








FOREWORD
Indian Phytopathological Society (IPS) has entered into the 75th year of its establishment and service to
the science & Society both at national and international level. The Society is organizing Platinum Jubilee
Celebration and International Conference (hybrid mode) on “Plant Pathology: Retrospect and Prospects”
at SKN Agriculture University, Jobner-Jaipur, Rajasthan, India during March 23-26, 2022.

The science of “Plant Pathology” has evolved over the years since its inception and played pivotal role
on plant health & human health as well. Plant pathologists, worldwide, engage themselves in mitigating
challenges encountered in food production due to plant pathogens. Healthy food is the prime requirement
to ensure nutritional security and to boost immunity. With the advent of modern scientific tools/approaches,
the science of plant pathology has got transformed to a greater extent resulting into the ease of handling
the subject in a more focused manner. Now, to commemorate the completion of seventy-five years by the
Indian Phytopathological Society (IPS), a globally recognized scientific society, we must retrospect upon
plant pathology to acquire detailed insight into the progress made in achieving the global food security. In
this context, IPS intends to organize a four days International Conference on “Plant Pathology: Retrospect
& Prospect”. Primary aim of the conference is to have a flashback of the journey of Plant Pathology in
India till the platinum jubilee year and to look forward to its future in global perspective. The conference
would provide a platform to retrospect upon the milestones achieved and to explore the future scope of
tackling diseases in crop plants. The four days long deliberations will cover the evolution and advancements
in teaching, research and extension activities amidst researchers, academia, entrepreneurs, farmers,
and policy makers. The detailed deliberations on four major themes of plant pathology would certainly
pave the way to ensure better plant health vis-a-vis human health and food security.

The present conference would serve to address major important issues like taxonomy, fungal, viral, bacterial
and nematode diseases of agricultural crops and their management, fungicides/ bactericides- a global
perspective from industries, plant-microbe interactions, impact of climate change on plant diseases, disease
complex/IDM approaches and policy issues, industrial linkages/extension plant pathology, to achieve
sustainability in food production in India. Special satellite symposium on “Ameliorate Resilience of Arid
Crops” is planning to organize theme wise mini symposium sponsored by collaborating scientific organization
and Indian Society of Arid Legume for enhancing resilience in arid land crops. The satellite workshop on
Trichoderma and Gliocladium is intended to bring together leading academic scientists and researchers
across the globe and the private entrepreneurs engaged in commercialization of their technologies.
During the conference delegates from forty-one different countries are attending through virtual mode.
About 400 participants have registered for both online and offline from different institutes across the
world. I hope that the delegates in the eighth international conference will deliberate upon the important
issues relating to plant pathological problems of the country and will come out with suitable
recommendations.

I would like to congratulate and compliment my colleagues from SKN College of Agriculture (SKNAU,
Jobner) and members of Indian Phytopathological Society who have made the efforts in celebrating the
75th year for both the college and Indian Phytopathological Society (IPS).

(PRATIBHA SHARMA)



PREFACE
Agro based commodities and food production have been remaining at
higher demand to feed the ever increasing global population. To meet the
requirement of high crop production, cultivable fertile areas are needed.
Unfortunately, agricultural land is shrinking due to rapid industrialization
and urbanization. Further, to feed the growing population we need to reduce
the crop losses caused by biotic and abiotic threats. Most of the abiotic
threats like flood, draught is very uncertain and difficult to manage. However,
crop losses caused by biotic threats including plant diseases, pests are
manageable with timely adoption of appropriate control measures. Thus,
the required food production can only be achieved to a greater extent
through minimising the losses due to biotic factors. To address these
challenges, the plant protectionist, globally, engage to devise novel low-
input management options for biotic threats. Indian Phytopathological
Society since time memorial has addressed several issues and updates
on these fronts of plant protection. The 8th International Conference (In
dual mode) on “Plant Pathology: Retrospect and Prospects” at SKN
Agriculture University, Jobner-Jaipur, Rajasthan, India is one of that kind
that primarily focused to discuss and deliberate on education, research &
development in Plant protection as a whole and to formulate the roadmap
for future towards meeting the food security. The proceeding of the abstracts
to be presented in this conference (w.e.f 23-26 March, 2022) is compiled
as “Proceedings Book”. We tried our best to bring this compilation
errorless and timely. However, we apologise for any inadvertent mistakes/
typo errors which was unavoidable considering the volume of the contents.
Our heartfelt thanks to the dedicated team of Publication committee for
this compilation. Our thanks to the EC members, IPS for their time-to-time
input and valuable suggestions.

We wish that this compilation would serve as a valuable reference for
Scientists working on Plant Protection.

Robin Gogoi
(Convener, International Conference & Secretary, IPS)

Kalyan K Mondal
(Co-Convener, International Conference & Joint Secretary, IPS)

Malkhan Singh Gurjar
(Co-Convener, International Conference & Treasurer, IPS)

Dated: 19.3.2022
New Delhi



MESSAGE

I am delighted to know that Sri Karan Narendra Agriculture University, Jobner- Jaipur and Indian
Phytopathological Society (IPS) is organizing Platinum Jubilee and 8th International Conference (hybrid
mode) on “Plant Pathology: Retrospect and Prospects” at SKN Agriculture University, Jobner-Jaipur,
Rajasthan, India during March 23-26, 2022 to mark 75 years of service to the science & Society at India
and also at international level.

Globally plant pathogens have adverse impact on the security of food, fibre and biofuel crops, and on
the economy of the country. To minimize this sharp impact, plant pathologists across the globe have
been working relentlessly and to mitigate the problems created by the biotic agents like fungi, bacteria,
virus and phytoplasmas.  The crop losses inflicted by different plant pathogens are one of the major key
constraints in achieving the global food and nutritional security. Changing climatic conditions not only
influence the phenology of insect-pests and diseases but also their time of appearance/ emergence
consequently favoring their increased spread and damage potential of the disease.

The conference being organized is the need of hour to address the major challenges.  I hope and wish
that the conference will serve as an outstanding platform for researchers and different stakeholders to
communicate and imbibe novel ideas and information pertaining to the trending issues related to crop
diseases and their management. I believe the outcomes of the conference will surely be helpful to enhance
crop yield by reducing the crop loss incurred by plant diseases under Indian condition.

I extend my warm greetings and felicitations to the participants and the organizers and wish the conference
a grand success.

T. Mohapatra
ICAR







MESSAGE

I am pleased to know that the Indian Phytopathological Society, New Delhi is organizing Platinum Jubilee
and 8th International Conference (hybrid mode) on “Plant Pathology: Retrospect and Prospects” at
SKN Agriculture University, Jobner-Jaipur, Rajasthan, India during March 23-26, 2022 to mark 75 years
of service to the science & Society at India and also at international level.

Maintaining Plant health is as important as human health since 80% of the food we eat comes from
plants, and to emphasise this, UN had declared 2020 as International Year of Plant Health amid COVID-
19 pandemic. More than 800 million people do not have adequate food and many malnourished as well
auguring bio-fortification for attaining nutritional security and Hon’ble Prime Minister had dedicated 17
bio-fortified crop varieties to cater this demand.  At least 10% of global food production is lost to plant
diseasestarting from the Irish famine due to late leaf blight in potato and Bengal famine due to leaf spot
disease in rice. Developing effective environmentally safe crop protection technologies is essential for
sustainable agricultureand attaining an environmentally responsible world. Several pathogens like fungi,
bacteria, viruses, viroids and phytoplasmas cause major losses in horticultural crops as well leading to
perennial setbacks in production potential as well.

The present conference would serve to address major important issues like plant-microbe interactions,
fungal, viral, bacterial and nematode diseases of agricultural crops and their management, fungicides/
bactericides- a global perspective from industries, impact of climate change on plant diseases, disease
complex/IDM approaches and policy issues, industrial linkages/extension plant pathology, to achieve
sustainability in food production in India.

I hope that the delegates in the 8th International conference will deliberate upon the important issues
relating to plant pathological problems of the country and will come out with suitable recommendations.

I congratulate and wish all success to the organizers and participants of the international conference.

Date:  17th March, 2022 Dr. A K Singh









Prof. DC Joshi
Vice-Chancellor



I am happy to learn that Indian Phytopathological Society, New Delhi is organizing International Conference
on “Plant Pathology: Retrospect and Prospects” during March 23-26, 2022 at SKN Agricultural University,
Jobner-Jaipur, Rajasthan to mark 75 years of its service for the cause of science of Plant Pathology, farmers,
industry and other stakeholders.

An estimated 20-40% of crop yield is lost to pests and diseases every year. Plant disease epidemics
were responsible for several historic famines, most notoriously the Irish potato famine of the 1840s and the
Bengal famine of 1943. Most recently, 13-A2 clonal population of Phytophthora infestans migrated from Europe
triggered devastating epidemics on tomato in India. Losses of staple cereal crops directly affect food security
while losses in horticultural crops and forest plants have major impacts on nutrition, livelihood security, economy
and ecosystem.

The management of plant diseases is very important in improving food security to overcome the challenge
of feeding the current and future population. As a result of Green Revolution, there was three- four fold increases
in cereal production over the period of 1960-2000. Plant pathology played its role in ushering green revolution;
indeed, Dr Norman Borlaug, Father of Green Revolution, was a plant pathologist. Dr Borlaug did not practice
plant pathology but worked across disciplines to bring Green Revolution.  Multidisciplinary approach is need of
the hour in tackling plant pathogens as plant pathology shares an interface with all disciplines in agricultural,
horticultural, chemical, engineering, environmental and social sciences in meeting the challenges of food security
and environmental stewardship in the twenty-first century.

The curriculum of Plant Pathology has to be redefined to address the issues of industry and farming
community in view of emerging plant pathogens, fungicide resistance, breakdown of host plant resistance, and
climate changes. Various skills in artificial intelligence and machine learning, robotics, drone technologies  and
social sciences have to be imparted to students of Plant pathology to make them ready to tackle issues.

I congratulate organizers for timely holding of such an important international symposium and my best
wishes for grand success of symposium.

(P. Chowdappa)
Former Director

ICAR-Central Plantation Crops Research Institute Kasaragod, Kerala
and

Former President, Indian Phytopathological Society, New Delhi
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Dr. P. Chowdappa
Vice- Chancellor
Bharatiya Engineering Science and

Technology Innovation University

Anantapur, AP



The Indian Phytopathological Society (IPS) has completed seventy four years of its magnificent existence
and played a central role in development and dissemination of knowledge of plant pathology. It has immensely
contributed towards food grains production in India which has touched 308 million tonnes (MT) alongwith 331
MT of horticultural production. The country is now in surplus position but due to shortage of modern storage
capacity and limitations of cold chain facilities at various levels of marketing, there is colossal loss of food grains,
fruits and vegetables. Under such a situation, it is obvious to explore avenues for export rather than allowing the
produce to go waste. It is however, noteworthy that our export of agriculture and allied products is not consistent
in its growth. To promote it, there is need to improve quality to meet international standards. However, rejection
of export consignments due to certain Sanitary and Phytosanitary (SPS) issues in recent years still is the major
barriers in promotion of export from India. For solving SPS issues, foremost important is to ensure conformity to
the standards of importing countries. Following good agricultural practices such as reducing the use of pesticides,
particularly those banned in importing countries, global best practices necessary to maintain food hygiene, refining
testing procedures and undertaking corrective measures regularly are important to remain relevant in competitive
global market. Establishing reliable product traceability system supported by proactive measures with adequate
forecasting system for the expected problems and undertaking corrective measure is the most successful way of
resolving a number of SPS issues.  There is continuous urgency for improving export infrastructure including
mechanisation and mechanising the methods for various processes, appropriate packing as well as storage and
shipping conditions to maintain good quality of export material.

It is heartening that to mark the 75th year of establishment the   Society is organizing Platinum Jubilee
Celebrations and 8th International Conference (hybrid mode) on “Plant Pathology: Retrospect and Prospects”
at SKN Agricultural University, Jobner-Jaipur (Rajasthan) India during March 23-26, 2022. The deliberations
are meticulously planned covering almost all the aspects related to plant pathology. It is expected that all such
issues, including such as mentioned above, will be deliberated and the conference will provide an excellent forum
for sharing latest information and catalysing opening of new vistas in plant pathology.

I extend all my good wishes for the success of this mega event of the Society.

(S. S. Chahal)

           Honorary Fellow IPS
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I am very happy, indeed, that the Indian Phytopathological Society is celebrating the Platinum Jubilee this
year.

The fraternity of plant pathologists will always remain indebted to Dr. B.B. Mundkur for his vision is in
establishing the Society in 1947 to promote the science of Plant Pathology in the country and for a wider
role of Plant Pathology for societal development. Since then the society has grown from strength to
strength. It is heartening to know it is the third largest Society of Plant Pathology with a membership of
over 2000 plant pathologists representing about 50 countries. On this special occasion, we must also
thank the stalwarts like Dr S.R. Bose, Dr J.F. Dastur, Dr R.S. Vasudeva, Dr R. N. Tandon, Dr T. S.
Sadasivan, Dr Thirumalachar, Dr R.K. Saksena, Dr K.S. Thind, Dr K.S. Bhargava, Dr S.P. Raychauduri,
and others, for their leadership, valuable guidance and untiring efforts in promoting the cause of Plant
Pathology and the Society.

The 1st International Conference of Plant Pathology was organized by the Society in 1966, which was
precursor for the establishment of the International Society of Plant Pathology. The Society also organised
International Conferences to celebrate the Silver and Golden Jubilees. All these conferences were very
well attended and motivating with the participation of prominent national and international plant
pathologists.  I am sure the  International Conference on “Plant Pathology: Retrospect and Prospect”,
which is being organised at the SKN Agricultural University, Jobner, Rajasthan, during March 23-26,
2022, to celebrate the Platinum Jubilee of the Society, will be another important landmark of the Society.

I warmly congratulate you and your colleagues for developing a very nice programme for the Platinum
Jubilee Celebrations and the International Conference.

Wishing the Coference at Jobner grand success.

With best wishes

Anupam Varma
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I am pleased to learn that the Indian Phytopathological Society (IPS) is organizing 8th

International Conference on Plant Pathology : Retrospect and Prospects during March
23-26, 2022. The Society has a rich history of more than seven decades and has undoubtedly
played crucial role in addressing issues concerning food security in general and save the
harvest in particular by organizing National and International meetings and publishing the
journal Indian Phytopathology.

The theme of the forthcoming international conference is very apt. It will be highly appropriate
to do SWOT analysis during the conference in the backdrop of a recent review entitled “
Global challenge facing plant pathology : Multidisciplinary approaches to meet the
food security and environmental challenges in the mid-twenty-first century” by Jeger
et al. published in CABI Agric Biosci (2021). I am confident that the conference will not only
bring out success stories (TOP TEN) in plant pathology but also identify researchable areas
for the next few decades such as Exotic and re-emerging pathogens, Easy to use diagnostics,
New approaches to exploit genetic diversity, Development and use of novel plant protection
molecules etc.

I sincerely wish good participation and science during the forthcoming conference.

 R K JAIN
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I am happy that Indian Phytopathological Society is organising International Conference on “Plant
Pathology: Retrospect and Prospects” on March 23-26, 2022, at Sri Karan Narendra Agriculture University,
Jobner, Jaipur, Rajasthan. Since its inception, Indian Phytopathological Society has already successfully
organised 7 international conferences and this is 8th in the series, which is part of platinum jubilee
celebration. The conference theme is rightly selected as “Plant Pathology: Retrospect and Prospects”.
Really in a platinum jubilee year it is time to look back our achievements and find out our strength and
weakness and prepare ourselves for the future challenges. Last time we gained experience by successfully
organizing e- conference (during covid period), which was a successful unique experience. Activities
went well by organizing lectures/ presentations in virtual mode. During the last 75 years plant pathologists
have seen the various changes and it has changed from traditional and fundamental plant pathology to
now molecular, diagnostic, genomic, commercial and smart plant pathology. The dedicated team of plant
pathologists in the world has great responsibility to fight against hunger and malnutrition by protecting
our crop with devastating diseases and ensure food security and health to the growing population. It is
the duty of plant pathologists to boost production by protecting our crops from various diseases and
minimize losses of pre and post harvest stages. In the era of climate change, the pathological problems
are also changing and hence plant pathologists have greater role to see plant health in changing climate.
Eco-friendly approach is essential without compromising food production. Hence, growing healthy crop
with minimum diseases and post-harvest losses is the priority of plant pathologists. Indian
Phytopathological Society is spread in more than 50 countries with over 2000 members. Definitely, it will
be a great opportunity for the members to share their experience and fix future priorities. The conference
is designed with four Thematic Sessions with International Workshop on Trichoderma which will be very
informative, useful and interesting for the delegates of the conference.

I am sure the conference will focus on important areas and come out with practical implementable
suggestions and recommendations.

I wish the mega event a grand success.

A.K. Misra

Lucknow

Dated : 05.01.2022

Dr. A.K. Misra, ARS, FPSI, FISMPP, FINSOPP, FSDSH, FCHAI, FUPAAS

Former Project Coordinator AICRP (STF) &
Head, Division of Crop Protection,
CISH, Lucknow
and Past President, IPS

Mob. 9838932188, 9532230355
E mail - misra_a_k@yahoo.co.in
Res: 4/1081, Vikas Nagar,
Lucknow - 226 022 (U.P.), India
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It gives me great pleasure to be associated with Platinum Jubilee Celebration of Indian Phytopathological
Society (IPS) and International conference (hybrid mode) on “Plant Pathology: Retrospect and
Prospect” during March 23-26, 2022 at Sri Karan Narendra Agriculture University, Jobner-Jaipur,
Rajasthan, India.  This Society (IPS) has successfully completed its journey of 75 years of its establishment
with keen involvement of past presidents, secretaries, zonal presidents and councilors, executive council
members, editorial board members as well as contributions made by each member to achieve an
International status linking with American Phytopathological Society (APS). One of the key achievements
has been the upgrading of the journal “Indian Phytopathology” by linking with Springer publication
since 2018.

Sustainable plant health management is the key issue of global development with regard to food safety,
food security and environmental preservation as well as protection. The dynamics of plant diseases and
pest influx are changing rapidly mainly due to changing climate. Managing them has, therefore, become
a huge challenge. Due to the climate change, the area under protected cultivation is gaining momentum.
However, there is resource constraint to meet the needs of growing population with declining land and
water with increased pressure of biotic and abiotic stress. Though several technologies are available in
the omics era to detect plant pathogens, still the technologies towards the management of plant viruses,
bacterial and fungal pathogens have to be addressed well. Intensified research on related issues could
result in improved understanding and management of plant health in the face of different current and
future extremes.

I wish the grand success of this event and believe that this would provide a useful platform for deliberation
by learned delegates, fruitful discussions and interactions among scientists, research scholars and
students as well as valuable recommendations for the benefit of farmers.

                                                                                                                  (B.N.Chakraborty)

Professor B.N. Chakraborty
FNAAS, FNBS, FRSC (London), FAScT,
FPSI, FISMPP, FISPC, FMSI, FIMS

Former President, IPS



It is a matter of immense pleasure that our society with glorious history is entering in 75th year of establishment and
organizing "Platinum Jubilee Celebration and International Conference on "Plant Pathology: Retrospect and Prospects" and
"Satellite Sympsium" on "Ameliorate Resilience of Arid Crops" at SKN Agricultural University, Jobner-Jaipur, India during
March 23-26, 2022.

The Conference is planned to hold the Technical sessions on themes:1.Teaching in plant pathology, i.e. a. Evolving
aspects of plant pathology teaching in India, b. New education policies (NEP) and impact on plant Pathology, etc.; 2. Basic
research in plant pathology i.e. a. Taxonomy and systematics of plant pathogens, b. Genetics and ecology of plant patho-
gens, c. Genomics of plant pathogens, d. Mechanism of disease development, e. Host plant resistance, f. Epidemiology and
crop loss assessment; 3. Applied research in plant pathology, i. e.

a. Diagnosis of plant pathogens, b. Resistant cultivar development, c. Success stories in plant diseases management;
4: Commercial plant pathology i.e. a.

Entrepreneurship, industry and business incubation in plant pathology, b. Smart agriculture with precision plant pro-
tection and fnally the much required International

Workshop on Trichoderma, etc. Plant Pathology in general and researches on Plant Health management in particular in
our country has advanced very well. There has been tremendous progress in;

Characterisation and identif cation of plant pathogens and useful microbes with molecular markers; Microbial genomics;
PGPR and bio-agents as bio-fertilizers and bio pesticides; Management of plant diseases, etc. The advances in microbial
diversity, genomics, bio- informatics, etc. have brought into focus several applications of microbes viz. PGPR, bioagents, etc.
Technologies for management of crop diseases and plant health through different approaches have been evolved by the
scientists for the use of farmers.

The planning of the conference is meticulous, appropriate and timely and hope that the conference will provide a
common platform to scientists, academicians, government agencies, students, farmers and industry personnel to meet and
discuss their common interests in academics, research, innovations with dedicated objective of popularising the technolo-
gies of plant health management for eco-friendly and sustainable agriculture and to draw a road map for future course of
action for policy makers. During the current year the EC has worked well to organise a series of lectures delivered by Eminent
Scientists.

I take this opportunity to express gratitude with thanks to Dr Trilochan Mohapatra, Secretary, DARE and DG, ICAR,
New Delhi & Dr. J.S. Sandhu, Vice Chancellor, SKNAU, all the Patrons & Heads of different institutions for their guidance and
encouragement.

I also thank profusely to the members of Organizing Committee, Dr. Pratibha Sharma, President IPS, and Chairperson, Dr.
Rakesh Pandey, President-elect, IPS, and Co-Chairperson; Dr. M.L. Jakhar, Director Research & Organising Secretary; Dr.
Mahabeer Singh, Head (Plant Pathology) and Dr. Rajesh Bagri, RARI, Co organising Secretary, for their whole hearted effects
to successfully organise the Conference.

I take this opportunity to congratulate and thanks profusely to Dr. Robin Gogoi, Secretary & Convener; Dr. Kalyan K.
Mondal, Jt. Secretary, Dr. Malkhan Singh Gurjar, Treasurer and Dr. Ritu Mawar, Principle Scientist & Co Convenors, all the EC
members of IPS, Advisory Committee and members of different Committees, and all those who have put their untiring efforts
to organise the Conference and wish the conference a grand success.

12 th February, 2022 (R.N. Pandey)
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Prof. (Dr.) R. N. Pandey
Former President, IPS, New Delhi &
Professor & Head (Retd.)
E-mail: pande56@gmail.com Cell: 099259 52458





It is matter of great happiness to know that Indian Phytopathological Society, New Delhi is
organizing Platinum Jubilee and International Conference (hybrid mode) on “Plant Pathology:
Retrospect and Prospects” at SKN Agriculture University, Jobner-Jaipur, Rajasthan, India during March
23-26, 2022 to mark 75 years of service to the science & Society at India and also at international
level.

Plant diseases have always been a major constraint in the production and productivity of agri-
horticultural crops. The vast diversity of different cropping patterns, prevailing environmental conditions
and evolving virulent pathotypes leads to the occurrence of devastating diseases in different parts of
India. Characterization of pathogens is very important in order to design the durable management
strategies. These situations demand for the collaborative and systematic approaches for
characterization and management of prevalent pathogens. The topic and different themes of conference
are very pertinent and it is hoped that fruitful deliberations will be made which will lead to the concrete
recommendations in management of emerging and re-emerging plant pathogens for achieving
sustainability in food security.

I foresee there will be comprehensive interactions and discussions in all the technical sessions
under the specified themes in the conference. The final outcome of the international conference will
make possible to bring out a document with respect to the basic and applied researches which will
hold up agricultural sciences and sustain food security.

I wish my best and hearty congratulations to my team members and the co-organizers and their
team members for coming forward to organize the conference in hybrid mode, and also taking opportunity
to wish the researchers, students and extension workers for their ventures extended to the greater
cause.

I further wish the international conference to be the most prolific and grand success.

(Pratibha Sharma)

Dated: 14th March, 2022
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Crop Protection is one of the major dimensions in Agriculture, and Plant Pathology is the
major area in it. On an average, crop diseases pose about 19-22 per cent yield loss annually which has
been remaining a major concern for the plant pathologists. The science of plant pathology in the educational
institutions of India has got tremendous momentum since its beginning from 1905. This agricultural science
has ably shown positive impact in the research fields and every corner of the farmers’ fields and contributing
to the country’s higher productivity. It is the happiest moment for all of us that the Indian Phytopathological
Society (IPS) has successfully completed 75 years after its foundation in 1947 laid by the visionary
person B. B. Mundkur. Under the umbrella of this Society, our pledge is to continue relentless services to
the Indian Agriculture and to support the farmers’ livelihood. Henceforth, the Society is going to celebrate
its Platinum Jubilee and 8th International Conference in Hybrid mode on the theme “Plant
Pathology: Retrospect and Prospects” during March 23-26, 2022 at Sri Karan Narendra Agriculture
University, Jobner-Jaipur, Rajasthan, India. A large number of plant pathologists and crop protection
scientists from India and abroad, research scholars and post graduate students will take part in this
conference by attending physically and online as well. They will place various findings and ideas in four
major technical sessions, namely, Teaching, Basic and Applied Research in Plant Pathology, and Commercial
Plant Pathology. In addition, the Conference has covered a satellite programme of “International Workshop
on Trichoderma and Gliocladium” keeping in view of the organic cum natural farming in India. I am
convinced, there will be close interactions and thorough discussions in every technical session and the
final outcome of the conference will facilitate to bring out a functional document with respect to the basic
and applied research.

I am pleased to welcome you all to the 8th International Conference of the IPS convening in the
beautiful campus of SKN Agriculture University, Jobner. I am, and the Society is highly indebted to the
Vice Chancellor of the University for hosting the grand programme of the plant pathologists. I wish my
best and hearty congratulation to the organizers and their team members for coming forward to convene
the conference. I further hope, all the participants will enjoy openly in this get-together happening first
time after the confinement of serious Covid-19 period.

In advance, I wish the International Conference to be a grand success.

Dated: 15th March, 2022                                                                   (Robin Gogoi)

New Delhi
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Award Lectures 01-08

Plenary Lectures 09-10

MJ Narasimhan Academic Merit Award Contest 11-20
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1 Teaching in plant pathology
A. Evolving aspects of plant pathology teaching in India in the 27-29

background of international scenario

2 Basic research in plant pathology

A. Taxonomy and systematics of plant pathogens 30-35

B. Genetics and ecology of plant pathogens 36-52

C. Genomics of plant pathogens 53-60
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D. Biosecurity, Quarantine & Biosafety 151-156
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Presidential Lecture

AL(01):Biocontrol Strategies- Retrospect and Prospects

Pratibha Sharma*
*President, Indian Phytopathological Society- New Delhi and ICAR- Emeritus Scientist, Department of
Plant Pathology, Sri Karan Narendra Agriculture University, Jobner- Jaipur- 303328, Rajasthan- INDIA
Email: psharma032003@yahoo.co.in

Tubeuf (1914) coined the term ‘Biological control’ in relation to the plant pathogens, while Hartley
(1921) first attempted to control root diseases of plant with introduced microbes. Cook and Baker
(1983) defined biological control as the reductions of the amount of inoculums or disease-producing
activity of a pathogen accomplished by one or more organisms other than man. Harman (2000) defined
biological control as a critically needed component of plant disease management. Important genera
used as biocontrol agents include Trichoderma, Gliocladium, Aspergillus, Penicillium, Neurospora,
Chaetomium, Dactylella, Arthrobotys, Glomus, Pseudomonas fluoresens, Bacillus subtilis and
Streptomyces species. The term “biological control” or “Biocontrol” have been used in different fields
of biology, most notably entomology and plant pathology. The organism that suppresses the pest or
pathogen is referred to as the Biological control agents (BCAs) which are used now-a-days instead of
Biopesticides. Among the agents some also have the ability to increase plant growth, so these should
be considered as plant growth promoting agents. Since the current day emphasis is on sustainable
agriculture therefore, possibility of seed/planting material treatment and biopriming of nurseries with
biopesticides/ BCAs should be given priority at all levels. Different microbial consortia can also be used
for better control of plant diseases. Mukhopadhyay (1987) highlighted that “Biological control of soil
borne plant pathogens by Trichoderma spp. and other bioagents as a vital area of plant pathological
research all over the world these days”. Biological plant protection is too important component in the
eco-friendly management of plant diseases all over the globe. It is now widely accepted that biological
control of crop diseases is a distinct possibility for the future and can be exploited within the framework
of Integrated Pest/ Disease Management System. The idea of a well-developed biological system
management through the manipulation of agroecosystems is an urgent requirement to do away pesticidal
hazards. Research on the release of naturally occurring antagonists and enhancement of resident
antagonist are definitely a part of the recommendation combo of a plant protection manager, but the
mechanism part is totally missed out. The study on the introduction of microorganisms, promotion of
root health, shift in microbial diversity, influence of soil nutrients and organic amendments are the
specific features associated to the inundative approaches and biodiversity. The studies on the genetic
binding of a microorganism to a plant system are also important feature which highlight the rhizosphere
specific microbial communities. The role of crop cultivars is still unknown and studies in this area will
help to understand the plants ability to attract and support Rhizosphere specific microbial communities.
The importance of entophytes needs attention which has remained a neglected area, since this could
make us understand rhizosphere specific microbial community structure for root health. Improved
techniques should allow analysis of the biological system management through estimation of natural
biological activity in soils in absence of soil suppressiveness. Endophytes and plant growth
promoting bacteria help in rhizosphere to control the growth of many soilborne pathogens. In
nature, due to the interaction of several populations of microorganisms, soil suppressiveness
usually limits disease incidence efficiently and consistently. But in absence of this phenomenon,
we are bound to use the introduced antagonists, which are target specific limiting the crop
protection and therefore multitargeted biological control strategy is required. The interaction
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between plant pathogens is not only affected by the density or microbial spectrum of the
community, but also by the function or activity of the individual components in that community.
Our lack of knowledge of how these interrelationships works are driven along with the fact that
a vast number of soil microbial species are still unknown which require more research. We really
need to clearly understand how the natural soil populations, microbial diversity and community
are influenced by different agro ecosystems and environment. The trend towards a Biological
System Management is to develop an integrated relationship between the biological system of
the agroecosystem with the crop production system. The interrelationships between biological
entities –plant, pathogen, pest and microbial community with a particular ecosystem play an
important role in developing management strategies. Today research on biocontrol is a buzz
word and vogue of every lab not knowing its fate. Large number of experiments are being
designed for sake of a publication. Reviews are available on this subject which allows us to
understand that how antagonists have established their role in the management of pests. To
prioritize biocontrol research and application definitely is an utmost requirement of all plant
protection managers since, biocontrol directly or indirectly has become an important component.
Some excellent field researches conducted are not of academic interest, and it leaves you alone
but the technological transfer would greatly aid in reducing the amount of confusion among
growers for whom the technologies are developed. Role of industry needs to be emphasized
and they should also come out with their viewpoints We really also need to develop a second
generation of BCAs besides the most promising and common tested BCAs. Commercial use and
application of biological disease control have been slow mainly due to their variable performances
under different environmental conditions in the field. This problem can be solved by better
understanding of the environmental parameters that affect the biocontrol agents. In addition to
this problem, there has also been relatively little investment in the development and production
of commercial formulation of biocontrol active microorganisms probably due to the cost of
developing, testing, registering, and marketing of these products. Biological control agents are
generally formulated as wettable powders, dusts, granules and aqueous or oil-based liquid
products using mineral and organic carriers. Many companies with more diverse product lines
including a variety of agrochemical and biotechnological products have played a significant role
in the development and marketing of the products for the control of plant pathogens. To improve
commercial use and application of biological disease control it is extremely important to emphasize
and concentrate on several factors including training of growers, formulation of biocontrol
microorganisms and studying the role of environmental factors. Biocontrol products are either
marketed as standalone product or formulated as mixture with other microbial. Some products
with biocontrol properties may not be registered but sold instead as plant strengthens or growth
promoters without any specific claims regarding disease control. To help improve the global
market perception of biopesticides as effective products, the biopesticide industry alliance is
establishing a certification process to ensure industry standards for efficacy, quality, and
consistency.

S.P. Raychaudhuri Memorial Award Lecture

AL(02): Dr. T. Mohapatra

Secretary (DARE) & Director General (ICAR), Krishi Bhavan, New Delhi, India

A
w

ar
d

 L
ec

tu
re

s



8th International Conference (Hybrid Mode)
Plant Pathology: Retrospect and Prospects

March 23-26, 2022  SKNAU, Jobner-Jaipur, Rajasthan

3

Mundkur Memorial Award Lecture

AL(03):Advances in Plant Pathology Research: Challenges and Opportunities

Rashmi Aggarwal*
Division of Plant Pathology, ICAR-Indian Agricultural Research Institute. New Delhi – 110012, India
*Email: rashmi.aggarwal2@gmail.com 

The discipline of Plant Pathology is expanding requiring a multi-faceted interdisciplinary approach
to understand the complexity of interactions for any given disease, disease complex or syndrome.
Many recent developments in research has identified some key issues which need to be addressed
to meet the global food security and to address the environmental challenges. A major concern
in front of plant pathologists is to respond to challenges by contributing to a wider forum for
multidisciplinary research, recognizing the impact that is going to be generated at national and
international level. Linkages between plant pathology and other areas like precision agriculture;
plant growth and development; decision analysis and disease risk; development and use of new
and novel plant protection chemicals; new ways of exploiting host genetic diversity including
host resistance deployment; new perspectives on biological control and microbial interactions;
advances in surveillance and detection technologies; invasion of exotic and re-emerging plant
pathogens; and the consequences of climate change affecting all aspects of agriculture, the
environment, and their interactions are needed to be addressed taking a system biology
approach. Climate change and international biosecurity associated with trade and air travel are
the global challenges impacting society. Fungal pathogens are emerging and/or remerging in
this scenario. In era of molecular biology, there is a need to understand pathogen evolution,
biology, lifestyle, novel disease management strategies using molecular approaches besides
understanding ecological interactions among plants, pathogens, and other microbiota keeping
in view etiology and epidemiology, in order to meet these emerging challenges. During the last
three decades, significant advances have been made in our understanding of plant pathogens
and their interactions with the host through genomics led studies. The genomes of more than
1100 fungal species are available in the public domain. Plant pathogenic fungi comprised the
largest category (35.5 %) in which plant pathogens are predominant.  191 genomes of pathogenic
fungi are available in which 61.3 % cause diseases on food crops. In genomics era, genome
sequence led diagnosis and management strategies have major role to curtail losses due to
diseases. Concerted efforts have been made in the areas of host pathogen interactions,
molecular characterization of pathogens/biocontrol agents, developing diagnostics for Karnal
bunt pathogen (Tilletia indica), spot blotch (Bipolaris sorokiniana), rusts (Puccinia triticina and
P. striiformis tritici) and Chaetomium globosum (biocontrol agent). This has helped in developing
resistant varieties and integrated management of diseases. A novel toxin ‘Bipolaroxin’ was
identified and characterized using NMR and GCMS in B. sorokiniana having role in pathogenesis.
B. sorokiniana-wheat interactions at cellular and molecular level confirmed hemibiotrophism
and led to the identification of significant upregulated defense genes. In genomics era, genome
sequence led diagnosis and management strategies have played a major role to curtail losses
due to diseases. Genomics and transcriptomics studies of fungal pathogens of national importance
has generated a gamut of information which has helped in better understanding of pathogenesis,
population dynamics of rapidly evolving pathotypes/races, their diagnosis and developing
management strategies for minimizing losses caused by diseases. In this direction, high quality draft
genome sequences of Puccinia striiformis tritici race I (38S102) (Accession No. MKXH00000000),
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Tilletia. indica isolate RAKB_UP_1 (Accession no. MBSW00000000), Bipolaris sorokiniana BS-
112 (Accession No. RCTM00000000), Fusarium fujikuroi isolate F250 (Accession No. KM50526),
T. caries and B. oryzae have been generated and published in NCBI database. Genomics and
transcriptomics data generated on Chaetomium globosum, a biocontrol agent has led to the
identification and expression analysis of significant genes involved in ISR and other mechanisms
of antagonism. Studies have also led to the development of quick and reliable PCR/qPCR, LAMP
and macroarray-based diagnostics for major pathogens. These advances will be discussed during
the presentation along with challenges and opportunities.

Sharda Lele Memorial Award

AL(04):Phylogenetics, diagnostics, pathogenomics/ proteomics, functional
genomics and potential target sites for the management of Colletotrichum
falcatum causing sugarcane red rot

P. Malathi
Division of Crop Protection, Sugarcane Breeding Institute, Coimbatore, Tamil Nadu, India
*Email:emalathi@yahoo.com

Currently, red rot caused by Colletotrichum falcatum Went (Perfect state: Glomerella tucumanensis
(Speg.) Arx and Muller) is the major limiting factor as it causes frequent breakdown of released
resistant cultivars due to emerging new variants of the pathogen. Since knowledge on the genetic
structure and evolutionary potential of pathogens are essential for breeding and management
of plant resistance, population structure analysis of C. falcatum with large number of isolates
was conducted using conserved gene sequences and molecular markers (ISSR, RAPD), which
indicated major grouping of virulent isolates (95%) and minor grouping (5%) of least virulent
isolates.  Based on this, falcatum specific primers for PCR based diagnostics were identified,
validated and being utilized. From phylogenetic studies, it had been inferred that the existence
of high phenotypic variation is mainly due to adaptation of isolates to the newer cultivars resulting
in breakdown of resistance. Hence further studies were conducted to characterize pathogenicity
related genes/ proteins. For which, initially identified existence of pathogenicity gene homologs
of other Colletotrichum spp in C. falcatum and then characterized pathogenicity related genes/
proteins under genomic and proteomic approaches. Further standardized functional analysis of
genes by Knock-out and Knock-down (RNAi) approaches to confirm the identified gens in C.
falcatum pathogenesis. Above all, a few potential target sites had been identified for fungicidal
management under conventional approach for immediate application. Results of all these findings
generated in relation to phylogenetics, its diagnostics, identification of pathogenicity related genes/
proteins, functional analysis of unique genes and characterization of candidate genes for disease
management, deserve the credit on first kind of report with respect to C. falcatum.
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Jeersannidhi Award Lecture

AL(05):Unravelling the enigmatic Sugarcane-fungal pathogen interactions from
an “Omics” perspective

A Ramesh Sundar*, NMR Ashwin, Palaniyandi Malathi and Rasappa Viswanathan
Division of Crop protection, ICAR - Sugarcane Breeding Institute, Coimbatore, India.
*Email: rameshsundar_sbi@yahoo.co.in

Disease resistance in crop plants is an enigma to be unravelled, in spite of advances made in
plant biology. The science of plant disease resistance has undergone a paradigm shift in
understanding starting from the gene for gene concept to the rapidly evolving robust molecular
biology platforms viz. Next Generation sequencing, Genome Editing, etc. An integration of the
tools of “Omics” namely genomics, proteomics, metabolomics, etc. has strengthened in decoding
plant-pathogen interactions at the molecular level. More specifically, genomics research with
the phenomenal upsurge to the next generation sequencing platform and beyond has proven to
be robust enough to decipher complete genetic information coding for useful traits of interest.
Proteomics and Metabolomics are the complementary tools to genomics, which are gaining
substantial progress in many crop plants like Rice, Maize, Sorghum, etc., besides having been
well established in the model plant – Arabidopsis. There is an unprecedented acceleration in
the pace, with which this tool of “omics” is carrying forward progressively to address many
unresolved issues in Plant Pathology. It is quite evident that Proteomics and Metabolomics are
powerful tools in the post-genomic era and plays a key role in empowering systems biology in
plants. In sugarcane, the inadequate understanding on the contribution/distribution of multiple
alleles to the complex traits such as disease resistance is strangling the breeding efforts, which
could only be addressed by the development novel/new strategies that integrates various
biotechnology tools. However, sugarcane genome sequencing is lagging a way behind, when
compared to other related monocots like sorghum and maize, due to polyploidy, large size and
complexity of sugarcane chromosomes. Considering the developments in sugarcane proteomics,
in spite of absence of whole genome information of sugarcane, it is appropriate to state that the
potential of proteomics has added enough leverage to decipher the interactome of disease
resistance in sugarcane. With the accomplishments in elucidating sugarcane ESTs, which was
ably supported to unlock the secrets of pathogenomics and pathoproteomics by exploiting the
next generation sequencing platforms, it is now made possible to improve our understanding on
the disease resistance in sugarcane. Hence, the integration of the tools of “omics” approaches would
enable researchers to reconstruct the whole cascade of cellular events leading to rapid responses and
adaptation to disease resistance in Sugarcane, the trait which accounts for considerable yield and
quality loss.
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A.N. Mukhopadhyay Oration Award Lecture

AL(06):Climate-Ready bioinoculants for sustainable crop productivity

Suseelendra Desai
Former Head (DCS) and Dean, NMIMS-School of Agricultural Sciences and Technology, Shirpur 425405,
Maharashtra
Email: desai1959@yahoo.com

Crop plants and their microbiomes have co-evolved and microorganisms form an indispensable
component of crop production systems across the world. With the rising concerns of climate
change and climatic variability, occurrence of extreme weather events is on the rise in recent
resulting in onslaught of biotic and abiotic stresses on the crops. Though, several microbial
formulations have been developed and successfully commercialized, their performance is variable
across agro-ecologies. One of the reasons could be that, despite endowed with excellent plant
growth promoting traits, they are failing to withstand these stresses. In this backdrop, climate-
ready microbial inoculants are a boon provided they deliver anticipated results. Thus, it is
imperative to identify abiotic stress tolerant strains of beneficial microorganisms and
understanding their mechanisms. By studying the impacts of elevated temperature and CO2 on
these microorganisms, suitable adaptation strategies could be developed. Isolates of
Trichoderma, Bacillus, Pseudomonas, Azospirillum and Azotobacter were collected from different
agro-ecological crop production systems of India and tested for their biocontrol ability, plant
growth promotion and abiotc stress tolerance. Promising isolates possessing combinations of
traits of biocontrol ability, plant growth promotion and abiotic stress tolerance were identified.
Selected strains were field-evaluated. Functional genomics of abiotic stress tolerance was studied
so that they could be transferred to otherwise efficient strains. Variations in PGPR traits,
qualitative and quantitative aspects of EPS production, and ability of the isolates to solubilize
zinc and phosphorus were studied to identify promising strains possessing desirable traits. Impact
of elevated CO2 over generations on these beneficial microorganisms was studied to understand
possible implications of such impacts on crop production systems and develop suitable adaptation
strategies. Further innovative research and development, awareness building programs and
enabling policy environment coupled with investments and skill development are essential to
develop farmer-friendly coping mechanisms to neutralize the impacts of climate change and
climatic variability on crop health.

