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Géabor Ubrizsy, 1919—1973

Dr. Gabor Ubrizsy, member of the Hungarian Academy of Sciences,
and editor in chief of Acta Phytopathologica passed away on May 25, 1973, at
the age of 54, after a short illness. By his death Hungary has lost one of her most
distinguished scientists of recent times.

During the course of his scientific career of three decades he covered a num-
ber of various fields, such as plant protection, phytopathology, mycology, weed
research as well as environmental protection. Nevertheless his most remarkable
achievement was the reorganization and expansion of plant protection research
in Hungary, after the second World War. He has been the director of the Hun-
garian Research Institute for Plant Protection over a period of 20 years. Under
his leadership a number of new research fields were initiated.

Besides publishing more than 300 scientific articles he is also the author
of a number of important handbooks on practical plant protection, plant pa-
thology, agricultural mycology, chemical weed control and a monograph on the
smut fungi of the Carpathian Basin.

He was president of two Hungarian scientific societies and member of the
presidential board of several Hungarian and international organizations, e.g.
European Weed Research Council, Centre International des Antiparasitaires, etc.

His activities and results were highly appreciated by the Hungarian Govern-
ment, too. He received the “Kossuth Award” in 1952, and was honoured by the
golden degree of the “Order of Labour” in 1964. He has been a member of the
Hungarian Academy of Sciences since 1965.

Dr. Ubrizsy was a man of many parts and his interests were broad. His
unexpected early death means an inestimable loss for Hungarian plant protection
research.

The Editorial Board

Acta Phytopathologica Academiae Scientiarum Hungaricae 8, 1973
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Hypersensitivity and the Resistance of Potato Tuber
Tissues to Phytophthora infestons

By
T. Ersek, B. Barna and Z. Kiraly

Research Institute for Plant Protection, Budapest, Hungary

The treatments of potato tuber slices either with chloramphenicol (50—800
ppm) or streptomycin (3—50 ppm) inhibited the growth of the infecting Phytophthora
infestons. The inhibition was accompanied by hypersensitive-like reactions (tissue
necrosis and browning). The increases both in the activity of polyphenoloxidase and
peroxidase enzymes and in the amount of the phytoalexin rishitin referred to a similar-
ity of this reaction with the natural hypersensitive reaction. As regards the cause-and-
effect relationship between the inhibition of the growth of the fungus and the hyper-
sensitive reaction, it was concluded that hypersensitivity associated with phytoalexin
production is a consequence, rather than the cause of host resistance to infection.

In previous experiments we have shown that chloramphenicol, known as an
antibacterial antibiotic inhibits the growth of Phytophthora infestons in vivo and
in vitro (Ersek et al., 1972). Furthermore, we experienced typical tissue necrosis
on tuber slices treated with this antibiotic and infected with the fungus (Kiraly et
al., 1972). Necroses were similar to those which developed in tuber tissues as a
result of an incompatible host-pathogen interaction, at least macroscopically.

It is the purpose of the present investigations to gain a deeper insight into
the following questions:

1 It would be possible to induce a hypersensitive-like phenomenon by
applying antibiotics other than chloramphenicol?

2. Whether the natural hypersensitive necrosis is identical with tissue
necrosis induced by the combined action of chloramphenicol and inoculation
with the compatible pathogen?

3. What is the mechanism of the shift from a compatible host-pathogen
interaction to an incompatible one under the influence of chloramphenicol or
other antibiotics?

As regards the first question, streptomycin seems to be an antibiotic sup-
posedly similar in action to that of chloramphenicol (Muller et al., 1954; Vorés,
1965).

Concerning the second question, microscopic investigations, measurements
of activities of polyphenoloxidase and peroxidase enzymes as well as accumulation
of the phytoalexin rishitin which all were regarded to be involved in the final

1> Acta Phytopathologica Academiae Scientiarum Hungaricae 8, 1973



4 Ersek et al.: Hypersensitivity and resistance

expression of the hypersensitive reaction (Tomiyama and Stahmann, 1964,
Tomiyama et al., 1968) contributed to a positive answer. In other words that the
hypersensitive reaction induced by chloramphenicol and streptomycin in a com-
patible host-parasite combination is identical with the natural one.

Regarding the third question, the isolation and the role of an endo-toxin
from both compatible and incompatible physiologic races of the fungus helped to
understand why the antibiotics render the originally compatible host -pathogen
interaction to an incompatible one.

Materials and Methods

Pathogen and plant materials

In the course of the present investigations tuber tissues of Solanum tuberosum
L. cv. Gilbaba (r) and cv. Rotkelchen (RjR3 were inoculated with Phytophthora
infestons (Mont.) de Bary. Race 1 of this fungus is incompatible to Rotkelchen,
however, race 1.2.3.4 is compatible to the same cultivar. Gulbaba is compatible
to both races of Phytophthora infestons used in these experiments.

About 8 mm thick tuber slices were immersed for 3 hrs in 0, 50, 100, 400
and 800 ppm water solution of chloramphenicol or 0, 3.125, 6.25, 12,5, 25 and 50
ppm solutions of streptomycin. One hour after this treatment the tubers were in-
oculated with 0.3 ml zoospore suspension (2>k105zoospores/1 ml distilled water).
In the cases of treatments with 400 ppm chloramphenicol or 25 ppm streptomycin
inoculation was carried out 24 hrs before treatments with the antibiotics. Tubers
sections were made by a freezing microtome for microscopic studies 24 hrs after
inoculation. Hyphae of the fungus were stained with a 0.05 per cent cotton blue
in lactophenol.

Enzyme assays

Enzyme activities were determined in the 1.5 mm thick tuber slices 65 hrs
after inoculation. Determination of the activity of polyphenoloxidase or peroxidase
was carried out spectrophotometrically by a modified procedure of Fenrmann
and Dimond (1967). 5 g samples were homogenized in 10 ml of 0.1 M phosphate
buffer (pH 6.1) with quartz sand at 0°C, then filtered and centrifuged at 0°C with
a Janetzki K23 type centrifuge at 5000 g for 20 min. The supernatant was filled up
with the phosphate buffer to 20 ml. Catechol was used as a substrate for the poly-
phenoloxidase, and pyrogallol for peroxidase. In the case of peroxidase assays 0.1
ml of 0.2 M pyrogallol solution was added to a cuvette containing 1ml of 0.1 M
phosphate buffer (pH 6.1),0.5ml ofO.0l Aiperoxide solution and the enzyme extract
with appropriate concentration, and distilled water to make a volume of 3 ml. The
change in absorption at 430 nm was measured in a Unicam SP 800 spectrophoto-

Acta Phytopathologica Academiae Scientiarum Hungaricae 8, 1973



Ersek et al. : Hypersensitivity and resistance 5

meter. Enzyme activities were expressed as increase in absorption between 15 and
45 sec after the substrate was added in relation to the per cent of the uninfected
and not treated control. As regards polyphenoloxidase, 0.2 ml of 0.2 M catechol
served as substrate. The changes in absorption were measured at 400 nm.

Phytoalexin

The extraction of the phytoalexin rishitin was carried out by the method of
Sato and Tomiyama (1969) 65 hrs after inoculation from 5 g of 1.0—15 mm
thick tuber tissues. Rishitin was separated by thin-layer chromatography on
plates coated with Silica Gel-G using ethyl ether as a solvent. The optical density
of spots of rishitin was determined at 500 nm in a Unicam SP 800 spectrophoto-
meter. Rishitin content of samples was expressed in /ig/l g fresh weight.

Inducer (endo-toxin) of necrosis and phytoalexin production

1 g mycelium of Phytophthora infestons, race land 1.2.3.4 from a 2-week-old
culture grown on a synthetic Henniger type medium was homogenized in 10 ml
distilled water and then sonicated at 0°C with an MSE sonifier for 10 min at
maximum intensity. Sonicates were centrifuged and applied to tuber surfaces of
cultivar Giilbaba or Rotkelchen.

By another way, mycelium of the above-mentioned two races of the pathogen
was placed on a watchglass and held for 24 hrs in a chloroform atmosphere under
a glass jar. Killed cells of the mycelium released liquid on the watchglass. In
addition, the mycelium was washed with distilled water (2 ml water to 1 g myce-
lium). The liquid was collected, filtered and applied to the surface of tuber slices
of Giilbaba and Rotkelchen.

Results

In the course of experiments it was shown that the greater the concentration
of chloramphenicol or streptomycin applied to tuber slices before inoculation, the
lower the growth rate of the compatible race of the fungus. On the contrary, the
brown discolouration (necrosis) of the tuber surface tissues is more prononunced
with increasing concentrations of antibiotics (Table 1). Streptomycin, as com-
pared to chloramphenicol, was more effective in inducing tissue necrosis and in-
hibition of fungal growth. As is shown in Fig. 1, 25 ppm streptomycin or 400 ppm
chloramphenicol inhibited the fungus from further growth fully, and induced 2—3
mm deep small necrotic spots on the surface of tuber slices. Neither streptomycin
and chloramphenicol nor the compatible race of the pathogen alone induced
visible necrosis in tuber tissues. Tap water applied to tissues, as a check against
antibiotics, did not influence the growth of Phytophthora infestons. Necrotization
was on a lower rate in the case of 50 ppm streptomycin and 800 ppm chloramphe-

Acta Phytopathologica Academiae Scientiarum Hungaricae 8, 1973



6 Ersek et al.: Hypersensitivity and resistance

Fig. 1 Different treatments and inoculations on tuber slices of potato cultivar Gillbaba.
1: treated with tap water; 2: treated with streptomycin (25 ppm); 3: treated with chloramphe-
nicol (400 ppm); 4: inoculated with race 1.2.3.4 of P. infestons-, 5: inoculated with race 1.2.3.4,
24 h before treatment with streptomycin (25 ppm); 6: inoculated with race 1.2.34, 24 h
before treatment with chloramphenicol (400 ppm); 7: treated with cell-free homogenate; 8.
treated with streptomycin (25 ppm), 1h before inoculation with race 1.2.3.4; 9: treated with
chloramphenicol (400 ppm), 1h before inoculation with race 1.2.3.4

nicol than with 25 ppm streptomycin and 400 ppm chloramphenicol although the
fungus was seemingly inhibited from growth fully in all of the experiments
(Table 1). When tuber slices were treated with the most effective concentrations
of antibiotics (25 ppm streptomycin and 400 ppm chloramphenicol) 24 hrs after
inoculation, surface growth of the fungus was fairly good and the extent of

Acta Phytopathologica Academiae Scientiarum Hungaricae 8, 1973



Ersek et al.: Hypersensitivity and resistance 7

Table 1

Growth of Phytophthora infestons, the degree of tissue necrosis, the activity of polyphenol-
oxidase (PPO) and peroxidase (PO) enzymes and the amount of rishitin in infected “Giilbaba”
potato slices3 treated with chloramphenicol or streptomycin

Growth Activity® of Rishitin
Concentration of antibiotics of Degree of content
(ppm) surface necrosisc | (w it fresh
mycelium0 ppo ! PO weight)
0 (tap water) 100 0 166 125 trace
Chloramphenicol
50 80 + 200 135 41
100 40 + + 255 150 62
200 20 ++ 4+ + 322 175 91
400 0 +++++ 366 190 100
800 0 ++ + + 344 185 83
Streptomycin3
3.125 70 + 278 150 12
6.250 30 + + 300 165 45
12.500 10 ++ 4+ + 344 185 86
25.000 0 +++++ 366 195 115
50.000 0 +++ + 377 195 90

“ Inoculation was carried out with race 1.2.3.4 of Phytophthora infestons, extractions
of rishitin and enzymes were made 65 hours after inoculation.

bThe growth rate of mycelium was expressed in percentage of control

cThe degree of necrosis was estimated by visual observation. + weak necrosis,
+ + + + + very intensive necrosis.

nEnzyme activity was expressed in percentage of noninoculated and tap water treated
control (100%).

*Antibiotics were applied 1 hour before inoculation.

necrotization was weak (Table 2). The degree of necrosis was estimated on the
third day after inoculation.

Microscopic investigations have shown that the penetration of the germi-
nation tubes of zoospores into tuber tissues was not inhibited by the application
of antibiotics. It was seen under the microscope that 48 hrs after inoculation hyphae
of Phytophthora was shrinken and apparently damaged in samples treated with
streptomycin or chloramphenicol.

It is seen in Tables 1and 2 that the activity of polyphenoloxidase and per-
oxidase enzymes is in a positive correlation with the degree of tissue necrosis. On
the contrary, the lower the rate of fungus growth on the surface of the tuber slices,
the higher the activity of the enzymes mentioned above. Enzyme activities were
slightly augmented also in the non-infected slices which were treated with antibio-
tics. However, this increase in the activities was negligible even at the highest
concentrations of antibiotics.

Acta Phytopatholoyica Academiae Scientiarum Hunyaricae 8, 1973



8 Ersek et al.: Hypersensitivity and resistance

As regards rishitin extracted from 1.0—1.5 mm thick tuber slices it was also
experienced that the greater the degree of necrosis in tuber tissues, the greater the
phytoalexin (rishitin) content of samples. However, samples in which treatment
with antibiotics were carried out 24 hrs after inoculation contained relatively high
amount of rishitin in spite of the weak necrosis and the low rate of enzyme activ-
ities (Table 2). In uninoculated samples treated only with antibiotics no rishitin
was detected.

Table 2

Effect of different treatments on the growth of Phytophthora infestons, the degree of tissue
necrosis, the activity of polyphenol oxidase (PPO) and peroxidase (PO) enzymes and on the
amount of rishitin in “Gililbaba” potato tuber slices3

Growth Activity® of Rishitin
Treatments and/or inoculations sur?eflce Dn:?::esigé («CT(/)gt:rnetsh
myceliumb PPO PO weight)
Inoculated (untreated) 100 0 166 125 trace
Treated with cell-free homogenate 0 +++++ 356 190 123
Treated with chloramphenicol (400 ppm)
1 h before inoculation 0 +++++ 366 190 100
Inoculated 24 h before treatment with
chloramphenicol (400 ppm) 50 ++ 178 125 a
Treated with streptomycin (25 ppm)
1 h before inoculation 0 +++++ 366 195 115
Inoculated 24 h before treatment with
streptomycin (25 ppm) 50 + + 170 120 86

a Inoculation was carried out with race 1.2.3.4 of Phytophthora infestons, extractions of
rishitin and enzymes were made 65 hours after inoculation.

bThe growth rate of mycelium was expressed in percentage of control.

cThe degree of necrosis was estimated by visual observation. + weak necrosis,
+ + + + + very intensive necrosis.

n Enzyme activity was expressed in percentage of noninoculated and tap water treated
control (100%).

cAntibiotics were applied 1 hour before inoculation.

Both physiologic race 1 and 1.2.3.4 contained an extractable factor(s)
which induced intensive necrosis of tissues on tuber slices of cultivars without
regard to the compatible or incompatible nature of the original host-pathogen
relation. In Table 3 the degrees of necrosis and the contents in rishitin as induced
by endo-toxin(s) extracted from mycelium by sonication or by chloroform treat-
ment are compared with values received with different host-pathogen interactions
and with those induced by antibiotics. As is seen, the inhibited or damaged
pathogen released a factor(s) which was in relation to rishitin production or to
tissue necrosis.

Acta Phytopathologica Académiae Scientiarum Hungaricae 8, 1973



Ersek et at.: Hypersensitivity and resistance 9

Table 3

Hypersensitive reaction in polalo-Phytophthora infestons and potato-toxin interactions

Host-pathogcn/toxin interaction Necrosis Rishitin
Compatible3 0 0
Incompatibleb + +
Compatible + treatment with

streptomycin or chloramphenicol + +
Sonicated0

Compatible + +

Incompatible + +
Chloroform-treated'

Compatible + +

Incompatible + +

aRace 1or race 1.2.34 of P. infestans on “Gilbaba” (r) or race 1.2.3.4 on “Rot-
kelchen” (RjR.,) potato tuber slices.

bRace 1on “Rotkelchen” potato tuber slices.

¢ Homogenates of mycelium of race 1 or 1.2.3.4 of P. infestans was sonicated. The cell-
free liquids were applied to tuber slices of potato cultivar Giilbaba or Rotkelchen.

a Cell-free liquid released by race 1or 1.2.3.4 as a result of treatment with chloroform
was applied to tuber slices of potato cultivar Giilbaba or Rotkclchen.

Discussion

The hypersensitive reaction of the host, accompanied by necrosis and pro-
duction of phytoalexin(s) can be induced in a compatible host-pathogen complex
with chloramphenicol or with streptomycin. This latter antibiotic was more
effective than chloramphenicol in inducing the hypersensitive reaction. Both anti-
biotics are similar in their action on Phytophthora infestans: only the growth of
the mycelium is inhibited, neither zoospore release nor the germ tube formation
of zoospores are influenced (Ersek et al., 1972).

The natural hypersensitive reaction (incompatibility) in potato is character-
ized by the high level of the phytoalexin rishitin and the augmented activities of
polyphenoloxidase and peroxidase, as compared to the compatible host-pathogen
interaction. It was of interest to investigate these characteristics in the hyper-
sensitive reaction induced by antibiotics in the originally compatible host-pathogen
interaction too. The mechanism of the hypersensitive reaction of potato tuber
tissues as characterized by the accumulation of a phytoalexin and by the increased
activity of soluble oxidase seems to be identical both in the natural incompatibility
and in the “induced incompatibility” in which latter case the common action of
antibiotics and a compatible fungal infection results in a hypersensitive reaction.

One can suppose that in the antibiotically induced incompatibility some
important metabolic alterations in tuber tissues render the compatible host to
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become incompatible to the pathogen. However, experiments with another tuber-
pathogenic fungus do not support this idea. Rhizoctonia solani, which is resistant
to streptomycin or chloramphenicol grow well on tuber slices treated with both
the antibiotics prior to inoculation. It would seem that the action of antibiotics
is a direct influence on the growth of Phytophthora infestons. Treatments with
antibiotics alone (without inoculation) never increased phytoalexin production
and only slightly augmented enzyme activities.

We believe that the experiments with the fungal endo-toxin(s) give an
explanation for the role of antibiotics in inducing hypersensitivity. Cell-free
homogenate of the mycelium of Phytophthora infestons was able to induce the
hypersensitive reaction in tuber slices whether the host was originally regarded as
compatible (susceptible) or incompatible (resistant) to the fungus (cf. Saveleva
and Rubin, 1963; Sato et al., 1968; Varns and Kué, 1971). We repeated this
finding and speculated on the role of a factor(s) released by the fungus in incom-
patible host-pathogen relations. This factor(s) seems to be released from all the
races of the pathogen if the fungus is damaged. In a resistant (incompatible) host
the fungus is inhibited or somehow damaged as a consequence of the unknown
mechanism of resistance. Subsequently, the factor(s) of hypersensitivity is released
and this induces the characteristic symptoms of the hypersensitive reaction, like
tissue necrosis, brown discolouration, activation of some oxidative enzymes and
production of phytoalexin. One can suppose that the factor, which may be called
endo-toxin, will not be released from the undamaged fungal pathogen in a com-
patible host. Consequently, metabolic alterations characteristic of the hyper-
sensitive reaction will not be induced.

We have no direct evidence to offer as yet that an inhibitory mechanism is
involved in damaging the fungus in the resistant host. When we simulated the
injury to the mycelium by sonication or by treatment with chloroform on the one
hand and treatments with antibiotics on the other, endo-toxin(s) was released
causing the typical hypersensitive reaction. This explanation is in accordance
with experiments on the action of antibiotics in different concentrations. The
higher the concentration of streptomycin or chloramphenicol, the greater the
amount of fungal mycelium damaged or killed in host tissue, and, consequently,
the greater the amount of the endo-toxin released from the pathogen, the phyto-
alexin which accumulates in the tissue and the higher the activity of oxidases
(Table 1)

The highest concentrations of chloramphenicol and streptomycin (800 and
50 ppm, respectively) inhibit the fungus from further growth very quickly. Thus,
the relatively few mycelium releases only a few amount of endo-toxin which
induce a slight necrosis in tissues and a slight increase in the activity of the soluble
oxidases and in accumulation of rishitin. One can suppose that the degree of the
hypersensitive reaction depends on the quantity of endo-toxin(s) released from
the fungus.

It follows from the results outlined above that the concept of the hyper-
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sensitive type resistance of plants must be revised (Kiraly et al., 1972). In the
natural hypersensitive reaction neither the tissue necrosis nor phytoalexins are
involved in the inhibition of the pathogen. It would seem that a recognition
phenomenon of unknown mechanism is responsible in the resistant plant for the
incompatibility between host and pathogen. Endo-toxin(s) is released as a con-
sequence of damaging the fungus in the resistant host, and the hypersensitive
reaction is only a consequence, not the cause, of resistance to Phytophthora
infestons.

The phytoalexin rishitin do not seem to have a primary role in the resistance
to Phytophthora. This can be deduced from experiments in which tuber slices were
treated with antibiotics 24 hrs after inoculation with Phytophthora. A high amount
of rishitin was produced in this case and still, the fungus produced abundant sur-
face mycelium on tuber slices. The amount of rishitin was of the similar order as
in a natural hypersensitive host-pathogen combination (Varns et al., 1971). It is
also important in this context that recently Varns et al. (1971) detected a high
level of phytoalexins in green sprout tissue of potato if it was in a compatible
relation to Phytophthora, whereas in the incompatible (resistant) combinations
tissue necrosis without detection of phytoalexins was observed. This finding
with green sprouts is in contradiction with the phytoalexin theory of resistance.

On the basis of the above-mentioned evidences and other data, one can
conclude that the hypersensitive tissue necrosis in potato is a consequence, rather
than the cause, of resistance to infection of Phytophthora infestons.
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Phenol Localization in Rice Leaf Tissues

By
R. Sridhar,1 I. W. Buddenhagen,2 and S. H. Ou3

The International Rice Research Institute Los Banos, Laguna,
The Philippines

Phenolic compounds were found to be localized in the bulliform cells and in the
lipid droplets, distributed in the chlorophyll-containing parenchyma cells besides the
already reported sites viz. the cell walls of vascular bundles, collenchyma and epidermal
cells of rice leaves.

Introduction

Pathological disorders of rice leaves due to infection with fungi, bacteria
and viruses cause brown discolouration of tissues at one stage or other. Browning
of the plant tissues has been attributed to the oxidation of host phenols by phenol
oxidases and polymerization of the resultant quinones to form melanin-like
pigment (Farkas and Kiraly, 1962). Various phenolic compounds, chlorogenic
acid (Suzuki et al., 1953), p-hydroxybenzoic, vanillic, p-coumaric, and
ferulic acids (Kuwatsuka and Oshima, 1961), salicylic acid (Ishii et al., 1962),
and protocatechuic, cinnamic, o-coumaric and caifein acids (Varga, 1970), have
been reported to be present in rice leaf tissues.

