r a i n s [ 2 5 — 2 8 ° / 0 0 ] g r e a t l y 
e x c e e d s t h e v a l u e s e s t a b l i s h e d a n y w h e r e s o f a r [20° / o ü m a x . ] ) . T h e c h e m i c a l 
q u a n t i t a t i v e d e v i a t i o n b r o u g h t a b o u t b y s e l e c t i o n f o l l o w i n g t h e r a y - t r e a t m e n t , 
a n d t h e s p e c i f i c g l y c o a l k a l o i d l e v e l a r e h e r e d i t a r y . T h e g l y c o a l k a l o i d c o n t e n t 
o f t h e p r o d u c e d i m p r o v e d s t r a i n m i x t u r e s is s i g n i f i c a n t l y h i g h e r , b y 4 3 % a n d 
2 6 % , r e s p e c t i v e l y , t h a n t h a t o f t h e c o n t r o l m a t e r i a l . 
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CONDITIONS OF FERTILIZATION 
IN BERRY-PRODUCING VARIETIES 

I. G E N E R A L P A R T 

By 

A . S e l j a h u d i n , S . B r ó z i k 

R E S E A R C H I N S T I T U T E OF H O R T I C U L T U R E , B U D A P E S T 

Berry- f ru i t s (s t rawberry , raspberry, gooseberry, black and red currant) ob t a in 
an ever increasing impor tance in our days. 

The fertil ization condit ions of the cu l t iva ted varieties are generally not c lar i f ied; 
research work is related to certain varieties or species. Wi th in the species the re are 
many self-fertilizing varieties, b u t also pa r t ly or totally self sterile varieties are f o u n d 
and in some cases inter incompatibi l i ty occurs. 

Cross fertilization, in all cases, results in more impor tant f r u i t setting. Therefore , 
even in self-fertilizing variet ies yield increasing effects can be demonstra ted with polli-
nat ing variet ies. 

To p lan t varieties readi ly fertilizing each other is a paying proposition and suit-
able for the purpose in view. 

The par thenocarpic inclination of the single varieties m a y result even w i t h o u t 
fertil ization in a high safety of yield. 

I t was a t tempted to clar ify the above-mentioned issues in a 6 year invest igat ion 
separately for 24 s t rawberry, 14 raspberry, 10 gooseberry, 14 red currant and 21 b lack 
currant variet ies. 

Introduction 

The p l a n t i n g of berries is carried ou t in Hunga ry a t an ever inc reas ing 
r a t e and will reach 15,000 cad . hold* by 1965. Product ion has been re s t r i c t ed 
u p to now to house gardens a n d small f a r m s , while in our d a y s more and m o r e 
large-scale p l an t ings are developed, even on t h e world-wide scale. S imu l t an e -
ously wi th t h e p lan t ing of ex t ended sur faces new problems arise: such as , 
among others , t h e problem of fer t i l izat ion. 

This l a t t e r is fully jus t i f i ed to be e x a m i n e d for severa l reasons. 
— In t h e old small f a r m s and house gardens m a n y variet ies h a d b e e n 

involved and t h e knowledge of fer t i l izat ion condit ions cons t i t u t ed no p r o b l e m . 
— m a n y new variet ies are produced now the p roper t i e s of which are 

n o t ye t su f f i c ien t ly known 
— in order to assure ren tab i l i ty of product ion all propert ies of t h e 

variet ies m u s t be inves t iga ted . 
On t h e s t r eng th of such pract ical considerat ions we conduc ted e v a l u a t i o n 

of the var ie ta l collections f r o m 1958 in t w o series, while having e luc ida ted 
t h e fer t i l izat ion condit ions of t h e berries. 

* 1 cad. hold = cadastral hold = 0.57 ha 
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From 1958 to 1962 t h e varieties of present p roduc t i on were dea l t with 
whereas f r o m 1963 the newer varieties wh ich had excelled in the eva lua t ion 
of variet ies a n d seemed m o s t valuable. 

Our ob jec t ive has b e e n to clarify f r ee and self fer t i l izat ion condi t ions 
of the var ie t ies and to f i nd t h e best po l l ina t ing varieties and varietal combina -
tions. 

In t h i s work we considered the r e su l t s obta ined in this field b o t h in 
Hunga ry a n d abroad which have led to t h e following conclusions. 

T h o r o u g h research concerning ber r ies had general ly begun only in the 
18 —19th cen tu r ies and b e c a m e more in t ens ive in the 2 0 t h . These f ru i t species 
were inc luded in mass p roduc t ion on a c c o u n t of the i r h igh biological va lue . 

Their cu l t iva t ion is be ing conducted in compara t ive ly intensive cu l tu res 
requiring m u c h manual w o r k ; this is w h y t h e increase of their p r o d u c t i v i t y 
is a p r e d o m i n a t i n g ques t ion . 

Deeper research work h a d been in i t i a l ly and f i r s t of all concerned wi th 
breeding w h i c h led, as soon as in the 1 9 t h century, t o significant resu l t s 
in France, E n g l a n d , Hol land and the USA; in our present collections t h e r e are 
still certain var ie t ies bred a t t h a t t ime. 

On dea l ing with the var ie t ies in d e t a i l the a t t e n t i o n of breeders and 
also of growers has been a t t r a c t e d tha t t h e r e are i m p o r t a n t differences a m o n g 
varieties as t o fertil izing ab i l i ty . This has p r o m p t e d research workers t o s t udy 
more in tens ive ly f lowering biology, genc t ics , fer t i l izat ion conditions of ber-
ries and t h e soil, water and ecological e f f ec t s by which these are i n f luenced . 
Today a series of l i terary publ ica t ions a re a l ready avai lab le f rom which the 
results of ex tens ive research work c o n d u c t e d in our c e n t u r y in G e r m a n y , 
England, t h e Soviet Union and USA a re par t icu lar ly i m p o r t a n t . 

L i t e r a t u r e on this wide and compl ica ted problem can be discussed 
in par t I a n d I I — only in connection w i t h our inves t iga t ions and accord ing 
t o fruits , s ince 5 berry f ru i t s are involved a n d the da ta are o f ten con t r ad i c to ry . 

Conditions, Material a n d Methods 

Examinat ions were conducted in the Research Institute of Horticulture from 1958 to 
1964. 

The soil of the trial grounds can be characterized according to TERTS (1957) as follows. 
The soil is of grassland origin, moderately alkaline (pH 7.5 — 8.5) at places neut ra l (pH 

6.5 — 7.5) the CaCO, changes f rom weak to strong (5 — 25% or even more). Humus condition is 
favourable, generally 3 — 8% in the upper horizon or even more in some places. Its heaviness 
varies between light and medium heavy loam, i ts structure is fr iable. 

The climatic and precipitation conditions have evolved as follows. 
The temperature on the average of many years is 11.6%, somewhat higher t h a n the 

f i f ty year mean of Budapest. Although the annual mean precipitation is about 600 m m , its 
distribution is very uneven. The area is exposed to the influence of s trong north-western winds 
and therefore soil moisture is not lasting. 

Varieties chosen for s tudy of fertilization showed the following distribution: 
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Species 1958 1959 1960 , 1961 1963 1964 

Strawberry 

Raspberry-

Gooseberry 

16 20 21 11 18 20 
12 13 12 12 11 8 

9 12 11 10 

8 8 8 9 

9 7 11 10 

5 

16 

7 

Black currant 

Red currant . 

Total 54 60 63 52 29 56 

The selection was conducted according to such viewpoints t ha t varieties generally 
widespread in Hungary (in f a r m s and house g a r d e n s ) and, fur ther , variet ies valuable f r o m other 
viewpoints of growing (early-late flowering, r ipen ing , etc.) even chosen for detailed evaluat ion 
should be involved. 

The names of the variet ies selected are recorded in the Tables showing the resul ts of 
fertilization in detail. 

When star t ing the s tudies of ferti l ization, a t t en t ion was paid to the many k inds of meth-
ods discussed in l i terature in connection w i t h similar examinat ions of berries. F r o m these 
only such methods were applied tha t , in our opin ion , are simple, reliable and promis ing best 
results. 

In the different phases of fertilization s tud ies we have been working according to the 
following methods : 

According to data f o u n d in literature, in berries several k inds of isolation m e t h o d s are 
employed: KLÄMBT (1958) employed p a r c h m e n t and linen (molino) bags, MALIGA (1949)  
parchment , MOHÁCSY—PORPÁCZY (1957) ce l lophane, cotton wool, TÓTH (1959) vaseline, 
parchment and tulle bags, etc. 

Isola tors were placed on par ts of the s h r u b s facing various poin ts of the compass . Each 
combination was placed as f a r as possible on t h e same shrub so t h a t the number of flowers 
determined for each combinat ion should be in several hags. Hereby we also wanted to satisfy 
the requ i rement tha t the combinat ions placed in several bags should , as replications, render 
the results more exact. Thus f r o m strawberry 5 —10, f rom raspber ry 15 — 20, f r o m gooseberry 
20 — 30, f r o m black currant 20 — 30 and f r o m r ed currant 20 — 30 flowers were i so la ted in a 
bag. 

We consider isolation with parchment b a g s as most suitable because the i so la tor thus 
safely closes the st igmata f r o m the tiny insects as well as f rom the wind and other possibilities 
of poll ination. This is suppor ted also by the invest igat ions of MALIGA (1949) and TÓTH (1959)  
while as a cont ras t KLÄMBT (1958) found the t i ssue (molino) bags somewhat be t t e r . 

The use of cellophane and tulle i so la tors o f ten employed b y some breeders bo th in 
H u n g a r y a n d a b r o a d (MOHÁCSY — PORPÁCZY 1 9 5 7 , TÓTH 1959, RUDLOFF—SCHANDERL 1950)  
was not f o u n d sat isfactory since according to o u r experience the cellophane under t h e influence 
of the sun behaves as a glass surface and m a y cause scorching while the tulle m a y make it 
possible for small insects to penet ra te and poss ib ly wind pollination to take place. 

The disadvantage of parchment paper is i ts stiffness which, in windy w e a t h e r , may 
cause in jur ies to the s t igma ta . 

I n general it should be noted tha t we f o u n d the universally employed m e t h o d of re-
search workers engaged in similar studies or in breeding as sui table who, to assure the un-
changed microclimate of t he flower only r e m o v e the stamina f r o m the flowers as d o n e e. g. by 

Methods 

Isolation 

Castration 
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CSEKNENKO (1957) w h o considers ib is me thod lor the bes t . W e must, however , on the s t r e n g t h 
of experience ga ined in the practice, draw the a t ten t ion to the difficulties which, with berr ies , 
do not always m a k e possible to use t h i s method and somet imes may inf luence the results. 

When e m p l o y i n g this method we found out t h a t with s t rawberry and raspberry a t 
the i r castration in t h e bud phase t he s tamina were still ve ry undeveloped and their r e m o v a l 
was rather diff icul t owing to the s t rong ly bowering sepa l s ; thus the sa fe ty of the work m a y 
suf fer or the haza rd of the injury of t he st igmata arise. W i t h gooseberry, b lack and red c u r r a n t s 
the employment of t h e method had also caused dif f icul t ies . The small size and the closed con-
d i t ion of the hud a n d the anthers h inde red the rapid pe r fo rmance of the work . At some c u r r a n t 
variet ies, as Heros, t h e hud easily ge t s to rn off while b e i n g castrated. A similar difficulty w a s 
encountered w i t h t h e variety Heros by KI.ÄMBT (1958). 

For these r e a s o n s we employed in the succeeding years the me thod of radical cas t ra -
t ion and thus the rel iabi l i ty of t he work was greatly increased. 

Within the single berry f r u i t species we have generally chosen the most developed 
b u d s for castration t h u s in s t rawberry t he buds of f irst a n d second order, in exceptional cases 
( f ros t or other d a m a g e s ) those of the th i rd order. The o t h e r buds have been removed f rom t h e 
inflorescence. HARROW (1927) similarly established t h a t the first f lowers were, the most de-
veloped ones hu t in con t ras t to our opin ion he found t h a t the stamina of t he first flowers of 
t h e strawberry were n o t regular since t h e y attained t h e pollen molhercell condition as soon 
as in autumn and were often damaged b y the weather e. g. by frost. This was observed also 
l .v REUF-RICHEY (1926) as r epor ted b y BAUER (1960- 1961). 

With r a s p b e r r y the uppermost b u d s of the inf lorescence were best sui ted for cas t ra t ion 
while the lower a n d side buds were equally removed. 

As to gooseberry the well visible buds emerged f r o m the flower buds are best suited 1'or 
cas t ra t ion while w i t h black and red c u r r a n t the basal f lower buds are the mos t developed a n d 
b e s t suited for c a s t r a t i o n . We have general ly castrated these buds hu t in exceptional cases a t 
r a p i d flowering t h a t accelerates ca s t r a t i on we have used also the buds s i tua ted in the middle 
of the inflorescence. These latter m u s t no t however he over- or underdeveloped. According 
to our experience t h e s t igmata of the undeveloped buds owing to lesions du r ing castration a n d 
lack of the necessary humidi ty canno t fu r the r develop h u t dry out. In the case of overdevel-
oped buds on the o t h e r hand the a n t h e r s may open a n d spread the pollen so tha t fert i l ization 
ensues . This can — of course d i s tu rb the evaluation a n d lead to false consequences. 

Pollination 

The buds m a r k e d out for the collection of pollen were in each case isolated to exclude 
mix ing with foreign pollen. The f lowers opened in the h a g were continuously picked, the an -
t h e r s pinched off , r u b b e d to powder a n d dried in a shaded and well a ired place. BULLMANN 
(1961) with reference to Dutch l i t e ra tu re states on the conservation of the pollen of berr ies 
t h a t a t air t e m p e r a t u r e in a dark room the pollen can he k e p t viable for 24 48 hours. In a sealed 
bo t t l e , mixed wi th tha lmuc , at 10% relative h u m i d i t y , on —1 — 6°C t h e s t rawberry pollen 
is viable for 9 — 10 m o n t h s . He also s t a t e s that the m i x e d pollen has a good effect. 

We placed t h e dr ied pollen in phials , in an exs iccator f rom which i t has been employed 
in due time. In cases when as a consequence of rapid f lower ing there was no possibility of col-
lec t ing pollen, to s impl i fy the work we pinched off f r o m the isolator t he flowers with open 
a n t h e r s and pol l ina ted directly. This me thod proved to he successful also f rom the point of 
v iew of the organiza t ion of work. The t ransfer of pollen — except for t he immedia te t r ans fe r 
w i t h the flower — w as carried out w i t h toothpick-sticks s ta ined with black Indian ink which 
could be readily t u r n e d round in the phials . This work could not be carried out with a b r u s h 
because the small a m o u n t of pollen f o u n d in the berries h a d to he employed with the u t m o s t 
economy. On the o t h e r hand we did n o t succeed in p roduc ing the stigma surface lesions w i t h 
b r u s h bristles which a re considered be ing of good effect b y CHALIFMANN (1952) and STEPHEZ 
(1958) according to BULLMANN (1961). Judging from t h e results, the m e t h o d employed did 
n o t cause any d i s a d v a n t a g e . Pol l inat ions were carried o u t , in dependence ou the weather, in 
3 — 5 days from the castra t ion. SZILÁGYI (1960) observed differences in the fertilization per 
c e n t according to t h e various periods of the day and to f lowers of different degree of develop-
m e n t . The highest percentage of f ru i t set t ing was f o u n d in flowers pol l inated on the second 
a n d third day a f te r cas t ra t ion . Wi th s t rawber ry and r a s p b e r r y we have also found tha t addi -
t iona l pollination is necessary within 2—4 days from the f i r s t pollination because the f lowers 
a r e of different g r a d e s of ripeness. NEUMANN (1955) also considers addi t iona l pollination as 
necessary and accord ing to him the f lowers should even he daily pollinated w i t h a brush in te r -
m i n a l order f rom t h e beginning of f lowering. 
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According to our experience the most su i tab le time of pol l ina t ion of raspberry and straw-
berry is when a glittering secret ion (nectar) collects at the basis of the styles and t hey rigidly 
separate and thicken while in the flowers w i t h one stigma the h e a d of the la t ter swells and 
its surface becomes st icky. 

Count 

The results of pol l inat ions were measured during the per iod of the growth of the fruit 
according to the following: 

1. evaluat ion of f r u i t set t ing 
2. counting of green f r u i t 
3. recording of the m a t u r e d f ru i t s . 

Ou t of the three c o u n t s there is a s u b s t a n t i a l difference be tween the n u m b e r of polli-
nated f lowers and frui ts set . Fur ther on, no essential difference occurs with s t r a w b e r r y and 
raspberry while with gooseberry, black a n d r ed currant there m a y arise a fall of f r u i t s to a 
higher percentage even be tween two counts . 

After fertilization, s imultaneously w i t h the first count , t h e isolating p a r c h m e n t bags 
were exchanged with tulle bags. 

Af ter having reviewed the methodic« of fertilization s tud ies let us come to t h e subject 
of examinat ions . 

Open pollination  A 

Selfing  В 

Selfing  в , 
Selfing  С 

Crossing between t h e varieties . . . D 

Partl ienocarpic examinat ions . . . . P K 

Examination "A" 

For open fertilization according to v a r i e t y and frui t species the following number of 
flowers were marked : 

S t rawberry 
Raspberry 
Gooseberry 
Black currant 
Red currant 

50 flowers each 
50 — 100 f lowers each 
50 — 100 f lowers each 

100 flowers each 
100 flowers each 

Examination "B" 

For self fertilization the above n u m b e r of flowers were isola ted in pa rchmen t bags and 
left alone without any in ter ference . According to NEUMANN (1955) and LOGINYCHEVA (1958)  
be t te r resul ts were ob ta ined when the f lowers opened after i so la t ion were pol l inated also arti-
ficially wi th their proper pollen. NEUMANN (1955) adds t h a t t h e flowers of b lack currant do 
not get fertilized wi thout interference. Our own examinat ions have however disproved the 
s t a t e m e n t of NEUMANN a n d in some var ie t ies we even obta ined out-standing resu l t s . 

Examination "B," 

A s tudy set up f r o m 1963 for self-fert i l ization — a m e t h o d assuring good resu l t s accord-
ing to l i te ra ture in which after isolation the opened flowers were pollinated also wi th their 
own pollen. 
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Examination "С" 

As a control of the examinat ions " B " 25 flowers for each variety in s t rawberry and 50 
e a c h in other species were castrated fo r selfing, isolated and pollinated w i t h their own pollen. 

Examination "D" 

For crossing among varieties we used the same n u m b e r of flowers as in t h e examinat ions 
• 'C" . The flowers were castrated, i sola ted and pollinated in the way a l ready described accord-
ing to combinations. 

Examination "Pic'" 

For the pu rpose of par thenocarpic examinat ions generally 25, w i t h black currant 50 
f lowers for each v a r i e t y were cas t ra ted , isolated and l e f t without fer t i l izat ion. 

In this examina t ion it is necessary to point ou t t he fact tha t r espec t ing the var ious 
b e r r y frui ts , d i f ferent communicat ions h a v e been found . T h e data agree in t h a t in gooseberry, 
red and black c u r r a n t inclination for pa r thenocarpy o f t e n occurs. This incl inat ion, however, 
is h ighly varying accord ing to varieties. Beside the par thenocarp ic inclination lately a t tent ion 
has been paid also t o apomictic t rend. W i t h our examina t ions we aimed a t ve r i fy ing such t rend 
in t h e varieties b u t we had to abstain f r o m the use of t he lately int roduced inducing ma t t e r s 
( syn the t i c auxin, gibberellic acid and B e t a indole acetic acid) so tha t our method only ex-
t e n d e d to isolation a n d castration of t h e flowers. 

The examinat ion method was un i fo rmly developed for each fruit species (BROZIK, 1962). 

Resul ts and Discussion 

Factors influencing fertilization 

During fer t i l iza t ion e x p e r i m e n t s in the y e a r s 1958—1959 —1960 1961, 
c e r t a i n f luc tua t ion was found concern ing the resu l t s . Searching fo r the causes 
of t h i s phenomenon we had to es tab l i sh t h a t in t h e various y e a r s and cases 
t h e exper iments were par t ly in f luenced by d is turb ing n a t u r a l and o ther 
f a c t o r s . From these , f i rs t of all, t h e dangerous la te spring f r o s t s and cool, 
r a i n y , windy w e a t h e r must be m e n t i o n e d which o f t e n occur d u r i n g the flower-
ing of the berries. F r o m this p o i n t of view bad wea the r prevai led la te in April 
a n d ear ly in M a y 1958 when s u r f a c e t e m p e r a t u r e decreased t o 1°C, l a te 
in Apri l 1959 w h e n —4°C surface f r o s t , s trong w i n d and cloudy, r a i n y weather 
was observed a n d in the last d a y s of April 1960 when the t e m p e r a t u r e above 
the soil cooled d o w n to zero, w i th a steadily c loudy , rainy w e a t h e r . 

The damage appeared f i r s t of all with s t r a w b e r r y in t h e f reez ing of t h e 
s t i g m a t a and in gooseberry in t h e abscission of t h e little f ru i t s se t . K r o n e n -

b e r g (1959) also s t a t e s tha t s o m e varieties a re highly suscept ib le to night 
f r o s t s , e.g. Mad. Lefebre and M a d . Mouto t , whi le Climax was f o u n d to be less 
suscept ib le . He ag reed with us in f i nd ing cool, r a iny , windy w e a t h e r having 
an un favourab le e f f ec t on fer t i l iza t ion . Owing to t h e rainy and w i n d y weather 
also t h e collection of pollen becomes difficult and t h e s t igmata of t h e cas t ra ted 
f l ower s may be i n j u r e d by the h a g s . 

A fur ther in f luenc ing fac tor is t h e number of t h e skilled w o r k e r s available 
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as related t o t h e work to be performed especial ly in the yea r s of s imul t aneous 
flowering. Th i s par t icu la r ly applies to be r r i es where t h e f lowers are t i n y and 
therefore ca s t r a t i on requi res e x t r a o r d i n a r y a t ten t ion and care, o the rwi se 
the s t i g m a t a migh t he i n j u r e d which, as a h i d d e n fault , m a y of ten s u b s t a n t i a l l y 
influence t h e resul ts . 

The compl ica ted p rob lem of the in f luenc ing f ac to r s is men t ioned b y 
a n u m b e r of au thors . N a g y ( 1 9 6 0 ) s t a t e s t h a t in pea r s the rate of s e l f ing 
of variet ies changes depend ing on the cond i t ion of the t rees , the w e a t h e r and 
the ecological condit ions y e a r by year. N e u m a n n ( 1 9 5 3 , 1 9 5 5 ) es tabl ished t h a t 
pruning decreases the yield while i r r iga t ion and m a n u r i n g did not a f f e c t t h e 
yields. K r o n e n b e r g ( 1 9 5 9 ) s ta tes t ha t va r i e t i e s with dense foliage and fe r t i l i zer 
appl icat ion caus ing s t rong development of leaves as well as superfer t i le soils 
affect t h e percen tage of f r u i t sett ing s ince the flowers canno t get p r o p e r l y 
fertil ized. H e adds t h a t , in conformi ty w i t h t h e s t a t emen t of D a r r o w , soil t y p e s 
m a y s t rong ly influence t h e fert i l i ty of s t rawberr ies . T h u s D a r r o w ( 1 9 2 7 )  

establishes t h a t individuals of Fr . Chiloensis are of ten well bearing in h e a v y 
soils b u t m a y be sterile in loose sandy soils. Nutr ient s u p p l y in spring, on the 
other h a n d , m a y have an i m p o r t a n t role in s a n d y soils a n d t h e a u t u m n w e a t h e r 
great ly c o n t r i b u t e s to s ter i l i ty . B u l l m a n n ( 1 9 6 1 ) p resents t h e data of F e u c h t 

( 1 9 5 9 ) p o i n t i n g to the f a c t t h a t with t r e e s pollination b y wind should n o t be 
overes t ima ted since only 1 — 2 % pollen c a n get even on s t i g m a t a at a d i s t ance 
of 2 0 — 3 0 m . Referr ing t o C h a l i f m a n n ( 1 9 5 2 ) lie considers the i m p o r t a n c e 
of the po l l ina t ion by insec ts t o be a f u r t h e r inf luencing fac tor , since insec ts 
cause b y pol l ina t ing an i n j u r y to the h e a d of the s t igma . The role of bees is 
par t icu lar ly stressed b y B u l l m a n n ( 1 9 6 1 ) who , relying on the data of S k r e b -

c o v a ( 1 9 5 7 ) , d e m o n s t r a t e s improvemen t of t h e s t r awber ry f ru i t ob ta in ing a f t e r 
poll ination b y bees f ru i t s of higher we igh t . 

T h u s a f t e r 1 6 — 2 0 v is i ts the weight of the frui t was 5 . 3 6 g while i t in-
creased t o 8 . 1 3 g a f te r 2 1 — 2 5 visits. 

B u l l m a n n ( 1 9 6 1 ) also established t h a t poll ination a t full d e v e l o p m e n t 
of the o rgans of p ropaga t ion gave a 13.3 — 58.3% higher resul t as c o m p a r e d 
with t h e pol l ina t ion of undeveloped or a l r eady def lorescent f lowers. These 
authors h a v e experienced t h e same increase of weight in r a s p b e r r y and b r a m b l e . 
As to the role of bees B u l l m a n n f u r t h e r s t a t e s tha t even subs tant ia l inc rease 
of weight can be ob ta ined . He refers (in gooseberry) t o t h e da ta of G l u s k o v 

( 1 9 5 6 ) and S a s y k i n ( 1 9 5 0 — 5 1 ) according t o which t h e m e a n yield pe r bush 
increased f r o m 1.8 to 7.1 kg. 

W i t h b l ack cu r ran t R u d l o f f — S c h a n d e r l ( 1 9 5 0 ) f o u n d tha t f o u r year 
old hushes w i t h the use of bees yielded 10.9 to 17.3 t imes more. He also s t a t e s 
t h a t in t h e case of s t rongly self fertil izing var ie t ies as Silvergieter subs t an t i a l l y 
higher yields were ob ta ined . This is also p o i n t e d out by S c h a n d e r l ( 1 9 5 6 — 5 7 ) ,  

S k r e b c o v a ( 1 9 5 9 ) a n d B u l l m a n n ( 1 9 6 1 ) . 
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Conclusions 

Prior t o t h e parts dea l ing with the fer t i l iza t ion condi t ions of the v a r i o u s 
ber ry variet ies we have in t h e General P a r t discussed the jus t i f i ca t ion of t h e 
work, the m e t h o d and condi t ions of the exper iments a n d subsequen t ly we 
have crit ically described t h e single phases of the work ( isolat ion, c a s t r a t i o n , 
pollination, coun t ing , pa r thenoca rpy ) . As a conclusion of t h e General P a r t 
t h e factors inf luencing fer t i l izat ion w e a t h e r , soil, role of the bees, e t c . 
have been t r e a t e d . 
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EXAMINATION OF THE BIOTYPE (LIFE HABIT) OF 
WHEAT VARIETIES 

By 

J . M e s c h 

N A T I O N A L I N S T I T U T E OF A G R O B O T A N Y , T Á P I Ó S Z E L F . 

The life habit (winter or summer t y p e ) of several thousand wheat variet ies was 
studied with autumn and spring seeding, on the grounds of winter killing and/or shoot-
ing-earing. A distinct differentiation for the characters examined was found, partic-
ularly in spring sowing. With the analysis of the relationship of the data we definitely 
succeeded in demonstrating the quanti tat ive and qualitative distribution of life habi t . 
This differentiation made it possible to group the life habit of the wheat varieties accord-
ing to types and s t rength of types. 

Introduction 

W h e a t occurring all over the world is rich in f o r m s both in biological 
and morphological respects . This great v a r i e t y of types is obvious since whea t 
grown wild occurs under v e r y different ecological condi t ions and growing also 
comes to pa s s under the m o s t varied cond i t ions . The n u m b e r of variet ies grown 
and s e p a r a t e d from each o t h e r is several t h o u s a n d , a m o n g t h e m much indigen-
ous ma te r i a l which is f o u n d a t its or ig inal habi ta t while others are a d a p t e d 
also to d i f f e r en t condit ions and can he ut i l ized or g rown respect ively on a 
wide scale. 

E n v i r o n m e n t a l condi t ions have a g r e a t influence on the f o r m a t i o n and 
p redominance of he red i t a ry propert ies of plants . Va r i e t a l charac te rs may 
largely m o d i f y under t h e inf luence of d i f f e r e n t climatic conditions for which 
a great n u m b e r of da ta a re found in l i t e r a t u r e . The observa t ions of D u d o r f 

( 1 9 5 8 ) on w h e a t s grown in different local i t ies are ve r i f i ed hy our own da ta 
( M e s c i i 1 9 5 9 , 1 9 6 5 ) . J a k u b c i n e r ( 1 9 6 2 ) in his large-scale e x a m i n a t i o n s 
of a wor ld varietal collection observed changes in connect ion wi th w i n t e r 
hardiness. 

These manyfo ld f ac to r s are i m p o r t a n t f rom the p o i n t of view of t h e m a n y -
sided u t i l i za t ion of the var ie t ies . Changes on a wide r ange arising f rom t h e geo-
graphical d i s t r ibu t ion of whea t may b e of the u t m o s t impor tance for the 
breeder. 

The genera l u t i l izat ion of wheat var ie t ies is f i r s t of all d e t e r m i n e d by 
their life h a b i t or win te r - summer t y p e which is f i x e d b y the sowing da te 
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c o n n e c t e d w i t h t h e c h a r a c t e r c o m p l e x of c o l d t o l e r a n c e a n d w i n t e r h a r d i n e s s . 

R e l a t e d c o m p r e h e n s i v e o r d e t a i l s t u d i e s a r e a l w a y s i m p o r t a n t . 

T h e l i t e r a t u r e of t h e e t i o l o g y of t h i s q u e s t i o n is l a r g e a n d h a d o c c u p i e d 

w o r k e r s f o r a J o n g t i m e p a s t ( G a s s n e r 1 9 1 8 , M a x i m o v — P o y a r k o v a 1 9 2 4 ,  

G r e b e n n i k o v 1 9 2 8 , L y s s e n k o 1 9 3 5 , K o p e t z 1 9 3 7 a n d o t h e r s ) . R e c e n t l y m o r e 

a n d m o r e d e e p r e a c h i n g r e s e a r c h w o r k h a s b e e n c o n d u c t e d t o e l u c i d a t e c e r t a i n 

p r o b l e m s o f d e t a i l ( H a n s e l 1 9 4 9 , F e e k e s — D a n t u m a — W i t t e n r o o d 1 9 5 4 ,  

R a j h á t h y 1 9 5 5 , B o r o j e v i ó 1 9 5 8 , S c h m a l z 1 9 5 8 , P a v l i C i ó 1 9 6 0 , A n t o n i n i 

1 9 6 2 a n d m a n y o t h e r s ) . 

D a t a o n t h e w i n t e r - s u m m e r t y p e o f w h e a t v a r i e t i e s , a r e , h o w e v e r , 

g e n e r a l l y r a t h e r i n a d e q u a t e , e v e n o n w o r l d - w i d e s c a l e . C o n s e q u e n t l y , t h i s 

a p p l i e s a l s o t o t h e m a t e r i a l o f o u r w h e a t c o l l e c t i o n o r i g i n a t i n g f r o m a l m o s t a l l 

r e g i o n s of t h e w o r l d a n d i t h a s a p a r t i c u l a r r e l a t i o n t o t h e b e h a v i o u r o f n e w -

f o r e i g n v a r i e t i e s t o b e f o u n d i n H u n g a r y . A l s o f o r t h e H u n g a r i a n v a r i e t a l 

m a t e r i a l t h e s e d a t a a r e r a t h e r d e f i c i e n t . O u r p r e s e n t i n v e s t i g a t i o n s a r e r e s t r i c t -

e d t o t h e e x a m i n a t i o n of s u c h k i n d of t h e v a r i e t a l c o l l e c t i o n o f T á p i ó s z e l e . 

M a t e r i a l a n d M e t h o d 

The common wheat (Triticum aestivum ssp. vulgare (Vili. Hors t . ) , MacKay) ma te r i a l 
of our varietal collection has subs tan t ia l ly increased in these last years a n d at present cons is t s 
of several thousand (4721) variet ies. As to the n u m b e r of items this n u m b e r , on account of 
the many dupl ica ta , is considerably (by 1/3) higher. These were as well examined for the sake 
of varietal ident i f icat ion. As to the origin the overwhelming par t (2/3) of t h e varieties is of E u -
ropean provenience ( f rom 22 countr ies) . Rather large is the American mater ia l (1/6), bes ide 
Argentine and o the r South American ones, mainly va r ie t i e s of the Uni ted S ta tes and of C a n a d a . 
Also the material f r o m Australia a n d New Zeeland is r a ther s ignif icant . The Asian w h e a t s 
a re mainly of J a p a n e s e , Chinese a n d Ind ian origin. F u r t h e r , to a lesser degree are represented 
in our collection the varieties of all Asian and African countr ies , of the Mediterrean, and o t h e r 
Afr ican wheats. 

A part of w h e a t varieties a n n u a l l y maintained a n d examined was studied with r e s p e c t 
to their type of life hab i t (1961—62: 2254, 1962 — 63: 2716 and 1963 — 64: 2070 items). T h e 
mater ia l examined in each year was , on account of t h e divided ma in tenance , only p a r t l y 
identical . 

The basis of examinat ions was the one series s t a n d a r d exper imental seeding of the s a m e 
i t ems (varieties) in a u t u m n and spr ing time. Thus eve ry var ie ty consisted of two plots of t h e 
size of 1 sq. m each. Seeding was carr ied out per grains w i t h 1 5 X 5 cm spacing. Seeding d a t e s 
were as follows: 

1961 62: a u t u m n : 5. X. 11. X , spring: 2. [IV—11. IV. 

1962 — 63: a u t u m n : 12. X. 18. X, spring: 1. I V . - 9. IV. and 

1963 -64: a u t u m n : 14. X . - - 1 5 . X , spring: 6. IV . 13. IV. 

The weather in the exper imenta l years was r a t h e r varied (Table 1). For other meteoro-
logical data see KOVÁCS (1964, 1965). 

The life h a b i t grouping and /or separation on these grounds of t he material examined 
has been carried ou t on the basis of behaviour in a u t u m n and spring sowing. Overwinter ing 
has been established in per cent of t he winter killing w i t h surveys early a n d late in winter a n d 
spr ing development determined subjec t ive ly in per cen t of shooting and ea r ing , respec t ive ly . 
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Table 1 

Temperature values during the vegetation period and distribution of precipitation 
in Tápiószele in the years 1961 — 62, 1962—63 and 1963—64 

Meteorological 
e l ements x. XI. XII. I. п . in . IV. v. VI. 

Mean temperature °C 
Many years ' average 

(1901-1950)» 10.8 4.1 0.1 — 1.8 — 0.3 5.0 10.2 15.9 19.3 
1961—62 12.6 6.0 — 0.9 — 0.4 0.1 1.6 13.0 15.4 18.4 
1962—63 10.8 5.6 — 2.9 — 7.2 — 5.4 2.2 12.6 17.6 20.6 
1963—64 10.3 8.4 — 5.2 - 9 . 1 — 0.3 1.6 11.7 15.6 23.0 

Number of "•frosty" days 
Rad. min. <; 0°C 

1961—62 4 10 23 27 24 24 7 5 — 

1962—63 14 13 29 29 28 22 6 — — 

1963—64 7 8 31 30 29 20 1 — — 

Number of "severe" days 
Rad. min. < — 10°C 

1961—62 — — 8 — 4 4 1 — — 

1962—63 — — 8 16 13 4 — — — 

1963—64 — - 10 22 7 — — — — 

Precipitation (mm) 
Many years ' average 

(1901—1950)» 51 46 41 28 31 34 45 58 64 
(1910-1960) 49.5 54.4 38.1 28.6 32.9 33.7 43.9 59.2 71.5 

1961—62 7.9 79.4 35.1 22.3 21.8 45.8 17.8 44.5 8.3 
1962—63 2.7 107.7 25.0 66.7 68.1 32.0 26.4 47.9 77.6 
1963—64 25.7 2.8 68.1 4.8 23.9 30.9 15.8 33.7 76.3 

Explanat ion: »The interpolated values of Cegléd, J á szbe rény and Szolnok. 

Results and Discussion 

On t h e grounds of a compar ison of l i terary d a t a wi th our d a t a referring 
to the collection and t o delayed sowing it proved t o he necessary t o continue 
e x a m i n a t i o n of life h a b i t on the whole mater ia l of ou r collection. E x a m i n a t i o n 
of the v a r i e t y m a i n t e n a n c e plots in a u t u m n and sp r ing seeding for t h e possibil-
i ty of sowing in a u t u m n or spring and for ut i l izat ion supplies i n fo rma t ion also 
concerning other f ea tu re s . 

A) Preliminary examinations 

Already in the course of work done in the v a r i e t a l collection in previous 
years it has been es tab l i shed t h a t knowledge concern ing the win te r - summer 
cha rac te r is i m p o r t a n t f r o m the aspec t of the m a i n t e n a n c e of t h e collection 
and ma in ly of its u t i l i za t ion . While we became a c q u a i n t e d wi th t h e varietal 
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m a t e r i a l examined , and have s t u d i e d the same in l i tera ture ( B a r b a c k i et al. 
1 9 3 7 , J a k u b c i n e r e t a l . 1 9 4 7 , J o n a r d 1 9 5 1 , B a y l e s C l a r k 1 9 5 4 , e t c . ) i t h a s 

b e e n verif ied t h a t m a n y foreign variet ies as t o t h e type of t h e i r life habi t 
b e h a v e otherwise t h a n in their l o c a l i t y of origin. Th i s resulted m a i n l y from one-
s ided and i n a d e q u a t e knowledge of this charac te r . 

Often very l i t t le is known a b o u t the new w h e a t mater ia l o b t a i n e d in the 
cou r se of the deve lopment of t h e collection. R a t h e r of ten t h e seed samples 
a r e received p rov ided only w i t h a var ie ta l n a m e . Moreover, t h e different 
va r i e t i e s respond, in accordance t o the i r adap t ab i l i t y , to d i f f e ren t geographical 
a n d climatic condi t ions , depend ing on whether t h e y are a d a p t e d on a narrow 
or wide range a n d to changing condi t ions ( B a y l e s — C l a r k 1954). Natura l ly , 
a lso in consequence of this, t h e possibil i ty of utilizing the var ie t ies is not 
a l w a y s complete. 

In the course of earlier inves t iga t ions connected with life hab i t (Mesch 
1959, 1965) we hav e more closely establ ished t h e win te r - summer t y p e of m a n y 
well known wheat varieties which is indispensable for selection a n d uti l ization 
of w h e a t varieties bes t adap ted t o our condit ions and for t h e es tab l i shment 
of seeding dates . 

B) Life habit examinations of the varietal collection 

The life h a b i t of the w h e a t variet ies was determined on t h e s t rength 
of t h e behaviour of t h e same m a t e r i a l in an a u t u m n and spr ing seeding period 
(F ig . 1). In earlier exper imenta l work with de layed sowing t e c h n i q u e (t ime 
va r i a t i ons ) it has been d e m o n s t r a t e d t ha t it depends on t h e envi ronmenta l 
f a c t o r s how far th i s heredi tar i ly founded cha rac te r subs t an t i a t e s . 

Da ta on win te r hardiness a n d spring deve lopmen t of the w h e a t varieties 
e x a m i n e d each yea r concerning t h e de te rmina t ion of the life hab i t are presented 
in Tab les 2, 3 and 4. These s u p p l y informat ion on the va r i a t iona l dis t r ibut ion 
of t h e characters examined, t h r o u g h which ins ight is ga ined in to winter 
k i l l ing and earing respectively of t h e a u t u m n seeding of the m a t e r i a l examined 
in e a c h year. 

On the s t r e n g t h of the v a r i a t i o n a l d is t r ibut ions it can be es tabl i shed t h a t 
in all three years t h e d i f fe ren t ia t ion in the spring deve lopment was t h e greatest , 
b y wh ich the win te r types can b e separa ted f r o m the summer ones. Between 
t h e s e also t r a n s i t o r y forms occu r r ed , to a lesser degree. W i n t e r hardiness 
s e p a r a t i o n of the mate r i a l e x a m i n e d b y winter kil l ing is also m a n i f e s t , though 
m o r e t rans i tory t y p e s were e n c o u n t e r e d here. 

As already refer red to, t h e ma te r i a l of examina t ions was only par t ly 
i den t i ca l in all t h r ee years . In sp i te of t ha t the d a t a of the t h r ee yea r s supplied 
s imi la r d is t r ibut ion and re la t ionsh ips , a l though t h e years, pa r t i cu la r ly the 
cond i t ions of the spr ing were d i f f e r e n t . 

Aelm Agr. Hung. Тотчя XIV. 1965 



e x a m i n a t i o n o f t h e b i o t y p e o f w h e a t v a r i e t i e s 2 6 5 

Fig. 1. Wheat variety life habit types. F r o m the left: 1. s take: winter type (standard Bánkut i 
1201), 2. stake: dual-purpose type and 3. stake: summer type. The plot beside the stakes is 

autumn sowing, to the right spring sowing 

F r o m the aspec t of our examina t ions n o t principally t h e var ia t ional 
d i s t r ibu t ion d a t a of t h e win te r - summer type a re impor tan t h u t t h e observa-
t ions on the re la t ionships of these , viz. d i f fe ren t ia t ion according to life h a b i t . 

On the s t r e n g t h of the re la t ions of t h e fea tures e x a m i n e d it can be 
es tabl i shed t h a t u n d e r our condi t ions the va r i e t a l material e x a m i n e d separa tes 
in to t h e following 5 (3 main a n d 2 secondary) t y p e s : 

1. The winter (hibernum H) t ype ove rwin te r s in a u t u m n seeding, sub-
sequen t ly in the spr ing it is n o r m a l l y shooting, ea r ing and hears f r u i t ; in spr ing 
seeding it does n o t thr ive well. U n d e r condi t ions prevailing in H u n g a r y t h e 
economic i m p o r t a n c e of this t y p e is by far t h e greatest . 

2. The summer (aestivum — A) type in a u t u m n seed ing gets w in t e r 
killed while in sp r ing seeding i t normal ly deve lops i.e. it is shoot ing , ear ing 
and bear ing. I t s impor tance in t h i s country is l imited, due t o t h e often l a t e 
spr ing. 

3. The dual-purpose (hiberno-aestivum HA) w in te r - summer t y p e 
which in a u t u m n seeding behaves as winter, in sp r ing seeding as summer t y p e . 
The pract ica l use of this type in H u n g a r y u p t o now has also been l imi ted , 
especially in sp r ing seeding. 

4 . The pseudo-winter ( accord ing to G y . M á n d y pseudohibernum — PH) 
t y p e is a non -win te rha rdy w in t e r t y p e which in au tumn seeding behaves a s 
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Table 2 

Distribution of winter hardiness and shooting-earing of wheat varieties and their connections in autumn und spring seeding 1961 — 62 

Winter 
loss 
%• 

S h o o t i n g - e a r i n g p e r c e n t * * 
Total 

Winter 
loss 
%• 0 10 20 30 40 50 60 70 80 90 100 

Total 

0 
H 

1036 
277B 

49 
20В 

12 
2 В * " 

5 7 9 12 4 14 33 
НА 
155 1336 

299B 

10 96 10 2 2 3 4 7 13 73 210 

20 23 2 1 2 1 5 57 91 

30 12 1 1 1 2 4 31 52 

40 11 1 1 1 2 38 54 

50 8 1 1 1 3 1 3 46 64 

60 3 1 1 1 2 6 40 54 

70 4 1 1 3 1 28 38 

80 4 1 1 1 1 2 60 70 

90 4 2 79 85 

1 0 0 3 
P H 

1 1 1 6 188 
A 

200 

Total 1204 
279В 

63 
20В 

17 
2В 

11 12 16 13 17 31 75 795 2254 
299B 

Explanation: * winter seeding 
** spring seeding 

*** Bánkut i 1201 (standard) 



Table 3 
Distribution of winter hardiness and shooting-earing of wheat varieties and their connections in autumn and spring seeding 1962 63 

W i n t e r 
loss 
% • 

S h o o t i n g - e a r i n g p e r c e n t * * 
Tota l 

W i n t e r 
loss 
% • 0 10 20 30 40 50 60 70 80 90 100 

Tota l 

0 
H 

859 
243B 

120 
86В 

12 
4В 

5 
1В*** ' 1 

I 
1 1 9 35 

НА 
123 1166 

334В 

10 132 
4B 

31 
4В 

2 1 1 1 2 19 90 279 
8 В 

20 43 13 2 3 1 3 1 5 79 150 

30 25 11 1 1 1 3 11 61 114 

40 13 3 1 2 1 1 7 77 105 

50 8 5 2 1 1 7 50 74 

60 12 2 1 1 1 6 62 85 

70 6 5 1 8 73 93 

80 3 3 2 1 2 10 130 151 

90 19 10 1 1 1 2 15 262 311 

100 2 
P H 

1 1 ! 2 2 180 
А 

188 

Total 1122 
247В 

204 
90В 

20 
4В 

14 
4В 

6 5 2 7 24 125 1187 2716 
342В 

Explanat ion: * winter seeding 
** spring seeding 

*** Bánkuti 1201 (standard) 



Table 4 

Distribution of winter hardiness and sliooling-earing of wheat varieties and their connections in autumn and spring seeding 1963—64 

Winter 
loss %* 

S h о о t i n'g -ear ing per cent** 
Tota l 

Winter 
loss %* 0 10 20 30 40 50 60 70 80 90 100 

Tota l 

0 

и 
22B 

754 
59F 

97В 
441 

60F 

IB*** 
10 

2F**** 
2 7 44 

HA 

322 
120B 

1580 
120F 

10 18 3 5 76 102 

20 11 2 5 69 87 

30 6 1 33 40 

40 1 1 1 25 28 

50 7 15 22 

60 1 1 8 10 

70 1 1 10 12 

80 3 1 26 30 

90 8 1 3 31 43 

100 8 
PH 

1 5 102 
A 

116 

Total 
818 

22В 
59F 

447 
97В 
60F 

10 
IB 
IF 

2 11 65 717 2070 
120B 
120F 

Explanat ion: * winter seeding 
** spring seeding 

*** Bánkut i 1201 (standard) 
**** Fertődi 293 (standard) 
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summer and in spiing seeding as winter t y p e . Consequent ly i t has no economic 
significance in this coun t ry owing to t h e severe winter prevai l ing here . I t is 
t h e winter w h e a t type of med i t e r r anean regions with m i l d winter. 

5. The transitory (mesoform M) t ype is of indis t inc t c h a r a c t e r . 
I t par t ly t e n d s to one of t h e types but c a n n o t be ranged w i t h safety to e i the r . 
I t is ins igni f icant . 

According to da ta t h e type d i s t r ibu t ion may s u f f e r a mod i f i ca t ion 
depending on t h e relative n u m b e r of w i n t e i killing vs . sl iooting-earing t h a t 
de termines t h e belonging t o the i nd iv idua l types. T h i s a t the s a m e t ime 
indicates t h e s t rength or m e a s u r e of t h e t y p e . 

Foi charac te r iza t ion of varieties we united the re la t ive n u m b e r s of 
ident ical v a l u e in a d i f fe ren t ia t ion degree . A fur ther s implif icat ion c a n be 
obta ined b y t h e designat ion or ind ica t ion of the r e l a t ive numbers w i t h one 
f igure . This can he achieved on the s t r e n g t h of the T a b l e s in two w a y s , by 
a summar iz ing f igure or a type- index f i g u r e . 

The summarizing figure is a n u m b e r f rom 0 t o 200 (divisible b y 10) 
obta ined f r o m t h e sum of t h e numerica l values express ing the re la t ionsh ip . 
On this g r o u n d , however, on ly the winter a n d summer t y p e s can be i m m e d i a t e -
ly sepa ra ted , also according t o type s t r e n g t h , since 0 — 40 (i.e. 0, 10, 20, 30 and 
40) means w in t e r while 160 200 summer h a b i t . I n the f o r m e r range t h e lowes t , 
in the l a t t e r t h e highest possible n u m b e r s indicate t h e more explicit differ-
en t ia t ion pe r t a in ing to t h e t y p e (habit) . 

Values f rom 50 to 150 include all o t h e r types, t h e separat ion of which 
takes place on the s t r eng th of the d i f fe rence — in b o t h directions — of the 
two values of t h e original r e la t ive n u m b e r . If the d i f fe rence is between 60 and 
100 in the case of the one direct ion w h e n t h e first n u m b e r is lower t h e t ype 
is dual pu rpose , in the o t h e r direction wrhen the f i r s t n u m b e r is h igher , i t is 
pseudo-winter . The type showing the g r e a t e r difference is the more expl ici t 

Table 5 

Grading of the strength of winter habit according 
to the measure of differentiation 

T y p e Different ia t ion 
p e r cent index Re la t ive n u m b e r s * or t ab le - f i e lds of identical value 

n u m b e r 

0/0 
0/10 and 10/0 

0/20, 10/10 and 20/0 

0/30, 10/20, 20/10 a n d 30/0 

0/40, 10/30, 20/20, 30/10 and 40/0 

100 

90 

80 
70 

60 

Explana t ion : * winter killing %/shooting-earing % 
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one. If , however , the dif ference of the re la t ive number in t h i s sense is 0 - 50 , 
t h e type is t r a n s i t o r y , i.e. indef in i te . 