D.P. Misra & R.N. Pandey IPS Women Scientist Award Lecture

AL(07):Ganoderma basal rot mortality: An emerging threat for greening Indian
desert

Ritu Mawar*
ICAR-Central Arid Zone Research Institute, Jodhpur – 342003, Rajasthan, India
*Email: ritumawar1976@gmail.com

Indian arid region in recent years witnessed large scale mortality in Indian mesquite {Prosopis
cineraria (L.) Druce} or Khejri due to root rot caused by Ganoderma lucidum and G. tsguae. In
addition a beetle Acanthophorus, which damages the roots made entry of the pathogen easy for
infection. A series of studies were conducted to assess the bio-efficacy of biocontrol agents and
in in-vitro and in the field against Ganoderma species. Three native biocontrol agents isolated
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from rhizospheric soil of healthy and diseased tree of Khejri were purified to study their
morphological characters. These were identified as Trichoderma longibrachiatum, T. harzianum
and Aspergilus nidulans. Studies revealed that T.longibrachiatum and T. harzianum significantly
inhibited the mycelial growth of G. lucidum compared to control. Maximum mycelial growth inhibition
(47.6%) of Ganoderma was recorded in 96 hrs. with T. longibrachiatum. The comparative efficacy
of these bioagents was tested by amending soil with individual bioagents or with food substrates
where Ganoderma infected cowpea bits were inoculated. All the treatments showed a significant
reduction in viable infected root bits of Ganoderma after 60 days over the control. However,
there were significant differences in the reduction of viable propagules of Ganoderma among all
the treatments having bioagents. Maximum reduction (85.0%) of viable infection of Ganoderma
was achieved in a treatment combination having all the three bioagents, Prosopis juliflora, and
onion residue compost within 40 days. Laboratory experiments were also performed to ascertain
the compatibility of these bioagents at different concentrations of insecticides in wet and dry soil
conditions. Significant variations in the survival of all the three bioagents were estimated in both
the conditions, time of incorporation, and at different concentrations of insecticides. On the
basis of aforesaid results, field experiments cum demonstrations were conducted at three
problematic sites of arid districts of Rajasthan for the last two years. Maximum reduction in the
Ganoderma-induced root rot mortality and rejuvenation of affected Khejri trees was recorded in
the treatment where chlorpyrifos (20g/ tree) was combined with T. longibraciatum+ T. harzainum+
A. ninulans+ P .juliflora and onion residue composts (500g/tree) supplemented with one irrigation.
These combinations were also successful in establishing bioagents in nutrient deficient sandy
soils of the region. This technology has been found more effective in rejuvenating partially
infected trees. Integration of naturally available bio-resources of the region has been found
successful in achieving our endeavor to manage this strategic problem.

A.K. Sarbhoy Memorial Award Lecture

AL(08):Current advances in the status of Fusarium wilt of banana in India

R Thangavelu*
Department of Plant Pathology, ICAR-National Research Centre for Banana, Tiruchirapalli - 620012,
Tamil Nadu, India
*Email: rtbanana@gmail.com

In India, the Fusarium wilt disease, which is considered as most devastating in banana world-
wide, is jeopardising not only the production, productivity and export of banana but also the
livelihood and employment opportunities of millions of people especially small farmers and
landless laborers. Although the presence of the disease caused by the fungus Fusarium
oxysporum f. sp. cubense (Foc) was recorded in almost all the banana growing regions of India,
the Foc strains infecting Cavendish group of bananas (VCGs 01213/16, 0125, 0124, 01220)
are causing havoc in major Cavendish growing states like Tamil Nadu, Maharashtra, Gujarat,
Madhya Pradesh, Uttar Pradesh, Bihar and West Bengal and the maximum of 90% incidence
was recorded particularly in Bihar. The whole genome sequencing carried out for the abovesaid
Cavendish infecting VCGs revealed that there is a variation in the organisation of genome
assembly and virulence-associated genes, specifically secreted in xylem (SIX) genes when
compared to the reference genome. These variations were exploited to design primers specific
for Foc Race1, Race 4, Tropical Race 4 and Subtropical Race 4 and validated using other Foc
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races, VCGs or banana pathogens, Fusarium species and non-pathogenic Fusarium oxysporum
isolates. This study demonstrated that the molecular markers developed for all the three Foc
races of India could detect the pathogen in planta and up to 0.025 pg µL-1 DNA level. For the
effective management of the disease, the identification of host resistance and development of
effective consortia of bioagents were carried out. In these studies, the glass house and hot spot
field screening of all the banana genotypes (215) resulted in the identification of about 55-60
genotypes belong to different genomic groups including Cavendish group (AAA) resistant to
Fusarium wilt pathogen. Further studies on the micobiome of these Foc resistant and susceptible
cultivars revealed a quality difference in the structure of microbiome. Besides, a total of five
different consortia of endophytic and rhizospheric nature of bioagents and a cheaper and farmer
friendly method of mass production and delivery system were also identified and found potential
for the effective management of this lethal disease in banana. All these above said studies have
given a hope that the Fusarium wilt disease can be controlled effectively in the future and thus
can save the banana industry which worth more than 50, 000 crores of rupees in India.

M.K. Patel Memorial Young Scientist Award Lecture

AL(09):Development and field validation of robust riagnostics for emerging
Virus and Virus-like Pathogens Infecting major horticultural crops in North
East India

Susheel Kumar Sharma1*, SS Roy1, Arati Ningombam1, A Ratankumar Singh2, Raghuveer Singh3, Tasvina R
Borah2 and Pankaj Baiswar2

1ICAR Research Complex for NEH Region, Manipur Centre, Lamphelpat, Imphal-795004
2ICAR Research Complex for NEH Region, Umiam, Meghalaya-793013
3ICAR Research Complex for NEH Region, Arunachal Pradesh Centre, Basar-791101
*Email: susheelsharma19@gmail.com)

Virus and virus-like pathogens have emerged as the major constraint in production and productivity
of horticultural crops in North East region of India. Present study focused on development and
validation of simplified and robust detection systems for major and emerging viruses and virus-like
pathogens infecting diverse horticultural crops in the region. Simplified multiplex diagnostics were
developed for the simultaneous detection of chilli veinal mottle virus and cucumber mosaic virus
infecting chilli in North East India. A simplified template preparation using crude sap extract of plants
in isothermal recombinase polymerase amplification (RPA) was developed for the detection of
potyviruses infecting passion fruit and chilli. Similarly the robust RPA assay for detection of
huanglongbing-associated Candidatus Liberibacter asiaticus and citrus tristeza virus were developed
using crude sap of infected citrus plant as template. Crude sap from infected citrus leaves extracted
in simple buffers was best suited for the simplified detection of these virus and virus-like pathogens.
Developed RPA assay could detection the target pathogens up to 10-7 of crude sap dilution and was
as sensitive as bench mark PCR. These assays were validated using large number of field samples
and found highly robust. Developed detection assays will have applications in routine indexing and
production of virus-free planting materials in the region.
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PL(01): The Global Plant Health Assessment (GPHA): An early report of the
results of an International Society for Plant Pathology initiative

Serge Savary*
INRAe, Plant Health and Environment Dept., Centre de Toulouse Occitanie, 31326-Castanet-Tolosan cedex -
France Tel: 33(0)5 6128 5567
*Email: serge.savary@inrae.fr

The impacts of plant pathogens on the functioning of ecosystems, be they natural or human-
made, and their ability to generate services (provisioning, regulating, cultural) are poorly known.
The ISPP therefore endorsed the conduct of an assessment of these impacts, which was
undertaken by nearly 100 of its members. Addressing these impacts on all ecosystems and their
services is impossible: the GPHA thus considered a set of key [PlantSystem x Ecoregion] in the
world, where (1) the overall state of plant health and (2) the impacts of diseases on services
were considered, each by a specific team of Experts. Twenty-seven standardized reports were
generated by these teams on forests, urban vegetation, horticultural and home garden systems,
perennial fruit crops, cereal crops, and roots and tubers across North and South America, Europe,
sub-Saharan Africa, and South, South-East, and East Asia. The services considered are very
diverse, including food, fibre, feed, raw materials, and fuel (provisioning); air, carbon, soil, water,
and biodiversity (regulation); and beauty, recreation, and spiritual (cultural). A key feature of
the GPHA is the use of standardised qualitative scales for Experts in different fields to express
both systems status and trends, for a diversity of services, which then can be compared and
analysed. This work will be reported soon in various forms and will provide milestones to discuss
the consequences of climate change, global exchanges, globalisation, technology shifts, and
human activities on the state of plant health in the Biosphere.

PL(02): Tripartite interactions among bacteria, aphids and wheat: Who is doing
what?

Jan E Leach1, Emily Luna1, Santiago Pinedo1, Janet Hardin1, Denise Caldwell2 and Anjali Iyer-Pascuzzi2
1Department of Agricultural Biology, Colorado State University, Fort Collins, CO 80523-1177
2Department of Botany and Plant Pathology, Center for Plant Biology, Purdue University, West Lafayette, IN
47907

Phenotypic responses to biotic stresses are often studied as interactions between two species;
however, in the phytobiome, these responses frequently result from complex interactions involving
several organisms.  Russian wheat aphid (RWA, Diuraphisnoxia) is a serious pest that impacts
small grains globally. We demonstrated that RWA-induced chlorosis on wheat is partially
determined by aphid-associated bacteria. The bacteria themselves are not virulent to wheat or
barley, because inoculation of plants did not result in chlorosis, water-soaking or necrosis.
Bacteria were not detected in high numbers in the aphid salivary glands or foreguts but were
detected in aphid honeydew, suggesting stylets contaminated during feeding are an avenue for
bacterial introduction into leaves. To understand the mechanisms by which bacteria are affecting
RWA virulence, we are studying plant defense responses occurring during these tripartite
interactions. Aphids with high titers of bacteria-induced gene expression and accumulation of
salicylic acid (SA), a hormone involved in insect resistance, in wheat. High, sustained expression
of SA biosynthetic genes was followed by downregulation of jasmonic acid (JA) biosynthetic
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genes; JA is associated with insect resistance.  Our current hypothesis is that aphid-associated bacteria
contribute to aphid virulence by modulating the plant’s insect defense mechanisms.

PL(03): Strategic plant Pathology research and enabling policies-key to Agri
sustainability and Food security

Dr. P.K. Chakrabarty
Member, ASRB, DARE, Krishi Anusandhan Bhawan-1, New Delhi

PL(04): Robust broad spectrum bacterial blight resistance

Wolf B. Frommer*
Institute for Molecular Physiology Heinrich Heine University, Düsseldorf Universitätsstr. 1 40225
Düsseldorf, Germany Düsseldorf 40225 NRW,Germany
*Email: frommew@hhu.de

Bacterial blight causes major damage to rice production in Asia and Africa, and threatens in
particular  the food security and livelihood of small-scale producers, - the majority of rice farmers
in both continents. Treatment with pesticides is problematic and often ineffective. Breeding genetic
resistance is be the most effective and ecological solution. A major challenge is that the causative
agent, Xanthomonas oryzae pv. oryzae (Xoo) is highly diverse and evolving rapidly, therefore
new strains that break resistance emerge continuously. To be effective on the long run, strain
diagnostics, surveillance and breeding approaches are required to provide new resistances at
similar time scales as the emergence of new strains. India developed effective surveillance and
a matrix approach in which known resistance genes are tested against a panel of strains. Since
single R gene are ineffective, Indian breeders combine multiple resistances that cover the largest
number of current strains. Our team took a different path: We found that the virulence of all
known strains of Xoo depends on the ectopic induction of SWEET sugar transporters in the
host. We have been able to generate elite rice lines that block induction of SWEETs, and as a
result are resistant against all known Xoo strains. We also developed a diagnostic kit that enables
rapid identification of the particular SWEET gene that is targeted by a newly emerging Xoo
isolate, allowing for rapid generation of broad and robust resistance at a time scale similar to
the spread of the new strain.
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MJ Narasimhan Academic Merit Award Contest

MJN(NEZ): Exploring plant disease antagonistic behavior of fungal
entomopathogen Beauveria bassiana (Balsamo) Vuillemin against Rhizoctonia
solani Kuhn causing sheath blight disease of rice

*Lipa Deb, **Pranab Dutta and RK Tombisana Devi
School of Crop Protection, College of Post Graduate Studies in Agricultural Sciences, Central Agricultural
University (Imphal), Umiam, Meghalaya-793 103
*Email: lipa178deb@gmail.com, **pranabdutta74@gmail.com

Sheath blight is one of the major diseases of rice causing a greater yield loss up to 50% worldwide.
Besides, immense use of synthetic chemicals resulted huge distress in environment and human health.
Among biological alternative, only few biocontrol agents (BCAs) are currently laid up-frontline, therefore,
there is need to explore already existing or new potentials of BCAs. Beauveria bassiana, traditionally
used as fungal entomopathogen recently drawn attention worldwide as potential biocontrol agent against
several plant pathogens. In the present study, antagonistic abilities of native B. bassiana isolates were
evaluated against Rhizoctonia solani both under in vitro and field conditions. The results showed that B.
bassiana exhibited efficient antagonistic abilities against R. solani with maximum per cent mycelial
inhibition recorded up to 71.15%, and the underlying mechanisms were identified as production of cell
wall degrading enzymes, siderophore and virulent genes. Indirect mechanism of plant growth promotion
and endophytic abilities of B. bassiana was also explored. Under field condition, combined application of
liquid based microbial consortium of B. bassiana isolates as seed treatment, seedling root dip and four
foliar sprays with 10 ml in 1000 ml water at 60 days after transplanting at 15 days interval, resulted in
reduced sheath blight disease severity by 65.80 % and enhanced yield attributes in treated plots as
compared to control plots. From the present study, the hidden, diversified role of B. bassiana as plant
disease antagonist and plant growth promoter were identified in addition to its exclusive insect pathogen
behavior, which further adds new dimension in crop protection by introducing newer concept in Integrated
plant disease management programmes along with overall health of plant.

MJN(DZ): Structural and functional analysis of rice phyllospheric bacteria for
their antimicrobial properties and defense elicitation against blast disease

Kuleshwar Prasad Sahu and Aundy Kumar
Division of Plant Pathology, ICAR-Indian Agricultural Research Institute, New Delhi
 
Rice being most important staple, is affected by several biotic constraints among them blast disease
caused by Magnaporthe oryzae is important one. Present blast management strategies including host-
resistance and fungicide-spray are either non-durable or not compatible with environment and trade.
Therefore, new management options are needed for sustainable rice production. With its adapted
microbiota, the phyllosphere brings a unique microbiome with a potential for modulating plant traits.
However, the ecological forces driving the phyllomicrobiome assemblage and functions are among the
underestimated aspects of plant biology. In the present study, we combined the mNGS with microbiological
methods to decipher the core-phyllomicrobiome of rice-genotypes differing for their reaction to blast
disease grown in contrasting agroclimatic zones. Principal coordinate analysis indicated an influence of
environmental factors rather than the genotype on phyllomicrobiome assembly. The predominance of
phyla such as Proteobacteria, Actinobacteria, and Firmicutes encompassing the core-microbiome
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consisting of 24-genera were observed on rice-phyllosphere. The microbiological validation of mNGS
data confirmed Acinetobacter, Aureimonas, Curtobacterium, Enterobacter, Exiguobacterium,
Microbacterium, Pantoea, Pseudomonas, and Sphingomonas on rice-phyllosphere. Images captured by
SEM revealed the physical presence of bacterial-aggregates. All the cultured isolates were functionally
characterized for antagonism against blast fungus. The isolates also showed induction of MAMP-triggered-
immunity on rice seedlings. Further, blast suppression assay under artificial epiphytotic conditions
culminated in identification of 17-isolates, which gave more than 50% disease suppression. Transcriptional
profiles of rice innate-immunity marker-genes were up-regulated in bacterized seedlings. GC-MS analysis
of the bacterial-volatiles indicated the presence of antifungal-volatile-compounds. Multi-pronged activities
of phyllomicrobiome on M. oryzae (antifungal-activity), rice (defense-elicitation), and blast disease (blast-
suppression) have been elaborated for management of blast by phyllomicrobiome re-engineering.

MJN(DZ): Evaluation of Resistance Behaviour of Ty-Gene(s) Containing Donor
Lines of Tomato and Indexing of Naturally Occurring Begomoviruses Infecting
Them

Firoz Mondal, Shipra Saxena, Bikash Mandal, YB Basavaraj, Zakir Hussain and Anirban Roy*
*Email: anirbanroy75@yahoo.com

Tomato leaf curl disease is caused by a number of begomoviruses. Resistance sources with different Ty
genes have been identified in wild relatives of Solanum lycopersicum. In this study, seventeen Ty-gene
donor tomato genotypes along with a susceptible check cv. Pusa Ruby were evaluated against tomato
leaf curl disease under field condition using a newly developed scoring scale. Highly resistance response
was observed in five genotypes containing both Ty-2 and Ty-3 genes. Further evaluation of three highly
resistant genotypes under challenged viruliferous whitefly inoculation with tomato leaf curl New Delhi
virus confirmed their resistance behaviour. Indexing of the begomoviruses in these genotypes through
PCR using seven begomovirus species specific primers and one genus specific primer followed by
sequencing of representative PCR amplicons revealed presence of a number of begomovirus species in
these tomato genotypes indicating the probable mixed infection. Majority of the genotypes (thirteen)
showed association of Croton yellow vein mosaic virus (CYVMV). Another genotype (ToLCD Tol-1) gave
amplification only with genus specific primers indicating presence of other begomovirus(es) for which we
did not have any primers. Complete genome of the begomovirus, from this sample and from another
sample where only CYVMV infection was detected, were characterized. Sequence analysis of the CYVMV
infected sample showed that the virus is actually a new species of begomovirus. The name Tomato leaf
curl Ty Pusa virus (ToLCTyPV) was proposed for the new species, which was probably evolved due to an
interspecific recombination between CYVMV and tobacco curly shoot virus (TbCSV).  The begomovirus
from the other sample was a strain of tomato leaf curl Karnataka virus.  The study thus clearly showed
the resistance response of the Ty-gene donor genotypes and the scenario of the begomoviruses infecting
them.
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MJN(NZ): Pathological and molecular variation in Puccinia triticina the incitant of
leaf rust of wheat and host resistance

Harmandeep Kaur, Jaspal Kaur, Ritu bala, Achla Sharma,Puja Srivastava, Sandeep Singh, Satinder Kaur,
Praveen chhuneja and Jyoti Kumari
Punjab Agricultural University, Ludhiana 141001
*Email: ghuman.harman2@gmail.com

Leaf rust of wheat caused by Puccinia triticina (Pt), is one of the most important diseases of wheat
worldwide. To study the virulence pattern/ diversity of Pt, the surveys for leaf rust occurrence were
conducted in Punjab during 2018-2021. SBS Nagar, Ludhiana west, Rupnagar and Gurdaspur were
observed as hot spot areas. Pt pathotypes 77-5, 77-9, 77-13 (121R60-1,7) and 1R 31 were found by
virulence profiling of the leaf rust infected samples collected from Punjab. The genetic diversity among Pt
isolates was studied using SSR markers, demonstrated that the new pathotype (121R60-1, 7) is more
closely related to the pathotype77-9. To know the effectiveness of Lr genes, the leaf rust differentials and
known Lr gene lines were scored against Pt infection at four different locations of Punjab (Ludhiana,
Gurdaspur, SBS Nagar & Abohar). The lines carrying Lr genes;  Lr 9, Lr 19, Lr 24, Lr 25, Lr 28, Lr 29, Lr
32, Lr 42, Lr 45, Lr 47, Lr 52, Lr 57, Lr 58, Lr 76  exhibited resistance against the most prevalent
pathotypes of Pt. Based on the molecular data and race specific infection response at seedling as well
as at adult plant stage; the gene postulation was done. The F

5
 generation of four populations were

evaluated against Pt from 2018-2021 under field conditions at PAU (Ludhiana). The genotypic ratio 1:1 of
F

5
 population fit significantly on the phenotypic data. For gene mapping the resistant and susceptible

bulks along with the parents were genotyped with 90K SNP chip Ilumina array. The SNPs located on the
chromosome 5A, 7B, 1B, 1D, 6A, 1A, 1D, 3B, 4B, 5A, 1A, 1B, 2B, 3B and 7A for 4 populations were
selected for designing the KASP markers.

MJN(NZ): Early oxidative burst and anthocyanin-mediated antioxidant defense
mechanism impart resistance against Sclerotinia sclerotiorum in Indian mustard

Manjeet Singh, Ram Avtar and Rakesh Punia
Oilseeds Section, Department of Genetics and Plant Breeding, CCS Haryana Agricultural University, Hisar,
Haryana-125004, India
*Email:manjeetsingh125033@gmail.com

The association between reactive oxygen species (ROS) regulation and Indian mustard resistance to
Sclerotinia sclerotiorum is poorly understood. In this study, ROS generating and scavenging systems
have been comparatively evaluated in two contrasting Indian mustard wild type genotypes [Sclerotinia
stem rot-resistant RH 1222-28 (WR) and susceptible Varuna (WS)] as well as in two anthocyanin
contrasting mutants [purple mutant (PM) with more anthocyanin and albino mutant (AM) with devoid
anthocyanin]. The mean lesion length and rate of lesion expansion in the resistant WR and PM were
significantly lower than that in WS and AM, irrespective of the inoculation time. Moreover, the biochemical
results revealed that WS and AM activated defense responses at the later pathogen infection stages,
resulting in higher concentrations of H

2
O

2
, O

2
-, and greater MDA content, with lower concentration and

activity of non-enzymatic and enzymatic antioxidants. The necrotrophic phase (8 days after inoculation)
accompanied these responses, leading to significantly higher stem lesion length and lesion expansion
rate. In contrast, higher anthocyanins accumulation, an early peak in H

2
O

2
 and O

2
- concentration during

the early infection phase, and a more efficient antioxidative system effectively restricted pathogen

M
J 

N
ar

as
im

h
an

 A
ca

d
em

ic
 M

er
it 

A
w

ar
d

 C
o

n
te

st



14

8th International Conference (Hybrid Mode)
Plant Pathology: Retrospect and Prospects

March 23-26, 2022  SKNAU, Jobner-Jaipur, Rajasthan

colonization before the transition to the necrotrophic phase in the resistant WR and anthocyanin-more
mutant PM. These results suggest that Sclerotinia stem rot resistance/susceptibility is regulated by
well-coordinated ROS/antioxidants regulation system during different infection phases of S. sclerotiorum.
Further, the anthocyanins accumulation near the pathogen infection site seems to play a key role in
modulating ROS generating and scavenging machinery that contributes to resistance against Sclerotinia
sclerotiorum in Indian mustard.

MJN(NZ): Prediction and validation of MYMV disease epidemic using a weekly
infection model in mungbean (Vigna radiata (L.))

Preety Verma1, Vinod Kumar Malik1, Pooja Sangwan1, Rakesh Kumar2,Manjeet Singh1, Pankaj Yadav1 and
Mamta Khaiper3

1Department of Plant Pathology, College of Agriculture, CCSHAU, Hisar-125004
2 Agricultural Technology Information Centre, CCSHAU, Hisar-125004
3Department of Forestry, College of Agriculture, CCSHAU, Hisar-125004
*Email:vermapreety5926@gmail.com

A weekly infection model was used for a risk assessment of Mungbean Yellow Mosaic Virus (MYMV)
disease transmitted by whitefly (Bemisia tabaci Genn) in persistent manner. The infection model included
all the weather parameters and whitefly population response function. Weather parameters have no
direct effect on the development of MYMV, but affect the whitefly population. Whiteflies activities have
direct effect on disease development. A validation data of  development of whitefly population and MYMV
disease severity were recorded in mungbean crop at 7 days interval started from 20 days after sowing.
The present study showed that whitefly population builds up started in month of July and reached to
maximum at end of August to early September. There are various reason for build-up of whitefly population
viz., maximum temperature 36±2°C, minimum temperature 25±2°C, morning relative humidity more than
90 per cent, more sunshine hours and no rainfall prevailing during that period. Whitefly population had
positive significant correlation with maximum temperature, bright sunshine hours while evening relative
humidity and rainfall was recorded negatively significant. The slope of the regression line for logit y
versus t was 0.12 logits/day for epidemic which indicates that population of whitefly provide an
epidemiological tool in measuring the MYMV epidemic. A typical S-shaped disease progress curve was
observed in MYMV disease. This model is helpful in guiding the farmers for timely and preventive spray
of insecticide based on existing infection and population of whitefly in a season.

MJN(EZ): In Silico characterization of banana bunchy top virus in West Bengal
with host-virus-vector interaction and global population structure analysis

Swati Chakraborty1, Subham Dutta1, Mritunjoy Barman2, Snigdha Samanta2 and Jayanta Tarafdar1

1Department of Plant Pathology, 2Department of Agricultural Entomology, 3Department of Agricultural Statistics,
Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, 741252, West Bengal
*Email: swatichak777.sc@gmail.com

Banana bunchy top virus (BBTV) is one of the major disease threatening one quarter of the world’s
banana growing areas (Hooks et al., 2009) and is primarily transmitted by planting materials and secondly
by an aphid vector, Pentalonia nigronervosa. Banana bunchy top virus (BBTV) isolates are either the
Pacific Indian Ocean (PIO) or the South East Asian (SEA) group. However, there is only one or two
completely sequenced isolates published from the northeastern part of India till date. Therefore during
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2019-2020, diagnostic surveys were conducted in several regions of West Bengal (WB) and it was
inferred that BBTD is widely prevalent in all parts of WB. Hence, we obtained and characterized the
complete sequences of all the six genomic components of BBTV isolates from different regions of WB.
Pairwise similarity of the isolates, evolutionary analysis, population dynamics and genetic diversity were
conducted to obtain the generic relationship with the worldwide isolates. The clustering pattern and
genetic diversity of BBTV population from West Bengal suggested monophyletic origin of majority of
epresentative isolates from a common ancestor of PIO group and that the genetic diversity of the virus in
the country is very low, but with expanding population growth. The virus shows the highest levels of
sequence identity (About 99%) to BBTV isolates originating from Egypt, India, Australia and Democratic
Republic of  Congo. To better understand the host and virus interaction and biochemical responses (total
chlorophyll, carbohydrates, phenols and enzyme activities) in banana cultivars viz., Champa, Grand
Naine (G9), Kathali and Martaman, against the BBTV revealed that the virus infected samples of all
cultivars showed a significant increase in the defense enzymes over the healthy samples. BBTV viral
load was also estimated using SYBR green-based qPCR. The biochemical response and viral load was
found high in G9 among the test cultivars. Investigation on the spatial distribution of viral load in infected
plants showed be least in the rhizome and highest in the cigar leaf. A separate experiment on temperature
susceptibility and expression of heat shock protein (hsp) in Non-Viruliferous (NVr) and Viruliferous (Vr)
aphids were investigated. The lifespan of Vr aphids was shorter than NVr. Both cold and heat shock
treatments stimulated higher expression of hsps genes (hsp40, hsp70, and hsp90) at various rates in Vr
aphids than NVr ones. The significance of these results would bring prospects for obtaining virus free
tissue culture plants and future epidemiological control system.

MJN(EZ): Weather based forewarning system of target leaf spot disease of tomato
and its effective management through IDM approaches

Suraj Goldar, Subrata Dutta and Sujit Kumar Ray
Department of Plant Pathology, Bidhan Chandra Krishi Viswavidyalaya,
Mohanpur-741252
*Email:surajgoldar143@gmail.com

Tomato (Solanum lycopersicum) is an important vegetable consumed worldwide, rich in vitamins, minerals
and antioxidants. Tomato crops suffer from different foliar diseases viz, target leaf spot (Corynespora
cassiicola), early blight (Alternaria solani), Septoria leaf spot (Septoria lycopersici), late blight
(Phytophthora infestans), bacterial leaf spot (Xanthomonas campestris pv. vesicatoria) and tomato leaf
curl (ToLCV) that cause severe losses under favourable weather conditions. In order to obtain a clear
idea about the influence of hanging weather parameters on pathogen biology and tomato diseases,
retrospective and real-time site-specific investigation of foliar disease scenario of tomato was initiated in
the Gangetic Alluvial plains of West Bengal for development of weather-based disease prediction model
and its utilization in fungicidal scheduling for formulating appropriate Integrated Disease management
strategies in managing the foliage disease (s) of tomato. The nine-year real-time surveillance disease
data for tomatoes grown in the Gangetic Alluvial Region showed that target leaf spot and leaf curl were
the two most important tomato diseases during the rabi season, while tomato leaf curl, early blight and
late blight diseases were important in the summer season. Five different characteristic symptoms (Sym-
1, 2, 3,4 & 5 types) of target leaf spot was recorded during the course of investigation. In the month of
October, major dominated symptom was symptom type 1 (45%) followed by symptom type 2 (30%) and
the lowest dominated symptom was symptom type 3 and 4 whereas the symptom type 5 was absent
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during the month of October. The present findings thus indicated that isolates of C. cassiicola from
tomato have different optimum temperatures for their host-pathogen interaction and pathogenicity. It was
observed that all the ITS sequences of the isolates from the current experiment grouped in a single clade
with the various strains of Corynespora cassiicola from various countries. The highest conidial germination
was noticed at the temperature of 25oC followed by 30oC with optimum leaf wetness hours was found to
be at 8 hrs. MLR model was used to estimate the intensity of target leaf spot from 1991 -2050 based on
PRECIS global climate model to compare its future trend. The model indicated that target leaf spot
severity is on an increasing trend during decadal period of 2011-2020, but in declining trend during 2021-
2030 as compared to 1991-2020 climatic period. However, increasing trend of target leaf spot disease
severity was projected during the decadal periods of 2031-2040 and 2041-2050 in the tomato growing
areas of West Bengal, India. Area Under Disease Progress Curve (AUDPC) due to target leaf spot
disease was also found to be highest in October transplanted tomato plants (2641.37), followed by
September (2342.69), November (2021.48), December (1611.55), August (852.06), January (820.73)
transplanted tomato plants. No disease was observed in February transplanted crops. Among the different
fungicides, Difenoconazole 25% EC was found to be the most effective and exhibited the highest toxicity
index followed by Tebuconazole 50% + Trifloxystrobin 25% WG and Propiconazole 25% EC. The highest
Incremental Cost Benefit Ratio (ICBR) was obtained in forecasting based applications as compared to
calendar based applications of similar group of fungicides. The highest ICBR was found in forewarning
based application of Difenoconazole 25% EC.

MJN(WZ): Bioefficacy of Trichoderma spp. Silver Nanoparticles Against
Soilborne Pathogens of Chickpea (Cicer arietinum)

PM Ramyasree*, SJ Magar and CA Abin
Department of plant pathology, College of agriculture, Latur
Email: nairramyasree@gmail.com

A total of ten Trichoderma isolates were obtained from twenty rhizosphere samples collected from various
places of Latur district. On the basis of cultural and morphological characters isolates were identified as
T. asperellum, T. harzianum and T. koningii. Results from dual culture technique revealed that T.
asperellum (CRT-4) was the best antagonist exhibiting highest per cent mycelial inhibition (66.18% and
89.44%) followed by T. harzianum (CRT-2) (59.81% and 60.33%) against F.oxysporum f. sp. ciceri and S.
rolfsii, respectively. Biosynthesis of T. asperellum (CRT-4), T. harzianum (CRT-2) and Trichoderma koningii
(CRT-9) AgNPs were done. Synthesized silver nanoparticles were characterized using UV-Vis
spectrophotometry, TEM and FTIR. T. asperellum (CRT-4), T. harzianum (CRT-2) and T. koningii (CRT-9)
AgNPs showed absorption peak at 422, 415, 386 nm, respectively. TEM studies revealed that particles
were spherical in shape and the particle size of T. asperellum (CRT-4) AgNPs were found in the range of
21.29 to 30.42 nm, T. harzianum (CRT-2) AgNPs were found in the range of 14.74 to 41.01 nm and T.
koningii (CRT-9) AgNPs were found in the range of 18.21 to 30.88 nm, respectively. FTIR analysis of the
mycosynthesized AgNPs affirmed the role of mycelial cell free filtrates as a reducing and capping agent.
The antifungal activity of AgNPs were evaluated against F. oxysporum f. sp ciceri and S. rolfsii by agar
well diffusion method and poisoned food technique. In both method, T. asperellum AgNPs at 500 ppm
concentration was proven most against test pathogens F.oxysporum f. sp. ciceri and S. rolfsii. In vitro
evaluation of Trichoderma AgNPs against F.oxysporum f. sp. ciceri through sick soil method revealed
that T. asperellum AgNPs at 500 ppm concentration was found most effective with highest seed
germination(96.66%), highest shoot and root length (25.43 and 17 cm, respectively) and lowest wilt
incidence (26.66%). Similarly, in vitro evaluation of Trichoderma AgNPs against S. rolfsii revealed that T.
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asperellum AgNPs at 500 ppm concentration were proven most effective recording highest seed
germination (83.33%), lowest PRESM and POESM (16.66 and 24.00%, respectively) and highest shoot,
root length (26.63 and 18.21cm, respectively) and highest dry matter (18.45g).The evaluation of effect of
Trichoderma AgNPs on growth parameter of chickpea through rolled towel paper method revealed that, T.
asperellum AgNPs at 500 ppm concentration was the most effective recording highest seed germination
(97%), highest shoot, root length (23.45 and 15.54cm, respectively), highest dry matter (16.07g) and the
highest seed vigour index (3782.03).

MJN(WZ): Molecular characterization and evolution of Mungbean Yellow Mosaic
Virus (MYMV) in Mung bean Spp. [Vigna radiata (L.) Wilczek]

Rushikesh D Bharsakale1 and VR Hinge2*,
1PG Student, 2*Assistant Professor, Department of Plant Biotechnology, Vilasrao Deshmukh college of
Agricultural Biotechnology, Latur 413 512 Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani.
*Email: vidyahinge17@gmail.com

Mung bean (Vigna radiata (L.) Wilczek) is the third most significant short-duration legume crop in South
and Southeastern Asia after chickpeas and pigeon pea. However, a major constraint in mung bean
production is Yellow mosaic disease (YMD) caused by the Mung bean Yellow Mosaic Virus (MYMV). The
Mung bean Yellow Mosaic Virus disease incidence and evolution of MYMV is studied in the present
study based on the Coat protein (CP) gene analysis. The MYMV infection was confirmed among the
symptomatic samples of the yellow mosaic virus of mungbean, soybean and cowpea collected from
different regions of Maharashtra based on the gene-specific amplification of the CP gene (719 bp and 387
bp). The CP gene sequence of the MYMV infecting to cowpea collected from the Pune region showed
96.52 % similarity to the MYMV coat protein (AV1) gene sequence (Accession No JQ004982.1). This
confirmed the identity of MYMV. The BLASTp analysis has shown 93.41% similarity to the coat protein
[Mungbean yellow mosaic virus-Vigna]virus (Accession No. AAW50913.1. The MYMV strain infecting to
cowpea collected from the Pune region was found closely similar (96.52 %) to MYMV and it has shown
highest variation with Indian strain (MYMIV and HYMV) at 82.99 % of identity. Phylogenetic analysis
based on the 19 sequences of CP gene of MYMV clustered all the sequences into three groups based on
the nucleotide and protein sequences. Among 19 sequences studied four sequences (45%) including
MYMV Pune isolate showed the highest pairwise identity (96-98 %) followed by approximately 30 % of
the sequences showed 91-95 % identity. The lowest pairwise identities (84-87 %) were shown by
approximately 25 % of the total sequences. In silico restriction, analysis using CisSERS tool has shown
wide variation among the restriction sites between the selected CP gene sequences under study. From
the present study it was observed that MYMV strain in Maharashtra is widespread, infecting to other
legume crops and evolving concurrently along with Mungbean Yellow Mosaic India Virus (MYMIV) strain.
The coat protein gene sequence is promising approach for correct identification of virus. The study will be
helpful for early detection of the MYMV virus, so that better preventive measures can be taken to control
MYMV.
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MJN(MEZ): Screening of Trichoderma spp. for their volatile organic compounds
as plant growth promoter and antifungal agent

Prajakta Vijay Shelke* and PP Jambhulkar
Rani Lakshmi Bai Central Agricultural University, Jhansi
*Email: prajaktashelke9@gmail.com

Plant diseases cause about 40 % crop losses worldwide. Biological control of several plant pathogens is
promising alternative to chemical control measures. Trichoderma species have potential to manage
plant diseases by producing volatile organic compounds (VOCs). VOCs from Trichoderma influence
pathogen metabolism and its growth. Eleven Trichoderma strains from 7 different species were screened
using double plate assay to identify the potential strain for the production of volatile compounds and their
effects on the growth of Sclerotium rolfsii, Rhizoctonia bataticola, Sclerotinia sclerotiorum, Fusarium
oxysporum f. sp. lentis, Curvularia lunata, Colletotrichum gloeosporioides and Alternaria solani. Among
11 strains, T. asperellum (BTas25) showed highest activity, T. harzianum (BThr12) was moderate and T.
brevicompactum (BTbr14) was least effective. Trichoderma VOCs were extracted from the culture of
Trichoderma by organic solvents and identified and detected through gas chromatography and mass
spectrometry. In GC-MS analysis total 17 compounds were formed in GC-MS spectrum of methanolic
extract of aforementioned 3 Trichoderma species. For T. asperellum (BTas25) 6 peaks, for T.
brevicompactum (BTbr14) only 3 peaks and for T. harzianum (BThr12) 8 peaks of VOCs were observed.
Overall five compounds viz. 2,4,6-Decatrienoic acid, 9-Desoxo-9x-hydroxy-7-ketoingol, 4H-
Cyclopropazulenol, Hexadecanoic acid and ü-Pentamethylcyclopentadienyl- were identified that have
antifungal and antimicrobial activity.

MJN(SZ): Exploring plants and microbes associated volatilomes against
damping off caused by Pythium aphanidermatum in tomato

T Praveen1*, AS Krishnamoorthy1, S Nakkeeran1, U Sivakumar2, D Amirtham3 and S Haripriya4

1Department of Plant Pathology, 2Department of Agricultural Microbiology, 3Department of Food and Agricultural,
Process Engineering, 4Department of Nanoscience and Technology, Tamil Nadu Agricultural University,
Coimbatore – 641003, Tamil Nadu, India
*Email: tpraveen1993@gmail.com

Soil borne diseases are the major threat for many vegetable crops, especially in tomato cultivating
areas. Damping off caused by Pythium aphanidermatum was known to cause severe crop losses. The
volatilomes from several plants and microbial origin could produce novel volatile organic compounds
(VOCs), which may have a great extent for exploration as antifungal agents against the plant pathogens.
The volatilomes produced by the leaves of Mentha spicata, Cymbopogon citratus, Vitex negundo, Coleus
amboinicus, Vetiveria zizanioides, Ocimum tuniflorum, Azadirachta indica; mycelia of Auricularia
auriculata, Coprinus cinereus, Ganoderma lucidum, Lentinus edodus, Trichoderma asperellum and cell
cultures of Bacillus subtilis, Streptomyces rochei were screened for their antifungal activities against P.
aphanidermatum by sealed plate assay. Among them, the volatilomes produced by the leaves of M.
spicata and C. citratus  showed the maximum inhibitory effect of 45.56 and 24.70 per cent, respectively
on the mycelial growth of P. aphanidermatum. The volatilomes produced by the mycelia of T. asperellum
showed the maximum inhibitory effect of 69.26 per cent against P. aphanidermatum. In order to identify
the nature of VOCs involved in the suppression of pathogens, carvone produced by the leaves of M.
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spicata; citronellol and geraniol by C. citratus; isopentyl alcohol and limonene by T. asperellum with
increased peak area percentage. Vaporous action of isopentyl alcohol completely suppressed the mycelial
growth of P. aphanidermatum, while the compounds, carvone and citronellol showed the maximum inhibitory
effect of 89.02 and 85.49 per cent, respectively when used at 500 ppm. The volatilomes produced by the
leaves of M. spicata, C. citratus and mycelial cultures of T. asperellum were immobilized in vermiculite
sample bound with castor oil in the ratio of 3:7 as the volatilomes immobilized vermiculite ball formulation
and their efficacy were tested in vitro by olfactory chamber. The results revealed the volatilomes of M.
spicata immobilized vermiculite balls could completely suppress the mycelial growth of P. aphanidermatum.
Futher, the volatilomes formulation were tested based on the distance travelled by the diffused volatilomes
using PVC chamber. The results revealed that the volatilomes of M. spicata traveled upto 20 cm distance
from the centre of PVC chamber showed maximum reduction of colony growth of P. aphanidermatum (2
x 10-3 cfu) at 12th day after inoculation. Studies on the management of damping off in the volatile
chamber under glass house conditions revealed that the volatilomes of M. spicata immobilized vermiculite
balls significantly reduced the severity of damping off (with a per cent reduction of 90.91). Studies on
defense genes expression revealed that pathogenesis related protein (PR1) (2.69 folds) and jasmonic
acid signaling (LOX) (2.65 folds) genes were highly expressed after 48 h on exposure to the volatilomes
of M. spicata immobilized vermiculite balls against P. aphanidermatum in tomato plants. The result of
poly house trail revealed that the volatilomes of M. spicata immobilized vermiculite balls could significantly
reduce the severity of damping off (with a per cent reduction of 85.71) and recorded higher germination
(95.83 per cent), enhanced plant height (102.37 cm), more number of fruits/ plant (21.49), fruit weight
(43.03 g) and more yield (989.69 g/ plant) due to the exposure of volatilomes of M. spicata in the tomato
plants raised beds with relatively abundant control of P. aphanidermatum.

MJN(SZ): Identification, multi-genic and teleomorphic characterization of Bipolaris
setariae causing browntop millet leaf blight in India

Gutha Venkata Ramesh1 and KB Palanna2

1Department of Plant Pathology, College of Agriculture, UAS, GKVK, Bangalore-560065
2Project Co-ordinating Unit, ICAR-AICRP on small millets, UAS, GKVK, Bangalore-560065, India
*Email: Rameshgutha02@gmail.com

 
Browntop millet (Brachiaria ramosa (L.) Stapf.) is one of the important climate resilient crop that recently
introduced into millet system in India. In Kharif 2018, leaf blight was first time observed at ICAR-AICRP
germplasm evaluation trails at Bangalore. Initially, spots were brown with yellow halo eventually turns to dark
brown and leaves were blighted. Disease was observed to be maximum in southern Karnataka. Pathogen
was isolated and pure cultured using standard isolation and single spore isolation techniques. Likewise, nine
isolates were recovered on PDA from major millet growing regions of India and all isolates were found pathogenic
on browntop millet in pathogenicity studies. Morphologically, the pathogen was identified as Bipolaris spp. by
comparing with standard descriptions. Further, BLAST and combined phylogenetic analysis of ITS, GPDH
and LSU regions revealed that Bipolaris setariae as the causal organism of browntop millet leaf blight in India.
Whole genome sequencing of B. setariae revealed that genome is 32.56 Mb with 50.40 % of GC content.
Gene annotation predicted that 447 genes belonging to CAZYmes classes, whereas, comparative protein
analysis showed that 8322 proteins contributing to the core proteome of Bipolaris genus while 48 proteins are
unique to B. setariae. BTMH5 isolate was identified as more virulent among all isolates. In vegetative
compatibility studies, BTMH2 × BTMH6 showed compatible reaction where H-shaped hyphal anastomosis
was observed. Barren pseudothecia are produced on Sach’s agar medium. Amongst the 40 germplasm
screened, only six were found moderately resistant and none of them showed resistant reaction.
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MJN(SZ): Comprehending the complex rubber (Hevea brasiliensis) genome
through linkage mapping and genome wide association studies to provide new
insights on its disease tolerance mechanism

Limiya Joseph and Bindu Roy C*
Plant Pathology Division, Rubber Research Institute of India, Kottayam, Kerala 686 009
*E-mail: binduroy@rubberboard.org.in

The Para rubber tree is the major source of natural rubber in the world. Phytophthora spp., Corynespora
cassiicola and Colletotrichum spp. are the major pathogens causing diseases in rubber tree. Marker-

assisted selection is a powerful tool in breeding as it helps in selecting individuals possessing disease

tolerance at an early stage of plant growth. F1 progenies derived from an interspecific cross between H.

brasiliensis and H. benthamiana were utilized for constructing linkage maps through genotyping by sequencing

technique. Quantitative trait loci markers for these three diseases were identified. Genome Wide Association

Study (GWAS) was initiated using a collection of 165 Wickham clones and evaluating their disease resistance
to these three major pathogens. Extreme phenotypes (highly resistant and highly susceptible) were selected

for each of the pathogen and six panels were created (two each for three pathogens). Equal concentrations

of genomic DNA from each clone within a panel was pooled and sequenced. One hundred SNP markers

specific to each pathogen and linked to disease tolerance trait were shortlisted and are being validated. This

combined approach of linkage mapping with association mapping will help to cross validate the effective

QTLs prior to their use in marker-assisted selection for disease resistance.
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APS(NEZ): Synthesis of green engineered copper nano-formulation and its use
as a component of IDM for management of leaf blight of turmeric (Curcuma longa
L.)