Presence of phenols in randomly occurring parenchyma cells of banana
roots (Mace, 1963), species of Eucalyptus (Wardrop and Cronshaw, 1962) and
in various genera and species of the Rosaceae (Politis, 1957) has been shown.
Within randomly scattered parenchyma cells of banana roots (Beckman and
Mueller, 1970) phenols localize in discrete, diffuse bodies or in larger globular
bodies which occur singly or in aggregates arising from the dense peripheral
cytoplasm. Chlorogenic acid was shown to be present in the cell membrane
(walls) of vascular bundle, collenchyma and epidermal cells of rice leaves (Suzuki
et al., 1953). However, very little is known about the sites of synthesis and storage
of phenols in rice leaves.

Present address: 1 Pool Officer, Central Rice Research Institute Cuttack-6, India. 2. Pro-
fessor of Plant Pathology, University of Hawaii, Honolulu, U.S.A. 3. Plant Pathologist, The
International Rice Research Institute, Los Banos, Laguna, The Philippines.
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Materials and Methods

Rice seedlings (Oryza sativa L.) of several cultivars, grown under green-
house conditions were used.

Free hand sections of leaves obtained at various growth stages of the plant
were stained either with 0.5 per cent aqueous methylene blue (Mace, 1963), 10
per cent aqueous nitrous acid (Reeve, 1951), both of which react strongly with
ortho-dihydroxy phenols (Mace, 1963), ammonium solution or with a mixture of
10 per cent acetic acid-NaNO02 (Suzuki, 1965) and were examined under a light
microscope.

Results and Discussion

The cell walls of vascular bundles, collenchyma and epidermal cells of rice
leaves, the sites reported to contain chlorogenic acid by Suzuki et al. (1953) were
stained dark blue with methylene blue, red with nitrous acid, yellow with ammo-
nium solution and with acetic acid-NaNO02 reagent. Besides this, the bulliform
cells were also stained readily with all the reagents tested (Fig. 1). One, two or all
the cells in a bunch of bulliform cells gave positive reaction for the reagents,
revealing the possible presence of phenolic compounds in them.

Fig. 1 Cross section of rice leaf showing bulliform cells stained with methylene blue (x450)
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Fig. 2. Cross section of rice leaves showing the presence of lipid droplets distributed in the
chlorophyll-containing parenchyma cells — unstained (xIOOO0)

Fig. 3. Cross section of rice leaves showing the lipid droplets stained with methylene blue
(X 1000)
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Methylene blue stained the lipid droplets, distributed in the chlorophyll-
containing parenchyma cells (Fig. 2—4) in healthy tissues to blue, suggesting the
localization of phenolic compounds in the lipid droplets. However, they were not
stained by the other reagents, presumably due to their inability to penetrate the
lipid globules. The lipid globules are discoloured brown before the visible dis-
colouration of the tissues takes place during the infection with fungi, Piricularia
oryzae Cav., Helminthosporium oryzae Breda de Haan, Cercospora oryzae Miyake,
with bacterium Xanlhomonas translucens f. sp. oryzicola (Fang et al.) Bradbury,

Fig. 4. Longitudinal section of rice leaves showing the lipid droplets stained with methylene
blue (x 1000)

and with tungro virus (Sridhar et al. 1972). In and around the diseased area the
lipid droplets disappear (Fig. 5) and the brown pigment is dispersed with in the
cells. The discolouration of the tissue is preceded by the dissolution of the dis-
coloured lipid globules.

Bulliform cells are highly vacuolated cells, and they play a role in the
hygroscopic opening and closing movements of mature leaves. The physiologic
function of these cells other than that of water storage is poorly understood
(Esau, 1965). Phenolic compounds are frequently found stored in the vacuoles of
the cells (Zirkie, 1932; Pridham, 1965; Ledbetter and Porter, 1970). Phenols
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are present at high concentrations in many plants but they are localized within
specialized storage cells (Politis, 1957; Wardrop and Cronshaw, 1962; Mace,
1963; Beckman and Mueller, 1970) and thus spatially separated from their
oxidases.

Phenolic compounds have been associated with defense mechanisms because
of their general accumulation near the injured and infected tissues and that

Fig. 5. Cross section through the blast diseased area showing the absence of lipid droplets
due to their dissolution, (x 1000)

phenols and their oxidation products are highly fungitoxic (Farkas and Kiraly,
1962; Cruickshank and Perrin, 1964; Rubin and Artsikhovskaya, 1964;
Ku6, 1966). Activation of aromatic compounds is a characteristic feature of a
plant under stress. Although the physiological role of phenolic compounds in
plants is little understood, their involvement in many reactions is well documented
(Pridham, 1960; Van Fleet, 1961). Further studies on their synthesis and release
in response to pathogenic invasion will help to understand the host-parasite
relationships.

2 Acta Phytopathologica Acadcnxiae Scientiarum Hungaricae 8, 1973



18 Sridhar et al.: Phenol localization

Literature

Beckman C. H. and Muetter, W. C. (1970): Distribution of phenols in specialized cells of
banana roots. Phytopathology 60, 79—S82.

Cruickshank, I. AL M. and Dawn R. Perrin (1964): Pathological function of phenolic
compounds in plants. P. 511—544. InJ. B. Harborne (ed.) Biochemistry of Phenolic
Compounds. Acad. Press, New York.

Esau, K. (1965): Plant Anatomy. 2nd. ed. 767p. John Wiley and Sons Inc., New York.

Farkas, G. L. and Kiraly, Z. (1962): Role of phenolic compounds in the physiology of
plant disease and disease resistance. Phytopathol. Z. 44, 105—150.

Jshii, S., Hirano, C., lwata, Y., Nakazawa, M. and Miyagawa, H. (1962)Z Isolation of
benzoic and salicylic acids from rice plants as growth inhibiting factors for the rice
stem borer (Chilo suppressalis Walker) and some rice plant fungus pathogens J.Appl.
Entom. Zool. Japan 6, 281 —288.

Kuc, J. (1966): Resistance of plants to infectious agents. Annu. Rev. Microbiol. 20, 337—370.

Kuwatsuka, S. and Oshima, Y. (1961): Studies on polyphenols of rice plants. Part | and II.
J. Agric. Chem. Soc., Japan 35, 67—74.

Ledbetter, M. C. and Porter, K. R. (1970): Introduction to the fine structure of plant cells.
Springer Verlag, Berlin, p. 188.

Mace, M. E. (1963): Histochemical localization of phenols in healthy and diseased bananas
roots. Physiol. Plant 16, 915—925.

Poritis, J. (1957): Uber die Tannenoplasten oder Gerbstoffbildner der Rosaceen. Proto-
plasma 48, 261—268.

Pridham, J. B. (1960): Phenolics in plants in health and disease. Pergamon Press, New York,
p. 131

Pridham, J. B. (1965): Low molecular weight phenols in higher plants. Annu. Rev. Plant
Physiol. 16, 13—36.

Reeve, R. M. (1951): Histochemical tests for polyphenols in plant tissues. Stain Tech. .6,
91-96.

Rubin, B. A. and Artsikhovskaya, E. V. (1964). Biochemistry of pathological darkening of
plant tissues. Annu. Rev. Phytopath. 2, 157—178.

Sridhar, R., Buddenhagen, I. W. and OU, S. H. (1972): Presence of lipid bodies in rice
leaves and their discolouration during pathogenesis. Experientia. 8, (in press).

Suzuki, N., Doi, Y. and Toyoda, S. (1953): Histochemical studies on the lesions of rice

blast caused by Piricularia oryzae. Cav. Il. On the substance in the cell membrane of
rice reacting red in colour with diazo reagent. Ann. Phytopathol. Soc., Japan, 17,
97-101.

Van Fileet, D. S. (1961): Histochemistry and function of the endodermis. Bot. Rev. 27,
165-220.

Varga, M. (1970): Correlations between the phenol content, polyphenolase and peroxidase
activity and the growth of rice seedlings with particular respect to flooding conditions
Il Riso 19, 353-360.

Wardrop, A B. and Cronshaw, J. (1962): Formation of phenolic substances in the ray
parenchyma of angiosperms. Nature 193, 92.

Zirkle, C. (1932): Vacuoles in primary meristems. Zts. Zellfors. Mikr. Anat. 16, 26—45.

Acta Phytopathologica Academiae Scientiarum Hungaricae 8, 1973



Acta Phytopathologica Academiae Scientiarum Hungaricae, Vol. 8 (1—2),pp. 19—41 (1973)

Conidial Germination in Colletotrichum falcatum
Study of physical factors and standardization
of germination technique*

by
Pritam Singh

Newfoundland Forest Research Centre, Canadian Forestry Service,
Department of the Environment, P. O. Box 6028,
St. John’s, Newfoundland, Canada

The present investigations attempt to determine the optimum physical require-
ments of germinating conidia of ten isolates of Colletotrichum falcatum Went. These
requirements include a direct contact of germinating conidia with water, 99—100%
relative humidity, 18 hours’ incubation at 26°C—27°C temperature, 12—16 days old
cultures, about 6.0 pH, a spore concentration of 500,000 spores per cmm, sufficient
supply of oxygen and carbon dioxide, and a certain amount of light. Besides, this work
also suggests a technique for germinating conidia to obtain a relatively satisfactory
germination in laboratory.

Introduction

ColletotrichumfalcatuniVfent, causing the red rot ofsugar-cane, isresponsible
for heavy losses to the crop in several sugar cane growing regions of the world.
Considerable variations in cultural, physiological and pathogenic characteristics
of the fungus have been demonstrated in India and elsewhere. As a result there
have been encountered serious difficulties in complete understanding of the epi-
demiology of the disease. Since infection of healthy canes initiates with the germi-
nation of conidia in the nodal region; it was imperative to have a good under-
standing of the process of conidial germination, including the differentiation of
germ tube and appressoria. The latter are small specialized cells formed before
penetration of host tissue by the germ tube or the infection hypha (Hasselbring,
1906; SIMMONDS, 1941; Dickinson, 1960 and Sutton, 1962, 1968). The importance
of conidial germination and appressoria in the taxonomy of the genus Colletotri-
chum and in the establishment of infection by pathogenic species of the genus has
been amply emphasized (Sutton, 1968; Miehle and Lukezic, 1972).

Vasudeva, Chona and Srivastava (1953); Chona and Srivastava (1954);
and Bajaj, Ganju and Chatrath (1959) reported a low percentage of germi-
nation of densely granular conidia of the light type, highly sporing, virulent

* These investigations were conducted at the Division of Mycology and Plant Pathol-
ogy, Indian Agricultural Research Institue, New Delhi, India.
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isolates as compared to a higher germination percentage of less granular conidia
of the dark type, sparsely sporing, weakly pathogenic isolates. In 1962 Vasudeva,
Bajaj and Khosla reported a higher germination percentage of the densely
granular conidia of a light type, highly sporing, virulent isolate, No. *244. Such
diverse reports necessitated detailed investigations on the germination of conidia
of various isolates of C. falcatum. Studies conducted in this laboratory suggest
that conidial germination in this fungus is influenced by several factors, including
age of conidia, temperature of incubation, incubation period, light, concentration
of conidial suspension, pH, oxygen, carbon dioxide, and last but not the least
important is the technique of germination (Singh, 1962). This paper presents the
results obtained from the study of these factors and suggests a technique for the
germination of conidia of C. falcatum under laboratory conditions.

Materials and Methods

Actively growing monosporic cultures of seven light type, highly sporing,
virulent isolates (Nos* 244, 301, 304, 357, 382, 390 and strain “1”) and three dark
type, sparsely sporing, weakly pathogenic isolates (Nos* 7, 78 and 300) of C.
falcatum, maintained on 2% oat-meal agar, were used in the present investigations.
For all initial experiments, conidia harvested from 12—20 days old cultures were
washed in distilled water through centrifugation (2800 rpm for 5 minutes) and
made into suspensions of a concentration of 10—20 spores per microscopic field
under the low power** in sterile glass-distilled water. The volume of the suspension
drop was kept constant (0.03 ml —a normal size drop) in all experiments. Glass
slides*** with germination drops were incubated at 25°C**** for about 16 hours
in moist chambers, made from sterilized pairs of Petri plates.

The criterion for germination of a conidiurn was the emergence of a germ
tube to a length exceeding its width. The data for each experiment was based on an
average of about 3000 to 4000 spore counts/germ tube measurements.

Experimental Results

Germination on plain glass slides

Germination ofunwashed conidia on dry glass slides and in conidial suspension.
No germination of conidia was observed on dry glass slides both in the presence
and in the absence of high humidity. There was also no germination of conidia in

* Indian Type Culture Collections, Indian Agricultural Research Institute, New Delhi,
India.

** Low power means 10x10.

*** The slides were acid-cleaned, grease-free and dry.

***% Optimum temperature for the growth of the fungus.
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suspension drops of distilled water in the absence of high humidity. However,
conidia in suspension drops of distilled water did germinate in moist chambers
with 100% relative humidity (Table I). The data showed that conidia of all the ten
isolates germinated in suspension drops under 100% relative humidity, thereby
indicating an absolute requirement of direct contact with water as well as high
humidity. The dark type isolates showed better germination than the light type
ones. In the light type isolates, germination varied from an average of 19.0% in
isolate No. 382 to an average of 31.2% in isolate No. 304. In the dark type isolates,
the lowest average germination was 48.8% in isolate No. 78 and the highest was
50.6% in isolate No. 300. A similar trend was observed with the growth of the
germ tube, which were longer (53.6 p to 86.1 /r) in the dark type isolates than in the
light type ones (42.2 p to 78.0 p long). The smallest germ tubes (42.2 p) were
observed in the strain “1”.

Table 1

Germination of unwashed conidia of the ten C. falcatum isolates in suspension drops
incubated at 25°C in moist chambers

Average germination Average germ tube

Isolate No. (%> length O")
244 215 78.0
357 198 74.7
) 31.0 422
390 26.5 56.8
01 237 63.2
304 31.2 76.3
332 19.0 455

78 48.8 86.1
300 50.6 731
7 49.1 53.6

Germination of washed conidia in suspension

In the previous experiments, percentage of germination varied considerably
between replicates and between repetitions of the experiment. This type of variation
is known to be due to some external nutrients and mycelial fragments adhering to
spores, which always come along, how-so-ever careful scrapping of the conidia is
done. To exclude the effect of such nutrients and mycelial fragments, conidia were
washed by centrifugation. Thick conidial suspensions in sterile distilled water
were centrifuged at a speed of 2800 rpm for 5 minutes. The supernatant was then
decanted of and the conidia were made into a fresh suspension (10—20 spores per
microscopic field under low power of the microscope) in sterile distilled water, and
germination studied at 25°C under 100% relative humidity after 16 hours of
incubation.
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The data (Table 2) showed that germination did take place but washing of

the spores reduced the germination and the affect was more pronounced on the
percentage of germination than on the length of the germ tube. The trend of
germination was, however, the same as in the unwashed spores. The data obtained
was fairly consistent and little variation was observed between replicates and repe-
titions of experiment, thus making washing of the spores necessary.

Appressorial formation was frequent. Most appressoria were terminal, rarely

intercalary, broadly clavate, aseptate, smooth-walled and cinnamon buff or dark
brown in color.

Table 2

Germination of washed conidia of the ten C. falcatum isolates in distilled water

Isolate No.

244
357
IT" 7
390
301
304
382
78
300
7

)

132
133
234
174
16.0
214

81
41.0
435
419

Table 3

Average germination Average germ tube

length ;.

733
66.8
42.2
55.2
60.1
715
40.6
87.7
79.6
48.7

Germination of washed conidia of the ten C. falcatum isolates in distilled water
after one to three washings

: Isolate No.

244
uln

390
301
304
382

300
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Avg. germ.
(%)

174
16.2
28.7
191
231
301
115
40.6
45.9
39.6

A

Avg. germ,
tube length

on

715
65.0
39.0
52.0
61.7
65.0
455
91.0
65.0
52.0

Avg. germ.
(%)

13.6
12.9
231
151
156
24.3

8.0
353
420
32.7

B

Avg. germ,
tube length
00

55.2
585
325
455
52.0
61.7
42.2
812
61.7
52.0

D

Avg. germ, AVO- Q€M Ayq gery  AVg. germ,

(%)

tube length tube length
() ? (6> 00 ’
455 22.4 81.2
455 214 61.7
22.7 331 42.2
130 21.9 52.0
42.2 29.3 61.7
325 35.7 4.7
26.0 184 48.7
48.7 46.9 97.5
35.7 51.4 81.2
39.0 46.3 55.2
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The detrimental effect as a result of washing was further confirmed by giving
three successive washings by centrifugations to the conidia —once (A), twice (B)
and three times (C) at a speed of 2800 rpm for 5 minutes, each time. After each
washing the supernatant was decanted off and the conidia were made into a new
suspension in fresh distilled water. Finally each sample of the washed conidia was
made into a suspension (10—20 spores per microscopic field) in fresh sterile glass-
distilled water and germination studied at 25°C under 100% relative humidity
after 16 hours of incubation. A control (D) was set up with unwashed conidia.

The results (Table 3) showed that conidia had germinated in all the four
treatments (A, B, C and D) but repeated washings of the conidia induced a marked
decrease in germination. After one washing there was a slight decrease in germi-
nation (Col. A). The affect was greater after two washings (Col. B) and still
greater after three washings (Col. C). Germination in all cases was, however,
normal with frequent appressorial formation in isolate Nos 78, 244, 300, 301, 304,
357, 390 and strain “1”.

Germination of washed conidia in double distilled and tap water

Experiments with double distilled water showed that the percentage of
germination as well as the length of germ tube decreased considerably in all the ten
isolates. On the other hand, a stimulatory effect of tap water was observed (Table
4); the increase being both on the percentage of germination and the length of the
germ tube. The type of germination in double distilled water and in tap water was,
however, similar to that observed in single distilled water.

Table 4

Germination of washed conidia of the ten C.falcatum isolates in double distilled and tap water

Double distilled water Tap water
Isolate
No. Avg. germ. Avg. germ, tube Avg. germ. Avg. germ, tube
(%) length (/r) t%) length (/2)
244 4.8 65.0 22.4 91.0
357 3.3 41.1 21.2 74.7
‘1 14.4 39.0 38.7 48.7
390 9.5 56.3 28.8 60.0
301 7.0 60.6 28.8 78.5
304 11.7 76.1 36.5 86.1
382 1.9 41.1 17.5 50.3
78 25.4 84.5 56.8 99.1
300 23.3 69.3 62.4 71.5
7 19.3 49.8 52.0 53.6
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Germination in hanging drops in cavity slides and in “ Van Tieghem cells"

Experiments with the “hanging drop method” were conducted on cavity
slides and in “Van Tieghem cells”. In the former case, drops (0.03 ml) of the
standard conidial suspensions (10—20 washed spores per microscopic field) of
12—20 days old cultures of the ten isolates were placed in the centre of acid-
cleaned, dry coverslips. The coverslip was then inverted over a clean cavity ofa
cavity-slide, care being taken in not allowing the drop to spread while inverting
the coverslip. These cavity slides, alongwith the inverted coverslips, were in-
cubated at 25°C in high humidity for 16 hours.

The results (Table 5) showed that germination did take place, but the data
varied considerably between germination drops. This indicated that the method

Table 5

Germination of washed conidia of the ten C.falcatum isolates in hanging drops in cavity slides

Isolate Average germination (%) Average germ tube length (u)

No. Ri R, R, R, R, R, R. R. R. r5
244 4.5 1.6 17.7 24.3 3.2 72.5 65.0 78.0 52.0 66.8
357 11.0 2.8 10.4 5.6 0 56.8 54.1 56.3 49.8 —
“rr 17.6 13.1 8.6 7.8 2.8 28.1 39.0 30.3 39.0 34.6
390 11.4 17.6 3.7 16.2 9.4 54.1 56.8 45.5 56.8 39.0
301 19.2 6.4 24.6 3.5 14.4 63.2 39.0 56.3 42.2 50.6
304 20.8 4.9 11.2 7.4 6.7 69.3 33.2 44.6 52.0 34.8
382 2.7 14 5.6 8.7 0.3 23.0 411 34.6 28.4 —
78 44.1 21.7 12.2 9.7 19.3 47.6 65.0 56.0 53.4 45.5
300 22.2 31.2 4.5 11.6 7.8 53.6 65.0 52.0 47.6 58.5
7 34.1 21.9 14.6 33.0 9.2 49.8 30.3 41.1 30.8 54.1

(R, to Rj are the repetitions of the experiment.)

is not reliable because the results obtained are not consistent. Also, the germination
was reduced considerably in most drops and in most isolates, the effect was more
pronounced on the percentage of germination than on the length of germ tube.

Similar erratic results were also obtained through germination in Van
Tieghem cells. Germination was reduced still more, both in the percentage of
germination and the length of the germ tube.

Study of physical factors

Physical factors influencing germination included temperature of incubation
for germinating conidia, age of the culture, incubation period, pH, spore con-
centration, aeriation (oxygen and carbon dioxide), and light. The technique
followed to study their effect has been described earlier in the germination of
washed conidia in suspension on plain glass slides.
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TEMrrr' ,T"'FF °C

Fig. 1 Effect of temperature of incubation on the percentage of germination of spores in
the ten isolates of C. falcatum

Temperature: The temperature requirements for germination of conidia of
the ten isolates of C. falcatum was studied at temperatures ranging from 5°C to
41°C. It was found that the range of temperature required was wide and the three
cardinals were as follows: Minimum, 7°C to 8°C; Optimum, 26°C to 27°C;
Maximum, 38°C to 39°C. Optimum temperature for germination was between
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26°C to 27°C; there was no germination at or below 5°C. Although germination
in most isolates was initiated at 8°C, it was still poor at 10°C. With a rise in
temperature from 10°C to 26°C, both the percentage of germination and the
length of the germ tube showed a gradual increase, after which there was a sharp
decline in germination. At or beyond 40°C there was no germination (Fig. 1).
Response of the light and the dark type isolates was similar.

At the lower and the higher temperatures, germination was mostly unipolar
with short germ tubes. However, germ tubes were well developed and often
bipolar at the optimum temperature (27°C). Appressorium formation was abund-
ant in most isolates (Nos 78, 244, 300, 301, 304, 357, 390 and strain “I”) between
15°C to 26°C. There were not appressoria at 8°C or 10°C, very few at 12°C. There
was a sharp decline in appressorium formation beyond 26°C and at 35°C there was
not observed any appressorium in these isolates. The inhibitory effect on appres-
sorium formation was more on the light type virulent isolates (Nos 244, 301, 304,
357) than on the dark type weakly pathogenic ones (Nos 7, 78, 300).