In the separa t ion accord ing to type index number all t y p e s are de l imi ted 
again in 5 g rades . These s h o w a diminishing s trength f r o m t h e four co rne r s 
of the Tables (0/0, 0/100, 100/0 and 100/100 towards the cen t r e ) . E.g. accord-
ing to the g r a d i n g of the s t r e n g t h of winter t y p e see Table 5. F o r the be long ing 
t o one of the t y p e s thus a d i f fe rent ia t ion of at least 60 p e r cent is t a k e n as 
a basis. S imi la r ly the role of t h e dua l -purpose summer a n d pseudo-winter 
t y p e s can he establ ished. T h e t rans i tory t y p e on the o t h e r h a n d has a lower 
va lue of s e p a r a t i o n per cen t . T h e s tar t ing po in t here is t h e 50/50 r e l a t i v e 
n u m b e r of f i e ld , respect ively, wherefrom ou twards , t o w a r d s the corners a n d 

Table 6 

Distribution of wheat varieties according to life habit type 
and differentiation in 1961 62, 1962—63 and 1963 64 

Life 
h a b i t 

T y p e s t r e n g t h 
T o t a l M Life 

h a b i t 1 
( 1 0 0 % ) 

2 
(90%) 

3 
( 8 0 % ) 

4 
(70%) 

5 
(00%) 

T o t a l % M 

1961—62 

H 
HA 
A 
P H 

1 0 3 6 
1 5 5 
1 8 8 

3 

1 4 5 
1 0 6 

8 5 
4 

4 5 
8 4 
6 3 

4 

2 1 
4 7 
3 0 

5 

2 0 
5 9 
4 1 

4 

1 2 6 7 
4 5 1 
4 0 7 

2 0 

5 6 . 2 
2 0 . 0 
1 8 . 1 

0 . 9 

Total 
% 

1 3 8 2 
6 1 . 3 

1962—63 

3 4 0 
1 5 . 1 

1 9 6 
8 . 7 

1 0 3 
4 . 6 

1 2 4 
5 . 5 

2 1 4 5 
9 5 . 2 

1 0 9 
4 . 8 

11 
HA 
A 
PII 

8 5 9 
1 2 3 
1 8 0 

2 

2 5 2 
1 2 5 
2 6 4 

2 0 

8 6 
1 0 7 
1 4 7 

1 3 

4 5 
6 9 
8 5 

9 

2 7 
9 0 
7 3 
2 0 

1 2 6 9 
5 1 4 
7 4 9 

6 4 

4 6 . 7 
1 8 . 9 
2 7 . 6 

2 . 4 

Total 
0 / 
'O 

1 1 6 4 
4 2 . 9 

1963—64 

6 6 1 
2 4 . 3 

3 5 3 
1 3 . 0 

2 0 8 
7 . 7 

2 1 0 
7 . 7 

2 5 9 6 
9 5 . 6 

1 2 0 
4 . 4 

H 
HA 
A 
P H 

7 5 4 
3 2 2 
1 0 2 

8 

4 5 9 
1 2 0 

3 6 
8 

2 4 
8 1 
3 0 

4 

6 
3 8 
1 0 

1 

3 
2 8 

9 
2 

1 2 4 6 
5 8 9 
1 8 7 

2 3 

6 0 . 2 
2 8 . 5 

9 . 0 
1 . 1 

Total 
0 / 
/ 0 

1 1 8 6 
5 7 . 3 

6 2 3 
3 0 . 1 

1 3 9 
6 . 7 

5 5 
2 . 6 

4 2 
2 . 1 

2 0 4 5 
9 8 . 9 

2 5 
1 . 2 

Three year average 

0 / 
/ о 5 3 . 8 2 3 . 2 9 . 5 4 . 9 5 . 1 9 6 . 5 3 . 5 

Explanat ion: H: winter, H A : dual-purpose, A: summer, P H : pseudo-winter and M : 
t r ans i to ry 
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edges, the va l id i ty t o belonging t o the type is diminishing, a n d herewi th 
the or ien ta t ion t o w a r d s an other t y p e is s t r eng then ing . 

Unif icat ion a n d s implif icat ion of relative n u m b e r s by t y p e i ndex n u m b e r 
is prac t ica l ly s imple and more express ive. W i t h t h e use of t h i s number we 
app ly , in reali ty, t h e usual life h a b i t designation w i t h the type g r a d e or s t reng th 
which can p r o m o t e - with t h i s special end in view t o selecting t h e 
g round material . 

The q u a n t i t a t i v e and qua l i t a t i ve separa t ion of the life h a b i t types were 
r e m a r k a b l y def ini te on the g rounds of the da t a of three years (Table 6). As t o 
the t y p e , the w h e a t mate i ia l e x a m i n e d is for t h e most pa r t (54.3 per cen t ) 
win te r t ype . The n u m b e r of t h e dual -purpose a n d summer t y p e s is a lmos t 
equa l (22.5 and 18.2 per cent). T h e number of t h e so-called pseudo-win te r 
t ypes is very s l ight , amount ing t o 1.5 per cent of the variet ies . Abou t 3/4 of 
the variet ies is def in i te ly d i f f e ren t i a t ed f rom t h e aspect of t y p e s t reng th 
(51.7 per cent is a t 100 per cent s t r e n g t h level a n d 25.2 at 90 per cent) . A b o u t 
1/5 (19.6 per cent) of the whole m a t e r i a l is r a t h e r well d i f fe ren t ia ted to win ter , 
dua l -purpose and s u m m e r or pseudo-win te r t y p e (under Hunga r i an conditions). 

T a k e n as a whole , almost t h e whole ma te r i a l of the collection examined 
(96.5 per cent is d i f fe ren t ia t ing — defini te ly or strongly e n o u g h — as one 
of t h e types and according to t h e s t r eng th of t h e yea r . The so-called t r ans i to ry 
(or indef ini te) t y p e (3.5 per cen t of the var ie t ies) shoYved no d i s t r ibu t iona l 
t r e n d or regular i ty whatsoever . 

Conclusions 

Considering t h e ma in tenance and man ipu la t i on and f i r s t of all t h e 
e x a m i n a t i o n and ut i l izat ion of ou r var ie ta l collect ion of wheats t h e knowledge 
connec ted with t h e life habit of t h e varieties is ex t remely i m p o r t a n t . E x a m i -
n a t i o n of the a u t u m n and spring sowing of t h e var ie t ies has p r o v e d to be well 
su i t ed for the p rac t i ca l s tudy of life habi t . 

On the s t r e n g t h of combined examina t ion of the da ta on winter losses 
and shoot ing-ear ing , t h e overwhelming par t of t h e varieties de f in i t e ly separa ted 
in to t h r ee main a n d two secondary life habit t y p e s . From t h e var ie t ies exam-
ined 54.3 per cent has proved t o b e winter (hibernum), 22.5 pe r cent dual-
pu rpose (hiberno-aestivum), 18.2 pe r cent s u m m e r (aestivum) a n d only 1.5 p e r 
cen t of the so-called pseudo-winter (pseudo-hibernum) type . Besides , 3.5 pe r 
cent of the var ie t ies is of t r a n s i t o r y (mesoform) or indefini te charac te r . 

The d i s t r ibu t ion of types c a n most ly su f fe r a modif ica t ion according t o 
how f a r is the be longing to i nd iv idua l types de te rmined . This , howeYrer, does 
no t a f fec t the essent ia l par t of t h e problem. 

F r o m the v iewpoin t of v a r i e t a l selection t h e measure of t h e s t reng th 
or d i f fe rent ia t ion of t h e type is i m p o r t a n t , t h e Y'alue of which is given by t h e 
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w i n t e r k i l l i n g / e a r i n g r e l a t i v e n u m b e r . D r a w i n g t o g e t h e r of t h e r e l a t i v e 
n u m b e r s t a k e n as of i d e n t i c a l v a l u e f a c i l i t a t e s t h e e x p r e s s i o n of t h e s t r e n g t h 
or m e a s u r e of t h e i n d i v i d u a l t y p e s . A f u r t h e r s i m p l i f i c a t i o n of t h i s is t h e 
d e s i g n a t i o n o r i n d i c a t i o n w i t h o n e n u m b e r . T h i s is p o s s i b l e in t w o w a y s , v iz . 
w i t h a s u m m a r i z i n g n u m b e r or w i t h a t y p e - i n d e x n u m b e r . 

T h e u s e of t h e l a t t e r is p r a c t i c a l l y s i m p l e r a n d m o r e e x p r e s s i v e . 
S e p a r a t i o n a c c o r d i n g t o d i f f e r e n t i a t i o n of l i fe h a b i t t y p e w a s a l s o d e f i n i t e . 

51 .7 p e r c e n t of t h e v a r i e t i e s s e p a r a t e d o n t h e 100 p e r c e n t l eve l , 2 5 . 2 p e r c e n t 
a t t h e 9 0 p e r c e n t a n d 1 9 . 6 p e r c e n t o f t h e m a t e r i a l s t i l l r a t h e r w e l l ( o n 60 t o 
80 p e r c e n t l eve l ) . 

T h u s a l m o s t t h e w h o l e m a t e r i a l o f t h e w h e a t v a r i e t y c o l l e c t i o n e x a m i n e d 
(96.5 p e r c e n t ) d e f i n i t e l y o r r a t h e r s t r o n g l y d i f f e r e n t i a t e d as o n e o f t h e t y p e s 
or a c c o r d i n g t o t h e i r s t r e n g t h . T h i s d i f f e r e n t i a t i o n is a l m o s t i n d e p e n d e n t 
of t h e y e a r a n d of t h e v a r i e t i e s e x a m i n e d . 
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THE BIOCHEMISTRY OF VERNALIZATION 

IV. T H E CHANGES O F RIBONUCLEASE ACTIVITY I N THE C O U R S E 
OF VERNALIZATION 

By 

M a r t h a D é v a y 

a g r i c u l t u r a l r e s e a r c h i n s t i t u t e of t h e h u n g a r i a n academy of sciences, m a r t o n v á s á r 

The changes of ribonuclease ac t iv i ty have been s tudied on seedlings of winter 
wheat В 1201. We have proved t h a t the biochemical mechanism of vernal izat ion is 
par t ly bound to nucleic acid metabolism. A form of RNase taking part in R N A metab-
olism and being very active even a t low temperatures (0 °C), gets synthesized as early 
as the f i rs t few hours of vernalization. T h a t IlNase (being marked RNase I) , on the basis 
of the temperature conditions and the inhibitory circumstances of its fo rma t ion , takes 
most probably pa r t directly in vernal izat ion metabolism. We have succeeded in iso-
lating the enzyme. Resides the RNase I system, other R N a s e systems, too, are active 
in wheat seedlings. These are now being under examinat ion . 

I n t r o d u c t i o n 

I n o u r p r e v i o u s p a p e r ( D é v a y 1 9 6 5 ) we r e p o r t e d o n t h e f i n d i n g t h a t 
d u r i n g v e r n a l i z a t i o n t h e s y n t h e s i s o f s p e c i f i c p r o t e i n s d i s p o s i n g o f e n z y m e 
a c t i v i t y t o o k p l a c e a t l o w t e m p e r a t u r e s . O n t h e b a s i s o f o u r e x p e r i e n c e s g a i n e d 
so f a r , t h e c lose m e t a b o l i c r e l a t i o n s h i p o f p r o t e i n s y n t h e s i s a n d R N A p o s t u -
l a t e d t h a t p r e v i o u s t o t h e e n z y m e s y n t h e s e s o b s e r v e d b y u s , o t h e r e n z y m e 
s y n t h e s e s m u s t h a v e a s w e l l e n s u e d w h i c h p r e c e d e d , i n t i m e , t h e f o r m a t i o n 
of a s c o r b i n o x i d i z i n g s y s t e m o b s e r v e d b y u s . T h e s e e n z y m e s m u s t h a v e t a k e n 
a p a r t i n n u c l e i c m e t a b o l i s m o r i n p r o t e i n s y n t h e s i s i t s e l f . O n t h e b a s i s 
of t h e s e c o n s i d e r a t i o n s , a t t e n t i o n h a s b e e n g i v e n t o t h e r i b o n u c l e a s e ( R N a s e ) 
e n z y m e t a k i n g p a r t i n R N A m e t a b o l i s m . 

Mater ia l a n d Methods 

The preparing of the experimental p l a n t material: seeds of winter wheat В 1201 have 
been swelled and germinated as previously described (DÉVAY 1962). After the p l an t embryo 
had pierced the seedcoat, i t was vernalized a t 0°C in refr igerator , for 0, 7, 14, 21, 28, 35, 42 
and 49 days . At the proper t ime the seedlings were isolated, t hen in 0.1 M ci t ra te buffer (pH 
5.6 and p H 7.6) homogenized (200 seedlings in 20 ml of buffer) . The protein con ten t and the 
RNase ac t iv i ty of the homogenisate (af ter having destroyed by way of NESSLER reaction) 
was determined. Determinat ion of RNase ac t iv i ty : the act ivi ty of RNase has been established 
spectrophotometrically, re lying upon basis-liberation. As subs t ra te yeast nucleic' acid 
of 0.2% (MERCK) was used t h a t had been puri f ied previously b y repeated precipi ta t ion. 1 ml 
homogenisate (with about 1 mg protein con ten t ) was measured into the centr ifuge tube, and 
then added 1 ml nucleic acid solution of 2 % concentration. T h e temperature of b o t h the ho-
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mogenizale and of the nucleic acid solution was identical with the incubation temperure. 
The undissolved R N A was precipitated with hydrochloric alcohol of — 10°C (100 ml cc HC 
1000 ml ethanol, 96%). The precipitation had been kept a t a temperature of — 10°C for 30 
minutes and after this, it was centrifuged. The quant i ty of liberated bases was measured a t 
260 millimicron with spectrophotometer. 

Parallel with enzyme activity the quanti ty of soluble proteins was determined and the 
act ivi ty values were indicated in gamma product (mg protein) per 60 minutes . (In the Tables 
and the diagram: "ac t iv i ty" . ) Errors of the determinations did not exceed the ;p2.5 per cent. 
Of course, in the average of biological repetit ions the absolute values show greater fluctuation, 
however, during the time of vernalization the changes can always be reproduced with identical 
character . In our conclusions, not taking into consideration the numerical values of some bio-
logical repetitions, only the character of the alterations have been evaluated. 

The enzyme act ivi ty tests were generally performed at temperatures of 0°C, 5°C, 10°C 
and 20°C. The time of incubation was 60 minutes. When applying the inhibit ing substances 
and in experiments referring to the fo rmat ion of the enzyme, the activity was measured at 0°C 
incubation temperature only. 

Application of metabolism inhibi tors; in our investigations the following metabolism 
inhibitors were applied: 

Sodium arsenate 0.02% 
D P N 0.01% 
Tripaflavin 0.10% 
Acridine orange 0.09% 
Chloramphenicol 0.10% 
Ag NO:, 0.12% 

The inhibitors were applied a f te r being solved in water , and the seeds were steeped in 
solutions containing already the inhibi tor; in the course of vernalization they were sprayed 
twice with the same solution. The concentration of the inhibitors was chosen with the view 
t h a t the germinating effect should not be greater than 10 per cent so t h a t af ter vernaliza-
t ion, plants could develop from the t rea ted variants. Vernalized material t rea ted with distilled 
water and non-vernalized material served as control. 

In order to be able to establish the inhibited state of vernalization, beside biochemical 
analyses, the effect of the inhibitors was also evaluated by the determination of final leaf num-
ber. 

Determination of cell count of the plant embryos: According to a previously described 
method (DÉVAY 1962), the cell count of p lan t embryos having been treated with 5% chromic 
acid, was performed in BÜRKER chamber. The data are submit ted for one plant embryo in the 
relation of the initial cell, referred to 24 hours. 

The method of enzyme isolation will he discussed separately. 

R e s u l t s a n d D i s c u s s i o n 

a) Evincing RNase I 

O u r w o r k h a d f i r s t b e e n s t a r t e d b y a c t i v i t y m e a s u r e m e n t s p e r f o r m e d 
in t h e h o m o g e n i s a t e i n o r d e r t o g e t d a t a on t h e p r e s e n c e o f R N a s e a n d i t s 
a c t i v i t y c h a n g e s e n s u i n g d u r i n g v e r n a l i z a t i o n . T h e a c t i v i t y m e a s u r e m e n t s 
h a d b e e n m a d e w i t h s e e d l i n g s a t t h e u s u a l t e m p e r a t u r e s of 0 ° C , 5°C, 10°C, 
a n d 2 0 ° C ; v e r n a l i z a t i o n h a v i n g o c c u r r e d a t 0 ° C o n t h e 0, 7 , 1 4 , 21 , 28, 3 5 , 
4 2 , a n d 4 9 t h d a y s . F i r s t t h e p H c u r v e of t h e e n z y m e h a d b e e n r e g i s t e r e d . 
T h e p r e - e x a m i n a t i o n s s h o w e d t h a t , i n g e n e r a l , t w o p H o p t i m a a p p e a r e d a t 
p H 5 . 6 a n d p H 7 . 6 . T h e r e f o r e , t h e s u b s e q u e n t m e a s u r e m e n t s w e r e m a d e a t 
b o t h p H - s . T h e d a t a a r e p r e s e n t e d i n T a b l e 1. 
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Table 1 

The activity of RNuse at various vernalization levels 

Vernal iza t ion A c t i v i t y 

in d a y s , o°c at i n c u b a t i o n tempera tures of 

at 0°C 
5°C 

— at 0°C 
5°C 10°C 20"C 

0 s 2.38 4.16 3.57 
7 — 3.27 4.58 9.81 

14 — 1.24 4.38 8.77 
21 p H 7.6 — 0.49 1.94 15.14 
28 — 0.91 6.95 21.70 
35 — 1.35 1.36 7.24 
42 — 6.44 9.37 36.80 
49 — 12.72 19.09 37.20 

0 2.67 2.97 4.16 
7 0.65 1.96 3.27 10.47 

14 5.27 7.51 5.62 10.64 
21 2.45 3.89 6.35 14.50 
28 p H 5.6 2.17 5.21 8.69 16.95 
35 0.90 1.35 0.90 11.77 
42 1.75 0.58 2.93 3.16 
49 7.37 10.00 23.70 28.10 

In the Tah le t h e ac t iv i ty changes were p lo t t ed agains t t h e incuba t ion 

t e m p e r a t u r e and t h e degree of vernal izat ion. W h e n compar ing the act ivi t ies 

appea r ing at d i f fe ren t pH-s, i t will be noted as striking t h a t in the h igher 

p H - r a n g e the a c t i v i t y can he evinced at h ighe r t e m p e r a t u r e s only. At p H 

5.6 considerable ac t iv i ty can b e measured even a t 0°C, especial ly af ter t h e 

s t a r t of vernal iza t ion . The a c t i v i t y measured a t 0°C appears in the first week 

of vernal iza t ion a n d displays i ts m a x i m u m in t h e second week of verna l iza t ion ; 

then, af ter great t e m p o r a r y decrease , it increases again. 

On the basis of our da t a ob t a ined so fa r , i t was p re sumab le t ha t we h a d 

to deal with severa l enzymes. T h e act ivi ty of one of these ( p H 7.6) could b e 

p roved only in t h e higher t e m p e r a t u r e ranges a n d thus i t c a n n o t take p a r t 

d i rec t ly in verna l iza t ion me tabo l i sm. The o t h e r (pH 5.6) appea r s only a t 

a cer ta in degree of vernal iza t ion and its a c t i v i t y is easy t o be measured a t 

0°C. I t was p r e sumab le t ha t t h i s enzyme would t ake par t in t h e metabol ism 

of vernal iza t ion. 

Subsequen t ly , we tried t o approach t h e problem f r o m t w o direct ions. 

1. B y applying metabol ism inhib i tors , we t r i ed to decide whether a c t u a l 

p ro te in synthesis could be ev inced , whether t h e ac t iv i ty- inhib i t ion of R N a s e 

had bear ing on t h e f inal resul ts of vernal izat ion. 2. We have inves t iga ted h o w 

t h e enzyme f o r m a t i o n responds t o the changes in t e m p e r a t u r e . 

In order t o b r ing an issue concerning the f i r s t problem, we applied var ious 

inhibi tors du r ing vernal izat ion a n d measured t h e act ivi ty of RNase at a n 

incuba t ion t e m p e r a t u r e of 0°C. 
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b) The effect of inhibitors on the formation of Ii Nase formation 

On t h e hasis of t he i r effect , t he inhib i tors appl ied might be d iv ided into 
three g roups . One group ( t r ipaf lav in , chloramphenicol) inhibits t h e appear-
ance of t h e f i r s t ac t iv i ty p e a k thus p r o v i n g tha t , in t h i s case, we rea l ly have to 
reckon w i t h protein syn thes i s . These inh ib i tors p roduce no effect on t h e for-
mat ion of t h e second m a x i m u m . I n t o t h e second g r o u p can be r a n g e d those 

Fig. 1. Change of RNase (pH 5.6) activity measured during vernalization. The effect of various 
inhibitors. 

compounds (sodium a r sena te , silver n i t r a t e ) which are ineffec t ive on t h e fo rma-
t ion of t h e prepeak , howeve r , are of considerable i n h i b i t o r y effect a t t h e t ime 
when t h e second m a x i m u m comes into be ing . The th i rd g roup (acridine orange, 
D N P ) inh ib i t s both a c t i v i t y max ima . W e wish to r e m a r k tha t t h e acridine 
orange- inhibi t ion was, in every case, weaker t h a n t h a t caused b y D N P . 

On t h e basis of the d i f f e ren t an t ime tabo l i c effects we might conc lude t ha t 
the f o r m a t i o n of the f i r s t and second p e a k consists mos t p robably of two 
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separa te processes in t h e course of verna l iza t ion . The increase of a c t i v i t y , in 
the f i r s t qua r t e r of vernal izat ion, is a resul t of p r o t e i n synthesis Avhile the 
fo rma t ion of the second m a x i m u m is r e su l t ed , in the las t s tage of verna l iza t ion , 
by r ea l ignmen t or ac t iva t ion . The appea rance of t h e f i r s t m a x i m u m might 
he b locked b y the prote in synthesis a n d nucleic acid inhib i tors . The inhib i t ion 
evinced in b o t h s ta tes shows the necess i ty of energy t r a n s p o r t while t h e effect 
of acr idine orange indica tes the role of D N A . 

The th ree enzymes wi th RNase p r o p e r t y will he m a r k e d he re ina f t e r with 
f igures . The enzyme produc ing max. a c t i v i t y at the beg inn ing of verna l iza t ion 
is R N a s e I . RNase И is p re sumab ly n o t t a k i n g par t in vernal izat ion a n d work-
ing only a t higher t empe ra tu r e s , while f ina l ly , the e n z y m e causing a t t h e end 
of verna l iza t ion an ac t i v i t y e n h a n c e m e n t is RNase I I I . The e luc ida t ion of 
the re la t ionship and act ion mechanism of the enzymes is in progress. 

c) The effect of inhibitors on vernalization 

The effect of the above-men t ioned inhibi tors be ing applied on t h e fu r the r 
deve lopmen t of seedlings during verna l iza t ion has b e e n examined. P u r v i s 

( 1 9 6 1 ) expla ins t h a t t h e most reliable i ndex of a d v a n c e d vernalized s t a t e is 
the f i na l leaf n u m b e r showing exact ly t h e t ime when p l a n t s turn f r o m vegeta-
t ive i n t o generat ive . If t h e f inal leaf n u m b e r increases it is to s u p p o s e tha t 
t h e verna l iza t ion was d i s tu rbed or incomple te . According to N a p p - Z i n n ( 1 9 6 3 )  

we m i g h t speak of ac tua l vernal iza t ion inhibit ion only in the case if t h e final 
leaf n u m b e r increases a t t h e appl icat ion of the inh ib i tor . Fo r this r e a son , when 
e x a m i n i n g the effect of t h e inhibi tors , only this i n d e x has been t a k e n into 
cons idera t ion with t h e view to e l iminate t h e effect of o t h e r factors in f luenc ing 
ear f o r m a t i o n . Our d a t a are summar ized in Table 2. 

Table 2 

The effect of various inhibitors on vernalization 

Inhibi tor Conc .% 
Final leaf 
n u m b e r Difference 

Control, vernalized . . . 

Control, non-vernalized 

D N P  0.01 
0.10 

0.09 

0.02 
0.05 

0.25 

8.3 

16.3 

14.2 

12.2 

15.3 

14.2 

8.0 
6.1 

3.9 

7.0 

5.9 

0.2 
1.7 

Tripaflavin 

Acridine orange 

Chloramphenicol 

Sodium arsenate 8.5 

10.0 

1.2 (2.4) 
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Though o u r d a t a refer o n l y to the resul t s of a single expe r imen ta l y e a r , 
t h e y very well r ep resen t the e f f e c t of inh ib i tors on the verna l iza t ion process. 
W e want to obse rve tha t t h e applied i n h i b i t o r y concen t ra t ions have n o t 
resu l ted hea l thy p lan t s in e v e r y case; we h a v e found n u m e r o u s deviat ions 
especially in t h e fo rm and cons t ruc t ion of t h e ear. However , the final leaf 
n u m b e r could b e established in every case. 

Data s u m m a r i z e d in t h e referring T a b l e are the m e a n values of 
200 p lan t s /va r i an t s . Concerning leaf number , t h e inhibi tors have no e f fec t 
on t h e vernalized control. I t c a n be observed t h a t well-defined vernal izat ion 
inhibi t ion is p r o d u c e d only b y t r ipaf lav in , ch loramphenicol and acridine 
o r ange as well as D N P , viz., b y those inh ib i to r s which h a v e inhibited t h e 
fo rma t ion of R N a s e I. I t can b e established t h a t the inh ib i to r s of RNasc I 
syn thes i s and t h o s e of verna l iza t ion are iden t i ca l . 

d) Relationship irt RAase I synthesis and cell-division 

Our pre -examina t ions concern ing the t e m p e r a t u r e condi t ions of R N a s e 
Г format ion h a v e p roved tha t t h e enzyme gets synthesized in t h e f i rs t 24 hou r s 
of vernal izat ion. Therefore, expe r imen t s were se t up in two direct ions. P a r t l y 
we examined h o w the enzyme ac t iv i ty m e a s u r e d at 0° c h a n g e d in embryos 
k e p t at d i f ferent t empera tu re s dur ing 24 h o u r s , par t ly we inves t iga ted b y 
t a k i n g sample e v e r y two h o u r s , and vernal iz ing the e m b r y o s at d i f ferent 
t empera tu re s , w h e n the first ev inc ib le enzyme ac t iv i ty would appea r . Besides, 
w e determined t h e in tens i ty of cell-division. Our resu l t s are shown 
in Table 3 and F i g . 2. In Table 3 we have s u m m a r i z e d cel l -growth, in 24 hour s , 
of embryos k e p t a t different t e m p e r a t u r e s as re la ted to t h e init ial mater ia l . 
(The cell-count of t h e initial e m b r y o was 13 575.) We h a v e also submi t t ed 
t h e RNase a c t i v i t y of e m b r y o s vernalized a t different t e m p e r a t u r e s for 
24 hours in the relat ionship of g a m m a / e m b r y o / 6 0 minutes 0CC, and f ina l ly , 
t h e interval in w h i c h , according t o the examina t ions , active R N a s e I develops 
in the embryos vernalized at d i f fe rent t e m p e r a t u r e s . In F ig . 2 the curve 
of RNase f o r m a t i o n has been p lo t t ed agains t t empe ra tu r e on the basis of 
a c t i v i t y , as well as the change in cell-division in tens i ty p l o t t e d against t e m -
p e r a t u r e , on t h e bas is of ce l l -growth per one enzyme . 

I t appears f r o m the Table as well as f r o m t h e graph t h a t t h e t e m p e r a t u r e 
c u r v e of enzyme fo rma t ion is a m a x i m u m curve . The site of m a x i m u m is a t 2 
°C. Wi th the inc rease of t e m p e r a t u r e the i n t ens i t y of fo rma t ion decreases, a n d 
a r o u n d 10°C no ac t iv i ty at all c a n he evinced. Concerning t h e date of t h e 
appea rance of t h e f i r s t m e a s u r a b l e act ivi ty, i t can be obse rved t ha t while 
u p to 5°C the f o r m a t i o n occurs in the f i rs t 4 - 6 hours of verna l iza t ion , at 
7°C, as much as 12 hours, a n d a t 10°C, th ree weeks are r equ i red for t h i s 
process . The t e m p e r a t u r e cu rve of cell-division is entirely devia t ing ; t h u s , 
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enzyme f o r m a t i o n is no t l ikely to be t h e resul t of embryo -g rowth ; on t h e 
con t ra ry , cell-division comes to a s tandst i l l a t the t ime of maximal e n z y m e 
format ion . 

The a p p e a r a n c e of ac t iv i ty , the f o r m a t i o n RNase I occur at t he ac t i ve 
t empe ra tu r e s of vernal iza t ion . Conferring t he se da ta wi th t h e results o b t a i n e d 

Fig. 2. The change of cell-division intensi ty and the fo rmat ion of R N a s e I in the —1 J-Ы °C 
t empera tu re range in the first 24 hours of vernal izat ion 

Table 3 

Temperature dependence in cell-division intensity 
and the formation of RNase I 

°c 
Cell-number 

g rowth /embryo 
in 24 hours 

R N a s e 
a c t i v i t y / e m b r y o 

Firs t a c t i v i t y 
in h o u r s 

— 1 168 6 

0 — 175 6 
2 202 183 6 

5 1506 135 12 
7 3856 27 24 

10 8203 — three weeks 

significant: ± 31 (62) 
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b y inhibi tors , i t can be es tabl i shed t ha t in th is process we have to deal with 
a biochemical phenomenon closely connec ted with vernal iza t ion. 

Since i t could be es tabl i shed with m u c h probabi l i ty t ha t the e n z y m e 
takes pa r t in vernal iza t ion processes, t h e isolation of R N a s e I, in order t o 
carry out f u r t h e r examina t ions , has become quite necessary . 

e) The isolation of RNase I 

The l i t e r a tu r e on t h e sub jec t suggests t h e isolation of RNases by a m m o n -
sulphate f r ac t i ona t ion . I n v iew of the f a c t t h a t the condi t ions of a m m o n -
sulphate prec ip i tab i l i ty of t h e enzyme we wan ted to isola te were u n k n o w n , 
we first h a d t o carry ou t t h e activity t e s t s in prec ip i ta t ions obta ined wi th 
the 0.1 ( 1 0 % ) sa tura t ion level-al terat ions in order to decide when and wi th 
what kind of a m m o n s u l p h a t e f rac t iona t ion the isolation had to he s t a r t e d . 
Table 4 p r e s e n t s in the r a n g e of 10—80% sa tu ra t ion levels the ac t iv i ty cor-
relations a t p H 5.6 and p H 7.6 at t e m p e r a t u r e s of 0°C a n d 20°C. 

From t h e da ta it can be seen t h a t in non-vernal ized embryos a t 0°C 
no act ivi ty could he evinced a t either p H . A t 20°C, ac t i v i t y could be m e a s u r e d 
in the f r ac t ion prec ip i ta t ing w i th 50—70% sa tu ra t ion . A f t e r 7 days of vernal iz -
ation at 40 6 0 % sa tu ra t ion levels we h a v e found , at 0°C, active R N A - b r e a k -
ing proteins. A t 20°C, a c t i v i t y can be f o u n d at 40 — 7 0 % sa tura t ion levels. 
This ac t iv i ty is divided b y the changing of p H into t w o defini te g roups . 

RNase activity of protein fractions separating at different ammonsulphate saturation levels 

Table 4 

V e r n a l i z a t i o n 

(NH1)JSO. 
sat. % 

0 day 7 days 14 days 

ac t iv i ty gamma/60 min . 

p H 5.6 j pH 7.6 p H 5.6 J p H 7.6 I pH 5.6 j p H 7.6 

0°C incubation 
temperature 

10 
20 
3 0 
4 0 
5 0 
60 
7 0 
80 

26 
60 
22 

1 4 1 
1 4 0 

20"C incubation 
temperature 

10 
20 
3 0 
4 0 
5 0 
60 
7 0 

5 0 
5 8 
7 2 

9 1 
126 

7 7 

5 0 
1 0 7 

28 
2 4 

3 8 
5 2 
4 2 
5 6 

3 5 0 
4 4 1 
3 4 5 
5 3 5 

1 3 3 
2 4 5 
4 7 0 
8 8 5 
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Table 5 
Diagram of RNase isolation from wheat seedlings 

Homogenizing in 0.1 M citrate buffer p H : 5.0 
10 g/200 ml ex t rac t ion ; 0°C. 20 h. (1) 

After centr ifuging the residue is to be ex t rac ted repeatedly wi th 100 ml buffer . 0°C. 4 — 5 hours 

precipi ta te off 
(2) 

(1) supernat . w i th HCl p H 4.5 0°C 3 hours 
! 

precip. off (4) supernat . w i t h NaOH p H 
(3) 5.5 -f 17.5 g/100 ml ammons. 

4 - 5 hou r s °0 

precip. off 
(6) 

precip. off 

precip. uptake to 
100 ml 0.1 M citrate p H 5 

°0 2 - 3 hours 

supernat . -{-13.7 g/100 ml 
ammonsulph . °0 12 hours 

superna t . dialysed 
against 0.01 M ci t ra te buffer p H 5.0 

0° 24 hours 
a f te r dial. 21.2 g/100 ml ammonsu lph . 0° 

12 hours   
I 

(7) precip. up t ake in 50 ml 
citrate buffer . Like previous u p t a k e 

(6) 

precip. off 
(8) 

superna t . with HCl p H 3.8 
500 mg NS 0° 1—3 hours 

precip. up take in 
20 ml c i t ra te buffer . p H 5.0 

0° 1 - 2 hours 

superna t . off 
(5) 

supernat . off 

supernat . off 

precip. off 

precip. off 

precip. up t ake in 20 ml 
c i t ra te buffer p H 5. 

0° 1 - 2 hours 

supe rna t . -{-200 mg NS 
0° 1 - 3 hours 

supernat . off 

supe rna t . -f-5.5 g ammons . 
0° 24 hours 

precipit . up t ake in 5 ml ci trate p H 5.5 Dialysis 
24 h. 0° against 0.01 M buffer Filled u p to 10 ml 

Enzyme solution (9) 

supernal , off 

At t h e 40 — 5 0 % sa tu ra t i on level t h e act ivi ty decreases wi th t h e increase 
of p H , while a t t h e 60 — 7 0 % s a t u r a t i o n levels it increases. These correlat ions 
are even more def in i t e on the 14th day of verna l iza t ion when t h e ac t iv i ty 
measured at 0°C is a h o u t seven t imes as much as t h a t measured on the 7 th 

4M Agr. llung. Tamm XIV. 1965 



2 8 4 M. DÉVA Y 

d a y . I t seemed p laus ib le tha t the e n z y m e displaying act ivi ty a t 0°C and show-
ing ac t iv i ty -decrease response t o t h e increase of p H , was t h e saine RNase I 
we w a n t e d to i so la te , while t h e o t h e r one sepa ra t ing at 60 7 0 % level, is 
R N a s e I I . 

On the basis of t h e p re -examina t ions , we h a v e tr ied to isolate RNase I 
w i th p e r m a n e n t a c t i v i t y control. T h e dra f t - s teps of vernal iza t ion are summar -
ized in Table 5. 10 g of wheat seedlings having been precedingly vernal ized for 
14 days , were homogenized in 200 ml 0.1 M c i t r a t e buffer ( p H 5) ( H O L D E N 

P I R I E 1955), t hen ex t rac t ion was be ing per formed a t 0°€ for 20 hours . Af te r 
cen t r i fug ing , the res idue was r e p e a t e d l y e x t r a c t e d with 100 ml buffer in 
r e f r ige ra to r for 4 — 5 hours , t hen fol lowing cent r i fug ing , the t w o ex t r ac t s were 
combined . Thus we succeeded in ca r ry ing 9 0 % of t h e tota l a c t i v i t y in to the 
so lu t ion . The p H of t h e ext rac ts w a s t hen set, w i th HCl to 4.5. A f t e r several 
hours of keeping i t in ref r igera tor , cent r i fuging was repea ted and then the 
p rec ip i t a t e d ischarged. By this m e t h o d we succeeded in p rec ip i t a t ing a big 
q u a n t i t y of ba l las t -pro te in , while t h e enzyme itself remained in solution. 
The p H of the pure solution o b t a i n e d a f t e r cent r i fuging , was re-set t o 5.5 with 
N a O H ; then , up t o a 3 0 % s a t u r a t i o n level amnionsu lpha te wi th cooling was 
a d d e d . For get t ing t h e prec ip i ta te separa ted t h e solution was be ing kept at 
0°C for 4 hours. Cent r i fuging came n e x t again and discharging t h e prec ip i ta te . 
Now followed the separa t ion of t h e e n z y m e conta in ing f ract ion. T h e sa tura t ion 
of a m m o n s u l p h a t e was raised to 50 pe r cent and t h e solution kep t in refrigera-
tor fo r 12 hours . T h e separa ted f ine prec ip i ta te was centr i fuged, t h e enzyme to 
he f o u n d almost en t i r e ly in the p rec ip i t a t e . The prec ip i ta te was t h e n taken up 
in 100 ml p H 5.5 c i t r a t e buffer a n d dialyzcd aga ins t 0.001 M c i t r a t e buffer at 
0°C for 24 hours . A f t e r having r e m o v e d the a m m o n s u l p h a t e , t he diluted 
l iquid was r epea ted ly sa tu ra ted w i th a m m o n s u l p h a t e to 5 0 % a n d the pre-
c ip i ta te t h a t had been separa ted in ref r igera tor and conta ined the ent ire 
ac t iv i ty , was t aken u p in citrate b u f f e r . After cent r i fuging , the p rec ip i t a t e did 
not con ta in ac t iv i ty which proved t h a t the whole act ive enzyme-supp ly had 
gone in to the solut ion. The f u r t h e r pur i fy ing of t h e enzyme was also tr ied 
accord ing to the m e t h o d of H O L D E N P I R I E (1955) wi th the pu r i f i ed yeast-
nucleic acid as adso rben t . RNase ge t s adsorbed on t h e surface of nucleic acids 
wi th h igh specif ici ty a n d thus it can he well separa ted from the accompany ing 
enzymes and other prote ins . 

T h e enzyme con ta in ing solut ion was ad jus t ed wi th HCl to 3.8 p H , then 
the yeast -nucle ic acid t h a t had p rev ious ly been pur i f i ed hy repea ted precipi ta-
t ion, was admixed . A f t e r s tanding for 1 — 2 hours a t 0°C, it was centr i fuged 
and t h e prec ip i ta te was extracted w i t h p H 5.0 c i t r a t e buffer . The nucleic acid 
adsorp t ion was p e r f o r m e d twice. A f t e r t h e last ex t r ac t i on made w i t h 0.25 N 
H 2 S 0 4 a f t e r a d ju s t i ng t h e 5.5 p H 5 0 % sa tu ra t ion w i th a m m o n i u m su lpha te 
Mas ach ieved and the enzyme got p rec ip i t a t ed . The prec ip i ta te be ing taken up 
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Table 6 

The development of activity test in the stages of isolation 

Number Frac t ion 
Tota l vol. 

ml 
Tota l pro te in 

m g 
Total 

ac t iv i ty 
Specific 
activity 

l . S u p e r n a t  300 598 658.1 1.22 

2. B o d v e lements  690 69.0 0.10 

3. Pree . a f t e r ac id i f i ca t ion . . 442 0.0 0.00 

4. Supe rna t . a f t e r acidif ica-
t ion  176 652.3 3.82 

5. Sa l t ing out s u p e r n a t  350 109 2.2 0.02 

6. Res idue of t h e u p t a k e . . . . 10 1.8 0.02 

7. Precip. of s a l t i ng out  20 .6 573.3 27.70 

8. Residue of u p t a k e  18.4 0.0 0.00 

9. To ta l end p r o d u c t  10 2.2 569.8 259.00 

in c i t ra te buffer , i t was dialyzed against 0.01 M c i t ra te bu f fe r . The dialyzed 
solut ion being fi l led u p to a f ina l volume of 10 ml , we ob ta ined the enzyme 
solution which con ta ined very l i t t le protein a n d showed high ac t iv i ty at 0°C. 

The deve lopmen t of ac t iv i ty has been cheeked up t h r o u g h o u t the whole 
expe r imen t at 0°C. The da ta a re presented in Table 6. In t h e i l lustrat ion 
present ing the process of isolat ion, the act ivi t ies showing themse lves on t h e 
spot of f igures in b racke t s , are summar ized in T a b l e 6. The specif ic ac t iv i ty 
of t h e to ta l end p r o d u c t was b y 216 higher t h a n t h e specific ac t iv i ty in t h e 
s u p e r n a t a n t of t h e original initial homogenisa te . 

Conclusions 

I t has been k n o w n for long t h a t morphogenes is of p l an t s is inf luenced 
b y ex terna l fac tors . The inves t iga t ion of t he se correlat ions has recent ly , 
in t h e last decade, m a d e great progress. 

Na tura l ly , t h e quest ion p r o m p t l y arises as t o what the real corrélat ion 
is be tween the s y s t e m react ing w i t h external f a c t o r s and the mechanism evok-
ing morphogenet ic processes. A sys t em being b r o u g h t abou t b y the environ-
m e n t reacts bu t in ra re cases direct ly wi th morphogenesis ( B O P P , 1 9 6 3 ) .  

In most cases it calls for th only func t ions as a resu l t of which certain p l a n t -
cells or par t s of p l a n t give a response. For t h e t ime being t h e biochemical 
mechan i sm of such receiving a n d responding reac t ions is still a blank space 
on t h e char t of biology ( B O P P , 1 9 6 3 ) . 

I n flower i nduc t ion the au toca ta ly t i c processes play a considerable p a r t 
( L A N G , 1 9 5 2 , P U R V I S , 1 9 6 1 ) . This had been t h e s ta r t ing po in t on the basis 
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of which t h e role of nucle ic acids m e e t i n g the r equ i r emen t , was f i r s t examined 
in the f lower induct ion . 

T h e inves t iga t ions of S A L I S B U R Y , B O N N E R (1960) refer t o t h e role of 
nucleic acids in f lower ing induct ion , however , t h e y could not y e t decide if 
the e f fec t evoked was due to DNA or R N A . H E S S (1959,1961a, 1961b) proved 
t h rough specific inh ib i t ing exper imen t s t h a t with Streptocarpus wentlandii 
a specif ic R N A takes p a r t in the f l o w e r induct ion . He advances his view 
according t o which in t h e case of Streptocarpus s t u d i e d by him a n d requir ing 
around 10 °C t e m p e r a t u r e and short d a y s for f lower format ion , t h e r e are two 
R N A sys t ems work ing : a vegeta t ive R N A system regulat ing g r o w t h and a 
r ep roduc t ive R N A s y s t e m producing t h e flower fo rma t ion . At t h e t ime of 
r ep roduc t ive R N A synthes i s , the v e g e t a t i v e R N A gets i nac t iva t ed in some 
way. E .g . wi th Streptocarpus it is t h e 10 °C t e m p e r a t u r e t ha t p roves to be low 
enough t o inac t iva te vege ta t ive R N A , however, i t is high enough t o render 
possible reproduc t ive R N A synthesis . 

O u r d a t a refer r ing par t ly to t h e inhibit ion of vernal iza t ion par t ly to 
the syn thes i s of new- type proteins a n d last bu t n o t least, t o t h e synthesis 
of R N a s e enzyme t a k i n g par t in verna l iza t ion , j u s t under t h e condit ions 
of verna l iza t ion , show t h a t the hypo thes i s of H E S S concerning t h e t w o kinds 
of nucleic acids, s t ands also regarding vernal iza t ion . (The approx. t e m p e r a t u r e 
of 10 °C requ i red for n o r m a l f lowering in i t ia t ion, is indispensable w i t h Strepto-
carpus, too . ) His hypo thes i s concerning the vege ta t ive inac t iva t ion of RNA 
is the s a m e as, in our case, the syn thes i s of active R N a s e at low t e m p e r a t u r e . 
In our opinion, low t e m p e r a t u r e no t on ly inhibits t h e synthesis of vegeta t ive 
RNA, b u t as a consequence of r ibonuclease act iv i ty , i t most p r o b a b l y dis turbs 
it as well ; t hus , t he r a t i o of var ious R N A s and t h e feasibil i ty of synthesis , 
respect ive ly , are regu la ted b y RNases working under different condi t ions . The 
la t ter t h e o r y woidd he p roved by t h e t w o curves of F ig . 2. When t h e format ion 
of R N a s e is in m a x i m u m , cell-division (vegetat ive R N A ) is in t h e min imum. 
However , f u t u r e inves t iga t ions will h a v e to decide u p o n these p rob lems . 

T h e changes of r ibonuclease a c t i v i t y have been studied on seedlings of 
the w in t e r whea t В 1201 during verna l iza t ion and t h e following conclusions 
have been d r awn : 

A f o r m of RNase t a k i n g part in R N a s e metabol i sm and being v e r y active 
at a low t e m p e r a t u r e , ge t s synthesized in the first f ew hours of vernal iza t ion . 
We have succeeded in isolat ing the e n z y m e . 

The fo rmat ion of t h e enzyme is inhibi ted b y ch loramphenico l , tr ipa-
f lavin a n d acridine o range . Resp i r a to ry poisons h a v e no i n f l u e n c e on it. 
The inh ib i to rs of R N a s e format ion a re identical w i t h the specific inhibi tors 
of verna l iza t ion . 

The t e m p e r a t u r e condit ions of R N a s e format ion agree with t h e t empera -
tu re -dependence of vernal iza t ion . The f o r m a t i o n of t h e enzyme is t h e m a x i m u m 
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in the 0— - f 2 C° in terval . Then t h e cell-division either s tops ent i re ly or is b u t 
m i n i m u m . 

The evinced enzyme t r ansc r ibed b y us as RNase I , is mos t p r o b a b l y 
r a t h e r an organic pa r t of verna l iza t ion t h a n t h e result of cell-division a n d 
growing, respect ively . 
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CHANGES IN SWARD TYPES AS INFLUENCED 
BY CHEMICAL FERTILIZER APPLICATIONS 

B y 

I . V L N C Z E F F Y 

INSTITUTE OF AGROBOTANY, TÁPIÓSZELE 

S e v e r a l sward t y p e s were t r e a t e d w i t h chemical f e r t i l i z e r s in d i f f e ren t w a y s and 
the c h a n g e s e x a m i n e d . T h e var ious c h e m i c a l fert i l izers m o d i f y t h e yield a n d t h e c o m -
pos i t i on of t h e swards . Q u a n t i t a t i v e grass ( y i e l d ) and q u a l i t a t i v e (bo tan ica l c o m p o s i t i o n , 
c h e m i c a l c o n t e n t s ) c h a n g e s a re still m o r e a c c e n t u a t e d b y t h e va r ious t y p e s o f s w a r d . 

In t roduc t ion 

In our days swards a re dealt with all over the wor ld , research w o r k on 
their i m p r o v e m e n t and possibilities of t h e increase of t h e i r yield is b e i n g con-
ducted . 

One of t h e direct modal i t ies of t h e i m p r o v e m e n t of sward yields is fert i-
lizer app l i ca t ion . Earl ier , au thors t h o u g h t this quest ion to have been solved 
with the use of organic m a n u r e while m o r e recent ly t h e l a t t e r being he ld useful 
hu t not indispensable ( K L A P P 1 9 6 2 ) . F r o m farming p o i n t of view t h e use 
of chemical fertilizers is emphasized s ince t h e y are ut i l ized with g r e a t e r effi-
ciency t h a n organic m a n u r e ( V I N C Z E F F Y 1 9 6 4 ) and are , in most cases , sub-
s tant ia l ly less expensive ( Z Ü R N 1 9 6 1 ) . 

On a c c o u n t of this , recen t ly chemica l fertilizer appl ica t ion on s w a r d s has 
recent ly b e e n given t h e preference. As t o the var ie t ies and q u a n t i t i e s of 
chemical fert i l izers to be used , however, t h e r e are still m a n y problems open to 
discussion. 

The resu l t s obta ined u p to now are n o t unequivocal which mus t p rac t i ca l 
farmers r e m i n d of cau t ion . I t is a gene ra l experience t h a t i m p o r t a n t resul ts 
may b y achieved by one-sided N fer t i l izer applicat ion ( T A K Á T S 1 9 6 2 , B A L Á Z S 

1 9 6 2 , S C H U M M E L 1 9 6 1 , L A M M E R I N K 1 9 6 2 , C I Z E K 1 9 6 3 , R E I T — I N K S O N 1 9 6 4 ,  

Z Ü R N 1 9 6 4 etc.) . I t has been es tab l i shed t h a t N fer t i l izer f avours , in all 
cases, t h e grasses while legumes come s h o r t of growing ( L A M M E R I N K 1 9 6 2 ) .  

Somet imes th i s la t te r phenomenon is on ly compara t i ve ( T A K Á T S 1 9 6 2 ) as 
also l egumes may be growing well ( B A L Á Z S 1 9 6 2 ) whi le in other condi t ions 
they d i s a p p e a r from t h e sward wi th in a few years ( K R E I L et al. 1 9 6 1 ) . The 
controvers ia l da ta are ma in ly due t o t h e different ecological cond i t ions of 
the e x p e r i m e n t a l localities. 
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With m i x e d chemical fer t i l izer appl ica t ion 300 per cen t and even h i g h e r 
results were o b t a i n e d m a n y t imes ( B U H T Z 1 9 6 2 , C I E S L I N S K Y 1 9 6 3 ) ; w h i c h 
m a d e most a u t h o r s par t i san of mixed chemica l fertilizer appl icat ion ( D O R Y 

1 9 6 0 , T A K Á T S 1 9 6 2 , S C H E C H T N E R 1 9 6 4 , Z Ü R N 1 9 6 4 e t a l . ) . 