Arti Kumari* and Pranab Dutta
1School of Crop Protection, CPGS-AS, Central Agricultural University (Imphal), Umiam, Meghalaya
*Email: artikumari14002@gmail.com

Copper nanoparticles (CuNPs) were biogenically synthesized utilizing leaf extract of back turmeric (Curcuma
caesia). Biosynthesized CuNPs were characterized using UV-Vis spectrophotometer, DLS, FTIR, NTA
and SEM. In vitro toxicity assay of CuNPs against causal agent of leaf blight of turmeric Colletotrichum
capsici showed significant mycelial growth inhibition at 500 ppm concentration followed by 300 and 200
ppm respectively. The compatibility of CuNP was tested against the constituent biological control agents
of Umcomb i.e., Trichoderma harzianum, Beauveria bassiana, Metarhizium anisopliae, Lecanicillium
lecanii and Pseudomonas fluorescens and were found to be compatible upto 200 ppm concentration.
The toxicity of biosynthesized CuNPs were also evaluated against mammalian cell line (Vero cells).
Results revealed that CuNPs poses weak cytotoxic (23.28%) effect at 200 ppm concentration. Thus,
CuNPs at 100 ppm concentration was selected for further in-planta evaluation based on in vitro assay.
Field trial was conducted to evaluate CuNPs (100 ppm) as a component of IDM along with Umcomb
bioformulation against leaf blight of turmeric. The results revealed that rhizome treatment @ 10 ml of
Umcomb + Foliar spray with CuNPs @ 100 ppm thrice at 21 DI (T

5
) was most effective in management of

leaf blight of turmeric. The minimum per cent disease index (16.67 %) was recorded for T5 along with
higher plant growth parameters i.e., plant height (99.28 cm), number of leaves (9), yield (13.1 t/ha) and
curcumin content.

APS(EZ): Characterization, epidemiology and management of chrysanthemum
(Chrysanthemum morifolium) Leaf blotch disease in the gangetic plains of West
Bengal

Pradip Sarkar* and Birendranath Panja
Department of Plant Pathology, Faculty of Agriculture,
Bidhan Chandra Krishi Viswavidyalaya, Mohanpur - 741252, Nadia, West Bengal
*Email: iaspradip@gmail.com

Leaf blotch disease (C.O. Septoria chrysanthemella) of chrysanthemum (Chrysanthemum morifolium) is
one of most wide-sprayed, severe and destructive diseases of chrysanthemum. Very meager information
is available about morphological and cultural characteristics of the pathogen as well as epidemiology
and management of the diseases. Initially six growth media and four different temperature regimes were
tested for conidial germination. The highest conidial germination was recorded on carrot Czapek’s Dox
agar (CCDA) medium and 20p C temperature. Effect of leaf extracts, biotin and thiamine addition to
Czapek’s Dox agar (CDA) and CCDA media on the conidial germination of S.chrysanthemella at 20p C
temperature. Revealed that the mean spore germination percentage under the CCDA medium treatment
combinations was found higher than CDA medium treatment combinations and it was lowest in control
and highest in leaf extract + biotin + thiamine added medium. Pathogenicity study was conducted at four
temperatures and four inoculation techniques. It was found that pathogen required injury to cause damage;
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optimum temperature for lesion area development ranges from 20 – 28 p C. Out of four agar media tested
for radial growth, their broth media used for fungal biomass production under the said four temperature
regimes indicated that CDA medium and 24p C temperature were the best for radial growth promotion of
S. chrysanthemella. Czapek’s Dox broth medium and the temperature regime of 16 - 24p C were
considered best growth medium and temperature for mycelial dry biomass production. A field experiment
was conducted considering four dates of planting; the third date of planting of chrysanthemum appeared
to be a suitable date for planting. The loss of crop growth parameters and yield due to leaf blotch disease
in untreated plot ranged from 37.3% to 291.7%. When 40 chrysanthemum cultivars were screened for
three years, at the end of the experiment 5 cultivars were noted as resistant, 8 moderately resistant, 20
moderately susceptible, 6 susceptible and 1 cultivar as highly susceptible. When the 40 chrysanthemum
F1 hybrid germplasm also screened against S. chrysanthemella, thirteen germplasm were found immune
and 1 highly resistant, 12 resistant, 8 moderately resistant, 5 moderately susceptible, none under
susceptible and 1 germplasm under highly susceptible groups. Out ten weather parameters considered
for two consecutive years, the maximum temperature, minimum temperature and wind speed were identified
as critical weather parameters for PDI increment; the wind speed was the only identified critical weather
parameter, responsible for AUDPC increment and the maximum temperature, maximum relative humidity
and rainfall were identified as three critical weather parameters responsible for the increment of ROS of
leaf blotch disease. Effective concentrations of six different fungicides, two defense inducing chemicals
and one botanical for 50% mycelia growth inhibition (EC 50) of S. chrysanthemella using six concentrations
pointed out that the in vitro efficacy of these chemicals and botanical. Difenoconazole among systemic
fungicides, Mancozeb among non-systemic fungicides and isonicotinic acid, a defense inducing chemical,
appeared best performing. Field experiment was conducted with the same fungicides, it was found that
Difenoconazole 25% EC and Mancozeb 75% WP were the best systemic and non-systemic fungicides.

APS(EZ): Biochemical responses and histopathological changes in chickpea-
collar rot pathosystem

Sanju Tamang1, Poly Saha2*, Jhuma Datta2

1Dept. of Plant Pathology, Bidhan Chandra Krishi Viswavidyalaya, Nadia, WB-74125, India
2College of Agriculture, Extended Campus of BCKV, Burdwan, West Bengal-713101, India
*Email: poly.saha@gmail.com

The pathogen Sclerotium rolfsii (Sacc.) responsible for collar rot in chickpea identified as one of the
major production constraints worldwide. The experiment was aimed to decode the relative changes of
defense related enzymes and phenolics that take place in chickpea (both in resistant and susceptible
genotypes) upon collar rot (CR) infection and the experiment was carried out at the Department of Plant
Pathology, Bidhan Chandra Krishi Viswavidyalaya, Mohanpur, Nadia in the year 2018-19 and 2019-20.
Emphasis given to study the changes in total soluble proteins, peroxidase and total phenol content at 7,
14, and 21-days post inoculation (dpi) with CR pathogen in chickpea around its collar region. Scanning
electron microscopy (SEM) was also done at the same dpi to compare the extend of mycelial network
within the xylem vessel of inoculated resistant and susceptible cultivars along with the non-inoculated
susceptible check. The results indicated that total phenol content was significantly 3 folds higher at 7
dpi then declined gradually upto 21 dpi. and, the total content is higher in moderately resistant (MR)
cultivars than the moderately susceptible (MS) and the susceptible non-inoculated control. Total soluble
protein content decreased with the days after post inoculation and this reduction is greater in the
susceptible cultivar as compared to the resistant one. Total soluble protein content is relatively 3.41fold
more in the inoculated cultivars than the non-inoculated control. Peroxidase (POD) activity also decreases
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from 7 dpi to 21 dpi and maximum POD activity recorded at 7 dpi in resistant cultivars than the susceptible
one. This study was an effort to disclose the changes in the behaviour that took place inside the host
upon pathogen infection along with the comparative biochemical changes that demarcate resistant and
susceptible cultivars. Evidence of histopathological deviations had been documented through SEM revealed
development of the pathogen was both inter and intra cellular in the susceptible host plant along with
distorted xylem vessels. Step by step progression and colonization of the cells due to fungal invasion at
definite time interval was clearly observed which ultimately led to the development of rigorous symptoms
within 21 dpi whereas resistant genotype that do show the mycelial growth inside the host plant but at
much lower rate. Thus, this study provides an overall comprehensive idea that contribute a step towards
understanding of host pathogen interaction.

APS(NZ): Variability and management of maydis leaf blight of maize incited by
Bipolaris maydis (Nisikado and Miyake) Shoemaker

Ankush Kumar1*, Harbinder Singh1, Rajender Singh 1, Upendra Kumar2, Prakash Banakar3 and Robin
Gogoi4
1Department of Plant Pathology, CCS Haryana Agricultural University, Hisar-125004
2Department of Molecular Biology, Biotechnology and Bioinformatics, CCS Haryana Agricultural University,
Hisar-125004
3Department of Nematology and Centre of Bio nanotechnology, CCS Haryana Agricultural University, Hisar-
125004
4Division of Plant Pathology, IARI, New Delhi
*Email: ankushkanger1996@gmail.com

Maydis leaf blight (MLB) caused by Bipolaris maydis is one of the potential threat to global maize
production. This disease has rapidly gained economic importance in several parts of north India and has
potential to inflict economic loss in the tune of 25-80 per cent. Therefore, alternative and rapid means of
restraining the disease are constantly being sought. Present investigation entitled “Variability and
management of maydis leaf blight of maize incited by Bipolaris maydis (Nisikado and Miyake) Shoemaker’’
was conducted during Kharif  2020 at Regional Research Station, Karnal, Department of Plant Pathology
and Department of Molecular Biology, Biotechnology and Bioinformatics, Chaudhary Charan Singh Haryana
Agricultural University, Hisar. Our study revealed that a noticeable difference was observed in disease
incidence during survey in various maize growing districts, maydis leaf blight disease was noticed in all
districts surveyed during Kharif 2020, however medium to high disease incidence was observed in Morni
hills of Panchkula and low disease incidence was reported in Rohtak district. The isolates collected from
different agro-climatic zones showed a considerable variation in cultural, morphological and pathogenic
characters. A significant positive co-relation was found between conidia length, breadth and number of
septa; latent period and incubation period; lesion length and lesion breadth. Similarly, significant negative
co-relation was found between latent period, incubation period and disease score. Bm-7 isolate from
Pantnagar-2 location was found to be most virulent, formed separate cluster in pathogenic clustering and
also observed to be the most diverse in phylogenetic tree of ITS region. Out of 48 inbreds and 16
hybrids evaluated under artificial inoculation conditions, 7 inbreds and 5 hybrids showed resistant
reaction to maydis leaf blight. Among different management modules, T3 (chemical module 2) seed
treatment with salicylic acid @ 100 ppm/kg of seed, foliar spray of mancozeb 75 WP@2.5gm/L of
water at 40 DAS, foliar spray of pyraclostrobin 133g/l + epoxiconazole 50g/l SE@ 1.5 ml/L of water at
60 DAS was found to be most effective and resulted in highest disease control of 67.4 per cent and
35.5 per cent increase in grain yield. The resistant inbreds and hybrids obtained could be used in
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further breeding programme and variability among Bipolaris maydis isolates will contribute to identification
of pathogenic races and their distribution in India. The study of different management modules will
provide effective disease management strategy to maize growers.
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IL05(3C): Success Story of Management of Sclerotinia Rot of Rapeseed-Mustard

MS Yadav
ICAR-National Research Centre for Integrated Pest Management, LBS Building, Pusa Campus,
New Delhi - 110012
Email: ms.yadav@icar.gov.in; dr.msyadav65@gmail.com

Sclerotinia rot {Sclerotinia sclerotiorum (Lib.) de Bary} has become a significant agricultural
problem of rapeseed-mustard crop production, which results in 40 % loss in yield. It is a seed
and soil borne pathogen with wide host range, and is difficult to manage. Multilocational validation
of integrated management (IM) practices for Sclerotinia rot of mustard was conducted by ICAR-
NCIPM, New Delhi during 2008-11 in farmers’ participatory mode in Alwar, Sriganganagar zone
of Rajasthan and South-west zone of Haryana on 18 ha. In 2009-10, Sclerotinia rot of mustard
emerged as a major constraint in mustard cultivation in Haryana and Rajasthan and severe
disease incidence (up to 70%) and heavy yield losses (~ 40%) was recorded. Implementation of
IP practices of Sclerotinia rot started in Haryana and Rajasthan on wider area (60 ha) during
2011-12. In 2011, Mustard growing farmers of Siyali Khurd village (District Alwar of Rajasthan)
approached NCIPM, New Delhi due to severe incidence of Sclerotinia rot. Prior to implementation
of IM practices, farmers were taking monoculture of mustard (without crop rotation and deep
summer ploughing) and no seed treatment with Trichoderma spp. Integrated management
interventions including cultural practices as well as bio-pesticide Trichoderma spp. and garlic
clove extract were recommended at different growth stages of crop. In addition to this,
recommended dose of fertilizer along with gypsum @ 250 kg/ha and Potash @ 40 kg/ha, soil
incorporation of Trichoderma @ 2.5 kg/ha pre-incubated in 50 kg well rotten FYM were introduced.
The endemic Sclerotinia rot in Siyali Khurd farmers’ field was managed by implementing IM
practices. It resulted in significant reduction in severity of Sclerotinia rot and increase in yield as
well as benefit-cost ratio. Increased cost-benefit ratio resulted in better monetary returns to
farmers adopting IM interventions as compared to farmers’ practices. Integrated management of
Sclerotinia rot of mustard was included in package of practices of zone 1b (Sriganganagar) and
IIIb (Bharatpur) of Rajasthan.

IL06(3C): Foliar microbiome assisted management of rice blast disease

A Kumar
Indian Agricultural Research Institute, New Delhi, India
Email: kumar@iari.res.in; aundy.kumar@icar.gov.in

Rice is among the most consumed cereal crop in the world. Rice blast disease caused by the
fungus Magnaporthe oryzae is one of the threats for rice production globally. Present blast
management strategies including host resistance and fungicide spray are either non-durable or
not compatible with environment and trade. Therefore, new management options are needed
for sustainable rice production. With its adapted microbiota, the foliar niche brings a unique
microbiome to the plant-holobiont-pool with a potential for modulating plant traits. However, the
ecological forces driving the foliar microbiome assemblage and functions are among the under-
estimated aspects of plant biology. Metabarcoding and culturomic methods were integrated to
decipher the core-foliar microbiome including that of leaf endosphere of rice-genotypes grown
in contrasting agroclimatic zones. Principal coordinate analysis indicated an influence of
environmental factors rather than the genotype per se on foliar microbiome assembly. The
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predominance of phyla such as Proteobacteria, Actinobacteria, and Firmicutes encompassing
the diverse bacterial communities was observed on the foliar niche. Network and co-occurrence
analysis showed a complex intra-microbial interaction on the foliar microbiome. The culturomic
validation of metabarcoding confirmed the occurrence of Acinetobacter, Aureimonas, Bacillus,
Chryseobacterium, Curtobacterium, Enterobacter, Exiguobacterium, Microbacterium, Pantoea,
Pseudomonas, and Sphingomonas on foliar niche. All the cultured isolates were functionally
characterized for antagonism against blast fungus M. oryzae. Most of the isolates displayed
secretory and volatile mediated antagonism against the blast fungus. Upon seed bacterization,
these isolates conferred immunocompetence to rice seedlings. Further, blast disease suppression
assay under artificial epiphytotic conditions culminated in the identification of several bacterial
isolates showing more than significant disease suppression on blast susceptible variety, Pusa
Basmati 1. Transcriptional profiles of innate immunity marker genes such as OsCEBiP, OsCERK1,
OsPAD4, OsNPR1, OsEDS1, OsPDF2.2, OsFMO1, and OsPR1.1 inrice were found altered or
up-regulated in bacterized rice seedlings. Multi-pronged activities of foliar microbiome on
Magnaporthe oryzae (antifungal activity), rice (defense elicitation), and blast disease (blast
suppression) have been elaborated for management of blast by microbiome reengineering.

IL07(3C): Use of factory waste lime for managing Aphanomyces Root Rot of
sugar beet

Ashok K Chanda1* and Jason R Brantner2

1Assistant Professor & Extension Sugarbeet Pathologist, University of Minnesota, Department of Plant
Pathology & Northwest Research and Outreach Center, Crookston, MN, USA
2Official Trial Manager, bAmerican Crystal Sugar Company, Moorhead, MN, USA
*Email: achanda@umn.edu 

Seedling damping-off and root rot of sugar beet caused by Aphanomyces cochlioides can
significantly reduce root yield and quality sugar beet roots. Currently hymexazol seed treatment
and tolerant cultivars are available to growers for successfully managing these diseases.
Application of factory waste lime to raise soil pH has been shown to reduce Aphanomyces root
rot (ARR) in 2003 in MN. A field trial was established where lime had been applied in April 2004
at 0, 6, 12, 18 and 24 Mg dry wt ha-1. Main plots were split and an additional 7.8 Mg dry wt lime
ha-1 was added to half of each plot in 2014. In 2015, plant stands were only higher in plots that
received supplemental lime where original lime rates were 0 and 6 Mg ha-1. Supplemental lime
reduced ARR and increased root yield only in plots where lime had not been previously applied.
In 2016, ARR decreased with increasing original lime rates, while plant stands and root yield
increased with increasing rate of original lime. Addition of 6 Mg ha-1 supplemental lime resulted
in significantly lower ARR and significantly higher stands and root yield. In 2016, twelve years
after application, original lime rates with no supplemental lime significantly reduced ARR and
increased plant stands and root yield. A strong positive correlation between soil extractable
calcium (SEC) and root yield and strong negative correlation between SEC and ARR suggest
that calcium is playing a vital role in reducing ARR.
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IL08(3C): Trichoshield®: A commercial biofungicide against ganoderma basal stem
rot of oil palm

Shamala Sundram
Kajang – 43000, Selangor, Malaysia
Email: shamala.prajiv@gmail.com

Trichoshield® is a journey that took approximately 10 years for its conception, R&D investigation,
pilot plant scale-up and finally ended successfully with a commercial uptake. The product is an
environmentally friendly and green technology developed by using an indigenous endophytic
Trichoderma virens 159c. The biofungicide provides a significant control against Ganoderma
boninense, the causal agent of Basal Stem Rot (BSR) disease that negatively affects the oil
palm industry. The formulation aims to reduce the disease development in oil palm, especially in
the productive years of the crop. Trichoshield® also uses oil palm waste for mass production
and has been patented (PI2020001604). The microbe colonizes the internal root system of the
oil palm and moves progressively as the root system develops. It provides a cost-effective,
sustainable and environmentally friendly approach in managing the disease. This paper will
discuss the R&D activities; isolation, screening, identification, antifungal characteristics,
glasshouse assessments, formulation and finally scale up that took place in the past 10 years in
developing and perfecting the formulation for commercial uptake. With the current emphasis on
the integrated disease management (IDM) recommended in controlling the impact of BSR disease
in the field, the prophylactic approach is highly recommended to be incorporated into the
integrated management of the disease. A small reduction in disease incidences in field palms
will assist in prolonging the productive life span of the palm, and in return contributes to a
significant reduction of economic losses to the industry.

IL09(3C): Potential of Plant Growth-Promoting Bacteria (PGPB) for disease and
pest control and yield improvement in shallots

Yulmira Yanti*, Hasmiandy Hamid and Nurbailis
Pest and Plant Disease Departement, Faculty of Agriculture, Universitas Andalas, Limau Manis, Padang
251623
*Email: yy.anthie79@gmail.com; mira23@agr.unand.ac.id

PGPB is a bacterium that can associate with plants from around the roots (rhizosphere), leaf
surfaces (phyllosphere), or plant parts (endophytes). PGPB acts as a biocontrol agent and
increases plant growth. The study aimed to obtain PGPB isolates capable of controlling diseases
and pests and increasing the growth and yield of shallots. The research consisted of 3 stages of
research. The first is the isolation of PGPB from the soil, roots, and bulbs of shallots in production
centers and endemic areas of disease and pest in Solok and Agam districts, West Sumatra. The
second is the use of PGPB to control shallot diseases and pests. The study used an experimental
method carried out in the experimental garden of the Faculty of Agriculture, Universitas Andalas,
Padang. The study consisted of 43 treatments and three replications. The treatments consisted
of 40 PGPB isolates, pesticides, positive control (without pathogens and PGPB), and negative
control (inoculated with pathogens, without PGPB). PGPB isolate was introduced to shallot seeds.
The third is to identify and characterize selected PGPB isolates for disease and pest control and
to increase shallot yields. The results showed that 9 of PGPB isolates could increase the
resistance of shallots to the pathogen Xanthomonas axanopodis pv. alii, Pantoea anantis,
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Fusarium oxysporum, Stemphylium vesicarium, and Alternaria porri and also the pests Spodoptera
exigua, Spodoptera litura, Liriomyza sp, Agrotis ipsilon, and Thrips tabaci from susceptible to
resistant. Five isolates can also increase onion yields 388-433% compared to control. Based on
the molecular identification of the five isolates, MRTDE2.6 was Bacillus subtilis MRTDE2.6;
MRSNRZ1.2 is Bacillus mycoides strain MRSNRZ1.2; MRBPRZ1.1 is Bacillus thuringiensis strain
MRBPRZ1.1; MRRZLL2.2 is Bacillus mycoides strain MRRZLL2.2; MRRDE3.4 is Bacillus
weihenstephanensis strain MRRDE3.4. The biochemical character of 5 species of PGPB are
three species produce siderophore, three produce salicylic acid, two have protease enzymes,
three produce ammonia, and none produce HCN. All species produced biosurfactant, and IAA,
and hemolysin negative.

IL10(3C): Strategies for the management of pomegranate wilt caused by
Ceratocystis fimbriata in Karnataka

V Devappa
Prof. & Head., Department of Plant Pathology, College of Horticulture, GKVK, Bengaluru-560065, Karnataka
Email: devappav@gmail.com

Pomegranate wilt (Ceratocystis fimbriata Ell. and Halst) disease is adversely affecting
pomegranate cultivation in all major growing regions of Karnataka. The severity of wilt of
pomegranate in major pomegranate growing regions of North Karnataka was assessed during
kharif 2016 and maximum wilt (42.10 per cent) incidence was observed in Babaleswar village
(Shruthi et al., 2019); (45.16 per cent) was noticed in Besigeger village of Bellary district (Sonyal
et al., 2016); (45.80 per cent) wilt was observed in Govindkoppa village during 2015-16 (Somu
et al., 2018). Whereas, Raja et al. (2017) reported that, highest incidence (33.34 per cent) was
recorded in Sira taluk of Tumakur district and 71.12 per cent incidence was noticed in Neerbudihal
village of Bagalkot district (Madhushri et al., 2019). Among the various culture media used,
oatmeal agar and Potato dextrose agar were found suitable media for good growth of C. fimbriata.
The highest reduction of wilt incidence was observed in neem cake + Trichoderma plus applied
pots (Tirmali et al., 2018). Ceratocystis fimbriata grew well in all most all hydrogen ion (pH)
concentration from 2.0 to 11.0. (Sonyal et al., 2015). Black colored perithecium was observed
with size of 5.13 x 4.27 ìm. Endoconidia were hyaline, cylindrical and average size was 23.6 x
4.90 ìm. Aleurioconidia were thick walled ellipsoidal or pyriform with size of 18.5 x 10.10 ìm,
(Raja et al., 2015). Eleven bioagents were evaluated under in vitro condition, among the bio
agents tested, Trichoderma harzianum, Trichoderma isolate 1 and Trichoderma isolate 5 recorded
the maximum per cent inhibition of mycelial growth (Karakalamatti et al., 2019). The plant extracts
Allium sativum (32.96 per cent) was found effective in inhibiting the mycelial growth (Sonyal et
al., 2015). The pathogen being soil borne, hence preventive measures are prime importance to
manage this disease. Among the different systemic fungicides tested, cent per cent inhibition of
mycelial growth of C. fimbriata was recorded in propiconazole. Among the different bio agents
tested against C. fimbriata, T. harzianum was found to be the most effective with the highest
inhibition of mycelial growth (88.77 per cent) followed by T. viride (86.60 per cent) and P.
fluorescens (66.33 per cent) and Bacillus subtilis was found less effective with (54.88 per cent)
inhibition. (Khan et al., 2017).
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IL11(3C): Efficacy of marine algal bioelicitors in tropical crop plants

Jayaraj Jayaraman*, Omar Ali and Adesh Ramsubhag
Department of Life Sciences, Faculty of Science and Technology, The University of the West Indies, St.
Augustine, Trinidad and Tobago
*Email: jayauwi@gmail.com

Six marine seaweed species from the southern Caribbean were screened for bioefficacy of extracts
of which two were further selected for bioelicitor activity in tropical crop plants. Sargassum
filipendula and Acathophora spicifera were evaluated for plant growth stimulatory and bioelicitor
activities in tropical vegetable crop plants. Foliar spray of 0.5% algal extracts has resulted in
significant increase in plant growth and yields. Treatment with algal elicitors significantly improved
plant growth parameters including plant height, leaf number, root and shoot dry biomass and
chlorophyll content. Algal elicitor application also caused significant reductions in disease
incidence by the pathogens, including Xanthomonas campestris pv. vesicatoria and Alternaria
solani in tomato and sweet pepper under greenhouse and field conditions. The mechanism of
growth induction and disease resistance were investigated through transcriptome and microbiome
analysis. The treated plants had elevated levels of activities of defence-related enzymes including
phenylalanine ammonia-lyase, peroxidase, polyphenol oxidase, chitinase, ²-1,3-glucanase, as
well as enhanced levels of total phenolic compounds. The PR1a, PINII and ETR-1 genes were
upregulated which is indicative of upregulation of SA/JA pathways. The gene transcripts involved
in auxin (IAA), gibberellin (Ga2Ox), cytokinin (IPT) synthesis and those genes (SFT, SP, J, AN,
FA and CO) involved flowering regulation were highly induced by algal bioelicitor application.
RNA sequencing of plants revealed upregulation of multiple defense, stress responsive and
growth-related genes. A significant increase in colonization of microbes in the rhizosphere and
phyllosphere of plants was also noticed in treated plants. The experimental evidence thus far
points to collective evoking of multiple responses in plants by algal bioelicitors which would
contribute to the overall improvement in growth and tolerance to biotic stresses of plants. 

IL12(3C): Vermicompost suppresses fusarium wilt (Fusarium oxysporum f.
Sp. Lycopersici) and improves tomato yield in Nigeria

Salisu Gombe Haruna*
Department of Crop Protection, Faculty of Agriculture, Bayero University Kano
*Email: sgharuna.cpp@buk.edu.ng

Fusarium wilt of tomato is one of the major diseases threatening tomato production especially in
savannah ecological zone of Nigeria where the disease is endemic. Average tomato yield in the
country is 7.5 metric tons per hectare and one of the reasons for the low yield is diseases attack.
Field experiments were conducted to evaluate the efficacy of bio-enriched vermicomposts in the
management of Fusarium wilt of tomato caused by Fusarium oxysporum f. sp. lycopersici. The
experiments were conducted during the rainy seasons of 2015 and 2016. The experiments were 2 x
5 factorial laid out in a split plot design. The treatments consisted of two varieties of tomato; Roma
VF and UC 82B as the main plots, while three bio-enriched vermicomposts: poultry manure-, cow
dung, and rice bran- based bio-enriched vermicomposts; CAMAZEB® (60% Mancozeb + 40%
Carbendazim WP as check) and control (u-amended soil) were arranged in the sub plots. All treatments
were replicated three times. The two tomato varieties were infected with Fusarium wilt, though the
incidence and severity of the disease were significantly (P<0.01) lower on Roma VF than UC 82B.
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Application of poultry manure based bio-enriched vermicomposts (POBCO) significantly  reduced
incidence and severity of Fusarium wilt comparable to the synthetic fungicide CAMAZEB®  at the
early stage of the disease development and better than the fungicide at the latter stages. Use of
Roma-VF on soil amended with POBCO recorded low disease incidence (38.7%) and severity (20.4%),
and produced higher yield (9.68 tonnes ha-1) than the other treatments. This achievement is attributed
to low phytotoxicity of POBCO, abundant soil nutrients and presence of bio-control agents that
improved tomato growth and protection against Fusarium wilt. Fusarium wilt incidence and severity
was higher in 2015 than 2016 because of low pathogen inoculum mitigated by application of bio-
enriched vermicomposts in 2015. Based on the results recorded, Roma VF could be recommended
to be grown on soil amended with 25 tonnes ha-1 of POBCO as eco-friendly integrated method for
the management of Fusarium wilt and improving tomato yield.

IL13(3C): Comparative evaluation of biological to a chemical seed treatment to
manage blackleg on oilseed rape

Venkataramana Chapara
Langdon Extension Research Extension Center, North Dakota State University, Langdon, ND, 58249, USA
Email: venkata.chapara@ndsu.edu

Blackleg on oilseed rape is caused by Leptosphaeria maculans. Infection occurs when
germinated ascospore penetrate the cotyledon surface at early development stages. The pathogen
moves down the leaf petiole and into the stem. Stem tissue is destroyed near the soil surface. In
severe cases a lesion will form on the exterior of the stem and cause eventual girdling and plant
death. Under optimum conditions, yield losses greater than 50% have been recorded. Seed
treatments help eliminate the seed-borne inoculum and known to provide protection against infection
during the early seedling stage. The objective was to evaluate and compare the performance of
biological and chemical seed treatments to manage blackleg on oilseed rape. A trial was planted with
treated seed of various treatments separately on the oilseed rape cultivar ‘Westar’ and were compared
with non-treated seed in a randomized complete block design with four replications. Twenty-
five stubbles were uprooted and rated within each plot to record the incidence and severity on each
stubble after swathing on a 0-5 scale and a mean disease severity index was calculated. Data
indicated that oilseed rape treated with the biological at the higher rate followed by the chemical had
the lowest blackleg incidence and mean disease severity index and were statistically significant from
the other treatments tested. However, not the case with the yield or test weight. Current results
indicate a thorough research has to be conducted on these chemicals for including these biologicals

in the current management practices of blackleg on oilseed rape.
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Oral Presentations

OP01(3C): Antagonistic potential of endophytic bacteria associated with cultivars
of Brassica juncea against leaf blight pathogen Alternaria brassicae

RK Tombisana Devi* and Sushanti Thokchom
School of Crop Protection, College of Post Graduate Studies in Agricultural Sciences, CAU-Umiam,
Meghalaya-793 103
*Email: totonene2011@gmail.com

The yield potential of Brassica juncea is constrained by many fungal diseases among which Alternaria
blight poses a major challenge worldwide. Endophytic bacteria are increasingly recognized as a
promising source of novel organic natural metabolites for a variety of biological activities. However,
endophytic bacteria belonging to the group Bacillus and fluorescent Pseudomonads are being
reported as superior groups exploited for their role in combating phytopathogens. Therefore, the
bacteria belonging to the above groups were primarily targeted for this study. In this study, fifty six
endophytic bacteria were selectively isolated from seeds, roots and leaves of 20 different cultivars
of Brassica juncea growing in various parts of North Eastern Region of India. Out of all isolates
tested BS8, BS15, BS21 and FP13 showed inhibition of 59.63%, 65.93%, 58.52% and 63.33 %
respectively. When tested for functional properties, BS21 produced IAA as well as ammonia, BS15
and FP13 produced only Ammonia whereas BS8 solubilised Phosphate. BS8(Bacillus cereus),
BS15(Bacillus subtilis), BS21 (Bacillus subtilis) and FP13 (Pseudomonas fluorescens) were selected
on the basis of antagonistic as well as plant growth promoting properties for formulating a microbial
consortium and subsequent evaluation in the field.

OP02(3C): Molecular characterization of Sclerotinia sclerotiorum Sacc. inciting
white mold disease in french bean (Phaseolus vulgaris L.) and its biological
management

Ramesh Singh Yadav1*, Amit Kumar Yadav1 and Gaurav Kumar Yadav2
1Centre of Excellence for Sanitary and Phytosanitary (SPS), Department of Plant Pathology, Sardar Vallabhbhai
Patel University of Agriculture & Technology, Meerut - 250110, Uttar Pradesh, India
2Division of Plant Pathology, ICAR-Indian Agricultural Research Institute, New Delhi – 110012, India
*Email: svpspsexport@gmail.com

White mold disease caused by Sclerotinia sclerotiorum is a serious peril to the cultivation of
french bean in western Uttar Pradesh. In the present study, antagonistic activity of locally isolated
bio inoculants including four fungi and three bacteria were evaluated against white mold disease
of french bean. In vitro efficacy of bio-inoculants was tested by dual culture method against
Sclerotinia sclerotiorum. Out of seven bio-inoculants, Pseudomonas fluorescens isolate Pf008
was found best causing 95.55 per cent mycelium growth reduction. The molecular characterization
of isolated pathogen was performed using ITS sequencing. The pathogen (svpuat) was attributed
to Sclerotinia sclerotiorum. The length of ITS sequence of the pathogen was 516 bp and
approximately identical to publicly available Sclerotinia sclerotiorum sequences on NCBI date
base. In field trial, the bio inoculants were tested by various inoculation methods. Sclerotinia
sclerotiorum infested soil treated with bio inoculants as seed treatment or soil application. Results
evinced that seed treatment with formulation of Trichoderma harzianum isolate TS004 was best
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and enhance the growth promotion and increase the grain yield i.e. 13.93 q/ha and 12.10 q/ha
during the year 2018-19 and 2019-20 respectively. Soil application with formulation of Trichoderma
viride isolate TS006 was the most effective in reducing disease incidence by 83.91% during the
year 2018-19 and seed treatment with formulation of Trichoderma viride isolate TS006 reducing
disease incidence by 74.83% in the year 2019-20.

OP03(3C): Protection of Assyrian plum (Cordia myxa L.) by systemic acquired
resistance inducers and fungicides against Alternaria blight disease in arid region

RP Ghasolia*1, AK Soni1, OP Garhwal1, PL Saroj2, BD Sharma2, Jitendra Sharma3 and DK Sarolia2 
1AICRP on Arid Zone Fruits, SKN College of Agri. (SKNAU), Jobner-303329, Jaipur, India
2ICAR-Central Institute of Arid Horticulture, Bikaner, Rajasthan, India
3ATC, Government of Rajasthan, Tabiji, Ajmer, Rajasthan, India
*Email: rpghasolia.ppath@sknau.ac.in

Assyrian plum (Cordia myxa Roxb.) which is also known by various names like Lehsua, Lasoda,
Gunda, Indian cherry and it is an important fruit of the family Boraginaceae that  thrive well in
arid conditions of Rajasthan and India. The immature fruits are much liked in Indian cuisine for
preparing mix vegetable and pickle. Alternaria blight of Assyrian plum, caused by Alternaria
alternata is an important and major disease that causes economic yield losses during fruit bearing
stage. In present study, three systemic acquired resistance inducers (²-amino butyric acid,
isonicotinic acid and salicylic acid) and three fungicides (tebuconazole 50% + trifloxystrobin
25%, carbendazim 12%+ mancozeb 63% and copper oxychloride 50% WP) were evaluated
through foliar applications in orchards for five consecutive years (2017 to 2021). Among
fungicides, two sprays of tebuconazole + trifloxystrobin (@ 0.1%) was found the most effective
in reducing disease intensity (80.10%) and in increasing yield (68.07%) over untreated check
with higher B:C ratio (3.28). In systemic acquired resistance activators, single spray of salicylic
acid (@ 200 ppm) at disease initiation proved efficacious in lowering disease (47.51%) and
increasing fruit yield (35.82%) with B:C ratio of 2.90 followed by isonicotinic acid (34.77% and
27.84%, respectively) probably due to activating the cellular genes and defense mechanism
and thereby spreading resistance throughout the plant body. Exogenous application of salicylic
acid in orchard can be used as green chemicals for managing pathogen resistance as well as
providing opportunity for organic production of fruits for consumers, because it does not cause
bio-accumulation in eatables and environmental hazards. This is the foremost study of  salicylic
acid application in perennial and arid fruit crops in Rajasthan and newer combined formulations
of fungicide for protecting to Alternaria blight under orchards.

OP04(3C): Validation of agrochemicals against sooty mould of cotton incited by
Capnodium spp.

NK Yadav*, VK Malik, Manoj Kumar, Narender Singh, RS Chauhan and Harbinder Singh
CCS Haryana Agricultural University, Hisar -125004
*Email: yadavnk67@gmail.com

Cotton is the most important Indian cash crop grown widely all around the world. The area under
cotton crop is 7.37 lakh ha. with average productivity of 577 kg/ha and about 97 percent area of
cotton cultivation is under Bt Cotton cultivars in Haryana. Cotton production is affected by many
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fungal plant pathogens throughout the season. Among them, Capnodium species causes sooty
mould disease significantly reduces the cotton production and productivity by disturbing
photosynthetic rate as well as physical damages to the plant. Present investigation was carried
out to find out the potential way of for the management of sooty mould . The experiment was
conducted in three consecutive years from Kharif 2017 to Kharif 2019 at CCS HAU, Cotton
Research Station, Sirsa. Among various treatments copper oxychloride 50 WP @ 2.25g/litre was
observed the potential fungicide which significantly reduced the sooty mould disease incidence
against control. Copper oxychloride 50 WP @ 2.25 g/litre of water, Propiconazole 25 EC @ 1 ml
/ litre of water and Copper oxychloride 50 WP @ 1.75 g/litre of water effectively reduced  percent
disease incidence with reduction of 53.1 %, 40.0% and 39.3% respectively. All the treatments
reduce the disease incidence further positively correlated with higher seed cotton yield as compare
to control one. Among various treatments Copper oxychloride 50 WP @ 2.25 g/litre of water
leads the highest seed cotton yield of 2456 kg/ha. Thus use of copper oxychloride 50 WP @
2.25 g/litre of water in cotton crop may helpful in reduction of the sooty mould incidence in the
field conditions leading to increased seed cotton yield.

OP05(3C): Enhancing the shelf-life in betel leaf by ecofriendly management of
post-harvest diseases  

Prabhat Kumar*, Shivnath Das and Ajit Kumar Pandey
Betelvine Research Centre, Islampur, Nalanda – 801303, Bihar Agriculture University, Sabour
*Email: prabhathau@gmail.com

Betelvine (Piper betle L.) is cultivated in India for its leaf. Betel leaves are generally spoiled and
their quality is also reduced by post-harvest pathogen infection during storage and transport.
The present work was undertaken with the aim to eco-friendly management of post-harvest
losses by reducing infection and enhancing shelf-life of betel leaf. The betel leaves (cultivar-
Magahi) were harvested after raining and winter season’s during 2019-20 and treated with
treatments; T1- Control (Normal tape water); T2- Distilled water; T3- Lime water @ 0.2 %; T4-
Tulsi oil @ 0.1 %; T5- Lemongrass oil @ 0.2%) separately by dipping the leaves for 10 minutes
in above solution and stored at ambient room temperature. Best treatment of post-harvest clubbed
together with pre-harvest treatment on live plant where eight treatments (T1- Control Normal
tape water: T2- Distilled water; T3- Lime water @ 0.2 %; T4- Tulsi oil @ 0.1 %; T5- Lemongrass
oil @ 0.2%; T6- Neem oil @ 0.2%; T7- Bucillus subtilis @ 0.3 %; T8- Pseudomonas fluoresces @
0.3%) were applied at 15 and 7 days before harvest. The higher shelf-life of betel leaves were
found 25.8 days and 32.6 days of raining season and winter season leaves, respectively on
pre-harvest treatment of betel leaves with T6-Neem oil @ 0.2% and post-harvest treatment with
T5-lemongrass oil @ 0.2% as compared to control (10.6 days and 17.0 days), respectively. It
also reduced the infection of leaf rot caused by fungi-Phytophthora parasitica and bactreia-
Xanthomonas betelicola by 92.3% and 85.2 % of raining season leaves and reduced the infection
of leaf rot caused by Colletotrichum capsici by 89.1% of winter season leaf.

S
es

si
o

n
 3

C
. S

u
cc

es
s 

st
o

ri
es

 in
 p

la
n

t 
d

is
ea

se
s 

m
an

ag
em

en
t



8th International Conference (Hybrid Mode)
Plant Pathology: Retrospect and Prospects

March 23-26, 2022  SKNAU, Jobner-Jaipur, Rajasthan

133

O
ff

lin
e 

P
o

st
er

 P
re

se
n

ta
ti

o
n

s

OP06(3C): Microbial encapsulation technology: An emerging game changer in
disease management of ginger

R Praveena*, Lijo Thomas, R Dinesh and M Anandaraj
ICAR-Indian Institute of Spices Research, Kozhikode - 673012, Kerala, India
*Email: praveenaravindran55@gmail.com 

Ginger (Zingiber officinale Rosc.), a rhizomatous tropical plant is one of the most commonly
consumed dietary spices with significant applications in food, pharmaceutical and nutraceutical
sectors. It is one of the most important spice crops in India. The crop is cultivated in 1,75,764 ha
with an estimated production of 1.9 million tonnes during 2020-21. Diseases caused by several
pathogens are considered as one of the major constraints for sustainable ginger production in
the country. Though several chemical based plant protection strategies are practiced by the
farmers, the high cost and the increasing concerns on food safety has underlined the urgent
need for alternative biological control strategies. The microbial encapsulation technology
developed by ICAR Indian Institute of Spices Technology is a novel method for storing and
delivering beneficial microorganisms for disease management in several crops including ginger.
The encapsulation technique involves a specific formulation of the beneficial microorganism of
interest in an immobilized/inactive condition mixed with other substances that protect and maintain
the encapsulated microorganism in a gelatin capsule.  The technology package for ginger
including encapsulated Trichoderma asperellum (soft rot management), Bacillus amyloliquefaciens
(plant growth promotion and soft rot management) and B. licheniformis (bacterial wilt
management) has been successfully tested and demonstrated in multiple locations across the
country. Extensive farmer participatory trials for two seasons conducted across major ginger
growing tracts of Kerala and Karnataka indicated the substantial benefits from technology
adoption. The incremental benefit cost ratio was found to be 2.93 indicating significant benefits
for primary producers, while providing a sustainable and environmental friendly technology for
the production of food safe, quality ginger in the country.      

