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Plenary Lectures
PLO1

Biopesticides for biocontrol of crop diseases: problems and prospects

C. D. Mayee
Adjunct Professor, IARI and Former Chairman, ASRB, New Delhi

In the current intensive agricultural practices where the adverse side effects of mismanaged chemical
agriculture are weighing more than their benefits, biocontrol systems of pests and diseases are assuming
an important component of the modern agriculture for enhancing the productivity within the framework
of Integrated Pest Management (IPM) without affecting the ecosystem. Biological control of diseases
involves the use of Bio pesticides which by definition are a form of pesticide based on microorganisms
or natural products. By and large three categories of bio pesticides are recognized. 1) living organisms
i.e. natural enemies which include invertebrates or predatory insects, nematodes, fungi, bacteria, viruses
etc., 2) naturally occurring substances which include plant extracts and semi-chemicals such as; insect
pheromones, and 3) genetically modified plants that express genes that confer protection as in case of Bt
cotton or Bt brinjal. Except for the GM category, other forms of bio pesticides have been accepted in some
organic agriculture but not by all organic movers and shakers.

Although they have been demonstrated to give better yield at low cost, their full exploitation is still
awaited mainly because of the unease to handle them by users with inadequate scientific knowledge of
biology, difficulty in commerce and also intrinsic issues of marketing. In India, the market is still miniscule
but dominated by antagonistic fungi and bacteria such as; Trichoderma spp., Pseudomonas fluorescens.
Government of India has offered series of promotional programs for the use of these products in the IPM
strategy as a core policy issue of plant protection. There are excellent opportunities to enhance the use of
bio pesticides in India provided we overcome some of the long standing challenges and constraints. At the
user level, it is highly necessary to have basic scientific knowledge on its use. Farmers rarely see the short
expiry of these pesticides and are comparing them with the chemical pesticides. Application technologies
also need a relook. In marketing, these products shelf life is major limitation and the production is hampered
by demand. Since storability is a problem there are production limitations and in many cases suitable mass
production techniques do not exist. In spite of relaxed guidelines for the registration, a lot of unregistered
products are floating in the market. The most serious issue is of quality. Many producers sell their products
in the name of ‘BIOPRODUCT” to avoid registration which is not including in the Insecticide Act 1968.
Several of the spurious bio-products have been shown to contain illegal insecticides or other chemicals.
They are posing a real threat to the entire pesticide industry and spoiling the name of organic movement.
Such fraudulent activities are indirectly getting encouraged because of the blind policies of Government to
offer subsidies without checking the quality. Bio pesticides are certainly a useful component of IPM but the
problem of quality is taking a heavy toll. In this regard, there are several suggestions which will go a long
way to convert the problems in to solutions.
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Biological control of fungal diseases of plants with chitinolytic bacteria and
induction of immunity by chitooligosaccharides

A.R. Podile
Department of Plant Sciences, School of Life Sciences, University of Hyderabad, Hyderabad — 500 046,
Telangana, India
Email : podilerao@gmail.com

Biological control of fungal diseases of plants using antagonistic bacteria has become a reality with
the available of several native antagonists. The methods for preparation of a variety of formulations of
these antagonists has made the use of biocontrol agents even more effective in the past two decades. Use of
chitinolytic bacteria as biocontrol agents has the dual advantage of directly attaching the cell wall of most
of the fungal pathogens and indirectly activating a broad spectrum of defense system of the plants against
the fungal pathogens. We have been working with chitinolytic bacteria as biocontrol agents and a brief
overview of our work will be discussed.

Plants interact with a wide range of pathogens and have evolved mechanisms to recognize
pathogen-derived molecules to elicit induced resistance. The plants are able to sense evolutionarily
conserved general elicitors of pathogens called pathogen-associated molecular patterns (PAMPs), and
activate immune responses, a process that is often referred to as pathogen-triggered immunity (PTI). Most
commonly known PAMPs from fungi include fungal cell wall-derived glucans and mannans, glycoproteins
from oomycetes, fungal cell wall chitin etc., Pattern recognition receptor (PRR) proteins located on cell
surfaces are mostly kinases or leucine-rich repeat proteins. Chitooligosaccharides (COS), released during
plant fungal interaction, and elicit plant defense upon recognition. In this talk the progress made towards
understanding the mechanism of COS sensing in plants and on the application of chitin/chitosan/COS in
disease management would be discussed.