The chemica l fertilizers h a v e specific e f f ec t s on the va r ious plants of t h e 
swards, s t i m u l a t i n g ones while inhibi t ing o t h e r s ( G R O S S 1 9 6 1 , K U E N Z L E N 1 9 6 1 ,  

B U H T Z 1 9 6 2 , e tc . ) . N fertil izer increases the t o t a l protein ( G R O S S 1 9 6 1 , J O N E S 

1963) a l though i t reduces t h e proport ion of legumes. In m a n y cases also P 
fertilizer m a y increase the p ro t e in contents , f i r s t of all by t h e rapid sp read ing 
of the papi l ionaceous p lants ( C A R P E N T I E R 1 9 6 3 ) . 

From t h e fac tors in f luenc ing the u t i l i za t ion of chemical fertilizers t h e 
mos t i m p o r t a n t one is the he igh t of the g r o u n d water t ab le . Intensive s w a r d 
f a rming is possible (without i r r igat ion) bu t on areas with an adequate ly h i g h 
w a t e r table. T h e effect of chemica l fertilizers is the greates t on such s w a r d s . 
Similar facts were established b y Z A Y K O V A (1964) who found t h a t hay y ie lds 
were increasing towards t r u e meadows while diminishing t o w a r d s desert ani l 
m a r s h swards. 

Also the ut i l izat ion of t h e act ive agent in chemical fer t i l izers is specif ic , 
depending in t h e f i r s t place on t h e type of t h e s w a r d . The a m o u n t of dry m a t t e r 
ob ta ined per 1 k g act ive agen t changes on a w ide range (7 — 25 kg). The m o r e 
chemical fer t i l izer is used t h e less dry m a t t e r is obta ined — relat ively — p e r 
1 kg active agen t ( S C H U M M E L 1 9 6 1 ) . With m i x e d or increased chemical fer t i l izer 
appl icat ion t h e ca ro tene con t en t can be e n h a n c e d b y 2 0 per cen t ( C A R P E N T I E R 

1 9 6 3 ) . 

As it a p p e a r s f rom these f ew data — a n d has been f o u n d in our o w n 
large-scale e x p e r i m e n t s — t h e resul ts ob t a ined in the f ie ld of the chemica l 
fert i l izer app l ica t ion of swards a re not conco rdan t . Our small p lo t exper iments 
h a v e been set u p exac t ly to o b t a i n in format ion on specific e f fec ts to be expec ted 
in chemical fer t i l izer appl icat ion on swards. There fo re , var ious types of s w a r d s 
h a v e been fer t i l ized di f ferent ly , wi th the o b j ec t i v e to supp ly new da ta con-
cerning the s w a r d types as a cont r ibut ion t o th i s much discussed ques t ion 
which may p e r h a p s help with b e t t e r eva lua t ion of this m a n y sided p rob lem. 

Exper imenta l Conditions a n d Methods 

a ) Natural conditions 

The place of i n v e s t i g a t i o n w a s Táp iósze le , i ts t i m e 1963 —1964. T h e a r e a is of a low s i t e 
( 1 1 0 —120 m a b o v e t h e sea level), m o s t l y p lane , for s o m e sward t y p e s s o m e w h a t (0 — 3 p e r 
c e n t ) slopy. 

Climate is c o n t i n e n t a l . T h e a n n u a l n u m b e r of s u n l i t hou r s is 1950 — 2050, in the v e g e -
t a t i o n period 1430 — 1 4 6 0 . Mean t e m p e r a t u r e is 10 — 11°C, a n n u a l f l u c t u a t i o n 23 —25°C. T h e 
m e a n t e m p e r a t u r e of t h e v e g e t a t i o n p e r i o d is 13.5°C. 

The a n n u a l p r e c i p i t a t i o n is — in t h e ave rageo f m a n y yea r s —500 — 550 m m . Dur ing t h e 
v e g e t a t i o n period t h e m e a n p r e c i p i t a t i o n ob ta ined w a s 170 m m . 
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The soil is a meadow clay soil w i th solonchak, of mildly alkalic react ion (pH = 7.8 — 
8.6). 

Since earlier f a r m experiment d a t a had been processed in the f i rs t m o n t h s of 1963, the 
exper iments were set u p only end of March 1963. The chemical fertilizers were spread out in 
b o t h years a t the same t ime, viz. end of March. 

Plot size was 10 sq. m. As the object ive was chemical fertilizer appl ica t ion to sward 
types , par t s had been chosen, where t he sward appeared to be homogeneous. As f rom each 
sward type only small homogeneous areas were found we had to content ourselves with a plot 
size of 10 sq. m. 

The data concerning the types examined are presented in Table 1. 

Table 1 

Data of sward types examined 

Name of award t ype 
(dominating grass) 

1 

Ground water 
table 

2 

Slope 
% 
3 

Meadow fescue Festuca pratensis 0 — 1 . 5 0 

Creeping bent Agrostis alba 0 — 1 . 5 0 

Bough-stalked 
meadow grass 

Poa triviális 0 . 5 — 2 . 0 1 

Smooth-stalked 
meadow-grass 

Poa pratensis 
1 — 3 . 0 0 

Reed canary gra ss Festuca pseudovina 2 4 . 0 3 

The sward types were chosen to be of different hydrological s t ruc tu res and to repre-
sen t , as far as possible, swards covering larger areas. 

b) Treatments 

Trea tmen t s were identical in each sward type and are listed in Table 2. D a t a are rounded 
up to a few decimals. 

e) Methods employed in experiments and analyses 

1. Exper iments were set u p according to 5 X 5 Lat in square p a t t e r n . Da ta have been 
eva lua ted with analysis of var iance. 

2. Botanical composition of t he sward and its change as an effect of chemical fertilizer 
appl icat ion were established by coenological surveys, adap t ing the HULT—SERNANDER coeno-
logical method modif ied by Balázs. 

3. Baw prote in contents were determined with the WAGNER — PARNASS mikrokje ldahl 
me thod and carotene analyses carried ou t with CHOLNOKY'S co lumn-chromatographic me thod 
b y the laboratory of this Ins t i tu te . 

Several of the sward types had been pastures before so in the f i r s t year the effect of 
res t was conspicuous. Since our aim was to establish the effect of chemical fertilizers, we laid 
stress, beside present ing the data of the f i rs t year, on those of the second. 
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Table 2 

Treatments 

Chemica l ferti l izer q /cad . 
hold« 

Act ive agent 
to ta l a.e. kg/ha 

I. 

l. 

t r ea tment 

2- 3. 4. 

Pétisó** 1.5 25 65 

II. t r ea tment 

Pétisó 3.0 25 130 

III. t r ea tment 

Control  — — 

IV. t rea tment 

Pétisó 1.5 25 

Superphosphate  1.0 18 

Potassium salt  0.5 40 130 

V. t r ea tment 

Pétisó 3.0 25 

Superphosphate  2.0 18 

Potassiumsalt  1.0 40 260 

* 1 cad. hold = 0.57 ha. 
** Calcium carbonate = ammonium nitrate fertilizer manufactured in Pét (Hungary) 

Results 

1. Quantitative changes 

The act ion of t h e var ious chemical fertilizers on t h e sward t ypes can be 
measu red , f i r s t of all, on t h e di f ference in yield. According to Table 3 both 
pe r cen tua l and absolute increase of yield were essential . 

a) The effect of N fertilizer on various sward types (Table 3) 

On the action of t h e f i r s t t r e a t m e n t (65 kg N/ha) ve ry di f ferent results , 
depend ing on the t y p e of t h e swaid , were obta ined. Festuca pseudovina sward 
showed a yield increase of only 0.7 kg as compared w i th 4.8 kg in Festuca 
pratensis. Absolute weigh ts also exh ib i t i m p o r t a n t divergences: Festuca 
pratensis 13.94 kg, Poa pratensis 7.68 kg, Festuca pseudovina 3.68 kg. Surplus 
yield was 40 to 50 per cent according t o sward t ypes ; di f ference be tween the 
types 369 per cent. 

U p o n the action of 1 kg of the f i r s t t r e a t m e n t 10.7 t o 74.2 kg green yield 
arose. Highes t yields were obta ined f r o m hygrophi lous swards , lowest from 
t h e xeromesophi lous ones (for da ta see Table 4). 
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T r e a t m e n t I I had a more expl ici t effect . As an effect of 130 kg N/ha t h e 
green yield of Festuca pratensis increased b y 6.62 kg while t h a t of t h e Festuca 
pseudovinasward b y 2.82 kg. 1 kg act ive agent p roduced 13 to 61.2 kg green yield. 

N fert i l izers increased, t o t h e greates t e x t e n t , t he yield of the hygromeso-
phi lous Agrostis alba and Poa triviális swards . The xeromesophi lous Festuca 
pseudovina swa rd could uti l ize t o a lesser degree the one sided N chemical 
fer t i l izer app l ica t ion . 

b) The effect of mixed chemical fertilizer application on the various sward 
types 

D a t a concern ing the changes of grass yield and the surplus yield ob ta ined 
on the ac t ion of 1 kg act ive agen t are found also in Tables 3 and 4. 

T r e a t m e n t I I I (130 kg mixed act ive agen t per hectare) increased t h e 
yield by 62 —112 per cent . According to t h e t y p e of grass on the ac t ion of 
1 kg act ive a g e n t a grass yield of 9,6 — 61,7 kg, was obta ined . 

T r e a t m e n t IV (260 kg mixed act ive agen t per hectare) p roduced the 
g rea tes t effect , a surp lus yield of 125 to 248 per cen t . In the f i r s t place the yield 
increase of the hygrophi lous swards is conspicuous (211 to 248 per cent surp lus 
yield) , while t h e yield increases of mesophi lous (165 per cent) and xeromeso-
phi lous swards (125 per cent) are of a lesser degree. As to absolu te weights 
t he r e is a g rea t difference be tween Festuca pratensis and F. pseudovina 
(20.44 kg and 3.84 kg = a dev ia t ion of 532 per cent) . 1 kg act ive agent p roduced 
78.4 kg of green grass. 

As ev idenced by the d a t a , t h e d i f fe rent chemical fertil izers elicit a charac-
ter is t ical ly d i f f e ren t effect in t h e a m o u n t of yield and this change m a y mani -
fo ld ly increase depend ing on t h e sward t y p e . 

The mos t essential cause of the d i f f e ren t , o f ten con t rad ic to ry resul ts 
of chemical fer t i l izer exper iments on swards is t h e type of the sward uti l izing 
t h e chemical fer t i l izer in a pa r t i cu la r way. 

2. Qualitative changes 

Chemical fert i l izer appl ica t ion increases no t only the yield of the sward 
b u t also improves both its bo tan ica l composi t ion and its ana ly t ica l va lue . 

a) Changes in the composition of the sward 

The e f fec t of chemical fertil izers on t h e botan ica l composi t ion of the 
indiv idual swa rd types is d e m o n s t r a t e d in Tab le 5. 

According t o the d a t a N ferti l izer p romotes in all cases the grasses while 
legumes are h a n d i c a p p e d . B o t h grasses and legumes are fos tered b y t h e 
appl ica t ion of mixed chemical fertil izer. U n d e r drier condit ions the develop-
m e n t of t h e grasses is more sa t i s fac tory , while under mesophil ic condi t ions 
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Table 3 

The effect of various chemical fertilizers on the 

Mean values of t r e a t m e n t s 

T y p e o f s w a r d Yea r I n 

kg % kg % 

Meadow fescue 1963 13.10 147 16.36 183 
(Festuca pratensis) 1964 13.94 153 15.72 173 

Creeping bent 1963 10.58 148 14.22 198 
(Agrostis alba) 1964 11.18 156 15.20 212 

Rough-stalked 1963 7.40 136 11.52 212 
meadow grass 1964 7.66 144 11.72 220 

(Poa triviális) 

Smooth-stalked 1963 7.14 143 9.76 196 
meadow grass 1964 7.68 138 10.94 197 

(Poa pratensis) 

Reed canary grass 1963 2.84 148 3.62 188 
(Festuca pseudovina) 1964 3.78 123 5.90 191 

grasses and legumes t h r i v e equal ly well and in hygromesophi l ic condi t ions 
legumes do be t te r u p o n t h e action of mixed chemical ferti l izer. 

Chemical fert i l izers in large dosage ra tes ( t r e a t m e n t s I I and V) reduce 
the n u m b e r of p lan t species. The r a t e of reduc t ion is d i f ferent according to 
sward t ypes and ranges f r o m 23 to 30 per cent . The highest n u m b e r of species 
is found in the mesophi lous sward types , d iminishing towards t h e hygro-
philous and xerophi lous condit ions. Fo r o ther reasons (sodic, alkali, acid soil, 
etc.) t h e n u m b e r of species shows a f u r t h e r reduct ion unt i l , in some e x t r e m e 
cases, no more t h a n 4 to 5 p lan t species are found in a sward (e.g. Puccinellia 
sward!). 

Low dosage ra tes of n i t rogenous ferti l izer also diminish, to a lesser 
degree, while low doses of mixed chemical fert i l izer increase the n u m b e r of p l a n t 
species in the sward. 

I n the last analysis t h e botan ica l composi t ion of the sward ob ta ined as 
an effect of mixed chemical fert i l izers is be t t e r , more var ied . Measure and 
propor t ions of chemical fertil izer appl ica t ion are essential ly de t e rmined b y 
the t y p e of the sward . 

In t h e course of inves t igat ions we f o u n d t h a t some p lan ts responded to 
chemical ferti l izer appl ica t ion wi th r ap id growth while others were hand i -
capped. E . g. Bromus mollis and Cynodon dactylon showed a good g rowth in 
the f i r s t year of chemical fertilizer app l ica t ion b u t la ter on they fell shor t . 
Similarly, some p lan t s of the wet swards were superseded f rom t h e sward 
(e.g. Carex distans, Rhinanthus minor, etc.) . 
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change of grass yields according to sivard types 

Mean v a l u e s of t r e a t m e n t s Analysis ol var iance 

I I I I V V 

M 
S D SD SD 

kg % kg % kg % 
M 0 . 1 % 1% 5% 

8.90 100 14.58 164 26.68 299 15.92 4.71 3.33 2.38 
9.10 100 15.10 166 29.54 324 16.68 13.78 9.76 6.95 

7.16 100 14.10 197 22.98 321 13.81 2.90 2.05 1.46 
7.16 100 15.14 212 24.76 348 14.69 2.82 1.99 1.42 

5.42 100 9.10 168 15.44 285 9.77 2.74 1.94 1.38 
5.32 100 10.48 197 16.56 311 10.35 1.98 1.40 1.00 

4.98 100 8.40 168 12.80 257 8.62 0.47 0.34 0.24 
5.56 100 9.32 168 14.75 265 9.65 0.67 0.47 0.34 

1.92 100 3.18 166 5.60 292 3.43 0.47 0.34 0.24 
3.08 100 5.50 178 6.92 225 5.04 0.62 0.44 0.31 

Accord ing t o exper imen ta l da t a the Agrostis alba sward was most 
suscep t ib le to mixed chemical fert i l izer appl ica t ion, while the Poa triviális 
sward uti l ized t h e N fertilizer b e t t e r . Most grasses, however , increased their 
yield in the f i rs t p lace according to the a m o u n t of chemical fer t i l izer , not to 
i ts qua l i t y . 

Table 4 

Green yield surplus upon 1 kg chemical fertilizer and total green yield per sward type 

1 I I H I IV V 

S w a r d type Y e a r T r e a t m e n t s 

kg q / h a kg q /ha kg q / h a kg q / h a kg q/ha 

Festuca pratensis 1963 
1964 

64.4 
74.2 

131.0 
139.4 

57.2 
50.7 

163.6 
157.2 — 

89.0 
91.0 

43.5 
46.0 

145.8 
151.0 

68.2 
78.4 

266.8 
295.4 

Agrostis alba 1963 
1964 

52.5 
61.7 

105.8 
118.0 

55.5 
61.2 

142.2 
152.0 — 

71.5 
71.6 

53.2 
61.7 

141.0 
152.0 

60.7 
67.5 

229.8 
247.6 

Poa triviális 1963 
1964 

30.4 
35.8 

74.0 
76.6 

46.8 
49.2 

115.2 
117.2 

— 54.2 
53.2 

28.2 
39.5 

91.0 
104.8 

38.4 
41.8 

154.4 
162.1 

Poa pra tensis 1963 
1964 

33.1 
32.5 

71.4 
76.8 

33.6 
41.2 

97.6 
109.4 — 

49.8 
55.6 

26.2 
28.8 

84.0 
93.2 

30.0 
35.2 

128.0 
147.6 

Festuca pseudovina 1963 
1964 

14.1 
10.7 

28.4 
37.8 

13.0 
21.6 

36.2 
59.0 

— 19.2 
30.8 

9.6 
18.5 

31.8 
55.0 

14.1 
14.7 

56.0 
69.2 

Ada Agr. Hung. Tomas XIV. 1963 



Table 5 

Effect of chemical fertilizer application on the botanical composition according to sward types 

Sward type T rea t -
Grass Legume Weed Othe r To ta l 

Sward type m e n t N u m b e r Coverage N u m b e r Coverage N u m b e r Coverage N u m b e r Coverage N u m b e r Coverage 
% of species % of species % of species % of species % 

Meadow fescue 
I 5 48.7 6 12.8 8 11.2 15 27.2 34 100 

Meadow fescue II 5 64.7 6 9.7 6 8.1 11 18.1 28 100 
(Festuca pratensis) III 7 26.8 8 12.5 8 26.2 14 29.4 37 95 

IV 6 32.1 8 23.7 8 17.5 15 26.2 37 100 
V 6 49.6 9 30.0 4 5.0 11 15.6 30 100 

Creeping bent 
I 5 48.4 7 7.8 6 12.8 15 27.5 35 95 

Creeping bent I I 5 64.0 5 6.5 4 6.6 11 22.5 25 100 
(Agrostis alba) I I I 5 31.2 7 8.7 6 18.4 16 29.0 34 99 

IV 5 47.5 9 23.5 6 9.7 14 19.7 34 100 
V 5 50.6 9 36.5 4 3.0 9 10.0 27 100 

Rough-stalked 
I 7 44.4 7 7.8 6 9.7 16 35.3 36 9 5 

Rough-stalked II 7 66.2 5 6.5 5 5.6 11 22.8 28 100 
meadow grass III 7 35.0 7 8.7 5 10.0 15 33.1 34 85 

(Poa triviális) IV 7 47.5 9 19.6 6 6.5 18 25.6 40 100 
V 6 52.1 9 28.8 4 5.0 13 14.4 32 100 

I 7 56.2 6 8.1 6 3.7 19 31.2 38 100 
Smooth-stalked 11 7 67.8 4 6.8 4 2.5 16 22.2 31 100 
meadow-grass III 7 38.8 6 9.6 6 7.1 23 31.2 42 90 

(Poa pratensis) IV 7 52.1 8 21.2 6 5.6 20 21.0 41 100 
V 6 56.2 7 31.2 5 4.0 14 14.6 32 100 

I 6 60.0 3 3.7 3 2.8 16 23.1 28 90 
Reed canary grass II 0 64.7 3 3.7 2 1.2 12 30.8 22 100 

(Festuca pseudovina) III 6 51.2 3 3.7 3 4.3 16 19.7 28 80 
IV 6 55.6 4 10.0 3 3.7 16 33.1 29 100 
V 6 63.8 5 18.1 2 2 1 11 19.4 24 100 

Note: To weeds belong Cyperaceae, Juncaceae and the poisonous and pricking plants. The other plants e.g. but tercup (Ranunculus sp.) dan-
deleion (Taraxacum), carrot (Daucus) etc. belong to the group of "o ther p lants" . 
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The specific ef fect of chemical fert i l izers can he hes t es tab l i shed f rom 
the q u a n t i t a t i v e changes of the componen t s of the swards . The changes recorded 
in th is respect m a y involve also t h e g radua l t r a n s f o r m a t i o n of t h e sward 
t r ea t ed wi th chemical fertilizers. Accord ing to the resu l t s of other e x p e r i m e n t s 
the bo tan ica l composi t ion of the swards changes a f t e r a few years of chemical 
fert i l izer appl icat ion ve ry conspicuously a n d according to the new condi t ions . 
Similar exper iments conduc ted in H u n g a r y cer t i fy t h a t irrigation accelerates 
the t r a n s f o r m a t i o n . 

The bo tan ica l composi t ion of n a t u r a l swards is de te rmined in real i ty 
by t h e ecological p roper t ies of the h a b i t a t . These proper t ies involve t h e com-
posit ion which can utilize the given condi t ions to best advan tage . If t h e given 
ecological condit ions are changed, t h e new milieu br ings about a certain 
change in the vege ta t ion . 

The abi l i ty of t h e vegeta t ion as t o change, fo r m a x i m u m ut i l iza t ion 
of the changed condi t ions , i ts botanica l composi t ion ( th rough the d i sappear -
ance of some species and the appearance of new ones, f u r t h e r by the h igh grade 
of p ropaga t ion of species wi th a p r o d u c t i v i t y most a d a p t e d to given condi t ions) 
is considered as deve lopment of the vege ta t ion . This deve lopment is t h e more 
extens ive the greater t h e change in t h e given ecological condit ions of t h e habi-
t a t . 

c) Changes in the chemieal composition of the sward types 

According to t h e l abora to ry analyses as an effect of chemical fert i l izers 
not only t h e absolu te a m o u n t of grass crops, the q u a l i t y of the bo t an i ca l 
composi t ion b u t also t h e analyt ical va lues showed a favourab le change. 
Chemical changes are recorded in Table 6. P ro te in c o n t e n t showed in all sward 
types t h e bes t increase unde r the act ion of high dosage r a t e s of mixed fert i l izer 
( t r e a t m e n t V) while t h e control exh ib i t ed the lowest values. F r o m t h e N 
fert i l izers, t r e a t m e n t I I caused m e d i u m , while t r e a t m e n t I small increase 
of p ro te in con ten t s . G r o s s ( 1 9 6 1 ) and S c h u m m e l ( 1 9 6 1 ) f ound higher a m o u n t s 
of r aw pro te in in the i r s imilar inves t iga t ions . 

As to carotene con ten t , no cons is tent order could be establ ished. Accord-
ing to C a r p e n t i e r ( 1 9 6 3 ) carotene con t en t showed an increase of even 2 0 per 
cent, which was f o u n d b y us only in t h e Agrostis alba swa rd . 

Conclusions 

The resul ts of chemical ferti l izer appl icat ion exper iments a re of ten 
con t rad ic to ry . Therefore , t h e effect of t h e chemical fert i l izers must be e x a m i n e d 
separa te ly for the var ious sward types . On plain, fresh semi arid and 0 — 3 per 
cent s loping d ry alkali (Szik) meadow clay soils (pH 7.8 to 8.6) t h e changes 

Acta Agr. Hung. Totnut XIV. 1965 



2 9 8 I . VINCZEFFY 

Table 6 

The analytical changes of s w a r d types 

T r e a t m e n t s 
Sward type 

I I I I I 

M e a d o w fescue 
( F e s t u c a pra-
t e n s i s ) 

C reep ing bent 
(Agros t i s alba) 

S m o o t h stalked 
m e a d o w grass 

( P o a pratensis) 

r a w pro te in g/100 g 
d r y m a t t e r 

c a r o t e n e m| 
d r y m a t t e r 

d . m . % 

r a w pro te in g/100 g 
d r y m a t t e r 

c a r o t e n e mg/kg 
d r y m a t t e r 

r a w pro te in g/100 g 
d r y m a t t e r 

c a r o t e n e mg/kg 
d r y m a t t e r 

8.23 

9 1 

89.49 

10.52 

119 

8 . 7 1 

10.01 

d . m . % 

96 

90.96 

9 .01 

115 

90.20 

10.57 

170 

87 .68 

10.26 

8.11 

118 

90.41 

9.07 

118 

88.43 

9.18 

94 103 

90 .88 90.93 

9.69 

114 

10.48 

109 

90.69 90.28 

10.26 

132 

B.27 

10.45 

109 

10.56 

136 

88.73 

11.72 

94 

92.11 90.83 

of several sward t ypes af ter chemical fert i l izer appl icat ions were e x a m i n e d . 
According to t h e resul ts the Festuca pratensis, Agrostis alba, Poa triviális, Poa 
pratensis and Festuca pseudovina swards r e sponded in typ ica l ly different w a y s 
t o various chemica l fertilizers. 

On 65 k g / h a N active a g e n t the yield increase was 40 to 50 per cen t , 
t h e difference a m o n g the t y p e s 369 per cen t . 130 kg/ha N ferti l izer b r o u g h t 
a b o u t 73 to 120 p e r cent increase of yield; t h e difference a m o n g the types was 
342 per cent. 130 kg/ha ac t ive agent in t h e fertil izer resul ted in an excess 
y ie ld of 64 to 112 per cent, whi le the dif ference among the t ypes was 402 per 
c e n t . Upon a chemica l fert i l izer of 260 kg /ha mixed act ive agent the surp lus 
yield was 125 t o 248 per cen t , t h e difference among the t y p e s 532 per cen t . 

1 kg ac t ive agent p roduced 10.7 to 78.4 kg green grass yield. Wi th in 
t h e sward t ypes t h e d i f ference on the ac t ion of the t r e a t m e n t s was 143 to 
202 per cent, whe rea s between t h e sward t y p e s this difference rose to 732 per 
c e n t . 

Ni t rogenous fertilizer f a v o u r e d the grasses and hand icapped the legumes . 
T h e mixed chemica l fertilizer he lped both t h e grasses and t h e legumes and t h u s 
t h e economically most useful botanical composi t ion was ob ta ined . 

I r l a Agr. Hung. Turnus XIV. 1965 
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The specific ef fect of the chemical fer t i l izers can he bes t judged f r o m 
the changes of t h e componen t s of t h e sward. Some plants respond with rap id 
and vigorous g rowth while o thers are superseded . In order to maximal ly 
uti l ize the changed ecological condit ions the v e g e t a t i o n is capable of changing 
its botanica l composi t ion . This change is considered as a deve lopment in t h e 
consequence of which the sward may gradua l ly — somet imes rapidly 
t r a n s f o r m . 

According t o chemical analyses the a m o u n t of raw prote in was increased 
b y high doses of mixed chemical fertilizers ( t r e a t m e n t V) to bes t a d v a n t a g e . 
In carotene con ten t s s ignif icant changes were only found wi th the Agrostis 
alba sward. 

Inves t iga t ions verified t h a t one of the m o s t subs tan t ia l reasons of t h e 
differ ing, often con t rad ic to ry resul t s of chemical ferti l izer appl ica t ion experi-
m e n t s on swards was the sward t y p e which ut i l ized the chemical fertilizer in 
a par t i cu la r way. F o r a realistic eva lua t ion of resu l t s all ecological condi t ions 
which may inf luence a m o u n t and qual i ty of yield should be recorded. 

Since the in te res t ing da t a h a v e drawn t h e a t t en t i on to new viewpoints , 
a f u r t h e r detailed inves t igat ion of this problem seems to he jus t i f i ed . 
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EFFECT OF MOLYBDENUM ON THE SYNTHESIS OF 
NUCLEIC ACID IN SOYBEAN LEAVES 

R y 

E . I . P O Z S Á R 

p l a n t p r o t e c t i o n i n s t i t u t e , b u d a p e s t 

A m m o n i u m m o l y b d a t e in a c o n c e n t r a t i o n of 50 pp in , c o n s i d e r a b l y s t i m u l a t e s 
the nucle ic ac id syn thes i s in soy l eaves if app l i ed e i t h e r in t he f o r m of leaf s p r a y i n g 
or by a b s o r p t i o n f r o m t h e n u t r i e n t . The e f fec t of t h e m i c r o e l e m e n t is m o r e e f f i c ien t f o r 
the i n c o r p o r a t i o n of nucleic a c i d - P when s p r a y i n g t h e l eaves t h a n b y a p p l y i n g i t t h r o u g h 
the roots . M o l y b d e n u m t r e a t m e n t also increases t h e level of acid labi le p h o s p h a t e be -
sides t he u p t a k e of t o t a l p h o s p h a t e . The s t i m u l a t i o n as p r o d u c e d b y m o l y b d e n u m t r e a t -
m e n t , comes t o fu l l d i sp lay t h r o u g h e n h a n c i n g t h e i n t e n s i t y of n i t r a t e r educ t i on . Sir ce 
under t he i n f l u e n c e of l e a f - s p r a y i n g the b i o s y n t h e s i s a n d t he a c c u m u l a t i o n of nuc le ic 
acid p h o s p h a t e is g r ea t e r t h a n in case of a b s o r p t i o n f r o m the n u t r i e n t t h r o u g h the r o o t s , 
the h y p o t h e s i s seems to ho ld t h a t t h e process of n i t r a t e r e d u c t i o n is closely l inked w i t h 
t he c o n t i n u o u s h y d r o g e n t r a n s p o r t of p h o t o s y n t h e s i s . H y d r o g e n t r a n s p o r t s t a r t i n g in 
t he course of t h e p h o t o c h e m i c a l decompos i t i on of w a t e r is c o n n e c t e d w i t h n i t r a t e r e -
duc t i on t h r o u g h t h e t r a n s f e r of n i c o t i n a m i d e a d e n i n e d inuc leo t ide p h o s p h a t e . On t h e 
o ther h a n d , t h e d i r ec t c o n d i t i o n of enhanc ing nuc le ic ac id syn thes i s is n i t r a t e r e d u c t i o n . 

Int roduct ion 

The problem of phospha te absorpt ion and mobil izat ion has been s tud ied 
in details (K i s s P O Z S Á R 1962, P O Z S Á R —Kis s 1962) and a close re la t ionship 
has been found be tween the level of nucleic acids and the i n t ens i ty in the bio-
synthes is of organic phospha tes . As established b y N I C O L (1962) and N I C H O L A S 

(1961), too, in p l a n t cells microelements s t i m u l a t e the i n t ens i ty of pro te in 
synthes is by means of increasing the format ion of amino acids. Most cer ta inly , 
in p lan t cells t h e inf luence of e lements with var iab le valency and catalyzing 
r edox conversion (Mo, Mn), comes also to d isp lay via increas ing ni t rogen 
f i x a t i o n and n i t r a t e reduct ion ( P O Z S Á R 1963). 

S T E W A R D M A R G O L I S ( 1 9 6 2 ) have proved t h a t Mn s t imula tes the in ten-
s i t y of the b iosynthes is of free a m i n o acids in p lan t s , t hus increas ing the pro te in 
c o n t e n t . On hasis of the expe r imen ta l da ta as well as the s u b m i t t e d resul ts 
o f S T E W A R D M A R G O L I S ( 1 9 6 2 ) , B O J C H E N K O ( 1 9 6 4 ) , a n d A L T M A N D I T T M E R 

( 1 9 6 4 ) , the manganese con ten t is in papi l ionaceous fodder p l an t s generally 
h igh as compared wi th the incidence rate of iron. 

According to the resul ts obta ined b y B U R K I N ( 1 9 6 2 ) , K L I E W E R — 

K E N N E D Y ( 1 9 6 0 ) , O K U D A Y A M A G U C H I N I O H ( 1 9 6 2 ) , P A R K E R H A R R I S 

( 1 9 6 2 ) , as well as W A L K E R ( 1 9 5 7 ) due to t h e inf luence direct ly mani -
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fested in n i t rogen f ixa t ion and in n i t r a t e reduct ion m o l y b d e n u m consider-
ably enhances the t o t a l and protein n i t rogen content of fodder p l an t s , especi-
ally in t h e case of Papi l ionaceae . As mo lybdenum has an i m p o r t a n t share 
also in n i t r a t e reduc t ion , Ave have p o s t u l a t e d tha t , when sprayed on leaves, 
m o l y b d e n u m would also s t imula te n i t rogen metabo l i sm; we have s tud ied this 
p h e n o m e n o n indirect ly in soy leaves on in tac t p lan t s b y tes t ing nucleic acid 
phospha t e and other p h o s p h a t e f r ac t ions . The supposi t ion has been conf i rmed 
by t h e exper imenta l resul ts of P A V L O V - I V A N O V (1960), es tabl ishing t h a t 
under t h e influence of leaf spray ing t h e accumula t ion of inorganic anions 
increases in the leaves considering t h e s t imula t ion as effected by t h e absorp-
tion t h r o u g h the roots . 

Materials a n d Method 

I n o u r e x p e r i m e n t s we used soy p l a n t s b e i n g before f l o w e r i n g a n d the r o o t s of which 
had b e e n w a s h e d . The p l a n t s were k e p t for 18 h o u r s in 100 ml s o l u t i o n c o n t a i n i n g r a d i o a c t i v e 
p h o s p h a t e - l a b e l l e d d i - s o d i u m - h y d r o p h o s p h a t e of 0.2 milliC a c t i v i t y I n t he leaves of t h e " G r e y 
F r i a r " s o y v a r i e t y the f r a c t i o n a t i o n of r a d i o a c t i v e p h o s p h a t e w a s p e r f o r m e d in t h r e e exper i -
m e n t a l v a r i a n t s : In case of 1. u n t r e a t e d p l a n t s n o t con ta in ing m i c r o e l e m e n t , 2. p l a n t s being 
t r e a t e d w i t h a n u t r i e n t of 50 p p m a m m o n i u m m o l y b d a t e [ ( N H 4 ) e M o 7 0 2 7 ] , a n d 3. p l a n t s t h e foli-
age of w h i c h h a d been s p r a y e d w i t h a so lu t ion con t a in ing 50 p p m m i c r o e l e m e n t . In t he th i rd 
case t h e s p r a y i n g wi th a m m o n i u m m o l y b d a t e h a d been p e r f o r m e d d i r ec t ly be fo re p lac ing the 
p l a n t s i n t o t h e r a d i o a c t i v e so lu t ion . T h e in fec t ion of the p l a n t s b y n i t r o g e n b i n d i n g bac-
ter ia m i g h t b e considered a v e r a g e on bas is of t h e few root n o d u l e s . T h e r ea son of t h e appl ica-
t i on of e x t r e m e l y high (50 p p m ) a m m o n i u m m o l y b d a t e c o n c e n t r a t i o n lies in t he f a c t t h a t the 
p l a n t s u s e d in t he e x p e r i m e n t s h a v e no t been g r o w n unde r c o n d i t i o n s de f i c i en t in t r a c e ele-
m e n t . A f t e r t h e 18-hour e x p o s i t i o n the a c t i v i t y expressed in i m p u l s e / m i n . (c .p .m.) v a l u e , was 
r e f e r r ed t o 1 g f r e sh we igh t of t h e leaf. Bes ides al l t he ac t iv i t ies in q u e s t i o n , we h a v e s e p a r a t e d 
3 i m p o r t a n t p h o s p h a t e f r a c t i o n s , viz. p h o s p h a t e f r a c t i o n inso luble in 10% t r i c h l o r a c e t i c acid 
of -f 4°C as Avell as o rgan ic a n d inorgan ic f r a c t i o n s soluble in t r i c h l o r a c e t i c ac id . T h e impulse / 
inin. d a t a r e l a t e to t he m e a n A'alue of 5 pa ra l l e l sampl ings in 3 r e p e t i t i o n s ga ined f r o m 
the a v e r a g i n g of 20 p l a n t s be ing also c o m p l e t e d w i th the m e a n e r ro r of t he m e a n va lue s ex-
pressed b y t h e degree of i n d i v i d u a l f l u c t u a t i o n . I n Tab le 2 t he i m p u l s e / m i n . d a t a of t he radio-
ac t ive p h o s p h a t e u p t a k e a n d i n c o r p o r a t i o n a r e s h o w n also in t h e pe r cen t of t o t a l p h o s p h a t e 
as r e l a t e d t o t he u n t r e a t e d v a r i a n t . F u r t h e r f r a c t i o n a t i o n of t h e o rgan ic p h o s p h a t e c o n t e n t 
was p e r f o r m e d wi th t he a id of t he О с и п R o s e n m e t h o d d e t e r m i n i n g the q u a n t i t y of nuc-
leic ac id p h o s p h a t e c o n t e n t . T h e level of t h e ac id labi le p h o s p h a t e is s u b m i t t e d in t h e so-called 
7 - m i u u t e p h o s p h a t e q u a n t i t y (7 'P ) , be ing m e a s u r e d wi th t h e inc rease of t he q u a n t i t y of in-
o rgan i c p h o s p h a t e a f t e r 7 m i n u t e s of bo i l ing . T h e d a t a expressed in m g % were c o m p l e t e d by 
p r e s e n t i n g t h e m e a n er ror of t h e m e a n v a l u e w h i c h re la tes to t h e d r y we igh t of t h e leaves . 
I n T a b l e 4 t h e abso lu te v a l u e s are exp re s sed a lso in the r e l a t i v e % re fe r r ed t o t h e t o t a l 
p h o s p h a t e c o n t e n t of t he u n t r e a t e d v a r i a n t Avith t he A'ieAV to s u b m i t an i l l u s t r a t i v e compar i -
son of t h e s t i m u l a t i o n c a u s e d b y m o l y b d e n u m . T h e app l i ca t ion of t he i so tope m e t h o d h a s been 
desc r ibed i n de ta i l s in p r e v i o u s p u b l i c a t i o n s ( P o z s á r 1961a, b ) . 

T h e e f f e c t of the m i c r o e l e m e n t h a s b e e n s t u d i e d i n d i r e c t l y t h r o u g h t h e f r a c t i o n a t i o n 
of p h o s p h a t e s b r ing ing t h i s i n d i rec t c o n n e c t i o n Avith the p r o t e i n syn thes i s b y Avay of meas-
ur ing t h e leve l of nucleic ac id on the s u p p o s i t i o n t h a t n i t r a t e r e d u c t i o n , i.e. t h e i n t e n s i t y of 
n i t r o g e n f i x a t i o n ca t a lyzed b y roo t nodu le b a c t e r i a is rea l ized in p ro te in s y n t h e s i s t h r o u g h 
the level of nucleic ac id . T h e i n t e n s i t y of p r o t e i n syn thes i s a n d i t s p r o d u c t i o n r e l a t e d to 
t he t i m e u n i t , ha s been s t u d i e d in soy l eaves b y t h e aid of r a d i o a c t i v e su l fu r - l abe l l ed amino 
acids (cys te ine-S-35 , me th ion ine -S-35) ( P o z s á r 1963. 1964). 
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Results 

Phospha t e metabol ism is considered i m p o r t a n t r e g a r d i n g the i n t e n s i t y 
of bo th the ene rgy t r anspor t and biosyntheses due to t h e energy t r a n s p o r t 
of macroerg phosphory l b o n d s and the biochemical role of t h e nucleic acid 
f rac t ions in p r o t e i n synthesis . U p o n the e f f ec t of m o l y b d e n u m , equally con-
siderable s t imula t ion can be s h o w n , concerning the i n t ens i t y of synthesis , in 
the phospha te u p t a k e of soy leaves and i t s incorporat ion i n t o organic com-
pounds either w h e n applied t h r o u g h the roots or by way of s p r a y i n g to t h e leaf . 
According to t h e da ta of Tab le 1, in the leaves of the in tac t p l a n t , on the e f f ec t 
of m o l y b d e n u m t aken up b y t h e roots f r o m the nu t r i en t , t h e accumula t i on 
of radioact ive phospha te inc reased by more t h a n 50% t h r o u g h regular x y l e m 
t r a n s p o r t . At t h e same t ime, u p o n the effect of the mic roe lement when b e i n g 
sp rayed on t h e leaves, p h o s p h a t e up take t h r o u g h the r o o t s was inc reased 
to more t han t h e double. F r o m Table 1 it is also evident t h a t on the e f f e c t 

Table 1 

Effect of ammonium molybdate in 50ppm concentration on the phosphate uptake of soy leaves and 
the incorporation into organic fractions either through roots or by spraying on leaves; using a 
nutrient containing radioactive phosphate (di-sodiumhydrophosphate) in 18-hour exposition — 
related to 1 g fresh weight leaves from a solution of 200 microC activity, expressed in impulse/min. 

(c.p.m.) values and submitted in + data ivith the mean error of the mean value (me) 

U n t r e a t e d M o l y b d e n u m t r e a t m e n t 

Phospha te f r a c t i o n t h rough the roots leaf-spraying 
c . p . m . nie 

c . p . m . me c .p .m, m e 

Total phosphate  12.350 875 18.427 1051 28.103 2132 

P insoluble in trichloracetic 
acid  341 26 562 35 873 41 

Org. P soluble in trichloracetic 
acid  985 75 1.475 123 2.176 171 

Inorg. P. soluble in trichlor-
acetic acid  11.024 974 16.390 1659 25.054 1876 

of the microe lement , both p h o s p h a t e f r ac t i ons examined increase not o n l y 
absolute ly b u t also relat ively as referred to t h e total u p t a k e , a t the expense 
of t h e p h o s p h a t e level. The f l u c t u a t i o n in t h e biologic m a t e r i a l and in a p p l y i n g 
the me thod respect ively , is expressed by t h e mean error of t h e mean va lue . 
Tab le 2 d e m o n s t r a t e s the r ad ioac t i ve p h o s p h a t e uptake a n d t h e incorpora t ion 
i n t o the organic compounds expressed in t h e relative per c e n t being r e l a t e d 
t o the to ta l p h o s p h a t e con ten t of the u n t r e a t e d controls. B y t h e relat ive d a t a 
it is clearly s h o w n tha t the q u a n t i t y of f r ac t i ons conta in ing nucleic acid gets 
enhanced u n d e r t h e influence of m o l y b d e n u m t r ea tmen t . F r o m Table 2 i t can 
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Table 2 

Effect of ammonium molybdate on the organic phosphate fractions of soy 
leaves applied cither through roots or being sprayed on leaves, besides total 
phosphate and inorganic phosphate, expressed in % related to the untreated 

control, on basis of the imp/min. data of Table 1 

M o l y b d e n u m treatment 
Phosphate f r ac t ion Untreated t h r o u g h 

the r o o t s 
through 

leaf spraying 

Total phosphate  100 153 228 

P insoluble in trichloracetic acid  3 5 7 

Org. P soluble in tr ichloracetic acid . . . . 8 14 17 

Inorg. P soluble in tr ichloracetic acid . . . 89 134 204 

be read def in i te ly t ha t the s t imula t ing e f fec t of m o l y b d e n u m is m u c h more 
intensive when spraying is e f fec ted on t h e leaves t han b y t r ea tmen t t h r o u g h 
t h e nu t r i en t . 

The p h o s p h a t e con ten t of soy leaves a n d the q u a n t i t y of its two organic 
f rac t ions be ing impor t an t f r o m biochemical point of v i ew, are also increased 
b y m o l y b d e n u m t r e a t m e n t as shown in T a b l e 3, expressed in % and re la ted 

Table 3 

Total phosphate of the soy leaf, its nucleic acid phosphate and acid labile phosphate level (7'P) 
in mg°/0 related to dry weight, on the effect of molybdenum treatment applied either through roots 

or by spraying on leaves, expressed in J; data of the mean error of mean value (me) 

Phospha te fraetioii 

Total phosphate 

Nucleic acid-P . 
Acid labile-P . . 

120 
46 

13 

24 

11 
5 

M o l y b d e n u m treatment 

through roots leaf-spraying 

™g% 

170 

62 

20 

30 

14 

4 

210 

104 

32 

28 

16 

6 

t o the dry weight of the soy leaf . According to Table 3, t h e phosphate c o n t e n t 
of the leaves is also more increased t h r o u g h leaf spray ing t h a n by a t r e a t m e n t 
w i th the n u t r i e n t , however , t h e effect of t h e microelement enhances — in both 
t r e a t m e n t s — t h e p h o s p h a t e content a n d t h e nucleic ac id level of t h e leaf. 
The effect of the mic ioe lemen t is even b e t t e r d e m o n s t r a t e d t h r o u g h the 
re la t ive va lues of Table 4. Molybdenum t a k e n up by t h e leaves increases the 
nucleic acid level in t h e l eaves much m o r e cons iderab ly than the u p t a k e 
t h r o u g h t h e roo ts . F r o m t h e d a t a of nucle ic acid syn thes i s enhanced b y leaf 
t r e a t m e n t it can be conc luded t h a t t h e n i t r a t e reach ing t h e leaves b y way 
of xylem t r a n s p o r t gets r e d u c e d with m u c h greater i n t ens i ty — u n d e r the 

Am Agr. Hung. Inmus XIV. 1965 



E F F E C T OF M O L Y B D E N U M ON T H E S Y N T H E S I S OF NUCLEIC ACID 3 0 5 

Table 4 

A comparison of the total phosphate, nucleic acid-P, and acid labile-P level 
in soy leaf related to the dry material, on the effect of ammonium molybdale 
applied either through roots or by leaf spraying, expressed in % referred 

to the quantity of total phosphate 

Molybdenum t r e a t m e n t 
Phosphate fract ion Unt rea ted through 

the roots 
leaf-spraying 

Tota l phosphate  

Nucleic aeid-P  

Acid labile-P  

100 

38 

10 

141 

51 

16 

175 

86 

26 

inf luence of the microelement , and the resul t ing amino g roup will be ut i l ized, 
t h rough t r a n s a m i n a t i o n , in processes of amino acid synthesis and nucleic acid-
basis syn thes i s , respect ively. In soy leaves t h e n i t r a t e r educ t ion is much more 
intensive t h a n ni t rogen f ixa t ion in t h e root nodules , - on basis of the i n t e n s i t y 
of nucleic acid biosynthesis . 

M o l y b d e n u m t r e a t m e n t increases also the level of acid labile p h o s p h a t e 
in the leaves — as Tables 3 and 4 equal ly present us, however , no increas ing 
shows itself in the acid labile level as re la ted to the to t a l p h o s p h a t e c o n t e n t , 
only as compared wi th p lan t s t h a t had been un t r ea t ed . T h u s , f r o m bioenerget ic 
point of view, the effect of m o l y b d e n u m cannot he considered posi t ive. On t h e 
other h a n d , the increased i n t ens i t y of nucleic acid b iosynthes is indica tes t o 
typica l s t imula t ion in prote in synthes is — especially in the case of leaf sp ray ing . 

Eva lua t ion 

I n t h e process of n i t rogen f i xa t i on , hydrogen t r a n s p o r t is usual ly accom-
panied b y manganese or m o l y b d e n u m redox t r a n s f o r m a t i o n . According to 
V I R T A N E N ' S (1936) original suppos i t ion , t h e a tmospher ic mola r n i t rogen is 
reduced b y the dehydrogenase sy s t em; meanwhile , in t h e f i r s t s tep d i imide 
will develop and then , s imul taneous ly wi th wate r u p t a k e , hydroxy l amide 
fo rma t ion will ensue direct ly according to t h e following e q u a t i o n : 

N2 + 2 H + * H N = N H 2 N H 2 O H 
diimide hydroxy lamine 

Accord ing to B O N N E R (1950) f r o m dini t rogenoxide, i.e. a f t e r ox ida t ion , 
h y p o n i t r o u s acid develops f r o m a tmospher i c n i t rogen; t h e n the h y d r o g e n 
t r ans f e r r ed b y reduced co- fe rments , ensures t h e fo rmat ion of h y d r o x l y a m i n e 
and a m m o n i a , respect ively, in t w o biochemical s teps in the process of n i t rogen 
f ixa t ion , wi th the following t r a n s f o r m a t i o n : 
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N2 + 1/2 0 2 ->- N = N HO N = N O H H 2 N O H N H 3 

о 

d i n i t r o g e n o x i d c h y p o n i t r o u s ac id h y d r o x y l a m i n e 

Hydroxy lamine and a m m o n i a , respectively, might a m y l a t e organic acids or 
bases direct ly. According t o V i r t a n e n ( 1 9 5 3 ) by di rec t addi t ion of oxa la te 
acetic acid a n d h y d r o x y l a m i n e , 1-asparagine acid will deve lop : 

C O O H C O O H 

CO + N H , 0 H C H N H , 
I _ 0 » I 

CH, ! CH2 
I ~ I 

COOH COOH 
oxa loace t ic a c i d h y d r o x y l a m i n e i - a s p a r a g i n e acid 

According to the expe r imen ta l resul ts of C o l t e r — Q u a s t e l ( 1 9 5 0 ) , an 
iron conta in ing protein t a k e s par t in t h e fo rma t ion of hydroxy lamine and 
ammonia . On t h e basis of d a t a submi t t ed b y C o l t e r — Q u a s t e l ( 1 9 5 0 ) , t h e 
reduction is accompanied b y haemoglobin me thaemoglob in t r ans fo rma t ion . 
At the same t ime , on the bas is of the results o í K a r r e r ( 1 9 5 8 ) , it has been es tab-
lished t ha t in ni t rogen f i x a t i o n haemat in t akes pa r t be ing also of po rphyr ine 
skeletal s t r u c t u r e ; the colour is intensively red and wi th biochemical ac t iv i ty 
the haemat in content of t h e root nodules migh t reach 3.2 — 3 .6% as re la ted 
to the dry mate r i a l c o n t e n t . 

