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FOREWORD

Indian Phytopathological Society (IPS) has entered into the 75" 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-Jdaipur, 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. | 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.

| 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
75" year for both the college and Indian Phytopathological Society (IPS). (-'\)QLJ
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Robin Gogoi

Kalyan K. Mondal

I\/Ialkh'anAS. Gurjar

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-daipur, 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
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MESSAGE

| am delighted to know that Sri Karan Narendra Agriculture University, Jobner- Jaipur and Indian
Phytopathological Society (IPS) is organizing Platinum Jubilee and 8" 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. | 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. | 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.

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

P PN 2

T. Mohapatra
ICAR
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MESSAGE

| am very happy to know that Indian Phyto pathology Society, one of the oldest
scientific societies in the country, has decided to celebrate Platinum Jubilee as the
8" International Conference on Plant Pathology at SKN Agriculture University,
Jobner-Jaipur during March 23-26, 2022. The science and the art of plant
pathology has undergone several alterations and now the scientists are looking
into new areas of science research to explore and understand the nitty gritty of
plant disease systems and also the way we manage them in field. The latest tools
of CRYAPER/Cas 9 and other gene editing techniques are being used by plant
pathologists all over the world to incorporate resistant traits in crops that can
become resistant to array of pests and pathogens. The technology is being
improved continuously with discovery of better enzymes and engineering-
inducible gene editing system as well as improved methods of delivery of gene
editing machinery to become more precise. | am sure Indian Plant Pathologists
will take advantage of such tools and techniques to develop sustainable resistant
cultivars in future when the theme of the conference is look in retrospect and
prospects and examine what we have achieved in the last 75 years and what is yet
to be achieved in the next 75 years.

| wish the conference a grand success and congratulate the organizers for the
most appropriate way to celebrate the platinum jubilee of the IPS

2NV

(Dr C.D.Mayee) Date: January 05, 2022

Residence Address : Dr. C.D. Mayee, Flat No. 602, Raviram Residency, 13/1 Chitale Marg, Nagpur - 440012
Email : charumayee@yahoo.co.in  mayeecharu@gmail.com Mob ; +91-9970618066, Office : 0712-2555249
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Message

| am pleased to learn that the Indian Phytopathological Society is organizing the Platinum Jubilee
Celebration and International Conference to mark 75 years of its institution and services to the cause of
plant protection Science. | am equally pleased that on this occasion the Society is organizing the 8"
international conference on “Plant Pathology: Retrospect and Prospects” at SKN Agriculturd
University, Jobner, in Jaipur, Rajasthan, India during March 23-26, 2022. FAO estimates global losses
of food crops due to weeds, diseases and insect pests between 20-40%. The objective of Plant
pathology, which deals with the study of cause, etiology, resulting losses and control of disease, since
the inception of the Society in 1947 remains the same as today. However, advancement in cutting edge
Science and technologies in Plant pathology 75 years hence, provides humongous prospects in plant
disease management. Nevertheless, the responsibility of protecting crops from diseases in the
challenging environment has increased with increase in human population, globalization, climate change
and trade. It is in this regard we need to address increasing challenges effectively and strategically using
the prospects of advances in plant protection sciences. Thus the theme of the symposium is apt in
today’s context.

1. O, . Tshadl
T (g )

Dr. P.K. Chakrabarty ARS, FNAAS
Member (Plant sciences)

Protection of losses from pests and pathogens is paramount to food and nutritional security and national
prosperity. Future research may target novel and innovative methods contrived after deciphering
molecular mechanism of host-pathogenfinsect interactions. Coupling artificial intelligence for
pest/disease monitoring and diagnosis can result in greater precision on pest survey/surveillance. The
next generation of products in the field of crop protection should focus more on use of tools and
techniques such as antimicrobial peptides, recombinant antibodies, gene silencing, genome editing
using CRISPR-CAS 9, etc. Host Induced Gene Silencing (HIGS) and Spray Induced Gene Silencing
(SIGS) through application of miIRNA and sRNA offer best alternatives to minimizing use of ecologicaly
hostile chemotherapeutants for management of biotic stresses in agricultural crops.

Involving concerns of various stakeholders of agriculture in decision making and leveraging potentia of
Scientists, Industries, Government can improve the efficiency of management manifolds. Lack of
enabling policies for effective implementation of management strategies often paralyze the innovative
interventions. A basic tenet for effective management lies in understanding various limitations by the
policy makers so that rational ways and means can be developed with enabling policies for deployment
of such technologies.

| am sure the symposium will discuss not only the scientific advancements in the field of Plant Pathology
Research, but also discuss the farmer’s concerns and industrial perspectives, so that the losses due to
diseases can be strategically kept below the economic threshold limits. | laud the efforts of the IPS
towards this endeavour and wish organizers and the symposium a grand success.
\ P
['k\ 6««& i

P. K. Chakrabarty

%‘ﬁ 31?_-|D’H‘EIIFT HAA -, T4, S feeel-110012 | Krishi Anusandhan Bhawan-, Pusa, New Delhi-110012
Tel: 011-25840017; Email: member.ps@asrb.org.in; memberps-asrb @gqov.in




AMHIAY. - IR B SqHar den, 78 Refl-110012 (@Ra)

ICAR - INDIAN AGRICULTURAL RESEARCH INSTITUTE
( A DEEMED TO BE UNIVERSITY UNDER SECTION 3 OF UGC ACT 1956)

82,

R NEW DELHI-110012 (INDIA)

1. 319w HAR g Phones : 011-2584 2367, 2584 3375
v Fax  :011-2584 6420

Dr. Ashok Kumar Sinsh E-mail : director@iari.res.in
I)i;'ector & Personal : aks_gene@yahoo.com

Website : www.iari.res.in

MESSAGE

| am pleased to know that the Indian Phytopathological Society, New Delhi is organizing Platinum Jubilee
and 8" 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.

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

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

iy

Date: 17" March, 2022 Dr. AK Singh
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Message

I am glad to know that Indian Phytopathological Society, New Delhi is organising 8th
International Conference on Plant Pathology: Retrospect and Prospects on March 23-
26, 2022, with the 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.

Plant Pathology is challenging and important science of disease development and
ability of managing diseases. Society, consumers and growers will able to continue to
benefit from Plant Pathology if this science comes out with findings for significant

plant protection measures.

I hope this conference will provide a platform for students, teachers, researchers,
agro-industries and growers from all over the nation to discuss various issues for

resolving major plant protection issues.

I extend my warm greetings to all the delegates of the conference and hope the

deliberations will pave the way for amelioration plant protection challenges. I wish the

International conference all success.
2l

=

(J. S. Sandhu)
Vice-Chancellor
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Vice-Chancellor

Message

| am pleased to know that Indian Phytopathoiogy Society is organizing an

International Conference entitled 'Flant Pathology: Ftelrospect and Prospects' along
with Platinum Jubilee celebrations of the society c'iiring 23-26 March 2022 at SKN
Agriculture University, Jobner. | corgratulate all th: members of the society on the
instance of Platinum Jubilee celebrations. India las come a long way to the
production status of 308 MT food grain and 331 MT o7 horticultural production in 2021,
The contribution of Plant Pathologists in this expedition of steady increase has been
of high order. We know that crop pathogens cause substantial yield and economic
losses and reduce food security at household, naticnal and global levels. Therefore,
control of plant diseases is crucial to the unswerving and sustainable food security.
Hitherto, disease control has been reasonably successful for most crops with the
given tools and techniques. However, there have.:zen selection pressures for the
pathogen’s adaptation and evolution due to intensive input use. Climate change also
threatens to alters stages and rates of development c¢f the pathogen, mutate host
resistance and result in changes in the physiology of host-pathogen interactions.
Therefore, with the understanding of the dynamic nsture of the plant diseases, the
management approach must be in line with the environmental-acceptability and
circumstances prevailing in the agriculture field as well as markets. The conventional
plant pathology will have to make way for technology driven pathogen detection and
management systems to combat the fast changing scenario. The modern molecular
biology methods utilizing essential bio-molecules have modernized detection of plant
diseases. Further, the plant disease management practices such as development of
transgenic plants, generation of plant resistance throvgh molecular breeding including
marker-assisted selection and quantitative trait locus and bio-control of plant diseases
using beneficial microbes will have to make way for canventional methods. Looking to
the multifaceted and complexity of the issue of sustainability in agricultural production,
a ftrans-disciplinary approach and multi-sectoral ctions, integrating agriculture,
environment, economy, and socio-cultural issues hzs become inevitable. | hope that
discussions on novel approaches of plant disease management shall be pondered
upon during the conference. | congratulate the orgznizers for hosting the conference
in the Platinum Jubilee vear and desire that fruitful presentations and discussions are
made and the recommendations are documented for the policy makers and the
stakeholders so as to show the exact worth of the cvent. | wish the conference a

grand success.
ﬁ_‘a/’“—-’/

(Dr. Narenda Singh Rathore)
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Message

| am pleased to learn about the Platinum Jubilee
Celebration of the Indian Phytopathological Society (IPS),
New Delhi and congratulate the President and the officials
of the society for this achievement. | also extend my good
wishes for the 8t International Conference on “Plant
Pathology: Retrospect and Prospects™ to be held at SKN
Agricultural University, Jobner, Jaipur, Rajasthan during
March 23-26, 2022.