The large scale production of long chain length COS is a daunting task, as the available methods
including chemical hydrolysis, direct synthesis, and enzyme-catalyzed processes result in COS with low
degree of polymerization (DP), while high DP COS (DP>6) are required for the biological activity. Elicitor
activity of COS also varies depending on the plant. Nevertheless, biological activity of COS increases with
the increase in DP 4 to 7. We work om transglycosylation (TG) of low DP COS to generate long DP COS
by chitinases and to develop a suitable bioprocess to generate high DP COS for large scale application of
COS for biological applications that include induction of innate immunity in plants.
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The concept and formulation of Kunapajala, World’s oldest fermented
liquid organic manure

Y. L. Nene
Emeritus Chairman, Asian Agri-History Foundation, Hyderabad

Beginning in 1990s, researchers and farm policy makers in India and rest of the world, focused
their attention to “organic farming” in order to better the sustainability. I had recently described and
discussed most of the methods currently recommended in different parts of India. These methods are: (i)
The natural way of farming or “Do Nothing” farming by Fukuoka, (ii) Biodynamic agriculture by Steiner —
introduced in India, (iii) Vermi-culture developed by Appelhof— introduced in India, (iv) “Natueco” culture
by Dabholkar, (v) Zero Budget Natural Farming [ZBNF] by Palekar, (vi) Rishi-Krishi by Deshpande, (vii)
Agnihotra by disciples of Gajanan Maharaj of Akkalkot, (viii) Panchagavya by Natarajan, (ix) Krishi-
suktis and Vrikshayurvedas [Surapala, Sarangadhara, and others] by sages and scholars of ancient and
medieval India, (x) Compost tea by Ingham— introduced in India, and (xi) Bokashi tea by Higa— introduced
in India. Of these methods, Dabholkar’s “Natueco”, Palekar’s ZBNF, Natarajan’s Panchagavya, Ingham’s
Compost tea, and Bokashi EM of Higa are related to Kunapajala, which is produced by adopting the
liquid fermentation technology as documented by Surapala [c.1000 CE; Sadhale, 1996] in the first ever
compilation of Vrikshayurveda methods. Thus, the ancient Kunapajala, fermented liquid manure was a
stupendous innovation. This went un-noticed and currently the agronomists, all over the world, believe
that the innovation of fermented liquid manure was done by farmers in Japan, Korea, China, or medieval
Europe, but not by farmers of India. In the following paragraphs, I have attempted to share evidence to
support my viewpoint that the Indians pioneered the innovation and use of fermented liquid manure almost
1000 years ago.
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“New Developments in Microbial and Organists and their Role in Eco Agri
Revolution”

M.H. Mehta
President — The Science Ashram
Ex. Vice Chancellor — Gujarat Agriculture University

In the coming Eco Agri Revolution — the eco-friendly Agri Bio inputs like Bio fertilizers, Bio
pesticides, Bio composts, stimulants etc. will play key role. Bio pesticides and Biocontrol Industries are
growing globally at more than 16% annual rate and offer great opportunity for a balanced and sustainable
development. Global experience of working in a triangular arrangement between Farmers, Agri Universities
and Industries emphasizes and the evaluation of 20-20 model for sustainable Eco Agri Revolution for the
world are explained. A future plan and the road map is discussed.
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Session 1
Ecology, biodiversity and taxonomy of antagonists/ bio-agents

Lead Papers
LP (S1) 01
Development of Trichoderma-based means of biological control: from the field to
the laboratory and back again

Laszlé Kredics
Department of Microbiology, Faculty of Science and Informatics,
University of Szeged, Szeged, Kdzépfasor 52., H-6726 Szeged, Hungary
Email: kredics@bio.u-szeged.hu

The filamentous fungal genus Trichoderma has been a popular subject of basic and applied mycology
research for a long time, which is basically due to the fact, that Trichoderma species play important roles
in various agricultural environments. Several members of the genus have the potential to biologically
control plant pathogenic fungi and nematodes by antagonistic action based on competition, antibiosis and/
or parasitism. The ability of certain Trichoderma species to promote plant growth and induce systemic
resistance in plants can also be exploited within the frames of environmentally friendly agricultural practices.

The first step of the development of biocontrol means based on Trichoderma is generally the
isolation of Trichoderma strains from soil samples derived from agricultural fields of the crop plants to be
protected. The isolated strains are than screened in the laboratory for their antagonistic abilities towards
the target pathogens and properly characterized to select potential biocontrol agents (BCAs). An exact,
species-level identification of the selected BCA candidate Trichoderma strains, preferably performed by
sequence-based molecular methods, is also suggested as a crucial step of the process. The main reason for
this is that besides the positive implications of the genus in biocontrol, Trichoderma may also be harmful
for agriculture, like in the case of mushroom production where certain Trichoderma species occur as the
causal agents of green mould infections affecting cultivated mushrooms. Furthermore, although rarely,
but some Trichoderma species are also able to cause opportunistic infections in humans. An exact and
reliable species-level identification of the BCA candidates makes possible to avoid the development of
potentially harmful members of the genus to biocontrol products, thereby lowering the risks of Trichoderma
biocontrol. Strain improvement by classical mutagenesis, protoplast fusion or genetic transformation can
be performed to enhance the beneficial properties of the selected BCA candidate Trichoderma strains;
However, the improvement by genetic manipulation may restrict the applicability of the resulting BCAs in
several countries with strict GMO regulations. The subsequent steps are the optimization of fermentation
conditions for the selected BCA as well as the selection of proper means of formulation and delivery. If
the beneficial effects of the BCA candidate Trichoderma can be confirmed by greenhouse and field trials,
the process can continue with registration and commercialization. In addition, the development of proper,
specific monitoring tools for the applied Trichoderma strains may provide us important information about
their population dynamics and performance in various agricultural systems.
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The aim of this lecture is to give an overview of the above-mentioned procedure, illustrated
with examples deriving from my own experience in Trichoderma product development, including the
Trichoderma-based biocontrol of rice sheath blight and the inclusion of multiple Trichoderma strains in the
multicomponent soil biofertilizer product BioeGO.