Age ofculture: Optimum maturity of conidia of the ten isolates of C.falcatum
was determined by setting up a germination test at 27°C using conidia of different
ages, i.e. 6, 8 12, 16, 20, 24, 28, 32 and 36 days old and the data obtained is
presented in Fig. 2

Conidia from 12—16 days old cultures showed the highest germination;
however, conidia from 6 and 36 days old cultures showed the least germination.
The percentage of germination as well as the length of the germ tube increased
steadily with the increase in age from 6 to 16 days, beyond which the germination
declined uptil the age of 36 days. The immature spores from 6 days or less old
cultures either did not germinate or showed very poor germination; the same was
true of the very old or the over mature spores (from 36 days or more old cultures).
Isolate Nos 7, 304 and strain “I” showed maximum germination when their
cultures were 12 days old. However, the other isolates showed maximum germi-
nation when their cultures were 16 days old. Conidia from 32 days old cultures of
the dark type isolates (Nos 7, 78 and 300) did not show any germination at all.
The light type isolates, however, retained their germination potential uptil the age
of 36 days. Isolate No. 382 had the shortest viable phase, i.e. it initiated the
germination as a 6 days old culture, reached a climax when it was 16 days old and
showed no germination when the culture was 28 days old. Isolate No. 244 showed
no germination when it was 32 days or more old.

The response in all the isolates was similar. Germination was normal, mostly
unipolar, with frequent appressorial formation in most isolates when at optimum
maturity (12—16 days old). Appressoria were absent in the younger cultures; the
older cultures showed more appressorial formation than cultures of optimum
maturity.

Incubation period: Different incubation periods tried for conidial germination
were 6, 12, 18, 24, 36 and 48 hours. Conidial suspensions from 12 to 16 days old
cultures of the ten isolates of C.falcatum were incubated at 27°C for these six
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incubation periods. Data obtained (Tables 6a and b) showed that the range of
incubation period for germination ot conidia was between 6 to 48 hours. Germi-
nation of most light type isolates initiated after 6 hours and that of the dark type
isolates after 6 to 8 hours. Optimum germination of the light type isolates was
obtained after 18 hours and that of the dark type ones after 24 hours. In the
former case, there was also noticed a slight increase in the germination percentage
from 18 hours to 24 hours, but there was no such increase after 24 hours in any of

Table 6(a)

Germination of washed conidia of the ten C. falcatum isolates in distilled water at 27°C
after different periods of incubation

Average germination (%)

Isolate
No. 6 hours 12 hours 18 hours 24 hours 36 hours 48 hours
244 1.4 9.7 16.6 17.4 17.2 17.9
357 1.2 10.7 14.7 15.9 15.6 15.6
“ir 2.2 18.2 23.6 24.1 25.2 24.4
390 0.3 12.8 16.1 16.2 17.6 18.6
301 0.6 9.8 14.7 15.1 15.9 15.3
304 1.0 20.4 26.3 28.3 27.6 26.5
382 0 5.5 8.1 9.5 9.9 10.1
78 0 33.8 42.8 44.1 44.0 43.3
300 0 36.3 44.8 45.1 45.3 44.5
7 0 25.2 36.4 37.1 37.8 38.3
Isolate Average germ tube length (g)
No. 6 hours 12 hours 18 hours 24 hours 36 hours 48 hours
244 195 52.0 715 117.0 Above 266.5 @
357 357 55.7 61.7 178.7 Above 253.5 a
“r’ 16.2 26.0 39.0 120.2 214.5 a
390 9.7 42.2 52.0 143.0 211.2 a
301 130 61.7 78.0 2145 a 00
304 26.0 61.7 84.5 242.0 00 @
382 0 325 48.7 81.2 97.5 00
78 0 715 91.0 00 00 a
300 0 65.0 81.2 a @ a
7 0 455 58.5 00 00 00

these isolates, although the length of the germ tube continued to increase inde-
finitely. When the germ tube length reached 300 /t or more, the intertwined and
could not be measured and has designated by the infinity sign (oo) in the tables.

Germination was normal, mostly unipolar with frequent appressorial for-
mation after 12 hours’ incubation in most isolates. No appressoria were formed
before 8 hours’ incubation. After 6 hours’ incubation the germ tubes were just
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protuberances and too small to be measured. However, after 36 hours’ incubation,
the germ tubes were more than 300 /i, very long and intertwined and could not be

measured.
Spore concentration: During these investigations, it was often observed that

highly concentrated spore suspensions gave poor or no germination as compared

Table 6(b)

Germination of washed conidia of the ten C. falcatum isolates in distilled water at 27°C
after different incubation periods

Average germination (%)

No. 12 hours 14 hours 16 hours 18 hours 20 hours
244 10.7 129 139 165 150
357 9.8 11.2 129 14.6 14.0
“1” 20.6 219 24.2 254 24.5
390 138 157 16.8 179 183
301 132 138 16.4 17.3 17.3
304 191 20.9 23.8 254 24.6
382 6.5 8.0 9.3 104 107

78 345 3Bl 381 41.9 415
300 37.6 41.8 46.0 475 46.0

7 215 31.6 36.7 40.9 41.2

solate Average tube length

No. 12 hours 14 hours 16 hours 18 hours 20 hours
244 48.7 61.7 715 87.7 91.0
357 455 58.5 78.0 81.2 87.7
*T”7 22.7 29.2 39.0 455 58.5
390 455 48.7 52.0 585 61.7
301 715 715 78.0 78.0 84.5
304 715 81.2 84.5 87.7 97.5
382 35.7 42.2 455 52.0 55.2
78 715 81.2 91.0 104.0 113.7
300 65.0 78.0 715 78.0 94.2
7 42.2 48.7 48.7 55.2 61.7

to the less concentrated suspensions. Thus standardization of conidial suspension
to a concentration which would give optimum germination became imperative.
Suspensions of washed conidia of the ten isolates of C.falcatum were prepared in
sterile distilled water in seven different concentrations: A (120,000 spores/cmm),
B (250,000 spores/cmm), C (500,000 spores/cmm), D (1,000,000 spores/cmm), E
(2,000,000 spores/cmm), F (4,000,000 spores/cmm), G (8,000,000 spores/cmm) by
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means of a haemocytometer (Kolmer and Boerner, 1945) and the germination
studied after 18 hours of incubation at 27°C.

The results (Table 7) showed that maximum germination occurred in
column C with a spore concentration of about 500,000 spores/cmm (= 15 to 20
spores per microscopic field under the low power of microscope). However, till
that optima reached there was a gradual increase in germination as seen in columns
A to Band Bto C of the Table. The effect was more pronounced on germination
percentage than on the germ tube length. Further increase in the concentration of
spores beyond the optima, i.e. from column Cto D resulted in a sudden decrease

Table 7

Germination of washed conidia of the ten C.falcatum isolates in seven different concentrations
of conidial suspension in distilled water

Average germination (% ) | Average germ tube length Or)

No A B C B E ' F & A B c D E F G
244 50 121 160 94 64 0 0 520 585 69.3 56.3 0 O
357 87 136 176 88 50 O 0 411 541 671 498 — 0 O
“1” 97 198 258 134 90 23 0 281 390 411 303 65 21 O
390 53 133 160 113 =68 O 0 303 541 563 455 87 0 O
301 68 108 181 142 109 04 O 390 606 650 472 108 — O
304 82 179 288 158 97 38 0 53 8.1 8.1 585 87 — 0
382 07 45 71 33 15 O 0 411 498 476 346 — 0 0
78 194 313 394 237 155 52 0 85 910 931 736 130 65 0
300 205 39¥5 444 223 167 26 0 8.1 8.1 83 585 152 21 0
7 155 317 347 165 77 O 0 498 541 541 476 21 0 O

(— signifies germ tube length less than 6.5 g)

in the percentage of germination as well as the length of the germ tube. In column
E still a further decrease in germination was observed. In column F there was no
germination in five of the ten isolates; the other five isolates showed only slight
germination at times. In column G, there was no germination at all in any of the
ten isolates.

The germination was normal, mostly unipolar in the columns B, C and D
with abundant appressoria in most isolates. In columns E and F the appressoria
were formed in only a few germinated conidia and the germ tubes were very short.
In column A, almost every germinated conidium produced an appressorium.

Hydrogen-ion concentration: The effect of hydrogen-ion concentration on the
germination of conidia was studied by using Sorensen’s phosphate buffer mixture
(Crark, 1928), adjusted to pH levels, ranging from 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0
and 9.0. Conidial suspensions of the ten isolates were prepared in buffer solutions
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at these pH levels and incubated at 27°C for 18 hours’ incubation. A control was

run alongwith in distilled water with pH of 6.1. The results obtained are presented
in Fig. 3.

Like many fungi, pH requirements for the germination of conidia of C.
falcatum were acidophilic, although the process of germination did extend into the

Mr

Fig. 3. Effect of different pH levels on the percentage of germination of spores in the ten
isolates of C. falcatum
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alkaline range of pH (7.5). Optimum pH for the percentage of germination and
the length of the germ tube was between 5.5 to 6.5 (around 6.0). Germination
started at a pH lower than 5.0 and increased gradually with the rise in pH from
5.0 to 6.0. At pH 6.5 it started declining and continued decreasing uptil a pH of
8.0 when there was not germination at all in any of the isolates. At pH 7.5, ger-
mination was very poor; isolate No. 382 did not show any germination at all at
this pH. On the whole the pH range was narrow.

Table 8
Germination of washed conidia of the ten C. falcatum isolates in vacuum and in air devoid
of oxygen
Average germination (%) Average germ tube length (n)
Isolate
No. In vacuum In air devoid In vacuum In air devoid
of oxygen of oxygen
244 0 15
357 0 0.7 — 6.5
“1” 0.1 0 — 8.7
390 0 38 8.7 10.8
301 0.4 15 10.8 10.8
304 0 0 0 0
382 0.3 33 6.5 10.8
78 10 15 21 9.7
300 14 0.6 — 13.0
7 0 12 0 8.7

(— signifies germ tube less than 6.5 /9

Germination was normal, mostly unipolar; the appressorial formation was
most abundant at pH 6.0 and 6.5, few appressoria were produced at the lower or
the higher pH levels. Appressoria were almost absent at pH 7.5. The increase and
decrease in the length of the germ tube was concordant with the rise and fall of
the percentage of germination.

Oxygen: Investigations conducted in vacuum and in air devoid of oxygen*
have shown that germination of conidia in distilled water was reduced consider-
ably, in some cases to almost 0 % (Table 8). This small amount of germination was
perhaps due to the presence of the oxygen dissolved in distilled water used for
making the spore suspension. To deplete the distilled water of this dissolved

* Freshly prepared “Berthelot’s” solution containing equal volumes of pyrogallol
solution (1 part of pyrogallol in 3 parts of water) and potassium hydroxide solution (I part of
potassium hydroxide in 3 parts of water), was used to remove oxygen from the air.
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oxygen and nullify its influence on conidial germination the distilled water was
boiled for one-half hour. The boiled distilled water was then cooled suddenly and
divided into three parts (A, B, C). Part A was tested as such for germination.
Fresh air was blown in for 10 minutes in part B by means of a pump and in part
C, air was blown in for a longer time of about 30 minutes. Germination test for
the conidia of the ten isolates was set up in the three parts (A, B and C) of the
boiled distilled water; a control was also set up with unboiled, distilled water. This
experiment was conducted in normal atmosphere.

Table 9

Germination of washed conidia of the ten C. falcatum isolates in boiled distilled water

Isolate Average germination (%) Average germ tube length (/')

No. A B c Control A B c Control
244 94 14.8 75 16.7 151 73.6 49.8 715
357 8.8 133 58 148 21.6 60.6 49.8 62.8
! 12.6 196 9.6 24.5 130 36.8 238 34.6
390 8.2 145 45 16.9 26.0 49.8 411 49.8
301 71 132 6.1 159 235 58.5 411 65.0
304 12.3 194 113 219 34.3 67.1 52.0 75.8
382 3.6 6.7 21 7.8 17.3 47.6 34.6 49.8
78 20.2 344 16.7 385 52.0 82.3 69.3 88.8
300 20.8 32.7 153 421 52.0 69.3 65.0 75.8
7 14.9 27.7 12.6 343 39.0 49.8 455 56.3

Germination percentage and the germ tube length was greatly reduced
(3.6% to 20.8% and 13.0/r to 52.0/t respectively) in the water boiled for X2 hour.
(Table 9, Col. A); almost every germinated conidium produced an appressorium
In Column B of the Table, the germination improved (6.7% to 34.4% and
36.8 L, to 82.3g). However, in Column C, there was again a decline in the germi-
nation (2.1 % to 16.7%); the germ tubes were also short (23.8 /t to 69.3 //) and
wavy. Appressoria were abundant, but of lighter color and tinner walls.

This experiment with boiled distilled water was also repeated in vacuum
and in air devoid of oxygen; no germination was obtained at all in any isolate.

Carbon dioxide: Carbon dioxide has also been found necessary for conidial
germination in C.falcatum. No germination was observed in atmosphere depleted
of carbon dioxide. The latter was done by passing the air through 10% potassium
hydroxide solution before supplying it to the germinating conidia. No detailed
investigations were conducted on the effect of different concentrations of carbon
dioxide on conidial germination and appressorium formation.

Light: Germination of conidia was studied in light and in complete dark at
27°C. fn the former case, a 20 watts incandescent tungsten filament bulb (frosted)
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was used. In the latter case thick black paper was wrapped round the Petri dishes,
containing slides of conidial suspension drops for germination, during incubation.

Darkness was found to be detrimental and light stimulatory to germination
(Table 10). The effect in either case was more pronounced on the length of the germ
tube. The response of both the light and the dark type isolates was similar.

It has also been observed that strong light of 200 watts (frosted as well as
unfrosted bulbs) is inhibitory to germination percentage and germ tube length of
the conidia (Table 11).

Table 10

Germination of washed conidia of the ten C. falcatum isolates in distilled water at 27°C
in light and dark

Isolate Average germination (%) Average germ tube (i)
In light In dark In light In dark

244 164 104 2145 455
357 153 12.8 190.6 39.0
“r 32.8 26.9 134.0 23.8
390 15.6 137 1731 325
301 17.9 14.7 182.0 433
304 24.6 21.4 179.8 36.8
382 6.9 6.9 147.3 21.6
78 41.8 37.2 149.5 54.0
300 41.0 37.0 153.6 43.3
7 371 34.8 106.1 38.6

Table 11

Germination of washed conidia of the ten C. falcatum isolates in distilled water at 27°C
in high and low light intensity

Average germination (%) Average germ tube length

Isolate . .
No. In strong light n Iovlvigdhltffused In strong light n IO\;\i/ggtlffused
244 112 15.2 34.6 117.0
357 115 16.2 43.3 112.6
“ 18.6 22.9 14.0 88.8
390 9.7 15.2 281 179.8
301 10.7 16.6 43.3 1755
304 17.3 26.8 49.8 1733
382 6.6 8.4 36.8 1495

78 38.4 41.2 49.8 138.6
300 354 43.3 49.8 117.0

7 30.9 37.0 30.3 106.1
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Appressorium formation was similar in light and dark in most isolates.
However, abundant appressoria were observed in strong light than in low and
diffused light in most isolates.

Discussion on the factors and standardization of technique

Physiology of spore germination has been under investigation during the
past 20 years and some excellent reviews on the subject have been published
(Gottlieb, 1950; Cochrane, 1958; Allen, 1965; Sussman, 1965; Sussman and
Halvorson, 1966; Skoropad, 1967).

In C.falcatum germination of conidia has been of great interest and investi-
gations have revealed that it in influenced by several physical and nutritional
factors (Singh, 1962). Conidia show a positive tropism towards water and require a
direct contact with it, besides a high humidity of 99—100% Doran (1922),
Walker (1957), Schnathorst (1965) and Burnett (1968) made similar obser-
vations in downy mildews. Sussman and Halvorson (1966) attributed this
absolute requirement for water for the hydration of colloids in the spores, for
several cases exist in which endogenous inhibitors must first be removed before
germination can proceed. Under these conditions water might be required as a
means through which the inhibitor can be dissipated. Further, it has been ob-
served that the percentage of germination is lower in the light type isolates than in
dark type isolates. There is indicated an inverse relationship between the germi-
nation percentage, some cultural characters and the virulence of an isolate. The
light type highly sporing isolates which are also highly virulent and are with
densely granular conidia exhibited a low percentage of germination, while the
dark type sparsely sporing isolates which are weakly pathogenic and have hyaline
spores, showed a comparatively higher percentage of germination. A similar
relationship between germination and morphological characteristics of conidia
and virulence of an isolate in C. falcatum has also been reported by Vasudeva,
Chona and Srivastava (1953), and Bajaj, Ganju and Chatrath (1959).

Temperature is another important physical factor influencing germination;
in certain cases it even determines the method of germination including appressoria
formation (Doran, 1922; Togashi, 1949; Litty and Barnett, 1951; Cochrane,
1958; Sussman, 1965). The three cardinals for the germination of conidia of C.
falcatum were: minimum of 7°C to 8°C, optimum of 26°C to 27°C and maximum
of 38°C to 39°C; thus the range of temperature requirement was wide. The uni-
directional response of all the isolates indicated similar physiological requirements.
It seems that most conidia had the capacity to germinate and the ability to dif-
ferentiate into appressoria. However, the latter was lost at 35°C. Appressoria
formation was more abundant at the lower temperatures than at the higher
temperatures within the range of temperature required for germination. Similar
observations were made by Ishida and Akai (1969) in Colletotrichum lagenarium,
Rahe and Ku6 (1970) in C. lindemuthianum, and Meht and Lukezic (1972) in
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C. trifolii. The results also showed that although the general temperature require-
ments for germination and appressoria formation were similar, optimum temper-
ature range for conidial germination was wider than that for appressoria for-
mation. The ability of conidia to form appressoria was more sensitive to tempera-
ture than their capacity to germinate. Besides, the inhibitory effect of temperature
on appressorial formation was greater on the light type virulent isolates than on
the dark type weakly pathogenic isolates of the fungus. These results apparently
support Van Der Plank’s hypothesis (1968).

The age of a culture influences germination and its technique through the
period of maturity of the spores and the phase of optimum maturity varies between
fungi and between spores. Young and old spores often show poor or no germi-
nation (Gitbert, 1929; Burgert, 1934; Lowther, 1950). This may be due to
immaturity in the former case and over-aging and senescence in the latter (Gott-
lieb, 1950). In C.falcatum, conidia from 12 to 16 days old cultures showed maxi-
mum germination while those from 6 and 36 days old cultures showed the least
germination. Conidia of the dark type weakly pathogenic isolates showed germi-
nation for a short duration of time as compared to the light type highly virulent
isolates, i.e. the light type virulent isolates started their germination earlier and
retained their potential to germinate for a longer period. This may account for
their greater infectivity period and better survival as compared to the dark type
weakly pathogenic isolates (Jones, 1919; Noble, 1924; Guba, 1925; Koh1, 1932;
Litty and Barnett, 1951).

Optimum incubation period for the germination of conidia of most isolates
of C.falcatum was found to be about 18 hours, beyond which only the length of
the germ tube increased. However, the range of the incubation period was from 6
to 48 hours. Vasudeva, Bajaj and Khosla (1961) reported 16 hours at the opti-
mum incubation period in one isolate of C. falcatum.

Sussman and Halvorson (1966) remarked that germination of spores is
highly sensitive to pH effects and the optimum pH requirement for germination
varies between fungi and between germinating media; at times germ tube elon-
gation is more sensitive to pH than germ tube initiation (Mathre and Ravens-
craft, 1966). The pH requirements for conidial germination in C. falcatum, like
most fungi, were acidophilic, although germination did extend into the alkaline
range. Webb (1921) and Kaufman (1934) made similar observations in Colle-
totrichum gossypii and in certain basidiomycetes. The pH range for germination
in C. falcatum Varied from 5.0 to 8.0; the optimum pH level being around 6.0.
The narrow pH range requirement indicated the importance of the factor in the
germination process (Lilly and Barnett, 1951).

Light does not seem to be an important factor in the germination of conidia
of C. falcatum, although high intensity of light and complete darkness were inhib-
itory. Low and diffused light were stimulatory, more so for the growth of the
germ tube.

The requirement for oxygen and carbon dioxide for germination of conidia
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of C.falcatum was also found necessary, Litly and Barnett (1951), and Sussman
and Halvorson (1966) remarked that since respiration is greatly accelerated
during spore germination, an adequate supply of oxygen is a pre-requisite for
germination. Germination of conidia in all isolates of C. falcatum was aerobic
and it seems that oxygen consumption took place both from the atmosphere over
the germination drop and from within the drop; in the latter case the oxygen is
present in a dissolved state in the distilled water. Little or no germination was
observed in vacuum or in atmosphere devoid of oxygen. Germination was also
reduced considerably in suspensions made out of distilled water which had been
boiled previously. Longer the boiling, more is the depletion of the dissolved
oxygen and lesser is the germination. This observation was confirmed by an in-
crease in germination in the boiled distilled water in which fresh air was blown in
for some time. The requirement for oxygen was also indirectly indicated by a re-
duced germination in highly concentrated spore suspensions and good germination
in diluted conidial suspensions. One of the reasons assumed for this was a lesser
amount of available oxygen to a large number of germinating spores both from
within the suspension drop and from the atmosphere outside the drop. Similar
results have also been reported by Schutt (1971), and Pass and G riffin (1972)
in Scleroderris lagerbergii, Fusarium oxysporum, Lophodermiumpinastri, Rhytisma
acerinum and Aspergillus flavus. Sussman and Halvorson (1966) remarked that
competition for limited oxygen and nutrients, and release of some inhibitory
substance by spores could explain for poor germination in highly concentrated
spore suspensions.

It was also noted that spread of the germination drop into a thin film im-
proved the germination considerably provided the film does not dry up. The latter
was studied by an experiment where the germination drops were spread to lengths
varying from 1—3 cm. An average of 5% —54% increase in germination was ob-
served in the drops spread to a length of 1.0 cm. The stimulation was mostly in the
percentage of germination. In some replicates, the germination drops dried and
hence no data could be obtained. In the drops spread to 2—3 c¢cm length, no data
could be obtained because in most slides the germination drops had dried com-
pletely or partially.

It has also been observed in some drops that submerged spores or over-
crowded spores failed to germinate while spores on or near the surface of the drop
germinated rapidly. This is assumed to be due to the availability of a greater
amount of oxygen at or near the surface of the drop. Similar results were also
obtained by Doran (1922), Edgerton (1958), and Gould and Shaw (1969) in
several other fungi.

