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ODERN APPROACHES TO BIOCONTROL OF CROP

' PATHOGENS AND THEIR IMPLICATIONS

BY
R. P. PURKAYASTHA

Distinguished members, Ladies and Gentlemen,

1 am deeply conscious of the honour you have done me in electing me as the
President of the Indian Mycological Society (IMS). Tt gives me immense pleasure
to express my profound gratefulness to all the members of the IMS. 1 recall with
gratitude  the dedicated services rendered by my revered teacher late
Dr. S. N. Banerjee who was one of the President and the Founder of this oldest
Mycological Society in the country for the cause of advancement of Science.

It is significant to note that the Society has instituted three memorial lectures
last year in the names of three pioneer and distinguished Mycologists of the
country namely, Late Dr. E. J. Butler, Late Dr. S. R. Bose and Late Dr.S. N.
Banerjee. Despite very limited resources and facilities, the Society has been doing
its best to maintain its rightful place among the International Mycological Societies
and to work for the advancement of Mycology in India.

On the occasion of the 32nd Annual General Meeting of the Society 1 have
decided to deliver a brief address on “Modern approaches to biocontrol of crop
pathogens and their implications™. Although this topic is well known still some
Mycologists and Plant Pathologists are not optimistic-about biocontrol because of
its various disadvantages and limitations. Harmful effects of chemical pesticides
are now known to all users as well as researchers. However, some modern
approaches to biocontrol of crop pathogens appear to be very promising and hence
proper attention should be given on research and application of safe and effective
biocontrol methods. A few of them are discussed here.

Many aerobic and facultative anaerobic microorganisms produce extracellular,
low molecular weight iron (III) transport agents known as siderophores ( Neilands,
1981 ) only under low iron stress. These siderophores exhibit considerable
diversity in chemical structures which depend upon the nature of the organisms

*  Presidential address was delivered at the 32nd Annual General Meeting of the
Society 1988 at Calcutta.
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concerned. Among them, specific strains of fluorescent Pseudomonads, Enteric
bacteria and fungi are known to produce these iron transport agents. Their function
is to supply iron ([II) to the plants. These siderophores play a significant role in
the biocontrol of crop pathogens. These are involved partially in the suppression of
“take all” disease of wheat caused by Gaeumannomyces graminis var. rritici and
flax wilt incited by Fusarium oxysporum f. sp. lini. Suppression of disease caused
by other soilborne organisms has also been related to the presence of siderophores.
Misaghi et al (1982) reported that water soluble fluorescent pigments of 156.
Ps€udomonad isolates were found to be fungistatic to scvcral pathogens including
Rhizoctonia solani, Phytophthora megasperma, Pythium aphanidcrmatum and a
few others. There is evidence that the suppressivencss of soils to “take all® or
* Fusarium wilt" could be eliminated by supplementing appropriate amount of Fe,
EDTA to pathogen suppressive soil. It suggests that microorganisms present in
iron limiting suppressive soils are capable of producing siderophores but that iron
(TH) cannot be utilized by the pathogen. A strain B10 of Pseudomonas was able
to convert pathogen conducive soil into pathogen suppressive soil which was
partially attributed to the production of these iron transport agents which usually
serve two purposes. Firstly, they enhance growth and yield by supplying iron
to the plant and secondly, they convert pathogen conducive soils to pathogen
suppressive soils by making microbial iron unavailab'e 1o the pathogen and also act
as potent antibiotics. It is worthwhile to mention that susceptible ( to iron depriva-
tion) microorganisms apparently lack the iron-assimilation system for these ferric
siderophores from beneficial fluorescent Pseudomonads. These deprived micro-
organisms probably lack specific outer membrane receptor proteins for ferric
siderophores.

Supperssion of Fusarial wilt of cucumber, radish and pea caused by different
races of F. oxysporum by a Pseudomonas strain 346 was reported by previous
workers. In those cases supplementation of iron (III) to soil considerably
reduced the ability of strain 346 to suppress spore germination of the pathogen
in the rhizosphere of host plant. To exploit siderophores for boilogical control of
crop pathogens, adequate production of these iron transport agents in the
rhizosphere is more important since it has great potential for reducing soil borne
plant pathogens.