The preparation of this lecture was supported by the Hungarian Government and the European
Union within the frames of the Széchenyi 2020 Programme (GINOP-2.3.2-15-2016-00052).

LP (S1) 02
Exploring root microbial diversity vis-a-vis PGPR ecogenomics for holistic crop
health management

H. N. Gour
Professor Emeritus (DST), Maharana Pratap University of Agriculture and Technology,
Udaipur 313 001, Rajasthan.

The biodiversity of earth is astounding. Our planet supports between 3 and 30 million species
of plants, animals, fungi, protozoa, nematodes, bacteria, viruses, etc. Despite two centuries of research,
systematics has described only about 1.4 million species. The ecology or role of these species in ecosystems,
has been studied far less than one per cent. We know more about large, economically important plants and
animals than we do about fungi and bacteria, despite their important ecological roles. Tangled dirty and
buried underfoot, roots are a mess to study. Digging them up is a time consuming and sometimes back-
breaking process. The shovel be wielded with care to preserve the roots’ delicate branching patterns, the
root hairs and the microbes that cling to them. All of this explains why roots have largely been out of mind,
as well as out of sight, for agricultural researchers-until now. Many scientists are starting to see roots as
central to their efforts to produce crops with a better yield. And as the keys to a second green (or grain)
revolution —one that doesn’t rely on expensive inputs. Roots are most efficient when their architecture is
tailored to their environment providing large labyrinth to swallow friendly microbes. What we want is a
greedier plant that takes up nitrogen early in the season and better performers in the conjunction of dear
fellow microbes. A groups of root aficionados wants to improve crop yields by harnessing microbes that
grow on and around the rhizosphere —the narrow band of soil that surrounds roots. The designer roots can
obey the follow ups of genetic directions of its host faithfully.

What lies beneath? Understanding soil is a matter of rising urgency. Soil quality is the biggest
barrier to higher crop yields for farmers all over the world. Knowing what myriad organisms live in the
soil, and how they interact, is crucial to creating a healthy ecosystem. For all those scientists who are
willing to crouch down and dig, the diversity of soil denizens beat any above-ground system, even that
of a tropical rainforest. A handful of soil from one spot may house a different community from soil just a
meter away, because of variations in the availability of water or nutrients. For example, the ground under
a decaying plant or animal is a different environment from soil lacking such enrichment. And around plant
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roots, specialized organisms inhabit the rhizosphere, a thin layer where roots and soil organisms interact in
myriad ways. Large animals such as moles contribute, changing and aerating the underground landscape by
tunneling. Even a small clump of soil has a gradient of oxygen from its edges to the centre, and each oxygen
concentration may make the perfect habitat for different kinds of creatures. “It is the most incredible zoo”-
Diana Wall (Soil Ecologist) at Colorado State University, Fort Collins, exclaimed.

Wall studied two different samples of soil at 400 km distance apart and found that only 18 invertebrate
taxa out of an estimated 1,300 appeared in both locations. “That is mind blowing”, says Wall. PGPR,
Bacillus spp, Pseudomonas spp etc have been well elucidated in plant disease control and sustaining crop
health by stimulating resistance and growth in plants.

It is a disturbing reality that we have only fragmentary understanding of the enormous microbial
diversity that exists on our planet: This applies not merely to microbes living in extreme environments
and which would be expected to possess unusual and perhaps not yet fully characterized properties, but
also those in mundane habitats- a gram of soil, a ml of seawater or a pl (micro liter) of earth worm gut
environment. The microbial catalyzed, anaerobic oxidants of ammonia and methane have also expanded
the types of microbial metabolisms in anoxic environments that contribute to global elemental cycles. It is
in terms of their metabolism that microbes have revealed incredible diversity as compared to the uniform
types of metabolism found throughout the plant and animal kingdom:s.

Ecological theory will be increasingly concerned with the often subtle biological details of organisms,
as well as the implications of evolutionary dynamics. Microbial ecology will become main stream. At the
same time, it will be essential to look at how species and communities fit into Earth’s history. In a decade’s
time, ecology will be viewed both as a core part of biology, and increasingly as an essential dimension of
Earth sciences.

Plant diseases have played a great havoc since time immemorial causing severe epidemics
resulting into famines affecting the lives of several million people be it potato devastation (Irish famine) or
destruction of rice (Bengal famine). The diseases have always posted a big challenge for the scientists in
respect of yield and quality of the food production. In the wake of burgeoning population which is expected
to be 10 billion in next few years the challenges of achieving food security becomes a distant dream
particularly in view of climate change, losses of biodiversity because of environmental hazards posed by
pesticides use, emergence of new diseases, shrinking farming area etc. Under such circumstances efforts
have to be made to search for the holistic approaches for management of diseases using ITK, application of
bio-control strategies including botanicals, PGPRs, Mycorrhizal organisms, biotechnological approaches,
nanotechnology, resistance sources etc to prevent losses to the tune of more than 36 per cent caused by
biotic stress aloneThe microbial diversity and PGPR may play a greater role in crop health management
and in resilience of ecological balances.

