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Pathogenicity of Choanephora cucurbitarum on Chilli 
(Capsicum annuum) and Possibility of Its Chemical Control

By

*M d . Bahadur  M eah and M. A. W a d u d  M ian

The Royal Veterinary and Agricultural University, Dept, of Plant Pathology, Thorvaldsensvej 
40, 1871 Copenhagen V, Denmark and Bangladesh Agricultural University, Mymensingh

Choanephora cucurbitarum was isolated from different diseased parts of chilli 
plants (Capsicum annuum L.), collected from blight affected crops. Reactions of Balij- 
huri chilli, a local cultivar of Capsicum annuum, to C. cucurbitarum were determined 
following inoculation of seeds, seedlings, mature plants and detached plant parts. The 
fungus did not affect seed germination, nor did it cause any pre- and post-emergence 
diseases. No evidence of seed transmission of the fungus was found. Inoculation of in
jured leaves, side shoots and fruits of nine week old plants resulted in infection. How
ever, inoculation of injured stems did not cause infection. Die-back and fruit-rot 
symptoms observed following artificial inoculation in the glasshouse, were similar to 
the symptoms observed in the field.

Five fungicides (Copper oxychloride, Dithane M-45, Plantvax, Vitavax 200 
and Brassicol) with four concentration levels (1000, 2000, 2500 and 5000 ppm) were 
assayed for their inhibitory effect on the growth of C. cucurbitarum. Copper oxychlo
ride, Dithane M-45 and Plantvax proved ineffective. Five thousand ppm of Vitavax 
completely inhibited fungal growth and Brassicol arrested growth at 1000 ppm.

Chillies (Capsicum spp.) are reported to be attacked by Choanephora cucur
bitarum at all stages of growth (T alukdar , 1968). The fungus is reported to cause 
blossom blight of peppers (W eber, 1932), die-back (D astur, 1922), wet rot 
(S inha , 1940) and a soft-rot of the stems or side shoots of chilli plants (Taluk dar ,
1968). Low temperature and high humidity greatly favour the asexual reproduc
tion of the fungus (Barnett and L illy, 1955) and thereby an increase in disease 
severity. Such ideal weather conditions occasionally occur in Bangladesh during 
October through March when chilli is cultivated. The only report to date of the 
occurrence of C. cucurbitarum in Bangladesh is that of T alukdar (1974). In 
November, 1976 an epiphytotic was reported in the districts of Mymensingh and 
Bogra. The present work was designed to investigate: i) the disease on Balijhuri, 
a cultivar of chilli widely grown in Bangladesh, following inoculation with C. 
cucurbitarum and ii) evaluate in the laboratory, the efficacies of five fungicides in 
inhibiting the growth of the pathogen, C. cucurbitarum. *

* This paper is based on the senior author’s M. Sc. Ag. thesis, submitted to the Dept, 
of Plant Pathology, Bangladesh Agricultural University, Mymensingh, Bangladesh.
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2 Meah, Mian: Choanephora cucurbitarum

Materials and Methods

Isolation of the pathogen was done by employing the tissue-plating method 
both on PDA (Potato Dextrose Agar) and in moist chambers. After single spore 
transfer to PDA, the fungus was identified as Choanephora cucurbitarum (Berk, 
and Rav.) Thaxt. (F itzpatrick , 1930: Barnett, 1960).

Inoculation of chilli cv. Balijhuri with C. cucurbitarum

Ripe chilli fruits were collected from growers in Marichar Char, Churkhai, 
and Boyra in the district of Mymensingh. Seed viability was tested using the 
standard blotter technique (Ista , 1966) as well as by sowing seeds in pots contain
ing sterile soil. Germination in the blotter and soil tests was 96% and 85%, re
spectively.

The capacity of the fungus to cause: 1. Seed-rot, pre- and post-emergence 
mortality of seedlings; 2. collar rot and 3. symptoms on stems, leaves, flowers 
and fruits was investigated:

1. Seed-rot, pre- and post-emergence mortality of seedlings was tested by 
both the blotter and pot-soil inoculation methods. Blotter technique: freshly 
extracted seeds of the test cultivar were plated on moist blotter previously dipped 
in a fungal suspension for one three different periods of time. Pot-soil method: 
a 5-day-old oat culture of the fungus was mixed with the top two inches of soil 
of individual pots at the rate of 0.5% by weight.

2. Collar rot: one week old seedlings were inoculated at the collar region 
with a 5-day-old oat culture of the fungus.

3. Three hundred and twenty four detached plant parts (72 pieces of cut 
stems, leaves, flowers and fruits each and 36 pieces of growing tips) from nine 
week old plants were placed into 108 moist chambers. Fifty per cent of each 
category was autoclaved (121 °C, 15 p.s.i. and 20 minutes) before inoculation. 
Inoculation was made with and without injury.

Ability of the fungus to cause infection of the aerial parts of whole potted 
plants was tested by inoculating different sites such as leaves, side shoots, flowers, 
fruits and stems at different plant ages (2, 4, and 9 weeks).

In all the above cases, inocula in the form of 5 m m 0  mycelial blocks were 
prepared from 5-day-old PDA cultures of the fungus. Fungal suspensions were 
prepared in a Waring blender at 1500 rpm for 5 minutes. Following inoculation, 
both inoculated and non-inoculated plants were incubated under humid conditions 
for 24 hours by keeping them covered with polyethylene bags.

Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981



Meah, Mian: Choanephora cucurbit arum 3

Laboratory assay o f fungicides

Inhibition of mycelial growth of C. cucurbitarum was tested by five fungi
cides (Table 1). The concentrations used were 1000, 2000, 2500 and 5000 ppm. 
Both acidified (2 drops of 50% lactic acid per ml) and non-acidified PDA medium 
was used. Mycelial blocks (5 mm 0 )  from 5-day-old PDA culture of the fungus,

Table 1

Specification of the fungicides

Percentage
Commercial name Chemical name G roup of active 

ingredient

Copper oxychloride Copper oxychloride Copper fungicides 50
Dithane M-45 Manganous ethylene bis dithio- 

carbamate +  Zinc ions
Dithiocarbamate 80

Plantvax 2,3-dihydro-S-carboxanilide-6- 
methyl-l,4-oxanthiin-4,4-dioxide

Oxanthiin 75 W. P.

Vitavax 200 5,6-dihydro-2-methy 1-1,4- 
oxanthiin-3-carboxanilide

Oxanthiin 75 W. P.

Brassicol 75 % Pentachloronitrobenzene Benzene com
pounds

75

soaked completely with chemical were placed at the centre of the plates. Linear 
measurements of the growing colonies were taken at 24 hrs intervals. This assay 
was repeated twice.

Results

Reaction of chilli cv. Balijhuri to C. cucurbitarum

On moist blotter and in infested pot soil, there was no difference between 
treated and untreated regarding seed germination (Table 2) indicating that the 
fungus affected neither seed viability nor seed germination. Inoculation of one- 
week-old seedlings at the collar region did not result in any disease development.

The autoclaved plant parts failed to support fungal growth. Inoculation 
of the unautoclaved surface sterilized detached and injured plant parts resulted 
in infection, but uninjured plant parts were, with a single exception, not infected 
( Table 3). Fig. 1 shows infected fruits following inoculation after injury. The results 
of this experiment indicate that the ability of plant parts to support growth of 
C. cucurbitarum is lost in course of heating in the autoclave. Failure of infection 
in the uninjured plant parts indicates that infection mainly takes place through 
wounds.

l* Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981



4 Meah, Mian : Choanephora cucurbitarum

Table 2

Effect of Choanephora cucurbitarum on germination of chilli seeds

B lo tte r test Mean percentage o f germ ination

Intervals (hours) Inoculated Control

1
i6 81.2 88.0
20 94.4 92.0
24 89.2 84.0

Inoculum mixed in soil
Laboratory 71.2 73.4
Glasshouse 80.0 85.0

Table 3

Incidence of infection on unautoclaved and surface sterilized detached plant parts inoculated
with Choanephora cucurbitarum

Place and mode o f inoculation
N um ber o f inoculations N um ber o f infection

A. Real B. Control A. B.

Stem pieces
Cut ends 15 3 15 0
Middle part injured 6 3 6 0
Middle part uninjured 6 3 1 0

Leaves
Cut end of petiole 15 3 15 0

Lamina injured 6 3 6 0
Lamina uninjured 6 3 0 0

Growing Tips: Cut ends 15 3 15 0

Flowers
Cut end of pedicel 15 3 15 0

Thallamus 15 3 15 0

Fruits
Cut end of peduncle 15 3 12 0

Middle part injured 6 3 6 0

Middle part uninjured 6 3 0 0

Results of the inoculation of various parts of whole plants at different plant 
ages (Table 4) indicate that mature plants at the fruiting stage are much more 
susceptible than younger plants. In the case of nine-week-old plants, discolouration 
of inoculation sites on leaves, side shoots and fruits were observed. These then 
withered and later fell off. Symptoms developed faster on leaves and side shoots 
than on fruits. In the case of side shoots, infection started with an elongated

Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981
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a b
Fig. 1. Reaction of detached chilli fruits to Choanephora cucurbitarum. a. control, b. infected

fruits showing lesion

brownish lesion around the point of inoculation. The lesion then extended in an 
upward and downward direction causing the shoots to blight. Sterns did not 
become infected. Fungal growth, showing silvery white sporangiophores bearing 
sporangial heads was observed on the infected plant parts.

Re-isolation of the fungus from different infected plant parts confirmed 
the pathogenicity of C. cucurbitarum.

Table 4

Incidence of infection following artificial inoculation of chilli plants with Choanephora
cucurbitarum

Age of 
plant 

(week)
Place and mode o f inoculation

No. of 
inoculation

No. o f 
infection M ethod o f inoculation ]

2 Growing tips uninjured 40 0 Mycelial block
Control 20 0 Agar block

4 Growing tips injured 100 0 Mycelial block
Leaves injured 100 27 Mycelial block
Stem injured 33 0 Mycelial block
Control 50 0 Agar block
Whole plant uninjured 33 0 Suspension
Control 11 0 Water

9 Leaves injured 60 60 Mycelial block
Point of branching injured 30 30 Mycelial block
Fruits injured 35 35 Mycelial block
Shoots injured 20 20 Mycelial block
Stem injured 6 0 Mycelial block
Control 75 0 Agar block
Whole plant injured 24 24 Suspension
Control 6 0 Water

Acta Phytopathologica Academiae Scient iarum Hangaricae 16, 1981



6 Meah, Mian: Choanephora cucurbitarum

Discussion
It is the opinion of the chilli growers that crops planted during late October 

or early November are rarely attacked by the disease. The results of this study are 
in agreement with the findings of Dastur (1922) who observed that the severity 
of die-back in chilli, caused by C. cucurbitarum, was less when the crop was trans
planted late.

The weather data were collected for the day of the first report of the disease. 
They show that during the later part of the day, and early part of the night, the 
prevailing temperature was high. There was a sudden fall in the temperature 
late night accompanied by high humidity and dense fog. These conditions are 
ideal for abundant sporulation of C. cucurbitarum (Barnett and Lilly, 1955); 
increasing the inoculum of the fungus tremendously. Vestal’s (1946) findings 
support this view. He reported from India on the abundant occurrence of C. cucur
bitarum on chilli under low temperature and high humidity conditions.

Minute insect injury was observed at the base of young side shoots of infected 
plants in the field. The insects were not found on the infected plants during day 
time. It is presumed that such insect injury is necessary for subsequent fungal 
infection. In the present investigation, pin-prick injuries were necessary for infec
tion. Results obtained by Ferry and Cuthbert (1973), working on the incidence 
of pod rot of cowpea by C. cucurbitarum, are in close agreement with the observa
tion of the author. According to them, insect damage provided points of entry 
for the fungus.

The result of the seed-inoculation experiments indicate that the fungus is 
not seed-borne. No information in the literature was found concerning seed- 
transmission of C. cucurbitarum.

The fungus is a facultative parasite and is able to survive on debris in the 
soil (S ingh , 1937). However, in the present study the fungus failed to grow on 
inoculated, autoclaved plant parts. The author can find no explanation of the 
failure of the fungus to grow on plant parts killed by heating in the autoclave.

Laboratory assay of fungicides

In preliminary tests, Copper oxychloride, Dithane M-45 and Plantvax proved 
ineffective in inhibiting fungal growth. Brassicol completely inhibited growth at 
all concentrations and Vitavax partly inhibited fungal growth.

The results of further tests with Vitavax 200 and Brassicol are given in 
Table 5. Vitavax 200 used at low concentration, was fungistatic, while at 5000 ppm 
it was fungicidal. Brassicol proved to be fungicidal even at a concentration of 
1000 ppm. Vitavax and Brassicol are common seed-treatment fungicides against 
diseases such as loose smut and bunt of wheat (B abayan, A. et ai, 1977) and leaf 
stripe of barley (Efremova, 1977) etc. While Vitavax as a foliar spray restricts 
the growth of Alternaria alternata on chilli (C risan , 1977), the usefulness of Vita
vax and Brassicol in the control of Choanephora-blight of chilli under field con
ditions, has yet to be investigated.

Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981
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Table 5

Effect of Vitavax 200 and Brassicol on the growth of C. cucurbitarum on PDA

Fungicide
concentration

(ppm)

Linear grow th measured a t 24 hrs intervals (cm)

Vitavax 200 Brassicol

24 hrs 48 hrs 72 hrs 96 hrs 24 hrs 48 hrs 72 hrs 96 hrs

0 2.2 4.0 6.1 7.2 2.2 4.0 U «
1000 0.4 3.9 6.4 7.7 0.0 0.0 0.5 1.0
2000 0.2 3.0 5.5 7.0 0.0 0.0 0.0 0.0
2500 0.0 1.2 3.5 5.8 0.0 0.0 0.0 0.0
5000 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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Control o f Fusarium Wilt of Tomato with an Integrated 
Nitrate-Lime-Fungicide Regime

By

A. R. T. Sarhan1 and Z. K irály2

' Department of Biology, University of Sulaimaniyah, Sulaimaniyah, IRAQ 
2 Research Institute for Plant Protection, H-1525 Budapest, P. O. Box 102, Hungary

Nitrate-nitrogen drenched on potted tomatoes grown on a high lime, benomy! 
regime, provided complete control of the symptoms of Fusarium wilt (Fusarium oxy- 
sporum f. sp. lycopersici) on the susceptible cultivar Primset by simultaneously using 
the following practices: (1) supplying nitrogen in the nitrate form at the rate of 420 
ppm; (2) liming the soil to the range of pH 7.6 with Ca(OH)2; and (3) drenching the 
roots with benomyl at a concentration of 300 mg/liter. The integrated application of 
nitrate, high lime, and fungicide appears to be the first report on the complete control 
of the symptoms of Fusarium wilt of tomato. Benomyl, lime and nitrate each contri
butes to partial disease control but only by using an integrated approach one can check 
the wilt symptoms almost perfectly.

Certain chemicals and nutritional factors reduce the development of Fusa
rium wilt in the host (A lbert, 1946; G ould and M iller, 1970; Jones and O ver
man, 1971; and W oltz and Engelhard, 1973). Jones and Woltz (1968) have 
demonstrated the control of Fusarium wilt (race 2) of tomato by liming the soil, 
Woltz and Engelhard (1973) had the same result with Chrysanthemum.

Nitrate nitrogen supply reduced the development of Fusarium wilt in tomato 
according to H uber and Watson (1974), and H uber (1980), and in cotton accord
ing to A lbert (1946). However, the severity of Fusarium wilt in other host plants, 
such as cabbage and watermelon, was increased by supplying nitrate nitrogen 
(H uber, 1980). Biehn and D imond (1970) and A tkinson  and A damson (1977) 
reduced the symptoms of fusarial wilt of tomato with benomyl, and T hanassou- 
lopoulos et ai (1970) had the same result with watermelon and tomato. Accord
ing to the literature, no nutritional or fungicidal treatments, or combinations, 
have provided complete control of the symptoms of Fusarium wilt of tomato.

The aim of this research was to determine the ability of obtaining complete 
control of Fusarium oxysporum f. sp. lycopersici (Sacc.) Snyd. and Hans, race 1 of 
tomato in an integrated system in which the partially effective factors of a fungi
cidal chemical, lime and nitrate nitrogen were combined.

A da Phytopathologica Academiae Scientiarum Hungarian’, Vol. 16 (1 — 2), pp. 9—14 (1981)
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Materials and Methods

Greenhouse experiments

A wilt susceptible cultivar of tomato, Primset, was used. Seeds were sown 
into soil, two weeks later, seedlings were transplanted to a limed soil: sand mix. 
(3 : 1) in 10 cm pots. Plants, four-week-old, were inoculated by up-rooting them, 
dipping the roots in inoculum, and repotting the plants. The inoculum was a 
suspension of a pathogenic strain of Fusarium oxysporum f. sp. lycopersici. The 
pathogen was grown on PDA at 28 °C. The treatments were replicated three times 
with four plants per replication. Dry Ca(OH)2 at 2 g/kg of soil was thoroughly 
incorporated in the soil and allowed to equilibrate for one week prior to potting. 
Fungicide was evaluated in a high-lime, NOa-nitrogen regime. The fungicide 
benomyl, in the form of Chinoin-Fundazol 50 WP, was used at the rate of 300 
ppm. Pots were drenched with fungicide, one day before inoculation, at the rate 
of 60 ml/pot. Potted tomato plants were fertilized with Hogland’s solution, accord
ing to our previous experiences (Sarhan  and K irály, 1981), twice weekly with 
40 ml/pot of nutrient solution at rate of 420 ppm nitrogen in nitrate form, plus 
micronutrients.

The severity of disease was assessed after four weeks from inoculation, 
using the leaf index and the vascular index. The stems were cut and examined for 
vascular browning after the fourth week. The leaf grade was determined by rating 
each leaf for severity of symptoms on a 0 —100 scale according to E dgington 
and W alker (1958).

The pH of the soil was determined at planting time and at the end of the 
experiments. The soil samples for determination of pH were prepared with 50-50 
(v/v) soil-deionized water which had equilibrated one hour. The initial pH of the 
soil before liming was 6.4 and after liming was 7.6.

Field lest

A small area 3 x 10 m plowed to 20 — 25 cm deep, was used. The field was 
divided into three plots: control (untreated and uninfected), untreated but infected 
and infected and treated with and integrated nitrate-lime-fungicide regime. Tomato 
seedlings, 14-day-old, were transplanted into each plot. In the plot, treated with 
integrated systems soil was amended with dry Ca(OH)2 at 0.5 kg/m2, in the order 
to establish soil with high pH value. The dry Ca(OH)2 was spread over the soil 
surface and immediately incorporated with a spade to a depth of 15 cm and 
allowed to equilibrate for one week prior planting. The soil moisture was then 
increased to approximately field capacity to facilitate the lime reaction and the 
concomitant pH change. Using the method described by G abal (1980), nitrogen 
was added at level of 20 mgN/100 gm soil (or 20 gm N/m2), in the nitrate form, 
Ca(N03), and K N 03, before the plot was set with tomato seedlings. The systemic

Acta Phytopathologica Acadetniae Scientiarum Hungaricae 16, 1981



Sarhan, Király: Control o f  Fusarium wilt II

fungicide benomyl (Chinoin-Fundazol 50 WP) was applied to the soil as drenched 
2 gm/m2 of active ingradient, the fungicide was supplied one day before inoculation.

Each experimental plot consisted of four 3 meter rows with each row con
taining 10 plants which were set in the plots at May 8. In both the treated and 
untreated plots plants were inoculated 2 weeks after transplanting into plots. The 
roots of the plants were injured twice just prior to inoculation by using a small 
spade under soil level and about 10 cm deep on the opposite side of the plant. 
The conidial-mycelial suspension was poured into the slits, in the soil around 
each plant. The suspension was prepared from 10 days old shake culture grown 
at 28 °C according to W oltz and Jones (1968).

The incidence of Fusarium wilt was estimated two times through the experi
ment (16 August and 28 Sept.) by examining the plants for wilt symptoms. Inter
nal vascular browning was detected by making a longitudinal section in the stems 
and measuring the discoloration. Also the tomato fruits were collected from each 
plant and weighted. Soil pH determinations were made as mentioned above.

Results
Greenhouse tests

The application of NOs-nitrogen, hydrated lime, and benomyl decreased 
the rate of development and incidence of Fusarium wilt caused by race 1. The most 
significant result of this investigation was the demonstration that high N 0 3- 
nitrogen supplied to potted plants grown under the high lime, benomy 1-fungicide 
regime produced healthy plants which were completely free of leaf and stem 
symptoms of Fusarium wilt (Table 1 and Fig. 1) as compared to the untreated 
infected plants. Comparing the percentage of the vascular discoloration and the

Table I

Effect of N 0 3-nitrogen, benomyl fungicide, and lime on Fusarium wilt development in tomato

Treatments Fusarium wilt® 
index

Vascular
discoloration0

in per cent

Control (H ,0) 77.5 90.5
Nitrate +  benomyl 2.5 11.9
Nitrate +  lime 12.5 23.3
Benomyl +  lime 8.5 20.5
Nitrate +  benomyl +  lime 0 0
LSD0.05 4.5 6.9

aWilt index on 0— 100 scale where 0 =  no disease and 100 =  dead plant. 
bThe percentage of browning means the ratio of the length of stem with vascular dis

coloration to the whole stem length.
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Fig. 1. Fusarial wilt symptoms of tomato plant as affected by N 0 3-nitrogen, lime and benomyl 
regime. A : untreated infected plant shows the wilt symptoms. В : infected plant with integrated

control shows no wilt symptoms

wilt index between the treatments (Table 1) demonstrated a good reduction in 
disease development by the use of high N 0 3-nitrogen fertilization and benomyl 
as compared to the high NO:i-fertilization and high lime. Similar comparison 
between the plants grown under high lime and benomyl supply demonstrated 
the additional wilt control provided by the fungicide. The initial pH of the soil 
in the high lime treatments was 7.6 and at the end of the experiments was 7.9 
whereas the unlimed treatments were 6.4 and 6.6 initially and at the end, re
spectively.

The additive effects of N 0 3-nitrogen, benomyl, and the altered soil pH were 
evident because all plants in the four replications were free of symptoms of wilt 
only if they received a disease control with integrated systems.

Field test

The field experiment was carried out in order to apply integrated control 
measures under practical circumstances. With an integrated NOa-nitrogen, lime, 
and benomyl regime, basically the same result was obtained in the field experiment 
(Table 2) as in the greenhouse. Inoculated plants in the plot with integrated systems
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Table 2

Incidence of Fusarium wilt, vascular browning, and the yield of tomatoes as affected by 
integrated N 0 3-nitrogen, lime, and benomyl regime in the field

Treatments

16 August 28 September

Mean
vascular

browning
cm

Mean
fruit weight 

kg/plant

Mean
vascular

browning
cm

Mean
fruit weight 

kg/plant

Control 0 0.240 0 0.356
Untreated-infected 11.60 0.163 25.2 0.240
Treated-infected 0 0.398 0 0.581

(integrated systems)
LSD0-05 1.45 0.040 3.13 0.080

were free of wilt symptoms as compared to the plants in the untreated plot checked 
twice during the season.

The average weights of the fruits of tomato increased significantly as com
pared to the untreated and to the control plots. The initial pH of the unlimed 
soil was 6.2 and the limed soil was 7.4. At the end of the experiment pH values 
were 6.5 and 7.6, respectively.

Discussion
Complete control of symptoms of Fusarium wilt of tomato was accomplished 

by simultaneously using factors or conditions which, separately, each provide a 
significant reduction in disease symptoms. Our previous results (Sarh an , Barna 
and K irály, 1980; and S arhan , 1980) demonstrated that Fusarium wilt of tomato, 
supplied with N 03-nitrogen or grown in limed soil, can be significantly decreased. 
These results agree with those of Engelhard and Woltz (1973) on chrysanthe
mums. The effect of NOs-nitrogen nutrition, lime, and benomyl in the present 
experiment was shown to be additive and resulted in controlling Fusarium wilt of 
tomato. Others (Jones and O verman, 1971) have reported that Fusarium wilt of 
tomato was reduced by raising the soil pH plus fumigation. The nitrification 
increased as the soil pH was increased. In contrast, acidic soil, high nitrogen, warm, 
and moist weather were favourable for development of Fusarium wilt of safflower 
(C hakrabarti and Basuchaudhary, 1978).

A clear reduction of wilt symptoms was evident in tomato plants drenched 
with benomyl before inoculation (B iehn and D imond , 1970; and F uchs et al., 
1970). Benomyl acts fungistatically in the soil and in the vascular tissue of plant 
to prevent disease symptoms. Also, the juvenility and greening of the tomato leaves 
due to the high N 03-nutrition may be associated with the high degree of resistance 
to Alternaria solani (K irály, 1976). High protein content may also have some 
role in the resistance of the plants (Sarh an  and K irály, 1981).
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The high nitrogen nutrition and the liming procedures and perhaps benomyl 
may alter the physiology and nutrition of both host and parasite in a complex 
manner.
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The Effect o f “N-serve” on Reducing Root-rot Disease o f  
Wheat Seedlings Caused by Fusarium graminearum

By

A u K. Rowaished

Cereal Research Institute, Szeged, Hungary

Greenhouse pot experiments were conducted to study the effect of nitrapyrin 
(N-serve) applied together with three levels of NH4—N (70, 284 and 630 ppm where 
284 ppm corresponds to the standard concentration) in Hoagland solution on the 
root-rot disease of a wheat cultivar caused by Fusarium graminearum. The results 
indicated that nitrapyrin reduced disease severity and therefore, increased the number 
of seedlings in the infected pots. Seedling vigour seemed to be less reduced in nitrapy- 
rin-treated infected plants.

The nitrate reductase activity, free amino acids and protein content of the plants 
were determined. The enzyme activity as well as the contents in free amino acids and in 
protein appeared to be higher in the nitrapyrin-treated plants.

One may suppose that the effect of nitrapyrin on the protein metabolism of host 
plants may influence disease resistance to Fusarium graminearum. by maintaining the 
tissues of wheat plants in a juvenile state.

The relationship between the nutritional status of plant and disease severity 
has been pinted out by many workers investigating foot and root-rot diseases 
of wheat caused by Fusarium species (H uber et al., 1965, O nuo ra h , 1969; Smiley 
et al., 1970; 1972; H uber and W atson , 1974). It was found that application of 
different chemical forms of nitrogen had different effects on severity of foot and 
root-rot diseases of wheat.

Several studies show that the NH.t — N form, when maintained by the use 
of a nitrification inhibitor (N-serve), may considerably reduce the severity of 
certain plant diseases (Huber and Watson, 1972). The ammoniacal nitrogen 
fertilizers, when applied under field conditions, are rapidly converted to N 0 3 —N 
fertilizers, but the addition of nitrapyrin (N-serve) markedly reduces the loss of 
NH,, —N applied in autumn (Warren et al., 1975). This may also be an effective 
measure for controlling fungal diseases (Bussard and R ussell, 1979).

Evidence exists which shows that the use of the nitrification inhibitor (N- 
serve) in combination with NH4-fertilizer reduces the stalk root of corn caused 
by Gibberella zeae (W hite, 1978), take-all of wheat caused by Ophiobolus grami
neous (L emair and Joun , 1976) and Helminthosporium sativum disease of winter 
barley (Saur and Schönbeck, 1972).

In the light of the results mentioned above, I decided to study the effect of 
nitrapyrin (N-serve) on disease incidence caused by Fusarium graminearum as 
characterized by some morphologic and metabolic parameters of the host plant.
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Materials and Methods

Fifteen surface-sterilized seeds of winter wheat cultivar GKF2 were sown in 
125 gram of washed sand, normally 1.5 cm deep, in small pots of 7 cm in diam
eter. The experiment consisted of two parts: in one part plants were treated 
with NH4 —N only and in the other part plants were treated with NH4 —N and 
nitrapyrin (N-serve).

The nitrification inhibitor 2-chloro-6(trichloromethyl) pyridine produced 
by Dow Chemical Co. was diluted and applied to the sand (20 ppm) with a pipette. 
The sand of pots treated with nitrapyrin was then mixed thoroughly with 5 ml 
of the N-serve solution before sowing the seeds. Three levels of NH4 —N nutrient 
were used in the experiments, namely 70, 284, and 630 ppm in Hoagland solution, 
where 284 ppm corresponds to the standard concentration. The chemical composi
tion of the solutions was formulated and modified according to M ashaal et al. 
(1976).

The inoculum suspension of Fusarium graminearum was produced by a 
bubble-culture method as described by M esterházy (1974). The pathogenicity 
of the inoculum was tested before use, and the suspension contained about 6 x 10'1 
conidia/ml.

There were 10 replicate pots for each level of NH4 —N nutrient treatment. 
Five pots were infected and five pots served as controls in which the infecting 
suspension was replaced by distilled water.

The surface of the sand was watered with 20 ml of the suspension of Fusarium, 
essentially as described by M esterházy (1978). The seeds were placed on the 
infected sand in each pot and covered with a 15 mm thick layer of sand which 
was then moistened with 20 ml of distilled water.

The pots were watered with NH, —N nutrient at one of three different 
N H 4 —N concentrations as applied by H oagland  and Snyder  (1933). All pots 
received 30 ml of their specific solution twice a week, and were watered regularly 
each day with 20 ml of tap-water to maintain a desirable moisture condition for 
seedling development.

Seedling growth observations were made by counting the number of seedl
ings that emerged and survived over a 20-day-period. The plants were harvested 
after 20 days and seedling disease was assessed visually by scoring coleoptile and 
root infection using a 0 — 9 scoring system as described by M esterházy and 
R owaished (1977). Seedling vigour was determined by measuring shoot and root 
length and dry matter content of the healthy and infected pots.

The protein content of leaves from healthy plants was determined by the 
standard Kjeldhal method (N x 6.25). The phosphorus and potassium content 
was also determined. Free amino acids were analyzed using the ninhydrin method 
of Ching et al. (1974). Nitrate reductase activity was determined in 20-day-old 
healthy plants treated with and without nitrapyrin according to the in vivo method 
of K lepper (1973).
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Results and Discussion

The root-rot infection seemed to decrease with increasing the nitrogen con
centration when plants were treated with the NH4 —N nutrient solution alone, 
but no significant differences were observed (Table 1). In the nitrapyrin-treated 
seedlings less infection was observed at the standard concentration of NH4 —N 
(284 ppm). The disease severity was more pronounced in plants grown in pots 
without nitrapyrin. The extent of the reduction in disease severity of root-rot as 
a result of nitrapyrin treatment, was 48 % as compared to 78 %, at the 284 ppm 
treated.

The number of germinated seeds after infection (Table 1) also indicates 
similar results. Thus, the number of germinating seeds increased with increasing 
nutrient concentration, and in the case of the nitrapyrin-treated plants, higher 
germination percentages occurred. The rate of germination was highest at the 
standard nutrient concentration (284 ppm).

Generally, shoot and root length and dry matter content of the healthy 
plants increased with increasing N-concentrations as shown in Table 2. Consider
ing the infected plants, their shoot and root length and dry matter content was 
significantly reduced, while this reduction was less in the nitrapyrin treated plants. 
We observed again that the lowest damage caused by infection occurred at the 
standard NH4 —N concentration (284 ppm) in the presence of N-serve.

These morphological features clearly indicate that nitrapyrin has no direct 
effect on the plant vigour, but it can reduce the damage caused by Fusarium 
infection, especially at the optimal nutrient concentration.

The decrease of disease severity with increasing nitrogen concentrations 
agrees with the observations of some workers (Bloom and W alker, 1955; H uber 
et al., 1968) and may support the findings of K irály (1976) and G illyné (1978) 
that in diseases caused by facultative parasites, disease severity decreases with 
increasing nutrient concentration. The effect of nitrapyrin was not consistent with

Table I

Number of germinated seeds in the infected pots and the disease severity in GKF2 seedlings 
after treatment with nitrapyrin (N1) and different levels of N H ,- N  nutrient (Data represent

the average of 5 replicates)

Hoagland solution 
concentration ppm

Disease severity (0—9)
Germ ination o f seeds 

(out o f 15 seeds per pot)

n h 4- n % n h 4- n
+  (NI) % N H .- N % n h 4- n

+  (N I)
0//о

70 8.62 86 6.09 61 3.85 25 8.80 58
284 7.75 78 4.78 48 4.60 31 10.20 68
630 6.85 69 5.68 57 5.80 39 8.40 56

LSD 5% 0.96 — 0.68 — 0.92 — 0.52 —
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this trend because greater reduction in disease incidence was obtained only at 
the standard nutrient concentration (284 ppm), Tables 1 and 2.

In general, nitrapyrin decreased the disease severity caused by root-rot 
fungi. W arren et al. (1975) suggested that nitrapyrin decreases the ability of 
pathogens to infect a plant actively growing with an adequate supply of N (nitrat- 
pyrin-treated) as compared to the N-deficient (70 ppm), less vigorous plants. 
According to this explanation, keeping plants in the juvenile state as long as pos
sible may help to reduce disease incidence.

In addition to the morphological parameters, we have studied some bio
chemical parameters of wheat plants in order to obtain a deeper insight into the 
mechanism of disease development as affected by the nitrapyrin treatment.

Table 3 presents the results of the biochemical analysis of healthy plants 
watered with three different concentrations of NH 4— N with and without nitra
pyrin. The nitrate reductase activity increases with increasing nitrogen concentra
tion; this is in agreement with the results of T hakur  et al. (1966). However, 
plants treated with nitrapyrin have a higher enzyme activity (Table 3). It is generally 
well known that nitrate reductase plays a key role in amino acid biosynthesis. 
Therefore, the increase in activity of this enzyme particularly in the case of nitra- 
pyrin-treated plants, can probably contribute to the resistance of plants.

These findings led us to investigate the level of free amino acids in the host 
plant, as shown in Table 3. The results indicate that, there is a striking increase 
in free amino acids with increasing nutrient N-concentration. In the nitrapyrin-

Table 2

Shoot and root length and dry matter content of 20 day-old healthy and infected GKF2 
seedlings supplied with different concentration of NH4— N and nitrapyrin (Data represent the

average of 5 replicates)

H oagland
H ealthy seedlings Infected seedlings

Shoot R oot Dry Shoot Root Dryconcentration
ppm length length m atter length length m atter

cm cm g cm cm g

Plants treated with NHt—N

70 16.47 8.07 0.47 3.32 2.27 0.11
284 22.61 14.41 0.70 3.34 2.07 0.16
630 21.58 12.26 0.66 6.71 3.79 0.25

l s d 5% 0.48 1.81 0.03 0.94 0.78 0.03

Plants treated with NHt—N  +  nitrapyrin

70 15.70 10.17 0.39 6.88 ! 4.26 0.20
284 19.53 12.46 0.51 12.20 6.36 0.30
630 19.34 12.06 0.54 8.09 5.11 0.22

LSDs«/. 0.67 0.96 0.04 0.83 0.75 0.04
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Table 3

Nitrate reductase activity, free amino acid, protein and P and К contents o f healthy 
seedlings of 20-day-old GKF2 plants treated with different levels of NH4-N nutrient with

and without nitrapyrin 
(Data represent the average of 3 replicates)

I
Hoagland
solution

cone.
ppm

! N RA *-/iM
I N 0 2/gr 
j fr.wt./h

Free
am ino acid 

дМ /g

Protein
Vo

P2O t k 2o
%

Plants treated with NHt —N

70 0.051 177.48 24.91 1.88 7.63
284 0.084 198.53 29.40 1.76 8.16
630 0.118 215.00 29.40 2.89 7.56

Plants treated with NHt—N  + nitrapyrin

70 0.108 251.49 28.35 1.85 6.80
284 0.119 286.66 33.25 2.05 7.20
630 0.136 191.04 29.40 3.06 7.20

* NRA =  nitrate reductase activity

treated plants higher amounts of free amino acids were obtained, but a sharp 
decrease occurred at high N-concentration (630 ppm). The NRA seemed to be 
well correlated with free amino acid content of the healthy plants, except in the 
NH4 —N and nitrapyrin variant at 630 ppm.

The total protein, phosphorus and potassium content was determined for 
the healthy plants as shown in Table 3. The results show that the protein content 
increased with N-concentration, but a greater increase was obtained with nitra
pyrin. This results is in agreement with that of A ydeniz et al. (1976), W alls 
(1977) and Harrison et al. (1977), who found that protein content increased by 
addition of nitrapyrin to the fertilizer. The highest protein content was obtained 
in nitrapyrin-treated plants at the standard nutrient concentration. This was found 
previously in the case of the morphological parameters. The phosphorus and 
potassium content were also slightly higher in the nitrapyrin-treated plants and 
increased with increasing N-concentrations, but changes in these ions were irregu
lar in the NH4 —N treated plants.

The experimental evidence concerning the biochemical and morphological 
parameters related to the host resistance suggest that nitrapyrin may have an 
effect on the metabolism of the host plant which may influence disease resistance 
of the host.
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Biochemical Bases of Resistance of Venturia inaequalis
to Benomyl
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M aya G asztonyi and G yula Josepovits
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Biochemical factors of the resistance of V. inaequalis developed under natural 
conditions to benomyl have been studied. The comparison has been made between the 
uptake, metabolism of benomyl, its binding to cell nuclei in resistant and sensitive 
isolates. No differences in the extent of uptake and inactivation that would be respons
ible for benomyl resistance were found. On the bases of the experimental data it may 
be concluded that in the case of V. inaequalis the type of resistance to benomyl which 
has been formed is due to structural change within receptors. Comparison of the 
response of isolates of V. inaequalis to other antimitotic compounds also proved the 
validity of the receptor hypothesis.

The synergistic effect of serine on thiabendazole fungitoxicity was observed in 
the case of benomyl resistant V. inaequalis isolates, but not in the benomyl sensitive 
ones.

The common characteristic of earlier investigations of the biochemical 
causes of benzimidazole resistance is that the experiments were carried out on 
benomyl resistant strains formed under laboratory conditions. N achmias and 
Barash (1976) attributed the resistance of Sporobolomyces roseus strains to beno
myl to the decrease of the uptake of active ingredient and so did G essler (1976) 
in the case of Botrytis cinerea strains. In the case mentioned above, however, the 
difference in uptake was ill-proportioned to the difference in sensitivity.

D avidse and F lach  (1977) have shown that the benomyl resistance of 
Aspergillus nidulans is due to a decrease in the binding ability of the protein tubu
lin in the cell. From the experimental data, obtained by Tripathi and Schlösser 
(1980), it appears that resistance of Botrytis cinerea to carbendazim is going with 
a lesser uptake and reduced binding of the active ingredient to tubulin.

We have succeeded in elucidating the biochemical causes of the antifungal 
selectivity of some compounds on different fungal species (G asztonyi and Josepo
vits, 1975, 1979; G asztonyi, 1979). When studying benomyl, the investigations 
were also extended to the isolates of V. inaequalis which have become resistant 
under natural conditions.

Between these benomyl resistant and benomyl sensitive V. inaequalis iso
lates comparison in different respects has been made in this present work.
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Materials and Methods
Materials

Benomyl, methyl-l-(buthylcarbamoyl)-2-benzimidazolecarbamate,pure (Chi- 
noin Chemical and Pharmaceutical Works Ltd.); thiabendazole, 2-(4’-thiazolyl)- 
benzimidazole, pure (Chinoin); propham, isopropil-phenylcarbamate, pure 
(North-Hungarian Chemical Works); trifluralin, 2,6-dinitro-4-trifluoromethyl- 
N,N-dipropilaniline, pure (AGAN Chemical Manufactures Ltd.); serine (Reanal, 
Budapest).

Four benomyl resistant isolates of V. inaequalis were obtained from apple 
orchards where benzimidazole fungicides have been used for several years. Two 
benomyl sensitive V. inaequalis isolates originating from the orchard never treated 
with fungicides were also used.

Study on fungitoxic activity

The study of fungitoxic activity was accomplished using an agar-disc 
method (V ödrös, 1973).

Incubation with fungal mycelia

Mycelial units pre-incubated for 5 — 6 weeks were added in an amount 
equivalent to about 1 g fresh weight to potato-dextrose medium (20 cma) contain
ing benomyl (10 mg litre-1) and incubated for 24 hrs at 25 °C. Simultaneously under 
identical conditions, benomyl solution was incubated without mycelium, and 
mycelium without benomyl. Each variation was replicated three times.

After termination of the incubation, the mycelium was separated from the 
incubation medium, ground with quartz sand and extracted with ethyl acetate 
in the presence of Na2S04 and NaHC03. Subsequent partition of extract between 
the organic solvent and 1 M HC1 solutions provided sufficient clean-up for assay 
by ultraviolet spectrophotometry. The incubation media after adjusting pH to 6.0 
was also extracted with ethyl acetate and the latter with 1 M HC1. The recovery of 
MBC (methyl-benzimidazol-2-ylcarbamate) from mycelia was 80 per cent, and 
from the incubation media 92 per cent.

Incubation with nuclei fraction

Nuclei fraction of V. inaequalis, prepared as described for higher plants in 
Modern Methods for Plant Analysis (L iskens and Tracey, 1963) was dispersed 
in tris buffer (0.05 M, pH = 7.5) and incubated with benomyl (3 mg litre-1) 
for 20 hrs. The processing has been made as it was described above for mycelia.

Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981



Gasztonyi, Josepovits: Resistance o f Vent aria to benomyl 25

Determination of benomyl by u. v. spectrophotometry

The benomyl content of mycelium or incubation medium was determined 
by measuring the absorbance values of MBC in the 1 M HC1 solutions at 250 nm, 
282 nm and 300 nm.

Results and Discussion

The degree of sensitivity o f V. inaequalis isolates to benomyl

As concerning the fungitoxic activity of benomyl against four benomyl 
resistant and benomyl sensitive isolates investigated with agar-disc method it has 
been observed that the growth of the benomyl sensitive V. inaequalis isolates was 
entirely inhibited by 0.1 mg litre-1 benomyl while growth of the resistant ones 
could be observed in the presence of even 100 mg litre-1 benomyl.

The benomyl resistant isolates of V. inaequalis, used in these experiments, 
have shown cross-resistance with both thiabendazole (TBZ) and thiophanate- 
methyl, i.e. in general they can be considered benzimidazole resistant.

Uptake of benomyl in sensitive and resistant isolates

Mycelia of benomyl sensitive and benomyl resistant isolates were incubated 
for 24 hrs with benomyl (10 mg litre-1). The quantities of MBC, established in 
the incubation media, are shown in Fig. 1. As the hydrolysis of benomyl to MBC 
takes place in the course of incubation and processing, the values shown by the 
diagram, concern the MBC content in percentage of MBC corresponding to the

MBC in incubation media
%

Fig. 1. MBC content in incubation media expressed as a percentage of MBC corresponding 
to the amount of benomyl added at the beginning of the incubation. (V,, V2, V7, Vg) resistant

isolates, (V12) sensitive isolate
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amount of benomyl added to the incubation medium. It can be seen that there 
is no significant difference between the various isolates of V. inaequalis in the 
degree of uptake of benomyl.

The accumulation of MBC in nuclei

Nuclei fraction prepared from one sensitive and one resistant isolate each 
were incubated with benomyl (3 mg litre-1) for 20 hrs and the uptake was deter
mined. In lack of more measurement data the observation concerning this can be 
considered to be preliminary. According to those, there is no accumulation of 
benomyl in the nuclei either in the resistant or in the sensitive isolates. The uptake 
of benomyl by nuclei fraction and by whole mycelia has been found to be approxi
mately equal.

Metabolism of MBC

From the point of view of resistance it was of primary importance to com
pare the degree of inactivation of MBC in the mycelia of different isolates, there
fore the inactive metabolites produced in small amounts were not investigated. 
In the course of these investigations the significant decrease of MBC content due 
to degradation could not be detected within the incubation time. The MBC 
content in the mycelia of the examined V. inaequalis isolates have been found 
to be at equal rates (Fig. 2). Beside this inactivation another possible metabolic 
pathway of MBC has also been examined. In earlier experiments (Gasztonyi 
and Josepovits, 1970) the possibility of formation of /1-alanine derivatives in 
plant and fungi as a result of reaction between thiabendazole (or MBC) and 
serine was investigated by the analogy with amitrole (3-amino-l,2,4-triazole) 
(M assini, 1963). It was also established that the fungicidal effect of TBZ on some 
fungal species was synergized by serine (Gasztonyi, 1974). One of the possible

MBC in mycelia

Fig. 2. MBC content (/ig/g fresh weight) in mycelia of resistant (V,, V2, V7, V8) and sensitive
(V12) V. inaequalis isolates
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explanations for this is the formation of a more active metabolite. In the present 
work the benzimidazole resistant and benzimidazole sensitive V. inaequalis isola
tes were compared from this point of view, too. In the case of resistant isolates 
the inhibition effect of TBZ was synergised by serine (Fig. 3), while this could 
not be observed in the case of sensitive isolates (Fig. 4). Moreover, it was found 
that the resistant isolates grow more intensively in the presence of serine than in 
control variation (Fig. 3). This was also not observed in the case of sensitive V. 
inaequalis isolates. It was assumed that there is enough endogenous serine in the 
sensitive V. inaequalis isolates (at least in relation to the low effective concentra
tion of TBZ), so no synergistic effect between TBZ and serine added from outside 
can be noticed. The resistant isolates, on the other hand, requiring exogenous 
serine for growth can also use this in that mechanism which leads to the increase 
of the fungicidal effect of TBZ. This synergistic effect may reach even 1/2—1 
order of magnitude but does not equalize the great difference between the anti
fungal effect on the sensitive and the resistant isolates. Consequently, the demand 
for serine is not the cause of the benomyl resistance of V. inaequalis but increases 
its level only.

Cross-resistance with antimitotic compounds

The binding of benomyl to tubulin in various V. inaequalis isolates has not 
been compared by direct chemical method. The attempt, however, has been made 
to obtain indirect information concerning this.

Fig 3. Effects of thiabendazole (ТВ 370 mg litre-1), serine (Se 100 mg litre-1) and their 
combinations (3 : 1 and 1 : 1) on the growth of resistant V. inaequalis isolate ( \У 7), (К)

control
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Fig. 4. Effects of thiabendazole 1 and 10 mg litre“ 1  (ТВ 1, ТВ 10); serine 100 mg litre“* 
(Se 100) and their combinations (1 : 1 0 0  and 1 : 10) on the growth of sensitive V. in-

aequalis isolate (Vi2)

IPC

Fig. 5. Fungitoxic effect of propham (IPC, 0.001%—1.0%) on sensitive (Vs) and resistant
(Vr) V. inaequalis isolates

When studying the cross-resistance between benzimidazoles and other anti
mitotic compounds, Leroux  and G redt (1980) observed negative cross-resistance 
between benomyl and propham in the case of some benomyl resistant strains of 
Botrytis cinerea and Pénicillium expansum. Our experiments with V. inaequalis 
isolates carried out with agar-disc method showed definite positive cross-resistance 
between benomyl and propham (Fig. 5).
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According to Eckert and Rahm (1979) the formation of a hydrogen bond 
between the NH-group and the receptor is necessary for the exert of the activity 
both in the case of benzimidazole fungicides and phenylcarbamate herbicides. 
Therefore the cross-resistance observed here may be attributed to the changed 
ability of tubulin for forming hydrogen bonds.

Comparing experiments of this type were also carried out with trifluralin 
(another type of herbicide also having antimitotic activity), but it had no anti
fungal effect against all V. ittaequalis isolates.

Conclusions
As to the results of our experiments the resistance that V. ittaequalis acquired 

towards benomyl can be attributed neither to the decrease of uptake nor to an 
increased inactivation of active ingredient. The experiments support the change 
of binding to tubulin in the case of most V. ittaequalis isolates and this manifests 
itself in the lower affinity to propham.

The resistant isolates of V. ittaequalis need exogenous serine for their growth. 
The synergistic effect of serine on thiabendazole fungitoxicity has been more 
pronounced in the case of benomyl resistant V. ittaequalis isolates than in the 
case of earlier investigated fungal species.
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Effects of Benomyl on Venturia inaequalis Cke. Isolates 
Resistant to Benomyl
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Of the isolates from orchards treated and untreated, respectively, with benzimi
dazole derivative fungicides the sensitive ones were inhibited by benomyl at concent
rations as low as 0.01 — 0.1 ppm. Resistance to benzimidazole derivatives was observed 
up to a concentration 100 ppm and proved to be stable. Cross-resistance of benomyl 
resistant strains to carbendazim, thiabendazole and fuberidazole has been shown.

Benzimidazole derivatives at sublethal concentrations had some effect on the 
resistant isolates. On media containing 100 ppm benomyl the resistant strains differed 
from each other in their growth intensity. A few of them were inhibited by this concent
ration, whereas other not. When colonies kept for 30 days on a medium containing 
benomyl at 100 ppm were transferred onto media containing lower concentrations 
(0, 1 ,5 ppm) of benomyl their growth recovered. Benomyl and other benzimidazole 
derivatives at 1—5 ppm concentrations stimulated mycelial growth in most of the 
resistant isolates. In some cases “cross-stimulation” by different benzimiaazole deri
vatives were observed.

Conidia from benomyl resistant strains exhibited various level of resistance to 
benomyl. In benomyl resistant cultures we succeeded to find conidia being sensitive to 
and dependent on benomyl, respectively.

Some data on origin, pathogenicity, fungicide resistance, biological and 
physiological characteristics of our strains were published elsewhere (Tóth et al. 
1978; G asztonyi et al., 1979; G asztonyi and Josepovits, 1979; Oros, 1979; 
G asztonyi and Josepovits, 1980; Oros and Rozsnyai, 1980).

In this study we present the effects of different benzimidazole derivatives 
on Venturia inaequalis Cke. strains isolated in Hungary.

Materials and Methods
The strains of V. inaequalis have been isolated from orchards treated and 

untreated with benomyl, respectively, by D. Rozsnyai in 1976. Their resistance 
to benomyl were acquired by natural selection.

The sensitivity or resistance of strains to benomyl or to other benzimidazole 
derivatives have been evaluated by the method of Yoder (1978).

A standard suspension of conidia have been prepared as described earlier 
(Oros and Rozsnyai, 1980).

The ratio of benomyl “sensitive” conidia in the standard suspension have 
been determined as a difference between the number of conidia germinated on 
benomyl-free PDA and on PDA containing benomyl at 1 ppm, respectively.
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The benomyl “dependent” monoconidial lines were isolated from the 
standard suspension of resistant strains onto PDA-СО containing benomyl at 
1 or 5 ppm, respectively. Criteria of benomyl “dependence” were as follows:
(i) the colony formed after germination of conidia is not able to continue to grow 
in the absence of benomyl or after two passages on benomyl-free media, res
pectively, and (ii) mycelial growth recovers in the presence of benomyl (1 or 
5 ppm).

The ratio of benomyl “dependent” conidia have been determined in conidia 
production of the 11th laboratory passage on benomyl-free PDA-CO. 4x100 
conidia of each Venturia strain have been investigated. The ratio of “dependent” 
conidia was calculated as a percentage of benomyl resistant conidia in the standard 
suspension.

The media used were potato dextrose agar (PDA) according to Y oder (1978) 
and PDA completed with Czapek-Dox salts (PDA-CO) which latter consisted of 
the following components: sodium (a)glycerolphosphate • 6 H 20  — 0.66 g; 
MgCl2sicc. -  0.20 g; KCl -  0.19 g; NaNOs -  1.63 g; KN03 -  0.44 g: K2S04 -
0.35 g; Sequestrene — 0.025 g; solutionofmicroelements according toH o A G L A N D  — 
A r no n  — 1.0 ml for 1 litre. The plates were incubated at 19 ±  1 °C in the dark.

Results and Discussion

In our earlier studies we have found that V. i пае qua I is strains can be divided 
into two physiological types. Type “A” is characterized by an intensive growth, 
grey colour and high sugar consumption. Type “B” with brown colour grows 
slower and consums less amount of sugar (O ros and R ozsnyai, 1980).

Fig. 1. The effect of different benomyl concentrations on the growth of V. inaequalis
strains
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Both types can acquire resistance to benomyl. The strains investigated by 
us resist not only benomyl but carbendazim, thiabendazole and fuberidazole, too. 
Naturally acquired resistance remained stabile even after ten laboratory passages 
on PDA-СО free of benomyl (Table 1).

Table 1

Sensitivity of different venturia inaequalis strains to benzimidazole derivatives

Strains Origin Physiol.
type

Degree o f 
resistance Benomyl

C arben
dazim

Thiaben
dazole

Fuberida
zole

V-12-3 Central A I + + + +

V-12-6
Hungary

Central A 3 _ _ _

V-9-1
Hungary 

East H. A 3 _ _ _
V-8-5 East H. A 2 — — — —
V-7-1 East H. A 2 — — — —
V-3-6 West H. A 3 — — — —
V-3-3 West H. В 2 — — — —
V-2-5 West H. В 3 — — — —
V-l-2 West H. В 2 — — — —
V-12-4 Central H. В 1 + + + +

Degree of resistance 1 — Benomyl has killing effect at 1 ppm, and morphopathological 
effect at subletal concentrations.
2 — Benomyl has no killing but fungistatic effect at 100 ppm, 
and has no morphopathological effect at subfungistatic concen
trations.
3 — Benomyl has no effect at all, or retards fungal growth at 100 
ppm.
+  : sensitive; — : resistant 

Table 2

MIC values* of different fungicides for physiological types of benomyl sensitive Venturia
inaequalis Cke. strains

Fungicides
Physiological types

A В

Benomyl 0.01-0.1 0.01-0.1
Carbendazim 0.01-0.1 0.01-0.1
Thiabendazole 0 .1 -1 0.01-0.1
Fuberidazole C/t 1 О 5 - 1 0
Tridemorph 0 .1 -1 0 .1 -1
Triforine 0 .1 -  1 1 -1 0
Dodi ne > 2 > 2

* in ppm
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The two physiological types showed a slight difference in sensitivity to 
benzimidazoles and other fungicides (Burchill and Cook, 1975; Dranda- 
rewsky and Schicke, 1976; Evans, 1971; F uchs and D randarewsky, 1976; 
K erkenaar et ai, 1979; G asztonyi and Josepovits, 1975; Mantinger, 1973; 
Sisler and Ragsdale, 1977). Type “A” appeared to be less sensitive to thiabend
azole, but more sensitive to triforine than “B” (Table 2). According to Arneson 
(1974) and Ross (1977) both types were resistant to dodine.

Fig. 2. Effect of fuberidazole on V. inaequalis strains: 1 — 7 — monospore lines of V-12-6; 
8 -  V-9-1 ; 9 -  V-8-5; 10 -  V-3-6; 11 -  V-2-5; 12 -  V-12-4; 13 -  V-12-3
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Fig. 3. Effect of benomyl, thiabendazole and fuberidazole on the growth of V inaequalis 
strains. The location is the same as on the Figure 2

Within resistant strains of both types two groups should be distinguished 
on the basis of the mode of effect of benomyl. The first one is characterized by a 
fungistatic effect of the fungicide at 100 ppm, while the other by ineffectiveness 
or growth retarding effect, at the same concentration (Table 3 and Fig. 1). The 
thiabendazole proved to be fungistatic towards more Venturia strains than beno
myl or carbendazim at this concentration, fuberidazole, however, slightly stimu
lated colony growth. Fuberidazole at lower concentrations (1 and 5 ppm) stimu-
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Table 3

Effects of different fungicides on the growth of benomyl sensitive and benomyl resistant
Venturia inaequalis Cke. strains

Strains 
Physiol, type

V -12-111 
A

V-9-1
A

V-8-5
A

V-3-3
В

V-2-5
В

V-12-IV
В

Benomyl 0.01-0.1 NE NE FS NE 0.01-0.1
Carbendazim 0.01-0 .1 NE NE FS NE 0.01-0.1
Thiabendazole 0.1 -1 RG FS FS FS 0.01-0.1
Fuberidazol 5 -  10 ST ST RG ST 5 -  10
Tridemorph 0 . 1 -  1 0.1 -1 < 0 . 1 < 0 . 1 0 . 1 -  1 0 . 1 -  1

Triforine 0.1 -1 0 . 1 -  1 < 0 . 1 0.1 -1 1 - 1 0 1 -  10

Dodine > 2 > 2 < 0 . 1 0 . 1 - 2 > 2 > 2

Numbers indicate MIC values in ppm.
The mode of effect of benzimidazole derivatives on resistant strains was investigated

at 1 0 0  ppm.
NE — no effect; FS — fungistatic effect; RG — retarded growth; ST — stimulation

lated the growth of all benomyl resistant strains but to various degrees. This 
stimulating effect of benomyl and carbendazim were less consistent, while that 
of thiabendazole occurred only in a few cases (Figs 1, 2, 3).

Both sensitivity and resistance to tridemorph, triforine and dodine depended 
on the physiological types and was not influenced by acquired resistance to beno
myl (Table 3).

Fig. 4. Effect of different concentrations of benomyl and thiabendazole on benomyl resistant
V. inaequalis strains in 11th passage
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Fig. 5. Stimulation of the growth of monospore lines from V-12-6 strain by 5 ppm of benomyl

Fig. 6 . Stimulation of the growth of monospore lines from V-8-5 strain by 5 ppm of benomyl
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Benomyl

Thiabendazole

Control

V-12-6 V-2-5 V-9-1

Fig. 7. Effects of benomyl and thiabendazole at 5 ppm on monospore lines from different
strains

Conidia of benomyl resistant strains differed in resistance level to benomyl 
(Table 4). Both the benomyl sensitive and the dependent conidia could be found 
in all benomyl resistant strains (Figs 5 and 6, Table 5). Benomyl dependent lines 
produced by resistant strains were stimulated not only by benomyl but by other 
benzimidazoles too, at concentrations of 1 and 5 ppm (Figs 4 and 7). The pheno
menon of cross-resistance was observed in all cases, but the “cross-stimulation” 
not (Figs 3 and 7).

Table 4

Effect of benomyl on germination of conidia of Venturia inaequalis Cke. strains

Strains Physiol.
type

N um ber o f  conidia germ inated at different 
concentrations o f benomyl

0 ppm 1 ppm 5 ppm 100 ppm

V-12-3 A 6852+2054 0 0 0

V-12-6 A 31869+4450 17852+2750 10500 +  1671 1566+655
V-9-1 A 356 +  27 315+22 1 2  +  1 0 0

V-8-5 A 83 +  2 18 +  3 3 +  2 0

V-7-1 A 2687 +  595 1470+623 1302 +  122 1361 +  117
V-3-6 A 0 1+3 0 0

V-3-3 В 2647 +  65 3036 +  550 1779+487 153 +  162
V-2-5 В 17814+2551 16334 +  5318 8316+1467 3401 +  1300
V-l-2 В 5063 +  1406 4492 +  827 3763 +  1398 58 +  12
V-12-4 в 8648 +  2232 0 0 0

n =  1 0
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Table 5

Heterogeneity of conidial production

Strains Benomyl sensitive 
conidia (% )

Benomyl dependent 
conidia (in % o f 
resistant conidia 

produced)

V-12-3 100 0
V-9-) 10 _*
V-8-5 78 40
V-7-1 46 80
V-3-3 0 30
V-2-5 0 40
V-12-4 100 0

* Not evaluated

Conclusions
1. The benzimidazole derivative fungicides could stimulate the growth of 

benomyl resistant Venturia inaequalis Cke. strains in laboratory cultures.
2. The cross resistance was not related with stimulative effect of benzimid

azole derivatives tested.
3. Among various benzimidazole derivatives tested the existance of “cross

dependence” was stated.
4. As regards benomyl resistance, the conidial production of benomyl re

sistant strains was not uniforme; sensitive as well as “dependent” conidia could 
be found.

5. The strongest stimulative and fungistatic effect was exhibited by fuberid- 
nzole and thiabendazole, respectively.
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Susceptibility of Sunflowers to Powdery Mildews Induced by
Plasmopara halstedii

By

G yöngyvér Sz . N agy and F. V irányi 

Research Institute for Plant Protection, Budapest, Hungary

During the recent years a considerable incidence of powdery mildew infection 
was observed on downy mildewed sunflower plants in some fields where open-pollinated 
cultivars, practically resistant to these pathogens were grown. The stunted plants were 
covered with mycelium of Erysiphe cichoracearum and Sphaerotheca fuliginea, and as a 
result, such plants could be noticed from afar by their white appearance. In case of 
leaf infection the symptoms were very remarkable, since the powdery mildew colonies 
mostly occurred on the chlorotic areas of the leaves, which had previously colonized by 
the downy mildew pathogen, Plasmopara halstedii.

This interaction became much more evident by making artificial inoculations. 
When young sunflower plants systemically infected by P. halstedii were inoculated with 
conidia of the powdery mildew fungi right after the appearance of leaf chlorosis, the 
spread of these fungi always followed the chlorotic areas, while other parts of the leaves 
remained free from their colonies.

Downy mildew is one of the most serious diseases of sunflowers, causing 
a considerable loss of yield from year to year. The diseased plants are stunted 
with chlorotic leaves and small, undeveloped heads, indicating the systemic 
infection by Plasmopara halstedii.

The powdery mildew, however, have not yet caused significant disease on 
sunflowers in Hungary. The traditional, open-pollinated cultivars, like Chakinskii 
269, are practically resistant to powdery mildew fungi. The white cover of Erysiphe 
cichoracearum and rarely that of Sphaerotheca fuliginea can be observed only at 
the end of the vegetation period on the oldest leaves of sunflower plants (V irányi 
and Sz. N agy , 1980).

Ln 1977 an interesting symptom was noticed on some downy mildewed sun
flower plants. The leaves, petioles, and occasionally the stem of stunted plants 
were covered with mycelia and conidia of Erysiphe cichoracearum and Sphaero
theca fuliginea. Such plants could be noticed from afar by their white appearance. 
In case of leaf infection the symptoms were very remarkable, since the powdery 
mildew colonies mostly occurred on the chlorotic areas of the leaves, which had 
previously colonized by the downy mildew pathogen (Fig. 1).

This phenomenon has not been observed before, and has not been known 
in the literature as well. Therefore some field observations, microscopical examina
tions and artificial inoculations were carried out during the recent years.
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Fig. 1. Simultaneous occurrence of symptoms on a sunflower plant caused by downy and
powdery mildews

Material and Methods
Field observations in 1977 — 80 were made on various sunflower cultivars 

grown in different parts of Hungary. The sunflower plants showing typical symp
toms were collected for microscopical observations.

Artificial inoculations were carried out in the greenhouse. The apical buds 
of sunflowers at two-leaf stage were inoculated with a spore suspension of Plasmo- 
para halstedii, containing 105/ml sporangia. These sunflower seedlings were also 
inoculated with conidia of the powdery mildew fungi at the same time, as well 
as at different intervals, before and after the downy mildew infection.

Results
The field observations showed that this phenomenon occurred only on 

cultivars which are highly susceptible to downy mildew but resistant to powdery 
mildews. It was established, that the strong cover of powdery mildew developed 
only on the systemically infected, stunted plants; while the neighbouring plants 
which were free from downy mildew infection usually avoided the attack of 
powdery mildew fungi.

Microscopical observations revealed that powdery mildews covered not only 
the upper but also the lower surface of the leaves. Mycelia and conidia of powdery
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Fig. 2. Sporangiophores and sporangia of Plasmopara halstedii as well as asci with ascospores 
and conidia of Erysiphe cichoracearum from the lower surface of a sunflower leaf

Fig. 3. Artificially inoculated sunflower leaf : the powdery mildew colonies follow the chlorotic 
areas caused by Plasmopara halstedii
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mildews in large numbers could be found together with sporangiophores and 
sporangia of Plasmopara halstedii on the infected leaves. In addition the cleisto- 
thecia of both species (E. cichoracearum and S. fuliginea) also occurred on the 
upper and lower surfaces of such leaves (Fig. 2).

This interaction between downy and powdery mildews became much more 
evident by making artificial inoculations in the greenhouse. The infection with 
powdery mildew was successful, when it was made after the appearance of leaf 
chlorosis caused by Plasmopara halstedii. In this case the spread of powdery 
mildews always followed the chlorotic areas, while other parts of the leaves 
remained free from their colonies (Fig. 3).

Discussion
Interactions between different plant pathogens are well known in the litera

ture. For instance, according to Blumer (1967) certain obligate parasites, like 
viruses and rusts, can influence the susceptibility of the host plants to powdery 
:mildews. Thus on cucumber plants, susceptible to powdery mildew, the virus 
infection inhibits the development of powdery mildew fungus (Erysiphe poly- 
phaga) (B lumer, Stalder  and H arder, 1955). In contrary, Y arwood (1963 
ap. B lumer, 1967) reported, that the rust-infected bean plants which were resistant 
to powdery mildew became susceptible to Sphaerotheca fuliginea.

As far as we are aware, there is only one indication in the literature con
cerning a joined infection with powdery and downy mildew fungi. Recently 
C ohen , R euveni and Kenneth  (1975) reported, that tobacco plants systemically 
infected by Peronospora tabacina, became resistant to Erysiphe cichoracearum.

From all these data mentioned above completed with our observations it 
is clear, that any change in susceptibility or resistance to powdery mildews may 
vary according to the host-pathogens relationship.

Although the cause of this interaction between downy and powdery mildew 
of sunflower is still unknown, the induced susceptibility of sunflowers to the 
powdery mildew fungi is considered as a result of some changes in the metabolism 
of mildewed plant tissues.
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The primary leaves of the wheat cultivars Little Club (susceptible) and Vernal 
(resistant) were inoculated with urediospores of Puccinia graminis tritici race 11. The 
inoculated leaves were excised on successive days after inoculation, then floated on 
water containing 30 ppm of benzimidazole.

Exposure of the detached leaf cultures to light conditions did not change the 
infection types. However, blocking the photosynthesis by dark or by addition of the 
photosynthesis inhibitors “DCMU” and “CMU” to the floating solutions changed the 
infection types of both cultivars to immune type reaction. When the detachment of the 
inoculated leaves was carried out on the 4th to 6th days after inoculation, neither the 
darkness treatment nor the presence of inhibitors had any effect on susceptibility or 
hypersensitivity.

When 3 % sucrose (w/v) was added to the solutions containing inhibitors or to 
leaf-cultures held in dark, the original susceptibility of Little Club or the hypersensitive 
necrosis of Vernal was exhibited. The addition of sucrose to illuminated detached leaves 
resulted in an increase in the size of the urediopustules or that of the hypersensitive 
necrosis.

It seems that photosynthesis has an important role via the carbohydrate meta
bolism in the development of rust but does not influence compatibility or incompati
bility.

It is a well-known phenomenon that in winter, when plants do not get 
enough light in the greenhouse, rusts develop slowly and week sporulation is 
experienced. Hassebrauk (1940) and Sempio (1950) investigated the effect of light 
on rust development in different parts of the incubation period and found that 
not only the incubation period is lengthened by suboptimal light, but rust reaction 
is also altered.

The increase in resistance with low light intensity is generally regarded as 
due to inadequate photosynthesis in the poorly lighted plants (Stakman and 
FTarrar, 1957; Y arwood, 1976). This is also supported by the fact that rust 
develops on plants in the dark provided that they are fed sugar (S ilverman, 1960). 
Our aim was to investigate the effect of photosynthesis inhibitors on rust develop
ment in detached leaf culture.
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Materials and Methods

Little Club (Triticum compactum) and Vernal (Triticum dicoccum) cultivars 
were grown under greenhouse conditions. The wheat stern rust fungus, Puccinia 
graminis f. sp. tritici race 11 was used in the experiments. This race causes sus
ceptible symptoms (3 — 4) on Little Club and resistant symptoms (0; — 1) on Vernal.

Eight days old seedlings were inoculated with race 11 by spraying the leaves 
uniformly with a spore suspension and held in moist chamber for 12 h. First 
leaves of seedlings were detached 1, 2, 3, and 4 days after inoculation and floated 
on 20 ml of benzimidazole solutions (30 ppm) in Petri dishes.

To examine the dark effect on rust development some of the Petri dishes 
were covered with aluminum foil to keep the leaves in dark. The light intensity 
was 5 — 6000 lux.

For the inhibition of photosynthesis, photosynthesis inhibitors (CMU in 20 
ppm or DCMU in 15 ppm) were applied in addition to benzimidazole. CMU 
(3-)4- chlorophenyl(-l,1-dimethylurea) and DCMU (3-)3'-4'-dichlorophenyl(-I,l-

Fig. I. Effect of dark and sucrose treatments on the reaction of Little Club wheat cultivar to- 
stem rust race 1 1 ,0 : control, D: dark-treated, S: treated with sucrose, S +  D: sucrose +  dark

treated leaves
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Fig. 2. Effect of photosynthesis inhibitors on the reaction of Little Club wheat cultivar to 
stem rust race 11. CMU : CMU-treated, DCU : DCM U-treated, CMU +  S:CMU +  sucrose- 

»reated, DCU +  S: DCMU +  sucrose-treated leaves

dimethylurea) are extremly powerful inhibitors of the Hill reaction (Good and 
I z a w a , 1973).

To prevent the effect of the dark or photosynthesis inhibitors on rust devel
opment 3% sucrose was added to the solutions.

Results
All treatments, namely covering the dishes by alufoil and the photosynthesis 

inhibitors, induced resistance to rust. When the leaves were detached only 3 days 
after inoculation chlorotic flecks appeared, but rust development stopped at this 
stage. When detachment occurred 1 or 2 days after inoculation rust development 
was not visible on the leaves (Fig. 1).

The inhibition of rust was experienced in all of the susceptible and resistant 
combinations. In the case of covering the Petri dishes, depending on the length of 
dark treatment, chlorosis appeared on the leaves. This was never experienced 
when photosynthesis inhibitors were applied.
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In the case of simultaneous application of one of the above treatments plus 
sucrose, the inhibitory effect was always overcome. Sucrose alone accelerated 
sporulation and prevented the inhibition of rust development caused by the dark 
treatment or by photosynthesis inhibitors (Fig. 2). We got similar results in resist
ant combinations. However, the dark treatment often caused yellowing in the 
infected leaves.

Discussion
The result strengthened the earlier idea on the importance of carbohydrates 

in rust development. Considering that the rate of photosynthesis (the major 
source of carbohydrates) is decreasing in the sporulation phase, rust development 
is very sensitive to any further decrease of light at this stage.

By the inhibition of the Hill reaction we could simulate the dark effect and 
inhibition of rust development. This inhibition can be reversed in every case 
by adding sucrose. These facts suggest that any disturbances in carbohydrate 
production by the host plant may led to starving of the pathogen and led to an 
apparent resistance to it.
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The Role of Protein Metabolism of Wheat in Amino Acid 
Induced Resistance to Rust

By

B. Barna and É. János

Research Institute for Plant Protection, Budapest, P. O. Box 102, 1525 Hungary

Amino acids in excess can induce resistance in detached wheat leaves to stem 
rust (Puccinia graminis tritici), but the mechanism is still unknown. Earlier experi
ments indicated, that protein metabolism of the plant is involved in the mode of action.

Although the effect of the amino acid treatments on the total protein content of 
wheat leaves was very slight, the polyacrylamide gel electrophoresis showed qualitative 
changes in protein composition. It is difficult to relate alteration of a special protein 
band to changes in resistance. Still, these data present evidences that amino acid treat
ments cause disturbances in protein metabolism. Disturbances are not expressed in 
amino acid composition of the total protein extract, but in the inhibition of incorpora
tion of ^C-leucine into the protein fraction.

The data suggest, that high concentrations of amino acids, which are almost 
toxic to the plant, cause changes in protein composition and a general reduction in 
protein synthesis and/or an induction of protein degradation. It is unfavourable for 
the development of the rust. This effect can be reduced by inhibiting the induction of 
proteases and nucleases with protein synthesis inhibitors.

A relatively great amount of studies have been done on the role of different 
amino acids in plant diseases. An excess of some amino acids may induce rust 
resistance in different wheat cultivars in detached leaf culture too (Samborski 
and Forsyth, 1960; Van Andel, 1966).

Our previous results show, that protein synthesis inhibitors can decrease 
the resistance induced by amino acids and suggest that protein metabolism of the 
host plant may be responsible for changes of resistance (Barna et al., 1977). 
However, it is not clear how the general protein metabolism is affected by the 
application of amino acids in excess. The purpose of this study was to obtain 
information on the possible changes in the protein composition, in the incorpora
tion of labelled amino acid and in the amino acid composition of proteins of 
uninfected wheat leaves treated by amino acids and to examine the relationship 
between this possible changes of protein metabolism and changes in resistance.

Materials and Methods
Little Club (C. I. 4066) wheat cultivar was grown in greenhouse. For the 

experiments primary leaves of 8 days old plants were used.
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Infection

In order to control the resistance of plants in each experiment additional 
plants were inoculated with uredospore suspension of Puccinid graminis f. sp. 
tritici race 11 and held in a moisture chamber for 20 hrs. The reaction types were 
determined 12 days after inoculation according to Stakman et al. (1962).

Treatments of leaves in detached culture

Five centimeter long first leaves of 8-days-old seedlings were detached one 
day after inoculation and floated on 20 ml of different solutions in Petri dishes. 
All solutions contained 40 ppm benzimidazole, in addition to the amino acids 
and/or the protein synthesis inhibitors. The dishes were kept in greenhouse. 
Amino acids and protein synthesis inhibitors applied were as follows : L-histidine 
and L-methionine in 1000 ppm, DL-isoleucine in 2000 ppm and DL-serine in 
2000 ppm, Actinomycin-D, cycloheximide and chloramphenicol. The Petri dishes 
were sterilized before use, the chemicals were solved in deionized, sterilized water, 
and we applied every day fresh solutions to avoid contaminations.

Protein extraction and determination

Protein contents for determination were extracted by the method of Schmidt 
and Tannhäuser (1945) modified by Fletcher and Osborn (1965).

Uninoculated leaves were macerated and extracted with 80 per cent ethanol, 
then with 10 per cent TCA at 4 °C and finally with the mixture of absolute ethanol : 
ether (3 : 1 v/v). The residue remaining from the final extraction was subjected to 
N NaOH and incubated overnight at 37 °C. An aliquot of the solution was assayed 
by the method of Lowry et al. (1951).

Polyacrylamide gel electrophoresis

Two-g samples of uninoculated leaf tissue after the different treatments were 
homogenized with 6 ml of 0.15 M  phosphate buffer (pH 7.2) and quartz sand at 
4 °C. The sap was expressed through four layers of cheesecloth and then centri
fuged at 6000 g for 30 min at 0°C, and the supernatant ultracentrifuged (50 000 g) 
for 1 h. Protein content of the supernatant was determined as described in the 
previous part. Aliquots of supernatants were used for electrophoresis. The poly
acrylamide gel electrophoretic method worked out by Davis and Ornstein was 
followed as described earlier (Barna et al., 1975). Evaluation was made by scan
ning the gels in a Joyce Chromoscan densitometer.

Protein hydrolysis

Proteins from treated and untreated leaves were extracted as described 
above. The residue remaining after extraction with ethanol: ether 3 : 1 were
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dissolved in 100 — 200 fold excess of 6N HC1 in a tube, evacuated and the tube 
was sealed. Tubes were kept at 105 °C for 24 —72 hours. After hydrolisation acid 
was removed in a Petri dishes in vacuum desiccator over solid P20 5.

GLC method

To detect the different amino acids in protein hydrolysate we used the GLC 
method developed and studied by Gehrke and his coworkers (1969, 1970).

We put about 0.1—0.1 mg amino acid standards or equivalent protein 
hydrolysate into screw-cap septum vial, added 25 p\ acetonitrile and 25 g\ BSTFA 
(N, O-bis-trimethylsilyl-trifluoroacetamide). The vials were heated for one and a 
half hours at 135 °C. The conditions for the gas chromatographical detection were 
as follows:

Detector type: flame ionization detector.
Column: 180 cm long, glass with 4 mm internal diameter, packed with 5% 

OV-17 on silylated Chromosorb W 60 — 80 mesh.
Injector temperature: 215°C. Detecto rtemperature: 215°C. Sensitivity: 

1 X 10-fl. Column temperature: 80 — 210°C, 2 ° /m in . Carrier gas: N2, min.

4 C-leucine incorporation studies

Uninoculated leaves were floated on 20 ml of the appropriate solutions con
taining 1.8 ml 14C-leucine of 10 цС/ml activity (specific activity 10.46 mC/mM) 
for 1, 4 or 20 hours. The preincubation with the test solutions before addition of 
the radioactive isotop lasted for 2, 24 or 48 hours. The extraction method was 
the same described in chapter protein determination. After incubation, the leaves 
were rinsed three times with distilled water and blotted dry. Since most of the 
radioactivity was present in the ethanol soluble fraction and in the NaOH soluble 
fraction only these fractions were collected. Activities were determined using a 
GM-counter. In every case protein determination was performed from the protein 
containing fraction. Activity was counted as cpm/g fresh weight or as cpm/mg 
protein, and was expressed as per cent of the control.

Results

Protein changes in detached leaf cultures

Total protein contents did not change significantly after amino acid treat
ments. Even cycloheximide caused only 10—15 per cent decrease in protein con
tent after a 4-day-treatment (Table 1). On the other hand, slight qualitative changes 
were found in polyacrylamide gel after electrophoresis (Fig. 1). However, this
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Fig. 1. Protein bands after polyacrilamid gel electrophoresis of wheat leaf extracts. Leaves 
were floating for 5 days on the experiment solutions. One sample on each tube contained 200— 
300 fig protein. Gels were stained with 1 % amidoblack and evaluated by Joyce Chromoscan 
densitometer. A =  control, В =  histidine, C =  methionine, D =  serine, E =  isoleucine 

treatment, +  =  new band appeared, — =  one band disappeared
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Table 1

The total protein content in Little Club wheat leaves treated by different amino acids and/or 
protein synthesis inhibitors. Leaves were floating for 4 days on the experiment solutions

Treatment
Protein content

%

Control (0) 100
+  actinomycin D (1 ppm) 94.8
4- cycloheximide (0.5 ppm) 88.1
4- chloramphenicol (40 ppm) 101.9

L-Histidine 101.3
4- actinomycin D 105
4- cycloheximide 93.6
+  chloramphenicol 99.3

L-Methionine 94.5
+  actinomycin D 88.4
+  cycloheximide 92.1
+  chloramphenicol 95.6

DL-Serine 101.7
4- actinomycin D 103.2
4- cycloheximide 91.1
4- chloramphenicol 105.3

DL-Isoleucine 95.5
4- actinomycin D 97.1
4- cycloheximide 89.1
4- chloramphenicol 88.7

changes were different in each amino acid treatment. Some bands strengthened 
or appeared some decreased or disappeared as compared to the control, only 
benzimidazole treated sample. Naturally, the mechanism of induced rust resistance 
is not necessarily the same, but it still seems difficult to relate changes of one or 
two protein bands to resistance.

Uptake o f14C-leucine as influenced by amino acid treatments

The total activities were strongly decreased as an effect of each amino acid 
treatment (Fig. 2), which refers to the inhibition of amino acid uptake. Activities, 
expressed in per cent of the control were similar after 14 or 20 hours incubation 
both in the alcohol and in NaOH soluble fractions. As a result of treatments with 
different amino acids, the aggregate sum of activities of the fractions suggests 
that uptake of 14C-leucine into the leaves was inhibited approximately by the same 
extent by each amino acid. This lends to support the hypothesis that L-amino 
acids have the same carrier system. Treatments with protein synthesis inhibitors 
did not affect the uptake of the labeled amino acid.
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Fig. 2. Incorporation of 14C DL-leucine into the different fractions of wheat leaves treated in 
detached leaf culture. The pretreatment with amino acids lasted for 48 hours, the incubation 
with the radioactive material and the amino acid lasted for 20 hours. ■  activity of the sum of 
the fractions in per cent of the control, □ activity of the protein containing fraction in per cent 
of the control the absolut activity of the control: a  2879 cpm/g fresh weight, ■ 4827 cpm/g 

fresh weight, 0 =  control, H =  histidine, M =  methionine, S =  serine, I =  isoleucine
treatment

Fig. 3. Incorporation of 14C-leucine into the protein containing fraction as influenced by amino 
acid and/or protein synthesis inhibitor treatments in per cent of the control. 0 =  control, 
H =  histidine, M =  methionine, S =  serine, I =  isoleucine, a =  actinomycin D (1 ppm), 
к =  chloramphenicol (40 ppm), c =  cycloheximide (0.5 ppm). Activity of the control =  24.4

cpm/mg protein
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Incorporation o f "C-Ieucine into the protein fraction as influenced by amino acid 
andjor protein inhibitor treatments in detached leaf cultures

Incorporations of 14C-leucine into the protein containing fraction of wheat 
leaves are seen on Fig. 2 and Fig. 3. Activities are decreased in consequence of 
amino acid treatments. However, this decrease is partly the consequence of the 
inhibition of 14C-leucine uptake. On the other hand, all of the amino acids, but 
especially L-methionine and DL-isoleucine in addition to the decreased uptake, 
still inhibited the incorporation of 14C-leucine into the protein fraction (Fig. 2). 
Protein synthesis inhibitors alone decreased the incorporation by 25 — 35 percent. 
However, amino acid-protein inhibitor combinations caused inhibitions of incor
poration only about the same extent as amino acids alone, or relatively increased 
the incorporation (Fig. 3). Especially cycloheximide was effective in raising the 
amino acid-decreased incorporation activity and at the same time cycloheximide 
was the most active in decreasing the amino acid induced resistance to rust (B arna  
et ai, 1977). None of the inhibitors changed remarkably the incorporation of 
14C-leucine in the presence of histidine. The length of preincubation before addi
tion of the radioactive materials did not effect significantly the incorporation. 
In conclusion, data with the radioactive material show, that all the amino acids 
inhibited the incorporation into the protein containing fraction, which refers to 
the inhibition of protein synthesis.

Amino acid analysis by GLC

The retention times of the amino acids examined are presented in Table 2. 
In order to control the method we added different quantity of serine, isoleucine 
and methionine to the mixture of standard amino acids. In every case we were

Table 2
The retention times of different amino acids in GLC analysis

Amino acid Time (minutes)

alanine 4.5
glycine 5.5
valine 7.0
leucine 8.5
iso-leucine 9.5
aspartic acide 11.0
serine 12.0
threonine 15.0
hydroxyproline 16.0
cisteine 17.0
glutamic acide 19.0
methionine 20.0
phenylalanine 22.0
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able to detect the adequate increase in the quantity of the corresponding amino 
acid.

In spite of this, we did not find differences in the amino acid quantities of 
protein hydrolisates of wheat leaves treated and nontreated by amino acid.

We controlled the GLC method by amino acid analyser. The analysis gave 
the same result as the GLC, that treatment of leaves by amino acid solutions does 
not change the amino acid composition of proteins.

Discussion
In spite of the several observations, when amino acid treatments increased 

resistance, the mode of action is generally not clear. In some cases the amino acids 
have a direct chemotherapeutic effect, as in the case of apple leaves infected with 
Venturia inaequalis, or when cucumber seedlings are infected with Cladosporium 
etc., but we have indications that amino acids have no direct inhibitory effect on 
the development of Puccinid graminis tritici and that the protein metabolism of 
the plant is involved in the mode of action (Barna et al, 1977).

Although the effect of the amino acid treatments on the total protein con
tent of wheat leaves was very slight the gel electrophoresis showed qualitative 
changes in protein composition.

It is difficult to relate alteration of a special protein band to changes in 
resistance. Still, these data present evidences that amino acid treatments cause 
disturbances in protein metabolism of wheat leaves. These disturbances are not 
expressed in amino acid composition of the total protein extract (GLC analysis), 
but in experiments with labeled amino acid. The inhibition of incorporation of 
14C-leucine into the protein containing fraction refers to the inhibition of protein 
synthesis, which can lead to resistance to rust. Similarly, the inhibition of the 
growth of Marchanda polymorpha gemmalings by lysine and threonine was corre
lated with an inhibition of protein synthesis (D unham and Bryan, 1971). The 
paradoxical results with protein synthesis inhibitors can be explained by the fact, 
that protoplasts from cycloheximide pretreated leaves are more active in incorpo
rating labeled L-leucine, uridine and thymidine into TCA insoluble materials 
(Kaur-Sawhney et a l, 1976). This effect is due to the inhibition of post excision 
formation of proteases and nucleases in the floated leaves.

In conclusion, the high concentrations of amino acids, which are almost 
toxic to the plant, cause changes in protein composition and a general reduction 
in protein synthesis and/or an induction of protein degradation. This is unfavour
able for the development of the rust. The effect can be reduced by inhibiting the 
induction of proteases and nucleases with protein synthesis inhibitors. These 
results suggest, that changes in protein metabolism of wheat leaves caused by 
amino acids in excess, are in correlation with changes in resistance. Similar conclu
sion was drawn by Y amamoto el al (1976) and Tani el al (1978) with oat rust 
resistance.
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Three cultivars of onion differed in their susceptibility or resistance to the neck 
rot disease incited by B. allii. Behairi cultivar was susceptible, Giza 6 was moderately 
susceptible and Taliani Red was resistant. The differential response to the disease is 
attributed to higher content of polyphenols and the higher activity of the oxidases in 
the resistant cultivar which inhibit the macerating enzymes excreted by B. allii that in
duce neck rot.

Onion (Allium сера L.) is one of the main export crop in Egypt. It is rated 
the third exported crop after cotton and rice (A n o n ., 1972). More than 100 
thousand tons of fresh onion and 3 thousand tons of dried onions are exported 
every year (A n o n ., 1972). Neck rot of onion incited by Botrytis allii is a common 
post-harvest disease which was reported from the growing areas of onion all over 
the world. The literature on the occurrence of the disease is extensive (K amel, 
1952, and El-H elaly et al., 1962), however, the work on the varietal resistance 
and the enzymatic activities of the fungus is rather limited (H ancock et al., 1964, 
and H ancock and M illar, 1965 a & b).

The present work was undertaken (i) to investigate the response of certain 
cultivars of onion to the disease and (ii) to determine the polyphenols, the oxidases, 
and the macerating enzymes which might be involved in disease response.

Materials and Methods

Medium size onion bulbs of certain cultivars, namely, Behairi, Giza 6, and 
Taliani Red were used. Onion bulbs were surface sterilized by dipping in 0.1 % 
mercuric chloride solution for 3 minutes then rinsed in sterile water. Such bulbs 
were inoculated by inserting a 6 mm disc from the advancing edge of B. allii pre
viously isolated from Giza 6 diseased bulbs-grown on PDA, 3 mm deep near the 
neck of the bulb. Bulbs were kept in perforated polyethylene bags at room tem
perature (24 —31°C) until symptom development. Bulbs served as checks were 
similarly treated except using fungus-free PDA discs. Four bulbs were used in 
each replicate (bag) and four replicates consisted a treatment.
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Phenolic compounds were determined in the B. allii artificially-infected and 
healthy onion bulbs of three cultivars by adopting the method of Khalifa et ai 
(1968).

Determination of enzymes

Pectolytic [polymethyl-galacturonase (PMG), and pectinmethyl-esterase 
(PME)], cellulase, polyphenoloxidase, peroxidase and catalase enzymes were 
determined in tissues of healthy and B. allii artificially-infected onion bulbs of 
the three cultivars tested. The assay of the pectolytic enzymes and the cellulase 
were determined according to the method used previously (Wasfy et al., 1977).

Polyphenoloxidase assay

For determination of phenoloxidase, the method described by Braesch 
(1954) was used. Phenoloxidase activity was determined in inoculated and non- 
inoculated onion bulbs after 16 days. Enzyme activity was measured by grinding 
10 g of inoculated and non-inoculated tissues in a mortar with 14 ml borate buffer 
(pH 9). Extracts were centrifuged for 15 minutes at 4,000 rpm. The supernatant 
was diluted by adding 8 ml distilled water to 2 ml supernatant. Aliquots of diluted 
supernatants were assayed for phenoloxidase activity using spekol colorimeter 
at 575.5 nm. The reaction mixture consisted of 2 ml borate buffer (pH 9), 1 ml 
of 1 % P-aminobenzoic acid, 2 ml of 1 % catechol and 0.2 ml extract. After mixing 
for 45 minutes, a red colour was formed. The activity of the enzyme was measured 
as relative deepness in red colour, by optical density. Control treatment was done 
similarly except that extracts were previously boiled. Four replicates were used 
in each treatment.