According to the r e su l t s of biochemical e x p e r i m e n t s s u b m i t t e d b y 
U a v i e s G i o v a n e l l j A p R e e s ( 1 9 6 4 ) in the process of n i t r a te r educ t ion , 
hydrogen t r a n s p o r t s ta r t s f r o m the n ico t inamide adenine dinucleotide sys tem 
and the r educed n ico t inamide adenine dinucleot ide reduces direct ly the oxidized 
f lavin adenine dinucleot ide. I n the following phase of hyd rogen t r anspo r t , t he 
t ransferred hydrogen , w i t h oxygen t h a t has been a c t i v a t e d by the t e rmina l 
oxydase sys t em, changes i n t o water , in t h e catalysis of ni t rogen reduc tase . 
At the same t ime, in t h e n i t r a t e reduc tase sys tem t h e act ive group is the 
molybdenum, and the M o 5 + -> Mo 6 + ox ida t ive e lec t ron t r anspor t reduces 
n i t ra te to n i t r i t e ( N 0 3 —> N0^"). In the fol lowing b iochemical s tep the n i t r i t e 
gets reduced to hyponi t r i c ac id which is r educed by a f l a v i n adenine dinuclcot idc 
coferment of i ron and coppe r content depend ing on t h e n icot inamide adenine 
dinucleide sys t em. The n i t r i t e hyponi t r ic acid reduc t ion is specifically ac t iva ted 
b y the b iva l en t mangenese . Fu r the r r educ t ion of hypon i t r i c acid proceeds 
according to t h e B o n n e r ( 1 9 5 0 ) scheme. The connect ion between the process 
of nitrogen f ixa t ion wi th t h e pho tosyn the t i c electron t r a n s p o r t process being 
evoked by l igh t , is r e p o r t e d upon in Y o c u m ' s ( 1 9 6 0 ) comprehensive work. 
According to Y o c u m ( 1 9 6 0 ) , the hydrogen t r a n s p o r t fol lowing the photolysis 
of water can get linked d i r ec t ly with the mechanism of mola r ni t rogen reduc-
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t ion , and as such, it migh t be considered qui te analogous wi th the energy 
t r a n s p o r t of con t inuous p h o t o s y n t h e t i c phosphory la t ion . E lec t ron t r a n s p o r t 
s t a r t i ng f rom induced chlorophyl l leads , due to t h e photochemica l decomposi-
t ion of wate r , to t h e reduc t ion of t h e n ico t inamide adenine d inucleot ide 
sys tem wi th t h e ca ta lys is of fe r redoxin ( A R N O N 1963, A V R O N 1963 as well as 
C A L V I N — A N D R O E S 1963). The reduced n ico t inamide adenine d inuc leo t ide 
on t h e o ther h a n d , will get l inked e i ther to t h e process of p h o t o s y n t h e t i c 
phosphory la t ion or t o t h a t of p h o t o s y n t h e t i c n i t rogen f ixa t ion . Bioenerget i-
cally, t h e two processes might be considered comple te ly analogous. Cox — 
F A Y — F O G G (1964) h a v e separa ted b y way of u l t r acen t r i fug ing , cell-free 
part ic les f rom blue a lgae; it has f i x e d ni t rogen w i th oxygen deve lopment 
t h r o u g h a close connect ion of energy t r a n s p o r t in pho tosyn thes i s , t o the direct 
r educ t ion of a tmospher i c ni t rogen. Besides ni t rogen f ixa t ion , t h e mechanism 
of n i t r a t e reduct ion can as well be b r o u g h t into connec t ion wi th t h e electron 
t r a n s p o r t following t h e pho tochemica l inducing of chlorophyll or with the 
hydrogen t r anspo r t a ccompany ing t h e photolysis of wa te r . F rom bioenergetic 
po in t of view, t h e n i t r a t e reduc tase of m o l y b d e n u m active g roup is closely 
l inked wi th the h y d r o g e n t r a n s p o r t mechanism accompany ing t h e redox 
t r ans fo rma t ion of t h e n ico t inamide adenine d inucleot ide sys tem. Thus , t h e 
theore t ica l ly suppor t ed concept ion can be accepted according to which the 
ac t iv i ty of n i t r a t e r educ t a se is more intensive in t h e leaves t h a n in the roots, 
and t h e effect of m o l y b d e n u m is g rea te r in the leaves t h a n t h r o u g h t h e roots. 
The process of n i t r a t e reduc t ion is indi rec t ly l inked to t h e nucleic acid biosyn-
thesis, and the increas ing level of nucleic acid s t imula tes the in tens i ty of 
pro te in synthesis in a direct way . 

According to t h e d a t a of C o x — F A Y - F O G G (1964), t he reduc ing ac t iv i ty 
of the ni t rogen f ix ing and n i t r a t e reduc ing cell-free par t ic les is closely connected 
wi th the pho to syn the t i c p igment con ten t and p h o t o s y n t h e t i c ac t iv i ty , respec-
t ively. 

Conclusions 

T r e a t m e n t s wi th m o l y b d e n u m of 50 ppm concen t ra t ion h a v e consider-
ably s t imula ted in soy leaves t h e accumula t ion of rad ioac t ive p h o s p h a t e and 
the u p t a k e in to organic f rac t ions as compared wi th u n t r e a t e d p l an t s . 

As a result of m o l y b d e n u m t r e a t m e n t b y w a y of leaf spray ing , the 
q u a n t i t y of nucleic ac id -P as well as t h a t of p h o s p h a t e insoluble in tri-
ch lorace t ic acid (nucleic acid p h o s p h a t e , phosphopro te in , phosphol ipid) is 
enhanced more cons iderab ly t h a n in case of abso rp t i on t h r o u g h t h e roots . 

Due to the m o l y b d e n u m con t en t of n i t ra te r educ t a se , the advan tageous 
effect of leaf spray ing can he expla ined b y the con t inuous hydrogen t r anspor t 
of pho tosynthes i s l inked with the n ico t inamide aden ine dinucleot ide redox 
conversion. 
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TEN YEARS (1955-1965) 
OF CHEMICAL WEED CONTROL IN SORGHUM 

By 

E . K ü k e d i 

A G R I C U L T U R A L R E S E A R C H I N S T I T U T E O F T H E H U N G A R I A N A C A D E M Y O F SCIENCES, M A R T O N V Á S Á R 

While e labora t ing the f a r m technology of so rghum varieties in these last ten 
years (1955 — 1965) t h e author has been intensively engaged in chemical weed control 
in grain sorghums (Sorghum vulgare var . frumentaceum), sorghos (Sorghum vulgare var. 
saccharatum) and Sudan grasses (Sorghum vulgare var . midanense). On the basis of 
experience gained in these exper iments he has established t h a t 2.4-D is well suited for 
the chemical weed control in sorghum varieties when appl ied at a plant height of 10 to 
15 cm in amounts of 1.75 — 2 kg/ha . Pre-emergent and post-emergent spraying may-
be however h a r m f u l . 

For weed con t ro l in grain sorghum and in sorgho 2.4-D disintegrat ing in 4 -6 
weeks proved to be less adapted because it did not a f ford protect ion f rom weeds in the 
second half of the vegeta t ion period. Propazin, Atraz in as well as Hungazin P K of the 
same composition as the lat ter agent were used with good success. 2.5 — 3 kg/ha was 
f o u n d to be most use fu l on chernosem soils. Larger dosage ra tes in given cases might 
prove injurious, diminishing the number of plants per un i t area. 

In t roduct ion 

Hunga r i an agr icu l tu re , unde r the prevai l ing ar id condit ions, struggles 
a lmost cons tan t ly w i t h t h e insuff ic iency of fodder . These difficulties could he 
largely eased by growing sorghum var ie t ies which are to le ran t to d rough t and 
dispose of other f a v o u r a b l e charac te rs . Their sp r ead ing was, however , t o a 
cer ta in degree h a m p e r e d h i ther to b y the slow ini t ia l growth and t h e fields 
being overgrown w i t h weeds, since in the p rac t i ce i t has more t h a n once 
occurred t h a t the weeds depress a n d even kill t h e cu l tu re . The care for so rghum 
p lan t s w i th hoeing ca r r i ed out in t h e t rad i t iona l w a y in due t ime cannot 
he real ized in our d a y s owing to t h e deficiency of manpower . Besides, this 
m e t h o d of the care of p l a n t s is m u c h too expensive. This is why new methods 
are sough t to cope w i t h this t a sk . Such possibilities seem to be a f fo rded b y 
chemical herbicides t h a t became avai lable also in H u n g a r y in the second half 
of t h e f i f t i e s and f r o m which 2.4-D proved to be well sui ted for weed control 
in cereals while the t r i az ine der ivat ives in maize. A s s u m i n g t h a t these herbicides 
could be successfully used for the chemical weed cont ro l in so rghum, experi-
ments were launched a t f i r s t only w i t h 2.4-D and subsequen t ly ex t en d ed a f te r 
1960 t o tr iazine de r iva t ives . En la rg ing the scope of observa t ions yea r b y year 
new herbicides are be ing tes ted wi th the view of f i n d i n g those superselect ive 
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herbic ides t ha t do not damage t h e sorghum variet ies . Exper ience gained up 
to now is s u m m a r i z e d in the p r e s e n t paper . 

L i te ra ture deal ing with chemica l weed control in so rghum lias a pas t 
of a b o u t ten y e a r s . Most of t h e expe r imen ta l resul ts are connected wi th utili-
z a t i o n of 2.4-D b u t in the last y e a r s l i terary d a t a concerning t r iaz ine der ivat ives 
h a v e been increas ingly accumula t ing . 

W I E S E R E A (1958) in t h e i r exper iments used 2.4-D for chemical weed 
c o n t r o l in i r r iga ted grain so rghum. According to the i r experience higher dosage 
r a t e s diminished yields, pa r t i cu la r ly when appl ied a f t e r i r r igat ion. The chemical 
a lso inhibited t h e growth of the roo t s ; this phenomenon was observed , however , 
o n l y in the t h i r d year . 

S O L O V E V (1956) refers to t h e da t a of t h e S ta t e P lan t Breed ing Sta t ion 
of Stavropol where 2.4-D was successful ly used for the chemical weed control 
in sorgho and as a consequence t h e yield has considerably increased . 

S T O R C H E V O Y ( 1 9 5 9 ) found t h a t 2 . 4 - D appl ied in the 4 5 leaf stage has 
a yie ld increasing effect since i t des t roys the weeds. 

K Ü K E D I ( 1 9 5 9 , 1 9 6 1 , 1 9 6 2 ) used for weed control in sweet S u d an grass 
2 .4 -D (dichlorophenoxyacet ic acid) pos temergen t ly and es tab l i shed t h a t 
a dosis of 1.7 — 2 kg/ha is well su i t ed for t h e chemical weed con t ro l in Sudan 
g rass . In the case of pre-emergent use on the o ther h a n d 2.4-D d imin ished plant 
n u m b e r . I t d a m a g e d the roots of sweet so rghum (Sumac) and caused leaf roll 
in E a r l y Hegari . 

V I T R A с ( 1 9 6 1 ) in France m a d e the experience t h a t S imazin a t a dosage 
r a t e of 2 — 3 kg/l ia is well su i ted for weed control in grain so rghums , stresses, 
howeve r , t h a t n o more than 4 kg /ha should be used because i t migh t cause 
des t ruc t ion . He considers also t h e amino salt of 2.4-D as a d a p t e d for t h e chemical 
w e e d control in sorghums. 

According t o R O B I N S O N ( 1 9 6 1 ) the herbic ide R a n d o x (GDAA) is success-
f u l l y used in Minnesota (USA) for the chemical weed control in sorghums. 
H e remarks , howeve r , t ha t R a n d o x in given cases caused also damages , b u t 
t h e s e are not v e r y serious and t h e p lant easily recovers. Accord ing to this 
a u t h o r in areas where the preva i l ing weeds are no species-related to t h e grasses 
also 2.4-D can be used with good results. He a lso-recommends the use of 
A t r a z i n and P r o p a z i n (pos temergent ly wi th 2.2 kg/ha) observ ing , however, 
t h a t the herbic idal effect of chemicals is largely inf luenced b y t e m p e r a t u r e and 
p rec ip i t a t ion . I n cool, arid w e a t h e r the effect is poorer. 

H U G U E S (1963) tested 2 4 - D in France for weed control in S u d an grass 
a n d found one- t ime appl icat ion effect ive. At t h e same t ime he calls a t ten-
t i o n to the fac t t h a t Atrazin in given cases m a y be in jur ious t o so rghums and 
t h e r e f o r e should he applied ca re fu l ly in small doses. 

T Ó T H ( 1 9 6 4 ) in his inves t iga t ions conduc ted in H u n g a r y found t h a t 
chemica l weed cont ro l in grain sorghums can he only pa r t l y achieved with 
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the p resen t herbicides u n d e r irr igated condi t ions. The va r i e ty Szarvas i barna-
cirok (brown sorghum) was not suscept ib le to Atraz in , Simazin, H u n g a z i n DT 
and H u n g a z i n P K (dosage 7 — 8.5 kg /ha ) . Ear ly Hega r i , on the o t h e r hand , 
exhib i ted a minor suscept ibi l i ty to S imaz in and 2 .4 -D. According t o this 
au tho r bes t result can be obta ined w i th Atraz in and w i t h Hungazin P K of the 
same composi t ion, p rov ided t h a t the prevai l ing weed species do no t be long to 
Setaria or Echinochloa. 

S o m o g y v Á r i (1964) on the grounds of fa rm exper ience states t h a t ins tead 
of At raz in t h e Hunga r i an produce H u n g a z i n P K c a n be used w i t h similar 
results for weed control in grain so rghums as in maize. 

S z i g e t h y (1964) c a m e to similar conclusions s t a t i n g moreover t h a t grain 
sorghum can he grown w i t h o u t i n ju ry t o t h e plant n o t only on a reas t rea ted 
in the preced ing year w i th Hungazin P K bu t also on freshly s p r a y e d fields. 

S u m m i n g up the d a t a found in l i t e ra tu re , the m a j o r i t y of a u t h o r s con-
sider 2.4-D, Propaz in a n d Atrazin su i t ab l e for the chemical weed con t ro l in 
sorghum b u t a t the same t ime draw ou r a t t en t ion to possible damages . 

E x p e r i m e n t s have b e e n c o n d u c t e d in t h e Agr icu l tu ra l R e s e a r c h I n s t i t u t e of t h e Hun-
gar ian A c a d e m y of Sciences i n M a r t o n v á s á r o n a chernosem soil w i t h forest r e s t s f r o m 1955 
u n t i l t he se d a y s . The mos t i m p o r t a n t d a t a c o n c e r n i n g soil a n a l y s i s a r e as fol lows: 

I t a lso s eems des i rab le t o r e p o r t f r o m meteoro log ica l d a t a o n p rec ip i t a t ion i n 3 m o n t h s 
since it d e p e n d s f i r s t of all on p r ec ip i t a t i on w h e t h e r t he herb ic ides i n quest ion w o u l d b e detr i -
m e n t a l to s o r g h u m s or no t . T h e r e f o r e the m o s t i m p o r t a n t sums of p r e c i p i t a t i o n ( for t h e m o n t h s 
Apri l — M a y — J u n e ) are p r e s e n t e d in Table 1. T h e d a t a c o n c e r n i n g t he p r e c i p i t a t i o n of the 
la te r m o n t h s a r e i r r e l evan t b e c a u s e f r o m the m o n t h of J u l y on in s o r g h u m s sown in M a y no 
d a m a g e s o c c u r r e d d e p e n d i n g o n herbic ides a n d p rec ip i t a t ion . 

E v a l u a t i n g t he d a t a of T a b l e 1 i t is easy t o o f f e r an e x p l a n a t i o n for the d e s t r u c t i o n t h a t 
occu r red in s o r g h u m s in 1961. I n th is year g r a i n so rghums , s o r g h o s and sweet S u d a n grass 
were seeded o n May 20. 

S p r a y i n g s were car r ied o u t p r e - e m e r g e n t l y o n May 19 w i t h 7 a n d 14 kg /ha A t r a z i n and 
the s a m e a m o u n t of A m e t r i n a n d P r o m e t r i n . T h e e x p e r i m e n t a l p l o t s had b e t w e e n M a y 26 
a n d 31 37.1 m m , be tween J u n e 1 a n d 10 51.8 m m prec ip i t a t ion a n d a g r e a t pa r t of t h e s o r g h u m s 
was kil led f r o m the 14 k g / h a d o s a g e . The m o s t i m p o r t a n t d a m a g e occurred in s w e e t S u d a n 
grass , t h e n f o l l o w e d E a r l y H e g a r i a n d f ina l ly t h e ea r ly brown s w e e t so rghum ( E a r l y Sumac ) . 
7 k g / h a A t r a z i n in th is y e a r d i d n o t cause c o n s i d e r a b l e d a m a g e . 

I n t h e c ruc i a l f i r s t 4 w e e k s of the nex t y e a r 1962, in no case m o r e t h a n 16.6 m m of preci-
p i t a t i on fel l . P r e v i o u s l y a m i n o r d r o u g h t o c c u r r e d a n d c o n s e q u e n t l y the lower d o s a g e ra tes 
of a p p l i c a t i o n (2 — 2.5 k g / h a ) d i d n o t cause a n y d a m a g e a t all. D e s t r u c t i o n a p p e a r e d o n l y a f t e r 
the 10 k g / h a t r e a t m e n t . 

I n t h e fo l lowing yea r 1963 t he d i s t r i b u t i o n of p rec ip i t a t ion i n May was s i m i l a r t o t ha t 
in t h e p r e v i o u s yea r a n d no d e s t r u c t i o n a p p e a r e d . 

T h e s i t u a t i o n was s imi la r also in 1964 a n d the re fo re no d e s t r u c t i o n was o b s e r v e d f rom 
Ir iazine d e r i v a t i v e s in t h a t y e a r e i the r . In 1965 — a n ex t r eme ly w e t y e a r — on t he o t h e r h a n d . 

Material a n d Method 

p H in the su r f ace soil  
p H i n the subsoi l  
H u m u s c o n t e n t  
T o t a l n i t rogen  
C a C 0 3 in the subso i l  
S t i c k y po in t a c c o r d i n g to A r a n y 42 
T h i c k n e s s of h u m u s layer 50 c m . 

3 .5% 
2.35% 

14.28% 

6.85 ( K C l ) 7.72 (H..O) 
7.18 ( K C l ) 7.96 (HÔO) 
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Table 1 

Distribution oj precipitation in mm 

Years, means, devia t ions 
from t h e m e a n 

A p r i l M a y 
Years, means, devia t ions 

from t h e m e a n 
1—5 6—10 11—15 16—20 2 1 - 2 5 26—30 1 - 3 0 1—5 

1961 15.6 0.4 30.8 1.0 24.4 72.2 9.6 

Mean of 40 years ( 1 9 0 0 - 4 0 ) . — — — — — 46.0 — 

Deviat ion from the m e a n value . . 26.2 — 

1962 28.5 5.6 3.6 — — 1.5 39.2 — 

Mean of 40 years (1900—40) . — — — — — — 46.0 — 

Devia t ion from the m e a n value . . — — — — — — 6.8 

1963 1.0 7.0 4.5 1.0 15.0 3.5 32.0 2.6 

Mean of 40 years ( 1 9 0 0 - 4 0 ) . — — — — 46.0 

Deviat ion from the m e a n value . . — — — 14.0 
1964 0.2 0.3 6.8 — 21.4 8.7 37.4 2.7 

Mean of 40 years ( 1 9 0 0 - 4 0 ) . — — — — — 46.0 — 

1965 — 8.5 16.2 15.6 7.6 19.1 67.0 4.6 

Mean of 40 years (1900—40) . — — — — — 46.0 — 

Deviat ion from the m e a n value . . 21.0 — 

t he si tuation was s imilar to that in 1961. Between May 16 and 31, tha t is, in the period m o s t 
c ruc ia l for sorghums in Hungary the précipi ta t ion a m o u n t e d to 57 mm which largely increased 
the damage. Par t of t he plants was des t royed, in o the r p lots the sorghums lagged behind in 
g r o w t h . 

After having discussed data on soil and precipi ta t ion let us describe the exper iments . 
Investigations were conducted w i t h grain sorghums (Early Hegari , INK 120, Mv H y b a r 

101) sorghos (Sumac, Ear ly Sumac) a n d Sudan grasses (sweet, common a n d Mv Hybar 301) 
p a r t l y in exper iments wi th randomized block a r rangement and partly in factorial tests. P lo t 
size ranged from 2 to 10 sq. m (sprayings were carried o u t wi th manual sp rayers between deal 
f r ames ) . The herbicides tested were t h e following: 2.4-D, i ts sodium salt , Atrazin, Propaz in , 
S imazin , Ametrin, P rome t r in , A 1403, A 1798, A 2099 herbicides, the Hunga r i an made H u n -
gazin P K of the s ame composition as Atrazin. and H u n g a z i n DT of the same composition as 
S imazin . Beyond the se , also Afalon, Arezin , Karmex a n d Randox were t r i ed out. The doses 
r a n g e d from 1.75 k g / h a to 15 kg/ha a n d the dates of app l ica t ion were also different . The e f fec t 
of au tumnal , April , pre-emergent and post-emergent sp ray ings were examined . Seeding was 
car r ied out for the m o s t par t in the m o n t h of May; S u d a n grasses were sown at a row-width 
of 24, grain and sweet sorghums of 50 cm, the first with 30 germs, the la t te r ones with 15 ge rms 
per running metre. No manual hoeing w a s carried out in t he experiments. T h e results ob ta ined 
a re summarized for each group in t he following: 

Resul t s and Discussion 

For weed con t ro l in S u d a n grasses 2 .4-D has been f o u n d most su i t ab le . 
T h e best results were obtained w i t h spraying in the 4 5 leaf age at a p l an t 
h e i g h t of 10 —15 c m with 1.75 — 2 kg/ha 2.4-D. Spray ing appl ied p re -emergen t ly 
or immedia te ly a f t e r emergence ( u p to the 2 leaf age) caused damages . On p lo t s 
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(1961 — 65) 

May J u n e 
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sp rayed af te r seeding pre -emergent ly emergence was deficient and t h e higher 
dosis of 2.4-D (3.5 kg/ha) des t royed 8 0 % of sweet S u d a n grass (1961). Spray ing 
immedia t e ly a f t e r emergence did not cause des t ruc t ion hu t in t h e sprayed 
t r e a t m e n t s Sudan grass lagged behind in growth. 

Inves t iga t ions conduc ted wi th t r iaz ine der iva t ives po in t to t h e f a c t t h a t 
a f t e r maize or silo maize t r e a t e d in the previous year w i t h Atrazin or Hnngaz in 
P K , Sudan grass can be grown wi th good resul ts on soils of the chernosem type . 
On such areas, in f avourab le cases 2.4-D spray ing can be of ten o m i t t e d . 

At raz in , P ropaz in , Hungaz in P K did no t cause a n y damage also in the 
case when t hey were used a t low dosage r a t e s (2 kg /ha ) for the s p r a y i n g of 
s t ands . Higher doses on t h e o ther hand which it is usua l t o apply in H u n g a r y 
to t h e chemical weed control of maize (7 — 8 kg/ha) h a v e caused in t h e present 
year 20 — 30 per cent des t ruc t ion in sweet S u d a n grass ( spray ing before seeding). 
A f u r t h e r damage was t h a t a b o u t 15 — 20 per cent of t h e s t and lagged beh ind 
in g rowth . The exper ience gained this yea r draws t h e a t t en t ion to t h e fact 
t h a t in chemical weed control of Sudan grasses rules pe r t a in ing to maize can 
no t be decisive, since a m o n g sorghums S u d a n grasses are most suscept ible 
t o higher doses of herbic ides wi th t r iazine base. 

Beside the herbicides referred to also Amet r in and P rome t r in were given a 
t r ia l b u t bo th chemicals des t royed a great p a r t of the s t a n d . This was p r o b a b l y 
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due t o the dosis be ing too h igh (7 kg/ha) a l though in t h e exper iments of 
B á r d o s s v a dosis of 3 kg/ha has caused damages this year. 

Afalon in 1965 similarly caused heavy damages des t roy ing 32 per cent 
of h y b r i d Sudan grass when 2 3 kg /ha were appl ied pos t -emergent ly . Exper i -
ence gained in t h e present year c lear ly demons t ra t e s t h a t Afa lon mus t no t be 
used for weed cont ro l in Sudan grass. Similar experience has been obta ined 
wi th Arezin and K a r m e x . As to R a n d o x , A 1798 and A 2099 these herbicides 
a t a dosage rate of 2 — 3 kg/ha h a v e caused the hyb r id Sudan grass (Mv H y b a r 
301) t o tu rn yellow and to lag b e h i n d in g rowth even when sp ray ing of t h e 
s t a n d s was appl ied. 

Examin ing t h e tolerance t o chemicals of t h e first H u n g a r i a n hybr id 
S u d a n grass (Mv H y b a r 301) it h a s been es tabl ished t ha t it b e h a v e s similarly 
t o swee t sudan grass and what h a s been po in ted out concerning the l a t t e r is 
also val id for the h y b r i d . Though 2.4-D somet imes causes leaf roll, the p l an t s 
soon overcome th i s and the d a m a g e is ins ignif icant . 

Let us t u r n n o w to the weeds occurring in Sudan grass s tands unde r 
t h e condit ions of H u n g a r y and t o the possibilities of the i r control . On our 
che rnosem soil w i t h forest res ts t h e weeds occurring m o s t f r equen t l y are 
t h e following: Agropyron repens L , Amaranthus albus L, Amaranthus retroflexus 
L, Chenopodium album L, Chenopodium polyspermum L, Cirsium arvense L, 
Convolvulus arvensis L, Echinochloa crus galli L, Fagopyron convolvulus L, 
Lathyrus tuberosus L, Raphanus raphanistrum L, Rubus caesius L., Setaria 
viridis L, Setaria glauca L, Sinapis arvensis L. E . From these weed species 
t h o s e occurring m o s t f requen t ly in Hungary viz. Sinapis arvensis, Convolvulus 
arvensis, Cirsium arvense can be easi ly control led with 2.4-D in t h e young age. 
T h e o ther weeds l i s ted above, e x c e p t for Agropyron repens a n d those refer red 
to be low, can be also successfully controlled w i th 2.4-D in t h e young age or 
t h e i r growth can be retarded t o such a degree t h a t they do no t f u r t he r on 
p r e s e n t a danger for Sudan grasses. A great deal of t rouble is caused, however , 
b y Setaria viridis prol i ferat ing m o r e and more , and by Echinochloa crus galli. 
U n f o r t u n a t e l y t he se weed species cannot be effect ively control led with the low 
doses of herbicides wi th tr iazine base tha t m a y he used in S u d a n grass. 

Grain and sweet sorghums 

The chemical weed control of these can be discussed t oge the r siuce the 
ca r e of these p l an t s is by and large the same. In cont ras t to S u d a n grasses it is 
n o t sufficient to p ro t ec t grain s o r g h u m and sorgho f rom the invas ion by weeds 
fo r 4 - 6 weeks b u t t h e y must be p ro tec ted du r ing the whole vege ta t ion per iod, 
i .e. 4— 5 months . F o r this pu rpose 2.4-D alone which most ly a f fo rds pro tec t ion 
fo r 4 6 weeks is n o t sufficient. N o t w i t h s t a n d i n g in our expe r imen t s 2.4-D has 
b e e n tes ted (1.75- 2 kg/ha) for t h e chemical weed control in grain and sweet 
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sorghums with t h e resul t t h a t i t causes de format ions on the roots of Sumac 
a n d leaf roll in case of spray ing the s t ands a t E a r l y Hegari . This damage 
is overcome, however , b y t h e grain so rghum. The leaves of the American 
hyb r id grain sorghum (NK 120) are also rolled from 2.4-D bu t this d i sappears 
in 10—14 days. 

F rom among t h e t r iaz ine der ivat ives Atraz in , P r o p a z i n P K and Hungaz in 
Dt were tes ted. U n d e r the given condit ions of H u n g a r y doses of 2.5 — 3 kg/ha 

Fig. 1. Sweet so rghum (Sumac) crop invaded by weeds. P h o t o 27. VI. 1963 

of t h e herbicides re fer red to proved to he adequa te . A t higher dosage ra tes 
(over 5 kg/ha) t h e grain so rghums and sorghos were damaged depending on 
t h e a m o u n t of p rec ip i t a t ion and other fac tors . Therefore it is r ecommendab le 
to sow bo th sweet and grain sorghums a f t e r maize or silo maize t r ea t ed in the 
prev ious year wi th a n y of these herbicides and to apply 1.75 — 2 kg/ha At raz in , 
P ropaz in or 2.4-D when needed for spray ing of the s t a n d s in the 4 5 l e a f a g e . 

Fresh sp ray ing is also permissible for the weed control in grain and 
sweet sorghum crops b u t in th i s case the dosis of At raz in , Propaz in or Hungaz in 
P K should not exceed 2.5 — 3 kg/ha . 

Inves t iga t ion of t h e bes t t i m e of spray ing revealed t h a t the least des t ruc-
t ion occur ied when sp ray ing t h e s tands . The crucial per iod of possible damages 
unde r t h e condit ions prevai l ing in H u n g a r y is, when seeding was carr ied out 
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Fig. 2. T.eft: control plot invaded by w e e d s : r ight : hyb r id grain sorghum N K 120 t r ea ted wi th 
3.6 kg/ha Atrazin p reemergen t ly . P h o t o 27. VI. 1963 

Fig. 3. Deformat ion on Sumac roots caused by 2.4-D ( lef t : damaged, r i g h t : i n t a c t root) . Pho to 
26. VI. 1961 
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a t the end of April or ear ly in May, t h e second half of May and t h e f i r s t 
10 days of J u n e and d a m a g e s occur m o s t f requen t ly w h e n spray ing was 
performed before spring sowing or p re -emergent ly . 

Possible effect of t r i az ine der ivat ives in diminishing t h e s tands d e p e n d s , 
according to our observa t ions , on the fol lowing factors in close connec t ion 
with each o t h e r . 

Precipitation 

I t is f i r s t of all t he a m o u n t , d i s t r ibu t ion and d a t e of occurrence of 
precipi ta t ion which de te rmines whether t h e r e is des t ruc t ion on areas t r e a t e d 
wi th Atraz in , Simazin, H u n g a z i n DT or Hungaz in P K . Th i s is proved b y t h e 
experience ga ined in 1961 a n d 1965 and discussed in t h e meteorological p a r t . 
In the years 1962, 1963 a n d 1964 in t h e m o n t h s crucial fo r des t ruc t ion t h e 
precipi ta t ion was about ave rage or less a n d therefore no damage occu r r ed 
in case of smal l doses. I n t h e years 1961 a n d 1965 on t h e other h a n d w i t h 
considerable prec ip i ta t ion in May and J u n e sorghums suf fe red heavy d a m a g e s . 

Temperature 

According to our exper ience cool w e a t h e r does not f a v o u r the herb ic ides 
and in those cases their weed controlling e f fec t is lower. 

Soil 

Possible damage by herbicides wi th t r iaz ine base la rge ly depends on 
the composi t ion of the soil. On sandy soils general ly half of t h e doses app l i ed 
on soils of t h e chernosem t y p e causes d a m a g e s and higher doses (3—4 k g / h a ) 
kill, in given cases, the crops, whereas on soils rich in organic m a t t e r th is dosis 
can only except iona l ly cause damages . 

Seeding depth 

Damages also depend on the depth of seeding. This cou ld he pa r t i cu l a r ly 
well observed in t h e exceedingly ra iny m o n t h s of May and J u n e 1965 when owing 
to the unevenness of the seed-bed the seed of t h e grain s o r g h u m s and so rghos 
came into d i f f e r en t depths a n d t h e great a m o u n t of rain w a s h e d a considerable 
p a r t of the 7 k g / h a Hungaz in P K p re sumab ly to the ge rmina t ing seeds. W h e r e 
the seed was n o t on the same level with t h e herbicide, t h e germinated p l a n t s 
remained alive whereas in o t h e r places t h e y were des t royed or lagged b e h i n d 
in growth and t h e crop was of uneven sur face . T h e greatest d a m a g e (15 — 20 per 
cent) was observed in sweet s o r g h u m (Sumac), i t was s o m e w h a t less (10 —12 pe r 
cent) in the g ra in sorghum H y b a r Mv 102 a n d the least (3 — 5 per cent) in t h e 
N K 120 Amer i can hybrid grain sorghum. 
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Species, variety, hybrid 

The i m p o r t a n c e of t h e damage also depends on species, va r i e ty a n d 
hybr id . S u d a n grasses are generally suscept ib le , they are followed in th i s 
respect by swee t sorghums while grain so rghums are t h e least suscept ible . 
Highest res i s tance was exh ib i t ed by the h y b r i d grain s o r g h u m NK 120. I n t h e 

Fig. 4. Leaf d e f o r m a t i o n on E a r l y Hegari caused b y 2.4-D (1.75 kg /ha ) . Photo 27. VI . 1961 

present , exceedingly ra iny y e a r in par t of ou r exper iments des t ruct ion a m o u n t -
ed only to 3 5 per cent, whereas on o the r plots , in the t r i a l launched for the 
de te rmina t ion of the o p t i m u m date of s p r a y i n g even 10 kg/ha Atrazin caused 
no damage. E a r l y Hegari on the other h a n d on farm p lo t s was killed to 25 
30 per cent, b y 7 kg/ha H u n g a z i n P K . T h e damage was par t icu lar ly h e a v y in 
overlapping p a r t s of sweet sorghums the S u m a c in ra iny wea the r also r e s p o n d s 
susceptibly t o higher doses (7 kg/ha) of H u n g a z i n P K . 
Dose. 

On soils of the che rnosem type t h e t r iaz ine de r iva t ives in l i t t le doses 
cause no d a m a g e in general , but they do in large doses under given condi-
t ions. 

Time of spraying 

According to experience gained d u r i n g several yea r s t h e least dange rous 
spraying pe r iod with herb ic ides of t r i az ine base is in t h e 4 - 5 leaf age , at 
a plant h e i g h t of 10 15 c m . There was n o damage e i ther when sp ray ing had 
been pe r fo rmed in the a u t u m n , bu t this can he a t t r i b u t e d f i r s t of all to t h e use 
of cul t ivator in the spring b y which A t r a z i n was mixed f r o m the zone of the 
depth of seed ing into deeper layers and t h e herbicide b e c a m e d i s t r ibu ted on 
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a larger sur face . Spray ing carr ied out a f t e r t h e works of soil p repara t ion a t t h e 
end of April a n d early in May caused, d e p e n d i n g on the dosis, the a m o u n t of 
precipi ta t ion a n d its t ime in several cases d a m a g e in all sorghums. 

Of the herbicides t e s t ed other t h a n Atraz in , P ropaz in , Hungaz in D T 
and Hungaz in P K the herbicides A 1802, A 1798 and A 2099 Geigy at a dosage 
r a t e of 1.75 2 kg /ha did no t cause des t ruc t ion in grain so rghums bu t t e m p o -
rari ly, for a b o u t two weeks somewhat t u r n e d t h e p lants yel low, a p h e n o m e n o n 
t h a t could no t be observed e i ther on the con t ro l plots or on those t r ea ted w i t h 
Propazin . Similar observa t ions were m a d e w i th R a n d o x when employed in 
lower doses (1.75 2 kg/ha) . Afalon and Aresin are def in i te ly injur ious t o g ra in 
sorghum crops and consequent ly cannot he used . K a r m e x is not sui table for 
the weed cont ro l in so rghums ei ther since i t causes des t ruc t ion . 

Finally let us br ief ly su rvey the weed f l o r a of grain and sweet s o r g h u m 
crops. Under t h e condit ions prevail ing in H u n g a r y the weed species l is ted in 
connection w i th Sudan grass represent the m a i n danger also here. Much t r o u b l e 
is caused pa r t i cu la r ly by t h e ever more p r o p a g a t i n g Setaria species which could 
no t be subs t an t i a l ly reduced e i ther with 2 .4-D or by the use of herbicides w i th 
tr iazine base. T h e control of Rubus ceasius, Cirsium arvense and Convolvulus 
arvensis is also qu i t e a p rob lem. I t must be also taken in to considerat ion t h a t 
herbicides wi th t r iazine base have an a f t e r -e f fec t for 2 — 3 years which r e n d e r s 
t h e composit ion of the crop ro ta t ion more d i f f icu l t . No less t rouble is c aused 
by the possible damage done by herbicides. Under such conditions w e e d 
control in gra in and sweet sorghums c a n n o t be considered as a de f in i t e ly 
set t led problem. We are expec t ing the new herbicides t h a t are under no con-
dit ions d a m a g i n g the so rghum crops and h a v e no a f te r -e f fec t either. Also 
herbicides are a p t to control b o t h Setaria species and Echynochloa crus galli. 
Temporar i ly , however , we cont inue using P ropaz in , A t raz in and 2.4-D fo r 
t h e weed control in sorghum crops because a t t h e t ime of ini t ial deve lopmen t 
t h e y are indispensable for t h e care of p lan t s . 

Conclusions 

In the Agr icu l tu ra l Resea rch I n s t i t u t e of the H u n g a r i a n A c a d e m y of 
Sciences in M a r t o n v á s á r chemical weed cont ro l in sorghums (Sorghum vulgare 
va r . frumentaceum, Sorghum vulgare var . saccharatum, Sorghum vulgare v a r . 
sudanense) has been inves t iga ted f rom 1955 on a chernosem soil wi th f o r e s t 
res ts . Up to n o w t h e following herbicides h a v e been t es ted : At raz in , P r o p a z i n , 
Simazin, H u n g a z i n P K , H u n g a z i n DT, A m e t r i n , Pro ine t r in , A 1798, A 2099, 
Afalon, Aresin, K a r m e x and Randox . The dosage rates t e s t e d ranged f r o m 
1.75 to 15 kg /ha . The t ime of t h e sprayings was in the a u t u m n (November ) , 
a f t e r the soil p r epa ra t i on works in April p re -emergen t ly , a n d pos t -emergen t ly . 
The plants e x a m i n e d were sweet Sudan grass , Sudan grass Mv H y b a r 301, 
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sweet s o r g h u m Ear ly Sumac, American h y b r i d grain sorghum NK 120, grain 
sorghum H y b a r Mv 101, H y b a r Mv 120 a n d Ear ly Hegari . 

On t h e s t r eng th of the exper iments conducted 2.4-D is well su i t ed t o 
t h e weed con t ro l in Sudan grasses at t h e 4 — 5 leaf s tage for the s p r a y i n g of 
s t ands (1.75 2 kg/ha). Other da tes are not sui table for sp ray ing . Sudan grasses 
can be successful ly grown also a f t e r maize a n d silo maize t r e a t e d in the p rev ious 
year with A t r a z i n or Hungaz in P K . Fresh sp ray ing with herbicides of t r i az ine 
con ten t shou ld be avoided because S u d a n grasses are susceptible t o t he se 
herbicides. Afa lon , Arezin and Karmex are no t , even in small doses, su i t ab l e 
for weed con t ro l in Sudan grass . 

2.4-D for itself owing to the short du ra t i on of its ac t ion , is less su i ted 
for the weed control of grain and sweet s o r g h u m crops. I t is most e x p e d i e n t 
t o sow a f t e r maize t rea ted in t h e previous y e a r with At raz in or Hungaz in P K 
and spray, if needed, wi th 1.75 2.0 k g / h a Atrazin, P ropaz in or e v e n t u a l l y 
2.4-D. In t h e case of fresh sp ray ing on soils of chernosem t y p e no more A t r a z i n 
or Propazin should he appl ied t h a n 3 k g / h a . The least dangerous is t o s p r a y 
the s tands . Of t h e herbicides tes ted Afa lon , Arczin and K a r m e x are qua l i -
f ied as u n s u i t a b l e for weed control in s o r g h u m s . Amctr in and P r o m e t r i n de-
s t roys in h ighe r doses the so rghum crops whereas herbicides marked A 1798, 
A 1802 and A 2099 as well as I l andox in given cases — turns t h e m tem-
porari ly yel low. 

The a b o v e s t a t ement s arc valid for soils of chernosem type only. 
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CHANGES OF PIGMENTS IN BARLEY LEAVES 

B y 

D . L A S Z T I T Y , M A R I A H O R V Á T H 

EÖTVÖS I .ORÁND UNIVERSITY, PLANT PHYSIOLOGY CHAIR. BUDAPEST 

Tota l p i g m e n t s of i so la ted ba r l ey leaves dec rease in t h e f u n c t i o n of t i m e c o m p a r e d 
w i t h t he p i g m e n t s of i n t a c t leaves k e p t in l ight a n d i n d a r k . Of t he p i g m e n t c o m p o n e n t s 
t h e q u a n t i t y of ch lo rophy l l - a dec reases t h e m o s t m a r k e d l y . T h e level of t o t a l p i g m e n t s 
in isola ted leaves t r e a t e d wi th k i n e t i n as well as t h e q u a n t i t y of ch lo rophy l l - a a r e also 
a b o v e the v a l u e of i n t ac t l eaves . 

In t roduct ion 

The p igments of isolated leaves change wi th in a few days as compared 
to t h e in tac t leaves even if otherwise t hey are no t in wan t of w a t e r (HOR-
V Á T H L A S Z T I T Y 1 9 6 5 ) . After removing the root , as the t ime of isolation 
progresses, the leaves get yellow ( F A R K A S et al. 1 9 6 3 , U D V A R D Y - H O R V Á T H 

1 9 6 4 ) . Pro te in decomposi t ion ensuing under the inf luence of isolation, is accom-
panied b y parallel change of p igments . In the p resen t paper this p h e n o m e n o n 
is be ing examined n o w f rom a new angle. On isolat ion, the absence of t h e root 
was combined wi th effects hav ing bear ing on the composi t ion of p igment s . 
Firs t we have appl ied t h e cont ras t of l ight and da rk , while secondly, k ine t in 
t r e a t m e n t has been appl ied. F r o m previous inves t iga t ions it is k n o w n t h a t 
k ine t in is able t o compensa te , u p to a cer ta in degree, t h e increasing pro te in 
b r e a k - u p in the i so la ted leaves. Therefore , it migh t exer t p ro tec t ive effect 
on t h e plas ts , too, a n d thus , it can he decided w h e t h e r the change of p igmen t s 
in the isolated leaves is in causal re la t ion wi th the b r e a k - u p of the chloroplast ic 
s t r u c t u r e or, whe the r we have to t ake into cons idera t ion a biochemical effect 
which has bear ing on t h e p igment molecule itself. This phenomenon has been 
tack led by some o t h e r research workers in several respects . Thus B I S H O P 

W H I T T I N G H A M ( 1 9 6 3 ) experienced wi th isolated chloroplas ts t h a t it was the 
colouring m a t t e r be ing hound to t h e prote in t h a t changed; t h e change of 
chlorophyl l -a and -b are inf luenced by light condi t ions . The change of chloro-
phyl l -a , its decrease or increase, is followed b y t h a t of carotene and t h e l a t t e r 
is fol lowed by the change of the xan thophy l l s . S I R O N V A L et al. ( 1 9 6 5 ) have 
repor ted on the sh i f t i ng of the ra t io of p igment componen t s with t h e ageing 
of chloroplasts . In t h e etiolated bar ley p lan t ( M A R S C H N E R 1 9 6 4 ) on t h e effect 

Acta Agr. Hung. Tomus XIV. 1965 



322 D . LASZTIT Y, M. HORVÁTH 

of Cs-ion the ca ro tene content increased, and a t initial impai r ing it began 
to decrease. The decrease as c o m p a r e d with t h e control , was of 8 0 % . E t io la ted 
ma ize plant ( L E B E D E V - L I T V I C H E N K O 1 9 6 5 ) was given light, — a f t e r 3 0 min-
u t e s the c ldorophyl l -a could be evinced. In 60 minu tes the b iosynthes is of 
chlorophyll-a increased , and t h a t of the p re -mate r i a l of chlorophyll , chloro-
phyll-!) was not y e t provable. 

Mater ia l and Methods 

For our e x p e r i m e n t s we have used the M F B ba r l ey var ie ty grown u n d e r control led 
c i r cums tances . The d e t a c h e d leaves a re m a r k e d by t h e word isolated, while t he n o t a t i o n for 
t h e cont ro l p lan t s w i t h roots, is intact. 

E a c h e x p e r i m e n t was per formed in 3 — 4 repe t i t ions . E x p e r i m e n t 1. Ba r l ey p l a n t s were 
r a i s e d u p to the 7 t h d a y et iolatedly. Oil t h e 7 t h d a y the e x p e r i m e n t was s t a r t e d b o t h wi th the 
i n t a c t p lan ts and t h e isolated leaves b y expos ing t h e m to l ight . E x a m i n a t i o n s were s t a r t e d 
one d a y af ter i so la t ion and were c o n t i n u e d u p to t he 7 t h d a y . Samples were t a k e n every d a y 
f r o m t h e in tac t p l a n t s , too , this being t h e control . E x p e r i m e n t 2. 7 day-old i n t a c t and isolated 
p l a n t s t h a t had been ra i sed in l ight, we re placed in d a r k t h e r m o s t a t . The e x a m i n a t i o n s were 
s t a r t e d on the 4 t h d a y of isolation a n d were ended on the 6 t h day . In th i s e x p e r i m e n t in tac t 
a n d isolated p l an t s t h a t had been ra i sed and also k e p t in l ight in the course of inves t iga t ion , 
w e r e used as cont ro l s . E x p e r i m e n t 3. T h e p l a n t s were ra i sed in light and a t t he age of 7 days 
t h e y were isolated in t ap -wa te r and in a solut ion of 1 0 - 4 M kine t in and t a p - w a t e r , bo th the 
i s o l a t e d and the i n t a c t p lan t s were a l lowed to he in l igh t . T h e examina t ions were carr ied ou t 
b e t w e e n the 4 t h a n d the 7th days of isola t ion. 

The d e t e r m i n a t i o n of p igments w a s pe r fo rmed w i t h the me thod of KOSKI (1951) and 
FRENCH (1960) .The ob t a ined c o m p o n e n t s , chlorophyl l -a a n d -b , the caro tene a n d t h e x a n t h o -
p h y l l s were m e a s u r e d w i t h S p e c t r o m o m - p h o t o m e t e r a t 430 — 480. 650 — 665 m m i c r o n wave-
l e n g t h s . 

The ca lcu la t ions were made a c c o r d i n g to the f o r m u l a of SMITH—BENITEZ (1963) and 
t h e q u a n t i t y of p i g m e n t s is given in i n i c r o g r a m / m g va lues . 

Resul ts and Discussion 

The resul ts of the f i rs t expe r imen t arc summar ized in Tab le 1. F r o m 
t h i s table the fol lowing can he seen : The q u a n t i t y of carotene shows s ignif i -
c a n t increase on t h e f i rs t and second day a f t e r isolation; a f t e r t h e 3 rd d a y , 
u p to the 7th , i t somewhat decreases. In t h e i n t ac t leaves t h e q u a n t i t y of 
ca ro t ene increases somewhat f r o m the 4 th d a y of the inves t iga t ion . In bo th 
cases the change of xan thophy l l s is similar t o t h a t of ca ro tene . Light has 
s t imu la t ed a r educ t ion process, t h e quick t r a n s f o r m a t i o n of p ro toch lo rophy l l 
t o chlorophyll-a . This is shown b y the value ob ta ined wi th isolated leaves ; 
a f t e r the 4th d a y of isolation, as p resumable consequence of progress ing p r o t e i n 
decomposi t ion , t h e quan t i ty of chlorophyll-a decreases. W i t h i n t a c t p l a n t s 
g r a d u a l increase migh t be seen in t h e q u a n t i t y of chlorophyll-a a n d t h e n , wi th 
deve lopment , a re la t ive decrease can be observed . 