OP07(3C): Management of charcoal rot (Macrophomina phaseolina) of cowpea in
Rajasthan

Narendra Singh*, HL Deshwal, BDS Nathawat and SR Yadav
Agricultural Research Station, S.K Rajasthan Agricultural University, Bikaner - 334006, Rajasthan, India
*Email: singhnarendra35@yahoo.com

Cowpea (Vigna unguiculata L.) is an important multi-purpose grain legume extensively cultivated
in arid and semi-arid tropics of India. It is a good source of food, forage, fodder, vegetable and
certain snacks. Charcoal rot caused by Macrophomina phaseolina is an important disease of
cowpea, under severe infestation it cause 40–50 % losses in grain yield. Three year field
experiments were conducted in hot arid conditions at Bikaner, Rajasthan during  Kharif 2019-
2021 with the objective to find out suitable management strategies for charcoal rot. The experiment
was conducted on  local variety- Bidodi in RBD Design with three replications in kharif season.
Seven different treatment combinations of seed treatment with fungicides or bio-agents and/or
 along with soil application of Trichoderma harzianum @ 2.5 kg in 500 kg FYM/ha  and compared
with an untreated control. Results of experiment showed that all the treatments brought significant
decline in disease incidence and consequently enhancement of grain yield compared to untreated
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control. The treatment having combination of seed treatment with Tebuconazole 2 DS @ 1.5 g/
kg  seed  along with soil application of T. harzianum @  2.5 kg in 500 kg FYM/ha had minimum
(2.78 %) charcoal rot incidence, highest grain yield (1166.31 kg/ha) and net return (Rs 8,508/
ha). The seed treatment with Carboxin 37.5% + Thiram 37.5%WP @ 2g/kg seed along soil
application of  Trichoderma harzianum  @ 2.5 kg in 500 kg FYM/ha was the next best treatment
with 4.22 % disease incidence and 1048.56 kg/ha of grain yield. These treatments can provide
an effective and economical management of charcoal rot of cowpea for cultivators.

OP08(3C): Management of leaf blight and wilt disease of groundnut occurring in
western part of Rajasthan

KS Jadon1*, PP Thirumalaisamy2 and SK Singh1

1ICAR-Central Arid Zone Research Institute, Jodhpur - 342003, Rajasthan, India
2ICAR-National Bureau of Plant Genetic Resources, Regional Station, Thrissur - 680656, Kerala, India
*Email: kuldeep.icar@gmail.com 

A trial for the management of leaf-cum-wilt disease of groundnut caused by Fusarium incarnatum-
F. equiseti species complex conducted at ICAR-CAZRI in collaboration with ICAR-DGR, Junagadh
for the years 2019, 2020, and 2021. The treatment included chemical, physical, cultural and
biological control practices. The results based on the pooled data analysis of three years indicated
that all the treatments applied were significantly reduced the disease incidences in the field and
these treatments were also economically feasible in the benefit-cost ratio (B: C ratio) and
incremental cost-benefit ratio (ICBR). Although, none of the treatments can reduce the disease
below 30 per cent. Hence, in conclusion, a combination of chemical, physical, cultural, and
biological control practices is required for the better management of the disease. Therefore, it
is recommended that seed treatment with Tebuconazole 2 DS @ 1.25 g/kg seed, soil application
of neem cake @ 200 kg/ ha (basal, 30, 55, and 75 DAS), application of Trichoderma powder
formulation @ 10 kg/ ha (basal, 30, 55 and 75 DAS), inter or mixed cropping with pearl millet,
alternate spraying of Carbendazim 12% + Mancozeb 63% WP (@ 10 g saaf in 5L water for 100
sq m area)  and Tebuconazole 430 SC (@7.5 ml folicure in 5L water for 100 sq m area) at 30,
55  and 75 DAS can manage the disease and reduce the economic losses of the farmer.

OP09(3C): Management strategies for Alternaria leaf spot of soybean incited by
Alternaria alternata

R K Fagodiya1*, Amit Trivedi2, B L Fagodia3

1*Senior Research Fellow, Directorate of Research, MPUAT, Udaipur (Raj.), 313001
2Professor, Department of Plant Pathology, RCA, Udaipur (Raj.), 313001
3Technical Officer, Central IPM Centre, Jaipur (Raj.), 302018
*Email: fagodiyarajkumar@gmail.com

 
Soybean (Glycine max (L.) is one of the most important an Asiatic oil seed crop. It has a prominent
place among modern agricultural commodities, as the world’s most important seed legume, which
contributes 25% to the global edible oil. Alternaria leaf spot disease caused by Alternaria alternata
is one of the most economically important disease in soybean production. Efficacy of four
fungicides and two botanicals’ formulations were tested by poison food technique against six
isolates of A. alternata collected from major soybean growing areas of Rajasthan. Among the
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fungicides tested, Azoxystrobin 8.3% + Mancozeb 66.7% WG was the most effective fungicide
caused 100% inhibition of mycelial growth of all the six isolates of A. alternata followed by
Azoxystrobin 23% SC at 500 and 1000 ppm and neem oil at 0.5% was found most effective in
vitro. In field condition most virulent isolate (UDP Aa-1) were used for artificial inoculation with
spore suspension having concentration 1 x 103 conidia ml-1 on the plants of 45 DAS. Among
them ten treatments, combination of Azoxystrobin 8.3% + Mancozeb 66.7% WG at 0.36% +
Neem oil at 0.5% was found most effective in reducing the disease intensity followed by individual
applications of Azoxystrobin 8.3% + Mancozeb 66.7% WG at 0.36% during Kharif season 2018
and 2019.

OP10(3C): Identification and in-vitro efficacy of fungal endophytes isolated from
grapevine cv. Manik Chaman for management of anthracnose and bacterial leaf
spot diseases in grapes

Somnath K Holkar*, Prabhavati S Ghotgalkar, Shraddha Shewale, Vrushali C Bhanbhane, and Sujoy Saha
ICAR-National Research Centre for Grapes, P. B. No. 3, Manjari Farm Post, Solapur Road, Pune – 412 307,
Maharashtra, India
*Email: holkarsk21@gmail.com / Holkar.Kadappa@icar.gov.in

Seventy-three fungal endophytes were isolated from cv. Manik Chaman from different plant
parts viz., Root (MCRT: 16), Rootstock (DRRS: 7), Stem (MCS: 4), Bark (MCBK: 10), Cane
(MCC:18), Sub Cane (MCSC: 4), Tiger Bud (MCTB: 2), Petiole (MCP: 6), Leaf Disk (MCLD: 5),
and Berry (MCBY: 1). These fungal endophytes were characterized morphologically and based
on ITS sequence information. Moreover, in-vitro direct confrontation results revealed that among
the 73 isolates, 33 isolates inhibited the mycelial growth of Colletotrichum gloeosporioides, while,
17 isolates inhibited 50-80% growth of Xanthomonas campestris pv. viticola, the causal agents
of anthracnose and bacterial spot respectively. Five isolates showed highly antagonistic activity
against both the pathogens. The compatibility assay of 10 isolates revealed that the MCB1,
MCB4, MCB6, and MCB10 were highly compatible with kresoxim methyl 44.3 SC and sulphur 80
WP and showed less compatibility with difenoconazole 25 EC, hexaconazole 5 EC, myclobutanil
10 WP, copper oxychloride 50 WP, mancozeb 75 WP and propineb 70 WP. MCB2 and MCB5

isolates were highly compatible with  Sulphur 80 WP. ITS sequence analyses of 55 isolates
revealed the identification of different species belonging to several genera viz., Alternaria,
Aspergi l lus, Col letotr ichum, Cytospora,  Diatrypaceae, Fusarium, Lasiodip lodia,
Pseudofusicoccum, and Trichoderma. The fungal endophytes isolated from grapevine cv. Manik
Chaman are more diverse having antagonistic potential against the predominant pathogens of
grapes in India, C. gloeosporioides, and X. campestris pv. viticola. 
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OP11(3C): Management of Alternaria Blight of Clusterbean [Cyamopsis
tetragonoloba (L.) Taub.] Incited by Alternaria cucumerina var. cyamopsidis in
Rajasthan

Basavaraj Bhushani, AL Yadav*, Vikash Kumar, Data Ram Kumhar and Rakesh Kumar
Department of Plant Pathology, College of Agriculture, SKRAU, Bikaner -334006, Rajasthan, India
*Email: yadavarjun003@gmail.com

Studies with fungicides and plant extracts were performed in vitro and in vivo condition to assess
their potential in controlling Alternaria blight of clusterbean caused by Alternaria cucumerina
var. cyamopsidis. It has become a severe menace to growers of Rajasthan in India and in general
causes economic losses under changing climatic scenario. In present study, Eight fungicides
(hexaconazole 5% SC, kitazin 48% EC, chlorothalonil 75% EC, carbendazim 12%+mancozeb
63% WP, carbendazim 50% WP, tebuconazole 50%+trifloxystrobin 25% WG, carbendazim
25%+iprodione 25%, capton 70%+hexaconazole 5%WP) at 100, 300 and 500 concentrations,
seven plant extracts (Azadirachta indica (NLE& NSKE), Allium sativum, Calotropis gigantia, Datura
stramonium, Vinca rosea, Aegle marmeols) at 5,10 and 15% concentrations and six micro nutrients
(Boron, calcium, copper, iron, potassium, zinc ) at 100, 300 and 500 ppm concentration evaluated
in vitro by Poisoned Food Technique. In fungicides, the 100% inhibition of mycelial growth was
obtained with carbendazim12%+mancozeb 63% WP at 300 and 500 ppm concentrations, followed
by tebuconazole 50%+trifloxystrobin 25% WG at 500 ppm concentration. The result of in vitro
studies with plant extracts neem seed kernel extracts show the maximum inhibition at all
concentration followed by neem leaf extracts. In vitro studies with copper and zinc showed the
most significant antifungal activity at all tested concentrations. In field condition plant extracts
neem leaf, garlic bulb and neem seed kernel extract (10%), micro nutrients like urea, iron sulphate
and potassium spray (0.5%) foliar spray. And five fungicides hexaconazole, carbendazim 25%+
iprodione 25%, capton70%+hexaconazole 5% ,carbendazim 12%+mancozeb 63% at (0.2%),
tebuconazole 50%+trifloxystrobin 25% sprayed at 45DAI and 60DAI. Minimum intensity of disease
was recorded with treatment neem seed kernel extract followed by neem leaf extract found most
effective in controlling disease. Micro nutrient potassium show high disease control followed by
urea spray. Fungicide carbendazim 12%+mancozeb 63% followed by tebuconazole 50% +
trifloxystrobin 25% spray was recorded less disease intensity and maximum yield obtained.

OP12(3C): Search for conventional (biocontrol) and non-conventional (chemicals)
agents against wilt disease in Pigeonpea caused by Fusarium oxysporium
f.sp.udum under in vitro conditions 

S Ameer Basha 
Department of Plant Pathology, College of Agriculture, Professor Jayashankar Telangana State Agricultural
University, Rajendranagar, Hyderabad-500 030
Email: ameerplantpath@gmail.com

 
One of the important diseases associated with pigeonpea is “wilt” caused by Fusarium oxysporium
f.sp.udum. Management of wilt in pigeonpea is difficult and no single control measure is fully
effective. In view of identifying an effective antagonist and a broad spectrum non-conventional
chemicals against wilt pathogen, studies were conducted under in vitro conditions. A total of
twenty strains of F. oxysporium f.sp.udum were isolated from wilt-affected pigeonpea plants from
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various areas of Telangana state. Three fungal isolates showed irregular colony type, five were
pink coloured and four were flat surfaced. Against all the isolated fungal isolates, four
Pseudomonas fluorescens (Pf 3, 4, 21 and 22) strains were inhibitory in dual culture test.
Carbendazim and propiconazole at 0.1 % showed good inhibition against all the F. oxysporium
f.sp.udum isolates. Among the non-conventional chemicals, zinc sulphate and oxalic acid showed
good inhibition towards all the fungal isolates at 50 mM concentration. While treatment with
manganous sulphate was effective against one isolate i.e. 7, no growth was observed under
treatment with salicylic acid at 25 and 50 mM concentration. Thus, the study explored zinc
sulphate, oxalic acid and P. fluorescens as effective agents against wilt pathogen. These agents
can be further tested under in vivo conditions.

OP13(3C): Management of blue mould rot in Indian gooseberry (Emblica officinalis
Goertn.) caused by Penicillium islandicum (Sopp.) in integrated manner

Anil Kumar Saini, Jagdeep Singh, Kushal Raj, Rakesh Chugh and Ashwani Kumar
Chaudhary Charan Singh Haryana Agricultural University, Hisar, Haryana-125 004
*Email: anil73.saini@gmail.com

Aonla or Indian gooseberry (Emblica officinalis Goertn. Syn. Phyllanthus emblica L.) is one of
the most important indigenous fruit of Indian sub-continent which cultivated since immemorial
period. Among the various post-harvest diseases of aonla, blue mould rot caused by Penicillium
islandicum Sopp. is most important as it affects the fruit yield and quality pertaining to the market
value. The major losses due to blue mould rot in Indian gooseberry occur during transit to the
market. In order to manage, the blue mould rot in integrated manner by chemicals, plant extracts
and bioagents under in vivo and in vitro conditions at different concentrations. In vitro, Lowest
mycelial growth was recorded in neem leaf extract showing 83.06, 90.69 and 91.88 per cent
growth inhibition over control followed by haldi (turmeric) bulb extract. Significantly highest per
cent growth inhibition of P. islandicum was observed in Trichoderma harzianum (83.06%) followed
by Pseudomonas fluorescens. Amongst different boric acid was formed best showing 99.24 per
cent growth inhibition at 1.0 M concentration. In vivo, Neem leaf extract at 20 per cent
concentration was highly effective in managing the disease intensity (7.31 and 8.13%) in pre
and post treatment after five days of inoculation followed by haldi bulb extract. T. harzianum
(6.0 and 6.31% disease intensity) was rated most efficient antagonist in managing the blue
mould rot followed by P. fluorescens against check where managing disease intensity were 34.98
and 39.75 per cent in pre and post inoculation, respectively after five days of inoculation. The
similar trend was also observed in pre and post treatment after ten days of inoculation. Boric
acid was found most effective in managing blue mould rot disease intensity in pre and post
inoculation after five days of inoculation respectively.

OP14(3C): Association of causal Agents inciting boll Rot Complex of cotton and
its Management in northern Karnataka

VR Kulkarni
AICRP on Cotton ARS, Dharwad farm UAS, Dharwad-580007 Karnataka.
Email: kulkanivr@uasd.in

Cotton is the most important cash crop of India contributing 7.00 per cent to our GDP, fetching an
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export earning besides providing employment in the production, promotion, processing and trade of
cotton. The present investigations were under taken at Agril.Research Station,Dharwad during 2019-
20.The study clearly identified the association of Alternaria macrospora, Fusarium oxysporum f. sp.
vasinfectum, Exserohilum rostratum, Colletotrichum gossypii, Phoma sp., Trichothecium roseum,
Aspergillus niger, Nigrospora oryzae and Rhizopus stolonifer were found to be associated in causing
boll rot complex disease of Bt. cotton and were identified on the basis of pathogenicity, morphological
and molecular characteristics. The various symptoms were characterized as small brown or black
dots, infected inner tissue and rotted seeds and lint. Among the areas surveyed, more than two
pathogens associated two places while more than three and four pathogens were associated in four
and three areas. Based on results pathogens associated in boll rot complex have been divided into
three groups viz., those capable of penetrating intact bolls, those which are introduced by insects
and those are introduced after the boll are damaged by insects or after the suture of the boll lobes
are broken. Among eleven different new molecules tested, spraying with trifloxystrobin
25%+tebuconazole 50%WG @ 1.0/lit at 75 and 90 days after sowing was found effective followed by
tebuconazole 25.9 %EC at the rate of 1.0 ml/lit was found economical with the highest B:C ratio(
1.52:1) followed by trifloxystrobin 25%+ tebuconazole 50%WG @ 1.0/lit with B:C ratio fo 1.43:1. The
present study clearly demonstrated the association of more than four pathogens in causing boll rot

complex and can be managed by triazole fungicides in northern Karnataka.

OP15(3C): Phytochemicals elevating induced resistance responsive effect in
disease management

Rashmi Tewari, Ruchi Tripathi, Divya Bhatt, Manju L Joshi and Vidya Dev
Department of Plant Pathology, College of Agriculture, G. B. Pant University of Agriculture and Technology,
Pantnagar-263 145, Uttarakhand, India

Plant natural products have enormous potential to be a viable solution to the environmental
troubles caused by the synthetic pesticides. Botanicals or plants extracts are effective bio-
pesticides being environmentally safe, easily biodegradable suitable for plant disease
management and also be fitting in organic farming. Phytochemicals from plant origin may be
used as alternatives to agrochemicals for managing plant diseases. Early blight caused
by Alternaria solani is one of the destructive seed borne disease of tomato. Antimicrobial,
physiological and biochemical effects of methanolic extracts of Eucalyptus globules and
Azadirechta indica on infected tomato plants was investigated using the whole plant bioassay
through ROS modelling and seedling vigor study method. All the tested compounds positively
enhanced the physiological traits (Root length, Shoot length and leaf area index) of treated
plants and the enzymatic activities of phenyl ammonia lyase (PAL), peroxidase (PO), and
polyphenol oxidase (PPO), super oxy dismutase (SOD), total phenolic content (TPC)  and
Secondary metabolites (alkaloids, flvonoids, tannins, saponins, terpenoids, reducing sugar and
steroids). Moreover, the treatment with the plant extracts significantly increased the vigor of the
plant. Considering the fungitoxicity of plant extracts against A. solani with no phytotoxicity on
treated plants, the plant extracts might be a sustainable eco-friendly control strategy to reduce
the usage of chemical fungicides partially or entirely against A. solani particularly and fungal
diseases in general.
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OP16(3C): Effect of New molecules fungicides on stem rot disease caused by
Sclerotium rolfsii incidence and pod yield and its attributes of groundnut under
rice based cropping system

Kedar Nath* and VP Patel
Regional Rice Research Station, Navsari Agricultural University, Vyara-394650, India
*Email: drkdkushwaha@nau.in

Groundnut is a most important oilseed crop cultivated extensively through the tropic and warm
temperate regions of the world and it plays an important role in the economy of several countries.
Groundnut crops are affected by many soil borne diseases like stem rot, root rot, collar rot and
pod rot. Among all the soil borne diseases, stem rot is caused by Scletium. rolfsii Sacc. is an
important pathogen which is attacking different growth stages of groundnut plants. Aim of studies
are to manage stem rot disease and reduced yield loss by S. rolfsii  through application of new
molecule fungicides. Seven fungicides at five concentrations (50, 100, 150, 250, 500 and 1000
ppm) were evaluated against mycelial growth of Sclerotium rolfsii  isolated from groundnut plants
in vitro. It was observed that the fungicides namely, trifloxystrobin + tebuconazole, tebuconazole,
azoxystrobin and   azoxystrobin + difenconazole were found most effective in inhibition of mycelial
growth of S. rolfsii. In field conditions, experiment was conducted  three subsequent years under
rice based cropping system during the year 2018-2020 in the Summer season and found that
minimum disease index, plant mortality, pod rot per plant, and highest initial, final, plant height,
pods per plants, highest pod and haulum yield kg/ha. were recorded in seeds treated with
Azoxystrobin 23SC @ 1ml/kg seed+ soil application  with T.harzianum @ 2.5 kg/ha at the time of
sowing followed by seeds treated  with Azoxystrobin 23SC @1ml/kg seed, seed treated  with
Azoxystrobin 18.2+ Difenconazole 11.4 SC @1ml/kg seed and seed treated with T.harzianum@
10 g/ kg .

OP17(3C): Management of finger millet blast incited by Magnaporthe grisea using
potential bio-agents

TSSK Patro*, Boda Praveen, Y Sandhya Rani, N Anuradha, U Triveni and S Ashok
Agricultural Research Station, ANGRAU, Vizianagaram, Andhra Pradesh-535001
*Email: drsamuelpatro@gmail.com

Ragi blast incited by Magnaporthe grisea has become the major fungal disease causing more
yield loss in major ragi growing regions. The present study was thus undertaken to identify
potential bio-agents against Magnaporthe grisea infecting ragi. Field experiment was conducted
at Agricultural Research Station, Vizianagaram during kharif: 2020-21 to control the blast disease
with different bio-agents and chemicals which includes, seed treatment with Carbendazim@2g/
kg seed, seed treatment with chitosan@3.75g/kg seed, seed treatment with P. fluorescens@10g/
kg seed, seed treatment with B. subtilis@10g/kg seed, seed treatment with carbendazim+2 foliar
sprays with P. fluorescens, seed treatment with chitosan+2 foliar sprays with P. fluorescens,
seed treatment with P. fluorescens+2 foliar sprays with P. fluorescens, seed treatment with B.
subtilis+2 foliar sprays with B. subtilis and control without any treatment. Among the treatments,
lowest disease severity of leaf blast (2.0 Grade), neck blast (6.8%) and finger blast (7.2%) with
highest grain yield of 1674.0 kg/ha and fodder yield of 4117.4 kg/ha was recorded with seed
treatment with chitosan+2 foliar sprays with P. fluorescens. However, in control highest disease
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severity (leaf blast-8.7 Grade; Neck blast-78.0% and Finger blast-78.0%) with less grain yield
(876.6 kg/ha) and less fodder yield (2376.6 kg/ha) was recorded.

OP18(3C): Investigation on wheat microbiome: Identification and screening of
potential fungal biocontrol agents against important pathogens of wheat

C Uma Maheswari* and P Nallathambi
ICAR-Indian Agricultural Research Institute, Regional Station, Wellington- 643231.Tamil Nadu.
*Email: maheswari_ars@yahoo.co.in

Wheat (Triticum aestivum L.) is cultivated in larger areas as an important stable food crop for
Indian population.Various abiotic and biotic stresses affect the yield and quality of this crop
under variable environmental conditions. Nilgiri hills located in Tamil Nadu, India and it is consider
as hot spot area for rusts. Other than rust, powdery mildew (Blumeria graminis f.sp. tritici), head
scab (Fusarium graminearum) and spot blotch (Bipolaris sorokiniana) are the diseases occur at
Nilgiri and causes significant loss to the crop yield. Cultivation of resistant varieties and fungicides
sprays are two major plant protection strategies followed to combat various diseases. However,
exploration of beneficial microbes and utilizing them to develop management strategies is followed
preferably from respective crop ecosystem. The interactions of microbes in plant system play a
crucial role in protecting the plant against abiotic and biotic stresses and improve the plant
health. Under this direction, present investigations were made on elucidation of microbial
communities which harbour on the wheat. Presently, we collected the rhizosphere soil in addition
to leaf and stem samples of wheat from different fields at Nilgiri hills and enumerated the fungal
microbes from phyllosphere, rhizosphere and from seeds. It was recorded that these samples
harbours of both pathogenic and biocontrol microbes. Twelve genera of fungi viz.,Fusarium,
Bipolaris, Chaetomium, Alternaria, Trichothecium Sphaerellopsis, Acremonium, Curvularia,
Sarocladium,Cladosporium, Epicoccum,and Trichodermawere isolated, purified and identified.
In vitro techniques are proven as the best method for rapid screening of different biocontrol
agents. So, we screened the effective isolates of different biocontrol agents and mycoparasite
under in vitro screening technique and short listed the effective BCAs against wheat pathogens.
The leaves infected with spot blotch pathogen was frequently associated with the species of
Cheatomium. Ten C. Globosum isolates were tested for their efficacy against the pathogens
B.sorokiniana and F. graminearum and the results showed that C. Globosum is effective in
inhibiting the mycelial growth of Bipolaris but, not having direct effect on inhibiting the mycelial
growth of F. graminearum by dual plate technique. Acremonium sp. colonizing on stem rust of
wheat is tested by using the culture filtrate and spore suspension of Acremonium sp. which
recorded to be effective on uredospore germination and reduction in germ tube elongation of
stem rust (Puccinia graminis f.sp. tritici-Pgt) andleaf rust (Puccinia triticina- Ptr) of wheat.The
Sphaerellopsis sp. mycoparasite on leaf rust was found to be associated with some leaf rust
infected samples of wheat. Additionally, two isolates of Trichoderma sp.were also isolated from
wheat which are inhibitory to F. graminearum. The culture filtrate of Trichoderma sp. showed
97% inhibition of leaf rust spore germination whereas only 51 % reduction in germination of
stem rust of wheat. The genus Cladosporium sp., was isolated from most of the stem and leave
samples of wheat infected by rusts and found to be predominant in the phyllosphere region of
wheat. The culture filtrate Cladosporium sp., has direct effect on the germination of urediospores
of stem and leave rust pathogens in in vitro conditions. All the above genera of fungi were

S
es

si
o

n
 3

C
. S

u
cc

es
s 

st
o

ri
es

 in
 p

la
n

t 
d

is
ea

se
s 

m
an

ag
em

en
t



8th International Conference (Hybrid Mode)
Plant Pathology: Retrospect and Prospects

March 23-26, 2022  SKNAU, Jobner-Jaipur, Rajasthan

141

O
ff

lin
e 

P
o

st
er

 P
re

se
n

ta
ti

o
n

s

molecularly characterized by ITS region analysis. Through these studies it is evident that the
interaction between microbes and their mode of action differs in plant system. The interaction
studies of other microbes are under progress to identify effective isolates of BCAs on wheat.

OP19(3C): Progress and prospects in the management of decline and wilt of
guava

PK Shukla and Nidhi Kumari
ICAR- Central Institute for Subtropical Horticulture, Rehmankhera, Lucknow - 226 101, Uttar Pradesh, India

The area and production of guava has registered regular increase during last one decade due
to its ever increasing demand and introduction of improved varieties. NHB estimated 299 thousand
hectare area under guava with the production of 4394 thousand MT in India during 2020-21.
The wilt disease of guava caused by Fusarium spp. has been a major constraint and countrywide

spread of the root-knot nematode, Meloidogyne enterolobii in recent years has made the problem
extremely serious.  Management of these soil borne pathogens has never been an easy task
particularly when no resistant cultivar is available. Application of chemicals is not only expansive
but also harmful to non target organisms including human beings. Therefore, adoption of an
integrated management approach with the emphasis on avoidance, intercropping, and organic
amendments and bio-control agents is necessary for maintaining an orchard healthy.  The
research work carried out during last five years indicated that application of Trichoderma
asperellum, T. harzianum, T. viride, Purpureocillium lilacinum, Pseudomonas aeruginosa, 
Bacillus sp. and B. amyloliquefaciens alone and in combination with manures has potential to
keep orchard healthy. Bacterial bio-agents have been found able to enhance the growth of
inoculated plants as compared to uninoculated control and in minimizing the infection of both
the pathogens under controlled conditions. However, avoidance is the most important, as if
once the nematode is introduced in the orchard, regular care is necessary to keep it under
control. The major emphasis is being given in guava nurseries to minimize the further spread of
the nematode. 

OP20(3C): Seed bio-priming with endophytes enhances antioxidative defense
system in host and non-host crops

Pooja Verma*, Neelakanth S Hiremani, Shailesh P Gawande, Satish K Sain*, Blaise DeSouza and
YG Prasad
ICAR- Central Institute for Cotton Research, Nagpur (MS)-440010
*ICAR- Central Institute for Cotton Research, Regional Station, Sirsa (HR)
*Email: poojaverma1906@gmail.com

Seed bio-priming is one of the very promising techniques in seed health improvement which
enable the seed to overcome various biotic and abiotic stresses. In this study, the effect of bio-
priming with cotton endophytes on antioxidative defense system in host and different non-host
crops like wheat, sorghum, cowpea and chick pea was examined. The fungal endophytes isolated
from two cultivated cotton species namely Gossypium hirsutum and G. arboreum were antagonistic
to Corynespora cassiicola. The seeds of cotton and different non-host crops were bio-primed
with fungal endophytes’ spore suspension (1×107 spores/ml) for 4 h to estimate the catalase
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and peroxidase activity. The results revealed that in all the bio-primed crops an increase in
catalase activity was noticed, when compared to control. Though, this increase was common to
all treatments in all the crops, CFS-5 resulted in decline of catalase activity except in chickpea.
Specific activity of catalase ranged from 0.42 to 1.90 µmole/min/mg protein in cotton, 0.96 to
3.96 µmole/min/mg protein in chickpea, 1.99 to 4.32 µmole/min/mg protein in wheat, 0.44 to
2.82 µmole/min/mg protein in cowpea and 0.19 to 3.41 µmole/min/mg protein in redgram.
Moreover, Peroxidase activity was found to be comparable in host as well as non-host crops. In
comparison to their respective controls, higher peroxidase activity was seen in bio-primed samples
of all the crops, except CFL-34 treated wheat and redgram. Therefore, seed bio-priming with
endophytes plays a potential role in enhancing the antioxidative defense system, and thus
improves the plant health.

OP21(3C): Evaluation of effective modules for management of onion anthracnose
in Maharashtra, India

K Jayalakshmi*, Ram Dutta, MN Sharath, Vishal S Gurav and Major Singh
ICAR-Directorate of Onion Garlic Research, Pune, Maharashtra-410505
*Email: jayalakshmipat@gmail.com

Onion (Allium cepa L.) is an important vege-spice crop grown in India. Several factors have
been identified for the low productivity of onion. Fungal diseases are a major yield-limiting factor
in all onion-growing areas of India. Among the diseases, anthracnose/twister disease is more
severe in India because of its complex nature, caused by Colletotrichum spp. and/or Fusarium
spp. At a high degree of disease intensity, yield loss reaches up to 80%. To achieve maximum
efficiency in the management of this disease, efforts were made to evaluate the economically
viable and ecologically safe four different Integrated disease Management modules viz., M1,
M2, M3, M4 with existing practice (EP), farmers practice (FP) and absolute control (AC) at the
Directorate of Onion - Garlic Research at Pune, Maharashtra. During kharif 2021 Bhima super
variety used to evaluate these modules start from nursery to 90 DAT treatments were applied. It
was noted that all the modules inhibited the Anthracnose disease ranging from 7-61% over FP
and 33-51% over EP. The maximum (61%) inhibition was recorded with M1 (Intensive management)
followed by M2 (46%) over FP. While comparing with EP, M1 and M2 inhibited 51% and 33%
anthracnose, respectively. Further, M1 also supported 20% and 31% higher yield over FP (18 t/
ha) and EP (17 t/ha), followed by M2 which supported 14% and 24% higher yield over FP and
EP. These modules could be a better option for the management of anthracnose in onion after
recommendations.

OP22(3C): Disease management in organic farming systems and its scope in
sugarcane agriculture

R Gopi* and R Viswanathan1

ICAR-Sugarcane Breeding Institute, Research Centre, Kannur, Kerala – 670002,
1ICAR-Sugarcane Breeding Institute, Coimbatore, Tamil Nadu – 641007,
*Email: ramaraj.muthu.gopi2@gmail.com

Organic agriculture is an eco-friendly approach for cultivation of crops, which combines traditional
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knowledge, innovations to suit to modern requirement and science to promote fair relationships
with sustainable pest and disease management approaches. Since synthetic pesticides are not
used in crop husbandry, the disease pressure may be more in organic agriculture as compared
to conventional agriculture. Despite, there are no specific control measures for the management
of any pests or disease in organic system; plants are made to withstand pests or diseases
attack by manipulating environment and growing conditions of crop plants. Few mineral based
fungicides such as, copper and sulphur etc. are permitted to use with some restrictions. Physical,
biological based disease management methods are also used, however, chemical fungicides
recommended in organic agriculture should be used as a last resort when all other crop
management practices are failed to give effective protection. Sugarcane is one of the important
cash crops in India and diseases are the major concern in sugarcane. More than 50 diseases
have been reported from sugarcane in India, among them red rot, smut, wilt-Pokka boeng, sett
rot, rust, grassy shoot, ratoon stunt and some viral diseases like YLD, mosaic etc. are important
diseases. Due to vegetative propagation, most of the diseases are transmitted through planting
materials (setts). Methods such as, use of resistant varieties, proper sanitation, heat treatment
of seed canes, use of biocontrol agents, crop rotation, ratoon management, irrigation
management etc. are the eco-friendly disease management options in sugarcane. To eliminate
systemic viral, bacterial and phytoplasmal pathogens tissue culture derived planting materials
are promoted and these diseases are successfully managed under Indian scenario. Although
effective fungicides are available, dense canopy of sugarcane and impervious nature of hard
rind in the stalk make the use of chemicals impractical. Previous studies demonstrated usefulness
of bacterial and fungal bioagents against major fungal diseases like red rot, smut and wilt.
Scope of utilizing pressmud based Trichoderma formulations was successful to manage wilt.
Recent efforts of trash decomposition will further support organic agriculture and survival of
antagonistic microflora in the rhizosphere. Hence, the crop becomes a natural choice for adoption
of organic disease management practices for the successful cultivation of crop.

OP23(3C): Management of collar rot disease of groundnut (Arachis hypogaea L.)
Caused by Aspergillus niger in Rajasthan

BDS Nathawat1, Narendra Singh2 and Data Ram Kumar3

1AICRP on Groundnut, Agricultural Research Station, Bikaner
2AINP on Arid legume, Agricultural Research Station, Bikaner
3College of Agriculture, Bikaner Swami Keshwanand Rajasthan Agricultural University, Bikaner

Groundnut is an economic important edible oilseed crop. Groundnut suffers seed, soil and foliar
diseases. Among the groundnut diseases, collar rot is one of the economic important diseases.
Collar rot damaged regularly due to its seeds and soil borne nature. This disease has prevalent
in almost all groundnut growing states. Field experiment was conducted for two years to find out
effective control of collar rot of groundnut. Nine treatments including fungicides/bio-agents along
with check were laid in randomized block design with three replications. Efficacy of deep summer
ploughing with mould board plough + Seed treatment with Tebuconazole followed by PGPR +
Soil application of Trichoderma enriched in 250 kg FYM/ha at 35 and 80 DAS along with farmer
practices as well as control was tested at ARS, Bikaner in RBD design for management of soil
borne diseases of groundnut. The result revealed that deep summer ploughing with mould board
plough + Soil application of Trichoderma @ 4 kg/ ha enriched in 250 kg FYM/ha + Seed treatment
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with Tebuconazole 2DS@ 1.5 g/ kg of seed followed by Seed treatment with PGPR @625g/ ha of
seed + Soil application of Trichoderma @ 4 kg/ ha enriched in 250 kg FYM/ha at 35 and 80 DAS
(T4) gave minimum collar rot incidence 7.33%, highest pod yield of 4803 kg/ha, highest haulm
yield 6438 kg/ha  and maximum 89.00 per cent germination followed by deep summer ploughing
with mould board plough + Seed treatment with Tebuconazole 2DS 1.5g/kg seed followed by
PGPR @625g/ ha of seed + Soil application of Trichoderma @ 4 kg/ ha enriched in 250 kg FYM/
ha at 35 and 80 DAS (T1 ) where collar rot 7.67 %, 4620 kg/ha pod yield and haulm yield 6067
kg/ha with83.00 per cent germination. All the treatment significantly superior  as compared to
control, where  15.33 % collar rot incidence, 3027 kg/ha pod yield and haulm yield 4653 kg/ha
and minimum 74.00 per cent germination  were  recorded. 

OP24(3C): Growth, yield and disease incidence in soybean under different sowing
methods in Vindhya Plateau of Madhya Pradesh

Ashish Kumar Tripathi* and Pramod Kumar Gupta
Krishi Vigyan Kendra, Sagar-II, Bijora, Deori 470226 Madhya Pradesh, India
*Email: aktjnkvv@gmail.com

Soybean [Glycine max (L.) Merrill] is a legume species belongs to the family Leguminosae and sub
family Papilionideae, grown mainly in Kharif season in Madhya Pradesh. Soybean is classified more
as an oilseed crop than as a pulse. It contains 40-42% of proteins and 18-20% of oil. Soybean
accounts for 30 per cent and 21.3 per cent of total production and area under oilseeds in the
country. Rhizoctonia root and stem rot, caused by the fungus Rhizoctonia solani, is an important
disease of soybean. The disease causes heavy mortality of soybean in suitable climate. The root rot
pathogenic fungi are major threat for this crop as these attacks on the root of the plant and destroy
the proper functioning of the plant by disturbing the absorption of water and nutrients. Recently
expansion of soybean area but their productivity was very poor against the yield potential of variety
due to heavy infestation of insect and pest. Due to dominancy of mono cropping of soybean in the
same field and non adoption of suitable integrated disease management modules cause heavy loss
due to build up of many insect, pest and diseases, which become a foremost limiting factor in soybean
productivity in recent years. An experiment was conducted at Agricultural Science Centre, Sagar,
Madhya Pradesh in kharif season of 2016-17 to 2018-19 to evaluate the impact of the sowing
methods and integrated disease management practices on yield and disease incidence in soybean.
The results revealed that the broad bed furrow (BBF) sown soybean resulted remarkably higher
plant height, no. of root nodules/plant, no. of branches/plant, no. of pods/plant, no. of seeds/pod,
seed index, seed and straw yield (50.2 cm, 18.15, 3.24, 41.5, 3.35 12.34 g, 1510 kg/ha and 2.31 t/
ha) respectively in comparison to other sowing methods. Among the IDM practices, these parameters
were highest in IDM-1 (summer ploughing, soil treatment with Trichoderma viride @ 2.5 kg/ha and
seed treatment @ 10g/kg seed, spray of pre-mix fungicide carbendazim 12% + mancozeb 63% WP
@ 750 g/ha) followed by IDM-2 (summer ploughing, soil treatment with Trichoderma viride @ 2.5 kg/
ha, seed treatment with pre-mix fungicide carboxin 37.5% + thiram 37.5% WS @ 2 g/kg seed, spray
of thiophanate methyl 70% WP @ 600 g/ha) over control. Maximum (10.8 and 9.2%) and minimum
(6.5 and 4.6%) foliar and root rot disease incidence was noted in flatbed planted soybean and BBF
sown crop respectively. Minimum incidence of foliar and root rot disease was observed under the
treatment IDM -2 as compared to control plot. Highest net return was recorded in BBF planted
soybean and IPM-1 with the incremental net return of Rs. 13155 and 19250/ha respectively.
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OP25(3C): Management of White Root Rot of Apple (Dematophora necatrix) in
the Nursery and Orchard Through Fungicides

Santosh Watpade1*, Priyank Hanuman Mhatre2, Kallol Kumar Pramanick1, Arun Kumar Shukla1, Jitender
Kumar1 and Usha Sharma3 
1ICAR-Indian Agricultural Research Institute, Regional Station, Shimla - 171004, Himachal Pradesh, India
2ICAR-Central Potato Research Institute, Regional Station, Udhagamandalam, The Nilgiris - 643004, Tamil
Nadu, India
3Regional Horticultural Research and Training Station, Mashobra, Shimla - 171007, Himachal Pradesh, India 
*Email: watpade.santosh@icar.gov.in 

Apple (Malus × domestica Borkh.) is one of the most popular species OF the Genus Malus
cultivated in the temperate region around the globe. Due to favourable climatic conditions, north-
western Himalayas in India comprising of Union territory of Jammu and Kashmir (J&K) and states
like Uttarakhand (UK) and Himachal Pradesh (HP), is considered as the hub of apple cultivation.
Productivity of apple orchards in India is very low in comparison to other apple-growing countries,
mainly due to biotic and abiotic factors. Among the biotic factors, white root rot disease caused
by a soil inhabiting fungus, Dematophora necatrix is a destructive disease in the nurseries as
well as orchards of apple. Absence of resistant root stock and other management practices are
either cumbersome or not sufficient for white root rot management; hence use of fungicides is
an ideal option. Fifteen fungicides were evaluated against the mycelial growth of D. necatrix
through poisoned food technique. Selected fungicides were tested for management of white
root rot disease using seedling dip and drenching. The result of the poisoned food technique
revealed that propineb, mancozeb, carbendazim, propiconazole and tricyclazole completely
inhibited the mycelial growth of D. necatrix. In seedling dip treatment, only two fungicides viz.,
carbendazim and propiconazole were effective against D. necatrix. However, drenching with
propineb, carbendazim and propiconazole were found to be effective in managing the white root
rot of apple. Since carbendazim has been proposed to be banned by the Government of India
and based on the cost-effectiveness of fungicides, for eradication of D. necatrix from infected
nursery plants dip treatment for 30 min with propiconazole can be recommended to the farmers.
Also, for the treatment of white root rot infected trees, soil drenching with propiconazole and
propineb can be recommended.

OP26(3C): Innovative approach for control of Plant diseases through Phyllosphere
microflora in maize

Chindam Swathi*, Bharati N Bhat and G Uma Devi
Department of Plant Pathology, College of Agriculture, Professor Jayashankar Telangana State Agricultural
University, Rajendranagar, Hyderabad - 500030, Telangana, India
*Email: swathipathology@gmail.com

The phyllosphere refers to the whole above-ground sections of plants that serve as microbial
home. The caulosphere (stems), phylloplane (leaves), anthosphere (flowers), and carposphere
(carposphere) are subsets of the phyllosphere. The influence of over use of chemical fungicides
on the environment and food safety has become a serious problem with the rise of ecological
agriculture. Phyllosphere microflora serves as a biocontrol agent as an alternative to chemical
fungicides. The internal and exterior foliar microbiota serves a variety of purposes, including
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indirect pathogen protection via interactions between non-pathogenic bacteria and foliar plant
pathogens. Antifungal action was discovered in volatile organic molecules generated by a Bacillus
subtilis strain. They could potentially be important in carbon and nitrogen cycling. Microbial
interactions in the phyllosphere provide pathogen protection as well as the release of
phytohormones that encourage plant development and colonisation while also suppressing plant
pathogen infection of tissues. Increase the disease resistance and productivity of agricultural
crops by 30-37% on average. Bacillus spp. were isolated from the phyllosphere microflora and
identified. This can be used as a foliar spray on plants to increase the beneficial microflora
population and function as a primary defence.

OP27(3C): Developing a broad spectrum bioformulation against air, soil and seed
borne diseases in commercial and horticultural crops

Sakshi Tomar1, Neha Singh1, Dinesh Singh2*, K Usha3 and N Srinivas2

1Division of Genetics,ICAR-IARI, New Delhi-110012.
2 Division of Plant Pathology, ICAR-IARI, New Delhi-110012.
3Division of Horticulture, ICAR-IARI, New Delhi-110012
*Email: dinesh_iari@rediffmail.com

Bioformulation refers to the as biologically active products which comprises of single or consortia
of benign micro-organisms, that not only effectively  control and eradicate diseases but also
provides some essential nutrients that helps in combating the nutrient deficiencies in the crop.
It accelerates the plant growth by developing a supportive rhizosphere and restores soil fertility
by maintaining pH, moisture ,temperature etc.Amid growing population of the country it is really
important to produce good yield and save crops from pathogen attack in order to meet the
growing hunger demands. The aim of this study is to develop a broad spectrum bioformulation
which can control air, soil and seed borne disease in some important and popular crops like
chick pea ,lentil, mustard and mango.Trichoderma harzianum is a popular culturable fungi that
compete with other harmful  micro-organisms to obtain nutrition leading to their  eradication.
Trichoderma harzianum MZ407756, isolated from the fields of IARI, Pusa Campus ,New Delhi
shows unimaginable potential to curb  diseases such as wilt, Aschochyta Blight, white rust and
mango malformation  The in vitro and in vivo studies done in present investigation shows 98%
reduction in  malformation of mango, 92% decline in wilt in chickpea ,lentil ,90% decrease in
blight of chick pea and 62% reduction in white rust of mustard. The SEM and GC-MS studies
reveals that Trichoderma harzianum exploits other harmful micro-organisms to extract nutrients
for its own survival which in turn kills them without causing any harm to the crop.