Plant diseases not only threatens the economical balance of the
farmers but of the country and to be wider the whole world. There are so
many examples of epidemic appearance by virulent pathogens in different
regions of the world from time and again. Sustainability in agricultural growth
is largely dependent upon health of the crop. These need to be addressed by
the plant pathologists and develop simple, practical and econamically viable
strategies for successful plant disease management. Now a day, so many new
technologies are available which can be used to tackle these problems.

| am sure the International Conference will provide a great
opportunity to the Plant pathologists from across the continents to interact
extensively on the current and emerging issues to plant pathogens, crop

health and plant disease management and come up with certain workable
recommendations.

| strongly recommend use of applications of biotechnology in plant
pathology and once again convey my best wishes for the Internation
conference as well for the publication of a useful souvenir on this occasion.

/R/_f.

S
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MESSAGE

I feel very much delighted that the Indian Phytopathological Society is entering 75"

year of its establishment and service to the science & society in India and also at International
level. 1 am happy to know that the Society is organizing Platinum Jubilee Celebration and
International Conference on “Plant Pathology: Retrospect and Prospects” at SKN

Agricultural University, Jobner during March 23-26, 2022.

I extend my warm greetings to organizers and participants and wish the Conference a

@%

(D. C.JOSHI)

grand success alongwith the grand celebration of the Platinum Jubilee.
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MESSAGE

| am happy tolearnthat I ndian Phytopathol ogical Society, New Delhi isorganizing Internationa 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 stakehol ders.

An estimated 20-40% of crop yield islost to pests and diseases every year. Plant disease epidemics
wereresponsiblefor 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 Phytophthorainfestansmigrated from Europe
triggered devastating epidemicson tomato in India. Losses of staple cereal cropsdirectly affect food security
whilelossesin horticultural cropsand forest plantshave major impactson nutrition, livelihood security, economy
and ecosystem.

Themanagement of plant diseasesisvery important inimproving food security to overcomethe challenge
of feeding the current and future popul ation. Asaresult of Green Revol ution, therewasthree- four fold increases
incereal production over the period of 1960-2000. Plant pathology played itsrolein ushering green revolution;
indeed, Dr Norman Borlaug, Father of Green Revol ution, was aplant pathologist. Dr Borlaug did not practice
plant pathology but worked across disciplinesto bring Green Revolution. Multidisciplinary approachisneed of
the hour in tackling plant pathogens as plant pathology sharesan interface with all disciplinesin agricultural,
horticultural, chemical, engineering, environmental and social sciencesin meeting the challengesof food security
and environmental stewardship inthetwenty-first century.

The curriculum of Plant Pathology hasto be redefined to address the issues of industry and farming
community inview of emerging plant pathogens, fungicide resistance, breakdown of host plant resistance, and
climate changes. Various skillsin artificia intelligence and machinelearning, robotics, dronetechnologies and
social sciences haveto beimparted to students of Plant pathology to make them ready to tackleissues.

| congratul ate organizersfor timely holding of such animportant international symposium and my best

wishesfor grand success of symposium.

(P. Chowdappa)

Former Director

|CAR-Central Plantation Crops Research I nstitute Kasaragod, Kerala
and

Former President, Indian Phytopathological Society, New Delhi
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MESSAGE

ThelIndian Phytopathol ogical 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 hasimmensely
contributed towards food grains production in India which has touched 308 million tonnes (M T) alongwith 331
MT of horticultural production. The country is how in surplus position but due to shortage of modern storage
capacity and limitations of cold chainfacilitiesat variouslevels of marketing, thereis colossal lossof food grains,
fruits and vegetabl es. Under such asituation, it isobviousto explore avenuesfor export rather than allowing the
produceto go waste. It ishowever, noteworthy that our export of agriculture and allied productsisnot consistent
initsgrowth. To promoteit, thereis need to improve quality to meet international standards. However, rejection
of export consignments due to certain Sanitary and Phytosanitary (SPS) issuesin recent years still is the major
barriersin promotion of export from India. For solving SPSissues, foremost important isto ensure conformity to
the standards of importing countries. Following good agricultural practices such asreducing the use of pesticides,
particularly those banned inimporting countries, global best practices necessary to maintain food hygiene, refining
testing procedures and undertaking corrective measures regul arly areimportant 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 SPSissues. There is continuous urgency for improving export infrastructure including
mechani sation and mechanising the methods for various processes, appropriate packing as well as storage and
shipping conditionsto maintain good quality of export material.

It is heartening that to mark the 75" year of establishment the Society is organizing Platinum Jubilee
Celebrations and 8" 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 vistasin plant pathol ogy.

| extend all my good wishes for the success of this mega event of the Society.
S8 CheAny

(S. S. Chahal)
Honorary Fellow IPS
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MESSAGE

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 1%t 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. | 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.

| 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

NMpps

Anupam Varma

Telephone : + 91-11-25842134 E-mail : anupamvarma@acpv.in; av.acpwa gmail.com
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MESSAGE

It gives me an immense pleasure to note that the Indian Phytopathological Society has
completed 74 vears and entering 75" year. IPS is also celebrating Platinum Jubilee and
conducting an international conference at SKNAU, Jobner, Rajasthan from March 23-26, 2022
on an important topic entitled™ Plant Pathology: Retrospect and Prospeets™. | convey my hearty
congratulations to Prof, Prathiba Sharma, IPS President, Dr. Robin Gogoi, Seeretary, all other
executive members, organizers, litt members, general members, delegates, and eminent plant
pathologists.

Agriculture is the backbone for every country as it supplies food, feed and confers nutritional
security of global population, which may reach 10.5 billion by 2050. Around 8.9% global
population suffers from hunger. In this regard it is the duty of plant pathologists to save the
crop loss and help the farming community. Around 30-40% of losses are incurred due to pests
and discases on crop plants. ‘The host pathogen interaction under favorable cnvironmental
variables result in discase production. Excellent work has been done in this regard besides
controlling the discases using IDM. However, identification of plant pathogens using
morphotaxonomy and molecular tools, though gaining importance, needs much more skills and
HRD. This will cnable the extension workers to identify the symptoms and the pathogen
besides proposing control measures. The efforts by eminent plant pathologists in our country
arc cnormous and creditable works have been done in genomics of plant pathogens and need
to be congratulated for their concerted efforts. The production of disease resistant varieties and
manipulation of environmental variables besides using biocontrol agents envisaged suitable
discase control technologies, However, there is a necessity to strengthen the modern aspects of
plant pathology. plant disease epidemiology. early detection of disease under field conditions.
proper discase diagnosis, application of nanotechnology. development of discase resistant
varictics in crops, application of remote sensing, drone technology, nanotechnalagy and ather
technologices so as to save the farm produce. Emphasis be laid on the unearthing hidden
microbial and fungal diversity existing in our country. The conference topic selected by the
IPS and organizers is of topical interest and applicd value. | congratulate all the concerned in
this regard and wish a grand success of the proposed conference with indepth deliberations,
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MESSAGE

| am pleased to learn that the Indian Phytopathological Society (IPS) is organizing 8"
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). | 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.

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

R K JAIN
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MESSAGE

It is a great pleasure to know that Indian Phytopathological Society is organizing an International
Conference on ‘Plant Pathology: Retrospect and Prospects’ at SKN Agricultural University, Jobner,
Rajasthan during March 23-26, 2022 to mark 75 years of its establishment. The Society has
contributed immensely in furthering the science of Plant Pathology and related disciplines and has
addressed diverse plant health issues all through its glorious journey. The conference theme is
aptly chosen to introspect the progress made in various sub-disciplines of Plant Pathology in
ameliorating plant health and address present challenges and future needs.