Nevertheless, atop list of recommendations made in a recent report by the American Academy
of Microbiology was a need to develop training opportunities to advance the emerging new field of
“ecogenomics” (the intersection of ecology and genome science) as a means to explore the many levels of
biological organisms that sustain the biosphere. Such training programmes will require an integration of
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knowledge from a number of disciplines, including microbiology, ecology, evolutionary biology, genomic
science, biogeochemistry, mathematics and bioinformatics.

LP (S1) 03
Endophytism in Trichoderma spp.: An overview

Pratibha Sharma?, Verna C. Leon?, R., M. Raja' and Thava Prakasa Pandian®
!Department of Plant Pathology, Sri Karan Narendra Agricultural University (SKNAU),
Jobner- 303 328, Jaipur, Rajasthan.
2Department of Risk and Disaster Management, Seychelles.

]ICAR- Central Plantation Crops Research Institute Regional Station, Vittal, Dakshina Kannada,
Karnataka- 574 243
Email: psharma032003@yahoo.co.in

Endophytes are microorganisms that colonize internal tissues of plants. The field of endophytic
research have gained importance in the scientific realm especially in the area of biological control of plant
pests. It is believed that the use of various innovative biotechnological tools will shed more light on plant-
endophyte interactions and mechanism. Fungal endophytes occur in stems, leaves and roots of monocots
and dicots. They are vital for their beneficial impact on human beings and plants. Various studies done on
Trichoderma spp. have reported that it occurs as endophytes. Endophytic Trichoderma spp. has shown to
produce secondary metabolites and enzymes that are antimicrobial; they also promote plant growth and
antagonize various phytopathogens. This chapter serves to give an overview on work done on endophytic
Trichoderma spp.

LP (S1) 04
Managing soil borne plant pathogens by native bio agents in Indian arid region

Satish Lodha
Principal Scientist, Plant Pathology (Retd.), Central Arid Zone Research Institute, Jodhpur 342 003

In Indian arid region, the principle rain fed crops include pearl millet, clusterbean, moth bean, mung
bean, cowpea, sesame, sorghum, etc. In the irrigated pockets, farmers grow wheat, mustard, cumin, Blond
psyllum or Isabgol, onion, garlic, etc. These crops suffer heavily due to attack of many soil borne plant
pathogens. An effort has been made for the last two decades to isolate, identify and investigate role of native
bio-agents in managing these soil borne plant pathogens. A native heat tolerant strain of Trichoderma has
been isolated from arid soils, which was found effective against pathogens like Macrophomina phaseolina
causing charcoal root rot in legumes and oilseed, Fusarium oxysporum f. sp. cumini (wilt of cumin)
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and Ganoderma lucidum inciting root rot mortality in trees and shrubs in studies conducted at CAZRI.
Subsequently, detailed studies were initiated to confirm the bio-control potential of another bio agent,
identified as Aspergillus versicolor. Studies on thermal resistance showed that it was able to survive even at
65°C. Once a bio agent has shown its potential towards a pathogen, it becomes important to know its survival
and shelf life. Therefore, to achieve this target, a bioformulation of A. versicolor in a mixture of sterilized
neem compost and talc was prepared, which was able to maintain viable propagules of A. versicolor for
more than 120 days. The bioformulated product was distributed to selected farmer, as Maru sena-2. A
bacterium was found to be antagonistic to M. phaseolina, which was identified as Bacillus firmus by IMT,
Chandigarh, India. The bacterium has already been established as a phosphate solubilizing bacterium.
Separate tests were performed to ascertain the activity of antagonistic bacterium against prevalent soil
fungi viz., Aspergillus terreus, A. niger, A. fumigatus, A. regulosus, A. awamori, Paecilomyes spp. and F.
o. f. sp. cumini and a native isolate of T. harzianum. B. firmus failed to inhibit mycelial growth of all
the soil fungi including T. harzianum and Fusarium tested. Bioformulation of B. firmus was developed in
locally available food substrate and lignite for maintaining adequate soil moisture for a period of 120 days.
This product was coined as Marusena 3. The process and the development of the product were submitted
for patenting and have been published on Indian Patent site. Bioformulated product can be safely used
for treating the seeds of legumes and oilseeds to reduce charcoal rot incidence. In addition to fungal and
bacterial antagonists, there is ample scope of utilizing native strains of actinomycete in biological control of
soil borne plant pathogens. Strong correlation was found between increase in actinomycetes population and
decrease in M. phaseolina counts. In sequel, an effort was made integrate native bio agents in compost to
improve pathogen control. In composts prepared from residues of Prosopis juliflora, neem, Indian mustard
and weeds, population of antagonistic actinomycetes to M. phaseolina was maximum (37% increase) in
mustard + weed residue compost. In this presentation salient findings of these aspects are discussed in
detail.