OP28(3C): Prevalence and management of blast of rice through fungicides

M K Barnwal
Birsa Agricultural University, Ranchi-6, Jharkhand, India

Rice (Oryza sativa L.) is the most important cereal food crop grown in India. it occupies about
23.3% of gross cropped of the country. It plays vital role in the national food grain supply. Rice
contributes 43% of total food grain production and 46% of total cereal production of the country.
Total production of rice during 2020-21 is estimated at record 121.46 million tones. It is higher
by 9.01 m. tones then the last five year’s average production of 112.44 million tones. At present,
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change of climatic condition, cropping pattern, cropping intensity, crop management and change
of spreading varieties of rice, blast disease caused by Pyricularia oryzaeis Cav. (Syn.
Magnaporthe grisia (Hebert) Barr. is becoming serious disease in all the rice ecosystem of
India, particularly in Jharkhand State (Murlidharan, 2006, Barnwal et al., 2012). Rice is prevalent
in all survey areas of Jharkhand state. Lowest leaf blast disease severity of 8.0% was recorded
when two spray of Tebuconazole (0.15%) was sprayed in rice plots, This treatment also recorded
highest rice grain yield of 51.72 q/ha and neck blast disease incidence 6.0%. This treatment
was followed by two spray of Kitazin @ 1 ml/lit. which recorded leaf blast disease severity of
13.4%, neck blast disease incidence of 9.4% and grain yield of 47.73 q/ha wheras, the control
plots recorded rice leaf blast disease severity 34.9%, neck blast disease incidence 18.3 and
grain yield of 41.89 q/ha.

OP29(3C): TrichoBARC, a novel Trichoderma virens(G2) formulation for the
management of collar rot of chickpea

BP Tripathi1, Toshy Agrawal1, AS Kotasthane1 and  PK Mukherjee2

1Department of Plant Pathology, Indira Gandhi KrishiVishwavidyalaya, Raipur, C.G.
2Nuclear Agriculture and Biotechnology Division, Bhabha Atomic Research Centre, Trombay Mumbai 400085,
India

 
Sclerotium rolfsii is a serious soil-borne pathogen infecting more than 500 crop plants. Being a
broad host-range pathogen, it’s very difficult to manage this pathogen through resistance
breeding, and being soil-borne, fungicides are not very effective. Due to these reasons, S.
rolfsii continues to cause serious losses several crops. Chickpea collar rot is such a disease for
which there is no effective control measure available under field conditions. A novel formulation
(named as TrichoBARC) based on amutant strain of Trichoderma virenshas been developed
and extensively field tested Simple seed treatment with this formulation significantly improved
germination and  plant growth, in addition to reducing collar rot incidence, and inducing early
flowering. The efficacy of this formulation has been confirmed in repeated field trials in KVK and
farmers’ fields over more than five years.

OP30(3C): Encapsulated PGPR Bioactive loaded nano zinc formulation: A potential
arsenal for the management of major foliar diseases of rice

Alinaj Yasin
School of Crop Protection, CPGS-AS,CAU(Imphal), Umiam, Meghalaya, India
Email: alinajyasin2020@gmail.com

Two major diseases of rice viz. bacterial blight (BB) and brown spot (BS) have been reported to
cause heavy losses in yield upto 70% and 90% respectively. Besides, in India, Zn is considered
the 4th important yield limiting nutrient and accounts 10 Mha as Zn deficient in soil. In the recent
study, Zinc oxide nanoparticles (ZnO NPs) and bioactives from PGPR were synthesized biologically
to evaluate the antimicrobial efficacy against the pathogens of BB and BS of rice. As reported
earlier, encapsulation of the nano ZnO provides better protection under harsh environmental
conditions and also aids in target delivery of the synthesized products. Therefore, the nano Zn
and the bioactives was encapsulated using a capping agent (Gum arabica). The effect of
encapsulated nano ZnO loaded bioactive formulation (En-ZnO-B) at 100 percent concentration
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was tested against Bipolaris oryzae and Xanthomonas oryzae pv. oryzae causing brown spot
and bacterial blight respectively.At 1000 ppm, encapsulated nano Zinc loaded PGPR bioactive
formulation resulted satisfactory result for managing both the pathogens. After the satisfactory
results in in vitro, a field experiment was conducted during the study and evaluated for other
growth parameters.

OP31(3C): Post harvest management of banana anthracnose (Colletotrichum
musae Berk. & Curt.) by integrating fungicides, plant-based products and
biocontrol agents

Ravina R Mevada
Department of Plant Pathology, Anand Agricultural University, Anand - 388110. Anand 388110 Gujarat,India
Email: ravinarmevada@gmail.com

Banana (Musa paradisiaca L.) is an important commercial fruit crop in tropical and sub tropical
regions which can be grown round the year. It is a staple food for millions of people. The fruits
are used both for cooking and post harvest products like chips, flour, jam, jelly and drinks. The
post-harvest loss is 25 to 30% due to its perishable nature, improper handling, lack of storage
and post harvest diseases.  Fruits suffer from many serious diseases such as anthracnose,
crown rot, finger rot, white rot, cigar end rot etc. The fungus Colletotrichum musae can cause
both crown rot and anthracnose. In this study, for its management different fungicides, essential
oils, phytoextracts and biocontrol agents were tested by fruit dip method. Results revealed that
fruit treatment with carbendazim 12% + mancozeb 63% WP tested at 0.05% concentration gave
minimum disease intensity (11.54%) and it was significantly superior over control and remaining
other treatments. For obtaining residue free organic banana fruits cinnamon oil at 0.1% and T.
harzianum (106 cfu/ml) were found best which minimized 36.87 and 52.89 per cent disease,
respectively. Minimum weight loss of 9.31% was recorded in carbendazim 12% + mancozeb 63%
WP and shelf life of fruits treated with these was also more (10 days) as compared to the untreated
control fruits (3 days). Therefore, by economical and eco-friendly disease management shelf
life and storage time of banana fruits were increased and maintained the quality of fruits.

OP32(3C): Nematicidal activities of zno formulations including zno nanoparticles
against root-knot nematode, Meloidogyne incognita  

Rashid Pervez2 and Lakshman Prasad1* 
1Division of Plant Pathology, 2Division of Nematology, ICAR-Indian Agricultural Research Institute, New Delhi-
110012, India
*Email: lakshmanp013@gmail.com
 

Plant nematodes are a major problem in qualitative as well as quantitative crop production
worldwide, causing about the US $125 billion loss per year worldwide.  In India, the estimated
annual crop yield loss due to plant nematodes is 21.3 percent, which is equivalent to about
102039.19 million or $ 1.58 billion, and losses in 19 most common horticultural crops are 23.03
percent amounting 50224.98 million. Among the plant nematodes, the root-knot nematode is a
serious threat, which formed galls/knots and causes considerable yield losses. It has been
estimated that global losses to the Meloidogyne incognita amount to $78 billion worldwide.
Nematicides are widely used for control of this nematode pest all around the world. Due to
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alarming health concerns and repetitive application requirements problems, a possible alternative
strategy as part of INM is the need of the day. Hence, present study on the nematicidal activities
of the various formulations of ZnO including ZnO nano particles synthesized through chemical
and biological methods on egg hatching and M. incognita (J2) mortality in vitro were evaluated.
Among the tested formulations, T2 and T3 were found promising to inhibit the egg hatching as
well as mortality of M. incognita. It is concluded that T2 and T3 have high antagonistic/nematicidal
activities. These promising treatments can be considering for evaluation on in planta as well as
larger scale in field.

OP33(3C): In vitro evaluation of potential homeopathic drugs against stem rot of
groundnut caused by Sclerotium rolfsii Sacc.

B. Vidya sagar1, S Ameer Basha1, A Sajeli Begum2, K Ashok Kumar1, Raj kumar Manchanda3, Anil Khurana3,
Manas Ranjan Sarangi3
1Department of Plant Pathology, College of Agriculture, Professor Jayashankar Telangana State Agricultural
University, Hyderabad-500 030
2Department of Pharmacy, BITS Pilani, Jawahar Nagar, Hyderabad-500078
3Central Council for Research in Homeopathy (CCRH), Ministry of AAYUSH, Govt. of India, New Delhi-
110058
*Email: bvidyasagar24@gmail.com

 
Stem rot caused by Sclerotium rolfsii is a common major disease of groundnut (Arachys hypogea
L.) in India. The efficacy of 33 different homeopathic drugs at different potencies was evaluated
for their anti-fungal activity against Sclerotium rolfsii causes stem rot in groundnut. The potential
homeopathic drugs were screened based on their effect on mycelial inhibition, sclerotial reduction
and other growth parameters based on in vitro studies. Among the tested homeopathic drugs,
Chelidonium@30C (88.88%) and Colchicum@1000C (82.21%), Thuja occidentalis@200C
(73.33%) were predominantly inhibiting the mycelial growth and sclerotial reduction over the
control by agar well diffusion method. All the effective homeopathic drugs were inhibiting the
mycelial growth, sclerotial germination, delayed the initiation of sclerotia and decreased the
production of the number of sclerotia and also delayed the maturity of sclerotia when compare
to control. It is widely recognised that homeopathic drugs use for plant pathogens is the most
important alternative for the future and can be exploited within the frame work of integrated
disease management. The present study is mainly focussed to study and identify the potential
homeopathic drugs against Sclerotium rolfsii.

OP34(3C): Evaluation of fungicides and  bioagents for management of anthracnose
of greengram

Pooja Purushotham and KB Rakholiya*
Department of Plant Pathology, N. M. College of Agriculture, Navsari Agricultural University, Navsari – 396
450, Gujarat, India.
*Email: kbrakholia@gmail.com

The present research paper work was carried out at Department of Plant Pathology, N. M. College of
Agriculture, Navsari Agricultural University, Navsari (Gujarat) during the year 2020-2021. Green
gram [Vigna radiata (L.) Wilczek] is often attacked by anthracnose caused by Colletotrichum
lindemuthianum (Sacc. & Magnus) Briosi & Cavara. The efficacy of fungicides and bioagents, which
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found effective in vitro were evaluated in pot conditions. Eight treatments including fungicides and
bioagents were evaluated in pot condition as a seed treatment and foliar spraying. Minimum per
cent disease index was recorded in carbendazim 50 WP @ 1.0 g/l (10.70%) followed by propiconazole
25 EC @2.0 ml/l (13.34%) and captan 70% + hexaconazole 5% 75 WP @ 0.6 g/l (26.22%) for two
foliar sprays at 15 days interval. While, in seed treatments minimum per cent disease index was
recorded in seed treated with T. viride @ 10 g/kg seeds (14.44%) followed by seed treated with
carbendazim 12% + mancozeb 63% 75 WP @ 3.0 g/kg seed (24.03%) and mancozeb 75 WP @ 3.0
g/kg seed (35.55%). Maximum disease index was recorded in control (69.86%).

OP35(3C): Development and adoption of modules for management of maydis
blight of maize in India

SK Aggarwal1*, KS Hooda2, PK Bagaria1, Harleen Kaur3, Robin Gogoi4 and Prashant Chauhan5

1ICAR-Indian Institute of Maize Research, PAU Campus Ludhiana - 141004, Punjab, India
2ICAR-National Bureau of Plant Genetic Resource, Pusa Campus, New Delhi – 110012, India
3Department of Plant Breeding and Genetics, Punjab Agricultural University, Ludhiana -141004, Punjab, India
4Division of Plant Pathology, ICAR-Indian Agricultural Research Institute, New Delhi – 110012, India
5CCS Haryana Agricultural University, Regional Research Station, Karnal – 132001, Haryana, India
*Email: sumit.aggarwal009@gmail.com

Maydis leaf blight (MLB), also called as southern corn leaf blight (SCLB) caused by necrotrophic
plant pathogen Cochliobolus heterostrophus (Anamorph - Bipolaris maydis) is a major disease
of maize worldwide. The disease is prevalent across maize growing regions of India, especially
in northern parts of the country. Present investigation was carried out to manage MLB by designing
and adopting three approaches/modules [organic, chemical, and integrated disease management
(IDM)] in three locations, namely Ludhiana (Punjab), Karnal (Haryana) and New Delhi (Delhi)
during kharif 2019 and 2020. In the first approach, seed treatment with Trichoderma harzianum
formulation [@10g/kg seed] was done with foliar spray of Pseudomonas flourescens [@10g/l
water at 45 days after sowing (DAS)] followed by foliar spray of cow urine (20%) at 60 DAS. In
second approach, seed treatment was done with Thiram (3g/kg seed) followed by foliar spray
with Mancozeb 75 WP (2.5g/l water) at 45 DAS and then foliar spray with Azoxystrobin 18.2% w/
w +Difenoconazole 11.4% w/w SC @1 ml/ l water at 55 DAS. In third approach, seed treatment
with T. harzianum formulation [@10g/kg seed] and foliar spray of P. flourescens [@10g/l water
at 45 DAS] were done followed by foliar spray of Azoxystrobin 18.2% w/w + Difenoconazole
11.4% w/w SC@1 ml/ l water at 50 DAS and also foliar spray of cow urine (20%) at 60 DAS. The
treatments were compared with the standard control of foliar spray of with Mancozeb 75 WP
(2.5g/l water) at 45 and 55 DAS. All the modules could reduce MLB disease significantly, and
overall performance of the modules varied with the locations due to difference in environmental
conditions. The chemical module was found most effective followed by IDM at Ludhiana and
Karnal where as standard control was most effective at New Delhi.S
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OP36(3C): Plant endophytic Firmicutes: an unexplored antifungal prokaryotic
communities for rice blast suppression 

S Velmurugan, M Ashajyothi1, Mukesh Kumar1, Eke Pierre2, A Kumar1*
1Division of Plant Pathology, ICAR–Indian Agricultural Research Institute, New Delhi – 110012, India
2College of Technology, Department of Crop Production Technology, University of Bamenda, P.O. Box 39
Bambili, North West Region, Cameroon.
*Email: kumar@iari.res.in

 
Rice blast incited by Magnaporthe oryzae is a well known threat for global rice production. Endophytic
microbes have proven to play a major role in promoting rice plant health by producing secondary
active compounds against Magnaporthe oryzae. We have isolated nine isolates of endophytic Bacillus
(Firmicutes) from rice cultivars Pusa Basmati 1, Pusa Basmati 6, BPT5204, HPR2143 planed in
India, and two other Bacillus species from wild cactus (Euphorbia trigonas) from Cameroon. Based
on morphological characters and 16S rRNA gene sequencing the isolates were identified as OsEnb-
ALM-B18 (Bacillus subtilis), OsEnb-ALM-B34 (B. altitudinus), OsEnb-PLM-S4 (B. subtilis), OsEnb-
PLM-S6 (B. subtilis), OsEnb-ALM-D28 (B. flexus), OsEnb-PLM-L10 (B. licheniformis), OsEnb-PLM-
L12 (B. velezensis), OsEnb-PLM-L14 (B. circulans), OsEnb-PLM-L34 (B. siamensis), RA37 (B.
amyloliquefaciens) and RR10 (B. megaterium). Seed priming with the endophytic Bacillus species in
rice cv. Pusa Basmati-1 showed growth promotion ability with enhancement in root and shoot length.
In vitro dual culture confrontation (secreted metabolites) and volatile mediated inhibition assays with
endophytic Bacillus spp. against Magnaporthe oryzae revealed 20-75% and 9-34% inhibition of
mycelial growth, respectively. An in-depth study to identify strain-level secondary active compounds
secreted by the endophytes is also in progress. Our study indicates that endophytes for managing
rice blast disease will pave the way for eco-safe agricultural production with minimal pesticide application.

OP37(3C): Genomic analysis of rice phyllosphere adapted antimicrobial bacterium,
Pantoea agglomerans

K Charishma, Bhaskar Reddy, A Kumar*
Division of Plant Pathology, ICAR – Indian Agricultural Research Institute, New Delhi – 110012, India 
*Email: kumar@iari.res.in

 
Pantoea, a Gram-negative bacterial genus belonging to the family, Enterobacteriaceae is among
the ubiquitous prokaryotic organism in plant niches. One of the species, Pantoea agglomerans
strain PPA_1b isolated from rice phyllosphere samples collected from Almora, Uttarakhand, India
showed antimicrobial activity against Magnaporthe and Xanthomonas oryzae pv. oryzae. We
sequenced the whole genome of Pantoea agglomerans PPA_1b by adopting short-read sequencing
technology (Illumina HiSeq 150 X 2 bp chemistry). A total of 7.1 Gb data was generated with 52.5
million reads. The reads were de novo assembled into three scaffolds with an N50 value of 3.89 Mb. 
The genome size was estimated to be 4.44Mb with a GC content of 57.1%.  The genome annotation
revealed 4297 protein-coding sequences. With regards to biochemical pathways, the genome analysis
revealed a total of 133 biochemical pathways among which seven were linked with the biosynthesis
of polyketides (PKS) and nonribosomal peptides (NRPS). In particular, polyketide sugar unit
biosynthesis, biosynthesis of siderophore group nonribosomal peptides, and biosynthesis of
vancomycin group antibiotics were detected in the PPA_1A. Additionally, a total of 23 biosynthetic
pathways for secondary metabolites such as Puromycin, Phenylpropanoids, and Diterpenoid were
found. Further, the genome data generated along with the metabolome analysis would elucidate the
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biocontrol mechanism of epiphytic Pantoea strain against rice pathogens such as Magnaporthe
oryzae and Xanthomonas oryzae pv. oryzae.

OP38(3C): Studies on Integrated disease management on growth components
and seed quality parameters against Stemphylium blight of onion

HP Niranjan Prasad1, Atul Kumar1, Vijay Dunna1, Monica A Joshi1, JK Ranjan2, Jameel Akhtar3 and GP
Mishra4

1Division of Seed Science and Technology, ICAR-IARI, Pusa Campus, New Delhi, India- 110012
2Division of Vegetable Science, ICAR-IARI, Pusa Campus, New Delhi, India- 110012
3Division of Plant Quarantine, NBPGR, ICAR-IARI, Pusa Campus, New Delhi, India- 110012
4Division of Genetics, ICAR-IARI, Pusa Campus, New Delhi, India- 110012

Onion (Allium cepa L.) is known to be affected by many biotic and abiotic stresses during seed
production. Among them Stemphylium blight caused by Stemphylium vesicarium (Wallr.) is one of the
important disease which causes considerable losses in seed crops as well as bulb crops. It is more
prevalent in warm and humid conditions. In the present investigation, integrated disease management

against stemphylium blight was undertaken using different chemicals, biocontrol agents and plant
products for the quality seed production. Effect of biocontrol agents such as Trichoderma harzianum,
Pseudomonas fluorescens, Talaromyces and Bacillus subtilis were studied against Stemphylium
vesicarium using dual culture technique. Invitro fungicides test was conducted to study the efficacy
of six different fungicides viz., Metiram+Pyraclostrobin, Mancozeb, Difenconazole, Zineb,
Tebuconazole and Kitazine and three plant products Lantana camara, Pongamia pinnata and
Azadirachta indica under laboratory condition. The efficacy of same fungicides and botanicals were
evaluated on bulb and seed crop of Punjab naroya and Pusa red cultivars during Rabi season
(2019-2020 and 2020-2021). Among biocontrol agents, Trichoderma harzianum was found to be
most effective. Studies on invitro fungicides test showed that, fungicides such as tebuconazole and
difenoconazole were found better in growth inhibition of Stemphylium vesicarium. The same fungicides
were found effective than others during foliar application under field condition in the management
of  stemphylium blight disease. Among the growth components and seed quality parameters studied,
tebuconazole and difenoconazole applied plants/seeds showed better results compared to other
treatments.

OP39(3C): Selection of wheat (Triticum aestivum) of wheat for (Puccinia striiformis)
resistance

Aberqulov Mardon Nurbayevich1, Nazarov Khudayberdi Kuydimuratovich2

1Doctor of biology sciences, 2Doctor of agricultural sciences, Department of plant breeding and seed
production of agricultural crops, Tashkent state agrarian university, Tashkent. Uzbekistan

The article presents experimental data of wheat (tríticum aestívum) varieties on (puccinia striiformis)
resistance. The success of breeding soft wheat varieties with long-term protection from yellow rust
(puccinia striiformis) depends entirely on the source material, which should be characterized by
genetic diversity, a combination of different resistance genes that restrain the development of the
pathogen; the correct choice of genotypes for crossing, the genetic markers used, favorable weather
conditions for the development of diseases, the composition of an artificial infectious background
for selection.
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3D: Biosecurity, Quarantine & Biosafety

Keynote Lectures

KN01(3D): National plant quarantine system: India

Dr. Ravi Prakash
Ministry of Agriculture & Farmers Welfare, Directorate of Plant Protection, Quarantine & Storage, Faridabad,
Haryana, India

KN02(3D): Plant protection and biosafety: strategies and challenges

SC Dubey
Indian Council of Agricultural Research, Krishi Bhawan, New Delhi-110001, India
Email: sunil.dubey@icar.gov.in

Plant protection is the science and practice of managing pests, plant diseases, weeds and other
pest organisms that damage agricultural crops and forestry. Plant protection measures are carried
out to reduce yield losses as well as for quarantine purposes. The major thrust areas of Plant
Protection in India are promotion of integrated pest management, ensuring availability of safe and
quality pesticides for sustaining crop production from the ravages of pests and diseases, streamlining
the quarantine measures for accelerating the introduction of new high yielding crop varieties, besides
eliminating the chances of entry of exotic pests and human resource development including
empowerment of women in plant protection skills. A wide variety of individual measures - with varying
ecological, economic and socio-economic impacts - are available for keeping diseases, pests and
weeds below the economic threshold. Biosafety is usually defined as the discipline addressing the
safe handling and containment of infectious microorganisms and hazardous biological materials.
The practices of safe handling of pathogenic micro-organisms and their toxins in the biological
laboratory are accomplished through the application of containment principles and the risk
assessment.  The biosafety is the prevention of large-scale loss of biological integrity, focusing both
on ecology and human health. The international Cartagena Protocol on Biosafety, deals primarily
with policies and procedures implemented to ensure the environmentally safe application of modern
biotechnology in Agriculture with special reference to living modified organisms (LMOs). Biosafety
concepts include Biosafety Containment Levels (BSL 1-4 & ABSL 1-4) and infectious agent Risk
Groups (RG1-4). The Environment Protection Act (EPA), 1986 provides guidelines on the handling,
research, application and technology transfer of GMOs. The overall biosafety concept needs to be
updated under changing risk situation, especially if new working methods are adopted, new organisms
are handled, new items of equipment which are relevant to biological safety are introduced and
existing facilities replaced/ changed. Thus, the concepts of biosafety are guided by international
regulations to be best fitted into national scenario. Appropriate stranguries are required as per
existing conditions to address the challenges in Biosafety in plant protection at National level. The
involvement of all the sectors responsible at National levels are required to harness the potential
benefits to improve public health, enhanced international trade, improved agricultural production
and environment protection.
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KN03(3D): Plant biosecurity in the Asia-Pacific region

Ravi Khetarpal*1, V Celia Chalam2, Pranjib K Chakrabarty3 and Kavya Dashora4

1Asia-Pacific Association of Agricultural Research Institutions (APAARI), 182, Larn Luang Road, Bangkok
10100, Thailand
2ICAR-National Bureau of Plant Genetic Resources, New Delhi 110012, India
3Agricultural Scientists Recruitment Board, New Delhi-110012, India
4Indian Institute of Technology Delhi, New Delhi-110016
*Email: ravi.khetarpal@apaari.org

After the recent emergence of Covid -19 and its impact on human life and economy the subject of
Plant biosecurity assumed greater importance for also ensuring agricultural biosecurity worldwide.
The Asia-Pacific comprising 46 countries is seeing frequent outbreaks and spread of devastating
pests such as rice brown plant hopper, wheat rust, late blight of potato, fruit flies, etc. threatening
food security and livelihood and also impacting the agricultural trade. Efforts are being made to
apply control measures and to undertake surveillance programmes for important pests. The Regional
Plant Protection Organization viz., Asia-Pacific Plant Protection Commission and Pacific Plant Protection
Organization are playing important roles in conjunction with National Plant Protection Organizations
to minimize the pest threat in the region, though new pests such as Tropical race 4 of Fusarium
oxysporum f. sp. cubense on banana, Tuta absoluta on tomatoes, Magnaporthe oryzae pathotype
Triticum on wheat, Spodoptera frugiperda (fall Armyworm) on corn etc., continue to emerge and
spread in certain countries. Pests such as South American Leaf Blight, devastating on rubber in
Latin America has high potential to be introduced and spread in the region. The challenges in
managing transboundary pests in the Asia-pacific region stems from the very fact that the member
countries fall under different categories of development i.e. developed, developing and the least
developed. This has a direct bearing on their resources and capacity and hence the operational
quality in dealing with the problem. This poses a huge challenge in harmonising the quarantine
norms to combat the transboundary movement of pests in the Asia-pacific region. Monitoring of
emerging pests through surveillance and implementation of Standards for compliance to Sanitary
and Phytosanitary Agreement of WTO, stricter quarantine measures and capacity building on various
aspects including emergency measures to tackle outbreaks are the key challenges for ensuring
biosecurity in the region. The Regional Organizations like Asia Pacific Association of Agricultural
Research Institutions and many national and international research, development and donor agencies
are engaged in working towards various aspects of Plant Biosecurity in the region.

KN04(3D): Understanding Biosecurity challenges and opportunities for creativity

Francisco M. Ochoa Corona
Oklahoma State University, Institute of Biosecurity & Microbial Forensics, and Department of Entomology and
Plant Pathology, USA
Email: francisco.ochoa_corona@okstate.edu

KN05(3D): Plant Biosecurity in Sri Lanka

Dr WART Wickramaarachchi
National Plant Quarantine Service, Department of Agriculture, Canada Friendship Road, Katunayake, Sri
Lanka
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Invited Lectures

IL01(3D): Role of plant biosecurity diagnostic networks and capacity development
in biosecuring agriculture

V Celia Chalam*, K Gupta, MC Singh, Z Khan, J Akhtar, BH Gawade, P Kumari, P Kumar, BR Meena,
K Kalaiponmani, Priya Yadav, AK Maurya and DS Meena
Division of Plant Quarantine, ICAR-NBPGR, Pusa Campus, New Delhi 110012, India
Email: celia.chalam@icar.gov.in; mailcelia@gmail.com

The rush to global market systems that connect countries with well-developed plant biosecurity
infrastructure to countries with poorly developed and ineffective plant biosecurity infrastructure
will continue to have consequences of spread of pests. The role of diagnostics for detection of
pests which threaten biosecurity is well established, with increasing use of sophisticated high-
throughput and potentially mobile systems. Early detection and rapid response are crucial in
any effort to reduce the risk of new and emerging biological threats to crops. Accurate, timely
and secure communications are essential for the effective response to plant health emergencies.
Just as communication networks, diagnostic networks are available in different countries to ensure
biosecurity of crops. The United States of America has established the National Plant Diagnostic
Network (NPDN) and it works with state and federal agencies to ensure quick, accurate and
secure conveyance of information about new detections. Through NPDN’s communications
system, diagnosticians have access to expertise wherever it exists. Among the deployed
technologies underlying NPDN’s capabilities are web-enabled microscopy and video conferencing
to facilitate collaborative diagnostics. NPDN labs follow standardized protocols for data acquisition
and storage and practice secure communications to ensure that information of potential regulatory
concern is not released inappropriately. Australia has established the National Plant Biosecurity
Diagnostic Network (NPBDN). The NPBDN is the nationally integrated network for plant
diagnosticians in Australia and plant diagnosticians involved with this network are located in
every state and territory. Diagnostic services are provided from cities and regional centres in
most of Australia’s major agricultural production areas. Similarly European Union (EU) has projects
on crop biosecurity since 2004 and Network of Excellence on Plant and Food Biosecurity aims to
establish a virtual Centre of Competence to prevent, respond to both intentional and unintentional
biosecurity threats to EU agriculture, farming and agro-food industry. India also need to establish
a strong network of interconnected accredited laboratories able to quickly diagnose new pests/
races/biotypes; provide effective tools and protocols for use by inspectors for quarantine and
phytosanitary controls; enhance surveillance capacity already in place and develop improved
surveillance models and early warning surveillance systems; identify and prioritise areas where
more research is needed and suggest future investment needs; raise awareness of the issue of
crop biosecurity, to enhance preparedness. Diagnostics for indigenous diseases in the context
of biosecurity have been largely ignored to date and will require further development. The plant
biosecurity diagnostic networks and capacity development is essential for global plant biosecurity.
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IL02(3D): Equivalence in phytosanitary risk management strategies for effective
seed trade

Deepak Prem
Manager Regulatory Advocacy and Scientific Affairs, Bayer Cropscience

Seed movement across territorial boundaries is the most important aspect of seed trade. Today,
seeds are produced in one country, shipped to another for processing and then sown in another.
This complex movement of seeds across country borders requires a globally equivalent system
to safeguard against phytosanitary risks. India has an elaborate and detailed regulatory regimen
to mitigate phytosanitary risks. However, these checks and balances need to be aligned with the
recent International Standards for Phytosanitary Measures (ISPMs) adopted by the Commission
on Phytosanitary Measures (CPM), which is the governing body of the International Plant
Protection Convention (IPPC). The lecture/ presentation will focus on showcasing the present-
day scenario of seed movement and will also address the gaps that exist in the Indian phytosanitary
regulation regimen when compared to the guidelines provided under ISPMs. Concepts such as
seed as a pathway, purpose of import, seed treatment, systems approach, equivalence of
phytosanitary measures and utilization of equivalent testing protocols will be discussed. Specific
examples will be provided to highlight the areas where regulatory reforms can be initiated utilizing
the existing global resources such as the ISPM recommendations and International Seed
Federation pest list and ISHI veg. protocols. Also, recommendations for adopting a collaborative

approach towards disease evaluation for phytosanitary risks will also be discussed.

Oral Presentations

OP01(3D): Investigation  of germination and conidial trap forming ability  of a
nematode-trapping fungus Drechslerella brochopaga in fungistatic and fungicidal
soil environments

Dharmendra Kumar* and Hariom Dwivedi
Department of Plant Pathology, College of Agriculture, Banda University of Agriculture and Technology, Banda-
210001, U.P.
*Email: dkumar_nduat@yahoo.in

Nematode-trapping fungi are a group microorganisms that form special adhesive and mechanical
infection  structures to capture and kill the nematodes. Heavy losses caused by plant parasitic
nematodes resulted in an interest to use nematode - trapping fungi as bio control agents of
plant pathogenic nematodes. Drechslerella brochopaga Drechsler, a strangulating nematode-
trapping fungus was studied for their adoptability to soil fungistasis and its tolerance against
some common fungicides. D. brochopaga was isolated from horticultural soil of Baberu, Banda.
The fungus was found to effectively capture and kill the  96.4 per cent second stage juveniles of
Meloidogyne incognita  by its three celled constricting  ring produced on hyphae within 3 days.
The study of adaptability of D. brochopaga  in various agricultural and horticulture soil of Banda
revealed that this fungus is  frequently formed conidial traps in vicinity to soil and parasitized
the nematodes. The study of the tolerance and sensitivity  of conidia of D. brochopaga with soil
amended with different concentrated of common fungicide indicate that this fungus showed
 various range of tolerance/sensitivity with common fungicides. Conidia of D. brochopaga were
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found most sensitive to chlorothalonil and propineb at 10 µl ai kg-1   concentration followed by
carbendazim, mancozeb, copper oxychloride, copper sulphate, thiram which inhibited the conidial
trap formation at 25 mg/µl ai kg-1   ppm. Tebuconazole completely inhibited the fungus at  100
µl ai kg-1  whereas Metalaxyl  and Sulphur completely inhibited the fungus at 300 µg ai kg-1. D.
brochopaga showed tolerance to propiconazole up to 300 mg ai kg-1 but the fungus was
completely inhibited at 400 mg ai kg-1. The result of the present study indicate that D. brochopaga
is sensitive to most of the fungicides tested under the present study. The fungus showed tolerance
to Metalaxyl, propiconazole  and Sulphur below 200 mg/µl ai kg-1  concentration of in soil.

OP02(3D):Plant Quarantine: Significance in Plant Diseases Management

Janvi*, Manjeet Singh, Pooja Sangwan, Vinod Kumar Malik and Aakash
Department of Plant Pathology, CCS Haryana Agricultural University, Hisar-125004
*Email: janvimalik2000@gmail.com 

Plant quarantine can be defined as legal restrictions promulgated by governments to regulate the
movement of plants, planting materials, plant products, soil, living organisms, etc. with a view to
prevent inadvertent introduction of exotic pests, weeds and pathogens harmful to the agriculture or
the environment of a country/region, and if introduced, to prevent their establishment and further
spread. Quarantine is accomplished through prohibition, interception, and elimination of pests,
diseases and weeds at pre entry, entry and post entry points of consignment. The Destructive
Insects and Pests Act, 1914 governs plant quarantine regulations in the country. The import of
agricultural commodities is presently regulated through the Plant Quarantine (Regulation of Import
into India) Order, 2003.The specified planting materials for propagation require growing under Post
Entry Quarantine (PEQ) for a specified period. Pest Risk Analysis (PRA) is required as a defensive
approach by internationally recognised standards. As per the PQ Order, 2003, all plants/plant material
must undergo a pest risk analysis prior to being imported into India. Agricultural commodities intended
for export require phytosanitary certificate, which is an official document indicate that the commodity
is free from pest/diseases and meet specified phytosanitary import requirements of importing
countries.  Thus, quarantine not only helps to ward off the threats of exotic pests, but also aim to
eliminate and prevent further spread of pests/pathogens with restricted distribution within the country.
Plant quarantine is thus designed as a safeguard against harmful pests/pathogens exotic to a country
or a region.
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OP03(3D):Post-entry quarantine inspection of exotic crop germplasm for
prevention of entry of pests of quarantine significance into India

Prasanna Holajjer*, K  Anitha, Bhaskar Bajaru, B Parameswari, L Saravanan and V Celia Chalam1

ICAR-National Bureau of Plant Genetic Resources, Regional Station, Hyderabad-500030, Telangana, India.
1ICAR-National Bureau of Plant Genetic Resources, New Delhi- 110012, India
*Email: prasannaiari@gmail.com

Post-entry quarantine (PEQ) is growing of plants in isolation for any specified period in a glass-
house, a facility, area or nursery and /or holding of biological control agents and beneficial organisms
under a contained facility. PEQ growing of crop germplasm and inspection is of paramount importance
for the biosecurity of the country as some of the pests might escape laboratory detection during
quarantine processing and spread. During 2017 to 2021, ICAR-NBPGR, Regional Station, Hyderabad
conducted PEQ inspection of 27,782 accessions of exotic crop germplasm grown in private
organizations (26,488), public organizations (97) and NBPGR greenhouse (1197) during active crop
growth period. During the inspection, plant samples exhibiting suspected symptoms were collected
and tested for pathogen detection using standard blotter test, serological and molecular techniques.
Some important interceptions were leaf spot of okra (Cercospora abelmoschi) from USA, bean common
mosaic virus on bambara groundnut from Ghana, arabis mosaic virus, bean pod mottle virus,
soyabean mosaic virus and tomato ringspot virus on soybean from USA and loose smut (Ustilago
nuda) on barley from Netherland. In addition, maize showing suspected viral symptoms in accessions
imported from several countries; downy mildew (Sclerophthora sp.) from Philippines, South Africa
and Thailand; Southern corn leaf blight (Drechslera maydis) from Italy, Mexico, Philippines, South
Africa, Thailand and USA were uprooted and incinerated. Plant suspected with viral disease on
barley (Netherlands), bitter gourd (Thailand and Taiwan), sponge guard (Vietnam), were rogued out
and incinerated as several viruses are listed as regulated pests in Plant Quarantine (Regulation of
Import into India) Order 2003. Thus, PEQ inspection facilitated in preventing the entry and spread of
exotic pathogens in India.
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Session 4:
Commercial plant pathology

4A. Entrepreneurship, industry and business incubation in plant pathology
and
4B: Smart agriculture with precision plant protection

Keynote Lectures

KN01(4A&B): Automation in crop diagnostics – a case study from Industry

Rekha Remanan Kumaru
Global Seed Molecular Analytics Scientist, Bayer Cropscience

India is the 6th largest seed market in the world and in the past two decades, it has emerged as a leading

vegetable seed production hub. The Indian seed industry is backed by strong seed improvement programmes

that gains from both the public and private sector initiatives. Parental seed quality improvement can significantly

enhance export-oriented hybrids seed production. One of the quality parameters that is in focus is disease

free seed/ plant for production as phytopathogens can be a significant quarantine barrier for seed trade

globally. The rapid development of new molecular (nucleic acid-based) diagnostic methods such as real-time

PCR with nested, multiplex, isothermal amplification, DNA and RNA based probes provides novel tools for

detection of plant pathogens at various level of export-oriented seed production. Robust implementation of

Molecular diagnosis for seed and tissue samples of high importance pest like Tomato Brown Rugose Virus

and pospiviroid that has been quarantined by EU and USA provides a systematic approach towards producing

clean seeds. The diagnostic aspect of disease testing has been prioritised by us using globally aligned

sensitive real time PCR method. The methods reliability and reproducibility were enhanced by automation.

The detailed aspects of sample processing for nucleic acid extraction, precise liquid handling during extraction

and PCR by robotic liquid handling systems to obtain end to end automized molecular method to detect low

pathogen titre with enhanced capacity (4X) using multiplexing will be discussed for both on-site s and off-site

screening. The application of these technologies in plant pathology has greatly improved our ability to detect

plant pathogens from symptomatic and asymptomatic samples which increases our understanding of their

ecology and epidemiology and to produce best in class quality seeds. With adequate policy support, such

expertise developed by companies engaged in export-oriented seed production can be utilized more effectively

to mitigate phytosanitary risks.

KN02(4A&B): Tailored solutions for crop management – integrated approach
towards disease management

Keshav Deshmukh1 and Sridhara Gupta Kunjeti2
1Agronomic Solution Manager- IBSL, Bayer Cropscience,
2India Vegetable R&D Plant Health Lead, Bayer Cropscience

Agriculture in India is very diverse, and our varied Agro-climatic situations makes it furthermore
challenging to manage the crop health. Management of plant diseases, especially, is always a big
challenge under complex situations and tailored solution is the best approach to manage the crop
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health in a more sustainable way. Farmers have one of the most challenging jobs: feeding the
world’s growing population efficiently and sustainably. If they make one wrong choice, there is negative
impact on productivity and profitability which leads to influence their livelihood for the entire year.
There choices range from picking the right hybrid seeds, planting time, agronomic practices, right
pesticides to manage the harvest for maximum benefit. In the years to come, we’ll see increasingly
tailored solutions that will integrate all available tools to help farmers, by simplifying tough choices,
minimizing risks, and maximizing prospects for successful harvests. And ultimately, these tools will
play a significant role in the world’s efforts to ensure a stable food supply and healthy planet for
future generations. While farmers will always have to battle against weeds, pests, plant diseases
and unpredictable weather conditions, for each farmer and each region of the world. Threats to crop
productivity are constantly evolving, that’s exactly why farmers always need new modes of action
and technology without exhausting the earth’s natural resources. Bayer Crop Science has paved a
new intersection by bringing together market-leading capabilities in biology, breeding, chemistry,
biologics and data science. It offers a broad range of hybrids, chemicals and data-driven solutions
to help farmers safely and responsibly protect their crops from pests such as weeds, economically
important insects, and diseases. We also work collaboratively with farmers to offer tailored solutions
– including agronomic recommendations - based on the specific needs of their fields, crops, and soil
to defend against pests, help ensure productive harvests and improve soil health, all while protecting

our natural resources.

KN03(4A&B): Entrepreneurial integrated approaches for healthy and safe food

M.S. Reddy*
Founder & Chairman - Asian PGPR Society for Sustainable Agriculture,
Consultant & Entrepreneur, Auburn University, Auburn, AL, USA
*Email: prof.m.s.reddy@gmail.com

Agriculture is becoming more integrated in the Agro-food chain and the global market, while environmental,
food safety and quality, and animal welfare regulations are also increasingly impacting on the sector. Plant
pathologist needs an understanding of the organisms and agents that cause disease as well as an
understanding of how plants grow and are affected by diseases. There are ventures in agricultural business
such as farm to table ventures and mega-ventures such as investing in technology to enable more free-
market opportunities for rural farmers. Today’s agricultural entrepreneurs are developing innovative ways to
revolutionize the entire food chain. They are at the forefront of reducing food loss and waste, increasing crop
yields, improving market access, developing novel technologies, and increasing sustainable farming practices
across the globe. In addition to the traditional goals of making a profit and taking care of the natural resources
so that the business can continue, sustainable agriculture puts a special emphasis on the social aspects of
agriculture. Consumers are becoming more concerned about where their product comes from, who raised it,
and what production methods are used. Farmers are recognizing the benefits of raising a local product for
their communities and in reinstating the consumer’s connection to the land that has been lost in many cities
and suburbs.  Writing a business plan can uncover roadblocks to profitability, including start-up costs and
marketability and explore opportunities and forge partnerships to contribute to the sustainable development
goals of no poverty, no hunger and climate action to develop climate-smart villages, digital agriculture and the
use of information technologies in agriculture. A critical and crosscutting theme in humanitarian aid and
resilience programs in collaboration with other organizations is the key for successful entrepreneurship. My
talk will focus on foundational production skills, business knowledge, and personal development to establish
the next generation of resilient farm enterprises for healthy and safe food.
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KN04(4A&B): Changing disease complex scenario & crop protection market  in
India

Ranganatha  M C
Technical Manager, Indofil Industries ltd,  Kalpataru Square, 4th Floor, Kondivida Road, Off Andheri -Kurla
Road, Andheri ( East) Mumbai- 400 059

Globally the Population & nutritional requirement is increasing, but per capita farm land availability is
reducing year by year. Technological innovations in agriculture have played & further going to play
key role to meet the Quantity   & Quality of the agriculture produce.  Technological advances like
Mechanization , fertilizer, crop protection & breeding  & Plant biotechnology  are playing very important
role in increasing the production and productivity of agricultural crops. Among them Crop protection
also have key role to play under the challenging environment conditions of Agriculture. In last 50
years the Global cropped area has increased in some developed countries, but the overall increase
was insignificant.  Approximately threefold increase in agricultural production is attributed to increase
in productivity through adoption of modern technologies in mechanization, fertilizers, agrochemicals-
crop protection, and bio technology In India, the demand for food will continue to rise significantly in
the future as the population grows. Overall demand for food grains to increase from 192 million MT
(2010) to 345 million MT (2030).To meet this demand, production of food grains needs to increase
by 5.5 million tons annually . Constant  increasing yield is required  to meet production demands.
Global CPC Industry has grown @ CAGR of 8.2% (2010-14) while growth over last year is 4.5% .
Increasing awareness in Herbicides coupled with number of new introductions on Rice, Cotton &
Soybean; Sucking pest segment of Insecticides make up larger share ; Strobilurins are the growing
segment in fungicides Emerging trend is towards environmentally safer & user friendly formulations
Ex WG,SC,EW,FS etc. The  disease  changing pattern  and its complexity on various crops like
Blast, sheath blight,  Bakkane , false smut, sheath rot  & grain discoloration on rice &  Rust, leaf
spots & boll/pod rot in Soybean and Cotton etc  are emerging new segments.Various Game Changers
like mobile networking & Banking, Micro Banking, Use of Apps, Progressive farmers communities,
Internet etc are changing the Indian Agriculture as well as Agrochemical Industry.