Presence of mycoviruses or virus like particles in some fungi are believed to be
associated with reduced growth rate or reduced virulence Usually these particles
cause no physiological or morphological damage to the host and are transmitted by
anastomosis of hyphae or by plasmogamy  This transmissible hypovirulence factor
is attributed to ds RNA in the cytoplasm of the hypovirulent strain. It was reported
that elimination of ds RNA by cycloheximide treatment enhanced virulence of the
isolate. Occurrence of this transmissible factor (i.e. ds RNA) in the cytoplasm of
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Endothia parasitica, a chestnut blight fungus. Rhizoctonia solani & Gaeumamnomyees
graminis var. tritici has already been detected However, very little work has been
done so far with a view to exploit hypovirulence in biocontrol of crop pathogen

The presence of hypovirulence factor in some isolates of Helminthosporium victoriae
has been related to the reduction in pathogenicity and toxin (victorin) production.
Transfer of hypovirulence factor to a virulent isolate of a pathogen may also help
to control infectious diseases. A virulent Italian isolate of Endothia parasitica
produced hypovirulent strains through single spores but it was dependent upon
environmental conditions. Sometimes hypovirulence is suppressed due to the
absence of specific microflora. By and large, transfer of hypovirulence factor to
desired compatible pathogenic strains is a promising approach to biocontrol of
crop pathogens

Introduction of an avirulent strain of a pathogen may protect a crop p'ant against
a virulent one of the same pathogen. This is more successful in case of virus
diseases than fungal diseases. Costa and Muller (1980) reported that by 1980
about 8 million citrus plants had been protected against tristeza virus by using
mild isolates of the same virus. But this large scale use of cross protection is very
much limited because of several reasons. Firstly, the antagonists may mutate to
virulent forms. Secondly. the strain may be more pathogenic to some other crop
or the avirulent strains may interact with other strains and act synergistically to
produce severe disease symptoms. Therefore, it should be borne in mind that
the protecting strain should be an attenuated isolate (which causes minimum
damage to the crop). Cross protection of tomatoes becomes possible by using
attenuated strains of TMV but this protection may be ineffective if plants are
grown under high temperature because attenuated strains are sensitive to higher
temperature. Similar cross protection has been recorded for several other viruses
including apple mosaic virus, cocoa swollen shoot virus and PVX. Cross
protection is not only restricted between mild and virulent strains of the same
but also between different species, genera or between different kinds of pathogens
such as fungi, bacteria, viruses and nematodes. This is called interference by
some researchers. Uromyces phaseoli and TMV on bean leaves ; beet mosaic
virus and Cercospora beticola on beet leaves ; Macrophomina phaseolina and
Streptomyces parvullus in the rhizosphere of soybean ; Bacillus megaterium and
Colletotrichum corchori on jute lcaves ; Botrytis fabae and B. cinerea on broad
bean leaves are some of the common examples. Sometimes pre-inoculation with a
non-pathogen also protects a plants against a virulent pathogen. For instance
Agrobacterium radiobacter, a mnon-pathogen protected plants susceptible to
A. tumefaciens. Cross-protection mechanisms in all cases is not yet clearly
understood. It is conceivable that cross protection mechanisms is functionally
similar to antigen-antibody reaction in animals.
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Use of a chemical may physiologically weaken the pathogen and make it susceptible
to an antagonist. Once carbon disulfide was applied in citrus orchard to
control Armillaria mellea, a root rot causing organism and this fumigant made
the pathogen mycelia susceptible to Trichoderma viride. Tt was also demons-
trated that Eutypa armeniacae on apricot plants could be controlled by incculating
them (through wound) with spores of Fusarium lateritium suspended in 0.3 ppm
of benomyl solution. A computer simulation model (INHIBSIM) has been
developed to predict population dynamics of bacterial biological control agent
(P. fluorescens) on the foliage of red pine seedings and subsejuent effect on the
spore germination of Gremmeniella abietina, a fungal plant pathogen.