The values of chlorophyll-b in the isolated and the i n t a c t leaves do no t 
s h o w such a change . The decrease of to ta l p i g m e n t q u a n t i t y as occurr ing under 
t h e inf luence of isolation is t h e resul t of t h e m a r k e d change of chlorophyl l -a 
in t h e rat io of t o t a l pigment in isolated and i n t a c t leaves. 
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Table 1 

Quantitative change of the pigments in isolated and intact etiolated barley plants placed in light 
Calcul, microgram/mg fresh weight 

Var ian ts 
Isola-
t ion 
days 

ß 
carotene 

Xantho-
phylls 

Chloro-
phyl l -a 

Chloro-
phyll-b 

Caro tene 
+ 

x a n t h o -
pliylls 

Chloro-
phyll 
a + b 

To ta l 
p igments 

Isolat-
ed/intact 

ratio 

i 0.33 0.45 1.39 0.59 0.78 1.98 2.76 1.05 
2 0.35 0.47 1.24 0.58 0.82 1.82 2.64 0.93 

Isolated placed 4 0.34 0.44 1.25 0.56 0.78 1.89 2.68 0.81 
in light 5 0.34 0.45 1.09 0.53 0.78 1.62 2.46 0.76 in light 

6 0.32 0.44 0.88 0.51 0.75 1.39 2.15 0.69 
7 0.30 0.38 0.82 0.49 0.68 1.31 1.99 0.65 

1 0.31 0.42 1.41 0.49 0.73 1.90 2.63 
2 0.33 0.42 1.56 0.54 0.75 2.10 2.85 

Intact placed in 4 0.35 0.47 1.87 0.60 0.82 2.47 3.30 
dark 5 0.36 0.49 1.76 0.61 0.84 2.37 3.23 

6 0.36 0.48 1.65 0.61 0.84 2.26 3.10 
7 0.37 0.44 1.64 0.61 0.81 2.25 3.06 

The results of t h e 2 n d exper iment are summar ized in Table 2. 
I n da rk , the change of p igments can be seen b o t h with the i so la ted and 

in tac t p l an t s . To all p robab i l i ty , t h e i n t ac t plant p laced in dark is capab le 
for some t ime on, t o ut i l ize hyd roca rbon for syn theses . In isolated leaves 
in l ight , w i th the t ime progressing, t h e decrease of chlorophyl l -a is easily vis ible . 
The re la t ive decrease of chlorophyll-a of the in tac t leaves being in l ight is 

Table 2 

Quantitative change of pigments in isolated and intact barley leaves placed 
in dark and kept in light 

Values calculated in microgram/mg fresh weight 

Var ian ts 
Isola-
tion 
days 

ß-caro tene Xantho-
phylls 

Chloro-
phyl l -a 

Chloro-
phyll-b 

Carotene 
+ 

x a n t h o -
phylSs 

Chloro-
phyll 
a + Ь 

Tota l 
p igment 

Isolat-
ed/ intact 

rat io 

Isolated leaves 4 0.35 0.41 1.57 0.45 0.77 2.03 2.79 0.94 
placed in dark 5 0.32 0.41 1.50 0.41 0.72 1.91 2.63 0.98 placed in dark 

6 0.34 0.42 1.32 0.36 0.76 1.68 2.44 1.03 

Intact leaves 4 0.33 0.44 1.74 0.45 0.77 2.19 2.96 
placed in dark 5 0.32 0.41 1.55 0.42 0.73 1.96 2.69 placed in dark 

6 0.34 0.40 1.25 0.40 0.75 1.64 2.36 

Isolated leaves 4 0.35 0.48 1.62 0.52 0.83 2.14 2.97 0.81 
kept in light 5 0.33 0.44 1.55 0.48 0.77 2.03 2.80 0.77 kept in light 

6 0.32 0.41 1.36 0.46 0.74 1.82 2.55 0.72 

Intact leaves 
kept in light 

4 
5 
6 

0.39 
0.42 
0.39 

0.49 
0.50 
0.50 

2.16 
2.11 
2.05 

0.62 
0.61 
0.61 

0.88 
0.92 
0.90 

2.78 
2.71 
2.66 

3.66 
3.66 
3.56 
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Table 3 

Quantitative formation of isolated, isolated and kinetin-treated. 
intact barley leaves grown and kept in light 

Calcul, in microgram/mg fresh weight 

Variants 

Isolat ion 
and t rea t -
m e n t t ime, 

days 

th 
carotene 

X a n t h o -
phyllg 

Chloro-
phyll-a 

Chloro-
phyll-b 

Carotene 
+ 

xantlio-
phylls 

Chloro-
phyl l 

a + h 
Tota l 

p igment 

Isolat-
ed/intact 

rat io 

4 0.34 0.45 1.68 0.52 0.79 2.20 2.99 0.83 
Isolated leaves 5 0.36 0.48 1.58 0.49 0.84 2.07 2.91 0.79 

6 0.35 0.45 1.39 0.45 0.80 1.84 2.64 0.71 
7 0.34 0.45 1.17 0.40 0.79 1.57 2.36 0.70 

4 0.36 0.46 2.02 0.56 0.82 2.58 3.40 0.94 
Isolated kinetin- 5 0.37 0.47 2.09 0.60 0.84 2.69 3.53 0.95 

t rea ted 6 0.38 0.47 2.17 0.60 0.85 2.77 3.62 1.04 
7 0.38 0.51 2.12 0.59 0.89 2.71 3.60 1.06 

4 0.39 0.48 2.14 0.61 0.87 2.75 3.62 
In t ac t leaves 5 0.39 0.50 2.21 0.59 0.89 2.80 3.69 

6 0.36 0.42 2.11 0.57 0.78 2.68 3.46 
7 0.34 0.41 2.05 0.59 0.75 2.64 3.39 

connected wi th growth. The r a t i o isolated : i n t a c t expresses t h e decreasing 
t e n d e n c y wi th t hose kept in l igh t . Wi th those placed in da rk , s imilarly to t h e 
a b o v e though to a higher degree, t h e same will be observed. 

The 3rd exper imen t is summar i zed in Tab le 3. 
From t h e t ab le it can he seen t ha t in leaves t r ea t ed wi th k inet in , 

t h e value of ca ro t ene is the s a m e during the whole course of isolat ion. Those 
he ing isolated in t ap -wa te r show lower value f igures there is n o considerable 
di f ference. The q u a n t i t y of chlorophyll-a in leaves isolated in t ap -wa te r 
m a r k e d l y decreases as t ime progresses. In t h e isolated leaves t r ea ted wi th 
k ine t in , the va lues are higher t h a n in the i n t a c t leaves. In t h e isolated leaves 
k ine t in is able t o keep the chlorophyl l colour-substance a t t h e same level; 
inh ib i t s or h inde r s protein decomposi t ion ensuing under t h e influence of 
isolat ion, or i t is able to s tar t new synthesis f r o m decomposing. T h u s the colour 
mater ia l h o u n d t o the protein, r ema ins at t he level of in tac t leaves , moreover, 
since the i n t ac t p l an t has grown, i t is above t h e value of t h e i n t a c t level. 

Chlorophyl l -b is, in the f u n c t i o n of isolat ion, at the same level separa te ly 
in t h e isolated, t h e isolated a n d k ine t in - t r ea ted as well as in t h e in tac t leaves. 
T h e gradual decrease of the q u a n t i t y of t o t a l p igment can he observed be ing 
shown in t h e r a t io isolated : i n t a c t p igment ; k ine t in - t rea ted isolated : in tac t 
r a t i o displays enhancemen t s ince the q u a n t i t y of to ta l p i g m e n t in the i n t a c t 
leaves slightly decreases wi th g rowth . 

Conferr ing our data wi th those known in l i terature , we migh t establish 
t h e following: 
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Our data show t h a t under t h e influence of isolat ion it is t he q u a n t i t y 
of ehlorophyll-a t h a t decreases t h e mos t marked ly ; th is considerable decrease 
directs also the t o t a l p igment con t en t . Such obse rva t ion has been m a d e b y 
K U R S A N O V ( 1 9 6 4 ) a n d M A R S C H N E R ( 1 9 6 4 ) , too. If p ro te in decomposi t ion and 
paral le l wi th it, t h e des t ruc t ion of chloroplasts ( K U R S A N O V 1 9 6 4 ) are inhib i ted , 
the q u a n t i t y of chlorophyl l -a increases more in tens ive ly compared to t h a t 
of chlorophyll-b. I n i sola ted bar ley leaves t r ea t ed w i th kinet in , similar resul ts 
have been obta ined. B I S H O P W H I T T I N G H A M ( 1 9 6 3 ) experienced the change 
of colour-mater ial h o u n d to prote in . I t is the l ight condit ions t h a t inf luence 
t h e deve lopment of chlorophyl l -a t o the greatest e x t e n t . This has been experi-
enced when placing t h e et iolated i n t a c t and isolated leaves in l ight , and t h e 
change in intact a n d isolated leaves being placed f r o m light to dark , is in 
ag reemen t with t h e above , i.e., t h e increase and decrease , respect ively, of t h e 
q u a n t i t y of chlorophyl l -a was t h e most marked . As the t ime of isolation 
progressed, the change of carotene occurred, too . I n et iolated in t ac t leaves 
the ca ro tene content increased for some time, unde r t h e inf luence of isolation 
it g radua l ly decreased, t h e n with t h e growth of t h e i n t a c t p lants , decrease was 
exper ienced; this is suppor t ed b y M A R S C H N E R ' S ( 1 9 6 4 ) f inding. L E B E D E V — 

L I T V I C H E N K O ( 1 9 6 5 ) evinced wi th et iolated maize t h e fo rma t ion of chloro-
phyll-a which g radua l ly increased in the func t i on of i l luminat ion. In our 
exper imen t s , too, on t h e effect of l ight the chlorophyl l -a con ten t showed 
increasing tendency. U D V A R D Y — H O R V Á T H ( 1 9 6 4 ) p roved t h a t unde r the in-
f luence of isolation 3 5 % prote in decomposi t ion h a d occurred as compared 
with i n t a c t plants whi le kinet in t r e a t m e n t had p roduced considerable prote in 
synthes i s . Our expe r imen ta l resu l t s are re la ted to t h e above concerning 
p igment changes. Viz. due to the inf luence of isolat ion considerable decrease 
can be observed in t h e q u a n t i t y of p igment . P ro t e in hydrolysis appear ing on 
isolat ion as well as p igment -decrease which can be observed the most marked ly 
wi th colour mater ia ls hound to t h e protein (chlorophyll-a) , most p robab ly 
indicate t h e decomposi t ion of the lamel lary s t r u c t u r e in plants . 

Conclusions 

W e have inves t iga ted the change of p igment c o n t e n t in the isolated and 
in tac t leaves of the b a r l e y var ie ty M F B . In the course of inves t iga t ion et iolated 
p lants h a v e been i l lumina ted ( 8 0 0 0 lux, F 3 0 ) . P l a n t s raised in l ight , 
were p laced to dark . P l a n t s t h a t h a d been raised in l ight were kep t in l ight , 
too, d u r i n g our inves t iga t ion . In eve ry var ia t ion t h e t o t a l p igment and t h e 
componen t s in the i so la ted and i n t a c t leaves were compared . We have per-
formed isolation also in t h e solution of 10~4 M k ine t in and t ap -wa te r . I t can 
he es tabl i shed tha t in isolated bar ley leaves the t o t a l p igments decrease in 
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t h e func t ion of t ime compared wi th t h e p igment con ten t of i n t a c t leaves both 
in l ight and in da rk . The decrease is t h e most marked ly shown in chloro-
phy l l - a . The level of to ta l p i g m e n t s and also the chlorophyl l -a con ten t in 
i so la ted leaves t r e a t e d with k ine t in show higher values t h a n those of in tac t 
l eaves . 
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AGGRESSIVITY 
OF SUGAR BEET ROOT-ROT PATHOGENS 

I. METHOD O F B R E E D I N G F O R RESISTANCE 

By 

E. Kiss 

RESEARCH INSTITUTE FOR PLANT BREEDING AND PLANT PRODUCTION IN SOPRONHORPÁCS 

The aggressivi ty of soi l- inhabitant and on the seed balls sett led pathogens mos t 
dangerous for the sugar beet seedlings has been invest igated. Their range according 
to their aggressivi ty is as follows: Pythium sps., Aphanomyces sps., Phoma betae and 
Fusarium sps. Breeding for resistance may be carried out successfully under provoca-
tive conditions only. The soil infection proved to be a suitable method. Susceptibil i tv 
of the variet ies to the varieties to the pathogenic species appeared to be di f ferent . 

Int roduct ion 

Root-rot causes in the emerging and y o u n g sugar beet seedlings consider-
able losses a m o u n t i n g to 10 35 per cent even nowadays . The present d a m a g e 
is a l r eady less t h a n it was 30 - 5 0 years ago. This m a y he a t t r i b u t e d to t h e fac t 
t h a t nowadays b e e t seeds of H u n g a r i a n origin are sown out only. F u r t h e r t he r e 
are available a l r e a d y soaking med iums ef fec t ive not only to the p a t h o g e n s 
se t t led on the c lus te rs bu t in some measure t o the soi l - inhabi tant ones, too . 
I t is well known t h a t in the f i r s t decades of our cen tu ry sugar beet seeds 
especially of G e r m a n origin were used by our sugar-mills for sugar beet root 
p roduc t ion . As t h e cl imate of t h e sugar bee t seed crop area in G e r m a n y is 
general ly humid t h e seed produced there con ta ined more pa thogens t h a n h o m e 
grown sugar beet seeds produced under the more arid H u n g a r i a n condi t ions 
( L I N H A R T 1 9 0 0 ) . 

The root - ro t pa thogens are pa r t ly se t t led on the clusters or m a y be 
sp read by the seeds . To secure t h e sugar bee t roo t crop i t is most desirable 
t o h a v e the least q u a n t i t y of pa thogens on t h e seed balls. The se t t l emen t 
of pa thogens on t h e seed balls cannot he inh ib i t ed in general , only the i r 
n u m b e r can be d iminished by changing the sources of disease of the seeds, t h e 
soil and the ecological env i ronments . 

Root-rot con t ro l has become especially recen t ly more i m p o r t a n t due 
to t h e deve lopment in agrotechnics of sugar bee t cu l tu re ; i.e. precision sowing 
of sugar beet seed becomes more possible b y abras ing t h e m gent ly ( the 
H u n g a r i a n m e t h o d of "depe l l i t ion") and to fac i l i t a te t h e singling l abour 
the bee t seeds will b e sown in a d is tance of 3 -5 cm f rom each other . P r e sen t ly 
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the impor t ance of root-rot m a y even be increased b y t h e release of new, 
genet ical ly m o n o g e r m / m o n o c a r p ) sugar bee t variet ies for general sugar beet 
roo t p roduc t ion in t h e next few years in which the pre tens ions of the precision 
sowing and t h e suscept ibi l i ty t o pa thogens come in to ful l display. A th in 
sowing requires t h a t the p l an t s tock should not be dec imated or even more 
d iminished due to root- rot , for in this case the re will he m a n y missing hills 
in t h e fields and a sat isfying crop canno t be expected at all. 

There are t w o possibilities t o avoid t h e losses due to roo t - ro t : 1. ef fect ive 
soaking the seeds before sowing (e.g. depell i t ion -{- soaking) or des infect ion 
of t h e soil using fungicides a n d 2. b reed ing for resistance. 

There is a wide in te rna t iona l l i t e ra tu re concerning t h e problem of root-
r o t so I choose to ment ion here the most i m p o r t a n t and those deal ing with 
t h e breeding for resis tance only. 

In the research work of th is problem pioneer work has been done b y our 
ce lebra ted pa tho log is t L I N H A R T ( 1 9 0 0 ) , who emphasized the i m p o r t a n c e 
of t h e so i l - inhabi tan t and on t h e clusters se t t led paras i tes , the deve lopmen t 
of a p rovoca t ive tes t method and drew t h e a t t en t i on to t h e " h u l l i n g " of seeds 

in the sense of our recent "depe l l i t ion" -procedure — and the i m p o r t a n c e 
of breeding re s i s t an t variet ies. This p rob lem was la ter deal t wi th , b y H E G Y I 

( 1 9 1 1 ) and G Y Á R F Á S ( 1 9 1 1 ) who proposed to let seeds d r y a t a t e m p e r a t u r e 
of 45 — 53 °C to a wa te r con ten t of 5 —10 per cent . According to our experience 
b o t h the "depe l l i t i on" and d ry ing the clusters are advan tageous to decrease 
t h e q u a n t i t y of pa thogens b u t u n f o r t u n a t e l y nei ther of t h e m can he applied 
for technical reasons . 

E x t e n d e d soaking exper imen t s were carried out b y T E R E N Y I (1929) 
de te rmin ing t h e effect iveness of the p r e p a r a t e Germisan . 

The i m p o r t a n c e of the pa thogen species was duly eva lua ted on t h e basis 
of d a t a collected in t h e w hole c o u n t r y b y Mrs. G Y Ö R G Y (1959). F r o m t h e spread-
ing of pa thogens a n d the possibilities of the i r control a repor t has been recent ly 
issued by Mrs. B Í R Ó (1964). 

Among foreign au tho r s the mode rn system of resistance breeding 
m e t h o d s has been chiefly e labora ted in t h e USA. Here can he men t ioned t h e work 
of S C H N E I D E R ( 1 9 5 9 ) concerning the f ield provocat ive method wi th Aphano-
myces cochlioides (Drechs.). An infect ion in v i t ro me thod of sugar bee t seedlings 
h a s been developed by M A C W I T H E Y ( 1 9 6 1 ) . W H I T E H E A D p roposed t h e soil 
infect ion in 1957 already. 

Results of controlled breed ing m e t h o d s for resis tance to d i f fe ren t patho-
gens are r epo r t ed by A F A N A S I E V — S H A R P ( 1 9 6 1 ) , F I N K N E R ( 1 9 5 4 ) , H E N D E R -

S O N B O C K S T A H L E R ( 1 9 4 6 ) . Several a u t h o r s deal t wi th the ecological require-
m e n t s of the pa thogens , we men t ion here t h e present s tudies of N O L L E ( 1 9 6 0 )  

a n d E B N E R ( 1 9 6 0 ) . A new- type and pioneer like work was re la ted b y S E V -

C H E N K O t o o ( 1 9 6 3 ) . 
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Material and Method 

Our aim w a s to develop a reliable method of art if icial soil and seed infection which 
can be applied s imply and is suitable for a pract ica l breeding method for resistance. 

For this purpose we established in the hot-house a pot- tr ial in boxes using 2 varieties 
and in the field we tes ted 11 variet ies of different types and origin wi th full par t iculars . 

In our po t t r ia ls the effect of a complete* inoculum giving the infecting mater ia l in 
d i f ferent depths u n d e r the seed-bed could be observed. The effect of the inoculum was tested 
given it in the seed-bed level, and in soil layers 1 — 5 cm lower. 

Our field t r ia l s served for the following 3 purposes : 1. to compare the effect of soil-
and of seed infect ion, 2. to determine the pa thogenei ty of the fungus-races causing root-rot 
under different local conditions, 3. to determine the susceptibil i ty of the sugar beet variet ies 
of different ploidy-grade and origin to the infection of the different pathogens. 

In our f ie ld- tes ts we invest igated in 1963 eight and in 1964 ten t r ea tments . These t rea t -
men t s were as fol lows: I = un t r ea t ed control, II = seeds soaked with Ceredon Special (400 
g/100 kg seeds), I I I = seed infection with Phoma betae, IV = soil infection with Phoma betae, 
V = seed infection w i t h Fusarium sps., VI = soil infect ion with Fusarium sps., VI I = seed 
infect ion with Aphanomyces laevis, VIII = soil infection with Aphanomyces laevis, I X = seed 
infection with Pythium de Baryanum and X = soil infect ion with Pytliium de Baryanum. 

Preparat ion of the inoculum: Pure fungus cul ture has been made on molasse-agar nu t -
r ien t medium f r o m the isolates of the pathogens ment ioned above. Wate r suspension (involv-
ing the nutr ient m e d i u m of the fungus ) of the cul tures developed has been spread on the seed 
mater ia l (50 g seeds -j- 50 ml suspension of identical f ungus concentrat ion) and the so t rea ted 
seeds dried again in room tempera tu re . 

For soil infec t ion we mixed previously the water suspension of the pure cultures men-
t ioned above with a suitable subs t ra te the consistence of which permi t ted to let it bring easily 
and uniformly into t h e soil. For th is purpose the gri ts of dry-sterilized beet clusters proved 
to be most suitable. F r o m the inoculum prepared in this manner 120 g for 9 m of the row has 
been scattered in a d e p t h of 1 cm under the seed-bed level. 

Sowing of the trials: The hot-house exper iments has been sown in 15 cm deep boxes 
of 30 X 45 cm size in two replications in each box, f r o m two varieties 100 clusters each; in the 
f ree land trials 9 m long rows (2 X 4.5 m long rows) were designed f rom each t r e a tmen t . A 
q u a n t i t y of 50 g seeds was used f rom the varieties for each t r ea tmen t scat tered uni formly 
and close rows have been sown. 

Evaluation of the trials: In the box exper iments the number of the damped off seed-
lings was determined af ter emergence in each 4 th day till damping off could be observed 
( abou t to the seedling-age of 4 weeks). In the free land t r ia ls were evaluated the seedlings hav-
ing 6 leaves a l ready by counting the remained hea l thy beets in each row. The grades of the 
s ta t is t ical security (SD per cent, a t P = 5 per cent) b o t h between the varieties and the t rea t -
men t s were calculated f rom the da ta of two replications. 

Results 

1. Tests carried out in the hot house 

In our box t r i a l the diploid (multigerm) Beta 242 53 va r i e ty and the 
diploid (monogerm) M. 051 s t ra ins have been t e s t ed . We could observe t h a t t h e 
g rea tes t damage in b o t h variet ies might be achieved giving t h e inoculum in 
a d e p t h of 1 cm u n d e r the seed-bed level (Fig. 1). We became p leasan t ly sur-
pr ised observing t h e monogerm s t ra in in each t r e a t m e n t s remain ing h e a l t h y 
or conta in ing m o r e hea l t hy p l a n t s t h a n those of the mul t ige rm va r i e ty . This 
a p p a r e n t result m a y u n f o r t u n a t e l y he a t t r i b u t e d to t h e f ac t t h a t f r o m t h e 
monogerm st ra in on ly seeds wi th a size over 5 — 6 m m were used t h e emer-

* The complete inoculum has been produced f r o m the spore- or myceliumsuspension 
of t he 4 pathogens invest igated respectively. 
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gence energy of which is always h igher and so they arc more res is tant to pa tho-
gens t h a n the smaller ones. 

2. Results of the seed and soil infections 

Seed and soil infect ions have been tes ted a t 11 variet ies used 2 and 4 p a t h o -
gens respect ively ( t r e a t m e n t s I I I , IV, V and VI in Table 1). I t became ev iden t 
t ha t infec t ing t h e seed halls b o t h wi th Phoma betae and Fusarium sps.we got 
con t r ad ic to ry resul ts . Using cereal suspension diluted in the wate r solut ion 
of t h e molasse-agar nu t r i en t med ium the ra t io of emerged seeds has been not 
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Fig. 1 • T h e f o r m a t i o n of roo t - ro t d a m a g e g iven t h e i n o c u l u m in to d i f f e r en t d e p t h s of t he soil. 
O n t h e o r d i n a t e : R a t i o in per c en t of t h e h e a l t h y p l a n t s 

On t h e abscissa: I — U n t r e a t e d con t ro l , I I = Con t ro l soaked in Ceredon Special , I I I VI I I 
C o m p l e t e i nocu lum given in t he seed b e d level ( I I I ) a n d u n d e r t h e seed bed in d e p t h s of 

1 , 2 , 3 , 4 a n d 5 c m r e s p e c t i v e l y 

decreased b u t even increased compared to t h e u n t r e a t e d control (I). P re sum-
ab ly the wate r -household has been even p romoted by t h e suspension hav ing 
a c ream-dens i ty a n d sprayed on t h e surface of the clusters b y i ts hydroph i l 
cha rac t e r when t h e seeds get in t h e wet soil. We have still to note t h a t a fas ter 
emergence could not be observed . We m a y fu r the r presume t h a t a t the 
beg inning of emergence when t h e radicule emerges b y 5 15 m m f r o m its 
original place f r o m the seed-bed, t h e per icarp becomes a l i t t le e levated and gets 
in a higher, hence drier soil l ayer . I t is well known t h a t in the case of a sowing 
d e p t h of 15 25 m m a level d i f ference of 10 —15 m m indicates an essential 
change in the microcl imate for t h e seed being the upper soil layer a lways drier 
and react ing d i rec t ly to the lower t e m p e r a t u r e s of the nights . The deve lopmen t 
of pa thogens will he impeded so and the more sensible radicule and p r i m a r y 
roots being no more in connect ion wi th t h e per icarp, involving pa thogens , 
the noxious ac t iv i ty of the p a t h o g e n s can no more be effect ive. U n d o u b t -
ed ly , extensive inves t igat ions h a v e to be carried out to clear this p roblem, 
hu t for the m o m e n t at least t h e above supposi t ion seems to be acceptable . 
These supposi t ions of ours arc still suppor t ed b y the fac t t h a t f r o m t h e alto-
ge ther 22 cases of t r e a t m e n t s IV and V no one correlat ion breaker occurred and 
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Table 1 

Pathogeneity of the different pathogens used in soil- and seed infection method 
Sopronhorpács, 1963. (Inner growing garden) 

Varieties or s t ra ins 
(i) 

N u m b e r 
of p lan t s 

t es ted 
(2) I 

R a t i o of h e a l t h y p l an t s in per cent of t h e cor 

T r e a t m e n t s (4) 

I I I I I I I I V I V VI 

t ro l (3) 

V I I V I I I 

Average 
per cent 

(5) 

Average 
of columns 
IV, V I , V I I 

and V I I I 
(«) 

S D % a t 
P = 5 

per cent 
(7) 

1. Kleinwanzlebener Poly 8 194 100 138.8 135.4 75.9 132.5 92.2 73.1 92.7 108.1 84.5 ± 2 5 . 4 
2. Ramonyi 06. 16 816 100 120.8 118.0 91.2 109.0 90.9 74.5 61.5 95.7 79.7 ± 1 2 . 8 
3. Beta te t ra 53/27. 7 528 100 173.2 155.8 82.1 147.4 85.3 56.7 72.0 109.1 74.2 ± 2 7 . 1 
4. P. 140. 4x. 5 726 100 136.0 134.6 85.2 112.6 73.9 52.4 50.7 93.2 65.6 ± 2 9 . 8 
5. E. III . 25/25. С 13 075 100 127.6 118.3 85.8 120.7 81.2 56.9 39.1 91.1 65.8 ± 3 6 . 4 
6. Beta poly M/101. 3x. С 

ь- Cß 7 249 100 197.1 104.3 77.6 106.1 85.2 78.3 54.7 100.4 73.9 ± 3 1 . 2 
7. Beta poly M/102. 3x. ЬЮ-- 3 696 100 216.0 154.5 75.1 179.6 93.7 68.7 68.1 127.1 76.5 ± 2 4 . 3 
8. Monogerm 806. 2x. 1 £ 6 441 100 189.1 138.9 82.5 125.1 83.0 39.9 28.1 110.8 58.4 ± 2 6 . 7 
9. Monogerm 051. 2x. £ " 5 772 100 194.0 125.6 86.2 131.2 63.7 41.4 54.0 99.5 61.3 ± 3 1 . 4 

10. S. 11. 2x. 1 male sterile 8 120 100 116.2 116.1 83.6 112.5 89.1 35.0 29.9 85.3 59.4 ± 2 1 . 9 
l l . S . 21. 2x. J strains 5 338 100 133.3 131.8 72.0 128.9 78.6 46.4 35.3 90.8 58.1 ± 1 6 . 5 

Total (8) 88 015 

Average per cent (9) 100 158.4 130.3 81.6 127.7 83.4 56.7 53.3 

± Difference related to Col. I. 
(10) + 58.4 + 30.3 - 1 8 . 4 ± 2 7 . 7 — 16.6 — 43.3 - 4 6 . 7 

S D % P = 5 per cent (11) ± 2 7 . 5 ± 1 6 . 0 ± 1 7 . 0 ± 3 2 . 4 ± 2 0 . 2 ± 3 2 . 7 ± 2 1 . 5 

Signs used: I = Control untreated, V = Seeds infected with Fusar ium sps., 
II = Soaked in Ceredon Special (400 g/q), VI = Soil infected with Fusar ium sps., 

III = Seeds infected with Phoma betae, VII = Soil infected with Aphanomyces laevis, 
IV = Soil infected with Phoma betae, VIII = Soil infected with Py th ium de Baryanum. 

Growing data: Broadcasting in twin rows of 4.5 m each, row-width 2 0 + 4 0 cm; in each t rea tment 50 g seeds were sown in the two rows. 
Soil infection performed in a depth of 1 em under the seed-bed level using cluster-grit infected artificially with the adequate 
fungus. 
Seed infection carried out in the laboratory two days before the sowing. 
Soil of the trial: deep-layered loam rich in humus. 
Date of sowing: 26. IV. 1963. 
Counting of the remained heal thy plants f rom the 4th to the 11th VI. 1963. 
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in t h e average of t h e 11 v arieties compared to t h e u n t r e a t e d control (1), t he 
difference a m o u n t e d to -|-30.3 a n d 27.7 per cen t , respect ively, which values 
surpass the average (25.8 per cent) s ignif icant d i f ference of the t r e a t m e n t s and 
var ie t ies (average of t r e a t m e n t s I , I I I and Y in Tab le . 1). Clusters could no t be 
t r e a t e d — due t o technical causes with Aphanomyces laevis and Pythium de 
Baryanum in 1963. 

Considerable losses could be observed caused b y soil infect ion in the case 
of the four p a t h o g e n s according to their aggress iv i ty character is t ica l for t h e 
species ( t r e a t m e n t s I V , VI, V I I a n d V I H i n T a b l e . 1) .This high decay of p l an t s 
m a y he pa r t ly a t t r i b u t e d to t h e fac t t h a t the inocu lum was b r o u g h t in the soil 
in sui table d e p t h a n d par t ly t o t h e condit ion t h a t t h e pa thogens became more 
mult ipl ied b y t h e subs t r a t e — in th is case t h e cluster-grit b y its physico-
chemical charac te rs . 

It is well k n o w n t h a t the paras i tes inves t iga ted are s ap rophy te s as well 
a n d got in t h e soil wi th the c luster-gr i t , th is l a t t e r absorbed w a t e r toge ther 
wi th the r e m n a n t s of the still p resent agar n u t r i e n t medium a n d in this w a y 
t h e mul t ip l ica t ion of the pa ras i t e organisms became even s t imula ted . F r o m 
t h e seeds located 1 cm above t h e inoculum t h e radiculae reached the infected 
layer af ter 7—14 days later only and t hen t h e y met the pa thogens mul t i -
pl icated in h igher q u a n t i t y a l r eady . The loss in bee ts has evolved in this w a y 
to a m a x i m u m a m o u n t i n g to 71.9 per cent (va r i e ty No. 8 of t h e t r e a t m e n t 
V I I I in Table 1). 

3. Formation of the pathogeneity of the pathogens 

By reason of the da t a ga ined f rom our exper iments it seems reasonable 
t o evaluate he re only the resul ts obta ined b y soil infect ion. I n t h e whole t e s t 
2 5 0 , 0 0 0 c lusters (i.e. abou t 3 5 0 , 0 0 0 germs) were sown, f r o m which we got 
in 1 9 6 3 8 8 , 0 1 5 a n d in 1 9 6 4 2 3 , 2 0 8 hea l thy p l an t s . The decay of beets chief ly 
occurred as ea r ly as at t he germina t ion of t h e seeds, and oversensi t ive or 
highly diseased germs could no t emerge a n y more ( L i n h a r t 1 9 0 0 ) . Out of 
the germs s p r o u t e d several decayed later . A f u r t h e r dealing wi th this p rob lem 
would lead us too fa r , ne i ther is i t the scope of our present s t udy . 

Signif icant differences could be observed between the average of t h e 
11 variet ies (Table 1) in compar i son to the cont ro l (I) in t h e infection wi th 
Aphanomyces laevis (VII) and wi th Pythium de Baryanum (VIII) , so n e a r l y 
each var ie ty b e c a m e damaged s ignif icant ly b y these paras i tes bu t in t h e 
average of t h e var ie t ies Phoma betae and t h e Fusarium sps. infect ions did no t 
show signif icant difference ( t r e a t m e n t s IV a n d VI) . In the case of these p a t h o -
gens there were the "S . 2 1 " (male sterile) pa r tne r - s t r a in and some o t h e r 
variet ies respec t ive ly wi thin t h e l imits of s ignif icance only. 

According to the resul ts of the second y e a r trials it could be s ta ted t h a t 
mos t decay (43.3 and 21.4 pe r cent respect ively) is caused b y Aphanomyces 

Ida Agr. Hung. Tomus X I I . 1965 



A G G R E S S I V I T Y OF SUGAR B E E T ROOT-HOT P A T H O G E N S 3 3 3 

laevis and in average (18.4 and 29.2 per cent respect ively) by the Pythium de 
Baryanum, b u t considerable damage is d u e to the Fusarium sps., t oo (in aver-
age 16.6 a n d 13.1 per cen t respect ively) . Under other ecological and infec t ing 
condit ions t h e p a t h o g e n e i t y of the s ingle fungi-species may evolve in an 
essential ly di f ferent m a n n e r (Fig. 2). 

t r e a t m e n t s 

Fig. 2. F o r m a t i o n of root-rot d a m a g e used seed and soil infection oil the base of two years 
d a t a 

On the o rd ina te : Ratio in per cen t of the hea l t hy plants . 
On the abscissa: Treatments : I = U n t r e a t e d cont ro l , I I = C o n t r o l t r e a t e d with Ceredon Spe-
cial, I I I = S e e d s infected wi th Fusarium sps., I V = S o i l infection w i t h Fusarium sps. , V = 
= S e e d s infec ted with Phoma betae, VI=Soi l infect ion with Phoma betae, V I I = S e e d s in-
fected with Aphanomyces laevis, VI I I=Soi l infec t ion with Aphanomyces laevis, IX—Secds 

infected w i t h Pythium de Baryanum, X = S o i l infection with Pythium de Baryanum 

4. Varietal resistance to the single pathogens 

Accord ing to the r e su l t s of our t e s t s gained on t h e basis of the ave rage 
of the four pa thogens it could be seen t h a t t h e varieties Kleinwanzlebener Poly 
and Ramonj 06 were t h e m o s t resistant ones (84.5 and 79.6 per cent h e a l t h y 
p lants , respect ively) . The Hunga r i an var ie t i es proved t o be in te rmedia r i ly 
res is tant too . As expected , t h e behaviour of the var ie t i es against d i f f e ren t 
pa thogens showed to be d i f fe ren t , too. T h e variety Kleinwanzlebener Poly 
seemed to be susceptible t o Phoma betae b u t res is tant t o other p a t h o g e n s . 

F r o m t h e monogerm s t ra ins (Fig. 3, varieties No . 6, 7, 8 and 9) t h e 
Hunga r i an anisoploid " B e t a Poly M/102" is res is tant t o Fusarium sps. , 
enough r e s i s t an t to Aphanomyces laevis a n d to Pythium de Baryanum, too . 
A t the same t i m e the anisoploid "Beta Poly M/101" s t r a i n showed res i s tance 
t o Aphanomyces, but was on ly modera te ly resis tant t o t h e other p a t h o g e n s . 
The diploid s t r a in Monogerm 051 shows res is tance to Phoma betae h u t a h igh 
grade suscept ib i l i ty to o t h e r pa thogens ; in contrary , t h e diploid Monogerm 
806 seemed t o be very suscept ib le to each pa thogen . The ma le sterile cross ing 
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p a r t n e r s t ra in " S . 11" p roved t o lie in te rmediar i ly res is tant to the Fusarium 
sps. and to Phoma betae hut v e r y susceptible t o Aphanomyces laevis and Pytliium 
sps. infections. 

From t h e d a t a repor ted above, it m a y he concluded t h a t the var ie t ies 
ma in ta in the i r genetically s t ab l e characters under d i f f e ren t ecological con-

100 

60 

20 

Э 4 100 

60 

С 20 
о 
•о. 

100 100 
- с 
4-t 60 
о 
ei 20 

- с 

100 
60 

20 

Л 
Pythium de baryanum 

Я Н Н И Н н н е н э 
Aphanomyces laevis 

Phoma betae 77,0 

Fusarium sp. 20,2 
Ш 

V \ 0 0 I » ' » I О 0 0 I « I ® 9 © 

V a r i e t i e s 

Fig. 3. Resis tance of sugar bee t varieties or s t ra ins to the d i f f e ren t pathogens 
On the ordinate : R a t i o in per cent of the healthy p l a n t s 

On the abscissa: Varieties or s t ra ins : 1 =Kle inwanz lebener Poly, 2 = Rainonj 06., 3 = b e t a 
t e t r a 53—27., 4 = P . 140. 4 x , 5 = E . I l l , 525/25., 6 = b e t a p o l y M/101. anisoploid, 
7—beta poly M/102. anisoploid, 8=Monoger in 806. diploid, 9 = M o n o g e r m 051. diploid, 

1 0 = S . 11. diploid male sterile, 1 0 = S . 21. diploid male sterile 

ditions, too (var ie t ies 1 and 2 in Fig. 3). W e m u s t s t rongly d raw the a t t e n t i o n 
t o the u rgen t necessi ty of increas ing the res is tance of our perspect ive v a r i e t y -
candidates a n d strains t o roo t - ro t infect ion (varieties N o . 8 —11 in Fig . 3). 

Conclusions 

I t s eems to he a p r e l im ina ry condit ion of a successful breeding for resis t -
ance in p l a n t s t h e possibil i ty t o produce b y using a p rovoca t ive m e t h o d 
well pe rce ivab le infect ions in p lan ts to be inves t iga ted . U n d e r such condi t ions 
can only be carr ied out t h e selection of r e s i s t an t var ie t i es of plant species. 

The soil infection m e t h o d e l abora t ed b y us p r o v e d to be a su i t ab le 
me thod for b reed ing a iming a t a resis tance to root-rot in beets. Selection of 
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s t ra ins res i s tan t to each of the dangerous pathogens can be made even separa te -
ly b u t t h e use of a comple te inoculum gives good resu l t s too. U n f o r t u n a t e l y 
with t h e bee t being a n allogame p l a n t requiring i so la ted plots for t h e change 
of genera t ions it is v e r y p rob lemat ic in the breeding for resis tance t o root-
rot p a t h o g e n s to select separate s t r a i n s resistant t o t h e different p a t h o g e n s 
because th i s method would meet t e c h n i c a l diff icult ies in the gene ra t ive year 
of its deve lopment due to the high n u m b e r of t h e isolated plots requi red . 
Ins tead of it we have appl ied soil i n f ec t i on method us ing a complete inoculum 
in a wide range s t ra in mater ia l by w h i c h the res is tance can be inc reased — 
more or less successfully for m o r e pathogens a t t he same t i m e ; i.e. 
our b reed ing work is d i rec ted for a " g r o u p " resistance. 

Our soil infection m e t h o d is s imple and can be even mechanized too (e.g. 
the pr inc ip le of sowing engines combined with fert i l izer scat terer aggregate) , 
thus re l iable soil in fec t ions can be ca r r i ed out on g rea t e r plots a n d a wide 
ranging selection becomes possible. 

T h e resistance of var ie t ies or s t r a i n s to the d i f f e ren t pa thogens can also 
he e v a l u a t e d by using in vitro m e t h o d s ( L I N H A R T 1 9 0 0 , M A C W I T H E Y 1 9 6 1 ) ,  

bu t t h e y p roved not t o be suitable for b reed ing for res is tance on a l a rge r scale 
as only f ew individuals can be tes ted us ing them. 

T h e resul ts of our t e s t s show t h e Fusarium sps. t o play a p r i m a r y role 
in the roo t - ro t infect ion. As we h a v e infected the p l a n t s in our t e s t s with 
a m i x t u r e of f ive Fusarium sps. suspens ion most of t h e m occurring in beet 
seedlings, i t will be sti l l necessary t o t es t the pa thogene i ty of t h e single 
fungus species each separa te ly . 

The pa thogene i ty of pathogens is h ighly inf luenced by their or ig in; i t 
sceins v e r y probable t h a t the biotypes of the single f u n g u s species c a n also 
be discovered which we h a v e also in m i n d bu t it seems desirable t o inves t i -
gate, too , t h e role of o t h e r species of f u n g i and bacter ia in root-rot in fec t ion . 
Af te r all i t is a p romis ing fact to h a v e detected some strains of su f f i c i en t 
resistance a m o n g our perspect ive va r i e ty -cand ida te s a l ready . 

As is well known root - ro t occurs in each ecological e n v i r o n m e n t b u t 
the decay of beets seems t o be the resul t of an infection caused by one or more 
pa thogens s imul taneous ly , therefore ou r varieties m u s t be resis tant enough 
to the d i f fe ren t pa thogens . I n the era of a n ever increasing mechaniza t ion of sugar 
beet agro technics the t e n d e n c y prevails t o sow out sugar bee t seeds so t h in ly 
t h a t singling labour should no t he necessary a t all. From such th in sowing a sui t-
able p l an t c rop can only be expected if t h e beet seedlings are duly p r o t e c t e d 
f rom roo t - ro t and other damages . Comple t e control of these pa thogens m a y 
be achieved b y res is tant var iet ies and a reasonable soil a n d seed desinfect ion 
only. 

There a re still several other p rob lems to be inves t iga ted and solved con-
cerning t h e deve lopment of root-rot and effect iveness of t h e infection m e t h o d s . 
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Correlat ion be tween t h e q u a n t i t y a n d depth of p lacing the i nocu lum are still 
u n k n o w n , similarly t h e role of t h e di f ferent ecological condit ions in the pa tho-
genei ty of the d i f fe ren t pa thogens , t h e impor tance of seed size in t h e formation 
of suscept ibi l i ty , e tc . 

Thorough a n d eager research work is still to be clone to solve these 
p rob lems successful ly. 
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ANALYSIS OF THE SITUATION 
IN CROP HUSBANDRY 

AND OF THE FACTORS AFFECTING DEVELOPMENT* 

By 

G . L Á N G 

DEPARTMENT OF CROP HUSBANDRY. AGRICULTURAL COLLEGE, KESZTHELY 

Of the fac tors a f f ec t i ng the yield of f ield crops, the c u l t i v a t e d var ie ty , c rop rota-
t ion, t i l lage, i r r igat ion a n d dressing are of part icular i m p o r t a n c e . 

E x a m i n a t i o n of these factors revea led t h a t new i m p r o v e d plant v a r i e t y in itself 
migh t increase the yield only to a low degree in comparison t o the pe r fo rmance of cur-
r en t l y grown variet ies . I n the last per iod t he general c r o p p i n g of hybr id ma ize has 
chiefly cont r ibu ted pos i t ive ly to the augmen ta t ion of y ie lds . 

Crop ro ta t ion d e p e n d s in the f i r s t place on the a r e a l proport ion of cu l t iva ted 
crops. I t is no t possible to modi fy the count ry-wide e s t ab l i shed proport ions, t h i s may 
only be done parallel b y increasing ave rage yields. Accord ingly , on the p r e s e n t level of 
growing, crop p ropor t ions influencing considerably the p r o d u c t i v i t y of soil c a n hardly 
be developed. 

Exper imen t s p e r f o r m e d in the Agricul tural College a t Kesz the ly a n d in 
m a n y other research ins t i tu tes showed t h a t tillage surpass ing the c u s t o m a r y 
d e p t h af forded higher y ie ld only on some soil types. In f a v o u r a b l e cases row crops re-
spond to deep tillage b y h igher yields of a b o u t 20 per cent , b u t in subsequent y e a r s f rom 
succeeding crops only a yield surplus of a b o u t 5 per c e n t can be e x p e c t e d . Thus , 
deep tillage increases t he per formance of t he ent i re crop r o t a t i o n b y not more t h a n 8 to 
10 per cent . 

I r r igat ion in itself is seldom effec t ive , i t must genera l ly be combined w i t h inten-
sive dressing. 

F a r m y a r d m a n u r e is an i m p o r t a n t f a c t o r in the c o n s e r v a t i o n of soil p r o d u c t i v i t y . 
B u t the a m o u n t of s t ab le dung canno t n o t a b l y be ra ised, because it d e p e n d s in the 
f i r s t place on cat t le popu la t ion . 

As the most i m p o r t a n t means to increase average y ie lds fertil izers m a y be looked 
upon . Fer t i l izat ion e x p e r i m e n t s conducted w i t h wheat , ma ize , sugar beet, p o t a t o , silo-
maize, as well as on m e a d o w s and ranges resu l ted in a ve ry considerable (20 to 100 per 
cent ) augmenta t ion of y ie lds . Higher pe r fo rmances achieved country-wide in t he last 
3 years m a y chiefly be a t t r i b u t e d to the appl ica t ion of l a rge r fertilizer doses. 

However , be tween fer t i l izat ion on t he one hand a n d f u r t h e r factors in f luenc ing 
the a m o u n t of yield f a v o u r a b l y on t he o t h e r (cul t ivat ion of high-yielding var ie t ies , 
regula t ion of spacing, a d e q u a t e tillage a n d areal p ropor t ion of crops, d e v e l o p m e n t of 
m a n u r e fa rming) there is a conceptual d i f ference. P roper ly speaking , the l a t t e r f ac to r s 
raise the yield wi thou t add i t i ona l charges a n d represent ch i e f ly the ut i l izat ion of inter-
na l f a r m resources, whe reas fer t i l izat ion increases the expenses of growing cons iderab ly 
a n d can only be covered f r o m externa l resources . Therefore , i t is highly i m p o r t a n t to 
pe r fo rm invest igat ions i n t o fac to rs inf luencing the effect of fe r t i l izers and in to m e t h o d s , 
by which the results o b t a i n e d on exper imen ta l plots can also be a d a p t e d to f a r m pa tches 
of n o t ent i re ly ident ical soil qual i ty . 

D e m a n d s on agr icu l tu ra l p roduc t ion are increasing t h r o u g h o u t t h e world . 
This is due to the quick mul t ip l ica t ion of popula t ion a n d to the r eg re t t ab l e 
fact t h a t abou t 60 per cent of mank ind does even t o d a y not o b t a i n the 

* Lecture delivered a t t h e Hunga r i an A c a d e m y of Sciences B u d a p e s t , March 3, 1965. 
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m i n i m a l l y needed food conta in ing 2200 calories each day a n d 800 millions 
of people are f eed ing so poorly t h a t comes nea r t o s ta rva t ion . 

S imul taneous ly , in coun t r i es with h ighly developed agr ic id ture and 
i n d u s t r y the p ropo r t i on of biological ly va luab l e food c o n s u m p t i o n is f a s t 
inc reas ing ; and consuming more m e a t , milk a n d f ru i t involves jus t as well 
t h e deve lopment of the ag r i cu l tu ra l p roduc t ion . 

Hungary be longs to the l a t t e r group of count r ies . There fo re , here beside 
t h e mul t ip l ica t ion of people also t h e change of demands , ch ie f ly t h e increased 
consumpt ion of a n i m a l p roduc t s r i ch in p ro te in , mus t be t a k e n in to account . 
O u r expor t possibil i t ies lay a t p r e s e n t and will b e found in t h e coming per iod, 
t o o , in this g roup of produces. 

The f u l f i l m e n t of growing requ i rements on agr icu l tura l cul t ivat ion 
d e p e n d s in the f i r s t place on t h e development of crop h u s b a n d r y . We have t o 
r a i se b y ourselves — by increas ing the so-called " a r e a l " p r o d u c t i v i t y (i.e. t h e 
p roduc t iveness p e r area unit) — bo th crops immedia te ly s u i t e d for h u m a n 
f o o d and fodders yielding a n i m a l products ; fo rage import is allowed only t o 
s u p p l e m e n t h o m e fodder yield. Accordingly, t h e pr imary t a s k is to augment 
economical ly t h e p roduc t iv i ty of f ie ld crop h u s b a n d r y as well as of range and 
m e a d o w farming . 

While in t h e pas t f a rming was largely b a s e d upon t h e f i r m but slowly 
e r ec t ed pillars of centuries ' old pract ica l exper ience , today , t o meet the con-
t i n u a l l y increasing demands on cul t ivat ion, also the bui lding of science m u s t 
r u n up — bo th in breadth a n d he igh t - in accelerat ing r h y t h m . 

The p re sen t du ty of t h e science on c rop husbandry is t o reveal t h e 
s i t ua t ion of g rowing , to es tab l i sh the pr incipal factors of deve lopmen t , and 
subsequen t ly t o recognize the l a w s of their economical e f fec t iveness . 

As sciences in general, a lso crop h u s b a n d r y has g rown d i f fe ren t ia ted , 
b r e a k i n g up i n t o several b r a n c h e s , into a g r o n o m y , special c rop husbandry and 
p l a n t breeding. 

However, t h e science of r ea r ing p lan t p roduc t s m u s t f o r m a un i ty in 
t h e fu ture , too, in order to f u l f i l its du ty ou t l ined above. T h e correlations of 
c l imate , soil a n d p l a n t may, in f a c t , be b rought t o light with sc ient i f ic pre tens ion 
on ly in the u n i t y of analysis a n d synthesis enabl ing us to recognize the laws 
w h i c h may successful ly p r o m o t e cul t ivat ion. 

The f ac to r s of deve lopmen t may be examined by t h e science of c rop 
h u s b a n d r y on di f ferent levels. I t s indispensable task is t o reveal the laws 
ef fec t ive in f a r m i n g and to s t u d y t h e factors de termining t h e level, t r end a n d 
r en tab i l i t y of growing within t h e fa rm. These inves t iga t ions can with s imi lar 
o b j e c t be e x t e n d e d to a cer ta in region, soil t y p e , and research work may cover 
a count ry , c o n t i n e n t or even t h e whole E a r t h . Crop h u s b a n d r y research going 
b e y o n d farm l imi t s requires p e c u l i a r methods a n d encounters fac tors and laws 
of more or less d i f fe rent effect . Th i s is due p a r t l y to the necess i ty of reckoning 
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with m a n y kinds of soil, diverse c l imates and p a r t l y t o the fac t t h a t instead 
of f a r m fac tors inf luencing crop, economic factors m u s t to a h igher degree be 
t a k e n in to considerat ion. A f u r t h e r essent ia l d i spar i ty is t h a t w i t h i n t h e farm 
t h e condi t ions of effect iveness of f a c to r s inf luencing crop h u s b a n d r y differ 
f r o m those val id wi th in the l imits of inves t igat ions on larger un i t s . 

My present lec ture aims at ana lys ing the s i tua t ion of crop h u s b a n d r y 
and t h e fac tors of i ts deve lopment in H u n g a r y , since th i s work — w i t h respect 
t o t h e cont inua l ly increasing d e m a n d on rapid deve lopment of agr icu l tura l 
growing — seems to he absolutely necessary . 

The presen t s t a t e of crop h u s b a n d r y can m o s t l y be charac te r ized by 
areal p roduc t iv i t y . F r o m 1920 to 1960 in the average yield of ma in f ie ld crops 
as well as of range and meadow areas no essential change occurred. T h e yield 
of cereals f l u c t u a t e d be tween 7 and 9 quinta ls (q) pe r cadastral ho ld (kh)*, 
maize yielded 10 to 12, p o t a t o 40 t o 55, sugar bee t 90 to 120, l u c e r n e 19 to 
23, red clover (Trifolium pratense L.) 16 to 21, meadows 12 to 18 a n d ranges 
4 to 6 q per kh (Table 1). 

Table 1 

National yield averages of field crops and grasslands in Hungary 

Crops 
1921/30 1931/40 1946/55 1951/60 1961/64 

Crops 
q / k h * 

Wheat  7.4 7.9 7.5 8.5 10.2 

Rye  6.2 6.5 6.6 6.7 6.1 
Barley  7.1 7.9 8.2 9.9 10.5 
Oat  6.7 7.1 6.7 7.7 6.6 
Maize  8.6 10.8 10.2 12.6 14.0** 

Pota to  37.2 39.5 40.9 55.5 47.1** 
Sugar beet  112.0 119.0 89.0 114.7 131.1** 
Lucerne hay  19.2 23.2 21.4 22.0 16.6** 

Red clover (Trifolium pratense), hay . . 16.7 19.0 19.9 21.3 15.1** 

Meadow 1 9 4 9 - 5 0 12—18 

Range 1949—50 4 - 6 

* q /kh = quintal (100 kg) per cadast ra l hold (Hungarian measure = 0.575 hectare) 
** 1961/63 

The average yield of some crops has ceased t o be deadlocked only in 
the last t h ree years ; th is subjec t will be discussed la te r . 