Research in understanding the causes and nature of plant diseases and finding appropriate
solutions for their management has traversed a long way from conventional observation-centric
investigations to technology-driven, inter-disciplinary approaches involving modern technologies
such as molecular biology (including CRISPR, RNAI, recombinant DNA technology), information
technology, nanotechnology, remote sensing, etc. Undoubtedly, these technologies have greatly
helped in advancing our knowledge about host-pathogen-environment interactions and have led
to better control of some difficult diseases through target-based approach. Nevertheless, it needs
to be seen that future plant pathologist does not get too much alienated from the actual field
situations.

| am sure that this international conference will provide an ideal platform for plant pathologists
from various geographical regions to interact and exchange new research findings on disease
problems impacting crop health and will come up with new ideas for future research.

| extend my warm greetings and compliments to the organizers and participating scientists and
wish them a great success for fruitful deliberations.

'}:S_Jﬂa«d

Dated: 06.01.2022 (T.S. Thind)
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MESSAGE

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 8™ 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.

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

| wish the mega event a grand success.

Lucknow

Dated : 05.01.2022
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MESSAGE

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-daipur,
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)
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MESSAGE

It isamatter of immense pleasure that our society with glorious history is entering in 75th year of establishment and
organizing "Platinum Jubilee Cel ebration and International Conference on " Plant Pathology: Retrospect and Prospects’ and
"Satellite Sympsium” on " Ameliorate Resilience of Arid Crops" at SKN Agricultural University, Jobner-Jai pur, Indiaduring
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, ¢. 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: Commercia 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 progressin;

Characterisation and identif cation of plant pathogens and useful microbeswith molecular markers; Microbia 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 applicationsof microbesviz. 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 hasworked well to organise aseries of lecturesdelivered by Eminent
Scientists.

| take this opportunity to express gratitude with thanksto Dr Trilochan Mohapatra, Secretary, DARE and DG, ICAR,
New Delhi & Dr. J.S. Sandhu, Vice Chancellor, SKNAU, al the Patrons & Heads of different institutionsfor their guidanceand
encouragement.

| also thank profusely to the members of Organizing Committee, Dr. Pratibha Sharma, President | PS, and Chairperson, Dr.
Rakesh Pandey, President-elect, |PS, 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.

| take this opportunity to congratulate and thanks profusely to Dr. Robin Gogoi, Secretary & Convener; Dr. Kalyan K.
Mondal, J. Secretary, Dr. Makhan Singh Gurjar, Treasurer and Dr. Ritu Mawar, Principle Scientist & Co Convenors, al the EC
members of |PS, Advisory Committee and membersof 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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MESSAGE

| am very happy to learn that Indian Phytopathological Society, ICAR-Division of Plant
Pathology, IARI, New Delhi is organizing an 8" International Conference on “Plant Pathology:
Retrospects and Prospects” during IPS Platinum Jubilee Celebration of the society from March
23-26'", 2022 at Sri Karan Narendra Agriculture University, Jobner-Jaipur (Rajasthan), India. If
we see the progress made by this society in Plant Pathology in the last 75 years, then one has to
feel happy and satisfied that the purpose for which the society was established by the founders
is fulfilled. The society has organized seven International and National Conferences on various
topics to address the emerging issues and problems in Plant Pathology faced by the farming
community in timely diagnosis of the diseases, characterization of the disease causing agents,
understanding the mechanisms of host parasitic relationship and finding suitable solutions
using advanced biotechnological tools and IT interventions leading to overall combat plant
diseases in a integrated manner. The society has collaborated with dozens of like minded
academic societies engaged in solving the problems of Plant Protection. IPS has joined hands
with American Phytopathological Society, USA few years back and has widened its base to
reach to the wider plant protection community from several countries of the world in order to
exchange of their ideas, thoughts, innovations in addressing problems related to the field of
Plant Pathology.

| think the objectives framed by the founders of plant pathology in establishing the society to
debate on plant pathological issues and come out with suitable solutions have been very well
addressed in the last 75 years. The society has now about 2500 life or annual members in >45
countries and become the third largest society of Plant Pathology in the world. There are
dozens of awards/recognitions instituted by the society to recognize the talents in solving the
plant pathological problems within and across the field. The society has published different
books, publishing one of the renowned quarterly journal ‘Indian Phytopathology” with Springer
Nature, Annual Reports, quarterly IPS News letter for the benefit of the students, researchers,

extension personnels and different stakeholders.
P

| wish the 8" International Conference of the society a grand success. __Wéj

(M.P.Thakur)
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MESSAGE

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.

| 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.

| further wish the international conference to be the most prolific and grand success.
(Pratibha Sharma)
Dated: 14" March, 2022
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Message

Over the next decades, global issues relating to climate change and international
biosecurity associated with increasing trade and air travel will lead to new challenges
in all areas of agriculture and the environment, including the management of plant
diseases and their societal impact. Hence, a forum for communication of research
findings related to these global issues, from the molecular and ecological interactions
among plants, pathogens, other microbiota, and vectors, to aetiology and epidemiology
of disease in field populations and diverse landscapes, is essential if these challenges

are to be met.

I am happy to learn that the Indian Phytopathological Society, New Delhi is
organising an International Conference on theme “Plant Pathology: Retrospect and
Prospects on March 23-26, 2022 at Jobner. It is hoped that the discussion on various
themes of the conference will pave way for evolving future strategies on improving

Phytopathological strategies for food security in the world.

I congratulate the organisers for this initiative and wish the event a grand success.

>

(M. L. Jakhar)
Director Research
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MESSAGE

Indian Phytopathological Society will be conducting the Platinum Jubilee Celebration
and International Conference on “Plant Pathology: retrospect and Prospects” at SKN
Agriculture University, Jobner, Jaipur (Rajasthan) during March 23-26, 2022. The present
international conference would serve to address major important issues related to teaching,
commercial aspects of plant pathology, basic and applied research related to plant pathology
with major emphasis on Trichoderma workshop which has direct impact on plant health,
environment and food security.

The present conference will provide a good platform for the plant health specialists,
extension researchers and molecular plant pathologists from both academia and industry to
come together, discuss, deliberate and to devise strategies to contain the threats posed by
variety of plant pathogens on various agri crops including medicinal and aromatic crops to
ensure food security, environmental and human health.

On the occasion of the completion of 74 years of IPS dedicated service to the nation,
this platinum jubilee conference is an attempt to provide highlights of major
Phytopathological works towards promoting Indian Agriculture. | convey my best wishes to
the organizers and participants and hoping for the event to be a grand success.

Thanking you

(Rakesh Pandey)
January 10, 2022
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To: The Indian Phytopathological Society
Date: January 28, 2022

The International Society for Plant Pathology extends warm congratulations to the
Indian Phytopathological Society as the IPS begins Platinum Jubilee Celebrations
marking 75 years since its establishment. We wish you a joyous and intellectually
stimulating celebration during the 8" International Conference on Plant Pathology:
Retrospect and Prospects, to be held March 23-26, 2022 at SKN Agricultural
University, Jobner-Jaipur, Rajasthan, India.

ISPP looks forward to future collaborations with [PS!

Best regards,

n E. Leach
ISPP President

Sye 2 i Pl NN 331205500
wwwasppweb.org
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MESSAGE

Crop Protectionisone of themajor dimensionsinAgriculture, and Plant Pathology isthe
major areainit. On an average, crop diseases pose about 19-22 per cent yield lossannually which has
been remaining amajor concernfor theplant pathol ogists. The science of plant pathol ogy in the educational
ingtitutionsof Indiahasgot tremendous momentum sinceitsbeginning from 1905. Thisagriculturd science
hasably shown positiveimpact intheresearch fidl dsand every corner of thefarmers fieldsand contributing
tothecountry’shigher productivity. It isthe happiest moment for al of usthat the Indian Phytopathol ogical
Society (IPS) has successfully completed 75 years after itsfoundation in 1947 laid by the visionary
person B. B. Mundkur. Under the umbrellaof this Society, our pledgeisto continuerelentlessservicesto
theIndian Agricultureand to support thefarmers' livelihood. Henceforth, the Society isgoing to celebrate
its Platinum Jubilee and 8" International Conference in Hybrid mode on the theme “Plant
Pathology: Retrospect and Prospects’ duringMarch 23-26, 2022 at Sri Karan NarendraAgriculture
University, Jobner-Jaipur, Ragjasthan, India. A large number of plant pathol ogists and crop protection
scientists from India and abroad, research scholars and post graduate students will take part in this
conference by attending physically and onlineaswell. They will placevariousfindingsandideasin four
major technica sessions, namely, Teaching, Basicand A pplied Researchin Plant Pathology, and Commercid
Pant Pathol ogy. In addition, the Conference has covered asatel lite programmeof “ International \WWorkshop
on Trichoderma and Gliocladium” keeping in view of the organic cum natural farminginIndia. | am
convinced, therewill be closeinteractions and thorough discussionsin every technical session and the
final outcome of the conferencewill facilitate to bring out afunctional document with respect tothebasic
and applied research.

| am pleased to welcomeyou all to the 8" International Conference of the |PS conveninginthe
beautiful campusof SKN Agriculture University, Jobner. | am, and the Society ishighly indebted to the
Vice Chancellor of the University for hosting the grand programme of the plant pathologists. | wish my
best and hearty congratul ation to the organi zers and their team membersfor coming forward to convene
the conference. | further hope, all the participantswill enjoy openly in thisget-together happening first
time after the confinement of serious Covid-19 period.