Development of resistant plants that are favourable 1o antagonists of virulent
pathogens is imperative and that is possible only by genetic engineering.
Transfer of specific genes, somatic hybridization. use of plasmids and introduction
of new biotypes are some of the novel techniques which are now being used by the
researchers for biocontrol of crop pathogens. A MAR (multi-adversity resistant)
system has been designed to develop root rot (caused by Phymatotrichum
omnivorum) resistance of cotton cultivars. This procedure could identify genotypes
differing in quality and quantity of carbohydrates, sodium, potassium, magnesinm
and calcium in their seed and root exudates. The combination of certain nutrients
could encourage antagonistic microbes in the rhizosphere and also enhance
competition for nutrients and thereby provide biclogical protection 1o plants.
This is another example of genetic manipulation which could pe exploited for
biocontrol of plant pathogens.

Role of protozoa, nematodes and microarthropods in biocontrol of plant pathogens
has been conclusively demonstrated. They ingest bacteria, mycelial fragments,
spores and sometimes attack parasitic nematodes in the rhizosphere. Mycophagous
amoebae can destroy spore populations of parasitic fungi, many non-flagellate
protozoa are parasites of nematodes, several species of Acarina and Collembola
(all microarthropods) are mocophagous. It has been estimated that a single
collembolan may consume even 150 nematddes a day, In view of above findings
it can be concluded that certified harmless soil animals could also be exploited
as biocontrol agents in crop disease management.

Bacterization of seeds with Bacillus subtilis considerably reduces wilt of pigeon
pea grown in sterile or non sterile wilt sick soil. Similarly, inoculation of seeds
with Arthrobacter sp. partially controlled mortality of tomato seedings caused by
Pythium debaryanum. TIn another investigation, it was reported that coating of
wheat grains by Bacillus subtilis or Streptomyces reduced Rhizoctonia infection
in cases of pot plant culture only but not in the fie'd. Cotton seeds treated with
Pseudomonas fluorescence at the time of planting in R. solani-infe ted soil increased
the survival rate of cotton seedings from 30-79°%. Similar treatment suppressed
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damping off cotton seedlings incited 'by Pythium ultimum. Argobacterium
radiobacter was found to be a good biocontrol agents for crown gall disease caused
by A. tumefaciens. Bacterization of rice seeds with fluorescent and non-fluorescent
bacieria protected rice plants from sheath blight disease caused by R. solani (Mew
and Rosales, 1986). Besides, Bacillus, Pseudomonas, Arthobacter, Agobacterium
radiobacter (Strain 84) and Streptomyces, several other unidentified bacteria
have also been found to produce antifungal antibiotics. These potential bacteria
could be exploited for biological control of plant pathogens provided they cause no
biological hazards on other crops.

Apart from bacterization. inoculation of seeds with fast groing fungi could prevent
seed decay and seedling blight. Corn seeds inoculated with Chaetomium globosum
gave field control of seedling blight caused by Fusarium graminearum. Oat seeds
coated with Chaetomium spp. provided control of Helminthosporium victoriae to
some extent. Similarly, inoculation of pea seeds with Penicillium oxalicum
protected seeds against Aphanomyags, Fusarium, Pythium and Rhizoctonia spp.
Reduction of Pythum infection was also noted when seeds were treated with either
Trichoderma harzianum or T. kaningii. Odvody et al. (1980) used Lactisaria
arvalis for seed treatment to control Rhizoctonia-infection of sugarbeet in green
house. Another fungus Gliocladium has also shown potential for effective seed

treatment.

Bioenvironmental factors indirectly affect the biocontrol of crop pathogens. It
includes host. rhizosphere and phyllosphere mediated control. For instance,
organic amendments, inorganic fertilization, use of pesticides, heat treatment of
soil and crop rotation are some of the factors which accelerate biocontrol.
Sometimes they significantly alter the soil ecosystem  Multiplication, growth
inhibition or elimination of antagonistic microbes in the rhizosphere or
phyllosphere influence disease reaction to a considerable extent. Besides,
physical, chcmical or biological agencies also induce disease resistance in plants
by altering host metabolism or by producing antimicrobial secondary metabolites
such as phytoalexins.

Some of the modern approaches (both direct and Indireet) to biocontrol of plant
pathogens and their implications have been discussed here, However, in recent
years emphasis has been laid on several indirect methods of biocontrol. It is not
unreasonable to speculate that the exciting challenges associated with bicontrol of
crop pathogens could be met effectively provided the international scientists of
various disciplines co-operate and continue their intensified research for achieving

Success.
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