On examin ing the ac tua l s i tua t ion , f i r s t of all t h e problem ar ises , w h a t 
is t h e reason of s t agna t ion in average y ie lds . This ques t ion should a d e q u a t e l y 
be answered f i r s t , for be ing able to ana lyse what is f u r t h e r to be done . 

* 1 quin ta l (q) = 100 kg; 1 cadastral hold (kh) = 0.575 hectare 
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T o formula te a n answer, t h e changes in crop h u s b a n d r y d u r i n g the above 
m e n t i o n e d 40 yea r s a re to be r ev iewed . 

Crop h u s b a n d r y is kept e x a m i n i n g the corré la t ion ex is t ing between 
c l ima te , soil and p l a n t . From t h e s e three yie ld-governing fac tors cl imate did 
obvious ly not c h a n g e during t h e f o u r decades. As t o the p lan t f ac to r , on t h e 
o t h e r hand , in s o m e crops considerable changes came a b o u t . Dur ing th is 
per iod wheat was g rown on t h e la rges t par t of a rable land, therefore , i t is 
adv i sab le to ana lyse in detail a b o v e all the c h a n g e s observed in cul t ivated 
va r i e t i e s of this p l a n t . To e luc ida te the s i t ua t ion let me go b a c k into t h e 
s l igh t ly distant p a s t . 

Hungar ian w h e a t varieties g rown at the beg inn ing of t h e 20th cen tury 
represen ted the t y p e , t ha t had developed f rom t h e ancient H u n g a r i a n whea t 
in t h e course of secu la r cul t ivat ion under the n a t u r a l condit ions of the Car-
p a t h i a n Basin. 

I n the second half of the 19 th century w h e a t breeding set ou t f rom these 
reg iona l varieties se rv ing as basic mater ia l for t h e work of S z é k á c s , B a r o s s 

a n d o ther breeders . T h e ancient H u n g a r i a n reg iona l var iety p l a y e d an impor-
t a n t role even in t h e development of recent ly b red whea t s , and i t was one the an-
ces tors not only of Bánkúti w h e a t s bu t also of t h e varieties F 481, Fertßdi 
293, e tc . 

An event of g r ea t impor tance in the h i s to ry of Hungar i an whea t growing 
h a d been the reorganiza t ion p e r f o r m e d between 1931 and 1937, in the course 
of which we had succeeded — a n d wi th in a r e l a t ive ly short t ime ~~ in d is t r ibut -
ing t h e most re l iable , best p r o d u c i n g improved w h e a t variet ies wi th excellent 
qua l i t i es even for t h e baking i n d u s t r y . Among t h e m the winter whea t va r i e ty 
Bánkúti 1201 t o o k t h e most p r o m i n e n t part at t h e beginning of i t s p ropaga t ion ; 
in 1931 a l together a stock of on ly 38 wagons h a d been available. F r o m 1931 t o 
1937 more t h a n 1 million qu in ta l s of wheat g r a in for sowing h a d been pa r t i -
t ioned among t h e f a rms and 94 per cent of t h i s quan t i t y belonged to t h e 
var ie t i es Bánkúti 1201 and 1205. Beside Bánkúti wheats also the variet ies 
Székács 1055, 1242 and 17 as well as Hatvani 1140 and 1201 pa r t i c ipa ted in 
t h e seed-grain a c t i o n . After all, during seven years it was achieved t h a t 
" m o r e than t h r e e - q u a r t e r s of t h e Hungar ian w h e a t area had been put u n d e r 
i m p r o v e d whea t , a n d 90 per c e n t of t h e m cropped wi th Bánkúti 120Г, 

( T a k á c h 1 9 3 8 , S u r á n y i 1 9 3 8 ) . 

Beorgan iza t ion was in t h e f i r s t place m o t i v a t e d by m a r k e t i n g diff icult ies 
fol lowing economic crisis. To ease market ing i t became necessary to d i s t r ibu te 
t h e varieties of good quali ty a n d to grow u n i f o r m crops. 

Later, bes ide Bánkúti w h e a t s , i m p o r t a n t p a r t was given to the w in t e r 
w h e a t F-481, p r o v i n g valuable chief ly on p o o r e r soils. 

Until las t y e a r s the win te r whea t var ie t ies Bánkúti 1201 and F-481 up -
held their l ead ing role and w e n t a long way t o t h e lessening of yield f l u c t u -
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ations. Especial ly the d a m a g e by s tem r u s t has d iminished subs tan t i a l ly , bu t 
the yield has scarcely increased as it is d e m o n s t r a t e d b y the da ta p r e sen t ed . 

F r o m t h e foregoing t h e conclusion m a y be d r a w n t h a t a l though in the 
examined period cu l t i va t ed wheat var ie t i es were exchanged and anc ien t 
regional var ie t ies replaced b y valuable i m p r o v e d ones, areal p r o d u c t i v i t y did 
not cons iderably increase a f t e r all. This was due ei ther t o the fact t h a t in the 
middle of t h e th i r t ies improved var ie t i es drawn i n t o general cu l t iva t ion 
belonged essential ly to the same eco type as ancient regional var ie t i es and 
accordingly also their p roduc t iv i ty cor responded more or less to t h a t of the 
la t ter or t h e reason m u s t be sought elsewhere. 

Table 2 

National experiments with wheat varieties 
1961—1963 

1961 

1962 

1963 

Variety 
Y i e l d 

Fertődi 293 20.07 

Karcagi 522 17.76 
Bánkút i 1201 17.50 

Kompolti 169 17.41 

F 481 15.31 

SD5 %* 1 - 2 

Fertődi 293 18.50 

Karcagi 522 17.32 

Bánkút i 1201 17.24 

Kompolti 169 17.24 
F 481 16.56 

SD5 %* 1.24 

Fertődi 293 16.75 

Karcagi 344 15.97 

Karcagi 388 15.55 

Bezostava 1 15.53 

Bánkút i 1201 13.72 

SD5%* 1-1.8 

4/kh 

115 

101 
100 
99 

87 

107 

100 

100 

100 

96 

122 
116 
113 

113 

100 

* SD = Significant difference (P = 5%) 
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In order t o assess properly t h e role of va r i e t i e s in shaping average y ie lds 
in Hunga ry it s e e m s expedient t o examine t h e d a t a of the v a i i e t y tr ial con-
d u c t e d on coun t ry -wide level. T a b l e 2 displays t h e three-year resul t s of w h e a t 
v a r i e t y expe r imen t s as compared wi th the y ie ld of the whea t Bánkúti 1201. 
S o m e varieties s h o w e d higher p roduc t i v i t y a n d t h e best of t h e m , Fertődi 293, 
yie lded by 7 t o 22 per cent m o r e t h a n Bánkúti dur ing the t h r e e years. 

Table 3 

National experiments with spring barley varieties 
1961 

Yield 
V a r i e t i e s : 

q/kh 1 % 

KTeiiiwanzlebeiier St . 1405 . . 14.6 106 

Fr igga  14.5 106 

Saale  14.3 104 
D u n a j s k i Trch  14.0 102 

ITadmersIebener  14.0 102 

H e r t a  13.9 101 

Martonvásár i FB  13.8 100 

F e r t ő d i C-4-58  13.7 100 

S D , . . ' 1.5 10.9 

* SD = Signif icant difference (P = 5%) 

Table 3 summar izes t h e d a t a of n a t i o n a l var ie ty t r ia l s with s u m m e r 
bar leys . As t o p roduc t iv i ty a m o n g examined varieties no s ignif icant d i f fe r -
ences were obse rved . 

In Table 4 t h e results of na t iona l e x p e r i m e n t s with the new hybrid maize 
variet ies m a y b e seen. In compar i son to t h e country-wide d i s t r ibu ted Mv-1 
t h a t had p r o v e d good, the new bes t hybr id cand ida te s showed higher p r o d u c -
t i v i t y of 8 t o 10 per cent. 

The t r e n d of nat ional ave rage yields in t h e past four decades and t h e 
resul ts of v a r i e t y tr ials r epor ted here proved t h a t var iety h a d only a re la t ively 
modera te e f fec t on average y ie lds , it did n o t decisively in f luence the general 
level of growing, and no essent ia l progress could from onlyr this f ac to r b e 
expected e i the r . 

In 1956, on the Kesz the ly exper iment field and ch ie f ly for t e a c h i n g 
purposes smal l -p lo t crop r o t a t i o n s of the fo l lowing types were set up : w h e a t 
monocul ture , two-course r o t a t i o n charac te r i s t ic for r o t a t i o n h u s b a n d r y , 
t radi t ional th ree-course r o t a t i o n with s t ab le -dunged fallow, improved th ree -
course ro t a t i on (using red c lover instead of fallow), l ey- fa rming and Norfo lk 

Acta Agr. IJung. Tomus XIV. 1965 



a n a l y s i s oF thF, s i t u a t i o n in c rop h u s b a n d r y 3 4 3 

Table 4 

National experiments performed with Hungarian medium early 
and medium tardy hybrid maize varieties in 1963 

G r a i n y i e l d 
V a r i e t i e s 

q / k h q/ha % 

Mv. 53 sterile  32.66 56.75 111.0 

Kollektiv 1 32.11 55.79 109.2 

Mv. 53 31.72 55.12 107.8 

Keszthelvi 23 30.30 52.65 103.0 

Mv. 65 30.24 52.54 102.8 

Keszthelyi 16 30.00 52.13 102.0 

Mv. 59 sterile  29.98 52.09 101.9 

Mv. 1 29.84 51.85 101.5 

Keszthelyi 11 29.75 51.69 101.1 

Mv. 5 29.62 51.47 100.7 

Mv. 48 sterile  29.58 51.40 100.6 

Mv. 48 29.14 50.63 99.1 

Mv. 39 29.02 50.42 98.7 

Mv. 39/a  28.97 50.34 98.5 

Mv. 1 sterile  28.81 50.06 97.9 

Kollektiv 2 27.46 47.71 93.4 

Kompolti 2 25.88 44.97 88.0 

Kompolti 1 24.35 41.31 82.8 

SD5 %* 2.06 3.58 7.0 

* SD5 = Significant difference (P = 5%) 

four - sh i f t ro ta t ion . In each ro t a t i on a lways the same p a r t of the courses got 
iden t ica l doses of fert i l izers, t h e o ther pa r t was no t ferti l ized. Cul t iva ted 
w h e a t varieties were chosen according to f a r m y a r d m a n u r i n g of crop ro ta t ion 
and •— in general — to t h e in tens i ty of ro ta t ion , i.e. as pract ice is used 
to choosing variet ies su i t ab ly . E.g . unde r most u n f a v o u r a b l e condi t ions the 
f ie ld was pu t unde r F-481 whea t in monocul ture , whereas in t h e Norfolk 
four-course ro ta t ion Bánkúti 1201, a f t e r s tab le -dunged fallow t h e variet ies 
Autonomia, Produttore, Etoile de Choisy, in the three-course ro ta t ion a f t e r red 
clover San Pastore and Fertődi 293, and in the two-course r o t a t i o n af ter 
fal low Besostaya whea t s were sown. 

A f t e r ro ta t ions h a d se t t l ed , f r o m 1958 to 1964, i.e. in the average of six 
years , t h e yields summar i zed in Table 5 were ha rves t ed per cadas t ra l hold 
and hec ta re respect ively . 
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Table 5 

Crop husbandry experiments in crop rotations 
1958-1964 

C r o p s 
Average yield of 6 crop r o t a t i o n s in 

6 years 

q / k h q / h a 

Wheat  10.3 17.8 

Rye  10.4 18.0 

Oat  10.1 17.5 

Spring barley  9.0 15.6 

Sugar beet  188.0 325.2 

Perennial papilionaceae (green mass) 128.0 221.4 

C r o p s 
Average yield of Nor fo lk c rop 

ro ta t ion in 6 y e a r s 

q / k h q / h a 

Wheat  11.1 19.2 

Spring bar lev  11.1 19.2 

Sugar beet  188.0 325.2 

Red clover (fresh weight)  103.0 178.2 

On reckoning the da ta of Tabic 5 it shou ld be cons idered , t h a t the 
expe r imen ta l f ie ld has a soil of m e d i u m p roduc t iv i ty , unde r a cl imate b e t t e r 
t h a n t h a t of t h e count rywide average and cu l tu ra l p rac t ices exceed sub-
s t a n t i a l l y the level which m a y b e reached in f a r m p roduc t ion . 

From crop ro ta t ions t h e Nor fo lk four-course ro ta t ion appear ing ve ry 
f a v o u r a b l e in m a n y respects b u t no t applicable generally on large scale 
s h o u l d separate ly be examined . I t contains 25 per cent of papi l ionaceae, and 
s u g a r beets p l a n t e d every f o u r yea r s are dressed with 200 q s tab le-dung per 
c a d . hold, accordingly the whole ro ta t ion ob ta ins 50 q f a r m y a r d manure per 
c a d . hold annua l ly , which is cons iderab ly more t h a n fa rms a re able to produce . 
A f t e r all, average yields achieved in this ro t a t i on came near t o the upper level 
t h a t farms m a y reach by m a x i m u m uti l izat ion of i n t e rna l resources unde r 
g iven soil and cl imat ic cond i t ions . Despite all t ha t ave rage yields do no t 
exceed subs tan t ia l ly the c o u n t r y ' s average as it turns ou t f r o m t h e following 
d a t a showing t h a t this ro t a t i on yielded 

11.1 q w h e a t 
103.0 q red clover ( f resh weight of green mass) 

11.1 q s u m m e r bar ley a n d 
188.0 q suga r beet per cad . hold. 
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I t is w o r t h compar ing these yields wi th Wes te rn -European d a t a e labora ted 
b y P r y A N I S N I K O V ( 1 9 5 2 ) . I n t h e examined countr ies the three-course fa rming 
sys t em yielded 7 q cereals per hec ta re in average. This q u a n t i t y increased 
a f t e r red clover cul t iva t ion h a d been p romoted and also as a consequence 
of t u rn ing to c rop ro ta t ion f a rming sys t em — to a q u a n t i t y of 16 q. 

In H u n g a r y the areal propor t ion of f ield crops and the c l imate are less fa-
vourab le t h a n in t h e examined W e s t e r n - E u r o p e a n countr ies . Accordingly, yields 
a re somewhat lower t h a n those repor ted b y P r y a n i s n i k o v , b u t as t o the order 
of magn i tude t h e y approach it as up to 1960, whea t yields f l u c t u a t e d between 
13.0 and 14.5 q pe r hectare , and a m o u n t e d to 17 —18 q in expe r imen ta l crop 
ro ta t ions . 

F rom w h a t has been s t a t ed above , t h e conclusion may be d r a w n t h a t 
in the present posit ion of H u n g a r i a n agr icul ture t h e d i s t r ibu t ion of more 
p roduc t ive p l a n t variet ies in itself does no t suff ice t o raise ave rage yields. 
T h o u g h in te rna l f a r m resources are no t fu l ly util ized and the a rea l p roduc-
t i v i t y , especially of sugar beet and p o t a t o as well as of perennial papi l ionaceous 
fodders , m a y s l ight ly be increased, general and considerable progress can only 
he achieved b y augmen t ing soil p roduc t iv i t y , the t h i rd fac tor a f fec t ing yield. 
I n t h e present inves t igat ions the analysis of i r r igat ion is de l ibera te ly dis-
regarded , because in connect ion of p l a n t and soil, ident ical laws prevai l in 
case of and w i t h o u t i rr igat ion. 

E x a m i n i n g t h e soil, as yield a f fec t ing fac tor , t h e science of crop hus-
b a n d r y disregards m a n y proper t ies of soil deserving a t t en t ion f r o m t h e aspect 
of pedology a n d concent ra tes i ts in te res t on the most peculiar , p rac t ica l ly 
i m p o r t a n t f e a t u r e : on p roduc t iv i t y . 

The general ly applicable main m e t h o d s to increase soil p roduc t iveness 
a re : tillage, in t ens ive cul t iva t ion of p lan t improving the s t ruc tu re of soil and 
augmen t ing its organic subs tances and n i t rogen con ten t , dressing w i t h fa rm-
y a r d manure a n d ferti l izers. Let us examine these me thods one b y one. 

In m a n y f a r m s , tilling does no t ye t r each the desirable level. I n several 
places the p r o d u c t i v i t y of soil can be increased b y deeper t i l l ing; th i s has been 
p r o v e d b y expe r imen t s pe r fo rmed by H u n g a r i a n research ins t i tu te s on differ-
en t soil types . Deta i l s per ta in ing to this ob jec t m a y now be o m i t t e d , because 
it has j u s t been recent ly discussed in t h e H u n g a r i a n Academy of Sciences. 
Collected expe r imen ta l results revealed t h a t on soils responding t o deep 
t i l lage, seldom a yield surplus exceeding 20 per cent is induced b y t h i s proce-
dure in row crops, and in the pe r fo rmance of the whole ro ta t ion scarcely an 
increase higher t h a n 8 to 10 per cent occurs. 

E x p e r i m e n t s conducted for four years in Kesz the ly gave s imilar results , 
which are p resen ted in Table 6. Tilling exper iments were combined wi th 
fer t i l iza t ion. D u e to deep tillage the pe r fo rmance (in corn uni t ) of t h e four-
course ro ta t ion increased hy 4 to I I per cent . The yield was s ign i f ican t ly higher 
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Tabic 6a 

Soil cultivation experiments in Keszthely 
1961 -1964 

Methods of cultivation 

Year I n d i c a t o r c r o p 
Yield (q/kh) obtained by treatments 

Year I n d i c a t o r c r o p 
1 2 3 4 5 

1 9 6 1 Eared maize  3 7 . 6 4 0 . 4 4 2 . 0 3 8 . 4 4 4 . 0 

in corn un i t  1 8 . 8 2 0 . 2 2 1 . 0 1 9 . 2 2 2 . 0 

1 9 6 2 Wheat  1 2 . 7 1 3 . 1 1 3 . 6 1 3 . 9 1 3 . 5 

in corn un i t  1 2 . 7 1 3 . 1 1 3 . 6 1 3 . 9 1 3 . 5 

1 9 6 3 Red clover, green mass  1 0 7 . 6 1 1 0 . 2 1 0 8 . 1 1 1 9 . 4 1 1 4 . 6 

in corn un i t  1 3 . 5 1 3 . 8 1 3 . 5 1 4 . 9 1 4 . 3 

1 9 6 4 Potato  6 1 . 9 6 8 . 7 6 6 . 6 5 9 . 4 6 9 . 2 

in corn un i t  1 5 . 5 1 7 . 2 1 6 . 7 1 4 . 9 1 7 . 3 

Total in corn uni t  6 0 . 5 6 4 . 3 6 4 . 8 6 2 . 9 6 7 . 1 

in per cent  1 0 0 1 0 6 1 0 7 1 0 4 1 1 1 

1. Ploughing to 24 cm depth 
2. Ploughing to 24 cm depth + 1 5 cm subsoil loosening 
3. Progressive deepening of the ploughed layer to 36 cm 
4. 10 cm ploughing + loosening to 40 cm depth 
5. 40 cm ploughing a t the beginning of the ro ta t ion , subsequently 24 cm deep ploughing 

only in the f i rs t y e a r , in the subsequen t per iod t h e res idual effect of deep 
tillage was very smal l remaining below the l imi t of significance. 

On the o the r h a n d , fer t i l izat ion in itself and combined wi th f a r m y a r d 
m a n u r i n g resulted in yield surpluses of 22 to 35 per cent and a m o u n t e d to or 
even exceeded 50 pe r cent in some crops, e.g. in whea t and red clover. This 
makes it evident t h a t f rom b e t t e r tillage considerable yield surplus canno t 
general ly he e x p e c t e d , even if f a t a l fau l t s c o m m i t t e d in t i l l ing procedures are 
disregarded. As a consequence of be t t e r soil cu l t iva t ion r a t h e r a decrease in 
expenses of p r o d u c t i o n may occur. 

I t is not possible to suggest changes for t h e s t ruc tu re of H u n g a r i a n crop 
h u s b a n d r y , which migh t be of s ignif icant ef fect on soil p roduc t iv i ty . F rom 
crops enriching t h e soil lucerne occupies an a rea of abou t 400,000 and red 
clover near ly 150,000 cad. holds to ta l l ing t h u s 6 — 7 per cent of t h e whole 
a rab le land. 

In some f a r m s there is a chance to increase the area of lucerne by up to 
20 per cent and in th is way to a f fec t , direct ly or indirect ly , soil fe r t i l i ty . On 
na t iona l scale t h e present lucerne area could only be doubled for a longer t e rm 
and even then it would merely come up to 8 pe r cent of arable l and ; th is , in 
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Table 6b 

Soil cultivation experiments in Keszthely 
1961—1964 

Application of fertilizers 

Yield (q/kh) obtained by doses 
Y e a r I n d i c a t o r c r o p I n d i c a t o r c r o p 

a ь С 

1961 Eared maize  35.9 40.6 44.9 
in corn un i t  17.9 20.3 22.5 

1962 Wheat  10.2 14.7 15.2 
in corn un i t  10.2 14.7 15.2 

1963 Red clover, green mass  85.4 115.0 135.5 

in corn un i t  10.7 14.4 16.9 

1964 Potato  58.3 66.9 70.3 

in corn un i t  14.6 16.7 17.6 

To ta l : 
in corn u n i t  53.4 66.1 72.2 

in per cen t  100.0 122.0 135.0 

a) 0 
b) Maize: 130 k g / k h Pétisó* + 150 k g / k h superphosphate 

W h e a t : 90 k g / k h Pétisó + 150 k g / k h superphosphate 
Red clover: 0 
P o t a t o : 175 k g / k h Pétisó + 200 kg /kh superphosphate 

c) To the row crops: 120 kg/kh f a rmyard manure -f- the fertilizers of 6/ 

* Calciumcarbonate-ammoniumnitrate sal t , produced in Pé t , Hungary 

comparison t o today ' s s i tua t ion , would no t cause a considerable change in 
soil p r o d u c t i v i t y nor apprec iab ly increase the pe r fo rmance of t h e whole 
arable l a n d . 

In ma in t a in ing a n d raising soil fer t i l i ty , f a r m y a r d manure p l a y s an 
i m p o r t a n t ro le ; its q u a n t i t y depends ch ief ly on the vo lume of cattle popu la t i on , 
which m a y considerably b e augmented on ly if the areal p roduc t iv i ty of a rab le 
and range t r a c t s increases. I n farms, n a t u r a l l y , the s i t ua t i on is quite d i f f e r e n t : 
within the i r f ramework c a t t l e populat ion m a y be as good as doubled f r o m one 
year to t h e o the r and b y t h i s also the a m o u n t of s t ab l e -dung dupl ica ted . As to 
f a r m y a r d m a n u r e economy, some reserves are at d isposal in H u n g a r y : t h e 
t r e a t m e n t of manure m a y be improved , losses in o rgan ic subs tances and 
nitrogen diminished. As t o qual i ty , beside manure t r e a t m e n t , advance c a n be 
expected f r o m increased in tens i ty of feed ing . The sp read ing of p r o d u c e d 
s table-dung more proper ly t h a n pract ised nowadays m a y also con t r i bu t e to 
the a u g m e n t a t i o n of y ie lds . Losses caused by i n a d e q u a t e t r e a t m e n t and 
util ization of manure is h a r d to assess even app rox ima te ly . However, we are 
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n o t fa r f rom r e a l i t y if in the v a l u e of s t ab l e -dung an expec tab le increase of 
20 per cent — due to the i m p r o v e m e n t of procedures m e n t i o n e d — is esti-
m a t e d . This impl ies t h a t ins tead of t h e present m a n u r e q u a n t i t y of 15 to 16 q 
per cad. hold 18 to 20 q would be available. A s table-dung surplus of 3 t o 
4 q contains a b o u t 1 q organic subs tances a n d in this q u a n t i t y 2 kg N, 1 kg 
P 2 0 5 and 2 kg K 2 0 are to be f o u n d . I t is ev iden t t h a t this smal l amount m a y 
raise the areal p roduc t iv i t y t o a ve ry low degree only. 

To avoid misunder s t and ings i t should b e stressed, t h a t t h e author does 
b y no means i n t e n d to u n d e r r a t e the benef i t , which can be a t t r i b u t e d to till-
ing, t o the increased use of crops affect ing f a v o u r a b l y soil f e r t i l i t y and to t h e 
i m p r o v e m e n t of s tab le -dung f a r m i n g , bu t in a review of such e x t e n t as present-
ed here, f ac to rs of more i m p o r t a n t order m u s t be searched. 

A f u r t h e r , generally appl icable mean t o increase soil p roduc t iv i ty is 
fer t i l iza t ion. 

When in W e s t e r n - E u r o p e a n countries w i th advanced i n d u s t r y and agri-
cu l tu re fer t i l iza t ion had a l r e a d y became general and increas ingly larger 
quant i t i es of fert i l izers were app l ied , in H u n g a r y as to the economical effec-
t iveness of fert i l izers, especially as to the u t i l i t y of large doses misgivings 
emerged. 

For a long t ime the super ior i ty of us ing organic m a n u r e s had been 
stressed and ch ief ly the i m p r o v e m e n t of s t ab le -dung f a r m i n g considered as 
the main way of deve lopment . Beside point ing t o t h e probable d i s advan tageous 

Table 7 

The amount of fertilizers applied and average yields in some countries 

C o u n t r y 

Quant i ty 
of agents 

in fertilizers 
kg/ha 

A V e r a g e y i e l d : q / h a 

C o u n t r y 

Quant i ty 
of agents 

in fertilizers 
kg/ha W h e a t Maize P o t a t o Sugar beet C o u n t r y 

1938 
1956— 

1957 
1934— 

1938 
1955— 

1957 
1934 — 

1938 
1 9 5 5 -

1957 
1934— 

1938 
1955— 

1957 
1 9 3 4 -

1938 
1 9 5 5 -

1957 

Austria  18 95 17 23 26 29 137 176 260 300 

Czechoslovakia . . . . 54 67 17 21 21 23 135 140 290 250 

United Kingdom . . 60 140 23 92 — — 169 188 220 280 

Holland  326 429 30 38 15 23 — 236 380 420 

France  39 77 16 34 15 26 113 157 280 300 

German Fed. Rep . . — 225 22 30 30 29 166 225 360 330 

Switzerland  50 162 23 29 29 40 158 224 370 410 

USA  10 32 9 14 14 28 78 189 260 380 

Bulgaria  — — 13 14 12 16 61 89 160 160 

Turkey  — — 11 10 13 12 — — 120 170 

Hungary  2 12 14 15 20 22 73 104 210 200 
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influence of fertilizers it was urged t h a t under H u n g a r y ' s climate incl ining 
to drought t h e insuff ic ient effect iveness of nu t r i en t s h a d to be t a k e n into 
account , and this opinion was confirmed b y the lag of fert i l izer impact in some 
exper iments and years, respect ively. 

S ta t i s t i ca l da ta , however , revealed t h a t in our c e n t u r y just the deve lop-
ment of fer t i l izat ion was t h e main p r o m o t i n g force of agricul tural growings 

Fig. 1. T h e connection be tween ferti l izer consumpt ion a n d yields in Austr ia 

ma ize 
w i n t e r whea t 

This is p roved b y Table 7, showing the ut i l izat ion of fert i l izers and a v e r a g e 
yields in some countries. T h e close connect ion mani fes t s itself at f irst s igh t ! 

In the f i r s t place the average yield of whea t , maize a n d pota to increases 
conspicuously parallel wi th larger fert i l izer doses. 

In the neigbouring Aus t r i a this paral lel ism is still m o r e s ignif icant . Dia-
g ram in 1 Fig. demons t ra t e s t h e deve lopment achieved as a consequence of fer t i -
lizing in the las t decade as well as the col la teral increase of fertilizer u t i l i za t ion 
and average yields. From 1952 to 1962, i.e. in 10 years, t h e q u a n t i t y of fer t i l izer 
agents had b e e n raised f r o m 38.2 kg to 89.4 kg per h e c t a r e ; consequen t ly 
t h e yield of w in t e r wheat increased f rom 19.9 q/ha to 26.2 q/ha and t h a t of 
maize f rom 20.4 q/ha to 35.6 q /ha . 
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Let us now examine t h e increase of a rea l p roduc t iv i ty t o be expec ted 
d u e to sys t ema t i c fertilizing in H u n g a r y . 

To do th i s we must come b a c k to t h e yield stat ist ics p resen ted a t t h e 
beg inning of t h i s lecture. I n t h e average of t h e years 1961 t o 1964 the yield 
of whea t grew t o 10.2 q/kh ( = 17.9 q/ha) as compared w i t h the average 
of previous 10 yea r s , thus an a u g m e n t a t i o n of 1.7 q/kh ( = 2.9 q/ha), i.e. of 
20 per cent was obta ined . I n t h e yield of ma ize and sugar bee t a s ignif icant 
increase m a y also be observed. P u t these n u m b e r s next to t h e d a t a of fer t i l izer 
ut i l izat ion. 

From 1931 to 1940 t h e consumpt ion of fertilizer a g e n t s averaged t o 
1.6 kg per hec t a r e . This q u a n t i t y is so small which could not a f f ec t 
na t iona l ave rage yield. Fer t i l izer agents appl ied per h e c t a r e arable l a n d 
increased to 31.5 kg in 1960, t o 41.3 kg in 1961, to 53.4 k g in 1962 and t o 
58.7 kg in 1963. Tak ing into accoun t t h a t in previous years considerable p a r t 
of fertilizer s tock was given to w h e a t (in a n y case a larger a m o u n t t han would 
p ropor t iona te ly h a v e fallen to t h e share of t h i s crop) and s imilar ly also s u g a r 
bee t was f a v o u r e d , the connect ion between increased ferti l izer doses and la rger 
yields becomes evident . Maize obta ined n o t a b l e fertilizer quan t i t i e s as well , 
a n d could also uti l ize the res idua l effect of whea t fer t i l iza t ion. Besides, t h e 
yield of maize was augmen ted b y ex tended cul t ivat ion of hybr id var ie t ies , 
t h e decreased growing of in te rc rops , more f avourab le s t and dens i ty , e tc . R y e , 
oa t , lucerne, r ed clover and moreover meadows and pas tures scarcely ob t a ined 
ferti l izers, t he re fo re no w o n d e r t h a t yields in these cu l tu res cont inue t o 
s t agna te even t o d a y . 

Let us e x a m i n e this ques t ion as re f lec ted b y exper imen ta l crop r o t a t i o n 
described here , t o which 160 k g mixed fer t i l izers per cad. hold were appl ied 
conta in ing 8.5 k g N, 13.4 kg P , 0 5 and 16 kg K , 0 , a l together 38 kg (63 kg /ha) 

Table 8 

Crop husbandry experiments in crop rotations 
1958-1964 

Average yie ld of 6 crop ro ta t ions in 6 years 

C r o p s Undressed Fertilized Difference 

q / k h q/ha q / k h q / h a q /kh q / h a 

Wheat  10.3 17.8 13.5 23.4 3.2 5.5 

Rye  10.4 18.0 13.7 23.7 3.3 5.7 

Oat  10.1 17.5 13.8 23.9 3.7 6.4 

Spring barlev  9.0 15.6 11.9 20.6 2.9 5.0 

Sugar beet  188.0 325.2 224.0 387.5 36.0 62.3 

1'erenn. papilionaceae (green 
mass)  128.0 221.4 153.0 264.7 27.0 43.3 
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of agen t s . The p ropor t i on of n u t r i e n t s cannot be considered as very favourab le 
and the i r whole q u a n t i t y su rpassed hard ly the na t iona l average . I n our 
crop ro ta t ions sys temat ica l ly fe r t i l i zed courses gave t h e following yields in 
the ave rage of 6 y e a r s (Table 8). 

Accordingly, t h e yield of cerea l s increased b y abou t 3.0 t o 3.5 q, t h a t 
of s u g a r beet by 36 q and the g reen yield of perennia l papi l ionaceae b y 25 q. 
Fer t i l izer effects of t h a t degree cor respond to average da t a publ i shed in 
l i t e r a tu re ( S C H M I T T 1 9 5 8 ) . 

Table 9 

Wheat growing experiments 
1961—1962 

E f f e c t exer ted on yield b y 
Y i 

q/kh 

e l d 

% 

Time of sowing 
October 6 20.0 100.0 

October 16 18.4 92.0 

November 2 18.4 92.0 

November 15 13.5 67.0 

December 1 13.6 68.0 
*SD5o/o 2.9 14.5 

Fertilization: kg/kh 

600 19.1 145.8 

480 18.2 138.9 

290 16.9 129.0 

0 13.1 100.0 

SD s % 1.2 9.2 

Number of grains 
3.8 to 4.4 million 17.2 100.6 

3.2 to 3.8 17.1 100.0 

2.6 to 3.2 16.2 94.7 

SD 6 % 1.2 2.9 

Varieties 
A Fer tőd i 293 19.9 100.0 

В Bezostaya 1 16.0 80.4 

С San Pastore 14.5 72.9 

D Etoi le de Choisy 17.0 85.4 
SD ä % 1.5 7.5 

* Significant difference (P = 5) 
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The ex ten t of yield a u g m e n t a t i o n due to fert i l izing m a y he assessed hest 
f r o m the da ta of exper iments . 

I t would be over the f r a m e w o r k of m y lec ture to p resen t t h e results 
of exper iments conduc ted in d i f f e ren t regions of H u n g a r y ; as t o the i r t r end 
t h e y resemble each other . Allow me, therefore , t o pe r fo rm the analysis relying 
u p o n our own exper imen t s . 

III the course of wheat growing exper iments and depend ing on t rea t -
m e n t s , the fol lowing yields were ob ta ined in 1961/62 (Table 9). Disregarding two 
w h e a t varieties unsu i t ed for H u n g a r y as well as t h e ent i rely ineff ic ient sow-
ings carried out in m i d - N o v e m b e r a n d a t the beg inn ing of December , fertilizing 
h a s proved to he t h e fac tor a f fec t ing yield to t h e highest degree (45 per cent) . 
S imi la r results were also ob ta ined in 1960/61 and 1962/63. 

To examine t h e effect of fert i l izing more in detai l f u r t h e r exper iments 
were set up wi th ni t rogen, phospho rus and po tas s ium ferti l izers in 1963/64. 
T h e examined w in t e r wheat Fertó'di 293 got 29 kg N and 23 kg K 2 0 per cad. 
h o l d as basic dress ing and r e sponded with a yield surplus of 69 per cent to 
t h e largest quan t i t i e s of p h o s p h a t e (Table 10). The highly f avou rab l e effective-

Table 10 

Fertilization experiments with the wheat variety Fertődi 293 
1964 

Ferti l izers 
N K . 0 KO. 

Ferti l izers 
k g / k h 

l 0 0 0 
2 29 23 0 

3 29 23 14 
4 29 23 18 

5 29 23 42 

6 29 23 56 

Grain yield q / k h q/ha % 

l 12.7 22.1 100 

2 14.3 24.9 113 

3 18.1 31.4 142 

4 18.2 31.7 143 

5 20.6 35.8 162 

6 21.5 37.3 169 
*SD-o„ 1.6 2.8 12.8 

* SD5% = Significant difference (P 5%) 
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Table 11 

Fertilization experiments tcith the icheat variety Fertődi 293 
1964 

Fer t i l i ze r s 
N •'A K 2 0 

Fer t i l i ze r s 
kg/kh 

l 0 0 0 

2 29 29 0 

3 29 29 23 

4 29 29 46 

5 29 29 69 
6 29 29 92 

Gra in yield q/kh q/ha % 

i 13.7 23.9 100 

2 18.9 33.0 138 

3 19.9 34.5 145 
4 20.1 35.0 147 

5 19.3 33.5 141 

6 19.1 33.2 139 
*SD5% 1.3 2.3 9.4 

SF>s% = Significant difference (P = 5 % ) 

ness of phospha te is in accordance w i t h t h e small phosphorus con ten t of the 
soil, a m o u n t i n g only t o 1.5—2.0 m g per g soil according to inves t iga t ions . 

T h e effect iveness of the p o t a s s i u m fertil izer was considerably lower, 
the yield surplus did n o t exceed t h e s igni f icant d i f ference; whereas n i t rogen 
and p h o s p h a t e p roved t o be eff icacious also in th is exper iment (Table 11), 
because t h e y increased t h e yield b y 38 per cent . The reason for the low potas-
sium in f luence is t h a t t h e soil con ta ins m o d e r a t e or suff ic ient quan t i t i e s of К 
(17 to 18 mg/100 g soil). The effect of n i t rogen fert i l izers on the yield was most 
tho rough ly s tudied (Table 12). Af te r bas ic dressing wi th phosphorus a n d po tas -
sium t h e most f avou rab l e nitrogen dose increased the yield of wheat b y 95 per 
cent, r each ing t h u s t h e level (35 t o 37 q/ha) charac ter i s t ic for t h e yield of 
countr ies advanced in fertilizing. Moreover , expe r imen t s revealed t h a t it was 
not p r o f i t a b l e ei ther t o b reak up large doses of n i t rogen fertilizers i n t o small 
por t ions . Na tura l ly , in order to answer t h e quest ion sa t is factor i ly , it is i n t e n d e d 
to con t inue the e x p e r i m e n t s still for some years . 

I n connect ion w i t h the use of la rger fert i l izer doses and under l in ing 
H u n g a r y ' s c l imate incl ining to d r o u g h t , forsight is o f t en advised b y several 
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Table 12a 

Fertilization experiments with the wheat variety Fertődi 293 
1964 

N i t r o g e n 

Fertil-
izers 

P , 0 , K.o Time of a ppli cation 
Tota l 

Fertil-
izers 

a u t u m n spring shooting flowering 
Tota l 

kg /kh 

i 0 0 0 
2 29 23 0 
3 29 23 25 25 
4 29 23 25 25 
5 29 23 25 25 50 
6 29 23 25 25 50 
7 29 23 75» 75 
8 29 23 37.5 37.5 75 
9 29 23 37.5 37.5 75 

10 29 23 25 25 25 75 
11 29 23 25 25 25 75 
12 29 23 50 50 100 
13 29 23 33 33 33 100 
14 29 23 37.5 

62.5* 
100 

15 29 23 33 33 33 100 
16 29 23 25 25 25 25 100 

* carbamide 

au thors . I t s eems , therefore, necessary to pub l i sh some main resul t s of exper i -
men t s conduc ted in the driest region of the c o u n t r y . 

In whea t fert i l izing t r ia l set up at Szeged in 1955, due to the effect of 
20.5 kg N, K O C S Á R D I obta ined a yield su rp lus of 30 to 32 per cent ( K o -
C S Á H D I 1961). 

K O L T A Y examined the yield- increasing inf luence of N fert i l izers on w h e a t 
a f t e r d i f ferent preceding crops in M a r t o n v á s á r . Dressing t h e soil wi th 200 
kg/kh Pétisó (calcium c a r b o n a t e - a m m o n i u m n i t ra te fert i l izer produced in 
P é t , Hunga ry ) he obtained a surp lus of 51 per cent in grain yield a f te r maize 
preceding c rop a n d of 64 per cent a f te r S u d a n grass (Sorghum vulgare suda-
nense); 150 k g / k h Pétisó increased the yield of wheat sown a f t e r f l a x b y 
25 per cent a n d a f t e r peavine (Lathyrus sp.) b y 3 per cent ( K O L T A Y 1961). 

B A J A I p e r f o r m i n g exper imen t s in 1 9 5 7 and using 2 0 0 kg /kh Pé t i só 
succeeded in a u g m e n t i n g the yield of whea t . The result c h a n g e d accord ing 
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Table 12b 

Fertilization experiments with the wheal variety Fertődi 293 
1964 

Grain yield q/kh q/ha % 

l 10.6 18.4 100 

2 14.2 24.7 135 

3 17.2 30.0 163 
4 17.2 30.0 163 
5 18.0 31.3 170 
6 18.8 32.6 178 
7 19.2 33.3 181 
8 19.0 33.0 180 

9 20.6 36.0 195 

10 19.3 33.5 182 
11 19.3 33.6 183 

12 19.1 33.2 181 

13 18.4 32.1 175 

14 19.0 32.9 180 

15 19.3 33.6 183 

16 19.5 33.8 184 

*SDs% 1.7 2.9 15.8 

* SD.% = Significant difference (P = 5%) 

to d i f fe ren t preceding crops : maize increased the q u a n t i t y of grain f r o m 
13.6 q to 16.8 q (by 24 per cent) , sun f lower f rom 12.0 t o 17.6 q ( = 4 7 % ) ,  
sweet S u d a n grass f rom 8.0 to 13.6 q ( = 70%) and Lathyrus f rom 16.8 to 
1 8 . 4 q ( = 1 0 % ) ( B a j a i 1 9 6 1 ) . 

These d a t a corroborate the s t a t e m e n t of P r y a n i s n i k o v (1952) t h a t f r o m 
ni t rogen fer t i l iz ing an economical effect can be expected no t only under h u m i d 
b u t also u n d e r arid cl imate. 

For a l ong t ime the opinion was a n d is still held b y m a n y au thors t h a t 
maize does n o t respond to fert i l izing w i t h such f avou rab l e eff ic iency l ike 
whea t , suga r bee t or po t a to . Let us e x a m i n e the results of our expe r imen t s . 

Here t h e d a t a of our monocu l tu ra l maize growing t r ia l s s t a r ted in 1961 
are as fol lows. I n the f i r s t yea r fer t i l iz ing induced a s lender yield su rp lu s 
of 16 to 20 p e r cent only. The reason of t h i s resul t is obv ious : the p e r f o r m a n c e 
of t h e u n t r e a t e d plot was re la t ively h igh , producing 26 33 q grain y ie ld 
shelled in M a y (Table 13). Yields of such level can be raised mere ly to a m o d e r -
a te degree. B y regulat ion of s t a n d dens i ty a yield surplus similar to or even 
exceeding s l ight ly the fert i l izer effect could be obtained. D a t a of expe r imen t s 
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Table 13 

Fertilization experiments with the hybrid maize variety Mv. 5 
1961 

Fertilizers 
0 I I I 

Fertilizers 
kg/kh 

P 2 ° 5 (1 2 5 . 0 5 0 

N 0 3 7 . 5 7 5 

K 2 0 0 2 4 . 0 6 0 

Spacings 7 0 x 3 5 cm 7 0 x 4 5 cm 7 0 x 6 0 c m 

Eared yield 

Spacing 70X35 cm I 70X45 cm 70X60 cm Average 

Fert i l izat ion 

0 
I 

II 

*SD,«„ 

q / k h • % 

55 

65 

66 

100 

118 
120 

q/kh i % ! q/kh % 

48 

57 

58 

100 
1 1 9 

121 

44 

48 

51 

1 0 0 

1 0 9 

116 

q/kh 

4 9 

5 7 

5 9 

4.8 

% 

100 
116 

120 

' SIL Significaut difference (P - 5%) 

s imul taneous ly reveal t h a t higher s t and densi t ies in f luence the eff iciency of 
fertilizers f a v o u r a b l y , because identical fer t i l izer quan t i t i e s augmented t h e 
yield of maize of 0.24 m2 spac ing by 10 t o 11 q/kh b u t only by 4 to 7 q /kh 
if spacing was increased t o 0.42 m2. 

In 1962 t h e expe r imen t was repea ted so t h a t the r e s idua l effect of fer t i -
lizers given in the previous y e a r could also prevai l . The cont ro l plot r e m a i n e d 
unt rea ted aga in . Therefore , t h e difference be tween fer t i l ized and undressed 
plots as t o t h e nu t r i en t s u p p l y of soil h a s increased (Table 14). This r e su l t ed 
natura l ly in greater e f f i c i ency of fe r t i l i za t ion : in t h e average of spac ings 
a yield su rp lu s of 26 to 36 per cent was observed. The connection b e t w e e n 
fertilizer e f fec t and s t a n d dens i ty became still more conspicuous: owing to 
fert i l izat ion s t ands p l a n t e d wi th 0.42 m2 spacing y ie lded a surplus of on ly 
6 to 9 q /kh , b u t those of a 0.24 m2 spacing 14 to 19 q / k h . 

In t h e t h i r d year of t h e exper iment (1963) the d i f ference between n u t r i -
ent supplies of fertilized a n d un t rea ted p lo t s con t inued t o increase a n d on 
account of t h i s fer t i l izat ion a yield surp lus of 90 to 155 pe r cent was ga ined . 
Despite t h e f ac t t ha t fer t i l izers had t h e grea tes t e f fec t in maize s t a n d s of 
smallest spac ing even here , t he highest y ie ld was o b t a i n e d in s tands p r o v i n g 
to be of m o s t favourab le dens i ty (23,000 t o 24,000 p l a n t s per cad. hold) in 
previous y e a r s (Table 15). 
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Table 14 
Fertilization experiments with the hybrid maize variety Mv. 5 

1962 

Fer t i l izers 
0 I I I 

Fer t i l izers 
kg/kh 

ш о . 0 25.0 50 
N 0 37.5 75 

K 2 0 0 24.0 60 

Spacings 70X35 cm 7 0 x 4 5 cm 7 0 x 6 0 cm 

Eared yield 

Spacing 

Fert i l izat ion 

7 0 X 3 5 c m 7 0 X 4 5 c m 7 0 X 6 0 cm Ave rage 

% 

Spacing 

Fert i l izat ion q / k h % q /kh % q /kh 1 % q / k h 

rage 

% 

0 43 100 40 100 39 100 41 100 

i 57 142 52 130 45 116 51 126 

и 62 144 56 140 48 124 55 136 

SD5 %* 8.4 

* SD5% = Significant difference (P = 5%) 

Table 15 
Fertilization experiments with the hybrid maize variety Mv. 5 

1963 

Fert i l izers 
» I I I 

Fer t i l izers 
kg/kh 

P A 0 25.0 50 

N 0 37.5 75 

к 2 о 0 24.0 60 

Spacings 70X25 cm 7 0 X 3 0 cm 70X35 cm 

Eared yield 
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The year 1964 brought t h e highest yield (Table 16). Though also the 
u n t r e a t e d cont ro l plot produced much more t h a n in the preceding yea r , b y 
fer t i l izat ion a yield surplus of 103 to 141 per cent was gained and t h e q u a n t i t y 
of d r y grains exceeded 46 q per cad. hold, i.e. 80 q per hectare . 

240- q/kh 

200-

150 

100 

50• 

ОэО>ОЮэ (О 

0 
undressed 

25 p70r 
37,5 К s  

2 4 K20 

kg/kh 
50 
75 
60 

Pi05 
N 

Fig. 2. Fertilizing exper iments wi th maize (Eared yield q/kh) 

In the ave rage of four years and as compared wi th the pe r fo rmance 
of undressed p lo t s (36 q/kh eared maize), a f t e r fer t i l izat ion 53 and, respect ively , 
61 q/kh maize in ear were ga the red in (Fig. 2). This equals near ly t h e same 
q u a n t i t y of grain yield per hec ta re . The d i a g r a m also displays t h a t u n f a v o u r -
able weather condi t ions in 1963 af fec ted t h e ferti l ized plots less h a r m f u l l y 
t h a n undressed ones, i.e. beside a u g m e n t i n g the yield of maize, sys t ema t i c 
fer t i l izat ion has diminished yield f l u c t u a t i o n s : increased yield secur i ty and 
lessens the d a m a g e s done b y d rough t . 