Inadvance, | wish the International Conferenceto be agrand success.

Dated: 15" March, 2022 (Robin Gogoi)
New Delhi
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8" International Conference (Hybrid Mode)
Plant Pathology: Retrospect and Prospects
March 23-26, 2022 SKNAU, Jobner-Jaipur, Rajasthan

Presidential Lecture
AL(0l):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
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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.aggarwal2z@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 | (385102) (Accession No. MKXH00000000),
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Tilletia. indica isolate RAKB_UP_1 (Accession no. MBSW00000000), Bipolaris sorokiniana BS-
112 (Accession No. RCTMO00000000), 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 sugarcanered 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: desail959@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 CO, 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 CO, 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):Ganodermabasal rot mortality: An emerging threat for greening Indian
desert

Ritu Mawar*
ICAR-Central Arid Zone Research Institute, Jodhpur — 342003, Rajasthan, India
*Email: ritumawarl976@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 bananain 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 Racel, 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 pL-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 Sharma", SS Roy', Arati Ningombam?', A Ratankumar Singh?, Raghuveer Singh?, Tasvina R
Borah? and Pankaj Baiswar?

IICAR 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: susheelsharmal9@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 107 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 Leach', Emily Lunal, Santiago Pinedo', Janet Hardin', Denise Caldwell? and Anjali lyer-Pascuzzi?
!Department 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, Dusseldorf Universitatsstr. 1 40225
Dusseldorf, Germany Dusseldorf 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 SWEETSs, 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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MJIN(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: lipal78deb@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
liguid based microbial consortium of B. bassiana isolates as seed treatment, seedling root dip and four
foliar sprays with 10 mlin 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.

MJIN(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 mMNGS 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.

MJIN(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 CYVMYV 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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MJIN(NZ): Pathological and molecular variation in Pucciniatriticinathe 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; Lr9, 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, generation of four populations were
evaluated against Pt from 2018-2021 under field conditions at PAU (Ludhiana). The genotypic ratio 1:1 of
F. 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 llumina 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.

MJIN(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,0,, O,’, 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,O, and O, concentration during
the early infection phase, and a more efficient antioxidative system effectively restricted pathogen

13

%
&
c
@)
O
i=
©
=
<
o
p=
=
&
b
g
©
O
<
c
@©
=
£
0
&
©
Z
-
p=




0
2
c
@)
O
=
©
=
<
o
p=
=
S
)
o
@©
O
<
c
@©
<
=
0
-
©
Z
—
p=

8" 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.

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

Preety Verma?, Vinod Kumar Malik', Pooja Sangwan', Rakesh Kumar?,Manjeet Singh', Pankaj Yadav' and
Mamta Khaiper®

Department of Plant Pathology, College of Agriculture, CCSHAU, Hisar-125004

2 Agricultural Technology Information Centre, CCSHAU, Hisar-125004

SDepartment 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 MYMYV 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.

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

Swati Chakraborty?, Subham Dutta’, Mritunjoy Barman?, Snigdha Samanta? and Jayanta Tarafdar’
Department of Plant Pathology, 2Department of Agricultural Entomology, *Department 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 gPCR. 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.

MJIN(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 250C followed by 300C 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.

MJIN(WZ): Bioefficacy of Trichodermaspp. 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

Atotal 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. ciceriand 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) AQNPs were found in the range of
21.29 to 30.42 nm, T. harzianum (CRT-2) AgNPs were found in the range of 14.74t0 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 AQNPs 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).

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

Rushikesh D Bharsakale' and VR Hinge?,

'PG Student, 2*Assistant Professor, Department of Plant Biotechnology, Vilasrao Deshmukh college of
Agricultural Biotechnology, Latur 413 512 Vasantrao Naik Marathwada Krishi Vidyapeeth, Parbhani.

*Email: vidyahingel7@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 MYMYV 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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MJIN(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-Desoxo0-9x-hydroxy-7-ketoingol, 4H-
Cyclopropazulenol, Hexadecanoic acid and G-Pentamethylcyclopentadienyl- were identified that have
antifungal and antimicrobial activity.

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

T Praveen®*, AS Krishnamoorthy', S Nakkeeran', U Sivakumar?, D Amirtham?® and S Haripriya*
'Department of Plant Pathology, 2Department of Agricultural Microbiology, *Department of Food and Agricultural,
Process Engineering, *Department 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 volatiiomes 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.

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

Gutha Venkata Ramesh! and KB Palanna?

Department 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. BTMHS5 isolate was identified as more virulent among all isolates. In vegetative
compatibility studies, BTMH2 x BTMHG6 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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MJIN(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 acomponent of IDM for management of leaf blight of turmeric (Curcumalonga
L.)

Arti Kumari® and Pranab Dutta
1School of Crop Protection, CPGS-AS, Central Agricultural University (Imphal), Umiam, Meghalaya
*Email: artikumaril4002@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 CuUNP 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,) 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 Tamang', Poly Saha?*, Jhuma Datta?

Dept. 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 Kumar*, Harbinder Singh', Rajender Singh ', Upendra Kumar?, Prakash Banakar® and Robin
Gogoi*

Department 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

“Division 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/| 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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SESSION 1:

New Education Policies (NEP) and Impact on Plant Pathology
Keynote Lectures

KNO1(1): Implications of National Education Policy-2020 in academic
institutional governance and instructions in agriculture

S.S. Chahal
Former Vice Chancellor, Maharana Pratap University of Agriculture and Technology, Udaipur (Raj.)
Email:chahalsspau@yahoo.com

The new National Education Policy 2020 (NEP) is woven around the principles of development of
individual interest by providing broad based, holistic, flexible, inclusive education by eliminating
discipline insulated knowledge boundaries. Focused on providing high quality liberal education under
more empowered governance, autonomy and transformation of regulatory system, it has highlighted
providing professional education synchronizing and synergizing science, technology and social
sciences through multidisciplinary instructional approach. The agricultural education too is bound
for transformation on these lines since the Indian Council of Agricultural Research has adopted it
and developed a strategy for speedy implantation in institutions engaged in imparting agricultural
education. Discouraging fragmentation of State Agricultural Universities and eliminating affiliation
system there is strategic planning to reorient course curriculum introducing multiple entry and exit
provisions with options for certificate, diploma and general or research degree courses in all the
subjects including plant pathology. The plant disease control education will now be more holistic by
unity and integrity of wide array of knowledge, creativity and critical thinking with higher component
of online delivery of instructions, virtual labs and expansion. For students of plant pathology there
will be now wider availability for optional subjects under refined Choice Based Credit System. Through
creation of Academic Banks of Credit, mobility of students will be facilitated equally well as the discipline
transferability for promoting interest, innovation, quality and global acceptance of graduates in plant
pathology. Availability of liberal financial support under the National Research Foundation (NRF)
under NEP will expand the scope of qualitative, competitive and applied research on frontier areas
as well as current issues and challenging aspects like plant disease management under fast changing
climatic conditions, rational use of chemicals and devising maintenance mechanism of host pathogen
equilibrium under natural farming. Involvement of social sciences aspects is also likely to act as key
to understand the broad horizon of dissemination of plant pathological knowledge by extension
specialists among farmers for producing healthy crops.