Peroxidase assay

For determination of peroxidase, the method described by Fehrmann and 
D imond (1967) was used. Peroxidase activity was determined in inoculated and 
non-inoculated onion bulbs after 16 days. Enzyme activity was measured by 
grinding 10 g of inoculated and non-inoculated tissues in a mortar with 14 ml 
phosphate buffer (pH 6). Extracts were centrifuged for 15 minutes at 4,000 rpm. 
The supernatant was diluted by adding 8 ml distilled water to 2 ml supernatant. 
Aliquots of diluted supernatant were assayed for peroxidase activity using spekol 
colorimeter at 470 nm. The reaction mixture consisted of 1.5 ml of 0.04 M cate
chol solution, 1.5 ml H 20 2 (20 volume), 1.5 ml phosphate buffer (pH 6) and 0.2 ml 
of extract. The control treatment was done similarly except the extract was pre
viously boiled. Four replicates were used in each treatment. The difference in 
optical density between the reaction mixture and that of the control was taken 
as a measure of the activity of the reaction. Enzyme activities were expressed as 
the increase in optical density from 60—120 seconds after the substrate was added.
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Catalase assay

Catalase activity (C olowick and Kaplan , 1955) of inoculated and non-ino- 
culated onion bulbs were determined. Enzyme activity was measured by grinding 
10 g of tissues in a mortar with 14 ml phosphate buffer (pH 7). Extracts were 
centrifuged for 15 minutes at 4,000 rpm. Aliquots of the supernatants were assayed 
for catalase activity, by the addition of 4 ml of the extract to 60 ml of 0.01 N H ,0 2 
solution. The mixture was incubated at 25 °C for 55 min. The decomposition of 
H20 2 was measured by titrating the remaining substrate with 0.0052 N potassium 
permanganate solution after stopping the enzymatic reaction with 5 ml 2 % (v/v) 
sulfuric acid. A sample of 5 ml was taken from each assay mixture at 2-min. at 
first and 5-min. intervals, and the remaining H20 2 was titrated. Four replicates 
were used in each treatment.

Results

Pathogenicity tests

Disease symptoms of B. allii appeared on the susceptible cultivars after 
16 days of inoculation, with no symptoms on the check. Symptoms of artificially- 
inoculated bulbs were similar to those obtained naturally. Onion cultivars tested 
differed in their response to the tested isolate of B. allii. Behairi cultivar was highly 
susceptible, Giza 6 was moderately susceptible, and Taliani Red was resistant as 
it showed no disease symptoms after the same period of incubation (Fig. 1).

Fig. 1. Onion bulbs of three cultivars artificially-inoculated with B. allii and cut lengthwise 
after 16 days, showing neck rot on Behairi (left) and Giza 6 (middle), with no symptoms on

Taliani Red (right)
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Phenolic compounds

Determination of phenolic compounds in the B. allii artificially-infected and 
healthy onion bulbs of the three cultivars showed higher polyphenolic content 
in the Taliani Red than in Behairi and Giza 6. This result is true in both artifi
cially-infected and healthy bulbs (Table 1).

Table 1

Phenolic compounds in B. allii artificially — infected and healthy onion bulb varieties after 
16 days at room temperature (24—31 °C)

m g/100 g dry weight

C ultivar T reatm ent

Check Infected

Behairi 12.7 19.3
Giza 6 13.2 19.5
Taliani Red 20.4 21.1

Enzyme activities

Determination of the activities of the macerating and oxidative enzymes in 
healthy and B. allii artificially — inoculated onion bulbs showed that the activi
ties of such enzymes were higher in the inoculated than in healthy bulbs. The 
macerating enzymes (PMG, PME and cellulase) were much higher in the Behairi 
and Giza 6 than in Taliani Red cultivar (Table 2). On the other hand, the activity 
of the oxidative enzymes was more marked in the Taliani Red than in either 
Behairi or Giza 6 cultivars (Tables 3 and 4).

Table 2

PMG, PME and cellulase activities in onion bulbs of three cultivars artificially-inoculated with 
B. allii after 16 days at room temperature (24—31 °C)

Cultivar Treatm ent PM G1 PM E 2 Cellulase1

Behairi Non-inoculated (check) 2.91 3.21 2.43
Inoculated 63.98 16.66 98.48

Giza 6 Non-inoculated (check) 3.13 3.51 2.91
Inoculated 49.67 10.00 85.17

Taliani Red Non-inoculated (check) 1.93 2.44 1.60
Inoculated 2.11 3.16 2.78

1 Reduction in viscosity %
2 /r equivalent/min/ml.
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Table 3

Polyphenoloxidase and peroxidase activities in onion bulbs of three cultivars artificially- 
inoculated with B. allii after 16 days at room temperature (24—31 °C)

Cultivar Treatment
Optical density

Polyphenol- Peroxidase 
oxidase

Behairi Non-inoculated (check) 0.150 0.020
Inoculated 0.280 0.120

Giza 6 Non-inoculated (check) 0.110 0.050
Inoculated 0.310 0.145

Taliani Red Non-inoculated (check) 0.290 0.150
Inoculated 0.320 0.155

Table 4

Activity of catalase in B. allii artificially infected and healthy onion 
bulb varieties after 16 days at room temperature (24—31 °C)

Cultivar Treatment
M g H20 2 Decomposed after (min)

2 5 10 15 20 25

Behairi Non-inoculated (check) 0.406 0.666 0.908 1.133 1.271 1.470
Inoculated 0.611 1.617 1.945 2.144 2.170 2.256

Giza 6 Non-inoculated (check) 0.510 0.951 1.340 1.522 1.686 1.893
Inoculated 0.626 0.991 1.491 1.600 1.824 1.954

Taliani-Red Non-inoculated (check) 0.562 1.046 1.513 1.755 1.962 2.075
Inoculated 0.593 1.177 1.611 1.821 1.989 2.089

Cultivar Treatment
Mg H20 2 Decomposed after (min)

30 35 40 45 50 55

Behairi Non-inoculated (check) 1.703 1.859 1.962 2.118 2.222 2.300
Inoculated 2.274 2.291 2.308 2.326 2.343 2.360

Giza 6 Non-inoculated (check) 1.962 2.118 2.170 2.248 2.291 2.334
Inoculated 2.1 18 2.205 2.239 2.274 2.308 2.342

Taliani-Red Non-inoculated (check) 2.118 2.205 2.239 2.300 2.306 2.331
Inoculated 2.145 2.224 2.251 2.300 2.326 2.351

Discussion
The differential response of the three onion cultivars to the neck rot disease 

incited by B. allii could be explained in the light of the polyphenol content, oxi
dative and macerating enzyme activities. Pathogenicity tests showed that Behairi
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cultivar was susceptible, Giza 6 moderately susceptible and Taliani Red was 
resistant. The macerating enzymes (PMG, PME and cellulase) activity was higher 
in the B. a////-inoculated bulbs of Behairi and Giza 6 than in those of Taliani Red. 
However, the polyphenols and the oxidases (polyphenoloxidase, peroxidase, and 
catalase) were higher in the B. a/Zn-inoculated bulbs of Taliani Red than in Behairi 
or Giza 6. Greater accumulation of polyphenols in the resistant than in the sus
ceptible cultivars was supported by Hampton (1962), Király and Farkas (1962), 
Patil et al. (1962), and Abd-Elrasik et al. (1972). Meantime, such polyphenols 
were most likely inhibitory to the macerating enzymes excreted by the fungus as 
such enzymes decreased in the resistant as compared with the susceptible cultivars. 
These results agree with those obtained by Byrde (1957; 1963) and Byrde et al. 
(1960), D eese and Stahmann (1963), and Williams (1965) who stated that the 
oxidized phenols are strongly inhibitors of extracellular pectolytic enzymes of 
fungi causing wilt and soft rots.
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A Simplified Method for Isolating and Detecting the Frequency 
of Occurrence of Free Living S tr e p to m y c e s  sca b ie s  in Infected

Soils

By
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Department of Microbiology, Eötvös Loránd University, Budapest, Hungary

Based on the cultural-morphological and physiological properties of the neo
type (ATCC 33282) and type (ATCC 33281) strains of Streptomyces scabies and Sir. 
scabies var. achromogenes, respectively, the authors suggest a usable scheme of isola
tions, simultaneous comparative investigations and clustering of soil streptomycetes 
for detecting the presence and frequency of occurrence of this species in samples of 
infected soils. To demonstrate the usefulness of this scheme, Streptomyces scabies 
strains were selected from the complex streptomycete population (composed of 23 
identified species and the members of an unidentified heterogeneous group of strepto
mycetes) of a scabies-infected potato-free soil of the experimental farm of the Potato 
Research Department of the Agricultural University, Keszthely, Hungary.

Potato scab is a wide-spread disease causing a considerable economic loss 
in agriculture. Among the microorganisms responsible for scab production Strepto
myces scabies, this extensively studied species of the genus Streptomyces, is with
out doubt the most important. Unfortunately, only little is known on the ecology 
of this species and on its frequency of occurrence in different soil types and after 
the application of various agricultural techniques. This lack of available informa
tion is due chiefly to the uncertainty on its systematic position (Hütter, 1967; 
Bergey’s Manual, cf. Buchanan and Gibbons, 1975), and to the fact that in the 
scabs and on the surface of infected tubers, apart from the true pathogenic agent, 
many different species of Streptomyces may occur simultaneously (and generally 
in law number) which were isolated, studied and regarded by different authors as 
true representatives of "Str. scabies". This is the reason why although there are 
many data in the literature on the behaviour in the soils of this “species” , the 
majority of these data is hardly evaluable.

In 1979, studying the scabies-populations of scab lesions of infected tubers 
of different potato cultivars, and taking the various species descriptions of many 
workers dealing with the scabies problem into consideration, we have selected* 
from among 452 “scab-strains”, a strain available for designating as the neotype 
strain of Str. scabies, which was then deposited in the American Type Culture 
Collection as ATCC 33282. At the same time, the type strain (ATCC 33281) of 
an achromogenic variety (Str. scabies var. achromogenes) of this species was 
also designated and described. Detailed simultaneous comparative investigations-

5 * Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981



68 Elesawy, Szabó: Frequency o f  Streptomyces in soils

of fresh streptomycete isolates with these neotype and type strains may give us 
now more possibilities to detect the occurrence in various habitats of these organ
isms, capable also of saprophitically living in the soils which we can consider the 
most important source of the infection of potato.

The purpose of this paper is to present a simplified scheme of a particular 
strain selection process, that we can use with good results on trying to answer 
the question whether Streptomyces scabies type organisms are or are not present 
in a given soil sample, and if yes, how large is their frequency of occurrence in it?

Materials and Methods
To detect the presence of Str. scabies in the soil (A-horizon of a brown forest 

soil) of the experimental farm of the Potato Research Department (Keszthely, 
Hungary) soil samples were collected at three sampling sites from about 5—10 cm 
depth. The individual samples were then pooled to give a composite sample from 
which soil dilution plates were prepared using casein-starch agar and glycerol- 
arginine agar for isolation of streptomycetes. A representative random sample of 
isolates (190 purified Streptomyces strains) was then submitted to a selection pro
cedure described under Results of this paper.

For the comparative investigations of strains, methods (morphological sec
tions of Shirling and Gottlieb; colour wheals developed by Tresner and 
Backus; determination of carbon utilization pattern on Pridham and Gottlieb’s 
basal salts medium; indicator pigments detected by observing the effect of 0.05 N 
NaOH and 0.05 N HC1 on the colour of the reverse side of colony, etc.) and 
media (yeast extract-malt extract agar ; oatmeal agar ; inorganic salts-starch agar ; 
glycerol-asparagine agar; tyrosine agar; peptone-yeast-iron agar) employed by 
the collaborators of the international Streptomyces Project (ISP) were used 
(Szabó and Marton, 1976). Nitrite produced from nitrates in nitrate broth was 
demonstrated by the Griess — Ilosvay method. Hydrogen sulfide test was studied 
by the method recommended by Küster and Williams. The hydrolysis of Tweens 
was tested by the methods described by Sierra. Hydrolysis of starch and cellu
lose, decomposition of gelatin, urease production, utilization of nitrate as sole 
source of nitrogen, growth on paraffin and in the presence of 3 —10% NaCl were 
tested by methods used in our laboratory (Szabó, 1974). The taxonomic identifi
cations were carried out on the basis of ISP criteria using the ISP-redescriptions 
of the type and neotype strains of Streptomyces spp.

Results
The scheme offered here for a rational selection of Str. scabies strains from 

soils and followed while studying the scabies-population of the infected soil of 
the experimental farm of Potato Research Department is presented in Table 1. 
The obtained representative collection of about 190 streptomycete strains, isolated
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Table 1

A simplified scheme of the rapid selection of Streptomyces scabies strains from among the 
members of a randomly isolated representative collection of Streptomyces strains

1. Initial Step
Isolation on a random basis of a repre

sentative collection of soil strains from 
media used in practice for plate count
ing of soil actinomycètes

2. Second Step
Separation for further investigations only 

the strains which produce spore mass 
colour in the Gray-series according to 
the Tresner-Backus colour-wheels

II
\ /

3. Third Step
Selection for strains producing spirale 

sporophores

\ /
4. Fourth Step

Selection for strains having a complete 
ISP carbon utilizing spectrum

4 /
5. Fifth Step

Selection for strains producing only 
smooth spores observed in electron 
microscope

I I
\ /

> All of the strains which decompose 
cellulose and/or paraffin, capable of 
growing over 42 °C and at 8—10% 
NaCl can be excluded from further 
work

> Selection of chromogenic and achromo 
genic, apathogenic, etc. variants

6. Sixth Step
Selection for strains that cannot decom- _ —  

pose cellulose, paraffin, do not grow at 
temperatures over 42 °C and at about 
8—10% NaCI concentration

7. Seventh Step (ultimate Step)
Special-purpose investigations (e.g. inocu

lation of plants, etc.) with the selected 
Str. scabies strains

-» All of the strains having spiny or hairy 
spore surface ornamentation can be 
excluded from further work

All of the strains having incomplete ISP 
carbon utilization spectra can be 
excluded from further observations

All of the strains belonging to Yellow-, 
White-, Green-, Red-, Purple-, and 
Blue-series can be excluded from 
further investigations

All of the strains producing rectus- 
flexibilis spore chains can be excluded 
from further comparisons

------- *■ All of the isolates (true bacteria and
actinomycètes) which do not belong 
to the genus Streptomyces can be 
excluded from further work
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on a random basis, was at first divided into the following two large clusters: a 
group of typically gray sporulated streptomycetes on the one hand, and a very 
heterogeneous group of streptomycetes possessing mature aerial mycelium char
acteristic for the Yellow, Red, Blue and White series of the Tresner — Backus 
colour wheels on the other. Moreover, we separated also a third group of strepto
mycetes (altogether 10 strains) the sporulation of the members of which was very 
poor and unsuitable for typifying. Certain properties of these strains, however, 
revealed that taxonomically they were distinct from Sir. scabies. Consequently, 
just as the strains that belonged to the Yellow, Red-, Blue- and White colour 
series, they were excluded from the further comparisons. But in order to obtain 
an insight into the specific structure of this local streptomycete community, we 
identified them. They proved to be the representatives of species Str. bluensis, Str. 
roseolas, Str. parvus, Str. viridochromogenes, Str. levoris, Str. pilosus, Str. violaceus, 
Str. lavendulae, Str. rimosus, Str. lipmanii, Str. phaeochromogenes and Str. collinus.

From among the total of 112 strains (59%) which possessed gray spore 
mass colour, 100 produced spirale sporophores and 12 rectus-flexibilis type straight 
spore chains. As the members of species Str. phaeopurpur eus, Str. avellaneus and 
Str. zaomyceticus, the latter were similarly excluded from further comparison. 
As Str. scabies has a complete ISP carbon utilization spectrum (D-glucose, L-ara- 
binose, D-xylose, i-inositol, D-mannitoI, D-fructose, rhamnose, sucrose and 
raffinose are all utilized for growth), and this spectrum proved to be extraordinarily 
stable at its strains, we have also excluded from the further selection process all 
gray sporulated streptomycetes which produced spirale sporophores and possessed 
more or less deficient carbon utilization spectra. Among our isolates, such com
binations of diagnostic features showed, the representatives of the following 
streptomyces species: Str. griseoflavus, Str. flaveolus, Str. violaceochromogenes, 
Str. argenteolus and Str. endus. Thereafter, from among these strairis of a complete 
ISP C-utilization spectrum we separated and excluded again on the basis of 
electron microscopic observations a representative of the spiny ornamented spore 
producing species Str. ganmycicus. Finally, from among the remained gray sporu
lated, smooth spores and spirale sporophores producing strains capable of utiliz
ing all ISP diagnostic carbon compounds we have separated three strains (No 
127.62 and 23) which were cellulose and paraffin negative and could not grow at 
temperatures over 42 °C and in higher NaCl concentrations such as 7 per cent. 
These are the true representatives of species Str. scabies. The very closely related 
strains which can grow within a temperature range of between 42 — 50 °C and at 
the same time, decompose cellulose and/or paraffin and tolerate 8—10% NaCl 
concentrations are belonging to the variable group a Str. diastatochromogenes. 
This extraordinarily common species characterized by a world-wide distribution 
shows a frequent occurrence also in the investigated soil of the Potato Research 
Department.

The selected Str. scabies strains showed completely identical diagnostic 
features with those of the neotype strain ATCC 33282 of Str. scabies: Spore chain 
morphology: Section spirales. Mature spore chains generally long, often with
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more than 50 spores per chain. This morphology is seen on oatmeal agar, salts- 
starch agar and glycerol-asparagine agar. Spore surface: smooth. Aerial mass 
colour in the gray colour series on oatmeal agar, salts-starch agar and glycerol 
asparagine agar. Reverse side of colony: no distinctive pigment (Yellow-brown 
colour series); substrate pigment is no pH indicator. Melanoid pigments formed 
in peptone-yeast-iron agar and tyrosine agar. Pigments other than melanoids not 
formed in yeast-malt agar, oatmeal agar, salts-starch agar or glycerol asparagine 
agar. Carbon utilization: D-glucose, L-arabinose, D-xilose, D-fructose, rhamnose, 
sucrose, i-inositol, D-mannitol, raffinose, lactose, maltose, starch, inulin and 
dextrin are all utilized for growth. Dulcitol is not utilized. Growth on melibiose 
is variable. Tween 40 and 60 are hydrolised. Urease positive. Nitrate reduction 
variable. Cellulose and paraffin not decomposed. Nitrate as sole source of nitrogen 
is utilized. H,S produced from peptone and L-cysteine. Growth at 40 °C but not 
at 42 °C. Gelatin hydrolysed.

Discussion
Above we have demonstrated that with an adequate scheme of strain-selec

tion (Table 1) it is possible to isolate Str. scabies strains from potato tuber free, 
but infected soil samples. The complete lack of such organisms among the members 
of an isolated representative collection of Streptomyces isolates (for which case 
we have also examples in our laboratory) makes very probable that this infective 
agent is either completely lacking from the investigated soil sample, or it occurs 
only in such a low number, that we can hardly detect it with these methods. 
Naturally, by increasing the number of isolated and investigated strains the pro
bability also increases that we will catch it after all. Another problem is that at 
present we cannot solve the task of the quick separation of pathogenic and apatho- 
genic variants of this species on the basis of cultural-physiological investigations, 
and for this reason plant reinoculation tests are necessary. The production of 
melanoid pigments in tyrosine- and/or in peptone-iron agar media as a diagnostic 
critérium is not an available tool either for species differentiation or for detection 
of pathogenic abilities. Further investigation is also necessary to clarify the taxo
nomic relationships between Sir. scabies and the variants (and many synonyms) 
of Str. diastatochromogenes.

The proposed scheme may also be suitable for estimating the relative fre
quency of occurrence of Str. scabies in soils. In the case of our investigated soil, 
this organism amounts to a few percent of the soil streptomycete flora. But cal
culating with 106 streptomycete germ count per 1 g dry soil, Str. scabies may be 
present in the soil of the experimental farm of the Potato Research Department at 
about 1 —3 X 104/g dry soil, which we can consider already a very high inoculum- 
potential, supposed that this number represents chiefly the pathogenic variant. 
In the future, we intend to estimate the Str. scabies content of different soil types, 
and to find quick methods for separating the pathogenic and apathogenic variants 
of this species for soil population density estimations.
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TMV infection of tobacco hybrids resulting from crosses between N. tabacum 
cv. Burley 49 (hypersensitive) and cv. Judy’s Pride Burley (sensitive) results in the appear
ance of an additional b-protein (br) as compared to the hypersensitive parent. Evidence 
that TMV-sensitive tobaccos possess the information necessary to code for b-proteins 
is discussed in relation to the expression of virus resistance and the presence of gene N.

The localisation of tobacco mosaic virus (TMV) by the hypersensitivity 
reaction in Nicotiana tabacum cv. Xanthi-nc is accompanied by the appearance 
of four new soluble proteins, bb b2, b3 and b4 (G íaninazzi, Martin and Vallée, 
1970; Gíaninazzi and Martin, 1976; Gíaninazzi et al., 1977). At least three of 
these new proteins (bx — b3) can also be induced together with virus resistance 
by polyacrylic acid, showing that they are coded by the host plant (Gíaninazzi 
and Kassanis, 1974). The four new proteins have similarly been found in N. taba
cum cv. Samsun NN after TMV infection (Van Loon and Van Kämmen, 1970), 
or following treatment with 2-chloroethylphosphonic acid (Van Loon, 1977). This 
paper confirms the presence, after TMV infection, of the b-proteins in another 
hypersensitive cultivar of N. tabacum, Burley 49, and reports for the first time the 
appearance of an additional new b-protein in TMY-infected hybiids originating 
from crosses between Burley 49 and a TMV-sensitive “nn” cultivar of N. tabacum, 
Judy’s Pride Burley.

8- to 10-week-old N. tabacum cv. Burley 49, cv. Judy’s Pride Burley and the 
two hybrids resulting from reciprocal crosses were inoculated with TMV. All the 
inoculated leaves produced local necrotic lesions (hypersensitive necroses) except 
those of Judy’s Pride Burley, which showed only slight chlorosis at the site of 
virus infection. Experiments were carried out in a constant environment room 
(16 hrs photoperiod, 12000 lux, day 23 °C/70% humidity, night 17 °C/90% humidity). 
Soluble leaf proteins from healthy and infected tobaccos were extracted after 
1, 2, 4 and 7 days in phosphate-citrate buffer, pH 2.8, and analyzed by disc- 
electrophoresis in 10% (w/v) polyacrylamide gel at 4°C as previously described 
(Gíaninazzi et al., 1977).

The soluble leaf proteins of all the hypersensitive cultivars (Burley 49 and 
both hybrids) were qualitatively modified by TMV infection. As shown in Fig. 1,
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3 new soluble leaf proteins appeared in TMV-infected Burley 49 whilst 4 were 
detected in the hybrids, independent of the direction of the cross. Co-electrophore- 
sis with extracts of TMV-infected N. tabacum cv. Xanthi-nc or cv. Samsun NN 
showed that bb b2 and b3 of Fig. 1 correspond to the bands bx, b2 and b3 pre
viously reported by G ianinazzi et al. (1970, 1977), whilst the band br , appears 
to be specific to the hybrids. No b-proteins were found 1 day after virus inocula
tion. bx and br  were detected after 2 days, 7 to 9 hours after necroses appearance, 
whilst b2 and b3 were visible on gels only 3 days after infection. In TMV-sensitive 
cv. Judy’s Pride Burley no such changes in soluble leaf proteins occurred, even 
7 days after TMV inoculation (Figs 1 and 2).

The hypersensitive reaction to TMV in Xanthi-nc, Samsun NN and Burley 
49 is thought to be controlled by the same dominant gene N originating from 
N. glutinosa. However, the proteins that are induced in the latter after TMV 
infection are completely different (Van  Loon  and V an  K ämmen, 1970) from those 
found in the 3 former varieties, showing that b-proteins are not directly coded 
by the gene N. The present work demonstrates that TMV infection of hybrids 
between hypersensitive and sensitive hosts can result in the production of new 
proteins, br  for Burley x Judy’s Pride Burley, that are not present in either parent

Fig. 1. Densitometer tracings of electrophoretic patterns of soluble leaf proteins 4 days after 
water inoculation (a, c and e) and TMV infection (b, d and f) of M. tabacum cv. Judy’s Pride 
Burley (a and b), Judy’s Pride Burley $X Burley 49 q hybrid (c and d) and cv. Burley 49 (e 

and f). b,, br, b2 and b3) new protein components; ph, bromophenol blue
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Fig. 2. Electrophoresis of soluble leaf protein extracts of TMV-infected N. tabacum cv. Judy’s 
Pride Burley (a), Judy’s Pride Burley $X Burley 49 $  hybrid (b) and cv. Burley 49 (c). b,, 

br, b2 and b3, new protein components; ph, bromophenol blue

when infected by the same virus. The fact that both hybrids produced the same 
new b-proteins suggests that the DNA of the TMV sensitive Judy’s Pride Burley 
must also possess the information necessary to code for b-proteins. In fact leaf 
necroses induced by fungal infection of this same cultivar are accompanied by the 
synthesis of the b-proteins b1; br , b2 and b3 (S. G ianinazzi, A. Cassini and A. 
C o rnu , unpublished results). Furthermore, G ianinazzi (1978) has reported the 
induction of b-proteins, together with necroses, in TMV sensitive Samsun “nn” 
by temperature transfer from 25 °C to 11 °C. It is therefore clear that the informa
tion necessary to code for the b-proteins is independent of the presence of the 
gene N.

In spite of the fact that considerable amounts of b-proteins can be detected 
in the living tissues surrounding local lesions, their relevance to virus resistance 
is still unknown. It would appear from the present results that genetical studies 
could provide a useful approach to this problem.

The authors are grateful to Mr. J. Delbut for the photography.
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Der Einfluß von Virusaggregationen auf die Ergebnisse 
der Rocket-lmmunelektrophorese

Von

Dieter Reichenbächer, Thomas Kühne und Thea Stanarius

Institut für Phytopathologie Aschersleben der Akademie der Landwirtschaftswissenschaften 
der Deutschen Demokratischen Republik

ln Connection with two plant viruses (barley stripe mosaic virus — BSMV, 
carnation ringspot virus — CRSV) a clear influence of the degree of aggregation of the 
virus particles on the results of the rocket immunoelectrophoresis (R-IEP) has been 
demonstrated. This should be taken into account in experiments for differentiation of 
virus strains or for the quantitative determination of viruses by this method. The degree 
of aggregation of both viruses can be influenced by rising the temperature or by addi
tion of Igepon T-73 to the gel respectively of saccharose or potassiumchlorid to the 
virus sample. With BSMV a natural aggregation or an appearing one during virus 
purification seems to play a role. Four different strains of BSMV could not be differen
tiated by R-IEP. However, there are indications for the possibility of using this method 
for the identification of a reversible aggregation of virus particles.

In neuerer Zeit hat die Rocket-lmmunelektrophorese (R-IEP) nach Laurell 
(1966) auch in die Untersuchungen pflanzenpathogener Viren Eingang gefunden. 
Havranek (1978, a, b, c) verwendet sie zum Nachweis partikulärer und löslicher 
Antigene bei Gurkenmosaik-Virus-Suspensionen bzw. zum quantitativen Nachweis 
des Gurkenmosaik- und des Tabakmosaik-Virus. Bei vergleichenden Untersuchun
gen zur Bestimmung der Konzentration des Tabakmosaik-Virus in Capsicum 
annuum L. erhalten Tóbiás u . a. (1979) mit der R-IEP Resultate, die denen von 
Lokalläsionstests auf Xanthi-nc-Tabak bzw. Datura stramonium vergleichbar 
sind. Von Reichenbächer u . a. (1979), Gnutova u. a. (1980) und Richter u. a. 
(unveröffentlicht) wird die R-IEP erstmals auch für die Differenzierung von Toba- 
moviren bzw. Vertretern der Cucumovirus-Gruppe eingesetzt. Bei letzterer Anwen
dungsmöglichkeit wandern hochgereinigte und auf eine gleiche Konzentration 
eingestellte Viruspräparate entsprechend ihrer verwandtschaftlichen Stellung 
gegenüber dem zur Antiserumherstellung verwendeten Isolat unterschiedlich weit 
unter Ausbildung von Präzipitaten mit verschiedener Intensität in das serumhaltige 
Trägergel ein. Heterologe Antigene ergeben dabei aufgrund der Tatsache, daß 
sie vergleichsweise zu den homologen Antigenen erst später den Äquivalenzbe
reich mit den Antikörpern erreichen, höhere und weniger intensive Präzipitate 
als die Präparate, die zur Antiserumherstellung verwendet wurden bzw. mit die
sen nahe verwandt sind.
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Im Hinblick auf eine weitere Anwendung dieser Methode überprüften wir 
ihre Eignung bei Stämmen des barley stripe mosaic virus (BSMV) und am Bei
spiel des carnation ringspot virus (CRSV), wobei insbesondere d e  Einfluß einer 
Aggregation auf die Präzipitatausbildung von Interesse war.

Material und Methoden
Beim BSMV wurden die vier Stämme »Norwich«, »Type«, »Russian« und 

»Rothamsted« (siehe bei M cK inney  u . G reeley, 1965; A tabekov u . N ovikov, 
1966; K assanis u . Slykhuis, 1959 und Lane, 1974) geprüft, die serologisch bis
lang nicht differenziert werden konnten (Bojkov u . a., 1977; Stanarius u . a., im 
Druck) und stark zur Aggregation neigen (Brakke, 1959; L ane, 1974).*

Die Reinigung der Virusstämme erfolgte aus Hordeum vulgare L., Sorte 
’Xenia’, in Anlehnung an L ane (1974) unter Verwendung eines Tris-HCL-Puffers 
(pH 7.2). Antiseren wurden in Kaninchen mittels einer intravenösen und einer 
intramuskulären Injektion (dazwischen 4 Wochen Pause) mit Freund’schem in
kompletten Adjuvant hergestellt.

Im Fall des CRSV wurde ein von Nelke isolierter Stamm der ATCC** 
auf Phaseolus vulgaris L., Sorte »Pinto«, vermehrt und nach einer von Proll (unver
öffentlicht) ausgearbeiteten Methode aufgearbeitet. Hochgereinigt lag das Virus 
in Phosphatpuffer pH 5 vor. Da das CRSV unter den für die R-IEP erforderlichen 
Pufferbedingungen von pH 8 nicht stabil ist, wurde das in pH 5 vorliegende Virus 
zunächst mit 2% Formaldehyd fixiert (siehe z. B. bei Richter u. a., 1972 a, b) 
und nachfolgend gegen einen 0.05 M Phosphatpuffer pH 8 dialysiert. Um den 
Einfluß eines unterschiedlichen Aggregationsgrades untersuchen zu können, 
wurde die Viruslösung geteilt und die Teilproben wurden mit so viel Saccharose 
bzw. KCL versetzt, daß sie 10%ig an Saccharose bzw. 1 molar an KCL waren. 
Diese Proben wurden mit einer unbehandelten Probe sowohl bei +22°C als auch 
bei +35 °C verglichen.

In einer Reihe von Versuchen war für das CRSV (K üh ne , in Vorbereitung) 
die von T remaine u. a. (1976) beschriebene Fähigkeit zur reversiblen endother
men Aggregation bestätigt und ein differenziertes Aggregationsverhalten in Ab
hängigkeit vom Medium festgestellt worden. Danach wird die Zusammenlage
rung der Partikeln in Lösungen hoher Ionenstärke begünstigt und durch Saccha
rosezugabe stark gehemmt. Die Reinheit aller Virusproben wurde UV-spektro- 
photometrisch überprüft. Die Einstellung auf gleiche Viruskonzentration erfolgte 
unter Verwendung der Extinktionskoeffizienten von E?’̂  = 2,6 bei 260 nm für 
das BSMV (Atabekov u . N ovikov, 1971) bzw. von E?’̂  = 6,45 bei 260 nm für

* Die Stämme des BSMV wurden uns von Prof. J. G. Atabekov und Dr. M. K. 
Brakke überlassen.

** Für die Überlassung des Isolates danken wir Dr. C. Oertel.
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das CRSV (Kalmakoff u. Tremaine, 1967). Die so vorbereiteten Virusproben* 
wurden mit verschiedenen Antiserumkonzentrationen** wie bei Reichenbächer 
u. a. (1979) beschrieben mit der R-TEP überprüft.

Ergebnisse und Diskussion

Versuche mit Stämmen des barley stripe mosaic virus

Bei den Versuchen mit diesen Virusstämmen zeigten sich zunächst deutliche 
Stammunterschiede, wenn nur ein Antiserum verwendet wurde. Diese Unter
schiede traten jedoch unabhängig von den verwendeten drei Antiseren auf, so daß 
eine Dilferenzierung der Stämme nach unseren Erfahrungen (siehe Einleitung) 
so nicht möglich ist (Abb. la und lb). Die relative Höhe der Präzipitate unter
einander war im übrigen bei allen Seren annähernd gleich (»Russian« 43%, 
»Type« 100%, »Norwich« 32%),*** was auf nur geringfügige oder nicht vorhan
dene Stammunterschiede hindeutet. Die unterschiedliche Höhe und Intensität 
der Präzipitate mußte daher andere Ursachen haben als antigene Differenzen. 
Die Vermutung lag nahe, daß aggregierte Partikeln im Vergleich zu weniger oder 
nicht aggregierte Viruspartikeln früher den Äquivalenzbereich erreichen und ihre 
Präzipitate daher auch dichter bzw. intensiver erscheinen, dabei ihnen nur eine 
geringere Anzahl von antigénén Determinanten für die Antikörper verfügbar ist. 
Um diese Vermutung zu überprüfen, versuchten wir, Aggregationen der Viren 
entweder nahezu auszuschließen bzw. wieder aufzulösen oder aber sie hervorzu
rufen. Zu diesem Zwecke wurden die Versuche mit den Monomeren der Virus
stämme wiederholt, wie sie nach zusätzlicher Zentrifugation in einem Saccharose- 
Dichtegradienten abgetrennt werden können (Brakke, 1959).

Abbildung lc zeigt eine deutliche Angleichung der ehemals beobachteten 
Peak-Unterschiede zwischen den drei Virusstämmen. Die eindeutigsten Ergeb
nisse wurden jedoch mit gereinigten Präparaten nach Elektrophorese bei +22 °C 
bzw. +40 °C und einem Zusatz von Igepon T-73 zum Agarosegel erhalten. Das 
Detergens Igepon T-73 kann in geeigneten Konzentrationen bereits vorhandene 
Aggregate wieder auflösen und/oder eine Aggregation verhindern (Brakke, 1959), 
hingegen verursacht eine Temperaturbehandlung zwischen +40 und +50 °C eine 
deutliche Aggregation der Partikeln (Kassanis und Slykhuis, 1959). Für unsere 
Versuche erwies sich nach Vorversuchen eine 0.05 %ige Igeponkonzentration im 
Agarosegel als geeignet. Bei dieser Konzentration zeigten sich gleich hohe und 
auch gleich intensive Präzipitations-Peaks der drei Stämme, wie sie bei serologisch 
identischen Stämmen zu erwarten sind (Abb. Id). Ähnliche Ergebnisse wurden 
bei einem späteren Versuch mit vier BSMV-Stämmen und Kombinationen von

* BSMV -  0,9 mg/ml; CRSV -  0,75 nig/ml.
** Ein Antiserum gegen CRSV wurde uns freundlicherweise von Dr. H. Kegler zur 

Verfügung gestellt.
*** Mittel aus 6 getrennten Versuchen; Höhe des »Type«-Präzipitates =  100%.
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Abb. 1. Vergleich von unterschiedlich aggregierten Viruspartikeln bei Stämmen des BSMV No =  »Norwich«; Ru =  »Russian«; Ту 
=  »Type«; Ro =  »Rothamsted«; b =  5% Antiserum gegen BSMV (»Type«) im Agarosegel, sonst bei a—h 3% Antiserum gegen 
BSMV (»Norwich«) c =  Monomere der Stämme (nach Abtrennung über einen Saccharose-Dichtegradient) d, f, h =  0.05% Igepon 

T-73 im Agarosegel; e, f =  Elektrophorese bei +  22°C (wie bei a—d); g, H =  Elektrophorese bei + 40  °C
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Igepon und den oben erwähnten Temperaturvarianten (Elektrophorese bei +22 
oder +40 °C) erhalten (Abb. le bis lh). Der Einfluß einer unterschiedlichen Aggre
gation, hervorgerufen durch eine Temperaturbehandlung oder Igeponzugabe bzw. 
eine Kombination beider, wird hier augenfällig an den unterschiedlichen Prä
zipitaten sichtbar. Offenbar konnte bei diesen Viruspräparaten ein unterschied
licher Aggregationsgrad der Stämme des BSMV, der auch von demjenigen der 
zuerst untersuchten Präparate abweicht (vgl. Abb. la und le), durch die Igepon
zugabe nicht in allen Fällen gleich gestaltet werden, so daß nach Detergensbehand
lung wenn auch generell höhere, so doch unterschiedliche Präzipitate erhalten 
werden können (siehe Abb. lf). Dieser Befund weist darauf hin, daß auch nach 
einer Detergensbehandlung das Problem der Ausschaltung von Aggregationen 
nicht ohne weiteres zu lösen ist.

Insgesamt kann jedoch aus den vorliegenden Ergebnissen geschlußfolgert 
werden, daß die geprüften BSMV-Stämme somit auch nach dem Einsatz der 
R-IEP serologisch nicht differenzierbar sind. Eine Beeinflussung der elektrophoreti
schen Beweglichkeit der BSMV-Stämme konnte mit der Immunelektrophorese 
nach Scheidegger (1955) beider gewählten Igeponkonzentration und bei +40°C 
nicht festgestellt werden.

Versuche mil dem carnation ringspot virus

Die Untersuchung des isometrischen CRSV erbrachte Ergebnisse, die denen 
analog sind, die bei den Versuchen mit dem stäbchenförmigen BSMV erhalten 
wurden. Auch hier ergaben aggregierte Viruspartikeln (hervorgerufen durch einen

Abb. 2. Vergleich von unterschiedlich aggregierten Viruspartikeln des CRSV. a, b, c =  Elek
trophorese bei + 22°C ;d , e, f  =  Elektrophorese bei +35 °C; a, d =  unbehandelte Probe; 
b, e =  Probe mit 1 m/1 KCl; c, f =  Probe mit 10% Saccharose und Agarosegel mit 10% 

Saccharose (bei a bis f 0.25% Antiserum gegen CRSV im Agarosegel)
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Zusatz von Kaliumchlorid oder eine Temperaturerhöhung) kürzere und intensivere 
Präzipitate als solche, die durch Saccharosezugabe stabilisiert worden waren 
(Abb. 2).

Die entgegengesetzte Wirkung einer Behandlung mit Saccharose bzw. 
Kaliumchlorid konnte für die gegebene Viruskonzentration durch die zwei Tem
peraturvarianten (+22 °C, Abb. 2a bis 2c und +35 °C, Abb. 2d bis 2f) noch deut
licher sichtbar gemacht werden. Wie beim BSMV bereits erwähnt, beeinflußten 
die gewählten Behandlungsvarianten (Saccharose, Kaliumchlorid und Tempera
tur) die elektrophoretische Beweglichkeit der Partikeln nicht.*

Die außerdem beim CRSV durchgeführte Überprüfung der Partikelmorpho
logie mit Hilfe des Elektronenmikroskopes sowie sein Sedimentationsverhalten 
in der analytischen Ultrazentrifuge erbrachten ebenfalls keine Hinweise auf ver
änderte oder gar denaturierte Viruspartikeln (K ü h n e , unveröffentlicht). Aus die
sem Grunde müssen die hier mit der R-IEP erhaltenen Ergebnisse ihre kausale 
Ursache in einem unterschiedlichen Aggregationszustand der Partikeln haben.

Nach den vorliegenden Untersuchungen an einem stäbchenförmigen und 
einem isometrischen Pflanzenvirus ist bei der Interpretation von Ergebnissen der 
R-IEP zur Differenzierung oder quantitativen Bestimmung von Viren, die stark 
zur Aggregation neigen, eine gewisse Vorsicht geboten (H euck u . a., 1979). Neben 
antigénén Differenzen oder Konzentrationsunterschieden können die Ergebnisse, 
die mit der R-IEP erhalten werden, durch den Aggregationsgrad der Virusparti
keln stark beeinflußt werden. Dies unterstreichen auch die Untersuchungen von 
T óbiás u. a. (1979) am Tabakmosaik-Virus. Nach einer zusätzlichen Reinigung an 
Hydroxylapatit erhaltene nichtaggregierte Partikeln ergaben bei gleicher Konzen
tration höhere Präzipitate als aggregierte Vergleichsproben. Um bei Versuchen 
zur Stammdifferenzierung von Viren mit der R-IEP Fehlinterpretationen zu ver
meiden, ist die Verwendung von mehreren Antiseren daher auch aus diesem Grunde 
notwendig. Andererseits deuten sich Möglichkeiten an, mit der R-IEP gewisse 
Aussagen zum Aggregationsgrad von Viren zu treffen, wenn andere Ursachen 
(z. B. Denaturierungen) ausgeschlossen werden können.

Zusammenfassung
Am Beispiel von zwei Pflanzenviren (barley stripe mosaic virus — BSMV, 

carnation ringspot virus — CRSV) wurde ein deutlicher Einfluß des Aggregations
grades der Viruspartikeln auf die Ergebnisse der Rocket-lmmunelektrophorese 
(R-IEP) festgestellt. Dies ist bei Versuchen zur Differenzierung von Virusstäm
men oder der quantitativen Bestimmung von Viren mit dieser Methode zu berück
sichtigen.

* Geringe Anteile der Partikeln wandern aufgrund des Isoelektrischen Punktes des 
CRSV (er liegt im Neutral-Bereich, ist genau jedoch nicht bekannt) und der gewählten Puffer
bedingungen auch zur Anode.
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Der Aggregationsgrad beider Viren kann durch Temperaturerhöhung sowie 
den Zusatz von Igepon T-73 zum Gel bzw. von Saccharose oder Kaliumchlorid 
zur Virusprobe beeinflußt werden. Beim BSMV spielt offenbar eine natürliche 
bzw. während der Virusreinigung auftretende Aggregation eine Rolle. Vier unter
schiedliche Stämme des BSMV konnten mit Hilfe der R-IEP nicht differenziert 
werden. Es deuten sich jedoch Möglichkeiten an, die Rocket-Immunelektrophorese 
zum Nachweis einer reversiblen Aggregation bei Viruspartikeln einzusetzen.
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A potyvirus isolated front Datura innoxia from an experimental plot of the Re
search Institute for Medicinal Plants in Budapest, is tentatively named Hungarian 
Datura innoxia mosaic virus (HDMV). Seedlings of D. innoxia mechanically inoculated 
with HDMV expressed systemic mosaic symptoms with strong foliar distortion. This 
virus infected Datura stramonium, Lycopersicon esculentum, Nicotiana debneyi, N. glu- 
tinosa, N. megalosiphon, N. rustica, N. sylvestris, N. tabac um. Petunia hybrida, Physalis 
floridana (mosaic and/or systemic necrosis). Capsicum annuum, C.frutescens, N. glauca, 
Solanum dulcamara, S. melongena, S. tuberosum, Chenopodium species, Cucumis sativus 
and Gomphrena globosa were not susceptible. In negatively stained leaf extracts typical 
potyvirus particles were measured. In ultrathin section of infected N. tabacum leaves, 
pinwheels, scrolls and short laminated aggregates were observed. Cytoplasmic granu
lar inclusions resembling those of other potyviruses were seen by light and electron 
microscopic techniques. On the basis of the pathogenicity and host range studies 
HDMV was different from those viruses that were isolated and described from Datura 
species and also from potato virus Y (PVY) and tobacco etch virus (TEV). There 
was no any serological relationship between HDMV and PVY or TEV. The HDMV 
had a thermal inactivation point of 58— 60 °C, an longevity in vitro of 72 hours at 
20 —24 °C, a dilution end-point of I0-4. There was no protection among HDMV, PVY 
and TEV in cross protection tests.

Datura innoxia Mill is among the most important Datura species cultivated 
on a large scale for their alkaloids. Several viruses have been reported on these 
plants (Table 1). The Research Institute for Medicinal Plants (Budapest) sent 
several plant material showing mosaic and very strong malformation of the leaves 
to our institute for virus identification. Sap inoculation from a number of D. in
noxia to herbaceous plants revealed that these plants contained a virus which 
had a narrow host range restricted only to Solanaceae species. The host range 
tests and the electron-microscopical investigation proved that this virus was a 
potyvirus and differed from the all potyviruses reported from Datura species so 
far, and also from potato virus Y and tobacco etch virus.

This paper reports the identification of a virus tentatively named Hungarian 
Datura innoxia mosaic virus (HDMV).
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Table 1

List of the viruses reported from Datura species and Solanum jasminoides*
00
o \

Virus Original host
Properties o f isolated virus

Literature
morphology o f particula most im portant hosts

Datura virus 3. D. alba 
D. innoxia

unknown D. alba, D. innoxia, Nicotiana 
tabacum, Lycopersicon esculentum

C apoor and Varma , 
1948, 1951.

Datura virus ЗА D. innoxia unknown D. innoxia, Petunia hybrida 
(no more host)

G arga , 1958.

Datura enation 
mosaic virus

D. metel unknown D. metel var. fastuosa, N. glutinosa, 
N. tabacum, N. plumbaginifolia,
P. hybrida, S. nigrum

Verma and Verma, 
1963.

Columbian Datura 
virus (CDV)

D. Candida 
D. sanguinea

flexous 
(721 nm)

D. metel, S. stramonium, Gomphrena 
globosa, N. tabacum, A6 hybrid

K han  and Bartels, 
1968.

Datura shoestring 
virus (DSV)

Salanum jas
minoides

flexous 
(770 nm)

D. metel, N. glutinosa, 
N. rustica, N. tabacum

Giri and A g r a w a l  
1971.

Datura mosaic 
virus (DMV)

D. metel flexous 
(712 nm)

D. innoxia, D. stramonium, 
Nicotiana species

Q ureshi and 
M ahmood 1978.

Mosaic virus of D. metel 
(tobacco mosaic virus)

(D. metel rod
(300 nm)

N. glutinosa, N. sylvestris H otin  and 
P rocenko  1973.

Mosaic virus of D. innoxia 
(potato Y-virus, PVY)

D. innoxia flexous D. innoxia, Physalis floridana, 
N. sylvestris, N. tabacum

Blaszcza k , 1976.

Mechanically not transmissable and leafhopper transmissable viruses are not mentioned.

Peralta et al. : D
atura innoxia m

osaic virus
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Materials and Methods
Isolations and host-range experiments. The virus (HDMV) was isolated 

from Datura innoxia in 1964 and 1965 and maintained in D. innoxia. It was 
also stored in a cold room in infected leaf material desiccated over calcium 
chloride to prevent any change or contamination. In a host range study, me
chanical inoculations were made by dusting plant species with 400-mesh carborun
dum and rubbing the leaves with sterile glass spatulas. Inocula were prepared 
by grinding infected leaves of D. innoxia, 10 — 20 days after infection together 
with 0.067 M Na-phosphate buffer, pH 7.0 in sterile mortars. Inoculated 
plants were rinsed with tap water immediately after rubbing.

Fig. 1. A =  Healthy leaf of Datura innoxia. B =  Symptoms on the naturally infected D 
innoxia. C, D =  Systemic symptoms on D. innoxia experimentally infected with HDMV
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Fig. 2. A, B =  Systemic, C =  local symptoms on Nicotiana tabacum cv. Bel 61-10, D =  syste 
mic symptoms on N. tabacum cv. Xanthi 21 days after inoculation of HDMV

A minimum of 6 individuals of each test plants were inoculated. The symp
toms in these plants were recorded and afterward, the rubbed and the top leaves 
of each test plants were checked for virus infection. Assay plant was D. innoxia 
and Nicotiana megalosiphon. The physical properties of the virus were studied 
as outlined by Bos et al. (1960) using N. megalosiphon and D. innoxia plants for 
assaying infectivity.

Cross-protection. In a cross-protection experiment with Nicotiana tabacum 
cv. Xanthi or/and Bel. 61-10 (breeding line), 6-6 plants, first inoculated with
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HDMV, or potato virus Y (PVY), or tobacco etch virus (TEV), were super-ino
culated 7 days later with PVY, TEV or HDMV separately.

Purification. The method of Beczner et a i (1976) was followed. The har
vested leaves of N. megalosiphon were stored overnight at 4 °C and homogenized 
in Mcllvaine's phosphate-citric acid buffer (0.18 M, pH 7.0). For homogenization 
and for resuspending the first high-speed sediment, 0.1% thioglycolic acid and 
0.02 M sodium diethyldithio-carbamate were added. Every 100 g plant material 
was homogenized together with 300 ml of buffer, after that 50 ml of chloroform

Fig. 3. A =  local, В =  systemic symptoms on N. glutinosa, C =  vein clearing and, D =  vein 
banding symptoms on Physalis floridana 10 and 25 days after inoculation of HDMV

Acta Phytopathologica Academiae Seientiarum Hungaricae 16, 1981
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and 50 ml of carbontetrachloride were added to the homogenate. The homogenate 
was centrifuged at low speed (6000 rpm) for 20 min. in a Janetzky К 23 centrifuge, 
the rotor used depending on the quantity of material. To sediment the virus, pre
parations were centrifuged in a Beckman L3-50 ultracentrifuge at 24 000 g for 
1.5 hours (rotor Ti 50). The procedure of centrifuging at low and high speed was 
repeated and the final sediment (calculating for 100 g leaf material) was resus
pended in 1 ml of buffer. For sucrose-gradient centrifuging, 1 ml suspension was 
layered on a linear gradient of 10 —40% sucrose and centrifuging at 25 rpm (rotor 
SW27) for 1.5 hours. Virus containing zones were isolated from sucrose gradients 
with a hypodermic syringe and needle. Before concentrating, the sucrose-contain
ing fractions were diluted at least 1 : 1 with distilled water or buffer.

The final 2 ml virus-concentration was used for immunization, serological 
comparison or electronmicroscopical test, if not immediately, it was mixed with 
2 ml of glycerol and stored at — 20 °C.

Antiserum preparation and serology tests. For immunization with HDMV 
and PVY rabits were given two or three successive intramuscular injections, 
with 2 ml virus suspension emulsified with 2 ml Freund’s complete adjuvant. 
Bleedings began 14 days after injection and was repeated at 7—10 days inter
vals.

Fig. 4. Cytoplasmic granular inclusions in the epidermic cells of (A) N. tabacum, (В, C) D 
innoxia; (E) granular inclusions in the hair cell of N. tabacum
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The HDMV serum was tested against preparations of homologous virus 
and PVY and centrifuged sap of tobacco infected with HDMV, PVY and TEV.

As a serological test method, the micro-precipitin test under paraffin oil 
was applied. Dilution series of antisera were prepared with saline, containing 0.05 % 
NaN3. Reactions were recorded after 8 — 12 hours at room temperature.

Light microscopical test. Epidermal strips taken from leaves of healthy and 
virus infected plants were stained with 1 % phloxine and methylene blue in 
Christie’s solution and examined for the presence of virus-induced inclusions 
(Bos, 1969).

Electron microscopical test. Electron microscopical investigations were car
ried out on OPTON EM 9 S-Z. Samples in buffer were placed on carbon-formvar

Fig. 5. Electron micrographs of portions of HDMV-infected D. innoxia. Pinwheels and scrolls
indicate the lamellar inclusions
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Fig. 6. Electron micrographs of portions of HDMV-infected D. stramonium. Planty of scrolls,.
few pinwheels, laminated aggregates and one honey comb inclusions are shown

coated grids and stained with 2% phosphotungstic acid adjusted to pH 6.5 with 
KOH. Measurement of the length of the particles was done on crude sap of 
D. innoxia and/or N. megalosiphon. TMV was used as standard.

For electron microscopy, samples were taken from HDMV-infected D. in
noxia and D. stramonium leaves having systemic mosaic and malformation 
symptoms. The standard method of W eintraub et al. (1973) was followed. The 
samples were fixed in 5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.2 at 
room temperature for 90 min., rinsed for 30 min. with distillée', water, and post 
fixed for 1 h in 1 % 0 s 0 4 solution, pH 7.2. After three washes with distilled water, 
they were dehydrated in graded dilutions of ethanol, treated with propylene oxide, 
and embedded in DURCUPAN ACM. Thin sections were cut with an LKB 
ultramicrotome, stained with uranyl acetate and lead citrate.
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Results
Symptoms on herbaceous hosts. Results of host range tests are given in Table 

2, and Figs 1 — 3.The experimental host range for HDMV appears to be restricted 
to the Solanaceae family. The HDM V does not infect Capsicum atmuum, C. fru- 
tescens, Chenopodium quinoa, Cucumis sativus, Gomphrena globosa, Nicotiana 
glauca, Solanum dulcamara, S. melongena, S. tuberosum and S. tuberosum x S. 
demissum A6 hybrid.

Stability of HDMV in vitro. HDMV had a thermal inactivation end point 
between 58 and 60 °C. The dilution end point in Sorensen buffer was between 10-4 — 
10-5, and the crude sap kept at room temperature (20 — 24°C) was infective after 
3 days. In dry material from infected leaves of D. innoxia HDMV remained in
fective after 7 years.

Cross-protection tests. In an experiment set up to test a possible cross-pro
tection between HDMV, PVY and TEV, N. tabacum cv. Xanthi and Bel 61-10 
breeding line were inoculated with HDMV, PVY and TEV. 7 days later, when 
systemic symptoms just started to develop, the plants were re-inoculated with 
another of these viruses. There was no protection among HDMV, PVY and TEV 
in the cross-protection test.

Table 2

Host range of Hungarian Datura innoxia mosaic virus

Species inoculated local / systemic

Datura innoxia Mill. — /VC, Mo, Ma. Stu
D. stramonium L. — /Mo, Ma, Stu
Lycopersicon esculent urn Mill. — /Mo
Nicotiana debneyi Domin. Lc/LR, VC, Mo,
N. glutinosa L. Ln, W/VC, Mo, SN
N. megalosiphon Heurck et Muell. Ln /VC, VN, SN, Ma
N. rustica L. - /C h , Rec.
N. sylvestris Spegaz. et. Comes -/V C , Mo
N. tabacum L. Ln, W/SN, VN, Stu

cv. Bel 61-10
Samsun -/V C , Mo, VN, SN.
Xanthi nc - /V C , Mo, VN, SN

Petunia hybrida Hort. ex. Vilm. Ln/VC, VN, Stu
Physalis florid ana Rydb. - /M o , VB

Symbols used for virus-induced symptoms:
— =  no symptoms, /  / =  variable, symptom not always expressed, Ch =  chlorosis, 

Lc =  local chlorotic, Ln =  local necrotic, Ma =  malformation, Mo =  mottle or mosaic, 
Rec. =  recovery, SN =  systemic necrosis, Stu =  stunt, VB =  vein banding, VC =  vein 
clearing, VN =  vein necrosis, W =  wilting; numerator =  inoculated leaf; denominator =  
=  systemic reaction
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Table 3

Differential host range for HDMV and some potyviruses and their properties in sap

Test plants HDM V CDV
Viruses compared

DSV DMV PVY TEV HEMV

Capsicum frutescens
cv. Tabasco — — / / — Tn, W Tn, W

Chenopodium quinoa - / — - Lc Ln Ln
Datura innoxia s (LS) — LS S s —
D. stramonium (S) (S) — LS — s s
Gomphrena globosa - L — - - — s
Lycopersicon esculentum s — — — S s s
Solanum tuberosum X 

S. demissum (=  A-6
hybrid) — Ln / Ln Ln Ln

TIP(°C) 5 8 -6 0 5 5 - 60 6 0 -6 5 4 5 -5 0 55-60 5 4 -  58 5 0 -6 0
DEP io-4 io-5 io-4 I0-C IO“3 io-3 IO"4
LIV (days) 3 6 1 1 2 3 4

Abbreviations defined : L =  local infection, Lc =  chlorotic local lesion, Ln =  necrotic 
local lesion, S =  systemic infection, 1 1 =  infection occasionally, TN =  top necrosis, W =  
=  wilting, — =  no infection, / =  no information. The type of reactions presented are com
piled from findings of K a h n  and B a r t e l s  (1968, CDV), G ir i  and A g r a w a l  (1971, DSV), 
Q u r e s h i  and M a h m o o d  (1978, DMV), K l in k o w s k i , M. (1977, PVY, TEV and HEMV ( =  
=  henbane mosaic virus)) and the present work (HDMV). TIP =  thermal inactivation point, 
DEP =  dilution end point, L1V =  longevity in vitro.

HDMV could delay the systemic symptom expression of PVY and TEV 
2-3 days only in case of Xanthi tobacco, while on Bel 61-10 there was no differ
ences et all. When the HDMV followed the PVY infection, much stronger 
systemic symptoms were observed than those caused by PVY alone on Xanthi 
tobacco. This phenomenon was not noticed on Bel tobacco when the appearance 
of HDMV symptoms delayed and they were less pronounced.

Inclusion bodies. Cytoplasmic granular inclusions resembling those of other 
potyviruses were seen by light microscope (Fig. 4). In ultrathin section of infected 
D. innoxia and D. stramonium leaves pinwheels, scrolls and short laminated aggre
gates were observed (Fig. 5, 6). According to these results the HDMV belongs 
into the 3rd subdivision of potyviruses suggested by Edw ardson  (1974).

Purification and serology. The purification method adapted from Beczner 
et al. (1976), using 0.18 M phosphate-citric acid buffer pH 7.0 gave very good 
yield of virus, in spite of that there is no good propagating host for HDMV. 
When the tobacco plants collapse (N. megalosiphon or N. tabacum) the virus 
concentration is rather low. The UV-absorbtion spectrum of purified HDMV
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showed a minimum at 245 nm and a maximum at 260 nm and a slight shoulder at 
290 nm. The 260 : 280 ratio was 1.22, and the 260 : 245 ratio 1.18.

Extracts of plants of D. innoxia infected with HDMV and also the purified 
preparation contained a number of flexous particles which were typical for other 
potyviruses too, and their normal length was about 750 nm.

Antisera with titers of 64 and 256 varied according to the blood samples. 
This antisera reacted only with homologous antigens and did not react with 
PVY and TEV. Also there was no serological reaction when HDMV was tested 
against the PVY-serum.

Discussion
The mosaic of Datura innoxia in Hungary is caused by a virus with flexous 

particles about 750 nm long, and mechanically transmissible to some Solanaceae 
plants. The virus has typical cytoplasmic granular inclusions resembling those of 
other potyviruses, in ultrathin section of infected D. innoxia plant pinwheels, 
scrolls and short laminated aggregates were observed. Some of the viruses reported 
from Datura species in other countries have similar particle morphology. Of these 
CDV (K han and Bartels, 1968) infected Gomphrena globosa and A6 hybrid, 
whereas HDMV did not; DSV (G iri and A graval, 1971) did not infect D. in
noxia, D. stramonium and L. esculentum, whereas our isolate did it. The DMV 
(Q uareshi and M ahmood, 1978) differs also in host range (it does not infect 
L. esculentum) and moreover very much in symptomatology. The reactions of 
C. frutescens and D. stramonium differentiated also the HDMV from the PVY, 
TEV and from HEMV, too.

We therefore consider this virus isolate to be a previously uncharacterized 
virus, which we tentatively named Hungarian Datura innoxia mosaic virus.
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Some Data on Viruses Occurring in Cruciferous Plants
in Hungary1 2

By

J. Horváth , N. JuretiC, D j. M amula and W. H. Besada

University of Agricultural Sciences, Institute for Plant Protection, H-8361 Keszthely, P. O.
Box 71, Hungary

and

University of Zagreb, Institute of Botany, YU-41000 Zagreb, Marulicev trg. 20/11. Yugoslavia

During the last few years the authors have investigated the virus diseases of 
members of the family Cruciferae (Brassicaceae) in Hungary. According to this in
vestigations, cucumber mosaic virus (CMV), radish mosaic virus (RMV), turnip yellow 
mosaic virus (TYMV), turnip mosaic virus (TuMV) as well as the DNA-containing 
cauliflower mosaic virus (CaMV) were reported as natural pathogens of members of 
the concerned family.

The CMV was found to cause serious damages to rape (Brassica napus) plants 
from which the mentioned virus was recovered. On the other hand, the concerned host, 
as a wintering host, was shown to play an important role in the epidemiology of the 
CMV.

According to the results approached from agar gel double diffusion and intra
gel absorption tests, the Hungarian isolates of RMV, which were recovered from turnip 
plants ( Brassica rapa var. rapa), were found to be identical with the European isolate 
but differed from the American type strain of the virus.

The different isolates of TYMV, recovered from turnip plants, were found to be 
serologically related to but still not identical with the Yugoslavian one which is identical 
with the type strain of the virus. Among the newly determined artificial hosts of TYMV, 
Capsella grandiflora, Diplotaxis viminea in addition to the perennial Bunias orientalis 
and Crambe abyssinica are of a special interest.

Isolates of TuMV which were recovered from Alliaria petiolata, Brassica rapa 
var. rapa, B. oleracea convar. botrytis and B. oleracea convar. capitata were all found to 
be related to the so-called cabbage or ordinary strain of the virus. The antagonistic 
interaction between TuMV and CMV is concerned to be of an atmost importance 
from both the theoretical and the practical points of view. It is also worthy to mention 
that the perennial Bunias orientalis plant was shown, for the first time, to be an artifi
cial host of TuMV.

The different isolates of CaMV, which were recovered from cauliflower (Bras
sica oleracea convar. botrytis) and turnip plants (B. rapa var. rapa), were found to be 
biologically identical with the original or the so-called cabbage В-strain. On the other 1

1 Presented at the Conference on New Endeavours in Plant Protection on the occasion 
of the 100th anniversary of the founding of the Research Institute for Plant Protection, Buda
pest, held September 2—5, 1980 at the Hungarian Academy of Sciences, Budapest.

2 In memóriám of Dr. K. S c h m e l z e r  (1928— 1976) on the occasion of the fifth anniver
sary of his decease.
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hand, they deviated from those strains of CaMV which are known with their patho- 
genesity to Datura stramonium and Nicotiana clevelandii. Among the newly determined 
cruciferous artificial hosts of the mentioned virus, the woody Crambe species (e.g. 
Crambe scaberrima, C. strigosa) are of a special importance. The Crambe species are 
considered to be the only woody perennial hosts of CaMV which are reported for the 
first time.

It was the standard works of the English Broadbent (1957) and the German 
U schdraweit and V alentin  (1956, 1957, 1959) that at the end of the fifties called 
the virologists' attention to the families Cruciferae (Brassicaceae), a group of 
plants little known for its virological aspects but highly important from an epi
demiological point of view. On the basis of prodromal investigations it was ascer
tained that between the cruciferous plants and cucumber mosaic virus (CMV), 
tobacco rattle virus (TRV) and turnip mosaic virus (TuMV) there is a theoreti
cally and practically equally important host-parasite relation. Researches in differ
ent parts of the world during the past two decades enriched our knowledge with 
highly valuable scientific results. Among the various lines of research the funda
mental work directed by the late Dr. K. Schmelzer (1928—1976) for several 
years until his death must be mentioned in the first place. It was his work “Studies 
on viruses and virus diseases on cruciferous plants” written in common with his 
co-workers between 1970 and 1975 that first gave account of 185 different naturally 
occurring virus-host relations in 129 plant species (cf. Shukla  and Schmelzer 
1970a, b, 1972a, b, c, d, 1973a, b, c, d, e, f, 1974a, b, c, 1975; Shukla  et al., 1972, 
1973, 1975). The basic conclusions concerning some 10 viruses — including those 
new for the science — will remain an indispensable source of knowledge for the 
plant virologists of the world for a long time.

Materials and Methods
The viruses were identified on the basis of test plant reaction and host 

range, serology, electron microscopy, inclusion body, aphid transmissibility, 
physical properties and interference by the conventional methods (cf. H orváth, 
1976, 1977).

Results

During the last few years we investigated the virus diseases of members of 
the family Cruciferae (Brassicaceae) in Hungary. In accordance with the results 
of this investigation CMV, radish mosaic virus (RMV), turnip yellow mosaic 
virus (TYMV), TuMV as well as the DNA-containing cauliflower mosaic virus 
(CaMV) were reported as natural pathogens of the members of the families 
concerned (Table 1).

For the first time CMV was found to cause serious damages to rape ( Brassica 
napus) from which the mentioned virus was recovered (H orváth , 1969a). As a
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Table 1

Natural occurrence of viruses on cruciferous plants in Hungary

Viruses

Cucumber mosaic virus (CM V) 
Radish mosaic virus (RM V)
Turnip yellow mosaic virus 

(TYMV)
Turnip mosaic virus (TuMV)

Cauliflower mosaic virus 
(CaM V)

Natural cruciferous hosts

Brassica nap us L.
B. rapa L. var. rapa 
B. rapa L. var. rapa

Alliariapetiolata (M. B.) 
Cavara et Grande 

B. oieracea L. convar. bolrytis 
B. oieracea L. convar. capitata 
B. rapa L. var. rapa 
B. oieracea L. convar. botrytis 
B. rapa L. var. rapa

consequence of the virus infection mosaic symptoms, deformation of leaf, stem 
and pod appeared on the affected plants (Fig. 1A and B). According to our observa
tions CMV can be regarded as an important pathogen of rape. Namely, we found 
that the seed yield of the virus infected plants was 50 per cent lower than that of 
the healthy plants. This remarkable loss of yield can be traced back partly to the 
smaller number of both seed per pod and pod per plant, partly to the lower thou
sand-seed-weight. Further, the germinative ability of seed is 25 per cent lower in

Fig. I. Natuially infected rape plant ( Brassica napus L.) with cucumber mosaic virus (A: left 
healthy, right diseased plant). B: Healthy pods (left) and infected pods (right) of rape plants
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the virus infected plants than in the healthy ones. By agar gel double diffusion 
serological tests we pointed out that the R-isolate of CMV obtained from rape 
was identical with isolates belonging to the so-called green-strain group, the most 
wide-spread one in Hungary (Fig. 2). Interference tests proved the existence of 
partial cross protection between the W-indicator strain and R-isolate of CMV. 
In the course of studying interference between species of alien viruses we found 
antagonism between the R-isolate of CMV and the Ur strain of tobacco mosaic

Fig. 2. Agar gel double diffusion serological test between antiserum of cucumber mosaic 
virus (AS) and isolates (E, EN and R) of cucumber mosaic virus. KE: Healty Echinocystis 
lobata (Michx.) Torr, et Gray plant sap, KS. Healty Nicotiana tabacum L. cv. Samsun plant

sap

Circaea lutetiana

/(iyu4) Brassica------ Echinocystis (e j)
v_y napus ------  lobata ч_>

Fig. 3. Some important plants in the epidemiology of cucumber mosaic virus (CMV). <3 
Perennial plant, (Пу annual plant, (\V 1 j): Wintering host. Seed-transmissible host
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virus (TMV) in the case of inoculation carried out either simultaneously or ta 
different times. According to our observations rape as a wintering host of CMV 
plays a highly important role beside the perennial Circaea luletiana, Stellaria media 
and the Echinocystis lobata in the epidemiology of CMV in Hungary (Fig. 3). 
During investigations into the host range of CMV, a virus equally pathogenic to 
mono- and dicotyledonous plants, we detected 131 new hosts among which there 
are many phanerophytic and hemicryptophytic hosts like Amaranthus deflexus, 
Commelina tuberosa, Erodium manescavi as well as Physalis species (Fig. 4) and 
Lycium species (cf. Horváth, 1976, 1979a, 1980).

According to the results obtained from agar gel double diffusion and intra
gel absorption tests the Hungarian isolate of RMV recovered from turnip plants 
(Brassica rapa var. rapa) was identical with the European isolate but differed 
from the American type strain of the virus (M amula et ai, 1972). On plants 
infected by RMV chlorotic-necrotic symptoms, leaf deformation, while on the 
petioles severe necrotic symptoms were found (Fig. 5A). Cytological examina
tions revealed characteristic spherical or elliptic inclusion bodies occurring beside 
the nucleus in the epidermis cells of turnip plants. Inclusion bodies were pointed 
out in the cytoplasm on the third day following the inoculation already, which is 
important from the point of view of an early diagnosis. Characteristically of the 
inclusion bodies the chloroplasts did not become vacuolized and did not stick 
together. As it is known, this is a typical feature of the TYMV. On the basis of 
this feature characteristic of the inclusion bodies but different in the case of the

Fig. 4. Systemic symptoms on Physalis curassavica L. inoculated with cucumber mosaic
virus
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Fig. 5. Systemic (A) and local (B) symptoms on Brassica rapa L. var. rapa (A) and Tetragonia 
crystallina L’Hérit. (В). A: infected with radish mosaic virus and B: infected with cucumber

mosaic virus

two viruses the above two cruciferous viruses can be cytologically differentiated 
by means of light microscope. In the course of investigations on the artificial 
host range of RMV we found 25 new host plants of which Nicotiana occidentalis, 
Tetragonia crystallina (Fig. 5B) and T. echinata are particularly important from a 
diagnostical point of view, while the perennial Erodium manescavi, Bunias orien- 
talis, Crambe abyssinica and Diplotaxis tenuifolia are of importance in virus 
diagnosis (H orváth , 1979b; Horváth et ai, 1973).

The different isolates of TYMV recovered from turnip plants (Brassica 
rapa var. rapa) were found to be serologically related to, but not identical with 
the Yugoslavian one which is identical with the type strain of the virus (Juretió 
et ai, 1973; Horváth et ai, 1973). A pronounced vein clearing and yellowing, 
conspicuous variegation and mosaic with yellow or sometimes almost white areas 
were observed on leaves of turnip plants infected with TYMV (Fig. 6A). We found 
the white variety of turnip plants in the field to be more susceptible to the virus 
than the red variety. In light microscope investigations of the leaf tissue we 
observed conspicuous alterations of chloroplast in plants infected with TYMV. 
In cells of healthy plants no chloroplast abnormalities were detected. Natural 
occurrence of TYMV has been established in several European countries by now 
(e.g. Austria, Denmark, France, Germany, Portugal, Yugoslavia). Our finding of 
TYMV in Hungary is a new contribution to the knowledge of the geographical 
distribution of this virus in Central Europe. During studies on the artificial host
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range of TYMV some new host plants belonging to the family Cruciferae ( Bras- 
sicaceae) have been pointed out, of which the perennial Bunias orientalis and 
Cratnbe abyssinien (Fig. 6B) are of particular importance (H orváth, 1976, 1979c). 
The latter is known to be an increasingly important oil crop in the world (cf. 
Horváth, 1969b, 1972; Horváth et al., 1973).

The different isolates of TuMV recovered from Alliaria petiolata and Bras
sica rapa var. rapa, B. oleracea convar. botrytis as well as B. oleracea convar. 
capitata were all found to be related to the so-called cabbage- or ordinary strain 
of the virus (cf. Horváth et ai, 1975; Horváth, 1976). This classification of 
TuMV isolates was suggested by Y oshii (1963) who placed a great number of 
TuMV isolates in the above two strains on the basis of the mentioned reaction 
of Brassica oleracea convar. capitata and Nicotiana glutinoa. The isolates of the 
ordinary strain produce weak or no symptoms in Brassica oleracea convar. capitata 
and Nicotiana glutinosa, while the isolates of the cabbage strain produce severe 
or erratic symptoms. It is interesting that the cabbage strain apparently includes 
all known TuMV isolates from Brassica oleracea convar. capitata, while the ordi
nary strain contains isolates from various cruciferous plants other than Brassica 
oleracea and from non-cruciferous plants, e.g. Tropaeolutn május (cf. M amula 
and Ljubesií, 1975). The diseased plants showed ven clearing and mosaic symp
toms. There were also remarkable dark green islands on the leaves (Fig. 7A and B). 
We found a good specific reaction in the microprecipitin serological test between 
sap of infected turnip plants and TuMV antisera. The isolates of TuMV from 
various hosts were easily transmitted by Myzus persicae aphids in stylet-borne 
manner to young turnip plants When studying the interaction between TuMV

Fig. 6. Systemic symptoms on Brassica rapa L. var. rapa (A) and Crambe abyssinica Höchst, 
ex R. E. Frees (B) inoculated with turnip yellow mosaic virus
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isolates and the W-indicator strain of CMV we found that in the case of a simulta
neous inoculation the CMV had an about 60 — 70 per cent inhibitory effect on 
the multiplication of the TuMV isolates in Nicotiana tabacum cv. Xanthi-nc

Fig. 7. Systemic symptoms on Brassica rapa L. var. rap a (A) and Brassica campestris L. em. 
Hartm. (B) infected with turnip mosaic virus

Fig. 8. Systemic symptoms on Helianthus annuus L. cv. Iregi csíkos (A) and Physalis curassa- 
vica L. (B) inoculated with turnip mosaic virus
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Fig. 9. Systemic symptoms of cauliflower mosaic virus on Brassica rapa L. var. тара leaves
(A and B)

tobacco leaves. Considering that the CM V and TuMV often occur in a complex 
form in various plants, the antagonistic interaction of the two viruses are of 
particular interest. In the course of investigating the host range of TuMV isolates 
we found some new host plants, of which the perennial prognostic Helianthus 
mollis, H. annuus cv. Iregi csíkos (Fig. 8A), Bunias orientalis, Papaver orientale, 
Physalis curassavica (Fig. 8B) and Tinantia species are particularly important 
(FIorvAth , 1979d, 1981).
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Among the numerous virus isolates recovered from naturally diseased turnip 
plants two isolates, the so-called H10 and H ll, could be distinguished which 
proved to be both biologically and cytologically similar to the original isolate of 
CaMV. Moreover, the two mentioned isolates serologically differed from each of 
RMV, TYMV, TuMV, turnip crinkle virus (TuCV) and turnip rosette virus 
(TuRV) (cf. Horváth et ah, 1980a). By the spring of the year 1976 our attention 
was drawn to some cauliflower plants which showed very severe typical symptoms 
of virus disease. Isolates from diseased cauliflower plants were similar to the 
isolates H10 and H ll recovered from diseased turnip plants. These turnip and 
cauliflower plants showed dark green vein banding, vein clearing and mottling 
symptoms (Fig. 9A and B). Among the examined test plants only the members 
of the family Cruciferae (Brassicaceae) proved to be susceptible to isolates reco
vered from turnip and cauliflower plants. This fact also indicates that the three 
isolates are closely related to each other and are almost identical with the original 
isolate of CaMV. On the other hand, they differed from the strains of CaMV 
known for being pathogenic to Datura stramonium and Nicotiana clevelandii. Our 
purified isolates reacted with antiserum positively to CaMV giving distinct precipi
tation line. These isolates did not react with antisera to RMV, TYMV, TuMV, 
TuCV and TuRV. Myzus persicae aphids transmitted, in a stylet-borne manner, 
each of the three isolates from and to turnip plants. Light microscopic examina
tions of the epidermal cells of leaves of infected turnip and cauliflower plants 
revealed the presence of amorphous, optically homogenous Y-bodies, which is 
considered to be an important characteristic of CaMV. By electron microscope 
the purified virus is found to consist of isometric particles of a diameter of about 
50 nm. Among the newly found artificial cruciferous hosts of CaMV the woody 
Crambe species, e.g. Crambe scaberrima, C. strigosa are of special importance. 
The Crambe species reported for the first time are considered to be the only woody 
perennial hosts of CaMV (H orváth et al., 1980; Horváth and B esada, 1981).

In the course of investigations in the past decade the natural occurrence of 
five viruses was pointed out in nine cruciferous plants. Four of the five viruses 
were found in the same period to occur in Hungary. We think that our investiga
tions aimed — sensu stricto — at pointing out natural virus infection in new plants, 
and — sensu lato — at supplying data on the survival and circulation of viruses 
in nature will be useful for all those engaged in studies on the virus-host relations 
and on the geography of plant viruses.
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Identification of Two Strains of White Clover Mosaic Virus

By

L. Beczner and Réka Vassányi

Research Institute for Plant Protection, H-1525 Budapest, P. O. Box 102, Hungary

White clover mosaic virus (WCMV) strains of different pathological characters 
were isolated from Trifolium pratense (TpVl) and from T. repens (TrS2). The TrS2 
strain locally and systemically infected Datura stramonium, locally infected Nicotiana 
debneyi, N. tabacum cv. Samsun and Petunia hybrida while the virus strain TpVl belong
ing to the European type strain did not infect these test plants. Symptoms occurring 
on Vicia faba after inoculation were basically different. The reactions of the other 24 
testplants investigated were similar after infections with both viruses. The in vitro 
physical properties of the two strains were also similar. For TpVl TIP: 60—65 °C, 
DEP: 10- 5, LIV: 35 days; for TrS2 TIP: 62 -65°C , DEP: 5 x l 0 - 4- 1 0 - 5, LIV: 
41 days. Serologically the two strains were closely related. The average SDI value 
between TpVl and TrS2 were 3.5 (reciprocal 3.5). Both strains are serologically distantly 
related to potato virus X (strain PVX-G) but they are serologically unrelated to five 
other distinct potex-viruses.

In a survey of sap-transmissible viruses infecting Trifolium species in Hun
gary, in 1975 and 1976, white clover mosaic virus (WCMV) strains of different 
pathological characters were isolated from T. pratense (TpVl) and T. repens 
(TrS2). The WCMV, a typical member of the potex-virus group (H arrison et al., 
1971; Lesemann and Koenig, 1977), has been reported to cause diseases on 
lucerne, red clover, white clover, pea, Medicago lupulina and Trifolium hybridum 
(Q uantz , 1956, 1960; Bos et ai, 1959; F ry , 1959; Bancroft et al., 1960; G ibbs 
fi а/., 1966; M usil, 1966; Pratt, 1968; M usil and Leskova, 1970; T apio, 1970; 
Bercks, 1971; Barnett and G ibbson, 1975; Bi.aszczak  and M icinski, 1977) 
In Hungary the WCMV was reported from T. repens (B eczner and G áborjányi, 
1968) and from T. pratense (H olly, 1968; Beczner and D evergne, 1979), but 
in those works the identification of the isolated virus had been based only on 
symptom expression of test plants.

The present paper reports the identification and characterization of the 
viruses isolated that we will refer to as WCMV-TpVl and WCMV-TrS2.

Materials and Methods
Isolations and host-range experiments

The WCMV-TpVl and -TrS2 were isolated from T. pratense and T. repens, 
respectively. The cultures of WCMV isolates were maintained in an insect proof 
glasshouse by periodic sap inoculation onto Vicia faba and Phaseolus vulgaris. 
The inoculum was prepared in 0.067 M Sorensen buffer pH 7.0.
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In this study the common mechanical inoculation method was used, apply
ing carborundum as abrasive. Inoculation was carried out with glass spatulas or 
with finger. Inoculated plants were rinsed with tap water immediately after rubbing. 
In each experiment 10 plants of one species or cultivar were used. After inocula
tion the test plants were examined for symptoms during 4 — 6 weeks. The reisola
tion of WCMV isolates was attempted with sap from the rubbed and from the 
top leaves of each species separately. The surface of rubbed leaves was sterilized 
with 2 per cent NaOH solution and rinsed with plenty of water before back- 
inoculation. Assay plants were Pisum sativum and V.faba.

Physical properties

The source of WCMV-TpVl- and TrS2 for the determination of the in 
vitro physical properties was crude sap extracted from V. faba and Datura stra
monium, respectively, inoculated 2 weeks earlier. P. sativum and V. faba served 
as assay hosts in all tests. In the experiments Sorensen buffer was used as diluent. 
Treatment was carried out according to the methods suggested by Bos et al. 
(1960). Each experiment was repeated three times.

Purification

In the first antisera preparation in 1977 the WCMV isolates were purified 
as described previously (method A) ( B e c z n e r  and V a s s á n y i , 1980). In the second 
case in 1980 the method of F r o w d  and T r e m a i n e  (1979) was applied. The har
vested leaves of P. sativum, inoculated 7 — 8 days earlier, were frozen overnight 
or longer and homogenized in a mixture of 0.5 M sodium citrate buffer (pH 6.5), 
containing 0.002 M Na-EDTA, 0.1 per cent 2-mercaptoethanol, 0.1 per cent 
thioglycolic acid, and chloroform in the ratio 1 : 1 : 1  (w/v/v). After centrifuga
tion at low speed (1000 g) for 15 minutes the aqueous phase was further purified 
by means of 10% polyethylene glycol 6000. The mixture was stirred for 1 hour 
before centrifugation at 10 000 g for 30 minutes. Pellets of precipitated virus were 
resuspended in 1/10 volume of clarified sap in 0.1 M sodium borate buffer, pH = 
= 8.5 and allowed to stand overnight at 4 °C. After centrifugation at 10,000 g 
for 30 minutes the supernatant was centrifuged for 28,000 rpm for 1.5 hours in 
a Spinco No. 30 rotor, and pellets were resuspended in the borate buffer. After 
a low speed centrifugation the suspension was layered onto 10 — 40% sucrose 
density gradients in borate buffer. The gradients were centrifuged in a Spinco 
SW 27 rotor at 25,000 rpm for 120 minutes. The virus zones were collected by 
means of ISCO fractionator and were pelleted in a Spinco No. 30 rotor at 28,000 
rpm for 3 hours. The purified preparation was resuspended in borate buffer 
finally, for immunization, serology and further work.
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Antiserum praparation and serology tests

For immunization with WCMV isolates two successive intramuscular injec
tion were given to rabbits, with about 10 mg virus in 2 ml buffer emulsified with 
2 ml Freund’s complete adjuvant. Bleedings began 14 days after injection and 
were repeated at 7 —10 days intervals. The WCMV isolates were tested against 
sera to the following potexviruses : narcissus mosaic virus (NaMV), potato aucuba 
mosaic virus (PAMV), Nerine virus X (NeVX), potato virus X (PVX) (kindly 
provided by Mr. D. Z. Maat), and PVX, and Boussingaultia mosaic virus (BoMV) 
from author's collection. As a serological test method the micro-precipitin test 
under paraffin oil was applied, using purified or partially purified virus prepara
tion. Dilution series of antisera and antigens were prepared with saline, contain
ing 0.05 per cent NaN3. Reactions were recorded after 8 —12 hrs at room 
temperature.

Electron microscopical test

Electron microscopical investigations were carried out on OPTON EM 9 S-2. 
Crude sap or purified preparation were placed on carbonformvar coated grids 
and stained with 2 percent phosphotungstic acid adjusted to pH = 6.5 with KOH.

Results

Isolation o f the virus

The WCMV-TpVl isolate originated from northern part of Hungary, 
locality of Visegrád. It was separated from a virus complex infecting a T. pratense 
plant. The WCMV remained infective in sap at laboratory temperature for more 
than 30 days while peanut stunt virus had relatively short longevity (10—12 days) 
in vitro.

The WCMV-TrS2 was isolated from T. repens, collected from southern 
part of Hungary, locality of Siklós, exhibited symptoms of severe mosaic and 
stunting. In that case clover yellow vein virus and alfalfa mosaic virus also infected 
the same plant. This isolate was also easily separated from the mixture using the 
differences in stability of these viruses.

Mechanical transmission and symptoms

The results of host range test are given in Table I, and Figs 1 and 2. The 
experimental host range for WCMV-TpVl isolate was essentially the same as 
that reported for WCMV-Wageningen isolate ( H a m p t o n  et ah, 1978), but for
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Table 1

Host range of white clover mosaic virus isolates

Host plant 
Genus and species 

Cultivars or selection

Reaction of isolates

TrS2 TpVl

local / systemic symptoms

Ammi május L. —/—

Antirrhinum május L. - / -
Chenopodium amaranticolor
Coste and Reyn.

C. murale L.
C. quinoa Willd.
Cucumis sativus L. Lc/s Lc/s

Datura stramonium L. l/s (1)/-
Glycine max (L.) Merr.

cv. Bragg 1/s 1/Mo
Davis I/(S) l/Mo

Gomphrena globosa L. - / -
Lycopersicon esculentum Mill. V - 1 /-
Nicotiana debneyi Domin i / -
N. glutinosa L.
N. langsdorffii Weinm.
N. megaiosiphon Heurck et

Muell. l/s l/s
N. sylvestris Spegaz.

et Comes (Lr ) / -
N. tabacum L. cv. Samsun (Lr ) / -

Xanthi nc.
Petunia hybrida Hort.

ex Vilm. l/(s)
Phaseolus vulgaris L.

cv. Bountiful LLc, VN/Mo, Stu, VN LLc/Mo
Black Turtle Soup LLc, VN/Mo, VN, LLc/Mo

Pinto 111
Ma, Stu 

LLn, W/VC, Mo LLc/Mo

Pisum sativum L.
cv. Perfected Wales LLn, W/VC, Mo, LR LLc/Mo, LR

Prefection Dark Skin LLn, VN/Mo, Ma, LLc/Mo, LR

PetitProvence/(Rajnai
törpe)

VN, LR, Stu 

Lnn, W/VC, Mo, LR LLc/Mo, LR
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Table 1. (contd.)

Host plant 
Genus and species 

Cultivars or selection

Reaction of isolates

TrS2 TpVl

local / systemic symptoms

Spinacea oleracea L. —/—

Trifolium pratense L. l/Mo l/Mo
T. re pens L. 1/Mo l/Mo
Vicia faba L. cv. Olga LLn/SNr, Stu, 

Mo. Ma
LLn/Mo. Ma

Lippói LLn/SNr, Stu, 
Mo, Ma

LLn/Mo, Ma

Vigna unguiculata (L ;) Walp. LLc/VC, Mo LLc/VC, Mo

K.ey: c =  chlorotic, I =  latent local infection, n =  necrotic, s =  latent systemic infec
tion, L =  local, LL =  local lesion, LR =  leaf roll. Ma =  malformation, Mo =  mosaic, 
N =  necrosis, S =  systemic, Stu =  stunt, V =  vein, VC =  vein clearing, W =  wilting, 
— =  no symptoms, negativ recovery test, (C) =  occasionally; numerator =  inoculated leaf 
reaction; denominator =  systemic reaction

TrS2 isolate differed fundamentally. The following species reacted differently to 
TrS2 than to the inoculation with TpVl: Antirrhinum május (not susceptible to 
TrS2 and reacted latent local infection for TpVl), Datura stramonium (latent and 
systemic infection in case of TrS2 and only latent local infection occasionally 
occurred with TpVl), Nicotiana c/ebneyi, N. tabacum cv. Samsun (both species 
showed latent local infection on rubbed leaves inoculated with TrS2, and were 
non-hosts for TpVl), Petunia hybrida (it was also latent local and systemic host 
for TrS2 and non-host for TpVl). Phaseolus vulgaris cv. Bountiful, Black Turtle 
Soup and Pinto, Pisum sativum cv. Perfected Wales and Perfection Dark Skin, 
the three bean and two pea varieties produced much stronger symptoms for 
infection with TrS2 than with TpVl. The reaction of Viciafaba for the two iso
lates of WCM V was the most pronounced ; TpVl caused diffuse brown local lesions 
which became very obvious on senescence leaves and appeared slowly 4 — 6 days 
after inoculation, the systemic symptoms were generally ring like mosaic which 
only in the chronic stage produced some diffuse necrotisation. TrS2 caused a very 
pronounced red brown local lesion which appeared very quickly on the 2nd or 
3rd day after inoculation. The secondary symptoms are systemic necrotic rings, 
vein and stem necrosis, and usually the new shoots show mosaic with strong 
malformation and necrotic spots.

8 Acta Phytopathologien Academiae Scientiarum Hungaricae 16, 1981



114 Beczner, Vassányi : White clover mosaic virus

Fig. 1. A) local and B) systemic symptoms on Pinto bean; local symptoms on (C) Viciafaba 
(D) Pisum sativum, and (E) Nicotiana sylvestris infected with WCMV TrS2 isolate

Properties in vitro

In crude sap extracted from V. faba and D. stramonium and bioassayed on
P. sativum cv. Petit provance (Rajnai törpe) and V. faba cv. Lippói, TrS2 and 
TpVl were infectious after 10 min at 62 °C and 60 °C, respectively, but not at 
65 °C. The dilution end point was for TpVl I0~4 -  lO-0 and for TrS2 5 x 10-4 — 
— I0-5. The TpVl was also infectious after 35 days, the TrS2 after 41 days at
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Fig. 2. Systemic symptoms of WCMV-TpVl (A) and -TrS2 (B) isolates on secondary
leaves of Vicia faba

laboratory temperature (about 22 °C). In dry material from infected leaves of 
P. sativum both isolates remained infective after 3 years. They also survived for 
at least 2 years in pea leaves stored at —20 °C.