Invited Lectures

IL01(4A&B): Synthesis and application of metallic nanoparticles for combating
maize diseases

Robin Gogoi1*, Lham Dorjee1, Rajesh Kumar1, Deeba Kamil1 and Ankita Verma2

1Divisions of Plant Pathology, 2Divisions of Agricultural Chemicals, ICAR-Indian Agricultural Research Institute,
New Delhi - 110012, India
*Email: r.gogoiiari@gmail.com 

Excessive and continuous use of conventional pesticides poses an adverse impact on the
environment. Taking into account of numerous setbacks such as high toxicity, non-biodegradable
nature, and residual activity of the chemicals, a novel method of disease management has been
executed in maize using copper nanoparticles (CuNPs). Initially, CuNPs were synthesized by
employing a chemical method where CuSO4 was used as precursor, NaBH4 and ascorbic acid
as reducing agents, and polyethylene glycol 8000 (PEG-8000) as a capping agent. In another
attempt, CuNPs were synthesized using fungi (Trichoderma virens, Chaetomium globosum,
Fusarium verticillioides, Bipolaris maydis, Macrophomina phaseolina). CUNPs were characterized
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using Transmission Electron Microscope (TEM) and Fourier Infrared Transform Spectroscopy
(FTIR) for particle size and the functional group associated with them, respectively. The
synthesized CuNPs significantly inhibited three pathogenic fungi namely Macrophomina
phaseolina, Bipolaris maydis, and Fusarium verticillioides at 20 ppm and Rhizoctonia solani at
80 ppm. Bactericidal property of CuNPs was also documented against Erwinia carotovora and
Ralstonia solanacearum. In vivo evaluation of CuNPs against two diseases viz., maydis leaf blight
(MLB) and banded leaf and sheath blight (BLSB) resulted in a reduction of percent disease
index (PDI). Seed treatment + foliar spray of CuNPs @ 300 ppm provided a significant reduction
of MLB whereas BLSB disease was relatively less reduced. CuNPs were found counterproductive
when tested against beneficial fungi and bacteria. However, a positive effect on soil enzyme
activit ies viz., dehydrogenase, urease, and alkaline phosphatase and maize seedling
characters viz., root number per seedling, root length, shoot length, fresh and dry weight.

IL02(4A&B): Nematode Problems in Agri-Horticultural Crops and their Management
Archana U Singh
Division of Nematology, ICAR-Indian Agricultural Research Institute, New Delhi - 110012, India
Email: arch_212@yahoo.com

Phytonematodes are microscopic invertebrate animals often called as threadworms, eelworms
or roundworms. They cause severe losses to economically important crops like vegetables,
cereals, pulses, oilseeds, fruit crops, etc. They are distributed all over the world in different
kinds of habitats and found in nearly every biological niche that supports life. Sasser and
Freckman (1987) have indicated an annual crop loss due to nematodes on worldwide basis to
the tune of $100 billion. The destructive plant- parasitic nematodes are one of the major limiting
factor in crop production throughout India. Low production and productivity of vegetables are
mainly because of biotic and abiotic stresses, among the biotic stresses nematodes also one of
them. Large number of plant parasitic nematode is recorded from the rhizosphere of many crops
like Root-knot Nematode (Meloidogyne spp.), Reniform nematode (Rotylenchulus reniformis),
cyst nematode (Heterodera spp.), lesion (Pratylenchus penetrans)  etc. They damage the crops
not only by feeding on plants but also by interacting with various other organisms. These
nematodes predispose the crops to fungal and bacterial pathogens, especially Fusarium spp.,
Pythium, Rhizoctonia, Ralstonia solaneacearum, etc. However, predisposition occurs due to
mechanical wounding of the roots, rhizosphere modification and disruption of resistance
mechanism caused by the nematodes. Such interactions aggravate the damage caused to the
crop. Majority of the farmers remain unaware of nematodes as pests as no conspicuous
aboveground symptoms are observed on the plants. There are many ways to identify nematodes
by morphological and molecular tools. Hence nematode problems can be identified and various
options of nematode management are available such as crop rotation, soil solarisation, use of
bio-nematicides, botanicals and Integrated nematode management approach which can reduce
nematode pest densities in the soil and increase crop yield. However, use of Trichoderma viride,
T. harzainum, Paecilomyces lilacinus, Calotropis procera, marigold, neem has played a great
role in controlling nematode population.
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IL03(4A&B): A new era of biopesticide application in Agriculture

RM Gade
Director of Extension Education, Dr.PDKV., Akola - 444104,
Email: gadermg@gmail.com

Degeneration and deterioration of the quality, fertility, and efficiency of soil is continuously going
day by day, with implications of soil erosion and climate change. The Indiscriminate use of
chemicals causes resistance, resurgence, and residues. It also causes the elimination of natural
enemies of pests. It disturbs the ecological balance, environmental degradation, and Pollution.
Beyond the Economic, it enters the food chain. In order to overcome these challenges and meet
the requirements for food and supplies, the productivity and sustainability of agricultural practices
should be improved and novel and improved strategies must be needed. Enhanced agricultural
productivity can be achieved in many ways, such as through increasing crop yield by providing
manure and organic-based treatments, including the use of biofertilizers and biopesticides. The
losses can be limited by the use of bioagents and bio growth promoters.  Biopesticides, which
are pest management agents based on living microorganisms or natural products, offer a great
promise in controlling yield loss without compromising the quality of the product. Biopesticides
are natural, biologically occurring compounds that are used to control various agricultural pests
infesting plants in forests, gardens, farmlands, etc. There are different types of biopesticides
that have been developed from various sources. This presentation underscores the utility of
biocontrol agents composed of microorganisms including fungi, bacteria, viruses used for
managing crop yield losses due to pest infestation. Biopesticides have several advantages over
their chemical counterparts and are expected to occupy a large share of the market in the
coming years.

Oral Presentations

OP01(4A&B): Digital technologies: Dramatically Changing Face of Plant
Protection in India

Sanjeev Kumar
Department of Plant Pathology, *Office of Dean Faculty of Agriculture, Jawaharlal Nehru Krishi Vishwa
Vidyalaya, Jabalpur - 482004, Madhya Pradesh, India
Email: sanjeevkumar@jnkvv.org

India has around 14 crores of farmers in more than six lakhs villages . Reaching out to them by
any individual or institutions is impossible. This gloomy picture has been fortunately changing
since 2015 due to modern technology. Digital tools are one of the most innovative crop protection
tools of modern agriculture. Technologies like mobile application, artificial intelligence (AI) Internet
of Things (IoT), big data, Robot, and predictive analysis among others have streamlined the
crop protection system. Digitisation could help farmers in getting technology at their doorsteps
eg- weather forecasting, prediction of diseases in advance, projection of insect attack, estimation
of market prices etc. would be very helpful to the farmers. This has ensured holistic risk
management of farmers and helped them to get the right price for their produce. With internet
and mobile penetration at the level of 50% and 79% respectively, provide digitally enabled One
Stop Solution to the farmers. Smart phone, Remote sensors, Satellites, Drones, and  Artificial
intelligence (AI) tools  can monitor plant health 24/7. With the use of smart phones, one can
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take the technology to a large number of farmers inhabited in remote areas. Through the
availability of smart phones, farmers can find the right solutions to their problems by downloading
certain apps, or they can reach easily to companies and scientists like us by sending images

regarding their problems to get the accurate solutions. Tools like artificial intelligence and object
based recognition are being used to better assess soil life as well as detecting harmful
microorganisms. Agrochemical spraying through Drone helped  to fight highly mobile invasive

pests such as Fall Armyworm  and desert locusts efficiently and effectively. Farmers can  record
pest and disease data, receive regional  crop protection advice, and chat with knowledgeable
experts. These digital tools help provide PEACE OF MIND to our farmers. It shifts mindsets to be
PREVENTATIVE rather than CURATIVE

OP02(4A&B): Potential use of drought tolerant BCAs in arid agro ecosystem for
plant disease management

Ritu Mawar*, NK Jat, M Saritha, AK Sharma and Vipin Choudhary
ICAR-Central Arid Zone Research Institute, Jodhpur - 342003, Rajasthan, India
*Email: ritumawar1976@gmail.com

Organic farming not only ensures the health of the soil but also improves the quality of food.
Release of nutrients from organic inputs is a result of mineralization process mediated by plant
growth promoting microbes. Microbes stimulate the growth of the plants by increasing the nutrient
availability, growth hormone production and disease suppression. Exploitation of these plant
growth promoting microbes have supreme importance in organic agriculture. An experiment was
conducted in the Rabi 2020-21 and Kharif 2021, before cultivation of cumin, mustard, mung
bean and pearl millet field was prepared by mixing neem cake (@ 250 kg/ha) and Trichoderma
(1kg/ha) as a preventive measure against soil borne plant pathogens. Seeds were also treated
by consortium of biocontrol agents viz., Trichoderma harzianum and B. tequlensis (@4 g/kg)
before sowing in both the seasons. Observations were recorded in cumin and mustard crops in
a weekly interval for wilt, root rot and blight infestation following the standard scale of 0-9 score
in Rabi season for both the crops. Prophylactic sprays of botanicals (extract of Calotropis procera
5%+neem oil 2%) with biocontrol agents alone or in different combinations were used for managing
diseases in organic plots. In the Kharif season, mung bean was severely suffered by mixed
infection of fungal and bacterial foliar diseases with the intensity of 25-55%. However, prophylactic
spray schedules (in every fortnight) of neem oil and biocontrol agents alone or in combinations
gave good results for managing diseases in organic plots. Native strains of beneficial microbes
helps the crop plants to perform better specially under biotic and abiotic stress. Plant growth
promoting microbes appeared to be the most exploited microbes than any other. Many case
studies have shown that Bacillus and Trichoderma are the most commonly studied BCAs worldwide
and are the most effective in controlling diseases caused by bacteria, fungi, and nematodes.
The main problem in usage of these BCAs is development of suitable formulations and delivery
systems. Further, the legal issues associated with production and sale of these bioagents add
to this hurdle. It is these problems which have hindered the wide exploitation of these microbes
as demonstrated by negligible number of plant growth promoting microbes registered in India.
Thus, the proper production technology and identifying the suitable delivery method with easing
of the legal issues for registration of the bioagents will help in long way in managing the diseases
in organic cultivation.
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OP03(4A&B): Investigation, exploration and utilization of phytobiomes for effective
management of Rhizoctonia sp. infecting Zea mays L

Vimla Singh
Maharana Pratap Horticultural University, Karnal Karnal 132001 Haryana,India
Email: vspathomaize@gmail.com

Investigations were carried to study the soil samples from maize fields under monoculture as well as
under rotation practice with cucurbits-potato-wheat-maize during Kharif season viz., 2019-20. The
culturable component of phytobiomes was examined to study the changes in microbial diversity with
progress of crop cycle. Samples were collected at different stages of growth viz., V

0
 (pre-sowing),

V
E
 (post emergence), V

9
 (pre-flowering), V

T
 (post-flowering) and R

6
 (pre harvest). The soil samples

from each phytobiome were grown on Potato dextrose Agar (PDA Plate) by serial dilution method.
The fungal and bacterial colonies were microscopically examined to characterize the culturable
component. At pre sowing stage the fungal community was mainly saprophytic, however under rotation,
dominant bacterial community was Actinobacteria, Streptomyces, Lysobacter and Cyphellophora. The
frequency of soil borne pathogenic fungi was comparatively higher in monoculture fields than the
rotation fields. The post emergence microbial diversity was mixed; however, colonies of pathogenic
genera Rhizoctonia, Fusarium and Bipolaris were observed more. At pre-flowering stage inoculum
load of pathogenic fungi was on rise in monoculture phytobiomes in comparison to rotation phytobiome.
Pathogenic fungi were observed in abundance; however, pathogenic potential was poor. Only two
fungal genera viz., Rhizoctonia and Bipolaris were observed. The findings revealed that, inoculum
load of pathogenic soil borne fungi develops during the pre-flowering stage to post flowering stage
and effective management can be applied during these stages to manage the pathogen

OP04(4A&B): Compatibility of Trichoderma sp. and Pseudomons sp. with agro
chemicals

UM Vyas, DS Kelaiya, Dhruvi Suvagiya, BB Golakiya and Pinal Vekariya
Main Oilseeds Research Station, Junagadh Agricultural University, Junagadh  362 001 (Gujarat) India.
Email: baazraz@jau.in

Fungicides/combination of fungicides, insecticides and herbicides were tested for their
compatibility with Trichoderma harzianum and Pseudomonas fluorescens under in vitro.
Carbendazim @ 50, 100, 250 and 500 ppm, and copper oxychloride @ 1000, 1500, 2000 and
2500 ppm concentrations, completely inhibited growth of T. harzianum. Methyl-o-demeton at all
the four concentrations i.e.  @ 250, 500, 1000 and 1500 ppm were found incompatible with
94.44% growth inhibition.  However, chlorpyrifos and cartap hydrochloride @ 250 and 500 ppm
were moderately compatible. Quizalofop-ethyl at 500, 100, 1500 and 2000 ppm produced
incompatible reaction with 94.44% growth inhibition of fungal bioagent T. harzianum. At initial
two lowest concentrations, pendimethalin @ 500 and 1000 ppm and fenoxyprop-p-ethyl @ 50
and 100 ppm found compatible with T. harzianum. All the fungicides/combination of fungicides,
insecticides and herbicides tested at all their concentrations were completely compatible with
Pseudomonas fluorescens isolate-1.
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OP0354A&B): Compatability of different microbes and chemical inputs for
multilayer seed coating in groundnut crop management  

S Lakshmi Prasanna*, RD Prasad, KSV Poorna Chandrika  and S Vijaykumar
ICAR- Indian Institute of Oilseeds Research (IIOR), Hyderabad - 500030
*Email: prasannalakshmi.sama@gmail.com

The information on compatibility and synergistic benefits of inputs (chemicals and microbial bioagents) is
critical to introduce multiple agents on to seed in a single or multi layers. In the present study, compatibility
of different microbial agents viz., Trichoderma strains (T. harzianum Th4d, T. harzianum Th and T.
asperellum, TaDOR7316), Bradyrhizobium (B. arachidis, B. japonicum) and Bacillus subtilis with seed treated
fungicide (chlorothalonil, tebuconazole, mancozeb, carboxin + thiram and penflufen + trifolxystrobin),
insecticides (thiamethoxam and imidacloprid) and biopolymers (chitosan and cellulose) was
tested. Bradyrhizobium isolates and B. subtilis were found compatible with all insecticides, fungicides and
biopolymers. All the three Trichoderma strains were compatible with biopolymers. Imidacloprid and
thiamethoxam @1000ppm conc., inhibited mycelial growth of Trichoderma up to 16.2%.  The fungicide penflufen
+ trifolxystrobin was found highly compatible with only 13% inhibition and all other fungicides were highly
inhibitory to Trichoderma strains. All Trichoderma strains are compatible with Bacillus
subtilis and Bradyrhizobium sp. Trichoderma strains (Th4d, Th, and TaDOR7316) have inhibited mycelial growth
more than 60%. The compatible fungicides Penflufen + trifolxystrobin, insectcde, T. harzianum and  B.
arachidis whnintriduced n to seed as multilayer seed coating on groundnut seed gave >95% seed germination
 and very low (>1%) collar rot (Aspergillus niger) disease incidence.

OP06(4A&B): Commercialization of microbial pesticides, management strategies
for organic farming: to create healthy system

VK Nirmalkar 
State bio-control Laboratory, BTC College of Agriculture & Research Station, Sarkanda, Bilaspur, 495001
(I.G.K.V.) (C.G.) 
Email: vinod.nirmalkar01@gmail.com 

 
Growing demand for reducing chemical inputs in agriculture and increased resistance to
insecticides has provided great impetus to the development of alternative forms of insect-pest
management. Microbial control of crop pests offers environmentally acceptable strategies with
lower cost and longer run effect. The bioagents i.e. Bacillus subtilis, Psudomonas fluorescens,
Trichoderma viride /harzianum controlling plant disease and entomopathogenic fungus and that
act as a parasite of insects and kills or seriously disables them, comprise a diverse group of
over 90 genera with approximately 750 species, reported from different insects and these are
potentially the most versatile biological control agents due to their wide host range.
Entomopathogenic fungi and bio-control agents are naturally occurring organisms which are
perceived as less damaging to the environment. Their occurrence and distribution are widely
distributed in diverse habitats. An extensive survey was conducted during Kharif and Rabi season
of 2017-18 and 2018-19 on different crops grown in different regions of Chhattisgarh and
collected naturally infected insect cadavers and also soils samples from forest, non forest and
cultivated lands. The purpose of this work was to isolate different entomopathogenic fungi and
bioagents identify them and study the taxonomy & biodiversity of local isolates. Entomopathogenic
fungi was isolated from insect cadavers and soil samples using Galleria bait method and identified
as Beauveria bassiana, Metarhizium anisopliae, Nomuraea rileyi and Aspergillus flavus from
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different insects of Soybean, Groundnut, Mustard and Pigeonpea. The favourable time for
collection of EPF was 1st week of September to 2nd week of October for Soybean, Groundnut and
Rice crops whereas 2nd week of September to last week of December from sugarcane crop,
November to December was ideal for Pigeonpea crops insects which are infected by
entomopathogenic fungi. Similarly different Bioagents  was isolated from soil samples used for
large scale production and commercialization of products, to safe the crops from diseases of
different crops i.e. cereals, fruit and vegetables and oilseeds etc. Biopesticides including bio-
control agents controlling plant disease and entomopathogenic fungi controlling insects are
important which suppressed the biotic factors and helps the farmer’s community for increasing
their production and productivity and a sunrise sectors for developing Agri- entrepreneurship
and can help in employment generation and uplift of socio-economic conditions of poor farmers
for nation’s prosperity. Their commercialization is important steps to available for large farmers
community and get a opportunity to youth, create new startup in agriculture sectors.

OP07(4A&B): Sequencing and comparative genomic analysis of Penicillium
oxalicum isolated from rice grain provides insight into the role of secretory
proteins and CAZymes in decomposition of paddy straw

B M Bashyal1, Pooja Parmar1, Deeba Kamil1, Priya Chandra1, Shweta Agarwal1, Kapil Atmaram Chobhe2,
Jagdish Yadav1, Prashantha ST1, Najam Waris Zaidi3 and Rashmi Aggarwal1
1Division of Plant Pathology, ICAR-Indian Agricultural Research Institute, New Delhi-110012
2Division of Soil Science and Agricultural Chemistry, ICAR-Indian Agricultural Research Institute, New Delhi-
110012
3International Rice Research Institute, Pusa, New Delhi, India

 
Penicillium oxalicum fungus is highly popular for its cellulose degrading activity and was utilized
in industries since many years. In many studies Penicillium oxalicum was reported as a biocontrol
agent and potential candidate for paddy straw decomposition. Penicillium oxalicum UV4 was
isolated from the false smut ball was observed promising for the cellulose decomposing activity
in a solid state fermentation against rice straw and for the paddy straw decomposition under in
vitro conditions. In order to understand the insight into the genome for the decomposition whole
genome of Penicillium oxalicum isolate UV4 was sequenced using the Illumina and nanopore
platforms. The high throughput hybrid assembly of short and long reads resulted in a total of 15
scaffolds with average scaffold length of 2019922 bp. A total of 7224 proteins were predicted in
the genome and out of them 7206 proteins were annotated. A total of 15642 SNPs and 8612
SSRs were identified. Further, a total of 400 secretory proteins and 390 CAzymes were identified
in the genome of Penicillium oxalicum (UV4). Glycoside Hydrolase (GH) group of CAzymes were
most abundant (56.15%); followed by glycosyl transferases (20.77%). Maximum numbers of
enzymes were observed for GH3, GH5 and GH16 families. Carbohydrate binding modules (CBM)
20 and CBM 24 families were predominant. Comparative analysis of different isolates of Penicillium
oxalicum UV4 with other isolates revealed 13 gene clusters were unique to isolate UV4. Gene
Ontology (GO) annotation suggested GO:0006863 (purine nucleobase transport); GO:0016709

(oxidoreductase activity); GO:0046300 (2,4-dichlorophenoxyacetic acid catabolic process),
GO:0009636 (response to toxic substance) are uniquely present in Penicillium oxalicum UV4.
Further, comparative and phylogenetic analysis revealed Penicillium oxalicum isolate UV4 is
closely related to Penicillium oxalicum isolate 114-2. Real time PCR based analysis suggested
increased expression of cazymes during solid state fermentation. Genetic information and
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comparative analysis of Penicillium oxalicum UV4 is valuable for further comprehensive
understanding the mechanism of the biomass-degradation at the genome level.

OP08(4A&B): Evaluating the efficacy of biosynthesized silver nanoparticle
against Rhizoctonia solani Kuhn, the causal agent of sheath blight disease of
rice

S Lenka*, A Mahanty, L Behera, S Raghu and PC Rath
ICAR-National Rice Research Institute, Crop Protection Division, Cuttack-753006
*Email: srikantalenka@yahoo.in
 
Sheath blight caused by Rhizoctonia solani Kuhn is one among the most devastating diseases
of rice. It is controlled by spraying of fungicides like validamycin, carbendazim, propiconazole,
iprodioneetc. However, rampant use of these chemicals has led to development of resistance
towards them. In this context, present study was carried out to evaluate efficacy of biosynthesized
silver nanoparticle (AgNP) in inhibiting Rhizoctonia solani.Silver nanoparticle (AgNP) was
synthesized using the culture extract of Aspergillusniger and was characterized using UV-Vis
spectrometry. The inhibitory efficacy of the nanoparticle was tested in vitro by poisoned food
technique at different concentrations viz. 5, 10, 15, 20, and 30 ppm. The AgNP was found to
inhibit the growth of fungal pathogen by 13 to 28 % at different concentrations. In vivo efficacy
was studied in pot culture by using cultivar Tapaswini, highly susceptible to sheath blight
disease.The plants were inocoluted with mycelial plugs of Rhizoctonia solani at tillering stage
and different concentrations of AgNP viz. 5, 10, 20 and 50 ppm of AgNP were sprayed twice after
96 and 144 hours of inoculation and percentage disease indices (PDI) were recorded. Highest
PDI (44.23) was recorded in the control plants, in which no AgNP was sprayed. PDI decreased
with increase in concentration of AgNP spraying. PDI was 22.75 in case of 50ppm AgNP spray,
which was better than validamycin 3%L sprayed at its recommended dose. Findings suggest
that AgNP could be used to control sheath blight disease of rice.

OP09(4A&B): Effect of Phospho Enriched Compost and Zinc on Productivity and
Nutrient Uptake of Blackgram (Vigna mungo L.) in Subhumid Southern Hills and
Aravalli Region of Rajasthan

Manisha Meena1*, Gajanand Jat1, Monika Meena2, Bhawani Singh Meena3

1Department of Soil Science and Agricultural Chemistry, MPUAT, Udaipur,
2Department of Plant Pathology, SKNAU, Jobner
3Division of Entomology, RARI, Durgapura (SKNAU Jobner) 
 
A field experiment was conducted during Kharif 2018 at Rajasthan College of Agriculture, Udaipur (Rajasthan).
The treatments comprised of four levels of phospho enriched compost (PEC) i.e. control, PEC @ 2.0, 4.0 and
6.0 t ha-1 and four levels of zinc i.e. control, Zn @ 2.0, 4.0 and 6.0 kg ha-1. The experiment was laid out in a
factorial randomized block design with three replications. The increasing levels of phospho enriched compost
and zinc upto 4 t ha-1 and 4 kg ha-1, respectively increased significantly (P=0.05) the number of nodules per
plant, number of pods per plant, number of seeds per pod, test weight, seed yield, stover yield, nutrient
content (N, K and Zn) and uptake (N, P, K and Zn) in seed and stover of blackgram. Whereas, the application
of zinc significantly decreased the phosphorus content in seed and stover as compared to control. However,
the combined application of phospho enriched compost @ 6 t ha-1 along with zinc @ 6 kg ha-1 was found to
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record higher seed and stover yield. The application of phospho enriched compost @ 4 t ha-1 and zinc @ 4
kg ha-1 along with the recommended dose of fertilizer results in significantly higher productivity, nutrient
content and uptake of blackgram under Typic Haplustepts soil.

OP10(4A&B): In vitro efficacy of different Phytoextract against Colletotrichum
orbiculare (Berkely and Montage) von Arx causing Anthracnose of Cucumber

T Gadade, VM Gholve, GS Pawar and MD Navale
Department of Plant Pathology, College of Agriculture, Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani-
431 402 (M.S.)
*Email: ganeshtheplantpathologist@gmail.com

Cucumber (Cucumis sativus L.), belonging to the family Cucurbitaceae. Cucumis sativus L. native
to India, where it has been cultivated from over 3000 years. In cucumber (Cucumis sativus L.),
Anthracnose, Cercospora leaf spot, Wilt, Rust and Powdery mildew etc. are important diseases
but Anthracnose caused by Colletotrichum orbiculare is one of the most widely spread and
destructive disease of cucumber (Cucumis sativus L). Anthracnose appears on leaves, stem,
fruits, sometimes on the entire seedling and rarely on stem. All the eight plant extacts tested
were found fungistatic against Colletotrichum orbiculare. However, At 15% concentration,
maximum mycelial inhibition of 67.41% was seen with Neem leaves extract (A. indica) followed
by Ginger rhizome extract (Z. officinealis) (66.96%) and Garlic bulb extract (A. sativum) (60.48%)
while 20 per cent concentration, Garlic bulb extract (Allium sativum) showed 94.44% growth
inhibition of Colletotrichum orbiculare. The next effective phytoextracts in order of inhibition
were Neem leaves extract (A. indica) (75.48%), Turmeric rhizome extract (C. longa) (74.11%),
Ginger rhizome extract (Z. officinalis) (67.41%).
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4C:  Advances in mushroom technology

Keynote Lecture

KN01(4C): Biodiversity of wild edible mushrooms of India for their nutritional,
medicinal and industrial applications

M.P. Thakur
College of Agriculture, Indira Gandhi Krishi Vishwavidyalaya, Raipur - 492012, Chhattisgarh, India
*Email: mp_thakur@yahoo.com

Diversity is the variation among living organisms in morphology, genera species, genes, biochemical
and physiological aspects and in other related characters. Fungi are second species rich organisms
group after insects. Fungi play key role in ecosystem as decomposers, mutualists and pathogens
besides playing important role in industry, agriculture, medicine, biotechnology and others related
to human welfare. The role of individual fungi in nature is still unknown. There may be 2.8 – 3.8
million of fungi as an estimate but Wu et al (2019) have made an estimate of 13 million of fungi which
may be occurring in the world. Around 1,40,000 fungal species (6.7%) have been identified in the
world and have been described mostly so far from temperate regions (Tonjock et al., 2017). How-
ever, the tropical region of the country has the highest fungal diversity which has yet not been fully
exploited. India is blessed with a rich mushroom diversity as we have vast forest covers and varied
agro climatic conditions from temperate to tropical. The diversity of climatic conditions prevalent in
India made this country a natural habitat of a number of mushrooms species. Out of 2.5-3.8 million
species of fungi in nature, 2000 species of edible fungi are known to man out of 10,000 species of
macrofungi. Macrofungi are those that form large fructifications visible to the naked eye and include
Basidiomycota and Ascomycota with large observable spore bearing structures. Ecologically,
macrofungi can be classified into three groups: the saprophytes, the parasites, and the symbiotic
(mycorrhizal) species. About 1,40,000 species of macrofungi are commonly called as mushrooms.
Mushrooms are achlorophyllus macrofungi without leaves, stems and roots. Many of them are ed-
ible, non edible, medicinal, poisonous and miscellaneous species. The edible and medicinal mush-
rooms are now widely recognized, consumed and used as herbal medicine to boost the human
immunity against biotic stresses, particularly viral infection including Covid-19. The most frequent
mushrooms observed from different agro climatic zones of Chhattisgarh are Volvariella volvacea,
Cantherellus spp, Tuber sp., Russula sp., Termitomyces spp., Ganoderma lucidum Agaricus bisporus,
Calocybe indica, Trametes versicolor, Schizophyllum commune, Lentinula  edodes, Auricularia
polytricha, Pleurotus spp., Astraeus hygrometricus.Natural products play a very important role in the
process of discovery and development of drugs, including the treatment of chronic diseases such as
cancer. For hundreds of years, medicinal mushrooms are used as decoctions and essences, and
are applied as alternative medicine in Korea, China, Japan and eastern Russia. A wide variety of
compounds that occur naturally have proven active to protect against the development of tumors
and inflammatory processes. The package of practices for commercial cultivation of edible/medici-
nal mushrooms  have been standardized in India but its utilization as nutritious and medicinal health
food is still to be explored in India. There is enormous scope of several mushrooms to be utilized for
industrial applications too in making different enzymes and medicines and spent substrates are
being used for preparing bricks.
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Invited Lectures

IL01(4C): Microbial enhancer VL Bioagent 9 for shortening Macrocybe gigantea
pinhead initiation and enhancing yield

K.K. Mishra*, Pankaj K. Mishra and Ramesh Singh Pal
ICAR-Vivekananda Parvatiya Krishi Anusandhan Sansthan, Almora - 26301, Uttarakhand, India
*Email: Krishna.Mishra@icar.gov.in

Commercial mushroom production is based on a series of solid fermentation stages under con-
trolled conditions in which bacteria and fungi have major roles in processing raw materials, minimiz-
ing fungal competitors and inducing fructification. A wide variety of interactions between bacteria
and cultivated mushrooms has been described leading to both positive and negative outcomes for
the fungus, depending on the bacterial isolate and the developmental stage of the fungus. The
casing is the coverage material placed onto the substrate colonized by the host mycelium. Some of
the most commonly cultivated species of mushrooms i.e., Agaricus bisporus and Macrocybe gigantea
require casing to fructify. The mycelium of these fungi secrete volatile organic compounds (VOCs)
which act to suppress the initiation of fructification. A model of synergism between bacteria and fungi
has been postulated to occur within the casing material, in which native bacteria consume VOCs,
and therefore, stimulate fructification. Certain microbiota, including bacteria from the genera Azoto-
bacter, Bacillus, Paenibacillus and Pseudomonas, described increasing the mycelial growth of culti-
vated species while showing antagonism against competitive molds, have been reported as candi-
dates for the design of alternative nutritional supplements/biofertilizers. A good number of bacteria
from the genera Bacillus, Pseudomonas or Bradyrhizobium appear to stimulate the mycelial growth
of some cultivated species (A. bisporus, A. bitorquis, A. subrufescens, P. ostreatus or P. eryngii) in
compost or in-vitro, and others have been described to favour and enhance mushroom fructification
in casing, such as members from the genera Pseudomonas. Although there are increasing number
of commercial bio-fertilizers based on bacterial and fungal plant growth promoters, to date there are
no commercial supplements based on mushroom growth promoting microorganisms available in the
market. No information is available for role of microbial inoculant in Macrocybe gigantea. Despite of
plenty of reports on role of bacteria in supporting the fructification phenomenon in button mush-
room, their commercial cultures for A. bisporus sporophores yield enhancement are still not avail-
able.  Normally in mushroom Macrocybe gigantea, primodial/pinhead initiation takes ~12-14 days’
time duration, which leads to fruiting and affects yield of final produce. The investigation addresses
reduction in duration of primodial/pinhead initiation and early & enhanced pin head formation, which
in turn enhanced the mushroom production. Since this bacterium produces siderophore (an iron
chelating compound) helps in iron sequestration and enhanced proliferation of mushroom myce-
lium. This bacterium is able to shorten the primodial/pinhead initiation duration by approximately
40% in Macrocybe gigantea. During the investigation, a total of 09 siderophore producing
Pseudomonad strains were applied at the time of casing along with untreated check during the
years 2018 and 2019 at Experimental Farm, ICAR-VPKAS, Almora. Out of these, casing application
of VL Bioagent 9 strain (Pseudomonas sp. NARs9) resulted in 116.08% and 104.43% higher yield of
Macrocybe in comparison to untreated control, respectively. The pinhead initiation period was also
found to be less (7.5 and 7.0 days) in comparison to control (13.5 and 12.0 days). The promising VL
Bioagent 9 strain (Pseudomonas sp. NARs9) was demonstrated at farmer’s field by applying in
casing soil for enhanced yield of Macrocybe gigantea. The average yield recorded was 550g per
bag (85% biological efficiency) against 305g of un-inoculated control.
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IL02(4C): Evaluation of various Button Mushroom strains under Haryana
conditions

Ajay Singh1*, Harjot Singh1, Vikash Kumar1, Vishal Gandhi2 and Swati Verma1

Regional Mushroom Research Centre, Maharana Pratap Horticultural University, Murthal, Haryana, India
Maharana Pratap Horticultural University, Karnal - 132001, Haryana, India
*Email: mhumurthal@gmail.com

Agaricus bisporus commonly known as white button mushroom is most popular and commercially
cultivated in India. The development of improved strains of A. bisporus is a continuous process to
get better production. Selection of superior strains through evaluation among available germplasm
appears to be one of the way of improving crop yield without increasing cost of production. Keeping
this in view, ten strains of A. bisporus (IVTB-20-01, IVTB-20-02,IVTB-20-03, IVTB-20-04, IVTB-20-
04, IVTB-20-05, IVTB-20-06, IVTB-20-07, IVTB-20-08, IVTB-20-09 and IVTB-20-10) were screened
for their yield potential in Haryana conditions during 2020-2021. Cultivation was carried on short
method compost using wheat straw as substrate. Basic data of ready Compost pH (7.7), Nitrogen
(1.8), moisture 67% and colour (dark brown) was recorded during the course of study. Out of 10
button strains, IVTB-20-09 (13.25 kg/100 kg compost) gave maximum yield followed by IVTB-20-06
(11.75 kg/100kg compost) in four weeks cropping. Average fruit body weight was found maximum in
IVTB-20-06 (25.55 gm) followed by IVTB-20-05 (23.87 gm). Time taken to first harvest (days post
casing) was found early in IVTB-20-09 (27.80 days) followed by NBS 05-1084 (29.80 days).

Oral Presentations

OP01(4C): Evaluation of different fungicides, botanicals and bio-agents for the
Integrated Disease Management of Curvularia leaf spot of Maize caused by
Curvularia lunata

Tarun Kumar Jatwa1*, S.S. Sharma2, Akansha Deora1, Neeraj K Meena2, Kalpana Yadav2, Jugal Kishor
Silla1, Poonam Yadav2 and Anil Kumar Sharma2

1Division of Plant Pathology, Rajasthan Agricultural Research Institute (SKNAU), Durgapura, Jaipur - 302018,
Rajasthan, Inida
2Department of Plant Pathology, Rajasthan Collage of Agriculture (MPUAT), Udaipur - 313001, Rajasthan,
India
*Email: tkjatwa.ppath@sknau.ac.in

This study was done in Udaipur in In vitro and In vivo conditions to explore the approaches of inte-
grated management of curvularia leaf spot of maize caused by Curvularia lunata. In vitro evaluation
of fungicides like Propiconazole, Tebuconazole and Hexaconazole + Zineb showed 100% growth
inhibition among tested treatments. Among botanicals, NSKE and garlic showed maximum growth
inhibition than others. Trichoderma harzianum (TH-3) and Trichoderma viride (TV-3) revealed better
results among bio-agents. In field case, the lowest PDI (8.97%) was recorded with application of
Hexaconazole 4% + Zineb 68% @0.2% + NSKE @15% giving yield of 1194.83 g/plot with a gain of
26.1% yield over control followed by the reduced concentrations (0.1% + 10%) of same combination
with 13.37% PDI producing 1186 g/plot yield. After them, a combination of Hexaconazole 4% + Zineb
68% @0.1% & 0.2% + garlic @10% & 15%, respectively gave fair results with PDI 16.38% and
11.94%, respectively and yield of 1117 g/plot and 1138.17 g/plot,  respectively with a gain of 21.1%
yield over control. The least satisfying combination was Trichoderma viride TV-3 @1% and 2% con-
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centrations with PDI 41.95% and 38.33%, respectively and 993 g/plot and 1015 g/plot yields, re-
spectively followed by the treatment of Garlic @10% and 15% concentrations with PDI 41.38% and
32.99%, respectively and yield 1014 g/plot and 1021 g/plot, respectively. Thus, this disease can be
efficiently managed by adopting the IDM approach through the combined application of Hexaconazole
4% + Zineb 68% @0..1% and 0.2% + NSKE @10% & 15%, respectively with the tested source of
resistance to avoid yield losses.

OP02(4C): Exploiting the potential of lactobacillus species to produce mushroom
hydrolysates and BAPs from matured edible mushrooms

Arjumand Zahoor, Sachin Gupta* and Moni Gupta
Division of Biochemistry, Division of Plant Pathology, Sher-e-Kashmir University of Agricultural Sciences and
Technology of Jammu, Jammu - 180009, Jammu & Kashmir, India
*Email: sachinmoni@gmail.com

Edible mushrooms have excelled as a source of high proteins due to their low-fat content and ab-
sence of cholesterol. Mushroom bioactive proteins have drawn significant attention in medical appli-
cations due to their anti-inflammatory, antidiabetic, antioxidant, cardiovascular, hepatoprotective
and anticancer potentials. Bioactive properties of mushroom proteins are significantly enhanced by
enzymatic hydrolysis, playing a crucial role in physiological processes along with development of
drugs and drug-related compounds. The present study focused on edible mushrooms viz  Agaricus
bisporus and Pleurotus species. The crude protein was extracted from matured fruit body which was
further concentrated using  using 10% TCA and was hydrolysed using lactobacillus species (Lacto-
bacillus acidophilus and lactobacillus brewis). Optimization of degree of hydrolysis was done using a
chemical orthopthalaldehyde (OPA) to screen effective bioactive peptides. Highest degree of hy-
drolysis (6.86%) was obtained in the sample Agaricus bisporus optimized with ph 6.0, temperature
37¿C and Lactobacillus acidophilus (6.84 CFUs / 500ul) and Lactobacillus brewis (44.5 CFUs/2.5ul).
The bioactive peptides of these hydrolysed samples were profiled by running the SDS-PAGE with
12% resolving and 5% stacking gel.

OP03(4C): Scope and status of oyster mushroom cultivation in India

Rakesh Kumar Chugh1 and Ajay Singh Yadav2*
1Department of Plant Pathology, CCS Haryana Agricultural University, Hisar - 125004, Haryana, India
2Regional Mushroom Research Centre, Maharana Pratap Horticultural University, Murthal, Haryana, India
*Email: drrakeshchugh@hau.ac.in

Edible mushrooms are currently in high demand for their medical benefits and therapeutic attributes,
in addition to their nutritional worth. Pleurotus sp. grows in temperate and tropical forests on dead
and decaying organic debris, wooden logs, and occasionally on dying deciduous or coniferous tree
trunks, and are easily artificially cultivated. It is the popular edible mushroom after button mush-
rooms at the global level. It is popularly known as ‘Dhingri’ in India. These mushrooms, unlike other
mushroom species, are the easiest, quickest, and cheapest to grow. It has cheap capital expendi-
tures, takes less time to prepare, and uses low-level production equipment, making it more profit-
able to cultivate than other mushrooms on a commercial scale. These mushrooms are appealing
because they can use a wide range of agricultural waste products and convert the lignocellulose
biomass into high-quality food, flavour, and nutritional value. The world production of all mushrooms
is about 40 million tonnes contributed largely by countries like China, the USA, the Netherlands,
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Poland, Spain, France, Italy, Ireland and Canada. India produces less than one per cent of mush-
rooms of total world mushroom production, with white button mushroom accounting for 73% of total
mushroom production, and other tropical mushrooms such as oyster mushroom (16%), paddy straw
mushroom(7%), and milky mushroom(3%) only of total mushroom production. Haryana is one of the
leading states in white button mushroom production contributing about 15 per cent of total mush-
room production in India. Among different mushrooms the world production of oyster mushrooms is
estimated to be about a million tonnes, the third-highest among other mushrooms at the world level.
China is responsible for about 85% of the total world production. In India, the cultivation of various
species of oyster mushroom began in the early 1960s. India annually produces about 21,000 tonnes
of this mushroom and is popularly grown in Madhya Pradesh, Andhra Pradesh, Orissa, Karnataka,
West Bengal, Maharashtra and North Eastern states. In Haryana the total production of oyster mush-
room is only 50 tonnes and but there is a great potential in Haryana to produce oyster mushrooms.
Edible mushrooms are currently in high demand for their medical benefits and therapeutic attributes,
in addition to their nutritional worth. Mushrooms are high in vitamin B, particularly niacin and ribofla-
vin, and have the greatest protein level of any vegetable. Fresh mushrooms have an average mois-
ture content of 85-90 per cent, 3.0 per cent protein, 4.0 per cent carbohydrates, 0.3-0.4 per cent
lipids, and 1.0 per cent minerals and vitamins. Mushrooms have many medicinal properties such as
antimicrobial, antiviral, anti-human immunodeficiency virus (HIV), antineoplastic, immunomodulatory,
anti-aging properties.antitumor, antimutagenic,antioxidant, hyperglycaemic, hypotensive, anti-inflam-
matory, hepatoprotective and hypocholesterolemic, Inflammation and platelet aggregation are in-
hibited by methanol preparations of P. florida. P. sajor-caju has hypertensive effects through its
active ingredients which affect the renin-angiotens in system. Oyster mushrooms are reported to
have high nutritional values. It has protein (25-30%), fat (2.5%), sugar (17-44%), mycocellulose (7-
38%) and mineral of about 8-12% (potassium, phosphorus, calcium and sodium). They also contain
folic acid, which aids in the treatment of anaemia. It is rich in B complex and Vitamin C. The Niacin
concentration is almost 10 times that of any other vegetable. The mushroom’s economic value is
mostly derived from its use as human food. Different species of temperate, tropical, and sub-tropical
mushrooms are farmed throughout India due to the varying agro-climate and plenty of farm waste.
Widespread malnutrition with the ever-increasing protein gap in our country has further necessi-
tated the search and cultivation of an alternative source of protein. As the production of pulses has
not kept pace with our needs, and there is an ever-increasing protein deficit and need for quality
food, mushroom growing is now developing as an important industry in several sections of our
country. Although Pleurotus is a popular mushroom in the country, most of the production relies on
a few species only. Despite rising demand, there is a scarcity of oyster mushrooms throughout the
year. As a result many oyster mushroom species which give production under different climates, may
be the ideal year-round oyster mushroom alternative. Among all the cultivated mushrooms Pleurotus
has the maximum number of commercially cultivated species suitable for round the year cultivation.
All the varieties or species of oyster mushrooms are edible except P. olearius and P. nidiformis which
are poisonous. Pleurotus Species commercially cultivated all over the world include P.ostreatus, P.
sajor-caju, P. florida, P. flabelltus, P. citrinopileatus, P. fossulatus, P. sapidus, P. membranaceous, P.
eous, P. cornucopiae, P. eryngii, etc. India produces about 600 million tonnes of crop residue each
year, with the majority being permitted to degrade naturally or burned on the spot. This may be used
to grow high-nutritive-value foods like oyster mushrooms, and the wasted mushroom substrate can
be turned into organic manure. Haryana produces around 22 million tonnes of whea and paddy
straw per year. In Haryana and neighbouring states, paddy straw burning in the fields is an issue
and it’s critical that efforts should be made for the best use of these straws in terms of both cost and
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environmental impact. Pasteurization of substrates is one of the most crucial factor to optimize the
yield of oyster mushrooms. Different states have different crop residues and even within a state, the
crops residues are different in different parts. Like in Haryana, in northern districts paddy and wheat
straws are the major crops wastes which can be used in oyster mushroom cultivation whereas in
southern Haryana, mustard, cotton wastes etc. are the major crop residues which may be used for
oyster cultivation. Standardization of technology of substrates preparation from different crop resi-
dues has not been recommended in most states of India. Successful cultivation of mushroom often
requires pasteurization of the substrate, before inoculation with spawn. In India, oyster mushroom
producers typically utilise chemicals for substrate pasteurisation, which are both expensive and
environmentally unfriendly. Other sources like solar energy, which is free and available throughout
the year, may be a better option for pasteurization but it requires exhaustive studies before any
recommendation. Similarly, hot water treatment provides a low-cost alternative to substrate
pasteurisation, which is an important pasteurisation approach. Use of different pasteurisation meth-
ods of different substrates like steam pasteurisation, hot-water treatment, and chemical sterilisation
with formalin are practised in different parts of India. Chemical sterilization is expensive and not eco-
friendly practice to cultivate oyster mushrooms. Steam pasteurization is also not becoming popular
because of high cost of establishment of structures or equipments. Hot water treatment or pasteur-
ization in chambers are the two best options but establishment of pasteurization chamber is beyond
reach of small farmer. Soaking of substrates in normal water (no hard water and neutral in pH) upto
12 hours (depends upon the substrate hardness) and then hot water treatment of substrates at 70
degree celcius for 20 minutes was found most effective for pasteurization of wheat and paddy straw.
It yielded early and maximum yield of P. florida and P. sajor-caju on paddy straw followed by wheat
straw. A profitable method of cultivation is not followed by oyster mushroom growers in India, gener-
ally due to lack of information on cultivation methods most suited to oyster mushrooms. In India, it is
primarily grown using the rack method in which bags are placed on the racks, which has very low
economic returns. Other methods of cultivation i.e. hanging rope system method was found to be
comparatively less costly and accommodated more bags per unit area and produced more yield .
Oyster mushroom farmers are now opting hanging method because there is no cost involved in
racks formation as well as a conducive climate is met in mushroom house for optimum growth,
maximum space for development of fruiting body which results in early spawn run, early pin head
formation, early harvest and higher yield. A mushroom grower in a thatched hut of 30x60 ft. can
accommodate about 1750 oyster mushroom bags in rack system but in hanging method about 2150
oyster mushroom bags can be accommodated which may give better returns to the oyster mush-
room growers.Various value added products like pickle, biscuits, cakes, nuggets, curry, soups,
pakoras, paranthas, rice pulav, fried oyster mushroom, mixed vegetables etc. can be prepared from
the fresh/dry oyster mushroom.