The level of sugar beet yields is h igh as compared to t h a t of cereals. 
This is obvious ly due to the f ac t , t h a t f a r m s reserve their best g rounds for 
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Table 16 
Fertilization experiments with the hybrid maize variety Mv. 5 

1964 

Fert i l izers 
0 I I I 

Fert i l izers 
k g / k h 

P A 0 25 50 
N 0 37.5 75 
K 2 0 0 24 60 

Spacing* 7 0 x 2 5 cm 7 0 x 3 0 cm 7 0 x 3 5 cm 

Eared yield 

Spacing 7 0 X 2 5 c m 7 0 X 3 0 cm 7 0 X 3 5 c m Average 

Ferti l ization Ч/kh 1 % q /kh % q / k h % ! q / kh % 

0 30 100 30 100 37 100 32 100 

l 65 217 65 217 65 179 65 203 

и 77 256 77 256 77 209 77 241 

*SD6% 6.4 

1 SDj% = Significant difference (P = 5%) 

Table 17 
Fertilization experiments with sugar beet 

1958 

Fert i l izers 
0 1 I I 

Fert i l izers 
kg/kh 

P A 0 25 50 

N 0 20 40 

K 2 0 0 24 48 

Spacings 5 0 x 2 0 cm 3 8 x 2 0 cm 

Root yield 

Spac ing 5 0 x 2 0 cm 

q /kh % 

3 8 X 2 0 cm Average 

q /kh % q /kh % 

0 
I 

II 
•SD s % 

302 

326 

383 

100 

108 

127 

324 

335 

339 

100 

103 

104 

313 

330 

361 

48 

100 

105 

115 

* SD,«, = Significant difference (P = 5%) 
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Table 18 

Fertilization experiments with sugar heel 
1959 

Ferti l izers 
0 I I I 

Ferti l izers 
kg /kh 

0 17 50 

N 0 20 40 

к 2 о 0 24 48 

Spacings 5 2 x 2 0 cm 3 8 x 2 0 cm 

Yields 

Spacing 

Fert i l izat ion 

5 2 X 2 0 cm 3 8 X 2 0 cm Average Spacing 

Fert i l izat ion 4/kh 1 % q/kh /О q/kh % 

Roots 
0 274 100 253 100 263 100 
I 277 101 275 109 276 105 

II 302 110 300 118 301 114 
*SD6% 11.6 

Reetroot-tops 
0 140 100 109 100 125 100 

I 167 119 147 135 157 126 

II 200 143 165 151 182 146 

Total 

0 414 100 345 100 379 100 

I 444 107 402 116 423 112 

II 500 120 445 129 472 125 

* SDs«; = Signif icant difference (P = 5%) 

s u g a r beet grown in relat ively smal l areas and provide this crop f i r s t of all 
w i t h f a rmyard m a n u r e . The t e c h n i q u e of sugar hcct p roduc t ion has been 
i m p r o v e d cons iderably by the pa r t i c ipa t ion of fami ly members in cu l t iva t ion , 
wh ich manifes ts i tself also in na t i ona l average yields. In th i s crop f u r t h e r 
resu l t s may be ach ieved by fer t i l iza t ion. The effect of fertil izers on t h e yield 
of sugar beet as a func t ion of spacing was examined for th ree years , f rom 
1958 to 1960. P l a n t s were set ou t in every plot a t 20 cm d i s tance in rows 
38 and 50 to 53 cm apa r t f rom one ano ther . These exper iments should also 
answer the ques t ion how greater row dis tance affects the yield of sugar beet . 
Th i s is i m p o r t a n t t o know, because larger row space faci l i ta tes mechanized 
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Table 19 

Fertilization experiments with sugar beet 
1960 

Fertilizers 
0 I I I 

Fertilizers 
kg/kh 

P A 0 17 50 
N 0 20 40 

KjO 0 24 48 

Spacings 5 2 x 2 0 cm 3 8 x 2 0 cm 

Yields 

- - - - S p a c i n g 

Fer t i l iza t ion ~ - — 

5 2 X 2 0 c m 38X20 cm Average - - - - S p a c i n g 

Fer t i l iza t ion ~ - — q/kh % q/kh ' % q/kh 1 % 

Roots 
0 216 100 231 100 223 100 
I 286 133 292 126 289 130 

II 301 139 307 133 304 136 
*SD5% 31 

Beetroot-tops 

0 64 100 61 100 62 100 

I 77 120 81 134 79 127 

II 103 162 107 176 105 169 

Total 
0 279 100 291 100 285 100 

I 363 130 373 128 368 129 
II 404 145 414 142 409 143 

*SDs% 37.5 

* SDs% = Significant difference (P = 5%) 

care of p lan t s on farm-scale a n d decreases t h e expenses of singling, hoe ing as 
well as the d e m a n d on l ive labor . 

Table 17 shows the r e su l t s of the expe r imen t c o n d u c t e d in 1958. As it 
m a y be seen, fer t i l izat ion h a d in the average of spacings, on ly a very m o d e s t 
e f fec t , which was due to t h e exceedingly h igh yield of t h e control plot . How-
ever , it deserves a t ten t ion t h a t while on u n t r e a t e d plots g rea t e r s tand d e n s i t y 
gave — t h o u g h no t s igni f icant ly higher yield, as a r e s u l t of fer t i l iza t ion, 
s t a n d s of m ino r density su rpas sed in pe r fo rmance those of smaller spac ing . 

Acta Agr. Hung. Топчи XII '. 196', 



362 G. LÁNG 

Table 20 

Fertilization experiments with the potato varieties 
"MargiC and "Somogyi sárga" 

1958 

Fertilizers 
0 I 11 

Fertilizers 
kg/kh 

P A 0 17 50 

N 0 20 40 

K ,0 0 24 60 

Yield 

Fertilization 
"Margit" "Somogyi s á r g a " 

Fertilization 
q/kh 1 % q/kh j % 

0 93 100 111 100 
I 106 114 125 112 

и 126 135 150 135 
*SD5% 5.1 

* SD5% = Significant difference (P = 5%) 

In 1959 (Table 18) the level of yields was lower in e v e r y t r e a t m e n t a n d 
j u s t an opposi te t r end could b e observed. B u t t h e results of b o t h years corre-
spond to one a n o t h e r as to t h e e f fec t of fer t i l iza t ion having increased the yield 
b y near ly ident ica l p ropor t ion , 5 to 14 per c e n t . 

The resul t of the th i rd y e a r (Table 19) was similar t o t h a t of the f i r s t 
one, bu t dress ing had a m u c h more f a v o u r a b l e effect man i fes t ing itself in 
a yield surplus of 30 to 36 p e r cen t , though t h e level of c o n t r o l plots was also 
rela t ively high. 

The prosecut ion and e x t e n d i n g of t r i a l s would be des i rable in order to 
f i n d out , how much the s p a c i n g of most i m p o r t a n t H u n g a r i a n sugar bee t 
var ie t ies m a y be increased u n d e r different conditions of cl imate, site and 
ferti l izing w i t h o u t losses in y ie ld and aiming a t reducing t h e expenses of grow-
ing and to raise the s t anda rd of mechaniza t ion . 

F rom t h e trials the conclusion may be drawn t h a t as to the re la t ion 
of soil and p l an t s intensive fer t i l izat ion c rea tes — similar ly to maize also 
in sugar bee t a new s i tua t ion , t h e examina t ion of which is a significant f ie ld 
of research i n t o crop p r o d u c t i o n . 

Now some of our e x p e r i m e n t s on p o t a t o growing a r e to be ou t l ined . 
I n 1958 a yield increase of 35 per cent could be reached in comparison to 
t h e level of cont ro l plots y ie ld ing 93 to 111 q / k h (Table 20). I n 1959, d e p e n d e n t 
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Table 21 

Fertilization experiments with the potato variety 
"Somogyi sárga" 

1959 

Fert i l izers 
0 I I I 

Fert i l izers 
kg/kh 

PA 0 17 so 
N 0 20 40 
к , о 0 24 60 

S p a c i n g s 0.18 m2 0.28 m 2 

Yield 

Spac ing 

Fert i l izat ion 

0.18 m e 0.28 m" Spac ing 

Fert i l izat ion q/kh % q/kh % 

0 185 100 164 100 
i 208 112 186 113 

и 237 128 205 124 
*SDä% 18.1 

* SD5% = Significant difference (P = 5 % ) 

on spacing, cont ro l p lots yielded v e r y high quan t i t i e s , 164 to 185 q /kh ; 
in spite of t h a t , fer t i l izat ion still increased the yield b y 24 to 28 p e r cent 
(Table 21) in b o t h examined s tands of different d e n s i t y . In 1960, on the 
un t r ea t ed p lo t , an exceedingly high yield total l ing 207 — 209 q per c a d . hold 
(Table 22) was obta ined. Despi te this f a c t fertilizer doses identical w i t h those 
applied in p rev ious years augmen ted t h e yield by 30 t o 37 per cent e v e n at 
th is high level . In 1963, t h e effect of v a r i e t y , spacing a n d fer t i l izat ion was 
invest igated in a fac tor ia l exper iment . As it is ev idenced by T a b l e 23, 
var ie ty and fert i l izer have resul ted in a y ie ld difference, b u t in the e x a m i n e d 
s tands of dissimilar spacing yields have n o t differed s igni f icant ly . I t is well 
known t h a t in po t a to t h e var ie ty , t h e q u a l i t y of t u b e r s has an especia l ly 
i m p o r t a n t p a r t in the fo rma t ion of y ie ld volume, y e t fert i l ization is still 
the decisive f ac to r . 

Let us examine now, how silo ma ize , one of our m o s t i m p o r t a n t field 
mass fodder crops, responds to fer t i l iza t ion. Trials in 1959 were p e r f o r m e d 
on a soil in good condi t ion , consequent ly , fertilizing augmented t h e green 
yield only b y 7 to 13 per cen t , equalling 32 q / k h in abso lu te number (Tab le 24). 
The increase in d ry m a t t e r yield was g r ea t e r , a m o u n t i n g to 16 — 19 p e r cent . 
In 1960 expe r imen t s were per formed on a poorer soil a n d as a consequence 
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Table 22 

Fertilization experiments with the potato variety 
"Somogyi sárga" 

1960 

Fertilizers 
о ! I I I 

Fertilizers 
kg/kh 

P A 0 2 5 5 0 

N 0 1 2 5 5 0 

K 2 0 0 2 4 4 8 

S p а с i 11 g s 0 . 1 8 m2 0 . 2 8 m 2 

Yield 

Spacing 0.18 ш> 0.28 m' 

Fert i l iza t ion ~ - q/kh or q/kh 1 or 
Jo 

0 2 0 9 
1 

1 0 0 2 0 7 1 0 0 

I 2 4 7 1 1 8 2 2 3 1 0 8 

II 2 8 8 1 3 7 2 6 9 1 3 0 

t h e untreated, p l o t yielded by 100 q/kh less in comparison t o t h e pe r fo rmance 
of the previous y e a r (Table 25). 

This d i f f e rence xvas compensa t ed b y fer t i l izat ion ra i s ing the yield b y 
41 to 63 per c e n t . Increases of dry ma t t e r (38 to 66 per cen t ) , s tarch v a l u e 
(50 to 76 per c e n t ) and especial ly of d iges t ib le protein (89 t o 162 per cen t ) 
were still m o r e considerable. 

Pas tures a n d meadows a re , on their p r e sen t condit ion, fallows of min i -
m u m yield. T h e development of ley-farming depends also on t h e a u g m e n t a t i o n 
of areal p r o d u c t i v i t y . On and off grazing or even effect ive weeding c a n n o t 
essentially m o d i f y fodder y ie ld , and cont inuous irrigation a lone , for years ox er, 
is damaging r a t h e r than fax ourah le . F rom i t s present dead lock l ey - fa rming 
c a n be removed also only b y in tens i fy ing soil p roduc t iv i ty , i.e. by dress ing . 
F i r s t of all, fer t i l izers must a lso here be b r o u g h t in. E x p e r i m e n t s c o n d u c t e d 
b y D o r y ( D e p a r t m e n t of Crop H u s b a n d r y , College of Agr icu l tu ra l Sciences 
in Keszthely) h a v e proved t h e exceedingly favourable ef f ic iency of fe r t i l iza-
t i o n : some of h i s results are presented in T a b l e s 26 and 27. 

Table 26 shoxvs the d a t a of a r ange ferti l ization t r i a l . By a p p l y i n g 
a fertilizer c o m b i n a t i o n made u p suitably, t h e yield could h e raised to 48 q / k h , 
i.e. to more t h a n 2.5 times t h e quan t i ty , o b t a i n e d on a re la t ive ly f a v o u r a b l e , 
or at least m e d i u m level (16.7 q/kh). T h e effectiveness of nu t r ien ts g iven 
in the fertil izer is also very advan tageous (58 t o 83 per cen t ) . 
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Table 23 

Fertilization experiments with potato varieties 
1963 

1. Amsel 

2. Pierwiosnek 

3. Epocha 

4. Somogyi sárga 

5. Somogyi korai 

6. Gülbaba 

7. Mindenes 

F e r t i l i z a t i o n 

k g / k h 

I 

II 

III 
IV 

0 
44 
44 
44 

0 

75 
75 
75 

0 
25 
63 
94 

Spacings 6 2 . 5 x 3 0 cm 62.5 X 40 cm 62.5 X 50 c m 

Tuber yield 

I n the average of q / k h q / k h % 

Fertilization and spacings 
1. Amsel 136 237 100 

2. Pierwiosnek 119 207 88 

3. Epocha 138 240 101 

4. Somogyi sárga 70 121 51 

5. Somogyi korai 150 260 110 

6. Gülbaba 130 226 96 

7. Mindenes 148 258 109 

*SD5% 19 

Varieties and spacings 

I 106 183 100 

11 130 226 123 

III 137 239 130 

IV 138 241 131 

*SD5% I S 

1 arielies and fertilization 

62.5X30 cm 128 223 100 

62.5X40 cm 130 225 101 

6 2 . 5 x 5 0 cm 126 218 98 

*SD6% 22 

! S D j . — Significant difference (P = 5%) 
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Table 24 

Fertilization experiments 
with the hybrid silo maize variety Mv. 5 

1959 

Fertilizers 
0 I и 

Fertilizers 
kg /kh 

P A 0 2 5 . 0 5 0 

N 0 2 7 . 0 7 5 

K 2 0 0 2 4 . 0 6 0 

Yield 

Trea tmen t 
Green mass Dry mat te r 

Trea tmen t 
q /kh % q/kh % 

0 258 100 56 100 

I 276 107 65 116 

И 290 113 67 119 
*SD5% 11.7 

* SD6% = Signif icant difference ( P = 5%) 

Table 25 

Fertilization experiments with the silo maize variety "Aranyözön" 
1960 

Fertil izers 
0 

* 
и 

Fertil izers 
kg/ha 

P A 0 25.0 50 
N 0 37.5 75 
K 2 0 0 24.0 60 

Yield 

T r e a t m e n t 
Green m a s s Dry m a t t e r Starch 

equivalent 
Digestible 

protein 

q/kh % q/kh % q/kh % q / k h 1 % 

0 152 100 3930 100 1621 100 89 100 
I 214 141 5411 138 2426 150 169 189 

и 250 165 6519 166 2853 176 233 262 
*SD ä % 18.5 12 

* SDs% = Significant difference (P = 5%) 
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Table 26 

Range fertilization experiments in Keszthely 
1 9 6 0 

^ Fertilizers 

Treatment 

N P A K , 0 ^ Fertilizers 

Treatment kg/kh 

l . 0 0 0 

2 . 1 6 . 0 6 . 5 2 0 

3 . 3 2 . 0 1 3 . 0 4 0 

4 . 4 8 . 0 1 9 . 5 6 0 

5 . 6 2 . 5 2 7 . 0 3 2 

6 . 6 4 . 0 2 6 . 0 8 0 

7 . 8 0 . 0 3 2 . 5 1 0 0 

Yield 

Trea t -
men t 

Hay yield 
Efficiency 

of 
nutrients 

H a y yield 
pe r 1 kg of 

fert i l izer agents 
Trea t -
men t 

q/kh % % % 

l . 1 6 . 7 1 0 0 0 0 

2 . 2 4 . 9 1 4 9 8 2 1 9 . 2 

3 . 2 9 . 1 1 7 4 6 2 1 4 . 6 

4 . 3 4 . 1 2 0 4 5 8 1 3 . 6 

5 . 3 7 . 5 2 2 4 — 1 6 . 4 

6 . 4 2 . 9 2 5 6 6 6 1 5 . 4 

7 . 4 8 . 0 2 8 7 6 3 1 4 . 7 

Table 27 in forms us of ano the r t r ia l conducted on a range, which was 
in a h ighly had s ta te , y ie lded w i thou t t r e a t m e n t only 2.4 q/kh h a y consist ing 
to 35 per cent of sedge a n d weeds. On th is pas ture of min imum pe r fo rmance 
t h e yield could by a single year ' s fer t i l iza t ion be a u g m e n t e d to 25 q /kh and, 
in add i t ion , the p ropor t ion of sward components yie lding wor th less fodder 
has decreased to 8 per cen t . The degree of yield increase was very h igh , more 
t h a n 1000 per cent . 

F ina l ly in Table 28 an expe r imen t per formed for f o u r years on a meadow 
of h igher t han m e d i u m qual i ty p roduc ing 18 to 31 q/kh h a y wi thout 
dressing is shown. In t r ia l " A " f a r m y a r d manure supp lemen ted w i th fer-
t i l izers, in t r ia l " B " only ferti l izers were applied. T h e averages of f o u r years 
reveal t h a t nu t r i en t s given in s t a b l e - d u n g and fer t i l izers showed pract ica l ly 
ident ica l eff iciency. Yields increased propor t iona l ly t o m a n u r e doses in both 
t r ia ls a n d amoun ted to 50 to 60 q /kh h a y . 
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Tabic 27 

Range fertilization experiments in Keszthely 
1963 

. Fer t i l i zers N P . O , K 2 0 

T r e a t m e n t k g / k h 

l . 0 0 0 

2. 16.0 6.0 20 

3. 32.0 12.0 40 

4. 48.0 18.0 60 

5. 64.0 24.0 80 

6. 62.5 25.5 32 

7. 80.0 30.0 100 

T r e a t -
m e n t 

l . 
2. 

3. 
4. 

5. 

6. 

*S1V 

Yield 

H a y (1st m o v i n g ) 

q /kh ! % 

I Gramineae 
a n d 

papi l ionaceae 

% 

Sedge 
and weeds 

2.4 

7.7 

8.8 
14.7 

17.8 

19.4 

23.0 

5.5 

100 

320 

366 

612 

741 

808 
1041 

65 

74 

75 

91 

90 

22 

92 

35 

26 
25 

9 

19 

1 SD5% Signif icant difference ( P = 5%) 

Examining t h e effect of fer t i l izers either on the yield of cereals, root and 
t u b e r crops or on t h a t of mass fodders , meadows and ranges , t h e conclusion 
must , he drawn t h a t a yield increase of s imilar degree canno t be achieved 
b y a n y of the ana lysed fac tors . T h e effect iveness of i r r igat ion not examined 
in de ta i l here d e p e n d s also on t h e development of nut r ient supp ly . 

Between fer t i l iza t ion on t h e one hand and other f ac to r s inf luencing 
t h e amoun t of y ie ld favourably on the other (cu l t iva t ion of in tens ive variet ies 
p r o d u c i n g rich c rop , regulation of spacing, a d e q u a t e tillage, r a t iona l modifi-
c a t i o n of the area! propor t ion of c rops , deve lopment of b a r n y a r d manure f a rm-
ing) there is such a conceptual d i f ference t h a t m a y not be neglected . Proper ly 
spe a k ing , the l a t t e r factors raise t h e yield wi thou t higher addi t iona l charges and 
r e p r e s e n t chiefly t h e util ization of in ternal f a r m resources, whereas ferti l ization 
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Table 28 

Meadow dressing experiments in Berkeháza 
1961 — 1964 

N u t r i e n t s 

T r e a t m e n t 

N P.O. K , 0 N u t r i e n t s 

T r e a t m e n t kg/kh 

l . 0 0 0 

2. 24 9.7 30 

3. 48 19.5 60 

4. 72 2 8 . 2 90 

5. 96 39.0 120 

Trial " A " : N was given to 5 0 % in fa rmyard manure and to 5 0 % in fertilizers. T h e PjO, and 
K 2 0 contents of s table dung were supplemented by ferti l izers to the above quantities. 

Trial " B " : All plant nutr ients were given in fertilizers. 

Hay yield 

Y e a r s 

Dressing — __ 

1961 1962 1963 1964 _ Average Y e a r s 

Dressing — __ q / k h q / k h % 

Trial "A": 

1 . 21.9 31.0 18.3 27.9 25.0 100 
2. 27.1 35.9 28.4 37.5 32.3 129 

3. 35.9 49.0 36.4 47.6 42.2 169 
4. 47.3 58.0 41.7 51.7 49.7 198 

5. 57.4 64.0 47.2 53.0 54.7 219 

Trial "B" : 
1 . 27.1 29.9 19.2 30.0 26.5 100 
2. 29.3 34.3 28.4 34.8 31.7 119 
3. 37.6 45.6 37.2 44.8 41.3 156 

4. 50.1 50.1 38.2 50.0 47.2 178 

5. 53.4 58.1 48.0 52.8 53.1 200 

increases the expenses of growing considerably and can only be cove red from 
ex te rna l resources. Consequent ly , in choosing fert i l izers and in dec id ing their 
quan t i t i e s the demands of ren tab i l i ty m u s t not be d i s regarded . I t is an impor-
t a n t t a s k to de termine t h e factors a n d laws, which a f fec t the e f f ic iency of 
fert i l izers. This is all t h e more necessary , because —• as i t was shown — some 
exper imen t s evidenced t h a t some t imes yield su rp lus af ter fer t i l izat ion 
failed to come about or was only smal l . 

To f i n d out the reason of this phenomenon is a s ignif icant sc ient i f ic task 
as well. Though the above -men t ioned exceptions a f fec t u n f a v o u r a b l y the 
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r e n t a b i l i t y of fer t i l iza t ion , they c a n n o t — of course mod i fy t h e direction 
of t h e t rend . 

Elabora t ion of t h e pr inciples for ra t ional fer t i l izat ion p rov id ing lucra-
t i venes s is an i m p o r t a n t object ive of scientific r e sea rch work. More t han a half 
c e n t u r y has elapsed since C S E R H Á T I s tar ted sys t emat i ca l fe r t i l iza t ion experi-
m e n t s . P lan t phys io logy , pedology, agricul tural chemis t ry and c rop husband ry 
h a v e accumula ted a large bulk of scientific resu l t s and also a m p l e experience 
in growing is ava i lab le . We have enough comprehens ive and t h o r o u g h knowl-
edge to warrant t h e ren tabi l i ty of us ing large fer t i l izer doses. I n spi te of this , 
t h e r e are still m a n y open ques t ions awaiting t o be answered b y science in 
y e a r s t o come. Mos t impor t an t of these is — in m y opinion — t h e following 
p r o b l e m . A sui tab le method — b o t h in principle and for p rac t i ce — should 
be f o u n d by the a id of which t h e resul ts of e x a c t scientific expe r imen t s can 
w i t h similar e f f i c i ency be a d a p t e d t o pract ical f a r m i n g . As a m a t t e r of f ac t , 
s y s t e m a t i c expe r imen ta l work c a n n o t be per formed in every f a r m and on every 
p a t c h , however, precondi t ions fo r t h e efficiency of fertilizers in sample plots 
a re o f t e n di f ferent f r o m those in t h e patches of ne ighbour ing f a r m s . 

The difference between expe r imen ta l p lo t and farm p a t c h regarding 
phospho rus and po ta s s ium is u s u a l l y spanned ove r by soil examina t ions in 
W e s t e r n Europe. T h i s work is a i d e d b y a lot of d a t a collected f r o m sys temat ic 
fe r t i l iza t ion tr ials in the course of decades. A c c u r a t e results of such amount 
are n o t available in Hungary . T h e mos t i m p o r t a n t soil variet ies h a v e not been 
y e t invest igated count ry-wide a n d exper imenta l d a t a ga the red in different 
reg ions are also i n a d e q u a t e . H o w e v e r , some inves t iga t ions , e.g. whea t fertili-
za t i on exper iments reported h e r e evidence t h a t between t h e up takab le 
p h o s p h a t e and p o t a s s i u m con ten t of the soil a n d t h e expectable effectiveness 
of fert i l izers a connec t ion may a lso be supposed in Hungary . 

Another f o r m u l a t i o n of t h i s problem is: we are in had w a n t of an ad-
e q u a t e method of consul t ing fe r t i l i za t ion expe r t s . 

This lack was of little i m p o r t a n c e until on ly smal l quan t i t i e s of fertilizers 
were used. But t h e higher the expenses of fe r t i l iza t ion are, t h e greater is t h e 
we igh t of this p r o b l e m both f r o m f a r m and n a t i o n a l aspects. 

On the w a y t o solution, t h e building u p of a sui table exper imenta l 
n e t w o r k is therefore indispensable a n d urgent ly needed , because t h e collection 
of a suff icient n u m b e r of da ta r e q u i r e s many y e a r s and, in a d d i t i o n , the con-
s u m p t i o n of fer t i l izers will increase a t an acce le ra ted pace in t h e nex t years . 

Beside w h a t was aforesaid t h e possibilities of increasing efficiency in 
fer t i l iza t ion mus t a lso be i nves t iga t ed to a large e x t e n t . But i t should equally 
be examined how t o shape the a r e a l propor t ion of field crops a n d in wha t 
d i r ec t ion to develop s table-dung f a r m i n g in connec t ion with us ing large ferti-
lizer doses. F u r t h e r m o r e , p lant va r i e t i e s are w a n t e d by which increased soi l 
p r o d u c t i v i t y can f a v o u r a b l y be u t i l ized . In p l a n n i n g exper iments on cu l tu ra l 
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pract ices and. i r r iga t ion the desi rable deve lopment of fertilizer supp ly m u s t 
also be considered. Accordingly, all t h ree branches of crop h u s b a n d r y are con-
f r o n t e d wi th i m p o r t a n t tasks. B u t t h e y cannot be solved w i thou t t h e harmo-
nized assistance of pedology, agr icu l tu ra l chemis t ry , bo tany , p l a n t protect ion 
and m a n y o ther b r anches of science. 

The knowledge t h u s piling u p will be e v a l u a t e d by the science of f a r m 
m a n a g e m e n t f r o m t h e aspect of p roduc t ion and lucrat iveness . O n l y scientific 
ac t iv i ty p lanned a n d bui l t up on t h e b road basis of t h e same pr inciples is able 
to cope successfully wi th the d e m a n d s made b y pract ice on re sea rch work . 
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ENVIRONMENTAL INFLUENCE AND SELECTION* 

B y 

S . R a j k i 

AGRICULTURAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES, MARTONVÁSÁR 

Connec ted w i t h o u r gene t ic c o n v e r s i o n e x p e r i m e n t s b e i n g carr ied o u t fo r t en 
y e a r s so as to c o n v e r t s p r i n g w h e a t i n to w i n t e r whea t , on s e v e r a l occasions t h e ques t i on 
h a s been ra ised w h a t of t h e gene t ic c o n v e r s i o n m i g h t he a t t r i b u t e d to e n v i r o n m e n t a l 
i n f l u e n c e a n d w h a t t h e ro le of selection m i g h t be . Accord ing t o a r a t h e r e x t r e m e idea , 
t h e gene t ic conver s ion is n o t h i n g else b u t se lec t ion . Such v i e w w a s expressed t w o yea r s 
ago here in L u n d , t o o , d u r i n g t h e d iscuss ion of m y p a p e r p r e s e n t e d a t t h e S e c o n d In-
t e r n a t i o n a l W h e a t G e n e t i c s S y m p o s i u m . F u r t h e r by seve ra l n e w e r ev idences I wou ld 
l ike t o e luc ida te t h e role of e n v i r o n m e n t a l i n f luence and t h a t of selection in t h e gene t ic 
conve r s ion . 

T h e third cycle of conversion genetics expe r imen t s s tar ted in 1962.  
In general the applied m e t h o d s have been corresponding w i t h those of prev ious 
two cycles of exper iments ( R a j k i 1960, 1962, 1963, 1965) wi th the dif ference 
t h a t in t h e th i rd cycle of exper imen t only seeds of spikes which b loomed 
under b a g have been used for p lan t ing , besides, t h a t each year more a u t u m n 
sowing da tes have been appl ied t h a n before . 

T h e real izat ion of sowing t imes m e t h o d shown in F ig . 1 ac tua l ly resul ts 
in l aunch ing a new cycle of exper iment each year . As t o t h e nota t ions , S means 
no rma l spr ing sowing, W t , W 2 , W3 and W 4 are sowings of September , October , 
N o v e m b e r and December , while Oj, 0 2 , 0 3 and 0 4 are sowings of f i r s t , second, 
th i rd a n d four th weeks of October . 

T h e da ta of t h e las t exper imen t to be presented he re were o b t a i n e d on 
the old Russ ian spr ing w h e a t va r i e ty , Lutescens 62 ob t a ined by ind iv idua l 
selection f rom a local v a r i e t y and t h e y re l a t ed to its single pure line. T h e role of 
env i ronmen ta l inf luence and t h a t of selection in convers ion I w a n t e d to de-
m o n s t r a t e b y da t a of overwinter ing , head ing d y n a m i c s and type of young 
shoots , whilst , for the sake of b rev i ty , t h e results of o t h e r genetical, moreover 
physiological and biochemical tes ts should be now o m i t t e d . 

I n Table 1 the overwin te r ing d a t a of t h e first t h r e e seasons of t h i s cycle 
of expe r imen t are shown wi th the v a r i a n t s of 1962/63 a n d wi th their progenies 
a u t u m n - s o w n in the two subsequen t years . Wi th the l e t t e r s the overwin te r ing 
mean va lues of the d i f fe ren t a u t u m n croppings were applied. T h a t could 

* P a p e r p re sen t ed in t h e I V t h E u c a r p i a Congress ( L u n d , S w e d e n ) on J u l y 16, 1965-
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b e done all the m o r e , since w i t h t h e 1963/64 a n d 1964/65 progenies of all t h ree 
v a r i a n t s of 1962/63 the same s o w i n g dates were used. The overwin te r ing values 
of t h e first season relate to 30 — 30, those of t h e second season to hundreds , 
a n d those of t h e t h i r d season t o thousands , b u t in each v a r i a n t always to nea r 
t h e same n u m b e r of plants. Acco rd ing to t h e m e t h o d s used in t h e exper iment 
c o n d u c t e d on single plant bas i s , for the sowing of the 1962/63 va r i an t s 

61/62 

62/63 w w. s 

63/64 W, tV2 w3 tv4 S 0, o} 03 04 S 

64/65 tv, tv, tv3 tv4 S 0, О, 03 04 S 

Fig. 1 

h a v i n g been rev iewed here, 120 seeds of a single p lan t t h a t h a d been blooming 
u n d e r bag in 1961/62, were used in such a way t h a t they were shared into fou r 
l o t s in conformi ty with the f o u r sowing da tes . 

In Table 1 t h e October s o w i n g va r i an t (W.2) cannot be included since 
t h e October c ropp ing was killed du r ing the severe 1962/63 w in t e r . Of the ear ly 

Table 1 

O v e r w i n t e r i n g , % 

1962/63 
1962 /63 1963/64 1964/65 

6.6 77.2 74.8 

w , 10.0 65.3 58.4 

s — 61.1 62.9 
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Nove mbe r cropping (W3) 6 . 6 % of p lan t s , of the ea r ly December cropping 
(W 4 ) , however, 10 .0% of p l an t s overwintered , bo th v a r i a n t s in a v e r y weak-
ened s ta te . T a k i n g again in to considerat ion t h a t all t h e evidences of this 
expe r imen t re la te t o t h e progenies of a single p lant a n d all p lants have bloomed 
u n d e r bag, moreover , conferr ing, in the second and t h i r d seasons, t h e over-
win te r ing values of progenies of p lan ts hav ing overwin te red in the f i r s t season 

о Ö 
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201 / / / 61/62 62/63 
70-I 61/62 11 S 

S /У —— S S 

1963 И.5 10 15 1964. И.5 10 15 20 25 30 

Fig. 2 

wi th those of p l an t progenies hav ing originated f r o m t h e f i rs t season 's spring 
cropping (S), i t can be s t a t e d t h a t t h e severe winter of t h e first season did not 
select w i n t e r h a r d y p lan t s wi th in the pu re line. 

In each case t h e head ing dynamics were es tabl i shed with t h e var ian ts 
sown for p rogeny tes t in spr ing (S). The curves of 1963 and 1964 each was 
m a d e on the basis of head ing d a t a of a b o u t 30 p l a n t s , however, each of the 
curves of 1965 re la ted to t h e heading d a t a of, in genera l , 60 p lan t s . 

The l e f t - hand curve of Fig. 2 shows the h e a d i n g da ta of t h e original 
p l an t s in spr ing sowing of 1963. The r igh t -hand curves , however , show in 
spr ing cropping of 1964 t h e heading dynamics of prev ious season var ian ts , 
thereof two were a u t u m n - s o w n and one spr ing-sown. As it is a p p a r e n t , the 
heading of v a r i a n t s sown in early November and ear ly December of the 
previous season, was la te b y abou t 10 days as compared with the p e r m a n e n t l y 
spring-sown v a r i a n t (SS). W i t h the progenies of a single plant , all t h e p lants 
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h a v i n g bloomed u n d e r hag, such var ia t ion observed in h e a d i n g canno t he 
asc r ibed to selection influence, all t h e less, since the heading var ia t ion ampli-
t u d e established in t h e subsequen t spring season progeny of a u t u m n croppings 
exceeds s igni f icant ly the v a r i a t i o n ampl i tude of the v a r i a n t s (S and SS) 
s o w n pe rmanen t ly in spring and h a v i n g the same origin as the preceding ones. 
Consequen t ly the fo rmer could n o t be selected f r o m the l a t t e r . As the single 
r e a s o n for the la te heading , the a u t u m n sowings of the preceding season might 
he o n l y supposed. 

This supposi t ion gets c o n f i r m e d by the curves of Fig. 3, ma in ly by t h e 
l e f t - h a n d ones. I n f luenced by t h e repeated a u t u m n croppings the head ing 
v a r i a t i o n ampl i tude has grown e v e n wider. The p lan t s of one v a r i a n t (SW3W,) 
did no t head a t all in spring c ropp ing , t hey showed a win te r hab i t . On the 
bas i s of the ana logy of test cross resul ts in t h e former cycles of exper iments 
( R a j k i 1 9 6 2 ) and of progeny t e s t resul ts , the p l a n t s of this v a r i a n t inf luenced 
b y t w o proper a u t u m n croppings, a re to be considered as genet ical ly converted 
in to win te r ones. 

I t has to he ment ioned t h a t ins tead of erect type of y o u n g shoots being 
charac te r i s t ic t o t h e spring h a b i t p l a n t s , t he t y p e of young shoo t s of the con-
v e r t e d plants (SW3W4) has become pros t ra te be ing charac ter i s t ic t o the win te r 
h a b i t p lants . At t h e same t i m e in several of the va r i an t s headed pa r t ly 
(SW3W.,_4 and S W 3 0 4 _ 4 ) the t y p e of young shoots was semi-erect , even 
p r o s t r a t e as c o m p a r e d with the e rec t type p l an t s of the v a r i a n t s being sown 
con t inuous ly in sp r ing (SSS). 

In spring c ropp ing of 1965 t h e heading curves of the v a r i a n t s spr ing 
c r o p p e d in 1964 a f t e r an early N o v e m b e r sowing of 1962/63, show t h a t t h e 
e f f ec t of a single p rope r a u t u m n cropping can be d e m o n s t r a t e d — w i t h o u t 
s ign i f i can t modi f ica t ion — in the second spring cropping, too. (Cf. t he va r i an t s 
of SW 3 S in Fig. 3 a n d of SW3 in F ig . 2!) 

The middle curves of Fig. 3 show t h a t t h o u g h in the p rev ious season 
t h e head ing va r i a t i on ampl i tude as the effect of early December sowing 
comple t ed two yea r s before, has r ema ined , b u t inf luenced b y t h e addi t ional 
a u t u m n cropping ( W 4 _ 4 and 01_.1) i t has not progressed any more . The reason, 
p r e s u m a b l y , is t o be found in t h e ear ly December cropping of 1962/63, t h a t , 
accord ing to the supposi t ion expressed a l ready connected w i th t h e preceding 
cycles of exper iments , did not p r o v i d e proper basis for add i t i ona l widening 
t h e head ing va r i a t i on . 

The t endency of the r i g h t - h a n d curves in F ig . 3 is essential ly correspond-
ing t o t h a t of the r i gh t -hand cu rves in Fig. 2. This is not surpr i s ing since t h e y 
are subs tan t i a l ly t h e same v a r i a n t s (SW3_ , a n d S S W 1 _ 4 a n d S S O , _ 4 respect ive-
ly) b u t in the sp r ing croppings of two subsequen t seasons. I t is o f i n t e r e s t to 
m e n t i o n here t h a t t h e overwin te r ing values of t h e preceding v a r i a n t s (SW3_4) 
were 6 . 6 % and 1 0 . 0 % , respect ively , whilst those of the la t te r v a r i a n t s (SSW4_4 
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and SSOj_ 4 ) 61 .1% (mean value). This conf i rms again the above-ment ioned 
s t a t e m e n t on t h e neglectable effect of selection in genet ic conversion. 

Consequent ly , t h e widening of t h e heading va r i a t ion from sp r ing type 
on to win te r t y p e — as s t a t e d r e p e a t e d l y in the convers ion genetics experi-
ments is t o he basical ly a t t r i bu ted t o env i ronmen ta l inf luence and no t to 
selection. 

Otherwise , t h e inves t iga t ion of b iochemical genet ics mechanisms of con-
version has been going on ( R a j k i 1 9 6 5 ) , t h e results thereof are to be sa id next . 

T h e a u t h o r w o u l d l ike to expres s his g r a t i t u d e to all h is co l leagues for t h e i r a s s i s t ance 
in t he f ie ld a n d l a b o r a t o r y w o r k , of t h e m t o Mrs . I . JEHOPA a n d Mrs . M. K o v A c s b y n a m e , 
too . 
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VARIA 

S t a t e c e r t i f i e d p l a n t v a r i e t i e s 

Tomato "Kecskeméti Konzerv" (Canning) 

Origin: К 363 $ X К 42 J 
К Konzerv 

Beginning of breeding: 1953 
Breeders: Dr. Gyula Mészöly and Béla Báldy 
Year of qualification: 1964 
General plant characteristics : 70 — 80 cm high, half determined type , developing abundan t 
dark green foliage, product ive, mid-season, vi tal variety. 

Root system: the deep reaching rich root system utilizes well the humidi ty of the soil. 
Foliage: The dark green leaves are deeply lobed, the leaflets s i t t ing on short leaf stalks. 

The leaf blade is sparsely haired. The foliage shades well the berries. 
Stem: Vigorous, sparsely haired. Jo in t s short . Tillering. 
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Inflorescence: Flowers large, of vivid yellow colour, with 5 — 7 petals . Stigma strong, 
of medium length, completely covered b y the synandr ium. 

Fruit: Berries somewhat oblong, of intensive red colour when ripe. Mean berry weight 
100 — 120 g. Berry i n d e x 0.85. The p u l p thick, red coloured, skin yellow. T h e hard berries are 
r e s i s t an t to t r anspor ta t ion . Number of septa 3 — 5. Seed yield low. 

Data on production : According to national va r i e ty trials it has exceeded the varietal 
m e a n by 19 to 23 per cent in total y ie ld . 

Since 1960 included in na t iona l production wi th an ever growing area. In 1965 the 
v a r i e t y has been grown on nearly 70 per cent of the area contracted for canning purposes. 

Soil requirements : can be successful ly grown b o t h on soils of s a n d y and heavier type . 
U n d e r drier cl imatic conditions suppl ies a high yield even with 550 — 600 m m mean annual 
precipitat ion including 400 — 420 m m during the vege ta t ion period. W h e n grown wi thout 
i rr igat ion, in the case of deep p loughing in the a u t u m n , 250 q organic manure per hectare 
a n d 13 q mixed chemical fertilizer used , a total yield of 330 — 400 q/ha can be reckoned with 
depending on the yea r . More calcareous soils should be given the preference in growing. 

Nutrient r e s t i tu t ion can be recommended for soils of 7.5 pH (KCl) and per cent Ca 
va lues according to the following propor t ions as related to pure act ive agen t : N: 120 kg, P : 
120 kg, X: 70 kg. 

Maturation: Ripening begins in 112 — 120 days a f te r seeding. Ripening period 6 to 
10 weeks. The n u m b e r of berries per kg is 8 to 10. 

Average ana ly t ica l data : 

R e f r . % Sugar Acid Vitamin С mg/100 : 

6.5 4.0 0.38 26.4 

Colour of concentrates excel lent . 

Mean data of pure analyses: 

Total score Colour Flavour Aroma Substance 
(max. 110) (max. 40) (max. 40) (max. 10) (max . 20) 

94.3 34.7 34.4 7.7 17.5 

Consistency Sugar Acid 
7.67 mm 16.3% 1.54% 

Total carotenoid stain = 580 /g. 
Lycopin = 560 /g. 
Resistance to diseases: Res i s t an t to Fusarium and Verticillium, moderate ly damaged 

b y fungus diseases of the leaf. E x h i b i t s a certain tolerance to TMV. 
Growing area: Europe, N o r t h a n d South Africa, Nor th America. 
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Sugarbeet BETA poly 4 

Origin: An anisoploid sugarbeet var iety originating f rom the cross between the 'pareu t 
components BETA T E T R A K. 720 and the diploid BETA E. I I I . I t s seed or ig inates f rom 
harves t ing together the seed grown on the two components a t a 3 : 1 ratio. 

Beginning of breeding: 1952. 
Breeders: Antal Csitkovics and András Varga. 
Year of qualification: 1965. 
General characterization of the plant: Characteristically of the hybrids in general, its 

s t and is somewhat not un i form. Foliage is of a darker green colour, very a b u n d a n t , of 
a somewhat silvery shine. Root and mother beet forms agree wi th the diploid variet ies . 

Morphological description : 
Root: The body of the beet is shallowly furrowed, i ts becoming slender rather 

gradual ly, owing to which proper ty it is easy to lift a l though the body is s i t t ing in the 
ground. Ivory-coloured, on the body of the beet colouring is n o t f requent . Fer t i l i ty : " E " , 
sugar con ten t : " N " . Noxius ash content low. 

Foliage: Very a b u n d a n t , heal thy, somewhat silvery green coloured. The leaf blade is 
weakly curled, shorter, broader and thicker than in the diploids. Pet iole also shorter and thicker. 
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In the axil of the seed bearing leaf and on the s tem of the beet somet imes a weak rosa 
colouration can be considered as character is t ic . 

Stalk: The seed stalks are r a t h e r even. The main shoot can in mos t cases be hard ly 
dist inguishable f r o m the subsidiary shoots . 

Moderately red colouration m a y extend in str ipes to the stalk. 
Inflorescence: BETA vulgaris t y p e with polycarpic character. 
Fruit : Polycarpic . 
Data on production: Very large yield of roots and heal thy tops wi th leaves. Excellent 

r o o t growing capaci ty . Useful sugar yield per unit area very high. 
Noxious ash and nitrogen c o n t e n t low. A great advantage is i t s ex t raord inary resist-

ance to Cercospora. Drought tolerance outs tanding. 
Development: Ini t ial deve lopment exceedingly rap id as compared with the varieties 

grown up to now. 
Soil requirement: Not very d e m a n d i n g but responds favourably to a good cul tural 

s t a t e and richness in nutrients. 
Maturation : Under conditions prevailing in H u n g a r y supplies h ighes t sugar yields per 

u n i t area when picked in mid-October . 
Resistance to diseases: Exceedingly resistant to Cercospora. 
Growing area: Can be successfully grown in all sugarbeet growing soils and regions 

of the country. Can be grown also in the regions of d ryer climate in Eu rope . Asia Minor, 
N o r t h Africa and South America. 
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Ö D Ö N V I L L A X * 

1 8 9 9 - 1 9 6 4 

Recen t ly has t h e sad news reached us t h a t the one- t ime dis t inguished 
personal i ty of H u n g a r y ' s p l a n t breeding, Ö D Ö N V I L L A X deceased of a s u d d e n 
hear t a t t a c k in Madrid aged 64 on 4 Apri l 1964. In h i m we deeply regre t 
the loss of a highly e s t i m a t e d Hunga r i an exper t . He h a d passed — howeve r — 
f rom a m o n g us much ear l ier as some 16 years ago an unknowab le decision 
of his had m a d e him a b a n d o n his na t ive coun t ry and t h u s excluding himself 
f rom t h e recons t ruc t ion of th i s coun t ry he had r e g r e t t a b l y chosen t h e b i t t e r 
lot of expa t r i a t ion . We h a d fe l t , a l ready t h e n , of sorrow a t his d e p a r t u r e so 
much the more do we n o w when depa r t ed this life. 

Ö D Ö N V I L L A X h a d no compell ing reason to a b a n d o n his coun t ry and 
his beloved occupat ion . A t t h a t t ime he h a d been a v a l u e d and d is t inguished 
leading personal i ty . M a n y of us reckoned on his work per formed w i t h so 
much skill and so did t h e leaders of t h e coun t ry and t h e Hunga r i an people 
itself. Ö D Ö N V I L L A X did n o t choose — however — th i s w a y and a l t h o u g h 
with his work abroad he only enhanced t h e apprec ia t ion of H u n g a r i a n 
specialists; th is of course could no t fill t h e gap left beh ind wi th his d e p a r t u r e . 

Ö D Ö N V I L L A X was b o r n in K a r a n c s b e r é n y (Nógrád county) on 23rd 
Sep tember 1899. His f a t h e r , Dezső Villax was a ce r t i f i ca t ed agronomis t , his 
mother ' s n a m e was A n n a Schandl . H a v i n g done his g r a m m a r school s t ud i e s 
a t Veszprém then a t B o n y h á d he passed the re his f i n a l examina t ion f r o m 
school his w a y led s t r a igh t i n t o the war . I t was not un t i l he had demobi l ized 
as a l i eu t enan t t h a t he w e n t on with his s tudies at t he College of Agr i cu l tu re 

* C o m m e m o r a t i o n he ld a t t h e session of t h e Commiss ion fo r P l a n t B r e e d i n g of t he 
H u n g a r i a n A c a d e m y of Sc iences . 
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i n Magyaróvár w h e r e he o b t a i n e d Iiis diploma in 1921. Soon a f t e r he entered 
i n t o the service of the Na t iona l In s t i t u t e of P lan t Breeding, where he worked 
u n t i l 1926 and t h e n changed fo r t h e E x p e r i m e n t Stat ion of P l a n t P roduc t ion . 
H e r e lie worked with sho r t e r in te r rup t ions for a decade as a co-worker 
of J á n o s S U R Á N Y I . His first work was publ ished t hen : " A szán tófö ld i kísérlete-
zés g y a k o r l a t a " (The pract ice of field exper imen ta t ion , 1927). He also wrote 
seve ra l special ar t ic les and f i n i shed his complemen ta ry s tud ies a t the Univer-
s i t y . After h a v i n g absolved at t h e agricul tural section of the f a c u l t y of Nat ional 
E c o n o m y the di f ferent ia l s t u d i e s for ce r t i f i ca ted agronomis t s he g radua ted 
f r o m the Un ive r s i t y in 1929. At t h a t time his second s ignif icant work appeared 
u n d e r the t i t l e : " A lápgazdá lkodás a lape lve i" (Principles of Fa rming on 
Marsh land , 1929). In 1936 he col laborated w i t h S U R Á N Y I on his new work 
" A rétek és legelök te rmőképességének f o k o z á s a " ( Increased Fer t i l i ty of 
Meadows and Pas tu res ) . Subsequen t ly , he m a d e his doc tora l disser tat ion and 
b e c a m e — in 1931 Doctor of the Agr icul tura l Sciences wi th the grade 
" s u m m a cum l a u d e " . In the m e a n t i m e he h a d been working for a short period 
(Sep t . 1930 F e b r . 1931) al t h e E x p e r i m e n t Sta t ion of T o b a c c o Growing in 
Debrecen and w r o t e another s h o r t book, " Ú t m u t a t ó a d o h á n y t r á g y á z á s á r a " 
(A Guide for Fer t i l i ze r Appl ica t ion to Tobacco, 1931). In t h e s a m e year ano the r 
b o o k of his " A lucerna t e r m e s z t é s e " (Lucerne Growing, 1931) appeared . 

On coming back f rom Debrecen to Magya róvá r he s t a r t e d to write in 
col laborat ion w i th S U R Á N Y I , a new modern work on maize " A k u k o r i c a f a j t á k 
és t e r m e s z t é s ü k " (1932) which was publ ished also in G e r m a n (Maissorten in 
U n g a r n ) and E n g l i s h (Varieties of Corn in H u n g a r y ) . This is t h e f irst t ho rough 
discussion of H u n g a r i a n ma ize varieties a n d a t the same t i m e a high level 
s u m m a r y of H u n g a r i a n maize growing. 

In 1932 h e was e n t r u s t e d by the Minis t ry of Agr icu l tu re wi th the 
reorganiza t ion of t h e exhib i t ion of p lant p roduc t ion and p l a n t breeding in 
t h e Museum of Agricul ture a n d in the same y e a r lie ob t a ined an assignment 
t o lecture on p l a n t breeding a n d genetics at t he College of Agricul ture in 
Magyaróvár . As a professor h e had conduc ted his work re lent less ly for one 
decade and a ha l f . 

His h igh ly successful w o r k "Szántófö ld i herefé lék" (Field Clovers) ap-
pea red in 1933, th i s hook of his dealing wi th lucerne was in t h e second edit ion 
e x t e n d e d to o t h e r clover species . Too in t h e foreword, he emphasized tha t 
he h a d been s t imu la t ed to wr i t e th is book b y t h e fact t h a t in H u n g a r y " e x t e n -
s ive and up t o d a t e clover p roduc t i on is of special i m p o r t a n c e " . The book 
covered also his exper imenta l results o b t a i n e d in Magya róvá r , and being 
publ i shed soon also the second volume: " H ü v e l y e s e k " (Legumes , 1935) the 
series of Field Papi l ionaceae b e c a m e comple te . 

In 1936 he re turned t o t h e Nat ional I n s t i t u t e of P l a n t Breeding of 
w h i c h he b e c a m e director in a few mon ths t ime and h e r e w i t h inspector of 
p l a n t breeding a n d seed g rowing of the whole country . As ear ly as the f i rs t 
pe r iod of his act ivi t ies he j o i n e d in the p r epa ra t i on of a decree brought out 
in 1936 which declared, t h a t on ly variet ies hav ing been con f i rmed as satis-
f a c t o r y ones in t h e pre l iminary tr ials conduc ted by the N a t i o n a l In s t i t u t e for 
P l a n t Breeding can obtain s t a t e cer t i f icat ion be sa t i s fac tory . 

In quick succession he pa r t i c ipa ted in producing t w o works: " A t a l a j 
t e rmőere jének f e n n t a r t á s a " (Main tenance of Soil Fer t i l i ty) was wri t ten w i th 
co-workers a n d appeared in 1936, while his popu la r work: " N ö v é n y t e r m e s z t é s " 
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((.rop Produc t ion) was published in 1937 and ran i n t o four edi t ions within 
ten y e a r ' s t ime. 