Serology

The homologous titers of sera TpVl (1977, 1980), were 1/2048, and that of 
sera TrS2 (1977, 1980), were 1/2048 and 1/1024, respectively.

The comparison of homologous and heterologous titers (Table 2) showed 
that there is a definitive differences between the reactivity of both antisera. The 
average SD1 value between TpVl and TrS2 was 3.5 (reciprocal 3.5). The TpVl 
was serologically identical with WCM V-Wageningen strain from which the TrS2 
differed also. Both strains are serologically distantly related to PVX (strain 
PVX-G) but they are unrelated to five other distinct potex-viruses (Table 3).

Discussion
White clover mosaic virus strains were isolated from T. pratense and T. repens, 

and characterized by symptoms on a limited host range, in vitro properties and 
serology.
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Table 2

Serological comparison of WCMV-TpVl and TrS2 isolates

Antisera Bleedings
Tested antigens*

TpVl TrS2 H

TpVl 5. 10. 1977 1024 128 (3) 2048 (+ 1)
12. 10. 512 64 (3) 512 (0)
18. 11. 2048 512 (2) 2048 (0)
28. 11. 2048 512 (2) 2048 (0)

5. 12. 1024 256 (2) 2048 (+1)
19. 12. 256 128 (1) 1024 (+2)

5. 05. 1980 1024 16(6) 1048 (+1)
23. 05. 2048 16(7) 2048 (0)

6. 06. 1024 16(6) 2048 (+1)

Average SD1 3.5 +  0.6

TrS2 4. 10. 1977 128 (4) 2048 512 (2)
12. 10. 64 (4) 1024 128 (3)
18. 11. 128 (4) 2048 512 (2)
28. 11. 64 (3) 512 128 (2)

5. 12. 128 (3) 1024 256 (2)
19. 12. 128 (3) 1024 256 (2)

28.04. 1980 128 (3) 1024 32 (5)
7.05. 16(4) 256 32 (3)

Average SDI 3.5 2.6

Abbreviations see in text. *Titers are reciprocal values. SD1 values are indicated in 
parentheses.

The TpVl strain was similar to or identical with the WCMV-Wageningen 
strain and showed also serological identity with the Chechoslovakian WCMV 
strains described by M usil (1966).

The TrS2 strain differed from TpVl and WCMV-Wageningen strains. First 
of all TrS2 caused more serious symptoms on Leguminosae hosts, especially more 
pronounced local and systemic necrotic lesions or rings on Vicia faba. It had 
a remarkable affinity to infect Solanaceae species in which aspect it showed simi
larity to Indiana strain of WCMV described by Bancroft et al. (1960). M usil 
(1966) also demonstrated strain differences in symptomatology on Vicia faba, but 
in the literature there are no data on serological differentiation of WCMV strains.
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Table 3

Heterologous reactions of WCMV-TpVl and TrS2 isolates*

Tested antigens

TpVl TrS2 H

WCMV'— M 13 1024 128 1024
W CM V'-TpM l 2048 1024 2048
WCMV2-  H 2048 512 2048
BoMV3— C — 2 —
PVX3-  G 4 4 4
PVX2 4 4 4
NaMV2 — — —

NeXV2 2 2 2
PAMV2 2 2 2

* Titers are reciprocal values. The antisera of white clover mosaic virus (WCMV), potato 
virus X (PVX), Narcissus mosaic virus (NaMV), Nerine X virus (NeXV) and potato aucuba 
mosaic virus (PAMV) were kindly supplied by Drs. M usil, M. (1), and M aat, D. (2), respec
tively. The antisera (3) of Boussingaultia mosaic virus (BoMV— C) and PVX— G were prepared 
in our laboratory.

Bos et ai (1960) demonstrated the qualitative similarities and relationships 
among some American, a Dutch, a Canadian and a German isolate of the WCMV, 
and an exact comparison of two isolates (the Dutch and an American) revealed 
no quantitative differences between these isolates. According to our identification 
and characterisation of WCMV isolates we consider that TpVl belongs to the 
WCMV-type strain-group and TrS2 is a symptomatilogically and serologically 
distinguishable deviating strain of the WCMV.
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Grapevine Disease in Hungary Caused by Alfalfa Mosaic
Virus Infection

By

L. Beczner and J. Lehoczky

Research Institute for Plant Protection, 1525 Budapest, P. O. Box 102, Hungary

In a ten acres, 7-year-old trellised cv. Chardon nay/Teleki 5 C vineyard, four vines 
were diseased with the same symptoms. In spring, the interveniál areas of lower leaves 
were brilliant yellow discoloured but the veins remained green, while during summer 
months, on the upper leaves yellow species, spots, rings or line pattern developed. In 
summer, symptoms became ivory, but not masked. One of the diseased vines (KeYM-1) 
was investigated virologically on woody indicators and on herbaceous plants. The 
results proved that alfalfa mosaic virus (A1MV) was the causal agent. The KeYM-1 
isolate is a weakly pathogenic one (causing weak symptoms on tobacco) and belongs 
to the A1MV-N strain group (producing necrotic local lesions on French bean). It is 
serologically identical with A1MV-N and -S strains. Proposed popular name of the 
disease; “ Yellow spotting and ring pattern of the grapevine”.

Occurrence of alfalfa mosaic virus (A1MV) natural infection on grapevine 
was observed and proved first in German Federal Republic (B ercks et al., 1973), 
then it was found in Switzerland (Bovey and Brugger , 1975; Bovey and C azel- 
les, 1978), in Czechoslovakia (N ovák and Lanzová , 1976) and in Bulgaria (Jan- 
kulova, 1978), too.

Some curious symptoms were observed in Hungary on a single vine of a cv. 
Chardonnay vineyard near to the Lake Balaton in 1976. The virological investiga
tion gave some evidences that the affected vine with characteristic symptoms was 
infected by alfalfa mosaic virus. Two previous papers (L ehoczky and Beczner, 
1980; Beczner and Lehoczky, 1980) and this one, report on the natural occurrence 
of A1MV infection on grapevine in Hungary.

Symptoms of the natural infected vine (virus source)

Small and larger bright yellow spots developed scattered on the lower leaves 
of a 7-year-old trellised cv. Chardonnay vine (its labelled code number: KeYM-1) 
and then the yellow discolouration extends significantly in the interveinal areas, 
but the first-, second-, and partially the third-grade veins and furthermore along 
them a narrow tissue, remained green (Fig. 1). According to the observation the 
great yellow discolouration develops mainly on lower leaves in spring, while in 
summer on upper leaves, symptoms are reduced and characterized by yellow 
species, spots, yellow rings 3 — 5 mm in diameter or yellow line pattern (Fig. 2). 
Symptoms on the leaves do not mask in summer season, merely became ivory.
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Fig. 1. Symptoms on naturally infected cv. Chardonnay leaves in spring. Brilliant yellow 
discolouration developed in interveinal areas

Fig. 2. Symptoms on upper leaves of naturally infected cv. Chardonnay vine, in summer
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So far apparently, there were no other symptoms on shoots and clusters (coulure 
or millerandage).

In the mentioned cv. Chardonnay vineyard (ten acres) three other vines 
were found with the same symptoms, in 1979.

Materials and Methods

Source of virus (donor)

Shoot-tips and canes of the cv. Chardonnay/Teleki 5C vine (code number: 
KeYM-1), with the above-described symptoms, were used for virus-transmission.

Indexing

Short cuttings with two buds made from canes of six woody indicators 
FS-4 201-39 ( = Siegfriedrebe), V. rupestris St. George, Chardonnay, Veltliner 
rouge précoce, Mission and Pinot noir] were used for chip-transmission. A little 
tongue-shaped tissue (living bark + cambial region + a thin layer of xylem) was 
excised below the upper bud of the indicator cutting and in the place of it tissue 
of the same size was transplanted from the donor cane, then it was tied with a 
plastic band (Fig. 3a). After transplantation the cuttings were placed into turf- 
pot filled up with Perlite, then they were forced in green-house on 28 °C for ten 
days and were reared here on 20 — 25 °C for three weeks (Fig. 3b, c). The forced 
indicator cuttings were planted in outdoor nursery at the beginning of June and 
were evaluated here four times over two years.

Isolation and host-range experiments

Transmission experiments in an insect proof green-house took place by 
mechanical inoculation. The following herbaceous testplants were used: Ammi 
május L., Capsicum annuum L. cv. Soroksári elit, Chenopodium amaranticolor 
Coste et Reyn., Ch. murale L., Ch. quinoa Willd., Cucumis sativus L. cv. Délicates, 
Datura stramonium L., Gomphrena globosa L., Lycopersicon esculentum Mill., 
Nicotiana glutinosa L., N. megalosiphon Heurck et Muell., N. tabacum L. cv. 
Samsun, N. tabacum L. cv. Xanthi, N. tabacum L. “5c/ 61-10” breeding-line, 
Ocimum basilicum L., Phaseolus vulgaris L. cv. Cheroquee, Pisum sativum L. cv. 
Rajnai törpe, Tetragonia expansa Thumb., Vicia faba L. és Vigna sinensis (Tor- 
ner) Savi.

Inocula were prepared by grinding shoot-tips and leaves of KeYM-1 vine 
or infected leaves of Nicotiana megalosiphon together with 0.067 M Na-phosphate 
buffer pH 7.2, in the case of vine, containing 3 per cent PEG 6000. The source 
of KeYM-1 virus isolate for the determination of the physical properties in
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vitro was crude sap extracted from N. megalosiphon. The same plant served as 
assay host. In the experiment phosphate buffer was as diluent. Treatment was 
carried out as described by Beczner and Lehoczky (1980).

Purification, antiserum preparation and serological test

Virus was purified by the methods of Beczner (1973), and Beczner and 
Lehoczky (1980). The antiserum of AIM V-KeYM-1 was obtained from immuniza
tion of rabbits. The animals received three intramuscular injection of 2 ml virus 
purified 250 — 300 g leaves, emulsified with Freund’s complete adjuvant. Bleeding 
was began 2 weeks after the last injection and was repeated as one week intervals.

All serological test were performed according to O uchterlony’s double 
diffusion method in petri dishes, the medium used being 0.8% Bacto agar in saline 
solution containing 0.05 per cent NaN3. BG4 and 32/1 of A1MV antisera were 
obtained from our collection.

Electron microscopy

Electron microscopical investigations were carried out on OPTON EM 9 S-2. 
Samples in Sorensen phosphate buffer were placed on carbon — formvar coated 
grids and stained with 2 per cent phospho-tungstic acid adjusted to pH 6.5 with 
KOH.

Results

Indexing

Virus-transmission by indexing gave positive results on all six woody indi
cators. Yellow species, rings, or line pattern developed on the leaves of indicator- 
plants, but the intensity of symptoms changed depending on indicator (Fig. 4). 
Reaction-symptoms on St. George leaves were similar to those Bovey and Brugger 
(1975) found on the same indicator. Symptoms were the most intensive and con
spicuous on cv. Chardonnay and cv. Veltliner rouge précoce, therefore both are 
recommended as indicators for detection of A1MV from grapevine. As St. George 
also reacted with the latent fleck and cv. Pinot noir with the leafroll symptoms, 
could consider it certain, that KeYM-1 vine was a carrier of latent fleck and leaf- 
roll viruses, too.

Isolation on herbaceous plants

The AI MV was easily transmitted from vine to Chenopodium quinoa, Nico- 
tiana glutinosa, N. megalosiphon with mechanical inoculation. In case of the first 
transmission most of the plants did not show typical A1MV symptoms as yellow 
mosaic on Gomphrena globosa. The systemic symptoms on C. quinoa appeared
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Fig. 4. Reaction-symptoms on woody indicators, a. on FS-4 leaf; b. on St. George leaf 
c. on cv. Chardonnay leaves; d. on cv. Veltliner rouge précoce leaf; e. on cv. Mission leaf

f. on cv. Pinot noir leaf

Acta Phytopathologicu Acadeniiae Scientiarum Hungaricae 16, 19S1



Bec-ner, Lehoczky: Grapevine disease in Hungary 125

Fig. 5. Symptoms on herbaceous testplants. a— b. necrotic rings on inoculated leaf of Nico- 
tiana megaiosiphon; c. oak-leaf systemic symptoms on N. megalosiphon leaf; d. necrotic 
rings on inoculated leaf of N. tabacum "Bel 61-10” breeding-line ; e. necrotic rings and lesions 
on inoculated N. tabacum cv. Samsun leaf; f. necrotic rings and lesions on inoculated Petunia 
hybrida cv. Himmelsröschen leaf; g. systemic mosaic on the leaves of Capsicum annuum cv. 
Kecskeméti törpe ; h. necrotic local lesions on the leaf of Vicia faba: i. necrotic local lesions

and systemic wilting on Vicia faba
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Fig. 6. Symptoms on herbaceous testplants (a— h). a. necrotic local lesions on the leaf of 
Phaseolus vulgaris cv. Cheroquee; b. necrotic local lesions on the leaflets of Vigna sinensis; 
c. necrotic lesions on inoculated leaf of Tetragonia expansa; d. pale chlorotic local lesions on 
the cotyledons of Cucumis sativus cv. Délicates; e .— f. systemic chlorotic veins on the leaf of 
Cucumis sativus cv. Délicates; g.— h. systemic “calico” symptoms on the leaves of Ocimum 
basilicum; i. electron microscopic picture of bacilli-form particula of A1MV isolated from

grapevine (X 154 000)
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too late, appearence of local lesion on N. megalosiphon was very quick. This slight 
differences can be due to the strain differences and the altered environmental con
dition. The clean culture of AI MV was separated from the systemically infected 
leaves of Vicia faba obtained after the second passage.

Host range and symptomatology

AIMV infected all testplants used. 18 out of 20 showed symptoms, on Ammi 
május and on Gomphrena globosa was latent. The experimental host range for 
AlMV-KeYM-1 was essentially the same as that reported for Hungarian strain 
of AIMV described by Beczner (1972). On the basis of necrotic local lesion forma
tion on the primary leaves of Phaseolus vulgaris and Vigna sinensis and weak 
symptoms on Nicotiana tabacum this isolate belongs to the A1MV-N strain group, 
and the weakly pathogenic subgroup.

This virus produced local lesions only on C. murale, Lycopersicon esculentum, 
Nicotiana tabacum cv. Xanthi, Pit. vulgaris, Tetragonia expansa and V. sinensis; 
local and systemic symptoms on Capsicum annuum, C. amaranticolor, Cucumis 
sativus, Datura stramonium, N. glutinosa, N. megalosiphon, N. tabacum cv. Samsun, 
“Bel 61-10" breeding Une, Ocimum basilicum, Pisum sativum cv. Rajnai törpe 
(Petit provençal), Vicia faba.

In vitro properties

The TIP for AIMV-KeYM-1 is between 64 and 70 °C. The DEP is 10~4. 
The LIV at room temperature is between 4- and 8-days. In dry material from 
infected leaves of N. megalosiphon the virus remained infective after one year.

Purification and density gradient centrifugation

Extracts of plants of N. tabacum infected with KeYM-1 contained a number 
of typical bacilli-form particles. The described purification method yielded reason
able amounts of virus. Purified preparations, centrifuged on sucrose density 
gradient columns for two hours with SW 27 rotor at 24 000 rev/min formed 
three zones.

Serology

In serological testing, partially purified preparations of the KeYM-1 from
N. tabacum cv. Samsun, or N. megalosiphon formed distinct precipitin lines with 
AIMV-KeYM-l, BG4 and 32/1 antisera (Beczner, 1973), whereas extracts from 
healthy plants of both species processed in the same manner gave no reaction.

In agargel-immundiffusion test, there was coalescence of the lines against 
AIMV-KeYM-l, BG4 and 32/1, using any antisera of the mentioned strains, 
indicating the serological identity.
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Electron microscopy

Electron microscopy of crude sap of testplants (tobacco, C. quinoa, etc.) 
revealed the presence of bacilliform particles in limited number. Significantly 
more particles could be seen when the carbon-formvar coated grids were pretreat
ed for 5 minutes by 100 or 1000 times diluted A1MV antiserum of 1 : 1024 titer, 
and followed by the Derrick procedure.
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SHORT COMMUNICATION

Occurrence of P h y to p h th o ra  Rot of Soybeans in Hungary

By

G y. Kövics

Center for Agrobotany of the Institute for Agricultural Variety Testing, H-2766 Tápiószele
Hungary

The first occurrence of Phytophthora rot of soybeans in Hungary is reported. 
The causal fungus Phytophthora megasperma var. sojae identified by by microscopic 
studies and pathogenicity tests, is described as well.

The disease caused by Phytophthora megasperma (Drechs.) var. sojae A. A. 
Hildebrand (syn. P. sojae Kaufmann & Gerdemann) was first observed in the 
USA in 1948 (Suhovecky and Schmitthenner, 1955). More recently K uan and 
Erwin (1980) have re-named the fungus P. megasperma f. sp. glycinea. To the 
best of our knowledge, its occurrence has not been reported from other countries 
than USA and Canada (Athow , 1973; Sinclair and Shurtleff, 1975).

In the spring of 1979, however, symptoms typical of Phytophthora rot were 
observed in Hungary (village Tápiószele), too. The damage was detected on the 
soybean cultivars Merit and ISz-13, ISz-14, KZ-237 (Hungarian ones), seeds of 
which originated from Iregszemcse (Western-Hungary). The causal fungus was 
found in Hungary as early as 1974 on cv. Merit, but no formal description of it 
has been given (Szili, 1975).

Phytophthora rot can be found in soybeans at any stage of development. 
The infected seeds may die before emergence, especially in wet soil. Post-emergence 
root and stem rot cause wilting then death of the seedlings (Fig. 1). Older plants 
are killed more gradually. Leaf wilting is a common symptom of late infected 
plants. After the plant died, withered leaves remain attached for a week or so.

The fungus was isolated from soybean seeds having been surface sterilized 
in 0.2% NaOCI and 70% ethanol for 2 min, respectively, then placed into moist 
chamber. Small pieces of the mycelium developed under the above circumstances 
were transferred onto potato-dextrose agar (PDA) containing 100 pg/ml chlor
amphenicol. Cultures (Fig. 2) were kept at 25 — 27 °C and, illuminated with 
fluorescent lamp for 12 hrs a day.

The young mycelium was coenocytic, but became septate with age and 
produced branches with constrictions at their base. Width of hyphae grown on 
PDA averaged 4 — 9 pm. Sporangia did not develop on PDA, but can be obtained 
from culture in pea broth or lima bean extract. The size of the obpyriform non- 
papillate sporangia is 39 — 60x34 — 51 pm. Sporangia germinate with ovoid, two-
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Fig. 1. Damage caused by P. megasperma var. sojae on seedling of soybean cultivar ISz-13

Fig. 2. Three-week-old culture of P. megaspermi var. sojae on potato-dextrose agar
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Fig. 3. Sexual process between oogonium and antheridium. x 1350

Fig. 4. Cospore of P. megasperma var. sojae produced on potato-dextrose agar. X 900

flagellate zoospores or directly, functioning as conidia. Sexual organs, the thin 
walled, spherical oogonia and the paragynous antheridia developed abundantly 
on PDA. Fertilization of an oogonium by an antheridium results in the develop
ment of an oospore (Fig. 3). Oospores have thick, smooth double wall and fine 
grained cytoplasm (Fig. 4). Their average size was 38.4 (28.8 — 43.2) /ml. The 
oospores germinate by producing germ tubes from which hyphae then sporangia 
develop.
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Pathogenicity test was carried out on 10-day-old seedlings of cv. Harosoy 
by using the method 8 of K aufmann and G erdemann (1958). Introduction of a 
suspension of minced mycelia into the hypocotyls resulted in the complete death 
of the plants within 7—10 days. The plant debris put into moist chamber offerred 
an object for reisolation of the fungus.

The isolates of P. megasperma var. sojae exhibit various rate of virulence 
(H ildebrand, 1959; H ilty and Schmitthenner, 1962; Averre and Athow , 
1964). Physiological specialization of this fungus is also well known. Nine races 
as well as soybean cultivars differing in reaction to these races have been reported 
so far (M organ and H artwig, 1965; Schmitthenner, 1972; Schwenk and Sim, 
1974; H aas and Buzzell, 1976; Laviolette and A thow , 1977). The 9 races are 
distinguished by using differential soybean cultivars as follows: Harosoy, Harosoy 
63, Sanga, Mack, Altona, Tracy, P.1.171.442 and P.1.103.091. In the lack of this 
series we have not been able to complete race identification work.

Race identification, assessment of incidence, as well as comparative studies 
on Hungarian cultivars are in progress.
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SHORT COMMUNICATION

Tomatine and Phenol Production Associated with Control of 
Fusarial Wilt of Tomato by the NO,-nitrogen, Lime, and 

Fungicide Integrated Systems

By

A. R. T. Sarhan and Z. Király

Research Institute for Plant Protection, 1525 Budapest, P, O. Box 102, Hungary

Increased resistance of tomato plants supplied with N 0 3-N, lime and benomyl 
(in the form of Chinoin-Fundazol 50 WP) in an integrated system is in correlation 
with an increase in the tomatine content of stem tissues. Phenolic compounds do not 
play any role in resistance of tomato to fusarial wilt.

Antifungal compounds, produced following inoculation, have been impli
cated in resistance of cotton (Blll, 1969) and possibly tomato (Tjamos and Smith, 
1974) to vascular wilt caused by Verticillium albo-atrum. No convincing evidence 
is yet available that such compounds are involved in resistance to Fusarium wilt. 
Reilly and Klarman (1972) reported that several fungicides stimulated the pro
duction of a phytoalexin in soybean and, also, Cartwright et al. (1977) have 
presented evidence that control of rice blast by systemic fungicides is accompanied 
with phytoalexin production. There is another evidence that, in some plant 
species, those cultivars having high level of phenols are more resistant to certain 
fungi. H artley and Harris (1978) suggested that the presence of phenolic groups 
in the cell wall of the wheat plant, treated with commercial cellulase, may be 
related to the greater resistance of the plants to the yellow rust. However, K irály 
(1964) found that with increased nitrogen fertilization the phenol level decreased 
in wheat tissues and the susceptibility to rust increased.

This paper reports on the possibility, that treatment of tomato plants with 
NOa-nitrogen, lime, and a systemic fungicide in an integrated system produces 
an inhibitor to Fusarium oxysporum f. sp. lycopersici Rl in tomato plants.

Details of procedures on growth of tomato seedlings and application of 
chemicals have been given in detail previously (Sarhan and Király, 1981). 
Seedlings of susceptible cultivar of tomato, Primset, were grown under ordinary 
greenhouse conditions. Plants, four-week-old, were inoculated by up-rooting and 
washing them, dipping the roots in the spore suspension of pathogenic strain of 
the Fusarium, and repotting the plants again. Liming the soil has been done by 
mixing dry Ca(OH)2 with the soil, 2 g/kg soil, one week prior to planting. The 
fungicide benomyl, in the form of Chinoin-Fundazol 50 WP, was used at the rate
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of 300 ppm one day before inoculation. Potted plants were watered with a nutrient 
solution (Hogland’s solution) containing 420 ppm nitrogen in the nitrate form, 
plus several micronutrients.

Tomato plants inoculated with the pathogen developed typical wilt symp
toms. When plants were supplied with the chemicals (nitrate, lime and benomyl) 
in integrated systems, the development of the symptoms was reduced. Symptoms

Table 1

Estimation of tomatine and phenol content in vascular stem tissues of infected and not infected 
tomatoes which treated with N 0 3-nitrogen, lime, and benomyl in integrated systems

Treatments

Tom atine
mg/gm fresh weight

Total phenol 
mg/gm fresh weight

N ot infected Infected N ot infected Infected

Control (H20) 0.85 3.65 3.92 4.36
Nitrate +  benomyl 1.45 4.20 1.25 3.83
Nitrate +  lime 1.15 3.80 2.75 4.10
Benomyl +  lime 1.30 3.95 2.89 3.52
Nitrate +  lime +  benomyl 1.87 4.62 1.50 2.88

were controlled perfectly in the case when the three chemicals were combined. 
On the second week after inoculation with the Fusarium tomatine and phenol 
contents were estimated in the vascular stem tissue.

Tomatine was extracted and estimated as described by M cCane and D rys- 
d a le  (1975). Total phenol content was estimated by using the Folin-Ciocalteu 
reagent according to S pies (1955).

A decrease in total phenol content was found in the not infected stem which 
was treated with different combinations of nitrate, lime and benomyl (Table 1). 
The amount of tomatine was positively correlated with the presence of nitrate or 
benomyl. However, there was a very low increase in other combinations of treat
ments as compared to the untreated plants (Table 1). The infection of tomato 
plants resulted in increasing the tomatine in stem tissue, and also, infected tissues 
showed an accumulation of phenolic compounds as compared to not infected 
plants. The control of Fusarium wilt of tomato by integrated systems may be a 
consequence of increased tomatine and perhaps this is in a cause-and-effect 
relationship with suppression of disease symptoms. K irály et al. (1972) and 
É rsek  et al (1973) observed that application of fungitoxic antibiotics to infection 
sites changed compatible interactions into incompatible ones. One can hypothesise 
that integrated measures increase tomatine which cause an incompatible (resistant) 
reaction of the host. However, C artwright et al. (1977) suggested that they 
sensitized the plant when treated with systemic fungicides, so that the host 
responded in a resistant manner to the invading fungus.
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Our results suggest that increased resistance of tomato supplied with N 0 3- 
nitrogen, lime and the fungicide benomyl in an integrated system could be related 
to an increase in the tomatine content of stem tissue. However, phenolic com
pounds do not play any role in resistance of tomato to fusarial wilt.
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Isolation of an Agglutination Factor that may Determine 
Race Specific Resistance of Soybean Leaves to 

Pseudomonas glycinea
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1 Research Institute for Plant Protection, H-1525 Budapest, P. O. Box 102, Hungary 
• Intitule of Enzymology, BRC, Hungarian Academy of Sciences, H-1502 Budapest,
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A material obtained from the intercellular fluid of ‘Harosoy’ soybean leaves 
having been infiltrated with NaCl solution agglutinated incompatible race(Rl) but not 
the compatible race (R2) and isolate (2c) of Pseudomonas glycinea. Host non-pathogen 
P. syringae was agglutinated as well. The roughly purified material exhibited hemag- 
glutinating activity suggesting that lectin-like compound(s) may be involved in the 
above phenomenon.

Resistance mechanism of plants to phytopathogenic bacteria could be due to 
selective immobilization of the varietal or species non-pathogens by cell wall 
constituents of the plant (Goodman eta!., 1976; Sequeira et al., 1977; Cason et al., 
1978). Host cell wall has been shown to contain certain proteins possessing lectin 
activity (Lamport, 1979). These compounds, on the basis of their carbohydrate 
specificity, can agglutinate bacteria incompatible to host plant (Sequeira and 
G raham, 1977; E l-Banoby and R udolph, 1980) and, could thereby be candidates 
for specific recognition of hypersensitive reaction inducing bacteria.

Since lectin-like compounds are probably located in the host cell wall, it 
seemed possible that they could be isolated by infiltration of the intercellular spaces 
of the leaves with solutions of high ionic strength.

Materials and Methods
Trifoliates of 3-week-old soybean cv. Harosoy were harvested. The main 

veins were removed according to the method of K lement (1965) and the half 
leaves were vacuum infiltrated with NaCl in sodium phosphate-citrate buffer 
(1 % w/v) or Triton X-100 (0.3% v/v) or distilled water. The surfaces of the leaves 
were dried and the material waskept at 4 °C for 2 hrs. The infiltrating solution was 
recovered by centrifugation at 2000 g, at 0°C for 5 min. The supernatant was mixed 
with ammonium sulfate solution to give a final saturation of 50%. The solution was 
left to be precipitated overnight at 4°Cand then centrifuged at 20,000 g for 1 h. 
Supernatant was dialysed against distilled water then lyophilized. The dry extracts 
were taken up either in saline or distilled water up to 10mg ml-1 concentration in 
order to test their agglutinating activity in Takâtsy’s microtitre plate.
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Races of P. glycinea as well as P. syringae were cultured in Kolle flasks con
taining nutrient broth agar at 28 °C. One-day-old cultures were suspended either 
in distilled water or saline to give a concentration of 109 cells ml-1; 25 u\ aliquots 
were added to the same volumes of the plant extract.

Besides bacteria trypsinized human erythrocytes (‘0’) were also tested as 
possible targets of lectin activity.

Results and Discussion
Agglutinating activity was exhibited only by the salt-extracted material. 

At 5 and 10 mg ml-1 concentrations it agglutinated the species non-pathogenic 
P. syringae cells as well as the varietal non-pathogenic race (Rl) of P. glycinea, but 
not the varietal pathogenic race (R2) and isolate (2c). Within 3 to 4 hours the 
pathogenic races settled in the bottom of wells forming pin point sediments and the 
solution became clear. In the presence of varietal and species non-pathogens, 
however, the samples remained turbid at the same time.

After one day incubation at 28 °C, all the samples cleared, but the sediments 
of non-pathogens were larger in diameter than those of pathogens.

Trypsinized erythrocytes agglutinated even with the lowest (1.25 mg ml“1) 
concentration of the extract used.

The crude extract gave positive reactions with anthrone and comassie blue 
suggesting the presence of carbohydrates and proteins.

Further studies are in progress in order to clarify if the phenomenon can be 
generalized within this host —parasite interaction and to identify the active ma
terial contained by the crude leaf extract.
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Status of Two European Weevils for the Biological Control of 
C a rd u u s  Thistles in th e  Ö .S .A .

By

L. T. Кок

Virginia Polytechnic Institute and State University, Department of Entomology, Blacksburg,
VA 24061., U.S.A.

Carduus thistles are introduced Eurasian weeds causing major problems in 
pastures, ranges, croplands, and along state highways in many parts of the U.S.A. 
Two of the most troublesome species are Carduus thoermeri Weinmann1 (musk thistle) 
and Carduus acanthoides L. (plumeless thistle). They have been able to rapidly take 
over mismanaged land, especially in overgrazed pastures. In the search for an effective 
long term control measure, several biological agents were imported into the USA.

Two European weevils which have been released have become well established 
and have potential as biological control agents of the musk thistle: Rhinocyllus conicus 
Froelich, a thistle head weevil, was first introduced from France and Italy in 1969 into 
3 states: California, Montana and Virginia. It has subsequently been relocated to at 
least 15 other states. Eggs of the weevil are laid on thistle heads and the developing 
larvae feed on tissues of the receptacle, preventing seed formation. Significant impact 
has been reported in Virginia, Montana and Missouri.

A second weevil, Ceuthorhynchidius horridus (Panzer) was imported for host 
specificity testing under quarantine in 1970. Based on results of the tests, it was officially 
approved for field release in Virginia in 1974 and has become established in at least 7 
release sites. Several other states have subsequently released this rosette-feeding weevil 
which is currently being evaluated for efficacy in thistle control. Eggs are laid in leaf 
mid-ribs, larvae feed towards the crown and kill the growth point.

Compatibility studies of both weevils with 2.4-D, the most commonly used 
herbicide for thistle control in the U.S.A., revealed that adult survival, fecundity and 
vitality were not adversely affected. With proper timing the herbicide and both weevils 
can be compatibly used in an integrated program for control of Carduus thistles.

Carduus thistles are introduced Eurasian weeds causing major problems in 
pastures, ranges, croplands, and along state highways in many parts of the U.S.A. 
(Кок, 1978). They are especially serious problems in California, Kansas, Montana, 
Nebraska, West Virginia and Virginia. In Virginia alone, they heavily infest at 
least 60,000 hectares of pastures. Two of the most troublesome species are Carduus 
thoermeri Weinmann (musk thistle) and C. acanthoides L. (plumeless thistle). 
About $1,000,000.00 per year has been spent by the Virginia Department of 
Agriculture and Commerce in thistle control during each of the past 12 years. 
Average cost of thistle control was $25 —$30 per hectare. The use of natural 
enemies for the control of Carduus thistles is gaining acceptance within Virginia

1 Previously published as Carduus nutans L.
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as well as in many of the other mainland states. Two of the natural enemies which 
have received considerable attention are Rhinocyllus conicus Froelich (head weevil) 
(H arris and Zwölfer, 1971; Surles et al, 1974; Hodgson and R ees, 1976; 
Кок, 1978; Puttler et al, 1978; Goeden and R icker, 1978), and Ceuthorhynchi- 
dius horridus (Panzer) (rosette weevil) (Ward et al., 1974; Кок, 1975; Кок and 
Trumble, 1979; Trumble and Кок, 1979a). Rhinocyllus conicus (Fig. 1) was first 
introduced from France and Italy in 1969 into three states: California, Montana 
and Virginia. It has subsequently been relocated to at least 15 other states. Eggs 
of the weevil are laid on the bracts of thistle heads and first instars on hatching 
tunnel into the heads, feeding on tissues of the receptacle. Many larvae can devel
op within a single head and heavily infested heads are prevented from producing 
seeds. Significant reductions of musk thistle have been attributed to R. conicus 
in Virginia (Кок and Surles, 1975), Montana (R ees, 1977) and Missouri (Puttler 
et al., 1978) and it has become established in the other states. The impact by R. 
conicus is most impressive about 5 — 6 years after establishment. Reductions of 
70 — 95% have been found in the test (experimental) sites in Virginia. However, 
R. conicus has not been as impressive in the control of the plumeless thistle mainly 
because of its poor synchronization with the development of C. acanthoides 
(Surles and Кок, 1977). Thus, a second weevil was introduced to increase the 
biotic stress on the target weeds.

Ceuthorhynchidius horridus (Fig. 2), the second introduced weevil to be 
released for Carduus thistle control in the U.S.A., attacks the plant at the rosette 
stage. It was imported from Italy for host specificity testing under quarantine in

Fig. 1. Adult Rhinocyllus conicus Froelich — thistle head weevil
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Fig. 2. Adult Ceuthorhynchidius horridus (Panzer) — rosette weevil

1970. Based on results of the testing (Ward et at., 1974; Кок, 1975), the USA 
Biological Weed Control Federal Working Group officially approved it for field 
release in 1974. Releases made in 1974/1975 became established by 1978 in Virginia 
(Кок and Trumble, 1979). Several other states have subsequently released this 
rosette-feeding weevil which is currently being evaluated for efficacy in thistle 
control. Eggs of this weevil are laid in the mid-ribs of leaves. Upon éclosion, lar
vae feed toward the crown of the rosette causing a characteristic necrosis. The 
plants may die if infestation is sufficiently heavy. Larval feeding is completed in 
4—8 weeks, and mature larvae move into the soil to pupate (Кок et ai, 1975).

Current recommendations for the control of Carduus thistle in the U.S.A. 
are primarily based on the use of herbicides. Most commonly used is 2,4-D at 
1.68—2.24 kg/ha sprayed on rosettes in the fall or spring (K ates, 1968). 2,4-D 
treatment of musk thistle in the late-bud to early-bloom stage of the primary 
bloom was not detrimental to R. conicus larvae (Trumble and Кок, 1979b), and 
would not prevent survival or reproduction of R. conicus. Laboratory tests showed 
that survival of C. horridus weevils treated with 1.68 kg/ha was also not different 
from the untreated controls, but higher doses (16.8—147.8 kg/ha) caused signif
icantly greater mortality (Trumble and Кок, 1980). Adult vitality was unaffected 
by the herbicide. When thistle infested fields were sprayed with 1.68 or 2.24 kg/ha 
of 2,4-D, the host plants died, but survival, reproduction and population increase 
of C. horridus were not affected. Thus 2,4-D application can be manipulated to
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have a minimal impact on the use of both biocontrol agents. With proper timing 
the herbicide and both weevils can be compatibly used in an integrated program 
for control of Carduus thistles.

Acknowledgements
This research project is supported in part by the United States Environmental Protec

tion Agency Grant #R803931-02-0 and in part by USDA/SEA Cooperative Project ф 12-14- 
1001-1204.

Literature
G oeden, R. D. and R icker, D. W. (1978): Establishment of Rhinocyllus conieus (Col.: Cur- 

culionidae) on Italian thistle in southern California. Environ. Entomol. 7, 787—789.
H arris, P. and Zwölfer, H. (1971): Carduus acanthoides L., welted thistle and C. nutans L., 

nodding thistle, pp. 76 — 79. In Biological Control Programmes Against Insects and Weeds 
in Canada 1959— 1968. Tech. Commun. Commonw. Inst. Biol. Control. 4.

H odgson, J. M. and R ees, N. E. (1976): Dispersal of Rhinocyllus conieus for biocontrol of 
musk thistle. Weed Sei. 24, 59— 62.

K ates, A. H. (1968): Control of curled and musk thistle with 2,4-D. Virginia Polytechnic Inst, 
and State Univ. Coop. Ext. Serv. C. S. 110, 2 p.

K ok, L. T. (1975): Host specificity studies on Ceuthorhynchidius horridus (Panzer) ( Coleoptera: 
Curculionidae) for the biocontrol of musk and plumeless thistle. Weed Res. 15, 21 — 25.

Kok, L. T. (1978): Biological control of Carduus thistles in northeastern USA. Proc. IV. Int. 
Symp. Biol. Contr. Weeds: 101—104.

K ok, L. T. and Surles , W . W . (1975): Successful b io co n tro l o f m usk thistle by an  in troduced 
weevil, Rhinocyllus conieus. Environ. Entomol. 4, 1025— 1027.

K ok, L. T. and Trumble, J. T. (1979): Establishment of Ceuthorhynchidius horridus (Coleop
tera: Curculionidae), an imported thistle weevil, in Virginia. Environ. Entomol. 8 ,221 — 223.

Kok, L. T., Ward, R. H. and G rills, C. C. (1975): Biological studies of Ceuthorhynchidius hor
ridus (Panzer), an introduced weevil for thistle control. Annals Entomol. Soc. Amer. 68, 
503-505.

Puttler, B., Long, H. H. and Peters, E. J. (1978): Establishment in Missouri of Rhinocyllus 
conieus for the biological control of musk thistle ( Carduus nutans). Weed Sei. 26. 188 — 
190.

R ees, N . E. (1977): Impact of Rhinocyllus conieus on thistles in southwestern Montuna.Environ. 
Entomol. 6, 839— 842.

Su rles , W. W. and К о к ,  L. T . (1977): O vipositional preference and sy n chron iza tion  o f Rhino
cyllus conieus w ith  Carduus nutans and C. acanthoides. Environ. Entomol. 6, 222— 224.

Surles, W. W., Kok, L. T. and Pienkowski, R. L. (1974): Rhinocyllus conieus for biocontrol 
of thistles in Virginia. Weed Sei. 22, 1—3.

Trumble, J. T. and Кок, L. T. (1979a): Ceuthorhynchidius horridus (Coleoptera: Curculioni
dae) : Life Cycle and development on Carduus thistles in Virginia. Ann. Entomol. Soc. 
Am. 72, 563-564.

T rumble, J. T. and Кок, L. T. (1979b): Compatibility of Rhinocyllus conieus and 2,4-D (LVA) 
for musk thistle control. Environ. Entomol. 8, 421 — 422.

T rumble, J. T. and Кок, L. T. (1980): Impact of 2,4-D on Ceuthorhynchidius horridus ( Coleop
tera: Curculionidae) and their compatibility for integrated control of Carduus thistles. 
Weed Res. 20, (in press).

Ward, R. H., Pienkowski, R. L. and Кок, L. T. (1974): Host specificity of the first-instar of 
Ceuthorhynchidius horridus, a weevil for the biocontrol of thistles. J. Econ. Entomol. 67. 
735-737.

Acta Phytoputhologica Academiae Scientiarum Hungaricae 16, 1981



Ada Phytopathologica Academiae Scient iarum Himgaricae, Vol. 16 ( ! — 2),pp. 143— 150 ( 1981)

Coccinellid Community in an Apple Orchard Bordering 
a Deciduous Forest*
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The composition and diversity of the coccinellid beetle community were studied 
in an insecticide treated and an untreated block in an apple orchard situated among 
forests near Budapest from 1977 through 1979. The insecticide-sprayed block contained 
11 while the control 10 species. The diversities did not differ significantly (d =  0.73 
for the sprayed block, d =  0.69 for control) but the control plot supported more beetles 
than the sprayed one. The most abundant species were Coccinella septempunctata 
(71.2% for treated plot vs. 66.5% for the control), Adalia bipunctata (9.7 vs. 14.37%) 
and Exochomus quadripustulatus (8.03 vs. 14.08%). More Adonia variegata were found 
in the sprayed block (6.35 vs. 1.44%) which probably was in connection with the neigh
bouring cereal field. The presence of Calvia quattuordecimguttata, Adalia decempunc- 
tata and Harmonia quadripunctata reflected the woody environment. Seasonal dynamics 
varied widely showing peaks in the spring and summer 1977, in the summer 1978, and 
in the autumn 1979.

Coccinellids are a major entomophagous group in agroecosystems and often 
used in biological control programs (D ebach, 1974). Although many pest insects 
may be consumed by coccinellids, the individual species are rather specialized, 
e.g. restricted to aphids living on some plant families (Iperti, 1978). Different 
authors found 3—15 coccinellid species in European apple orchards (H odek , 
1973). The most abundant species are Coccinella septempunctata L. and Adalia 
bipunctata L. though some species may exceed their numbers in some cases 
(H odek , 1973). The effect of insecticides on predatory arthropods in apple orchards 
was investigated by H ukushima (1966, 1969, cit. H odek, 1973) in Japan. The 
relative abundance of the most common species, Chilochorus kuwanae Silvestri 
was equal in sprayed and unsprayed plots (28 and 26%, respectively). Other 
species were relatively more abundant in the unsprayed plot except Stethorus 
japonicus Kamiya.

The role of the coccinellids on their prey populations is a controversial 
topic. It is, however, generally accepted that the overwintered adults are able to 
reduce prey populations substantially (H odek , 1973; Kaczmarek, 1973; Rabasse 
et al., 1978). D ixon and Barlow (1979) found that the two-spotted ladybird,
A. bipunctata contributed to the regulation of the lime aphid (Eucallipterus tiliae) 
populations while F razer and G ilbert (1976) found no stable equilibrium point

‘ Ecological Researches on Apple Orchards, No. 12.
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in a coccinellid-aphid predator-prey system in a lucerne field in Ontario. The 
possibility of regulation by a predator is more probable in perennial than annual 
crops and with a less mobile prey (H assell, 1978).

This article reports on the coccinellid community found in an apple orchard 
with two management practices bordering to a deciduous forest and on the sea
sonal dynamics of the most abundant species. The data presented here showed 
that, although the coccinellid faunal density of the insecticide-free block 
exceeded that of the sprayed one, the diversities did not differ significantly.

M aterials and M ethods

The study area was a 5.8 ha apple orchard near Budapest at Julianna major 
Experimental Farm of the Research Institute for Plant Protection. The soil was 
a heavy clay. The orchard was planted in 1967 and consisted in equal proportions 
of Jonathan, Golden Delicious and Starking varieties. Trees were 4 m apart in 
rows 8 m apart. The neighbouring vegetation was mainly the natural climax 
community of the area, the Quercetum pelreae-cerris oak forest, of 80-year-old 
with other orchards, cereal fields and meadows nearby. The orchard was tilled 
in spring and the subsequently growing weeds tilled between rows and mown 
around trees during the rest of the growing season. Four-six sprays were applied 
in each growing season till 1976 when the orchard was divided into an insecticide- 
free (IF) and a treated (TR) block. Only fungicide sprays were applied to the IF 
block from 1976 onwards while TR received regular treatments with organo- 
phosphate insecticides.

This study was carried out between March 1976 and November 1979. 
Samples were taken weekly between 900 — 1200 hours under favourable weather 
conditions from the canopy and the ground cover. 10 IF + 10 TR (5 constant + 5 
random) trees were sampled by beating. When weed cover was present, 100 sweeps 
were taken with a sweep net both in IF and TR blocks.

Results

During the three years, 1106 specimens of twelve species (995 by beating + 
111 by sweeping) were sampled (Table 1). The species numbers in the three suc
cessive years were 6, 9 and 5 (IF) and 5, 9 and 7 (TR), respectively. The diversity 
values of the IF block were slightly higher (Table 1). The average diversities were 
dIF = 0.69 + 0.07 and dTR = 0.73 ± 0.12; the difference was nonsignificant 
(p > 0.1, t-test). The two communities differed in three species: Hippodamia 
tredecimpunctata L. and Harmonia quadripunctata L. were not present in IF 
while Synharmonia conglobata L. was absent from TR block.

The similarity of the IF and TR communities over three years was CN = 
=  0.58 (Bravais —P earson coefficient, see Southw ood , 1978). The actual com-

Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981



Lövei: Coccinellid community 145

Table 1

Coccinellid community composition on the canopy of the insecticide-free (IF) and insecticide- 
treated (TR) blocks in apple orchard at Juliannamajor, 1977—79

1977 1978 1979 P ooled

IF TR . IF T R I F T R IF T R

Coccinella septempunctata L . 1 2 2 57 248 53 93 103 463 213
Adalia bipunctata L . 45 2 51 24 4 3 1 0 0 29
Exochomus quadripustulatus L. 
Propylaea quattuordecim-

33 — 54 2 2 11 2 98 24

punctata L. 6 4 5 1 — 1 11 6
Adonia variegata Goeze 1 — 3 7 6 12 10 19
Calvia quattuordecimguttata L . — — 6 1 — — 6 1
Adalia decempunctata L. 
Coccinula quattuordecim-

4 1 — — 1 — 5 1

pustulata L . — 1 2 1 — — 2 2
Thea vigintiduopunctata L . _ — 1 1 — 1 1 2

Synharmonia conglobata L . — — 1 — 1 1 1 —

Hippodamia tredecimpunctata L . — — — 1 — — 1
Harmonia quadripunctata L . 1 — 1

Pooled 211 66 370 110 115 123 696 299
Dominance index 0.58 0.86 0.67 0.48 0.81 0.84 0.67 0.71

munities showed similarities of 0.46, 0.44 and 0.87, respectively. C. septempunctata 
seemed to tolerate the insecticide pressure, as its relative abundance was 71.2% 
in the treated plot while 66.5% in the control. A.bipunctata (9.7 vs. 14.37%) and 
Exochomus quadripustulatus L. were less common in TR block (8.03 vs. 14.08%), 
except the 1978 summer immigration. Adonia variegata L. was more abundant 
in TR block (6.35 vs. 1.44%). Other species were too rare to evaluate their tolerance 
towards TR environment.

The most abundant species were C. septempunctata, A. bipunctata and E. 
quadripustulatus. A. variegata was among the most abundant species in 1979. 
The difference between the coccinellid numbers in IF and TR blocks resulted 
from a greater spring peak in 1977 (Fig. la), and from the greater number of 
immigrants in 1978 (Fig. lb). In both years, the woolly apple aphid, Eriosoma 
lanigerum Hausm. was more numerous in the IF block (K ozár et ai, 1979) as 
well as other aphids (MESZLENYand Szalay-M arzsó, 1979). The seasonal dynam
ics of the most abundant species varied widely (Figs I —3).

At the spring colonization of C. septempunctata the highest numbers were 
observed in 1977. No serious difference was noted between IF and TR blocks in 
the summer 1977 (Fig. la). In 1978 spring, only minimal numbers of coccinellids 
were found but a large immigration occurred between mid-July and August (Fig.
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lb). The IF block supported more aphids which caused an uneven coccinellid 
distribution. Practically no coccinellids were found before the midsummer of 
1979 (Fig. lc). The late activity peak showed probably beetles on their way to 
hibernation sites. The two-spotted ladybird, A. bipunctata became active early

Fig. 1. The seasonal dynamics of C. septempunctata at Julianna major, 1977— 79 in insecticide- 
treated (Д) and control ( O) blocks. “N” denotes the numbers sampled from 10 trees
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Fig. 2. Seasonal dynamics of A. bipunctata in the control block at Julianna major, 1977 ( 0)
and 1978 (Д)

Fig. 3. Seasonal dynamics of E. quadripustulatus in the control block at Julianna major, 1977
(O ) and 1978 (Д). “N ” as in Fig. 1

in the spring and colonized the orchard during April (Fig. 2). The species dis
appeared from the orchard in July and could not been found in the autumn. The 
more characteristic late activity period (H odek, 1973) was observed in 1978, 
when some beetles were found 25 October. In 1979 the species was rare (Table 1). 
Early colonization was characteristic for E. quadripustulatus (Fig. 3): the first 
beetles were caught 4 April 1977, 8 March 1978, and 11 April 1979. Seasonal 
dynamics was similar to the other two abundant species. In 1979, only 13 speci
mens were sampled.

Sweep netting did not reveal additional species. C. septempunctata, A. bipunc
tata, A. decepunctata, A. variegata, Thea vigintiduopunctata L., Propylaea quattuor- 
decimpunctata L. and E. quadripustulatus were found in sweep net samples. The 
samples did not show the presence of coccinellids on weeds in the summer when 
aphids emigrated from trees. The activity in sweep net samples coincided with the 
pattern in canopy samples.

Discussion

A survey of the literature showed that the species richness of this orchard 
was high: several European apple orchards have 3—12 coccinellid species and the 
most communities contain less than 10 species (C layhills and M arkkula , 1974
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H o d e k , 1973; H őnek, 1977; N iemczyk and Olszek , 1975; Talitskaya, 1977). 
However, their average diversity was d = 0.54 + 0.06 (n = 8) which is higher than 
for our orchard. The following species were most frequently present in 14 European 
apple orchards: C. septempunctata and A. bipunctata (present in all the 14 or
chards), P. quattuordecimpunctata (12), Cal via quattuordecimguttata L. (8), A. 
decempunctata (9) and Coccinella quinquepunctata L. (7). All but C. quinquepunc- 
tata were present in the orchard studied. E. quadripustulatus was fairly abundant 
in our orchard (see Table 1) but reported only from three other orchards. N ovak 
(unpublished, cit. H odek , 1973) found that C. quattuordecimguttata, A. bipunctata, 
A. decempunctata and C. quinquepunctata were characteristic for an apple orchard 
with a forest nearby, in northern Bohemia, Czechoslovakia. C. quinquepunctata, 
which prefers herbaceous vegetation, was present because it hibernates in the 
litter at forest edges. We did not found the species during the three years of 
investigation. The presence of H. quadripunctata in our samples reflects the proxi
mity of the forest because it occurs mainly in deciduous and pine forests where 
it overwinters in bark crevices (H odek, 1973). A. variegata and H. tredecimpunc- 
tata are characteristic to cereal fields (H odek, 1973) so they may be invaders from 
the neighbouring fields. A. variegata was more abundant in TR than IF plot 
(6.35 vs. 1.44%, respectively). This was probably because the nearest cereal field 
was bordering to that plot.

The community was composed of mainly aphidophagous species, distributed 
on twigs and leaves so beating was a suitable sampling method to detect their 
relative abundance. The only non-predaceous species, the fungivorous T. viginti- 
duopunctata eats fungi on leaves so its relative density was probably correctly 
represented. E. quadripustulatus might be underrepresented because its feeds also 
on coccids (H odek, 1973; T alitsky and Talitskaya, 1977) which are more 
abundant on tree trunks. Beating underestimated the coccinellid density in the 
orchard. Counts during the 1978 summer immigration showed that beating sampled 
about 20 — 30% of the beetles present in a tree. However, beating was suitable to 
detect relative densities. Surprisingly, sweep netting did not reveal the presence 
of coccinellids on the orchard weeds in summer, although such situation was 
reported by Tamaki (1974) for peach orchard, and the most abundant species, 
C. septempunctata preferred herbaceous vegetation (Iperti, 1978).

In controlling pest numbers, the proximity of the forest did not mean a 
massive source of beetles for colonization in all species. The most abundant 
species, C. septempunctata feeds but does not oviposit near its ovewintering sites 
(H odek , 1973). The height of the first peak of coccinellids depends on the over
wintering success. The egg-laying of overwintered females and the larval survival 
depends highly on the climate and food so large number of aphids may support 
vast numbers of coccinellids (H agen, 1962). These beetles may migrate great 
distances in search for food. Consequently, in some years migrant beetles may 
destroy or postpone the second aphid peak at the end of the summer. This popula
tion fluctuation is restricted to aphidophagous species. The abundance pattern 
of the most common species was in connection with the abundance of aphids.

Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981



L ord  : CoccineUid community 149

The most abundant aphid species in the orchard were the woolly apple aphid, 
E. lanigerum, the green apple aphid, Aphis pomi DeGeer and the rosy apple aphid, 
Dysaphis plantaginea Pass. (M eszleny and Szalay-M arzsó, 1979). Coccinellids 
preyed upon apple aphids in the spring, but the predation pressure on woolly 
aphid increased when the other aphids migrated from the trees to their summer 
hosts and the newly hatched coccinellid adults appeared. However, the coccinel- 
lid-aphid relationship cannot be evaluated because the larval stages were not 
sampled. Beating was not suitable to detect larval abundances. Other aphidopha- 
gous predators in the orchard (K ozár et al., 1979) also interfered with the cocci- 
nellid-aphid system. However, the coccinellids had the most conspicious impact 
on their prey. In 1978, although many chrysopid and syrphid predators developed, 
the summer immigration of coccinellid adults had the largest impact on the woolly 
aphid population (see Tables in Kozár et al., 1979).

The coccinellid beetles were not able to keep aphids at low numbers in the 
orchard studied but formed the most abundant group of predaceous adult insects, 
and we should not underestimate their role in reducing aphid population growth
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Recent Advances in the Study of Coccoidea with Special 
Reference to Integrated Pest Management

By

M ichael Kosztarab

Virginia Polytechnic Institute and State University, Blacksburg, VA 24061 U.S.A.

Conventional insect control methods are being replaced by integrated pest 
management (IPM) programs which are based on detailed biological, ecological and 
systematic information. Some of the new discoveries and techniques applied in IPM 
programs against scale insects and other related topics are reviewed here.

Host plants of scale insects often show varying degrees of susceptibility 
to a particular species. For example, the Juniper scale, Carulaspis juniperi (Bouché), 
is usually present in urban environments on Thuja occidentalis L. The globose 
variety of arborvitae (T. o. cultivar globosa) is usually heavily infested, while the 
upright growing variety (T. o. cultivar fastigiata) even when closely surrounded 
by heavily infested globose shrubs, is free of this insect (Fig. 1). F landers (1970) 
explained this phenomenon as due to genetic immunity in some plants.

Studies on the physiology of tree resistance to insects were reviewed by 
H anover (1975). Apparently, there is a lack of studies on scale insect resistance 
in cultivated trees. Resistance studies require a sound knowledge of the biology 
and behavior, especially the feeding habits of the insects involved. Knowledge of 
feeding habits may contribute to an understanding of the mechanism of resistance 
(Painter, 1968). Smith (1944) studied the resistance of certain plants or avoid
ance of others by Saissetia nigra (Nietner). Among the several Pittosporum species 
observed in California, P. tobira (Thunb.) Ait., Arctostaphylos manzanita Parry, 
and Eucalyptus ficifolia F. J. Muell appeared to be immune to infestation. He found 
Hibiscus spp. to be preferred hosts of S. nigra, except in California. The latter 
case tends to indicate the existence of host-specific forms or strains that have not 
yet become established in California.

Kosztarab (1953) found only two of 48 known host plant species of Quad- 
raspidiotus perniciosus (Comstock) from Hungary to be accidental carriers of this 
scale. On these two hosts, Mahonia aquifolium (Lindl.) Don, and Robinia pseudo
acacia L., we might occasionally find scales in a heavily infested environment, but 
they die during their first or second nymphal stage; never reaching full maturity.

Kozár (1972) observed a high degree of resistance to Q. perniciosus in 10 
varieties of peaches in Hungary, three of which were without any infestation. 
Such studies on the resistance of cultivars of fruit trees to scale insects should be 
continued. We lack information on the life cycle of many coccoid species and 
studies of host-induced variation.
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Fig. 1. A clump of Thuja occidentalis L. Left side of T. o. cultivar globosa, heavily infested 
with Juniper scale, Carulaspis juniperi (Bouché), while right side of T. o. cultivar fastigiata,

uninfested

M cClure (1979) found numerical self-regulation in the populations of 
Fiorinia externa Ferris. He noted that “self-restraints” on the populations imposed 
at high densities are related to changes in the quality and availability of food for 
the nymphs.

The effect on scale insects of fertilizing their host plants was tested. Nitrogen 
increased, while potassium reduced, populations of mealybugs and soft scales. 
M cC lure (1980) proved that the amount of foliar nitrogen can significantly 
affect the rate of infestation in hemlock scales, F. externa Ferris.

When scale insect resistant cultivars are lacking, specialists have to select 
an ecologically and economically suitable control method. Unfortunately, the 
biological control of San José scale, Q. perniciosus, is recently being hindered by 
the extremely low and variable reproductive potential of Prospaltella perniciosi 
Tower. M ilne and Snowball (1977) reported about 1.5 progeny per female, with 
a maximum of 7 in their insectary cultures on butternut pumpkins.

Coccoid liecotypes” are often found to be distinct sibling species, and as 
such have their own species-specific parasites. Recognition of this phenomenon 
could make the difference between the success or failure of an IPM program.

A new approach, to directly control males of San José scale, was suggested 
by K ozár (1971), Jenser and Sheta (1972), and D owning and Logan  (1977). 
The latter authors used “Penncap E”, a 23% microencapsulated formulation of 
ethyl parathion, and a single application was sufficient to control this pest. Con
ventional control would have required 2 or 3 additional sprays, when applied 
against crawlers. Scale insect male trapping with the use of sex pheromones could 
provide needed information for specialists to predict population size and time of 
appearance of various pest species.
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Use of systemics, rather than contact insecticides, should be favored in 
1PM programs. Tippins and Dupree (1975) tested the effect of three granular 
systemic insecticides on potted azaleas infested with azalea bark scale, Eriococcus 
azaleae Comstock. These were: aldicarb (Temik®) 0.7 g, disulfoton (Di- 
Syston®) 0.8 g, and carbofuran (Furadan®) 2.0 g for 25 cm pots. All three 
insecticides provided good controls, but the last gave 100% control.

It was shown by Hart and Ingle (1971) that treatments of sublethal doses 
of methyl parathion or dimethoate 2E pesticides increased fecundity and shortened 
the developmental period in the brown soft scale, Coccus hesperidum L. A similar 
response was reported by McClure (1977) in connection with the hemlock scale, 
Fiorinia externa Ferris, when trees were only partially treated.

Fig. 2. Quinquelocular disc pores from perivulvar pore groups of armored scale insects: 
A) Hemiberlesia lataniae (Signorét) 24 OOOx and B) Lopholeucaspis japonica (Cockerell) 

12 000X ; note obvious structural differences revealed with scanning electron microscope

Acta Phytopathologien Academiae Scientiarum Hungaricae 16, 1981



154 Koszt arab : Integrated pest management

Kairomones, the chemical substances associated with scales, when applied 
to infested trees could enhance oviposition by their parasites, thus assist in the 
manipulation of natural enemies (Jones et al., 1976). Insect growth regulators 
have considerable potential as control agents (Stall, 1975). They may affect 
mortality, molting, fecundity, as well as production of sex pheromones. Unfor
tunately, Kinoprene, that was marketed commercially, is too expensive, although 
effective against Coccidae and Pseudococcidae.

Monitoring populations of both scale insects and their parasites with suction 
traps (Kozár, 1976) and use of predictive models could enhance the effectiveness 
of IPM programs. Utilization of insecticides, pheromones, insect growth regula
tors, kairomones, natural enemies, and regulation of nutritional needs of the host 
plants, are all parts of future IPM systems for the control of scale insects (Miller 
and Kosztarab, 1979).

IPM programs need to rely on fast and accurate identification of insects 
present in the ecosystem of agricultural crops. Therefore a short summary of the 
progress made and of the future needs in the systematics of scale insects will be 
presented.

When closely related or sibling species are impossible to determine with 
conventional methods, the scanning electron microscope can reveal fine structural 
differences (M iller et al., 1975) in scale insects as for example, a difference in the 
quinquelocular pores of two armored scale insects (Figs 2a and 2b).

Systematists need to become more “commodity oriented”. They should take 
up such tasks as preparing keys for the identification of insects associated with 
a certain type of ecosystem or crop habitat (Kosztarab, 1975). The museum col
lections should be expanded to include more material with direct practical applica
tion to IPM problems, for example a herbarium of insect and mite damage 
(Kosztar ab, 1966).

Coccoid classification has been based almost exclusively on the morphology 
of adult females, and as such is very inadequate. New species descriptions, generic 
or family revisions should include all stages of a scale insect, also their tests and 
other wax products, and the malformations produced; they should also include 
information on their biology, habitats, host preferences, and associated organisms, 
such as ants, and on their parasites and predators. A number of such characters 
were used recently in the analyses of coccoid phylogeny by Danzig (1980).

Biosystematic studies are needed for many of the common pest genera, 
such as Lecanium, Lepidosaphes, Pseudococcus and others (Kosztarab, 1977). 
We will also need to clarify types of a large number of coccoid genera.

There is a need for up-to-date keys, including pictorial keys for the determi
nation of scale insect species of economic importance. There is an urgent need 
for species catalogs, since the last comprehensive catalog was published in 1903 
(Fernald, 1903). Only three of 21 coccoid families have up-to-date species 
catalogs.

These were some of the recent advances made in the study of scale insects 
and the future needs from the point-of-view of IPM. We are looking forward
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to even more rapid progress in the future, and hope that scientists will continue 
with their traditional international cooperation to insure the free flow of scientific 
information for the general benefit of all mankind.
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Communities of C h ry so p id a e  and H e m e r o b iid a e  ( N e u r o p te r a )  

in Some Apple-Orchards

(Studies in Apple Ecosystems No. 20.)

By

S. Szabó and F. Szentkirályi

Research Institute for Plant Protection, Budapest, H-1525, P.O.B. 102, Hungary

In 1976—79 communities of Chrysopidae and Hemerobiidae were investigated 
in different cultivation systems of apple stands. In the apple-orchards 14 chrysopid 
and 11 hemerobiid species have been detected among which 7 and 4 species, resp., 
could be found regularly. Among the quantitative collecting methods, in case of eggs, 
the observation of 100 leaves per tree, for the larvae, beating proved to be the most 
suitable means. To follow the flight of adults light-trap, suction-trap, and yellow pan 
trap, and in the case of henierobiids the pitfall-trapping also worked well. The most 
frequent species in the apple-orchards were the following: Chrysopa cornea, C. phyllo- 
chroma, C. formosa, Hemerobius humulinus, Wesmaelius subnebutosus, Eumicromus 
angulatus. In the investigated apple-orchard significant egg parasitization was found. 
The paper deals with the diversity and similarity of the Chrysopidae for years and 
localities. Further, it describes the phenological characters of the more frequent 
species as well.

This work has been conducted within the framework of the present popula
tion-ecological research project of the Zoology Department of the Research Insti
tute for Plant Protection. On the one hand, it was our aim to specify the chrysopid 
and hemerobiid communities of apple-orchards under different management 
practices. On the other hand, however, methods suitable for successful collection 
of various developmental stages had to be also worked out. In addition, such ques
tions as the phenology and parasitization of the most abundant species, the diver
sity and similarity of communities, as for different orchard types and years, have 
also prompted investigations. By looking over the relevant European literature, 
one can find only few data on chrysopid and hemerobiid fauna of apple-orchards. 
As far as the authors are aware of the literature, the present paper provides so far 
the most complete list of chrysopid and hemerobiid species found in the European 
apple-orchards, based on several and simultaneously applied collecting methods. 
Only Principi and Canard (1976) do mention 8 green and 5 brown lacewing spe
cies inhabiting apple plantations, however, without specifying the circumstances 
of field examinations. In most studies neuropterous species of apple-orchards are 
differentiated only at family-levels, and emphasis is put almost exclusively on 
Chrysopa carnea (Steiner et ah, 1970; N iemczik et ah, 1972; Malevez, 1976; 
Baeschlin and Taksdal, 1979). The above statement is still valid for works of
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M athys and Baggiolini (1965) or Injac et al. (1978), albeit there authors applied 
several collecting methods and carried out more substantially detailed analyses. 
In our opinion, the inadequacies are due to insufficient systematic evaluations of 
the collected materials. Both on the basis of our investigations, and that of litera
ture data, one can state with confidence the existence of a rich multi-species com
munity of chrysopids and hemerobiids in European apple-orchards.

The present paper only outlines the results of collections conducted for 
several years. The evaluation of each collecting method and from the point of 
view of important species, together with relevant literature data, will be the subject 
of a series of papers in the future.

Materials and Methods
The investigations were carried out between 1976 and 1979 and they were 

conducted in the following orchard-types: 5.8 ha experimental orchard at Julianna- 
major (J) near Budapest, 0.5 ha backyard orchard at Füzesbokor (F), 5.0 ha com
mercial orchard at Újfehértó (U), 100 ha extra-size commercial orchard at Ilona- 
tanya (I), and finally 0.2 ha abandoned orchard at Sóskút. The last four orchards 
are to be found on the largest apple-growing area of Hungary, to the north-eastern 
part of the country, in county Szabolcs-Szatmár. With the exception of a portion of 
the experimental orchard, all of them received regular sprayings 10 to 15 times a 
year.
The collecting methods were as follows :

Light trap : The type was the one constructed by Jermy. It was situated at a 
height of 2 meter (ca. canopy level) and operated with a 100 W incandescent bulb. 
The collected material was removed daily. Each orchard-type (J, F, U, I) had a light 
trap operated from 1 April (or in some cases from 1 May) till 31 October.

Suction trap: The same type as described in the paper of Meszleny and 
Szalay-Marzsó (1979) was used. The mouth of the suction tunnel was at the 
level of tree canopy. Suction traps were operated at two localities (J, U), and 
checked twice weekly to remove collected material. Suction trapping was carried 
out between 1 May and 31 October.

Yellow pan trap : The yellow pans (24 cm in diameter) were also placed at 
the level of tree canopy. Their numbers varied according to orchard-type (J, U). 
They were emptied twice per week, between I May and 31 October.

Pitfall trap : Plastic containers of 200 cm'1 and supplied with ethylene glycol 
were used. Pitfall trapping was conducted at 5 localities (J, F, U, I, S), the 
number of traps varied. Emptying took place once per week between 1 April 
and 31 October.

Sweep netting: There were 4 x 100 strokes made in herb level, once per week, 
between 1 April and 31 October.

Beating: An open plastic funnel of 1 m diameter collected the material that 
fell down during beating from 4 sides of a tree. Beatings were done in early morn-
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ing hours, and from 1 March till 31 October, once a week. Beatings were carried 
out at all 5 localities. Number of trees sampled varied according to the size of 
orchard.

Visual checking of trees: Chrysopid eggs were looked for by using visual 
control in the experimental orchard (J), once per week from 1 April till 15 October, 
and only in 1979. On each occasion, there were 10 trees selected, then 100 leaves 
per tree randomly picked. Larvae and parasites were reared out from the material 
collected.

Evaluation: There is no detailed analysis carried out as for years and loca
lities, and data were rather selectively used. For instance, in case of phenological 
events light trap data were used mainly, as they were thought to be the most reli
able ones. In case of egg collection and subsequent rearing out of larvae, no details 
are presented according to species, because of the paucity of material. For a similar 
reason, no diversity and similarity values were calculated for hemerobiids.

For the computation of diversity of chrysopid community, because of the 
relatively low number of specimens and species captured, the information-theory 
function of Shannon —Wiener was used:

H  =  E  Pb lo£ Pa
i

where p(J is the probability of presence of species i in sample j.
In order to calculate percentage similarity values, the formula of Whittaker 

and Fairbanks was used,

PS = 1 -  0.5 E  IPt, -  PtkI
i

where ptj and pik are the probability of presence of species / in the samples j  and 
k, respectively.

Results and Discussion
Table l/а and b present the lists of species found in all types of orchards, 

during four years and on the basis of all methods applied. Of both families, the 
most species occured in the experimental orchard. One of the main reasons of this 
finding should lay in that the orchard is surrounded by a forest. The number of 
species in the backyard and in the two commercial orchards is nearly the same. The 
low number of species found in the abandoned orchard is probably erroneus due 
to the defectively performed collections. Consequently, this place was excluded 
from further evaluations.

In the table regularly occurring or constant species are separated from rare 
ones by a dotted line, for each orchard-type and year. There are seven such species 
among the chrysopids and four among the hemerobiids collected.
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Table 1/a
List of species of family Chrysopidae found in different apple orchard-types, during four years 

and on the basis of all methods applied

Species
Locality

J F и I s

Chrysopa carnea Steph. X X X X X

C. for mo sa Brau. X X X X X

C.phyllochroma Wesm. X X X X X

C. perla (L.) X X X X X
C. 7-punctata Wesm. X X X X

C. abbreviata Curt. X X X X X

C. ventralis Curt. X X X X

C. ciliata (Wesm.) X X X
C. abdominalis Brau. X
C. walkeri McL. X
C. dasyptera McL. X
C. dorsalis Burm. X
Nineta flava (Scop.) X X
N. vittata (Wesm.) X

Number of species 14 8 7 9 5

J : experimental orchard, F : backyard orchard, U, I : commercial orchard, S : abandoned 
orchard.

Table 1/b
List of species of family Hemerobiidae found in different apple orchard-types, during four 

years and on the basis of all methods applied

Species
J F

Locality

“V 1 1 s
Hemerobius humulinus L. X X X X X
Wesmaelius subnebulosus (Steph.) X X X X
Eumicromus anyulat us (Steph.) X X X X
Micromus variegatus (Fabr.) X X X X

Wasmaelius betuUnus (Strom.) X X
Hemerobius nitidulus Fabr. X X
Hemerobius micans Oliv. X X X
Hemerobius atrifrons McL. X
Hemerobius handschiniTjed. X
Drepanepteryx phalaenoides (L.) X
Sympherobius elegáns (Steph.) X

Number of species 10 6 6 5 ! 1

For abbreviations see Table 1/a.
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Table 2

Diversity values of chrysopid community as for years and localities, calculated from light trap
data

Locality 1977 1978 1979 Average

j 0.415 0.531 0.649 0.532
F 0.463 0.241 0.214 0.306
U 0.586 0.460 0.533 0.526

J : experimental orchard, F : backyard orchard, U : commercial orchard

Comparison o f collecting methods:

Figure 1 shows a comparative evaluation of collecting methods. Columns 
indicate the percentage proportion of specimens caught per year and per each col
lecting method. Figures above the columns give the number of species collected 
by that method. In cases of beating, sweep-netting and pitfall trapping the number 
of larvae was also taken into consideration.

Among chrysopids, the most species and in greatest abundance were collected 
by the light trap. Almost the same efficiency was gained by yellow pans and suction 
traps, though yellow pan traps collected a higher proportion of C. carnea. Beating, 
sweep-netting and pitfall trapping should serve as additional data-collecting at 
most.

Most species of brown lacewings were captured by light traps, followed by 
pitfall traps and the suction traps. Regarding sample size, most methods — except 
sweep-netting and beating — provided similar results. The relative inefficiency of 
sweep-netting and beating must be due to the low sampling frequency per unit 
time, as compared with the most of methods that collected the material conti
nuously.

For collecting larvae the methods of beating, sweep-netting and pitfall
trapping as well are equally important, because they sample populations at various 
vegetation levels, in spite of the fact that beating itself produced the overwhelming 
majority of the collected material (that is, 9 species in 67 percentages).

In order to follow oviposition as it proceeded in time, parasitization of eggs 
and for the quantitative assessment of species living at the canopy level, the two 
most effective methods, namely collecting of eggs and the subsequent rearing of 
hatching larvae and parasites, were used in 1979. By applying such procedures we 
succeeded in rearing out some 70 percentages of the chrysopid species.
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Phenology :

A there were relatively few larvae collected, phenological data in connection 
with only adults and eggs would be shown. For the analysis of flight of the most 
frequent and most abundant species only light trap data were used. There were three 
species, C. carnea, C. f ormosa and C.phyllochroma, captured in the highest numbers.

C. carnea (Fig. 2)

One could tell apart two flight periods. The peak of first flight is set in June or 
July, while the second one succeeds in the course of September or October.

a
Chrysopidae

□ adults N=3211 
И larvae N=91

b

□ adults 
N=228

Fig. l /а, b. Percentages of chrysopid and hemerobiid species according to collecting methods 
applied. (A: light traps, B: suction traps, C: yellow pan traps, D: beating, E: sweep-netting,

F : pitfall traps)
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C. fortnosa

Figure 3 provides informations about flights of C. f ormosa. The flights vary accord
ing to localities and years. There are two flight peaks. The first is in the June and 
the second in August.

C. phyllochroma

The flight period of the third most frequent species, C. phyllochroma (Fig. 4) was 
from the beginning of June till September. The peak of flight was in all three types 
of orchards in August.

There were three hemerobiid species occurring in higher numbers in the 
material of light traps. They were : H. humulinus, W. subnebulosus and E. angulatus.

Figure 5/a demonstrates the flights of H. humulinus. It was possible to dis
tinguish two peaks in the experimental orchard. The first period was observed in 
May and June, while the second one continued from the end of August till October.

a

3 a experimental orchard

--------- Julianna major 1979
---------Julianna major 1978

3 b backyard orchard
---------Füzesbokor 1978
---------Fuzesbokor 1977

3 c  commercial orchard
---------  Újfehértó 1979
--------- Újfehértó 1977

Fig. 3/а, b, c. Flight curves of C. f ormosa in three types of apple orchards based on light
trapping
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experimental orchard
------- Julianna major 1979
commercial orchard
-------  Újfehe'rtó 1979
bac кто rd orchard 
--------  Fuzeshokor 19?8

Fig. 4. Flight curves of C. phyllochroma in three types of apple orchards based on light-trap-
ping

о=>
■ç>
TD
C

Ъ

5:

May Jun Jul Aug Sept Oct Nov

5a experimental orchard
----------Julianna major 197)
----------Julianna major 1978
backyard orchard
--------- Füzes bo kor 1978

5b experimental orchard
---------  Julianna major 1979 (yellow pan trap)
--------- Julianna major 1978

5c experimental orchard
----------Julianna major 1979
commercial orchard 
----------Újfehértó 1979

Fig. 5/a, b, c. Flight curve data of H. humulinus (a), IV. subnebulosus (b) and E. angulatus (c),
obtained by light-trapping
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In backyard and commercial apple orchards only the second flight period could be 
shown out.

In case of W. subnebulosus (Fig. 5/b), on the basis of light trap data, the 
first flight fell in June and July, while taking into consideration catches of yellow 
pan traps, the first swarming period appeared in May and June. The second flight 
proceeded during September and October at all localities.

The third hemerobiid species, E. angulatus (Fig. 5/c), produced only one long 
flight period, from the end of July till late September.

It is regretful that brown lacewings can only be collected sporadically and 
in low numbers even by using light traps. Therefore in future investigations, other 
means of collecting should also be used, in order to produce a more exact phenolo- 
gical picture of certain species.

— — parasitization at experimental orchard: Julianna major 1979 
— — mean’ chrysopid egg number per tree

Fig. 6. Percentage parasitization of eggs of chrysopid species

----------mean chrysopid egg number per tree
----------log number of Aphidae

Fig. 7. A comparison of mean number of the chrysopid eggs and aphid species present in the 
experimental orchard (J). (See text for further explanation.)
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a

experimental orchard Julianna major 1979
---------- Chrysopidae
----------Hemerobiidae
---------- Aphidae {log number of individuals)

b

commercial orchard Újfehértó 1979
---------  Chrysopidae
--------- Hemerobiidae
---------Aphidae

Fig. 8/a, b. Summarized light trap data of all chrysopid, hemerobiid and suction trap data of 
aphid species present in two orchards. (See text for further explanation.)
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The data obtained by the evaluations of egg-collections from the experimen
tal orchard, are presented in Fig. 7.

The main egg-laying period occurred in June and July. It coincided with the 
mass propagation of aphids. The time course of egg-parasitization is shown in 
Fig. 6. A mean value of 19 percentages of parasitization was found. There were 
two species of eggs-parasites identified: Asolcus phalaenarum and Telonomus 
chrysopae.

Finally, the summarized flight data of all chrysopid and hemerobiid species 
were compared with those of the aphid species (Fig. 8). The latters were obtained 
from suction trappings conducted at the same locality, and were provided kindly 
by A ndrás M eszleny. It is clearly shown by the graph that the main flight pe
riods of the two neuropterous groups follow the population size changes of aphids, 
therefore it is probable that both larvae and adults efficiently took their shares in 
praying upon them (Meszleny and Szalay-Marzsó, 1979).

Diversity and similarity :

On the basis of light traps data, the species diversity and similarity values of 
chrysopid communities as for localities and years were also computed.

The results are summarized in Table 2 and Table 3. On the one hand, it can 
be deduced from the table that a uniformly low diversity value is characteristic 
of all three localities and of each year, and on t he other hand, that the average 
diversity values of the experimental and commercial orchards, respectively, are 
almost the same.

Table 3 present per cent similarity values. There were considerable similarities 
of localities in subsequent years, their mean values ranged between 69 and 79

Table 3

Percentage similarity values of chrysopid community as for years and localities, calculated
from light trap data

Locality 1977— 1978 1978— 1979 1977 — 1979 Average

j 84.5 81.9 71.5 79.3
F 80.5 62.5 88.0 77.0
U 63.5 69.0 73.5 68.7

Locality 1977 1978 1979 Average

J - U 73.0 73.0 67.3 71.1
J - F 86.0 69.5 56.0 70.5
F -  U 84.5 66.0 64.5 71.7

J: experimental orchard, F: backyard orchard, U: commercial orchard

Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981



Szabó, Szentkirályi : Communities o f  Chrysopidae and Hemerobiidae 169

percentages. The similarity indices of apple orchards with different management 
practices provided also a uniform picture and the values themselves were very 
much the same.

Conclusion
For sampling chrysopid populations for faunistical purposes, light traps and 

suction traps proved to be suitable. In addition pitfall trapping can be successfuly 
used to collect hemerobiids. For collecting larvae living at various vegetation 
levels beating, sweep-netting and pitfall trapping are important methods. For 
species of Chrysopidae inhabiting apple trees hand collecting of eggs is one of the 
most important quantitative method for assessment.

From the point of view of phenology of species, light traps proved to be the 
most suitable collecting devices, especially if operated through longer period of 
time.

The swarming and egg-laying periods of the most frequent and abundant 
chrysopid species fitted satisfactorily to the propagation curve of aphids.

The phenological characters of hemerobiid species can be cleared up only 
after some years of regular population samplings and collections. An increase in 
population size of hemerobiid species in late summer or in autumn considerably 
coincides with a similar growth of aphid populations in the same time period.

Parasitization of eggs is a significant mortality factor for chrysopid species.
In summing up, it can be stated that, in apple orchards under various man- 

agament practices, chrysopid and hemerobiid communities exist with constant spe
cies members. The communities consist of only few species and can be character
ized by low diversity, therefore, by high similarity values.
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The damage caused by the lucerne seed chalcid ( Bruchophagus roddi) increases 
along with the erect growth of lucerne, while the ratio of shrivelled seeds evoked by 
sucking of mirids (Adelphocoris lineolatus and Lygus rugulipznnis) and by nutritional 
deficiencies has been found to be enhanced along with the prostrate growth. The 
degrees of the seed chalcid and the seed weevil (Tychius flavus) damages show a slight 
shift from smaller plots of lucerne towards larger ones, whereas the percentages of 
shrivelled seeds show the opposite tendency. Relationships have been found between 
the amount and distribution of the August precipitation in the previous year, on the 
one hand, and seed damages, on the other hand. The ratio of shrivelled seeds increases 
parallel to the amount and the frequency of precipitation. The peak of Tychius damages 
coincides with 40 to 80 mm precipitation values and 60 to 80 drought indices resp., 
i.e. Tychius damages are favoured by a balanced pattern in the distribution of August 
precipitation in Hungary. Damages caused by Bruchophagus markedly increase with 
the highest drought indices of the former August. Relationships could also be estab
lished between the damages and the precipitations from October to May: increasing 
amount of precipitation is connected with an increasing ratio of shrivelled seeds and a 
decreasing damage caused by Tychius. Bruchophagus seems to be hardly affected by the 
precipitations from autumn to spring.

Previous estimations have pointed out that the harvested lucerne seed 
amounts to only one tenth of the potential yield under Hungarian conditions 
(M anninger, 1978). Mainly the problems of pollination, pests, and certain nutri
tional deficiencies are responsible for the losses (cf. K emenesy, 1966; Bula and 
Massengale, 1972; Bocsa, 1979; M anninger , 1979; Pekáry, 1979). Insect pests 
cause considerable damages showing a great variety in their appearance. In this 
paper we focus on seeds attacked by the seed chalcid (Bruchophagus roddi Guss.), 
and the seed weevil (Tychius flavus Beck.), as well as on shrivelled seeds. The latter 
can be caused both by sucking of some mirids, mainly by Adelphocoris lineolatus 
G oeze and Lygus rugulipennis Po pp ., and by nutritional deficiencies.

For achieving an effective control the exact knowledge of factors associated 
with the different damages is indispensible. We made an attempt to pinpoint some 
of these factors and to elucidate their relationships with the damages.
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Materials and Methods
Investigations concerning the relationships between the damages and the 

growth habit of lucerne were conducted on plots of a variety collection of the 
Research Institute at Kompolt (NE-Hungary) on the second crop of 2-year-old 
stands in 1978. There were chosen 6 varieties of erect and 6 varieties of prostrate 
growth, each in 3 repetitions. The growth habit of the stands was assessed visually 
at the full bloom with the use of a scale of 1 to 5, where 1 represents the prostrate 
growth, and 5 the erect one. In each plot the damages were estimated by examining 
seeds in 25 to 50 pods. For regression analysis the percent damages were set against 
the corresponding values of the growth habit.

The data of a country-wide assessment of the damages caused by seed pests, 
performed in 1964, served as basis for the analysis of relationships between the 
damages and the plot sizes, as well as some characteristics of weather conditions. 
In this former study (unpublished data) pod samples from 183 different lucerne 
seed growing fields in 16 counties of Hungary were collected, mainly by the net
work of the Plant Protection Stations. The damages were evaluated by examining 
the seeds in 25 to 50 pods per plot. The meteorological data were taken from mete
orological stations in close vicinity of the sampling sites. The drought indices 
(=  “Dürrezahlen”) were calculated according to Schmidt’s formula (cit. K éri, 
1941):

_ n(n + 1)
2 ’

where
I = drought index,
n = the number of the days in the dry period with a precipitation below 

1 mm per day.
The index increases progressively with the length of the dry period. The drought 
index for a month equals the sum of the indices of each dry period within the month 
in question. The percent values of the damages were plotted against the amounts 
of the precipitations in some periods of the previous seasons, and the drought in
dices in August of the former year.

Results
The more erect the lucerne plant, the greater is the damage caused by Bru- 

chophagus, and the less is the ratio of shrivelled seeds (Fig. 1). On the contrary, 
Tychius seems to be unaffected by the growth habit of lucerne (r = 0.00).

In Fig. 2 the per cent frequencies of field sizes and those of seed damages, 
respectively, are plotted against field size intends. The solid curve shows the fre
quency distribution of the sizes of the seed growing fields investigated. It can be 
easily noticed that the most frequent field sizes fall between 11 to 20 hectares. The
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Y-0149+0.336 X2 Y=40 32е-°Ж8х
r=0940 p<0001 r=0.691 p<0.05

Fig. 1. Relationships between the growth habit of lucerne and the damage caused by seed
pests. Kompolt, Hungary, 1978

Frequency
distribution
%

see  of the fieldslha)

Fig. 2. Relationships between the size of seed producing fields and the damage caused by seed
pests. Hungary, 1964 (n =  173)
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other curves represent the percentage of the various damages related to each plot 
size interval. Supposing the damages to be uniform, the curves representing them, 
should run parallel with the solid line, i.e. the percent distribution of the field sizes. 
If this is not the case, we should assume the interference of some other factors. It 
seems that there are some differences between the distributions, although thorough 
statistical analysis has validated only tendencies. Both in the case of Bruchophagus 
and Tychius there is a shift in the position of the curve towards larger fields, though 
concerning Bruchophagus even the peak is displaced, while regarding Tychius only 
the descending part of the curve runs above the standard line. On the contrary, 
the curve of shrivelled seeds tends to move towards lower classes.

In Fig. 3 per cent damages are plotted against the amount of the August pre
cipitation of the previous year. The proportion of shrivelled seeds increases along 
with the amount of the precipitation. However, the peak of Tychius damages 
coincides with 40 to 80 mm August precipitation. The damage caused by Brucho
phagus shows a non-significant decrease with increasing precipitation.

Figure 4 represents an other approach of the same question. Ratios of damaged 
seeds are plotted against the drought indices, i.e. the distribution pattern of the 
August precipitation of the former year. The rate of shrivelled seeds reaches its 
maximum at the least drought index values, i.e. at the most frequent rainfall, 
while Tychius is favoured by a balanced pattern of the distribution of the August 
precipitation, having its peak between the values 60 and 80. Bruchophagus damages 
show a striking rise with the dryest weather conditions in the former August.

%

amount of precipitation in August of the previous year (mm)

Fig. 3. Relationships between the amount of August precipitation of the previous year and the 
damage caused by seed pests. Hungary, 1964 (n =  183)

Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981



Erdélyi et al. : Seed yield loss o f  lucerne 175

% •  damaged by Bruchophagus

drought index for August of the previous year

Fig. 4. Relationships between the distribution of August precipitation of the previous year 
and the damage caused by seed pests. Hungary, 1964 (n =  183)

%
8°r

amount of precipitation from Oct.,1963 to May, 1964

Fig. 5. Relationships between the amount of precipitation from October to May and the 
damage caused by seed pests. Hungary, 1964 (n =  183)

In Fig. 5 damages are plotted against the amounts of precipitations recorded 
between October of the previous year and May of the year in question. The rela
tionships between the damages and the precipitations of the same period exhibit 
an opposite character : Tychius damage decreases, while the proportion of shrivel
led seeds increases with the increasing precipitation. However, Bruchophagus 
damages do not show much dependence on varying precipitation in this period.
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Discussion

We would like to note that our data are recorded within a single year. There
fore, their validity is to be further substantiated in various conditions.

1. The connections between the growth habit and the seed damages (Fig. 1) 
can be attributed partly to the different microclimatic demands of Bruchophagus 
and the mirids. According to our investigations (unpublished data), confirmed 
also by literature data (P onomarenko, 1956; M ann ing er , 1966), the oviposition 
of Bruchophagus is favoured by warm and dry conditions, similar to those mostly 
prevailing in erect stands. However, the same conditions inhibit the feeding of 
mirids : both adults and larvae of Adelphocoris escape into the shadow, while lar
vae of Lygus settle into the middle levels of the stand during the warmest period 
of a summer day. In a cloudy day, however, these insects feed continuously 
(C hernova, 1958; Puch k o v , 1966). The prostrate growth habit promotes intensive 
re-sprouting (M anning er  et ai, 1981). It is probable that the inadequately chan
nelled food supply is the other factor which contributes to the proportion of shrivel
led seeds.

The damage caused by the lucerne bud gall midge (Contarinia medicaginis 
K ieff.) shows the same relationship with the growth habit, as it can be seen in the 
case of shrivelled seeds (E rdélyi et al., 1980).

The pollinating wild bees are more abundant in spaced than in dense stands 
of flowering lucerne (B enedek , 1970). In concordance with this fact, the rate of the 
opened flowers increases parallel to the erectness, as erect stands provide similar 
microclimate to that of spaced ones. However, the greatest seed yield does not 
coincide with the most erect growth, for the number of stems decreases with in
creasing erectness (M ann ing er  et ai, 1981).

2. The opposite tendencies in distributions of the damages as functions of 
field sizes (Fig. 2) may be explained by the differences in the immigration mechan
isms of the pests. Both Bruchophagus and Tychius are practically monophagous 
seed pests of lucerne, and as such closely tied to a well defined developmental stage,
i.e. the seed setting stage of lucerne. It has been demonstrated that Bruchophagus 
shows a marked sensitivity to a special odour, produced by the young pods of 
lucerne, just suited for egg-laying (Tingey and N ielson, 1974). It seems plausible 
that the odour produced by young pods of larger fields is more effective than that 
of smaller ones making up the same hectarage. The same mechanism might work 
in the case of Tychius, too. However, there are other possible factors, e.g. the inter
action, namely the competitive exclusion being, at least partly, responsible for the 
difference in the position of the peaks between Bruchophagus and Tychius.