Oral Papers
OP (S1) 01
Exploration of biocontrol potential of nematophagous fungi: status and opportunities

Anirudha Chattopadhyay, Jyotika Purohit and D.S. Patel
Department of Plant Pathology, C. P. College of Agriculture, S.D. Agricultural University,
SK Nagar, Gujarat- 385 506
Email: anirudhbhu@gmail.com

In recent past, chronic occurrence and sporadic emergence of plant parasitic nematode is main
stumbling block in achieving food security. To combat such problem we mostly depend on chemical
pesticides that are toxic to human and animal health. Due to environmental hazards, use of nematicides
1s being restricted in many countries and focus is now shifted towards the promotion of non-chemical
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strategies, such as bio-pesticides. Use of microbial inoculants for pest management is always encouraging.
Among microbial antagonists, Bacillus, Pasteuria, Pseudomonas, and Trichoderma have good potential,
but have limited success in field for providing nematode protection. Hence, exploration the biocontrol
potentiality of nematophagous fungi would be novel alternative.

These nematophagous fungi represent a diverse group of micro-fungi with carnivorous ability. They
are ubiquitous, and well distributed in diverse ecological habitats, from terrestrial, agricultural, forest to
aquatic, marine ecosystem. They were mostly studied for their unique ability to capture, kill and digest
nematodes through diverse mechanism. These include nematode trapping fungi, endoparasitic fungi, egg
and female parasitic fungi, and nematotoxin producing fungi. Generally, predacious fungi trap nematode
directly by hyphal coiling and kill them. Among predacious species, Arthrobotrys oligospora is the
most common and abundant species, and have good biocontrol potentiality against root-knot nematode
infecting cereals and vegetables in field. Within egg and female parasitic group, the biocontrol potentiality
of Verticillium chlamydosporium, Poochonia sp. against Meloidogyne arenaria and that of Paecilomyces
lilacinus, P. fumosoroseus against M. incognita, Heterodera schachtii, respectively was evaluated.
Bioformulation of such fungal bioagents is available in European market. Whereas, very few bioagents
have been commercialized in Indian market, and Paecilomyces lilacinus is only example. But opportunistic
human pathogenic nature of certain Paecilomyces lilacinus strains raises the biosafety concern. Moreover,
failure of P. lilacinus in reducing root gall is already become a concern for large scale application. Hence,
there is urgent need to search for other antagonists, especially nematode trapping fungi. Biological control
potential of trapping fungi against root knot nematodes (Meloidogyne sp.) is already established. Of them,
Arthrobotrys sp, Dactyleriasp., is very promising, but not yet exploited. They perform very efficiently against
phytonematodes at field. Besides their nematode trapping nature, they also colonize as root endophytes and
enhance the plant growth and defence. Due to different mode of nematode parasitism, their co-inoculation
reduces the population density and disease dynamics of phytonematodes at significant level. Genomics and
proteomics of their nematode parasitism were already explored. In spite of their immense potentiality, these
fungal biocontrol agents still remain under utilize in large scale. Hence, there is ample scope for generating
bioformulation of this fungal bioagents, with the aim of their exploitation and popularisation for nematode
management. Hence, exploration and promotion of nematophagous fungi as biocontrol agent would open
up scope of sustainable nematode management.
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Session 2
Molecular applications in characterization of bio-agents

Lead Papers
LP (S2) 05

Agrobacterium radiobacter: A potential biocontrol agent for management of crown
gall disease of plants

A. K. Guptal, Aditi Sharma?, Kishore Khosla? and Rup Lal®
!Department of Plant Pathology, YSP University of Horticulture and Forestry Nauni 173 230
Solan-, Himachal Pradesh, India
2 Horticultural Research Station, Seobagh, Kullu-175 138, Himachal Pradesh, India.
3Department of Zoology, Molecular Microbiology lab, University of Delhi, Delhi-110 007, India

Crown gall caused by Agrobacterium tumefaciens is the major limiting factor in raising healthy stone
fruit plants in nurseries. The incidence of crown gall varies from 4 to 97.5 per cent at different locations
resulting in out- right rejection of an average of 30 per cent stone fruit plants in nurseries. A radiobacter
strain K-84 has been reported to provide nearly complete control of this disease, however this strain is not
available in India. Therefore, the present work was aimed to evaluate the antagonistic activity of native
potent A radiobacter strain(s) effective against the crown gall in stone fruits, three hundred fifty Agrobacteria
were collected from a variety of stone fruit nursery soils covering entire state of Himachal Pradesh in India.
Different Agrobacteria were segregated in two categories virulent and avirulent by following a standard
protocol. PCR based virulence assay were carried out based on virD2 and ipt genes and finally isolated
non-pathogenic bacteriocin producing native bacteriocin producing non-pathogenic A. radiobacter strains
were molecularly analysed and compared with strain K84. A PCR based comparative analysis between
non-pathogenic A. radiobacter strain UHFBA 218 and reference strain K 84 was done using ahc Y gene
amplification. Results revealed that the native population of A. radiobacter does not produce the same type
of agrocin as earlier observed in strain K-84, however, the growth of all pathogenic A. tumefaciens isolates
were inhibited by strain K-84 which showed that all the A. tumefaciens are harbouring nopaline utilizing
Ti plasmid and able to utilize nopaline and agrocinopine A. In vitro tested, most effective A. radiobacter
strain UHFBA-218 (MCC 2101, National Centre for Cell Science, Pune, India; NCBI: KC488176) were
also tested in planta. Different doses of talc based formulation of A. radiobacter strain UHFBA-218 having
initial count of (267x10® cfu/g) were evaluated to minimize the crown gall incidence and it was 0.1% which
resulted in minimum disease incidence. This particular dose is currently being used for minimizing the
incidence of crown gall in commercial stone fruit nurseries grown by farmers.
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LP (S2) 06