KNO02(1): New education policies (NEP) and impact on plant pathology
strategies forimplementation of New Educational Policies in Plant Pathology
P. Chowdappa

Bharathiya Engineering Science and Technology Innovation University
Gownivaripalle, Ananatapur District, A.P

New Educational Policy-2020 has been formulated to make India a global knowledge superpower
adopting an education system rooted in Indian ethos. It has proposed several changes in the
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higher education system, including agriculture education. The changes include transforming
stand alone higher education institutions (HEIls) into multidisciplinary research-intensive
organizations offering multidisciplinary programmes, multiple entry and exit, academic structure
of certificate/ diploma/degrees/ and academic credit banking system. NEP-2020 envisions for
universities, offering agricultural education must design the agricultural programmes towards
developing professionals to understand and use local knowledge, traditional knowledge and
emerging technologies to address critical issues of climate change, declining profitability,
enhancing productivity to benefit the local communities directly. Providing right skills and
knowledge is part of NEP-2020 for generating employment for 80 % of agricultural graduates,
who are underemployment/misplaced employment/ no employment. ICAR ensures quality in higher
agricultural education through its National Agricultural Education Accreditation Board by
accrediting of Agricultural Universities/Colleges both in public and private sector. All HEIs either
in public or in private shall be treated on par within this regulatory regime. The regulatory regime
shall encourage private philanthropic efforts in education. The ICAR constituted NEP
implementation strategy committee recommends the allotment of students to private institutions
through AIEEA conducted by NTA/ICAR on the same lines of allotment to public institutions. As
mentioned in the NEP-2020, multidisciplinary approach needs to be adopted 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 formulated at various academic levels 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 and drone technologies have to be imparted to students of Plant pathology to
reduce crop losses . Improving the availability and quality of learning materials. quality teaching,
flexible and relevant national frameworks and increase of budget for plant pathology education
are vital. Plant pathologists should utilize the proposed National Research Foundation (NRF) in
NEP 2020 to get more merit based and peer reviewed research funding. It has been estimated
that more than 15% of food production is lost to plant diseases in developing countries including
India. Historically, plant diseases have caused catastrophic impact on food production. Food
security is threatened by an ongoing sequence of plant diseases and expertise is required to
ensure food security for the 21t century. Thus, there is need to utilize NEP 2020 policies to
revamp academic curriculum with multi disciplinary approach and to design new courses with
multiple entry and exit in Plant Pathology to tackle emerging disease problems to feed ever
growing population.

KNO03(1): Plant Pathology Education: roblems and rospects in new education
policy

Gururaj Sunkad

Associate Director of Research and Professor and University Head (Plant Pathology) University of Agricultural
Sciences, Raichur-584101, Karnataka, India Raichur 584104 Karnataka,India

Email: sunkadgururaj@gmail.com

The fundamental principle of new education policy is to recognize, identify and fostering the
unique capabilities of each student by sensitizing teachers as well as parents for holistic
development of each student. The vision of this policy is to develop an education system rooted
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in Indian ethos that contributes directly to transforming India, by providing high quality education
to students thereby making India a global knowledge superpower and students as global citizen.
At present, plant pathological education has to be reoriented as per the fundamental principles
and vision of new education policy. There are several problems, concepts and changes are
going to take place to impart education and research in plant pathology for under graduate and
post graduate students. Apart from challenges of implementing new education policy, climate
change is predicted to results in reducing productivity and increased pesticide usage impact
food safety. For the management of plant diseases in eco-friendly manner, plant pathologists
are developing new and more efficient methods for sustainable crop production. To give adequate
knowledge about plant pathology, the Agricultural universities have implemented student’s READY
programme to impart knowledge on practical agriculture and promote professional skills,
entrepreneurship qualities and make students as Job creators rather than Job seekers. Therefore
the challenges occurs in this sector faced by changing education policy in plant pathology by
building fashioned plant pathologists. There are problems and prospects in implementing new
education policy in plant pathology research and education.
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SESSION 2:
Basic research in plant pathology

2A. Taxonomy and systematics of plant pathogens

Keynote Lectures

KNO01(2A): Biodiversity, taxonomy and plant disease diagnostics of plant
pathogenic fungi from India

Chakravarthula Manoharachary*
Department of Botany, Osmania University, Hyderabad - 500007, Telangana, India
*Email: cmchary@gmail.com

Host—Pathogen interaction under favourable environmental variables results in disease syndrome
followed by symptom production. There are different symptoms produced by plant pathogenic
fungi namely necrosis, hypertrophy and hyperplasia and also hypotrophy and hypoplasia.
Identification of the fungal pathogen and their classification is an important aspect to be dealt.
Most of the pathogenic fungi are either obligate parasites or biotrophs. Around 13 million of
fungi have been estimated and of which only 1,40,000 fungal species have been identified world
over. India has got a record of 29,000 fungal species. Since 1/3 of global fungal biodiversity
occurs in India, hence there is a need to discover the fungi occurring in different ecological
niches and also on crop plants. Around 30,000 plant pathogenic fungi have been reported in
the world and of which 5000-7000 pathogenic fungi might have occurred on various crop plants
and forest plants in India. Early detection of plant pathogenic fungi and diseases diagnosis are
the important components that help in disease management. Morpho-taxonomy and molecular
tools are employed in the identification of the plant pathogenic fungi. The establishment of
relevant disease forecasting systems and models are important for early prediction of the outbreak
of plant diseases. In India agriculture forms the backbone for the country’s economy besides
offering food security and nutritional security to the growing population. The aspects and
prospects related to biodiversity, taxonomy and plant disease diagnostics of plant pathogenic
fungi from India are discussed.

KNO02(2A): Redefining Fusarium

P.W. Crous, M Sandoval-Denis, L Lombard & JZ Groenewald
Westerdijk Fungal Biodiversity Institute, Uppsalalaan 8, 35684CT Utrecht, The Netherlands
*Email: p.crous@wi.knaw.nl

The Nectriaceae (Hypocreales, Sordariomycetes) includes saprobes, endophytes and numerous
important plant and animal pathogens, several of which are used in commercial applications. Members
of Nectriaceae are circumscribed by having yellow, orange-red to purple uniloculate ascomata, and
phialidic asexual morphs. Due to the lack of DNA sequence data for many taxa in the family, species
and generic concepts remain poorly defined. To address this issue, we performed a multi-gene
phylogenetic analysis using partial nucleotide sequences of the rpb1, rpb2, and tef1 and rDNA gene
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regions for available type and authentic strains representing fusarium-like taxa. Using a polyphasic
approach including morphology of the sexual and asexual morphs, these data resolved more than 20
genera in Fusarium sensu lato. Following the one fungus = one name initiative, Fusarium = Gibberella.
This genus relates to the F3 clade sensu Geiser et al. (2013), and not the F1 node eventually
chosen by the authors Geiser et al. (2021), including an assemblage of different biological genera
such as Albonectria, Bisifusarium, Cyanonectria, Geejayessia, Neocosmospora and Rectifusarium.
These genera do not only differ in their sexual morphs, but also in their asexual morphology and
biology. The fusarium-like morphology, with hyaline, curved macroconidia with basal foot cells, is a
synapomorphy that has been lost several times throughout the Hypocreales, and does not represent
a character of generic value.

Invited Lecture

ILO1(2A): Characterization of Ganoderma of Arecanut plant collected from
Eastern and North Eastern India

Tusar Kanti Bag
Dvision of Plant Pathology, ICAR-Indian Agricultural Research Insitute, New Delhi — 110012, India
*Email: tusar.bag@gmail.com

Ganoderma spp. associated with arecanut plant were collected through survey from West Bengal
and Assam during 2019 and 2020. In the form of basidiocarp, samples were collected. From 12
isolates, the fungus of interest was isolated from basidiocarp on Ganoderma selective medium
and one isolate of an unknown dicot flowering plant from IARI, PUSA, campus, New Delhi was
included in the study. Isolates were studied for its morphological characters such as colour,
length, breath, thickness of basidiocarp, presence or absence of stipe and basidiospore
characters. Based on the stipe character, isolates JPG3WB19, JPG8WB19, KRG16AS20,
KRG20AS20 and NDG1DL20 were grouped into stipitate group; isolates JPG2WB19, JPG5WB19,
JPG6WB19, JPGOWB19, JPG10WB19, KRG14AS19, KRG17AS20 and KRG18AS20 were grouped
into sessile group. Likewise, based on the basidiospore size, isolates JPG3WB19 and KRG17AS20
were categorised into larger spore group; isolates JPG2WB19, JPG5WB19, JPG6WB19,
JPG8WB19, JPGO9WB19, JPG10WB19, KRG14AS19, KRG16AS20, KRG18AS20, KRG20AS20
and NDG1DL20 were categorised into medium spore group. ITS sequence based molecular
identification was also done for all 12 isolates using ITS 5/1 and ITS 4-primer pairs. Phylogenetic
analysis using ITS sequence nucleotide data of different Ganoderma species were made and
the study revealed that 7 isolates, JPG2WB19, JPG5WB19, JPG8WB19, JPGOWB19, KRG14AS19,
KRG17AS20 and KRG20AS20 were found to be closer to G. orbiforme and 5 isolates JPG3WB19,
JPG6WB19, JPG10WB19, KRG16AS20 and KRG18AS20 were found to be closer to G
boninense. Isolate NDG1DL20, collected from dicot flowering plant, was identified as G. lucidum.
G. orbiforme and G. boninense were detected from the arecanut plants of both the state of West
Bengal and Assam. G. lucidum was not found in any of the samples collected from Arecanut. G.
orbiforme and G. boninense were found to be new on arecanut plant in India.
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Oral Presentations