Germination was better and fairly consistent in single distilled water than in
double distilled or tap water; Pass and Griffin (1972) have also reported little or
no germination of washed conidia of Aspergillus flavus in double distilled water.

In view of the reduced germination and inconsistent results obtained in
cavity slides and ’Van Tieghen cells”, plain glass slides seemed to be the most

Acta Phytopathologica Academiae Scientiarum Hungaricae 8, 1973



38 Singh: Conidial germination

satisfactory choice. At times, results obtained from plain glass slides were also in-
consistent. In such cases, the suspension drops were of unequal size and shape
which could be due to unequal volume of the drop; unequal spread of the drop
either into an irregularly shaped drop or a thin film, the latter could also be due to
unclean slides. The size of the germination drop can be kept constant by using the
same volume (0.03 ml) of the conidial suspension in all experiments; the unequal
spread of the drop can be avoided by using grease-free, acid-cleaned, dry plain
glass slides, and by the use of a standardized technique.

To obtain a uniform size of the drop, an attempt was made to use ringed
plain glass slides. Rings* or circles* of 1.0 cm, 1.5 cm, 2.0 cm and 2.5 cm diameter
were marked on clean plain glass slides with the aid of several materials, including
a glass marking pencil, vaseline, wax, collodion, canada balsam, euparol and
‘cutex’ nail polish (M/s Northam Warren Ltd., London). Equal volumes (0.03 ml)
of the standardized conidial suspensions in distilled water were deposited and
spread to cover each circle. No germination was obtained at all on slides ringed
with wax, collodion, canada balsam and euparol. However, some germination
was observed at times in a few isolates on slides ringed with glass marking pencil,
but this device appeared crude because the markings by the pencil would peel off
and float on the germination drops after a few hours, thus affecting the germi-
nation of conidia and giving erratic results. A highly stimulated germination was
observed on slides ringed with vaseline and ‘cutex’ nail polish.

Maximum germination on slides ringed with ‘cutex’ was observed in rings
2.5 cm in diameter; however, on these slides the spore drops often receded or
vanished because of partial or complete drying during 18 hours’ incubation,
resulting in little or no germination at all. Germination on ‘cutex’ nail polish-
coated slides** also showed the presence of a similar stimulatory effect both in
spread and unspread germination drops (Table 12).

From these investigations it appears that there is a definite stimulatory effect
of the ‘cutex’ nail polish which evidently was not taken into account by Vasudeva,
Bajaj and Khosla (1961) who recommended ringing of glass slides with this nail
polish to study germination of conidia in C.falcatum. It appears that a high per-
centage of germination in isolate No. 244 as reported by Vasudeva et al. (1961) is
the result of stimulation provided by the nail polish as well as by the spread of the
germination drop into a thin film. Strictly speaking a drop never remains a drop
when it is spread, it becomes a thin film. The present investigations do agree with
the findings of Vasudeva et al. (1961) in that increased aeriation by spreading the
drop or by direct aeriation of the distilled water stimulates germination.

* Ringing with ‘cutex’ nail polish, collodion, euparol, vaseline, wax and canada balsam
was done with the help of a slide ringing table; rings of ‘cutex’, collodion, euparol and canada
balsam were made 24 hours before use to allow enough time for drying. Once ringed slides
can be conveniently used for 4—6 experiments.

** The ‘cutex’-coated slides were dried for 24 hours before use.

Acta Phytopathologica Academiae Scientiarum Hungaricae 8, 1973



Singh: Conidial germination 39

Table 12

Germination of washed conidia of the ten C. falcatum isolates in distilled water on ‘cutex’
nail polish coated and ringed slides

‘Cutex’-coated slides ‘Cutex’-ringed slides Control
Isﬁlgte Avg. germ. Avg. germ, tube  Avg. germ. Avg. germ, tube Avg. germ. Avg. germ, tubo

(%) length (i 9 length (19 @) length (v
244 34.7 76.3 25.0 84.5 142 66.6
357 25.8 63.3 22.0 76.3 11.0 65.0
T’ 42.3 43.8 414 50.3 22.2 35.7
390 26.3 53.6 33.9 56.3 161 50.3
301 26.8 63.3 23.2 733 124 61.7
304 34.2 72.5 35.9 79.6 215 66.8
382 174 40.6 16.3 48.7 7.6 455
78 56.3 845 514 94.2 36.7 84.5
300 67.2 715 58.5 75.0 391 61.7
7 515 48.7 53.6 56.8 34.6 50.3

The above discussion on the physical factors and standardization of tech-
nique indicates that after determining the optimum physical conditions of moisture,
temperature, incubation period, age of culture, spore concentration, pH, etc., a
certain technique has to be developed. Plain glass slides which are not ringed, but
a grease-free, acid-cleaned and dry are by far the most satisfactory substrate with
a constant volume and size of the drop of the standardized conidial suspension.
This would give a fairly uniform spread and depth to the germination drop in all
experiments, thus giving possibly the most consistent and reliable results under
the laboratory conditions without any kind of stimulation being provided by
ringing material or by unnatural spread of the drop.
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Effects of Cotoran (l,I-Dimethyl-3-x,a,a-Trifluoro-m
Tolyl Urea) on the Growth of Aspergillus flavus
in Soil and Liquid Culture

By
B. K. Chopra, L. C. Collins and F. Osuji

Assistant Professor, Professor, and Graduate Student, respectively Department
of Biology, Prairie View A& M College, Prairie View, Texas 77445

The effect of the herbicide Cotoran (I,I-Dimethyl-3-a,a,a-trifluoro-m-tolyl urea),
on growth of Aspergillusflavus was studied in soil and liquid cultures. In liquid cultures,
growth of A. flavus was revealed by increased mycelial dry weight, relating to increased
concentration of the herbicide. Total C02 production by the fungus in flasks of her-
bicide treated soil increased with time at concentrations of 1, 5, 10 and 20/<g per g of
soil. Utilization of inorganic phosphorous was not significantly affected by the con-
centrations of the herbicide. pH values decreased with increasing concentration of
herbicide.

Aspergillus flavus is a serious field and a storage pathogen of peanuts and
cotton. The pod rot in peanuts and ball rot in cotton are produced by this fungus.
A. flavus can survive in soil for years in the absence of host by producing spores.

Increased applications of herbicides to agricultural soils are a part of the
rapid development of weed control in the past decade. Each year all over the
world, especially in the United States, many millions of acres of crops are treated
with herbicides. Extensive study has been made on the effects of herbicides on the
physiological processes of higher plants whereas very little is known regarding
their interactions with soil borne fungi. The effect of Cotoran (l,I-dimethyl-3-
a,a,a-trifluoro-w tolyl urea) on the growth responses of A. flavus was investigated
in soil and liquid culture.

Materials and Methods

Soil samples used throughout this investigation were collected from Prairie
View Experiment Station Farm from a depth of six inches and two feet apart.
Soil was air dried for 24 hours, screened, and thoroughly mixed. Technical grade
cotoran was obtained from CIBA Agro-Chemical Company. A small quantity of
herbicide was dissolved in 10 ml acetone and desired quantity was added to 200 g
of soil and thoroughly mixed. Desired quantities from the above stock soil were
further mixed with natural air-dried soil to provide concentrations of 1, 5, 10 and
20 ppm of herbicide plus a herbicide free check. The above soils were placed in
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250 ml beakers covered with aluminium foil paper pierced with few holes. These
were incubated at 25°C for 7 days, after which populations of fungi and bacteria
were estimated by a modification of the syringe method of Rodriguez-Kabana
(1967). In another experiment 100 g (oven-dry basis) of soil were placed in each
of six Erlenmeyer flasks with fitted (No. 6) rubber stoppers that had two holes in
their short pieces of glass tubing were inserted with cotton lint loosely packed.
The flasks thus prepared were autoclaved for one hour for three successive days.
The inoculom was prepared by placing eight 4 mm myecelial discs from a young
culture of A. flavus in a sterilized Monel semi-micro blender with 40 ml of sterile
water and blended for 30 seconds. This suspension was then transferred from the
blender into a flask containing 160 ml of sterile water. With a wide mouth pipette,
two ml of this suspension were then aspetically added to each flask across the line,
except the non-inoculated check. The flasks were incubated at 25°C for 48 hours.

At the end of incubation period, 10 ml of nutrient solution containing 200
ppm phosphorus as K2HPO,, 800 ppm of carbon as glucose, 120 ppm nitrogen as
NaN 03 plus the required concentrations of Cotoran from the stock solution. The
soil moisture after application was 17% in each flask. The flasks were then con-
nected to a vacuum assembly at random. Each concentration was triplicated and
experiment was repeated.

The carbon dioxide production was determined at intervals of 3, 6 and 9
days. The CO02evolved was trapped and analyzed as described in Rodriguez-
Kabana et al. (1967). Phosphorus and pH were measured at the end of incubation
period. Inorganic phosphorus was determined by the Vandaomolybdophosphoric
yellow color method described by Jackson (1958).

Effect of different concentrations of Cotoran on mycelial growth of A. flavus
was also studied in modified Czapek’s solution. A stock solution of Cotoran was
prepared in acetone and desired quantities of this were added into 25 ml of
Czapek’s solution to provide 1, 5, 10 and 20 ppm concentrations of Cotoran plus
a herbicide free check. This Czapek’s solution was filtered sterilized. The solution
in each flask was inoculated axenically with 4 mm mycelial disc from 72 hours old
culture of A. flavus. The inoculated flasks were incubated at 25°C and fungal crop
was harvested at the end of 9 days incubation period and the average dry weight
of the mycelium was calculated.

Results

The fungal populations decreased with different concentrations of herbicide»
as compared to the control in all treatments (Table 1). The bacterial (+ actino-
mycétes) population revealed no appreciable differences in all the Cotoran treat-
ments (Table 1).

The rate of C02production by A. flavus during the 9-day incubation period
in the soil experiment was highest at the first 3 days interval for all treatments, then
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Table 1

Number of organisms per gram of soil (oven-dry equivalent) in natural sandy loam previously
treated with Cotoran and incubated 7-days

Bacteria and

Cotoran Fungi Actinomycétes

ppm (X 10% ( X 10s)
0 4.4 1.0
| 3.3 [
5 4.3 1.0
10 4.0 1.0
20 3.5 1.0

continued at slower rates during the next 6 days. CO., production increased with
increasing concentration of herbicide and was maximum in 20 ppm treatment

(Table 2).
Table 2

Production of C02 by A. flavus in Cotoran-treated soil

Meq. of C evolved/100 g of soil

Cotoran
(ppm) 3 days 6 days 9 days
Water check 7.13 10.38 116
Acetone check 75 10.8 118
1 4.38 7.63 85
5 4.69 85 9.0
10 6.88 10.13 113
20 8.00 11.75 130

The uptake of inorganic phosphorus was not affected at different con-
centrations as compared to control (Table 3). The pH values decreased with in-
creasing concentration of herbicide (Table 4).

Table 3

Amount of phosphorus utilized in Cotoran-treated soil after growth of A. flavus for 9 days

Cotoran P/100 g of soil
(ppm) (ppm)
Water check 5000
Acetone check 4460
1 4400
5 4460
10 4680
20 4840
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Table 4

pH of Cotoran-treated soil after growth of A. flavus for 9 days

Cotoran

(ppm) PH
Non-inoculated 6.3
Water check 5.20
Acetone check 5.25

1 5.20
5 5.15
10 4.94
20 4.83

In the liquid culture experiment the growth of A. flavus, as evidenced by
mycelium produced, increased with increasing concentrations of herbicide (Table 5)

Table 5

Mycelial dry weight in Cotoran-treated liquid culture after growth of A. flavus for 9 days

Cotoran Mycelial dry weight
(ppm) (mg)
Water check 280
Acetone check 290
1 215
5 245
10 266
20 337
Discussion

Respiratory and reproductive life processes are most essential in the studies
of herbicidal effects on soil borne pathogenic fungi. Total mycelial dry-weight of
A. flavus was considerably increased with increased concentration of Cotoran and
if abundance of mycelial dry weight is indicative of growth, then the degree of
growth increase was directly related to increased herbicide concentration. If
massive reproduction of mycelia is indicative of respiratory activities going on in
fungus, then one can say that the production of C02is related to the production
of mycelium.

Rodriguez-Kabana et al. (1970) studied the growth responses of Sclerotium
rolfsii to the herbicide EPTC (ethyl-N,N-dipropylthio carbamate) in liquid culture
and soil and reported that increase in titrable acidity with high concentration of
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EPTC (25—100 g/m) is of particular significance with regard to mode of action
against the pathogen. Maxwell and Bateman (1968) studied the influence of
carbon source and pH on oxalate accumulation in culture filtrate of Sclerotium
rolfsii and reported that the acidity produced by this fungus under the conditions
of the experiment was largely due to oxalic acid. However, the accumulation of
acid, probably aspergillic acid, with increase in mycelial dry weight production
could have resulted from the lack of blockage by Cotoran in the tricarboxylic acid
cycle.

Chopra et al. (1970) studied the influence of prometryne (2,4-bis(isopropyl-
amino)-6-meltylmercapto-s-triazine) in soil on growth related activities of Fusarium
oxysporum f. vasinfectum and found that total C02 production was significantly
reduced in treatments of 1, 5 and 10 ppm of prometryne and increased in 20 ppm
treatment.

The investigation has revealed several significant points and suggests probable
interactions of Cotoran with A. flavus. Field rate concentrations of the herbicide
(1.25—3.33 Ib/acre) would not be expected to enhance growth of this fungus, but
very little is known about the residual nature of this herbicide in soil. Ifthe herbicide
accumulates in soil up to 20 ppm, it might considerably alter the fungistatic prin-
ciple of natural soil.
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Cellulase Activity in Corn Stalk Tissues Naturally
Infected with Fusarium roseum (Link) SN. et H.

By
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Hundred plants of inbred line(C5) were collected in October on the same day.
Cellulase activity, pith decay and presence of rotting fungi in stalk nodal sections were
determined. The occurrence and activity of cellulase were determined by the degree
of hydrolysis of a soluble cellulose derivative CMC (cup-plate method) and by the
degree of solubilization of insoluble cellulose. From the results of the present investi-
gation it may be concluded that the cellulase activity of a given stalk tissue is related
to pith decay and presence of rotting fungi. Infection by Fusarium roseum is far more
common than that by other organisms. It was found that F. roseum is the main source
of cellulase activity in the stalk tissues. We may assume that the cellulase in the nodal
tissues disintegrate cell wall structure and weaken the stalk.

Very little has been reported concerning the relationship between rotting of
corn stalks and details of enzymatic degradation of the stalk induced by microbial
deterioration. The limited data available suggest that rotting of cellulosic com-
ponents of stalk tissue is accomplished through action of cellulolytic enzymes,
secreted by fungal pathogens (Foley, 1959; I kenberry and Foley, 1967; Szécsi,
1970). Siegel (1962) has reported on the chemical composition of the tissues of
corn stalk in the following percentage distributions: cellulose-hemicellulose
79.9%, lignin 19.5%, other polysaccharides 8.3%, protein 1.9%, pectins 0.3%. On
the basis of experimental data with artificially infected corn lines, it may be sup-
posed —which are supported by the chemical composition outlined above —that
the cellulase produced by the pathogenic fungi is primarily responsible for tissue
decay (Szécsi, 1970). Among the various stalk rotting pathogens, Fusarium
roseum var. graminearum (Schwabe) SN. et H. and F. roseum var. culmorum
(Schwabe) SN. et H. proved to be the most important fungi responsible for root
and stalk rot of corn in Hungary. These two Fusarium varieties are truly cellulo-
Iytic microorganisms (Wood, 1969), because they are able to grow on native
cellulose (unpublished data).

The objective of the present work was primarily to study the prevalence of
cellulolytic enzymes in corn stalk tissues as related to the degree of their rotting
and to the presence of fungi infecting the stalk.
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Material and Method

Field procedures and sampling. For the investigation of the natural infection
in the field, an inbred line from Martonvasar (C5) was planted in 50 x 80 cm
rowes in an experimental nursery. Samples were taken in October, on the same
day. Corn stalk nodal sections, including the first node above the uppermost
brace roots were placed in refrigerator until time of preparation.

Extraction and precipitation of cellulose from corn stalk tissues. Each stalk
sample was processed separately for recovery of cellulase present. The nodal
section was first sliced into sections approximately five millimeters in thickness by
using a sharp knife. A 5g sample of the cut-up tissue was weighed and added to
20 ml of 0.1 M acetate buffer, pFl 4.6 in a micro cup of “Biomix”. It was essential
to carry out the enzyme extraction process at a temperature as low as possible to
avoid heat dénaturation. Hence the “Biomix” was operated intermittently in an
ice water bath for a 5 minutes period. The crude extract was filtered through a
coarse grade sintered glass filter, into a flask kept in an ice water bath. This second
extract was centrifuged for 30 minutes at 6000 rpm on 0°C. Precipitation of protein
substances was achieved by addition of four volumes of acetone previously cooled
to 0°C. Acetone was slowly introduced in a refrigerator, at 0°C. A magnetic
stirrer was used to agitate the content of the bottle during this procedure. Following
the complete addition of the four volumes of acetone, the bottle was capped and
placed in the refrigerator for at least four hours to allow completion of pre-
cipitation.

The resulting flocculent precipitate was recovered by centrifugation at 6000
rpm for 30 minutes on 0°C. The supernatant was discharged and the precipitate
re-dissolved in 10 ml of 0.1 M acetate buffer, pH 4.6. The remaining residue was
removed by centrifugation at 6000 rpm for 30 minutes on 0°C. The resulting, clear
supernatant was used for the determination of cellulase activity.

Cellulase activity of corn stalk samples. Determination of the degree of hydro-
lysis of the soluble cellulose derivative CMC with enzyme preparations. Cellulase
activity was determined by means of the cup-plate method (Dingle et ah, 1953).
The assay medium contained 1% CMC (Reanal), 2% agar (Difco) and 0.01%
merthiolate (Reanal) in 0.1 M acetate buffer, pH 4.6. Wells (8 mm diameter) were
made in the assay medium (5 mm thick), and filled with 0.2 ml of enzyme pre-
parate. Plates were incubated at 37°C for 24 hrs, and then developed with 3%
sugar of lead. As a result of enzyme activity, transparent zones develop on the
opalescent plates. The plates were washed with distilled water and photographed.
Enzyme activity was expressed as the diameter (mm) of the transparent zone per
37°C for 24 hrs.

Determination of the degree ofsolubilization of insoluble cellulose with enzyme
preparations. The modified method of Hartiwelr (1961) was used for the deter-
mination of cellulase activity. In 20 ml test tube 3.5 ml of 0.1 M acetate buffer, pH
4.6 and 0.5 ml enzyme solution was added to 20 mg cellulose (Avicel-RC-581,

Acta Phytopathologica Academiae Scientiarum Hungaricae 8, 1973



Szeesi: Cellulose activity in corn 51

FMC Corporation American Viscose Division, Avicel Sales, Marcus Hook, Pa.
USA). Test tubes with such mixtures were rotated in a thermostat for 6 hrs at 37°C.
Then the enzyme was inactivated by the addition of sufficient 0.6 N sulphuric acid
(about 0.5 ml), to lower the pH to 1.9. The same mixture treated with 0.5 ml 0.6 N
sulphuric acid and kept in boiling water bath for 10 minutes were used as a control.
After the incubation time the reaction mixtures were filtered on paper.

The “reducing” sugars in the filtrate were quantitatively determined with
anthron-reagent (Whistler, 1963). 6 ml anthron-reagent was added to 3 ml
filtrate (diluted 10x) slowly in a cold-water bath. After the addition of anthron-
reagent, the mixture was heated in a boiling-water bath for 10 minutes, and trans-
ferred to a cold-water bath for 15 minutes. The absorbance of the mixtures were
measured at 620 mg by a Unicam SP 800 spectrofotometer. Absorbance data were
calculated on the basis of a standard calibration curve prepared with glucose. The
cellulase activity is given as: y glucose/ml/ 6 h/37°C.

Detection of rotting fungi in corn stalk samples. The first mode of each plant
was split longitudinally into four. One quarter of the first nodal section of each
stalk was surface sterilized by immersion for 10 sec. into 0.5% sodium hypo-
chlorite, followed by washing in water. The sections were placed on potato dextrose
agar plates and incubated at room temperature. Fungal colonies on the stalk
sections were transferred to potato dextrose agar tubes for identification. Fusarium-
isolates were determined according to the system of Messiaen and Cassini (1968).

Determination of pith decay (deterioration). The following pith decay scale
as used as a criterion of stalk rot severity (Ikenberry and Foley, 1967):
no decay, no white (dead) cells in pith, tissue yellow green.
white cells present, but no visible cell wall decay.
pith tissue cavity present (< ¥i of cross sectional area).
pith tissue cavity moderate (about I/2 of cross sectional area).
pith tissue cavity about 34 of the cross sectional area.
stalk a cylinder of dry rind, only occasional pith tissue still visible.

w
0
1
2
3
4
5

Results and Discussion

The data obtained from these investigations are summarized in Table 1and
Table 2. In Fig. 1 longitudinal sections of corn stalks and their cellulase activity
zone can be seen. On the basis of these data, it can be stated that the higher the
cellulase activity of corn stalk the greater the degree of the pith decay. Cellulase
activity of the stalk tissues were also related to the presence of rotting fungi. The
data obtained by the two different cellulase determination methods were rather
similar, but the cup-plate method is certainly more practical. Infection by Fusarium
roseum is far more common than, that by other organisms. The cellulase found in
corn stalk tissues is assumed to be of fungal origin (Foley, 1959; Ikenberry and
Foley, 1967), and its main source is the pathogenic fungus F. roseum.
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Fig. 1 Longitudinal sections of corn stalks and their cellulase activity zone
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Table 1

Cellulase activity (degree of hydrolysis of soluble CMC) of corn stalk nodal sections related
to pith decay and presence of pathogenic fungi

Presence Diameter of Presence Diameter of
Plant Degree of of fungi cellulase Plant Degree of of fungi cellulase
no. pith decay (f)yr=F. activity ring no. pith decay (+)r- F. activity ring
roseum in mm roseum in mm
| 4 +or 21 51 4 +or 20
2 1 — — 52 4 + 21
3 5 +r 23 53 0 -
4 0 — — 54 5 +r 22
5 4 + T 20 55 4 r 20
6 1 - — 56 4 +r 20
7 5 +r 24 57 0 - -
8 0 — — 58 4 +or 20
9 0 — — 59 4 " 20
10 1 - - 60 0 — —
11 4 +r 21 61 1 — —
12 3 +r 17 62 4 + 19
13 3 + 18 63 4 + 21
14 0 — - 64 3 + 18
15 1 — - 65 4 +r 20
16 1 — — 66 4 +r 21
17 0 — - 67 4 +r 20
18 4 +r 21 68 0 - -
19 1 - - 69 2 + 14
20 3 + 17 70 4 r 19
21 4 r 21 71 4 r 21
22 0 — - 72 3 r 17
23 5 +r 23 73 3 r 18
24 1 — - 74 0 - -
25 4 +r 21 75 0 - -
26 1 - - 76 0 - _
27 1 - - 7 1 _ _
28 0 - - 78 4 +r 2
29 3 + 16 79 0 - -
30 4 + 20 80 3 +r 17
kil 0 — - 81 4 +r 2
32 1 - - 82 1 - -
33 4 +r 20 83 5 +r 23
A 3 + T 17 84 1 - -
35 1 - - 85 4 +r 2
36 0 - - 86 1 - -
37 0 - - 87 0 - _
38 4 +r 20 88 1 - -
39 4 +r 20 89 3 +r 16
40 2 + 12 90 5 +r 22
41 4 +r 21 91 0 - -
42 0 - - 92 0 — _
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Table 1 (cont.)