Biotechnological approaches for enhancing quality parameters of Trichoderma for
plant disease management

R.S. Fougat, Sushil Kumar and Adinath Palve
Department of Agricultural Biotechnology, Anand Agricultural University, Anand-388 110 Gujarat

Plant diseases caused by bacteria and fungi are the major hindrances worldwide in successful
cultivation of crops for good yield. There is growing need to control these diseases, so as to ensure continuous
supply of food to ever increasing population. The need for increasing agricultural production, productivity
and quality has led to excessive use of chemical pesticides, and fungicides creating serious environmental
problems. The use of bio-fertilizers and bio-pesticides are some of the alternative approaches for achieving
high production with low ecological impact.

Control of soil borne pathogens by the addition of some specialized strains of bacteria and fungi, to
the infested soil is a potential non-chemical approach to control plant diseases. Various Trichoderma species
are among the most frequently isolated soil fungi present in plant root ecosystems for use as bio-control
agent. Their potent ability to survive under diverse unfavorable conditions by regulating their growth,
reproduction and producing enzymes for promoting plant growth and defense mechanism, has led to their
commercial success as bio-control agents. A considerable knowledge of the biological principles and their
mode of action are essentially required for improvement of existing strains as well as development of
new strains of Trichoderma for their use in agriculture as biocontrol agents. This has encouraged the plant
biotechnologist, microbiologist and pathologist to explore new biotechnological approaches to enhance the
bio-control efficacy and efficiency of Trichoderma species.

Genome sequencing of major strains of Trichoderma species has been carried out since 2008, which
has facilitated the comparative transcriptome analysis among different species, whole-genome expression
studies, and provide unique data for phylogenetic and bio-informatics analyses for better understanding
of the role of Trichoderma in ecosystem. In addition, several molecular approaches involving genetic
manipulations have been employed for the development of superior Trichoderma strains, such as protoplast
fusion, chemically and physically induced mutations, Agrobacterium-mediated genetic transformation,
biolistic transformation and transposon mediated insertion mutagenesis.
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Oral Papers
OP (S2) 02

Characterization of rhizosphere microflora isolated from chickpea and its antagonist
effect against Fusarium oxysporum f. sp. ciceri causing chickpea wilt

B. B. Golakiya?l, L. F. Akbari?, P. B. Kaneria®, and K. A. Chudasama*
L2Department of Plant Pathology, *Department of Entomology, JAU, Junagadh — 362 001
Email: bhargavgolakiya79@gmail.com

India being largest producer of chickpea although is unable to meet the demands of its own. Chickpea
(Cicer arietinum L.) is one of the most important rabi pulse crop and is prone to attack by several diseases.
Chickpea wilt is soil borne in nature and caused considerable damage in the field of Ghed area of Saurashtra
region. The biocontrol agents such as Trichoderma species are potential and well known biological control
agents for soil borne fungi including Fusarium spp. In the light of certain constraints on management of
soil borne diseases, biological control is increasingly gaining importance as a possible practical and safe
approach. Biological control of plant pathogens has been considered as a potential control strategy in recent
years and the search for these biological control systems is in its infancy, having largely taken place in the
last 30 years. Antagonistic microflora from rhizosphere soil of partially and completely wilted chickpea
plants were isolated by serial dilution as per standard procedure. The fungal antagonists were purified by
single spore method and were maintained on PDA medium, while bacteria were purified by streak plate
method and maintained on Nutrient agar medium. Fungal and bacterial bio agents isolated from rhizosphere
of chickpea plant were identified by molecular tools i.e. 18S for fungi and 16S for bacteria. Bio-agents
which showed antagonistic effect against F. oxysporum f. sp. ciceri were identified and their sequences
were matched with database in BLAST and identical per cent presented. Efficacy of antagonistic potential
of mycoflora and bacteria against F. oxysporum f. sp. ciceri was evaluated using dual culture technique.
The data revealed that Trichoderma viride showed maximum inhibition of growth of F. oxysporum f. sp.
ciceri (56.36%) followed by Stenotrophomonas maltophilia (44.31%) and T. longibrachiatum-I (34.09%).
Inhibition of mycelial growth of F. oxysporum f. sp. ciceri was minimum in case of Aspergillus spp. (12.5%).