T h e publicat ion? discussing the work of the Nat iona l I n s t i t u t e of Plant 
Breeding were issued cont inuous ly : "Nemes í t e t t n ö v é n y f a j t á k j egyzéke" 
(Regis ter of I m p r o v e d P lan t Variet ies , 1938, 1939, 194l", 1942, 1944) and 
" M a g y a r nemesí te t t n ö v é n y f a j t á k k a l végze t t k ísér le tek e redményei" (Results 
of E x p e r i m e n t s wi th I m p r o v e d H u n g a r i a n Plant Var ie t ies , 1939, 1941, 1943). 
In these publ ica t ions he performed a zealous work. I t is his great m e r i t t h a t he 
assumed an o u t s t a n d i n g role in t h e p repara t ion of t h e decree a p p e a r e d in 
1941 on t h e s ta te regula t ion of t h e cert i f icat ion of variet ies . V I L L A X (1944) 
had e v e r y right to s t ress t h a t th is regula t ion " m a r k s a tu rn ing p o i n t in the 
h i s to ry of Hunga r i an p l an t b r e e d i n g " . Within t h e mean ing of t h a t decree 
" t h e sale of the seed of p l an t species w i t h indicat ion of the var ie ty fa l ls to the 
full e x t e n t within t h e regulat ion which divides t h e variet ies in t w o great 
g roups : those not u n d e r legal p ro t ec t ion and those under legal pro tec t ion 
which obta ined s t a t e qua l i f i ca t ion" . 

"A l t a l ános növénynemes í t é s " (General P l a n t Breeding) as t h e first 
\ o l u m e of his book en t i t l ed : " N ö v é n y n e m e s í t é s " ( P l a n t Breeding) came out 
in 1944, while the second volume "Különleges n ö v é n y n e m e s í t é s " (Special 
P l an t Breeding) only in 1947 wi th t h e co-operat ion of several Hunga r i an 
breeders of dist inction ( F L E I S C H M A N N , H O R N , U D V A R O S , S E D L M A Y R , B E R Z S E -

N Y I - J A N O S I T S ) and a geneticist ( G Y Ő R F F Y ) . 

I n the period be tween 1941 a n d 1945 he h a d been leading as director 
general t h e Nat ional Expe r imen t S t a t i on of P l a n t P roduc t ion t empora r i ly 
a m a l g a m a t e d with his I n s t i t u t e and t h e n separa ted aga in , and f i n a l l y he also 
ob t a ined the t i t le of d e p u t y undersec re ta ry of s t a t e . 

In the in teres t of the deve lopmen t of p l an t breeding he establ ished 
several t ra in ing courses in the f r a m e w o r k of which he cared p a r t l y for the 
ins t ruc t ion of the r is ing generat ion of p lan t breeders a n d par t ly for t h e train-
ing of good professional a t t e n d a n t s . Also by m e a n s of nat ional conferences 
and inquir ies he p r o m o t e d the cause of Hungar i an p l a n t breeding. On several 
occasions he adequa te ly represented abroad the H u n g a r i a n p lan t b reed ing as 
well as in his s tudy t o u r s he was alw ays led by the i n t en t i on of us ing t h e results 
o b t a i n e d in foreign count r ies for t h e deve lopment of H u n g a r i a n p l a n t breeding. 

His valuable ac t iv i t ies came t o a sudden end in 1948 when he left the 
c o u n t r y together wi th his family. F r o m March 1949 t o October 1951 he had 
been work ing in C le rmon t -Fe r r and , F rance , a t t h e Centre de Recherches 
Agronomiques and f r o m November 1951 unti l J u n e 1958 as a co-worker of 
the E s t a c a o de Melhora inento de P l a n t a s in E lvas , Por tuga l . H e r e he came 
upon t h e invi ta t ion of t h e Po r tuguese government which inv i t a t i on in view 
of t h e more f avourab le f inancial condit ions, was read i ly accep ted b y him. 
While in France he was mainly concerned wi th t h e breeding of maize and 
f o d d e r p lan ts and wi th the amel iora t ion of the meadows and pas tu re s of 
Massif Central , in P o r t u g a l his t a s k was chiefly t h e breeding of l egumes and 
the p roduc t ion of a cereal species b y means of wl ieat - rye crossings more 
su i ted for the soils of low qual i ty of th i s region. I n E lvas V I L L A X succeeded 
in b reed ing 16 Triticale varieties a n d thus was t h e f i r s t to b r e e d Triticale 
in t h e Iber ian pen insu la . 

F r o m J u n e 1958 unt i l his d e a t h he worked in R a b a t , Morocco, as a 
co-worker of the " I n s t i t u t Na t iona l des Recherches A g r o n o m i q u e s " at first 
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as leader of the sect ion of f o d d e r plants and medicinal he rbs and later as 
l eader of the s t a t i o n . He relent less ly worked in Morocco giving lectures all 
ove r t h e count ry a n d conduct ing exper iments . Tn Morocco it was he who 
in t roduced the p r a c t i c e of ensilage. 

During his act ivi t ies in fore ign countr ies he produced a number of 
p a p e r s on various sub jec t s and t o o k par t in m a n y in te rna t iona l conferences. 
In 1961 he s t a r t e d t o write t h e l a s t great work of his life. This work under 
t h e t i t l e " L a c u l t u r e des p lan tes fourragères d a n s la région occidentale du 
bass in m é d i t e r r a n é e n " , on 600 pages , with rich i l lus t ra t ion a p p e a r e d to be his 
las t work because in the circle of his family he had referred to it of ten as t o 
his " swan-song" . 

Ö D Ö N V I L L A X during his r i ch busy life l ias created a n d organized a 
good deal. More t h a n thousand sc ient i f ic papers , ar t icles, mainly in Hungar i an , 
b u t also in G e r m a n , English, I t a l i a n , French a n d Por tuguese t e s t i f y for his 
i m m e n s e working capac i ty . All t h e s e const i tu te a valuable add i t i on to Hun-
ga r i an special l i t e r a t u r e on p l an t product ion a n d breeding. H e is one of our 
o f t e n mentioned a n d cited a u t h o r s even to -day . W h e n we wi th deep regret 
c o m m e m o r a t e his decease in a f a r a w a y country we still feel t h a t in his works 
he cont inues to l ive among us. 

G Y . M Á N D Y 
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J Ó Z S E F S C H N E I D E R 

1888—1963 

J . S c h n e i d e r was born a t Alsószeleste ( c o u n t y Vas) on November 
3 0 , 1 8 8 8 . His fa ther h a d been the ga rdener of ba ron M i h á l y B a i c h , and had 
con t r i bu t ed to se t t ing u p the a r b o r e t u m now being directed b y t h e Council 
of N a t u r e Conservat ion. From this thoroughly ho r t i cu l tu ra l milieu he got , 
af ter his secondary school studies, t o t h e E u r o p e a n - f a m e d garden of a rchduke 
J ó z s e f H a b s b u r g a t Alcsút , in the y e a r 1 9 0 3 . Here he acquired t h e pract ice 
necessary for gaining admission to t h e Hor t i cu l tu ra l College which he entered 
in 1905, a n d where he f in ished his s tudies with d i s t inc t ion . Af t e r t a k i n g his 
degree, he went , as ho lder of a scholarship, to G e r m a n y , Switzer land, Eng land 
and Be lg ium in the y e a r s 1908 1911, t h u s improv ing his hor t i cu l tu ra l and 
bo tan ica l knowledges. I t was the p rac t i ce gained in t h e Zürich a n d Fondon 
(Kew) bo t a n i c gardens t h a t enabled h im to t ake u p a leading pos t a t t he 
botan ic garden of P á z m á n y Péter Univers i ty in 1911. In the course of his 
act ivi t ies he organized a n d directed t h e growing of p l a n t s required for demon-
s t ra t ion a n d exper iments , and also t o o k pa r t in t h e prac t i s ing work organized 
for s t u d e n t s of the t e a c h e r s ' t ra in ing college. For long he had been in charge 
of the l i b r a ry and t h e he rba r ium of t h e botanic g a r d e n . From t h e yea r 1911  
unti l his d e a t h he had been organizing and compiling t h e lists of seed exchange 
(Delectus seminum) a n d i t was he who provided for se t t l ing the in te rna t iona l 
seed-exchange. 

I n t h e years fol lowing World W a r I he reorganized almost en t i re ly t h e 
s t and of p lan t s t h a t h a d been de te r io ra ted in t h e w a r making use bo th of 
domest ic collections a n d t h e s tand of foreign bo t an i c gardens . A t t h e I n t e r -
na t iona l Hor t i cu l tu ra l Congresses in Vienna ( 1 9 2 7 ) a n d in F o n d o n ( 1 9 3 0 ) ,  
he was a member of t h e commi t tees for judging p l a n t proper t ies . 

His ext remely v a s t educa t ing act iv i t ies ranged f r o m the popu la r lectures , 
th rough t ra in ing skilled workers, t e ach ing in t echn ica l colleges u p to t h e 
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high-levelled ho r t i cu l tu ra l educa t ion . In t h e years 1916 26, t h r o u g h o u t a 
whole decade, he had been t each ing the growing of o r n a m e n t a l plants , 
dendro logy and the growing of medicinal herbs a t various ins t i tu t e s . Besides 
these regular t each ing fields the re was hard ly a n y such ins t i tu te , association 
a n d organizat ion in which he would no t have led courses, del ivered lectures. 
I n mos t cases he was t h e organizer and leader of s t u d y excursions connected 
w i th growing o r n a m e n t a l p lan ts . In t h e capaci ty of an exper t , he had always 
co-opera ted in p lann ing garden l ay -ou t s of impor t ance . 

As organizer and leader of hor t i cu l tu ra l exhibi t ions he h a d been many 
a t i m e rewarded for his useful work . 

As an ac t ive and cons tan t pa r t i c i pan t in hor t icu l tu ra l e v e n t s , he was 
f r o m 1912 - commi t t ee m e m b e r of the Na t iona l H o r t i c u l t u r a l Society, 

m e m b e r and pres iden t , respect ively , of the commi t t ees qua l i fy ing assistant 
gardeners , m e m b e r of the commi t t ee judg ing p l an t propert ies , referee of the 
dendro logy sect ion, vicepresident a n d pres ident of society. 

His vas t l i t e ra ry activi t ies concerned a lmost eve ry field of hor t icu l tura l 
growing. His original articles h a v e been publ ished in hooks and pape r s , while 
his l inguistic knowledge made it possible for h im to review t h e impor t an t 
fore ign special l i t e r a tu re in H u n g a r i a n papers . In th i s count ry he was member 
of t h e Society of N a t u r a l Sciences and of the Botanica l Sect ion , honorary 
m e m b e r of the Society of H u n g a r i a n Aquar i s t s , while abroad he was member 
of t h e German Dendro logy Associat ion and of the Cactus Society. H e described 
a n d in t roduced several ho r t i cu l tu ra l p lan t -p roper t i e s in our c o u n t r y ; even 
some hor t i cu l tu ra l variet ies bea r his name . 

In ha rd t imes dur ing t h e siege of Budapes t and the des t ruc t ion t h a t 
fol lowed, he saved up immense scientif ic values , — l ibrary, h e r b a r i u m and 
p l a n t s t a n d . He t o o k a great share in t h e work of recons t ruc t ion . His manifold 
a c t i v i t y had been apprec ia ted on several occasions: in 1961 he was awarded 
w i t h the "Golden D i p l o m a " of t h e School for Hor t icu l tu re , a n d t h e govern-
m e n t a l dis t inct ion " O u t s t a n d i n g Worke r of Agr icu l tu re" ; or in 1963 the 
c o m m e m o r a t i v e meda l " E n t z F e r e n c " . 

Due to his k ind persona l i ty , his he lpfulness , he was h igh ly esteemed 
a n d beloved b y gardening exper t s of all degrees. I n professional f ie ld , he had 
a lways been t h e centre of collective actions. In fac t he was, r i gh t unti l his 
d e a t h : one of t h e most popular and most apprec ia ted personal i t ies of Hun-
gar i an gardening. The sincere compass ion and s y m p a t h y h a v i n g been mani-
f e s t ed on the occasion of his f u n e r a l in 1963, was meant no t on ly for the 
scient is t bu t jus t as well for t h e m a n . 

J . D o m o k o s 
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M I K L Ó S H O R N I  

1 8 9 9 1 9 6 5 

On Augus t 3rd 1965 M I K L Ó S H O R N one of the most ou t s tand ing special is ts 
of Hunga r i an p lan t b reed ing deceased. His interest ing, colourful pe r sona l i ty , 
his knowledge and love of na tu re his h u m a n i t y and a t t a c h m e n t in sp i te of 
his foreign origin, to the Hungar ian soil and people, his unparalleled ass idu i ty 
and p u r i t a n a t t i t u d e h a v e composed an exemplary course of life. O u r esteem 
and sincere affect ion a c c o m p a n y his m e m o r y and range h i m among t h e greates t 
H u n g a r i a n agr icul tural research workers . 

He was born in Odessa , Russia, October 22nd 1899 where his f a the r 
a G e r m a n citizen horn in Riga h a d worked as a commercial employee . 

Af te r concluding his s econdary school s tud ies in Moscow his paren ts moved, 
in 1919, a f t e r world war I , t o Berlin, here , he embraced t h e agricul tural career 
h u t owing to t h e diff icul t f inancia l condi t ions of the f a m i l y he was compelled 
to acquire money necessary for un ive r s i ty studies b y teaching. F r o m the 
Agr icul tura l College, he g r adua t ed in 1921 and af ter f u r t h e r studies ob ta ined 
a d ip loma of p l an t b reed ing in 1923. He had been s t u d y i n g the theory of plant 
breeding in t h e In s t i t u t e of the wor ld - f amed Professor E . B A U R and working 
for a year a t one of t h e best German p lan t breeding s ta t ions of t h i s t ime 
( S T R U B E , S C H L A N D S T E D T ) . 

As for p lan t b reeder -manager he obta ined in 1923 — an inv i t a t ion 
to the e s t a t e of Count Pál E S Z T E R H Á Z Y and at Lovászpa tona he f o u n d e d a 
p lan t b reed ing s ta t ion h a v i n g been d i rec ted by for 38 years , until his retire-
men t on December 1, 1961. 

Here in the H u n g a r i a n region of Bakonya l j a has M I K L Ó S H O R N learned 
to love his new coun t ry a n d became her f a i th fu l son u n t i l his dea th . 

W i t h a most comprehens ive knowledge of n a t u r a l sciences his ac t iv i t ies 
as a p l an t breeder were di rected t o w a r d s a number of p l an t species. H e has 
a t t a ined his greates t success with the b reed ing of rye . The improved Lovász-
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patonai rye variety obtained, as soon as in the th i r t ies , s ta te cer t i f ica t ion and 
sti l l before Wor ld W a r I I was a w a r d e d the h ighes t degree of qual i f ica t ion: 
s t a t e regis t rat ion. This var iety is still the be s t Hungar ian r y e and much in 
d e m a n d also f r o m abroad, especial ly from E n g l a n d . I t s seed is expor ted 
in a considerable q u a n t i t y . 

The winter w h e a t Lovászpatonai 160 had been in its t ime t h e best v a r i e t y 
of t h e mounta in region of B a k o n y , as well as t h e summer barley Lovászpatonai 
h a v i n g been c u r r e n t all over t h e country . T h e white oat Lovászpatonai h a d 
b e e n bred under in tens ive condi t ions while t h e yellow oat variety Lovászpatonai 
widespread in H u n g a r y under m o r e extensive ones . There h a d long been s t a t e 
ce r t i f i ed and wide ly grown va r i e t i e s the m a i z e Lovászpatonai korai fehér 
( ea r ly white) and t h e Lovászpatonai sárga lófogú (yellow dent corn) , the millet 
va r i e t i e s Lovászpatonai pirosmagvú (red seeded) and Lovászpatonai óriás 
magvú köles (g ian t seeded). U n t i l these last yea r s Lovászpatonai napraforgó 
h a s been a na t ion -wide grown sunf lower v a r i e t y . 

Also r e m a r k a b l e successes were obtained b y the p roduc t i on of p o t a t o 
var ie t i es mainly of high yielding f a r m ones well adap ted to t h e conditions of 
t h e Bakony region (s tate cer t i f ied variety Öröm). 

He had a m a r k e d preference for the Tr i fo l ium species. U n t i l the present 
d a y Lovászpatonai bíborhere (c r imson clover) and Lovászpatonai fehérhere 
(wh i t e clover) h a v e been our be s t cert if ied va r ie t i e s . Only his m o s t impor t an t 
p l a n t varieties h a v e been m e n t i o n e d here. I n t h e course of h is life he h a d 
p r o d u c e d 18 p l a n t species t h a t ob t a ined s t a t e cer t i f icat ion. 

After the L ibe ra t ion he p u r s u e d with unpara l le led zeal h is work. S t rug-
gl ing against m a n y difficulties he st i l l succeeded in developing, w i thou t hesi ta-
t i o n , the Breeding Stat ion L o v á s z p a t o n a i n t o a well work ing ins t i tu t ion . 
In sp i te of his a d v a n c e d age he completed a n d defended m o s t successfully 
his Candidate Thes i s in 1958. 

Since 1962 he had lived in Győr as a pens ioner but neve r for a m o m e n t 
d id he detach h imsel f from the w o r k and his be loved profession, p lant breed-
ing . As a result of his active w o r k conducted for 38 years his varieties a re 
g r o w n even now on several h u n d r e d t h o u s a n d hectares and t h e y cons t i tu te 
t h e bes t evidence for his sc ient i f ic merits wh ich were r igh t ly acknowledged 
b y ou r gove rnmen t with confer r ing upon h im t w o dist inct ions (1955, 1958). 

The memory of Mik lós H o r n , the sc ient i s t fa i thful t o t h e people, t h e 
s imple , w a r m - h e a r t e d friend se rves , still a f t e r his dea th , as a p rominen t 
e x a m p l e for the y o u n g e r genera t ion of breeders. 

A . J Á N O S S Y 
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S. S Á R K Á N Y — I . S Z A L A I : Növénytani prak-
tikum I. Növényszervezettani gyakorlatok. 
(Pract ical Lessons in Botanies. I. Organiza-
tion of Plants.) Second improved a n d enlarged 
edit ion. Tankönyvkiadó . Budapest . 1964. 

Nearly ten years ago the a p p e a r a n c e of 
the f i rs t edition of this book was a signifi-
can t event of the special l i tera ture on bota-
nies since no such work has been pub-
lished in Hungar ian as yet except for some 
mimeographed univers i ty lecture notes oil 
the methodics of the knowledge of p l an t or-
ganisms and their use on a selected mater ia l . 
S tuden t s , however, have long been in want 
of such work in Hungar ian and noth ing 
proves more such a demand to be surviving 
than the fact t h a t the f i rs t edition soon after 
i ts appearance went out of pr int a n d it has 
become necessary to publish the second, 
improved and enlarged edition. 

Al though prior to the present work a 
number of books of similar ob jec t ive had 
been available abroad in m a n y editions 
with rich mater ia l for those who unde r s t and 
foreign languages, the authors were not 
contented with t ransplant ing s imply any of 
these materials wi thout criticism b u t pub-
lished a book t h a t can be considered as new 
since it is genuinely elaborated in m a n y de-
tails and contains a good deal of new materi-
als. I t is a great meri t of the a u t h o r s t ha t 
they have taken under revision nea r ly the 
whole of their subjec t mat te r asser t ing the 
modern results of research in all p a r t s of the 
work. Thus the book is not a s imple adap-
ta t ion of prominent foreign works in to Hun-

gar ian bu t as a whole an original e laborat ion 
of the pertaining mate r ia l . The second edi-
tion has provided a n e w possibility to p u b -
lish also the results of the last ten yea r s . 

The book deals w i t h the " p r a c t i c a l " 
mater ia l of the knowledge of the organiza-
tion of plants in six chap te r s , on 708 pages . 

Chapter I ("Morphological examina t ion 
of t ype plants") p resen ts the morphological 
charac ters of the well k n o w n representa t ives 
of our flora. I t s t a r t s f r o m the most devel-
oped plants known a l r eady in detail such 
as: Ranunculus acer, Sinapis alba. Conso-
lida regalis, Pisum sativum, Althaea offici-
nalis, Datura strammonium, Ricinus commu-
nis, Lamium album, Stachys annua, Voeni-
culum vulgare, Calendula officinalis, Crepis 
rhoeadifolia, Colchicum autumnale, Pinus 
silvestris, these are fol lowed by the repre -
sen ta t ives of the ma in groups at the lower 
p lan ts , the more c o m m o n species of f e rns , 
mosses, fungi, lichens a n d algae. The de-
tailed morphological knowledge of these 
in fo rms the s tudent o n the main f o r m s of 
body format ion in t he vegetable k ingdom. 
The knowledge of the single species is faci l -
i t a t ed b y original morphological d rawings . 

Chapte r II ("Cytological examina t ions" ) 
discusses the live s u b s t a n c e and p roduc t s of 
the p l an t cell which can be studied by s imple 
m e t h o d s of examinat ion . Here knowledge is 
ob t a ined , on a selected mater ia l , of the bui ld-
ing up , construction, microscopically obser -
vable properties of the cell and the most impor -
t a n t cell components a re demonstra ted , too. 

Chapter III ("Cytological examina t ions" ) 
presents simple tissues a n d tissue sys tems 
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building up Ilié body of the p l a n t s and the 
s tudent gets acquainted wi th t he tricks of 
the simple histological t echnique . Informa-
tion is given on the relat ionship of elements 
const i tut ing the tissues a m o n g themselves 
and in space and thus necessary directive 
is obtained for t he study of the interior struc-
ture of organs. 

Chapter IV ("Histological s t ruc ture of 
plant organs") discusses the microscopical ex-
amination of the vegetative and reproductive 
organs of higher plants. A tho rough knowl-
edge of the histological cons t ruc t ion of the 
p lant body can al ready develop the necessary 
proficiency and abil i ty for compara t ive ana-
tomical studies. 

Chapter V ( " T h e organizatorv conditions 
of the plant b o d y " ) mostly p resen ts the body 
organization and ontogeny of the Spernta-
tophytes f rom seed to frui t fo rmat ion , but 
some examples refer to lower p lan t s . In this 
chapter the reader will get acqua in ted with 
the methods of complex morphological 
analysis and the regularities of body organi-
zation. 

Chapter VI ( " T h e principles of microtecli-
nics and u l t ra microtechnics in plants") 
is a summary of the principles of microscopic 
and ultra microscopic technique . Here a 
knowledge of construction a n d manipula-
tion of light microscopes and electron micro-
scope as well as of the modern, technique of 
light- and electron-microscopic preparat ions 
can he obta ined. At the end of the chapter 
some impor tan t microchemieal proceedings 
used in plant microtechniques, the outlines 
of the history of plant microtechniques and 
the techniques of the p repara t ions for elec-
tron microscopic examinat ions a re discussed. 

The ex t remely instructive hook is com-
pleted by a detai led review of l i tera ture , an 
explanat ion of the origin of foreign termini 
technici, register, index and tab le of contents. 

When reading the book we get more and 
more convinced t h a t the a u t h o r s prefacing 
it have not wi thou t sufficient reason out-
lined their aim as "To enable t he students, 
as a means of educat ion to independen t w ork, 
to acquire a cer ta in proficiency in the main 
questions of p l an t o rgan iza t ion ." We are 

convinced that t he authors have ful ly suc-
ceeded in doing so. 

GY. M AND Y 

P. KOZMA: Szőlőtermesztés I. (Viticulture I.).  
Mezőgazdasági K i a d ó . Budapest, 1964. 

Hungarian special literature has been 
enriched by a v e r y valuable work with the 
publication of "Szőlőtermesztés" (Viticul-
t u r e ) written by the professor of the Depart-
m e n t of Vit iculture a t the College for Horti-
cu l ture and Vi t icul ture in Budapes t (the 
lmok has been p lanned for 2 volumes of 
which the first one is published now). This 
vo lume is not on ly a very valuable product 
of our special l i t e ra ture on the sub jec t , as 
i t discusses an i m p o r t a n t branch of the Hun-
gar ian people's e conomy but it is also a work 
of great significance. By summarizing in the 
f i r s t volume (conta in ing 312 pages) — as the 
a u t h o r himself s t a t e s in his preface — the 
biological principles of vit iculture, thus 
supplying the bo tan ica l knowledge of the 
v ine plant, the book indicates the unique 
possible pa thway for to-day and for the fit-
t o r e and a concept ion that can solely lead 
to good results. As a principle of modern 
growing, the old pract ice based on purely 
empiris t ic grounds is more and more defi-
n i t e ly replaced b y the endeavour to begin 
the science of growing first of all wi th the 
knowledge and f u r t h e r development of the 
theoretical f ounda t i ons and b y research 
work conducted in this field. W i t h o u t fur-
the r development of ground sciences the 
knowledge of growing cannot adequa te ly 
develop and oil t h e other hand botit the 
pract ice of growing and the scientific re-
search of the issues in production supplies 
m a n y ideas and problems for the ground 
research to wLich the solution can only be 
f o u n d by the m e t h o d s of the l a t t e r . Thus 
the work of KOZMA while offering the theoret-
ical foundations of viticulture and being 
constructed for t he practice, in its f i r s t vol-
u m e may be qual i f ied at the same t ime as a 
botanical compend ium in which a s u m m a r y 
of all knowledges is found that has been for 
t he cultivated v ine plant expounded so far 
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by the botanical science. In the f i r s t volume 
of the work the author proves the insepa-
rable unity of g round research a n d science 
of growing, i. e. to at tain the ob jec t ive both 
t rends are indispensable. 

The au tho r ' s peculiarity is t h a t he has 
entirely t rans fe r red the principles laid down 
in this volume in to his own research work 
and not being sat isf ied at all wi th the knowl-
edge of pract ica l issues of growing he did 
penetra te into t h e depths of the ground sci-
ence to such an ex ten t tha t n o t only feels 
quite a t home in t h a t field b u t he has en-
riched the g round science with new results 
of basic significance in several directions. 
Only hereby has he attained the fame tha t 
makes him men t ion among the bes t known 
specialists of v i t icul ture , even in internat ion-
al aspect, as a scientist work ing on the 
most up- to-date basis. The tho rough and 
wide work achieved is sufficiently evidenced 
by the review of the literature a t the end of 
t h e volume, l is t ing more than 800 references. 

Chapter I of the work deals wi th palaeo-
botanical knowledges concerning the vine, 
evolution of t he garden vine wh ich is illus-
t rated with a m a p of spreading, too. This 
is followed in Chapter II by the botanical 
description of t he family Vitaceae, by sub-
division of the fami ly and of t he subgenus 
Viloideue. The reconciliation of t he different 
systematical conceptions may he of great 
interest here. 

The next Chapte r includes t he morpho-
logical descr ipt ion, ontogeny a n d growth 
of the vine p lan t propagated f r o m seeds and 
vegetatively, a lways extending to the knowl-
edge of f ac to r s influencing development . 
In connection w i t h the stem the types of 
pruning, wi th t he leaf the differences in 
form and hai rs so important f r o m ampelo-
graphic point of view, with the buds , beside 
their morphological differences, their dif-
ferentiat ion, morphological and histological 
organization are discussed. 

Next follows the description of inflores-
cence in deta i l , f inally the m u c h detailed 
discussion of t he flower, based for the most 
par t on the a u t h o r ' s own issues. A number 
of types are dist inguished here p a r t of which 

is based on sexual d is t r ibut ion and p roves 
to be teratoma f rom botanical aspect, wi th -
o u t a thorough knowledge of which there 
can hard ly be ques t ion of increase in the 
y ie ld of vine on a sc ient i f ic basis. This p a r t 
is fol lowed by the discussion of the m o r p h o -
logical properties of clusters, berries and 
seeds . 

Chapter IV deals wi th the ana tomica l 
cons t ruc t ion of the v ine plant w r i t t e n b y 
A. HEGEDŰS. This chap te r e laborates in 
ful l detai l the ana tomica l conditions of the 
v ine plant which h a v e an importance for 
t h e practice first of all in the de te rmina t ion 
of degree of m a t u r a t i o n at the vine-shoot 
t h e n , in their th icken ing and histological 
knowledge of the g r a f t welding g ra f t s . 

T h e discussion of t he anatomical p rop -
er t i es of types and type-varieties of f low-
ers exhibits again t h e results of t he very-
t h o r o u g h and de ta i l ed work of KOZMA. 
T h i s pa r t includes the cytological condi t ions 
of t he vine. 

Chapter V on the metabolism of v ine is 
the work of J. EIFERT. This is the physiolog-
ical chapter of the work dealing w i t h in-
o rgan ic nutrition, assimilat ion, metabo l i sm 
of carbohydrate, p r o t e i n and o ther sub-
s tances , colouring m a t t e r s and tanning agen t s 
on a phytophysiological basis. 

T h e subject of Chap te r VI is the ecolog-
ical factors of v i t i cu l tu re , its c l imatic , soil 
condi t ions and d r o u g h t possibilities. 

The concluding Chap te r VII deals wi th 
t h e life stages, biological cycles, vege ta t ion 
p h a s e s of vine, a m o n g others bleeding, bud-
d ing , growth of t he shoot , flowering, polli-
n a t i n g and fer t i l izat ion, abscission of the 
f lowers and its causes, growth and r ipening 
of the berries, m a t u r a t i o n of the shoots and 
t h e period of rest of the vine (do rmancy) 
a r e here discussed. T h e work is closed by 
the very detailed classified list of references 
a n d by a table of con ten t s . 

176 Figures a n d 44 Tables g rea t ly en-
h a n c e the easy use of the work w h i c h is 
excel lent ly and logically arranged a n d easy 
to survey. The hook h a s been carefully edi ted 
b y the Publishing House for Agr icul tura l 
Books and Periodicals in Budapest . 
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One more r emark to f in ish . Hungarian 
viticulture is world-famed. T h e comprehen-
sion and exper ience of H u n g a r i a n specialists 
could be needed far beyond the frontiers 
of the count ry . This , however, is limited by 
the isolation of our language. I t would 
therefore be desirable t ha t t he works of 
KOZMA may a p p e a r also in foreign languages. 

Z . E . K Á R P Á T I 

V. WESTSIK: Vetésforgókisérletek homoktala-
jon (Crop Ro ta t i on Exper iments on Sand). 
The 30-year resu l t s of crop r o t a t i o n s at the 
Farín for Exper imen t s on S a n d in Nyír-
egyháza. Publ ish ing House of t he Hungarian 
Academy of Sciences, 1965. 208 pages, 18 
Figures, 58 Tables . 

In research work on f a rm technology the 
long-term exper iments of severa l decades 
represent a special value. Dr. VILMOS WESTSIK 
as director of t he F a r m for E x p e r i m e n t s on 
Sand in Nyíregyháza had been studying 
for thirty years the problems of fa rming on 
sand with long- te rm exper iments of the crop 
rotat ion type . I n his hook resu l t s attained 
with exper imenta l crop ro t a t i ons during 
three decades are dicussed and thus data 
of unparalleled value supplied for the farm-
ing on sand. The material of t h e hook is 
happily completed by the s tud ies of expert 
co-workers on soil science, soil analys is and 
climatology. T h e book consists of 10 chap-
ters and deals wi th the following. 

Chapter One discusses t he significance 
of crop rota t ions and rational fer t i l izer appli-
cation stressing t h a t no p ro f i t ab le farming 
can be conducted on the poor a n d ve ry loose 
sandy soils of t he Nyírség d i s t r i c t without 
introducing r a t iona l crop ro ta t ions . 

Chapter Two characterizes t h e Nyírség 
district as an agricultural regional unit 
and describes t he history, s i tua t ion and soil 
conditions of the fa rm for expe r imen t s on 
sand. 

Chapter Three writ ten by Dr . PÁL STEFA-
NOVICS deals in full detail with t h e soil con-

d i t ions of the exper imen ta l area a n d with 
t he characteristic morphological descr ipt ion 
of soil profiles. 

In Chapter F o u r humus and n u t r i e n t 
condi t ions on soils of crop rotations, a n a l y t -
ical da t a of average samples taken f r o m the 
0 t o 20 cm layer of experimental c rop r o t a -
t ions and data per ta in ing to the h u m u s 
q u a l i t y of expe r imen ta l plots, are exposed . 
According to the analyt ica l data of J . SAR-
KADI, under the in f luence of various m e t h o d s 
of f a r m technology the humus condi t ions 
of sand have changed within a compara t ive -
ly short period — 20 to 25 years — and 
these changes can also be demonst ra ted by 
the humus f r ac t ion ing method based on 
cont inuous leaching. The demonstra t ion of 
changes has been somewhat d i s tu rbed by 
the fac t that the soil of the crop r o t a t i o n s 
was not completely identical even a t the 
beginning. Therefore a factor of u n c e r t a i n t y 
is in t roduced par t i cu la r ly into the s t u d y of 
t he effect of s t rawinanures . However it 
can be pointed out t h a t under the in f luence 
of organic manuring (application of f a r m y a r d 
a n d green manure) a n d / o r of greater a m o u n t s 
of s tubble and r o o t remains , the a m o u n t of 
" loose ly bound" h u m u s substances of " b r o w n 
h u m i c acid" type h a s mostly accumula ted . 

C h a p t e r F i v e — b y D r . JÁNOS J U S T Y Á K 

shows the deve lopment of tempera ture ele-
m e n t s in the period f r o m 1930 to 1960. E v a l -
u a t i o n in the t ex t is completed by a n u m b e r 
of tables and g raphs . Weather condi t ions 
in t h e experimental yea r s and the connect ion 
of t he crop yields of t h e sandy crop r o t a t i o n s 
wi th precipitation a n d temperature, are br ie f lv 
i l lus t ra ted . 

Chapter Six ana lyse s the causes of the 
more important f luc tua t ions in yield w i t h 
special regard to t he losses in yield b r o u g h t 
a b o u t by elemental calamities and di f f icul -
t ies in farming. 

Chapter Seven con ta ins the d i s t r ibu t ion 
of t he 12 crop ro t a t i ons for the amel iora t ion 
of s ands established in autumn 1929 and 
the three more c r o p rotations s t a r t ed in 
a u t u m n 1933 as well as the guiding pr inciples 
for t he rentabili ty calculations of these c rop 
ro ta t ions . 

Acta Agr. Hung. Tomas XIV. 1965 



R E C E N S I O N E S 3 9 5 

Chapter Eight discusses in detail the 
th i r ty-year crop yields of t he following 15 
crop ro ta t ions for the amel iorat ion of sands, 
with the technique of p roduc t ion and bal-
ance of rentabi l i ty of these crop rotat ions: 

1. c rop rotat ion with fallow 
2. c rop rotation with lupine-green ma-

nu r ing as a main crop 
3. c rop rotat ion with root manure of 

lupine as a main c rop 
4. c rop rotation with ploughing-in raw 

s t r aw 
5. c rop rotation with s t raw manure 

f e rmen ted by Pétisó* and chemical 
ferti l izer application 

6. c rop rotat ion with s t raw manure fer-
mented by water and chemical fer-
tilizer application 

7. c rop rotat ion wi th s t raw manure 
f e rmen ted by water 

8. c rop rotation with roo t and stubble 
green manuring 

9. crop rotation with fodder growing 
10. c rop rotation with double fodder 

growing 
11. c rop rotat ion with f a r m y a r d manure 

and chemical ferti l izer application 
12. c rop rotat ion wi th fodder growing 

a n d green manuring 
13. c rop rotat ion with spr ing ploughing-

in of stubble green manure remains 
14. c rop rota t ion with a u t u m n ploughing-

in of stubble green manure . 
15. c rop rotat ion with spr ing ploughing-in 

of s tubble green m a n u r e (remain). 

Of t he results in crop ro ta t ions for the 
amel iorat ion of sands it appea r s t ha t on the 
sterile sand of the Nyírség region green ma-
nuring and even stubble green manuring has 
an ex t r ao rd ina ry significance. According to 
the resul ts f a r m y a r d manure is not superior 
to green manur ing . 

Chapter Nine supplies a summary of 
rentabi l i ty da t a of the 15 crop rotat ions. 
All calculat ions unequivocal ly verify t h a t 
the most inexpensive organic manure on 

sand is the green manure crop if i t s yield 
is, in the average of several years medium 
at least. During the period f rom 1931 to 1960 
the net income supplied by the crop rota-
tions with green manure was t he highest. 
Every year dur ing three decades t he highest 
rye crops were ob ta ined after green manure 
as a main crop while the green m a n u r e s grown 
in stubble exercised the best inf luence on 
pota to crops. 

Chapter Ten deals with the practical 
problems of sand amelioration based on 
mixed organic m a n u r e appl icat ion. Lupine 
species grown in the Nyírség region, their 
requirements, significance and value in 
growing are discussed. 

Finally, the resul ts of green manuring 
experiments conduc ted with sunf lower are 
summarized and the conclusion d rawn that 
in the foreseeable fu tu re the Ny í r ség region 
cannot do w i thou t lupine as green manure . 

T h e b o o k o f D r . V I L M O S W E S T S I K a f f o r d s 

f i r s t of all inva luable help to those farming 
on sand. In the second place the discussion 
of the oldest long- te rm exper imen t s with 
c rop rotation sys t em in this c o u n t r y may 
r ight ly reckon on general interest . 

The book has been published on excellent 
paper and b r o u g h t ou t a t t rac t ive ly under the 
auspices of the Publ i sh ing House of the Hun-
garian Academy of Sciences. 

Á . K O L T A Y 

G. L Á N G : Növénytermesztés (Crop Produc-
tion). Fif th revised edition. Mezőgazdasági 
Kiadó, 1965. Budapes t . 

The work of G. Láng, member of the 
Hungarian A c a d e m y of Sciences, can look 
back on a very ra re career since i t has been 
published within a comparat ively short time, 
in the f i f th revised edition this year ; the 
f i r s t edition was in 1952. This is partly 
explained by the author himself stating 
in the preface to the book: " I h a v e made 
an effort to wr i te a book t h a t includes 
all important agr icul tural p lants and th» 

* Calcium ca rbona te -ammonium n i t r a t e fertilizer produced in Hungary 
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l a t e s t experience g a i n e d and m e t h o d s used 
in large-scale ag r i cu l tu re , so as n o t only 
special is ts of p r ac t i c a l agriculture can use 
i t w i t h good success b u t also college s tu-
d e n t s for a gu idance in their e d u c a t i o n . " 
T h u s the book is in tended by t he a u t h o r 
f o r a double use : as a manua l of prac-
t i ca l specialists w h o w a n t to b rush u p and 
c o m p l e t e their knowledge and a t t h e same 
t i m e as a guide t o w a r d s gett ing a c q u a i n t e d 
w i t h this wide b r a n c h of knowledge . 
T h e book is a f o r t u n a t e and m a s t e r l y com-
p i l a t i o n indeed because s tudents c a n f ind 
in i t the principles of our science and 
t h e practical exper t w h o wants to i m p r o v e 
h i s knowledge e n c o u n t e r s new proceed ings 
a n d methods whe reve r new chap te r s of this 
m a n y - t h o u s a n d - y e a r old practical science 
m a y open. 

T h e book comprehend ing 420 pages, 
d e a l s with crop p r o d u c t i o n " in de ta i l o n l y " 
a n d extends to soil cu l t iva t ion only so f a r as 
i t is made necessary b y the special r equ i re -
m e n t s of plants in question. It is r a t h e r 
character is t ic of t h e compact and e a s y f low-
ing style taking a lways in cons ide ra t ion 
t h e ut i l i ty in p r ac t i c a l fa rming t h a t this 
v e r y widely b r a n c h i n g mater ia l is g iven in 
s u c h a limited shape a n d still e m b r a c i n g the 
w h o l e essence of t h e scope of t h e m e s . 

As an in t roduc t ion the book discusses 
o n pages 7 —14 the m a i n periods in t h e his-
t o r y of plant p roduc t i on and the t a s k s for 
t h e fu tu re . 

Subsequent ly , t he au thor deals w i t h the 
v a r i o u s factors t h a t determine t he no t ion 
of good seed and w i t h the var ious m e t h o d s 
of seed preparat ion (Chapter 2, p a g e s 15 — 
31). 

I n Chapter 3 w h i c h closes the p a r t on 
b a s i c concepts of p l a n t product ion, t h e gen-
e r a l notion of seed ing , the diverse modes 
of seeding and t he up- to -da te m e t h o d s of 
s eed calculation are exposed, comple t i ng the 
conc ise summary of t he many-s ided sc icn t i f ic 
r e s u l t s with some me thods t h a t h a v e 
p r o v e d good in p r ac t i c e (pages 32 — 42). 

Chapter 4 — pages 43 — 138 — is d e v o t e d 
to t h e growing of cerea ls with special r ega rd 
to l a t e s t results o b t a i n e d in H u n g a r y and 

abroad concerning whea t a n d maize. Thus , 
ample space is reserved to the reasonable 
appl ica t ion of weed con t ro l , to a modern 
view on the appl icat ion of chemical fertiliz-
ers, t he large-scale p roduc t i on of hybr id 
maize seed , product ion of maize with irri-
ga t ion; a n d generally to t hose modern meth -
ods a n d proceedings wh ich in these las t 
years h a v e been used in up- to-date large-
scale agr icu l tu ra l crop produc t ion . 

In Chap te r s 5, 6, 7 a n d 8 on nearly 100 
pages (139 — 245) the fol lowing groups of 
p lants a re dealt wi th : l egumes , roots and 
bulbs, oil crops, f ibre c rops . Subsequent ly , 
Chapter 9 (246 — 317 pp ) discusses the grow-
ing a n d uti l ization of species. In these 
chapte rs t he product ion of legumes as main 
protein bas i s in fodder p roduc t ion of H u n -
gary shou ld have been w o r t h y of a more 
detailed t r e a t m e n t since in the post-war 
direction of crop p roduc t ion j u s t , when large-
scale f a r m i n g was be ing developed, t h i s 
group of p l an t s was s o m e w h a t over-shadowed 
and n o b o d y could be m o r e qualified t han 
the a u t h o r as to help th i s g roup of plants to 
get hack aga in its due place in the agricultur-
al p roduc t ion . 

A v e r y valuable pa r t of the book is Chap-
ter 10 on " R a w f o d d e r " (pp . 318 — 394) where 
under t h e subti t le " P e r e n n i a l papilionace-
ous p l a n t s " the growing of lucerne, var ious 
clovers, sainfoin and b i r d ' s foot trefoil is 
dealt w i th . A separate s u b c h a p t e r is devoted 
to the p roduc t ion of ley a n d especially to 
herbage grasses, to the composi t ion of sui t -
able seed mixtures a n d f ina l ly to the seed 
p roduc t ion of perennial herbage grasses, 
the m e t h o d s of which r equ i r e so much spe-
cial knowledge . In the s a m e chapter the sub-
division on "Growing of t w o year and annua l 
papi l ionaceous raw c r o p s " includes the basic 
knowledge of the growing of melilots, k id-
ney-ve tch , crimson c lover , Rerseem a n d 
seradella. I t is to be r e g r e t t e d tha t the sub-
chapter on "Growing of fodde r mix tu r e s " 
(pp. 374 — 377) s imilarly t o the Legumes 
has no t ob ta ined as m u c h space as it deserves 
in our n e w product ion s y s t e m , if only to 
a t t r a c t increased a t t e n t i o n ; a t the same t ime 
it can he s t a t ed that the ma te r i a l essentially 
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does include the basic knowledge of their 
growing and points ou t their impor t ance 
wi th stress. Finally, to complete the chap te r 
on " R a w fodder" unde r the title of " A n n u a l 
non-papil ionaceous raw forages" the va r ious 
silo and green maizes, green sunflower, var-
ious fodder sorghums, Hungarian millet , 
chumiz , white m u s t a r d , millet, etc. are dis-
cussed as to methods of production and resul t s 
of new studies. 

In Chapter 11 (pp. 3 9 5 - 3 9 6 ) the me th -
ods of the use of second crops are br ief ly 
described. 

On pages 397 — 398 a scheme of green 
conveyor belt is explained. 

Final ly , in the concluding pa r t of the 
hook (Chapter 12, pp . 402 — 413) a v e r y im-
p o r t a n t par t of raw fodder product ion the 
var ious methods of " H a y m a k i n g " a n d the 
ra t iona l storage of h a y is discussed. 

Discussion of me thods of cul t ivat ion of 
var ious plant varieties is happily comple ted 
b y the description and character izat ion 
of variet ies tha t have proved to be usefu l 
in home production, wi th indication of the 
regions of growing. Similarly useful is the 
discussion of diseases occurring, to a grea te r 
or lesser degree in the production of several 
g roups of plants or variet ies in Hungary and 
of t he modern me thods and means of their 
control . 

A very valuable p a r t of the book is the 
general characterization preceding the chap-
ters or discussions on p lan t groups because 
these par t s not only supply a comprehensive 
character izat ion of the plant groups dea l t 
wi th b u t also a biological evaluation and 
basis to the solution b y techniques of pro-
duc t ion . 

This is a completely new and successful 
character is t ic of the book as compared wi th 
Hunga r i an works of similar kind because in 
up - to -da t e crop product ion , in the age of 
m o d e r n mechanization and chemization the 
knowledge of soil and p lan t biology, of the i r 
connect ion and the biological view ex tend ing 
to the mechanism of the whole p roduc t ion 
are still more a basic requirement of th is 
science than they ever have been before . 

Therefore this new endeavour deserves spe-
cial es teem. 

The book has been publ ished with much 
care in t a s t e fu l get-up by the Publishing House 
of Agricultural Books and Periodicals, Buda-
pest. 

J . B A J A I 

Symposium in the Bulgarian People's Re-
public on Maize Breeding and Maize Growing 

The Maize Breeding and Growing Sym-
posium organized by the Bulgarian Agr. 
Sei. Academy and by the Ministry was held 
in Russe, on the 1—4 days of September. 
1965; f r o m 15 countries (Austr ia , Bulgaria. 
France, Czechoslovakia, Israel , Yugoslavia. 
Poland, Hunga ry , Rouman ia , I taly, the 
German Democrat ic Republ ic , the German 
Federal Republ ic , Turkey, t he Soviet Union, 
the USA) nearly 100 exper t s took part . The 
symposium was followed by a three-day 
study excursion in the f r a m e of which the 
par takers had the oppor tun i ty to visit re-
search ins t i tu tes , s tate f a r m s and co-opera-
tives. The program of the symposium in-
cluded also a valuable display of books on 
maize and on agriculture in general. 

Nearly 60 lectures were held, being deliv-
ered in brief exposés. P a r t of the lectures 
submit ted general outlines on maize research 
while o thers analysed the methods and re-
sults of posit ive breeding and growing experi-
ments. The lectures of the symposium held 
in one section might be grouped according 
to the following subjects: 

1. General problems of maize breeding and 
growing. 

a) The s i tuat ion and the tasks of maize 
breeding and growing in Austria, 
Bulgar ia , Czechoslovakia, France and 
the Soviet Union. 

b) The importance of collecting, grading, 
eva lua t ing and main ta in ing regional 
variet ies in hybrid-corn breeding. 

c) Certain problems concerning the soil 
cul t ivat ion, fertilizing, irrigation and 
chemical weed-control of maize. 
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2. The breed ing and seed-product ion of maize. 
a ) T h e cold-resistance a n d the d rought -

res is tance of maize. 
b) S tud ie s concerning the effect of g a m m a 

i r rad ia t ion of var ious doses, on inbred 
lines for producing muta t ions . 

c) T h e var iabi l i ty of cer ta in proper t ies 
w i t h inbred lines a n d the s t udy of 
n e w methods regard ing combining 
abi l i ty . 

d) Ut i l i za t ion of single crosses in t he 
p roduc t ion for the m a r k e t . 

e) Comparison of the p roduc t iv i ty of 
h y b r i d s produced f r o m F t , F2 , F 3 

single crossed pa r tne r s . 
f ) T h e importance of producing syn-

t h e t i c varieties in maize breeding. 
3. E x a m i n a t i o n of cer ta in maize diseases. 

a) R e c e n t results in t he research work 
connec ted with t he Helmin thospo-
r i u m and the corn-borer . 

b) Some bacterial and viral diseases of 
maize. 

c) T h e description of the reddening of 
maize and the d a m a g e caused b y i t . 

The lec tures were comple ted by surveys 
in nu r se ry gardens as well as by in fo rmal 
meet ings which provided good oppor tun i t i es 
for sc ient i f ic discussions, exchange of op-
Í nions a n d for the be t t e r unde r s t and ing of 
p rob lems in certain breeding methods . D u e 
to the i r new t rend, the fol lowing problems 
have called the a t t en t ion of the expe r t s : 

a ) The feas ibi l i ty of producing m u t a t i o n s 
with old inbred lines b y applying 
gamma i r rad ia t ion of smal ler doses. 

b) S tudy ing cer ta in proper t ies in the 
popula t ions of inbred lines hav ing been 
inbred for long t ime, especial ly those 
referring to the var iabi l i ty of combin-
ing ab i l i ty and to re la t ionsh ips in 
heredi ty . 

c) Method to produce s y n t h e t i c varie-
ties f r o m I[ inbred lines 

d) Recent d a t a also prove t h a t the most 
valuable double crosses can be pro-
duced f r o m the F, of single crosses 
(not f r o m F2 or F3). 

e) The r edden ing of maize t he damage 
of which has been observed not only 
in Yugoslavia but also in Roumania 
and Bulgar ia . 

f ) Recent resu l t s obta ined in the soil-
cu l t iva t ion , fer t i l izat ion, irrigation 
and chemical weed-control of maize. 

The sympos ia : in Be rnburg (1961), in 
Martonvásár (1963) and in Russe (1965) 
are each a new s tage of maize-breeding, seed-
producing a n d agrotechnical researches. 
In general, it can be establ ished t h a t on the 
occasion of the Russe sympos ium, too, the 
researchers r epor t ed very va luab le results 
and experiences which will r ende r fur -
ther assistance in producing h y b r i d s with 
even higher yielding abil i ty t h a n hi therto, 
and in e labora t ing new growing methods. 

I . K O V Á C S 
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