Presence Diameter of Presence Diameter of
Plant  Degree of of fungi cellulase Plant  Degree of of fungi cellulase
no. pith decay (+)r = F. activity ring no. pith decay (+)I’ = F acti_vity ring
roseum in mm roseum in mm
43 4 +r 19 93 4 +r 20
44 0 — — 94 3 +r 17
45 4 +r 20 95 0 - —
46 3 +r 17 96 1 — —
47 1 — — 97 1 — —
48 5 +r 23 98 4 + T 21
49 4 +r 20 99 4 + T 20
50 4 + T 20 100 2 +r 15
Table 2

Cellulase activity (degree of solubilization of insoluble cellulose) of corn stalk nodal sections

Plant, no. y/ml/6h/37°C Plant no. y/ml/6h/37°C
| 165 " 170
2 0 12 100
3 180 13 120
4 0 14 0
5 150 15 0
6 0 16 0
7 210 17 0
8 0 18 160
9 0 19 0

10 0 20 90
Literature

Dingle, J., Reid, W. W. and Solomons, G. L. (1953): The enzymic degradation of pectin and
other polysaccharides. 1. Application of the “Cup-plate” assay to the estimation of
enzymes. J. Sei. Food Agric. 4, 149—155.

Foley, D. C. (1959): The presence of cellulase in corn stalks infected with Fusarium monili-
forme. Phytopathology 49, 583.

Hattiwelr, G. (1961): The action of cellulolytic enzymes from Myrothecium verrucaria.
Biochem. J. 79, 185—192.

Ikenberry, R. W. and Foley, D. C. (1967): Cellulase activity in corn stalks infected with
Fusarium moniliforme Sheld. and its relation to stalk rot. lowa State J. of Sei. 42.,
47-61.

Messiaen, C. M. and Cassini, R. (1968): Recherches sur les fusarioses IV. La systématique
des Fusarium. Ann. Epiphyties 19, 387—454.

Acta Phytopathologica Academiae Scientiarum Hungaricae 8, 1973



Szeesi: Cellulose activity in corn 55

Siegel, S. M. (1962): The Plant Cell Wall. MacMillan Co., New York.
SzEcsi, A. (1970): Role of cell-wall degrading enzymes in Fusarium stalk rot of corn. Il
Acta Phytopath. Hung. 5, 35—40.

Whistler, R. L. (ed.) (1963): Methods in Carbohydrate Chemistry Vol. Il. Academic Press,
New York—London, 572 pp.

Wood, T. M. (1969): The relationship between cellulolytic and pseudo-cellulolytic micro-
organism. Biochim. Biophys. Acta 192., 531—534,

Acta Phytopathologica Academine Scicntiarum Hungaricae 8, 1973






Acta Phytopathologica Academiae Scientiarum Hungaricae, Vol. 8 (1—2), pp. 57—69 (1973)

Apoplexy of apricots

Il. Cytosporal Die-back and the Simultaneous Infection of Pseudomonas syringae
and Cytospora cincta on Apricots

By

D. Susan Rozsnyay and Z. Klement

Research Institute for Plant Protection, Budapest

Cytospora cincta is an important pathogen in apricot orchards in Hungary.
The symptoms of the cytosporal infection are the same as the symptom of bacterial
canker and die-back caused by Pseudomonas syringae. Simultaneous inoculation with
the bacterium and Cytospora cincta produced more extensive cankers than those
caused by one of the pathogens alone. Freshly cut wounds were sensitive for a longer
period to cytosporal infection than to bacterial inoculation. The knowledge of the
annual-cycle of the cytosporal and bacterial diseases gives a chance for effective control
against the apoplexy disease of apricots.

This work is a part of the study on the apoplexy disease (die-back, sudden
wilt) of apricots. In an earlier work we reported on the role of Pseudomonas syringae
on the development of cankers and die-back symptoms of apricot trees (K 1ement,
Rozsnyay and Visnyovszky, 1972). However, in some cases we were unsuccessful
in the isolation of the bacterium from cankers and necrotized tissue. On these
necrotized tissues and dead branches pycnidia of Cytospora cincta developed. On
the other hand in many instances both of these microorganisms occurred together.
In a number of cases when artificial inoculations were made with Pseudomonas
syringae and the typical bacterial symptoms have developed, sometimes pycnidia
of Cytospora cincta also appeared in the necrotized cortex after a considerable
time. Therefore, several questions arise: what is the role of Cytospora cincta in the
induction of apoplexy of apricots and what is the connection between the bacterial
and cytosporal infection.

Cytosporal infection of apricots was investigated by many research workers,
however, the results were obscure and confused. Namely, D efago (1935), Schmidle
(1961), Kovacs (1970) and Stanova(1968, 1970) obtained positive results on apricot
trees inoculated with Cytospora (Valsa) spp. however, others (Chabrolin, 1927;
Joessel and Bordas, 1931; Rieuf, 1950; and Piock, 1960; Mazzuchi, 1966)
were unable to get definite symptoms with these fungi. For this reason a general
opinion developed in many apricot growing countries that Cytospora is only a
secortdary organism on the weakened grown apricot trees.

To study the role of Cytospora cincta in the pathogenesis of apoplexy disease
of apricots artificial inoculations were carried out with different strains of Cyto-
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spéra cincta as well as with Pseudomonas syringae singly and simultaneously in
the course of one year. The results of these experiments clarified the etiology and
the annual cycle of the disease induced by Cytospora cincta and the relation to
the bacterium.

Methods

Isolation offungi. In the course of summer, 1970, 12 Cytospora strains were
isolated from different parts of Hungary. Eight strains from apricots, 2 strains
from peaches and 2 from cherry trees were isolated. These strains were obtained
from the part of necrotized phloem and browned xylem. The surface of the in-
fected branch was desinfected by 96% alcohol and it was flamed for a moment.
The suspension of pycnospores or a piece of necrotized tissue was put onto
potato-dextrose-agar medium. After 3—5days incubation period the white myce-
lium of Cytospora grew out at 25°C. Subcultures were obtained from these cul-
tures on slant agar medium.

Fig. 1 The inoculated site covered with a wet cotton and aluminium foil

Artificial inoculation with Cytospora cincta was carried out on 4 and 10-year-
old apricot trees. In both experiments 3—3 apricot trees were inoculated per month.
On every tree 5—5 inoculations were made. Cortex of tranks and main branches
were cut in with a knife and small pieces of the mycelial cultures of Cytospora
cincta were put into the wounded cortex or onto pruning surface of branches. The
inoculated sites were covered with a wet cotton and after this with aluminium foil
(Fig. 1). The cotton and the foil were removed after two weeks. Six-day-old
cultures were used for inoculation (Stanova, 1968).
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Simultaneous inoculation with Pseudomonas syringae and Cytospora cincta.
In both experiments 3 trees were inoculated with the bacterium 3 trees with
Cytospora cincta and 3 apricots with the bacterium and fungi simultaneously per
month. In the case of the simultaneous infection at first the suspension of bacte-
rium was brushed onto the same wounded surface before the fungal inoculation.
When the bacterium was used alone as a control treatment, the inoculated wounds
were also covered with wet cotton and the aluminium foil.

The artificial inoculations were carried out every month from December
1970 to November 1971. The results were evaluated after a one-year-cycle but the
infected trees were observed during a two years period. The extent of damage of
phloem tissues was determined from the diameter of the developed cankers and
that of the xylem from the browning of the xylem tissues.

Symptoms

Symptoms of the cytosporal infection are the same as the symptoms of
bacterial canker and die-back caused by Pseudomonas syringae which has been
characterized in another paper (Kiement, Rozsnyay and Visnyovszky, 1972).
The characteristic symptoms of apoplexy are the development of cankers and die-
back of branches or the whole trees. In the case of die-back the foliage of the in-
fected branches the whole tree wilts quickly in the course of about a few days.

Both causal organisms infect phloem and xylem, however, only the necro-
tized phloem and cambium result in die-back and sudden wilt of branches or whole
tree. If damage of phloem and cambium girdled the branch or the trank, some of
the branches or the whole tree above the girdled part die in spring, summer or
early autumn. In the case of the cytosporal infection die-back symptom usually
appears during summer and early autumn while bacterial die-back develops
mostly in spring and early summer.

When the desctruction of cambium does not engirdle the branches and
stem, the newly growing tissues tend to overgrow the necrotized phloem and so
cankers develop. The form of cankers caused by the two pathogens are indistin-
guishable. Cankers usually develop at the pruning points. Infected areas are slightly
sunken and darker brown in colour than the surrounding healthy bark. The
freshly destroyed browned phloem is soft and wet, gum-soaked and has a
characteristic sour smell. The colour of cortical tissues of the cankered area
varies from bright orange to brown. Later the necrotized phloem dries out
and black pycnidia of Cytospora cincta develop under the bark. Since the cytosporal
canker grows from one year to the other on the margin of the old canker the new
infected zone appears during the sensitive period of tree. The browning of
tissues is often followed by gum exudation.

The damage of xylem tissues appears in the form of brown-black stripes
which extend by more than 5—30 cm necrosis of phloem. These brown strips in the
xylem are also very similar to those caused by Pseudomonas syringae.
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Results
The causal organism of the cytosporal infection

Twelve Cytospora strains were isolated from apricots, peaches and cherry
trees. The cultures originated from apricots and peaches produced greyish-white
mycelium while the strains isolated from cherry trees grow in a form of oil-green
mycelium on potato-dextrose-agar medium. Pycnidia developed in 4—5 week
old cultures. On the basis of the inner structure of the pycnidia the fungi isolated
from apricots and peaches were determined as Cytospora cincta Sacc.

Fig. 2. Extension of the necrotized phloem and the length of browned xylem
induced by Cytospora cincta

The virulence of the various strains on apricot was different but there was no
correlation between their virulences and their host origin. Since the strain No. 6
isolated from apricot proved to be the most virulent, this strain was used for
further inoculations.
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Artificial inoculations with Cytospora cincta

All artificial inoculation with the mycelium culture or the suspension of
pycnospores through the surface of pruning or wounding sites were successful.
These experiments were carried out every month so as to establish the develop-
ment of the disease in the course of one year. These results are summarised in
Fig. 2

It was proved that Cytospora cincta was able to infect apricots all the year
round. The xylem was sensitive every month, however, phloem and cambium
were necrotized only from July till the beginning of vegetation. The wounds
which were inoculated in spring and early summer were overgrown by the new

Fig. 3. The results of the artificial inoculation with Cytospora cincta inoculated on the 14th
September, 1971

callus. It was concluded that the most sensitive period, when the fungus is very
active in the phloem tissue, is September, October and November, but the in-
fections during winter period too are also able to produce cankers and die-back
(Fig. 3, 4).

After the inoculation the mycelium grows continuously in the tissues, how-
ever, cankers or die-back will be visible in the next summer. The pycnidia under
the necrotized bark develop during 3—5 months after the inoculation.

Simultaneous infection with Pseudomonas syringae and Cytospora cincta

The artificial inoculations were conducted from December, 1970 to Novem-
ber, 1971, in every month 1 with Pseudomonas syringae, 2. with Cytospora cincta,
3. with Pseudomonas syringae and Cytospora cincta simultaneously. This experi-
ment was evaluated on December 9, 1971 (Table 1) and later on July 18, 1972
(Table 2).

The results in Table 1are not completely suitable for evaluation because
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Fig. 4. The effect of Cytospora cincta necrotizing phloem and xylem on one year old branches

Table 4
Different pathogens which cause die-back symptoms.

Die-back (apoplexy) of apricots

sudden wilt slow wilting
(during a few days)

MONILIA MYCOPLASMA VERTICILL1UM
(die-back of shoots) (chlorotic leaf roll) (Wilt)
PSEUDOMONAS CYTOSPORA
(bacterial canker and die-back) (cytosporal canker and die-back)
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Table 1

Extension of cankers (necrotized phloem) in cm induced by Cytospora cincta and Pseudomonas
syringae and by the two pathogens simultaneously. Beginning of the experiment: December
1970. The data of the first evaluation: December 9th, 1971

The date of Cytospora cincta +

inoculation Cytospora cincta Pseudomonas syringae Pseudomonas syringae
December 8 2.86 361 139
January 13 150 4.40 15.55
February 11 24 9.51 1701
March 10 0.2 0.45 05
April 9 0.00 0.41 0.41
May 12 0.27 0.00 0.51
June 3 0.73 0.43 3.37
July 13 4.42 3.2 3.65
August n 29 2.46 271
September 1 2.7 2.58 3.6
October 7 2.23 2.32 24
November 5 Cannot be estimated at this time

Table 2

Extention of cankers (necrotized phloem) in cm induced by Cytospora and Pseudomonas
syringae and by the two pathogens simultaneously. Beginning of the experiment: December
1970. The data of the second evaluation: July 18th, 1972

The date of Cytospora cincta
inoculation Cytospora cincta Pseudomonas syringae Pseudomonas syringae

December 8 42 44 149
January 13 25 21 138
February 11 24 8.6 16.7
March 10 0.7 84 34
April 9 0 0 0

May 12 0 0 0

June 3 0 0 25
July 13 8.2 0 25
August n 112 0 94
September 1 16.2 0 139
October 7 105 0 104
November 5 18.7 25 9.2

there was not enough time for the development of cankers. However, the com-
parison of the data in Table 1and Table 2 gives us some information on the ex-
tension of the disease.

The symptoms induced by the bacterium and Cytospora cincta were indis-
tinguishable. Both causal organisms infected phloem and xylem, however, only the
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Table 3

Correlation between the age of the pruning wounds and the extension of cankers and length
of browned xylem in cm induced by Cytospora cincta

Experiment | Experiment 11

(September  6th  1971) (September 24th  1971)
The age
of wounds Development Development
In phloem In xylem of pycnidia In phloem In xylem of pycnidia
0h 9.8 12.2 + o4+ 6.0 6.5
1h 12.6 138 + o+ o+ 5.0 5.7 —
3h 8.7 132 + + 6.2 6.3 —
6 h 7.0 115 + 2.0 20 —
24 h 9.8 10.0 + 110 11.0 —
48 h 8.0 10.7 + o+ 12 25 -
5 days 110 125 + + 4+ 3.0 30 —
8 days 33 43 + 2.0 30 —
10 days 4.0 45 + 0 0 —
16 days 20 45 — 0 0 —
24 days 0 0 — 0 0 _
29 days 6.0 14.0 + o+ 0 0 _
40 days 0 0 — 0 0 —

The extent of production of pycnidia: + weak; + + medium + + + strong; — no
pycnidia.

diseased and necrotized phloem and necrotized cambium caused die-back symptom
on the both cases.

It was proved that Pseudomonas syringae is able to infect xylem all the year
round but phloem and cambium were infected only from leaf-fall to the beginning
of vegetation. Therefore, the infections during the vegetation period do not cause
cankers and die-back. Die-back symptom usually developed in spring or early
summer after the winter inoculations.

As it was shown above, Cytospora cincta was also able to infect apricot
trees, however cankers and die-back developed if the inoculations were done from
July to March. The wounds which were inoculated in spring and early summer
were overgrown by the new callus.

When Pseudomonas syringae and Cytospora cincta were used as inocula
simultaneously the symptoms were stronger than those of the cankers which were
caused by only one ofthe pathogens (Fig. 5). However, this synergistic effect appears
only if the inoculation was carried out in the dormant stage of the trees. There are
no synergistic effects if the inoculation was made during the vegetation period.
The size of cankers was two-three times larger than those which were induced by
the bacterium and five-six times larger than cankers caused by Cytospora cincta.

Pseudomonas syringae could be re-isolated from freshly necrotized tissues
only from December to the middle of June. On the contrary, the re-isolation of
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Fig. 5 One year old canker inoculated simultaneously with Pseudomonas syringae and
Cytospora cincta

N  Cytospora cincta
M Pseudomonas syringae
N C cincta ¢P. syringae
[ active cankers
118 VA V. \ VI, X. month

Fig. 6. Effect of the inoculation with Cytospora cincta, Pseudomonas syringae and with both
pathogens simultaneously, in the phloem and the reactivation of cankers in the following year
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Cytospora cincta was successful all over the year. As we have seen after a threc-
year-period of artificial inoculations the spread of Pseudomonas syringae in
tissues is rapid but does not extend from one year to the other. Therefore, the
bacterial apoplexy seems to be an acute disease. On the other hand, Cytospora
cincta grows slower than the bacterium but it causes a chronic disease and so
cankers are developed and reactivated year by year (Fig. 6).

Correlation between the age of wound and its infectivity

Both, Pseudomonas syringae and Cytospora cincta infect trees through
natural wounds but more frequently at pruning points. Therefore, an important
epidemiological question arises: Flow long dees a freshly cut wound serve as an
open door for infection?

In an earlier experiment it was proved that only fresh wounds could be in-
fected by Pseudomonas syringae. If wounds were older than 5 hours the inocu-
lation with the bacterium was unsuccessful.

The experiments with Cytospora cincta is demonstrated in the Table 3. It
was interesting to see, that wounds were sensitive for a much longer period to
cytosporal infection than to bacterial infection. For instance, in a few experiments
wounds were sensitive to Cytospora cincta also on the 29th day after wounding,
generally only 8—10 days after pruning.

Discussion

The presence of Pseudomonas syringae and Cytospora cincta in apricots have
been demonstrated by many research workers, however, they have not emphasized
the significance of these pathogens or the two pathogens together in the patho-
genesis of the apoplexy of apricots. Furthermore, the importance of these patho-
gens was not realized sufficiently in the apricot producing countries.

The definition of the apoplexy of apricots should be clarified too. So far all
kinds of apricot damage are called apoplexy. This leads to misunderstanding. In
the human pathology the apoplexy is reserved only for a symptom which appears
suddenly. In future it would he advisable to reserve the term apoplexy of apricots
to those diseases which are infectious and result in a sudden death of trees
(Table 4). Other symptoms caused by organisms, like Verticillium and mycoplasma,
can be characterized by slow destruction of trees (e.g. yellowing, early leaf fall,
distortion), should be distinguished from apoplexy. This would clarify and pre-
vent misunderstanding on this problem.

In Hungary Pseudomonas syringae and Cytospora cincta or the two pathogens
together are responsible for the development of apoplexy of apricots. The Verti-
cillium spp. occur only rarely in Hungary and the symptoms caused by these fungi
differ externally from those of typical apoplexy (Berend, 1958).
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Monilia spp.which cause wilt and die-back of young shoots appear only in early
spring and only rarely, Chlorotic leaf roll of apricots which is induced by a myco-
plasma (Morvan, 1968) has not been determined in this country.

Our investigations have clearly shown that Cytospora cincta is a true patho-
gen on apricots and not only a secondary parasite on the weakened trees. Our
experiments were conducted on very well growing trees and the artificial inocu-
lations with this fungus were successful in each case if they were made in the
sensitive stage of the tree.

These results call attention to the importance of the combined infection of
apricots. In orchards there are many possibilities for the combined infection with
Pseudomonas syringae and Cytospora cincta.

The identity of symptoms produced by these pathogens caused many mis-
understandings in the past as regards apoplexy of apricots. The results of the
study outlined above dissolved the problem.

The knowledge of the annual-cycle of the disease (Fig. 7) gives a chance for
the effective control against the apoplexy disease of apricots. Since both pathogens
infect through wounds, the time of pruning must be changed. Namely, it seems
necessary to work out a new pruning system. At present, pruning of apricots is
usually carried out during the dormant stage of trees. However, at this time
apricot trees are in the most sensitive physiological condition against Pseudomonas
syringae and Cytospora cincta. Therefore, it is not advisible to prune apricots
during the winter period. In the new system pruning of the trees should be made
from the start of vegetation till the middle of June. During this period trees are
resistant to both of the pathogens (Fig. 6). In this time both pathogens infect only
the xylem but not phloem, and the infection is localised by the new callus produced.
If pruning is carried out in the spring, all other control measures would seem
to be unnecessary.
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inhibition de la réaction hypersensible par des
extraits de feuilles

Par

S. Sule,* A. Coleno et M. Le Normand**

Extracts from healthy leaves of tobacco and cabbage preinfiltrated into the
leaves of tobacco can inhibit the hypersensitive reaction induced by a plant pathogenic
bacterium (Pseudomonas phaseolicola). Leaves were ground by hand in a precooled
mortar with buffer and precooled sand. The grinding was continued for 4 min. The
resulting slurry was squeezed through two layers of cheese-cloth and centrifuged for
1 min at 500 g to sediment whole cells, debris and sand. The supernatant was collected
and centrifuged for 10 min at 6000 g. The sediment consisted mainly of chloroplasts,
and the supernatant contained mitochondria, soluble fraction, and some broken chloro-
plasts. The chloroplast fraction was suspended in water and infiltrated into tobacco
leaves. The inhibition of the hypersensitive reaction was detected 6—38 hours after the
infiltration of the extracts. The supernatant was fractionated by (NH42S04 and differ-
ent fractions was also infiltrated into leaves. The chloroplast fraction gave the best
protective effect. Other fractions were less inhibitory depending on the concentration
of (NH4)jS04.

La plupart des bactéries phytopathogénes injectées a un hote hétérologue y
induisent une réaction hypersensible. Ceci se traduit par I’apparition d’un flétrisse-
ment localisé (collapse) qui ne se manifeste que pour autant que la concentration
des germes injectés ait dépassée 2x 106 germes/ml (K1ement, 1967). La réaction
peut étre inhibée par différents traitements: infiltration d’ion calcium (Cook et
Stall, 1970), température élevée (Sule et Kiement, 1971), cytokinines (Novacky,
1972), prétraitement par des bactéries ou des extraits de bactéries dont I'infiltration
préalable développe un état de prémunité. Ki1ement (1967) a ainsi obtenu une in-
hibition de la réaction avec des bactéries saprophytes et Lozano et Sequeira
(1970) avec des bactéries tuées.