In contrast to Bruchophagus and Tychius, Adelphocoris is an oligophagous, 
and Lygus is a polyphagous pest. Thus, they are not tied to a particular stage of 
the lucerne, in fact, are not tied to the lucerne at all. After harvesting of their feed
ing crops the pests are forced to look for new feeding areas. While doing this, the 
probability of hitting upon a small field of seed lucerne is greater than of doing a 
large one, since the relative circumference of a large field is smaller than that of
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some small fields, making up the same area. In Aclelphocoris the realization of this 
mechanism may be promoted by the fact, that this pest does not fly to large dis
tances (P uchkov, 1966).

The relationship we found between the mirid damages and the field sizes of 
lucerne is quite similar to that one existing between the abundance of some oligo- 
phagous species of Sitona and the field sizes of some annual leguminous crops, as 
it was demonstrated by G lushchenko (1965).

Similar mechanisms work also in the case of wild bees pollinating lucerne. 
Their total abundance slightly decreases along with increasing field sizes. How
ever, this apparent trend is a sum of two different tendencies of opposite direction 
and different strength. The most frequent species of short flight period, pollinating 
lucerne in Hungary, Rhophitoides cams E versmann and Melitta leporina P anzer  
feed on lucerne and prepare nests in the soil of lucerne fields. On the contrary, the 
species of medium and long flight periods are not so closely linked with lucerne. 
In Hungary, during the past twenty years the sizes of seed growing fields of lucerne 
have considerably increased. During the same period, the total abundance of wild 
bees pollinating lucerne, has slightly decreased, the abundance of species of short 
flight period has slightly increased, while species of medium and long flight periods 
have shown a marked and moderate, drop in their abundance, respectively (cf. 
Benedek, 1968; 1970; 1979).

3. Mirid damage is favoured by high and frequent August precipitations of 
the previous year (Figs 3 and 4), because the laying of eggs, which overwinter in 
the case of Adelphocoris, and develop to overwintering adults in the case of Lygus, 
respectively, takes place at this time (B enedek et al., 1970), and the eggs can easily 
dry (cf. M ukhamedov, 1956; Ponomarenko , 1956; Puchkov, 1966). At the same 
time the fully developed larvae of Tychius burrow into the soil, where they pupate. 
The young adults emerge in some weeks and remain in the soil until the next spring. 
All of these processes are favoured by a well defined degree of soil humidity which 
can be provided by a well defined pattern of the amount and distribution of the 
precipitation (cf. Ponomarenko, 1956; K rasnopol’skaya, 1974). As for Brucho- 
phagus, the eggs which the bulk of the overwintering larvae developes from, are 
being laid in August (unpublished data). As it was mentioned above, the oviposi- 
tion of this species is favoured by warm and dry weather. Whether weather condi
tions are suitable for oviposition or not, it is characterized well by the drought 
index.

4. Autumn, winter and spring with large amount of precipitations also con
tribute to heavy seed losses caused by mirids (Fig. 5). In Adelphocoris under condi
tions of rainy and cool autumn, desiccation of the eggs and precocious hatching of 
the larvae do not occur. In Lygus the same conditions assure prolonged vegetation, 
therefore, food for adults, enabling them to overwinter. Winter months take a 
heavy toll of both the overwintering eggs and adults by causing desiccation and 
freezing, especially in a snowless winter, whereas deep snow-cover provides good 
protection. As regards spring weather, frequent rains and mild temperature stimu
late vegetation, thus providing feeding source for Lygus adults on the one hand,
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and protects the eggs of Adelphocoris from desiccation, as well as promotes hatch
ing and development of its young larvae, on the other hand (cf. K iseleva, 1948; 
U shatinskaya, 1955; M ukhamedov, 1956; P uchkov , 1966). In contrast to mirids, 
intensive precipitation is dangerous for larvae, pupae, and young adults of Tychius 
because of an increased soil saturation leading to maximal vulnerability to fungal 
attack (cf. K rasnopol’skaya , 1974; M el’n ic h u k , 1976). Bruchophagus seems to 
be hardly affected by the amount of precipitations from autumn to spring.

Conclusions
1. There is a clear relationship between the growth habit of seed growing 

lucerne and the infestations caused by the mirids and Bruchophagus (Fig. 1). This 
fact is worth to be considered by the breeder. Regarding to the pests mentioned, as 
well as to Contarinia (E rdélyi el al., 1980), it seems to be advantageous to select 
lines of growth habit rated at about 3.5. In this type also the re-sprouting in the 
seed crop is not significant, resulting in little amounts of shrivelled seeds. Fortuna
tely, both the best seed and green mass yielder are stands of similar erectness (rated 
about 3.5 and 3.2, respectively; M anninger  et al., 1981).

2. The degrees of damaged seeds show some relationships with the plot sizes. 
It is advantageous that mirid damage tend to decrease with increasing field sizes, 
since the field sizes have markedly increased in Hungary during the last years. 
However, Bruchophagus and Tychius damages show the opposite tendency. In addi
tion to this fact, also the abundance of pollinating wild bees decreases with in
creasing plot sizes, moreover, the proportions of the species of short flight period 
on the one hand, and those of species of medium and long ones, on the other hand, 
continuously shift in favour of the first group, which results in the gradual decrease 
of the ecological plasticity of the wild bee fauna (cf. Benedek, 1979). Therefore, a 
limitation of the sizes of the lucerne seed growing fields is needed.

3. Relationships have been found between seed damages on the one hand, 
and weather conditions of the former August, as well as precipitations from Octo
ber to May, on the other hand. These relationships give some possibilities for the 
forecast and prevention of the damages.

a) After a rainy late-summer, autumn, and spring, with a snowy winter, 
heavy damages caused by mirids are probable in Hungary. In this case it is appro
priate to grow seed from the second crop. The majority of the lucerne fields are 
left to produce seed from this crop in Hungary, the full bloom of which occurs at 
about the middle of July, and at the same time, a decrease in the abundance of 
both Adelphocoris and Lygus adults can be established because of the change of 
generations (Benedek et al., 1970). These circumstances can result in the spreading 
of adults over large areas.

b) If the weather in late summer of the previous year was balanced, but the 
autumn and the winter, as well as the spring was dry, we have to count on severe 
damages caused by Tychius. In these conditions the third, or, perhaps, the first
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cut should be left for seed, because the abundance of ovipositing adults gradually 
decreases with the progression of the vegetation period, on the one hand, and the 
flowering of the first crop, on the other hand, may prevent the mass oviposition 
(Ponomarenko, 1956; K rasnopol'skaya, 1974; M el’nichuk , 1976; M a n n in - 
ger, 1979).

c) After a warm and dry summer, first of all a late summer, especially when 
followed by an autumn, winter and spring of balanced weather, mainly Bruchopha- 
gus damages are to be taken into account. Under such conditions the second crop 
is to be grown for seed, again. The damage evoked by Bruchophagus gradually 
increases towards the end of the season. However, seed growing from the first 
crop is very risky, as this crop is generally cut for forage, and the few plots left for 
seed could promote a high aggregation of chalcids. In Hungary generally the se
cond crop is left for seed production. Thus, the full bloom coincides with a warm 
and dry period in mid-July, favourable for seed setting. The spreading of ovipo
sition over large areas results in a lower female abundance and damage related to 
the former situation (cf. U rbahns, 1914; K rál’ovic, 1971).
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Phototaxis of the Adult Whitefly, B e m is ia  ta b a c i Gennadius
to the Visible Light

I. Effect of the Exposure Period on the Insect’s Response to Different Wavelengths of the 
Visible Light-spectrum using a Devised Simple Technique

By

M. S., El-H elaly, L. A. Rawash and Eveleen G. Ibrahim

Division of Entomology, Department of Plant Protection, Faculty of Agriculture, University
of Alexandria, Alexandria, Egypt

At 35.6 fc light intensity and the median attracting exposure period (AP50) of 
17.5 min, mixed populations of the aleyrodid Bemisia tabaci Genn. female and male 
adults showed marked preferandom to the yellow colour of light (520—760 m/i) than 
any of the other tested colours; the green, white, blue and red, respectively.

Although the morphology, taxonomy, biology and economic importance of 
whiteflies have been briefly investigated by several whitefly authors, relatively little 
attention was paid for studying both their physiological and ecological aspects. 
In this concern, light effect on whiteflies received even fewer attention of a limited 
number of the authors working on aleyrodids (i.e. Lloyd, 1922; Butler , 1938; 
H ussain and Trehan, 1940; Mo u n d , 1962; M acdow all, 1972; Vaishampayan , 
Kogan , W aldbauer and Woolley, 1975 and V aishampayan, W aldbauer and 
Ko g an , 1975).

Since a long time it is known that light affects the insects by one way or an
other. Such effects could be morphological, biological, physiological or ecologi
cal. Of the latter, the behaviour of the insects in their response to light is important 
and relatively feasible to be noticed or detected. For example, lamps of all colours 
were found to attract insects to some degree (Gui et al., 1942), В. tabaci Genn. 
adults were attracted by blue/ultraviolet and by yellow light but not by a mixture 
of these spectral components (Ossiannilsson, 1966); more individuals of P. pyri- 
cola Forst, were attracted to ultra-violet light traps more than to traps illuminated 
with colours in the visible spectrum ( Кaloostian and Wolf, 1968); it was proved 
that both the insect species and the distance between the light source and the ex
posed insects are effective on their response to light (Stewart et al., 1969); the 
takeoff of eight lines of alate alienicolae of some aphids (D ry and T aylor, 1970) 
flight initiation of the scolytid B. piniperda L. (P erttunen and Hyarinen , 1970), 
and flight inhibition of both whiteflies and aphids (K ring , 1972) were found 
to be controlled by light of certain wavelengths and intensity.

The positive phototactic behaviour of the adults of B. tabaci Genn. which 
has been observed by some authors (i.e. Mo u n d , 1962; El-H elaly et a!., 1971/b)
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encouraged the achievement of further studies in this respect. Therefore, the pre
sent study investigated the effects of both light quality or wavelength of visible 
light spectrum and the exposure period on the taxis of the mixed groups of both 
sexes of the whitefly, B. tabaci Genn. adults. This was achieved taking into consid
eration the whitefly phototaxis promising role as an effective tool for its control 
other than the classical conventional chemical and biological measures which are 
the most common in use now.

Materials and Methods

The whitefly phototaxis test-kit (WPhTK)

It is a conical plastic cylinder with an opening (11 cm diam), a closed base 
(9 cm diam) and inner walls darkened with a thick black paper sheet. A circular 
cork (9 cm diam and 0.6 cm thick) was fixed to the narrow base of the cylinder from 
outside to fit exactly its auter ridge (0.6cm hight). Five test tubes (1.5 cm diam and 
16 cm hight each) were then fixed in an erect position in five holes (1.5 cm diam 
each), made through both the circular cork and base of the plastic cylinder, with 
their openings directed downwards to work as translucent traps for the whitefly 
adults which were noticed by E l-H elaly et al. (1971 /b) to be geotropically nega
tive and phototropically positive. When the constructed WPhTK is placed perpen
dicularly under a suitable source of light the apparatus becomes ready for utiliza
tion. For the determination of the colours preferable to the whitefly adults, each 
of the forementioned five test tubes which were fixed to the WPhTK cylinderical 
base was enveloped from outside with a certain coloured cellophane sheet. In 
this way, each of the tested whitefly adults was completely free to choose its most 
preferable colour. Interference among the tested light-colours was taken into con
sideration during the designation of such an investigation for representing more or 
less the more complex conditions that face the insect in nature.

The phototaxis cabinet (Ph.C.) used

It is comprised of a wooden cabinet provided with an observatory glass 
window which leans downwards for about 45° from the horizontal plane of its 
ceiling. The cabinet is also provided near its bottom with a vertical anterior rect
angular opening used for handling of both the WPhTK and the insects. On the 
centre of the ceiling of the cabinet, an electrical terminal was fixed. The latter 
could be supplied with an incandescent lamp emits the required light intensity. In 
the course of the present study an incandescent lamp of 100 watts illumination 
power which gave 35.6 fc light intensity was used. On the achievement of the 
phototaxis experiments, both the glass window and the rectangular opening of the 
cabinet was covered with a thick black cloth to prevent any probable interacting 
eff;ct of light rays might penetrate the cabinet from outside.
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The cellophane sheets used as light-filters

Sheets of the red, yellow, green, blue and translucent cellophane were used 
as light-filters in present experiments. As the translucent cellophane sheet trans
mits the whole visible spectrum of light, the light colour which it produces was given 
the name “white”. Through these cellophane sheets, ninty percent or more of the 
light waves of 660 — 760, 520 — 760, 760, 440 and 720 — 760 and 380-760 m/t in 
length were transmitted, respectively.

The green cellophane sheet transmitted, in addition to the 90% or more of 
the previously mentioned 760 mg light wave, 50% of the light waves ranged from 
380 — 740 m/t. In other words, the green cellophane transparency is nearly one hal 
that of the translucent sheets in the region of the 380 — 740 m/t wavelengthsf

The insects used

A laboratory culture of the whitefly Bemisia tabaci Gennadius (Aleyrodidae, 
Homoptera) which has been first established by El-H elaly (1966) and still breeds 
on tobacco plants up to now, was used. The mother culture was identified by two 
world authorities of white-flies1 and the identification has been also confirmed by 
EI-Helaly et al., (1971/a).

Experimental procedure and statistical analysis

After the preparation of the whole units, of both the WPhTK and PhTC, 
25 male and female adults collected haphazardly from the stock culture were imme
diately and as quickly as possible introduced. Then the light was switched on. At 
the end of the considered tested exposure period, the coloured tubes were then re
moved and stoppered immediately with pieces of cotton moistened with chloro- 
phorm for anaesthetizing the adults attracted and trapped inside them, in order 
to facilitate their counting. In the course of this study; 5, 10, 15, 20, 25, 30 and 
35 min exposure periods were tested and each of them was replicated five times. 
The obtained results were then tabulated, represented in illustrating histograms 
and analyzed by F-test, Duncan’s new multiple range test and the regression anal
ysis. The regression equation of the subject whitefly cumulative responses to 
different exposure periods to light effect were obtained.

Results and Discussion
As a starting point, it was logical to determine first the most suitable expo

sure period of the whitefly adults to an incandescent lamp with a certain illumina
tion power in order to be used in the achieved investigation. Therefore, a lamp of

1 Miss Louise M. Russell of the US National Museum, USDA and Dr. Lawrence 
A. Mound of the British Museum (Natural History), London, U.K. (cf. El-Helaly, 1966).
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100 watts which gave 35.6 fc light intensity was used. This lamp has been chosen 
in order to take into consideration any probable interacting effect for the large 
amount of heat emitted from such a tested lamp on the response of the whitefly 
adults.

Table 1 and Fig. 1 show the regression relationship obtained between the 
tested exposure periods; 5, 10, 15, 20, 25, 30 and 35 min and the percentages of 
the adults whitefly total cumulative response; 10.4, 25.8, 41.3, 59.5, 74.7, 89.2 
and 100%, in respect to the whole visible light spectrum despite its different tested 
colour components. As in this experiment, the numbers of the adults that were 
attracted to all the colourless (white), blue, green, yellow and red tubes of the 
WPhTK were recorded and they were then transformed to percentages of the whole 
tested numbers of the whitefly adults, and the latters were also transformed to 
percentages of the cumulative response of the insects to different tested exposure 
periods. Statistical analysis of the data proved the highly significant regression rela
tionship existed between the two tested variables ; exposure periods and adult res
ponses. The steepness of the obtained linear regression curve (the slope value of 
which was 3.1 ± 0.51) may reflex the potent effect of each change-unit of the indé
pendant variable, the exposure period, on the other dependant variable, percent
ages of the insects cumulative response. The linear regression equation was 
y = — 4.0 + 3.1x and the median attractive exposure period or the exposure **

Table 1

Effect of the exposure period on the simple and cumulative response of B. tabaci adults to the
visible light of 35.6 fc intensity

Statistical
parameters
determined

Exposure 
period(x) 

in minutes

Simple
attraction

%

Cumulative
attraction

%(y)

Adjusted 
cum ul, attr.

%(y)

5 54.4 10.4 10.8
10 80.8 25.8 26.3
15 81.6 41.3 41.8
20 95.2 59.5 57.3
25 80.0 74.7 72.8
30 76.0 89.2 88.3
35 56.8 100.0 103.8

Total 
Mean (M)

140
20

400.9
57.3

Average (M +  S. E.) 20+4.1
Regression equation y =  —4.0 +  3.1x
The slope value 3.1+0.5**
Median attracting
exposure period (AP50) 17.5 min

** 99 % level of significance.
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Exposure periods in minutes

Fig. 1. The regression line of the relation between the exposure period and the percentages of 
the cumulative positive response of B. tabaci Genn. adults to a visible light of 35.6 fc. intensity

period at which 50% of the tested numbers of adults were attracted and which was 
given the symbol “AP50” to all tested coloured tubes of the WPhTK was 17.5 
min. In this concern it is important to draw the attention to the fact that the 
adoption of the previously mentioned regression equation should be only restricted 
to the responses ranged from 20 — 80%, as its accuracy decreased out of this range 
and the maximum value of the insect adults adjusted cumulative response exceeded 
100%, which of course do not represent the actual response of the whitefly adults.

The data present in Table 2 and Fig. 2 show that the percentages of response 
of the adult insects to different tested colours of light at different exposure periods 
followed the normal distribution. The data also showed that higher means of 
simple response percentages of B. tabaci male and female adults (in groups) were 
recorded for the yellow light (520 — 760 m/r) which was then followed in a descend
ing order by the green, white, blue and red colours of light spectrum, respectively. 
This trend was recorded for all the investigated exposure periods. On the other 
hand, the exposure period at which the higher percentages of the simple response 
of the whitefly adults differed in different colours (Table 2; Fig. 2A), as such maxi
mum percentages of simple response of the whitefly adults which were 40.8, 27.2, 
16.0, 11.2 and 7.2 % were recorded at 20, 15, 20, 25 and 30 min exposure periods for 
the yellow, green, white, blue and red colours of the visible light spectrum, respec
tively (Table 2). This shows that the median attracting exposure period (AP30) 
for the whitefly adults which gave the highest response to the visible light, despite
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of its different colours or wavelengths, lies between the range 15 — 30 min (Table 2), 
and this range includes the mean value which was obtained before by the regres
sion analysis (AP50 = 17.5 min Table 1 and Fig. 1). Also, the forementioned range 
of exposure periods, within which the maximum values of the percentages of the 
simple response of the whitefly adults to all tested wavelengths of light are existing, 
is nearly the same range (15.9 — 24.1 min) obtained by adding or subtracting the 
standard error (±4.1 min, Table 1) to the calculated mean (20 min, Table 1). In 
this concern it is important to take into consideration, in addition to the exposure 
period’s effect, the probable interacting effect for the ages of the lested whitefly 
adults which has been previously reported by O lson and R ings (1969) for Amathes 
C. nigrum L.

As the optimum exposure period which has been previously determined by 
the regression analysis (AP50= 17.5 min, Table 1 and Fig. 1) was not actually tested 
during the achievement of the experiment, the whitefly adults’ responses to the 
different tested colours or wavelengths of light was statistically compared using 
Duncan’s new multiple range test on the basis of the mean values which have 
been arithmetically calculated for the responses obtained at all replicates of both 
the 15 and 20 min exposure periods. At this optimum exposure period (17.5 min), 
the statistical analysis proved that there were significant differences among all the 
means of the percentages of attraction of В tabaci adults to different tested colours 
except in cases of the difference obtained between either the blue (8.76%) and red 
(6.10%) light colours on one hand, or the white (14.95%) and blue (8.76%) colours 
of light on the other hand (Table 2). In other words, both the male and female 
adults of the whitefly could not significantly discriminate between either the blue 
and red or white and blue colours of light, inspite of its apparent preferandom of the

Table 2

Effect of the exposure period on the mean percentages of attraction of B. tabaci Genn. adults 
to different colours (wave lengths) of a visible light of 35.6 fc intensity

M ean percentages o f the adults attracted
Exposure I to different tested colours o f light

p e r i o d ________________________________________
in min blue green white* yellow red

5 4.0 12.8 9.6 25.6 2.4
10 8.0 23.2 13.6 33.6 2.4
15 8.0 (27.2) 10.4 32.0 4.0
20 7.2 24.8 (16.0) (40.8) 6.4
25 (П .2 ) 23.2 15.2 25.6 4.8
30 9.6 20.0 15.2 24.0 (7.2)
35 8.8 12.8 9.6 25.6 0.0

* All the visible light spectrum.
( ) The numbers between brackets are the highest mean percentages of attraction of the 

whitefly adults to different colours of light at different exposure periods tested.
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Fig 2. Percentages of attraction к of both the female and male adults, of B. tabaci Genn. to 
different colours (wavelengths) of the visible light at different exposure periods

white light (14.95%) than either the blue (8.76%)orred (6.10%) colours of light. 
This could be understood if the interaction existing among the spectral ranges 
transmitted by all these blue, red, and white or colourless cellophane sheets were 
considered (see materials & methods). At last, it is important to emphasize that 
at both 35.6 fc light intensity and the most preferable statistically derived exposure 
period of 17.5 min, females and males of B. tabaci Genn. in mixed groups showed 
marked preference to the yellow colour of light (520 — 760 m/t*) than any of the 
other tested colours. The latter findings agree to large extent with those pub-ished 
by Vaishampayan, K ogan , W aldbauer & Woolley(1 975) in which they concluded 
that the greenhouse whitefly, T. vaporariorum showed a strongly positive response 
to surfaces with maximum reflectence or transmittance in the “yellow-green” 
region (520 — 610 nm*) and a probable moderately inhibitory response in the red 
region (610 to ca 700 nm*) of the visible light spectrum.

* The nanometer =  the millimicron =  10 9 meter.
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1 Research Institute of Plant Protection, Budapest, Hungary 
2 Zoological and Botanical Garden of Budapest, Hungary 

3 Forestry Research Station, Sárvár, Hungary

The area of Hanság, situated in Northwest Hungary has been earlier a marsh
land; in the last decades the region has been transformed and on 6000 hectares poplars 
planted. Because of stagnant water in the soil, the abundant weed growth (Solidago 
gigantea) and the damage caused by the fungus Dothichiza populea the poplar trees 
show in most places very poor growth; the conditions had been worsened since the 
early seventies by the attack of Stilpnotia salicis. Due to the combined influence of 
these factors in many areas a dying-off of the poplars has been noticed.

In the region mentioned, the species has only one generation and overwinters in 
the L2 stage; as the diapause begins by midsummer, a spring treatment was decided. 
Beside a chemical pesticide (Fekama AT-25) Thuricide HP, Entobakterin, Dendroba- 
cillin and Gomelin biopreparations were applied on more than 800 hectares. Although 
the use of Fekama AT-25 proved to be more economical, the authors still recommend 
the use of the selective B. thuringiensis preparations in the future. This would be war
ranted also by the faunistical data collected in course of the experiment; the light traps 
operated in the different plots collected more than 250 Macrolepidoptera species indi
cating a variegated fauna combining ancient and new elements.

The region of Hanság (Northwest Hungary) has changed considerably in 
course of the last decades when following an intensive canalisation in the former 
marshland poplars were planted. The poplar stands of about 6000 hectares are 
extremely important for the cellulose industry so any factors decreasing their vita
lity (e.g. insect outbreaks) exceed their local importance.

As the poplar planting had to be carried out within a short time it was inevit
able that also suboptimal sites became afforested where the development of the 
young poplars has been inhibited from the begin by weed competition (e.g. Solidago 
gigantea), followed by the attack of the poplar canker fungus, Dothichiza populea.

From among the insect pests since 1972 the satin moth, Stilpnotia salicis has 
been observed in large areas, causing heavy damage. The distribution of this pest 
has been promoted besides by the presence of extended, continuous stands also by 
the spacious planting method, presenting thus optimal developmental conditions 
for this thermophilic species.

The adverse soil conditions, stagnant water, fungus attack and pest damage 
form a chain of damage factors; the total frass caused by the Stilpnotia salicis 
larvae prevents the trees from evaporating the stagnant water, the poplar canker
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Fig. 1. The poplar stands planted in wide rows present suitable conditions for the thermophilic
S. salicis

causes extensive bark destruction, which, in turn, opens suitable overwintering 
sites to the insect larvae.

It was under these conditions that the Észak-Hanság Erdészet (North- 
Hanság Forest Company) decided to control one of the factors of the extensive 
dying-off of poplars.

Biology o f  S tilp n o tia  sa lic is

The larvae of this pest develop in six larval instars; in course of the fourth, 
fifth instars the larvae are deep brown or black with lighter dots and covered by 
dense hairs. The larvae of the last instar are colourful, with large white or yellow 
spots on their ventral side and with yellow stripes on both sides. The larvae pupate 
mostly in the crown of the attacked trees; the black pupa, covered by white hairs 
and white spots rests in a light cocoon woven in branch corners, forks or in leaf 
rolls. The adult is white with a satin luster-like glistening on its wings; the wing 
span exceeds on most exemplars 4 cm. Both the male and the female are good 
flyers. The mass flight occurs in the early evening or after sunset, but sporadic 
flight can be observed even during the daytime. The light green eggs (1 mm diam-
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Fig. 2. Larvae and damage of S. salicis

eter) are laid in batches of one or two hundred, enveloped by a white foamlike 
substance which solidifies after the egglaying.

The overwintering occurs in the L2 stage. The young larvae form in the second 
half of summer or in early autumn in the bark crevices small, individual cocoons 
where they diapause until the April of the next year. In regions with warmer 
climate (as e. g. also in South Hungary) two generations develop.

The flight of adults lasted in 1978 from the middle of June to mid-July; 
early July the first larvae of the new generation appeared. By the end of July the 
larvae were observed in masses and early August most larvae entered their dia
pause in the L., stage.

The first larvae left their overwintering sites in the early spring (March) on 
spots with a warmer microclimate and fed on the buds as the leaves appeared 
only by mid-April. Because of the cold and wet spring the majority of larvae 
appeared by the end of April; after this the development became faster and by the 
middle of May already the first adults appeared. The females laid 194 eggs in the 
average (the egg number varied between 93 and 226) mostly in two or three 
batches. The embryonal development lasted in our observations 15 days and 
23% of the eggs was found infertile.

Distribution o f  S . sa lic is  in the Hanság and earlier control
measures

The pest was well known earlier in the region, however, no extensive damage 
was reported. So G raeser (1938) mentioned the species from the Hanság and also 
Kovács (1953) reported its presence in Mosonmagyaróvár and Mosonszentjános.
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R okob (1972) studied the biology of S. salicis in the region of Sopron and many of 
his observations have been confirmed later by present authors.

The mass appearance of S. salicis was by no means unexpected as Jahn  and 
S inreich (1961, 1965) reported one decade earlier its outbreak from the neighbour
ing Austrian region (Burgenland). In the territory of the North-Hanság Forest 
Company the damage of S. salicis became conspicuous in 1973 (Kiss and Fitt- 
ler, 1975); the attack spread further in 1974 along the forest clearings and with 
the main wind direction. In 1974 already some control work has been carried out 
with Fosfotion aerosol, by the end of June, however, a strong adult flight was 
observed.

The first large-scale control experiments have been made in 1977 in early 
August (H almágyi and L engyel, 1978) and in 1979 the spring control experiment 
has been carried out.

Control experiment in 1979
The control experiment was based on the experiences gained in 1977 ; it has 

been observed, namely, that in the late summer one part of the larvae had entered 
their diapause so escaped the treatment. In a spring treatment, however, more lar
vae were hoped to feed on the foliage together with other lepidopterous larvae.

The experiment was carried out at the begin of intensive larval feeding, on 
11th of May. The Forest Company treated 427 hectares with biopreparations and 
403 hectares with Fekama AT-25. At the time of the treatment most larvae were 
in the early instars, based on measurements of 4850 larval head capsules: L., = 
14.8. L3 = 52.8, L4 = 29.7, U  = 2.7%.

Materials and methods

a) Preparations used
Fekama AT-25 (2,2,2-trichloro-l-n-butyriloxyethyl phosphoric acid) (Fett

chemie, GDR). Dosage: 8.8 kg/hectare;
Thuricide HP (Bacillus thuringiensis HD-I strain, serotype No. 3) (Sandoz, 
Switzerland); 30 x 109 spores/g = 16 x 10e LU/g. Dosage: 1 kg/hectare: 
Dendrobacillin (B. thuringiensis, serotype No. 4, Soviet Union);
Entobakterin (B. thuringiensis, serotype No. 5, Soviet Union);
Gomelin 50 (B. thuringiensis, without serotype specification, Soviet Union);

The latter three, Soviet preparations were used on 10 hectares each, in a 
recommended dosage of 2 kg/hectare.

b) Treatment
The treatment itself has been carried out by a helicopter (typ KA-26) which 

could treat 17 hectares with one take-off (30 liters per hectare). The helicopter 
flew 3 meters above the tree canopy with a speed of 40 km/h, treating a swath of 
30 meters. During the flight the air temperature was 20 °C with practically no 
air movement.
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Fig. 3. Helicopter treatment of poplar stands. In the left lower corner an apiary illustrates the 
necessity to use selective insecticides

Fig. 4. Placement of plastic foil stripes on the forest soil
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c) Evaluation
The evaluation was carried out by plastic foils, after treatment, soil traps 

and light traps.
In each treatment 4 plastic foils (4 x 1 m each) were placed on the forest soil 

and the insect material falling from the trees was collected 48 and 120 hours after 
the treatment. Near to the above mentioned foils other 4 foils (8 m2 each) were 
placed on the soil and on each 1 poplar tree was slowly felled then treated with
0.2% Nuvacron, by using a motor-driven knapsack sprayer. This method was 
necessary because of the different infestation levels in the plots; so the results of 
the treatment could be measured on the fauna of the same plot. The abundant 
fauna collected by the latter method in the untreated plot (300 — 500 Lepidoptera 
larvae, 170 — 200 Coleoptera, 18 — 60 Arachnoidea etc.) justified the method and 
made possible to judge the results of the treatments.

In each treatment 10 plastic cups (200 ml) were sunk into the soil at 10 m 
distances and filled to the half with ethylene glycol. The cups were protected against 
grazing wildlife, rainwater etc. by strong metal covers and emptied 3-weekly.

In the Fekama, Thuricide and check plots light traps were operated (1 on 
each) and emptied by 48 hours. The light bulbs were 2 m high, fed by 2 accumula
tors (40 Amp./h each). The light traps were in distances more than 1 km of each 
other so their light did not disturb the catches.
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Results

The results, as mentioned above, were evaluated mostly on the number of 
insects collected on the plastic foils.

Fekama AT-25 gave very good results as 48 hours after the treatment 89.6% 
of the S. salicis larvae and 91.3 % of the Geometrid larvae present were destroyed; 
these numbers did not change considerably in the subsequent countings. There 
were, however, heavy losses also in the other faunal elements, so 66.2 % of Coleop- 
tera, 62.3% of Hymenoptera (mostly parasites), 62.8% of Heteroptera and 41.1% 
of Arachnoidea were killed.

The effect of B. thuringiensis preparations developed much slower as observed 
also in earlier similar experiments (H almágyi, Lengyel and Szalay-M arzsó 
1978a, 1978b) so most larvae were found on the plastic foils 120 hours after the 
treatment. The best results were observed with Thuricide HP, killing 82.1% of

Table 1

Results of control experiment, based on the insects collected on plastic foil stripes, as compared 
to the “total” number of insects present (Hanság, 1979)

Treatm ent

Per cent mortality of 
A rthropods after 

treatm ent
Species

48 hours 120 hours

Fekama A T-25 :
Stilpnotia salicis 89.6 93.7
Geometridae 91.3 92.5
Coleoptera 51.5 66.2
Hymenoptera 50.8 62.3
Diptera 79.3 81.2
Heteroptera 58.4 62.8
Arachnoidea 30.9 41.1

Thuricide HP :
Stilpnotia salicis 43.1 82.1
Geometridae 23.6 56.8
Others — —

Dendrobacillin :
Stilpnotia salicis 53.9 67.4
Geometridae 42.7 49.8
Others — —

Entobakterin :
Stilpnotia salicis 57.8 63.1
Geometridae 58.1 69.6
Others — —

Gomelin :
Stilpnotia salicis 48.1 53.7
Geometridae 47.3 56.2
Others — —
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the S. salicis larvae while in case of the Geometrids the effect was lower (56.8%). 
As the latter were not abundant, this did not affect the success of the treatment. 
The Soviet biopreparations showed different effectivities against S. salicis, so 
Dendrobacillin destroyed 67.4%, Entobakterin 63.1%, Gomelin 53.7%. For a 
final evaluation of these preparations further tests would be necessary as the effec
tivities were probably influenced by a 2-year long storage. The results are summar
ized in Table 1.

Results on other, non-target organisms

The methods used were not extensive enough to draw conclusions regarding 
the whole ecosystem, some data, however, have to be mentioned.

Regarding the soil trap results, high individual differences were noted among 
the plots, illustrating the difficulties in finding similar ecological conditions in 
large surface treatments. The abundant fauna observed in the Fekama treatment 
showed that the Arachnoidea, Coleoptera, Oniscoidea and Diplopoda active on 
the soil surface and in the forest litter were not affected by the treatment, maybe 
due to the Solidago stand already 30 cm high at the time of the treatment.

From the material collected with the light traps the Macrolepidoptera were 
found to be extremely abundant. Besides S. salicis other 13 dangerous poplar pests 
and other 46 species living on poplar (therefore potential pests) were found in the 
material, indicating the importance of continuous surveys in the forest protection 
work. In the traps 253 species were determined; this high number may be explained 
by the abundant flora of the Hanság, containing not only poplar stands but also 
cropland, willow and alder stands, clearings and meadows. By planting the poplar 
stands some forest elements may have migrated into the area. A species new for 
the Hungarian fauna: Perisoma taeniata Stph. and two very rare species: Perisoma 
sagittata F. and Chariaspilates formosaria Ev. were collected in the light traps.

The number of species caught in the different plots did not show clear con
nections with the treatment type: in the Fekama plot 147, in the area treated with
B. thuringiensis 166 and in the check 185 species were caught and the differences 
are by no means significant. There were, however, clear indications on the losses 
caused by the chemical treatment where 1000 individuals less were caught in the 
Fekama plot, compared to the biopreparation.

Economical considerations

Some calculations were made regarding the costs and rate of returns. With 
Thuricide the costs of the preparations amounted to 323.30 Ft, the costs of Heli
copter treatment to 178.00 Ft, other additional costs to 4.50 Ft per hectare, 505.80 
in total. With Fekama the same costs were found in the same order: 217.00, 178.00, 
4.50 Ft, 399.50 in total. If only the losses in tree growth are accounted (the number 
of destroyed trees disregarded) this amounts to 1200 Ft per hectare. At present, 
the use of the chemical preparations seems to be more economical, because of the
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abundant non-target fauna, honeybees and natural waters (the region contains 
an intricate network of canals), however, only the use of selective biopreparations 
seems to be justified.

As the forests have to accomplish more functions than the average agricul
tural areas (production, landscape protection, recreation) their importance cannot 
be measured with the agricultural standards. The more complex forest ecosystems 
increase the responsibility of forest management even in case of a selective treat
ment.
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Influence of Structural Peculiarities of Different Species of 
Wheat on the Attack by H a p lo th r ip s  tr ic i t i and T rig o n o ty lu s

c o e le s tia liu m

By

N. A. M i k h a i l o v a

All-Russian Research Institute for Plant Protection, Hanom, Voronezh, USSR

Structural characters of the ear in some wheat species have been found to cor
relate with infestations caused by Haplothrips triciti and Trigonotylus coelestialium.

Haplothrips iritici Kurd. (Thysanoptera, Phloeothripidae) and Trigonotylus 
coelestialium Kirk. (Heteroptera, Miridae) are wide-spread wheat pests practically 
in all wheat growing areas. These sucking insects reduce grain crops considerably, 
especially in draughty years. According to our data, the reduction of spring wheat 
grain weight (of the Harkovskay 46 variety) in a draughty year was 22.4% (usually 
11.5%), as a results of ear infestation. Haplothrips iritici, according to Schuro- 
venkov (1971; 1975) reduces the weight of 1000 seeds between 7.4% and 13%, 
and according to other authors e.g. T anskii (1965) even more, by 18.8%.

H. tritici and T. coelestialium infest practically all wheat areas. Their out
breaks occur every 2nd or 3rd year, when the number of T. coelestialiul larvae is 
above 1000 individuals 100 strokes of sweep net, and there may be 100 or even more 
H. tritici larvae on a single ear. One can judge the importance of the two species 
almost solely by the damage they cause. The chemical control against them is 
difficult because of the overall infestation of the fields. Two more obstacles also 
arise, one is the extended period of adult flight and the other is that of larval emer
gence. In addition, the intensive application of pesticides is undesirable as far as 
the protection of environment is concerned.

For overcoming the problems outlined above the selection of resistant forms 
of wheat would be of great importance. The succès of research is based on the fact 
that the two species, and especially H. tritici, are closely connected with the plant, 
as with a habitat. H. tritici females oviposit into the ear, and the larval develop
ment takes place also there, then the larvae leave the ear in the stage of waxen 
ripeness.

The larvae of T. coelestialium are not so closely associated with the plant. 
However, the oviposition of T. coelestialium is also specific in that females 
deposit eggs behind the leaf sheat and spikelet scales.

It seems natural to suppose that structural characters of the host plant cer
tainly influence the population level of species with the above mentioned habits. 
Therefore, a systematic evaluation of Triticum species and varieties possessing
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Table 1

Distribution of Haplothrips tritici eggs affected by ear structural peculiarities of wheat species

Average number of Number of eggs Structural peculiarities
Wheat species eggs per ear 

(±S. D.) at the 
ear base

behind the 
ear scale

Hairiness 
at ear base

Rim at 
ear scale

Triticum monococcum 32.3 +  1.306 23.1 9.2 weak yes
T. sinskajae 65.8+4.405 39.8 26.0 weak yes
T. timopheevi 
T. dicoccoides ssp.

147.7 +  11.638 138.5 9.2 medium yes

pseudojordanicum 
T. dicoccoides ssp.

267.8 +  15.006 249.8 18.0 strong yes

spontaneomyum 299.0+21.518 82.4 216.7 weak no
T. dicoccum 261.3 +  7.88 23.9 238.1 weak no
T. palaeo-colchicum 266.6+21.835 40.8 225.8 weak no
T. spelta 311.2 +  8.303 206.7 104.5 strong no

morphological peculiarities which influence the degree of plant infestation by H. 
tritici and T. coelestialium, is of great importance.

In order to compare wheat species and varieties we turned to the rich collec
tion of wild and primitive wheats by academician N . I. V avilov (All-Union Plant 
Growing Institute). The species of wheat are characterized by different combina
tions of contrasting morphological peculiarities. They differ from selectively cul
tured varieties of wheat advantageously.

It was found that the intensity of ear attractiveness for a H. tritici female 
during the period of oviposition was associated with the degree of hairiness of the 
spikelet base and with the formation of spikelet scale.

If the base of the spikelet is hairy, the females oviposit onto the base of spike- 
lets. The more protuberant the spikelet scale is, and the less closely adjoining the 
top of the scale is to the flowering scale, the more eggs are laid behind the spikelet 
scale. For example, the number of eggs on the spikelet stem of T. dicoccoides 
(which is a not hairy species) is about 3 times less than that of T. pseudojordanicum 
(a species with rich hairiness, Table 1). In case of T. dicoccoides ssp. spontaneomyum 
the spikelet scale at the top does not attach closely, thus it permits H. triciti females 
to freely penetrate behind the scale, where they then oviposit. On the contrary, the 
spikelet scale of T. dicoccoides subsp. speudojordanicum adjoins closely at the top 
to the flowering scale due to a so-called “rim” and that is why it is difficult for the 
females to penetrate behind the scale. It was found that the number of eggs was 
12 times less behind the spikelet scale of this subspecies than that of the one having 
another scale structure. T. timopheevi possesses the same tightly adjoining scale 
structure, thus the number of eggs laid behind the spikelet scale is 23 to 25 times 
less, than on T. dicoccoides ssp. spontaneomyum, T. dicoccum and T. paiaeo- 
colchicum, respectively.
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Females oviposit the least number of eggs on ears having no or only weak 
hairiness and flat spikelet scale with a “rim" on the top. On the ears of T. timo- 
pheevi, T. sinskajae and T. mortococcum there are eggs 2 to 9 times less as compared 
with the number on ears of T. palaeo-colchicum, T. spelta and T. dicoccoides.

A close correlation was observed between the number of eggs and that of 
larvae per ear, and the correlation coefficient was 0.86.

The number of larvae on T. monococcum and T. sinskajae is 2.6 to 10 times 
less, than on T. palaeo-colchicum and T. spelta. T. timopheevi is intermediate among 
them (Table 2).

On the basis of the impact of structural peculiarities on oviposition behav
iour, it was concluded that there were some cultivated wheat forms with compara
tively low infestation levels by H. tritici.

Table 2

Number of Haplothrips tritici larvae on ears of different kinds of wheat species

N um ber o f larvae per ear ( ± S. D.)
W heat species

in 1978 in 1979

T. monococcum 0.4 +  0.063 1.1+0.07
T. sinskajae 1.8+0.112 3.5+0.425
T. timopheevi 3.5 +  0.229 5.7 +  0.373
T. palaeo-colchicum 4.7+0.293 9.2+0.615
T. spelta 4.3+0.237 9.8+0.643

Table 3

Number of Trigonotylus coelestialium eggs on different wheat species

W heat species
Frequency 
o f infested 
stem ( %)

N um ber ( ±  S. D.) 
o f eggs per 

infested stem

Average num 
ber o f eggs per 

stem in the 
experiment

1977
T. monococcum 17.6 8.6 +  0.904 1.5
T. sinskajae 14.6 7.2+0.771 1.0
T. dicoccoides 68.5 13.6 +  1.405 10.0
T. aestivum 55.7 13.6+1.395 7.6

1979
T. monococcum 45.8 8.1+0.904 3.7
T. sinskajae 35.8 8.8+0.912 3.0
T. dicoccoides 65.8 18.9 +  1.623 12.6
T. aestivum 80.2 25.5+2.464 20.0
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As mentioned above, the reproduction of T. coelestialium is not so strongly 
influenced by the morphological characters of the plant than H. triciti. However, 
a certain connection between the number of eggs and those characters still can be 
observed. In 1977, the average number of eggs on T. monococcum stems was 1.5 
to 1.8 times less, than on T. dicoccoides and on the wheat variety Bashkir 9. Since 
the frequency of egg occurence on T. monococcum stems was 3 to 4 times less, the 
average number of eggs per a single stem was considerably (5 to 10 times) reduced 
in our experiment (Table 3).

In 1979, the frequency of egg occurence of T. coelestialium on the stems of 
species studied was 1.4 to 2.2 times less. However, the average number of eggs on 
infested stems differed 2 to 4 times more. The average number of eggs received by 
a single T. monococcum stem, in an experiment, was 3 to 7 times less, than with two 
other species, so by and large the tendency was the same as in 1977 (Table 3).

T. monococcum and T. sinskajae have very compact leaf sheaths adjoining 
the stem, the ears are also compact, and the spikelets resemble to tiles. Owing to 
such morphological features, the oviposition of T. coelestialium is somewhat hin
dered on these species.

In the course of the study of the reproduction rate of T. coelestialium on the 
wheat species it was found that the differences in the number of adult were much 
less than those in the number of eggs. The reproduction rate on T. monococcum 
was 1.5 to 2.6 times less, than on T. dicoccoides and on the variety Bashkir 9.

On the basis of results obtained, it was concluded that some morphological 
characters of inflorescence of certain wheat species proved to be more important 
in influencing the population size of T. coelestialium and H. tritici, than other fac
tors, such as the phenology and nutritional values of plants.

By endowing wheat varieties, through the way of selection, with certain 
useful morphological characters, hopefully we will be able to reduce the population 
size and damage made by H. tritici and T. coelestialium, respectively.
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Antifeedant-treated Potato Plants as Egg-laying Traps for the 
Colorado Beetle ( L e p tin o ta r s a  d e c e m lin e a ta  Say, Col.,

Chrysomelidae)

By

Á. Szentesi

Research Institute for Plant Protection, P. O. Box 102, H-1525 Budapest, Hungary

Following an antifeedant (2% Bordeaux mixture) treatment of a field plot, 
during two consecutive weeks, the number of eggs laid by Colorado beetle females on 
treated potato plants was significantly higher (P =  1 %) compared with that on the 
untreated control ones. Laboratory choice and no-choice experiments have also 
strengthened the above. Substance(s) of insect-origin have induced a similar distribu
tion of eggs in choice tests. It is thought that the phenomenon is primarily caused by 
the differential decrease in the surfaces of the two kinds of foliage and to a lesser extent, 
by substance(s) accumulated on untreated plants, because of the presence of various 
developmental stages. The unequal distribution of eggs might bear some effect on the 
decrease of a local Colorado potato beetle population.

The integrated pest control, besides conventional chemical means, incor
porates methods selectively acting on organisms. Such procedures have the similar 
features in common, to wit, a high efficiency against target species and a low or 
neglectable harmfulness against beneficial organisms. There is no doubt that chem
icals will still dominate in future plant protection practices, though purely biolo
gical control measures have already been taking their shares.

One of the selectively acting control procedures is the use of antifeedants 
(synonymes are: feeding inhibitors, feeding deterrents). It was demonstrated even 
before the 2nd World War that certain chemicals would inhibit feeding of some 
insect species (see W right, 1963, for references).

As it is the usual case in practically oriented research fields, antifeedants 
sooner became members of the protection arsenal than principles of their modes 
of action were understood in details. Even though our knowledge about feeding 
deterrents have developed more or less parallel to the domain of plant/insect rela
tionships, to that of receptor physiology, and so on; and albeit it has also been 
repeatedly demonstrated by Jermy (1958, 1961, 1965, etc.) and by others, only 
recently it gains more and more appreciation that most phytophagous insect/host- 
plant relationships can temporarily be modified, at the behavioural level, by the 
application of substances rendering host recognition and acceptance depressed 
or impossible, even in the presence of optimal sensory input from the host.

The deterring effect of copper compounds to the feeding of the Colorado 
beetle (Leptinotarsa decemlineata Say) had long been known and demonstrated by
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F eytaud  (1922), R aucourt  and Beuge (1942) and Jermy (1961). Although, there 
are numerous other chemicals of natural and synthetic origin being potent anti- 
feedants both in laboratory and field conditions, relatively few works discuss im
pacts of such compounds on pests’ population dynamics. Among the sporadically 
occuring such studies M urbach and Corbaz (1963), M urbach  (1967) and 
Z hemchuzhina (1976) present data about dispersion, damage, egg-laying, feeding 
ethology, locomotory activity of the Colorado beetle, under the influence of anti- 
feedants containing copper.

For some years, in the Research Institute for Plant Protection, we have been 
screening chemicals (with or without copper) against the Colorado beetle in the 
laboratory, in order to develop potent antifeedants. In addition, field tests have also 
been conducted to study the population dynamics of the pest under antifeedant 
influence. Efforts are mostly focused on egg-laying responses in presence of anti
feedants. Within the scope of the present study I am going to give a preliminary 
account on such field observations and laboratory experiments.

Material and Methods
For field works, the experimental plot was situated near Budapest, at an 

altitude of about 300 m above sea level, where the Colorado beetle had mostly one 
and a half or sometimes two generations per year. There was a single plot (0.12 ha) 
of Desirèe potato variety used, on which there were 6 rows marked in the middle 
of the plot, each being one hundred plants long. There were 20 plants chosen ran
domly in each of these rows. Regular population counts were made at approxima
tely one week intervals. All stadia present, the damage done by them, and also 
the size of the plants were recorded. After the first population count 10 randomly 
selected plants of the 20 marked in each row received a treatment of 2 % Bordeaux 
mixture (which is a complex chemical containing copper) while the remaining 10 
served as control. The spray was renewed whenever it was necessary. The number 
of surveyed plants per population count ranged between 23 and 60.

In choice tests, under glass-house conditions, 25 to 35 cm long potato shoots 
were randomly arranged on the bottom of a wire screen (1 x 1 mm)-covered cage 
(50x50x100 cm). There was a sheet of black cardboard paper placed on the 
bottom of the cage having holes through which the stems of shoots were immersed 
into flasks of fresh water.

For no-choice tests, compound leaves of potato with 5 to 7 leaflets were placed 
into separate, 15x18 cm size glass jars (2 leaves per jar), then were covered with 
1 x 1 mm mesh nylon screen. The two leaves in a jar received the same treatment.

Rinses of insect origin were prepared as follows: larvae and adults were col
lected in the field. They were either kept on paper towels, or were fed potato foliage 
in cages. After 1 to 2 days both the paper towels and the plant foliage on which 
the various instars had walked, fed, oviposited, defecated etc. were washed, or 
sprayed with destilled water until 100 to 150 ml solution was collected, respectively.
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The solutions were sifted or centifuged at 6000 rpm for 5 min then sprayed onto 
fresh potato shoots and offered for gravid females to oviposit in choice tests. For 
controls either dist. water wash of paper towels or dist. water were sprayed on 
potato shoots.

In choice tests, depending on the number of choice possibilities and shoots 
applied, 22 to 250 gravid females were used. After 1 to 5 days the number of eggs 
laid and area of foliage consumed were recorded. In no-choice test, 4 ovipositing 
females were applied per jar.

Sprayings were carried out with a “Mistral Triumph N” electric spray ma
chine, using No. 4 or 6 size nozzles. Plants were sprayed either until run-off or 
glass plates were also placed among shoots to be sprayed both for quantification 
and to measure uniformity of spray. In the latter case, a mean of 3.09 (+0.89 S. D.) 
mg dry material per cm2 was found on sprayed leaves.

Results and Discussion
The results of population counts show that the number and distribution of 

eggs and damage (i.e. consumption) suffered by plants were disproportionate, to 
wit, there were significantly (P = 1 %) more eggs found on treated plants compared 
to untreated ones (Table 1). Also the damage on unsprayed plants gradually in
creased during subsequent population counts. A significant difference between 
eggs laid on sprayed and unsprayed plants did not appear until larval infestation

Table 1

Field oviposition response of a Colorado beetle population to antifeedant (Bordeaux mixture, 
2%) spraying on potato plants. (June 13 till August 17, 1978; No. of data used: 23 to 60.)

Population
count

Mean no. o f eggs ( ± S .  D.) per M ean no. of 
larvae ( ± S .  D. 

o f the mean) 
per unsprayed 

plant

Consum ption ( ± S .  D.) of

sprayed unsprayed sprayed unsprayed

plant foliage

Before spraying 
After spraying

120+70 3 +  2 20+9

1st 227 +  8 9 -  a - 1 2 0  +  70 49+12 13 +  5 21+8
2nd 129 +  8 3 -  a -  68 +  79 71+24 7 +  3 34 +  11
3rd 65 +  5 7 - N S D - 39+43 88 +  15 0 49 +  20
4th 2 2 + 2 9 - N S D - 22 +  36 44 +  10 0 74+17
5th 4 +  11— NSD— 27+44 20 +  3 0 76 +  17
6th 5 +  13— NSD— 6 +  15 14 +  3 0 85 +  14

Bordeaux mixture =  CaS04 • Cu(OH)2 • 3 Ca(OH)2 complex
a =  Values in same row separated by this symbol significantly differ at 1 % level (Dun

can’s new multiple range test).
NSD =  not significantly different
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Table 2

Oviposition response of Colorado beetle females in a choice test, to potato shoots sprayed 
either with 1 % Bordeaux mixture or distilled water. (No. or replicates: 9)

Spraying 
( =  treatm ent)

Total no. o f 
eggs laid/treat- 

ment

Consum ption 
% ( ± S .  D.) 
per shoot

After 1 day
Bordeaux mixture 210 0
Dist. water 224 14 +  11

After 5 days
Bordeaux mixture 651 0
Dist. water 374 45 +  10

Table 3

Oviposition response of Colorado beetle females in a no-choice test to potato leaves sprayed 
either with 1 % Bordeaux mixture or distilled water (No. of replicates: 5)

Spraying 
( = treatm ent)

M ean ( ±  S. D .) j 
num ber o f eggs j 
laid/treatm ent

1

Consum ption 
% ( ± S .  D.) 

per com pound 
leaf

Bordeaux mixture on
the leaves’

1. upper surface 198+43 a 0
2. lower surface 154 +  63 ab 0
3. both surfaces 140 +  59 ab 0
Dist. water 87 +  29 b 17 +  7

Means followed by the same letters are not significantly different at 5 % probability 
level (DNMR-test).

level reached about 50 instars per unsprayed plant. The difference still remained, 
as the number of larvae increased on untreated plants then diminished, since the 
females of the overwintered generation slowed down and finally ceased laying 
eggs.

The same result was received in a glass house experiment. In a choice test, 
there were almost twice as many eggs laid on sprayed potato shoots than on the 
control ones (Table 2). However, the difference did not appear until after 5 days. 
By then consumption of unsprayed plants reached about 45%.

Treated (i.e. Bordeaux mixture-sprayed) leaf surfaces alone, in a no-choice 
test, received significantly more eggs (P = 5%) as compared with control ones, 
while consumption was about 17% on the latter (Table 3). The results indicate
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that even without any alternative choice possibility, treated foliage by itself can 
induce a biased egg-laying response.

M urbach  and Corbaz (1963) did not find any unequal distribution of eggs 
in the presence of a copper oxychloride spray, in a field experiment. However, 
they also stated that this compound was repellent to the Colorado beetle, what 
could explain the lack of a similar response. We think that repellency is not a 
character of the Bordeaux mixture.

On the basis of field observations it has been supposed that the unequal distri
bution of eggs might have been caused, partly at least, by (1) the decrease of foliage 
surface, (2) the presence of various stadia, mostly larvae and/or by (3) the existence 
of substance(s) on unsprayed plants visited, chewed, defecated, oviposited also 
both by larvae and beetles.

On the other hand, however, Tables 2 and 3 indicated that the unproportio
nal distribution of eggs could be elicited, in choice tests, (1) merely by the decrease 
of foliage on unsprayed shoots, (2) by excretions, impacts, as well as other sub
stance^) left behind by ovipositing females only since no larvae were present in the 
experiments, and in a no-choice situation, (3) by the Bordeaux mixture alone.

In order to elucidate the situation, various rinses (Table 4, rinses 1 to 4) 
were prepared and tested on field collected ovipositing females in choice experi
ments. The results obtained merely strengthened the field observations and data 
of Tables 2 and 3. Various rinses did not produce stronger alterations in egg distri
bution than that evoked by Bordeaux mixture.

Table 4

Oviposition responses of Colorado beetle females to potato shoots sprayed with freshly 
prepared solutions of insect origin. (Three choice experiments; No. of replicates: 5 to 6)

Spraying 
( =  treatm ent)

Total no. o f eggs 
laid/treatm ent

Consum ption % 
( ± S .  D.) per shoot

I II III г II 111

Bordeaux
mixture 1662 747 910 0 0 0

Rinse no. 1 1075 408 — 23 +  8 52 +  37 —
Rinse no. 2 1266 588 — 28 +  13 37+15 —
Rinse no. 3 — — 882 — — 25 +  17
Rinse no. 4 — — 601 — — 23+11
Dist. water 1109 194 699 28 +  26 77 +  20 22+17

Rinses: No. 1. Prepared by soaking paper towels in dist. water on which there were 
258 gravid females walking for 1 day.

No. 2. Similar as no. 1, except that ca. 2300 larvae of mixed stadia were em
ployed.

No. 3. Potato shoots chewed, defecated, oviposited, etc. by females then sprayed 
with dist. water.

No. 4. Similar to no. 3, however, gained by washing shoots packed with larvae 
of mixed stadia.
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Explanations of the phenomenon can slightly differ according to the stimulus 
situations applied. The words “attracted” and “deterred” have not been used deli
berately here, as it is thought that the ultimate reason of the unequal distribution 
of eggs between treated and untreated plants was the decrease of unsprayed foliage 
(because of consumption), of which degree might have somehow been estimated, 
together with the egg-load already present, by randomly walking gravid females. 
However, as some data showed, the influence of other insect-origin factors cannot 
also entirely be eliminated. Such factors resulted in a similarly distorted partition
ing of ovipositing females.

In the field, there were substance(s) of insect-origin present on control plants 
acquiring a slight or medium level of inhibition on feeding and/or oviposition, 
and by this way they could produce a more clear cut difference in egg distribution. 
On the contrary, such substance(s) were absent on distilled water-sprayed control 
plants in the laboratory tests. Therefore, in the latter stimulus situation plants 
sprayed with rinses appeared in an intermediate position of preference between 
plain control and Bordeaux mixture-treated plants.

It can be concluded that Bordeaux mixture treated potato stands, while not 
being suitable for larval or imaginai consumptions, still can receive large number of 
eggs from ovipositing Colorado beetle females. This way, antifeedant-treated 
plants can function as egg-traps. Newborn larvae would eventually die on treated 
foliage (see also M urbach  and Corbaz, 1963), therefore, a substantial decrease 
could be expected on a local potato beetle population. There is no doubt, however, 
that expected changes would considerably depend on actual population size, ovi
position drive, dispersial ability, etc.
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Twenty five scale insect species were found in the fruit-tree branch and bark 
samples. The most frequently occuring species, in order of decreasing importance were: 
Quadraspidiotus perniciosus, Lepidosaphes ulmi, Epidiaspis leperii, Q. ostreaeformis, 
and Parthenolecanium corni. The same species were present on a significant proportion 
of areas studied. The following species were detected on relatively more restricted 
areas, albeit in very high local abundance: Parlatoria oleae, Pseudaulacaspis pentagona, 
Lopholeucaspis japonica, Q. marani, Q. pyri, Sphaerolecanium prunastri. The respectiv 
outbreaks of P. corni and S. prunastri in about 1976 were registered, too. The former 
appeared on large areas while the latter one could be detected on smaller isolated lo
calities. Considerable alterations have also been established in respect to the orchards 
scale insect species composition of various geographical regions.

Integrated control systems require the exact knowledge of the plant pests, 
including those that appear less important today. This is so, because we do not 
know which species will become later an important pest due to changes in the cul
tivation practices, or of other factors. It is also essential to explore the direction 
and causes of changes in the population dynamics of pest species, so that we can 
base on these our pest forecasts and control recommendations.

In case of scale insects, we can give an answer to the above-mentioned ques
tions only through the application of standardized techniques simultaneously 
throughout a large geographical area.

About the distribution of scale insects on fruit trees good informations are 
given in the monograph of Borchsenius (1966), but the faunistical works do not 
give detailed picture on the distribution of important species. The distribution of 
Quadraspidiotus perniciosus, Pseudaulacaspis pentagona, Lepidosaphes ulmi, Parla
toria oleae was given in the Distribution maps of Commonwealth Institute of 
Entomology (A nonym , 1951-1978). Konstantinova (1970) published several 
maps about Q. perniciosus, Q. ostreaeformis, Q. pyri, Q. marani, Epidiaspis leperii. 
All these maps, however, do not present informations regarding the population 
densities on various fruit plants, which could be very important for plant protec
tion. It is also of considerable interest that the expansion of some scale insect spe
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cies as Q. perniciosus, P. pentagona, Q. marani, P. oleae, etc., is still in progress. 
The more detailed works (Kozár, 1976; and others) give dates only about restrict
ed areas (mostly about one country).

Some detailed information on the results of this work has been previously 
published by Kozár and V iktorin (1978), Konstantinova, Kozár and Kozar- 
zhevskaya (1979), Kozár, Konstantinova, A kman, A ltay and Kiroglu (1979), 
Kozár, Jasnosh and Konstantinova (1980), Kozár and Konstantinova (1981), 
Kozár, Huba, Marek and Piekarczyk (1981).

The present work is the first complete summary of investigations on the dis
tribution of fruit pests scale insect species. In this work we will study the distribu
tion of the most important fruit scale insects in some countries of Europe, on the 
most frequent deciduous fruit species. It is also of interest to determine the degree 
of density of various scale insect species on various fruit trees in different geogra
phic zones.

Materials and Methods

For the survey in Europe a standardized sample collection method was 
elaborated. In individual countries 50 samples were collected (in 1976-1977) 
from each type of fruit orchards from the following countries: Czechoslovakia 
(217 samples), Greece (89 samples), Hungary (216 samples), Poland (84 samples), 
Turkey (250 samples), the European part of the USSR (2313 samples), some in
formations were obtained from Norway, too.

The samples were taken in 1976—1977. Altogether we received 3169 samples, 
that originated from apple (1159 samples), pear (676 samples), peach (230 samples), 
plum (594 samples), cherry (155 samples) and sour cherry (355 samples).
У The distribution of sampling places is given in Fig. 1, but the next sample 
places we could not find on the map: Czechoslovakia : Nahoretice (Karlovy Vary), 
Vseruby, Chvalenice, Pnovany (Plzen), Olesná (Rokycany), Javory (Klatovy), 
Veiké Dvorce (Tachov), Óbora, Zdirec (Ceská Lipa), Frydstejn (Jablonec), 
Hrbovice, Lochocice (Usti nad Labem), Vinarice, Ahnikov, Poláky (Chomutov), 
Ctverin (Libérée), Risuty, Libocany, Vrbicka, Zemechy (Louny), Modlany (Tep- 
lice), Markvartice (Ceské Kamenice), Horusice, Svobodna Vés, Semtés (Kutna 
Hóra), Holovousy (Jicin), Kocbere, Koclérov (Trutnov), Placice, Predmerice n. 
Labem, Vlckovice (Hradec Králové), Dolany Sebuc, Dolany Trebesov (Náchod), 
Linhartice (Svitavy), Cerná za Bory (Pardubice), Klanecná (Havlickuv Brod), 
Skály (Pisek), Vrábce (Ceské Budejovice), Budiskovice (Jindr. Hradec), Nezam- 
golice (?), Morice, Nasedlovice, Zadovice (Kyjov), Detkovice (?), Lipov (?), 
Velesovice, Nemcany, Koberice (Vyskov). Horny Mesto, Sosnová (Bruntál), 
Moravicany, Velebor, Hrabová (Sumperk), Ooava-Kylesovice, Steborice (Opava), 
Chotebuz (Tesin), Starojicka Lhota (Novy Jicin), Veselicko, Podhory (Prerov), 
Hlivice (Olomouc), Lesná (Vsetin), Susany (Rimavská Sobota), Veska (?), Mok- 
rance, Ruzovy Dvor, Nizny Lanec (Kosicel, Maié Trakany (Trebisov), Husak
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(Michalovce), Dulova Vés, Záborské (Presov). Caklov, Dlhé Klcovo, Kamenká 
Poruba (Vranov nad Toplou), Karha (Humenné);
Greece: Stavros, Platanos, Veria (Hmathias), Naoyssa, Stenimakhos, Monospita, 
Lazokhori (Hmathia), Kariotissa (Pellis);
Hungary: Donok (?), Bagda, Zalaszádor (Zala);
Poland: Micice, Kwetomino, Sporysz, Cisziec, Rajcza, Meszna, Buczkowice, Byst- 
ra, Godziszka, Wapienica, Witanovice, Jaszczurova, Przytkovice, Zaborze, Leki,

Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981

Fig. 1. Localization of all sampling places



214 Kazár, Konstantinova : Scale insects

Malec, Biedaszki, Uatszyn, Wogstanka, Kajkowo (?), Lachowice, Bienkowka, 
Jachowka, Lembrzice, Stryszawa, Pewel Wielka (Bielsko Biala), Debowiec, Gum
ira, Zamarsky Hazlach (Cieszyn), Chetmna (Torun), Jarnoltowo (Maldity); 
Turkey: Karadere, Karamiirsel, Ulasli, Halidere, Gebze, Masukiye, Sirin, Hikme- 
tiye, Nusretiye, Aksu, Yarimca, Kiilfalli (Kocaeli), Soguksu, Degirmen (Hatay), 
Ekinözü (Elbistan), Cumhuriyet, Vakiflar (Samandagi), Akkuyu (Adana), Karasu 
(Sakarya), Kerhan (Kahranmaras), Sarikavak (Icel), Tosya, Daday (Kastamonu), 
Bartin (Zonguldak), Kursunlu (Gemlik), Kirazli Yali (Gebze), Sultandag (Afyon); 
USSR: Kamjanica, Onokovcü, Sztarozsnice, Nevickoe, Goevcü, Gorkij k-z, 
Ogorodnüj, Szolomonovo, Prihordnik, (Transcarpathia), Bukovina (Csernovcü), 
Monratna, Panikovica, Bucin, Sezsnje, Ljubickaja, Balica, Szokolov, Brjulovicsi, 
Szapizsanka, Golubec, Sztriklovicsi, Zaloveszkij, Szorimanka, Bukovka, Zubii 
(Lvov), Sztaniszlav, Kamiisan, Pervomaevka, Neftjanka, Antonovka, Rubovka, 
Rozsnovka, Vindisztka (Herszon), Zsovten, Kovalevka, Kolarovka, Dacsnoe, 
Sevcsenkovo, Paliicsan, Timirjazevo, Rodnaja, Csurevka, Komarovka, Ocsa- 
kovszk, Odesszk. Gunovka, Rodszad, Kimovka, Galianovka, Cservom. Ukr., 
Pogorelovo (Nikolajevszkaja), Kutuzovka, Breszt (Harkov), Linarszkoe, Szt. 
Nekrasz. sz-z, Kogurgan, Pavlovka, Karnagarov, Sztepanovka, Viipusznoe, Ku- 
csurgan, (Odessza), Szovki sz-z (Kiev), Valnier, Pukumszki, Sztrodenszt (Latvia), 
Voroncovo, Noszovo, Vnukovo, Timirjazevo, Kablukovo, Seremetevo, Viihino, 
Trubino (Moszkva), Ozerki, Zavat Lenin k-z, Ucskog, K-Rossia, Sztranosz. k-z 
(Kurszk), R. Ukrainszkij k-z (Cserkasszk), Petrovka, Mernovka (Krim), Dzsa- 
nrana, Kolesznoe, Sztrasenszk, Novonevszk, K. Besszarabia, Gerbovcii (Molda
via). All of these places are within the sample collecting area.

The processing of samples has been terminated in 1980. About 2000 micros
copic slides were prepared for the exact determination of species. The collecting 
and the analysis of samples were carried out by the using a special method already 
described (K ozár and V iktorin, 1978).

Results
There were 25 scale insect species represented in the samples. These were: 

Epidiaspis leperii, Lepidosaphes ulmi, Quadraspidiotus ostreaeformis, Q. perniciosus,
Q. marani, Q. pyri, Q. lenticularis, Parlatoria oleae, P. theae, Pseudaulacaspis pen
tagona, Nilotaspis hadi, Suturaspis archangelskayae, Lopholeucaspis japonica, 
Quadraspidiotus sp., Eulecanium mali, E. nocivum, Parthenolecanium corni, P. per- 
sicae, Sphaerolecanium prunastri, Palaeolecanium bituberculatum, Pulvinaria betu- 
lae, Ceroplastes japonica, Coccidae indet., Pulvinaria sp., Pseudococcidae indet. 
Most of the species (14) belonged to the family Diaspididae, while 9 were members 
of Coccidae. The family Pseudococcidae was represented through traces only. 
Although there are seldom pests in orchards in the area studied, the lack of finding 
specimens was a proof that our sampling technique is inadequate for obtaining 
intact specimens of this family. Because the data on them are unreliable, we did 
not consider this group in our present report.
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The most frequently occurring species in order of importance were: Quad- 
raspidiotus perniciosus, Lepidosaphes uimi, Epidiaspis leperii, Q. ostreaeformis, and 
Parthenolecanium corni. The same species were present on a significant portion of 
the area studied. The following species were detected in a relatively more restricted 
areas, although in very high local abundance: Parlatoria oleae, Pseudaulacaspis 
pentagona, Lopholeucaspis japonica, Q. marani, Q. pyri, and Sphaerolecanium 
prunastri.

Some new distribution records have also been obtained on several scale in
sect species. For example, 0. marani, Q. lenticularis, Suturaspis archangelskayae 
and Eulecanium nocivum were found in Turkey as a new to that fauna.

The number of scale species decreased from south to north in the orchards 
of the studied geographical area. For example, while in Turkey 18 scale species 
were present, only 4 species were found in Poland. This was also true for each 
fruit tree species. It was very obvious in case of peach trees, on which very often 
8 — 9 species were present in the south (Greece and Turkey) while in Czechoslova
kia on peach only 3 species were found, and even these were very rare.

As the result of our study we were able to determine the area of their econo
mic importance and the geographical distribution of orchard infecting scale species. 
We are going to provide below specific distribution records on some economically 
important species.

The data about Q. perniciosus will published in separate work (Kozár and 
Konstantinova, 1981).

L. ulmi was widely distributed something northward too, than on Common
wealth Institute’s map (Anonym, 1958) and present in high density. It was primarily 
present in the orchards north of latitude 49, also in the mountainous parts of 
Turkey, Crimea and Caucasus (Fig. 2). Its frequency and density increased north
ward. It should be pointed out that its geographical distribution area was larger 
than the area where it was considered a pest. It became an important orchard pest 
only in the northern zone of its distribution. It was often present in high population 
density in Hungary both in humid and semiarid habitats on different host trees 
(e.g. Populus, Salix, Fraxinus, etc.) but it is uncommon on fruit trees. Thus even 
with its polyphagous food habits, its host preference varied with the ecological 
conditions which also influenced its population dynamics.

L. ulmi is most frequent on apples on almost its entire area of distribution 
(Fig. 3). Its density was also highest on this host. We could point out an increase 
in frequency of this species on apples toward the northern zone. For example, in 
Czechoslovakia 41.3% of the apple orchards had 0.53 rate of infestation, while in 
Poland 72.3 % of the apple orchards had a 1.16 rate of infestation. L. ulmi was pre
sent on pears and plums in a relatively high frequency at latitudes between 49 and 
50 (Fig. 4), but its density was low, and only rarely occurred over the 1.0 rate of 
infestation. Even in this northern zone it was uncommon (8 —12%) on cherry and 
sour cherry.

E. leperii was most frequent in Hungary, also in the southern part of the 
European USSR and in Turkey in accordance with Konstantinova’s (1970)
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Fig. 2. Distribution of L. ulmi in 1976—1977 on six deciduous fruit species and degree of den
sity according to the Borchsenius’s scoring system (from 0 to 4). (The map does not include 
further 41 data from the USSR, 15 from the CSSR, 31 from Poland, and 1 from Turkey, as 

the collection sites could not be located on maps.)

maps. In the entire area, it infested most often and most heavily pear trees, followed 
by plums. On those two hosts it was the most important scale pest in this area, and 
relatively rare on other fruit trees.

Q. ostreaeformis, although present in the entire area, it attained economic 
importance only on cherry, sour cherry and plum, and even on these, it was restrict-
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ed to the central part of the European USSR, in accordance with Konstantinova 
(1970).

It was unexpected to find Q. marani, and with it the often associated Q. pyri, 
frequently in very high densities at the northwest coastal area of the Black Sea and 
in certain areas of Turkey (Fig. 5). The distribution of Q. pyri is in accordance with 
Konstantinova's (1970) informations, but Q. marani now shows a wider distribu
tion indicating an expansion to south and east. It will be very important to study
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the distribution of Q. marani in fruit orchards in Bulgaria, Roumania an Yugosla
via, too. This species was frequently reported from western Europe from fruit and 
forest trees, but there it was never reported to cause such a high rate of infestation. 
We could not find explanation for this phenomenon.

P. pentagona was found in high frequency and density in the southern zone 
of the studied area (Fig. 6). Area of distribution corresponds with the one given in 
the Commonwealth Institute's map (Anonym, 1962). It was frequent in samples
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from Greece, Turkey, Georgia (USSR), but also in samples from southern Hun
gary where it spread north as far as Budapest. This species infested primarily 
peaches, but in Turkey it was also frequent on cherry. A further northern spread 
of this species can be expected.

P. oleae was found only in the southern zone (Greece, Turkey and Georgia) 
corresponding to the Commonwealth Institute’s map ( A n o n y m , 1962). In Greece

Fig. 5. Distribution and degree of density of Q. marani on six fruit species. (The map does not 
include further 14 data from the USSR, as the collection sites could not be located on maps.)
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Fig. 6. Distribution and degree of density of P. pentagona on six fruit species (The map 
does not include further 4 data from Turkey and 3 from Greece, as the collection sites could

not be located on maps )

it was very frequent on apples (72%), but appeared on peach only to 22%. In 
Turkey it occurred on apples only to 14%, while on peach, plum and cherry with 
frequencies of 36, 55 and 65%. It will be very important to study the distribution 
of P. oleae in fruit orchards in Bulgaria, Roumania and Yugoslavia, too. It was. 
unexpected to find P. theae in Georgia more frequently than P. oleae.
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The outbreak of P. corni occurred around 1976 in the studied area, thus it 
was frequently found in many areas. The outbreak occurred simultaneously in a 
large adjoining area (Czechoslovakia, Hungary, Turkey and the central and south
ern parts of European USSR). In USSR it occurs in accordance with the map of 
Saakyan-Baranova et al. (1971). This observation could be used in the prepara
tion of a continent-wide forecasting. This species was most frequent and in highest 
density on plum, in lower density on cherry and was found only occasionally on 
other trees.

As for P. corni, the outbreak period of S. prunastri coincided with our sampl
ing. But here the population increase was observed only on small isolated areas. 
The increase was more prevalent in some areas of Hungary and Turkey, but we 
observed a more sporadic increase of its population in Greece and in the southern 
parts of the European USSR. Forecasting of outbreaks for this species could be 
achieved only with data obtained through local observations. Outbreaks were 
noted primarily on peach, but it was also frequent on plum and cherry.

Among the species studied a few were present almost in the entire area of 
observation (e.g. P. bituberculatum and E. malt) but alsays in low frequencies. 
Some other species were only present in small isolated habitats (e.g. L. japonica, 
TV. halli, S. arcltangelskayae, C. japonica) but there in large density, while some of the 
species were very rare, such as Q. lenticularis, P.persicae, P. betulae and E. novicunt.

We can summarize from the above that in the southern European countries, 
e.g. Greece, the dominant species on apples was P. oleae, in Turkey Q. perniciosus. 
To the north over the geographical distribution area of Q. perniciosus this species 
was dominant while north of this line the dominance was taken over by L. ulmi. 
On pears, in the southern and central areas, E. leperii and Q. perniciosus were pre
sent to the same frequency. L. ulmi appeared here also northward. On peach, in 
the south the heavy infestation of P. oleae, P. pentagona and Q. perniciosus was 
characteristic. In the central area Q. perniciosus was very frequent, but in small 
density, while during the outbreak years P. corni and S. prunastri became dominant. 
At the northern limits of peach cultivation only very few scales were present on 
this plant. For example, only 4% of the Czechoslovakian samples were infested 
with scale insects. On plums, almost in the entire area of our observation, many 
scale species were present in high density. In Turkey, besides E. leperii, Q. perni
ciosus and P. corni, a dominant role was played also by P. oleae and N. halli. In 
Hungary, E. leperii, Q. perniciosus, Q. ostreaeformis and P. corni were very fre
quent. In Czechoslovakia, on these fruit trees L. ulmi and P. corni became dominant. 
On cherry, in Turkey P. oleae was dominant, but several other species were fre
quently present. In Hungary on cherry Q. perniciosus became the most important 
species, while in Czechoslovakia only rarely were scales present; among them 
more frequently L. ulmi and P. corni. Our records for sour cherry were limited to 
the USSR, where the most frequent species in the south was Q. perniciosus, while 
in the north Q. ostreaeformis and L. ulmi. Sour cherry was found to be among 
those with low rate of infestation.

Our scale distribution and frequency records represent the situation at the
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time of observations. These findings could be utilized for the improvement of pre
sent control techniques. By repeating this survey the direction of changes could be 
established at a later time, and then may be possible to detect the causes of changes 
in the population dynamics of these species.
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The Action of Precocene 2 on the Development and 
Reproduction of the Cotton Stainer, 
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By
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El-Kom, Egypt

** Research Institute for Plant Protection, Budapest, Hungary

Third to 5th instar nymphs of Dysdercus cingulatus were treated with precocene 
2 using topical or contact application methods. The anti-JH compound evoked specific 
and unspecific developmental effects as well as disturbances in reproduction. Prolonged 
development, increased larval mortality, and precocious metamorphosis could be 
observed. Among adults which survived the morphogenetic action of compound, 
significant reduction of fecundity and egg hatchability was demonstrated. All the main 
responses proved to be highly age-dependent. The precocene sensitivity decreased 
in the consecutive larval instars and parallel with the proceeding age within an instar. 
Precocious metamorphosis could be induced only before the 2nd day of development 
in the 4th larval stage.

Two chromenes of plant origin, precocene 1 and 2 have been discovered as 
agents possessing specific anti-JH action (Bowers, 1976; Bowers et al., 1976). 
They induce precocious metamorphosis in immatures of some Hemiptera and 
locusts (Bowers et al., 1976; Masner et ai, 1979; Pedersen, 1978; N ëmec et al., 
1978; Chênevert et al., 1978; U nnithan et al., 1980). Moreover, significant che- 
mosterilant effects of precocenes have also been reported (Bowers et al, 1976; 
Bowers and Martinez-Pardo, 1977: Masner et al., 1979; U nnithan and N air, 
1979; Judson et al., 1979).

At first, these compounds have been regarded as ‘antiallatotropins’ since an 
inhibitory action on the neural control of corpora allata (CA) has been assumed 
(Bowers, 1976; Bowers and Martinez-Pardo, 1976). However, a direct influence 
on CA function ('anti-allatin' effect) has been subsequently demonstrated (Pratt 
and Bowers, 1977; Müller et ai, 1979; Bowers and A ldrich, 1980). Further 
studies unequivocally pointed to a selective, relatively rapid, and irreversible action 
of precocenes on the glandular parenchyma of CA resulting in cell degeneration 
and atrophy of JH producing tissue (Unnithan et al., 1977; Pener et al., 1978; 
Schooneveld, 1979). More recently the in situ oxidative biotransformation of pre
cocenes into reactive, cytotoxic epoxides has been verified (Brooks et al., 1979; 
Pratt et ai, 1980).

In the present investigations, we aimed to observe specific morphogenetic 
as well as chemosterilant effects of precocene 2 concomitantly in 3rd to 5th instar
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nymphs of Dysdercus cingulatus. These studies represent a continuation of our 
former experiments performed on young larvae of the same species (Farag and 
Varjas, 1980).

Materials and Methods

In our experiments, 3rd, 4th, and 5th instar larvae of the cotton stainer, 
Dysdercus cingulatus F. were used which were collected from a stock laboratory 
culture reared at 25 CC, ca. 70% r.h., and 18/6 (L/D) photoperiod and fed with 
cotton seeds. The nymphs of well fixed ages were treated with synthetic precocene 
2 (PRE 2; 6,7-dimethoxy-2,2-dimethyl-chromene) in two ways: 1) in permanent 
contact with coated glass surface (contact method) and 2) with single topical dos
ages (topical method).

In the case of contact method, bottom parts of glass petri dishes of 9 cm 
diameter were internally coated with an acetone solution of PRE 2 providing, after 
evaporation of solvent, a continuous layer of active material. In this experimental 
series we used 2.0 and 4.0 /ig/cm2, resp., surface dosages. From a definite age, 
Dysdercus larvae were confined to develop in these treated dishes where food and 
drinking water were also ensured. In the topical method, 1 /Л amounts of an acetone 
solution was dropped onto the dorsal body surface of cotton stainer nymphs by 
means of a micro-applicator. In this case 2.0, 4.0, and 8.0 /rg/specimen, resp., 
topical dosages were applied. These larvae were subsequently kept in untreated 
petri dishes. Untreated control groups were reared under the same conditions as 
treated ones. All variants were replicated 3 to 4 times.

The development of individual insect groups was checked in 2-day intervals. 
The numbers of dead larvae as well as precocious or normal adults were recorded. 
The morphogenetically unaffected, externally normal adults obtained in different 
experimental variants were placed in pairs (1 female and 1 male) into petri dishes 
providing them for drinking water and food (4 replicates). The numbers of eggs 
deposited per female and the egg hatchability were subsequently determined.

Results
Concerning larval development and metamorphosis, precocene treatments 

resulted in 3 main types of responses: 1) increased larval mortality, 2) precocious 
metamorphosis, and 3) prolonged larval development.

In Table 1 results concerning the development and transformation of nymphs 
treated with the contact method are presented. While in control insects the larval 
mortality proved to be negligable, in PRE 2 treated nymphs diverse, generally 
high mortality rates depending well on concentrations and larval ages, were de
monstrated. In this respect, a significant decrease of precocene sensitivity could be 
observed in the consecutive larval stages. The 5th instar larvae tolerated even the 
4.0 /ig/cm2 dose which induced 100% mortality in 3rd instar nymphs. Following
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Table 1

Effects of precocene 2 on the development and metamorphosis of Dysdercus cingulatus larvae
treated with the contact method

T routed 
larval 

instar*
Dosage
Aig/cm2

No. o f 
treated 
larvae

Larval
mortality

c /.)

Precocious 
adults 

(%  o f sur
vivors)

D uration o f develop
ment in consecutive 

instars (days)

.tret 4th 5th

control 58 5.2 0 . 0 0 . 2 8.4 11.9

3rd 2 . 0 90 77.8 55.0 13.8 12.5 14.0
4.0 1 0 0 1 0 0 - — —

4th 2 . 0 50 28.0 16.7 10.5 16.7
4.0 67 46.3 33.3 15.5 17.4

5th 2 . 0 44 4.5 10.5
4.0 50 12.5 _ 13.7

* freshly moulted larvae

Table 2

Effects of precocene 2 on the development and metamorphosis of Dysdercus cingulatus larvae
treated with the topical method

T reated 
larval 

instar*
Dosage

/ig/spec.

No. of 
treated 
larvae

58

Larval
m ortality

(% )

Precocious 
adults 

( % o f sur
vivors)

D uration o f develop
m ent in consecutive 

instars (days)

3rd 4th 5th

control 5.2 0 . 0 6 . 2 8.4 11.9

3rd 2 . 0 50 50.0 1 2 . 0 9.9 15.0 17.9
4.0 1 0 0 — — —

4th 4.0 40 55.0 1 1 . 0 1 2 . 0 14.0
8 . 0 45 1 0 0 — —

5th 4.0 36 2 2 . 2 15.0
8 . 0 40 40.0 - 18.6

* freshly moulted larvae
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PRE 2 applications to the 3rd and 4th larval stages, a definite fraction of survivors 
moulted into precocious adults. These forms appeared always after the 4th larval 
instar. The induction of precocious transformation was found to be age- and dose- 
dependent. PRE 2 prolonged larval development significantly. This phenomenon 
was especially conspicuous after treating 3rd instar nymphs but manifested also 
in other developmental phases subsequent to treated ones. The development of 
5th instar larvae moulting into normal adults was also longer than in the control 
insects.

Data summarized in Table 2 show the responses of Dysdercus larvae treated 
with the topical method. The main effects of PRE 2 were essentially the same but 
only a minor fraction of surviving insects developed into precocious adults. The 
differences in precocene sensitivity between the consecutive larval stages were very 
obvious again.

By using the contact method, we compared also the efficiencies of precocene 
treatments at different ages within the 3rd and 4th nymphal instars, respectively 
(Table 3). Regarding both the larval mortality and the percent occurrence of pre
cocious adults, the highest PRE 2 sensitivity was found in freshly ecdysed nymphs. 
With the proceeding age (from 0 to 3rd day) within both of these developmental 
stages, precocene treatments became continuously less effective. Applying 4.0 
pg/cm2 doses to 4th instar cotton stainer larvae, no specific morphogenetic respon
ses could be induced after the 2nd day. Following this critical point of time, appli
cation of still higher precocene dosages increased merely the larval mortality with
out any effect on the normal course of metamorphosis.

Dysdercus adults having developed from precocene treated nymphs were 
generally able to reproduce. In most cases they mated and the females layed eggs. 
However, among these morphologically normal adults various degrees of repro-

Table 3

Effects of precocene 2 on the development and metamorphosis of 3rd and 4th instar Dysdercus 
cingulatus larvae of various ages treated with the contact method

Treated
larval
instar

Dosage
/ig/cm 2

Larval
age

(days)

No. o f 
treated 
larvae

Larval
mortality

(% )

Precocious 
adults (%  o f 

survivors)

3rd 2 . 0 0 90 77.8 55.0
l 50 64.0 18.2
2 50 44.0 7.1
3 40 30.0 0 . 0

4th 4.0 0 67 46.3 33.3
1 45 46.7 25.0
2 45 40.0 0 . 0

3 36 38.9 0 . 0
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Table 4

Effects of precocene 2 on the reproduction of Dysdercus cingulatus adults developed from 
larvae which were treated with the contact method

T reated 
larval 
instar +

Dosage 
//g/cm*

Mo. o f eggs laid per 
female* X ± s x

H atchability o f eggs*

(% ) X ± s x

3rd 2 . 0 15.0 +  2.2 a 0 . 0  +  0 . 0  e

4th 4.0 40.8 +  3.9 b 32.7 +  8.2 f
2 . 0 39.5 +  5.6 b 46.1+7.0 f

5th 4.0 61.5 +  4.8 c 83.5+4.3 g
2 . 0 74.3 +  15.2 cd 89.8 +  1.3 g h

control 92.0 +  3.6 d 93.4+1.9 h

Both sexes were treated.
* Numbers followed by the same letter do not differ significantly (f-test, N =  4, p <0 .1).

Table 5

Effects of precocene 2 on the reproduction of Dysdercus cingulatus adults developed from 
larvae which were treated with the topical method

Treated 
larval 

in s ta r+

Dosage
Mg/spec.

Mo. o f eggs laid per 
female X ± s x

Hatchability o f eggs
(% )X ± s x

3rd 2 . 0 o.o+o.o -

4th 4.0 48.8 +  2.0 30.7 +  5.8

5th 8 . 0 45.3 +  3.6 33.1+9.4

control 92.0 +  3.6 93.4+1.9

+ Both sexes were treated.

ductive disturbances could be observed. In many cases both the fecundity and the 
egg hatchability were more or less reduced. Results concerning the insects treated 
with the contact method are summarized in Table 4. The most significant effects 
were obtained in insects which were exposed to the anti-JH compound in the 3rd 
larval stage. In this case very low numbers of eggs and 100% reduction of egg
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hatchability was detected. Thereafter, in the consecutive nymphal instars, the 
chemosterilant and oviddal effect of PRE 2 was less pronounced. Between the 
effectivenesses of the two dosages applied to the 4th and 5th instar nymphs, resp.. 
no significant differences (p < 0.1) could be demonstrated. In the last instar only 
the 4.0 gg/cm2 dose induced slight but significant reduction in reproductive capa
city in comparison with the corresponding data of control groups.

Essentially the same reproductive disturbances can be reported for Dysder- 
cus adults developed from larvae which were treated with the topical method 
(Table 5). The precocene applications to 3rd instar larvae proved, as in the former 
experimental series, highly effective. In elder nymphs even the considerable raise 
of PRE 2 dosages could not evoke such a perfect chemosterilant effect. Neverthe
less, the significant influence of precocene on the reproduction was undoubtedly 
demonstrated also following treatments in 4th and 5th nymphal stages.

Discussion

In the present investigations the effects of PRE 2 on the development and 
metamorphosis of the cotton stainer were studied parallel with some observations 
on the reproduction of adults which escaped the morphogenetic action of the com
pound.

Concerning the developmental effects that were observed after treatments of 
3rd and 4th instar Dysdercus larvae, the main types of reactions were the same as 
in our former studies in which young, 1st and 2nd instar nymphs were exposed to 
precocene (Farag and Varjas, 1980). Similarly to results in those investigations, 
contact treatments proved morphogenetically more effective than topical ones 
(see Tables 1 and 2). By using elder nymphs, it was also found that the percent 
values of larval mortality ran essentially parallel with the rates of specific morpho
genetic response.