OP (S2) 03
Oligonucleotide Barcoding in identification of Trichoderma species

Ranganathswamy Math
College of Agriculture, AAU, Jabugam

Trichoderma species are all well known for their biocontrol properties in the whole world. This
biocontrol activity is well known by the characterization and isolation of the specific genes which are
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involved in this mechanism. Although the genus Trichoderma has been known since 19th century. Its
association with teleomorphs in Hypocrea Fr. was recognized by the Tulasne brothers in 1865, its taxonomy
has remained obscure until recent decades. The first serious attempt to morphologically distinguish species,
or “species aggregates”, was made by Rifai. Other taxonomic methods supplementary to morphology
include studies of secondary metabolites, Physiological features, iso-enzyme profiling have been used
as an effective taxonomic tool. Molecular data, particularly sequences of the ITS region of ribosomal
DNA and fingerprinting techniques, in recent years allowed the finest resolution of taxonomic entities.
The estimated genome sizes and chromosome numbers of Trichoderma spp. range from 31 to 39 Mb and
from 3 to 7, respectively. The size of chromosome differs among the species. Once the strains are isolated
in wet lab, the identification of isolated strains can be done and validated at the ISTH website. As ISTH is
solely dedicated for the identification of different strains of Trichoderma and Hypocrea species based on
ITS sequences. ISTH (International Sub-commission on Trichoderma and Hypocrea Taxonomy), a Sub-
commission of ICTF (International Commission on the Taxonomy of Fungi), hosts an online method for the
quick molecular identification of Hypocrea /Trichoderma species based on an oligonucleotide barcode. It is
a diagnostic combination of several oligonucleotides specifically allocated within the Internal Transcribed
Spacer 1 and 2 (ITS1 and 2) sequences of rDNA repeat. A set of 5 oligonucleotide sequences which are
present in all known Hypocrea / Trichoderma ITS1 - 5.8S RNA - ITS2 sequences, is used in combinations
to identify the species at generic level. It helps in identifying specific strains of Trichoderma by comparing
the sequence with the database by locating Genus Specific Hallmarks (GSH). The nucleotide sequences
(submitted and retrieved from NCBI) of all seven strains of Trichoderma species can be analyzed through
TrichOKEY 2 program for their validation post molecular identification.

OP (S2) 04
Cloning of important antifungal genes in Trichoderma

Sushil Kumar?, Manish Kumar Suthar? and Adinath Palve!
!Department of Agriculture Biotechnology, AAU, Anand, Gujarat 388 110
2]CAR- DMAPR, Anand, Gujarat 387 310
Email: sushil254386@yahoo.com

Crop husbandry is basis of human livelihood. But this crop husbandry is widely threatened by various
microbes like fungus, bacteria, viruses, nematodes, etc. These microbes can be controlled by chemicals
means effectively but same time these chemicals negatively affects ecosystem. The devastating impact of
chemical can be reduced and or mitigated through biological control of phytopathogens. Biological control
with Trichoderma has special significance being an eco-friendly and economical strategy for disease
management. The various species of Trichoderma produces diverse enzymes which are important players
of biocontrol activity. Cloning and expression of genes encoding antimicrobial enzymes and proteins
provides a better mean to their functional characterization. In present era of molecular biology and different
omics especially genomics and transcriptomics many antifungal genes from Trichoderma has been isolated
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and cloned. Cloning and expression of genes encoding antimicrobial proteins is an important mean for
functional characterization of genes which helps in enhancing the biocontrol activity of Trichoderma. A
large number of genes producing biocontroling proteins in different Trichoderma species have cloned and
characterized; and some of them are chitinase, glucanase, peptaibol synthetase, protease and galacturonase.
The reports of various researchers demonstrated that Trichoderma a reservoir of antimicrobial genes- can
be exploited to control a range of phytopathogens in a very economic manner.

OP (S2) 05
Protein profiling of fungicide tolerant efficient isolates of Trichoderma spp.

Pratik Jaisani and R. N. Pandey
Department of Plant Pathology, B. A. College of Agriculture, Anand Agricultural University,
Anand-388 110, Gujarat, India
Email: amdavadi_15@rediffmail.com

In vitro studies on sensitivity of fungicides on radial growth of T. viride, T. harzianum, T. virens
and T. asperellum revealed maximum tolerance against metalaxyl followed by metiram, mancozeb, thiram
and copper oxychloride, respectively. Studies on generation series and tolerance induction in T. viride,
T. harzianum, T. virens and T. asperellum subjected to increasing gradient of fungicides showed that by
gradual transfers of the bioagent from lower to higher concentrations of the fungicides, the bioagents
acquired tolerance to the higher doses of fungicides viz., metalaxyl, thiram, mancozeb, chlorothalonil and
copper oxychloride.