D’aprés nos expériences (Le Normand et al., 1972) induire une prémunité
chez un hote hétérologue est une propriété commune a tous les types de bactéries
phytopathogénes. La dose prémunisante est généralement de 2x104 germes/ml
cependant, elle peut atteindre 108germes/ml pour des bactéries qui ne déclenchent

* Institut de la Protection des Plantes, Budapest H-1525, B.P. 102. Hongrie
** Laboratoire de Pathologie végétale, Centrede Recherches, I.N.R.A. Ecole Nationale
Supérieure Agronomique, 35-Rennes, France
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pas la réaction hypersensible, c’est le cas par example pour Corynebacterium
fascians et Pseudomonas marginalis. Sequeira et al. (1972) ont pu isoler a partir
d’extraits bactériens des protéines responsables de cet effet. lls ont également
montré que l'injection de protiénes d’une autre origine (caséine, trypsine, ribo-
nucléase . ..) était incapable de déclencher ce méme état. On pouvait donc étre
amené a conclure que la prémunité est un phénomeéne déclenché par I’injection de
protéines bactériennes spécifiques. Le but de cette étude est de montrer qu’il n’en
est rien et que I’on peut obtenir le méme résultat avec des extraits de feuilles.

Matériel et Méthodes

1. Plantes et bactéries. Des tabacs (Nicotiana tabacum var. Xanthi) sont
utilisés au stade 6—8 feuilles. lls sont placés dans une chambre climatisée a 25°C
et 70% d’humidité et sous un éclairement continu de 7000 lux. La bactérie choisie
est Pseudomonas phaseolicola (Burk) Dowson, souche 88 de notre collection.
Apreés 24 heures de culture sur milieu de King B, les germes sont prélevés, lavés et
suspendus en eau distillée. La suspension est ajustée a 5x 10e bactérie/ml.

2. Extraction. On préleve les trois feuilles médianes de chaque plante puis
on retire les nervures centrales de chacune d’elles. Les feuilles sont alors rassem-
blées puis placées au réfrigérateur durant trente minutes, elles sont ensuite pesées
et broyées au mortier avec du sable de Fontainebleau et en présence d’acide ascor-
bique (0.5% du poids frais). Le broyat est alors passé sur étamine et le liquide
récolté est centrifugé 1 minute a 500 g afin de sédimenter sable et gros débris. Le
surnageant est alors centrifugé a 6000 g durant 10 minutes. Le culot est repris dans
5 fois son volume d’eau distillée: fraction La fraction Ej et son surnageant sont
injectés directement dans les feuilles. On a également préparé des extraits pro-
téiques; dans ce cas le broyage de feuilles a été réalisé dans un faible volume de
tampon phosphate 0.02 M pH 6.5 additionné de chlorhydrate de cystéine (0.1 %
du poids frais). Ce dernier est en effet le seul corps efficace en présence de quantités
importantes d’acide chlorogénique et de phénolases comme c’est le cas chez tabac
(Anderson, 1968; Khanna e? u/. 1968), on procede ensuite comme précédemment.
Le dernier surnageant est ensuite précipité par de lI’acéton pure ou de I’alcool
éthylique porté a la température de —25°C ou encore par une solution saturée de
sulfate d’ammonium. Dans ce cas on a désigné la fraction précipitée entre:

0 et 25 % de saturation par F,
25 et 35 % de saturation par F2
35 et 55 % de saturation par F3
55 et 80 % de saturation par F,

Les précipités ont dans tous les cas été repris dans 5 fois son volume d’eau distillée
et dialysés contre de I’eau courante jusqu’a élimination de I’ammoniaque.
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L’ensemble des opérations décrites a été effectué a +2°C.

3. Technique. Les differents extraits ont été infiltrés dans des espaces
nervaires de feuilles de tabac a I’aide de la technique décrite par K 1ement (1963).
Les infiltrations ont toujours été réalisées sur des feuilles de méme age en position
médiane, les plantes sont ensuite placées en éclairement continu durant 6—8
heures. La suspension bactérienne d’épreuve est alors injectée dans les mémes
espaces internervaires. On a réservé un espace témoin par feuille (qui n’a donc
recu que I’injection bactérienne), et par ailleurs on a éprouvé la suspension sur des
plantes témoins n’ayant regu aucune injection préalable de fagon a déceler un
éventuel effet systémique.

Résultats

La fraction Ej comprenant essentiellement les chloroplastes et les débris de
chloroplastes inhibe totalement la réaction hypersensible. Le surnageant récupéré
apres la sédimentation des éléments ayant servi & la préparation de E,, présente le
méme effet inhibiteur, cependant conservé a la température ambiante (28°C) il
brunit trés vite et perd simultanément son activité inhibitrice.

Fig. 1. Effet de] protection (P) en pour cent obtenu par les différentes fractions de I'extrait
de plante

Les extraits obtenus aprés dissolution des précipitations alcooliques ou acé-
toniques ont également un effet inhibiteur mais bien inférieur a celui obtenu avec
Et. Quant aux extraits obtenus aprés précipitation fractionnées au sulfate d’am-
monium, ils s’avérent d’autant moins inhibiteurs que le relargage a été obtenu
avec une concentration plus grande.

La figure 1 montre que la fraction Fj (—25%) qui présente encore une
couleur verte due a la présence d’éléments chloroplastiques, inhibe fortement la
réaction hypersensible, la fraction F2 (25—35%) inhibe encore notablement; par
contre la fraction F3 (35—55%) n’inhibe plus qu’a 50%, quant a la fraction Fj
(55—80%) son effet est discutable. La plupart des feuilles injectées avec cette
derniere fraction présentent le symptdéme de collapse, cependant quelques feuilles
ne flétrissent qu’a moitié.
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Nous avons pu noter, en outre, un effet systémique qui s’observait sur les
espaces internervaires voisins et cela dans le cas des trois extraits: Eb Fb F2 Cet
effet ne se manifeste pas dans le cas de F3et F4

Afin d’apprécier I’effet de la lumiere sur cette inhibition, nous avons paral-
Ielement maintenu une série de plantes & I’obscurité et nous les avons traitées de la
méme fagon que précédemment. Cependant 5 heures aprés I'injection bactérienne
ces plantes sont retirées de I’obscurité et mises sous éclairage faible (2000 lux).
Dans ce cas on constate que |’effet inhibiteur se manifeste aussi mais son intensité
est plus faible que dans les séries précédentes. Nous avons enfin examiné la thermo-
sensibilité de cette propriété de la fagon suivante. Tous les extraits ont été chauffés
1a 2 minutes a 80°C, il apparait des précipités que I’on maintient en suspension et
on injecte le tout comme précédemment. On constate que cette opération ne fait
pas perdre I’effet inhibiteur des fractions Exet Fxalors que les fractions F2 F3 F4
perdent graduellement le leur.

Par ailleurs, cet effet ainsi mis en évidence ne semble pas étre spécifique,
nous l’avons obtenu également en injectant des extraits de choux (préparés
comme précédemment) dans des feuilles de tabac.

Discussion

Fes résultats montrent que I’on peut prémunir contre la réaction hyper-
sensible non seulement avec des bactéries ou des extraits bactériens mais encore
par des extraits de feuilles. Fe fait que toutes les fractions aient présenté un effet
inhibiteur plus ou moins marqué donne a penser que I’aptitude a prémunir n’est
pas due a un seul type de substance.

Il semble aussi que, bien que la lumiere favorise la prémunition, elle ne
constitue cependant pas un facteur essentiel. Enfin, puisque ces fractions riches en
chloroplastes ou en fragments de chloroplastes présentent I’effet maximal, on peut
penser que cette propriété leur est liée.

Sommaire

Les extraits de feuilles saines possédent des propriétés inhibitrices sur la réaction hyper-
sensible. La fraction comprenant essentiellement les chloroplastes inhibe totalement la réac-
tion hypersensible.
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Problem of Variation in Xanthomonas malvacearum

By
M. V. Nayudu

Botany Department, S. V. University, Tirupati, India

Less virulent or weakly pathogenic isolates of races A, B, C and D of
Xanthomonas malvacearum did not show specific relationship of L-serine inhibi-
tion of bacterial growth to host specificity or virulence. Race D is suggested to
have been derived from Race A.

Introduction

I had earlier suggested the recognition of 4 races in Xanthomonas malvacea-
rum (E. F. Sm) Dowson, and biotypes within each (Nayudu, 1964). The races A,
B, C and D are distinguished based on their restricted pathogenicity to the 4
species of cotton, Gossypium hirsutum L, G. barbadense L, G. arboreum L, and G.
herbaceum L. Hirsutum and barbadense are allotetraploids (n: 26), and arboreums
and herbaceums are diploids (n: 13). Race A is pathogenic to all 4 species, race B
is non-pathogenic to G. herbaceum, race C is non-pathogenic to G. arboreum, and
race D is non-pathogenic to both herbaceums and arboreums. Biotypes are rec-
ognized on the basis of variation in pathogenicity to varieties within a host
species. | had also suggested derivation of races B and C from race A or D by two
different mutations.

Early in 1968, most of the “5-year-old” cultures, particularly of races A, B
and C, were lost due to a mistake. In November 1968, isolations were made from
infected material of G. arboreum var. Adonicum and G. herbaceum var. Westerns-1,
sent by the senior cotton Assistant, Adoni, Andhra Pradesh. Sixteen arboreum-
isolates and 6 herbaceum-isolates were tested against the 4 species of cotton.
Results are presented in Table 1for some of the isolates.

To elucidate the possible amino acid nutritional relationship to variation in
virulence, L-glutamic acid and L-serine relationships were studied. Methods were
described earlier (Nayudu, 1970). Table 2 presents the data.
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Results and Discussion

None of the 22 isolates gave highly virulent reaction on any host, and most
isolates were weakly pathogenic in contrast to isolates 1worked with earlier. Isola-
tes 066, 068and 071 fall under race A; isolates 060, 065 and 074 under race B;
isolate 053 under race C; and isolates 054 and 059 under race D. Thus arboreum-iso-
lates fall under races A, B and D, while herbaceum-isolates fall under races C
and D.

I have no evidence so far of any isolate from hirsutum or barbadense in-
fecting the other two host species, and all these isolates are of D race only. Nor has

Table 1
Pathogenicity of isolates of X. malvacearum to 4 species of cotton

053* 054 059 060 065 , 066 068 071 1 074

Laxmi*»* (Hirsutum) 2 ¥
Adonicum (Arboreum) 0
Westerns-1 (Herbaceum) 2
Sea Island (Barbadense) 2

e N Q) —

W™
N e N
_—0 N

2 1
0 0 !
0 0
2 1

- O NN
e O b N

* 053, 054: Isolates from G. herbaceum var. Westerns-1. 059 to 074: Isolates from G.
arboreum var. Adonicum.

** o :no lesion; 1 : lesions 10 or less per leaf, brown, minute and dry from the begin-
ning, no yellowing; 2 : lesions 100 or less per leaf, minute, brown and dry from the beginning,
slight yellowing in the vicinity of lesions; 3: lesions 100 or more per leaf, water soaked and/or
brown from the beginning, 1 mm, leaf yellowing; 4: lesions 100 or more per leaf, remain water
soaked and continually expand up to one-and-half months time, 1—3 mm, turn brown and
coalesce with time, leaf yellowing, drying, shedding, vein infection.

*** Standard differentials in use since 1963.

Table 2
Growth of different isolates of X. malvacearum as affected by L-serine*

Serine: ¢g N/ml

Isolate**
0 50 13

Oil 0.155 0 0.249
053 0.269 0 0.227
054 0.155 0.01 0.017
059 0.269 0 0.064
060 0.119 0.005 0.109
068 0.172 0.01 0.095
071 0.155 0 0.092
074 0.120 0 0.020

»Medium: K:HPO04: 0.12%; KH2PO,: 0.08%; Mg SO, m7H:0: 0.02%; Sucrose:
1%; L-glutamic acid: 200 yg N/ml.

** |solate 011: from a hirsutum. Isolates 053, 054: from herbaceum. lIsolates 059
to 074: from arboreum.
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any D-type isolate over the 6-year period in culture changed to B or C type.
Original A, B and C race-cultures remained stable during 1963—1968. Highly
virulent race D culture has not so far been obtained from naturally infected
arboreums or herbaceums.

The present recording of races A, B and D from arboreum, and C and D
from herbaceum, even though of low pathogenicity, suggest derivation of race D
from race A. Hunter et al. (1968) recognize 15 races in U.S.A. using 7 hirsutum
differentials. This probably satisfies the local needs where hirsutum and bar-
badense only are grown. Where four different species are grown even in adjacent
fields as in India the problem is more complex.

In earlier work both a less virulent and a highly virulent isolate, derived from
a hirsutum variety, were reported to be inhibited by even 13/tg N L-serine per ml
but the less virulent isolate was inhibited less than the other (Nayudu, 1970). The
inhibitory effect was attributed to the amino group of serine probably involving
polymerization. Using L-glutamic acid-1-14C, it has been demonstrated that it is
accumulated to a very high concentration in the presence of 50 /tg N/ml of serine
(Nayudu, 1972). It was suggested that either bacterial cell permeability was
altered allowing glutamic acid accumulation to toxic proportions, or the glutamic
acid-serine polymer was not hydrolysed in the cells leading to their starvation.

Isolate 011 and other isolates from hirsutum and barbadense varieties in the
present study were totally inhibited by 50 /tg N serine per ml, but stimulated by
13 fig N serine per ml. Among the less virulent isolates derived from arboreum
and herbaceum varieties, races A (068, 071), B (074) and U (054 and 059) are
greatly inhibited by 13/tg N serine per ml, while the B type (060) and C type (053)
are inhibited very little.

These results demonstrate the basic phenomenon of inhibition of bacterial
growth by L-serine. At this stage, they cannot be related to host specificity of the
races or virulence of the pathogen. This inhibitory effect of serine is already
reported for X. vesicatoria (Nayudu and Walker, 1961), and is also noted in X.
Citri (unpublished). Therefore, other phenomena will have to be looked for to
explain host specificity of a pathogen and its virulence.
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Growth Inhibition of Virus-infected Plants:
Alterations of Peroxidase Enzymes in Compatible
and Incompatible Host-Parasite Relations

By

R. Gaborjanyi,1 F. SAor and E. Balazsl

The rate of growth inhibition of inoculated tobacco cultivars, Nicotiana tabacum L.
cv. Samsun and cv. Xanthi-nc was measured one month after systemic infection with
tobacco mosaic virus (TMV), Lfi strain and cucumber mosaic virus (CMV) white
strain, respectively. A positive correlation was determined between the virus-induced
host stunting and the enhanced activity of peroxidase enzymes of the host stem. The
systemic infection did not induce synthesis of new peroxidase isozymes. The growth
inhibition of the TMV-infected hypersensitive cultivar (Xanthi-nc) was not remarkable.
Similarly, no significant change was experienced in this case in the peroxidase activities,
except the soluble fraction of the inoculated leaves. New peroxidase isozymes appeared
in the soluble and cell-wall bound fraction of the inoculated leaves, but there was no
change in the isozyme spectra of the stem fractions. Permanent effect of the local virus
infection on the peroxidase activity was detected only in the soluble fraction of the
young, non infected leaves, which may be in relation to the systemic acquired resistance.
No change of activities was registered in the peroxidase fractions of the stem, according
to the nearly normal growth of the host. The dwarfing effect of systemic virus infection
was reversed by treatment with gibberellic acid. Since gibberellin treatment may
reduce indolaecetic acid oxidase activity in the plant cell-wall fraction one can suppose
that the virus-induced dwarfing effect could be reversed by this way.

The pathogen increases without significant limitation in virus infected

susceptible host plants inducing a systemic type of infection (compatibility). The
systemic infection may be symptomless or visible symptoms may be found such as
mosaic, chlorosis, leaf and flower abnormalities. One of the most characteristic
symptoms is the inhibition of growth of diseased plants. This growth inhibition
can be expressed by reduction of leaf size and the shortening of internodia. In most
cases dwarfing induced by virus infection is the cause of yield loss having signif-

icant

economic importance (Cf. Horvatnh, 1971). In spite of this the metabolism

of growth inhibition induced by virus infection has not been clarified from a
pathophysiological point of view.

1Research Institute for Plant Protection, Budapest
- Research Institute of Horticulture, Fert6d, Hungary
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Resistant host plant reacts to the infection of pathogen by a hypersensitive
reaction and localizes it in the site of infection (incompatibility). In this host-
parasite relationship (resistant plant) growth inhibition can not be expected or if
so to a limited extent.

The explanation of the significant difference in the symptoms of the two
host-parasite relationships may be connected to different metabolic changes in
the host plant. The different metabolism of local and systemic virus infections has
been reported (Farkas, Kiraly and Solymosy, 1960; Farkas and Solymosy,
1965 ;G oodman, Kiraly and Zaitltin, 1967). The intention was primarily centered
on the cause of the resistance. Particularly, the increased activity of peroxidase
was involved in the formation in active zones surrounding of local lesions (Ross,
1961a and b).

The indoleacetic acid oxidase enzyme —indirectly regulating growth —was
found to be identical with peroxidase (Ray, 1958). Determining its localization in
the cells (Hackett and Ragland, 1962; Ridge and Osborne, 1971; Sagi, 1970,
1971) provided the opportunity for the investigation of this enzyme not only in the
soluble, but in the cell-wall bound fraction too.

The peroxidase activity of virus infected plants has been measured in many
cases. However, former investigations did not extend to the separation of certain
peroxidase fractions, on the other hand the obtained results were not related to the
abnormal growth due to virus infection.

In the present study the activity of peroxidase was examined in the leaf and
stem tissues. Our results indicated, that after the systemic virus infection the
activity of peroxidase enzyme increases permanently both in stem and leaf in all
of the fractions, without the formation of new isozymes. On the contrary in re-
sistant host plants, in the course of the hypersensitive reaction, marked activity
can be detected both in the soluble and the cell-wall bound fraction of infected
leaves. This, however, is accompanied by the appearance of new isozymes. New
isozymes do not occur in the bound and soluble fractions of the stem. The rise
of peroxidase activity in stems is only temporary.

Material and Method

Host-parasite relations. For investigating of induced growth inhibition by
virus infection tobacco (Nicotiana tabacum L. cv. Samsun and cv. Xanthi-uc)
seems to be a suitable material. Tobacco plants, grown under normal greenhouse
conditions, were used for virus inoculation in the 6—38 leaf stages.

Tobacco mosaic virus (TMV, Uj strain) and cucumber mosaic virus (CMV,
white strain) were used for inoculations. One month after virus infection remark-
able growth inhibition was detectable in the compatible host-parasite relation.
A hypersensitive tobacco (Xanthi-ac) was applied as local host plant for TMV
infection. Estimation of growth inhibition of diseased plants and investigation on
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the activity of peroxidase enzyme were carried out on systemically infected plants
one month after inoculation.

In the case of local infections peroxidase activity was measured 5—6 days
after inoculation i.e. at the very time of symptom development. For investigating
the permanent effect of local virus infection on peroxidase of this enzyme was
measured one month after inoculation in the non-infected leaves and stems. The
measurements were carried out in each season.

Peroxidase. For examining of peroxidase activities the samples were taken
from upper third of plants. Ten grams of fresh weight of leaf and stem samples
were ground in equal volume of cold distilled water in mortar and then were
homogenized in a Waring blendor. After centrifugation of aqueous extract (1500
rev/min, for 10 min) the supernatant was separated. The sediment was suspended
again in distilled water, ground in a mortar and centrifuged again. The super-
natant fractions were collected in 8 replications. The 8—10. fractions having no
more peroxidase activity were discarded. The collected supernatants were centri-
fuged in a preparative ultracentrifuge (Janetzki VAC 60 type, 105.000 g, for 1 h)
and the supernatant was used for measuring the soluble peroxidase activity.

The cell-wall bound peroxidase activity was measured in the residue of
distilled water fractionation, with a phosphate buffer (0.15 M, pH 7.2) con-
taining 0.3 M NaCl. The activities were measured according to the method of
Bfloserski and Proskurjakov (1956). For determining the protein content the
method of Lowry et al. (1951) was used. An aliquot of the extracts was used for
polyacrylamide gel electrophoresis. The diaiized enzyme extracts were concen-
trated in 50% polyethylenglycol (Carbowax 20.000). Amounts equivalent to
100—200/ig protein were taken on gel (Cyanogum 41.5%) and were run in 0.1 M
TR1S-EDTA buffer (30 min 25 mA and 90 min 5 mA per tube). The gels were
soaked in 0.2 M Na-acetate buffer (pH 5) and the peroxidase activities were
determined by incubation in solutions of benzidine and hydrogen peroxide.

Results and Discussion

Growth inhibition induced by virus infection

Systemic mosaic symptoms of TMV and CMV appeared 12—15 days after
inoculation. Growth inhibition could be observed from the second week fol-
lowing inoculation. The number of leaves developed on the infected plants was
similar as on the control, however, the internodia became shorter. The growth
inhibition induced by virus infections are summarized in Table 1

The resistant host plants react to virus infection by developing local necrosis
(incompatibility). Local necroses can be seen from the second day following in-
fection. At the high inoculum concentration used by us 50% of the leaf surface

6* Acta Phytopathologica Acadcmiae Scientiarutn Hungaricae 8, 1973



84 Gaborjanyi et al.: Alterations of peroxidase

Table 1

Growth and leaf weight of healthy and virus infected plants*

Host-parasite relation Stem length (cm) 1 Leaf weight (g)
TMV-Samsun (compatibility) 8.6 615
Control Samsun 19.0 89.0
CMV-Xanthi (compatibility) 95 50.0
Control Xanthi 16.3 1015
TMV-Xanthi (incompatibility) 16.5 88.5
Control Xanthi 179 99.6

* Measures one month after inoculation
TMV = tobacco mosaic virus; CMV = cucumber mosaic virus

necrotized. One can see in Table 1 that the growth of resistant Xanthi plants
were not significantly influenced by TMV-infection.