Except the first instar nymphs (cf. Farag and Varjas, 1980), the effective
nesses of PRE 2 treatments decreased in the consecutive larval instars of the cotton 
stainer. Similar changes in precocene sensitivity were found in Oncopeltus fasciatus 
nymphs (Masner et al., 1979) and in Schistocerca gregaria larvae, too (Unnithan 
et al., 1980). As to the age-dependent sensitivity alterations within a larval instar, 
essentially the same tendencies were revealed in the present investigations on 3rd 
and 4th instar nymphs (see Table 3) as it was observed in 2nd instar larvae (Farag 
and Varjas, 1980) : the rate of morphogenetic response decreased with the proceed
ing age. These data coincide with the results of Unnithan and N air (1979) on 4th 
instar nymphs of Oncopeltus fasciatus.

Precocious metamorphosis could be induced only until the second day of 
development within the 4th instar. In elder 4th instar nymphs even higher preco
cene dosages proved in this respect uneffective. They evoked only high larval mor
talities. In Oncopeltus larvae precocious metamorphosis was found to occur only 
after precocene treatments prior to the first day within the 4th larval stage (Unni-
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than and N a i r , 1979). A similar morphogenetic effect of precocene in Locusta 
migratoria could be induced in the first 2 days within the 4th larval instar (Peder
sen, 1978).

Following PRE 2 applications, a considerable prolongation of larval devel
opment could be demonstrated which was especially pronounced in the treated 
instar (see Tables 1 and 2). This phenomenon was found also in 5th instar nymphs 
which developed subsequently into normal adults. A similar reaction was observed 
in other Hemiptera (Unnithan and N air, 1979) or in locusts (Pener et al., 1978; 
Unmthan et al., 1980).

Dysdercus adults surviving precocene treatments in previous developmental 
stages exhibited conspicuous defects in their reproduction which was reflected by 
a significant reduction in fecundity and egg hatchability (see Tables 4 and 5). 
These effects, following both contact and topical applications, proved highly age- 
dependent. The most distinct reduction in reproductive capacity was found after 
treatments in the 3rd nymphal instar.

The specific chemosterilant action was described in adults of some Hemiptera. 
Diptera, and Coleoptera still in the first publications on precocenes (Bowers, 
1976; Bowers et al., 1976). Freshly ecdysed females of Oncopeltus fasciatus ex
posed to contact PRE 2 dosages became permanently sterile in consequence of 
irreversible degeneration of their CA (Masner et a!., 1979; Bowers and Marti- 
nez-Pardo, 1977). In Dysdercus cingulatus (= similis ?) topical applications to 
young females were also effective (Judson et ai, 1979).

Most authors remark that precociously metamorphosed females are comple
tely sterile. As to the normal, morphogenetically unaffected andults, Masner 
et ai, (1979) report them to be fertile without any presentation on detailed 
studies in this respect. It is merely the paper of U nnithan and N air (1979) which 
demonstrates positive reactions subsequent to larval treatments in Oncopeltus 
fasciatus Adults developed from 4th instar Oncopeltus nymphs being treated with 
precocene reacted fairly well but no reproductive deficiencies could be evoked 
with applications to freshly moulted 5th instar larvae. Our present data confirm 
these results on age-dependent differences in precocene susceptibility concerning 
specific effects on reproduction.

Precocious metamorphosis and chemosterilization are regarded as the most 
pregnant consequences of the specific inhibitory action of precocenes on CA. 
Unnithan and Nair (1979) assume that the extents of these responses can be 
well related to the activity of CA at the time of treatment. The authors explained 
the differences in PRE 2 sensitivity with this assumption. Our results lead us to 
the same conclusion. The continuous decrease of precocene susceptibility during 
larval development can be well compared with a similar tendency in CA activity. 
The age-dependent changes in PRE 2 susceptibility within an instar, i.e. the higher 
rate of responses at the beginning and a steady decrease of them thereafter, point 
to a cyclic function of these endocrine organs in the consecutive nymphal stages. 
The first instar nymphs (cf. Farag and Varjas, 1980) represent presumably an 
exceptional case: in the first half of this larval instar CA remain possibly inactive.
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The direct toxicity of precocenes on larvae of Hemiptera and their inhibitory 
action on the rate of larval development are considered as unspecific reactions 
which accompany the primary effects. The high larval mortality, in some cases, 
simply ‘masks’ the induction of precocious metamorphosis. The similar tendencies 
in the alterations of larval mortality, on one side, and in the induction rates of 
precocious metamorphosis, on the other side, (see Tables 1 to 3) indicate a definite 
involvement of CA intoxication in the production of higher mortality rates.
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P h ila en u s  sp u m a r iu s  Linné as a Vector of the Causative 
Pathogen of Rubus Stunt Disease

By

* Jenser G., *Aly M. Hegab and ** M. D ezséry

* Research Institute for Fruit-Growing and Ornamentals, Budapest. Hungary 
** Plant Protection and Agrochemistrie Centre, Budapest, Hungary

In the course of the transmission experiments carried out in the present work, 
the authors were able to report a new vector (Philaenus spumarius) transmitting the 
mycoplasma causing rubus stunt disease of raspberry. It was also shown that the 
minima] acquisition period of time is seven days. The incubation period was 4— 5 weeks 
and Ph. spumarius was found to be able to maintain its ability to transmit the men
tioned mycoplasma up to the end of its life.

Data approached from our observations indicate that Philaenus spumarius 
is one of the most common leafhoppers inhabiting raspberry plantations in Hun
gary. Taking into consideration the fact that the mentioned leafhopper species was 
shown to be the transmitting vector of the causative agent of Pierce’s disease 
(Severin, 1947; 1950), we found it suitable to investigate, the ability of Ph. spuma
rius, to transmit the pathogen causing the rubus stunt disease (mycoplasma) of 
raspberry. According to Flijiter and Van der Meer (1953, 1958), Murant 
and Roberts (1971) and Reitzel(1971) Macropsis fuscula Zetterstedt and Macrop- 
sis scoiri Edwards, are the only two leafhoppers known to be vectors, of the myco
plasma under consideration.

Materials and Methods
Larvae and adults of Ph. spumarius, collected from Budapest-Budatétény 

and Budaörs-Kamaraerdő, were involved in the transmitting experiments. Before 
using them, collected larvae and adults, were critically examined, for their freedom 
from any contaminating pathogen. Diseased raspberry stocks as a source of the 
pathogen of rubus stunt were forwarded by Dr. Achmet S eljahudin . Celery plants, 
propagated under well isolated conditions in the greenhouse, were used as indica
tor hosts.

Micro-isolators, were especially constructed, to insure the continuous stay 
of the leafhoppers on the host plant throughout the period of acquisition and inocu
lation feedings. The mentioned isolators, consisted of plastic boxes, each made, of 
two parts having the following dimensions; 4, 13 and 18 cm. From each side of 
such a box, a 9 by 15 cm plate was cut off, and replaced by a net, having pores of 
I — 2 mm in diameter.
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Acquisition and inoculation feedings were as follows:
— Feeding of adults on naturally diseased raspberry, and transferring them 

onto healthy celery.
— Feeding of larvae on naturally diseased raspberry, and transferring the 

developing adults onto healthy celery.
— Feeding of adults on artificially infected (by Ph. spumarius) celery and 

transferring them onto healthy celery.
— Feeding of larvae on artificially infected (by Ph. spumarius) celery and 

transferring them onto healthy celery.
In case of both acquisition and inoculation feedings, five leafhoppers were placed 
on each plant.

The acquisition feeding period, had ranged from 3 — 15 days. On the other 
hand, the inoculation feeding period had lasted for 70 days, during which, leaf- 
hoppers were transferred to five plants one after the other.

To check results, subsequent transmissions by Ph. spumarius were carried 
out from, artificially infected celery plants showing clear symptoms, to healthy 
ones. Success of transmissions, was also verified, by electron microscopic exami
nations.

The samples for electrone microscopy examinations were fixed by osmium 
tetraoxide and glutaric aldehyde. The embedding was done onto Durcupan ACM 
resin after dehidrating in an alcoholic serie. The ultrathin sections were prepared 
by LKB type ultramicrotome. The negative staining was done by uranyl acetate 
and lead citrate. The samples were examined by OPTON EM 9 S 2 type electron 
microscope.

Results

According to the results approached in the present work, it was determined 
that 7 — 15 days was the minimum acquisition feeding period, after which adults 
of Ph. spumarius came to be able to transmit the mycoplasma under consideration. 
As far as larvae are concerned, it was found that a 3-days long acquisition period 
was not enough for them to be infectious. Adults developing from larvae which 
exposed to infected plants for 3 days were not infectious.

On the other hand, adults developing from larvae, which acquisted for 7 
days were found to be able to transmit the pathogen. A period of 4 — 5 weeks, after 
acquisition was found to be necessary for the adults, to be able to infect indicator 
plants. Mycoplasma-carrying adults of Ph. spumarius, maintain their infectivity 
for 10 weeks. In other words, they remain infectious up to the end of their lives.

Symptoms started, to be expressed on the inoculated indicator plants, about 
6 — 8 months after transmission experiments. In comparison to their controls, 
leaves of diseased celery were smaller in size, their number per plant was much 
greater, petioles were shorter, and they were horizontally positioned. (In addition 
to the above-mentioned symptoms, infected celery plants, proved to be, unable to 
flower).
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Fig. I. Infected celery plant with the pathogen of mbits stunt disease (in the right side) and
control plant (in the left)

Fig. 2. Mycoplasma like bodies in the cytoplasma of infected celery plant
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Table 1

Transmission of the pathogen of rubus stunt from raspberry to celery by Philaenus spumarius
(L.)

(Budapest, 1978—79)

In 1978

Stage
Acquisition 

feeding 
period (days)

Efficiency o f transmission within

3 weeks 5 weeks 7 weeks 9 weeks
1 0 - 1 1

weeks

Larvae control 0/5 0/5 0/5 0/5 0/5
3 0/5 0/5 0/5 0/5 0/5

2 1 0/5 0/5 1/5 2/5 2/5

Adult nonfed 0/5 0/5 0/5 0/5 0/5
3 0/5 0/5 0/5 0/5 0/5
5 0/5 0/5 0/5 0/5 0/5
7 0/5 2/5 2/5 2/5 2/5

15 0/5 3/5 3/5 3/5 3/5

ln 1979

Adult control 0/5 0/5 0/5 0/5 0/5
3 0/5 0/5 0/5 0/5 0/5
5 0/5 0/5 0/5 0/5 0/5
7 0/5 2/5 2/5 2/5 2/5

15 0/5 3/5 3/5 3/5 3/5

Table 2

Transmission of the pathogen of rubus stunt from infected celery to celery by Philaenus
spumarius (L.)

(Budapest, 1979—80)

Stage
Acquisition 

feeding 
period (days) 3 weeks

Efficiency o f transmission after

weeks 1 0 -  11

weeks5 weeks 7 weeks

Larvae control 0/5 0/5 0/5 0/5 0/5
7 0/5 1/5 1/5 1/5 1/5

15 0/5 2/5 2/5 2/5 2'5
2 1 0/5 3/5 3/5 3/5 3/5

Adult control 0/5 0/5 0/5 0/5 0/5
3 0/5 0/5 0/5 0/5 0/5
5 0/5 0/5 0/5 0/5 0/5
7 0/5 2/5 2/5 2/5 2/5

15 0/5 3/5 3/5 3/5 3/5
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As a confirmation to the fact that the disease under consideration was caused 
by mycoplasma, leaf hopper, were used in transmission from raspberry (showing 
clear symptoms of rubus stunt disease) to celery. Transmissions were also success
fully repeated from infected celery to healthy ones. Moreover, electron micro
graphs, of negatively stained ultrathin sections, of leaf blades and petioles of 
diseased celery, showed clear mycoplasma like bodies.
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An Approach to Integrated Pest Management from the
Chemical Industry
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The development of ecologically safe pesticides is a major contribution of the 
chemical industry to Integrated Pest Management (IPM).

In a first selection process nowadays, only pesticides with acceptable mammalian 
toxicity are promoted for further development. A further step in our company is the 
screening at an early stage in the laboratory against the following representative bene
ficial species: Anthocoris nemorum (flower bug), Chrysopa cartiea (lacewing), Coccinella 
punctata (ladybird beetle), Coccoygomimus (Pimpla) turionellae (ichneumonid wasp) 
and Antblyseius fallacis (predatory mite). Laboratory selectivity tests are then comple
mented by field trials against the whole beneficial complex in deciduous fruit and cot
ton.

New approaches in the chemical syntheses aim at the type of selectivity exem
plified by compounds such as chlorodimeform and diflubenzuron. Efforts are also made 
to synthesize compounds similar to natural plant products, which have hormonal and 
behavioural effects. One such compound, CGA-29’ 170, is actually in development. In 
the field of more potent toxins a further diversification is derived from Bacillus thurin- 
yiensis.

The final aim is the development of integrated systems in various crops built 
around selective pesticides. A first such long-term project has been started in deciduous 
fruit and will last for several years.

The need for an integrated approach to crop protection is becoming more 
and more evident as more and more problems of unilateral controls are being 
discovered. Therefore, a basic requirement for maintaining present levels of crop 
protection and reducing present losses is the availability of feasible pest manage
ment programs for all of our crops. These will require multidisciplinary efforts by 
scientists in the crop protection, crop production, economics, and related discip
lines as well as the cooperation of private industry.

Integrated Pest Management (IPM) is a concept of crop production incor
porating effective, stable, long-lasting crop protection components that avoid the 
negative side effects of current pest control actions. Organic pesticides were ini
tially acclaimed as ultimate solutions to crop protection problems, but experience 
has shown that for all their advantages with respect to improvements in human 
health and the conservation of food and fiber, they have many limitations. In par
ticular pest resistance to insecticides and secondary induced pests have resulted in 
losses. Biological, cultural, genetic and other tactics are all partially effective against 
specific pests but have limitations that restrict their general usefulness in crop pro
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duction. These developments have led to a general recognition over the past two 
decades of the need for improved crop protection systems. The I PM concept devel
oped in response to this need.

Present problems and the concern over the use of pesticides for agricultural 
crops focus on health hazards, environmental solution and the availability and 
effectiveness of new compounds.

Health problems associated with pesticides involve acute (or subacute) and 
chronic low-level effects. In developed countries, where medical services are rea
dily available and poison control centres have been established, acute effects are 
relatively clear-cut and can be identified correctly. The safe use of pesticides has 
received great emphasis over the past 25 years. The effort has succeeded despite 
the vast increase in the availability and use of pesticides during this period; the 
incidence of fatal poisonings directly attributed to pesticides has dropped counti- 
nually — e.g. in the US from 152 in 1956 to 31 in 1976 — while total production 
has more than doubled. The meagre data that are available from developing coun
tries indicate much higher death rates, even though pesticides are not used as exten
sively as in the US. Although acute toxicity episodes can be minimized through 
education, they remain a continuing hazard, especially where educational and 
medical facilities are minimal. Commercial companies nowadays lay great stress 
on the selection of safer compounds in the development screens. The organochlo- 
rine insecticides, which dominated the late forthies and fifthies were much more 
persistent than modern products. The use of these older products have been dis
continued in the developed countries and a steady decline has occurred in the con
centrations of these materials in the environment. Nowadays toxicological studies 
on several experimental species including mammals, birds and fish must be con
ducted before pesticides can be registered for use in most countries. About 30 
toxicological tests are carried out with new developmental products according to 
the requirements of the Environmental Protection Agency (EPA) in the US. The 
last step in this procedure are ‘bioaccumulation' tests i.e. the process in which low 
levels of a chemical in organisms, such as algae, at the bottom of the food chain, 
accumulate through the food chain until high levels occur in such animals such as 
fish or birds at the top of the chain.

A major overall concern about pesticides is the lack of availability of com
pounds possessing only the required range of activity against pests. This is parti
cularly the case in developing pest management systems that involve the use of 
pesticides. For some situations, an insecticide or miticide with a very narrow range 
or short residual activity is required to reduce a pest species without disrupting bio
logical control agents. In other cases, pesticides may be required that control a 
broad range of weeds, pathogens, or insects. Sometimes short residual contact 
materials are required while for others, as for control of soil insects or season-long 
weed control, residual effectiveness may be required for several months. When no 
pesticide with appropriate activities is available, substitutes often have to be used 
at higher rates with repeated applications and sometimes with harmful effects on 
beneficial species.
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To minimize these risks, a Working Group of the International Organization 
for Biological Control (LOBC) was founded 20 years ago to develop standardized 
methods to measure the side effects of pesticides on beneficial arthropods. 15 guide
lines or drafts for initial toxicity tests have been developed in the meantime. In 
our own laboratories, the following representative beneficial species are included in 
the screening process for advanced candidate insecticides and fungicides for con
tact activity:

Order Com m on name Scientific name

Heteroptery Flower bug Anthocoris ne mont m
Neuroptera Green lacewing Chrysopa carnea
Coleoptera Ladybird beetle Coccinella 7-punetata
Hу me nop ter a Ichneumonid wasp j Coccygomimus turionellae
A carina Predatory mite Amblyseius fal lacis

At present, there are two crops where selective compounds are most desired 
- cotton and deciduous fruit. Candidate selective compounds are taken to the 

field and tested under more practical conditions. A method was developed within 
our company where the knock-down of beneficial insects on apple trees after a 
treatment is measured with the help of plastic sheets. The experimental treatment 
is followed by a 'clean-up' spray with a total poison, which allows the measure
ment of the whole insect population on the treated trees so that the insect mortalit) 
caused by the experimental spray can be expressed as a percentage of the total 
beneficial population (S echser and Bathe, 1978).

Since conventional chemical pesticides remain one of the most powerful 
and dependable tools available for the management of pest populations, the ques
tion is not whether their use should be continued, rather it is a question of how they 
may be used with the minimum of undesirable side effects and complications. The 
most appropriate answer to this question is in the selective use of insecticides, and 
in the use of selective insecticides.

Selectivity, in the broad sense, is accounted for by differences in physiologi
cal sensitivity (physiological selectivity) after contact between organisms and toxic 
chemical and by differences in exposure or behaviour of the fauna (ecological selec
tivity). Selective physiological toxicity is defined as injury of one kind of living mat
ter without harming some other kind with which the first is in intimate contact. 
Two striking examples for such a type of compound are chlorodimeform, used in 
1PM cotton programmes in the US against bollworm and budworm, and difluben- 
zuron, applied in the same crop against the boll weevil. One might also think 
back to such compounds as nicotine sulfate, lead arsenate and ryania for codling 
moth control and their relative innocuousness to natural enemies. There are 
enough examples of narrowly selective insecticides to justify the belief that chem
icals that are toxic to single families, genera, and even species can be developed.
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Unlike physiological selectivity which stresses activity of the chemical, eco
logical selectivity emphasizes application. Ecological selectivity is secured by apply
ing compounds having broad spectra of activity but in a manner that ensures 
contact of a toxic dose with the target species while avoiding completely, or greatly 
minimizing, contact of a toxic dose with nontarget species. Selective action of non 
selective chemicals can be obtained by manipulating dosage, formulations, timing 
of applications, method of application, and the localization of the area to be treat
ed. Especially by reducing the dosage rate by applying products against the more 
sensitive egg stage instead of against the harder to kill larval stages, opens a wide 
field for the more selective use of existing products.

An intensive effort to explore the potential for pest control of the insect 
growth regulators (IGRs) and their analogues has been underway for almost a 
decade. Only the Juvenile Hormone analogues have so far been demonstrated to 
have any promise for use, where the following degrees of activity were exhibited : 
sterility, reduced reproduction, ovicidal effects, reduced emergence, deformity, 
mortality, and abnormalities in larval pigmentation. Their greatest weakness 
appears to be that they have no effect on young larvae or nymphs, are effective 
only during critically short periods in the life cycle of most species and often require 
long periods of time between application and expression of effect. The ovicidal 
action seems to be most promising. We have such a product, CGA-29’170, which 
is presently tested on a large scale against the winter eggs of the European red 
mite, Panonychus ulmi. With proper timing at temperatures below 22 °C and good 
coverage, mite suppression up to three months has been achieved. Its high selecti
vity against predators and parasites on the one side, but the limited possibility 
with regard to application time on the other side, will allow its use only in care
fully evaluated IPM programmes.

A classical method of biological control but similar in its application to 
insecticides is the use of pathogens, of which Bacillus thuringiensis is the most 
successful case. It produces a parasporal crystal in its sporangium at sporulation, 
which is activated when ingested by the gut juices of Lepidoptera. In the past it 
has not competed well with insecticides, mainly for the reasons of low virulence, 
high production costs, storage problems, slow production of mortality in the target 
insect and, especially for industry, limited sale potential because the number of 
target species is small. By treating them with mutagenic substances we try to obtain 
strains with a broader spectrum of activity and faster action.

The final aim of our efforts is the development of a concept of crop produc
tion incorporating effective, stable, long-lasting crop protection components that 
minimize the negative side effects of current pest control actions. A long-term 
study has been started in a Swiss apple orchard, where selective treatments are 
compared to a conventional programme and no insecticidal treatment at all 
(S echser, 1980). The tools in this IPM programme include the application of selec
tive insecticides for codling moth control, the use of pheromone traps for monitor
ing purposes, the application of an IGR against winter eggs of the European red 
mite and of selective acaricides against later generations, the release of a predatory
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mite species, Amhlyseius fallacis, the use of selective fungicides against this preda
tory mite and the monitoring of the seasonal development of the beneficial insect 
complex. We finally hope we can offer to apple growers an effective, but safe crop 
production system.
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CONCEPR (CGA-43089), a Safening Agent Protecting 
Sorghum (S o rg h u m  b ic o lo r )  from Metolachlor Injury

By

G. MÜLLER and A. N yffeler

C1BA-GEIGY Limited, Agricultural Division, Research and Development (Plant Protection
Basel, Switzerland

CONCEPr is another example of a safening agent permitting the extension of 
a potent herbicide into a crop in which this herbicide alone is not selective. In particu
lar, CONCEPR protects Grain Sorghum Hybrids from metolachlor injury.

In this paper, which refers to two previous publications, details are given on the 
biological performance under various laboratory conditions and under field conditions. 
The application of the safening agent and the extension of the herbicide metolachlor 
into Grain Sorghum Hybrids is summarized.

CONCEPR or a-(cyanomethoximino)-benzacetonitrile is a safening agent 
which protects Sorghum Hybrids (Sorghum bicotor (L) Moench) from injuries of 
metolachlor, 2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy-l-methylethyl)- 
acetamide. The new safening agent was first described by Ellis et al., 1), and N yf
feler et al., 2) at the annual Meeting of the Weed Science Society of America, 
1978. This paper summarizes these 2 publications, without giving detailed descrip
tions of methods, experimental conditions and experiments.

In 1980, CONCEPR was introduced for practical use in the USA. It has 
proven its qualities as a safening agent under diverse field conditions and will 
become a standard method in the areas where a strong grasskiller i.e. metolachlor 
should be used in grain sorghum. Further introductions in other countries are under 
way.

Genera! Data

Code
Trade Name 
Formulation

CGA 43089 
CONCEPr
CONCEPR 250 SO (in the USA CONCEPR 2.09 S) - ,  
a liquid containing 250 g/lt. of CGA 43089 active ingre
dient

Chemical Name : a-(cyanomethoximino)-benzacetonitrile

Structural Formula
n- o- ch2- cn
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Empirical Formula 
Molecular Weight 
Melting Point 
Solubility

185.2 
55 —56°C
95 ppm in water at 20 °C 
55 % benzene 
23% methanol
CONCEPR has a moderate oral toxicity to mammals 
and a low toxicity to fish and birds

QoH,N.O'1 0 n 7 1N.T

Toxicity

Biological results o f laboratory and field experiments with CONCEPR

Placement o f the safening agent. CONCEPR was first used in tankmixture 
with metolachlor. Considerable safening activity was observed when the rate of 
CONCEPR was 4 or more times higher than the rate of the herbicide. A much 
better ratio safening agent/herbicide is obtained when CONCEPR is applied on 
the seed of sorghum hybrids as a dressing: 1.0 — 1.25 g ai of CONCEPR per 1 kg 
of seed gives full protection from rates of metolachlor up to 4 kg ai/ha. The exact 
placement of the safening agent on the seed of the crop has also the advantage that 
the protection is not extended to weed species, such as Sorghum halepense.

Response of sorghum cultivars. Among the germplasms of Sorghum bicolor 
(L) Moench, the subspecies — subglabrescens, caffrorum, zera-zera, caudatumj 
kafir and roxburghii, which may be used as a basic material for new grain sorghum 
hybrids, permit the safe use of metolachlor if they undergo a previous seeddressing 
with CONCEPR. In laboratory experiments the 2 subspecies S. bicolor ssp. dochna 
and -sudanense, both less important as germplasms for grain sorghum hybrids, 
were less well protected. Cultivars based on these germplasms should be submitted 
to a careful testing before large practical applications are made.

Effect of temperature. Since grain sorghum hybrids are preferably grown in 
warm and hot areas, special growth chamber experiments were made, which deg 
monstrated the following results:

At the highest temperature (38 °C day/22 °C night) the intensity of safenin- 
activity was higher and phytotoxicity was lower than at any lower temperature. 
At the temperatures 29 °C day/18°C night and 22 °C day/14°C night, respectively, 
the injury of metolachlor did increase, but CONCEPR could also compensate 
this increased risk. Thus the safening potential of CONCEPR does not depend on 
the injury potential of metolachlor at a given temperature.

Effect of soil moisture. On many sites planted with grain sorghum hybrids, 
moisture in the soil may undergo extreme changes within a short time. In a growth 
chamber experiment with soils maintained at 50%, 60% and 90% of their Field 
Capacity (FC), it was found that at the high moisture level, both, the safening 
activity and the herbicidal activity are high and that both decrease when moisture 
content falls to 60% FC and 50% FC. Thus under all soil moisture conditions me
tolachlor can safely be used on CONCEPR-treated seed of grain sorghum hybrids.
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The investigations with different temperature and moisture levels confirm 
that the activity of CONCEPR depends on these 2 important environmental fac
tors in the same way as the herbicidal activity of metolachlor.

Residues, penetration, site o f uptake. Results of residue-analyses on and in 
seeds of sorghum hybrids treated with CONCEPR demonstrate that the active 
ingredient is rapidly taken up by the seed. The uptake depends on the form of 
application: CONCEPR diluted in an organic solvent is taken up more readily 
than when applied as a dry seed dust or as a suspension of a wettable powder.

Also, the timing of the application of CONCEPR has a remarkable influence 
on its safening activity. When CONCEPR is put on seeds immediately before plant
ing, a considerable reduction in safening activity is observed. Treatments of the 
seed of grain sorghum 4 weeks before planting bring full protection.

In laboratory experiments, CONCEPR was placed respectively in the root 
and shoot area of the seed of sorghum hybrids, and its vertical movement was in
hibited by a thin charcoal layer immediately below or above the seed grains. Pro
tection of the sorghum plants was complete when CONCEPR could be taken up 
by the hypocotyls of the germinating plants, whereas protection was almost totally 
lost when the safening agent was placed in the root zone of the young plants. Since 
metolachlor is preferably taken up by the shoots of growing grasses 13), it seems to 
be essential that CONCEPR and metolachlor should meet at their preferred site 
of uptake in order to obtain adequate protection, so that only when this immediate 
confrontation occurs, is a satisfactory safening activity obtained. This encounter 
of the safening agent with the herbicide is obviously assured by the application of 
CONCEPr to the seed at least 4 weeks prior to planting time.

For a good safening activity, as extended experiments have shown, it is 
important to cover the entire seed grain carefully with CONCEPR. It follows from 
this requirement that a liquid treatment of the seed is preferable.

Duration o f safening activity in stored seed. Seed dressed with CONCEPR 
was stored and tested at intervals up to 18 months after initial treatment. There is 
evidence that safening activity is not altered during a storage time of 18 months, 
if the original amount of CONCEPR was 1 —1.25 g ai/kg of seed. Under practical 
conditions, it is possible to carry over seed to another planting season without loss 
of safening activity.

Application of CONCEPK under practical conditions

Large-scale use of CONCEPR can be introduced during the processing of 
grain sorghum seed. The application is possible after cleaning and grading of the 
seed in 2 ways :

a) as a sequential treatment after the seed has received the usual fungi- 
cide/insecticide protection;

b) as a “one shot treatment” together with the usual fungicide/insecticide 
sedderessing. Our experience is limited to a captan/methoxychlor seed-dressing
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available as a 78 % wettable powder, containing 75 % captan and 3 % methoxychlor 
(Trade Name Ortho 75/3).

For treatments a) and b) a solution with an organic solvent, containing 250 g 
CONCEPR active ingredient per liter is prepared. For the sequential treatment 
a), 5 ml/kg of seed are applied (1.25 g ai/kg of seed) using the usual dressing equip
ment, which should have reliably adjusted dosage installation. The dressing proc- 
ess must produce a grain which is entirely covered by the CONCEPR solution.

For the treatment b), 400 g of Ortho 75/3 (or corresponding rates of similar 
WP’s) are suspended in the CONCEPR SO 250. The volume of such a mixture is 
6.5 ml per I kg of seed.

It is important to apply CONCEPR only to high-class selected seed with a 
good germination faculty, a high degree of purity, and no broken grains. Germi
nation tests of seed samples should be executed prior to and after the seed-dressing.

Detailed instructions are available on request.

Improved weed control in grain sorghum hybrids

Different sources (1) report an increase of grass infestations in many sorghum 
growing areas, showing that the current standard herbicides often do not lead to 
the required elimination of harmful grasses. With the introduction of CONCEPR 
as a safening agent, the application of metolachlor as a potent grasskiller opens 
the way to a considerable and reliable improvement of grass control in grain 
sorghum hybrids.

The rate of metolachlor (Trade Name Dual EC 720 or Dual EC 960) depends, 
on the locally important grass problems and the prevailing quality of soil structure- 
and texture. The most frequently applied rates are between 1.5 —2.5 kg ai/ha.

Whenever grasses appear in association with broadleaved weeds, combina
tions of metolachlor with triazines are to be preferred as broadspectrum solutions.

The preference is given to PRIMEXTRAr comprising various combinations of 
metolachlor + atrazine with ratios adapted to local conditions. In the USA, 
BICEPR (metolachlor + atrazine, ratio 1.25 : 1) and MILOCEPR (metolachlor + 
propazine, ratio 1 : 1) are in extended use. For some areas, it is also proposed to 
combine metolachlor + terbuthylazine for full spectrum control. The selection 
of the appropriate triazine depends on the local infestation and soil conditions.

One has to appreciate that while CONCEPR protects sorghum from meto
lachlor injury, it does not offer protection from excessive rates of triazines.
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Heterocyclic Quaternary Ammonium Salts as Plant 
Growth Retardants

By

Y. M. D arwish, G. Matolcsy, M. Kovács and M. T üske 

Research Institute for Plant Protection, Budapest, Hungary

Some tertiary amines together with their quaternary ammonium salts were pre
pared from some cycloaliphatic amines and have been tested for plant growth retardant 
activity. Most of the compounds revealed an activity lower than chlorocholine chloride 
(CCC), but some of them were more selective. Relationships between structure and 
activity are briefly discussed.

The ability of certain quaternary ammonium compounds to reduce stem 
■elongation of bean plants without causing abnormal, formative changes was 
first reported by M i t c h e l l  et al. (1949). The biological activity of quaternary am
monium salts as fungicides, insecticides, and bactericides has been reported exten
sively in the literature ( D e  B e n n e v i l l e , 1956). One of the most active compounds 
was a quaternary ammonium carbamate, designated Amo-1618. Many works have 
been done on the synthesis and testing of derivatives of this compound ( K r e w s o n  

et al., 1959). (2-chloroethyl)trimethyl ammonium chloride (chlormequat) was also 
reported to be active in this respect ( T o l b e r t , 1959).

K n i g h t  et al. (1969) have studied the influence on plant growth retardant 
activity of various substituents of aryl quaternary ammonium, phosphonium, and 
sulphonium compounds. The plant growth retardant activity of some benzyl 
quaternary ammonium derivatives synthesized from the terpene ( +)-limonene has 
been reported also ( N e w h a l l  and P i e r i n g e r , 1966; 1969; and 1970). Studies on 
the relationship between chemical structure and plant regulator activity had led 
to the synthesis of nonterpenoid 2-hydroxycyclohexy ammonium compounds 
which were studied as plant growth retardants by N e w h a l l  in 1974.

In 1975, N e w h a l l  et al. demonstrated the direct correlation between 
enzyme inhibition and plant growth retardation for some n-alkyl derivatives of 
2-hydroxycyclohexyldimethyl ammonium bromide and reported that the inhibition 
of bean root cholinesterase was competitive and reversible. These correlation 
between growth regulation and enzyme inhibtion suggest that these quaternary 
ammonium derivatives may act on an enzyme-mediated step essential to plant 
growth.

Recently, K w a n g  et al. (1978), synthesized and examined some new trime
thyl ammonium iodides containing cyclohexane or cyclohexene ring as plant 
growth retardants.
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These results prompted us to synthesize and test for plant growth retardant 
activity heterocyclic tertiary amines and quaternary ammonium derivatives pre
pared from(3,5,5) trimethyl-l-azacycloheptane(TMD-imine) and 1,3,3-trimethyl- 
6-azabicyclo-(3,2,l)-octane (IPD-imine). These derivatives are characterized by 
the chemical formulae I —IV.

II III IV

Materials and Methods
Chemical

a) Preparation of N-alkyl imines (I and II)
To a mixture of (0.2 mole) imine and 88 ml (0.22 mole) 10 % aqueous NaOH 

solution is added (0.22 mole) of the corresponding alkyl halide with stirring. After 
addition, stirring is continued for further one hour at room temperature (the reac
tion mixture must be alkaline at the end). The reaction mixture separates into 
two layers, the upper one is separated and the aqueous layer is extracted with 
ether, the combined ethereal solution is washed with water and dried over anhyd
rous sodium sulphate. The solvent is removed under reduced pressure and the 
organic residue is distilled in vacuum.

b) Preparation of N-alkylammonium salts (III and IV)
To (0.03 mole) imine dissolved in 30 ml petrol ether (B. P. 100—120°C) is 

added (0.03 mole) of the corresponding alkyl halide. The reaction mixture is allow
ed to stand at room temperature for one day. The salt formed is filtered, washed 
with petrol ether (B. P. 100 — 120 °C) twice, dried in vacuum dissicator and collected.

c) Preparation o f N,N-dialkylammonium salts (III and IV)
To (0.015 mole) of the N-alkyl imine dissolved in 25 ml petrol ether (B. P. 

100 — 120°C) is added (0.015 mole) of the corresponding alkyl halide. The reaction 
mixture is refluxed for 30 minutes, allowed to stand over night. The product is 
filtered, washed with petrol ether (B. P. 100—120°C) twice, dried and kept in a 
vacuum dissicator.

The structures of these compounds were identified by methods of elemen
tary, IR and NMR analysis. Physical and analytical data are listed in tables 1,2,3, 
and 4. Melting points were uncorrected. The infrared and nuclear magnetic re
sonance spectrum of representatives of the tertiary amines and quaternary ammo-

Acta Phytopathologica Acadeniiae Scientiarum Hungaricae 16, 1981



A
cta

 
P

hytopathologica 
A

cadem
iae 

Scien
tia

ru
n

i 
H

angaricae 
16, 

1981

Table 1

Physical properties of N-alkyl-TMD-imines

Com
pound

No
R

Reaction
temperature

M. P. or В. P.
°C Formula Mol. Wt.

Yield
% C , % H, % N, %

l CH3 below 20 °C 181 +  1/760 mm c joh 2,n 155 71 c, 77.41 13.54 9.03
f, 77.35 13.40 9.02

2 CH3 CH, 5 0 -  60 °C 83 +  2/20 mm c„ h 23n 169 73 c, 78.10 13.06 8.28
f, 78.01 13.21 7.92

3 CH2 =CHCH, below 20 °C 90+2/20 mm С|2Нгз^ 181 73 c, 79.55 12.70 7.63
f, 79.26 12.51 7.64

4 CH 3 (CH2 ) 3 6 0 -  70 °C 108 +  2 / 2 0  mm c 1 3 h 27n 197 70 c, 79.18 13.70 7.10
f, 79.01 13.62 7.01

5 6 0 -  70 °C 147 +  5/20 mm Ç1&H3 7 N 279 75 c, 81.72 13.26 5.01
Mentyl f, 81.61 13.19 4.97
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Table 2

Physical properties of N-alkyl-IPD-imines

C om 
po u n d

N o.
R

R eac tio n
tem p era tu re

6 CH3 below 20 °C

7 CH3 CH2 below 20 °C

8 CH2 =CH CH 2 below 20 °C

9 CH3 (CH2 ) 3 6 0 -  70 °C

M . P. o r  В. P. 
°C F o rm u la M ol. w t .

____________

189+ 1/760 mm CuH21N 167

1 1 0 + 2 / 2 0  mm C12H23N 181

114+4/20 mm Q 3 H 2 3 N 193

1 2 1  +  1 / 2 0  mm Q4H27N 209

™ d c - % H , % N . %

83 c, 79.04 12.57 8.38
f, 79.00 12.49 8 . 1 1

85 c, 79.55 12.70 7.73
f, 79.29 12.48 7.61

87 c, 80.82 11.91 7.25
f, 80.53 11.72 7.01

82 c, 80.38 12.91 6.69
f, 80.12 12.82 6.65
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Table 3

Physical properties of N-alkyl and N,N-dialkyl-TMD-ammoniuni salts

Com
pound

No.
R R ' X

M. P.
°c Formula

Mol.
Wt.

Yield
% c, % H, % N, % X, 7.

1 0 CH3 H I 280 CI0 H,.NI 283 85 c, 42.40 7.77 4.94 44.87
f, 42.03 7.54 4.76 44.49

li CH3 CH„ H I 206+2 c „ h 2,n i 297 82 c, 44.44 8.08 4.71 42.76
f, 44.13 7.88 4.62 42.24

1 2 CH3(CH ; ) 3 H Br 238 +  2 C,3 H,4NBr 278 65 c, 56.11 10.07 5.03 28.77
f, 56.02 9.97 4.97 28.58

13 q h 5 c h „ H Cl 243 +  3 ClcH26NO 268 75 c, 71.64 9.70 5.22 13.43
f, 71.35 9.59 4.96 13.19

14 CH3 CH3 I 284+4 C1 1H2 3 NI 296 89 c, 44.59 7.77 4.72 42.90
f, 44.21 7.53 4.61 42.63

15 CH3 CH„ CH3 I 279+1 c 1 2 h 26n i 311 8 6 c, 46.30 8.36 4.50 40.83
f, 46.11 8.04 4.40 40.51

16 CH„=CHCH. CHS Br 246+2 C1 3 H26NBr 276 85 c, 56.52 9.42 4.93 28.98
f, 56.31 9.20 4.42 28.71

17 Q oH i 7 CH3 Br 271 C2oH.38NBr 372 85 c, 64.51 1 0 . 2 1 3.76 21.50
Geranyl f, 64.30 9.98 3.43 21.39

18 2,4-(N0 2) 2Q H 3 CH3 Cl 148 +  2 C16H25O4N3CI 359 78 c, 53.48 6.96 11.70 1 0 . 0 1

f, 53.21 6.72 11.64 9.88
19 CH„=CHCH 2 CH3(CH2 ) 3 Br 156+1 C1 6 H 32NBr 318 80 c, 60.37 10.06 4.40 25.15

f, 60.09 9.86 4.13 24.91
2 0 CH3 CH„ CH3 CH., I 192 C1 3 H28NI 325 78 c, 48.00 8.61 4.30 39.07

f, 47.61 8.39 4.13 39.01
2 1 CH3 CH2 CH3 =CHCH„ I 171 +  3 c 1 4 h 28n i 337 2 0 c, 49.85 8.30 4.15 37.68

f, 49.52 8 . 1 1 4.10 37.43
2 2 CH3 CH, CH3(CH2 ) 3 I 159 +  3 c 1 5 h 32n i 353 82 c, 50.99 9.06 3.96 35.97

f, 50.71 8.96 3.72 35.51
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Table 4

Physical properties of N-alkyl and N,N-dialkyl-IPD-ammonium salts

Com
pound

No.
R R ' X M. P.

°c Form ula
Mol.
Wt.

Yield
% c, % H, % N, % X, %

23 CH3 H I 129 CnH22Nl 295 86 c, 44.74 7.45 4.74 43.05
f, 44.62 7.19 4.70 42.82

24 CH3CH, H I 182 +  2 309 81 c, 46.60 7.76 4.53 41.10
f, 46.41 7.55 4.28 40.80

25 CH„=CHCH, H Br 118 +  2 C,3H..,NBr 274 87 c, 56.93 8.87 5.01 29.19
f, 56.69 8.53 4.87 28.99

26 CH:|(CH2)3 H Br 162+1 C14H2SNBr 290 82 c, 57.93 9.65 8.82 27.58
f, 57.71 9.42 8 57 27.39

27 C2H,OOCCH2 H Cl 202 +  2 cI4h „„o .,nci 276 85 c, 60.86 9.42 5.07 13.04
f, 60.43 9.21 4.87 12.80

28 CfiH5CH2 H Cl 208 Q 7H2cNC1 208 85 c, 72.85 9.28 5.00 12.85
f, 72.62 9.02 4.73 12.51

29 CH3 CH3 1 165 +  2 c12h 23n i 308 89 c, 46.75 7.46 4.54 41.23
f, 46.68 7.21 4.19 40.92

30 CloHj7 CH3CH2 Br 161+4 C2.,H ,flNBr 398 78 c, 66.33 10.05 3.51 20.10
Geranyl f, 66.12 9.88 3.29 20.03

254 
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Table 5

Physical and spectral data

Spectral data

(a) TM D-imine derivs.
IR Typical paraffin spectra;

nmr (5 0.90 and 0.95 2 x s , t(3x3H), 0.90, d(3H)[CH3], 2,6,3 overlap 
m(6 H)[CH]; n£’ 1.4621.

IR 3080( =  CH), I645(C=C), 920( =  CH);
nmr (5 0.90 and 0.95 2x  s (2x 3H), 0.90 d(3H)[CH:)], 3.00 m(2H)[CH3N 
allyl], 5.80 m (lH )[=C H ], 5.00 m(2H)[=CH2]; ngl.4692.

I R 3200-23001NH,), I580(NH);
nmr Ô 0.90 and 0.95 2x  s, t(3x 3H), 0.90 d(3H)[CH3], 2.60 m(6 H)[CH], 

IR Typical paraffin spectra;
nmr à 0.90 and 0.95 2 x  s(2x 3H), 0.90 d(3H)[CH3], 2,6,3 overlap m(6 H) 
[CH], 3.00 m(2H)[NCH, allyl], 5.80 m (lH )[=C H ], 5.00 m (2H )[=CH 2].

IR 3200-23001 NH,), I580(NH);
nmr ô 1.05, 1.20 and 1.30 3x s(3x 3H) [CH3], 3.00 and 3.35(JAB =  12 Hz) 
[NCH2], 4.04 m(lH)[NCH], 8.20 s(2H)[NH3],

(b) lPD-imine derivs.
IR 3080( =  CH), 1645(C =  C), 920( =  CH);

nmr <5 0.90, 1.05 and 1.30 3x s(3x 3H) [CH:)], 2.05 and 2.90(JAB =  10 Hz) 
[CHjN ring], 3.10 m(3H)[CHoN allyl], 280-320  Hz, m(2H)[= CH2], 
325-370 Hz, m (lH )[=C H ]; n2D°l.4790.

IR Typical paraffin spectra ;
nmr <5 0.90, 1.65 and 1.30 3x s(3X 3H) [CH3], 1.00 t(3H)[CH3], 2.05 and 
3.85(Jab =  10 Hz)[CH,N ring], 2.50 m(2H)[CH„N chain], 3.00 m(lH) 
[CHN]; ng 1.4697.

IR 3200-23001 NH,), I580INH);
nmr <5 1.05, 1.20 and 1.30 3x s(3x 3H) [CH3], 3.00 and 3.35(JAB =  12 Hz) 
[NCH2], 4.05 m(lH)[NCH], 8.20 s(2H)[NH2].

1R 3200-2300(NH 1 5 8 0 (N H );
nmr <5 0.90, 1.05 and 1.30 3x s(3x 3H) [CH3], 2.40 s(3H)[NCH3], 2.00 and 
2.95, AB-quaternary(2H), (JAB =  10 Hz) [NCH2], 2.90 m(lH)[NCH].

IR Typical paraffin spectra;
nmr 6 0.90, 1.05 and 1.30 3xs(3x3H ) [CH3], 1.63 and 1,6 8 (CH3 - 7,8), 
1.74(CH3— 3),2.05and 2.12(CH,-4,5), 1.00 t(3H)[CH;i ethyl],2.50 m(2H> 
[NCHj ethyl], 2.65 and 2.85 (JAB =  10 Hz) [NCH2  ring], 3.00 m(l H)[NCH],
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nium salts are given in Table 5. The IR spectra were recorded on a Perkin-Elmer 
577 grating spectrometer in KBr pellets. The 1H NMR spectra were recorded on 
a JEOL 60-HL instrument at 60 MHz in CDC13 at room temperature, using TMS 
as internal standard.

Biological

Bioassay for plant growth retarding activities
Beans (Phaseolus vulgaris cv. Pinto) was planted into soil, four plants in 

each pot. The experiments were carried out in the greenhouse. The plants were 
sprayed at the two leaf stage with the solution or suspension of compounds tested 
(0.1 % active ingradient, 0.001 % Cytowett as a wetting agent) to complete cover
ing. After two weeks, when the plant has five leaf-floor, the plants were cut off 
above the soil level and the length of each internodia “floor” was measured on a 
millimetre scale.

Eight plants were used in one treatment. The mean and standard error were 
calculated for each floor separately. The results were expressed as percentile growth 
compared to that of the untreated control. The common standard deviation of all 
experiments was +20%. The common coefficient of variation was ±8%.

Chlorocholine chloride (CCC), and N,N-dimethylpiperidinium chloride 
(Pix) were used as standards.

The results of plant growth retarding activity are shown in Table 6.

Results and Discussion

Some of the compounds tested were found to be effective on the growth of 
bean plant at 0.1 % concentration. In addition to the growth suppression observed, 
most of the compounds prepared brought about an appreciable dark green colora
tion and thickening of the leaves.

As for structure-activity relationships, the compounds containing only the 
tertiary amino group (1 —9) showed, as expected, no retardation of the growth of 
bean plant indicating that quaternarization of these amines derivatives is neces
sary for such a type of action. On the other hand, the quaternary ammonium deri
vatives derived from these amines showed a measurable growth retardation of 
bean plant. These quaternary ammonium derivatives varied in their degree of activ
ity depending on the structure of the molecule.

The quaternary ammonium salts prepared from TMD-imine showed appre
ciable activities on the growth of bean plant, while those derived from IPD-imine 
proved to be inactive. This, may be due to the sterochemistry associated with the 
IPD-imine derivatives containing the methylene bridge which may reduce the pos
sibility of interaction between the substrate and the enzyme responsible for the 
activity.
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Table 6

Growth retarding activities of tertiary amines and quaternary ammonium derivatives

Compound Relative length of internodia

No.
1st 2nd 3rd 4th 5th

Control* 15.5 16.6 14.4 18.2 10.9

CCC** 93 38 25 — —

PIX 8 8 60 52 28 —
1 105 105 1 0 0 103 140
2 105 98 81 8 6 58
3 108 98 89 91 129
4 103 97 8 8 91 87
5 97 96 90 8 8 76
6 107 92 91 94 148
7 93 107 99 92 107
8 94 107 92 51 —
9 91 103 8 6 83 84

1 0 1 1 2 117 131 1 1 2 146
1 1 95 99 73 62 83
1 2 95 113 83 108 126
13 1 1 0 1 0 1 96 97 95
14 89 8 6 6 8 43 —
15 98 8 8 69 63 99
16 103 93 75 62 73
17 8 8 79 70 65 127
18 85 32 50 35 26
19 113 82 59 63 77
2 0 105 73 45 50 93
2 1 99 109 123 104 125
2 2 96 92 78 87 1 0 0

23 103 97 67 49 36
24 90 74 74 51 38
25 104 103 1 0 0 107 82
26 8 8 1 0 0 83 62 —
27 97 107 106 1 1 1 1 0 0

28 108 114 1 2 2 130 1 0 0

29 8 8 1 0 2 80 94 79
30 1 0 2 106 145 117 98

* Calculated from 7 experiments (n =  53) in cm. 
** Calculated from 7 experiments (n =  46).

N,N-dialkyl TMD ammonium derivatives (14 — 20) 23, 24, and 26 showed 
an appreciable activity especially those containing one N-methyl group. Those 
compounds revealed also a selective inhibition on the growth of bean plant parti
cularly on the third and fourth internodia. This finding suggests that these deriva
tives are, in contrast to CCC, selectively active at certain spicific stage of growth.
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The Effect of Titanium on Plants Damaged by 
Herbicides

By

E. F arkas, Á. Tóth and I. Pais

The Chemical Department at the University of Horticulture, Budapest, Hungary

Titanium in a chelated form can protect some plants against damages of herbi
cides by influencing enzyme activities in treated plants.

Titanium is one of the most common elements in the earth’s crust and as a 
consequence of this, the soils contain on an average 3000 — 4000 ppm from this 
metal. Titanium is bound mostly in silicates and therefore the uptake for the plants 
is nearly impossible. The textbooks and the literature regard the titanium as an 
unnecessary element which has not any role in the biosphere.

Because the essential trace elements are mostly in the first line of the transi
tion metals in the periodical system, we supposed more than 10 years ago that tita
nium, if it is in watersoluble form, may play also an important role in the bio
chemical processes.

After some preliminaries we organised first in the year 1974 field-experiments : 
we sprayed a very diluted solution of titanium(IV) on the leaves of winter-apples, 
grape-vines and tomatoes. The chlorophyl-content of the sprayed plants was sig
nificantly greater as compared with the unsprayed samples. In consequence of this 
the carbohydrate-content is also increased (Pais el al., 1979).

Having the very favourable experiences, in the last 6 years we have extended 
our experiments to new test-plants, such as to wheat, alfalfa, sugar beet, sugar 
corn, sunflower, fodder grasses, etc. Giving a comprehensive survey, we should 
mention, that the yield increased on an average by 10-25 per cent and the sugar- 
content, or the protein-content of the products was also greater by 10 —20 percent 
(F ehér et al., 1980; Pais et al., 1979a; Pais et al., 1979b).

Looking into the background of this favourable effect of titanium, we meas
ured the activities of different enzymes. According to our experiences, the tita
nium has a promotive effect on the activity of catalase, nitrate reductase and also 
of nitrogenase (P ais, 1979).

It is well-known, that the protective effect of herbicides is very important 
for having a great yield in the agricultural production. Spraying the different plants 
from the air with herbicide solutions, it is often the case, that the solution is carried 
away to grape-vines or to other sensitive cultures and they can be heavily damaged. 
Being well aware of the fact, that titanium is very favourable for the plants, we 
organized experiments to have information about the possible protective effect 
against the herbicide-damage.
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In our preliminary experiments we used the sodium-salt of dichloro-phenoxy- 
acetic acid as herbicide. Two week old tomato plants were sprayed with 2 ml 0.01 
per cent herbicide solution and a proportionable part of plants received 1, 3, 6 
and 8 days after the herbicide-spraying a treatment with 0.001 per cent titanium- 
chelate solution. Our experiments showed (F arkas et al, unpublished), that the 
rapid application of titanium gave about the same result as the case of control. 
If the application is too late, the protective effect is much less ; the plants are da
maged : no flowering occurs and the stems become bent.

In the next experiment we used two grape-varieties: Pannónia kincse and 
Olasz rizling as test-plants. The vine-stocks received 200 cm3 herbicide-solution 
(5, 15 and 50 ppm) at the end of April 1979 and half of the plants was sprayed 6 
and 12 days later with 5 ppm titanium-solution. The results can be seen in Table 1.

Table 1
The protective effect of titanium on vine-grapes against herbicides

V ariety T reatm en t R educ ing  
su g a r  %

S ugar-ac id
ra tio

Control 8 . 0 13.2
5 ppm Dikonirt 8 . 1 16.5
5 ppm Dikonirt +  Ti 9.4 19.2

Pannónia 15 ppm Dikonirt 7.8 12.9
kincse 15 ppm Dikonirt +  Ti 8 . 1 14.3

50 ppm Dikonirt 8.3 14.2
50 ppm Dikonirt +  Ti 8 . 0 14.7

Control 1 2 . 6 15.1
5 ppm Dikonirt 15.9 20.3
5 ppm Dikonirt +  Ti 15.6 23.2

Olasz rizling 15 ppm Dikonirt 13.6 2 1 . 1

15 ppm Dikonirt +  Ti 17.6 28.3
50 ppm Dikonirt 16.2 24.7
50 ppm Dikonirt +  Ti 17.9 29.6

Table 2
The protective effect of titanium on tomato plants against herbicides

T re a tm e n t A v erag e  yield 
in  kg

In  the  p e rce n t
age o f  co n tro l

Control 0.79 JOO.O
1.4 kg/ha Hungazin PK 0.40 50.6
1.4 kg/ha Hungazin PK +  Ti 0.64 81.0
2.8 kg/ha Hungazin PK 0.40 50.6
2.8 kg/ha Hungazin PK +  Ti 0.83 105.1
4.0 kg/ha Hungazin PK 0.47 59.5
4.0 kg/ha Hungazin PK +  Ti 1.45 183.5
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You can observe, that vine-stocks treated with titanium-solution after herbi
cide-spray recover from the herbicide effect and the sugar-content of the must is 
mostly much greater than in the control or in the herbicide samples.

In the year 1980 we examined the after-effect of the Hungazin PK herbicide 
on tomato-plants. In May 1979 we gave to the experimental field 1.4 kg, 2.8 kg 
and 4.0 kg Hungazin PK in solved form pro hectar, respectively. The tomato-seed
lings died out after the planting. In the same plots we planted tomato-seedlings in 
the following year: in May 1980. Half of the stand were sprayed 12, 22 and 32 
days later with a 5 ppm titanium-solution. The plants sprayed gave more yield 
than the others, as we can see in Table 2.

According to our experiences the patented titanium-chelate can be applied 
to protect some plant cultures against herbicide-damage. The protective effect can 
be interpreted as a help to different enzymes to counteract the herbicides.
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Book Review

D. Gottlieb: The Germination of Fungus Spores. Meadowfield Press Ltd., I. S. A. Building, 
Shindon, Co. Durham, England. 1978. 166 pp. Price: $12.60

The publication of the book “The Germination of Fungus Spores” by Professor David 
Gottlieb (Dep. Plant Path. Univ. Illinois) gives a great help to understand the complex pheno
menon of fungus spore germination. The book is the thirteenth member of the series “Patterns 
of Progress (Microbiology)”.

Germination is the process whereby the spore shifts from its low metabolic state to a 
rate approximating that of the normal vegetative phase of the fungus. This dramatic shift 
common to all germination. The morphological and biochemical changes accompanying this 
development are described in detail. Spore morphology and cytology, developmental and envi
ronmental factors are discussed. One can find special chapters dealing with nutrition, respira
tion, energy production, the biosynthetic mechanisms of the germinating spore. Especially 
the synthesis and sequence of formation of the macromolecules are discussed in their relation
ship to the different phases in the development of the germinated spore.

The book contains a large number of references and the easy-to-read text is illustrated 
with 34 figures and 5 tables. On the last pages addendum contains the last up-to-date infor
mations on this area.

B. Barna

G eorge N. Agrios: Plant Pathology. Second Edition. Academic Press, New York, San Fran
cisco, and London. 1978. 703 pages.

The second edition of “Plant Pathology” by Agrios is an excellent book for all plant 
pathologists and graduate students working on different fields of plant pathology. The book 
is divided into two parts. The first one deals with general aspects which includes eight chap
ters: Introduction, Parasitism and disease development, How pathogen attack plants, Pathogen 
effects on plant physiological functions, How plants defend themselves against pathogens, 
Genetics and plant diseases. Effect of environment on development of infectious plant diseases, 
and Control of plant diseases. The second part deals with specific plant diseases, which in
clude, also, eight chapters. Three of them are new chapters which have been added to this 
edition. These are: Plant diseases caused by mycoplasmalike organisms, Plant diseases caused 
by protozoa, and Plant diseases caused by viroids. The other chapters are as follows: Environ
mental factors that cause plant diseases, Plant diseases caused by fungi, Plant diseases caused 
by bacteria, Plant diseases caused by parasitic higher plants, Plant diseases caused by viruses, 
Plant diseases caused by nematodes. One of the most important new information is about the 
isolation of the pathogens from infected hosts.

Many new diagrams and high quality photographs have been added to make the book 
more stimulating and more effective. The good design and the high standard of the contents 
are making this edition very useful for all the experts and students working in plant pathology.

A. R. T. Sarhan
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Evaluation of Sunflowers for the Degree of Resistance 
to Downy Mildew

By
F. V irányi1  and M . Bartha2

1 Research Institute for Plant Protection, Budapest, Hungary 
2  Research Institute for Oil Industry, Budapest, Hungary

Pregerminated seeds of sunflowers, susceptible and resistant to downy mildew, 
were inoculated by the whole seedling immersion method, and were grown either in 
the greenhouse, or in a controlled cabinet. At cotyledonary and four-leaf stage the 
seedlings were assessed for the occurrence and intensity of downy mildew infection 
caused by Plasmopara halstedii.

According to the disease symptoms obtained, all the plants of the sunflower 
cultivars tested were separated into four groups each representing different degrees 
of downy mildew resistance, as susceptible, moderately resistant, resistant and highly 
resistant.

Though members of the groups 2 to 4 in these experiments are generally ac
cepted by plant breeders as resistant sunflowers, from the results it is assumed that 
at least two different levels o f resistance to P. halstedii exist among and within the 
cultivars tested.

Some 20 years ago G oossen and Sackston (1968) have found a sunflower 
line which showed resistance to Plasmopara halstedii, the causal agent of the 
downy mildew disease of sunflower. Subsequent genetic studies carried out in 
several countries, in Roumania (V ranceanu  and Stoenescu, 1970), in France 
(Vear and Leclercq, 1971), and in the USA (Z immer and K inman, 1972) revealed 
that three or four genes (Plb Pl2, Pl3 and Pl4) are responsible for downy mildew 
resistance.

Nevertheless, the fact that P. halstedii has two races of different aggressivity 
(Z immer and Kjnm an , 1972), and the recent finding of incomplete resistance in 
sunflowers possessing one or two resistance genes (V ear, 1978; V irányi, 1978, 
1980), indicate that further efforts have to be made to find out new sources of 
resistance to downy mildew.

The selecting work, as a rule, is based on artificial inoculation followed 
by counting the number of plants with fungal sporulation on their cotyledons. 
However, recent studies in Spain (Sackston et al., 1976), in France (V ear, 1978), 
and also in Hungary (V irányi, 1978) made this evaluation questionable.
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For this reason an attempt was made to find out a better evaluation tech
nique which, on the basis of various disease symptoms, allows to determine the 
different levels of resistance to downy mildew of sunflower.

Materials and Methods

Pregerminated seeds of sunflowers known to be susceptible and resistant 
to P. halstedii, respectively, were inoculated by the WSI method and the plants 
were grown either in the greenhouse or in a controlled cabinet. The assessment 
for resistance was made two times after inoculation, at cotyledonary and four- 
leaf stage of the seedlings by registering the number of plants per each cultivar 
showing sporulation, leaf chlorosis, damping off, as well as hypocotyl lesions.

Results and Discussion

According to the disease symptoms obtained in our experiments all sun
flower plants could be arranged in one of the four groups shown in Table 1. Each 
group represents a host-parasite interaction different from the others, as it is 
demonstrated on the right of this table. It is easy to recognize that the degree 
of downy mildew resistance is closely associated with the extent of fungal invasion 
within the seedlings. Although, most of the plant breeders consider the sunflowers 
belonging to groups 2 to 4 practically resistant to P. halstedii, the great number 
of such plants, infected to some extent by the pathogen, is of practical importance.

When compared various sunflower cultivars in respect of their response 
to P. halstedii infection, it was found that susceptibility is less uniform than it 
was expected, which may probably due to individual diversity rather than any

Table 1

Classification of sunflowers for resistance to Plasmopara halstedii

Group
Response to downy 

mildew Disease symptoms Extent of fungal invasion

I. Susceptible damping off, sporulation on hypocotyl 
and true leaves 

leaf chlorosis
sporulation on epicotyl pieces

entire plant

и. Moderately
resistant

sporulation on hypocotyls 
and cotyledons

roots, hypocotyl and 
cotyledons

h i . Resistant lesions and/or sporulation on hypo
cotyls

roots and hypocotyl

IV. Highly resis
tant

no symptoms no fungal invasion
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Table 2

Segregation of sunflower cultivars for the degree of downy mildew resistance

Cultivar
%Z°r plants

resistance
Susceptible

Moderately
resistant Resistant Highly

resistant

Chakinskii 269 94 3 3 0

GK-70 — 89 0 и 0

Sorem-80 pii 2 41 26 31
Sorem-82 Ph 2 31 39 28
Remil pi2, pi3 13 3 67 17
Luciole pi2, pi3 5 0 61 34
NK-212 pi2, p i 3 23 0 31 46
NSH-26 pi2. pi3 1 2 0 34 54

resistance factor (Table 2). A very remarkable ratio of the seedlings containing 
the gene Id, against P. halstedii showed sporulation on the cotyledons of the 
inoculated plants. It means that the gene Plx seems to be unable to control effec
tively this type of infection. However, the sunflower cultivars with the genes Pl2 
and Pl3, proved to be much more resistant to downy mildew, especially the culti
vars NK-212 and NSH-26, where half of the seedlings escaped the infection.

From our results it is clear that there is a complex relationship between 
sunflower and P. halstedii which involves susceptible, highly resistant, and some 
intermediate forms. To determine the practical value of these, further experi
ments in the field are needed.
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Systemic Acquired Resistance of Cucumber 
to P se u d o m o n a s  la c h r y m a n s  as Expressed 

in Suppression of Symptoms, but N otin  Multiplication
of Bacteria

By

M. Doss and M ária H evesi

Research Institute for Plant Protection, 1525 Budapest, P.O. Box 102, Hungary

Infection of the first true leaves of cucumber with Colletotrichum lagenarium 
or treated with HgCl2  induced necroses on the leaves. Acquired (induced) resistance 
was developed in the upper leaves of cucumber against the symptoms caused by 
Pseudomonas lachrymans used as a challenge. Only the symptoms of disease was 
suppressed in the resistant leaves, bacterial multiplication was not altered.

It has been shown that the systemic acquired resistance (induced protection) 
suppresses symptoms of diseases caused by viruses, bacteria and fungi (B ozarth  
and Ross, 1964; Van Loon, 1976; Ross, 1961; L eben, 1964; Kuó et al. 1975; 
Sziráki et al., 1980). In the case of virus infections it was also shown that 
multiplication of the virus was not influenced by the acquired resistance, only 
the necrotic symptoms have been inhibited (Balázs, Sziráki and K irály , 1977). 
On the other hand, Caruso and Kud (1979) claimed that both the symptoms 
and the bacterial multiplication of Pseudomonas lachrymans were suppressed in 
cucumber leaves in which the systemic acquired resistance have been developed.

In this paper we are reporting on experiments which clearly demonstrate 
that multiplication of P. lachrymans is not affected in resistant leaves of cucumber, 
only the symptoms of disease is inhibited as a consequence of acquired resistance.

Materials and Methods

Pseudomonas lachrymans (Sm. and Bryan) Carsner, L9 (isolated in Hungary, 
in 1972 by Éva V isnyovszky) was used in the experiments. Cucumber plants 
(Cucumis sativum L., Hungarian cultivar Francia fürtös) susceptible to anthrac- 
nose and angular leaf spot were grown from seed in pots under greenhouse condi
tions and inoculated with P. lachrymans. Twenty-four-hour log phase cultures 
of bacteria (3 x 105 cell ml-1) were sprayed onto the abaxial surface of cucumber 
leaves using an atomiser from a distance of 5 cm to produce mechanical water- 
soaking of leaves. This technique permitted to introduce a large number of bac
teria into the intercellulars, and, thereby it was possible to detect significant 
differences in bacterial multiplication during a considerable short time.
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Numbers of bacteria in infected cucumber tissues were estimated using the 
conventional (10 fold) dilution plate methods. Results are expressed as the loga
rithm of viable colony numbers per 1 cm2 of leaf area.

In some experiments we wanted to determine the extent of necrotization 
in control as well as in resistant leaves. In order to avoid mechanical water-soak
ing or injuries of leaves, a suspension of 108 cell ml-1 of isolate L9 was sprayed 
on the abaxial surface of cucumber leaves with an atomizer from a distance of 
20 cm to get angular leaf spot symptoms.

Colletotrichum lagenarium (Pass.) Ell. and Hals race 1 was provided by 
Prof. J. Kuc of the University of Kentucky, Kentucky. The inoculum consisted 
of 106 conidia ml-1 of the fungus. The inoculation was made as follows: The first 
true leaves of cucumber were sprayed on the upper sides with the suspension 
of the fungus, and then plants were placed into a moist chamber for 1 day at 
26 °C. HgCl2 (0.1%) was dropped to induce necrotic spots, 20 per leaf, on the 
first true leaves of cucumber similar to necroses induced by the fungus. The

Fig. 1. Multiplication of Pseudomonas lachrymans in tissues of upper cucumber leaves chal
lenged 7 days after the inoculation of the lower leaves with Colletotrichum lagenarium or 

treated with HgCl2  (0.1%). Inoculum contained 3 x 1 0 s cell ml- 1  bacteria
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acquired resistance in the upper leaves developed 7 days after the inoculation 
or treatment of the first leaves mentioned above. Accordingly, the upper second 
leaves were inoculated with the bacterium 7 days after the first inoculation or 
treatment with HgCl2- In every case the effectiveness of systemic acquired resis
tances was checked by inoculation one paît of plants on the second leaves by
C. lagenarium and P. lachrymans.

Results and Discussion

We wanted to determine the number of bacteria in the upper (second) 
leaves 7 days after the challenge inoculation. The first (lower) leaves were treated 
with water (control), with HgCl2 or inoculated with Colletotrichum lagenarium. 
As is seen on Fig. 1, there was no difference in the number of bacteria in the 
upper leaves during 3 days after the challenge whether there was induced a sys
temic acquired resistance in those leaves or not (water control). Regarding the 
development of symptoms Table 1 shows the results of another experiment. One 
can see that necrotic symptoms caused by P. lachrymans in the upper leaves are 
suppressed when the systemic acquired resistance was induced either by C. lage
narium or by treatment with HgCl2. Also in this experiment we checked the 
bacterial multiplication, however, in this case after the appearance of the symp
toms (on the seventh day after the challenge). The bacterial number in the upper 
leaves was not significantly altered by the acquired resistance. In other words, 
it turned out that resistance in the upper leaves was effective against the necrotic 
symptoms but not against multiplication of bacteria.

Table 1

Changes in the number of necrotic spots, in the diameter of spots and in number of bacteria 
of the whole cucumber leaves caused by Pseudomonas lachrymans in the upper leaves 7 days

after the first treatments

First treatment  or 
inoculation on  the 

1st leaf1

N um ber o f  necrotic 
spots on  the upper 
leaves after challenge'

Diameter of  necrotic 
spots2 (mm)

Bacterial number in the 
upper leaves after 

challenge2

Water1 49.0 3.0 6.4 X 10s

HgCU 18.0 2 . 0 8 X 10s

C. lagenarium 5.3 1 . 0 2.1 X 108

1 The first true leaves of cucumber were infected with the fungus, 10° conidia ml l, 
treated with water or HgCI2 (0 .1 %).

2  Challenge inoculation was made by spraying the upper leaves (2nd leaves) with 
a suspension of P. lachrymans (108  cell ml-1). 7 days after the first treatments. Necrotic were 
counted or measured. The number of bacteria was estimated in the whole leaf 7 days after 
the challenge.

Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981



2 7 2 Doss, Hevesi: Systemic acquired resistance

These results contradict the paper of C aruso  and Ku6 (1979) in which they 
came to the conclusion that both symptoms of disease and multiplication of bac
teria would be suppressed by acquired resistance. We used the very same strain 
of C. lagenarium as the above-mentioned authors, however, the variety of cucum
ber and the strain of P. lachrymans were different.

It is worth to mention that systemic acquired resistance does not suppress 
virus infectivity only the necrotic symptoms of TMV (Balázs et al., 1977).
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Changes in the Development and Metabolism 
of Sunflowers Infected by P la s m o p a r a  h a ls te d ii

By

F. V i r á n y i  and G. O r o s

The sunflower cultivars, VNIIMK. 6540 and Remil, susceptible and resistant 
to downy mildew, respectively, were inoculated with Plasmopara halstedii at the 
germination stage, and were grown in the greenhouse until they developed four true 
leaves. The plants for analysis were classified as noninfected, infected symptomless 
and diseased ones, the latter showing retarded plant growth (resistant cultivar) or 
severe stunting with leaf chlorosis (susceptible cultivar).

Depending on the intensity of infection and the cultivar tested significant 
differences have been found in plant weight, stem to leaf ratio, chlorophyll content, 
photosynthetic pioductivity, as well as distribution of 14C labelled photosynthetic 
assimilates among the plant organs. It was concluded that the photosynthetic activity 
and the distribution of assimilates in both kinds of sunflowers is closely associated 
with internal development of the pathogen.

The downy mildew of sunflower, caused by Plasmopara halstedii (Farlow) 
Berlese et de Toni, is a widespread and serious disease. The fungus usually attacks 
the plants very early in the season, i.e. at a period between seed germination and 
emergence, mostly resulting in systemic infection of such plants. The most typical 
symptoms include stunting, leaf chlorosis and degeneration of the underground 
tissues. Although all these symptoms occur on sunflowers susceptible to downy 
mildew, the pathogen is able to induce retarded plant growth and tissue degenera
tion in a number of resistant sunflower plants as well ( V i r á n y i , 1978).

There are only a few data in the literature concerning changes in the metabol
ism of the downy mildewed sunflowers. So, N o v o t e l n o v a  (1966) and V e n c l a v o -  

v i t s  et ai (1963) reported about a higher respiration rate, an increased enzyme 
activity, and a lower carbohydrate content due to downy mildew infection.

The aim of this study was to determine the changes in the photosynthetic 
activity and distribution of photosynthetically fixed radiocarbon between leaves 
and stem of susceptible and resistant sunflowers infected by P. halstedii.

Materials and Methods

The sunflower cultivars VNIIMK 6540 and Remil, susceptible and resistant 
to downy mildew, respectively, were inoculated by the whole seedling immersion 
method ( C o h e n  and S a c k s t o n ,  1973). The plants were then grown in the green
house until they reached the four leaf stage, when the typical symptoms of the 
disease appeared.
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The seedlings of both cultivars for analysis were classified as non-infected, 
healthy (H), infected symptomless or latent infected (L) and diseased with symp
toms (D), the latter showing retarded plant growth (resistant cultivar), or severe 
stunting with leaf chlorosis (susceptible cultivar). In every plant either non-in
fected, or latent infected, the presence or abscence of the fungus was checked 
microscopically.

Measuring the photosynthetic activity. The soil was washed off from the 
roots with tap water, and the plants were put into Hoagland’ —Arnon’s nutrient 
solution (half strength). After two hours they were put into an isolator supplied 
with artificial light of 10 000 lux, where they were incubated in 14COa atmosphere 
for 1 hour. The fixed 14C was measured in the tissues of leaves and stem, re
spectively. The results were calculated on the basis of both fresh weight and chloro
phyll content.

The chlorophyll content was determined according to G r o d z i n s k y  (1973) 
in acetonous solution, using the following formules:

chlorophyll a: ±  9.784 D 662 — 0.990 De(i4 mg/1
chlorophyll b: ± 21.426 D044 —4.650 D002 mg/1.

The values obtained were calculated to one plant, unit of leaf area, as well as 
crude plant weight. In addition, the chlorophyll ajb ratio was also calculated.

The surface of the leaves was determined by using the planimetric method, 
and the result are given in cirf/plant.

In previous experiments we have found that, at least in our conditions, 
96 — 98% of the chlorophyll of sunflower seedlings occurred in the leaves, and 
furthermore 99.5% of the total radioactivity incorporated was found in the 
leaves and stem. Thus, the chlorophyll content of the stem, as well as the radio
activity obtained in the roots were omitted throughout this experiment.

Results

By the time the sunflower plants were taken for analysis they were colonized 
by P. halstedii in a different way. So in case of latent infection the fungus invaded 
the hypocotyls of both cultivars to a very limited extent, the diseased resistant 
plants, however showed extended fungal growth in their roots and hypocotyls. 
Of course, entire plants of the diseased susceptible cultivar were invaded.

Depending on the infection rate and the cultivar tested significant differ
ences were found in weight of the seedlings. In Fig. 1 it is demonstrated that the 
total weight of the infected symptomless plants of Remil was less than that of the 
control, while no such difference could be detected in the susceptible plants. 
Nevertheless, when compared the diseased plants of both cultivars which showed 
typical symptoms, a remarkable decrease of plant weight at each was found. 
In addition, there was also a significant difference between the stem to leaf ratio 
of the susceptible diseased, as well as symptomless or healthy plants.
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9r

leaves

stem

H - healthy
L - latent infected
D - diseased with symptoms

Fig. 1. Effect of disease rate of sunflower downy mildew on the weight of leaves and stem
associated with disease resistance

Similar result were obtained when differences in leaf surface were examined 
(Table 1). While a decrease of 14% of the total leaf area was found in case of 
symptomless resistant plants, this reduction was much more less in the susceptible 
latent infected seedlings. However, as a result of pronounced development of 
P. halstedii completed with disease symptoms the surface of leaves of the cultivar 
VNIIMK 6540 was reduced, but no such influence on the leaves of Remil was 
found.

In relation to weight and area of the leaves it was concluded that, as a result 
of severe infection, the specific weight of the susceptible leaves proved to be 
higher compared to symptomless or healthy ones, while no difference could be 
detected in case of resistant variety.

Investigations on the chlorophyll content of sunflowers revealed that downy 
mildew infection and the disease rate are closely associated with a lower amount 
of chlorophyll in the leaves (Table 2), which was more evident in the resistant 
plants. Furthermore the diseased plants of both types of cultivars differed greatly 
in the chlorophyll a/b ratio. The higher amount of chlorophyll a in the susceptible 
seedlings was in contrast with an increase of chlorophyll b in the cultivar Remil.

In Table 3 changes in the photosynthetic activity of sunflowers due to 
P. halstedii infection are demonstrated. Although a close correlation was found 
between the increased infection rate and the lower amount of photosynthetic 
productivity in both cultivars, this decrease was more evident in the resistant
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Table 1

The areas and specific weight of leaves of sunflower 
plants diseased at different levels by P. halstedii

Variety H e a lth y L a ten t infected | D iseased

Area of leaves cm2/plant VNIIMK 6540 55 52 36
Remil 45 38 38

Specific weight of leaf tis- VNIIMK 6540 18.7 17.9 22.4
sue mg/cm2 Remil 2 2 . 8 21.4 15.3

Table 2

The chlorophyll content of sunflower plants diseased at different levels by P. halstedii

V ariety H e a lth y L a ten t infected D iseased

VNIIMK 6540 0.36 0.26 0.15
mg chlorophyll/plant

Remil 0.78 0.41 0.26

mg chlorophyll/dm2 of leaf VNIIMK 6540 0.70 0.50 0.42
area Remil 1.74 1.07 0.70

VNIIMK 6540 1 . 2 1 1.54 1.27chlorophyll a/'b
Remil 1.47 1 . 2 0 0.79

Table 3

Differences in the photosynthetic 1JC assimilation of susceptible and resistant sunflowers
induced by P. halstedii

V ariety H e a lth y L a ten t infected D iseased

Productivity cpm/plant VNIIMK 6540 1 17 377 102 007 46 075
Remil 130 553 91 001 50 934

Specific activity of photo
synthesis cpm/mg of chlo
rophyll

VNIIMK 6540 
Remil

325 775 
166 437

395 223 
220 876

308 657 
193 298

Significance of differences in specific photosynthetic activities: 
VNIIMK 6540 L >  H =  D 
Remii L >  D ~  H
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plants. In addition, the specific photosynthetic activity of both cultivars proved 
to be higher than that of the control, when the plants were latent infected, and 
this increased activity remained in the diseased resistant plants (Table 3).

The distribution of assimilates labelled with 14C are illustrated in Fig. 2. 
With the increased disease rate the amount of incorporated radioactivity de-

Fig. 2. Productivity of photosynthesis and distribution of assimilates (labelled with 1 4C) 
between leaves and stem after one hour of exposition. (Area of each circle is proportionated 
to incorporated radioactivity.) H — healthy; L — latent infected; D — diseased with

symptoms

creased in both cultivars, and there was a positive correlation between the severity 
of infection and the sites of accumulation of the photosynthetic products in 
the host.

Thus, the amount of incorporated 14C was found to be higher in hypocotyls 
of the latent infected plants of both cultivars, than in hypocotyls of the healthy 
sunflowers. However, the majority of these assimilates always occurred in the 
leaves of the diseased susceptible plants.

These results mentioned above are also shown in Fig. 3, where plant tissues 
colonized by the pathogen are also indicated. Each circles are proportional to 
the corresponding radioactivity, and the ratio of their distribution is given by 
presenting the К values of each. For instance, in case of Remil there was no 
difference at all between the К values of the latent and diseased plants, but in 
contrast, plants of the susceptible VNIIMK 6540 showed significant differences 
in this respect.
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О TOOOOcpm

Fig. 3. Distribution of 14C between leaves and stem after one hour of exposition. (Lined 
areas mean the occurrence of the fungus.)

radioactivity in the stem 
radioactivity in the leaves

H — healthy; L — latent infected; D — diseased with symptoms

Discussion

The downy mildew pathogen, P. halstedii has a very remarkable influence 
on the development of sunflower plants. Similarly to N ovotelnova (1966) it was 
found that the downy mildew infection causes significant reduction in size and 
weight of the susceptible sunflower plants, but no such indications of the infected 
resistant sunflowers are available in the literature.

From our experiments it was concluded that the sunflower cultivars either 
susceptible or resistant to downy mildew react to infection in a different way. 
While in case of susceptibility a positive correlation was found between the ex
tent of fungal colonization and the relative weight of stems, no such difference 
could be detected in the resistant plants.
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Furthermore, there were significant alterations in the following parameters: 
chlorophyll content and concentration, and the chlorophyll ajb ratio. As it is 
demonstrated in Table 3, the healthy resistant sunflowers contain double amount 
of chlorophyll than susceptible ones, but this difference does not imply significant 
increase of photosynthetic productivity of the former. Nevertheless, the chloro
phyll content and photosynthetic productivity of both cultivars were lower in the 
infected and diseased plants compared to healthy ones. The differences in these 
parameters correlated with the disease rate, but in different manner. It means 
that the specific photosynthetic activity of latent infected sunflowers increased.

Apart from changes in the chlorophyll content mentioned above a very 
remarkable but contrasting alteration was evident in the chlorophyll ajb ratio 
of the cultivars, the cause of which is still unknown.

From our results it was also pointed out that the downy mildew infection 
has a major influence on the distribution and accumulation of photosynthetic 
assimilates within the host. Thus, there was a very close correlation between the 
amount of incorporated 14C and the site of fungal invasion in the sunflower 
plants. While in the healthy sunflowers a more or less uniform distribution of 
these assimilates was found, in case of latent infection they tended to be attracted 
to hypocotyl tissues of both cultivars. In the diseased susceptible plants, however, 
most of the photosynthetic products were located in the leaves, i.e. at the site 
of intensive fungal development.
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The variety reaction to F. graminearum infection depends heavily on the aggres
siveness of inocula used. Therefore a nearly stable aggressiveness level should be 
secured to decrease the risk of using inocula with uncontrolled aggressiveness.

No vertical races were verified, actually similar results can be achieved with 
any isolate of F. graminearum. So the use of mixture of different isolates or inocula 
has no practical value. Only differences in aggressiveness were found, every isolate 
can be considered as a horizontal race of the species.

The reproduction of the experimental results is not perfect, even with im
proved methods remain problems. The source of this is the immanent character of 
the host-pathogen relationship, where no host, no pathogen has the stability in aggres
siveness or resistance, respectively. With improved knowledge on factors resulting 
inconsistency the experiments can be made more exact, but the correctness of the 
results with obligate pathogens can not be achieved. If the same variety Sortiment 
in two parallel tests gives a correlation above r =  0.70, the results are considered 
to be valuable for further use.

One of the main problems ot resistance tests is to reproduce properly the 
experimental results. This is especially valid for diseases caused by pathogens 
of high variability. The seedling and head blight caused by different Fusarium 
species in wheat belongs to this group.

Extensive studies (E ide, 1935, G oddard , 1939, U llstrup, 1935) proved 
that the species F. graminearum is a population of individuals with very large 
differences in morphological and pathological characteristics. Similar conclusions 
were drawn recently by M esterházy (1978a).

The poor replicability of Fusarium tests (A nderson , 1948; C apetti, 1974; 
pers. communication, H anson et ai, 1950; M esdag, 1976; pers. communication, 
Scon, 1927) is probably caused by methodical problems of inoculation in addi
tion to the variability of the fungus and host plant (M esterházy, 1977a, 1978a).

In this paper the effect of variability within F. graminearum is studied on 
the expression of resistance of wheat to seedling blight.
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Materials and Methods

For inoculation isolates of F. graminearum identified by the author accord
ing to Booth’s (1971) Fusarium manual were used.

To raise the inoculum the bubble breeding method of M esterházy (1977a) 
was applied. The isolates and their conidium concentrations for the 1st, 2nd and 
3rd experiments are listed in Tables 1, 7, and 8.

Table 1

Conidium concentrations of the inocula used in the 1st experiment

Iso la te

C onid ium  c o n c e n tra tio n  X 106/ml

1st 2nd

test

648 1 . 0 1 0 .0 0 *
3 689 0.53 0 . 0 0

4 530 0.83 0 . 0 0

6  967 1 . 1 1 0 . 0 0

7 783 0.75 0.25
10 897 0.50 0 . 0 0

* Only mycelium was present

In the 1st experiment eight wheat lines with different reaction to F. grami
nearum were choosen based on three years testing procedure.

The inoculations were made with the Petri dish method (M esterházy, 
1978a). Five replicates were set for each treatment, every replicate contained 
25 surface disinfected seeds (1 % NaOCl solution, for 20 minutes). The number 
of isolates were six. The number of healthy germs was counted from the 2nd 
to the 6th day daily after sowing. The experiment was repeated with new inocu
lums of the same isolates in order to obtain data about the aggressiveness of the 
isolates.

In the 2nd experiment the reaction of four wheat lines to 26 isolates of F. 
graminearum was studied. Every treatment had four replicates, the method of 
evaluation was the same as performed in the 1st test. To decrease the high 
number of entries into the biostatistical evaluation, the means of five readings 
were used.

In the 3rd experiment the variability of three of the 26 isolates was studied 
on four genotypes of winter wheat. Six parallel inocula were produced from every 
isolates and utilized for inoculation. The treatments were set in five replicates.

The biostatistical evaluation included variance and correlation analyses.
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Results
1st experiment

The variance analysis is shown in Table 2. The more complex interactions 
are subordinated to the less complex ones and all of the interactions differ signif
icantly from the main sources of variance, e.g. wheat line, isolate, time of reading

Table 2

Isolatum specific reaction of wheat genotypes to F. graminearum. Variance analysis

Source of variance SQ FG MQ F, F,

Genotype (A) 78 191.99 7 11 667.43 111.04*** 46.94***
Isolate (B) 67 398.11 5 13 479.62 128.29*** 54.23***
Date of reading 1 635 092.71 4 408 773.18 3898.48*** 1644.69***
Biological repetition 84 973.67 1 84 973.67 808.73*** 341.89***
A x В 18 858.67 35 538.62 5.12*** 2.16***
A x C 30 818.21 28 1 100.65 10.47*** 442***
A x D 13 239.78 7 1 891.40 18.00*** 7.61***
B x C 56 621.01 20 2 831.05 26.94*** 11.39***
B x D 164 189.08 5 32 837.82 312.53*** 132.12***
C x D 16 648.62 4 4 162.41 39.61*** 16.74***
A x B x C 21 941.11 140 156.72 1.49*** 0.63
A x  B x D 14 866.86 35 427.77 4.07*** 1.72***
A x  C x D 10 866.72 28 388.10 3.69*** 1.56***
B x C x D 33 522.64 20 1 676.13 15.95*** 8.74***
A x B x C x D 34 796.17 140 248.54 2.36***

Error 201 783.25 1920 105.07

Total 2 483 744.60 2399

*** P =  0.001
F, =  F values based on the error
F„ =  F values based on the A x B x C x D  interaction

and biological replication. These effects do not overcome independently of each 
other, the significant interactions demonstrate this.

As the explanation of the three- and four-way interactions is subjective, 
so to the main effects and double interactions were paid attention.

Main effects

The response of winter wheat genotypes (Table 3) is very similar in both 
tests. This agrees well with the results of the earlier experiments.

The aggressiveness of the isolates (Table 4) shows significant differences, 
the two partial experiments did not give the same results. On this small basis the
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Table 3

Reaction of winter wheat genotypes to F. graminearum measured by the number of living
germs related to the control

Genotype
G erm ination of 

the check

Test

1 2 Mean

in % o f  the control

74-2 95.20 44.56 32.63 38.60
74-10 99.20 35.25 29.43 32.34
74-14 96.80 34.72 28.69 31.70
74-127 95.20 46.26 27.90 37.08
74-146 95.20 41.24 2 2 . 2 1 31.72
74-158 94.40 29.76 20.64 25.20
74-333 92.80 25.22 14.46 19.84
74-394 98.40 40.37 26.36 33.31

LSD 0.1% 4.27 3.45 2.75

Table 4
Aggressiveness of the isolates of F. graminearum, measured by the number of living germs

related to the check

Isolates
No.

Test

1 2 Mean

in % o f the check

648 37.81 17.27 27.54
3 689 34.61 39.82 37.22
4 530 23.67 19.47 21.57
6  967 36.65 29.59 33.12
7 783 51.24 13.66 35.87

10 897 32.15 31.90 32.03

LSD 0.1 % 3.70 3.01 2.37

Table 5
Number of living germs according to the reading dates due to F. graminearum infection 

Data are related to the not infected control

D ate  o f 
reading

Test

1 2 Mean

2 nd day 78.90 71.56 75.23
3rd day 56.29 34.43 45.36
4th day 26.85 15.64 21.14
5th day 15.21 3.72 9.46
6 th day 8.61 1.04 4.84

LSD 0.1 % 3.38 2.75 2.15
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identification of horizontal races was not possible, therefore this problem was 
studied in more detail in the 3rd experiment.

The development of the infection process (Table 5) is different in the two 
partial experiments. A higher aggressiveness always results in a higher decreas
ing ratio of living germs.

Interactions

From cur point of view the analysis of the genotype x isolate interaction 
is the most important. The variance table (Table 2) clearly shows that the level 
of interaction is relatively low, it just over the limit of significance. The results 
are presented in Fig. 1.

The wheat lines do not react by the same way to different isolates. This 
specificily is, however, not a stable characteristic of the host-pathogen relation
ship, the different inocula of the same isolates behave themselves as they would 
belong to entirely different isolates. Therefore the specificity is not an immanent

Table 6

Correlation coefficients between genotype performances to different F. graminearum isolates

No. o f test Isolates 10 897 4530 3689 6967 648 7783

l 10 897 _ 0.78*** 0.83*** 0.71* 0 .6 6 ° 0.85***
4 530 — — 0.94*** 0.83*** 0.89*** 0.76*
3 689 — — — 0 .8 8 *** 0 .8 6 *** 0.83***
6  967 — — — 0.79** 0.74*

648

Mean r == 0.80

0.63°

2 10 897 _ 0.84*** 0.70* 0.51 0.76* 0.87***
4 530 — — 0.62° 0.74* 0  9 3 * * * 0.96***
3 689 — — — 0.40 0.38 0.81***
6  967 — — — — 0.73* 0.70*

648

Mean r = 0.72

0.85***

Mean of 10 897 _ 0.85*** 0.77* 0.56 0.84*** 0.85***
1 +  2 4 530 — — 0 .8 8 *** 0.79** 0.94*** 0.80**

3 689 — — — 0 .6 8 ° 0.76* 0.93***
6  967 — — — — 0.81** 0.53

648 — — — — — 0.71*

Mean r =  0.78

*** P =  0.001 ** P =  0.01 * P =  0.05 °P =  0.11
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Fig. 1. Interaction between winter wheat genotypes and isolates of Fusarium graminearum

Fig. 2. Interaction between winter wheat genotypes and days after inoculation with Fusarium
graminearum

characteristic of the isolates, like it is in the case of rust races, but a steadily 
changing phenomenon.