OPO01(2A): Morpho-patho-genetic variability in colletotrichum species infecting
chilli plants of Andaman and Nicobar Islands, India

K. Sakthivel#*

ICAR-Central Island Agricultural Research Institute, Port Blair - 744105, Andaman and Nicobar Islands, India
#ICAR-Indian Institute of Oilseeds Research, Hyderabad - 500030, Telangana, India

*Email: veluars@yahoo.in; veluars@gmail.com

Chilli (Capsicum annuum) is one of the most important vegetable and cash crop and its is being
cultivated for several hundred years as a sustainable form of agriculture in India and also in
many other countries. India is the largest producer and consumer of chillies in the world with a
contribution of about 25 percent. Anthracnose disease in chilli is one among the biotic factor in
all chilli-growing areas of the world which may cause yield loss of up to 40%. The present study
aimed to understand the basic pathogen nature of Colletotrichum species infecting chilli crop in
the Andaman and Nicobar Islands, India before devising eco-friendly disease management
practices. Twenty fungal isolates associated with chilli anthracnose disease from different chilli
growing locations of Andaman lIslands, India were characterized using multiple approaches.
Morphological studies revealed, out of twenty isolates, fourteen isolates were found chromogenic
and eleven showed concentric ring pattern of mycelial growth. Conidial morphology studies
showed, the isolates were grouped in to two species (C. capsici and C. gloesporioides). However,
the sequence analysis using internal transcriber spacer (ITS) region and housekeeping genes
revealed the presence of two other species: C. siamense and C. plurivorum, in addition to C.
gloesporioides and C. capsici. The pathogenicity tests upon three different chilli varieties
revealed there is difference in the pathogenic potential among the collected isolates. The present
study revealed the presence of high level of genetic and pathogenic variability among the
Colletotrichum isolates infecting chilli in Andaman Islands.

OP02(2A): Molecular phylogenetic diversity and development of species
specific molecular markers for plant pathogenic species within Fusarium solani
species complex (FSSC)

Deeba Kamil, Rubin Debbarma, T Prameela Devi and Amrita Das
Division of Plant Pathology, ICAR-Indian Agricultural Research Institute, Pusa Campus, New Delhi-110012

Seventy five isolates belonging to the Fusarium solani Species Complex (FSSC) were
characterized based on Multilocus sequence analyses (MLSA) and morphological features.
Internal transcribed spacer (ITS), translation elongation factor-1 (TEF-1+), RNA polymerase Il
subunit (RBP2), large subunit (LSU), Calmodulin, mitochondrial small subunit rRNA (mtSSU)
and rRNA Intergenic spacer were used for molecular delineation. Based on phylogenetic analysis
all the isolates were classified into eight described cryptic species viz., Fusarium falciforme, F.
striatum, F. metavorans, F. vanettenii, F. cyanescens, F. keratoplasticum, F. solani FSSC5 and F.
petroliphilum. This study found that Fusarium falciforme is the most dominant cryptic species of
Fusarium solani species complex present in India which contribute alone more than 58% with
causing disease to diverse agricultural crops. Fusarium falciforme, Fusarium metavorans and
Fusarium striatum was found predominantly plant pathogenic species. Furthermore, specific
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molecular markers for identification of these three predominantly present cryptic species were
developed. The conserved sequences from multiple alignments of tef gene were used to design
the primers for detection. tef gene sequence from 46 isolates of Fusarium falciforme and 33
sequences from 7 different cryptic species of Fusarium solani were aligned and 205 base pairs
amplicon size species specific oligonucleotide primer were design. Similarly, Fusarium metavorans
and Fusarium striatum specific oligonucleotide primers were design with amplicon size 365 base
pairs and 207 base pairs respectively. The specificity of primers was validated against seven
different cryptic species of FSSC. Sensitivity for detection of primers was analyzed. This finding
will be helpful for researchers in rapid detection and identification of important plant
pathogengenic cryptic species of FSSC.

OPO03(2A): Identification and characterization of emerging bacterial boll rot of
cotton in central India

Dipak T. Nagrale*, Shailesh P Gawande, Neelakanth S Hiremani, Babasaheb B. Fand, Mithila Meshram,
Nandini Gokate-Narkhedkar and YG Prasad

ICAR-Central Institute for Cotton Research, Post Bag No.2, Shankar Nagar PO, Nagpur-440010, Maharashtra
(India)

*Email ID: dip29unique@gmail.com

Upland Cotton (Gossypium hirsutum L.) is the most important natural fiber crop cultivated
worldwide in the India, China, United States, Australia, Egypt, and African tropic regions. However,
India covers largest acreage under cotton cultivation with highest cotton production in the world.
An unusual emerging problem of internal seed and lint rot of developing green bolls of cotton in
central India has been noticed symptoms with deformed bolls, reduced boll development, fiber
quality and yield. The sampled green bolls that appears externally healthy but diagnosed disease
when cross sectioned bolls observed symptoms with yellowish to pink-red discoloured lint, slimy
appearance and rotting of immature seeds. These diseased boll rot samples upon isolation on
nutrient agar, observed predominant bacteria with circular shape colonies, Gram negative,
facultatively anaerobic, rod-shaped and translucent yellow colour colonies. On the basis of
pathogenicity tests, confirmation of Koch’s postulates and 16S rRNA gene sequencing, the
phytopathogenic bacteria Pantoea dispersa was observed as causal organism of internal boll
rot of upland cotton. The detailed polyphasic characterization of the bacteria on morphological,
phenotypic, biochemical and molecular characterization confirm the taxonomic insights of the
bacterial pathogen. Similarly, the bacterium, Xanthomonas citri pv. malvacearum was also
observed causing water soaked, oily spot symptoms on green bolls of G. hirsutum (cv. HS-6)
and HxB germplasm crosses in the experimental fields. The phylogenetic analysis using maximum-
likelihood based on partial rpoB, gyrB and 16S rRNA genes was performed for further investigation
on taxonomic classification of bacterial boll rot pathogens.
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OP04(2A): Some important diseases of Eucalyptus camaldulensis and E.
tereticornis from Telangana

Nagaraju D™ and Manocharachary C?

'Department of Botany, Govt. City College (A), Hyderabad 500002, Telangana, India

2Mycology and Molecular Plant Pathology Laboratory, Department of Botany, Osmania University, Hyderabad
500 007, Telangana, India.

*Email: nagaraj.bot9@gmail.com

Eucalyptus is a large and important genus containing about 600 species. It is a commercial crop
because of its wood, pulp and useful silvicultural properties. Eucalyptus species are used in
papermaking. The two commonest species that are grown in Telangana are Eucalyptus
camaldulensis and E. tereticornis. Many paper industries purchase wood-based pulp from
Telangana and Andhra Pradesh region for paper production. In view of the above mycologists
have started examining the diseases occurring on the above mentioned two species. The
important diseases that occur on the above two dominant Eucalyptus species include leaf spot
caused by Alternaria alternata. Another important disease being a damping off, seedling blight,
stem infection, and leaf curling caused by Cylindrocladium parvum. Anthracnose disease caused
by Pestalotiopsis versicolor has also been observed on Eucalyptus spp. followed by Glomerella
cingulata which also causes anthracnose. The crown drying disease caused by Phytopthora
cinnamomi has also been noticed in Eucalyptus plantations. Another important disease is a pink
disease caused by Corticium salmonicolor has been noticed in the Eucalyptus plantations. Field
collections are made, disease symptoms have been noted and respective pathogens have been
isolated in pure culture. The fungal pathogens have been identified using standard manuals.
Single spore cultures have been deposited at ITCC, Division of Plant Pathology, IARI.
Pathogenicity tests have been conducted with respective pathogens on the host plants following
Koch postulates. All the above diseases reported in this presentation form new additions to the
Telangana state.