Protein profile of T. viride, T. harzianum, T. virens and T. asperellum exposed to higher concentration
of fungicides analysed through SDS-PAGE indicated an increase in the protein content in the form of
more number of protein bands of higher molecular weight as compared to non-tolerant isolates which
indicated its association with presence of more number of extracellular cell wall degrading hydrolytic
enzymes responsible for the antibiosis mechanism involved in biocontrol activity of the bioagent. T. viride,
T. harzianum, T. virens and T. asperellum showed maximum protein banding pattern with seven, six, eight
and six bands against metalaxyl exposed at higher concentration of 1000 ppm; followed by mancozeb (100
ppm) showing six, five, seven and three bands and copper oxychloride (600 ppm) with seven, seven and
five bands while lowest number of protein bands i.e. four, three, three and three were observed with thiram
at concentration of 100 ppm. The Trichoderma spp. viz., T. viride, T. harzianum, T. virens and T. asperellum
tolerant to commonly used fungicides can be mass multiplied, formulated and recommended for efficient
management of major soil and seed borne plant diseases.
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Secondary metabolism of the bioagents in crop growth
promotion through host interactions

Lead Papers
LP (S3) 07
Sensing of plants, microbes and nutrients by Trichoderma

Monika Schmoll
AIT Austrian Institute of Technology, Department Health and Environment, Bioresources,
Konrad-Lorenz Stralte 24, 3430 Tulln, Austria

The natural environment of the potent cellulase producer Trichoderma reesei (syn. Hypocrea
jecorina) is a tropical forest, where it degrades cellulosic plant biomass. However, related Trichoderma
spp. are also known as efficient plant protection agents, antagonizing fungal pathogens.

In the plant pathogen Fusarium oxysporum, plant sensing is accomplished by pheromone receptors
responding to secreted plant peroxidases. Here we investigated the relationship between plant sensing,
sexual development and nutrient detection in T. reesei.

We found that T. reesei is able to sense plant root exudates and peroxidases via pheromone receptors,
suggesting that this mechanism is conserved between Trichoderma and Fusarium. Moreover, T. reesei
also showed a concentration dependent chemotropic response to glucose and signals related to sexual
development and plant sensing override nutrient regulated germination. Accordingly, we found that the
presence of soybean germlings promotes sexual development of T. reesei.

We further tested whether Trichoderma spp. can sense and cooperate with plant beneficial Bacillus
spp., which are suitable for combined application in agriculture for plant protection. For biocontrol assays,
we isolated Diaporthe sojae from contaminated soybean seeds with deleterious effect on seed germination.

We propose that T. reesei is attracted to plants by a mechanism that integrates directed hyphal growth
and sexual development for efficient adaptation to the host and potentially also for optimized antagonism
of competitors and plant pathogens. Thereby, association with a plant has higher priority than availability
of nutrients.
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LP (S3) 08

Changing paradigms on the mode of action of fungal bio-control agents

Satyabrata Maiti
Former Director, ICAR-DMAPR, Boriavi, Anand; Present: Expert Consultant QCI
Email: maiti.satyabrata@gmail.com

Use of bio-control fungi (BCF) are often a preferred means of managing plant diseases in the
recent years to avoid growing pesticide residue problems in our food chain as well as for the environment
safety. These BCF are mainly ubiquitous Trichoderma spp and recently described Sebacinales spp.
(Wess et al 2011). They have the vast ability to control numerous foliar, root and fruit pathogens and
even certain invertebrate pests like nematodes. However, disease control is only a subset of their ability to
immensely influence plant eco-system. It is now explicitly demonstrated that they have ability to enhance
plant growth and to increase resistance of their host plants againsta wide range of abiotic stress
factors and some of them can also alleviate physiological stresses such as seed-aging in addition to fungal
pathogens (Bae et al 2009). They also can enhance nutrients uptake in host plants and significantly increase
nitrogen use efficiency (NUE) for increasing crop yield (Harman, 2000; Sherameti et al 2005). Some
biotypes/strains do have abilities to improve photosynthetic efficiency and probably alter respiratory
activities in plants (Harman, 2000, 2006). All these capabilities are an outcome of their abilities to alter
plant expression genes by reprogramming through activation of a limited number of common pathways in
plants (Korolev et al 2008; Segarra et al. 2007). These abilities are added importance in agriculture than
disease management alone. I believe that the abilities of these BCF to induce resistance to biotic (Ahmed
et al 2000; Bigirimana et al 1997; Harman et al 2004; Yedidia et al 2003) and abiotic stresses (Waller et
al 2005, 2008) and increase NUE make them extremely useful tools for increasing crop productivity and
improving food security as well as environment.

LP (S3) 09
Microbial antagonists and their role in biological control of plant diseases

Nakkeeran, S., Vinodkumar, S. and Renukadevi, P.
Department of Plant Pathology, Centre for Plant Protection Studies,
Tamil Nadu Agricultural University, Coimbatore — 641 003
Email: nakkeeranayya@gmail.com

Continuous mono cropping and indiscriminate use of fungicides have lead to the development of
resurgence among the pathogens. Pathogens infecting various crops, has been reported to exhibit resistance
against various fungicides including mancozeb, propineb, and carbendazim. Moreover, application of
pesticides to soil reduces the population of Azotobacter, Azospirillum, phosphate solubilizing bacteria, and
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other beneficial bacteria and fungi. Under these situations, an alternative approach is essential. Biological
control of plant diseases with antagonistic fungi and bacteria have been demonstrated successfully 