In spite of the differences in range orders, the genotype reactions are very 
similar to each isolates. The close correlations between variety reactions to dif
ferent isolates support this insight (Table 7).
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Table 7

Effect of 26 isolates of F. graminearum on four genotypes of winter wheat in seedling stage 
test. Data are means of four readings in % of the control

No.
Isolate conidium 

concentration 
X  10e/ml 74-2-3

Genotypes

74-2-5 M eanBzt-1 74-160-10

Germination of the control
in % 95,32 96,00 98,00 1 0 0 . 0 0 97,32

648/1 0 . 0 1 42.18 16.38 45.35 8 8 . 0 0 47.98
648/2 1.58 24.60 20.55 50.23 54.50 36.44

2 856 0.27 17.25 1 0 . 2 0 43.30 59.25 32.50
3 682 0 . 6 8 3.35 2.58 22.13 39.00 16.77
3 711 1 . 2 2 83.88 86.93 97.65 89.50 89.49
3 715 0.47 10.95 3.35 16.30 30.43 15.26
3 905 0.27 0 . 0 0 0 . 0 0 0 . 0 0 1.25 0.31
4 041 0 . 0 1 1 2 . 0 0 9.58 1 1 . 6 8 52.25 21.38
4 059 0.25 40.63 20.53 42.16 65.00 42.24
4 366 0.30 11.23 2.03 13.23 56.00 20.26
4 502 0.83 97.03 8 6 . 6 8 98.68 84.75 91.79
4 530 0.90 10.15 3.10 22.40 45.25 20.23
7 073 O.OO1 33.50 27.83 60.15 80.75 50.56
7 252 0.63 29.33 15.85 35.18 41.00 30.34
7 558 0 . 0 0 16.20 33.80 40.00 68.25 39.56
7 874 1.73 16.20 10.38 37.20 63.25 31.76
7 905 0 . 0 1 21.73 11.95 38.23 69.75 35.42
8  179 0 . 0 0 28.28 18.95 60.90 6 6 . 0 0 43.53
8  760 0.45 4.13 0.50 2.25 20.50 6.85
9 800 0 . 8 8 0 . 0 0 0 . 0 0 0 . 0 0 1.75 0.44

10 758 1.32 28.00 18.98 65.55 74.00 46.63
10 791 1.47 17.00 12.98 27.25 61.50 29.68
10 885 1.63 4.15 1.50 9.33 15.72 7.83
10 887 1.17 15.68 17.15 42.25 67.60 35.65
10 897/1 0 . 0 0 19.63 15.05 53.18 6 6 . 0 0 38.47
10 897/2 0 . 0 1 3.33 2.83 8.13 36.50 12.70

Mean 22.71 17.29 36.31 59.76 32.84

LSD P=0.00l P=0.01 P=0.05
1  only mycelium occurs Genotypes 7.96 6 . 2 1 4.72

Isolates 20.29 15.83 12.04
Combinations 40.59 31.66 24.08

Correlation coefficients Bzt-1 74-160-10 74-2-5
Parameters

74-2-3 0.94*** 0.89*** 0.70***
Bzt-1 — 0.87*** 0.64***
74-160-10 — — 0.83***

*** P =  0 .0 0 1
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Fig. 3. Aggressiveness of Fusarium graminearum isolates on successive days after inoculation

There are significant interactions between varieties and reading data (Fig. 2). 
On the second day only the most susceptible lines differ significantly from the 
others, the differences between lines occur first on the third day after inoculation. 
The ratio of decrease of living germs differs from genotype to genotype. Hence 
the difference between the tolerant and susceptible lines is of quantitative nature, 
the decrease of living germs is more rapid in susceptible lines. This makes under
standable also why the plant response depends on aggressiveness of the inoculum 
used. The data show furthermore that a longer observation period is necessary 
to obtain more exact data about the performance of genotypes investigated.

Similarly significant interactions were calculated between isolates and read
ing data (Fig. 3). This is a factor which influences the replicability of the results 
and helps to clarify some of the background of the problem.

For the other double interactions where one factor is the biological replica
tion show the incompleteness to reproduce perfectly the results. The tendency 
of ranks is, however, the same to any isolates investigated, the best materials are 
always the same.

I suppose that the isolates belong to the same vertical race of F. graminearum 
and differences in host ranks are accidental only. This means that one experi
ment is enough to screen a large amount of material, but another test is necessary 
to identify smaller differences. Earlier results (M esterházy, 1977b) and these 
findings show that mixing of different isolates or using single isolates is an arbi
trary problem.
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How can we secure the nearly uniform aggressiveness in the experiments? 
Conidium concentration does not fit for this purpose (M esterházy, 1978a). 
The answer is a biological test, where the same seed stock is used to control 
aggressiveness. By this way the necessary level of dilution can be identified for 
very aggressive inocula and the weak inocula can be discarded. By this way the 
use of inoculums with unidentified aggressiveness can be avoided. As the results 
show even in this case occur deviations of smaller importance. Therefore, part 
of experiments or the whole should be tested again to control the reliability of 
the data. If the correlation between tests is above r = 0.70, the results can be 
accepted. In other case methodical problems are responsible for the deviations.

2nd experiment

The results are shown in Table 7. The isolates differ significantly from each 
other in aggressiveness, where between minimum and maximum of disease many 
intermediates occurred. The differences in disease reactions are clearly bounded 
to the aggressiveness of isolates used. For example, isolates 3711 and 4502 are 
very weak of aggressiveness, no significant reaction differences were observed. 
On the contrary, isolates 9800 and 3905 are very aggressive, again without signif
icant differences in disease reaction. Significant genotype differences can be ob
served at isolates with intermediate aggressiveness. The variety reactions show 
very close correlations (Table 7) which support the results of the previous experi
ment: with any of the isolates similar results can be achieved except very weak 
and very aggressive inocula. The dependence of the variety ranks on the aggres
siveness is expressed in the significant variety x isolate interaction.

3rd experiment

Results are presented in Table 9. There were significant differences between 
parallels of the same isolates. But the amplitúdó of the deviations was small, 
so the isolates could be identified as horizontal races of the fungus.

Table 8

Conidium concentrations of inocula used in the 3rd experiment

Inocula
Isolates

4059 4502 10 897

i 0 . 0 1 0.26 0 .0 0 *
2 0.45 0.31 0 . 0 0

3 0 . 0 1 0 . 0 0 0 . 0 0

4 0.61 0.26 0 . 0 0

5 0.36 0.63 0 . 0 0

6 0.56 0 . 0 0 0 . 0 0

* Only mycelium was present
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Table 9

Aggressiveness of six parallel inocula of three isolates o f F. graminearum on four wheat 
genotypes. Data are numbers of living germs in % of the not inoculated control

Iso la te

4 502

4 059

10 897

Genotype

Bzt-1
74- 2-8
75- 1-144 
74-182-12
Mean

Bzt-1
74- 2-8
75- 1-144 
74-184-12
Mean

Bzt-1
74- 2-8
75- 1-144 
74-184-12
Mean

Means for inocula

I

100.34
96.24
91.86
86.30
93.69

5.12 
4.42 
0.40 
0.20

2.54

2.66
1.00
0.62
0.20

1.12 

32.33

92.44
98.08
90.18
85.06

94.96
95.04
89.54
87.52

91.44 91.77

15.68
12.30
9.42
2.00

9.85

0.00
0.00
0.00
0.00

0.00

10.72
19.80
6.44
2.62
9.90

0.00
0.40
0.20
0.00

0.15

33.76 33.94

94.72
93.60
85.14
79.78
88.31

6.36
4.84
2.88
2.42
4.13

4.10
2.80
4.12
2.20

3.31

31.91

96.18
98.98
97.12
92.80
96.01

1.02
0.00
0.40
0.00

0.36

0.82
0.60
0.60
1.42
0.86

32.42

96.82
98.50

101.54
96.88
98.44

0.00
1.40 
1.00 
0.00

0.60

0.62
1.40 
0.60 
0.00

M ean

95.91
96.59
92.56
88.06
93.28

6.48
7.13
3.42
1.21

4.56

1.37
1.03
1.62
0.64

0.66 1.02 

33.23 I 32.95
Means for genotypes Bzt-1 34.59

74-2-8 34.91
75-1-144 32.33
74-184-12 30.30

Source o f variance P =  0.001 P =  0.01 P =  0.05

Genotypes (A) 3.31 2.58 1.96
Isolates (B) 2 . 8 6 2.23 1.69
Inocula (C) — 3.15 2.40
A x  В 5.71 4.46 3.39
BX C 6.99 5.45 4.15
A x  C — — 4.79
A x  B x  C — 10.91 8.30

These results support the statements of the two previous experiments. For 
example the very aggressive isolate 10 897/2 killed every genotype without differ
ence. On the contrary, isolate 4502/6 did not cause any significant harm to seed
lings. Other inocula like isolate 4502/1 or 4059/3 produced significant variety 
differences. The variety ranks for the three isolates are the same (see average data).
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As in the previous experiments the significant variety x isolate interaction 
was shown, here, too, the background of this is considered the same discussed 
earlier.

Discussion

The species F. graminearum is a species consisting of innumerous horizontal 
races with different aggressiveness. The disease causing capacity of individual 
inocula of the same isolate may show differences, even major deviations may 
occur. Generally, a weak isolate can not give inoculum of good quality, therefore, 
such isolates should not be utilized for serial tests. Isolates with high aggressive
ness regularly give inocula of good quality, but exceptions often occur. Therefore, 
tests are necessary for pathogenicity.

According to Burgess (1975, pers. comm.) and F rancis and Burgess (1977) 
two vertical races are existing within F. graminearum. They are connected to the 
sexual stages of the fungus. Our isolates were identified as members of the second 
vertical race, where the fungus is homothalic (B urgess, 1978, pers. comm.).

The disease reaction of wheat genotypes depends on the aggressiveness of 
horizontal race used for inoculation. No genotype difference occur at very low 
and very high aggressiveness level, because in the first case no disease develops 
or its amount is very limited, or every genotype is killed, when too aggressive 
isolates are used. Therefore, inocula with intermediate aggressiveness should be 
used for resistance tests. Inocula with too strong aggressiveness can be used after 
dilution.

The isolates for the first experiments were controlled for toxins produced 
by F. graminearum. In this test none of the isolates produced F-2 and T-2 toxins, 
other metabolites with smaller effect were, however, detected. But this was not 
connected to the varietal reaction, every isolate with different toxic background 
gave similar results (M esterházy, 1978b). Therefore, these results and variety 
differences are not a consequence of the toxin production, but that of the different 
fungal activity.

There are significant genotype x isolate interactions in all experiments anal
ysed. This is, however, not connected to races with stable differential interactions. 
Flere the reaction is not stable, so there is no prove that a special isolate would 
prefer a genotype as it occurs in obligate pathogens. Therefore, earlier data about 
vertical races (TU 1930) or genetical results (L arson and A tkinson) or environ
mental variance (N akagawa et al., 1966) should be used with care, because at 
least a part of this variability is due to the incomplete ability to reproduce results. 
The source of this is the instability of the fungus and instability of the host plant. 
It is important to conduct such experiments several times and this helps to de
crease the accidental deviations.

In this paper the effect of variability within the pathogen was studied on the 
expression of the host performance. On the other hand, the variable reaction
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of the host is similarly important. The resistance or tolerance of the genotypes 
is considered genetically to be stable. But actual response may be very different 
depending on physiological and ecological factors. Therefore the identification 
of the genetic background needs more detailed studies. In one experiment, should 
it be as complete as possible, statements can be made only on phenotypical 
reaction of genotypes.
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F u sa r iu m  Wilt of Gladiolus with Reference to Varietal 
Response and Chemical Control in Iraq

B y

A. M. T a r a b e i h , *  S. H. M i c h a i l , *  A. J. A l - Z a r a r i  and S. S u l t a n

College of Agriculture and Forestry, Mosul University, Iraq

Wilt of gladiolus observed for the last two years in Mosul appears to be the 
first record for Iraq. The disease is incited by F. oxysporum f. sp. gladioli (Massey) 
Snyder and Hansen. The disease is corm-transmitted in imported and locally produced 
corms, as the fungus was consistently and considerably isolated from them. Gladiolus 
wilt is more severe in spring than in autumn planting. It could be controlled by pre
planting dips of corms in 0.05% a.i. Benomyl or Thiocur for 15 minutes, followed 
by a drench of the same concentration after 15 days.

In Iraq gladioli are beautiful cut flowers usually grown in autumn and 
spring plantings. In late autumn 1978 and 1979, wilted gladiolus plants were 
observed in the Experimental Station of the College of Agriculture and Forestry, 
Hammam Al-Alil, Mosul, and in special gardens in the vicinity. Wilted plants 
showed bending of the young leaf stalk, with a gradual yellowing and drying 
beginning with the oldest leaves. It is believed that the disease was introduced 
into Iraq in imported corms from Europe especially from the Netherlands.

Wilt is the worst disease of gladiolus. It was reported from USA 
(Me Culloch, 1944). It caused an estimated loss of F /г to 2 million dollars per 
year in Florida alone (Forsburg, 1955). The losses in gladiolus crop were 30% 
in Germany (Bruhn, 1955)and 60-80%  in USSR (Protsenko, 1958). The disease 
was reported from Italy (Petri, 1940), England (Buxton and Robertson, 1953), 
New South Wales and Australia (Anon., 1955), Greece (Demetriades et a i , 1957), 
Egypt (El-Zarka, 1961), India (Singh, 1969) and Lebanon (Saad and N ienhaus,
1969). The present work was carried out in order to study the causal organism, 
varietal response, along with the chemical control.

* Permanent address: Plant Pathology Department, Faculty of Agriculture, Alexandria 
University, Alexandria, Egypt.

Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981



294 Tarabeih et al. : Fusarium wilt o f  gladiolus

Materials and Methods

Samples of imported and local gladiolus corms, each comprising 9 corms 
showing rotting, were used for isolation. Infected parts were washed thoroughly, 
surface-sterilized by dipping in 1 % sodium hypochlorite solution for 5 minutes, 
plated on PDA and incubated at 25 °C.

Gladiolus (cv. Herman van der Mark) was planted in the Experimental 
Station of the College of Agriculture and Forestry, Hammam Al-Alil, Mosul during 
autumn 1978 and spring 1979. Three hundred and eighty corms were planted 
in each season. Gladiolus plants with wilt symptoms were collected and the corms 
of which were used for isolation as described earlier.

Pots, 15 cm diameter, filled with sifted loam soil, were inoculated with the 
isolated fungus at the rate of half petri dish PDA culture/pot. One week later, 
apparently disease-free gladiolus corms of five cultivars, namely, Woodpecker, 
Herman van der Mark, Lilac Wonder, True Love and White Friendship, pre
treated with 1 % sodium hypochlorite solution for 5 minutes, were planted at 
the rate of two corms/pot. Similarly treated corms planted in non-inoculated pots 
served as check. Each treatment comprised four pots. Pots were kept in the 
greenhouse (30 °C) and were examined periodically for eight weeks to determine 
the percentage of infection.

For controlling the disease, Benlate 50, Captan 50, Thiocur 50 and Vitavax- 
Thiram were used. The effect of different concentrations of the tested fungicides 
on the isolated fungus was studied on PDA. The concentrations used were 0.025 %,
0.05%, 0.15% and 0.20% a.i. Check treatment was carried out on PDA without 
fungicide. Inocula, 5 cm in diameter, were taken from the growing margin of 
5-day-old culture of the isolated fungus. Three replicates in each treatment were 
used, and incubated at 25 °C.

The tested fungicides were used at the rate of 0.05% a.i. for treating the 
corms (cv. Herman van der Mark) which were divided into two lots. Corms of 
the first lot were dipped in the fungicide for 15 minutes and then planted in methyl 
bromide-sterile soil contained in plastic bags, 10 cm diameter at the rate of two 
corms/bag. Corms of the other lot were treated similarly with the exception that 
they received a fungicidal drench (100 ml of 0.05% a.i./pot) after 15 days of 
planting.

Results

Isolations. Isolations carried out from the imported (cv. Herman van der 
Mark) and local gladiolus corm samples, and from corms of wilted plants, con
sistently yielded Fusarium oxysporum. Infection percentages were 22.2% and 
100% in the imported and local corms respectively. The infection percentage of 
the naturally-wilted gladiolus plants in the Experimental Station were 11 % and 
80% in the autumn and spring plantings respectively. Pure culture of the isolated 
fungus was maintained on PDA slants.
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Pathogenicity tests. Pathogenicity tests using an isolate of F. oxysporum 
obtained front cornts of wilted plants cv. Herman van der Mark resulted in 100% 
infection after two months in the same cultivar. The other four cultivars showed 
moderate infection. Symptoms were a gradual yellowing, stunting, and then dry
ing of the foliage. Roots showed reduced growth with clear rotting. Corm rot 
started from the parent corm and extended towards the core of the new corm, 
forming a brown-colored triangle with a wide base contacting the parent corm 
and passing into the roots. The disease extended from the top of the brown core 
towards the leaves.

Histopathological studies. Histopathological studies in which free hand sec
tions were made in leaf bases of artificially-inoculated wilted plant (cv. Herman 
van der Mark) and stained with safranin and fast green, showed the presence 
of hyphae in the wood vessels with no such hyphae in the healthy plants.

Table 1
Effect of temperature on the linear growth of 
F. oxysporum f. sp. gladioli, grown on PDA

Temperature
C

M ean daily increase 
in diam eter 

(mm)

1 0 0

15 5.4
2 0 6.7
25 12.3
30 10.7
35 4.8
40 0

Table 2
Effect of certain fungicides on Fusarium wilt incidence of gladiolus, 
applied as pre-plant dips of corms and pre-plant dips +  drenching 

after 15 days

Total num ber o f healthy plants 
after 2 m onths o f planting

Fungicides
Pre-plant dips** Pre-plant dips for 15 minutes**
for 15 minutes +  drenching after 15 days**

Check 0 0

Benomyl 6 8
Captan 50 2 4
Thiocur 50 6 8
Vitavax-Thiram 4 8

* Eight corms/treatment
** Each fungicide concentration was 0.05% a.i.
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Effect o f temperature on fungal growth. The effect of temperature on mycelial 
growth of the isolated pathogen grown on PDA medium at temperatures ranging 
from 10 to 40 °C at 5 °C intervals (Table 1) show that the fungus grew from 
above 10 °C to above 35 °C with an optimum at 25 °C.

Effect of the tested fungicides on the pathogen. In vitro studies of the tested 
systemic and non-systemic fungicides on F. oxysporum f. sp. gladioli at 25 °C, 
showed that Benomyl, Thiocur and Vitavax-Thirm, all at 0.025 % a.i. were effective 
in checking the growth of the fungus. On the other hand, Captan 50 at 0.2 % a.i. 
did not inhibit completely the growth of the fungus.

In vivo studies showed that Benomyl and Thiocur at 0.05 % a.i. were the best 
fungicides in supporting better stand, especially when corms were at first dipped 
in the fungicide followed by drenching with the same fungicide two weeks later. 
Although Vitavax-Thiram gave also an equal stand-in the combined treatment — 
yet the plants were shorter than those treated with Benomyl or Thiram.

Discussion
Wilt of gladiolus which was observed for the last two years in Mosul appears 

to represent the first record of the disease in Iraq (M athur , 1968 and M ostafa , 
1974). The disease is incited by F. oxysporum f. sp. gladioli, as the fungus was con
sistently isolated from the imported and local corms at considerably high rates,
i.e., 22% and 100% respectively. This may support the findings of H enis and 
Z ilberstein (1973) who detected latent infection with F. oxysporum f. sp. gladioli 
in apparently rot-free gladiolus corms. The disease was more severe in the spring 
than in autumn planting, as it was exhibited by 80% and 11% wilted plants, 
respectively. This may be due to the fact that the corms used in the spring were 
taken from the autumn planting. So such corms are prod uced locally and are not 
imported as those used in the autumn planting. Moreover, the causal fungus is 
prevailing during spring in Mosul (22-25 °C), while in autumn the temperature 
is still rather high (23-38 °C). Vlasova and Sh ta in  (1974) found that some 
gladiolus cultivars exhibited 60 — 70% wilt due to F. oxysporum f. sp. gladioli. 
Corm rot started from the parent corm and extended towards the core of the 
new corm, forming a brown-colored triangle with a wide base contacting the 
parent corm and passing into the roots. The disease extended from the top of 
the brown core towards the leaves. This mode of infection agrees with that found 
by M ichail and E larosi (1965).

The present work revealed the effectiveness of using Benomyl or Thiocur 
as pre-plant dip at the rate of 0.05% a.i. for 15 minutes followed by drenching 
with the same concentration after 15 days. Such combined treatment showed 
to be better than the pre-plant dip alone, as it gave higher and more healthy 
plants. These results are in accord with those of F orsberg (1970) and P aulus 
et al. (1970 and 1971) who found that Benomyl was the most effective against the 
disease as it reduced the number of corms infected and increased the number 
of flower harvested.

Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981



Tarabeih et al. : Fusarium wilt o f  gladiolus 297

Literature

A n o n y m o u s  (1955): Plant diseases. Diseases of gladiolus. Agric. Gaz. N. S. W. 66, 212—220. 
B r u h n , C. (1955): Studies on the Fusarium disease of gladioli (agent: Fusarium oxysporum 

Schl. f. gladioli (Massey) Snyder and Hansen). Phytopath. Z. 25, 1 — 38.
B u x t o n , E. W. and R o b e r t s o n , N. F. (1953): The Fusarium yellows disease of Gladiolus. 

PI. Pathology 2, 61—64.
D é m é t r ia d é s , S. D., Z a c h o s , D. G., P a p a io a n n o n , A. J. and C o n s t a n t in o u , P. T. (1957): 

Brief report of the principal plant diseases observed in Greece during the year 1956. 
Ann. Inst. Phytopath. Benaki, N. S. 1, 91 — 97.

E l-Z a r k a , A. M. (1961): Fusarium rot of Gladiolus. Bull. Min. Agric., Egypt, no. 20. (In 
Arabic).

F o r s b e r g , J. L. (1955): Fusarium Disease of Gladiolus: Its causal agent. Bull. Illinois Nat. 
History Sur. 26, article 6 , 447— 503.

F o r s b e r g , J. L. (1970): A comparison of the effects of Thiram and Benomyl used as gladio
lus corm treatments. PI. Dis. Reptr. 54, 289—290.

H e n is , Y. and Z il b e r st e in , Y. (1973): Detection of latent infection in gladiolus corms. 
J. Hort. Sei. 48, 189-194.

M a t h u r , R. S. (1968): The fungi and Plant Diseases of Iraq. Min. Agric., Iraq, 90 p. 
M cC u l l o c h , L. (1944): A vascular disease of gladiolus caused by Fusarium. Phytopathology 

34, 263-287.
M ic h a il , S. H. and E l a r o si, H. (1965): Two strains of Fusarium oxysporum f. sp. gladioli 

causing two different types of infection in Gladiolus. Trans. Br. mycol. Soc. 48, 377— 
379.

M o s t a f a , F. H. (1974): A list of the common plant diseases in Iraq. Min. Agric. and Agrarian 
Reform, Bull. no. 74.

P a u l u s , A. O., B esemer , S., S h ib u y a , F. and N e l s o n , J. (1970): Fungicides and dipping 
interval for control of Fusarium corm rot of Gladiolus. PI. Dis. Reptr. 54, 689—691. 

P a u l u s , A. O., B esem er , S., S h ib u y a , F. and N e l s o n , J. (1971): Systemic fungicides for 
control of Fusarium corm rot of Gladiolus. Calif. Agric. 25, 14—15.

P e t r i, L. (1940): Review of Phytopathological records noted in 1939. Boll. Staz. Pat. Veg., 
Roma, N. S. 20, 1 — 70. (Rev. appl. Mycol. 19, 582.)

P r o t s e n k o , E. P. (1958): Premature yellowing of gladioli. Bull. Centr. bot. Gdn., Moscow, 
30 p. ( Rev. appl. Mycol. 37, 665.)

S a a d , A. T. and N ie n h a u s , F. (1969): Plant Diseases in Lebanon. Pfl.-Krankh. PfiPath. 
PflSchutz. 76, 537-551.

Singh, R. N. (1969): A vascular disease of Gladiolus, caused by Fusarium oxysporum f. sp.
gladioli in India. Indian Phytopathology 22, 402—403.

V l a s o v a , V. I. and St a i n , N. (1974): Means for increasing the resistance of plants to Fusa
rium wilt. Nauchn. Trudy Stavropol'sk. S. Kh. Inst. 3, 127—133. (Rev. PI. Pathol. 
54, 4524.)

3 Acta rhytopathologlca Academiae Scientiarum Hungaricae 16, 1981





A d a  Phytopathologica Academiae Scientiarum Hungaricae, Vol. 16 (3 —4),pp.  299—305 ( 1981)

Reaction of Onion Cultivars to Scald Disease 
Incited by A lte r n a r ia  p o r r i

By

S. H. M ichail and M. A. Salem

Faculty of Agriculture, University of Alexandria, and Faculty of Agriculture, 
University of Menoufia, Egypt

Bulbs of three onion cultivars differed in their reaction to scald disease incited 
by A. porri. Giza 6  and Behairi cultivars were susceptible and Taliani Red was resis
tant. The differential reaction to the disease is attributed to the higher content of the 
phenolic compounds and the higher oxidases activity in the resistant cultivar which 
inhibit the macerating enzymes excreted by two isolates of A. porri (differing in their 
virulence) that induce the scald disease.

Onion is one of the main export crops in Egypt. Exported onions are 
extensively grown in upper Egypt. In 1972, the total cultivated area with onions 
was 31 672 feddans (13 302 hectars) which yielded 269 747 tons of onion bulbs 
(Anon., 1972).

In Egypt, scald disease of onion bulbs, incited by Alternaria porri was re
peatedly reported (El-Helaly et al., 1966 and Wasfy et al., 1977). No work has 
been achieved on the varietal resistance and the enzymatic activities of different 
isolates of the causal pathogen as far as the available literature is concerned. This 
stimulated to determine the response of certain onion cultivars to the disease, and 
to determine the oxidative and macerating enzymes which might be involved in 
disease response.

Materials and Methods

Medium-size onion bulbs of certain cultivars, namely: Behairi, Giza 6 and 
Taliani Red were used. Onion bulbs were surface-sterilized by dipping in 0.1% 
mercuric chloride solution for 3 minutes, then rinsed in sterile water. Isolate no. 1 
(avirulent) and isolate no. 6 (virulent) of A. porri (Wasfy, 1977) were used. Six 
mm discs of the advancing edge of the isolate was inserted 3 mm deep near the 
disc stem of apparently onion bulbs. Bulbs were kept in perforated polyethylene 
bags at room temperature (24-31 °C) until symptoms developed. Bulbs served 
as checks were similarly treated with the exception of using — free PDA discs. 
Four bulbs were used in each replicate (bag) and four replicates consisted a treat
ment.
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Phenolic compounds were determined in the A. porri isolates artificially- 
infected and healthy onion bulbs of the three cultivars by adopting the method of 
K halifa et al. (1968).

Determination of enzymes

Cellulase, pectolytic (polymethyl-galacturonase (PMG), pectinmethyleste- 
rase (PME) and pectinmethyl-transeliminase (PMTE)) and oxidative (polyphenol- 
oxidase, peroxidase and catalase) enzymes were assayed in tissues of healthy and 
A. porri (isolate no. 1 and isolate no. 6) artificially — inoculated onion bulbs of 
the cultivars tested. The assay of the pectolytic enzymes and the cellulase were 
determined according to the method used previously (W asfy et a i 1977).

Polyphenoloxidase assay

For determination of polyphenoloxidase, the method described by B raesch 
(1954) was used. Polyphenoloxidase activity was determined in inoculated and 
non-inoculated onion bulbs after 30 days. Enzyme activity was measured by 
grinding 10 g of inoculated and non-inoculated tissues in a mortar with 14 ml bo
rate buffer (pH 9). Extracts were centrifuged for 15 minutes ar 4000 rpm. The 
supernatant was diluted by adding 8 ml distilled water to 2 ml supernatant. 
Aliquots of diluted supernatants were assayed for polyphenoloxidase activity 
using Spekol colorimeter at 575.5 nm. The reaction mixture consisted of 2 ml bo
rate buffer (pH 9), 1 ml of 1 % P-aminobenzoic acid, 2 ml of 1 % catechol and
0.2 ml extract. After mixing for 45 minutes, a red colour was formed. The activity 
of the enzyme was measured as relative deepness in red colour, by optical density. 
Control treatment was done similarly except that extracts were previously boiled. 
Four replicates were used in each treatment.

Peroxidase assay

For determination of peroxidase, the method described by Fehrmann and 
Dimond (1967) was used. Peroxidase activity was determined in inoculated and 
non-inoculated onion bulbs after 30 days. Enzyme activity was measured by grind
ing 10 g of inoculated and non-inoculated tissues in a mortar with 14 ml phosphate 
buffer (pH 6). Extracts were centrifuged for 15 minutes at 4000 rpm. The super
natant was diluted by adding 8 ml distilled water to 2 ml supernatant. Aliquots 
of diluted supernatant were assayed for peroxidase activity using Spekol colorim
eter at 470 nm. The reaction mixture consisted of 1.5 ml of 0.04 M catechol so
lution; 1.5 ml H20 2 (20 volume), 1.5 ml phosphate buffer (pH 6) and 0.2 ml of 
extract. The control treatment was done similarly except the extract was previously 
boiled. Four replicates were used in each treatment. The difference in optical den
sity between the reaction mixture and that of the control was taken as a measure 
of the activity of the reaction. Enzyme activities were expressed as the increase in 
optical density from 60— 120 seconds after the substrate was added.
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Catalase assay

For determination of catalase activity, the method described by Colowick 
and K aplan (1955) was used. Catalase activity was determined in inoculated and 
non-inoculated onion bulbs after 30 days. Enzyme activity as measured by grind
ing 10 g of tissues in a mortar with 14 ml phosphate buffer (pH 7). Extracts were 
centrifuged for 15 minutes at 4000 rpm. Aliquots of the supernatants were 
assayed for catalase activity, by the addition of 4 ml of the extract to 60 ml of 
0.01 N H.,02 solution. The mixture was incubated at 25 °C for 55 min. The de
composition of H20 2 was measured by titrating the remaining substrate with 
0.0052 N potassium permanganate solution after stopping the enzymatic reaction 
with 5 ml 2% (V/Y) sulfuric acid. A sample of 5 ml was taken from each assay 
mixture at 2-min at first and 5-min intervals, and the remaining H20 2 was titrated. 
Four replicates were used in each treatment.

Results
Pathogenicity

Scald symptoms of A. porri appeared on the susceptible cultivar after 30 
days of inoculation, with no symptoms on the check. Symptoms of artificially- 
inoculated bulbs were similar to those obtained naturally. Onion cultivars tested 
differed in their response to A. porri. Giza 6 and Behairi were susceptible and 
Taliani Red was resistant as it showed no disease symptoms after the same period 
of inoculation (Fig. 1).

Phenolic compounds

Determination of phenolic compounds in A. pom-artificially-infected (two 
isolates) and healthy onion bulbs of the three cultivars showed higher polyphenol-

Fig. 1. Onion bulbs of three cultivars artificially-inoculated (lower set) near the disc stem 
with A. porri and cut lengthwise after 30 days, showing scald disease symptoms on Giza 6  

(left) and Behairi (middle) with no symptoms on Taliani Red (right). Check upper set
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Table 1

Phenolic compounds in onion bulbs of three cultivars 
artificially-inoculated with two isolates of A. porri 

after 30 days at room temperature (24—31 °C)

Cultivar Treatm ent m g/100 g 
dry weight

Giza 6 Non-inoculated (check) 12.9
Inoculated with isolate no. 1 13.1
Inoculated with isolate no. 6 18.2

Behairi Non-inoculated (check) 12.7
Inoculated with isolate no. 1 12.9
Inoculated with isolate no. 6 18.4

Taliani Red Non-inoculated (check) 20.4
Inoculated with isolate no. 1 20.9
Inoculated with isolate no. 6 22.1

ic content in the Taliani Red than in Behairi and Giza 6. The polyphenols content 
were invariably higher with isolate no. 6 as compared with isolate no. 1 in the 
three cultivars tested (Table 1).

Enzyme activities

Determination of the macerating (PMG, PME and cellulase) and oxidative 
enzymes in healthy and A. porri artificially — inoculated onion bulbs showed that 
the activities of such enzymes were higher in the inoculated than in healthy bulbs.

Table 2

Pectolytic and cellulolytic enzyme activities in onion bulbs of three cultivars artificially- 
inoculated with two isolates o f A. porri after 30 days at room temperature (24—31 °C)

Cultivar Treatment PM G 1 PM E2 P M T E 3 Cellu
lase1

Giza 6 Non-inoculated (check) 2.97 3.13 2.45
Inoculated with isolate no. 1 3.11 3.65 — 2 . 6 6

Inoculated with isolate no. 6 59.99 19.77 - 82.12

Behairi Non-inoculated (check) 2.59 3.00 — 2.36
Inoculated with isolate no. 1 2.99 3.41 — 2.45
Inoculated with isolate no. 6 53.31 15.61 — 79.46

Taliani Red Non-inoculated (check) 2 . 1 2 2.36 — 1.78
Inoculated with isolate no. 1 2.15 2.67 — 1.99
Inoculated with isolate no. 6 2.64 3.41 — 2.13

'Reduction in viscosity %; 2 p equivalent/min/ml; 3  Transmission (%)
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Table 3

Polyphenoloxidase and peroxidase activities in onion bulbs of three cultivars artificially- 
inoculated with two isolates of A. porri after 30 days at room temperature (24—31 °Q

Cultivar Treatm ent
Optical

Polyphenol
oxidase

density

Peroxidase

Giza 6 Non-inoculated (check) 0 . 1 2 0 0.050
Inoculated with isolate no. 1 0.160 0.055
Inoculated with isolate no. 6 0.250 0.095

Behairi Non-inoculated (check) 0.140 0.055
Inoculated with isolate no. 1 0.150 0.085
Inoculated with isolate no. 6 0.280 0 . 1 2 0

Taliani Red Non-inoculated (check) 0.230 0.140
Inoculated with isolate no. 1 0.280 0.150
Inoculated with isolate no. 6 0.340 0.155

The macerating enzymes (PMG, PME and Cellulase) were much higher in Giza 6 
and Behairi than in Taliani Red cultivar (Table 2). Tests for “ PMTE” enzyme in 
all tests showed negative results which suggested that the enzyme was lacking. 
On the other hand, the activity of the oxidative enzymes (polyphenoloxidase, 
peroxidase and catalase) was more marked in Taliani Red than in either Giza 6 or 
Behairi cultivars (Tables 3 and 4).

Discussion

The differential reaction of the three onion cultivars to the scald disease in
cited by A. porri (two isolates) could be explained in the light of the polyphenol 
content and the oxidative enzymes activities. Pathogenicity tests showed that 
Giza 6 and Behairi cultivars were susceptible, whereas Taliani Red was resistant. 
The macerating enzymes, i.e. PMG, PME and cellulase were higher in the A. porri- 
inoculated bulbs of Giza 6 and Behairi than in those of Taliani Red. On the other 
hand, the polyphenol content, oxidative enzymes, i.e., polyphenoloxidase, peroxi
dase and catalase were higher in the A. porri-inoculated bulbs of Taliani Red than 
those of Giza 6 and Behairi cultivars (especially with isolate no. 6). Greater accu
mulation of polyphenols in the resistant than in the susceptible cultivars is sup
ported by H ampton (1962), K irály and F arkas (1962), Patil et al. (1962) and 
A iîd-E lrazik et al. (1972). Meantime, such polyphenols were most likely inhibi
tory to the macerating enzymes excreted by the fungus as such enzymes decreased 
markedly in the resistant as compared with the susceptible cultivars. These results 
agree with those obtained by Byrde (1957 and 1963) and B yrhe et al. (1960),
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Table 4

Catalase activity in onion bulbs of three cultivars artificially-inoculated

Cultivar Treatment
MgH20 2 Decomposed

2 5 10

Giza 6 Non-inoculated (check) 0.441 0.592 0.931
Inoculated with isolate no. 1 0.450 0.601 0.944
Inoculated with isolate no. 6 0.601 1.199 1.311

Behairi Non-inoculated (check) 0.552 0.891 1.331
Inoculated with isolate no. 1 0.574 0.898 1.384
Inoculated with isolate no. 6 0.632 1.224 1.521

Taliani Red Non-inoculated (check) 0.640 1.226 1.500
Inoculated with isolate no. 1 0.695 1.301 1.621
Inoculated with isolate no. 6 0.717 1.613 1.623

D eese and Stahmann  (1963) and W illiams (1965) who stated that the oxidized 
phenols are strong inhibitors of extracellular pectolytic enzymes of fungi causing 
wilt and soft rot diseases.
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with two isolates of A. porri after 30 days at room temperature (24—31 °C)

after (min)

15 20 25 30 35 40 45 50 55

1.069 1.188 1.462 1.711 1.823 1.910 2 . 1 1 0 2 . 2 2 0 2.301
1.091 1 . 2 2 1 1.489 1.723 1.846 1.951 2.133 2.262 2.308
1.512 2.144 2.198 2 . 2 0 1 2 . 2 1 1 2.230 2.311 2.320 2.331

1.494 1.611 1.822 1 . 8 8 6 1.998 2.123 2.251 2.282 2.311
1.515 1.626 1.871 1.911 2 . 0 2 2 2 . 2 2 2 2.255 2.295 2.333
1.648 2.246 2.266 2.278 2.299 2.344 2.365 2.381 2.599

1.801 1.913 2 . 0 1 1 2.096 2.188 2.204 2.296 2.326 2.344
1.829 2.032 2 . 1 0 1 2.155 2.213 2.241 2.299 2.327 2.500
1.930 2.261 2.312 2.378 2.382 2.462 2.466 2.468 2.692
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Biological Control of Crown-gal! Tested on Bean Leaves

B y

S. E l - K a d y  and S. Sülé

Research Institute for Plant Protection Budapest, P.O. Box 102. 1525 Hungary

Crown-gall tumors caused by Agrobaclerium tumefaciens can be controlled 
biologically on primary bean leaves by a related non-pathogenic bacterium, Agro- 
bacterium radiobacter (strain K84). Two pathogenic strains of Agrobacterium tume
faciens an agrocin-sensitive wild-type strain (0 ) and an agrocin-resistant derivative 
of strain 0 (103) were tested with K84 on primary bean leaves at different times of 
inoculation. In the case of agrocin-sensitive strain no galls developed on leaves treated 
with strain K84 30 minutes after inoculation of the pathogenic strain, but galls ap
peared on leaves treated 24 hours after inoculation. Tumor formation was also reduced 
when the agrocin-resistant strain was inoculated simultaneously with or after of K84. 
This type of inhibition seems to be independent from agrocin sensitivity. Further 
investigations are needed to elucidate its mechanism.

Crown-gall,caused by Agrobacterium tumefaciens^Smith and Townsend) Conn 
affects a wide range of host plants and causes serious economic losses especially 
of fruit trees in nursery stock. Attempts to control the disease by chemical means 
have met with limited success. In 1972, N e w  and K e r r  (1972) published the first 
report of biological control of crown-gall by using strain K84 of Agrobacterium 
radiobacter which produces a bacteriocin that inhibits sensitive strains of Agro
bacterium tumefaciens ( K e r r  and H  i a y ,  1974). The method has given excellent 
control of the disease on stone fruits ( H t a y  and K e r r ,  1974). Tumor induction 
by Agrobacterium tumefaciens occurs only after the bacterium attaches to a specific 
sites in a plant wound ( L i p p i n c o t t  and L i p p i n c o t t , 1969). To understand the 
nature of this attachment and its role in tumor induction, both the bacterial and 
host attachment site components were isolated and characterized by W h a t l e y  

et al. (1976). They found the bacterial site component was in the lipopolysaccharid 
moiety of the cell enveloppe. L i p p i n c o t t  and H e b e r l e i n  (1965) have shown that 
tumors may be initiated on primary bean leaves and that a general relationship 
exists between number of tumors per leaf and number of bacteria in the suspen
sion of inoculum. The number of tumors initiated by strain B6 on bean leaves 
( L i p p i n c o t t  and L i p p i n c o t t ,  1969) or potato discs ( G l o g o w s k i  and G a l s k y , 

1978) was decreased when cells of an avirulent strain were included in the inocu
lum. Plant cell walls but not membranes contain surfaces to which pathogen bacte
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ria adhere and these exhibit the specificity of the host site to which virulent bac
teria attach to induce tumors (Lippincott et al., 1977). In biological control the 
suitable time for adding strain K84 to roots should be within 2 h after lifting 
(H t ay  and K err, 1974). The present study was designed to determine: 1. The 
timing of application of the controlling organism (K84) on bean leaves; 2. To 
determine the number of sensitive and resistant strains at various times after the 
inoculation of the antagonistic strain on bean leaves.

Materials and M ethods
Bacterial strains

Strain K84 of Agrobacterium radiobacter was kindly supplied by Professor 
A. K err, Australia. Strain 0 is a wildtype agrocin sensitive strain isolated from 
grapevine in Hungary. Strain 103 is an agrocin resistant virulent derivative of 
strain 0 (Sülé and K a d o , 1980).

Media

All strain were grown routinely in medium containing per litre: 10 g peptone, 
1 g yeast extract (Oxoid), 2 g glucose and 15 g agar. The medium was sterilized 
at 121 °C for 20 min.

Plants

Bean plants (Phaseolus vulgaris L. cv. Pinto) were sown in steril sand in 
glasshouse and at 7 — 9 days after sowing were selected for uniformity and 
transplanted to 60 mm pots on the day previous to use. Selection of plants proved 
to be more practical on size basis than on an exact age basis. Leaves falling within 
the size range of 8 —10 square cm in area at the time of inoculation are near their 
peak of sensitivity (L ippincott  and H eberlein, 1965b).

Inoculation

The method of L ippincott  and H eberlein (1965a) was used. Primary bean 
leaves were lightly dusted with No. 500 grift carborundum and placing 0.05 ml of 
a suspension (109 cells/ml) of pathogenic strain. The suspension was then spread 
over on the leaf surface with a glass-spatula. Application of the suspension of 
K84 (0.05 ml, 109 cells/ml) followed in different intervals of the inoculation of 
pathogen. Ten replicates were used for each treatment.

Counting of bacteria on leaves

Antibiotic resistant strains were obtained by cultivating bacteria on media 
containing increasing concentrations of chloramphenicol and streptomycin. Strains 
resistant to 500 ppm of antibiotic were inoculated simultaneously with strain K84.
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After various times five discs from five leaves were taken with cork borer (9 mm 
diameter) and crushed in mortar with 1 ml water. After serial dilutions, the plating 
method with media containing 50 ppm antibiotics was used for accounting colo
nies.

Results
Timing o f application of K84

The results obtained in Fig. 1 and Table 1 show that no tumors developed 
on leaves when strain K84 was applied in the first hour after inoculation of strain 
0 (sensitive), but tumors developed on all other plants. Mean numbers of tumors

Time between inoculation with strains 0 and K84

Fig. 1. Effect of K84 on tumors number when added to leaves at various times after inocula
tion of strain 0  (agrocin sensitive)

Table 1

The effect of application of K84 at various times after inoculation of 
A. tumefaciens on tumor numbers

Time between inocula
tion and application of 

K84

N um ber o f  tum ors per leaf

0 15 min 30 min 1 h 3 h 5 h 24 h 48 h

Str.O 181.5a
Str.O +  K84 0 0 0 0 2.5 4.5 34.3 190

Str.103 174
St r. 103 +  K84 14 2 1 . 6 24.8 40 50 73.5 162 193

a Mean values from ten leaves from each experiment
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per leaf were 2.5,4.5,34.3 and 190 at 3, 5, 24 and 48 hrs respectively after inocula
tion of strain 0. The control number in the same experiment was 181.5 tumor per 
leaf. If results of this experiment can be extrapolated to fruit trees, than strain 
K84 should be applied to transplants within 1 h after lifting. Tumors developed 
on the leaves inoculated with strain 103 (agrocin resistant) and followed in differ
ent times with K84 (Fig. 2 and Table 1). It was very interesting that tumor num
bers were much less if K84 was applied at 0,15 and 30 minutes after inoculation of 
strain 103, than at 1, 3, 5 and 48 hours. According to the time of the application

Fig. 2. Effect of K84 on tumors number when added to leaves at various times after inocula
tion of strain 103 (agrocin resistant)

° 7
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Time af ter  inoculat ion

Fig. 3. Number of bacterial cells on bean leaves at various times after inoculation. 
C =  strain 0 alone; T =  strain 0 +  K84
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Fig. 4. Nurr ber of bacterial cells on bean leaves at various times after inoculation.
C =  strain 103 alone; T =  strain 103 +  K84

of K84 the mean numbers of tumors were 14,21 and 25 at 0,15 and 30 minutes and 
40,50, 73.5 and 193 at 1,3, 5 and 48 hrs, respectively. The control was 174.5 tumors 
per leaf. The inhibition was most effective when K84 was inoculated previously 
(not shown in Fig. 2) or together with strain 103. On the other side, the maximum 
number of tumors developed when K84 was applied after 48 h of pathogens.

Number of bacterial cells on leaves

The agrocin sensitive (0) and resistant (103) strains were inoculated simul
taneously with K84 onto bean leaves. Control leaves were inoculated only with 
the strain 0 or 103. After inoculation at various times, samples were taken and 
the cell numbers were evaluated on antibiotic containing media. The results are

Tabic 2

Number of bacterial cells after various times of inoculation

Time after inoculation , N um ber o f bac,eria < * 10‘> Per ml leaf cx,racia
(hours) 1 2 4 6 24 48

Str.O 2.2 8.2 5.3 1.4 4 0.05
Str.O +  K.84 8.5 15.5 1.9 0.3 0 . 1 0 . 0 1

Str.103 0.23 6 2.7 2.85 3.2 2.9
Str.103 +  K84 2.3 8 5 3.2 6 14

3  Figures are mean of two different determinations.
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shown on Figs 3 — 4 and Table 2. It is clear that after inoculation both strain 0 
and 103 multiplied for 1—2 hrs. After 2 h the cell number of strain 0 gradually 
decreased however strain 103 remained on the same level. Cell number of control 
(strain 0 alone) also decreased after 24 h. In the case of strain 103 after 2 h there 
was also a slight decreasing in cell number, but after 6 h it increased gradually 
to the end of the experiment (48 h). Cellnumber of the control (103 alone) remained 
on the same level.

Discussion

Tumor formation on bean leaves can be controlled effectively with strain 
K84. The protective effect of K84 was much higher against agrocin sensitive strain 
(0) than against resistant strain (103). The mechanism by which K84 prevents in
fection has been attributed to a bacteriocin (its special name is agrocin) by K err 
and H tay (1974), rather than to exclusion of the pathogen from the attachment 
sites (L ippincott and L ippincott, 1969). Our results with strain 0 support the 
first proposition and underline that agrocin plays a basic role in biological control 
of crown-gall. On the other side, investigations with strain 103 show that beside 
agrocin the theory of attachment sites also has some merit. K84 inoculated before 
or together with strain 103, also decreased the number of tumors, however this 
type of inhibition was much weaker than inhibition of agrocin. This suggests that 
inhibition of agrocin resistant strains might be due to a slightly mode of attach
ment inhibition or to secretion of some other substance than agrocin. The number 
of cells of agrocin sensitive strain on bean leaves was only reduced after 2 h of the 
application of K84, indicating that agrocin was not bactericid but bacteriostatic 
in vivo. This results is in accordance with in vitro observations (Sülé, 1978). Cell 
number of agrocin resistant strain increased after 48 h of the inoculation which 
means that agrocin had no effect on this strain.
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New Artificial Hosts and Non-Hosts of Plant Viruses 
and their Role in the Identification and Separation 

of Viruses. XV. Monotypie (Almovirus) Group: Alfalfa
Mosaic Virus

By

J. H orváth

University of Agricultural Sciences, Institute for Plant Protection,
H-8361 Keszthely, Р.О. Box 71, Hungary

In the course of experiments carried out in the last ten years we found many 
new alfalfa mosaic virus host plants. Of the 139 new virus susceptible plants — belong
ing to the families Amaranthaceae, Caryophyllaceae, Chenopodiaceae, Commelinaceae, 
Fabaceae (Leguminosae, Papilionaceae) , Labiatae (Lamiaceae), Malvaceae, Scrophu- 
lariaceae, Solanaceae, Umbelliferae (Apiaceae) — 64 showed local, 29 systemic and 
46 plants local and systemic susceptibility. Special attention is worth being paid to 
a number of Amaranthus species, -varieties, -forms, -cultivars, and Obione-, Vigna-, 
Ciicnbalus-, Datura-, Galega-, Lycium-, Meiandrium-, Ocimum-, Pentstemon-, Petunia 
species as well as to Solanum tuberosum varieties which as host plants are new to 
the science.

In artificial inoculation experiments nine plants belonging to the families 
Aizoaceae, Cucurbitaceae, Scrophulariaceae and Solanaceae proved resistant to alfalfa 
mosaic virus. Dichotomous separators and semiseparators used in the experiments 
play an important role in differentiating the virus pathogens of plants.

In our experiments we were able to differentiate 22 viruses with 148 plants in 
340 combinations of which 320 variations have become known through our recent 
investigations. Considering that the alfalfa mosaic virus and potato aucuba mosaic 
virus cause similar, often deceptive symptoms in potato, and their joint occurrence is 
not impossible either, the disjunction of the two viruses is of extreme practical impor
tance. In the course of our investigations we found that the dichotomous separators 
systemically susceptible to alfalfa mosaic virus and locally susceptible to potato aucuba 
mosaic virus (e.g. Lycium horridum, L. ruthenicum, L. turcomanicum, Ocimum canum, 
O. sanctum), and the semiseparators resistant to alfalfa mosaic virus while locally and 
systemically (Browallia cordata, Br. grandiflora, Br. roezli, Br. viscosa), or only locally 
(Paulownia fargesii) susceptible to potato aucuba mosaic virus were extremely useful 
in differentiating the two above-mentioned viruses.

The alfalfa mosaic virus (R/l : 1.3 + 1.1 + 0.9/18 : U/U : S/Ар; Bos and 
Jaspars, 1971; Jaspars and Bos, 1980), a polyphagous virus transmissible me
chanically and in a styletborne manner by aphids was discovered some five 
decades ago in California (cf. W eimer, 1931). The occurrence of the world-wide 
distributed virus in Hungary were first published by Szirmai (1952). Details of 
the various isolates and strains of the virus as well as of their biological and 
physical properties have become known in Hungary through the investigations 
of Beczner (1966, 1972, 1973a, b, 1974) and H orváth (1976).
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The first detailed account of its host range was given by the American viro
logist Price (1940). The rapid spread and economic importance of the virus as 
well as its role in the theoretical virus research rendered it necessary to acquire 
a thorougher and fuller knowledge of its host range. According to the papers pub
lished since the beginning of the sixties (Cervantes and Larson, 1961 ; Schmelzer, 
1962; Beczner, 1966; H ull, 1969; Crill et al., 1970; Beczner and Schmelzer, 
1972a, b; Beczner, 1973a, b; Schmelzer et al, 1973; Beczner, 1974; Schmidt, 
1977) the natural and artificial hosts of the alfalfa mosaic virus include some 600 
mono- and dicotyledonous plants distributed all over the world. On the basis of 
the literary data available it can be established that the alfalfa mosaic virus has the 
third widest range of host plants after the cucumber mosaic virus and tobacco mo
saic virus. Among the natural hosts there are plants — like e.g. potato — important 
from an economic point of view. It is remarkable that the so-called calico disease 
induced in potato by the alfalfa mosaic virus was first described in the United 
States of America, the native country of potato (Hungerford, 1922). At that time, 
however, the calico disease of potato was considered to be a genetic abnormality. 
Nine years later Porter (1931) pointed out the infectious nature of the calico 
disease, then through the investigations of Black and Price (1940) in New Jersey 
State it become known that the disease was caused by the alfalfa mosaic virus. 
The description of two essentially different alfalfa mosaic virus strains (calico 
strain and tuber necrosis strain) occurring in potato was made possible by the dis
covery of the phenomenon cross protection at the end of the twenties and its 
wide application in the thirties (Cervantes and Larson, 1961 ; Crill et ai,
1970). According to our present knowledge outside the United States of America 
alfalfa mosaic virus has been pointed out in potato — in a chronological order — 
only in the following countries: Spain (Fernow and Garces, 1949), Peru (Sil
berschmidt, 1954; Bazan de Segura, 1955), Italy (Grancini, 1956), England 
(R ichardson and Tinsley, 1956), German Federal Republic (Ramson and 
Janke, 1958), then following its discovery in Hungary (Horváth, 1963) in Japan 
(Komuro et ai, 1964), Bulgaria (Kovachevsky, 1965), India (Nagaich and G iri, 
1968), Jugoslavia (Kus, 1977), Poland (Chrzanowska and Zagórska, 1977) and 
Argentina (Butzonitch, 1978). The increasing frequency of alfalfa mosaic virus 
appearing in potato in Hungary is — according to our observations — closely 
related with the growing area of lucerne, one of its most important perennial host 
plants, and of various virus susceptible leguminous fodder crops as well as with 
the rapid spreading of weed plants susceptible to it (e.g. Solanum nigrum).

In our opinion it is just possible that the appearance of the alfalfa mosaic 
virus in Europe was due to the potato as its original host plant carried in the 16th 
century from the New World first supposedly to Spain, then gradually introduced 
in other European countries. This supposition is backed up by the fact that Spain 
was the very place where the disease of potato caused by alfalfa mosaic virus was 
first described in Europe (Fernow and Garces, 1949). It is not naturally excluded 
either that the alfalfa mosaic virus — which is easily transmitted with seeds of 
certain plants — was introduced in Europe by the seeds of diseased potato plants.
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The possible role played by the potato seed in the transmission of the alfalfa mo
saic virus is a mere supposition which — according to our knowledge — has not 
been experimentally proved so far. The polyphagous, aphid transmissible alfalfa 
mosaic virus is supposed to have become pathogenic through gradual adaptation 
and mainly with aphid vectors specialized to lucerne as feed plant which owing 
to its perennial nature and wide distribution in Europe is a primary source of the 
alfalfa mosaic virus. The ever closer host-virus relation between potato and alfalfa 
mosaic virus can possibly be traced back to the increasing production area of the 
leguminous fodder crops and the large number — some 600 plants in 70 families — 
of virus susceptible host plants and aphid vectors.

In the course of investigations carried out in the last several years in which 
we had dealt with the host range of alfalfa mosaic virus many new hosts and re
sistant plants were pointed out (cf. H orváth, 1966; 1967; 1969a, b; 1970; 1973a, 
b; 1974a, b, c; 1975a, b, c, d ; H orváth and Becznf.r, 1968; 1972; 1973;Beczner 
and H orváth, 1968; 1972; 1973; H orváth , 1980). In this paper we list the plants 
examined while studying the host range of alfalfa mosaic virus.

Materials, Methods and Results

As to the Materials and Methods of experiments information was given in 
the second publication of the series (cf. Horváth, 1977). In this paper the results 
are presented.

New Hosts and Non-Hosts of Alfalfa Mosaic Virus and 
their Role in the Separation of Viruses

Local susceptible hosts

Amaranthus aureus (A. paniculatus var. flavus) : Ama, Th// M / / / + / /  В —
A. caracu (A. hypochondriacus) : Ama, Th // M / / /+ / /  В —
A. caudatus cv. Atripurpureus (A. caudatus var. sanguineus)0 : Ama, Th // M // / + //

В -
A. chlorostachys (A. hybridus)0: Ama, Th// M / / / + / /  В —
A. chlorostachys f. strictus (A. chlorostachys f. leucocarpus)0 : Ama, T h / / M //

/+ II В -
A. chlorostachys var. powelli0: Ama, Th// M / / / + / /  В —
A. emarginatus (A. lividus var. ascendens)0: Ama, Th// M / / / +  // B PVS18 
A. gangeticus var. multicolor (A. tricolor)0 : Ama, Th // M / / / + / /  В —
A. graecizans (A. graecizans var. sylvestris, A. sylvestris) : Ama, Th // M / / /+  // 

В -
A. mantegazzianus0 : Ama, Th // M / / / + / /  В —
A. spinosus: Ama, Th// M / / / + / /  В —
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A. sylvestris (A. graecizans var. sylvestris)0: Ama, Th// M / / / + / /  В —
A. tricolor cv. Malten Fire°: Ama, Th// M / / / + / /  В —
Obione sibirica (Atriplex sibirica)0: Chen, Th / / M / / / + / /  B BCMV, CLRV/, 

TRSV/, TYMV, CeMV
Phaseolus ricciardianus° : Fab = Legu = Pap, ? // M / / /+ // B —
P. vulgaris cv. Aladin: Fab = Legu = Pap, Th // M / / / + / /  B —
P. vulgaris cv. Andrásbab0 : Fab = Legu = Pap, Th // M / / / + / /  B —
P. vulgarises/. Annelise: Fab = Legu = Pap, Th// M / / / +  // B PVS, TMV 
P. vulgaris cv. Barnabab0 : Fab = Legu = Pap, Th // M / / /+  // B PVS, TMV 
P. vulgaris cv. Cardinal: Fab = Legu = Pap, Th// M / / /+  // B —
P. vulgarises/. Caroline: Fab = Legu = Pap, Th// M / / / +  // B TMV 
P. vulgaris cv. Cukorbab0 : Fab = Legu = Pap, Th // M / / / + / /  B —
P. vulgaris cv. Fehér gyöngy0 : Fab = Legu = Pap, Th // M / / / + / /  В —
P. vulgaris cv. Fertődi 5.° : Fab = Legu = Pap, Th // M // / + // B PVS 
P. vulgaris cv. Fertődi 23.°: Fab = Legu = Pap, Th// M / / / + / /  В —
P. vulgaris cv. GN 59.: Fab = Legu = Pap, Th// M / / / +  // B TMV 
P. vulgaris cv. GN 123.: Fab = Legu = Pap, Th// M // /+  // B PVS, TMV 
P. vulgaris cv. Harkovszkaja: Fab = Legu = Pap, Th// M / / / + / /  B —
P. vulgaris cv. Icar Fundulea 51.: Fab = Legu = Pap, Th// M / / / + / /  B —
P. vulgaris cv. Icar Fundulea 416.: Fab = Legu = Pap, Th // M / / / + / /  B TMV 
P. vulgaris cv. Japan gyöngybab0 : Fab = Legu = Pap, Th // M / / / + / /  B PVS 
P. vulgaris cv. Kanizsai csikosbab° : Fab = Legu = Pap, Th / / M / / / + / /  B PVS, 

TMV
P. vulgaris cv. Kentucky Wonder: Fab = Legu = Pap, Th// M / / / +  // B PVS 
P. vulgaris cv. Kereskedelmi hosszú fürjbab0 : Fab = Legu = Pap, Th / / M / / /+ / /  

B PVS, TMV
P. vulgaris cv. Kinghorn Wax: Fab = Legu = Pap, T h / / M / / / +  // B TMV 
P. vulgaris cv. Kompolti gyöngybab0 : Fab = Legu = Pap, Th// M / / / + / /  В —
P. vulgaris cv. Korai f ï tr f :  Fab = Legu = Pap, Th// M / / / +  // B PVS, TMV 
P. vulgaris cv. Kőbab°: Fab = Legu = Pap, Th// M / / / + / /  B —
P. vulgaris cv. Középbab° : Fab = Legu = Pap, Th // M / / / + / /  В —
P. vulgaris cv. Májbab° : Fab = Legu = Pap, Th // M / / / + / /  В —
P. vulgaris cv. Michelite: Fab = Legu = Pap, Th// M / / / +  // B PVS 
P. vulgaris cv. Michigan: Fab = Legu = Pap, Th// M / / / + / /  B —
P. vulgaris cv. Moldovszkaja: Fab = Legu = Pap, Th// M / / / + / /  B PVS 
P. vulgaris cv. Olomucka Zelenoluska: Fab = Legu = Pap, Th// M / / /+ // B TMV 
P. vulgaris cv. Őrségi cseresznyebab0: Fab = Legu = Pap, Th// M / / / +  // B PVS 
P. vulgaris cv. Perlicska: Fab = Legu = Pap, Th// M / / /+  // B PVS 
P. vulgaris cv. Prinzess: Fab = Legu=Pap, Th// M / / /+  // B PVS 
P. vulgaris cv. Processor: Fab = Legu = Pap, Th // M / / / + / /  B TMV 
P. vulgaris cv. Red Kidney: Fab = Legu = Pap, T h / / M / / / + / /  B BCMV/,

BYMV53/, BMV, PAMV, PVS, CLRV/, TMV, ToMV, RMV, CMV 
P. vulgaris cv. Refugee: Fab = Legu = Pap, Th// M / / / +  // B TMV 
P. vulgaris cv. Robust: Fab = Legu = Pap, Th// M / / / +  // B PVS
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P. vulgaris cv. Soproni lapos0 : Fab = Legu = Pap, Th // M / / / + / /  B PVS 
P. vulgaris cv. Szegedi fehér0: Fab=Legu=Pap, Th // M // /+  // В —
P. vulgaris cv. Túpiószelei barna0: Fab = Legu = Pap, Th// M / / / + / /  В PVS 
P. vulgaris cv. Tápiószelei fűrj° : Fab = Legu = Pap, T h // M / / / + / /  B PVS, TMV
P. vulgaris cv. Táplánifekete “cirádás" fürjbab0 : Fab = Legu = Pap, Th // M // /+  // 

В PVS, TMV
P. vulgáris cv. Tápláni nagyszemű cseresznyebab0: Fab = Legu = Pap, Th / / M/ /  

/ +  II В TMV
P. vulgaris cv. Tétényi cukorbab0: Fab = Legu = Pap, Th // M // /+  // В PVS 
P. vulgaris cv. Tétényi gyöngybab0 : Fab = Legu = Pap, Th// M / / /+ // В PVS 
P. vulgaris cv. Tétényi fehér középbab0 : Fab = Legu = Pap, Th// M / / / + / /  В —
P. vulgaris cv. Tétényi középhab0 : Fab = Legu= Pap, Th // M / / /+ / /  В PVS 
P. vulgaris cv. Tétényi nagyszemű fehér0 : Fab = Legu = Pap, Th // M // / + // В PVS 
P. vulgaris cv. Wade: Fab = Legu = Pap, Th // M / / / + / /  В PVS 
Vigna catjang (V. cylindrical0: Fab = Legu = Pap, T h / / M / / / + / / B  BCMV/, 

TRSV/, ToMV, BBWV 45/

Systemic susceptible hosts

Amorpha fruticosa: Fab = Legu = Pap, Ph // M / / + / / /  В — (Fig. 1 A)
Cucubahts baccifer°: Cary, H // M / / + / / /  В — (Fig. IB)
Datura carolinianum0: Sol, ? // M // + / // B  /BMV, /TMV 
D. ceratocaula0: Sol, Th// M // +/ / /  B /BMV50, /TRSV, /TMV, /CMV 
D. chlorantha (D. humilis): Sol, Th// M // +/ / /  B /BMV,/TRSV, /TMV, /TRV, 

/ToMV, /CMV

Fig. 1. Systemic symptoms on the leaves of Amorpha fruticosa (A) and Cucubalus baccifer (B) 
plants inoculated with alfalfa mosaic virus
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D. fastuosa cv. AIba°: Sol, Th// M // +/ / /  B /BMV, PVY, /TRSV, /TMV, /TRV, 
/ToMV, /CMV

X>. gigantea (D. tatula) : Sol, Th // M // + / // В /BMV, /TRV, /ToMV, /CMV 
X). godronii cv. Minka°: Sol, ? // M // + / / /  B BCMV, BYMV, /BMV, PVY, 

CLRV, /TRSV, /TMV, /TNV, /TRV, WMV, /ToMV, RMV, TYMV, /CMV, 
CeMV

X>. inermis (D. stramonium f. inermis) : Sol, Th // M // + / // B /BMV50, /TRSV, 
/TMV, /TNV, /TRV, /ToMV, /CMV

D. leichardtii: Sol, ? // M // + / 11В /BMV, /TRSV, /TMV, /TNV, /TRV, /ToMV, 
/CMV

D. metel var. mnricata0 : Sol, ? // M // + / // В /BMV, /TMV, /TNV 
X>. rar<?/°.- Sol, ? / / M / / + / / /  B /BMV, /TRSV, /TMV, /TNV, /TRV, WMV, 

/ToMV, /CMV, CeMV
Galega bicolor0 : Fab = Legu = Pap, H // M / / + / / /  В -  
G. har ti midii0 : Fab = Legu = Pap, H // M // + / / /  B PVM, PVS 
Hibiscus manihot: Mal, H / / M / / + / / / B  —
Lycium carolinianum0: Soi, ? // M // + / // B /BMV, /PVX, /PVY, /TRSV, /CMV 
X. flexicaule° : Soi, Ph // M // + / // В /BMV, /PVX, /PVY, /TRSV, /TMV, /CMV 
X. horridum0 : Soi, Ph // M / / + / / /  B /BMV, /PAMV, /PVX, /PVY, /TRSV, /TMV, 

/CMV
X. ruthenicum: Soi, P h / / M / / + / / /  В /BMV, /PAMV, /PVX, /PVY, /TRSV, 

/TMV, /ToMV, /BBWV, /CMV
X. turcomanicum0 : Sol, H / / M // +/ / /  В /BMV, /PAMV, /PVX,/PVY, /TRSV,

/TMV, /CMV
Malva pusilla: Mai, Th, TH // M // +/,// В /TRSV, /WMV, /ToMV 
M. verticillata: Mal, Th, H // M // + / // Ш /CLRV58, /TRV56 
Melandrium album: Cary, TH, H // M / / + / / /  В —
M. rubrum (M. silvestref : Cary, H / / M / / + / / / B  —
ЛХ silvestre (M. rubrum)0: Cary, H// M / / + / / /  В —
Ocimum canum: JLab = Lami, Th/ /M/ /  +/ / /  B BCMV, /PAMV, PVM, PVS, 

/PVX, PVY, CLRV, /TRSV, /TMV, /TRV, WMV, /ToMV, RMV, TYMV, 
/CMV

O. sanctum0: Lab = Lami, T h / / M // +/ / /  B /PAMV, PVM, PVS, /PVX, PVY, 
CLRV, /TRSV, /TMV, /TRV, WMV, /ToMV, RMV, TYMV, /CMV, CeMV 

Silene dichotoma: Cary, Th // M // + / // B BMV
Y. pendula: Cary, Th, TH // M // +/ / /  BMV, /TRV56

Local and systemic susceptible hosts

Amaranthus angustifolius (A. graecizansf : Ama, Th // M / / + / + / /  B —
H. ascendens (A. lividus var. ascendensf : Ama, T h// M / / + / + / /  B —
A. atropurpureus (A. hybridusf : Ama, Th// M / / + / + / /  B —
A. bouchoni0 : Ama, Th // M / / + / + / /  B —
A. cruentus (A. paniculatus) : Ama, Th// M / / + / + / /  B —
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A. dubius: Ama, Th // M // + /+  // В —
A. hypochondriacus°: Ama, Th// M // + /+  // B PVS18 
A. hypochondríacus cv. Monstrosus0 : Ama, Th // M / / + / + / /  В —
A. oleraceus (A. lividus var. oleraceus)0: Ama, Th // M / / + / + / /  B —
A. paniculatus cv. Roter Dont (A. cruentus) : Ama, Th // M / / + / + / /  B —
A. paniculatus cv. Roter Paris0: Ama, Th // M // + /+  // B —
A. paniculatus cv. Sanguineus nanus°: Ama, Th//  M / / + / + / /  B —
A. paniculatus var. flatus (A. aureus)0: Ama, T h// M // + / + // B —
A. speciosus (A. paniculatus f. speciosus)0 : Ama, Th // M / / + / + / /  B —
A. viridis (A. lividus var. ascendens)°: Ama, Th// M / / + / + /  B —
Ammi visnagd : Umb = Api, T h / / M / / + / + / /  B BCMV, BMV, PVY, RMV, 

TuMV
Beta macrocarpa (B. vulgaris ssp. macrocarpa): Chen, Th / / M / / —/+  //B  BCMV, 

BYMV, PVY, WMV, TuMV, TYMV 
Chenopodium botrys: Chen, T h// M // + / +  // B  PAMV, PVS18 
Ch. capitatum: Chen, Th // M / / + / + / /  B  PVS18, TRV56 
Ch. foetidum (Ch. schraderianum) : Chen, Th // M // + /+  // B PVM, PVS18 
Nicotiana attenuata: Sol, Th // M / / + / + / /  B  — (Fig. 2A)
N. auriculata0: Sol, Th // M / / + / + / /  B  -  (Fig. 2B)
Penstemon alpinus°: Scrop, Fl // M / / —/ —// B PVY, CMV 
Petunia atkinsiana0: Sol, Th // M // + /+  // B PVM, PVS, WMV, RMV, TYMV, 

CeMV
P. axillaris: Sol, Th // M // + /+  // B PVM, PVS, WMV, RMV, TYMV

Fig. 2. Local lesions on the leaves of Nicotiana attenuata (A) and Nicotiana auriculata (B) 
plants inoculated with alfalfa mosaic virus
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P. hybrida cv. Rose de Haven amélioré0: Sol, Th// M // + /+  // B PVM, PVS, 
CLRV, RMV, CeMV

P. parviflora° : Sol, Th // M // + /+  // B BMV, PVS, CLRV, WMV, CeMV 
P. violacea: Sol, Th // M / / + / + / /  B PVM, PVS, WMV, RMV, TYMV 
Physalis peruviana: Sol, H // M // + /+  // B BCMV, PVM, PVS, TNV, RMV, 

TYMV
P. peruviana var. macrocarpa° : Sol, H // M // + / — // B BCMV, PVM, PVS, TNV, 

RMV, TYMV
P. pruinosa: Sol, Th // M // + / -  // B BCMV, PVM, PVS, TNV, RMV, TYMV 
Scopolia lurida° : Sol, ? // M // + /+  // B —
Solanum tuberosum cv. Aranyalma0 : Sol, Th // M / / + / + / /  В —
S. tuberosum cv. Auriga: Sol, Th// M // + /+  / / E l 
s'. tuberosum cv. Axilia: Sol, Th// M // + /+  // B —

Fig. 3. Systemic symptoms on the leaves of Solanum tuberosum cv. Somogyi kifli (A) in
fected with alfalfa mosaic virus. Necrotic lesions (B) and top necrosis (C) on the leaves of 

Tinantia erecta inoculated with alfalfa mosaic virus
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S. tuberosum cv. Früka: Sol, Th// M / / + / + / /  В —
S. tuberosum cv. Gülbaba0: Sol, Th//  M / / + / + / /  В —
S. tuberosum cv. Jowisz: Sol, Th // M / / + / + / /  В —
■S. tuberosum cv. Kisvárdai rózsa0 : Sol, T h / / M / / + / + / / B  —
S. tuberosum cv. Korai rózsa0 : Sol, Th // M / / + / + / /  В —
S. tuberosum cv. Opal : Sol, Th // M / / + / + / /  В —
.S. tuberosum cv. O.vo: Sol, Th // M / / + / + / /  В —
S. tuberosum cv. Somogyi kifli0: Sol, Th// M/ / + / + / /  В — (Fig. ЗА)
S', tuberosum cv. Somogyi korai0: Sol, Th// M / / + / + / /  В —
.S. tuberosum cv. Somogyi sárga0 : Sol, Th // M // + / + / /  B -  
Tinantia erecta (T. fugax)°: Com, FI// M// + /+  // B BCMV, PAMV, PVM, 

PVS, RMV, TYMV, CMV (Fig. 3B and C)

Resistant plants

Browallia cordata0: Sol, ? // M // - / - / /  B BMV/BMV, PAMV/PAMV, PVX/ 
PVX, TRSV/TRSV, TMV/TMV, ToMV/ToMV, RMV/RMV, CMV/CMV 

B. grandiflora: Sol, Th // M // - / -  // B BMV/BMV, PAMV/PAMV, PVX/PVX, 
PVY/PVY, TRSV/TRSV, TMV/TMV, ToMV/ToMV, RMV/RMV, 
BBWV59/, CMV/CMV

B. roezli0: Sol, ?// M // -  / // B BMV/BMV, PAMV/PAMV, PVX/PVX, CLRV/, 
TRSV/TRSV, TMV/TMV, ToMV/ToMV, RMV/RMV, CMV/CMV 

ß. иксом : Sol, ? // M // - / - / /  B BMV/BMV, PAMV/PAMV, TRSV/TRSV, 
TMV/TMV, ToMV/ToMV, RMV/RMV, CMV/CMV 

Bryonia alba: Cue, H// M// - / -  // B /TNV, /TRV56, /ToMV, CMV65/ 
ß. dioica (B. cretica ssp. dioica) : Cue, H // M // —/ — // B /TNV, /TRV56, /ToMV, 

TuMV60/, TYMV66/, CMV60/
Cucurbita pepo convar. patissonina f. radiated : Cue, Th // M // — / — // B TRSV/ 

TR SV, /TMV, TNV/TNV, WMV/, /ToMV, CMV/
Paulownia fargesii0: Scrop, Ph / / M // —/ — // B /PAMV, /PVX, TRSV/TRSV, 

/TMV, /TRV, /ToMV, RMV, TYMV, CMV/CMV 
Tetragonia crystallina0: Aiz, Th// M// —/ — // B /BYMV, /PVX, CLRV/'CLRV, 

TRSV/TRSV, /TMV, /TNV, TRV/TRV, /WMV, /ToMV, /RMV, TuMV/ 
TuMV, CMV/CMV
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Reaction of P h y sa lis  Species to Plant Viruses. 
VI. P h y s a lis  c u ra ssa v ica  L. as New Experimental 

Plant in Plant Virology

By

J. H orváth

University of Agricultural Sciences, Institute for Plant Protection, 
H-8361 Keszthely, P.O. Box 71, Hungary

In the course of investigations concerning the virus susceptibility of Physalis 
curassavica L., a plant so far unknown in plant virology, we have found it to be locally 
and systemically susceptible to 13 viruses (alfalfa mosaic virus, Arabis mosaic virus, 
belladonna mottle virus, cucumber mosaic virus, Melandrium yellow fleck virus, 
potato aucuba mosaic virus, potato virus X, potato virus Y, tobacco mosaic virus, 
tobacco ring spot virus, tomato aspermy virus, tomato mosaic virus and turnip mosaic 
virus) and a systemic host of broad bean wilt virus. The same experimental plant has 
proved resistant to 1 2  viruses (bean common mosaic virus, bean yellow mosaic virus, 
beet mosaic virus, carnation ring spot virus, cauliflower mosaic virus, celery mosaic 
virus, cucumber green mottle mosaic virus, lettuce mosaic virus, radish mosaic virus, 
tobacco necrosis virus, turnip yellow mosaic virus and watermelon mosaic virus).

The knowledge of compatible and incompatible new host-virus relations plays 
an important role in differentiating viruses often occurring together in the nature, 
like e.g. cucumber mosaic virus and lettuce mosaic virus, celery mosaic virus and 
cucumber mosaic virus, cucumber mosaic virus and watermelon mosaic virus, turnip 
mosaic virus and turnip yellow mosaic virus or turnip mosaic virus and cucumber 
mosaic virus.

In the first part of a series of papers published eleven years ago (cf. H orváth , 
1970) we gave a general survey of the susceptibility of 23 Physalis species to 76 
viruses. Since then further two Physalis species and one variety, formerly unknown 
in plant virology, have been found to be susceptible to viruses. The susceptibility 
of Physalis lanceifolia Nees to potato leaf roll virus became known from the re
port of Schmelzer and W olf (1971, 1977). F eldman and G racia (1972) de
monstrated the susceptibility of Physalis mendonica Phil, to potato virus Y. It 
was in our own experiments that Physalis peruviana L. var. macrocarpa proved 
susceptible to alfalfa mosaic virus, cucumber mosaic virus, potato aucuba mosaic 
virus, potato virus X, potato virus Y, tobacco mosaic virus, tobacco rattle virus 
and tobacco ring spot virus (cf. H orváth, 1974a), and P. lanceifolia susceptible

'Earlier papers in these series: I. Acta Phytopath. Hung. 5, 65 — 72 (1970), II. Acta 
Phytopath. Hung. 9, 1 — 9 (1974), III. Acta Phytopath. Hung. 9, 11 — 15 (1974), IV. Acta Phyto
path. Hung. 10, Ы —15 (1975), V. Acta Phytopath. Hung. 10, 247—256 (1975).
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to alfalfa mosaic virus and resistant to bean common mosaic virus (Horváth, 
unpublished results).

According to our present knowledge responses of about 25 Physalis species 
and one variety to 90 viruses have been disclosed so far. In earlier publications 
49 new host-virus relations and some 55 cases of resistance revealed in our experi
ments for eleven Physalis species and a variety were described (Horváth, 1974a, 
b, 1975a, b).

Host plant experiments performed in past years threw light upon the local, 
latent susceptibility of e.g. Physalis floridana Rydb., one of the best known virus 
indicator, to pea leaf roll mosaic virus, bean yellow mosaic virus and cowpea 
aphid-borne mosaic virus (cf. Bos, 1970). Physalis minima — so far known to be 
susceptible to potato virus A, potato virus X, potato virus Y and tobacco mosaic 
virus only (cf. Horváth, 1970) — has recently proved to be an important host 
plant of cucumber mosaic virus too (Joshi and D ubey, 1976). Several years ago 
a virus serologically similar to the European belladonna mottle virus was isolated 
from Physalis heterophylla Nees (cf. Moline and Fries, 1972, 1974; Moline, 
1973), and not much later another one, the Physalis mosaic virus from Physalis 
subglabrata MacKenzi et Bush., which is closely related to the Andean potato 
latent, belladonna mottle, dulcamara mottle and egg-plant mosaic viruses (cf. 
Peters and Derks, 1974). This Physalis mosaic virus is a member of the Andean 
potato latent virus, subgroup of the turnip yellow mosaic virus group.

In the present, sixth paper of our publication series we give account of recent 
experiment results concerning the virus susceptibility of Physalis curassavica, 
a Physalis species unknown so far in the literature of plant virology.

Materials and Methods

Young seedlings raised from the seeds of the annual Physalis curassavica 
plants placed at our disposal by the Botanical Garden, Nijgemen, the Netherlands, 
were inoculated with 32 strains or isolates of 26 viruses (Table 1) by means of the 
so-called carborundum-spatula technique, a conventional method in plant virology.

As to the maintenance of the viruses, the methods of inoculation, the re
isolation of viruses from the inoculated plants and the test or indicator plants 
detailed data can be found in our earlier publications (cf. Horváth, 1974a, 1977). 
In these papers newly investigated viruses were kept in Ammi május L. (ce
lery mosaic virus, watermelon mosaic virus), Beta vulgaris L. (beet mosaic 
virus), Brassica rapa L. var. rapa (cauliflower mosaic virus, turnip mosaic 
virus), Cucumis sativus L. (Arabis mosaic virus, cucumber green mottle mo
saic virus), Datura stramonium L. (broad bean wilt virus), Gomphrena glo- 
bosa L. (Melandrium yellow fleck virus), Lactuca sativa L. (lettuce mosaic 
virus), Nicotiana glutinosa L. (belladonna mottle virus, tomato aspermy virus), 
N. tabacum L. cv. Samsun (tomato mosaic virus) and Phaseolus vulgaris L. cv. 
Red Kidney (bean yellow mosaic virus, carnation ring spot virus). These viruses
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Table 1

Viruses inoculated in the experiments

Viruses, virus groups and cryptograms Strains o r isolates Literature

A lfalfa m osaic  virus (m onotyp ic  g roup), 
R /l : 1.3/18 : U/U : S/Ap

K 2 Beczner (1972)

A rabis m osaic  virus (nepovirus g roup), 
R /l : */41 : S/S : S/Ne

Phil.2 Schmelzer (1968, 1974)

Bean co m m o n  m osaic virus (po tyv irus g roup) 
*1* : */* : E /E  : S/Ap

F23 H orváth (1973), K ovács 
and H orváth  (1973)

Bean yellow  m osaic virus (po tyv irus group) 
*/* : */* : E /E  : S/Ap

S and RM H orváth  (1976)

Beet m osaic  virus (potyvirus group) 
*/* : */* : E/E : S/Ap

IP A 1 Schmelzer (1959)

B elladonna  m ottle  virus (tym ovirus g roup) 
R/l : 2.0/37 : S/S : S/Cl

H H orváth et. al. (1976)

B road b ean  wilt virus (u ngrouped  virus) 
R /l  : */33 : S/S : S/Ap

T m  and HZ H orváth and  S zirm a i 
(1975), H orvá th  (1976)

C a rn a tio n  ring spot virus (? to m b u sv iru s 
g ro u p )

R /l : 1.4/20 : S/S : S/N e

IPA F ritzsche and  Schm el
zer (1967)

C auliflow er mosaic virus (caulim ovirus 
g roup)

D /2 : 4 .5/16 : S/S : S/Ap

D H H orváth e t a l. (1979, 
1980a)

C elery  m osaic  virus (po tyv irus group) 
*/* : */* : E/E : S/Ap

P H orváth  e t a l. (1976)

C u cu m b er green m ottle m osaic virus 
(to b am o v iru s group)
R/l : */6 : E /E  : S/*

IPA Schmelzer (1967)

C u cu m b er m osaic virus (cucum ovirus g roup) 
R/l : 1/18 : S/S : S/Ap

W  and  EN H orváth  and  S zirm a i 
(1973), H o rvá th  (1976)

L ettuce  m osaic virus (p o ty v iru s group) 
*/* : */* : E /E  : S/Ap

M k-4 H orváth  (1979, 1980), 
H orváth  et al. (1981)

M elan d riu m  yellow fleck virus (b rom ovirus 
g ro u p )

1.97 +  0.8
R/l : 2 0  : S/S : S/*

LB H ollings et al. (1978), 
H ollings an d  H orváth  
(1981)

P o ta to  aucuba mosaic v irus (potexvirus 
g ro u p )
R/l : */5 : E/E : S/A p

SS H orváth  (1972a, b)

P o ta to  virus X (potexvirus group) 
R/l : 2.1/6 : E/E : S/(Fu)

G H orváth  a n d  Beczner  
(1968), H o rvá th  (1976)

P o ta to  virus Y (potyvirus group) 
R/l : */* : E/E : S/A p

C, N, R, An H orváth (1966a, b, 1967 
a, b)
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Table 1 (continued)

Viruses, virus groups and  cryptogram s Strains o r isolates Literature

R ad ish  m osaic virus (com o v iru s group) 
R /l  : (1.3/26 +  2.2/34) : S/S : S/CI

HS7 H orváth  et al. (1973)

T o b acco  m osaic virus ( to b am o v iru s group)
R / l  : 2/5 : E /E  : S/*

Ur S ie g e l  and W il d m a n  
(1954)

T o b ac co  necrosis v irus (m o n o ty p ic  group) 
R / l  : 1.5/19 : S/S : S /F u

f S z ir m a i  (1964)

T o m a to  asperm y virus (cucum ovirus group) 
R / l  : */* : S/S : S/Ap

T m  12 H orváth et at. (1980b)

T o m a to  m osaic virus ( to b am o v iru s group) 
R / l  : 2/5 : E /E  : S/*

H H orváth and B e c z n e r

(1973) , M a m u l a  et al.
(1974) , Ju R E T ic  et al. 
(1977)

T o b ac co  ring spot virus (nepv irus group) 
R / l  : 2.2/40 : S/S : S /N e

D H orváth (1976)

T u rn ip  m osaic virus (po tyv irus group) 
*/* : */* : E /E  : S/Ap

A l l H orváth et al. (1975a)

T u rn ip  yellow m osaic v irus (tym ovirus group) 
R /l  : 1.9/34 : S/S : S/Cl

HB H orváth et al. (1973)

W aterm e lo n  m osaic v irus (p o ty v iru s group) 
*1* : */* : E /E  : S/Ap

PW H orváth et al. (1975b)

1  Institute of Phytopathology, Aschersleben, GDR

were also re-isolated from the inoculated and non-inoculated or subsequently de
veloped leaves of inoculated Physalis curassavica plants and tested on the follow
ing test or indicator plants: Ammi május (celery mosaic virus, watermelon mosaic 
virus), Brassica rapa var. rapa (cauliflower mosaic virus), Chenopodium amaranti- 
color Coste et Reyn., Ch. quinoa Wtlld. (Arabis mosaic virus, beet mosaic virus, 
broad bean wilt virus, lettuce mosaic virus), Cucumis sativus (cucumber green 
mottle mosaic virus), Gomphrena globosa (Melandrium yellow fleck virus), Nico- 
tiana glulinosa (belladonna mottle virus, tomato aspermy virus), N. tabacum cv. 
Samsun (turnip mosaic virus), N. tabacum cv. Xanthi-nc (tomato mosaic virus) 
and Phaseolus vulgaris cv. Red Kidney (bean yellow mosaic virus, carnation ring 
spot virus).

Results and Discussion

In our experiments Physalis curassavica was found to be locally and system- 
ically susceptible to 13 viruses, systemically susceptible to one virus, and resistant 
to further 12 viruses (Table 2).
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Table 2

Reaction of Physalis curassavica L. to some plant viruses

V iruses S y m p to m s1

R esu lts  o f  th e  re 
iso la tio n  o f  th e  

investiga ted  p la n t 
v iruses

Alfalfa mosaic virus 1L: necrotic rings
NIL: vein clearing, mosaic, leaf defor

mations

IL: positive 
NIL: positive

Arabis mosaic virus 1L: chlorotic or necrotic spots 
NIL: vein clearing and severe mosaic

IL: positive 
NIL: positive

Bean common mosaic 
virus

1L: no symptoms 
NIL: no symptoms

IL: negative 
NIL: negative

Bean yellow mosaic 
virus

IL: no symptoms 
NIL: no symptoms

IL: negative 
NIL: negative

Beet mosaic virus IL: no symptoms 
NIL: no symptoms

IL: negative 
NIL: negative

Belladonna mottle virus IL: necrotic rings
NIL: chlorotic and/or necrotic rings, 

mosaic, leaf deformation

IL: positive 
NIL: positive

Broad bean wilt virus IL: no symptoms
NIL: vein clearing and severe mosaic, 

recovery

IL: negative 
NIL: positive

Carnation ring spot virus IL: no symptoms 
NIL: no symptoms

IL: negative 
NIL: negative

Cauliflower mosaic virus IL: no symptoms 
NIL: no symptoms

IL: negative 
NIL: negative

Celery mosaic virus IL: no symptoms 
NIL: no symptoms

IL: negative 
NIL: negative

Cucumber green mottle 
mosaic virus

IL: no symptoms 
NIL: no symptoms

IL: negative 
NIL: negative

Cucumber mosaic virus IL: vein clearing, yellowing, inter- 
veinal mosaic

NIL: severe mosaic, dark green islands, 
leaf deformations

IL: positive 

NIL: positive

Lettuce mosaic virus IL: no symptoms 
NIL: no symptoms

IL: negative 
NIL: negative

Melandrium yellow 
fleck virus

IL: necrotic lesions 
NIL: no symptoms

IL: positive 
NIL: positive

Potato aucuba mosaic 
virus

IL: no symptoms
NIL: chlorotic and/or necrotic spots, 

interveinal mosaic

IL: positive 
NIL: positive

Potato virus X IL: necrotic rings 
NIL: chlorotic spots

IL: positive 
NIL: positive

5 * Acta Phytopathologica Academiae Scientlarum Hungaricae 16, 1981



332 Horváth : Reaction o f Physalis to plant viruses, VI.

Table 2 (continued)

Viruses S y m p to m s1

R esults o f  the re 
iso la tio n  o f  the 

investigated  p lan t 
viruses

Potato virus Y IL: no symptoms
NIL: severe chlorotic spots, leaf defor

mations

IL: positive 
NIL: positive

Radish mosaic virus IL: no symptoms 
NIL: no symptoms

IL: negative 
NIL: negative

Tobacco mosaic virus IL: necrotic lesions 
NIL: necrotic lesions, top necrosis

IL: positive 
NIL: positive

Tobacco necrosis virus IL: no symptoms 
NIL: no symptoms

IL: negative 
NIL: negative

Tomato aspermy virus IL: chlorotic lesions 
NIL: mosaic, dark green islands, leaf 

deformations

IL: positive 
NIL: positive

Tomato mosaic virus IL: necrotic lesions 
NIL: necrotic lesions, top necrosis

IL: positive 
NIL: positive

Tobacco ring spot virus IL: necrotic rings
NIL: vein clearing, chlorotic and/or 

necrotic rings

IL: positive 
NIL: positive

Turnip mosaic virus IL: chlorotic and/or necrotic lesions 
NIL: mosaic, leaf deformations

IL: positive 
NIL: positive

Turnip yellow mosaic 
virus

IL: no symptoms 
NIL: no symptoms

IL: negative 
NIL: negative

Watermelon mosaic 
virus

IL: no symptoms 
NIL: no symptoms

IL: negative 
NIL: negative

1 IL: Inoculated leaves; NIL: Non-inoculated leaves, or subsequently developed leaves.

In the local and systemic host-virus relation 10 viruses caused manifest local 
and manifest systemic diseases in Physalis curassavica plants. Melandrium yellow 
fleck virus, a virus known to have a wide host range (cf. Hollings et al., 1978; 
H ollings and Horváth, 1981), induced necrotic local lesions in Physalis curas
savica plants. Systemic symptoms did not develop in the inoculated plants although 
the re-isolation of the virus from non-inoculated plants was also successful. The 
experimental plant proved to be a visible local and latent systemic host of Meland
rium yellow fleck virus.