Changes in peroxidase activity

Investigations so far have shown that the oxidative metabolism of system-
ically infected leaves slightly increases with the appearance of symptoms. In certain
cases it is in correlation with virus multiplication (Loebenstein and Linsey, 1961 ;
Novacky and Hampton, 1967; Wood and Barbara, 1971, Stahmann and
Demorest, 1972). According to our measurements (Table 2) peroxidase activity

Table 2

Peroxidase activities in susceptible host-parasite relation

; R
Peroxidase Peroxidase activity
Plant part

fraction TMV-Samsun CMV-Xanthi
Leaf soluble 1.30 0.99

bound 1.49 1.60
Stem soluble 2.69 1.80

bound 2.07 1.32

* Specific activity rates presented per 10 /rg protein
TMV = tobacco mosaic virus; CMV = cucumber mosaic virus

showed a slight rise in the leaves, both in the cytoplasmic and the cell-wall fractions.
Only the activities in the cytoplasmic fraction make a comparison with date of
literature possible. The so-called “soluble fraction” does not contain ribosomal or
mitochondrial peroxidase. In this way our results are in accordance with other
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data, although in our experiments the values are generally lower. This is especially
the case in Xanthi-TMV relationship.

The peroxidase enzyme activities measured in the stem, similarly showed an
increasing tendency, which proves the permanent efficiency of a general stress
effect connected with infection. Activities measured in soluble and bound fraction
of the infected plants rise by about twofold as compared to the control. The in-
creased peroxidase activity measured in the stem could have a remarkable role in
the oxidation on indoleacetic acid responsible for cell elongation.

In the case of resistant plants the necrogenic reaction connected with virus
infection activates a series of enzymes in infected leaves both at the site of necroses
and in the zones surrounding the lesions (Solymosy and Farkas, 1963). The per-
oxidase activities show a maximum at the very time of symptom development
(Van Loon and Geleen, 1971).

Peroxidase activities established 5—7 days after inoculation in the inocu-
lated leaves are shown in Table 3. The data obtained at time of symptom appearance

Table 3

Peroxidase activities in incompatible host-parasite relation

. S
Peroxidase Peroxidase activity

Plant part fraction TMV-Xanthi** TMV-Xanthi***
Leaf soluble 3.60 129
bound 129 0.98
Stem soluble 0.95 0.72
bound 144 1.02

* Specific activity rates presented per 10 pg protein
** Measurement 6 days after inoculation
*** Measurement 30 days after inoculation in the newly developed parts

demonstrate deviations according to the enzyme source. The marked increase in
the activity of the soluble fraction of inoculated leaves is well-known from the
literature. Much more important is the fact that the peroxidase activity of other
leaf or stem fractions shows only a slight change.

Our data are in accordance with symptom observations. After inoculation
a stress effect is going on in the resistant plants and if the inoculation is accom-
panied by necrosis the host may lose one or more leaves. Thus, disturbances in growth
are only temporary in the host, therefore plants can grow normally. According to
Simons and Ross (1970, 1971) peroxidase activity in the upper non-infected
leaves of locally infected host plant remains at a high level three weeks following
inoculation. In the newly developed healthy leaves the peroxidase activity is in
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correlation with the systemic acquired resistance. As regards enzymes other than
peroxidase such lasting effect could not be observed.

This results are apparently in contradiction with the quite normal develop-
ment of infected plants. If the peroxidase activities are measured in the cell-wall
bound and soluble fractions both in the leaves and the stems, this contradiction
disappears. One month after infection peroxidase activities are smaller than the
values obtained during the lesion development. The activities in bound fraction
or the stem fractions are similar to the control. An increase in the enzyme activity
occurs only the enzyme fraction having no importance from the point of view of
stem elongation.

Peroxidase isozymes

Not only the activities of peroxidase enzymes show changes as a result of
virus infection, but the number of components are also altered. According to the
data so far, the enzyme composition in systemic host-parasite relations does not
change, but in the case of local lesion hosts new isoenzymes appear after infection
(Loebenstein and Linsey, 1961; Farkas and Stahmann, 1966; Van Loon and
G eelen, 1971; Stahmann and Demorest, 1972). In contrast to these observations
N ovacky and Hampton (1967; 1968) and Chant and Bates (1970) found that in
the local lesion hosts the “new” peroxidase isoenzymes are only the already
existing isoenzymes activated during the process of senescence. Farkas and
Stahmann (1966) and Stahmann and Demorest (1972) also found new isoenzymes
related to senescence, but among these was one new isozyme which occurred only
in virus infected plants. The development of the new isozyme can be prevented by
protein inhibitors.

It must be stressed that the distribution of peroxidase isozymes in virus-
infected plants was investigated in the above-mentioned cases according to a quite
different experimental design. So there is no possibility to compare the data of the
literature with our results except one field e.g. the cytoplasmic fraction (Solymosy
et al., 1967).

As was expected, no new isoenzymes appear in the cytoplasmic fraction of
the leaf of systemically infected tobacco (Fig. 1). Only the different discolouration
of certain isozymes refers to the enhanced peroxidase activity of infected plants.
Similar results were obtained in the other fractions, too. Results of figures are
only representative ones. Measurements were repeated several times, during the
four seasons, but in the systemic infection of TMV and CMV we have never
found new isoenzymes, although there were some differences in the number of
isoenzymes. McCown et al. (1969) also reported on similar alterations in the iso-
enzyme spectra in relation to the seasons. Certain isozymes of systemically
infected plants showed markedly high activity which is in accordance with the
spectrophotometrical investigations.
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Fig. i. Peroxidase isozyme spectrum in compatible host-parasite relation, in the leaf and stem
fractions of systemically infected tobaccos

Leaf soluble: A TMV —Samsun; B C —Samsun; C CMV — Xanthi; D C — Xanthi.

Leaf bound: E TMV —Samsun; F C —Samsun; G CMV — Xanthi; H C — Xanthi.

Stem soluble: 1 TMV —Samsun; K C —Samsun; L CMV — Xanthi; M C —Xanthi.

Stem bound: N TMV —Samsun; O C —Samsun; P CMV — Xanthi; R C — Xanthi.

TMV = tobacco mosaic virus; CMV = cucumber mosaic virus; C = control

S S

Fig. 2. Peroxidase isoenzymes in incompatible host-parasite relation, in the stem and leaf
fraction of local infected tobaccos

Leaf soluble: A C —Xanthi; B TMV — Xanthi; Leaf bound: C C —Xanthi; D TMV —

Xanthi. Stem soluble: E C—Xanthi; F TMV —Xanthi. Stem bound: G C — Xanthi; H

cC D "

TMV - Xanthi
-
A B G
Fig. 3 Peroxidase isoenzymes in incompatible host-parasite relation 5 and 30 days after
inoculation

Leaf soluble: A Inoculated leaf; B Newly developed leaf. Leaf bound: C Inoculated leaf;
D Newly developed leaf. Stem soluble: E Five days after inoculation; F Thirty days after
inoculation. Stem bound: G Five days after inoculation; H Thirty days after inoculation
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In the resistant plants new isoenzymes appear as a consequence of local
virus infection, not only in the cytoplasmic but also in the cell-wall bound fraction,
indicating significant change in the enzyme system of the cell-wall fraction. Two
new isozymes appear in the soluble and one in the cell-wall bound fraction (Fig. 2).

Especially important is the fact that the new isozymes induced by TMV are
partly cationic peroxidases. We should like to note that one cationic isozyme of
horse-radish peroxidase is more active in ethylene production than the anionic
ones (Yang, 1968). The rise of peroxidase activity in hypersensitive tobaccos
may be related to the enhanced ethylene production of infected plants (Gabor-
janyi, Balazs and Kiraly, 1971; Nakagaki and Hirai, 1971).

We have not found new peroxidase isozymes in stem fractions, which mean
that in this case the virus infection has only local effect on peroxidases. After a one-
month-infection isoenzyme changes were not observed in the stem of resistant
host plant compared with the control, whereas isozymes of soluble and bound
peroxidase showed a higher activity than the control (Fig. 3). This higher activity
is connected with the increased activity of peroxidase measured spectrophoto-
metrically. Permanent effect of virus infection, therefore, is detectable only in the
newly developed leaves.

Reversion of induced dwarfing

The dwarfing effect induced by systemic virus infection may be due to per-
oxidase enzymes (primarily to the indoleacetic acid peroxidase). One can suppose
that by treatment with hormones, the stunting caused by the virus can be reversed.
For this purpose we treated tobacco plants systemically infected with cucumber
mosaic virus with indole-3-acetic acid, 3-indolyl-acetamide, 5-hydroxy-indole-3-
yl-acetic acid, gibberellic acid (GA3, benzyladenine four times, weekly. The in-
hibition of growth caused by virus infection could be reversed by gibberellic acid
(Table 4).

Table 4

Reverse of dwarfing effect of systemic virus infection on Xanthi tobaccos*

Treatment Stem length (cm) Leaf weight (g)

Tndol-3-acetic acid (10 ppm) 17.2 61.3
3-Indolyl-acetamide (10 ppm) 14.7 57.6
5-Hydroxy-indole-3-yl-acetic acid

(10 ppm) 14.2 59.6
Gibberellic acid (GA3 (10 ppm) 20.4 72.0
Benzyladenine (30 ppm) 12.9 415
Non-infected control 218 85.7
Infected control 144 59.2

* Measurement a month after inoculation with cucumber mosaic virus (Averages
from 20-20 plants)
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The indoleacetic acid increases the weight of plants only in a small extent
and was not effective enough in reversing of dwarfing. The other hormons proved
to be ineffective. The exogenous indoleacetic acid has a slight effect because one
part of it becomes bound (cf. : Andrea E and G ood, 1955), on the other hand, as a
substrate of indoleacetic acid peroxidase induces the formation of this enzyme
(Galston and Dalberg, 1954).

The results achieved with gibberellic acid are in accordance with earlier
observation of Kuraishj and Muir (1962). Gibberellin treatment increased the
endogenous auxin level of plants. In addition, Sagi (1972) detected a lower
activity of indoleacetic acid peroxidase in the cell-wall fraction of gibberellin
treated plants. In this way the stunting effect induced by a virus infection can be
controlled by gibberellic acid. Maramorosch (1957) and Oriob and A rny (1961)
similarly reversed dwarfing in plants infected by virus or mycoplasma. Our ex-
perimental results may refer to the reversing mechanism of virus-induced dwarfing
effect.
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Studies on Viruses and Virus Diseases
of Cruciferous Plants

VIII. Purification, Properties and Serology of Erysimum Latent Virus

By
D. D. Shukla*, E Proll, K Schmelzer and H. B Schmidt

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

Erysimum latent virus (ELV) was sufficiently purified by the butanol-chloroform
method and by two cycles of differential centrifugations. After density gradient centri-
fugation, two virus-specific bands were found, top and bottom components (TC and
BC). Only the latter proved to be infective. Sedimentation coefficient (ScX) of BC was
determined as 113.4. BC possesses UV absorption properties of a nucleoprotein. The
extinction quotient at wave lengths of 280 and 260 nm (Q e2so200) Was 0-54 to 0.56
and the Enax : Eninratio fluctuated between 1.3 and 1.5. UV absorption of TC indicat-
ed the presence of a protein with additional substances strongly absorbing in UV
range between 280 and 250 nm. The TC complex could not be separated by repeated
density gradient centrifugations. Phenol-extracted RNA of ELV has maximum and
minimum UV absorption at 258 and 230 nm, respectively, and a Qe:sdze0 between
0.47 and 0.48. In dilution tests, RNA had an infectivity by about 14 per cent in com-
parison to intact virus. An ELV antiserum had a titre of | : 1024 against the homologous
virus in Ouchterlony test. No serological differences could be detected between
TC and BC preparations. The antiserum neither reacted with healthy plant sap nor
with radish mosaic, turnip crinkle, turnip rosette, turnip yellow mosaic, and cauli-
flower mosaic viruses. Electron microscopical investigations showed that BC consisted
of intact virus particles whereas TC represented empty protein shells. The diameter of
intact ELV particles proved to be 21 nm in negative staining preparations and 30 nm in
shadow casting preparations. In comparison to other crucifer viruses, ELV seems to be
most similar to turnip yellow mosaic virus. However, the investigations supported the
idea that ELV is a fifth distinct entity within the group of beetle-transmissible crucifer
viruses.

Erysimum latent virus (ELV) was described as a previously unknown
crucifer virus (Shukla and Schmelzer, 1972). Its host range is mainly confined
to species of Cruciferae. ELV has a dilution end point at | : 500,000, a thermal
inactivation point between 76° and 78°C and is stable in crude sap at room tem-
perature up to 21 days. It is easily transmissible by mechanical inoculation, but
transmission tests with Myzus persicae Sulz. as well as through seeds failed. These
properties are similar to those of other crucifer viruses, known to be transmitted
by chewing insects. However, no close relationship could be demonstrated between

* Present address: College of Agriculture, University of Udaipur, Udaipur, India
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ELV and the earlier found beetle-transmitted crucifer viruses in serological and
cross-protection tests (Shukia and Schmelzer, 1972). The present investigations
were conducted to find a method of purifying ELV, to characterize its physical
properties and its morphology and to develop an antiserum for further studies on
its relationships.

Materials and Methods

Culture and assay of ELV. The virus was propagated for purification in
Sinapis alba L. or in Brassica chinensis L. because it was shown that ELV is rather
highly concentrated in these species (Shukia and Schmelzer, 1972) and they
grew readily in the greenhouse under the normal conditions maintained in the
tests. Methods of preparing inoculum and performing inoculations were the same
as described earlier (Shukla and Schmelzer, 1970a). Infectivity assays were done
on Sinapis alba and/or Brassica napus var. napobrassica. The latter is a good local
lesion host of ELV.

Purification. Systemically and locally infected leaves, together witn their
petioles, were harvested two weeks after inoculation and homogenized in a Waring
blendor in 1:2 (weight per volume) 0.05 or 0.067 M phosphate buffer, pH 7.0.
This buffer was used throughout the experiments. The resulting pulp was pressed
through Dederon cloth and the sap was subjected to one of the following three
procedures for abolishing host constituents: ether/carbontetrachloride (Wetter,
1960), butanol (Tomlinson et al.,, 1959) and butanol-chloroform (Steere, 1956).
The latter method was eventually found best as the partially purified virus pre-
parations were highly infective and relatively clear when examined under electron
microscope in comparison to the other methods. Therefore, this procedure was
followed in subsequent trials:

To the squeezed sap, a mixture of equal volumes of n-butanol and chloro-
form twice in volume of sap was added slowly. The liquid was constantly stirred
for 20 minutes. The resulting emulsion was separated by low-speed centrifugation
(Janetzki GDR, K 23, 2000 g for 15 minutes). The clear yellow supernatant
aqueous phase was subjected to two cycles of differential centrifugation (high-
speed-Janetzki GDR VAC 60, 80,000 g, 120 minutes and 110,000 g, 60 minutes
for first and second cycles, respectively; low-spead-Janetzki GDR K24, 10,000 g,
10 minutes, common to both cycles). The final pellets were resuspended in 1to 15
ml phosphate buffer per 100 gram of starting material. All operations, except
centrifugations, were carried out at room temperature. Most of the work was done
in cooler months. Infectivity tests were performed after each step of purification.

Density gradient centrifugation. By the aid of preparative density gradient
centrifugations in sucrose (Brakke, 1953), the partially purified virus preparations
were fractioned. All density gradient centrifugations were done in Spinco L-2 50
using the rotors SW 25.2, 25.1 (preparative run) and SW 39 (analytical run).
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a) Preparative density gradient centrifugation. The gradients were prepared
by layering 50, 40, 30, 20 and 10 per cent (w : V) sucrose solutions in phosphate
bufTer into the tubes. The tubes of rotors SW 25.2 and SW 25.1 were filled with 13,
10, 10, 10, 22 ml and 5, 7, 7, 7 ml respectively. In the latter case the most con-
centrated solution was omitted. The gradients stood for 24 to 36 hours at 4°C
before being used. On the large gradients 3 ml and on the little | to 2 ml of partially
purified virus preparations were layered. The rotors were centrifuged at 24,000
rpm for 3 hours at 5°C.

The opalescent bands, seen after centrifugation, were sucked by puncturing
the tubes with a hypodermic syringe. The extract was diluted 2 to 3 times of its
volume in phosphate bufTer and centrifuged at 110,000 g for 90 minutes. The virus
sediment was dissolved in a small quantity of buffer and finally centrifuged at
10,000 g for 10 minutes.

In some experiments we fractionated the whole sucrose gradients. For this
the bottom of the tubes was punctured with a syringe and a 60 per cent sucrose
solution was pumped slowly into the tube in order to press the gradient column
through a capillar into the flow cell of the photometer Uvicord Il (LKB-Producter,
Stockholm, Sweden), where the UV-absorption was measured at 254 nm and
recorded.

b) Density gradient centrifugation in acrylamide. To determine purity and
homogenity of the virus preparations, fixing and staining of proteins in poly-
merized sucrose gradients were done by the method of Joiiy et al. (1967). We
used sucrose gradients of 5to 20 per cent in 7.5 per cent acrylamide, pH 7.0. After
a centrifugation at 128,000 g for 90 minutes in SW 39 rotor, the tube content was
photo-polymerized and subsequently fixed and stained with 0.07 per cent amido
black solution, prepared in 7 per cent acetic acid, for 45 minutes. The excess dye
was washed off with 7 per cent acetic acid.

Analytical ultracentrifugation. Sedimentation constants were determined in
the analytical ultracentrifuge U 50 L (Phywe AG Gottingen, FRG) using schlieren
optics. The data were calculated by the graphical (M arknham, 1960) and integral
(Erias, 1961) methods.

Isolation of RNA. ELV RNA was isolated by treating the purified virus
(bottom component) with phenol in the presence of bentonite and sodium dodecyl
sulphate in the manner described by Bockstahler and Kaesberg (1965). In-
fectivity of virus and RNA, obtained from the same preparation, was compared
in four concentrations on Brassica napus var. napobrassica immediately after
isolation. Dilutions were prepared with phosphate buffer. The test plants were
selected for uniformity and only the second and third leaves of each plant were
inoculated. Six plants per treatment were used. Local lesions were counted 5 days
after infection.

VV absorption. All ultraviolet absorption determinations of the virus com-
ponents and RNA were done with an universal spectrophotometer of VEB Carl
Zeiss Jena, GDR.
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Preparation of antiserum. Antiserum to ELV was prepared by injecting a
rabbit three times intravenously at 3 day intervals with 2 ml partially purified
virus preparations. Two days after the last injection, blood was taken and the
antiserum was tested against ELV and other viruses by the agar-gel double
diffusion method as described by Shukia and Schmelzer (1970b). The antiserum
was stored in a refrigerator at about —5°C.

Electron microscopy. Samples of purified virus preparations were examined
under an Elmi D (VEB Carl Zeiss Jena) electron microscope. For shadow mounts,
a droplet of the virus solution was placed onto collodion-coated grids and then
shadowed with a mixture of Platinum and Iridium (4 : 1) at an angle of 35°
Negative staining preparations were made by mixing equal parts of a 4 per cent
aqueous solution of sodium tungstate (pH 5.0) and virus suspension.

Results

Purification and properties

ELV preparations, obtained after two cycles of differential centrifugations,
were bluish-opalescent and contained high concentrations of virus. The partially
purified virus, when subjected to density gradient centrifugation, was found to
consist of several components. Besides a diffuse light scattering zone just below
the meniscus, indicating unspecific impurities, two clearly defined opalescent bands
were visible in the middle range of the gradients (Fig. 1below). They are hereafter
referred to as top (TC) and bottom (BC) components, respectively. Fractionation
of the gradients showed that TC absorbed considerably less light at 254 nm than
BC (Fig. 1, above). Only samples taken from the highly opalescent BC proved to
be infective. After repeated concentration of the both united components, the
preparations did not contain any impurity which could be stained by amido black
in polymerized gradients but only the two clearly separated bands TC and BC
(Fig. 2).

Preparations from healthy plants, made in the same manner as from diseased
ones, did not show any opalescent band, but only the diffuse light scattering zone
below the meniscus of the gradients.

The purified virus preparations proved not to contain impurities of high
molecularity also in analytical centrifugations. BC sedimented as a homogeneous
gradient (Fig. 3). The slight distortion of the gradients in the direction of sedi-
mentation indicated a certain amount of aggregated material. The sedimentation
coefficient (S&) was found to be 113.4. The S-value of TC could not be determined
due to weak concentration.

BC possessed UV absorption properties of a nucleoprotein with a maximum
and minimum of 258—259 and 239, respectively (Fig. 4). The quotient of ex-
tinction at 280 and 260 nm (QEsoexsq gave values between 0.54 and 0.56. The
Enmi, : Emin ratio fluctuated between 1.3 and 1.5.
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Fig. 1. The two components of ELV after density gradient centrifugation. Above: relative

UV absorbance of the different fractions at 254 nm, below: opalescence of the two components

of ELV in a sugar gradient tube. The positions of strongly UV absorbing fractions and
opalescent bands in the tube are in good accordance
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Fig. 2. ELV density gradients in acrylamide, stained with amido black, a: both components

together, b—¢: separation of the two bands in bottom (b) and top (c) components after

fractionation. The third band in a is due to unspecific colour adsorbing substances at the
meniscus

Fig. 3. Sedimentation pattern of the infective bottom component of ELV in analytical centri-
fugation. Photos taken at intervals of 4 minutes, centrifugation at 27,000 rpm

UV absorption measurements of TC showed neither a typical protein nor a
nucleoprotein spectrum. The trend of the absorption curve suggested for a protein
with adherent substances which strongly absorb in UV range between 280 and
250 nm. A repeated purification of TC by density gradient centrifugation did not
lead to any change in its UV absorption properties. In polymerized gradients only
one component could be detected. Because of these results, it was thought that BC
consists of intact ELV virus particles whereas TC represents mostly hollow protein
shells of that virus.
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NAME-LENGTH

Fig. 4. UV absorption curves of the bottom component (infective virus) and of RNA
preparation of ELV

Virus RNA and its infectivity

The phenol-extracted ELV RNA possessed following UV absorption char-
acteristics: maximum and minimum at 258 and 230 nm, respectively (Fig. 4) and
an extinction quotient (Qe20;2¢) between 0.47 and 0.48. The percentage RNA
content of the virus was not investigated. Infectivity tests proved that ELV RNA
is infectious by about 14 per cent in comparison to the intact virus. Table 1 shows
the obtained data at different dilutions.