OP04(4C): OP01(4C): Development of improved strains of Calocybe spp. through
inter specific hybridization

S. Vijeth, G. Heera*, R. Ayisha, R.S. Aparna, P.R. Geetha Lekshmi, Joy Michal Johnson  and  Susha S. Thara
Kerala Agricultural University, Department of Plant Pathology, College of Agriculture, Vellayani - 695522,
Kerala, India
*Email: heera.g@kau.in

Milky mushroom (Calocybe indica P&C) is a widely, cultivated tropical edible mushroom in India after
button and oyster mushrooms. The milky white robust sporophores with high nutritive value, en-
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hanced shelf life and lucrative value have attracted the attention of mushroom consumers. It is a
explicit source of protein (17.2%), fibre (3.4%), vitamins and minerals. The development of new
strains of mushrooms can be achieved by introduction, selection, hybridisation and mutation etc.
The present study was undertaken for development of improved strains by inter specific hybridisation
between C. indica (parent1) and C. gambosa (parent2) by single spore crossing. Eleven single
spores, each were isolated from parent A and B  (A1 to A11 and B1 to B11). The single spore
crossing was done by dual culture technique between A1 to A11 with B1 to B11 through hyphal
anastomosis. 121 crosses were done with 42 compatible interactions indicated by barrage formation
while 79 crosses were incompatible. Among the twenty-two compatible crosses, four crosses (A1 x
B5, A2 x B4, A4 x B2 and A4 x B6) were selected based on the mycelial characters. In vivo experi-
ments were done by preparing the beds of the selected four interspecific crosses along with their
parents. The fruiting body production was observed only in hybrid A2B4. The parents A2 and B4
failed to produce any sporocarp.  The number of days taken for spawn run, pin head formation and
first harvest in hybrid A2B4 was comparable with C.indica and C.gambosa. The sporophores were
attractive, initially light brownish later turning to creamish white colour similar to C. gambosa. The
morphological characters of pileus and stipe showed similarity to C. gambosa. Hybrid A2B4 pro-
duced robust sporophores with an average sporophore weight of 84.75 g.  The biological efficiency
of A2B4 was 50.85 % compared to C. indica (61.59%) and C. gambosa (84.79). Molecular charac-
terization of interspecific hybrids and parents revealed that the hybrid A2B4 had 69.6 per cent and
54.5 per cent similarity with B4 (C. gambosa) and A2 (C. indica) respectively.

OP05(4C): Influence of different organic and inorganic supplements on yield and
biological efficiency of paddy straw mushroom (Volvariella volvaceae)

V. Gopinath1*, M. Elangovan2 and Mohan Kumar Biswas3

1Dr. Rajendra Prasad Central Agriculture University, Samastipur - 848125, Bihar, India
2ICAR-Indian Agriculture Research Institute, New Delhi - 110012, India
3Palli Siksha Bhavana, Visva Bharati Central University, Sriniketan - 731236, West Bengal, India
*Email: gopinathbalajicv@gmail.com

Mushrooms are known as the “meat” of the vegetable world which offers greater potential in produc-
ing more proteins per unit area of land, which is not possible by another form of source. Paddy straw
mushroom (Volvariella volvacea) is a fast-growing mushroom also known as “Warm Mushroom” be-
cause it grows at high temperature (20-35!) and the total crop cycle is completed within 3-4 weeks
period. This mushroom can use a wide range of cellulosic materials and the required C: N ratio is 40-
60, quite high in comparison to other cultivated mushrooms.  The experiment was mainly focused on
mushroom supplementation which is an agronomic process consisting of different organic and inor-
ganic amendments to the substrates with a substantial impact on biological efficiency and yield. The
addition of external nutrients increases the yield and biological efficiency. Various organic supple-
ments i.e. Water hyacinth, Rice flour, Gram dhal flour, Mustard oil cake, and inorganic supplement
(urea) were applied at 2% dry weight of substrate were applied to the substrate for evaluating their
effect on the biological efficiency of paddy straw mushroom. The highest yield and biological effi-
ciency (2452.2 g and 17.67%) were obtained from the substrate supplemented with 2% red gram
flour where the spawn run period was minimum (8 days) with a maximum average weight of sporo-
phore (29.7 g). Significant differences were observed among the treatments over control (1756.5g
and 13.7%) where spawn run period was maximum (10 days) and the average weight of sporophore
obtained is (15.6 g).
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OP06(4C): Influence of casing thickness on yield and biological efficiency of milky
white mushroom (Calocybe indica p&c)

M. Elangovan1*, V. Gopinath2 and Mohan Kumar Biswas3

1ICAR-Indian Agricultural Research Institute, New Delhi - 110012, India
2Dr.Rajendra Prasad Central Agricultural University, Samastipur - 848125, Bihar, India
3Palli Siksha Bhavana, Visva-Bharati Central University, Sriniketan - 731236, West Bengal, India
*Email: elangomarimuthu96@gmail.com

Mushrooms are also considered “White vegetables” and “Vegetable meat” because it contains a
high amount of proteins, vitamins, minerals, essential amino acids, carbohydrates, fibers, and less
amount of fat and absolutely free from cholesterol. Mushrooms help in the degradation and biocon-
version of lignocellulosic and agricultural wastes. Milky white mushroom (Calocybe indica) is one of
the fast-growing edible mushrooms and can cultivate easily by its simple cultivation methods. Com-
mercial cultivation is very easy in the areas where plenty of agricultural wastes are available in the
states like West Bengal, Orissa, Andhra Pradesh, Tamil Nadu, Kerala, and Karnataka. The tempera-
ture ranges of these areas are most suitable for the growing milky mushroom. The experiment was
mainly focused on the influence of casing thickness in the production of milky mushrooms. Casing
thicknesses of beds influenced the pinhead initiation, sporophore maturation period as well as yield
and biological efficiency of C.indica. Among the different casing thicknesses, the early primordia
initiation (11days) sporophore maturation (8.67 days) yield (717.5g), and biological efficiency (71.75%)
were obtained from 1.0" casing thickness beds and the lowest yield (447.9g) and biological effi-
ciency (44.79%) obtained from 0.5" thickness cased beds.

OP07(4C): Evaluation of strains of Lentinula edodes (Shiitake mushroom) under
Haryana conditions

Satish Kumar1*, Surjeet Singh1 and V.P. Sharma2

1Department of Plant Pathology, CCS Haryana Agricultural University, Hisar - 125004, Haryana, India
2Directorate of Mushroom Research, Chambaghat, Solan - 173213, Himachal Pradesh, India

*Email: skmehta2006@gmail.com

Shiitake mushroom (L. edodes) is popular in the world because of its taste, nutrition, medicinal
importance. China and Japan are the leading producers of this mushroom. It has copper, selenium,
potassium, manganese, magnesium, iron, phosphorus, eritadenine, beta-glucans, lentinans, Vitamin
D, thiamin, riboflavin, niacin, folate etc. This mushroom has large cap of 2 to 5 inches and vary in
colour from light to chocolate brown. It is also available in market in dry form. In India, its cultivation
is being done by a few mushroom growers only. The DMR Solan supplied four strains during 2017
and five strains during 2019 for testing their performance at AICRP (mushroom) centre, Hisar. During
2017, the saw dust was used as a substrate for its cultivation while in 2019 the wheat straw was used
as a substrate for their cultivation. The substrates were thoroughly soaked in water overnight, then
dried in shade so that it has is 55 per cent moisture and then supplemented with wheat bran @ 20%
and CaCO3 @ 1% on dry weight basis. The supplemented wet substrate was filled @ 1.5 kg /
polypropylene (PP) bag and autoclaved at 126o C for 2h. The autoclaved bags were cooled and
spawned asceptically @ 5% on wet weight basis. The inoculated bags were kept in incubation room
at 24oC till it turned to brown in colour. Then blocks from the bags were removed and dipped in
chilled water (4-50C) for about 10 minutes. After chilled water treatment, these were kept at a
temperature below 20oC. After fruits harvesting and giving rest period of 2 weeks, the blocks were
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again dipped in chilled water (4-50C) for about 10 minutes and kept in incubation room below 20
degree celcius till harvesting of fruit. There were five replications and 6 bags/replication and
randomized properly as per RBD design. The observations on yield kg/100 kg dry straw, time taken
for first harvest (days) and average fruit body weight (g) were recorded. In the year 2017, the
significantly highest yield (17.5kg/100kg dry substrate) was obtained from strain LE17-01 followed
by LE17-04 (17.3kg) which differed significantly as compared to other strains. The time taken for
first harvest was significantly lowest (97 days) in LE 17-03 followed by LE17-04 (99 days). The
average fruit body weight was maximum (10.7g) in LE17-01 followed by LE17-03 (10.2g). In the year
2019, among the five strains tested the highest yield of 37.3 kg/100 dry wheat straw was given by LE
19-02 and significantly lowest yield of 23.47 kg/100 kg dry straw by LE 19-05. The time taken for first
harvest was significantly lowest (79.6 days) in LE 19-01 as compared to other strains and it was
significantly high (85.5 days) in LE 19-03. The average fruit body weight was significantly lowest
(18.3 g) in LE 19-05 and highest (22.6 g) in LE 19-02.
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Satellite Workshop on Trichoderma and Gliocladium

KN01(TG2022): Whole-genus ecological genomics of Trichoderma: understanding
the origin of environmental opportunism

Irina S. Druzhinina
Microbiology and Applied Genomics Group, Research Area Biochemical Technology, Institute of Chemical,
Environmental and Bioscience Engineering, TU Wien, Vienna, Austria
Email: irina.s.druzhinina@mail.ru

Trichoderma (Hypocreales, Ascomycota) exhibits unique nutritional versatility forming biotrophic
interactions with fungi, animals, plants, and efficiently degrading lignocellulose and other natural
and synthetic polymers. The genus includes up to three hundred molecularly defined species, most
of which are rare and ecologically restricted. However, there is also a group of phylogenetically
unrelated species with a remarkable potential of environmental opportunism. Most of the commercial
products for the biological control of fungal pests contain soil-competent Trichoderma spp. bioeffectors
that either directly parasitizes plant pathogenic fungi or outrun them in the competition for the
resources. Being aggressive mycoparasites, these species devastate mushroom farms worldwide.
They are increasingly relevant for clinical microbiology as opportunistic pathogens of
immunocompromised humans, causing nosocomial infections. To understand the biological and
biochemical mechanisms underlying these characteristics of Trichoderma spp., we initiate the whole
genus comparative genomic and transcriptomic analyses of at least 300 isolates from taxonomically
defined clades, species and phylogenetic lone linages representing the broad spectrum of infrageneric
ecological versatility and biogeographic distribution. Here we will present the first results obtained
from the analysis of 60 newly sequenced and 15 previously available Trichoderma genomes, including
species with different ecology and biogeography.

IL01(TG2022): Trichoderma species of temperate climate- their characteristics
and ways of interaction with common wheat and its pathogens from
the Fusarium genus

Lidia Baszczyk*
Institute of Plant Genetics, Polish Academy of Sciences, Department of Plant Microbiomics, 34 Strzeszynska
street, 60-479 Poznan, Poland
*Email: lbla@igr.poznan.pl

Due to the lack of sufficient information on the biodiversity of Trichoderma / Hypocrea in Central
Europe, research was undertaken to isolate, identify and collect Trichoderma strains from various
biotopes and locations in this region of Europe with a temperate, warm, transitional climate. The
studies led to the collection of over 1,000 strains and the identification of 25 Trichoderma species or
species complexes. Bearing in mind the prospect of using Trichoderma in sustainable agriculture as
an alternative strategy in cereal disease management, the collection of Trichoderma species has
been thoroughly and comprehensively tested for their biological activity relative to common wheat
and against phytopathogenic Fusarium species. Biochemical, microbiological and microscopic
analyzes have led to the selection of strains with a different lifestyle and mode of nutrition, including
effective antagonists of Fusarium species, as well as strains representing a saprophytic lifestyle.
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Two of these Trichoderma strains / species with different modes of action were selected for further
multi-omic studies to understand their interactions with wheat plants. Based on these studies, the
ability of both Trichoderma species to colonize the surface and internal root tissues of wheat plants
was documented. Changes in the morphology and anatomical structure of the roots were observed,
including changes in the distribution of pectins and lignins in wheat plants treated
with Trichoderma fungi. Moreover, significant changes in the metabolome, proteome and
transcriptome of seedlings and adult wheat plants were detected as a result of interactions
with Trichoderma fungi. However, it was noted that the nature of these changes depends both on
the genotype / variety of the plant, its organ, developmental stage, growing conditions and
the Trichoderma species. Knowledge and understanding of the mechanism that underlies wheat’s
response to treatment with non-pathogenic Trichoderma species, detecting the dependence of these
reactions on environmental conditions, the genotypes of both communicating organisms, or the
duration of this relationship, may be useful in designing a new generation of targeted and specific
immune inducers and stimulants defense reactions of wheat plants, or bio-stimulants of development
and yielding of this economically important cereal.

OP01(TG2022): Trichoderma hamatum: endophyte from kale roots (Brassica
oleracea var. acephala) as a biotechnological tool in cruciferous plants

Jorge Poveda1*, Víctor M. Rodríguez2, María Díaz-Urbano2 and Pablo Velasco2

1Institute for Multidisciplinary Research in Applied Biology (IMAB), Universidad Pública de Navarra, Campus
Arrosadía, 31006 Pamplona, Spain
2Group of Genetics, Breeding and Biochemistry of Brassicas, Mision Biologica de Galicia (MBG-CSIC), 36143
Pontevedra, Spain
*Email: jorge.poveda@unavarra.es

Few studies have been carried out regarding the diversity of endophytic fungi in Brassica roots, no
studies having been developed in the species B. oleracea. In previous work, we isolated and
identified Trichoderma hamatum as a kale (Brassica oleracea var. acephala) roots endophyte. In
this study, we reported as T. hamatum is implicated in the activation of a systemic resistance that
caused kale plants to be significantly less affected by the phytopathogenic bacterium Xanthomonas
campestris. Subsequently, T. hamatum was used as a possible agricultural biostimulant in different
leafy Brassica crops. This work reported, for the first time, an increase in the productivity of kale,
cabbage and turnip greens by T. hamatum root inoculation. Furthermore, fungal inoculation reported
a significant increase in the content of total glucosinolates in cabbage and turnip greens (mainly
sinigrin and gluconapin, respectively), along with an increase in their antioxidant capacity. Finally,
we have raised the possible role of T. hamatum as an interplant communicator. Using the model
plant A. thaliana and the plant pathogens X. campestris and Sclerotinia sclerotiorum, we have been
able to report how T. hamatum acts as a communicator between neighboring plants by colonizing
the rhizosphere and its roots. After the attack of necrotrophic pathogens, the plant activates its
defenses and conditions root colonization by T. hamatum, implying a greater colonization of
neighboring plants, activating their systemic resistance.
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OP02(TG2022): Diversity of Trichoderma spp. in cultivated Agricultural fields of
southern Rajasthan

PP Jambhulkar1*, M Raja2, Bhumica Singh2 and Pratibha Sharma3

1Rani Lakshmi Bai Central Agricultural University, Jhansi
2Agricultural Research Station, MPUAT, Banswara
3SKN Agricultural University, Jobner- Jaipur

The southern part of Rajasthan was untouched to utilize the potential of its Trichoderma strains thus it was
necessary to first isolate, identify and characterize the Trichoderma spp. The first crop rhizosphere based
survey of Trichoderma species was conducted in 7 districts of Rajasthan state. The soil samples were
collected from diverse crop rhizosphere of cereals, pulses, vegetables and fruit plants. Eight species belonging
to rhizosphere of cultivated crops and orchards were identified based on molecular approach and morphological
characteristics. A total of 74 isolates were identified as Trichoderma. Among these 60 isolates were classified
into 8 species: Trichoderma brevicompactum (16), T. erinaceum (15), T. asperellum (12), T.harzianum
(13), T. atroviride (01), T. ghanense (01), T. longibrachiatum (01), T. hamatum (01). Isolation rate of
Trichoderma isolates from 273 varied soil samples was 27%. The relative dominance values calculated
showed that genus Trichoderma is not dominant in the soil samples. The dominance value of T.
brevicompactum, T. erinaceum, T. harzianum, T. asperellum was 0.016, 0.012, 0.01 and 0.008 respectively
which was very low as compared to standard dominance value (>0.02). These species can be distinguished
with other species by  having species specific features viz. different colony growth characteristics, colony
color, shape, size and arrangements of phialides, etc. Morphology and cultural characteristics were observed,
described and illustrated in detail. Their phylogenetic positions were determined by sequence analyses of
partial sequences of ITS region and Tef 1 á.

KN01(TG2022): Trichoderma-induced priming and heritable responses in plants

ME Morán-Diez, AE Martínez de Alba, M Illescas, A Pedrero-Méndez, MB Rubio, R Hermosa,  and E Monte
University of Salamanca, Spain 

Trichoderma is a common resident of the rhizosphere where it first evolved as a mycoparasite and
then established symbiotic relationships with plants, becoming an endophyte. Beyond the production
of cell wall degrading enzymes and antibiotic metabolites, main actors in biocontrol activity, a fine-
tuned crosstalk with the plants has allowed many strains of Trichoderma to carve out an advantageous
ecological niche while providing benefits to their hosts in terms of plant growth promotion and induction
of faster and stronger immune responses. This defense mechanism is known as priming and is
deployed to be effective against attack by pathogens and abiotic stresses. Priming of defenses is
regulated by transcription factors which in turn modulate a complex phytohormonal network that
provides defense or growth according to the needs of the moment. Therefore, results describing
different types of phytohormone-dependent plant defense triggered by Trichoderma may seem
contradictory as they tend to point to what happens at a fixed time, but the fact is that plant responses
to Trichoderma signals follow undulating dynamics, and the extent of priming depends on the timing
and conditions of each Trichoderma–plant interaction study. The molecular hubs that condition the
beneficial action that Trichoderma has on plants regulate the immediate and long-lasting systemic
responses and orchestrate the trade-off between plant growth and defense. In addition, the memory
of the Trichoderma signature reaches the seeds and can be passed on to the offspring. Moran-Diez et
al. (2021). Trichoderma and the plant heritable priming responses. J. Fungi 7, 318.
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IL01(TG2022): Success stories on transfer of Trichoderma based technology
from lab to land in tribal belt of North East India for the plant health management

Pranab Dutta*
School of Crop Protection, College of Post Graduate Studies in Agricultural Sciences, Umiam - 793013,
Meghalaya, India
*Email: pranabdutta74@gmail.com

Indigenous strains of Trichoderma  species  were isolated from the agro-ecological conditions of
North East India. Through a series of in vitro and in vivo experiment, potential strains
of Trichoderma spp. effective against six (6) soil borne fungal plant pathogens and root knot nematode
were identified. Mode of action of Trichoderma spp. was studied against all these targeted pathogens.
The potential Trichoderma strains showed compatible reaction with 6 other biocontrol agents, and
this helps to develop a consortial bioformulation with multiple functions. Study on tolerance to Al and
Fe toxicity, tolerance to different doses of fertilizers, Caseinase activity, alpha-amylase activity,
chitinase activity, P and Zn solubilization ability etc. showed encouraging results. The potential strains
showed positive results in siderophore production ability.  Continuous effort in different agroecological
conditions of NER, standardized a biointensive strategies and popularized among the farming
communities. More than 2000 farmers, extension personals and tea garden managers etc. were
trained on technical aspects of the technology and its field use. Technology adopter gained more
profit due to the result of higher yield with nutritious farm produce which have high shelf life etc.  The
farmers could fetch more income compared to the non-adopters and bankability increases. Many
adopters procured modern farm implements. This success opens a hope that the technology may
create a revolution among the farming communities of the nearby areas. Moreover, the low cost
technology has opened up a new vista for plant disease management and is likely to be a boon for
seed industries who would like to provide protection to seeds as well as plants against a large
number of seed, soil- borne and foliar diseases.

IL02(TG2022): Green vaccination: future applications for plant health and food
security 

Prashant Singh*
Institute of Science, Department of Botany, Banaras Hindu University, Varanasi - 221005, Uttar Pradesh, India
*Email: p.singh@bhu.ac.in 

In the absence of genetic resistance in crops, food production heavily depends on the use of
chemicals to control pathogens. Despite their effectiveness, chemicals-based plant defence has
detrimental environmental consequences and creates risks to the wider environment. Modern synthetic
chemicals usually have reduced environmental toxicity; however, they are expensive and only available
to advanced agricultural production systems. Moreover, as with antibiotics, the discovery of new
chemicals to control plant disease is difficult and extensive use of current agents may result in the
selection of pathogen strains tolerant to pesticides. Plants have evolved a sophisticated immune
system to resist pests and diseases. Apart from their innate immune system controlling pre-
programmed defence reactions, plants can also increase the responsiveness of their immune system
in response to selected environmental signals. This phenomenon is known as “defence priming”. Priming is
one of the most economical and effective modes of resistance because it prevents wasteful metabolic
consumption in plants. The fitness costs of priming are lower than those of constitutively activated
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defences, suggesting that priming functions as an ecological adaptation of the plant to respond
faster to a hostile environment. Although defence priming rarely provides full protection, its broad-
spectrum effectiveness, long lasting durability and inherited to future generations make it attractive
for integrated disease management. Plant defence priming and Transgenerational Immune Priming
(TGIP) will be discussed in relation to wheat crop improvement and sustainability.

KN01(TG2022): Interactive proteomics among Sugarcane, Colletotrichum
falcatum and Trichoderma harzianum – Platform for simultaneous identification
of antifungal, defense and pathogenicity related proteins

P. Malathi
Division of Crop Protection, ICAR-Sugarcane Breeding Institute, Coimbatore, Tamil Nadu, India, Coimbatore
641007 Tamil Nadu,India
Email: emalathi@yahoo.com

Molecular analyses on antagonistic suppression of Colletotrichum falcatum during ditrophic and
tritrophic interactions revealed differential expression of defense, antifungal and pathogenicity related
proteins. During tritrophic interaction, the growth and proliferation of T. harzianum over C.
falcatum was confirmed by suppression of symptom production, duplex PCR, tissue bioassay, and
microscopic observations. Results on proteomic analysis revealed that, most of the differentially
expressed proteins involved during three way interaction were found to be of sugarcane origin and
were categorized into defense and stress responsive proteins, metabolism,  signaling etc. However,
important finding in the study was the suppression of pathogenicity related proteins of C. falcatum viz.,
cytochrome p450 and Hsp20. Since these proteins could not be traced in standing canes, proteomic
analyses on two-way interaction of C. falcatum and T. harzianum on sugarcane tissue was
subsequently performed. Results from this study, showed expression of 17 unique protein spots
which were found to be defence and stress responsive proteins viz., disulfide isomerase, pyruvate
decarboxylase, peroxidase, Hex1, Cu/zn superoxide dismutase, hypothetical protein etc., of T.
harzianum. Like antagonistic isolates, C. falcatum also expressed superoxide dismutase proteins
and Hypothetical proteins during the two way interaction. Expression analysis of transcripts of the
identified proteins revealed that, defence genes of sugarcane and candidate genes of T.
harzianum were upregulated and correspondingly the pathogenicity related proteins were down
regulated during tritrophic interaction. These results clearly established that the antagonistic fungus
directly act on the pathogenicity genes/ proteins of its host, makes it less pathogenic on sugarcane
and leading to the interaction as a suppressed phenotype of the disease. 
  

KN01(TG2022): Multifunctional secondary metabolites from Trichoderma
spp. and its applications

Pratibha Sharma
President- Indian Phytopathological Society- New Delhi and Department of Plant Pathology, Sri Karan Narendra
Agriculture University, Jobner- Jaipur- 303328, Rajasthan- INDIA
Email: psharma032003@yahoo.co.in

Species of the genus Trichoderma are well known for their ability to inhabit diverse environmental
conditions and are known to involve in mutual interactions with other organisms specially plants.
Trichoderma spp. are also known filamentous ascomycetes due to their biological control activity
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and great adaptability to various ecological conditions. Secondary metabolites (SMs) from
microorganisms may have an antifungal role against agriculturally important phytopathogenic fungi.
Trichoderma spp. are prolific producers of secondary metabolites which enrich many associated
genes in their genomes which are involved during interactions with pathogen and plant. There are
diverse range of secondary metabolites produced by Trichoderma spp. are characterized in to following
classes like, terpenes, pyrones, gliotoxin, gliovirin, Koninginins, Pyrones, Viridins, Butenolides,
Hydroxy-Lactones, Peptaibols, etc and their responsible genes and their products plays an vital role
in biocontrol activity through cell wall degradation of pathogens, abiotic and biotic stress tolerance
to host plants. The metabolites produced by these fungi which interact with the plant defense
mechanism and involved in induced systemic resistance in plants. Identification of novel metabolic
biosynthetic genes/gene clusters from Trichoderma spp. will helps to the better elucidation of
biosynthetic pathways in host system against major phytopathogens in future.

KN01(TG2022): Trichoderma spp. in the mitigation of stresses in plants, their
commercialization for sustainable agriculture and rural prosperity

R.N. Pandey*
Department of Plant Pathology, B. A. College of Agriculture, Anand Agricultural University, Anand -388 110,
India
*Past President, IPS, & Professor & Head (Retd.);
Email: pande56@gmail.com

Trichoderma spp. viz., Trichoderma viride, T. harzianum, T. asperellum, etc. have been found quite
effective in mitigating biotic stresses viz. seed - and soil- borne diseases of crops viz. wilt (Fusarium
spp.), root rot (M. phaseolina, R. solani), collar rot (A. niger), etc., which usually cause huge
quantitative and qualitative yield losses in crops. These bio-agents are also efficient in mitigating
the abiotic stresses of the plants viz. extreme temperatures, drought, salinity, allelopathic effects,
oxidative stress, etc. These are efficient colonizers, promote plant growth & root development, induce
systemic resistance (ISR); besides, managing farm and urban organic wastes by decomposing them
with their efficient cell wall degrading enzymes and making the nutrients available for plant growth.
The use of bio- agents to manage soil and plant health is the present day need for eco-friendly &
sustainable crop production; reduction of cost of cultivation and remunerative return of agricultural
produce; generation of employment through their commercialization, etc. Thus, it is the best sector
for improving socio-economic status of farmers and nations to become prosperous and self-reliant.
Mass production technologies of the bio-agents i.e. fermentation, formulations, delivery systems,
etc. are now available. Commercial production of these has now emerged as a potential sector for
employment generation, where millions of skilled persons will be required at different levels in coming
decades,  particularly in developing world, where unemployment among the youths are the emerging problem.
ICAR, SAU’s have introduced ELP’s for the students to become entrepreneurs. The KVK’s, NIPHM, etc.
impart trainings to entrepreneurs/ farmers for establishing bio-agents production units. Being a Sun rise
sector, the funding agencies viz. RKVY, DBT, DST, NHM, Banks, NFSM, Central & State Govt., etc. need to
support farmers, entrepreneurs, NGO’s, SHGs, etc. for hands on training in the production process and to
establish bio-agents production units. The funding agencies should also establish ‘Bio-resource complex’
for production, training and guidance of needy HR. Besides, collaborative research groups should be
established nation-wise as well as globally for innovative quality product development for the efficient use in
the agriculture.
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OP01(TG2022): Assessing the efficacy of Trichoderma asperellum against different
pathogens of medicinal plants

Dinesh Rai, SK Singh and Nidhi Singh2

Dr. Rajendra Prasad Central Agricultural University, Pusa, Samastipur – 848125, Bihar
2 M.Sc.(Ag.) Student, Plant Pathology

The present study was performed to assess the efficacy of the local Trichoderma asperellum strain
against different isolated pathogens from important medicinal plants in-vitro and in field conditions
against leaf spot disease of Tulsi. In vitro study, Trichoderma asperellum was evaluated against 10
different plant pathogens of medicinal plants namely Ashwagandha (Alternaria sp.  and Fusarium
solani), Sarpgandha (Colletotrichum sp.  and Alternaria sp. Tulsi (Colletotrichum sp. and
 Alternaria sp, Mint (Curvularia sp.  and Alternaria sp.), Mandukparni (Cochliobolus sp.
and Alternaria sp.). After 144 hours, maximum inhibition was shown against Fusarium solani where
the radial growth was recorded to be 15.10 mm with control having 35.10 mm growth, indicating the
reduction in percent growth by 56.36 per cent. This was followed by inhibition of Cochliobolus sp.
where the radial growth of the pathogen was recorded to be 14.13 mm with control having 31.67 mm
growth, indicating the reduction in percent growth by 55.38 per cent. T. asperellum was also found
effective against Alternaria sp. isolated from Ashwagandha (53.06%), Alternaria sp. from Sarpagandha
(53.51%), and Curvularia sp. (52.12%). The FYM enriched with Trichoderma, seedling treatment
with Trichoderma followed by foliar spray of neemoil and fungicide were tested in the field against
Leaf spot of Tulsi caused by Alternaria alternata. The treatment (T5), Soil application of FYM (1.0
kg/m2) enriched with Trichoderma asperellum + Pseudomonas fluorescence talc based formulation
each @ 2.0% at planting time+ three sprays of mancozeb @ 0.25%  with 15 days interval on the
onset of disease symptoms  was found highly effective in minimising the per cent disease index
(10.37%) followed by Treatment (6) Soil application of FYM (1.0 kg/m2) enriched with Trichoderma
asperellum + Pseudomonas fluorescence talc based formulation each @ 2.0% at planting time +three
sprays of with Bordeaux mixture@ 0.5% at 15 days interval on the onset of disease symptoms and
both the treatment were at par with each other. Maximum per cent disease index recorded (41.48%)
in control. Maximum fresh weight observed in treatment. The result may imply that FYM enriched
with Trichoderma asperellum  could be effective and can be incorporated in IDM programs for the
eco-friendly disease management in tulsi.

OP02(TG2022): Mitigation of drought stress by Trichoderma harzianum
through seed biopriming

Morajdhwaj Singh* and Ramji Singh*

*School of Agricultural Sciences, Raffles University, Neemrana, Rajasthan-India
*Department of Plant Pathology, Sardar Vallabhbhai Patel University of Agriculture & Technology, Meerut –
250110, India
*Email: morajsinghcsa@gmail.com

Wheat, the world’s most important food crop in terms of production and consumption, serves as the
prime item in the diet of millions of people. Production of wheat in India is limited by several biotic and
abiotic stresses. The present study has been focused to investigate the effect of antagonist fungus viz
Trichoderma harzianum for drought stress management, abiotic stress, in wheat. Wheat seed biopriming
with T. harzianum, enhanced drought resistance by affecting stomatal conductance, net
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photosynthesis, proline content, chlorophyll content, catalase, and peroxidase activity. Out of several
strains of T. harzianum collected from different locations of Uttar Pradesh and from various crop’s
rhizosphere, the most superior six strains (viz. IRRI-1, Th-3, Th-21, Th-26, Th-28, and Th-30), on
the basis of their growth rate were selected. These selected strains were applied as seed bio-
priming to test their efficacy to enhance drought tolerance in wheat at the stem elongation/jointing
stage. With strains IRRI-1and Th-3, after 14 days of exposure to drought, maximum shoot length,
root length, leaf area index, flag leaf area, relative water content, membrane stability index, chlorophyll
content, proline content, catalase, and peroxidase activity were observed as 83.80 cm, 23.60 cm,
37.91, 31.76, 71.23, 66.36, 45.60, 11.50 µ mol g-1, 104.69 and 202.02 unit with IRRI-1 and 74.30
cm, 19.90 cm, 32.69, 30.82, 66.89, 63.83, 42.60, 12.40, 98.25 and 189.45 with Th-3, respectively.
  IRRI-1and TH-3 strains of T. harzianum have been found to be effective in providing drought
tolerance in wheat plants by decreasing the proline content and by enhancing the total chlorophyll
content, relative water content, membrane stability index, and biochemical properties i.e. catalase
and peroxidase activity in wheat plants.

OP03(TG2022): Trichoderma harzianum – a potential bio control agent for
management of stem and pod rot disease of Groundnut

UM Vyas, DS Kelaiya, Dhruvi Suvagiya, BB Golakiya and Pinal Vekariya
Main Oilseeds Research Station, Junagadh Agricultural University, Junagadh  362 001 (Gujarat)
India.
Email: baazraz@jau.in

Trichoderma harzianum is a free living soil inhabiting fungus and is a potent biological control agent
used successfully against various plant pathogenic fungi. Plant growth promoting capacities to plant
substrates can help reduce the input of chemical pesticides and fertil izers in
agriculture. Trichoderma strains solubilize phosphates and micronutrients. Trichoderma spp. grow
in the rhizosphere and are capable of penetrating and internally colonizing plant roots. Groundnut is
a major legume and important oil seed crop of Saurashtra region of Gujarat. Farmer’s economy
mostly depends on groundnut productivity. Major soil borne diseases of groundnut are stem and
pod rot, root rot, aflarot and collar rot. Out of all, stem rot caused by Sclerotium rolfsii is of prime
significance and is an economically important. This soil borne pathogen has a wider host range such
as wheat, sunflower, mungbean, sugar beet, tomato, lentil, cabbage and cauliflower. A trial was
conducted to test the biocontrol Efficacy of T. harzianum against S. rolfsii -stem and pod rot disease of
groundnut, under field condition in cultivar GG-20 for four consecutive years 2017-2020. Trichoderma was
applied in different ways: application with carriers and application by spray pumps or irrigation water. 
Application of T. harzianum lead to significant reduction in stem and pod rot disease with mean reduction of
69.84%, 73.67%, 60.63% and 84.57% during 2017, 2018, 2019 and 2020, respectively. The mean disease
reduction recorded was 72.18%. The application of T. harzianum also increased pod yield with 25.48%,
28.92%, 12.37% and 34.48%, respectively for study period with an overall increase in pod yield of
25.31%.
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OP04(TG2022): Seed Biopriming and soil application of Trichoderma
viride enriched vermicompost for management of wilt and collar rot complex
disease of Chickpea 

D. L. Yadav*, Rajendra Singh Choudhary and Pratap Singh
Biopesticide (Trichoderma viride) Unit, Agricultural Research Station, Ummedganj,
Agriculture University, Kota-324001
*Email: dlaau21@gmail.com
 
Chickpea (Cicer arietinum L.) of Family: Leguminosae is the premier legume crop grown widely in
the Indian subcontinent. Chickpea suffers mainly with wilt (Fusarium oxysporum f. sp. ciceri) and
collar rot (Sclerotium rolfsii) which are mainly soil and seed borne in nature. In vitro application of T.
viride, T. harzianum and T. virens conidial suspension to chickpea seeds gave significant results with
high plumule length and radical length. The seedling emergence and vigour index were significantly
high in all treatments compared to pathogen check. Among the treatments, seed biopriming application
of T. viride along with soil application of vermicompost enriched T. viride resulted in better seedling
emergence and highest vigour index, followed by seed biopriming application of T. viride alone with
seedling emergence and high vigour index.

OP05(TG2022): Rhizospheric Microbes in defense and PGP activities- A step
towards Sustainable Agriculture

Ankita Sarkar*, Saroj Belbase, Lovkush Satnami and Rakhi Rathore
Department of Mycology and Plant Pathology, IAS, BHU, Varanasi- 221005, Uttar Pradesh, INDIA
*Email: ankitasarkar@bhu.ac.in

Pulses are important food crops globally due to higher availability of protein content, occupying
important group in India after cereals and oilseed, responsible for yielding large financial gains.
 Among a dozen of pulses grown in India, Chickpea and pigeonpea are the leading crops. However,
the crop is encountered by several diseases among which Fusarium wilt is a prominent one and
considered as a major biotic constraint in almost all the chickpea and pigeonpea growing areas. The
injudicious use of chemicals for enhancing the plant growth and controlling the disease has caused
a detrimental effect on soil, plant, environment and human health. The present study was carried
out to check the effectiveness in plant growth promoting activities of three compatible rhizospheric
microbes namely Pseudomonas fluorescens (OKC), Ochrobacterum spp (SBF, TKF 11), Trichoderma
spp. (T-40, K1 and K2) in enhancing the plant growth and biosynthesizing phenolic compounds in
chickpea and pigeonpea under the challenge condition of Fusarium udum. In-vitro assay was carried
out for plant growth promotion attributes. It was observed that OKC expressed the positive result in
phosphate solubilizing test by producing a clear halo zone around the bacterial colony. Also, OKC, SBF,
TKF - 11 and T-40 was able to change the colour from light yellow to dark yellow in colour. The intensity of
change in colour indicated the amount of production of ammonia. Trichoderma spp. (K1 and T-40) were
able to synthesis HCN showing a positive indication of the experiment. The gelatin liquification test was
carried out where OKC, SBF and TKF-11 had a positive result. All the isolates of Trichoderma spp. were
able to show positive result for siderophore production test. Zinc solubilization was observed in case of OKC
and two Trichoderma spp. (K1 and K2). The microbes were applied as seed treatment in two sets and
pathogen was inoculated in one set after 21 days of sowing. The further experiment was carried out
to analyze the presence of Phenylalanine Ammonia Lyase (PAL) enzyme, Total Phenolic Content
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(TPC), Peroxidase (PO) and Catalase (CAT) enzyme from the leaf tissue and relative difference
between primed + pathogen challenged and non-primed + pathogen challenged plants was observed.

OP06(TG2022): Management of tomato damping off disease in the nursery
through biocontrol agent

Kishor Chand Kumhar1, Kuldeep Kumar2 and Indu Arora2

1Deendayal Upadhyay Centre of Excellence for Organic Farming, 2Department of Vegetable Science, CCS
Haryaya Agricultural University, Hisar

Among the biocontrol agents used in agriculture to protect the crops from various diseases,
genus Trichoderma has been emerged as superstar. It is naturally occurring fungus which is well
capable of managing various fungal phytopathogens especially soil borne such as species
of Fusarium, Pythium, Phytophthora and many more. Looking in to its effectiveness, an experiment
was planned and executed at research area of Department of Vegetable science, Chaudhary Charan
Singh Haryana Agricultural University, Hisar during 2020-21 crop season. There were seven treatments
i.e. T1-Soil application of T. harzianum, T2-Soil drenching of T. harzianum, T3-Seed
treatment T. harzianum, T4-FYM + T. harzianum, T5- Carbendazim drenching, T6-
Vermicompost+ T. harzianum andT7-Untreated control, each treatment was replicated thrice and
plot size was 90 cm x 100 cm for each treatment. The enrichment of farmyard manure and
vermicompost with T. harzianum was done 15 days before sowing and drenching was done at the
appearance of the disease. Observations on seed germination and damping off disease were recorded
after 20 and 40 days of sowing. Results revealed that T. harzianum when applied as soil application,
seed treatment, drenching, and enrichment of farmyard manure as well as vermicompost could
enhance the tomato seed germination and effectively reduced the damping off disease of tomato in
comparison with control. The seed germination ranged from 68.0 to 82.7 per cent which was higher
than control (64.7). Damping off incidence was recorded from 10.54 to 16.18 per cent against 24.74
per cent in control indicated that the antagonist is capable of managing disease in nursery when
applied in various ways and it could be an alternate strategy for managing this disease.