Physalis curassavica, like P. peruviana, a plant tested in earlier years (cf. 
H orváth, 1974b), turned out to be a latent local and visible systemic host of 
potato virus Y. Singh et ah (1979) reported that Physalis angulata L. and P.
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pubescens L. reacted systemic symptoms without inducing local lesions against 
potato virus Y, while potato virus Y induces distinct local lesions on open leaves 
of P. floridana. Potato aucuba mosaic virus caused a visible systemic disease in 
Physalis curassavica in agreement with earlier observations made in various 
Physalis species (Horváth, 1974a, b, 1975a, b). The rubbed leaves of the inocu
lated plants never showed symptoms although the virus could be re-isolated from 
these leaves in every case. Similar observations were made in earlier years of the 
relation between potato aucuba mosaic virus and various Physalis species. Of the 
local and systemic host-virus relations the one between Physalis curassavica and 
the belladonna mottle virus deserves special attention. As far as we know, only the 
relation between Physalis heterophylla and the Iowa strain (Physalis mottle strain) 
of the belladonna mottle virus (cf. Moline and F ries, 1972, 1974; Moline, 1973), 
and that between Physalis subglabrata and the Physalis mosaic virus (closely re
lated to belladonna mottle virus, cf. Peters and D erks, 1974), further the relation 
between the Kansas strain of belladonna mottle virus — a virus isolated from 
Capsicum frutescens L. ‘Hybrid Tokyo Bell' — on the one hand, Physalis angulata 
and P. floridana on the other, have been described so far (Lee et al., 1979).

According to our own experiment results Physalis curassavica is important 
noi only as a diagnostical, but also as a prognostical host of the belladonna mottle 
virus. Here we note that the local (chlorotic and necrotic lesions or rings) and 
systemic symptoms (mosaic and leaf deformation) caused by belladonna mottle 
virus in Physalis curassavica are similar or equal to those found by Moline and 
F ries (1974) in Physalis angulata and P. heterophylla plants artificially inoculated 
with the Iowa strain of belladonna mottle virus, as well as to the symptoms induced 
by Peters and D erks (1974) in Physalis floridana, P. ixocarpa, P. peruviana and 
P. subglabrata with the isolate of the Physalis mosaic virus, and in P. alkekengi 
and P. floridana with the Kansas strain of belladonna mottle virus (Lee et a!., 
1979).

Beside the tomato aspermy virus susceptible Physalis angulata and P. flori
dana, the turnip mosaic virus susceptible P. floridana and P. pubescens, and the 
Arabis mosaic virus susceptible P. angulata, P. floridana, P. phyladelphica Lam. 
and P. curassavica plays an important role in the epidemiology of the belladonna 
mottle virus.

In the course of our investigations we pointed out a systemic host-virus re
lation between Physalis curassavica and the broad bean wilt virus (see Table 2). 
After 8 days the examined plant showed intensive vein clearing and mosaic symp
toms and plays therefore an important role in the diagnosis of broad bean wilt 
virus. Considering, however, that recovery is a rather frequent phenomenon in 
the inoculated plants, the diagnostical reliability of the host-virus relation is dis
putable. We mention here that Schmelzer (1960) also observed the phenomenon 
of recovery in the host-virus relation of Physalis floridana and P. peruviana to 
broad bean wilt virus. It seems to be that recovery is a general symptomatological 
phenomenon in the host-parasite relation between Physalis species and broad bean 
wilt virus.
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During investigations into the host-virus relations of Physalis curassavica 
we disclosed 12 incompatible relations too in the case of the mentioned plant (see 
Table 2). These results correspond to those obtained in earlier studies made with 
other Physalis species. Exceptions are the Physalis aequata Jacq., P. viscosa L. and 
P. ixocarpa Brot, which unlike the so far tested species of P. angulata, P. peru
viana, P. peruviana var. macrocarpa and P. pruinosa L. proved susceptible to to
bacco necrosis virus (cf. Horváth, 1975b). Physalis curassavica, the experimental 
plant of our present study proved resistant to bean yellow mosaic virus as well. 
Here we should like to point out that according to the investigations of Bos (1970) 
Physalis floridana is a symptomless (latent) local host of the normal strain (B 25) 
o f bean yellow mosaic virus isolated from bean and at the same time a systemic 
host of the same strain showing a striking stunting symptom. It would be desirable 
to find out whether the divergent reactions of the Physalis species are due to the 
different strains of bean yellow mosaic virus and/or to the different Physalis spe
cies.
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The paper deals with investigations of virus diseases of alfalfa, white clover 
and bean bred in the Province of Kosovo (Southeastern region of Yugoslavia). Virus 
diseases of legume plants have not been studied yet in this region. A total of 6  isolates 
found in various parts of Kosovo were studied; 3 isolates originated from alfalfa 
(isolates LI, L2 and L3), I isolate from white clover (isolate BD) and 2 isolates from 
bean (isolates G2 and G3).

On the basis of the test plant reactions, light and electron microscope investiga
tions, aphid and seed transmission, and serological tests, it has been established that 
isolates LI, L2, L3 and BD belong to alfalfa mosaic virus (AMV) and isolates G2 
and G3 to bean common mosaic virus (BCMV). AMV isolates showed serological 
reactions of identity when compared with one another. They did not differ sero
logically from 425 strain of AMV supplied by Dr. L. Bos. AMV is rather frequent 
on alfalfa and clover in Kosovo. The percent of alfalfa and clover plants infected 
with AMV often amounts to 85%.

Alfalfa, white clover, bean and some other legume plants are very important 
crops in the Province of Kosovo (southeastern part of Yugoslavia). Although 
virus diseases have been noticed in this region (PERiáié, 1951), until now, however, 
virus diseases in Kosovo have rarely been the subject of any research; nor have 
virus diseases of legume plants in this region been studied in general.

In this paper some properties of six virus isolates found on alfalfa, white 
clover and bean are presented.

Material and Methods

A total of 6 virus isolates found on alfalfa, white clover and bean were in
vestigated. Infected plants were collected in various localities in the Province of 
Kosovo. The isolates marked LI, L2, L3 were found in alfalfa (near Djakovica, 
Pristina and Pec, respectively), the isolate BD in white clover (near Djakovica) 
and the isolates G2 and G3 in bean (near Prizren and UroSevac, respectively). 
Some of these isolates were compared with AMV-425 strain of alfalfa mosaic 
virus kindly supplied by Dr. L. Bos (Institute of Phytopathological Research, 
Wageningen, The Netherlands).
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In serological tests carried out by agar gel immunodiffusion method 3 anti
sera to alfalfa mosaic virus (AMV) were used. One antiserum (titre 1/16) was 
supplied by Dr. D. Z. M aat  (Institute o f  Phytopathological Research, Wage- 
ningen, The Netherlands), another (titre 1/16) by Dr. M. Babovic (Faculty of 
Agriculture, Beograd) and the third antiserum was prepared during this work.

At the beginning of the investigations the isolates were cleaned by local 
lesion transmission. The determination of some properties in vitro (thermal inac
tivation point, dilution end point and longevity in vitro) was made in the standard 
way. Aphid transmission tests were performed by Myzus persicae. Acquisition 
feeding was 30 min, starving 120 min and infection feeding 120 min, too. To 
find out whether our isolates were transmissible by soil, the healthy plants were 
planted into soil in which the plants previously infected with the isolates had 
been grown.

The isolate LI, which belongs to AMV, was purified with minor adjustments 
after the method of G ibbs et al. (1963). The amount of purified virus in solutions 
was determined by absorbance at 260 nm (A260) in a spectrophotometer.

The purified virus (isolate LI) was used for immunization. Each rabbit re
ceived 3 intravenous injections, one injection per day. Every injection contained 
1 ml of virus suspension of concentration at 1 mg/ml. Nine days after the last 
intravenous injection, the animals received booster injections using F reund’s 
incomplete adjuvant. The produced serum had titre 1/32.

Particle types were separated by centrifugation at 25 000 rpm for 3 hours in 
a Spinco SW 25.1 rotor on gradients of 10 —40% sucrose. The centrifugation of 
virus samples in analytical centrifuge was performed at 44 000 rpm (20 °C, bar 
angle 60°) in a Spinco model E analytical centrifuge.

The purified virus suspension (isolate LI) was analysed by electron micro
scope using negative staining with phosphotungstate. The inclusion bodies of the 
isolates G2 and G3 were observed in live cells by light microscope. For electron 
microscope analysis of ultrathin sections of the infected tissue, strips of leaves 
were prepared in the way described earlier (Taraku  et cd., 1977).

Results

Since the experiments showed that isolates LI, L2 L3 and BD belonged to 
one virus and the isolates G2 and G3 to another virus the results obtained will be 
presented separately.

I n v e s t i g a t i o n s  o f  i s o l a t e s  L I ,  L2 L3  a n d  BD 

Test plant reactions

The four isolates were mechanically transmitted to 14 test plants. These 
plants were mainly chosen from the host range of AMV because preliminary tests
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Table 1

Reactions of plants infected with isolates LI

Hosts Symptoms*

CHENOPODIACEAE 
Chenopodium amaranticolor Coste et Reyn.

C. quinoa Willd.

CUCURBITACEAE
Cucumis sativus L.

FABACEAE
Pltaseolus vulgaris L. cv. Tresnjevác 
Pistim sativum L.
Vicia faba L.

Vigna sinensis (L.) Endl.

SOLANACEAE
Datura stramonium L.
Capsicum annuum L.
Lycopersicum esculentum Mill.
Nicotiana clevelandii Gray.
N. glutinosa L.

N. megalosiphon Heurck et Muell.

N. tabacum L. cv. Samsun

L chlorotic lesions; 
S mild variegations 

] L chlorotic lesions; 
S mild variegation

0

L necrotic lesions 
0

L necrotic rings;
S necrotic variegation 
L necrotic lesions

0
0
0

S mosaic
L chlorotic and necrotic spots 

j S chlorotic and necrotic spots 
( L necrotic rings 

S necrotic zones 
L necrotic rings 
S necrotic variegation

in non-inoculated leaves; 0  unsuscep* L symptoms in inoculated leaves; S symptoms
tible.

indicated that the investigated isolates could belong to AMV. Symptoms on the 
test plants are shown in Table 1. Since all four isolates produced very similar 
symptoms, only symptoms caused by isolate LI are presented in the Table.

Properties in vitro

Thermal inactivation point (TIP) of the four isolates is between 65 and 
70 °C, diluted end point (DEP) about 10_1 and longevity in vitro (L1V) at room 
temperature about 4 days.
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Aphid and soil transmission

The isolates LI, L2, L3 and BD are transmissible by Myzus persicae. When 
young healthy plants of Nicotiana clevelandii were planted into soil in which plants 
infected with LI had been grown, it was established that all of the 15 plants in
volved in experiments remained healthy. This was checked by back inoculation 
experiments.

Purification, ultraviolet absorption and electron microscopy

Isolate LI was purified after the method of G ibbs et ai (1963) with minor 
adjustments. Spectrophotometric analyses of purified virus solutions showed 
that A260/280 of the isolate LI was between 1.42 and 1.64. Electron microscope 
analyses revealed that the isolate LI had several types of virus particles; some of 
them were spherical in shape and others were bacilliform (Fig. 1 ). The size of the 
particles corresponded to the ones of AMV. The isolate is obviously multicom
ponent. This was confirmed by centrifugation in sucrose density gradient and by 
analysis in an analytical ultracentrifuge. As can be seen in Fig. 2 the virus has 
5 types of virus particles.

Serological properties

An immune serum was prepared against isolate LI. It had the titre 1/32. 
In addition, two other sera to AMV were involved in the experiments. One of 
them was supplied by Dr. D . Z. M aat and the other by Dr. M. B abovic (see 
Material and Methods). The experiments were performed in agar gel double dif
fusion tests. The four isolates reacted positively with all three immune sera. The

Fig. 1. Virus particles of isolate LI : five types of virus particles can be observed; the particles 
bordered in the centre of the Figure are shown above right as well
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Fig. 2. Schlieren diagram of isolate LI photographed 23 min after reaching 44 000 rpm 
at 20 °C (bar angle 60°) in Spinco model E analytical centrifuge

Fig. 3. Gel diffusion precipitin patterns of isolate LI and isolate 425 of alfalfa mosaic virus 
(AMV); As — antiserum to AMV

isolates showed serological reactions of identity when compared with one another 
by using these sera. They do not differ serologically from Bos’s 425 strain of 
AMV (Fig. 3).

Inclusion bodies

The isolates LI, L2, L3 and BD form x-bodies in the infected tissue. They 
were observed in tobacco hair cells. However, these inclusions occurred very 
rarely.
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I n v e s t i g a t i o n s  o f  i s o l a t e s  G2  a n d  G3

Bean is also affected in Kosovo by virus diseases. Three virus isolates were 
found on this plant (cv. Tetovac). Two isolates, G2 and G3, were similar and the 
third one (isolate G l) differed from them. The last isolate is not the subject of

Table 2

Reactions of test plants infected with isolate G2

H osts Symptoms*

CHENOPODIACEAE
Chenopodium amaranticolor Coste et Reyn. L chlorotic lesions with necrotic center
C. quinoa Willd. L chlorotic lesions

FABACEAE
Phaseolus vulgaris L. cv. Tresnjevac S mosaic, dark green banding along

veins (Fig. 4a)
Pistim sativum L. 0

Vicia faba L. L necrotic lesions
S necrotic ringspotting

SOLANACEAE
Nicotiana tabacum L. cv. Samsun L chlorotic spots

S variegation
N. megalosiphon Heurck et Muell. L chlorotic and necrotic bands along

veins
S variegation, stunting

* L symptoms in inoculated leaves; S symptoms in inoculated leaves; 0 unsusceptible.

this paper. Identification of isolates G2 and G3 on the basis of differential hosts, 
properties in vitro and light and electron microscopic inclusion bodies is presented 
here.

Test plant reactions

The isolates G2 and G3 were found on two different localities (see Material 
and Methods). On naturally infected plants isolates G2 and G3 caused different 
symptoms; G2 isolate provoked a green variegation and isolate G3 a yellow va
riegation. However, it was shown later that both isolates belonged to the same 
virus. Since both isolates produced very similar reactions on test plants, only 
plant reactions to isolate G2 are presented (Table 2).

Symptoms in Table 2 indicate that isolates G2 and G3 can belong to bean 
common virus (BCMV).
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Properties in vitro

The following properties of isolates G2 and G3 were established : thermal 
inactivation point (TIP), dilution end point (DEP) and longevity in vitro (LIV). 
They have TIP between 60 and 65 °C, DEP between 10~2 and 10~3 and LIV at 
room temperature about 4 days. According to these data isolates G2 and G3 do 
not differ from most BCMV isolates described earlier (Bos, 1971 ; D rijfhout and 
Bos, 1977).

Aphid and seed transmission

Both isolates were easily transmitted by Myzus persicae. The seed-borne 
tests were performed by isolate G2 using seeds of infected bean plants. The ex
periments were carried out in greenhouse and in held. The bean plants were in
fected by mechanical inoculation. The seeds of infected plants were sown in pots 
in greenhouse. From 30 seeds collected on infected plants bred in greenhouse 
7 germinated plants were infected. On the other hand, from 30 seeds collected on 
infected plants bred in held 8 germinated plants were infected. The symptoms on 
these plants were usually mild. Efficiency of seed transmission was checked by 
mechanical inoculation of sap of each seedling in Chenopodium amaranticolor 
and C. quinoa.

Light and electron microscopy

Both isolates produced amorphous x-bodies in infected leaf hair cells of 
Nicotiana megalosiphon. These inclusions were oval or irregular and they were 
usually in contact with the nucleus (Fig. 4b).

Fig. 4. a: Phaseotus vulgaris cv. Tresnjevac artificially infected with isolate G2; h: x-body (x) 
in hair cell of Nicotiana megalosiphon (n — nucleus)
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Fig. 5. Submicroscopical view of bean leaf cell infected with isolate G2: Pw pin-wheel struc
ture, да scroll

The isolates G2 and G3 were studied in respect to their submicroscopic 
inclusions. Both isolates produced pin-wheel structures with scrolls (Fig. 5). 
On the basis of these inclusions it could be concluded that isolates G2 and G3 be
longed to the first subgroup of potyviruses, i. e. to the same subgroup in which 
BCMV is included (comp. E dw ardson , 1974).

Discussion

Investigations of virus diseases in the Provinde Kosovo (southeastern part 
of Yugoslavia) began rather late. The first data on virus diseases in this region 
were reported by Perisic (1951). Many years later Z ekovic and Soskjc (1969) 
investigated plum pox virus found in this part of Yugoslavia. However, a more 
comprehensive investigation of one virus isolated in Kosovo was done by M ilicic 
and P lakolli (1974). These authors described alfalfa mosaic virus found on wild 
legume plant Ballota nigra.

Data obtained by the experiments presented here show that isolates LI, L2, 
L3 and BD belong to AMV. This means that AMV is widespread on alfalfa and 
clover in Kosovo. The per cent of infected alfalfa and clover with AMV often 
amount to 85 %. The spread of AMV on alfalfa was established in other parts of 
Serbia as well (Babovic, 1965).

The isolates investigated in this paper caused only local necrotic lesions on 
bean and cowpea. The same type of symptoms are caused by most extensively 
described AMV isolates (M ilbrath  and M cW horter, 1954; Z aumeyer, 1963; 
H agedorn  and H anso n , 1963). On the basis of the type symptoms on bean,
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AMV isolates are grouped in different classes (H ull , 1969; H ampton et al., 1978). 
However, whether one isolate causes local or systemic symptoms in bean depends 
on bean cultivar. Since various authors often use various cultivars of bean, a con
fusion in this respect has arisen. Because of that H ampton et al. (1978) consider 
with good reason that in identification of virus isolates from legume plants ac
curately defined plants (cultivars) have to be used.

The purified virus solution of isolate LI had to be fixed in 1 % solution of 
formaldehyde because unfixed virus particles were usually destroyed. During 
centrifugation in sucrose density gradient our isolates usually yielded only three 
centrifugal components, but five virus components were obtained when the virus 
was analysed by analytical centrifugation. All components could not be visualized 
in sucrose density gradient probably because of their low concentration.

The isolates G2 and G3 belonging to bean common mosaic virus (BCMV) 
cause in bean and C. quinoa symptoms which are very similar to the ones caused 
by Bos’s (1971) and A leksió’s (1967) isolates. Generally, BCMV is transmissible 
in a high percent through seeds (Crispin and G rogan , 1961; Scotland and 
B urke, 1961). Our isolates G2 and G3 of BCMV are also seed-borne but only in 
about 23%. However, C rispin and G rogan (1961) have reported that one of 
their BCMV isolate was not seed-borne through bean seeds. According to this 
data BCMV isolates vary in respect of transmission by bean seeds as well.

On the basis of symptoms it seems that bean yellow mosaic virus (BYMV) 
also occurs in Kosovo. We observed numerous bean plants with pronounced 
yellow symptoms in a few past years. During this work we also tried to isolate 
which provoked typical BYMV symptoms on bean did not produced pin-wheel 
structures with laminated aggregates, i.e. inclusions which are characteristic of 
that virus. In addition, that isolate caused symptoms which were more similar 
to symptoms of BCMV than to symptoms of BYMV.

In the course of our investigations of legume viruses in Kosovo cucumber 
mosaic virus (CMV) was also isolated from bean. Thus, it has been found that 
AMV, BCMV and CMV occur on legume plants in this region of Yugoslavia. 
Of course, this does not mean that some other viruses may not occur in legume 
plants in that region (comp. M usil, 1969; M usil, 1975). Further investigations 
of virus diseases in Kosovo which are in progress will surely confirm this opinion.
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in Hungary

By

E mil P ocsai

Laboratory of Virology, Plant Protection and Agrochemistry Centre of 
the Ministry of Agriculture and Food, Velence, Hungary

Grapevine Bulgarian latent virus was serologically detected from different 
naturally infected grapevine varieties in Hungary. 25 varieties were tested in May 
of 1980. Virus infection was found on the following grapevine varieties: Piros szlanka, 
Merlot, Fűszeres kadarka, Fekete muskotály, Cirfandli, Siroka melniska and Guzal 
kara.

GBLV was mechanically transmitted from naturally infected grapevines to 
Chenopodium quinoa which reacted with chlorotic lesions on inoculated leaves and 
systemic symptoms consisting of leaf mottle and necrotic flecks. Virus infection was 
serologically detected both from the sap of grapevine and Chenopodium quinoa leaves.

A Bulgarian isolate was used for production of antiserum. The virus was parti
ally purified from Chenopodium quinoa leaves by clarifying leaf extract with ether and 
carbontetrachloride followed by one cycle of differential centrifugation. The antisera 
were obtained from rabbit immunised with partially purified antigen. Serological 
tests were done using sap of grapevine and Chenopodium quinoa applying the double 
diffusion agar-gel method described by Ouchterlony.

According to results approached from serology, symptoms on herbaceous 
plants and the electron microscopical investigation, this virus was identified as grape
vine Bulgarian latent virus. So far, there were no data about the occurrence of this 
virus in Hungary. Therefore, it is a new virus in the Hungarian vinegrowing areas.

Grapevine Bulgarian latent virus was first described by M artelli et al. 
■(1976, 1977). This virus is latent is some cultivars of Vitis vinifera, but it has also 
been isolated from grapevine varieties with reduced growth and fanleaf-like 
symptoms (M artelli et al., 1976). The virus causes delayed budbreak, irregular 
elongation of the shoots and straggly fruit clusters (U yemoto et ai, 1977), in 
Vitis labrusca cv. Concord.

This mechanically transmissible virus was occurred up to the present in Bul
garia and New York State, USA only.

In Bulgaria two strains were distinguished, serological relationship between 
them was very close (M artelli et al., 1976). A more distant relationship was found 
between Bulgarian and New York strains (M artelli et al., 1978).

The present paper reports the occurence of grapevine Bulgarian latent virus 
in southern part of Hungary.
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Materials and Methods

Serological investigations have been carried out in a grapevine variety-col
lection of Hungary. 25 varieties were tested in May of 1980. The Ouchterlony 
double immunodiffusion test was used for the virus detection.

Antiserum was produced to a Bulgarian isolate, which was forwarded by 
Dr. M. Jankulova .

The virus was propagated for purification in Chenopodium quinoa in green
house under normal greenhouse conditions. For preparing of inoculum, 0.1 M 
phosphate buffer pH 7.2 was used containing 0.2 % ascorbic acid, and 0.2 % so
dium sulfite. Locally and systemically infected leaves were harvested 8 days after 
inoculation and homogenized together with the above-mentioned buffer in the 
ratio 1 : 1 (weight per volume) in a Waring blendor.

The juice was expressed through nylon-cloth. The extracts were clarified by 
ether and carbontetrachloride.

The resulting emulsion was separated by low-speed centrifugation. The clear 
yellow supernatant aqueous phase was subjected to one cycle of differential centrif
ugation (MOM. 3170 b) ultracentrifuge P-40 rotor, 2 hours 30 000 rpm, (97 000 g).

The pellets were resuspended in 1.5 ml 0.02 M phosphate buffer pH 7.2. 
Insoluble material was removed by a low speed centrifugation at 5600 g for 15 
minutes.

This partially purified virus suspension was used for immunization. The rab
bit was immunized three times by intramuscular injections over a period of three 
weeks.

Bleedings began 7 days after the last injection and repeated four times 3 — 4 
days intervals.

At the time of the serological testing the grapevine shoots were 5 — 8 cm
long.

Five pieces of shoots were collected from each plant in a nylon-sack.
Leaves of grapevines were homogenised in mortars in 0.02 M phosphate 

buffer, pH 8.0, (1 ml buffer/g leaf tissue), containing 0.2% ascorbic acid, 0.2% 
sodium sulphite and 0.6% caffeine (Pocsai et ai, 1979).

For serological tests, gel plates in petri dishes were prepared using 0.8 g 
Difco-Bacto agar in 100 ml 0.85% saline, containing 0.06% sodium azide.

Wells were cut 7 mm in diameter and 4 mm apart by a gel-cutter according 
to Schmelzer and G omm (1971).

The virus from the infected samples was mechanically transmitted to Cheno
podium quinoa, using 0.1 M phosphate buffer, pH 7.2. This buffer contained 0.2% 
ascorbic acid, and 0.2% sodium sulfite.

Chenopodium quinoa plants were grown in greenhouse where the tempera
ture ranged between 20 °C and 25 °C.

Test plants were inoculated, when they had developed eight to ten leaves, 
by gentle rubbing the inoculum onto, leaves lightly dusted with carborundum 
(600 mesh).
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Serological tests were also carried out using sap of infected Chenopodium 
quinoa leaves.

For electron microscopical investigation, the virus preparation was purified 
by two cycles of differential centrifugation. Electron microscopical investigations 
were carried out on by OPTON EM 9 S-2. Samples in 0.02 M phosphate buffer 
were placed on carbon-formvar coated grids and stained with 2 % phosphotungstic 
acid.

The results of serological test from different grapevine cultivars are shown 
in Tables 1 and 2.

Seven of the 25 examined grapevine cultivars gave positive serological re
action with prepared antiserum.

Grapevine cultivars in which grapevine Bulgarian latent virus has been tested by serology

Results

Table 1

Cultivars N u m b e r  o f  
tested p la n ts

N u m b er  o f  
infected plants

Tzimlianski belli 
Triomubbe 
Ai Izum belli 
Nebide nero 
Fuorno 
Rizamat
Boulouth usumu 
Vereia 
Oba belli 
Guzal kara 
Pinot noir P-1 
Siroka melniska 
Vavrud 
Cirfandli 
Piros szlanka 
Cabernet Sauvignon 
Kövidinka 
Merlot noir 
Olaszrizling P-2 
Fűszeres kadarka 
Csabagyöngye P-l 
Pinot blanche P-9 
Pinot blanche P-24 
Fekete muskotály 
Rizling szilváni

3
2
2
2
3

10
4 
7

10
10
10
10
10
10
10
10
10
10
9

10

2
1
3
2
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Table 2

Results of serological tests from the crude sap of grapevine 
naturally infected with grapevine Bulgarian latent virus

A ntiserum  dilution
Cultivars

1 : 8 1 : 32 1 : 64 1 : 128

Cirfandli 5. + + +
Cirfandli 6 . + + + —
Guzal kara 2. + + — —
Fekete muskotály 13. + + + —
Fűszeres kadarka 10. + + + —
Fűszeres kadarka 3. + + + —
Merlot noir 9. + + + —
Piros szlanka 2. — — + —
Piros szlanka 11. — + + —

Siroka melniska 16. + + + +

Table 3

Results of serological tests from the sap of Chenopodium guinea 
infected with grapevine Bulgarian latent virus

Sap samples o f infected 
Ch. quinoa

A ntiserum  dilution

1 : 8 1 : 32 1 : 64 1 : 128

Cirfandli 5. + +
Cirfandli 6 . + + + —
Guzal kara 2. + + + —
Fekete muskotály 13. + + + —
Fűszeres kadarka 10. + + — —
Fűszeres kadarka 3. + + + —
Merlot noir 9. + + — —
Piros szlanka 2. + + — —
Piros szlanka 11. — + + —
Siroka melniska 16. + + — —

These were the following: Piros szlanka, Merlot noir, Fűszeres kadarka, 
Fekete muskotály, Cirfandli, Siroka melniska and Guzal kara.

At the time when testing was carried out (end of May) infected grapevine 
shoots contained enough virus to react serologically. The sharpest precipitation
lines were observed at antiserum dilution of 1 : 64.

GBLV was mechanically transmitted from the naturally infected grapevine 
to Chenopodium quinoa.

Test plants showed chlorotic lesions on inoculated leaves, and systemic symp
toms consisting of leaf mottle and necrotic flecks about 10—15 days after inocu
lation.
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Results of serological tests from the sap of Chenopodium quinoa are given 
in Table 3.

These results show that the antiserum reacts in the same manner both with 
the sap of infected Chenopodium quinoa and with the crude leaf-extracts of grape
vine.

The most beautiful precipitation lines were also observed at antiserum dilu
tion of 1 : 64.

We obtained antisera by injecting partially purified virus preparation from 
Chenopodium quinoa leaves.

The titer of the prepared antiserum was 1 :256 as determined with sap of 
Chenopodium quinoa.

With sap of healthy plants, it reacted at dilutions 1 : 8. The shape and di
mension of virus particles were determined by electron microscopy. Shape of par
ticles was found tobe polyhedral and the average diameter of virus particles was 
more than 30 nm.

Discussion

The results of this paper confirm that grapevine Bulgarian latent virus oc
curs in Hungary. So far, there were no data at all about the occurrence of this 
virus. According to the results approached from serology, symptoms on herba
ceous plant and the electron microscopical investigation, this virus was identified 
as grapevine Bulgarian latent virus.

We did not examine whether the infected grapevine cultivars showed fanleaf
like and other syndromes or not.

The well-spreading of the virus in the Hungarian vine-growing areas is not 
yet determined. Therefore, the susceptibility of grapevine cultivars to the virus 
disease, and the influence of GBLV on growth and yield of grapevine will require 
additional investigation.

Acknowledgements

Thanks are due to Dr. M. J a n k u l o v a  (Institute of Plant Protection Kostinbrod, 
Bulgaria) for providing of GBLV isolate, also to Mr. M. D e z s é r i who made the electron 
microscopical examinations, and Mrs. I. C z i n k a , Miss I. F a r k a s  for excellent their technical 
assistance.

Literature

M a r t e l l i , G . P., G a l l it e l l i , D., A b r a c h e v a , P., J a n k u l o v a , M .,  S a v in o , V., Q u a c q u a - 
r e l l i , A. (1976): A manually transmissible latent virus of grapevine from Bulgaria. 
Abstr. Proc. 6th Conf. int. Counc. Grapevine Viruses, Cordova, 23.

M a r t e l l i , G. P., G a l l it e l l i , D., A b r a c h e v a , P., S a v in o , V., Q u a c q u a r e l l i , A. (1977): 
Some property of grapevine Bulgarian latent virus. Ann. Appl. Biol. 85, 51. 

M a r t e l l i , G. P., Q u a c q u a r e l l i , A., G a l l it e l l i , D. (1978): Grapevine Bulgarian latent 
virus. CMI/AAB Descriptions o f Plant Viruses. No. 186.

Acta Phytopathologien Academiae Scientiarum Hungaricae 16, 1981



354 P  о csai : Grapevine Bulgarian latent virus

P o c s a i , E., M o l n á r , J. (1979): A Prunus nekrotikus gyűrüsfoltosság vírus kimutathatóságá- 
nak vizsgálata a tenyészidőszak folyamán szerológiai módszerrel. Növényvédelem. XV. 
6, 255- 260.

S c h m e l z e r , К., G o m m , M. (1971): Vorrichtungen zur schnellen und einwandfreien Herstel
lung von Lochmustern in Gelen, insbesondere zur methodischen Vervollkommnung 
des serologischen Doppeldiffusionstestes. Nachr. BL Dt. Pfl. Schutzdienst, Berlin 25, 8, 
170-172.

U y e m o t o , J. K., T a s c h e n b e r g , E. F., H u m m e r , D. K. (1977): Isolation and identification 
of a strain of grapevine Bulgarian latent virus in Concord grapevine in New York 
State. PI. Dis. Reptr. 61, 949—953.

Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981



Acta Phytopathologica Academiae Scientiarum Hangaricae, Vol. 16 (3—4),pp . 355— 364 (1981)

Suppression of Challenge Bacteria in Tobacco Leaves 
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The existence of an early induced defence mechanism of tobacco plant which 
developes as early as 3 — 6  hours after induction with Pseudomonas fluorescens has 
been published recently (B u r g y á n  and K l e m e n t , 1979).This type of induced resistance 
was compared with the already known induced resistance that develops following 
injection of plants with heat killed bacteria. We have shown that the early induced 
resistance is light independent, but the other type i.e. the late induced resistance is 
a light dependent reaction of tobacco. The early defence mechanism strongly protects 
against the development of incompatible symptoms but weakly against the com
patible one, whereas the late induced resistance completely blocks both types of 
symptom in the light.

It was shown that the early induced resistance inhibits not only the development 
of necrotic symptoms but also inhibits the multiplication of challenge bacteria.

Induced resistance (in other words acquired resistance) against bacterial 
infections occurs following injection of plant with living or heat-killed bacteria 
(L ovrekovich and F arkas, 1965; Lozano and Sequeira, 1970; and N ovacky, 
A cedo and G oodman, 1972). Recently, an early induced selective protection 
(ESP) of tobacco leaves was published by K lement and B urgyán , 1978; and 
Burg yán  and K lement, 1979. The two types differ from each other in some re
spects. In this paper acquired resistance will be noted as late induced resistance 
and the early selective protection as early induced resistance.

Early induced resistance inhibits or delays the symptom development of 
challenge bacteria in protected leaves as early as 3 — 6 hours until 21 hours. Late 
induced resistance develops much later and persists for several days. The early 
host response is independent from the light but the late one is a light-dependent 
reaction of plants.

The inhibition of bacterial multiplication in the later period of acquired 
resistance has been investigated (Lozano and S equeira, 1970), however, in the 
early period determination of bacterial multiplication was not possible because 
of methodical difficulties (B urgyán  and K lement, 1979). In the case of early 
induced resistance only an indirect evidence indicated the inhibition of bacterial 
multiplication. This indirect evidence was based on the absence of the hypersen-
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sitivé reaction (HR) induced by challenge bacteria. It has been shown earlier the 
HR does not appear when the multiplication of bacterial cells was inhibited 
(D u r b in  and K lement, 1977). Consequently, it was supposed (Burg yán  and 
K lement, 1979) that the absence of the HR in the early protected leaves demon
strates the inhibition of the bacterial multiplication, too.

In this paper, we give direct evidence for the inhibitory eifect of the early 
induced resistance on the multiplication of challenge bacteria and we compare 
the early and late induced resistance on the basis of inhibition of symptom devel
opment on tobacco leaves caused by compatible and incompatible pathogens.

Materials and Methods

Nicotiana tabacum L. cv. Xanthi nc plants were grown in greenhouse. Plants 
of the 5—10 leaf stage were used for experiment. Pseudomonas fluorescens Migula 
(ATCC. N o. 13 525) was used for induction of the early and late induced resis
tance. This saprophytic bacterium was grown on nutrient-agar culture for 24 h. 
the cell concentration of washed bacteria was adjusted to 5 x 108 cells ml-1. For 
comparison of the protective effect of the early and late induced resistance leaves 
were injected either with the suspension of P. fluorescens or with steril water that 
served as control. After infiltration, plants were kept in growth chamber at 25 °C 
either in continuous light (3000 cd) or in the dark. Compatible P. tabaei (Wolf 
and Foster) Stevens (ATCC No. 11528) pathogenic to tobacco and an incompatible 
P. pisiSaccket (ATCC No. 11055) pathogenic to pea as challenge bacteria were used 
for detection of host responses. Challenge bacteria were injected into about 1 cm2 
large areas of pretreated tobacco leaves in 107, 108 and 109 cells ml-1 concentra
tions.

To detect the early host response plants were injected with challenge bac
teria in most of the experiments 6 h after pretreatment. In the case of late induced 
resistance the second injection was applied 48 h after the first injection. The ap
pearance of symptoms were recorded during 3 days. Desintegrated cells of P. 
fluorescens were used for pretreatment of tobacco leaves when the multiplication 
rate of the challenge bacteria was measured. Forty-eight-hour-old nutrient-agar 
culture of P. fluorescens were washed in distilled water and the number of cells 
was adjusted to 109 cells ml-1. Cells of bacteria were collected from 50 ml suspen
sion by centrifugation at a rotor speed of 6 x 103 r min-1 for 20 minutes and were 
then resuspended in 10 ml distilled water. Desintegration of cells was carried out 
with ultrasonic energy (MSE type MT 20) for 45 min. The sonicated cells were 
adjusted to the original value.

It is known, that tissue necrosis itself as a consequence of the HR also sup
presses bacterial multiplication. In the earlier experiments detection of multiplica
tion of the HR inducing challenge bacteria in the protected leaves was not pos
sible because the time of the development of the early protection coincided with 
the appearance of the HR. To solve this question, an avirulent strain of P. syringae
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(received from DeVay, No. 761—6) which does not induce HR but is able to 
multiply in tobacco was used for observation of changes in bacterial population. 
This strain of P. syringae isolated from Setaria sp. is identical with other common 
hypersensitive necrosis-inducing strains of P. syringae in syringomycin production 
and in antigenic structure as well. The number of bacteria in leaf tissue were fol
lowed by counting the number of bacterial colonies developed from discs of in
filtrated leaf areas. Five discs (1 cm2 each) were removed in 24 h intervals for 
72 h. The number of bacterial cells from macerated leaf tissues were calculated 
by the platecount method using the standard serial dilution technique. Each re
ported cell number is the average of at least three replicate plating.

Results and Discussion

Effect of light on the development o f the early and the late induced resistance

Light may be an important distinctive factor for the separation of the two 
defence reaction, because the early induced resistance is light independent 
(B urgyán and K lement, 1978) but the late one is a light dependent reaction of 
plants (Sequeira, 1976). In earlier works (K lement and B urgyán, 1978; B urg yán  
and K lement, 1979), during and after the injection of P. fluorescens or of the 
challenge bacterium, plants were kept under light for about one hour to help 
evaporation of water from the water-soaked intercellular spaces of the injected 
areas before they were put back into the dark chamber. The objection that this 
short illumination may disturb the continuous dark effect seemed to be warranted. 
To avoid this source of error, tobacco plants were put into a dark room throughout 
the experiments and P. fluorescens as well as the challenge P. pisi were injected 
under subdued green light for a few minutes. Water was evaporated from the in
jected leaves in complete dark.

It has been shown earlier that the early induced resistance may be demon
strated when the time between the pretreatment and challenge injection is about 
6 hour. One may think of that this time is too short for the manifestation of the 
effect of the darkness. To solve this supposition in some experiments tobacco 
plants were kept in continuous dark for 24 hours before the pretreatment. To test 
the role of the light before the induction or during and after the development of 
the early induced resistance, tobacco plants were kept either in light or in dark 
in various combinations (Table 1). It was shown that the illumination before the 
induction and during the development of plant reaction had no influence on the 
early induced resistance (Table 1/A and Fig. 1 and Fig. 2). These investigations 
clearly verified that the early induced resistance is light independent but the late 
one is a light dependent reaction of tobacco plants. When plants were illuminated 
for a short period during the development of the late induced resistance, the 
inhibitory effect was recovered (Table 1/B). It is also proved by experiments
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Table 1

Effect of light on development of the early (A) and the late (B) induced resistance in tobacco induced by P. fluorescens and
challenged by P. pisi

H R *

P =  pretreatment with P. fluorescens 5x  10s cells ml 1; Ch =  challenged with P. pisi K>7, 10s, 109  cells ml“1; — in dark; 
— — — — in light; * appearance of the HR induced by 107, 10s, 109 cells ml“1; — no HR; H—  weak HR; + +  strong HR
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Figs 1 — 2. Inhibition of tissue necrosis induced by P. pisi in various concentrations (107, 
10®, 109  ml-1). Tobacco plants were pretreated either with P. flnorescens 5x10® cells m l - 1  

(on the right half leaf) or with water (C) (on the left half leaf). 6  hours before the challenge. 
Plants were held under dark (I) or under light (II) conditions. The tissue necrosis appeared 
only on the control leaf part but it was inhibited on the opposite half both in the light and dark
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Fig. 3. Multiplication rate of P. syringae in tobacco leaf in light (— ) and dark (—  ) conditions

that darkness itself has no influence on the multiplication of the challenge bacte
ria (Figs. 3, 4) or on the appearance of the HR. Tn some experiments the develop
ment of the HR somewhat delayed in the dark.

Comparison to the early and the late induced resistance regarding symptom develop
ment

Tobacco leaves pretreated with living cells of the saprophytic P. fluorescens 
were challenged with different concentrations of either the compatible P. tabaci 
or the incompatible P. pisi (Table 2). The early induced resistance was investigated 
6 hours after the pretreatment. In the case of the late reaction the challenge bac
teria were used 48 hours after the injection of P. fluorescens.

Six hours after the pretreatment of tobacco leaves the development of wild
fire disease symptom caused by P. tabaci was delayed in comparison to the control. 
There was no significant difference in the wildfire symptom development between 
tobacco plants kept in light or in the dark. The appearance of the hypersensitive 
necrosis induced by the incompatible P. pisi in all concentrations was, however, 
strongly protected independently of the illumination of the pretreated plants. 
It was concluded that the early defence mechanism strongly protects the develop
ment of incompatible symptom but only weakly suppresses the compatible one, 
and this type of host response is light independent.

Forty-eight hours after the pretreatment both the wildfire disease symptom and 
the HR were strongly protected in light but not in the dark. Confirming the re-
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Table 2

Protection of disease symptoms in tobacco leaf pretreated with P. fluorescens

Challenge

6 h after pretreatm ent

Light Dark

Control
(water) P. fluorescensa

Control ! „  _
(water) P • fluorescens

24C 48 72 24 48 72 24 48 72 24 48 72

P. tabaci 109a + d + + + + + +

+1+

+
(normosensitive

10s + + + -  I + + + + ■f 1 + +necrosis)
10 7 — + + — 1 — ± — + +  -  1  - ±

P. pisi 10s + + + — + + +  I l  -  I  - —
(hypersensitive

108 + + + _ + + +  I 1 -  -
_

necrosis)
1 0 7 — + + — — + +  ! -  1  - —

Challenge

P. tabaci 109b
(normosensitive jq8
necrosis)

P. pisi
(hypersensitive
necrosis)

10’

109

10s

10;

Control
(water) P. fluorescens Control

(water)

24 48 1 72 24 48 72 24 48 72

48 h after pretreatm ent

Light Dark

+
+
±

+
+
+

+
+

+
+
+

+
+
+

+
+
+

+
'+
±
+
+

+
+
+

+
+
+

P. fluorescens

24

+

+
+

±
±

+

±
+
±

+
+
+

a 5 x l0 8 cell ml-1; b cells ml-1; 'symptom development after the challenge inocu
lations in hours; d +  tissue necrosis; +  partial tissue necrosis; — no tissue necrosis

ports of Losano and Sequeira (1970) and Sequeira (1976) the late induced re
sistance completely blocked the development of compatible disease symptom and 
the visible HR, however, this type of host response is a light dependent reaction 
of tobacco plants. A comparison of the early and the late induced resistance sug
gests that their actions on the compatible and incompatible pathogens are different 
and the environment influences their developments in different ways.

7 Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981



Ba
ct

er
ia

l 
nu

m
be

r (
cel

l m
l1)

362 Hevesi et al. : Early and late induced resistance

C D

Fig. 4. Multiplication rate of the challenge P. syringae in tobacco leaf pretreated by sonicated
cells o f P. fluorescens (------ ) or by water (------). The time between the pretreatment and
the challenge was 6  h, plants were kept in the light (A) and in the dark (B). The time between 
t he pretreatment and the challenge was 48 h, plants were kept in the light (C) and in the dark (D)
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Inhibition of multiplication of the challenge bacteria by the early and the late induced 
reaction

In our earlier works inhibition of bacterial multiplication in protected tissue 
was indicated by the absence of the HR or that of the normosensitive necrosis. This 
hypothesis was supported by experiments of D urbin  and K lement (1977), Sasser 
(1978) and K lement et al. (1978). They have shown that the necrosis in hypersen
sitive resistant plants or in susceptible hosts is induced only by multiplying bacte
ria. Consequently, if the necrosis did not develop presumably bacterial multipli
cation was inhibited in host tissue. We used this hypothesis because the direct 
detection of multiplication of challenge bacteria in the protected leaves was not 
possible because the time of the early protection coincided with the HR. It is also 
well known, that the hypersensitive necrosis also suppresses bacterial multiplica
tion, so the separation of inhibitory effect of the early induced resistance from the 
effect of HR was methodically impossible. To solve this difficulty a no HR induc
ing strain of P. syringae was used as challenge and desintegrated cells of P. fluo
rescents were used for the induction of induced resistances.

Figure 3 shows the multiplication rate of P. syringae in the non-protected con
trol tobacco leaves kept in the light and in the dark. As is seen, light did not in
fluence the multiplication of P. syringae.

We compared the multiplication of the challenge bacterium in the pretreated 
tobacco plants kept in either light or in the dark (Fig. 4). P. syringae could equally 
multiply in control (only water pretreated tobacco leaf) under both light and dark 
conditions (Fig. 3). However, the multiplication was inhibited in comparison to 
control as early as 6 hours after the pretreatment (early induced resistance) in plants 
kept either in light or in the dark (Fig. 4/A and 4/B). Bacterial growth was also 
delayed in the leaves pretreated 48 hours before (late induced resistance) only in 
light (Fig. 4/C), but in dark condition this inhibitory effect disappeared (Fig. 4/D). 
These results are similar to the results of the experiment on symptom protection 
(Table 2). We have shown that there is a correlation between the protection of 
necrosis and the inhibition of bacterial multiplication. In other words the absence 
of symptoms caused by the challenge bacteria may be a consequence of inhibition 
of bacterial multiplication and not of the necrosis per se.

These results confirmed the conclusions of our previous paper that either two 
types of induced resistance or an early and a late period of induced resistance 
exist in tobacco plant, and they differ from each other in some important respects.
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Components of P se u d o m o n a s  f lu o r e s c e n s  Causing 
the Early and the Late induced Resistance 

of Tobacco to Challenge Infection

By

F. F. M ehiar, M ária H evesi and Z. K lement 

Research Institute for Plant Protection, Budapest, P.O. Box 102, Hungary

We tried to separate the components of cells of Pseudomonas fluorescens to 
find the responsible component(s) that has a role in induction of the early and late 
induced resistance of tobacco plant. Complete and desintegrated cells of P. fluorescens 
can induce both type of host responses against challenge bacteria. The dialyzed and 
ethanol precipitated fractions of supernatant of desintegrated cells were more effective 
to induce the early than the late induced resistance. In contrast, the sedimented cell 
wall fraction caused a stronger host reaction in the case of the late induced resistance. 
These results indicate that the bacterial cell contains two kind of inducers at least.

Lovrekovich and F arkas (1965) injected tobacco leaves with heat-killed 
cells of Pseudomonas tabaci and suppressed a challenge inoculation with living 
cells of P. tabaci. This, so called induced resistance or in other words acquired re
sistance is a time and light dependent reaction of plant (Sequeira, 1976). The pro
tection developed by 12—48 hours in light but not in dark. A similar defence mech
anism of tobacco plant induced by saprophytic Pseudomonas fluorescens, which 
developed as early as 3 — 6 hours after infection was published by us (K lement 
and Burg yá n , 1978; B urgyán  and K lement, 1979). This latter “early induced 
selective protection” (ESP) differs from the former one in some respects.

In our recent work (H evesi et ai, 1981) we tried to compare the influence 
of these two types of induced resistances of tobacco leaves provoked by P. fluores
cens on the suppression of development of tissue necrosis and on the inhibition of 
multiplication of the challenge bacterium. We believe that the phenomenon of 
induced resistance (acquired resistance) is not a unique reaction of plant. The 
living and sonicated cells of P. fluorescens could induce two different host respons
es, namely the so called early and the late induced resistance. The former occurs 
as early as 6 hours after the first inoculation by P. fluorescens. It strongly protects 
the development of the hypersensitive reaction (HR) but does not protect or only 
delays the appearance of disease symptom (necrosis) caused by the compatible 
pathogen. The early protection of plant is independent from light. The late form 
which was rather time-dependent reaction of tobacco plant inhibits equally both 
the compatible and incompatible symptom development in the light. In contrast 
to the early protection, the late one does not occur in the dark.
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The bacterial components responsible for the induction of induced resistance 
were investigated in several laboratories. Some investigations indicated that the 
bacterial protein-lipopolysaccharide complex acts as an inducer of plant responses. 
Sequeira and bis co-workers (1972) have the opinion that the protein component 
of protein-lipopolysaccharide complex is responsible for the induction of host 
response. However, according to M azzucch i et ai (1979), the active part of the 
protein-lipopolysaccharide complex is the lipopolysaccharide part of the cell wall.

In our present work we tried to separate the components of cells of P. 
fluorescens to find the responsible component(s) that has a role in induction of the 
early and the late induced resistance of tobacco plant.

Materials and Methods

Forty-eight hours old nutrient-agar-culture of P. fluorescens Migula (ATCC 
No. 13525) was washed with steril distilled water and the cell number was ad
justed to 10® cell ml-1. The cells were collected from 50 ml suspension by centrif
ugation at a rotor speed of 6 x 103 r min-1 for 20 minutes and were then resus
pended in 10 ml distilled water. Desintegration of bacterial cells was carried out 
with ultrasonic energy for 45 minutes. When the suspension became transparent 
the broken cell parts were removed by centrifugation at 6x 103 r min-1 for 60 
minutes, and the supernatant fluid was filtered through Seitz-filters. Both super
natant and the pellet were adjusted to the original volume and tried their biological 
activities. The supernatant of sonicated bacterial cells was dialysed for 24 hours 
against bidistilled water. When the ethanol content of the dialysed supernatant 
was adjusted to 80% a fine precipitation appeared. This was allowed to stand over
night. The precipitate was centrifuged for 20 minutes at the upper speed and dis
solved in 50 ml distilled water. Concentration of each fraction was adjusted to 
the initial cell number.

Each fraction of P. fluorescens was separately injected into the intercellular 
spaces of whole tobacco leaves with a hypodermic needle. Only the middle, fully- 
expanded leaves of plants in the 8—10 leaf stage were used. Thus pretreated to
bacco plants Nicotiana tabacum L. cv. Xanthi nc were kept partly in light (3000 
cd), partly in dark chamber at 25 °C and were challenged with either P. tabaci 
(Wolf and Foster) Stevens (ATCC No. 11528) pathogenic to tobacco or with P. 
pisi (Saccket) (ATCC No. 13535) pathogenic to peas, either 6 hours or 48 hours 
after the pretreatment. All experiments were performed at least three times with 
representative data presented here.

Results and Discussion

The effectivity of fractions of P. fluorescens on the early induced resistance 
was investigated 6 hours after the pretreatment (Table 1). The development of 
wildfire disease caused by P. tabaci in the pretreated tobacco leaves was delayed
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and the symptom was only partially protected by each fraction of cells of P. 
fluorescens, both in the light and in the dark. The sediment of the sonicated cells 
was still less effective than the supernatant. — Development of the hypersensitive 
necrosis induced by P. pisi was significantly protected by most of the fractions in 
the light and in the dark. The effectivity of the sedimented cell wall parts, however, 
was lower than the supernatant of the desintegrated cells. It was concluded, that 
both soluble and insoluble fractions of the bacterial cell contain active materials, 
however, the quantity of the inductive material was less in the sedimented cell 
wall parts. — There was no difference observed under light and dark condition 
in the protection of symptom development on tobacco plants in the case of early 
protection.

Effectivity of the cell fractions on the induction of the late induced resistance 
was investigated by 48 hours after the pretreatment because it has been proved 
that the early reaction persists until about 21 hours (B uroyán  and K lement, 
1979) (Table 2). Both wildfire symptom and hypersensitive reaction were strongly 
inhibited by the complete and the desintegrated bacterial cells as well as by the 
supernatant of desintegrated cells of P. fluorescens in light. No or only partial 
protection was induced by the sediment, by the dialysed or the ethanol precipitated 
fractions. This results agrees with the data of Sequiera (1976) who also has shown

Table 1
Development of symptoms caused by challenge bacteria 6  h after the pretreatment 

of tobacco leaves with Pseudomonas fluorescens
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P. tabaci 109 + + + - + + - + + — b  + + + + - + + - + +

10s + +  + - +  + - +  + -  +  + - + + - ± ± - ± ±

In I 07 -  +  + - - ± - - + — - - + — —

dark P .  p i s i  109 + + +
— — +  +  + + + + - +  + - + +

10* +  +  + ± ±  +
— —

I 07 - + +

“ Cells m l-1; b The symbols indicate the symptom development of the challenge 
by 24, 48 and 72 hours; +  strong, +  weak, — no symptom

Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981



368 Mehiar et al. : Components o f  Pseudomonas fluorescens

Table 2

Development of symptoms caused by challenge bacteria 48 h after the pretreatment 
of tobacco leaves with the components of Pseudomonas fluorescens

Fractions of P. fluorescens

C on
dition Challenge

W ater
control

Com 
plete
cells

Desin
tegrated

cells

Super
natant

Sedi
ment Dialysed 

fraction o f

Precip
itate 

o f di
alysed 
fraction

o f sonicated 
cells

super
natan t

P. tabaci 109a +  +  +  b -  +  + +  +  + +  +  +
In 10s +  +  + - +  + -  +  + — 1- +
l ig h t to7 ±  + + - - +

P. pisi 109 
108 
1 0 7

+  +  +  
+  +  +
± ± ±

— —
- ±  +  
- +  +

+  +  +  
- +  +

+
 +i 1 

+
 +i 1 

+
 

1 
1

P. tabaci 109 +  +  + ± ±  + + +  + +  +  + +  +  + +  +  + +  +  +
In to8 +  +  + - ±  + ±  +  + +  +  + +  +  ± ±  +  + +  +  +
dark 10 7 ±  +  + - - + - + + — + - - + —  ± — ±

P. pisi 109 
10s 
to7

+  +  +  
+  +  +  
- + +

+ + +
+ + +

+
 +

 +i 
+

 +I+I 1 i
+ 

1 
1 1

+1
+ 

1 
I+

 + +  +  +  
+  +  +

+  +  +  
± ±  +

+  +  +  
± ±  +

a Cells ml 1; b The symbols indicate the symptom development of the challenge 
by 24, 48 and 72 hours; +  strong; +  weak; — no symptom

a partial protection with ethanol precipitate fraction of P. solanacearum at 24 
hours. It seems from these data that mainly the dialysed and ethanol precipitated 
fractions of bacterial cell lost their elfectivity on the induction of the late protec
tion as compared to the early one. Under dark condition no or only a slight pro
tection appeared in tobacco leaves in all cases. No significant differences exist in 
the inhibitory effect of the fractions of P. fluorescens on tobacco leaves challenged 
either with the compatible P. tabaci or with the incompatible P. pisi. Therefore 
the late reaction equally inhibits both type of pathogens contrary to the early 
reaction which mainly inhibits the incompatible one.

These results confirmed the idea that the acquired resistance phenomenon 
induced by bacteria is not a unique reaction of plant and that the complete cells 
of P. fluorescens can induce an early and a late induced resistance in tobacco plant 
against challenge bacteria. Our results indicate that the bacterial cell contains two 
kind of inducers at least. The dialysed and ethanol precipitated fractions of super
natant of desintegrated cells were more effective to induce the early induced re
sistance than the sedimented cell wall fractions. In contrast, the sediment was 
more effective in the case of the late induced resistance. Because we were unable 
to separate pure active material neither from the sedimented cell wall parts nor
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from the supernatant of desintegrated cell, it is suggested that the inductive factor 
may involve labil, soluble and insoluble constituents of bacterial cell wall, which is 
found in both fractions in the supernatant and in the sediment of sonicated P. 
fluorescens cell. Sequeira and his co-workers (1972) and later M azzucchi et al. 
(1979) separated two different constituents of bacterial cells which were respon
sible for induced resistance. At present it is difficult to establish the bearings of 
results of Sequeira et al. (1972). It is clear from our investigations that the time 
between the pretreatment and challenge is an important factor. For instance, 
when the challenge is used 24 hours after pretreatment as in the experiments of 
Sequeira et al. both host responses may exist at the same time. Additional inves
tigations are necessary to determine and separate the two inducers particularly 
the one which can induce the early induced resistance in plants.
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Bacterial Blight of Soybean in Hungary 
(Short communication)

By

M ária  H evesi and T. É rsek

Research Institute for Plant Protection, H-1525 Budapest, Р.О. Box 102, Hungary

Pseudomonas glycinea was isolated from soybean leaves and identified by com
parative biochemical methods and pathogenicity test. The isolates suggested two 
respective races of the bacterium.

Bacterial blight caused by Pseudomonas glycinea Coerper* (Syn.: P. syringae 
van Hall) was first reported in USA (Coerper, 1919). The disease has widely spread 
and is one of the most common bacterial diseases of soybean. In Hungary bacterial 
blight has also been found several times (K urnik , 1962; K lement, 1965; Szili, 1975; 
K ocsisné, 1979), but no exact identification of the bacterium has been given so far.

We observed symptoms characteristic of bacterial blight (viz. Sinclair and 
Shurtleff, 1975) in south-west Hungary (village Boly) on leaves of the soybean 
cultivars Okuhara, Merit and ISz-14 in July, 1978 (Fig. 1), as well as on pods of 
the above cultivars in August.

Isolations were made from necrotic area of leaves onto nutrient broth agar, 
then incubated at 28 °C. Single colonies were further maintained and used for 
identification work. In order to select phytopathogenic bacteria that induce hyper
sensitive reaction in tobacco leaves, K lement’s method (1963) was used. To test 
pathogenicity on soybean, the primary leaves of 2-week-old plants were infiltrated 
with bacterial suspension (106 or 108 cells/ml) using a hand-atomizer. Soybean 
pathogenic strains were furthermore subjected to comparative biochemical testing 
(Lelliot et al., 1966; B uc h a n a n  and G ibbons, 1974; G ross and D evay, 1977). 
The data corresponded to those of the literature on P. glycinea. The isolates prod
uced nitrites from nitrates, peptonized litmus milk and reduced litmus as well. 
The production of fluorescent pigment was also observed. The bacterium exhibited 
tyrosinase activity but failed to have either oxidase or lipolytic activity. It did 
not form acid from either glucose or tartarate. It did not produce syringomycin 
and did not liquefy gelatin either. The isolates agglutinated with P. syringae serum.

In each study P. glycinea races 1 and 2 obtained from B. W. Kennedy 
(University of Minnesota) through the courtesy of N. T. Keen (University of 
California, Riverside, USA) were compared to our isolates.

* Recently proposed as P. syringae pv. glycinea (Coerper) Young, Dye and Wilkie.
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Fig. 1. Leaf symptoms of bacterial blight caused by Pseudomonas glycinea

Fig. 2. Resistant, intermediate, and susceptible reaction of soybean leaves to Pseudomonas 
glycinea, 6  days after inoculation (left to right). Reactions are shown both on the upper and 

lower surface of leaves (first and second row, respectively)

Several soybean cultivars were inoculated as above to make attempt to iden
tify our isolates with the recently known 8 races of P. glycinea on the basis of plant 
response. Resistant, susceptible and intermediate reactions, as reported by C ross 
et al. (1966) and Thomas and L eary (1980), were observed (Fig. 2). Environmental 
factors caused variability in pathogenic response. Controlled conditions (12 000 
lux light intensity, 22 °C, 70% relative humidity for 12 hours, then 18 °C, 90% 
relative humidity in the dark) resulted in more stable plant reactions than glass 
house circumstances. In the lack of the complete series of differential soybean cul-
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Table 1

Xilose utilization and pathogenic response of Hungarian isolates le and 2c in comparison 
with races 1 and 2 of Pseudomonas glycinea

P. glycinea Xilose util
ization

Soybean cultivars
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E
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__

__
__
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z-
13
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z-

14

le s I I 1 s R s R s s s
2c + s S 1 s s R s R s s s
RI — R R R R R I R R R R R
R2 — S I I Г I I I I S I I

R: resistant; S: susceptible; I: intermediate reactions

tivars offered by Cross et ai (1966) we could not draw conclusions simply from 
direct evidences. The results obtained had to be compared with those of the above 
literature.

Two isolates suggesting two respective races were found. Isolate Pg\e might 
correspond to race 3 according to the pathogenic response, unlike to race 3 how
ever, did not utilize xilose in minimal medium. Pg2c, which might be identical 
with either race 4 or race 5 in pathogenicity test, utilized xilose like race 5, but 
unlike race 4 (Thomas and L eary, 1980) (Table 1). Despite the distinguishing 
trait among races, xilose utilization gives no or little selective advantage to P. gly- 
cinea because it is easily lost.

Cultivar Chippewa on which races 4 and 5 could have been differentiated, 
interestingly enough, gave an intermediary reaction to race 2, instead of the reported 
resistant one. The pathogenic response of this cultivar to Pgle and Pg2c, therefore, 
was not taken into account.

We failed to obtain exact race determination of isolates Pg le and Pg2c. 
The pathogenicity test, however, focused attention to the Russian cultivar Belts- 
kaya-25, which proved to be resistant to both isolates found.

*

Thanks are due to Miss Á . N a g y id a i  for her conscientious assistance.
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A Comparative Study on the M a c r o le p id o p te r a  
Fauna of Apple Orchards in Hungary 

(Research on Apple Ecosystems. No. 18)

By
Z. MÉSZÁROS1  and L. Ronkay 2

1 Research Institute for Plant Protection, H —1525, Budapest, Р.О. Box 102, Hungary
2 Zoological Department of Hungarian Natural History Museum, H —1088, Budapest,

Baross u. 13., Hungary

A comparative survey of the Macrolepidoptera fauna occurring in apple orchards 
of different types (abandoned orchard, backyard garden, traditionally and intensively 
treated large-scale orchards) is presented on the basis of investigations made in 1977— 
1979. In 3 types of apple orchards light traps have been operated and the insect mate
rial captured by them has been evaluated in detail. The species have been categorized 
according to the life form of caterpillars. Some conclusions concerning the formation 
and structure of the Macrolepidoptera fauna in apple orchards of Hungary have 
been drawn.

The Zoological Department of the Research Institute for Plant Protection, 
in cooperation with some other institutions, has undertaken a 10-year project 
of agroecological research in 1976. These investigations are conducted in two 
economically important cultures, in apple orchards and maize fields, respectively. 
In the present paper the results of lepidopterological studies carried out in apple 
orchards of the County Szabolcs-Szatmár, will be reported. This area (“Nyírség”) 
belongs to the most significant winter-apple growing areas of Hungary, provid
ing the highest amount of production for both the home market and export 
purposes.

The results of our former lepidopterological studies have already been 
published (Balázs et al., 1978; M észáros, 1978). Earlier data obtained with 
light traps in apple orchards of Hungary have been reported by N agy  (1975).

In our investigations we aimed at a comparison, the composition and struc
ture of some parts of the agroecosystem in some characteristic types of apple 
orchards.

Materials and Methods

For our comparative investigations, 4 apple orchards of divers types con
cerning chemical treatments were selected as follows:

1. Abandoned orchard: Nyíregyháza-Sóskút. Size: ca. 0.2 ha. No chemical 
treatments. Surroundings: woody-bushy fields as well as meadows and arable 
lands.
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2. Backyard garden: Nyíregyháza-Füzesbokor. Size: 0.5 ha. Regularly 
treated with insecticides (10 to 12 spraying per year). Surroundings: other back
yard gardens, meadows and arable lands.

3. Traditionally treated large-scale orchard: Újfehértó. Size: ca. 5 ha. 
Regularly treated with insecticides (10 to 12 sprayings per year). Surroundings: 
similar large-scale orchards, arable lands and — slightly removed — meadows 
and pastures.

4. Intensively treated large-scale orchard: Nyíregyháza-IIona-tanya. Size: 
ca. 100 ha. Regularly treated during whole season (10 to 12 sprayings per year, 
occasionally even more). Surroundings: similar large-scale orchards, in some 
places woody-bushy fields and arable lands.

The soil in each orchard is “brown sandy soil” . The apple variety produced 
here generally is Jonathan (in large-scale orchards along with Starking as polli
nator variety).

In each orchard type, regular surveys were conducted with the use of differ
ent collection methods. Light traps were operated in orchards 2., 3., and 4. In 
the orchard type 1. no light trap could be used owing to the lack of electricity. 
Irrespectively to the weather conditions, our light traps were in continuous 
operation during the whole vegetation period (from April 1 to October 31). 
By way of trial, the light traps were operated also during the winter season 1977 — 
1978. As a consequence of some organizational difficulties, the functioning of 
the light trap in orchard 3. was not continuous in 1978.

Caterpillars were collected from the canopy of the apple trees and from 
the undergrowth of experimental orchards, in regular intervals, during the whole 
vegetation period. The caterpillars were reared to adults in the laboratory. The 
larvae of Lymantria dispar were not preserved.

All adults of Macrolepidoptera caught by light traps were determined and 
classified as Geometridae, Noctuidae, and Bombyces + Sphinges. Into the latter 
taxon, there were classed not only the families placed here according to the modern 
taxonomy, but in agreement with the traditional usage, also the families Cossidae 
and Hepialidae.

In the questions of nomenclature and systematics we followed H erbulot 
(1961 — 1963) in the Geometridae, H artig and H einicke (1975) for the Noctuidae, 
and F orster and Wohlfahrt (1960) for the Bombyces and Sphinges.

Results and Discussion

The lists of Macrolepidoptera captured by light traps are presented in 
Tables 1, 2 and 3. The larval life forms (see categorization in Table 5) are given 
beside the scientific names.

A summary of results, with respect to the 3-year catches of light traps which 
were operated in 3 various types of apple orchards is given in Table 4. One can 
easily notice that the light trap used in the backyard garden (orchard type 2)
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Table I

List of Geometridae caught in 1977 to 1979 years

3. Traditionally 4. Intensively
2. Backyard treated [ treated

garden
large-scale orchard

Species
Life-form

groups 77. 78. 79. 77-79. 77. 78. 79. 77-79. 77. 78. 79. 77-79.

Operophtera brimiata l.l. + + +
Pelurga comitata 2 .1 . + + + + + + + + + + + +
Perizoma flavofasciata 2 .1 . + + + +
— alchemillata 2 .1 . + + + +
Orlhonama virtata 2.1. + +
— obstipata 2.1. + +
Xanthorhoe spadicearia 2.1. + + + + + +
— ferrugata 2 .1 . + + + + + + +
— fluctuata 2.1. + + + +
Catarhoe rubidala 2 .1 . + +
Epirhoe alternala 2.1. + + + + + + + +
— rivata 2 .1 . + + +
Costaconv. polygram-

mata 2 .1 . + + + + +
Mesotype virgata 2 .1 . + +
Lithostege farinata 2 .1 . + + + + + + + + + + +
— griseata 2 .1 . + + + + + + + + + + +
Eupithecia centanreata 2 .1 . + + + + + + + + + +
— absinthiata 2.1. + + + + + +
— Unariata 2.1. + + + + + +
— innotata 2 .1 .(? ) + + + +
— mille foliota 2.1. + +
— ochridata 2 .1 .(? ) + +
Calliclys. rectangulata 1.2. + +
Chloroclys. v-ata 2 .1 .(  ?) + +
Idaea muricata 2.1. + + + + + + + + +
— slyvestraria 2.1. + + + +
— fuscovenosa 5. + + +
— dimidiata 5. + + + + + + + + + +
— aversata 5.(?) + + + + + + + + + +
— nitidata 2 .1 .(? ) + + + + + + +
— serpentata 2 .1 . + +
— rusticata 5. + +
— seriata 5. + +
— inornata 5. + +
Calothysanis amata 2.1. + + + + + + + + + + + +
Scopula immorata 2 .1 . + + + + + + + +
— corrivaiaria 2 .1 . + + + + + + +
— virgulata 2 .1 . + + + +
— rubiginata 2 .1 . + + + + + + + + + +
— marginepunctata 2 .1 . + +
— immutata 2.1. + + + + + + + + + + +
— flaecidaria 2 .1 . + + + + + +

8 Acta Phytopathologien A(aa'emiae Scientiarum Hungaricae 16, 1981



378 M észáros, Ronkay: Macrolepidoptera fauna

Table 1 (continued)

2. Backyard 
garden

3. Traditionally 
treated

4. Intensively 
treated

large-scale orchard

Species Life-form
groups 77. 78. 79. 77-79. 77. 78. 79. 77-79. 77. 78. 79.

— subpunctaria 2 1 + + + + + +
— nigropunctata 2 1 + +
Cosymbia pimctaria 1 2 + + + + i
— linearia 1 2 + + +
— annulata 1 2 (?) + +
— quercimontaria 1 2 + +
— ruficiliaria 1 2 + +
Lomaspilis marginata 1 1 + + + + + + + +  Í
Ligdia adustata 1 1 + + +
Stegania dilectaria 1 3 + + + +
Semiothisa ahernaria 1 1 + + + + + + + + + +
— notata 1 1 + +
— clathrata 2 1 + + + + + + + + + + +
Narraga tessularia 2 ] + + + + + +
Tephrina arenacearia 2 1 + + + + + + + + +
— murinaria 2 1 + +
Epione repandaria 1 3 + +
Therapis flavicaria 2 1 + + + +
Ennomos autumnaria 1 1 + +
Selenia lunularia 1 1 + +
Angerona prunaria 1 1 + + + + + + +
Lycia hirtaria 1 1 + + +
Erannis defotiaria 1 1 + +
Biston betiltana 1 1 + +
Peribatodes rhomboida- 1 1 + + + + + + +

ria
B. punctinalis-danieli 1 1 + + + + + + + + + +
Ascotis selenaria 1 1 + + + + + + + + +
Ectropis bistortata 1 1 (2 .1 .) + + + + + + + + + + +
— extersaria 1 1 + + + + + + +
Ematurga atomaria 2 1 + + + + + + + +
Cabera exanthemata 1 1 ( ? ) + +
Lomographa bimacula- 1 1 + + +

ta
Apias ta о nonaria 2 1 + +
Thetidia smaragdaria 2 1 + + + + +
Thalera fimbrialis 2 ] + + + +
Chlorissa cloraria 2 1 (1.3.) + +
— viridata 2 1 (1.3.) + + +

77-79.

+

+

+

+

+

+

+
+
+
+
+

+

collected prominently high numbers of species and specimens of Macrolepidoptera 
(208 species and 5827 specimens in the 3-year period). The light trap placed into 
the large-scale orchards (types 3 and 4) yielded in the same period 985 specimens 
of 117 species and 945 specimens of 123 species, respectively.
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Table 2

List of Noctuidae caught in 1977 to 1979 years

2. B ackyard  
garden

3. T ra d itio n a lly 4. In tensively
tre a ted trea ted

large-scale  o rchard

Species
Life-form

groups 77. 78. 79. 77-79. 77. 78. 79. 77-79. 77. 78. 79. 77-79

Euxoa tritici eruta 2 .2 . + + + +
A grot is cinerea 2 .1 . + +
— vestigialis 2 .1 . + + + + + + +
— segelum 2 .1 . + + + + + + + + + + + +
— exclamationis 2 .1 . + + + + + + + + +
— ipsilon 2 .1 . + + +
— crassa 2 .1 . + +
Ochropleura prae- 2 .1 . + +

cox
— plecta 2 .1 . + + + + + +
Axylia pulris 2 .1 . + + + + + + + + + + + +
Noctna promiba 2 .1 . + + + + + +
Spaelotis ravida 2.1.(5.) + +
Diarsia rubi 2 .1 . + + + + + + + +
Xestia c-nigrum 2 .1 . + + + + + + + + + + +
— xanthographa 2 .1 . + + + + + +
Discestra trifoiii 2 .1 . + + + + + + + + + + + +
Hada nana 2 .1 . + + + +
Heliophobns reticu- 2 .1 . + + + +

lata
Mamestra brassi- 2 . 1 .(1 . 1 .) + + + + + + + + + + +

cae
— tbalassina 2 .1 . ( 1 .1 . ) + + + + +
— suasa 2 .1 . + + + + + + + + + + + +
— oleracea 2 .1 . + + + + + + + + + +
— pisi 2.1.(1.3.) + +
— bicolorata 2 .1 . + +
Hadena rivularis 2 .1 . + + + +
— perplexa 2 .1 . + +

(lepida)
— lateago 2 .1 . + + + +
— bicruris 2 .1 . + +
Cerapteryx grami- 2 .2 . + + + +

nis
Tholera cespitis 2 .2 . + + + + + + +
— decimális 2 .1 . + + + + + + + + + +

(2.2., 1 .1 .)
Orthosia incerta 1. 1. + + + + + + +
— gothica 1 .1 .1 2 .1 . ) + + + + + +
Hyssia c. gozmányi 2 .1 . + + + + + + + + +
Mythimna turca 2 .2 . + + + + + + + +
— aibipuncta 2 .2 . + + + + + + + + + + +
— pudorina 3.2. + + + + + +
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T ab le  2 (continued)

3. T ra d itio n a lly  4. In tensively
2. B ackyard  

garden
trea ted trea ted

large-scale  o rc h a rd

Species
L ife-fo rm

groups 77. 78. 79. 77-79. 77. 78. 79. 77-79. 77. 78. 79. 77-79.

— pqllens 2 .2 . + + + + + + + +  + + +
— l-album 2 .2 . + + + + + +  + +
Leucania obsoleta 3.2. + +
Senta flamme a 3.2. + + +
Cuculia fraudatrix 2 . 1 . + + +
— artemisiae 2 . 1 . + +
— umbratica 2 . 1 . + + + + + +
— scopariae 2 .1 . + +
Episema glaucina 2 . 1 . + +
Xylena vetusta 2 . 1 . + + + +
Eupsilia transversa 1. 1. + + + + +
Agroch. circellaris 1 . 1 .(?) + +
— helvola 1 . 1 .(?) + +
— lit ura 1 . 1 .(?) + +
— lychnidis 1 . 1 .(?) + + + +
Parastichtis suspec- 2 . 1 . + + + +

ta (1.3.)
Cirrhia yilvago 1.3.(2 . 1 .) + +
— ocellaris 1.3.(2.1.) + +
Simyra albovenosa 2 .2 . + + + + + + + + +
Subacr. megacephala 1.3. + + +
Apatele tridens 1.1.(1.3.) + + +
— psi 1.1.(1.3.) + +
Pharetra rumicis 2 . 1 . + + + + +
Cryphia fraudatri- 4. + + + +

cula
Amphipyra livida 2 .1 .(1 .1 .) + +
— tragopogonis 2 . 1 . + + + +
Dypteryg. sc abri u- 2 . 1 . + + + +

scuta
Rusina ferruginea 2 . 1 . + + + +
Thalpophila matúra 3.1. + +
Trachea atriplicis 2 . 1 . + + + +
Euplexia lucipara 2 . 1 . + + + + + + + +
Phlogophora meti- 2 . 1 . + + + +

culosa
Eucarta virgo 2 .1 . + + + + + + + +
— amethystina 2 . 1 . + +
Ipimorpha subtusa 1.3. + +
Calymnia trapesina 1 .1 . + + + +
Apamea monoglypha 3.1. + +
— sor dens ( basilinea) 3.1. + + + + +  + +
Oligia strigilis 3.1. + + + +
— latruncula 3.1. + + + +  ' +
— funmcula 3.1. + + +
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Table 2 (continued)

3. Traditionally 4. Intensively
2. Backyard treated treated

garden

Species Life-form
groups 77. 78. 79.

Mesapamea secalis 3.1. +
Photedes extrema 3.1.
— fluxa 3.1. +
— pygmina 3.1. +
Luperina testacea 3.1. + + +
Hydraecia micacea 3.1. +
Gortyna flavago 2 . 1 . +
Calamia tridens 3.1. +
Archanara algae 3.2. + +
— geminipuncta 3.2. + + +
— sparganii 3.2. + +
Rhizedra latosa 3.2. +
Sedina buettneri 3.2.
Hoplodrina alsines 2 . 1 . + +
— blanda 2 . 1 . +
— ambigua 2 . 1 . + + +
Caradrina mor- 2 . 1 . + + +

pheus
Chilodes maritima 3.2. +
Athetis gluteosa 2 . 1 . + + +
— pallustris 2 . 1 . + +
— furvula 2 . 1 . + +
— lepigone 2 . 1 . + + +
Hapalotis venustula 2 . 1 . +
Pyrrhia umbra 2 . 1 . + +
Heliothis maritima 2 . 1 .
Jaspidia pygarga 2 . 1 . + +
Eustrotia uncula 2 .2 .
— bankiana (oli- 2 .2 . + + +

vana)
— candidula 2 . 1 . + + +
Emmelia trabealis 2 . 1 . + + ■t-
A confia luctuosa 2 . 1 . + + +
Nycteola asiatica 1.3. +
Earias chlorana 1.3. + +
Bena prasinana 1. 1.

Colocasia coryli 1.1. +
Abrostola triplasia 2 . 1 .
— trigemina 2 . 1 . +
Diachrysia chrysi- 2 . 1 . + + +

tis
Macdunnoughia 2 . 1 . + +

confusa
Autographa gamma 2 . 1 . + + +
Scoliopteryx libatrix 1.3. + +

large-scale orchard

77-79. 77. 78. 79. 77-79. 77. 78. 79. 77-79.

+
+ +

+
+ + +
+ + + + + + + + +
+
+
+
+
+ + +
+ + +
+

+ +
+ + + + +
+
+ + + + +
+ + + + + + + + +

+ + +
+ + + + + + + + +
+ + + +
+ + + + + +
+ + + + + + + +
+
+

+ +
+ + +

+ + + + +
+ + + + +

+ + + + +
+ + + + + + +
+ + + +
+
+ + + + +

+ +
+

+ +
+
+ + + + +

+ + + + +

+ + + + + +
+
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Table 2 (continued)

2. Backyard 
garden

3. Traditionally 
treated

4. Intensively 
treated

large-scale orchard

Species groups 77. 78. 79. 77-79. 77. 78. 79. 77-79. 77. 78. 79. 77-79.

Parascotia fuligina- 4. + +
1 I

+ +
ria

Rivula sericealis 2 .1 . + +  + + +  + + +  +  i + +
Macrochilo tentacu- 2 .1 . + +  ! + +

laria
Zanclognatha luna- 5. +  + + + +

lis
— grisealis 5. + +
Hypena probosci- 2 . 1 . +  + + + +

dalis
Schrankia costae- 2 . 1 . + + 1

stigalis
Paracolax glauci- 5. + + + + +

/tab's

The backyard garden is small, therefore a light trap placed anywhere in it, 
collects practically the fauna of the surrounding too. Thus, these data charac
terize mostly the Macrolepidoptera occurring in the neighbourhood of the garden. 
In the two large-scale orchards the light traps were located centrally. Their lights 
were not visible from the edges of the orchards. The traps caught also the adults 
which flew, due to their dispersion, even into an orchard where the continuous 
presence of toxic chemicals prevents the respective species to live there.

The differences between the light trap catches of individual orchards are 
the most significant in the case of Geometridae owing to their weak flight ability: 
while the light trap of the backyard garden collected 2143 specimens of 75 geo
metric species, in the large-scale orchards 492 specimens of 35 species and 370 
specimens of 35 species, respectively, were captured. On the contrary, the differ
ences between the numbers of species collected in various orchard types proved 
rather small if “Bombyces” with excellent flight ability were taken into account: 
in the backyard garden 28 species (629 specimens), in the large-scale orchards 
23 species (92 specimens) and 23 species (167 specimens), respectively, were 
detected by the light traps.

The proportion of species caught in the 3-year period per season is also 
characteristic. Regarding the main taxa or Macrolepidoptera as a whole, the 
highest ratios were found in the backyard garden (type 2.). In the three taxonomic 
groups, 36.2 to 42.8% of the species and 38.5% of the total number of species 
were collected every year. Concerning the traditionally treated large-scale orchard 
(type 3.) the values for the main taxa ranged between 18.6 and 30.4%, and it 
amounted to 21.4% in case of all species. The corresponding percentages for the
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Table 3

List o f  B om byces caught in  1977 to  1979 years

2. Backyard 
garden

3. Traditionally 
treated

4. Intensively 
treated

large-scale orchard

Species
Life-form

groups 77. 78. 79. 77-79. 77. 78. 79. 77-79. 77. 78. 79. 77-79.

Nola cuculatella 1. 1. + + + +
Roeselia albula 2 .1 . + + + +
Celama centonalis 2 .1 . + + + + + + + + + + + +
Comacla senex 4. + + + + + +
Cybosia mesomelia 4. + +
Edema complana 4. + + + +
Pelosia mnscerda 4. + + + + + + + +
Phragmalobia full- 2 .1 . + + + + + + + + + + + +

ginosa
Spilarctia lutea 2 .1 . + + + + + + + + + + + +
Spilosoma ment hast ri 2 .1 . + + + + + + + + + + + +
— urticae 2.1. + + + +
Hyphantria cunea 1 1 ( 2 . 1 . ) + + + + + + + + + + +
Arctinia caesarea 2 .1 . + + + + + + + + +
Diacrisia sannio 2 .1 . + + +
Arctia caja 2 .1 . + + + 4- + + +
Dysauxes ancilla 2.1.(4.?) + + + + + + + + + + + +
Glupltisia crenata 1.3. + +
Pheosia tremula 1.3. + +
Notodonta ziczac 1.3. + +
Pterostoma palpinum 1.3. + + + + + + +
Clostera pigra 1.3.(1.1.) + +
— anastomosis 1.3. + +
— curtula 1.3. + + + + + +
Orgyia antigua 1.1. + + +
Lymantria dispar 1.1. + + + + + + +
Euproctis chrysor- 1.1. + + + +

rhoea
Habrosyne pyri- 1.2. + + + + + + +

toides
Thyatira batis 1.2. + +
Tethea or 1.3. + + + +
— ocularis 1.3. + +
Cilix glaucatus 1.1. + + + +
Malacosoma neu- 1 .1 .(2 .1 .) + + + +

strium
Lasiocampa quercus 1.1.(1.3.) + +
Smerintus ocellata 1.3. + +
Amorpha populi 1.3. + + + +
Phragmataecia 3.2. + + + + + + + + + + + +

castaneae
Dyspessa ulula 3.3. + +
Triodia sylvina 3.1. + + + + + + +
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Table 4

Number of species and specimens caught by light traps

Y ears
Species and 

specimens

2. Backyard garden

Geom. Noc. Bomb. Macrolep. (sum)

1977 species 44 70 20 134
specimens 821 1 2 1 1 119 2151

1978 species 58 69 19 146
specimens 718 1042 313 2073

1979 species 46 69 18 133
specimens 604 802 197 1603

1977 to 1979 species 75 105 28 208
specimens 2143 3055 629 5827

In all 3 years species 30 38 1 2 80
% 40.0 36.2 42.8 38.5

intensively treated large-scale orchard (type 4.) were 24.6 to 31.4%, and 27.6%, 
respectively. The latter data reflect that it is not a definite portion of the fauna 
living in the surrounding which regularly flies into such an orchard, the immigra
tion of species happens randomly. These orchards do not possess a Macrolepido
ptera fauna of their own.

For this reason, the fauna of the small backyard garden proved much more 
constant, and the lepidopterous species of the neighbouring fields — in con
sequence also of the higher number of flying individuals — will appear in the light 
trap with an increased probability. In the large-scale orchards the numbers of 
specimens caught by light traps were found to be significantly lower. Owing 
to the bigger extension of these orchards, the Macrolepidoptera of the surround
ings have fewer chances for regular immigrations. Therefore, the species spectrum 
of a large-scale orchard exhibits higher fluctuations in the consecutive years.

In Table 5 categorization of species according to the habitats of cater
pillars is presented. As is to be seen, only 17 to 25 % of the species live on woody 
plants and only a small portion of them, the polyphagous species and an oligo- 
phagous one (Chlorocystis rectangulata), is to be considered as potential pests 
of apple. Larvae infesting Salix and Populus plants can not feed on Rosaceae 
species. These Lepidoptera having no foodplant in an apple orchard, are dealt 
with separately.

The species living in the harbecaous undergrowth occurred in the highest 
ratios (58 to 66% of the total number of species). The immigration of some 
faunal elements from the surrounding, mostly steppe (“puszta”) regions deserves 
more attention, since the fauna of the undergrowth in apple orchards proved
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and summarized regarding taxonomic groups and orchard types

3. Traditionally treated 4. Intensively treated

large-scale orchard

Geom. Noc. Bomb. M a c r o le p .
(sum) Geom. Noc. Bomb.

M a c r o le p
(sum)

8 28 13 49 25 35 17 77
118 77 2 2 217 142 184 6 6 392

16 25 9 50 25 37 1 2 74
39 43 15 97 1 0 1 129 65 295

33 43 17 93 19 38 1 2 69
335 281 55 671 127 95 36 258

35 59 23 117 35 65 23 123
492 401 92 985 370 408 167 945

7 1 1 7 25 1 1 16 7 34
2 0 . 0 18.6 30.4 21.4 31.4 24.6 30.4 27.6

rather poor and strongy disturbed. During the 3-year period — in spite of 
thorough investigations — we could not find any caterpillars on the herbaceous 
plants.

Concerning the endophagous species, Lepidoptera feeding in woody plants 
— among them also some apple pests (Cossus cossus, Zeuzera pyrina, Synanthedon 
myopaeformis) — were not found at all. The adults of these insects are not caught 
by light traps, or only exceptionally.

The low numbers of species feeding on lichens and mosses conformed with 
our expectations, as in chemically treated apple orchards the lichen and moss 
flora disappears and the herbaceous vegetation of neighbouring fields hardly 
provide habitats for these Lepidoptera. The insignificant ratios of saprophagous 
species can be explained in a similar way.

During the 3-year period of our investigations the caterpillars of the follow
ing species could be collected (and reared until the adult stage) on apple trees:

1. Abandoned orchard (8 species): Geometridae: Lycia hirtaria (1977, 1979), 
Boannia punctinalis (1977, 1978), Ectropis bistortata (1979); Noctuidae: Calymnia 
trapezina (1979), Colocasia coryli (1977, 1978); Bombyces: Orgyia antigua (1977, 
1979), Lymantria dispar (1977, 1979).

2. Backyard garden (1 species): Noctuidae: Orthosia incerta (1979).
3. Traditionally treated large-scale orchard (4 species): Geometridae: Lycia 

hirtaria (1979); Noctuidae: Calymnia trapezina (1979); Bombyces: Orgyia antiqua 
(1979), Lymantria dispar (1979).