OPO05(2A): Critical examination of diversity and distribution of rust fungi in
Karnataka

S Mahadevakumar!, S.Chandranayaka?*, S Niranjan Raj', N Lakshmidevi®, KRSridhar* & KNAmruthesh®*
'"Department of Studies and Research in Microbiology, Karnataka State Open University, Mukthagangotri,
Mysuru

2Department of Studies in Biotechnology, University of Mysore, Manasagangotri, Mysuru

3Department of Studies in Microbiology, University of Mysore, Manasagangotri, Mysuru

“Bioscience Department, Mangalore University, Mangalagangotri, Mangalore

SDepartment of Studies in Botany, University of Mysore, Manasagangotri, Mysuru

*Email: moonnayak@gmail.com, dr.knamruthesh@gmail.com

Rust fungi are an obligate biotrophic plant parasites belonging to the order Pucciniales. There
are about 100 genera and more than 7,000 species. In the present study, diversity of rust fungi
occurring in Karnataka region associated with agricultural crops as well as wild plants species
have been investigated and critically evaluated. Identification of rust diseases were made by
symptomatology, aetiology and also based on the morphology of teliospores, urediniospores
and basidiospores. A total of 48 different species of rust fungi occurring on 56 hosts belonging
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to 18 plant families (Fabaceae-10, Poaceae-07, & Malvaceae-05) have been recorded. Among
the 48 rust fungi, the genus Puccinia represented by 23 species. Three major rust fungal genera
were critically examined which include Puccorchidium - sharing the features of Puccinia and
Diorchidium; Puccinia — taxonomic reassessment based on selected species; and Kernkampella
— a genus separated from Ravenelia. Briefly, two new rust species in Puccinia occurring on
Justicia wynaadensis and Aecidium on Dyospyros melanoxylon were described. The typification
for Puccinia leiocarpum found on Ocimum adscendens is proposed. The type description for
Puccorchidium polyalthiae is modified based on the micro-morphological characteristics. The
genus Kernkampella has been revisited based on its occurrence on Breynia oblongifolia, B.
patens and B. retusa.
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2B. Genetics and ecology of plant pathogens

Keynote Lectures

KNO01(2B): Changing dimension of research approaches for characterization of
viruses in plants

V.K. Baranwal
Division of Plant Pathology, ICAR-Indian Agricultural Research Institute, New Delhi - 110012, India
*Email: vbaranwal2001@yahoo.com

The first plant virus causing mosaic disease in tobacco was characterized based on the infectious
nature of sap that passed through bacteria proof filter obtained from diseased plants in the late
19th Century. It was followed by local lesion assay, crystallization of virus particles, shape- and
size-based virion characterization through electron microscopy, transmission assays, type of
nucleic acid and serological reaction-based characterization. It was the first-generation
sequencing technologies that unveiled the first complete genome sequence of cauliflower mosaic
virus in 1980. Since then, sequencing technologies became ultimate tool to characterize viruses.
The advent of next generation sequencing (NGS) technologies has revolutionized the field of
plant virology as many new viruses in different hosts, in different geographical locations were
discovered and this facilitated us to better understand the virus evolution. Our recent analysis
of public transcriptome data sets as well as sSRNA or mRNA sequencing have shown the association
of several known/unknown/novel viruses with various plant species. Using available mRNA and
sRNA data sets of grapevine, complete or near complete genome of 19 viruses and viroids were
reconstructed. Seven viral and 1 viroidal genome were recovered for the first time from any
Indian grapevine cultivar. Metagenomics of grapevine cultivars also determined the seasonal
dynamics of viruses. NGS of rRNA-depleted total RNA showed association of an unknown virus
and viroid species in mosaic affected apple cultivars. However, there is a need of standardization
of various steps involved in NGS and analysis of sequencing data for wider application.

KNO02(2B): Race profiling and molecular diversity analysis of Fusarium
Oxysporum f. sp. lentis causing wilt in lentil

SC Dubey', VD Sharma?, VK Prajapati?, J Akhtar? and Aradhika Tripathi?

"Plant Protection, Crop Science Division, Indian Council of Agricultural Research, New Delhi 110001, India
2Division of Plant Quarantine, ICAR-National Bureau of Plant Genetic Resources, New Delhi, India

*Email: sunil.dubey@icar.gov.in

Wilt caused by Fusarium oxysporum f. sp. lentis is one of the important diseases of lentil worldwide
including in India. Two hundred and thirty-five isolates of the pathogen collected from different
parts of India showed substantial variations in respect to morphological features such as colony
texture, pattern, pigmentation, and growth rate, etc. Based on the morphological features
altogether the populations were grouped into 12 categories. A set of differential genotypes was
identified for virulence analysis of the pathogen by evaluating 114 genotypes of lentil against an
isolated FLDL1 of the pathogen. Based on the reactions, 10 genotypes with variable reactions
and genetic background were selected as differentials for race profiling. The representative
populations of F. oxysporum f. sp. lentis (70 isolates) were grouped into 7 races on the basis of
virulence patterns obtained on 10 differential genotypes. The information on race profiling
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generated in the present study could be further utilized in the development of race specific
resistant cultivars. Genetic diversity of the pathogen was analyzed using random amplified
polymorphic DNA (RAPD), universal rice primers (URPs), inter simple sequence repeats (ISSR),
and sequence-related amplified polymorphism (SRAP) molecular markers. URPs, ISSR, and SRAP
gave 100% polymorphism, while RAPD gave 98.9% polymorphism and the isolates were grouped
into seven clusters with genetic similarities ranging from 21-80%. The populations of northern
and central regions of India clustered separately. The ITS and TEF-1a region of the representative
isolates of the pathogen were amplified and sequences of these genes were analyzed. The
phylogenetic analysis using these two genes grouped the isolates into two major clades
representing various races. The molecular groups did not correspond to morphological features
and geographical location of the pathogen whereas; it was partially corresponded to the lentil
growing regions of the isolates and races of the pathogen.

KNO03(2B): Virulence structure of Blumeria graminis tritici, the causal pathogen
of wheat powdery, in Indian sub-continent

Ashwani K Basandrai'*, Amritpal Mehta? and Daisy Basandrai®

Department of Plant Pathology, *Department of Genetics and Plant Breeding, CSKHPKV, Palampur,
2 Department of Plant Pathology, SKAUST, Jammu

*Email: ashwanispp@gmail.com

Powdery mildew (PM) of wheat caused by Blumeria graminis tritici (Bgt) is one of the most
devastating disease in areas with cool and maritime climate. It is a minor disease in Bangladesh,
Bhutan and Myanmar and moderate in Pakistan and Nepal. In India, disease has emerged as a
potential threat in North Hill Zone (NHZ) and North Western Plain Zone (NWPZ). Cultivation of
resistant varieties is a practically feasible, economically viable, eco-and farmer friendly means
to manage this disease. However, presence of viable teleomorph in temperate regions and high
rate of mutation, followed by fast and enormous conidial production result into the evolution and
fast spread of new and matching virulences, rendering the resistant varieties susceptible. It
warrants continuous monitoring of Bgt virulences for effective and successful wheat breeding
for PM resistance. In India, Arya (1962) was the pioneer to initiate work on virulence analysis of
Bgt. Thereafter, investigations were undertaken using PM differential lines (Pm lines). The studies
conducted in Himachal Pradesh and Punjab during 1980-2000 revealed no virulence on genes
Pmi1a, Pm2, Pm4a and Pm2+6 whereas, virulence was quite high on Pm3a, Pm3b, Pm3c and
Pma@8. Isolates from Nilgiri hills showed virulence on genes Pm1a, Pm3b, Pm4 and Pm8. Virulence
analysis of 263 and 75 isolates from NHZ, during 1993-98 and 2015-2019, respectively revealed
dynamism in virulence. Virulence on Pm1a increased from 6 (1993-1998) to 63% (2015-19) and
it decreased on genes Pm2, Pm3a and Pm3b from 13, 75 and 22% during 1993-98 to 0, 33 and
1%, respectively, during 2015-19. Virulence on gene Pm8 increased from 50% after a decade
and >80% during 2015-2019. Genetically characterized pathotypes were used for speculation
of race-specific PM resistance genes in advanced wheat breeding material following infection-
type matching technique. Out of more than 30 Pm genes evaluated, Pm2, Pm4a, Pm1+2+9+12
(Normandie), Pm 2+MId (Maris Dove) and Pm1c (Weihestephan M1N ) remained effective against
the test isolates studied and these may be used as donors to develop PM resistant cultivars.
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KNO04(2B): Current Status of Phytoplasma Disease Research in Asian countries