OP07(TG2022): Myco-parasitic activity of Trichoderma harzianum against soil
and seed-borne disease of lentil caused by Fusarium oxysporum f. sp. lentis

Shaily Javeria1, 2*, Amit C Kharkwal1, Atul Kumar2, Shailendra Jha3, Gyan P Mishra3, and Pratibha Sharma4

1Amity Institute of Microbial Technology, Amity University, Noida, U.P. India- 201 313
2Division of Seed Science and Technology, ICAR-IARI, New Delhi, India- 110 012
3Division of Genetics, ICAR-IARI, New Delhi, India- 110 012
4Department of Plant Pathology, College of Agriculture, SKNAU, Jobner, Rajasthan, India -303 328
*E-mail: shailyjaveria@gmail.com

Fusarium wilt caused by Fusarium oxysporum f. sp. lentis (Fol) has been considered a destructive
soil-borne disease of lentil. The super-coiling structure of Trichoderma hyphae was observed over the hyphae
of Fol under a scanning electron microscope, which proves its mycoparasitism activity. T. harzianum isolates
were further studied for the production of phytohormones i.e. IAA and GA3, Th3, and ThL-4 isolates gave
maximum production of phytohormones. Optimum production of chitinase and â-1,3 glucanase enzymes
against Fol isolates were found at 96 h of incubation and maximum activity was shown by isolate Th3 i.e.
9.16 and 2.86 U/mg protein, respectively. T. harzianum isolates also induced defense enzymes (PO,
PPO, and SOD) in lentil when exposed to Fol. It was found that T. harzianum (Th3 and ThL-4) induced
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higher levels of defense enzymes. The expression pattern of the chitinase gene, from T.
harzianum strains Thl-4 and Th3 were analyzed using real-time PCR during interaction with Fol.
The chitinase gene was upregulated 5 to 7 folds (Thl-4 and Th3, respectively) during the interaction.
The maximum germination percentage of lentil seeds in 2017-18 and 2018-19 was observed by
isolate Th3 (91.2 and 92.4%, respectively) followed by the isolate ThL-4 in both the years (90.0 and
91.6%, respectively). The maximum disease was controlled by isolate Th3 i.e. 57.28% in 2017-18
and 59.47% in 2018-19 followed by isolate ThL-4 i.e. 55.60% in 2017-18 and 53.15% in 2018-19
over the control. This study proposes the use of rhizospheric T. harzianum isolates for better and
all-around protection of plants against soil and seed-borne phytopathogens. The isolates Th3 and
ThL-4 can be utilized to formulate bio-fungicides which are the need of the hour as far as disease
management is concerned.

OP08(TG2022): In vitro efficacy of bio-control agents on growth inhibition
of Fusarium oxysporum f.sp. lycopersici and Sclerotium rolfsii Sacc. causing wilt
and collar rot of tomato and brinjal, respectively

RR Chavan, CV Ambadkar* and MG Patil
Department of Plant Pathology, College of Agriculture. VNMKV, Parbhani - 431402,
Email: cvambadkar@gmail.com

A study was undertaken to investigate the efficacy of bio agents in the management of wilt of tomato
and collar rot of brinjal.  Growth inhibition of fungus Fusarium oxysporum  f.sp. lycopersici and
Sclerotium rolfsii Sacc. causing wilt and collar rot were studied in vitro for determining the efficacy of
seven fungal bioagents. The maximum per cent inhibition of mycelial growth of F. oxysporum f.
sp. lycopersici was observed in treatment of T. harzianum (54.33%) followed by T. hamatum (52.03%),
M. anisopliae (50.03%), T. virens (32.07%), T. asperellum (27.55%) and P. lilacinus (19.03%). Among
all bioagent tested least per cent inhibition of the pathogen was observed in treatment of V.
lecanii (16.47%). Similarly, the maximum per cent inhibition of mycelial growth of Sclerotium
rolfsii Sacc. was observed in treatment of T. harzianum (54.14%) followed by T. virens (52.03%), T.
asperellum(42.99%), T. hamatum (40.99%), M. anisopliae  (32.11%) and P. lilacinus (23.51%). Among all
bioagent tested least per cent inhibition of the pathogen was observed in treatment of V. lecanii (15.62%).

OP09(TG2022): In vitro efficacy of bio-agents and essential oils against C.
musae causing post harvest fruit rot of banana (Musa paradisiaca L)

Sunita J Magar*, Abin CA and SD Somwanshi
Department of Plant Pathology, College of Agriculture, Latur – 413512  VNMKV, Parbhani (M.S)
*Email: sunitamagar739@gmail.com

Banana fruit rot is a devastating post harvest disease causing economic loss. The present study
was conducted to determine the antagonistic activity of nine bio-agents against Colletotrichum musae.
Among the nine bio-agents tested, Trichoderma asperellum was found the most effective and recorded
highest mycelial inhibition (77.29%) followed by Trichoderma hamatum (76.00%), Trichoderma
koningii (75.81%), Trichoderma harzianum (68.47%), Aspergillus niger (66.25%), Pseudomonas
fluorescens (48.51%), Metarhizium anisopliae (64.51%), Bacillus subtilis (45.77%) and Verticillium
lecani (25.63%), respectively. Among the essential oils tested at 10% concentration, Eucalyptus oil,
Citronella oil and Mint oil exhibited 100% mycelial growth inhibition followed by Neem oil (63.66%),
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Mustard oil (48.77%), Clove oil (42.92%), Sesame oil (35.66%), and Castor oil (33.81%), respectively
and for essential oils tested at 20% concentration, Eucalyptus oil, Citronella oil and Mint oil exhibited
100% mycelial growth inhibition followed by Neem oil ( 66.81%), Sesame oil (58.55%), Mustard oil
(56.47%), Clove oil (50.07%) and Castor oil (41.85%), respectively.

OP10(TG2022): Biocontrol action of Trichoderma spp. in reducing Fusarium wilt
disease and promoting plant growth of Tomato

Nasreen Musheer, Anam Choudhary and Sajjad Khan

Department of Agricultural Sciences, Glocal University, Saharanpur, Uttar Pradesh, India, Pin-247121.

Trichoderma spp. has long been used as biological control agents offer direct and indirect mechanisms
to control various soil-borne pathogens including  Fusarium oxysporum, which confers a better
component in plant protection than fungicides. The aim of the study is to reduce the pathogen
colonization rate (colony-forming unit (CFU) / g soil) that correlated with Trichoderma CFU/ g of soil
tomato. Efficacy of the local isolates of Trichoderma species was assessed to promote the growth
and yield parameters of tomato and to manage Fusarium wilt disease under field conditions. The
pathogen that causes the Fusarium wilt of tomato, was isolated and identified as Fusarium oxysporum f.
sp. lycopersici (FOL). Four native Trichoderma viz., harzianum, viride, virens and koningii were
isolated from healthy tomato rhizosphere filed soil, Aligarh Muslim University, India. For field
experiments, soil application of T. harzianum at 4g/m2 exhibited minimum Fusarium wilt disease
severity of 22.17% in 2019 and 21.56% in 2020 followed by T. viride (25.41 and 24.39%), T.
virens (28.51 and 29.65 %), and T. koningii (31.24 and 30.23 %) in both years of cropping
respectively. Besides, T. harzianum showed good potential in controlling wilt disease severity, it
promotes higher shoot length and yield I trial 58.26 cm and 456 g tomato per plant whereas in II trial
were recorded as 60.23 cm and 475 g tomato per plant respectively than other species
of Trichoderma over control. Thus, T. harzianum was found most promising with biocontrol action.
This study concludes that the biocontrol agents particularly local isolate of Trichoderma species
might be exploited for sustainable disease management programs to prevent the environmental risk
of agrochemical toxic residues.

OP11(TG2022): Effect of pre and early post emergence application of herbicides
in cumin on Trichoderma applied in soil

DS Kelaiya, UM Vyas, Dhruvi Suvagiya, Pinal Vekariya and B B Golakiya
Main Oilseeds Research Station, Junagadh Agricultural University
Junagadh 362 001 (Gujarat) India.
Email: dsk@jau.in

The wilt caused by Fusarium oxysporum f.sp. cumini is a serious disease of cumin (Cuminum
cyminum L.) in India and has been reported as a problem limiting cumin production worldwide. Hence,
we have tested Trichoderma under in vitro and further it requires to be studied under field condition.
Highest Trichoderma population (104.67 x 104 cfug1), maximum seed yield (1127 kg/ha) and maximum
net return (Rs. 54233/ha) was recorded in the soil application of  T. harzianum @ 5 kg in 500 kg of
castor cake/ha and application of  T. harzianum @ 5 kg/ha in 100 kg sand one month after germination
of crop followed by pre-emergence spray of pendimethalin @ 0.9 kg a.i./ha  at 2DAS + soil application
of  T. harzianum @ 5 kg in 500 kg of castor cake/ha and application of  T. harzianum @ 5 kg/ha in
100 kg sand one month after germination of crop (89.50 x 104 cfug1, 1005 kg/ha and Rs. 40,695/
ha, respectively).
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OP12(TG2022): Assessment of antagonistic potential and plant growth promoting
traits of native Trichoderma species against groundnut stem rot caused by
Sclerotium rolfsii

Raja M1&2, Rakesh Kumar Sharma2, Prashant Prakash Jambhulkar3, Thava Prakasa Pandian, R4 and Pratibha
Sharma1*

1Department of Plant Pathology, Sri Karan Narendra Agriculture University, Jobner- Jaipur- 303328, Rajasthan-
INDIA
2Department of Biosciences, Manipal University Jaipur, Dehmi Kalan- Jaipur- 303007, Rajasthan- INDIA
3Department of Plant Pathology, Rani Lakshmi Bai Central Agricultural University, Jhansi- 284003, Uttar Pradesh-
INDIA
4Division of Plant Protection, ICAR-Central Plantation Crops Research Institute, Regional Station, Vittal-574
243, Karnataka- INDIA
*Email: psharma032003@yahoo.co.in

Trichoderma spp. are known for their biocontrol properties viz., space competition, production of
antibiotics, growth inhibition, coiling of pathogen hyphae and secretion of cell wall degrading enzymes.
Thirty-five isolates of Trichoderma spp. collected from groundnut rhizosphere of Jaipur district
(Rajasthan), India were evaluated for biocontrol potential against stem rot caused by Sclerotium
rolfsii and growth promoting traits in groundnut. The morphological studies of the 35 isolates based
on colony appearance, shape, and size of conidia, phialides structures and branching pattern of
conidiophores were further supported molecularly by amplification of ITS 1 and ITS4 rDNA region
and classified into four species namely Trichoderma harzianum, T. asperellum, T. longibrachiatum
and T. citrinoviride which were further subjected to antagonistic potential for biocontrol efficiency.
The highly efficient representative strains namely, Trichoderma harzianum Thar23, T. asperellum
Tasp49, T. longibrachiatum Tlongi5 and T. citrinoviride Tcitri2 were evaluated for production of cell
wall degrading enzymes and growth promoting traits. The comparative study of these strains revealed that,
T. harzianum Thar23 was highest producer of lytic enzymes viz., chitinase (31.36 U/ml), â 1, 3 glucanase
(4.1 U/ml) and protease (2.76 U/ml). Plant growth promoting traits namely germination efficacy (85.2%),
increase in shoot (26.03 cm) and root length (16.33 cm), vigour index (3598.2) and relative water
content (79.79%) studied under glasshouse conditions. Based on results, bioformulation of the
promising native strain T. harzianum Thar23 could be developed and evaluated at field level to
study the biocontrol efficacy against groundnut stem rot.

OP13(TG2022): Nutrient rich Bioformulations to enhance growth of tomato plant

Praful Kumar, Sandhya Sahu and K. P. Verma
Department of Plant Pathology, College of Agriculture, Indira Gandhi Krishi Vishwavidyalaya, Raipur, Chhattisgarh,

India 492012

A Nutrient rich bioformulation(s) were prepared by inoculating the bio-inoculants viz., Trichoderma isolate
(TRT-9), Pseudomonas fluorescens and Azotobacter chroococcum, in vermicompost supplemented with
minimal inorganic fertilizers i.e. Diammonium phosphate (DAP) and Muriate of potash (MoP). Based on
various tests viz., compatibility test, biochemical test and bio efficacy test, three formulations were constituted
and evaluated for growth of tomato under pot and field both conditions. Under pot condition, the formulation
comprised DAP (10% w/w) and MoP (3% w/w) supplemented vermicompost enriched with three bioinoculants
was found most effective and significantly improved growth of tomato, whereas in field conditions nutri-rich
bioformulation showed best result in terms of increased plant growth attributing parameters.
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OP14(TG2022): Effect of selected bioagents on host defense related biochemical
parameters viz., peroxidase (PO), polyphenol oxidase(PPO) and Phenylalanine
ammonia lyase(PAL)

Anand Kumar Meena*, S Gangopadhyay and Priyanka
Department of Plant Pathology, SKN College of Agriculture, Jobner Jaipur 303329 Rajasthan India
*Email: anandraj.km@gmail.com

Two sets of experiments were carried out to study the effect of four bioagents viz., T. viride (Tv-
BKN), T. harzianum (Th-BKN), P. fluorescens (Pf-18) and B. subtilis (Bs-15) on defence related
enzymes i.e. PO , PPO and PAL content in two clusterbean genotypes i.e. RGC-1033 and RGC-936
under green house condition. In this study, individual antagonists were used as seed treatment. The
antagonist Tv-BKN proved to be most effective in inducing the PO activity in both the clusterbean
genotypes at two stages of sampling i.e. 30 and 40 days after sowing (DAS) under M. phaseolina
inoculated condition. Induction of PPO was more pronounced in Tv-BKN and Th-BKN treatments as
compared to Pf-18 or Bs-15 treatments. PAL activity was higher in Tv-BKN and Pf-18 treatments.
While, the response of this enzyme with respect to another two antagonists i.e. Th-BKN and Bs-15
was relatively less.

OP15(TG2022): Trichoderma -a sustainable component of indigenous farmer’
friendly IPM techno-packages for combating soil borne root knot nematode and
fungal disease complexes causing serious losses to field crops. A true friend of
farmers

Neetu Singh
Amity Center for Biocontrol & Plant Diseases Management, Amity Centre for Agricultural Extension Services
Amity University Uttar Pradesh (AUUP) Sector–125, Noida, U.P. India
Email:nsingh19@amity.edu

In the era of changing scenario targeting towards ecofriendly and non-chemical based research for
reclaiming the soil and crop health which has completely destroyed by indiscriminate and overuse of
toxic chemical pesticides, the Plant Protectionist are diverting towards safe and cost effective means.
With this mission in mind a section of researchers is sincerely attempting to switch on to utilize
indigenous strains in IPM packages for management of soil borne maladies. In the present investigation
which is  based on field to lab and vice-versal research a indigenous strain of Trichoderma particularly
T. harzianum collected from rice growing areas of G.B nagar  tested separately against the major
soil borne pathogenic root knot nematode Meloidogyne graminicola and Rhizoctonia through in vitro
dual culture test separately exhibited distinct variation in their potentiality against the pathogens ties
in inhibiting both the pathogenic root knot nematode and rot causing fungus followed by the strain
from Haryana. All other strains under investigation also showed remarkable performance. In the present
study, the locally isolated strain, in general, proved variability in its mycoparasitic and egg parasitic nature
much potent than the others collected from different regions of Western U.P and Haryana. The strain was
thereafter selected and maintained on starch rich sorghum grains for both, nursery and field application
referred as core component of the evolved indigenous IPM techno-packages for combating hidden enemies
of farmers.
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OP16(TG2022): Biointensive management of Meloidogyne enterolobii in tomato
under glasshouse conditions

Shubham Kumar, Arun kumar*, Satya Kumar, Bhupesh Chandra Kabdwal and Roopali Sharma
Department of Plant Pathology, College of Agriculture, G. B. Pant University of Agriculture and Technology,
Pantnagar-263145 (U. S. Nagar, Uttarakhand)
*Email: mr.arun1996@gmail.com

Meloidogyne enterolobii is a tropical or subtropical nematode and has a broad host range, including
cultivated plants and weeds. For decades, the control of sedentary nematodes has relied heavily on
chemical nematicides. The present investigations were carried out to study bio-intensive management
of Meloidogyne enterolobii causing root-knot disease in tomato. The experiments were laid out
using different treatments of biocontrol agents (Trichoderma asperellum (Ta-14), Pseudomonas
flourescens (Psf-173), PBAT 3 (consortium of Ta14 & Psf173) and Paecilomyces lilacinus (commercial)
with the combination of Biofumigation (Brassica juncea & Raphanus sativus). Nematicide carbofuran
was used as chemical check. All the treatments showed positive effect on the growth parameters of
tomato plants. Combination of PBAT3+Biofumigation(M) resulted in maximum fresh root (7.38g) and
shoot weight (36.07g) with minimum number of root galls (18.33 galls per root system) as compared
to the combination of other treatments.

OP17(TG2022): Evaluation of a novel biopolymer based Trichoderma
harzianum, Th4d formulations against seed and soil borne disease of oilseed
crops under field conditions

KSV Poorna Chandrika*, RD Prasad and S Lakshmi Prasanna
ICAR-Indian Institute of Oilseeds Research, Rajendranagar, Hyderabad - 500030, Telangana, India
*Email: ksvp.chandrika@icar.gov.in

Delivery of Trichoderma a potential bio control agent to the target point in the form of formulations
with suitable carriers is adopted by many researchers and industries for commercial use. Chitin or
chitosan supplemented formulations proved to be effective in proper adherence to treated surfaces,
reducing the wastage of bio control agent, besides providing antimicrobial activity, physiologic
protection to seed and promoting plant growth. Natural polysacharides viz., chitosan and cellulose
were converted to film forming seed coating polymers and used for developing Trichoderma liquid
formulations. These novel biopolymer liquid chitosan and cellulose based T. harzianum, Th4d seed
coating formulations were evaluated against soil borne pathogens of soybean and groundnut under
field conditions. Seed treatment with chitosan + T. harzianum, Th4d formulation in soybean has
resulted in seed germination of  74.3% germination, low Macrophomina root rot incidence (2%) and
recorded high seed yield (830 kg/ha) compared to  63.3% seed germination, root rot incidence of
8% and yield of 620 kg/ha in control. In groundnut, germination of 92.4%, low incidence of Aspergillus
collar rot (4.3%) and high seed yield of 1900kg /ha was obtained in chitosan+ T. harzianum, Th4d
seed treatment compared to a germination of 74% and collar rot incidence of 13.5% and yield of
1500kg/ha obtained in control.
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OP18(TG2022): Management of Collar Rot of Groundnut by using Biocontrol
Agents

Jugal Kishor Silla1*, AK Meena1, SK Pipliwal1, TK Jatwa2 and RK Bagri2
1Department of Plant Pathology, College of Agriculture, SKRAU, Bikaner, Rajasthan
2Division of Plant Pathology, RARI (SKNAU, Jobner), Durgapura, Rajasthan
Email: jugal.silla@gmail.com

 
Groundnut (Arachis hypogaea L.) is to be out of the most important oilseed in the world. It belongs
to the family leguminaceae and originated from in South America. The disease is prevalent in sandy
soil of Rajasthan where climatic conditions are dry and temperature remains high and is a major
constraint in increasing yield, which may attack plants at any stage of growth from seedling to maturity.
Therefore, it was very important to undertake the studies to find out the causes for disease
development and its suitable control measures. A field experiment was conducted at the Instructional
Farm, College of Agriculture, Swami Keswanand Rajasthan Agriculture University, Bikaner
during kharif season of 2015. The seeds of groundnut variety HNG-10 were sown in the field with
three replications following randomized block design (RBD). In this experiment three bioagents viz.,
Trichoderma harzianum, T. viride and Pseudomonas fluorescens were used individually and combined
for soil application and seed treatment both. In case of control, seeds were sown in pathogen inoculated
soil without any bioagents. Observation on disease incidence were recorded. In field conditions,
During kharif 2015, Biocontrol agents minimized the collar rot incidence in groundnut as compared
to control. P. fluorescens in combination with T. viride as seed and soil application (11.39%) was
most effective in minimizing the collar rot incidence followed by P. fluorescens in combination with T.
viride as combination seed treatment (12.41%) and sole application of T. viride as seed and soil
treatment (12.85%) as compared to other treatments. Trichoderma viride as seed treatment (13.58%)
also effective in minimizing the disease incidence followed by P. fluorescens as seed and soil
application in combination (14.23%). Conclusively, the bioagents in combination reduced the disease
incidence effectively as compared to sole application of bioagents.

OP19(TG2022): Role of Trichoderma spp. in mitigating moisture stress in black
pepper (Piper nigrum L.) through antioxidative defence system

Vijayasanthi K.V., Titty Thomas, Krishnamurthy K S, Priya George, and Praveena R*
ICAR-Indian Institute of Spices Research, Kozhikode - 670307, Kerala, India
*Email: vijayasanthikv@gmail.com

Major factors limiting growth and yield in crops are biotic and abiotic stresses.  Amongst the abiotic
stresses, drought causes significant reduction in yield. Several species of Trichoderma have the
innate ability to induce tolerance in plants against abiotic stresses especially drought and moisture
stress. The present study was conducted to understand the mitigation of moisture stress by
Trichoderma isolates viz., T. asperellum (NAIMCC 0049), T. erinaceum (APT1), T. atroviridae (APT
2), T. harzianum (KL3), T. lixii (KA15), and T. asperellum (TN3) in black pepper plants. Single node
stem cuttings of black pepper (variety: - IISR Sreekara) raised in polybags were subjected to four
levels of moisture viz., field capacity (FC), 75 percent FC, 50 percent FC and 25 percent FC. After
imposing moisture stress the plants were inoculated with different Trichoderma isolates. The
biochemical parameters viz., proline, protein, phenol, lipid peroxidation, chlorophyll, relative water
content (RWC), and growth parameters were recorded at the time of inoculation, 10, 20, 30, 40, 50,
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and 60 days after inoculation (DAI). Under moisture stress, the proline content of plants increased,
whereas the plants inoculated with Trichoderma showed an additional increase in proline. The plants
inoculated with the isolate T. atroviridae (APT2) showed the highest protein content, while in
uninoculated plants, there was a significant reduction. The plants inoculated with the isolates NAIMCC
0049 and APT2 showed the lower rate of reduction in RWC, even at 25 percent moisture stress.
Among the six isolates tested, the isolates T. asperellum (NAIMCC 0049), and T. atroviridae (APT2)
have the potential to induce tolerance to drought stress by enhancing the root and shoot growth and
also by triggering protective mechanisms, which in turn prevented oxidative damage. The study
showed that the Trichoderma isolates hold great promise in mitigating moisture stress in black pepper.

PP01(TG2022): Morphology and Molecular based characterization
of Trichoderma spp. collected from different geographical locations of
Chhattisgarh

Sonali Barley1, Anil S Kotasthane1, Toshy Agrawal2

Department of Plant Pathology, Indira Gandhi Krishi Vishwavidyalaya, Raipur (C.G) 492006

 
Morphological descriptors of Trichoderma are often confusing therefore molecular tools are employed
for identification. For ten Trichoderma isolates intergenic spacer region of the nuclear ribosomal
DNA repeat, portions of the translation elongation factor 1 alpha intron sequence of the EF1-á gene
was amplified using the primers EF1-728F and EF1-986R (Carbone & Kohn 1999) and 5.8 rRNA
gene intervening sequence specific primers for the ITS region of the ribosomal DNA was targeted
using the primers ITS4 and ITS5 (White et al. 1990) for 2 Trichoderma isolates (isolate T37 and
T80). The Maximum likelihood analysis of the intergenic spacer region of the nuclear ribosomal DNA
repeat, portions of the translation elongation factor 1 alpha  and Chromosomal 18S-28S rRNA
intervening DNA sequences with all the selected (Best hit) retrieved from Trichoderma genome
database using the dialogue (Nucleotide BLAST: Search nucleotide databases using a nucleotide
query (nih.gov)) and the species identity was resolved based on the phylogenetic affinities of intergenic
spacer region of the nuclear ribosomal DNA repeat, portions of the translation elongation factor 1
alpha intron sequence of the EF1-á gene and ITS (18S-28S rRNA intervening DNA sequence)
sequences. Out of 14 isolate, DNA sequence analysis of 12 isolates through NCBI, Blast corresponds
to Trichoderma harzianum.

PP02(TG2022): Biological Control of Root rot of Cotton incited
by Rhizoctonia spp.

Preeti Vashisht*, N.K. Yadav, V.K. Malik and Lokesh Yadav
Department of Plant Pathology, CCSHAU, Hisar -125004
*Email: dhimanpreeti45@gmail.com

                                                         
Root rot caused by Rhizoctonia spp. is the most destructive soil borne disease of cotton (Gossypium)
which appears every year in cotton fields and causes heavy losses in yield. Among various types of
biocontrol agents, Trichoderma is widely used species. Trichoderma species are asexual fungi that
are present in all types of agricultural soils and is parasitic on many foliar and soil borne plant
pathogens, as it stimulates plant resistance, plant growth that leads to increase in crop
production. Hence, the present investigation was carried to study the eco-friendly management of
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the pathogen through bio-agents under in vitro conditions of Department of Plant Pathology, CCSHAU,
Hisar. Total fourteen isolates of Trichoderma were tested against the pathogen to evaluate their
biocontrol activities against the pathogen. Among them, T-10 which was isolated from Sirsa district
was found to be most effective, as it showed positive results for HCN production, IAA production,
Cellulase production and Ammonia production followed by T-3 isolate which was isolated from Charkhi
Dadri district. The biocontrol activities showed by Trichoderma help in inhibiting the growth of the
pathogen and promote the plant growth. Currently Trichoderma spp. is being used to control plant
diseases in sustainable diseases management system.

PP03(TG2022): Growth promoting effects of Trichoderma virens G2 formulation
on different vegetable crops

Neelam, Anil Kotasthane and Toshy Agrawal
Department of Plant Pathology, CoA,  IGKV Raipur

Worldwide acceptance of Trichoderma spp. (accounting for 90% of all antagonistic fungi utilized in
plant protection (Benítez et al. 2004)) as bioagent in agriculture (Mukherjee et al. 2013) was due to
its ability to produce large number of secondary metabolites, mycoparasitism, ability to induce SAR
in plants against invading pests and pathogens, plant growth promoting ability, inducing NUE and
ability to impart tolerance to abiotic stresses (Lorito et al., 2010). Trichoderma species produce
many small metabolites with medical and agricultural significance, exhibiting a range of unique
properties and bioactivity. Mukherjee et al. 2019 reported extensive field evaluation of Trichoderma
virens G2 (BARC G2 mutant / TrichoBARC) for management of collar rot (S. rolfsii) in chickpea and
lentil (Lens culinaris) and also noticed that the bioagent also improved plant growth and yield. In the present
investigation we report the plant growth promoting effect of Trichoderma virens G2 formulation under small
plot experiments on different vegetables (Spinech, red amaranthus, fenugreek, chickpea, safflower, bottle
gourd, and cowpea). We observe 20 to 40% increase in leafy vegetables.

PP04(TG2022): Compatibility of Trichoderma asperellum TR4 with chemical
fungicides

Ranjana Joshi* and Gururaj Sunkad
University of Agricultural Sciences, Raichur - 584104, Karnataka, India
*Email: ranjanajoshi18@gmail.com

Trichoderma asperellum TR4 is a soil inhabitant fungus with an ability of inhibiting plant pathogens
especially soil borne pathogens, immunity and growth enhancer in plants. In integrated disease
management approach the use of different components in which the compatibility of all the components
is must and economical. Hence, the compatibility of T. asperellum TR4, isolated from chickpea
rhizosphere showing antagonistic potential against Fusarium oxysporum f. sp. ciceris causing wilt of
chickpea was tested for its compatibility with systemic, non-systemic and combi- fungicides at three
different concentrations by using poisoned food technique. The compatibility results were estimated
based on mycelial growth inhibition of the fungus in different treatments. Among, systemic fungicides
tested, azoxystrobin alone was compatible with T. asprellum TR4 with less inhibition of growth of
fungus (2.22%) and hexaconazole, thiophanate methyl, carbendazim, tebuconazole and benomyl
were found highly incompatible with T. asprellum showing 100 per cent inhibition at 0.05, 0.1 and
0.15 per cent concentrations. Among different non-systemic fungicides tested at 0.1, 0.2 and 0.3
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per cent concentrations, T. asperellum TR4 was found compatible with propineb, copper hydroxide,
copper oxychloride and mancozeb and incompatible with captan (80.62%) and thiram (51.61%).
Among different combi-fungicides tested at 0.1, 0.2 and 0.3 per cent concentrations,  T.
asperellum TR4 was found compatible with copper oxychloride + copper hydroxide and cymoxanil +
mancozeb, supporting growth of fungus, whereas incompatible with thiophanate methyl +
pyraclostrobin, carboxin + thiram, carbendazim + mancozeb and tebuconazole + trifloxystrobin, showing
100 per cent inhibition of the fungus.

PP05(TG2022): In vitro mycoparasitic activity of Trichoderma harzianum against
plant pathogens including biochemical characterization promoting indirect plant
growth

Sonali Barley, Anil S Kotasthane, Toshy Agrawal
Department of Plant Pathology, Indira Gandhi Krishi Vishwavidyalaya, Raipur (C.G) 492006

 
We evaluated the production of potential growth-promoting metabolites (IAA, phosphate, siderophore)
for 14 isolates of Trichoderma collected from different geographical locations of Chhattisgarh. All
the Trichoderma isolates were able to solubilize and also released inorganic phosphorus and Zn
from tri-calcium phosphate and zinc sulphate. All the Trichoderma isolates had consistent ability to
produce siderophores and only one isolate (T84) produced IAA. The production of these metabolites
varied greatly within species. Using the same set of isolates we evaluated the production of potential cell wall
degrading enzymes. Confrontation assays of Trichoderma isolates against two soilborne plant pathogens
(Scelrotium rolfsii and Rhizoctonia solani) expressed varying degrees of antagonistic responses, in-
vitro antagonism being effective against both R. solani & S. rolfsii.

PP06(TG2022): Antagonistic effects of different soil isolate bio-agents
against Fusarium oxysporum f. sp. cubense TR4 in vitro and molecular
characterizations

Kewal Chand1*, Ranjana Meena2 and Kiran Choudhary2

1Department of Plant Pathology, Dr. Rajendra Prasad Central Agricultural University, Pusa, Samastipur,
Bihar-848125, India
2Department of Plant Pathology, SKN College of Agriculture, Jobner, Jaipur, Rajasthan-303329,
India
*Email: Kewalchand02@gmail.com 

Bananas are the earliest fruit crop cultivated by humans from ancient times in India and have great
social-economic importance, merged with the country’s cultural heritage. Different bio-agents were
isolated from the rhizosphere of wilt affected banana plants cultivar Grand naine on Fusarium
oxysporum f. sp. cubense TR4 areas of Bihar. All isolated bio-agents were tested against FOC TR4 in
vitro condition by dual culture technique. The maximum inhibition over control at 10 days of inoculation
was recorded in Trichoderma asperellum 1(Tr1) (64.82%), followed by Trichoderma asperellum 2(Tr2)
(62.70%), Aspergillus flavus (35.00%) and minimum in Penicillium chrysogenum (22.62%). The result
clearly showed that in vitro Trichoderma asperellum 1 was highly effective while Penicillium
chrysogenum was found least effective antagonistic against Fusarium oxysporum f.
sp. cubense TR4 in vitro. Molecular characterizations of two morphologically different Trichoderma
spp. were identified as two different strains of Trichoderma asperellum 1 and Trichoderma
asperellum 2. 
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PP07(TG2022): Evaluation of 6PP producing and non-producing mutant progenies
of Trichoderma atroviride (T14) affecting root and shoot morphogenesis of
different crops.

Akanksha Shukla1*, AS Kotasthane1, Toshy Agrawal2, Sandhya Sahu1

1Department of Plant Pathology, Indira Gandhi Krishi Vishwavidyalaya, Raipur, C.G, India
492012
2Department of Plant Molecular Biology and Biotechnology, Indira Gandhi Krishi Vishwavidyalaya, Raipur, C.G,
India, 492012
*Email: sakanksha2504@gmail.com 

The pyrone, 6-pentyl-2H-pyran-2-one (6 PP) is a secondary metabolite commonly produced by
various Trichoderma species and is responsible for the characteristic coconut odor produced in
axenic cultures. In this study, one hundred and seventy putative variants derived from Gamma-ray
irradiation of wild type Trichoderma atroviride (T14) formed the basis of our present investigation.
Sensory evaluation of characteristic aromatic odor resembling coconut odor produced by volatile, 6-
pentyl-2H-pyran-2-one (6PP) helped us to select six putative variants M70, M95, and M111 (6PP
producing) and M5, M126, and M164 (non-producing). This prompted us to compare the aromatic
odor (coconut odor) producing and non-producing putative variants on growth promotion of Bottle
gourd, Tomato and Rice plants. In majority of the observations, 6PP strong producers induced larger
difference in different plant growth parameters. Negative effects by some negatively impacting putative
variants may be because of factors such as concentration of individual compounds and varying
volatile profile over time.

PP08(TG2022): Large scale application of Lignocellulosic Trichoderma lexii (T-
94a) formulation for the management of paddy straw 

Smriti Dhruw*, ASKotasthane
Department of Plant Pathology, College of Agriculture, IGKV, Raipur, Chhattisgarh 492012
*Email: smritidhruw96@gmail.com                                     

Farmers usually dispose of the rice straw through open ûeld burning because of its slow degradation,
disease prominent infestation, instability in nutrients, and negative effects of nitrogen immobilization
reduces yield. Microbial composting is an effective way of decomposition of straws present in the
field. Field demonstrations laid out at farmer’s fields and the tedious process of large-scale application
prompted us to look for a strategy for large-scale application technology. Water suspension
of Trichoderma lexii formulation was sprayed in the field using a boom sprayer which uniformly covered
and distributed the spores all over the field and was the most suitable method as compared to
broadcasting. A random sampling of straws from the sprayed field (6 times at an interval of 7-10
days) recovered Trichoderma on TSM media. Identity was confirmed using light microscopy originally
(Trichoderma lexii (94a)).  



8th International Conference (Hybrid Mode)
Plant Pathology: Retrospect and Prospects

March 23-26, 2022  SKNAU, Jobner-Jaipur, Rajasthan

199

S
at

el
lit

e
 W

o
rk

sh
o

p
 o

n
 T

ri
ch

o
d

er
m

a 
an

d
 G

lio
cl

ad
iu

m

PP09(TG2022): Efficacy of Trichoderma spp. against different fungal pathogens
of potato

Ravi Regar* and Bhuvaneswari
Department of Plant Pathology, Central Agricultural University, Iroisemba, Imphal-795004, Manipur, India
*Email: raviregar4135@gmail.com

Potato (Solanum tuberosum L.) is one of the most important vegetable crop in the world. India holds
2nd rank in potato production and 3rd in area under cultivation. In India the major potato producing
state is Uttar Pradesh. It is affected by many diseases like fungal, bacterial, viral, and also parasitic
nematode. Early Blight of potato is one of the most serious diseases of potato. Efficacy of bio-
agents was studied and revealed the all three Trichoderma species significantly reduced the mycelial
growth of the pathogen over the control by dual culture method. In present study Trichoderma spp.
(Trichoderma asperellum, Trichoderma harzianum and Trichoderma viride) were found maximum
inhibition on growth of Alternaria and Fusarium spp. by Trichoderma harzianum and least
by Trichoderma asperellum. In in vivo condition maximum plant height, Number of branches and crop
canopy were found in Trichoderma harzianum treated field plot. Minimum disease incidence was
found in Trichoderma harzianum treated field plot.

PP10(TG2022): Identification of bio-active compounds from Trichoderma
asperellum TR4 for the management of wilt of chickpea caused by Fusarium
oxysporum f. sp. ciceris

Ranjana Joshi* and Gururaj Sunkad
University of Agricultural Sciences, Raichur, Karnataka-584104
E-mail: ranjanajoshi18@gmail.com

Secondary metabolites (SMs) from microorganisms have an antifungal role against agriculturally
important phytopathogenic fungi. Trichoderma asperellum TR4 which is a versatile fungal bio-control
agent having ability to produce a variety of secondary metabolites and these secondary metabolites
utilized by fungus as the primary means of antagonism against plant pathogens. The study was
conducted to identify different volatile secondary metabolites from T. asperellum TR4, isolated from
chickpea rhizosphere having bio-activity against Fusarium oxysporum f. sp. ciceris causing wilt of
chickpea, using GC-MS/MS. The GC-MS/MS analysis showed that the chromatogram showing the
presence of 29 compounds at different peaks with retention time ranging from 4.910 to 21.868 min.
The mass to charge (m/z) ratio of compounds ranged from 43 to 190. The compound 2-Imidazol-1-
ylmethyl-pyridine 1-oxide (C9H9N3O) was found with maximum area of 14375440 and retention time
of 19.842 as compared to other compounds and 7-Isopropylidene-5-methyl-2, 3-diazabicyclo (2.2.1)
hept-5-ene-2,3 dicarboxylic acid, diethyl ester was present at highest peak with retention time of 20.
Further, the methanolic crude extract containing bio-active compounds was tested against pathogen
at 5, 10 and 15 per cent concentrations through poisoned food technique, where maximum inhibition
of pathogen (75.93%) was observed at 15 per cent concentration showing the bio-activity of volatile
compounds.

199

8th International Conference (Hybrid Mode)
Plant Pathology: Retrospect and Prospects

March 23-26, 2022  SKNAU, Jobner-Jaipur, Rajasthan

S
at

el
lit

e
 W

o
rk

sh
o

p
 o

n
 T

ri
ch

o
d

er
m

a 
an

d
 G

lio
cl

ad
iu

m



200

8th International Conference (Hybrid Mode)
Plant Pathology: Retrospect and Prospects

March 23-26, 2022  SKNAU, Jobner-Jaipur, Rajasthan
S

at
el

lit
e

 W
o

rk
sh

o
p

 o
n

 T
ri

ch
o

d
er

m
a 

an
d

 G
lio

cl
ad

iu
m

PP11(TG2022): Selection of secondary metabolite producing superior putative
mutants from gamma radiation of Trichoderma atroviridae (T-14)

Sandhya Sahu1*, Toshy Agrawal and Anil S Kotasthane1

1Department of Plant Pathology, CoA, IGKV, Raipur (C.G.) - 492012
*Email: sandhyasahuagri@gmail.com

In this study putative variants (single spore isolates) derived from Gamma-ray irradiation of wild
type Trichoderma atroviride (T14) formed the basis of our present investigation. Gamma radiation
(1000 Gray per min) induced secondary metabolite producing superior putative mutants, and a
subset of selected putative mutants produced plant growth promoting effects similar to hormonal
application. Trichoderma atroviridae isolate T14 in the present study had a characteristic aromatic
odour resembling coconut odour (identified as 6-PP) reported to be produced commonly by strains
of Trichoderma viride, and sometimes also by T. atroviride (Kubicek and Harman 1998). Sensory
evaluation for characteristic aromatic odour resembling coconut odor volatile, 6-pentyl-2H-pyran-2-
one (6PP) helped us to selected 6pp producing and non-producing putative variants. Confirmation
of 6pp producing and non-producing putative variants with TLC and GCMS is underway.

PP12(TG2022): Improvement of bio-control potential of Trichoderma
asperellum through mutagenesis and its biochemical & molecular
characterization

S T Ingle*, A G Gathe, S S Mane, S B Bramhankar and M S Joshi
Department of Plant Pathology, Dr. PDKV, Akola - 444104, (MS) India
*Email: stingle_ngp@yahoo.co.in

In present investigation chemical and physical mutagenesis were applied for genetic improvement of
the Trichoderma asperellum to enhance its bio-control efficiency. Sixteen mutants were tested for its stability
up to seven generation. All mutants and mother culture of T. asperellum were differentiated by cultural,
morphological and molecular characteristics. The mutants showed strong antagonistic activities against
major soil borne pathogens. The highest per cent growth inhibition of Sclerotium rolfsii was recorded in
mutant TaH

2
 88.89 per cent. In case of R. bataticola and Fusarium oxysporum f. sp. ciceri highest per

cent growth inhibition was recorded in mutants TaU
3
 and TaG

1
 i.e., 62.82 and 75.38 per cent respectively. All

the mutants recorded higher chitinase enzyme content than mother culture. Mutant TaH
2 
recorded

highest i.e., 0.98 chitinase enzyme units/ mg of protein whereas mother culture has only 0.62 chitinase
enzyme units/ mg of protein. The genetic relatedness among the mutants of T. asperellum were
analyzed by RAPD and ISSR markers. 
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PP13(TG2022): Biocapsulation of Trichoderma asperellum and its shelf life 

S B Bramhankar*, S N Khaire, Dr S T Ingle, S S Mane and S V Patil 
Department of Plant Pathology, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola (M. S.), India
*Email: bramhash@gmail.com

In present investigation shelf life of Trichoderma asperellum in bio-capsule formulations was evaluated.
Gelatin capsule formulation was prepared by mass multiplication of Trichoderma asperellum on sterilized
grains of sorghum, maize, wheat, soybean and psyllium husk. After 15 days of incubation these substrates
were dried under shade for 7 days and ground to fine powder in mixer grinder separately. The ground
substrate was mixed with carboxymethyl cellulose @ 0.5 g and dextrose @ 1.0 g for 100 g of mixture. Talc
based formulation of Trichoderma asperellum with 1:2 proportion was prepared and used as control for
comparison. The highest initial population in capsule i.e. 21.9 x 108 cfu/g was recorded in sorghum grain
substrate. The shelf life of capsulated Trichoderma asperellum was evaluated up to 180 days with an interval
of 30 days. At 180 days of storage, highest population of T . asperellum was recorded in sorghum,
maize, wheat grain substrate capsules i.e. 18.6 x 108, 18.3 ×108, 18.0×108 cfu /g, which was at par
with each other and lowest population i.e. 7.4×108 cfu/g was recorded in psyllium husk capsule. The
result of the present study indicated that the sorghum, maize and wheat grain substrate were found
suitable for the commercial preparation of Trichoderma asperellum capsules.

PP14(TG2022): Relative antagonistic efficacy of Trichoderma spp. against
Sclerotium rolfsii (Sacc.) causing collar rot of chickpea (Cicer arietinum L.)

Karan Singh*, C.B. Meena and D.L. Yadav
Department of Plant Pathology, College of Agriculture, Ummedganj-Kota, Rajasthan, India
*Email: karansinghraj6@gmail.com

The present study was undertaken in order to find out the relative antagonistic efficacy of four
Trichoderma species viz., Trichoderma viride, Trichoderma harzianum, Trichoderma virens and
Trichoderma azospirillum against Sclerotium rolfsii incited collar rot in chickpea. Under in-vitro condition
four species of Trichoderma were tested against S. rolfsii, minimum radial growth of the S. rolfsii was
recorded in the T. viride 20.40 mm, 4 days after inoculation with maximum growth inhibition 54.67%,
statistically superior among all Trichoderma spp. tested, followed by T. harzianum radial growth and
inhibition were recorded respectively 22.20 mm and 50.67% inhibition, by dual culture technique.
After 20 days of incubation maximum percent reduction of sclerotia formation recorded in T. virens
73.56%. Efficacy Trichoderma viride and T. harzianum evaluate against collar rot disease of chickpea
in pot experiment and also impact of treatment application method viz., soil application, seed treatment
and integration of both soil application & seed treatment of bioagents. All the treatments proved
significantly superior when compared with pathogen inoculated control.  Maximum percent reduction
in Pre-Emergence Seed Rot (90.91%) and Post Emergence Seedling Mortality (43.75%) were
recorded in Trichoderma viride applied through integration of soil application & seed treatment,
followed by Trichoderma harzianum recorded 81.82% reduction in Pre-Emergence Seed Rot and
37.50% Post Emergence Seedling Mortality respectively. Maximum percent final plant population
(66.67%) were observed in Trichoderma viride applied through integration of soil application & seed
treatment, followed by Trichoderma harzianum with 61.54% final plant population. Trichoderma spp.
had synergistic impact on plant vigour and grain yield.
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