Table 1

Infectivity comparison of intact ELV and its RNA on Brassica napus var. napobrassica

. Per cent infectivit
Concentration Intact virus RNA Y

of RNA
Undiluted 457.0* 65.1 142
1:10 262.2 345 137
1:100 164.8 24.8 150
1 : 1000 71.6 10.0 125

* Average number of local lesions per leaf, calculated from 12 leaves per treatment
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Serology

An antiserum, produced by injection of partially purified ELV, reacted
positively with crude sap of Brassica chinensis, B. juncea (L.) Czern. at Coss., B.
pekinensis (Lour.) Rupr., and Sinapis alba systemically infected by this virus.
A maximum titre of 1 : 1024 was obtained in Ouchterlony tests. Always only one
virus specific line occurred. No precipitation line of any type could be seen when
the antiserum was tested against crude sap from healthy plants of the mentioned
species. Purified virus preparations were also tested. TC and BC reacted at maxi-
mum antiserum dilutions of 1: 128 and 1 : 512, respectively. No spur formation
was observed when the two components were tested side by side (Pig. 5), thus

Fig. 5. Ouchterlony tests with ELV antiserum (middle well) and top (T) and bottom (B)
components of this virus. There is no spur formation

showing that the antigenic active parts of both are identical. The antiserum
dilution used for this test was 1:16. Crude sap of Brassica napus var. napobrassica
and B. pekinensis infected with radish mosaic, turnip crinkle, turnip rosette, and
turnip yellow mosaic viruses did not give any reaction with ELV antiserum. The
antiserum showed no reaction also with crude sap from cauliflower leaves infected
with cauliflower mosaic virus.

Morphology of the virus particles

Purified TC and BC of ELV, obtained after density gradient centrifugation,
were examined separately under electron microscope. Virus particles in the
shadowed BC and negatively stained TC preparations were found to be uniform
and polyhedral in shape (Fig. 6a and 7b). In the negatively stained BC pre-
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Fig. 6. Electron microscopy of bottom component of ELV (intact virus), a: metal-shadowed
preparation, b: negative stain preparation. Arrows indicate not stretched particles
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Fig. 7. Electron microscopy of top component of ELV (hollow protein shells), a: metal-
shadowed preparation, b: negative stain preparation. Arrows indicate hollow particles in the
shadowed preparation
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paration, the particles are mostly to be seen stretched and closely packed together
(Fig. 6b). However, this is believed to be an artifact. Particles in the shadowed
preparation from TC are seen strongly aggregated and appear to have lost their
structural integrity. Some of them, especially those lying on the border of the
aggregated mass, show a hollow centre as in the negatively stained preparation of
TC (Fig. 7a). The average diameter of virus particles in the shadowed preparation
was 30 nm and in the negatively stained preparation 21 nm. Although it was
rather difficult to measure the exact diameter of the particles in the shadow mounts
of TC, apparently there was no difference in size between particle of TC and BC.

Discussion

The evidence presented in this paper indicates that ELV occur in consider-
ably high concentration in its hosts. Butanol-chloroform procedure is obviously
very suited for purifying such a stable virus by removing most of the impurities
due to host plants. This seems to be the reason for lack of host antibodies in the
antiserum. The same result was obtained by other workers when this method was
used (Dias and Harrison, 1963; Taylor and Hewitt, 1964). As photometric
scanning and analytical ultracentrifugation showed, highly purified preparations
of ELV can be obtained by density gradient centrifugation.

ELV has been found to be a two component virus having top (TC) and
bottom (BC) components. This result is substantiated by the absence of opalescent
zones in healthy preparations and by serology as well as by electron microscopical
investigations of both components. The non-infectious nature of TC and its
hollow appearance in the negatively stained preparations suggests that the particles
of this component consist of only protein shells without RNA, a characteristic
known for several other viruses, especially for turnip yellow mosaic virus (K aper
and Steere, 1959). Also for this virus it was described that negative stain penetrates
into the space enclosed by the capsid which is occupied by RNA in normal virus
particles (Finch and K1ug, 1967). There was no difference in antigenic properties
of TC and BC of ELV. A relatively low antiserum titre obtained with the former
may be due to its lower concentration.

About 14 per cent infectivity of RNA in comparison to the intact ELV
appears to be rather high. The remarkable constant results in comparing four
different concentrations of both indicated that Brassica napus var. napobrassica
may be a sensitive and reliable local lesion host of ELV and its RNA. However,
this should be confirmed in further investigations.

The average diameter of virus particles in the negatively stained preparations
has been found to be 21 nm as against 30 nm in shadow mounts. This result is not
surprising because in general negatively stained preparations give lower values
for virus diameters (Harrison and Nixon, 1960; Schmidt, 1967).

Shukla and Schmelzer (1972) did not find serological relationships between
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ELV and antisera against radish mosaic, turnip crinkle, turnip rosette, and turnip
yellow mosaic viruses. The negative results found in serological tests performed
vice versa in the present investigations further confirm this fact. Hortings and
Stone (1969) investigated properties and serology of the 4 above mentioned beetle-
transmissible viruses of crucifers and did not find serological relationships between
them. These authors described turnip crinkle and turnip rosette viruses as con-
taining only one component in density gradient centrifugation whereas radish
mosaic and turnip yellow mosaic viruses proved to consist of two components.
Turnip yellow mosaic virus is distinguished from radish mosaic virus because the
former has a non-infective TC. In this respect, ELV appears to be more related to
turnip yellow mosaic virus than to any other of the beetle-transmissible viruses.
The sedimentation coefficients of both the viruses also does not differ much
(ELV: 1134 S, TYMV: 119 S). The results of measurements of virus particle
diameter depend on several circumstances, thus different values for turnip yellow
mosaic virus are reported (26 nm — Cosentino et ai, 1956, 28—30 nm — Hol-
lings and Stone, 1969). ELV may also have similarities in diameter with this
virus and they perhaps belong to the same subgroup. In spite of their similarities,
ELV and turnip yellow mosaic virus are serologically distinct and differ in many
other properties. On the basis of the results presented in this paper, it is concluded
that ELV is a fifth entity within the group of beetle-transmissible crucifer viruses.
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Studies on Viruses and Virus Diseases
of Cruciferous Plants

IX. Brassica napus var. napobrassica, a Sensitive and Reliable Local Lesion Host
for Erysimum Latent Virus

By

D. D. Shukla* and K. Schmelzer

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

The cultivar ‘Gelbe’ of Brassica napus var. napobrassica showed between indi-
vidual plants and between leaves in the same position only very little differences in
numbers of necrotic local lesions induced by Erysimum latent virus. In order to compare
different solutions of this virus within one trial, only equal batches of young plants
having the same age, size, structure, and leaf numbers are needed in order to obtain
reliable results. In contrast to numerous other combinations of viruses and test plants,
the combination investigated here yielded most local lesions on the upper and largest
lesions on the lowest leaves.

Since Holimes (1929) showed that the number of local lesions produced by
tobacco mosaic virus on Nicotiana glutinosa L. depends on the virus content of the
inoculum, this assay method has been used in many virus-host combinations for
quantitative virus studies. Bawden (1950) and later on Matthews (1970) con-
cluded from literature that 10 to 20% difference in virus content or activity
between solutions may be detected in comparisons done in the same test if a suitable
local lesion host is used. However, local lesion counts are only reliable when
factors affecting local lesion numbers are considered carefully. Some of them are
uniformity in size, age, and susceptibility of plants, numbers, positions, and side
of leaves, and uniform method of inoculation. Especially difficult is to work with
plants giving only chlorotic local lesions, because these lesions may vary from
clear-cut spots to faint yellow areas which can be counted only arbitrarily. In
these and in other cases where no local reaction at all is visible, differences in
starch content between infected and non-infected areas were utilized for showing
lesions by the starch-iodine reaction (Holmes, 1931). This method, however, did
not come into general use. Therefore with many viruses no suitable local lesion
hosts are known for quantitative determinations. For instance this is also true
with turnip yellow mosaic virus, which was studied very intensively and gave many
fundamental informations on various aspects of plant virology, although Diener
and Jenifer (1964) found that in nitrogen-deficient Chinese cabbage (Brassica
pekinensis (Lour. Rupr.) well-defined purple local lesions may be induced by this
virus.

* Present address: College of Agriculture, University of Udaipur, Udaipur, India
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While working with Erysimum latent virus (ELV), Shukla and Schmelzer
(1972) found Brassica napus var. napobrassica (L.) Rchb. to be a suitable local
lesion host. It produced small necrotic local lesions constantly and systemic
mottling very seldom. In further trials Shukia et al. (1972) compared the in-
fectivity of intact ELV and its ribonucleic acid at different concentrations using
the mentioned species as a bioassay host and obtained rather uniform results. In
the present investigation we have examined the exactness of local lesion trials on
Brassica napus var. napobrassica taking into account the influence of individual
plants, position and side of leaves, virus content of inocula and dependency of
local lesion size on leaf position. ELV has some similarities to turnip yellow mosaic
virus in being fairly stable, occurring under natural conditions in crucifers only,
being not transmissible by aphids and reaching high concentrations in its hosts.
Perhaps the advantage in having a reliable local lesion host makes ELV more
adapted for fundamental investigations than turnip yellow mosaic virus.

Material and Methods

ELV infected Brassica pekinensis provided the source of inoculum through-
out the experiments. Dilutions were prepared by grinding the infected leaves
(w/v) in 0.067 M phosphate buffer pH 7.0. Plants of Brassica napus var. napo-
brassica cv. ‘Gelbe’ were raised first in a large pot and then planted singly in pots
of 9 cm size, filled with mixtures consisting of soil, sand, and peat. Inoculations
were made with glass spatulas on leaves dusted with carborundum carefully and
the plants were rinsed with water immediately after inoculation. Young plants as
similar in size as possible and of the same age were selected for each experiment.
They were always standing under normal greenhouse conditions where the
temperatures fluctuated in the range 17 to 25°C. Local lesions were counted 5
days after inoculation with the aid of an Atherman lamp put under opalescent glass.

In trials, aimed to find out variations in the number of local lesions due to
leaf side and leaf position, the two sides of the 3rd, 4th and 5th leaves of 6 plants
were inoculated with a 1:500 preparation of ELV. Before inoculation, the
inoculum was divided in two parts and used separately on the same leaves after
the half-leaf method. For determining the variations in the number of local lesions
due to virus content of the inoculum, leaf position and plants, the first 4 true
leaves of 10 plants were inoculated with each of the 3 dilutions, namely 1 : 100,
1:500 and 1 : 1000 of ELV. In order to find out number of lesions per square cm
leaf area, the leaves from the 4 different positions of the 10 plants inoculated with
1 : 1000 diluted inoculum were collected separately, the leaf areas were drawn on
paper, cut out and weighed with an analytical balance. From the weight of a
square cm of paper the square cm of leaf area could be calculated. The length and
breadth of the local lesions were measured on the 1st, 2nd, 3rd and 4th leaves
inoculated with 1: 1000 diluted inoculum of ELV with the aid of a light micro-
scope using an ocular micrometer. 25 lesions were measured from each position
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Fig. 1 Ayoung leaf of Brassica napus var. napobrassica cv. ‘Gelbe’ showing small local lesions
after inoculation with Erysimum latent virus. Left: whole leaf, right: leaf area enlarged 3.6
times in comparison to left

of leaves. By assuming that a local lesion has the shape of an ellipse, the local
lesion area was calculated after the formula (length x breadth x n)/4. All local
lesion data were analyzed using standard statistical techniques.

Results

The investigation on the influences of leaf side, leaf position, and of indi-
vidual plants on local lesion numbers shows at the first glance that there was no
important influence of the leaf side, since the average difference between left and
right leaf halves was about 3 to 4 per cent (Table 1). Also the influence of indi-
vidual plants on local lesion humber was remarkably low. The only important
factor of variation proved to be the leaf position. The analysis of variance secured
these findings.

After this we inoculated plants with a virus solution which was diluted in
different steps. For this trial, batches of 10 plants each were separately rubbed
with the virus suspensions so that the variation of individual plants could have
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great importance for the results. In this case, too, the differences between indi-
vidual plants and between leaves of the same position from various plants proved
to be very low (Table 2). The variation between plants and between leaves in the
same position decreased with increasing virus concentration. Again, however, the
leaf position was very important. Between the dilutions of 1: 100 and 1 :500
the fall in number of lesions was proportionally smaller than the dilution, but
between 1:500 and 1 : 1000 change of concentration produced an almost equi-
valent change in lesion number.

In contrast to findings with many other virus-host combinations where
always less lesions were found on younger than on older leaves, ELV induced

Table 1

Influence of leaf positions, leaf sides, and individual plants on the result of local lesion tests
with Erysimum latent virus on Brassica napus var. napobrassica
(virus dilution 1 :500)

Leaf position
Total

Plant number i \% v |ggg?eesrio?1fs
per plant
left right left right left right
1 57* 62 88 93 112 128 540
2 62 55 87 8l 109 122 516
3 56 68 75 80 129 137 545
4 54 46 7 89 135 126 527
5 69 67 88 96 132 139 501
6 58 56 83 87 138 137 ~559
Total number of
local lesions 356 354 498 526 755 789 9443
*Number of local lesions per half leaf
maximum 1 values in comparison of results with different plants
. minimum (
Table of variance Variance ofD?rgereeSZm F-values F—\';aI:esl%for
Total 33,412.96 35
Plants 546.29 5 0.89 3.86
Positions 29,683.62 2 121.28 5.57
Sides 62.18 1 0.51 7.77
Positions x sides 61.49 2 0.25 5.57
Error 3,059.38 25
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69*
62
72
97
75

93

67

Average number of

local lesions

Virus dilution 1 : 100

leaf position
1 1l

143 272
129 289
il 242
178 286
159 298
198 232
135 301
146 267
149 297
126 283

v

446
392
413
378

426
487

456
474
484
477

759 1484 2767 4433

* Number of local lesion per half leaf
maximum] values in comparison of results with different plants

minimum |

Table

Total
Plants
Positions
Dilutions

Positions x dilutions

Error

of variance

Table 2
Influence of inoculum dilutions, leaf positions and individual plants on the results of local lesion tests with Erysimum latent virus on

Brassica napus var. napobrassica

total

number of
local
lesions |
per plant
930 48*
872 42
848 47
939 45
958 39
973 52
985 56
970 51
997 37
971 3

9443 448 843 1598

Variance

1,808,670.38
2,804.80
1,060,400.21
536,233.61
162,653.26

46,578.50

Virus dilution 1 : 500

leaf position
1} 11 v
69 82 314
92 126 274
83 162 275
97 128 265
81 171 287
79 147 279
4 212 81
82 166 292
98 171 313
88 143 289
286.9

Degrees
of freedom

119
9

3
2
6

99

total
number of
local
lesions
per plant

513
624
567
535

578
557

623
501
619
551

575.8

F-values

0.66
751.27
569.87

57.62

Virus dilution 1 : 1000

F-values for
P=1%

2.59
3.98
4.82
2.99

leaf position

| 1 1
nx 32 90
6 74

2 3P 7N
27 5% 98
25 37 9%
28 388 8
2 3H 68
4 26 62
23 34, 76
17 58 88
207 391 805

162
149
159
188

165
126

156
113
147
143

150.8

total
number of

local

lesions
per plant

295
278
290

369

323
274

281
215
280
106

2911
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most local lesions on the youngest leaves of Brassica napus var. napobrassica cv.
‘Gelbe’. Comparing the local lesion numbers on leaves of different positions we
found 3.14, 3.67, 4.20 and 9.92 lesions per square centimeter for the first (oldest)
till to the fourth (youngest expanded) leaf at the virus dilution of 1 : 1000. Because
the average areas of a local lesion for the leaves were 0.475, 0.309, 0.092 and 0.025
mm?2, the following percentages of leaf areas of the oldest till to the youngest
leaves were necrotized: 1.49, 113, 0.39 and 0.25. The values are statistically
significant at the 0.1% level. The youngest leaves had the least necrotized areas
due to the fact that their larger numbers of lesions did not compensate the larger
necrotized spots of older leaves with fewer lesions.

Discussion

Due to the fact that Brassica napus var. napobrassica belongs to the cross-
pollinated plants which in general are not genetically uniform, the little variation
in local lesion numbers between individual plants induced by the same dilution of
ELV is astonishing. After our experience, Nicotiana glutinosa, the classic local
lesion host for TMV, shows much more variation in this respect. Also other
trials, represented in the next publications of this series, showed the high reliability
of the test system ELV—Brassica napus var. napobrassica. During our investi-
gations we found that the mentioned plant species reacts with a few necrotic
local lesions after infections with turnip crinkle, and occasionally with turnip
rosette viruses whereas turnip yellow mosaic virus induces only sometimes chlor-
otic local lesions and radish mosaic as well as cauliflower mosaic viruses do not
cause local reactions at all. Therefore this plant is also a useful differential host
for crucifer viruses with particles of isometric shape. However, we do not know
whether all cultivars of Brassica napus var. napobrassica are so well adapted for
quantitative and qualitative trials with ELV as ‘Gelbe’. Using this cultivar, only
equal batches of young plants having uniform age, size, structure, and leaf
numbers are needed within one trial in order to obtain reproducible results. To
arrange the treatments on leaves in the manner of a Latin square or some similar
designs are not essential. Also the half-leaf method for comparisons with a
standard solution seems to be superfluous. However, care should be taken while
counting the local lesions on the youngest leaves in order not to overlook the very
small lesions.

In contrast to numerous combinations of viruses and test plants in which
most local lesions appear on leaves inserted in the middle or in the lower part of a
stem or rosette, ELV infected Brassica napus var. napobrassica cv. ‘Gelbe’ form
the highest number of lesions on the youngest expanded and the largest lesions on
the lowest leaves. The reasons for this are unknown, but it should be investigated
if the differences in number and size of lesions depends on substances formed
before or after the virus infections. Perhaps these differences can be influenced by
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external conditions. Comparing treatments including virus-host combinations
which normally show most local lesions on middle or lower and largest lesions on

upper leaves may be useful for clearing up the mechanisms involved in these
phenomena.
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X. Effects of Temperature on Symptom Expression and Concentration of
Erysimum Latent Virus in Brossica Chinensis and B. Juncea

By
D. D. Shukla*and K. Schmelzer

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

Plants of two Brassica species were infected with Erysimum latent virus and
kept under uniform conditions at 18°, 22°, 25°, and 32°C. Symptom development and
virus content, measured by local lesion numbers on Brassica napus var. napobrassica,
showed that 22° was the best temperature followed by 25° and 18°C, whereas at 32°C
no symptoms could be observed and only very little virus accumulation was demon-
strated. Brassica chinensis reached higher virus concentration than B.juncea. With the
exception of 32°C, where the youngest inoculated leaves contained comparatively most
virus, the following rule was observed. The younger the unfolded leaf, the higher the
virus content. There were only two exceptions. In contrast to Brassica chinensis, B.
juncea contained only little virus in the top leaves 7 days after inoculation. 21 days
after inoculation the virus content of the uppermost leaf in both species was lower than
in the preceeding leaf. The virus content of all tested leaves was highest after 14 days,
whereas after 21 days it decreased nearly to the same level as at 7 days after inoculation.
In general, virus concentration and symptom expression were in good conformity.
After the results of this paper, Erysimum latent virus seems to be adapted to the climate
of the moderate zone.

Among various environmental conditions that influence symptom develop-
ment and accumulation of viruses in infected plants, temperature is considered to
be one of the most important factors. In the past, effects of this factor on a number
of viruses have been investigated and now it is well established that plant viruses
vary considerably in their temperature requirements. A particular temperature
best suited for one virus may be disadvantageous for others. In general, plant
viruses fall into two groups with respect to temperature effect on multiplication,
those like tobacco mosaic virus, potato viruses X and Y and tomato spotted wilt
virus which can multiply at temperatures up to 36°C and those like tobacco
necrosis and tomato bushy stunt viruses which do not multiply at 36°C (M at-
thews, 1970). The subject has critically been reviewed by Kassanis (1957) and
more recently by Woliffgang (1970).

* Present address: College of Agriculture, University of Udaipur, Udaipur, India
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In the present work, we report the effects of temperature on symptom
development and concentration of Erysimum latent virus (ELV) which was
described recently and obviously belongs to the group of beetle-transmissible
crucifer viruses (Shukla and Schmelzer, 1972a; Shukia et al, 1972). The fact
that the activity of ELV in plant sap can be measured very exactly (Shukia and
Schmelzer, 1972b), facilitated our task considerably.

Material and Methods

ELV infects a large number of crucifers in which distinct symptoms are
induced, but for the present investigation Brassica chinensis L. and B. juncea (L.)
Czern. et Coss. were selected because they were found to contain high virus concen-
trations and could readily be grown under normal greenhouse conditions (Shukla
and Schmelzer, 1972d). The plants were raised first in large pots and then trans-
ferred in pair into small pot of 9 cm size containing equal amounts of a steam-
sterilized soil mixture. Before the beginning of the temperature treatments, the
plants were maintained under normal greenhouse conditions. Almost uniform
plants were selected and inoculated with the virus when they had developed 4 true
leaves. All 4 leaves were rubbed with sap of freshly infected Brassica chinensis.
Methods of preparing and applying inoculum were the same as described earlier
(Shukla and Schmelzer, 1970). Just after inoculation, 30 plants of each species
were put into each of the 4 chambers of the “climate house” of our institute
(Wache and Wolffgang, 1966). In these chambers 18°, 22°, 25° and 32°C (£ 1°)
were constantly maintained. Except the temperatures, other conditions in the
chambers were the same, i.e. always 70% (£5%) relative humidity, continuous
light of mixed wave lengths produced by combining fluorescent tubes “white” and
“Lumoflor” (1 : 1), distance of lamps from the pallets 120 cm, and light intensity
about 1200 lux. The latter was measured with the Luxmeter LMI (VEB Carl
Zeiss Jena, GDR) which gave only approximate values because of the different
spectral sensitivity of the photo elements. The plants in the chambers were in-
spected twice a day and the symptoms were recorded. At weekly intervals, begin-
ning 7 days after inoculation, 4 samples from 10 plants of each species per chamber
were taken three times and assayed for virus activity. Because of the fact that
during the trial new top leaves were formed and older inoculated leaves died, it
was not possible to investigate always the same leaves at the three different times
of testing. Details of the samples in the three harvestings are given below (Table 1).

In this way mostly 10, sometimes 20 leaves, were combined for giving one
inoculum. By the aid of cleaned and sterilized pressing tongs and Dederon cloth,
sap was extracted and diluted to 1: 100 in 1/15 M phosphat buffer (pH 7.0). The
different inocula were assayed for virus activity on Brassica napus var. napobrassica
cv. ‘Gelbe’ which has been found to be a very sensitive and reliable local lesion
host of ELY (Shukla and Schmelzer, 1972b). Plants of this species were raised
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Table 1

Details of the samples taken at different intervals from ELV infected leaves of Brassica
chinensis and B.juncea

Harvesting time Number of sample
after
inoculation
in days 1 1 1 v
7 1+ 2% 3 4 5
14 3 4 5+ 6 7
21 4 5+ 6 7 8

* Position of leaves, no. 1is the oldest leaf, 1—4 inoculated leaves, 5—8 top leaves

at weekly intervals in ord