4. Intensively treated large-scale orchard : no species.
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Table 5

Numbers and percent ratios of species caught by light traps in 1977 to 1979 years, summarized
regarding the life-forms of larvae

2. Backyard 
garden

3. T radition
ally treated 

large-scale 
orchard

4. Intensively 
treated 

large-scale 
orchard

num
bers

per cent 
ratios

num 
bers

per cent 
ratios

num 
bers

per cent 
ratios

o f species o f species of species

1. Species of 1.1. Polyphagous spp. 29 13.94 16 13.68 2 1 17.07
canopy and 1.2. Oligophagous spp. 8 3.85 2 1.71 1 0.81
bush levels 1.3. Species feeding on 15 7.21 1 1 9.40 1 0.81

2. Species of

Populus and Salix 

2.1. Oligo- and polyphagous 114 54.81 6 6 56.41 74 60.16
herbaceous
undergrowth

species feeding mostly 
on dicotyledonous 
plants

2.2. Polyphagous species 8 3.85 1 0 8.55 7 5.69

3. Endophagous

feeding on graminaceous 
plants

3.1. Species feeding in grass 1 2 5.77 2 1.71 7 5.69
species stems and roots 

3.2. Species feeding in cane 9 4.33 3 2.56 4 3.25
stems and in other 
marshland Gramineae 

3.3. Species feeding in bulbs 0 0 0 0 1 0.81
of Liliaceae

3.4. Species feeding in tree 0 0 0 0 0 0

4. Species feed-
stems

4 1.92 3 2.56 5 4.07
ing on lichens 
and mosses

5. Saprophag- 9 4.33 4 3.42 2 1.63
ous species

Sum 208 1 0 0 . 0 0 117 1 0 0 . 0 0 123 1 0 0 . 0 0

Conclusions

The chemically treated orchards have no Macrolepidoptera fauna of their 
own. The regular treatments with insecticides raise difficulties for the develop
ment of caterpillars both on apple trees and in the herbaceous undergrowth 
of an apple orchard.
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In apple orchards, only a small portion of Macrolepidoptera detected by 
light traps can be found in the larval stage. The specific spectrum is determined 
mostly by the fauna of the surrounding fields and the ability dispersion of a given 
species.

The composition of the Macrolepidoptera fauna in large-scale orchards with 
considerable surface does not differ essentially from that of backyard gardens 
which are much smaller. However, in large-scale orchards the numbers of species 
and specimens are highly reduced.

The species spectrum in a small backyard garden proved to be more con
stant because of the much higher probability of immigration from the surround
ings. On the contrary, in large-scale orchards the spectrum of Macrolepidoptera 
showed significant fluctuations.

Concerning the endophagous species, the presence of potential apple pests 
could not be demonstrated by means of light trap.

Species feeding on lichens and mosses, similarly to saprophagous Lepido- 
ptera, occurred in negligible numbers.
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Phototaxis of the Adult Whitefly, B e m is ia  ta b a c i  
Gennadius to the Visible Light

II. Effects of Both Light Intensity and Sex of the Whitefly 
Adults on the Insect’s Response to Different Wavelengths of

Light Spectrum

By

M . S . E l - H e l a l y , I .  A .  R a w  a s h  a n d  E v e l e e n  G .  I b r a h im

Division of Entomology, Department of Plant Protection, Faculty of Agriculture, 
University of Alexandria, Alexandria, Egypt

The present investigation proved that there was a significant regression rela
tionship between the percentages of the cumulative response of B. tabaci adults and 
the light intensity irrespect of both the sex ratio and the sex of the whitefly adults. 
The most significantly preferred colour or wavelength of the visible light for the 
females was the yellow followed in a descending order by the green, white, blue and 
red respectively. The males were found responsible for the irregularities recorded in 
the pooled simple responses of female and male mixed groups to the different tested 
light colours at different tested light intensities. Also, the males were responsible for 
shifting the behaviour of mixed populations of both sexes far from the aforementioned 
colours’ preferandom trend which has been noticed by the authors either in their 
earlier investigation (1976) on the effect of exposure period on mixed populations 
of both sexes or in the course of the present study on the effect of light intensity on 
the response of the female whitefly adults. When each segregated sex was tested, the 
median attracting light intensities (AIsus) of both female and male whitefly adults, 
recorded at 20 min exposure period, were 11.0 and 12.5 fc, in respect.

A uclair (1967) reported that in multiple choice tests, aphids preferentially 
settled on and colonized diets receiving no or only weak light of 5 — 50 fc, while 
they generally avoided diets exposed to more intense light. On the other hand, 
Halgren (1970) stated that Schizaphis graminum aphidids stopped flying when 
the light intensity was decreased to less than 18 fc. But this hazard of the responses 
of different species of insects to light could be understood in the light of the study 
published by Stewart et al. (1969) in which they proved that both the insect 
species and the distance between the light source and the exposed insects (which 
represents the light intensity, the authors) are effective on their response. Also, 
the effect of sex on the insect response to different light intensities and wave
lengths or colours was reported by several authors in several species of insects; 
i.e. Trehan (1941 ) on the whiteflies Aleyrodes proletella and Triaieurodes vaporari- 
orum; Osst Ann I lsson (1966) on Bemisia tabaci; A mos and Waterhouse (1967) 
on C. dimidiatus; A rbogast and Flaherty (1973) on T. castaneum and T. con- 
fusum; Vaishampayan, Kogan, Waldbauer and Woolley (1975); and Vai-
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SHAMPAYAN, Waldbauer and Kogan (1975) on the greenhouse whitefly T. 
vaporariorum.

The present investigation along with that published by the authors (1977) 
was achieved in the sake of better understanding of the whitefly Bemisia tabaci 
adults’ phototaxis in the visible light spectrum with a hope of making use of such 
a behaviour in the insect’s control in the field.

Materials and M ethods

The same insect culture, whitefly phototaxis test kit, whitefly phototaxis 
cabinet, coloured cellophane sheets and statistical analysis tests established or 
used by the authors in their earlier investigation on the effect of exposure period 
on B. tabaci adults’ response to different colours of light, were also used here. 
Only in case of the 1 : 1 sex ratio experiment which is carried out here, the num
bers of the adult insects used in each replicate were 24 (12 males and 12 females) 
instead of being25 as in all the other experiments. In the course of the present study, 
the effects of light intensity and insect’s sex on B. tabaci adults’ responses to 
different colours (=  wavelengths) of the visible light spectrum were investigated. 
The adult whiteflies were exposed to the effects of the following light intensities: 
1.8, 5.3, 8.9, 14.2, 21.3 and 35.6 fc.

Results and Discussion

In this work, responses of B. tabaci male and female adults, whether segreg
ated by sex or in mixed groups, to different light intensities and light colours 
(wavelengths) were investigated. Therefore, four different sorts of experiments 
were conducted; in the first, such responses were recorded for mixed groups of 
the insect male and female adults of unknown sex ratios (as these adults were 
haphazardly collected from the stock culture and they were used in the experi
ments without determining their sex ratio which represents its value in nature 
at the time of the achievement of these experiments); in the second, mixed 
groups of 1 : 1 sex ratio were tested in order to give each sex the same chance 
to express its own effect on the pooled response; while in the third and fourth 
experiments, segregated female or male adults were studied, respectively, to know 
the behaviour of each sex alone when kept apart from any probable interacting 
effect of the other opposite sex.

Responses of mixed groups o f male andfemale adults o f B. tabaci collected haphazard
ly from the stock culture and exposed to the effects o f different wavelengths and 
intensities o f the visible light

It was thought logical to investigate first whether there is a regression rela
tionship between light intensity and the percentages of the cumulative response

Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981



Ei-Heiaiy et a!.: Phot о!axis o f  the adult white fly 391

of the whitefly adults, as the percentages of the simple response of the insects 
followed nearly the normal distribution relationship. The nearst tested exposure 
period (20 min) to the statistically determined median attractive exposure period 
(АРэд = 17.5 min) which has been derived by the authors in the course of an 
earlier investigation (1977) was used in this experiment as well as in all the next 
ones. It was found that there was a positive significant regression relationship 
between the light intensity and the percentages of the cumulative response of the 
whitefly adults to the visible light and that this relation is controlled by the regres
sion equation : у = 22.6 + 2.4 X. The data also showed that the slope’s average 
value of the adjusted regression line was 2.4 ± 1.0. As a good estimate for the 
most preferable light intensity by the whitefly adults, the median attracting light 
intensity (Als,,) which attracted 50% of the tested populations which represents 
the mean, mode and median percentages of the simple responses of B. tabaci 
adults; was found to be 11.5 fc.

Figure 1(A) shows the percentages of the simple positive responses (attrac
tions) of the whitefly adults to different colours (wavelengths) of the visible light 
spectrum obtained at each tested light intensity. These histograms showed no 
clear or steady trend for the insect’s preferandom among the different tested 
colours of light at any of the tested light intensities except in cases of both the 
8.9 and 35.6 fc light intensities, at which the yellow colour was the most attractive 
followed in a descending order by the green, white, blue and red colours, re
spectively.

18 S3 8.9 12.2 21.3
Light intensities in foot-candles

35 6

Fig. 1. Percentages of attraction of both the female and male adults of B. tabaci Genn. to 
different colours (wavelengths) of the visible light-intensities (sex-ratio; unknown and 1 ; 1 )

Acta Phytopathologica Academia? Sclentiarum Hungaricae 16, J98I



3 9 2 El-Helaly et at. : Phototaxis o f  the adult whitefly

On the other hand, Fig. 2(A) shows the percentages of the simple positive 
response of the whitefly adults to different tested light intensities at each studied 
colour or wavelength of the visible light spectrum. However, the obtained histo
grams showed no clear pattern or constant trend in this concern. These irregular 
histograms (Figs 1A and 2A) along with the relatively wide range of confidence 
intervals of the calculated slope value of the previously mentioned regression line 
(1.4 —3.4) may declare that the heterogeneous responses of B. tabaci adults to 
different light colours and light intensities might be due to; the interaction effect 
of the change of either of the two latter variables in each treatment, the probable 
interacting effect among the tested light colours, the probable variations in the 
sex ratio at each treatment and replicate, or to the pooled effect of either some 
or all of these factors together.

In the light of the latter discussion and taking into consideration the fact 
that the aforementioned arithmetically derived median attracting light intensity 
(A l30; 11.5 fc) was not experimentally investigated, the mean values of the per
centages of simple responses of the whitefly adults that were actually obtained 
to different tested colours of light at both the two light intensities of 8.9 and 
14.2 fc (the mean of which is 11.6 fc) were used for the statistical comparisons 
among the obtained mean responses of the whitefly adults in all cases. The results 
proved that there were significant differences among all probable comparisons 
of these means except in case of the red-blue-comparison.

The 1:1 sex ratio experiment

The same steps carried out during the achievement of the previous experi
ment have been also followed here, but with female and male mixtures of the 
whitefly adults grouped together with 1 : 1 sex ratio. This sex ratio was chosen 
to give each sex the same chance to express its effect ой the total response of both 
sexes together. The statistical analysis results proved that there was a highly 
significant regression relationship, in contrast to only the significance level ob
served in case of the aforementioned unknown sex ratio experiment, between the 
different tested light intensities and the cumulative response percentages of the 
whitefly adults. The AI30 value was found to be 14.2 fc, the regression equation 
was у = 10.9 + 2.8 X and the average slope value of the regression line was 
2.8 ±  0.8. This declared that equal representation of each sex of the whitefly 
adults in all treatments and replicates increased the significance level of the 
regression relationship between the total cumulative response of the insects and 
the visible light intensity at 20 min exposure period.

It was observed that the percentages of response of the whitefly adults 
to different light intensities followed the normal distribution relationship in case 
of the red, blue and white colours of light, but it followed nearly a regression 
relationship in cases of both the yellow and green colours, as the percentages 
response of the whitefly adults obtained for these two colours increased by the 
increase of light intensity (Fig. IB). It was also observed that the percentages of
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Light intensities in fo o t-c a n d le s

Fig. 2. Percentages of attraction of both the female and male adults of B. tabaci Genn 
to different light intensities at each tested colour (wavelength) of the visible light (sex ratio;

unknown and 1 : 1 )

the whitefly adults to different light intensities followed the normal distribution 
relationship in cases of the red, blue, and white colours of light, but it followed 
a regression relationship in cases of both the yellow and green light (Fig. 2B). 
This may emphasize that equal representation of each sex of the whitefly adults 
in the tested populations minimized, to somewhat extent, the heterogeneity 
of the percentages of the whitefly adults’ responses to different light intensities 
and different colours or wavelengths of light which were also noticed before in 
the unknown sex ratio experiment. It was also clear that the 14.2 fc light intensity, 
at which the maximum responses were obtained, was nearly identical with that 
derived from the regression analysis results. This seems logical as the white light 
comprises all the other tested colours and in return it represents their pooled 
effect. Therefore, this 14.2 fc light intensity was taken as the most suitable light 
intensity at which the actual percentages of the whitefly adults’ responses obtained 
in the present experiment could be statistically compared. It was proved that 
there were no significant differences among all the compared means of responses 
at different tested colours of light. This could be better understood by reviewing 
the aforementioned discussion of the results present on Figures 1(A) and (B) which 
emphasized that irrespect of whether the whitefly female adults had the same 
chance of effect as their partner males or not in their mixed groups, they pre
ferred the yellow colour of light more than the green, white, blue and red colours, 
respectively. This was only true when they were exposed to the highest tested light
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intensity (35.6 fc; Figs 1A and B) which is too far from the light intensity used 
here (14.2 fc).

As all the above-mentioned trials and experiments did not clearly explain 
the heterogeneous simple responses of B. tabaci adults to different colours of 
light at different light intensities (Figs 1A and B), investigating the response of each 
segregated sex deemed necessary.

Responses of segregated female adults

It was proved that there was a significant regression relationship between 
the percentages of the cumulative responses of the whitefly female adults and 
the intensity of the visible light. The average slope value of the regression line 
which represents this relation was 2.4 + 0.9, the regression equation was у = 
23.6 + 2.4 X, and the AI50 value was 11.0 f.

The histograms shown on figure 3(A) declared that at all the tested light 
intensities, the female adults of B. tabaci preferred the yellow more than the green, 
white, blue and red colours of light, respectively. On the other hand, no clear 
trend was observed for the females’ responses to different light intensities at each 
tested light colour or wavelength (Fig. 4A). Differences among the female adult 
responses were always significant except only in cases of the green-white, white- 
blue, and blue-red comparisons. This may declare that the females failed to 
discriminate significantly between either couple of the aforementioned light colours 
or ranges of wavelengths.

Responses of segregated male adults

The results proved the significant regression relationship between the male 
adult cumulative positive responses and the different tested light intensities. The 
regression equation which represents this relation is у = 18.3 + 2.6 X, the slope 
value of the drawn regression line averaged 2.6 ±  1.1 and the A150 value was 
12.5 fc which is more than that determined before for the female adults (11.0 fc).

The histograms depicted in figures 3(B) and 4(B) represent the percentages 
of the simple positive responses of the male whitefly adults. They showed no 
clear trend whether the responses to different light colours were compared with 
each other at each tested light intensity (Fig. 3B) or vice versa (Fig. 4B). Only 
in the former case, the males differed from the females which showed a very clear 
constant trend in their preferandom for the tested colours of the visible light 
spectrum, in which they preferred the yellow colour more than the green, white, 
blue and red colours, respectively (Fig. ЗА).

It was proved that there were no significant differences among all probable 
comparisons of the mean responses of males to different tested light colours 
at 12.5 fc light intensity (males AI5o value) except in case of the white-green 
comparison. Taking into consideration the regular responses of the female white
fly adults to different colours or wavelengths of light, it could be concluded that
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Fig. 3. Percentages of attraction of either the female or male adults of B. tabaci Genn. to 
different colours (wavelengths) of the visible light at each tested light intensity
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Fig. 4. Percentages of attraction of either the female or male adults of B. tabaci Genn. to 
different light intensities at each tested colour (wavelength) of the visible light

male adults of B. tabaci were responsible for the irregular responses which were 
recorded in the pooled simple responses of male and female mixtures to different 
tested colours of light at different tested light intensities. Also, the males were 
responsible for shifting the behaviour of mixed-sex populations far from the trend 
obtained either for them in the exposure period’s experiment (the authors, 1976) 
or for the segregated females, response obtained in the present study (Figs ЗА 
and 4A).
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At the end of the present investigation it may be profitable to summarize 
all the obtained results and conclusions as follows: I. Both the whitefly adult 
exposure period to the light source (the authors, 1976) and the light intensity 
at which the insects are exposed affected significantly their responses, 2. equal 
representation of each sex of B. tabaci adults in their mixed populations slightly 
reduced the heterogeneity of their responses, 3. male adults proved to be respon
sible for such heterogeneity, 4. the general trend for B. tabaci adults’ preferandom 
to different colours or wavelengths of the visible light was as follows: the yellow 
colour was more preferable than the green, white, blue and red colours, in 
respect ; and this trend could be primarily attributed to the females, 5. statistical 
analysis proved that females were more sensitive in their discrimination among 
both the different tested colours and intensities of the visible light in comparison 
with males; and this may indicate that the whitefly sexes are different in their 
visual capabilities in the visible spectrum of light, and 6. in addition to the prob
able heterogeneous effect of sex (the males, mentioned in the 3rd point), exposure 
period, light intensity, and the number of each sex in mixed populations on the 
responses of the whitefly mixed populations to the visible light ; similar effect for 
the adult ages should not be neglected.

Sensitivity of male and female adults of Bemisia tabaci Genn, whether 
segregated by sex or in mixed groups, to weak tested light intensities (ranged 
from 1.8 to 35.6 fc) is in agreement with A uclair’s findings on aphids (1967). 
On the other hand, H algren  (1970) contradicted these findings with Schizaphis 
graminum. Such effects of both insect species and light intensity were also recorded 
by Stewart et al. (1969). Sex effect on the whitefly adults’ responses to different 
light intensities and light colours which is observed here was also noticed by 
several authors working on different species of insects; i.e. A mos and W ater- 
house  (1967) on C. dimidiatus and A rbogast and F laherty (1973) on T. castaneum 
and T. confit sum.

The present findings proved that B. tabaci female adults’ phototactic pre
ferandom of light colours was as the same as that of the two allied species of 
whiteflies; Aleyrodes proletella and Trialourodes vapor ariorum in which these two 
species preferred, on biological basis, the yellow light more than any of the white, 
red, green or blue colours of light (Trehan , 1941). Also, O ssiannilsson (1966) 
reported that B. tabaci adults were attracted to yellow light and he suggested that 
this light colour induces the whitefly adults’ return to the vegetation. On the other 
hand, the authors did not notice K ring’s conclusion (1972) which stated that 
there was inhibition of flight by yellow reflected light for both whiteflies and aphids.

In their invaluable investigation was published (1975), V aisham payan , 
K o g a n , W aldbauer and W oolley concluded that the greenhouse whitefly 
Trialeurodes vaporariorum adults showed a strongly positive response to the sur
faces with maximum reflectance or transmittance in the “yellow-green” region 
of the spectrum (520 — 610 nm). The latter findings goes without saying with 
the present results of B. tabaci adults, which showed that their general trend of 
responses to different colours or wavelengths of light decreased gradually from
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the yellow to the green, white, blue and red, respectively. Also, the range of both 
the yellow and green spectra tested here (520 — 760 m/t*; see materials and methods 
of the authors, 1980) were not so far from the aforementioned range of the same 
“yellow-green” region of the spectrum (520 — 610 nm*) which was obtained by 
Vaishampayan, K ogan , Waldbauer and W oolley (1975). Also, the latter 
authors’ statement that red light (610 to ca 700 nm*) might be moderately in
hibitory for the greenhouse whitefly adults, is not so far from the present findings 
which showed that the tested red colour of light (660 — 760 m/t*) was the least 
preferable, in comparison with all the other tested colours of light, by B. labaci 
adults. The same previous authors reported too, that the spectral composition 
of green leaves show a peak of reflectance in the 500 to 600 nm* region which 
coincides with the region of maximum positive stimulus (520 — 610 nm*) for the 
greenhouse whitefly adults. The authors also said that this supports the assump
tion that visual orientation is an important factor in the host finding behaviour 
of whiteflies. They also concluded that the strong attraction of T. vaporariorum 
adults towards the yellow-green region of the spectrum and their strong inhibitory 
response to blue, suggest that phototaxis could be employed in integrated control 
programs for the whitefly.

According to V aishampayan, W aldbauer and K ogan  (1975) findings, the 
first steps in host plant selection, orientation and landing, are mediated in the 
greenhouse whitefly, largely if not exclusively by a response to colour and not 
to odour, which may play only a minor role in this concern.

In the light of the present findings, it could be concluded that almost all 
the above-mentioned T. vaporariorum phototaxis discussions and conclusions 
could be adopted for Bemisia tabaci Gennadius whitefly adults.
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The Impact of Meteorological Factors onto the 
Light-attraction of Codling Moth

By

Járfás, J. and V iola, M.

Horticultural College, H-6000 Kecskemét, Hungary

The number of insects caught by a light trap depends not only on the size 
of the population living on a given area, but it can also be largely modified by domi
nant meteorological conditions during the time of trapping. Therefore, the number 
of insect caught can not be taken into consideration without correction. In this study 
we have examined the modifying effect of individual meteorological factors to the 
light attraction.

We have estimated the number of moths caught between 1967—69 in Kecske
mét by the use of fractionated light trapping and analysed them by mathematical 
regression in correlation with air-temperature, relative humidity, and wind-velocity 
and also by empirical way in correlation with cloud covering, weather fronts and 
moonlight. The codling moth does not fly to the light trap under 11 °C but an air 
temperature over 25 °C inhibits it markedly. The number proportionally decreases 
with the rise of relative air humidity. The impeding effect of the velocity of wind 
begins at the value of 3 km per hour and the full impediment ensues at 14 km per 
hour. Following a 10— 15 mm precipitation the flight begins after 3 — 4 hours, in the 
case of 10 nim, after 1 — 1.5 hours. With the decrease of cloud covering the number 
of caught increases. During clear nights when there is moonlight, no increased flight 
activity can be observed.

In our country the light trap is one of the most widely used methods for 
plant-protecting forecast. During the time of its establishment it caused great 
care that beyond the failures of technical origin in most of the cases the values, 
indicated by the light trap did not show any connection to the number of the free 
living population. Great damages occurred, however, light-trapping did not let 
to make any conclusions for them. Naturally it could have a lot of reasons that 
there were deviations from reality but it was sure that the permanently changing 
meteorological factors had a decisive part.

In our country Dr. Tibor Jermy called the attention to this important 
symptom.

In the interest of discovering the effect of the meteorological factors from 
1967 to 1969 we have operated a collecting light trap in Kecskemét with an hourly 
separation. It collected the insects until 360 cms height from the ground. We have 
compared the datas of the hourly collecting with the values of the hourly deter
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mined meteorological factors. We have revealed the modifying effect of air tem
perature, relative air humidity and velocity of wind with the help of regression 
analysis while we dared to undertake a comparison between the other factors 
(moisture, clouding, weather front and moonlight) and the number of insects 
flying to light only by a simple empirical way.

We expound the effect of the examined meteorological factors separately.

The temperature o f air

We have not observed the flight to light in the case of the codling moth 
under the temperature of 11 °C. By our function from 11 to 15 °C the flight to 
light is strongly impeded; it gradually increases between 16 and 25 °C and over 
that it decreases (Fig. 1).

Relative air humidity

We cannot unambiguously decide the effect of this factor because the 
magnetic effect decreases because of the increasing of light absorption of the 
more humid air as well as because of increasing of the activity, following the 
change of relative air humidity and these factors cannot be separated. In spite 
of all these facts our function shows that with the increase of relative air humidity 
the number of codling moth, flying to light proportionally decreases (Fig. 2).

Fig. 1. The connection of the quantity of codling moth (Laspeyresia pomonella L.) flying to
light and temperature of air

Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981



Jár fás, Viola: Light-attraction o f  codling moth 401

40 45 50 55 60 65 70 75 80 85 90 95 100 %
Relative air humidity

Fig. 2. The connection of the quantity of codling moth (Laspeyresia pomonella L.) flying to
light and the relative air humidity
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Fig. 3. The connection of thí quantity of codling moth (Laspeyresia pomonella L.) flying to
light and the velocity of wind
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The velocity o f wind

The impeding effect of the velocity of wind — comparing to other insects — 
begins at a strongely low value of 3 km/hour. The 14 km/hour value fully places 
the flight to light (Fig. 3).

We have also numerically decided the effect of these three meteorological 
factors (air temperature, relative air humidity, velocity of wind) that is shown 
in the Table 1.

Moisture

During the wet days — according to the time and amount of moisture the 
catch of the codling moth was very different. At a 10—15 mm daily moisture 
a very strong impeding effect could be observed. After this amount of moisture 
3 — 4 hours had to pass that the flight to light could start. In the case of a tenth 
mms amount of moisture 1 — 1.5 hours are enough after the rain had stopped 
and the flight to light starts again. The impeding effect of a moisture fallen only 
in traces or in an amount that cannot be measured, is almost fully negligible.

Cloud covering

With the decrease of cloud covering the number of codling moth, flying 
to light increases. Most of the imagos were caught by the light trap at a sky 
without any clouds, that was 57 % of the whole catch. We could observe similarly 
high values in the nights when there was moonlight. The more increased flight 
to light that could be observed on moonlighted nights without any clouds was 
perhaps a symptom that was connected with the orientation of the insects.

Weather fronts and mass o f air

It is very hard to estimate how the weather fronts modifying effect of flight 
to light, therefore it seems a feasible arrangement to examine the effect of the single 
meteorological factors (Table 2).

During the experiments in three-quarters of the cases the absence of catch 
can always be explained by being over or under the threshold of the meteoro
logical factors. Therefore, it is not advisable to examine the modifying effect of 
the weather fronts’ limits to flight towards light in itself.

In our case our conclusion about the single weather fronts must be con
cretely taken into consideration as the limits of the single meteorological factors 
that are essentially modifying (Table 3). In the case of air temperature, relative 
air humidity and velocity of wind we could determine the optimum (saturated) 
zones and also the preceding and following zones in respect of the flight to light 
of the codling moth. In the preceding and following zones the less of saturation 
could be experienced.
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Table 1

Temperature  o f  air Relative air humidity Velocity of wind

values saturated values saturated values saturated

и 4.0 45 1 0 0 . 0 l 85.1
1 2 6 . 2 50 95.2 2 98.8
13 9.5 55 88.5 3 1 0 0 . 0

14 13.8 60 85.7 4 98.8
15 19.5 65 81.0 5 95.1
16 28.0 70 76.2 6 89.4
17 35.2 75 71.4 7 81.9
18 44.8 80 6 6 . 6 8 73.6
19 55.5 85 62.0 9 64.2
2 0 66.4 90 57.5 1 0 54.7
2 1 77.0 95 52.7 1 1 45.3
2 2 86.4 1 0 0 48.0 1 2 36.9
23 93.5 13 29.3
24 98.0 14 2 2 . 6

25 1 0 0 . 0

26 98.0
27 93.5
28 86.4
29 77.0
30 66.4
31 55.5

Table 2

The number of imagos,
The kind of air mass flying to light/hour

L. pontoné lia

Arctic continental _
Arctic marine —
Temperature continental 0.17
Temperature marine 0.31
Subtropical continental 0.42
Subtropical marine 0.42

Table 3

The kind of air mass
Imagos, flying to light

altogether number/hour

Arctic continental — —

Arctic marine — —
Temperature continental 6 O il
Temperature marine 27 0.17
Subtropical continental 1 0 0.33
Subtropical marine 3 0.30
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During the light-trapping of the codling moth — if we take into considera
tion the data of the saturation table and the statements of the other meteorological 
factors — we could get more accurate facts about the real mass relations of the 
codling moth as earlier, too, when we had not still taken into consideration the 
facts at preparing the prediction.
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Observations on the Biology and Diseases 
of Lobesia b o tra n a  Den. and Schiff. ( Lepidoptera, 

T o r tr ic id a e )  in Central-North Italy*

By

K atalin V. D eseő, F rancesca M arani, A . Brunelli and A ssunta Bertaccini

Centro di Fitofarmacia and Istituto di Patológia Vegetale,
Université di Bologna, Italy

Observations were carried out on Lobesia botrana in vineyards, in laboratory 
and in the laboratory garden in Bologna in a period of 5 years.

Although in the laboratory the diapause inducing short photoperiod was 
13 hours long, the first diapausing pupae were observed already front the end of July 
(second generation), on the first fortnight of September (third generation) and by the 
end of October (partial fourth generation?).

Sensibility to short photoperiod was observed in the first 15 days after the ovi- 
position. This period seems to consist of two parts: (1) In the first 8  days (a) the 
continuous development becomes irreversible if confirmed by long-day illumination; 
(b) or the supposed earlier “program” of continuous development becomes cancelled 
by short-day effect. (2) During the successive 7 days the short-day effect becomes 
irreversible and the diapause becomes induced.

The sensibility to the photoperiod is the highest on the 6 —8 th day after egg- 
laying. However, changes from long-day to short-day illumination during embryo- 
genesis influenced the sensitive period. During further developmental stages the change 
of LD to SD increased the fecundity, whereas at the emergence of the adults it dis
turbed the mating behaviour.

The food quality of the larvae influenced the fecundity; mature berries in
creased it very much. During oviposition the temperature could affect the number 
of eggs laid; in our L. botrana population the fecundity decreased significantly already 
at 22 °C.

60% of the females mated once, 24% twice, 3% three times and in 13% there 
were no spermatophores at all.

The population dynamics of L. botrana in the vineyards were strongly influ
enced by pathogens: cytoplasmic polyhedrosis virus and Microsporidia were found. 
However, the population collapsed after two years only in one grape variety. In the 
same vineyards but in other varieties and in other vineyards in the neighbourhood 
where the pathogens were found as well, in spite of the same weather and topographic 
conditions, the L. botrana populations became reduced, but did not collapse. The 
mortality was highest in the eggs at L, and L» stages in August. Further studies are 
needed to clear the circumstances of the outbreak of the epidemic and to establish 
the individual and combined effect of the two pathogens found.

* This work was partly supported by the Consiglio Nationale delle Ricerche, Rome,
Italy.
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The European grape berry moth: Lobesia (Polychrosis, Eudemis) boti ana 
Den. and Schiff. (Lepidopt.; Tortricidae) is one of the most harmful lepidopterous 
species in the vineyards of the palearctic area. Its importance increases towards 
Mediterranean basin. In Central North Italy, in the area of Bologna, it is the 
only insect species to be controlled in the vineyards every year. Particularly the 
damage of the third generation can be very heavy (sometimes 100%) because, 
beyond the direct damage, the larvae predispose the infection of the grey mould 
(Botrytis cinerea).

The observations on the biology of L. botrana started about one hundred 
years ago, so a vast literature is available today. All authors agree that the num
ber of adults fluctuates considerably not only from one year to another but also 
from generation to generation. The population can completely disappear from 
a vineyard to begin a new infestation after a shorter or longer period.

Entomologists were looking for the reasons of this fluctuation from the last 
century on and had tried to find them in the biological factors as birds, parasites, 
predators and fungus diseases. Many of the parasites of L. botrana were described 
and a big importance was attributed to their action or to that of fungus diseases 
during winter (Catoni, 1910; Silvestri, 1912; S chwangart, 1929; V oukasso- 
vjtch , 1922).

From the early 1920, with the knowledge of influence of meteorological 
factors on the insects, the motive of the strong fluctuation in the number of the 
population from a generation to another was attributed to meteorological factors 
High temperature (22—28 °C) and low humidity increase the number of swarm
ing adults and enhance oviposition, whereas rainy weather and low temperature 
reduce the meeting possibility of the sexes and so the egglaying as well. Generally 
the adults and the egg stage are considered to be sensitive to the environmental 
factors (see reviewed by Stellwaag, 1928 and by Balachowski, 1972).

However, the field observations with L. botrana, and those made in labora
tory seem somewhat contradictory. Jancke and R oesler (1940) found that high 
humidity (90%) prolonges the lifespan of adults and so the number of eggs laid. 
The enhancing effect of high relative humidity on the egghatch was put in evidence 
by GÖTZ (1941). A four years’ field study made by V oigt (1970) on the relation
ship between weather conditions and the number of adults (and larvae) suggests 
that larvae may be sensitive to chilly and rainy weather as well; the number of 
adults was reduced not only during, but also after a cold period. When the sup
pression of the population could not be explained by the general weather condi
tions, microclimatic differences due to the topographic conditions were supposed 
(R eichart, 1968).

All these discrepancies in literature suggest that other factors than the pure 
ecological preference or ecological plasticity of L. botrana adults might play a role 
in its population dynamics.

Furthermore, in Central-North Italy an unusual phenomenon was observed 
at the time of the third swarming in August 1976 and 1977: the sex-pheromone 
traps caught a high number of males and on the basis of the following intensive
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egglaying (1—3 eggs/bunch) a heavy damage was foreseen. In spite of that a very 
low larval population developed even though weather conditions were favourable. 
(Similar observations were made by Barbiéri and Becchi [1977] in Modena.) 
The eggs, collected in August near Ferrara, hatched in our laboratory but failed 
to develop neither on artificial diet nor on grape berries. Larvae died at the age 
of the first and second larval-instars, although temperature and humidity were 
at optimal level. On the basis of the mentioned general opinion concerning the 
influence of bad weather and on the basis of our earlier observations with other 
Tortricids (D eseő, 1973; D eseő and Sáringer, 1975) we supposed that diapause 
inducing factors are responsible for the phenomenon described above and repro
duction processes are influenced in some way. So, the first observations were 
carried out in these directions.

Materials and Methods

Field and laboratory observations were made in order to understand the 
biology of L. botrana.

Field observations

Observations were made continuously in two vineyards. The distance 
between them was approximately 20 km. In vineyard No. 1 there were many 
varieties and in 1976 and 1977 the sudden disappearance of the larvae was ob
served here in cv. Riesling. In vineyard No. 2 there was only one variety: cv. 
Riesling.

Biological observations in cages, monitoring with sex-pheromone traps and 
treatments with different insecticides were made in 1976, 1977 and 1978 as well 
(B runelli et al., 1978).

In 1979 observations on the biology of L. botrana were continued only in 
vineyard No. 2, because vineyard No. 1 was uprooted. In 1980 some observa
tions were made in a vineyard near Modena.*

Figures la and b show the catches of males by sex-pheromone traps (type 
Zoecon). These data with the infestation values and treatments give some infor
mation about the population dynamics of the grape berry moth in the vineyard 
No. 1. By evaluating the data on swarming, the protandria and the decreasing 
male—female rate during the flight should be taken in consideration as well 
(GÖTZ and Stellwag, 1940; G ötz, 1942); furthermore the period between the 
first catch and first egg: 8— 12 days in the first flight and 4—5 days in the second, 
third one (Touzeau, 1975).

* The authors are indebted to Dr. R. B a r b ié r i and R. B e c c h i for their help in col
lecting the material in the vineyard near Modena.
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In the vineyard No. 2 the fluctuation of the population dynamics was 
similar to that shown in Fig. 1 b. E.

Observations were carried out on L. botrana brought in from the vineyard, 
also in the garden of our Institute.

C

Fig. 1. a. Number of L. botrana males caught in the untreated plots by sex-pheromone traps 
in vineyard No. 1 and the meteorological data, a) in 1976, 1977, 1978 in cv. Riesling (A.B.C.). 
b) in 1977, 1978 in cv. Merlot and Uva d’oro (D.E.F.C.). A =  Date of insecticide treatments. 

° =  % of 500— 1000 grapes infected by L. botrana
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Laboratory observations

The population observed in the laboratory originated from the vineyard 
No. 1 cv. Riesling and was collected in July 1975. Some observations were made 
in the laboratory also on the population of vineyard No. 2.

For rearing the artificial diet of Sender (1970) was used. After two years 
the diet was slightly modified: 5 ml of glacial acetic acid was added to 1 1 diet, 
to prevent the disturbing mould infection. However, this amount was too high 
so it was later reduced to 2.5 ml.

The eggs were always disinfected in 4% formaldehyde for 1—2 minutes. 
Before putting the eggs on the diet, the surface of the small pieces of the diet 
was dried with warm air, because the larvae used to be very sensitive to condensed 
water. For the rearing 0.5 1 glass-jars covered with linen cloth were used. For 
pupation paper bands were offered.

In the mass rearing for oviposition a 25 x 30 x 50 cage made of cheesecloth 
was used. A strip of plastic was offered for the females as egg laying place. For 
individual pairs (usually 1 $ + 2 or 2 + 1 o) small plastic glasses covered
with cheesecloth were employed. In both methods 5—10% honey-water was 
added, soaked in cotton to feed the adults. One generation developed in 24 days, 
but a part of the larvae finished the cycle sometimes in 40 days.

The effect of constant and changing environmental factors on the diapause 
and the reproduction were studied in thermostate chambers with different tem
peratures and photoperiods.

The number of the individuals and the developmental stages besides the 
detailed methods used in the different observations are indicated at the results.

Results

Effect o f temperature and photoperiod on the diapause o f L. botrana

100 — 300 eggs of the 3rd and 4th laboratory generations of L. botrana in 
the age of 24 —48 hours were put on artificial diet and held under constant chang
ing temperature and photoperiodic conditions. The number of diapausing pupae 
and that of the swarming adults were observed (Table 1).

As the data of Table 1 show, the diapause inducing photoperiod is about 
13 hours at 25 — 26 °C (see No. 2); at a photoperiod of 13.30 hours no diapause 
occurs (No. 19), even at 22 °C.

No. 1 and 18 indicate that photoperiods shorter than the critical one did 
not affect the direction of the development: even at naturally lengthening spring 
photoperiod.

As experiment No. 4 shows, short day (SD) on the 5th and 6th* day begins 
to induce diapause whereas long-day (LD) conditions on these days elicite a con-

* Eggs were 24—48 hours old, so 1 — 2 days should be added.
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Table 1

The sensitivity of L. botrana Den. and Schiff, egg/larvae to the action of short-days at different 
periods of development. Temperature: 25 — 26 °C. (3rd and 4th generation in the laboratory)

------------ 13/11 L/D
- - -  — 12/12 L/D

---------------17/7 L/D

13, 30/10, 30 L/D

p first pupa 
-> d iap au se  

a  first adult
I

* No. 18: naturally increasing photoperiod in March (12 h 40'—13 h 15') 
** No. 19: repeated at 22 °C with the 6 th generation in the laboratory

tinuous development (No. 5). So the diapause sensitive age seems to be at the end 
of the embryogenesis, in the first larval instar and perhaps in the first part of the 
second larval stage.

The effect of the SD illumination on the physiological processes seems to 
be weaker than that of the long-day photoperiod. Only after 15 SD-s the dia
pause development (No. 17) becomes irreversible. In cases Nos 12, 13, 15 when 
the number of short-days was inferior to 15, no diapause occurred.

No. 16 suggests that in L. botrana not only the numbers of the short or 
of the long-days are critical for the diapause induction, but the change itself 
to the opposite photoperiod. The change from LD to SD in the first part of the
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embryogenesis and SD in the sensitive period (5 —6th days) induces diapause, 
even if afterwards long-day conditions continue. When this change fails (No. 15) 
no diapause occurs.

From the experiments Nos 5—11 and 14 it can be seen that short photo
periods after the 6th day of long-day development did not influence the physio
logical processes basically anymore, but it can increase the developmental time. 
However, the differences between the lengths of the developmental periods are 
not significant.

We have no data concerning the factors responsible for the reactivation 
of the diapausing pupae. In spite of different long and intensive cold treatments 
with about 300 pupae, the diapause lasted always about 5 .5-6  months. When 
diapausing pupae were held in laboratory at constant 25 °C the swarming began 
after a similarly long period; however, the adults were very weak.

Field observations on the 2nd generation of L. botrana in the vineyard No. I 
showed that from the larvae collected on July 22, 1976 (about 14 hours’ long 
photoperiod) 10% went to diapause.

On August 30 and Sept. 26, 1976 infested grapes were collected in the vine
yard No. 1 and were held during the winter in large cages in the laboratory garden. 
In next spring, the swarming began on 5th and 26th April and finished on 2nd 
and 16th May respectively. The development of L. botrana population in the 
laboratory garden preceded the developments in the vineyard by two-four days. 
Four generations were developed in the laboratory garden in 1976.

The corrugated paperbands, fixed at different parts of the vine-stocks in the 
vineyard No. 1 at the end of July with the aim to collect the diapausing pupae, 
did not contain any of them in next spring. Although when the infested grapes 
were suspended in the cages at outdoor conditions by Sept. 20, 1977 adults swarm
ed between 27th April and 15th May, 1978.

The results in 1980 were better with C atoni’s method (1910) i.e. textile 
bands fixed on the vine at 30 — 50 cm heigth. The number of the diapausing pupae 
proved to be already high in the first fortnight of September 1980: 5 pupae/plant 
and by the end of October about 10 pupae/plant.

Influence o f (1) temperature and photoperiod, (2) food and (3) group effect on 
the fecundity o f L. botrana 1

(1) For this observation adults were taken partly from the diapause experi
ments and partly reared separately with the usual method. Results are summarized 
in Table 2. The differences are significant between the average fecundities of the 
low and high temperature-reared populations.

When the photoperiod was changed (during the development) from long- 
day to short-day from the 8th day on, the fecundities of the populations in
creased. These differences were significant also in comparison with the “optimal” 
conditions (25 — 26 °C and 16 hours’ long photoperiods). The influence of the 
change of the long-day photoperiod to shorter day during larval development
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Table 2

Number of eggs laid by females of L. botrana Schiff, and Den. developed under standard/ 
changing temperature conditions and photoperiods. (Egglaying at 24—26 °C and 16 hours

long photoperiod.)

Tempera ture  (°C) 
Photoperiod (hour)

2 4 - 2 6
16

2 4 - 2 6
14

2 4 - 2 6
16-14*

2 4 - 2 6
1 6 -1 3 *

2 0 - 2 2
14

70 40 135 71 38
164 2 0 149 151 42
106 91 75 123 50
129 91 158 242 56
98 140 123 162 40

133 52 143 159 130
78 1 1 1 186 79 135

113 148 138 1 2 0 40
96 114 126 1 2 0 44
63 70 1 2 0 135 124

113 104 132 149 2 0

69 82 173 141 45
88 71 173 137 26

Average* 1 0 2 **(a) 87(a) 141(b) 138(b) 61***(c)

* Photoperiod changed in different ages from 8  days on.
** The mean fecundity of the population ($$ with or without egglaying) was 75 eggs/$. 

*** The mean fecundity of the population was 43 eggs/$.
+ Same small letters indicate Duncan’s multiple range grouping that do not differ 

significantly. Significant difference at the 0.05 level is only between the groups signed by 
different letters.

seems to increase the fecundity of the swarming adults; independently whether 
the change occurred towards an illumination inducing a diapause or only to 
smaller, but sudden change from 16 to 14 hours.

A photoperiod (14 hours) during the development of the larvae shorter 
than optimal seems to influence somewhat the fecundity of the adults, however, 
the difference is not significant.

From the population’s mean-fecundity data (Table 2) it follows that not 
all the females laid eggs since the population’s mean fecundities of the lots were 
lower than those in egglaying females.

(2) The mean fecundity of the population reared on artificial diet under 
optimal egglaying conditions was 75 eggs/day; however, the mean fecundity 
became nearly twice as much (135 eggs/day) under the same environmental con
ditions when L. botrana had been reared on mature grapes in autumn.

(3) The group-effect on the fecundity was observed as follows. Females 
were held alone with two males, or two females with one male and the number 
of eggs laid was compared to those jars, where 5 — 8 females were put together
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with 4— 12 males. No differences were observed between the average fecundities 
of the two groups (75.8 [22 ÇÇ], 79.5 [27 $$] and 70.0 [95 ÇÇ] eggs respectively 
at 25 °C and 16/8 L/D photoperiod).

Field observations

Two females and eight males were found on a warm day (May, 7, 1976) 
in the shadow on the trunks of trees in the vineyard No. 1. These females laid 
140 eggs.

In a population collected in autumn in the vineyard No. 1 and left in out
door conditions over the winter the fecundity was very low (6—19 eggs/female). 
These 35 S<5 and 21 $$ were held partly under chilly and rainy outdoor condi
tions and partly in laboratory. Even these latter females held under optimal 
conditions laid few eggs as well, and the larvae died at the first and second larval 
instars. As Fig. 1 (a, b) shows also the number of males caught was very low 
in 1977.

In the spring of 1978 the fecundities of females proved to be between 38 — 
85 eggs, the adults emerged under dry and warm weather conditions.

In the vineyard No. 2 in 1978 the fecundities of the females of the 1st, 2nd 
and 3rd swarmings varied from 75 to 97, from 70 to 100 and from 100 to 180 eggs, 
respectively. (Mean fecundities: 75, 87 and 140 eggs/female.)

Effect o f the photoperiod on the reproduction activity o f L. botrana

Adults from the 10th laboratory generation, reared on artificial diet at 
25 — 26 °C and 16 hours long photoperiod were observed. In the jars 1 Ç with 
2 <$<$ or 2 $$ with 1 <$ were put together. When the adults were held under the 
same conditions as their development had been: 84% of the 44 females laid eggs. 
The dissection of the females showed that 13.3% did not mate, 60% contained 
one, 23.4% two and only 3.3% three spermatophores.

The mating behaviour was disturbed of adults exposed to 13/11 L/D photo
period immediately after emerging. Some pairs were stuck together, other males 
had the spermatophores on the outside of their genitalia. Only 28 % of the 25 
females laid eggs. The egg hatch was normal.

In an other experiment the population was reared at 14/10 L/D photo
period and the adults were exposed immediately after emerging to the 13/11 L/D 
illumination. Neither their mating behaviour, nor the oviposition were influenced.

Diseases o f L. botrana

By low temperature (about 18 — 20 °C) not only the fecundity was influ
enced but morphological deformations could be seen as well; adults with swollen 
greenish abdomens, males with prolonged genitalia (Fig. 2) and pupae with un
perfect ecdysis (Fig. 3).
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Other symptoms of supposed diseases were observed as well; many white 
pellets in the excrements, white midgut in the transparent larvae, unusual differ
ences in the development rate (5-80%), a big difference between the develop
mental time of larvae originating from the same female, etc.

In an experiment the deformed insects mentioned above were washed in 
4% formaldehyde, homogenised with distilled water and smeared on equal pieces
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Fig. l.b . Diseased L.botrana male with swollen abdomen and protruded genitalia (Foto: Laffi)
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Fig. 2. Diseased pupa with unperfect ecdysis (Foto: Laffi)

of artificial diet. All pieces were covered completely with the homogenate, so the 
newly hatched larvae were forced to feed the smear when boring into the diet. 
Results are shown in Table 3.

The data in Table 3 suggest the presence of pathogen(s). The mortality rate 
in the treated replications, independently from temperature and photoperiod, 
was significantly higher (92.5 and 95%) than in the check (71 and 82.5%).

The mortality at the lower temperature was higher; it is probable that this 
factor did enhance a chronic illness in this 22nd laboratory population.

Lower pH value seems to reduce somewhat the number of the developing 
adults, although the differences were not significant.

In the treated repetitions many dead Lj and L2 had been found, partly 
sticking to the diet with the posterior end of the body. Some L2 showed empty 
cuticles with white colour in their immediate neighbourhood. Some of the devel
oping larvae had, in older instars, white midguts and developed more slowly
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Table 3

Effect of non-purified virus treated artificial diet on the development of L. botrana Den. and
Schiff

Photo- 
period L/D 

(hours)

N um ber of adults developed

tű re
°C

Artificial
diet

PH
1. 2. 3. 4.

Total
%

? s

2 3 -2 6 16/8 Treated 4.5 1 1 2 0 l 3
5.5 2 5 0 4 4 7

(Total) 3 6 2 4 5 10a + 7.5
Check 4.5 11 3 2 5 11 10

5.5 7 3 9 18 21 16
(Total) 18 6 11 23 32 26b 29

2 2 -2 4 13/11 Treated 4.5 2 1 1 2 6
5.5 1 1 2 0 4

(Total) 3 2 3 2 10a 5
Check 4.5 3 2 3 2 10

5.5 8 4 5 7 24
(Total) 11 6 8 9 34b 17.5

+ Same small letters indicate Duncan’s multiple range grouping that do not differ 
significantly. Significant difference at the 0.05 level is only between the groups signed by 
different letters.

than the others. Dead pupae showed the well-known case of half-ecdysis (see 
Fig. 3) and between the fully developed adults swollen ones could be observed 
with long, protruded genitalia (see Fig. 2). Adults from the short-day photoperiod 
experiment after the diapause were very weak and did not reproduce.

At the time of the 23rd generation the rearing seemed to be heavily infected 
by pathogens, and changes could be observed in the reproduction activity as well 
(Table 4).

When more females and males were held together, increasing thus the com
petition between the males, the reproduction activity improved and the number 
of inviable eggs was lower. However, in an experiment with the 27th generation, 
all stages died earlier than the third larval instar.

The rearing at this time was weak and ill, despite the egg disinfection from 
the first generation on with 4% formaldehyde. This circumstance might indicate 
that the transmission of the pathogen is transovarial. This hypothesis was sup
ported by the following trial: 168 eggs were put after disinfection with 4% formal
dehyde in Petri dishes one by one on artificial diet. 37 % of the eggs proved to 
be inviable, 25% developed into adults (30% died as Lj). Even in the case of 
finished development white pellets were present in the excrements.
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The following pathogens were found in the larvae/adults:
1. Cytoplasmic polyhedrosis virus (Figs 4, 5, 6)
2. Microsporidia (Figs 4, 5, 7)
3. The presence of a baculovirus is to be confirmed; the interpretation of 

the data is not yet clear (Fig. 8)
Figures 4,5,6 show the CPV and microsporidia in L3 of L. botrana. The mid

gut is infested very heavily by CPV accompanied by microsporidia. The latter 
were observed in the fat body and in the silk glands too. In the heavily infested 
larvae the midgut becomes white from the polyhedra (inclusion bodies) with 
sizes of 60 — 70 nm. The inclusion bodies in the excrements are the main source 
of infection (Fig. 8).

Both CPV and microsporidia are known as agents of chronic diseases. 
Unfortunately we have no data about the symptoms caused either by CPV or 
by microsporidia separately.

Figure 9 shows particles which may be baculovirus. These formations were 
found in the dead and swollen Lj and in the ovariole of a swollen female.

Field observations made in vineyard No. 1 on the population dynamics 
of males are reported in Fig. 1. In 1976 the number of the males was very high 
inthecv. Riesling, it decreased in 1977 and both number of males caught and the 
level of infestation were so low in 1978 that not even one treatment was needed.

In 1976 and 1977 in August, the number of eggs was very high (1—3 eggs/ 
grape) in cv. Riesling, but the damage did not correspond to that level, indeed 
in 1977 not even one treatment was necessary. The eggs, from which supposedly 
diseased larvae hatched and soon died, were collected in this vineyard by the end 
of the summer. Symptoms of CPV could be noticed on a few larvae found on 
cv. Riesling already in 1977 and on all those observed in 1978.

In the same vineyard but on other varieties the traps caught a great number 
of males in 1978 and the infestation of the grapes of the 3rd generation was 
about 20%. In these varieties, few diseased larvae and only in the 3rd generation 
in 1978 were observed. The most remarkable symptoms proved to be the white 
midgut and white pellets in the excrements. Swollen males were caught by the 
traps as well, but only seldom.

In the vineyard No. 2 in 1978 (cv. Riesling also) the infestation was low, 
probably because of the treatments. In spite of this, at the time of the third swarm
ing the egglaying proved to be more abundant, and until the first days of Septem
ber the infestation of the grapes reached 100% level. On 10th September, hundreds 
of grapes were collected with the eggs and suspended in a big cage in the vine
yard, one hundred of them were put in the thermostat chamber under constant 
temperature (25 °C) and photoperiodic (16/8 L/D) conditions. In the laboratory, 
where of course diapause did not take place, after three weeks 63 $$ and 67 <$<$ 
emerged. Of these females 25% laid eggs, the average was 135 eggs/female. From 
the following two generations, at the same temperature level 25% developed 
again. Holding the rearing under 20 °C they developed the symptoms of the 
CPV, and the eggs laid by these females did not hatch.
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Fig. 3. Dead pupae

In the cage left in the vineyard 2 and 3 -yj swarmed between 24th April 
and 2nd May in next spring. Of the two females only one laid 75 eggs in the 
laboratory. The progeny has been reared on artificial diet, 2 and 5 <$<$ devel
oped having greenish swollen abdomens with abnormal genitalia, i.e. the symp
toms of diseases. In this vineyard (No. 2) the infection of the grapes by the 1st 
generation was 0.5%, that of the 2nd one was 2%. In 1979, without any treat
ment, at the time of the 3rd generation the infestation reached only a 15% level.
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Fig. 4. A) Midgut section of L3 with CPV (120x). B) Midgut fragment of L3  with CPV 
(480x). C) The same (1200X). D) Fat tissue with CPV and microsporidia (M) (1200X). 

(Courtesy of Dr. Meynadier, Lab. INRA, Saint Christol les Alés-France)
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Fig. 5. Thin section of midgut cells of L3 with CPV and microsporidia. (x  11 300) (Courtesy
o f  Dr. M e y n a d i e r )



F ig. 6. Thin section  o f  m idgut cell with C PV  inclusion  b od ies and virions ( x 9 l  200).
(C ourtesy  o f  Dr. M eynadier)
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F ig. 7. T hin se c tio n  o f  m icrosporid ia  in  the  m idgut cell (X  36 800).
(C ou rtesy  o f  D r. M e y n a d i e r )
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Fig. 8 . A) Thin section of L2  with CPV in the midgut lumen (X6200). (Fixed in glutaralde- 
hyde 5% in 0.1 M phosphate buffer pH 7.2, postfixed in osmium tetroxid in the same buffer, 
dehydrated in aceton series and embedded in Spurr’s low viscosity plastic. Ultramicrotome 
Reichert ОМ Ш  was used for cutting, double stained in uranyl acetate and lead citrate, 
examined in a Hitachi U-12 A electron microscope. B) Negative staining of CPV inclusion 
body from the excrement of an ill larva ( X 3 1 000). (PTK droplet on Formvar-film covered

grid.)

Fig. 9. A) Thin section of an eggcell with unknown particle (x 4 7  000). B) Negative staining 
of unknown particle in the smear of a diseased L, ( X  14 000)
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Discussion

Observations carried out in Italy (Catoni, 1910; Silvestri, 1912; G randi, 
1951; R angheri, 1959; Celli et ai, 1977; 1980; Tranfaglia and Viggiani, 
1976; Valli, 1977; Moleas, 1979) showed that four swarmings of L. botrana 
developed in the South in warm years only (Vivona, 1955).

In our observations in Bologna emerged the possibility of a fourth flight also 
in this area. In the laboratory garden, where the development preceeded of some 
days the events in the vineyard we reared four generations from the first eggs 
of the first females. The long swarming in the vineyard in autumn and the eggs 
found even in October support this possibility, even though probably only a small 
percentage of the population gives origin to a fourth swarming. Other authors 
(Voukassovitch, 1914), reported also the development of a fourth generation 
from the same geographical latitude in warm year with hot August.

Critical day length and sensitive stage

For collecting the diapausing pupae in the vineyard textil-bands, fixed on 
the stocks were suitable. The efficacy of these textil-band traps was well known 
already at the beginning of our century: they were recommended as control 
method against the grape berry moths (Catoni, 1910). The textile traps in South 
Tyrol had to be fixed on the stock from the middle of August on, when the larvae 
were observed while seeking hidden places for diapause.

In our observations near Ferrara about 10% of the larvae of the 2nd genera
tion, collected in the vineyard, went into diapause at the end of July. The progeny 
of the third swarming began to pupate from the middle of August, so in the 
textile traps between the last week of August and the middle of September about 
5 pupae/stock were found. The number of the diapausing pupae increased until 
the end of October (10 pupae/vine approx.). Considering the heavy infestation 
(about 3 larvae/bunch) it seems that only a small percentage of the population 
were caught by the textile traps.

At the date of the appearance of the diapausing pupae in the vineyard and 
that in the laboratory, a discrepancy can be stated. In the laboratory, at constant 
temperature of 22, or 25 °C, the critical daylength was about 13 hours. Further
more the developmental stages on the 6th—8th days after oviposition are mostly 
sensitive to the daylength; the photoperiodic experience in the first part of the 
embryogenesis does not determine irreversibly the direction of development. 
However, the 13 hours’ long photoperiod occurs in our area only from the 1st 
of September i.e. theoretically only in these days could happen the diapause 
induction and only in the young stages. In spite of that in this period already 
a huge number of diapausing pupae were in the vineyard.

The data given by other authors do not explain the discrepancy found in 
our circumstances. So, Voukassovitch (1914, in Stellwaag, 1928) reported that 
18 % of the larvae collected in the vineyard was swarming at the end of August/be
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ginning of September in 1912 at practically the same geographical latitude (44°) 
as ours (45°). That means that the eggs must have been laid in the first days of 
August at a photoperiod of about 15 hours. Komarova (1949, in D anilewsk.ii, 
1965), however, stated that the diapause inducing photoperiod was 15.40 hours 
in Azerbaijan at a geographical latitude of 41°. According to her data, all the eggs 
laid after 20th July developed into diapausing pupae and she concluded: “ thus 
the number in diapause mainly depends on the calendar dates of egglaying.” 
The sensitivity to the photoperiod proved to be in her population in the first 
eight days after the oviposition.

The difference between K o m a r o v a ’s  observations and ours are 1. in the 
daylength: the critical photoperiod found in our laboratory was 2.40 hours 
shorter than that observed in Azerbaijan and 2. in the Italian population short 
day during the first 8 days from the oviposition on, does not induce diapause, 
but predispose only the following photoperiodic effects. There are 7 more SDs 
needed for an irreversibile diapause induction. It seems that the 8 SDs are necessary 
to cancel an earlier “program” for the continuous development, for which 6 DSs 
are not sufficient. However, big and sudden changes in the length of the photo
period during embryogenesis increase the sensibility to SD effect. The existence 
of an earlier “program” may also explain that already with 8 LDs the “program” 
of a development without diapause becomes confirmed irreversibly.

In the outdoor conditions it is possible that the shortening daylength in
duces the diapause from July on, at about 15 hours’ daylength. However, it can
not be excluded that the diapause in July, observed in the second generation, 
was the result of the heterogenity in the species, observed in a Hungarian popula
tion by Reichart (1968).

To clear this discrepancy, exact observations are needed on the effect of the 
shortening daylength in diapause induction, on the role of the quality of food, 
on the role of possible diseases.

Observations on the reproduction

In outdoor conditions the fecundity of the females vary from generation 
to generation and from one year to another.

Our observations on the fecundity of L. botrana show that the number 
of eggs laid are influenced by many factors. We observed in the 1st, 2nd and 3rd 
swarmings mean fecundities as 78, 87 and 140 eggs/female, respectively. Reichart 
(1968) also found differences between the mean fecundities of the three swarmings: 
76.7, 139.6 and 91.1, respectively. In the case of the Italian population we think 
to find the explanation for the different mean fecundity-values in the changing 
quality of the grape. We have shown that on the artificial diet used, the mean 
fecundity resulted to be about 75 eggs/female, meanwhile the lot reared on mature 
berries at the same time under the same conditions produced 135 eggs/female. 
In case of the Hungarian population we suggested an other explanation (D eseő 
and Sáringer, 1975). The differences in the mean fecundities were particularly 11
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big after winter between the first swarmings from one year to another e.g. 78 eggs/ 
female in 1976, 11 eggs/female in 1977. Jancke and Roesler (1940) observed too 
variable fecundities from one year to another; furthermore the data reported 
demonstrate also the differences between that of the successive generations.

The very important role of the temperature during the egglaying is well 
known with L. botrana. Under laboratory conditions the effect of temperature 
on the number of eggs laid was demonstrated by Jancke and Roesler (1940): 
under 15 °C the fecundity decreases, although females can lay eggs even at 13 °C 
and 34.5 °C. The regime between 21 —25 °C was observed as optimal for the egg- 
laying, however the difference in the fecundities at different temperatures do not 
seem to be significant. According to Götz (1943) oviposition takes place between 
18 — 26 °C, with 45 — 85% relative humidity and mostly between 17 — 22 hours. 
Many authors agree with the above-mentioned opinions, however the lower limit 
of the optimum seems to be flexible as reviewed and discussed by Balachowsky 
(1972).

In our observations under laboratory conditions, 21 °C proved to be under 
the lower limit of the temperature optimum for egglaying because at 25 °C the 
average number of eggs laid was significantly bigger. This observation under our 
circumstances can be interesting in the spring when lower temperature than 22 °C 
can occur even for a longer time.

On the contrary to the effect of different temperature values, the different 
but constant photoperiods during the development of the larvae did not influence 
the number of eggs laid.

The change from long-day to short-day during the development (even in 
the prepupae) from the 8th day on, significantly enhanced the oviposition of the 
females. Similar results were seen earlier in Laspeyresia pomonella 1. (Lepidopt. 
Tortr.) (Deseő, 1973). We have no explanation for this observation by the time 
being; any supposition should be proved by experiments.

On the contrary, of the fecundity-promoting effect of the change from LD to 
SD during larval development, a similar event experienced by the newly emerged 
adults disturbs the mating behaviour, decreases the number of matings and 
elicits aberrations when mating does occur. When the adults are exposed to day- 
length not very much different from the photoperiod on which the rearing had 
been held, the mating behaviour is not disturbed. This phenomenon suggests 
that not the photoperiod itself, but the sudden change is responsible for the 
altered reproduction activity. It is highly probable that the disturbed circadian 
rhytm elicits the inappropriate mating behaviour.

The role of diseases

In the population dynamics of L. botrana three remarkable changes have 
been observed : 1. Big differences between the individual numbers of the autumn 
and of next spring, furthermore between the spring and the following spring

Acta Phytopathologica Academiae Scientiarum Hungaricae 16, 1981



Deseő el al. : Biology and diseases o f  Lobesia botrana 427

populations. These differences were mostly attributed to the action of parasites 
and fungal diseases, but “unknown reason” of this winter mortality was mentioned 
as well (Catoni, 1914; Voukassovitch, 1922). 2. The sudden changes in the 
population number in August, mostly in the form of an abundant swarming fol
lowed by low infestation, were explained by Catoni (1910) and Silvestri (1912) 
as “not yet known pathogens”, whereas Feytaud (1913) stated that the high 
mortality of eggs in August was due to the high temperature and bright sunshine. 
3. Later on, as suggested by Stellwaag (1938, 1940), the change type 2 and the 
observed slow, 1—2 years’ long suppression of the grape berry moth in a vine
yard was attributed to the solely effect of climatic factors as: low temperature, 
high humidity and much rain (reviewed in Balachowski, 1972; Voigt, 1970, 
1972; Schmid el ai, 1977; Röhrich, 1978,etc.). In vineyards, where the popula
tion did not decrease on the effect of the unfavourable weather conditions, topo
graphical differences were suggested.

Without questioning the important role of the climatic factors we have 
shown in our area the decisive influence of pathogens in the population dynamics 
of L. botrana in the vineyard No. 1, where the population collapsed in three years. 
In vineyard No. 2 the fluctuation had more or less the same rhythm in the three 
years’ long observations; however, in the third autumn the number of the larvae 
was high and in the laboratory the diseases were present, in the following spring 
the population was weak and the infestation of L. botrana was very low; it became 
sowhat higher in autumn.

From the pathogens found the cytoplasmic polyhedrosis virus was new for 
L. botrana (Deseő et al., 1979a, b) and it had been found until now only in the 
area of Ferrara and in 1980 near Modena.

Microsporidia, however, had already been reported earlier in France by 
Lira (oral communication of Dr. Meynadier of INRA, Saint Christol les Alès) 
and in 1979 in the Italian population by Dr. Meynadier.

The existence of a third pathogen, a Baculovirus which was suggested earlier 
(Deseő et al., 1979) is not confirmed. The elongated particles found in the L! and 
in the ovary of females seem to be identical to the particles doubted and discussed 
by Summers and Paschke (1968) and Gregory et al. (1969).

As we have seen in the Italian populations CPV and Microsporidia were 
found to occur together. It would be important to know the role of a single 
pathogen in the population dynamics, but, by the time being, no data are avail
able. The observations of other authors can give some suggestions. So, the fact 
that Microsporidia were found in France in L. botrana, but the sudden disappear
ance of the third generation larvae were not observed, could give more importance 
to the effect of the virus. Furthermore, as we have shown, at low temperature 
the symptoms of a CPV disease become well visible; symptoms similar to that 
described in other lepidopterous species by Vail et al. (1969). Thus it seems highly 
probable that CPV is in the first line responsible for the decrease of the popula
tion. Flowever, it is not clear if the low temperature makes the CPV virulent 
directly or indirectly, making acute the microsporidia first, as it was observed
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by Weiser (1961). In any case the result of this action is the suppression of L. 
botrana in a vineyard.

In Fig. 1 the spread of the disease can be followed according to the varieties, 
thus demonstrating at the same time a generation by generation effect of the 
pathogen. Flowever, when the action of the pathogens is the strongest in the dia- 
pausing population, the symptoms of the disease are hardly noticeable.

From the diseased larvae the inclusion bodies (polyhedra) and/or mature 
spores are voided with the excrements. Rainy weather and high humidity help 
the diffusion of the pathogens on the grapes: larvae feeding on these berries 
become infected orally. This type of “horizontal” diffusion of these pathogens 
is well known. However, the possibility of the vertical diffusion i.e. transovum 
transmission, cannot be excluded as it was already mentioned with the laboratory 
strain. Combined transovum transmission of CPV and microsporidia was re
ported already in other Lepidopterous species (Adams et ai, 1967).

Returning to the difference in the population dynamics of L. botrana in the 
two compared vineyards, it is to emphasize that the conditions of the outbreak 
of the epidemics are unknown and for this further studies are required.

The possibility of a fourth swarming for a small percentage of L. botrana 
population cannot be excluded in the area of Bologna in years with warm spring 
and hot summer.

Conclusions

The diapause inducing photoperiod proved to be in the laboratory 13/11 LD 
period which did not correspond to the outdoor conditions. In the vineyard 
a huge number of diapausing pupae was found at the time of such photoperiod. 
So further observations are required to understand the reasons of the diapause 
of L. botrana in field conditions; e.g. to study the eventual effect of the shortening 
daylength, of the food and of the diseases in the diapause induction.

The sensitivity to the photoperiod was the highest on the 6 — 8th days at 
the age of the fully developed embryo and the first, partly the second larval 
instars. Long-day in this period elicits continuous development, whereas the 
effect of the short-day during the sensitive period becomes irreversible only after 
further 7 SD-s (sum 15). Therefore, the photoperiod sensitive period seems to 
consist of two parts: 1. during the first 8 days only an earlier “program” of the 
continuous development becomes cancelled by short-days. 2. The second part 
of the sensitive period arrives when the effect of SD becomes irreversible and 
so the diapause becomes induced. The first part of the embryogenesis is sensitive 
to the photoperiod only if the change in the length of the illumination is big.

In the observed L. botrana population 22 °C was already under the optimal 
temperature limit of the oviposition. The number of eggs laid was significantly 
lower than that at 25 °C.

The fecundity was strongly influenced by the food quality; larvae developed 
on mature grapes laid as adults nearly twice as much eggs as those developed
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on immature grapes or on artificial diet. The egglaying was not influenced by the 
“group effect”.

As to the number of spermatophores in the females it was stated that 60% 
mated once; 40% twice or three times or mating did not occur at all.

Whilst constant photoperiodic conditions during development did not 
influence the fecundity of the developing females, changes in LD periods did. 
Therefore, the change from the long to the short-day illumination at any time 
after the first part of the photoperiod sensitive developmental period (8th day), 
increases significantly the number of eggs laid. Even the pupae resulted to be 
sensitive to this kind of change.

However, by exposing the newly emerged adults to short-day illumination 
after having reared them under long-day conditions, they show disturbed mating 
behaviour. If the difference between the two photoperiods is not very big, the 
mating behaviour will be “normal” .

In the population dynamics of the European grape berry moth the diseases 
play a very important role: they can suppress the population in the vineyard and 
in the laboratory as well.

Two pathogens were found: Cytoplasmic polyhedrosis virus and micro- 
sporidia. The separate effect of the pathogens is unknown, but literature data and 
observations on the symptoms suggest that CPV is more effective in destroying 
a population. By the time being we consider the observed epidemics as the joint 
action of the two pathogens. To the build-up of the epidemics at least one year 
is required and the disease in the diapausing population is hardly noticeable.

The influence of pathogens can explain the diversity in the fluctuation of 
L. botrana populations in vineyards and varieties under the same weather and 
topographic conditions.
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The authors compared data gained on aphid flight in 1978 and 1979, in three 
fruit growing regions (Budapest, Nyírség, Kecskemét), by using yellow pan and 
suction traps.

Data are presented on the species composition and flight dynamics of aphids 
(mostly species known as vectors of plum pox) and also on other aphid populations 
observed in the orchards on weeds.

In course of the investigations 56 066 aphids were determined to species, 
33 453 of which belonged to species known as virus vectors. The paper reports on 
the individual numbers of the most common 14 species, according to localities, trap
ping methods and years. Detailed graphs are given on the flight of Aphis fabae Scopoli, 
Brachycaudus helichrysi Kaltenbach, Brevicoryne brassicae Linnaeus, Hyalopterus primi 
Geoffroy, Myzus persicae Sulzer, Phorodon luimiili Schrank and Rhopalosiphum padi 
Linnaeus. A list is given also on the aphids collected by trapping, new for the Hungar
ian fauna.

Present studies aimed to yield data on the flight dynamics and species com
position of aphids transmitting plum pox virus, well known as one of the most 
dangerous pathogens of plum, apricot and peach. This type of study was neces
sitated also by the fact that besides the general taxonomy and occurrence of 
aphids living in orchards and gardens (Szalay-Marzsó, 1972) practically no, 
or only very few data were available on their flight activity either in Hungary or 
in the neighbouring countries.

The studies undertaken constituted a part of the 10-year complex research 
of apple ecosystems, carried out in the Research Institute of Plant Protection 
and some papers were already published or are at present in press on some results 
(Meszleny, 1980; Meszleny, in press; Jenser et ai, in press).

Material and Methods
Localities

The trapping studies were carried out in the following localities:
a) Experimental orchard of the Research Institute of Plant Protection 

(Nagykovácsi-Julianna major) in a 14-year-old, 5 hectare apple stand and in
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neighbouring 3 hectare apricot and peach stand ; the whole orchard was divided 
into a chemically treated and an untreated half. The suction trap and some yellow 
traps operated in the untreated plot. Both in and around the orchard variegated 
weed flora existed.

b) Intensively treated, 15 —21-year-old, 100 hectare apple orchard of the 
Research Institute of Fruit- and Ornamental Plant Production, Újfehértó — Nyír
egyháza. Both in the vicinity of the traps in the middle of the orchard and in the 
surrounding area the weed growth was very sparse, due to intensive treatment.

c) Intensively treated, 15 —20-year-old, 50 hectare apricot orchard of the 
Research Institute of Fruit- and Ornamental Plant Production, Kecskemét- 
Szarkás. The orchard was surrounded by untreated orchards and cropland with 
abundant weed growth, while the soil of the experimental orchard was practically 
free of weeds.

Equipment and methods

The studies were carried out in all localities mentioned in the crown height 
of the trees, by using suction traps and yellow pans, described in an earlier paper 
(Meszleny and Szalay-M arzsó, 1979). So the method based on the colour 
perception of aphids (Moericke, 1950; Szalay-Marzsó, 1964) was compared 
with suction trapping (Taylor, 1951). The advantage of the latter, non-selective 
method is obvious : the amount of insects caught in a trap filtering constant air 
masses may be directly related to the density of the aeroplancton moving in the 
air space of the given orchard.

The number of insects (aphids) caught and also their species composition 
are further determined by the height of the trap. While the 12.2 m high Rotham- 
sted-type suction traps collected data on the aphids flying in greater heights over 
relatively large areas (Taylor and F rench, 1970), the trapping in the crown 
height aimed to collect data more closely related to the given orchard’s fauna.

The suction traps were placed into open places between the tree rows by the 
end of April and operated until begin of November. The trap in Kecskemét- 
Szarkás could operate from technical reasons only from 1st August 1978. In the 
three localities mentioned 1 — 1 suction traps and 2 —2 yellow pan traps were 
operated with the exception of Julianna major, where 8 yellow traps functioned.

In case of the yellow pan traps the average catch data per trap per day 
were used, the numbers brought up to round figures. The determination of the 
collected aphid material was carried out by stereomicroscope (25 x ). In case of 
injured specimens and rare species slide preparations were made. The determina
tions included 26 species (Table 3,) which are recorded as virus vectors 
(Kennedy et ai, 1962) or which seemed to be important due to their high density. 
For determination the works of Müller (1975, 1976), Taylor (manuscript) and 
Szelegiewicz (1977, 1978) were used.
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Meteorological data

In the evaluation of trapping data also the weather factors were considered. 
Table 1 shows the yearly amounts of precipitation in the three localities and the 
deviations of the 100 year’s average. In the evaluations also the daily temperatures

Tabic 1

Precipitation total in 1978 and 1979 and deviations from the 100 year’s average 
(Data of the Hung. Meteorological Institute)

Meteorological station

Precipitation total 
per year

Deviation of the 
100 year’s average, mm

1978 1979 1978 1979

Budapest-Szabadsághegy 597 568 +  33 +  62
Kecskemét 446 469 +  142 +  161
Nyíregyháza 564 552 +  6 6 +  78

and 5 day’s precipitation data were considered, based on the data of the Hungarian 
Meteorological Institute.

Results

The summarized catch data of suction traps and yellow pan traps are shown 
in Table 2 and Fig. 1. The species recorded as virus vectors comprised 60 — 80 
per cent of the total catch in all localities and years (with the exception of the 
catch of the trap in Kecskemét-Szarkás in 1979). In some cases the high individual 
number of virus vectors indicated also the possibility of direct damage, besides 
virus transmission.

The traps operated in 1978 and 1979 caught 56 066 aphids in total, 52 885 
by the suction traps and 3191 by the yellow traps. The number of aphids deter
mined to species was 31 289 in case of suction traps and 2164 specimen in yellow 
traps, indicating that the latter caught virus vectors to a higher ratio.

The summarized catch data for the most common species are shown in 
Table 3 and the flight dynamics of the most important ones are shown in Figs 
2 — 8. The selection of the “most common” species was based on the occurrence 
data shown in Tables 4 and 5.

No detailed data were presented on the following species, which were never
theless considered in the evaluation, but their individual number was low: 

Acyrtosiphon pisum Harris 
Amphorophora rubi Kaltenbach 
Aulacorthum solani Kaltenbach 
Brachycaudits cardui Linnaeus 
Metopolophium dirhodum Walker
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F ig . 1. T otal ind ividual num ber o f  aph ids caught in (A ) su ction
traps and (B ) ye llo w  pan traps, in the  years 1978 and 1979. O r

d in ate: logarithm s o f  ind ividual num bers per m onth

F ig . 2. M on th ly  ind ividual num bers o f  Aphis fabae caught in (A )
su ction  traps and (B ) y e llo w  traps in the years 1978 and 1979.

O rdinate: logarithm s o f  ind ividual num bers per m onth

436 
M

eszleny et al. : A
phid flight in H

ungarian orchards



A
cta P

hytopathologica A
ca

d
em

ia
e Scientiarum

 H
ungaricae 16, 1981

Fig. 3. M onthly  ind ividual num bers o f  Brachycaudus helichrysi
caught in (A ) su ction  traps,(B ) in ye llo w  pan traps in the years 1978
and 1979. O rdinate: logarithm s o f  individual num bers per m onth

F ig . 4. M onth ly  ind ividual num bers o f  Brevicoryne brassicae caught
in (A ) suction  traps, (B) in ye llow  pan traps in the years 1978 and

1979. O rdinate: logarithm s o f  individual num bers per m onth
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7 8 I B  Julianna m. 
Újfehértó 
Szarkás
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F ig . 5. M on th ly  ind ividual num bers o f  Hyalopterus pritni caught
in  (A ) su ction  traps, (B) in ye llow  pan traps in the years 1978
and 1979. O rdinate: logarithm s o f  ind ividual num bers per m onth

F ig . 6. M onth ly  ind ividual num bers o f  Myzus persicae caught
in (A ) su ction  traps, (B ) in yellow  pan traps in the  years 1978
and 1979. O rdinate: logarithm s o f  ind ividual num bers per m onth
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F ig . 7. M on th ly  ind ividual num bers o f  Phorodon humuli caught
in  (A ) su ction  traps, (B ) in ye llow  pan traps in  the years 1978
and 1979. O rdinate: logarithm s o f  ind ividual num bers per m onth

F ig . 8. M on th ly  ind ividual num bers o f  Rhopalosiphum padi caught
in (A ) su ction  traps, (B ) in  ye llow  pan traps in the years 1978
and 1979. O rdinate: logarithm s o f  ind iv idu al num bers per m onth
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Table 2

Totals of aphid numbers caught in suction traps and yellow traps in 1978 and 1979 
(the traps operated from June to November in 1978, in Szarkás only 

from August to November)

1978 1979

Suction trap Yellow trap Suction trap Yellow trap

Total catch 22 273 2385 4 690 239

Julianna major Determined 16 446 1606 3 122 198
to species 

Others % 26.2% 32.7% 33.4% 17.1%

Total catch 379 1 0 0 224 151
Újfehértó Determined 338 83 199 15

to species 
Others 1 0 % 17% 1 1 . 1 % 1 0 %

Total catch 4 382 203 20 937 103
Kecskemét- Determined 3 179 172 8  005 70
Szarkás to species 

Others % 27.5 % 15.2% 61.8% 32 %

Myzus cerasi Fabricius 
Myzus varions Davidson 
Nasonovia ribisnigri Mosley 
Rhopalosiphum insertion Walker 
Rhopalosiphum maidis Fitch 
Schizaphis graminum Rondani
As regards the flight dynamics of the different species, the following can 

be stated:
a) It could be observed that the species Rhopalosiphum padi Linnaeus and 

Myzus persicae Sulzer belonged nearly in all cases to the most frequently caught 
aphids and as shown in Figures 6 and 8 their presence in the air space of the 
orchards was practically continuous. This fact is most important for the latter, 
especially dangerous virus vector.

The occurrence of Rh. padi is therefore especially interesting, as the species 
is not recorded among the ones attracted by the yellow colour (Eastop, 1955; 
Szelegiewicz, personal communication, 1980). In spite of that, in Újfehértó 
in 1978, in Julianna major and Kecskemét-Szarkás in 1979 this species was 
caught in the highest numbers in the yellow traps (Tables 4 and 5).

These high numbers were most likely connected with the cereals grown in 
the vicinity of the orchards and may be also with the trapping method, as accord-
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ing to Robert et al. (1974) the species was caught in high numbers in yellow 
pan traps in France, operated 70 cm high above soil level.

b) The suction trap collected in Julianna major in June —July of 1978 high 
numbers of Aphis sp. (very likely belonging to Aphis pomi Degeer and Dysaphis 
plantaginea Passerini (Table 3). This could be easily explained by the high indi-

Table 3

Total catches of most common aphid species in suction traps 
and yellow pan traps in 1978, 1979

Species

1978

Suction trap Yellow trap

Julianna
major j Újfehértó Szarkás Julianna

major
Újfehértó Szarkás

Aphis s p p . 11 335 71 250 44 l 3
A . fabae 373 — 1363 46 2 0 5
B. helichrysi 357 — 290 15 2 89
B. brassicae 149 141 67 7 1 1

C. eieagni 52 13 — 8 - —

C. aegopodii 198 — — 38 — 2 0

D. plantaginea 1 305 — — 3 — 1

H . pruni 50 49 1 1 1 2 —

H. lactncae — — 1 2 5 — 1

M . persicae 305 14 337 45 5 13
P. humuli 1 721 29 1 1 1257 2 !

T. trifolii — - 42 8 - —
R. padi 432 17 770 97 31 1

S. avenue — — — — — —

Species

1979

Suction trap Yellow trap

Julianna
major Újfehértó Szarkás Julianna

major Újfehértó Szarkás

Aphis s p p . 1 2 1 0 2 0 0 3 1 3
A . fabae 6 6 8 231 13 3 —

B. helichrysi 170 3 61 1 0 — 1
B. brassicae 155 31 1290 13 7 2

C. eieagni — 5 476 1 — —
C. aegopodii 17 — 164 1 — —
D. plantaginea 2 — — 2 — —

H . pruni 9 2 228 1 2 1
H . iactueae 74 1 23 2 1 —

M . persicae 567 93 930 26 62 j

P. humuli 1 2 — 43 1 — —
T. trifolii 85 2 857 3 2 —
R. padi 1412 5 2319 60 24 60
S. avenae 388 24 966 3 ? 1
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vidual densities of these two species, causing economic damage in the given period 
(M eszleny and Szalay-M arzsó, 1979). It is still without explanation, why these 
species were not caught by yellow traps operated nearby.

c) Table 4 and Fig. 7 show the spring flight of Phorodon humuli Schrank 
in Julianna major in 1978, which may have been connected with the high popula
tion density of this species in the neighbouring plum orchard. Later never occur
red these high densities, in accordance with the personal communication of 
H. Szelegiewicz (1980), who characterized both P. humuli and Metopolophium 
dirhodum as migrating high and to long distances, therefore caught only in high 
suction traps.

d) As shown in Tables 4 and 5 and in Figs 3 and 4, the traps caught Brachy- 
caudus helichrysi Kaltenbach and Brevicoryne brassicae Linnaeus in considerable 
numbers in 1978 and 1979, with the exception of Újfehértó where B. helichrysi 
was caught in both years in very low numbers.

e) It was remarkable that the traps caught practically no alatae of Brachy- 
caudus cardui and Myzus varions, although their colonies have been found in 
Julianna major both on plum and on peach. The absence of Sitobion (Macro-

Table 4

Order of sequence of most common aphid species, as ranged according to their 
frequencies in the trap catches in 1978

No. Julianna major
Indiv
idual
num
ber

No. Újfehértó
Indiv
idual
num
ber

No. Szarkás
Indiv
idual
num
ber

Suction
trap

1.
2.
3.

4.
5.
6.
7.
8. 
9.

Aphis spp.
P. humuli 
D. plantagi
nea

R. padi
A. fabae
B. helichrysi 
M. persicae
C. aegopodii 
B. brassicae

11 335 
1 721 
1 305

432
373
357
305
198
149

1.
2.
3.

4.
5.
6.

B. brassicae 
A . fabae 
H. pruni

P. humuli 
R. padi 
M. persicae

141
71
49

29
17
14

1.
2.
3.

4.
5.
6.

A. fabae 
R. padi
M. persicae

B. helichrysi 
Aphis spp.
B. brassicae

1663
770
337

290
250

67

Yellow 1 . P. humuli 1 247 1. R. padi 33 1. B. helichrysi 112
trap 2. R. padi 99 2. A. fabae 22 2. C. aegopodii 20

3. M. persicae 47 3. A. solani 9 3. M. persicae 13
4. Aphis spp. 46 4. M. persicae 6 4. A. fabae 7
5. A. fabae 46 5. B. brassicae 6
6. C. aegopodii 39 6. Aphis spp. 5
7- B. helichrysi 29

Species not mentioned in the text : Dysaphis plantaginea Passerini, Cavariella aegopodii 
Scopoli, Aulacorthum solani K altenbach
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Table 5

Order of sequence of most common aphid species, as ranged according to their 
frequencies in the trap catches in 1978

No. Julianna major
Individ

ual
num
ber

No. Újfehértó
^Individ

ual
num
ber

No. Szarkás
Individ

ual
num
ber

Suction 1. R. padi 1412 1 . M. persicae 93 l. R. padi 2319
trap ; 2 . M . persicae 567 2 . B. brassicae 31 2 . В. brassicae 1290

3. S. avenae 388 3. S. avenae 24 3. S. avenae 966
4. B. helichrysi 170 4. Aphis spp. 1 0 4. M. persicae 930
5. B. brassicae 155 5. A. fabae 8 5. T. trifolii 857
6. H . lactucae 74 6. A. craccivora 7 6. C. eleagni 476

7. H. pruni 228
8. A. fabae 231

Yellow , 1. R. padi 69 1. M. persicae 79 1 . R. padi 57
trap 2 . M. persicae 29 2 . R. padi 24 2 . Aphis spp. 5

3. B. brassicae 14 3. В. brassicae 8 3. B. brassicae 3
4. B. helichrysi 13 4. R. insertum 5 4. B. helichrysi 2

5. A. fahae 9 5. S. avenae 4
6. S. avenae 9 6 . A. fabae 4

Species not mentioned in the text: Hyperomyzus lactucae Linnaeus, Aphis craccivora 
Koch, Therioaphis trifoiii Monell, Capitophorus eleagni D el Guercio, Rhopalosiphum in- 
sertum Walker

siphum) avenae Fabricius from the catches in 1978 was also remarkable, as its 
host plants were grown in the area of orchards.

For the latter the literature data may give some explanation. In the wheat
growing region of France (Bretagne) R obert et al. (1976) caught the species in 
low numbers in the yellow pan traps placed 70 cm high, whereas in the same 
period in England it has been caught in series of many thousands in the 12.2 m 
high suction towers (Taylor and F rench, 1977). So it is quite possible that this 
species belongs also to the ones migrating in greater height.

Conclusion
By representing the monthly total catches, typical curves with maxima in 

the early summer (end of May-middle of June) and in the autumn (between 1 and 
15 of September) were drawn (Fig. 1). It has to be mentioned that the years studied 
showed considerable differences from the average ones, being cooler and with 
amounts of precipitation deviating from the 100 year’s mean (Table 1). The aphids 
flying in the first period mentioned belonged mostly to the emigrantes of the 
fundatrigenae, while in the autumn maximum mostly gynopara and males par
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ticipated, returning to the winter hosts. This corresponded to earlier data (Szalay- 
Marzsó, 1964; Taylor, 1973).

The comparison of the two trap types is only relative, as they differ con
siderably both in their principle and selectivity. It could be observed that both 
types caught the alatae of Myzus persicae but the yellow traps collected nearly 
no or very few Brevicoryne brassicae, Hyalopterus pruni and Phorodon humuli 
(with the exception of the latter in Julianna major in 1978), so it may be concluded 
that these are hardly attracted by the yellow colour.

The use of yellow traps can be nevertheless recommended, due to their 
advantages (they are cheap, easy to handle and collect important virus vectors). 
It is, however, advisable to operate simultaneously suction traps to control the 
catch data.

Our data showed differences from the literature data on the collection of 
some virus vectors (e.g. Myzus persicae) which flew in higher numbers in the crown 
height of the fruit trees than indicated by the Rothamsted-type traps. According 
to other data (Leclant, 1978), the numbers of Myzus persicae were inferior 
to other species in vegetable plots, trapped at soil level. The species yielding 
the highest numbers, Rhopalosiphum padi, was predominant both in our suction 
traps and in the traps of 12.2 m (Taylor, 1973; Ruszkowska and Zlokowski, 
1977).

As a conclusion we may venture that the study of virus vectors of a given 
plant species yields the best results with trapping carried out in a height cor
responding to the plant. To draw general conclusions on the aphid flight of 
larger geographical areas, however, the higher, Rothamsted-type traps seem to 
be necessary. The data furnished by the latter give more reliable basis for com
parison, utilizable even in neighbouring territories and countries.

Further, it has to be mentioned that even the best trapping method has 
to be completed by surveys carried out both in the cultivated plant stand (the 
virus vectors of which necessitated the study) and in the neighbouring region, 
with special regard to the weeds harbouring sometimes populations of high indi
vidual numbers. So in the seemingly inactive periods (mid-summer) when only 
few alatae were caught in the traps, the dangerous virus vector Myzus persicae 
occurred in high densities in the orchards studied, on young Convolvulus arvensis 
plants.

As an appendix it may be mentioned also that besides the virus vectors 
many uncommon species or even ones new for the Hungarian fauna were col
lected in the traps (for their determination the authors are indebted to Dr. F. P. 
M üller (Rostock) and Dr. H. Szelegiewicz (Warsaw):

Cavariella pastinacae Linnaeus 
Cryptomyzus galeopsidis Kaltenbach 
Drepanosiphum dixoni Hille Ris Lambers 
Hyperomyzus pallidus Hille Ris Lambers 
Macrosiphoniella oblonga Mordvilko 
Microlophium carnosum Buckton
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Myzus ascalonicus Doncaster 
Myzus lythri Schrank 
Thelaxes dryophila Westwood 
Uroleucon cichorii Koch 
Uroleucon tussilaginis Walker
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