Ajay Kumar Tiwari', Mona Gazel?, Amit Yadav?, Abdullah M. Al-Sadi*, Saman Abeysinghe®, *Naghmeh Nejat®,
Kenro Oshima’, Assunta Bertaccini® and Govind P Rao®*

"UPCSR-Sugarcane Research and Seed Multiplication Centre, Gola, Khiri-262802, UP, India

2Mona Gazel, Plant Protection Department, Mustafa Kemal University, Antakya, Hatay, Turkey-31034, 3National
Centre for Microbial Resource, National Centre for Cell Science, NCCS Complex, Ganeshkhind, Pune 411
007, Maharashtra, India

“Department of Plant Sciences, College of Agricultural and Marine Sciences, Sultan Qaboos University, Al-
Khod, Muscat, Oman

SDepartment of Botany, Faculty of Science, University of Ruhuna, Matara, Sri Lanka

SWestern Australian State Agricultural Biotechnology Centre, Murdoch University, WA 6150, Australia
"Department of Clinical Plant Science, Faculty of Bioscience and Applied Chemistry, Hosei University, 3-7-2,
Kajino-cho, Koganei, Tokyo 184-8584, Japan

8Department of Agricultural and Food Sciences, Alma Mater Studiorum, University of Bologna, Italy, e mail:
assunta.bertaccini@unibo.it

Division of Plant Pathology, ICAR-Indian Agriculture Research Institute, Pusa Campus-110012, New Delhi,
India

*Email: gprao_gor@rediffmail.com

Phytoplasmas have been emerged as one the most serious constraints in the production of
several agricultural crops all around the Asian countries during the last two decades. All-important
agricultural crops which are largely cultivated in South and East Asian countries are reported to
be infected with phytoplasmas with severe losses in yield and quality every year. A significant
progress on identification and characterization of phytoplasmas, epidemiology, full genome
sequencing and management of phytoplasma strains has been achieved in last two decades in
Asia. Asian countries have a great genetic diversity of phytoplasma strains since several
‘Candidatus Phytoplasma’ species have been identified. Over more than 250 plant species are
known to be hosts of 26 ribosomal groups of phytoplasmas in Asian countries. Maximum reports
are available from India, China and Iran. Currently, climate change, particularly global warming,
affects not only the multiplication of phytoplasmas but also the fitness and population dynamics
of insect vectors, which have a great impact on the geographical distribution and severity of
phytoplasma diseases in Asian countries. As a whole, phytoplasmas belonging to the 16Srl,
16Srll, 16Srlll, 16SrV, 16SrVI, 16SrVIII, 16SrIX, 16SrX, 16SrXI, 16SrXIl and 16SrXIV, 16SrXXX,
16SrXXXIl groups have a range of plant hosts all over Asia. The most widespread phytoplasma
groups resulted to be 16Srl, -lI, -V, -VI, -IX, -XI and -XIV. Sugarcane, bamboo species, sesame,
vegetables, legumes, brassicas, palms, stone fruits, seasonal ornamentals and tree species
are the major crops infected by phytoplasmas in Asia. These phytoplasmas strains are known to
be transmitted by several potential leafhoppers, plant hoppers and psyllid species, which have
led to significant yield losses in valuable crops. As a result, phytoplasmas and their associated
diseases have become an emerging threat to agriculture in Asia countries. In last two decades,
significant advancement in full genome sequencing and draft genome of several phytoplasma
strains has been completed in Japan, Taiwan, China and India, which has opened further
possibilities for host metabolic interaction studies. Further efforts on epidemiology and to
elucidate the molecular mechanisms of plant-insect vector-phytoplasma interactions, full genome
sequencing of the emerging phytoplasma strains of Asia and management aspects will greatly
contribute to a sustainable development of eco-friendly tools to control the phytoplasma-
associated diseases in Asia.
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Invited Lectures

IL01(2B): Present status of plant DNA virus in West Bengal, India: Genetic
diversity, virus-vector interaction and prospects of virus control

Jayanta Tarafdar, Swati Chakraborty, Sarbani Das, Mritunjoy Barman, Snigdha Samanta, Poorvasandhya
R and Subham Dutta

Emerging, re-emerging of plant virus diseases and changing and/or expanding host range became
new threats to the food security. West Bengal is the leading rice and horticultural crops producing
state in India. Intensification and diversification of crops instigate the infection of several
pathogens and become pandemic of viruses having DNA genome likewise begomovrus, nanovirus,
tungro virus in several crops. The begomovirus of ssDNA genome is predominantly ruling and
causing serious diseases in plants including tomato, chilli, pepper, okra, tapioca, sweetpotato,
papaya, ornamental and vegetable and grain legumes. Existence of different genetic group of
white fly (Asia |, Asia Il 5, Asia Il 7 and China 3) in West Bengal becomes a new threat of transmitting
begomoviruses and a critical relationship between vector -virus and host leads to emerge new
species of virus and broaden the host range. Global dimension of ToLCV predicted showed
significant variation. The extents of damage of banana orchard by Banana Bunchy Top Virus
(BBTV) is increasing and whole genome sequencing of the isolates gave the evidence on the
existence of Asia-Pacific strain across West Bengal. The effect of the BBTV on the physiology of
P. nigronervasa also has been documented. Besides, this state is also reported as endemic of
Rice Tungro disease and occasional incidence may cause epidemic in future. However,
phylogenetic analysis of sufficient virus isolate sequences of Rice tungro Bacilliform dsDNA
virus proved the continuation of infection with South-Asia strains specific. RNAi approaches
may give stable transgene resistance to particular rice varieties. Multiple nucleotide sequence
alignment of the isolates DNA plant and functional domains of the amino acids will help in
evolutionary study of the viruses and relationship with the vector for better management of the
viruses.

IL02(2B): Race distribution pattern of Pyricularia oryzae Cavara causing rice
blast from north western Himalayan region of India

H Rajashekara*'? and K K Mishra’

"ICAR-Vivekananda Parvatiya Krishi Anusandhan Sansthan, Almora-263601 Uttarakhand
2|CAR-Dirctorate of Cashew Research, Puttur-574202, Dakshinna Kannada, Karnataka
*Email: rajapathiari@@gmail.com

The rice blast pathogen can rapidly change in virulence; such changes may overcome resistance in
popular rice cultivars which results in severe outbreak of the disease. To understand virulence
change in Pyricularia oryzae populations, 16 isolates were sampled from hills of Uttarakhand state
of India and tested on 26 rice blast monogenic differentials (MDs) carrying 26 blast R-genes, namely,
Pia, Pib, Pii, Pik, Pik-h, Pik-m, Pik-p, Pik-s, Pish, Pit, Pita, Pita-CP1, Pita2-PIl, Pita2-Re, Piz, Piz-t,
Pi1, Piz-5, Pi3, Pi5(t), Pi7(t), Pi9, Pil2(t), Pi11(t), Pi19, and Pi20 in the genetic background of a
Japonica rice type “Lijiangxintuanheigu” (LTH) along with a susceptible check, LTH and a resistant
check, VL Dhan 154. The virulence frequency ranged from 23 to 92, and the least virulent isolate
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was Mo-nhz-09 collected from the Almora district whereas, a highly virulent isolate (Mo-nhz-04) was
collected from the Nainital district. It was observed that R-genes, Piz5, Pita2-Re, Pita2-Pl, Pizt, Pi9,
and Pita-CP1 and resistant check, VL Dhan 154 showed low virulence frequency (<20%). In contrast
R genes Pi11(t), Pi12(t), Pi20(t), Pi3(t), Pi5(t), Pia, Pib, Pii, Pik-s, Pita-K1, and Piz showed intermediate
virulence frequency (20-60%) and Pi1, Pi19(t), Pi7(t), Pik, Pik-h, Pik-m, Pik-p, Pish, Pit and susceptible
check, LTH showed high virulence frequency (>60%). A total of 16 races were classified out of these
isolates. Highly virulent isolate, classified as U43-i7-k177-z17-ta733 race and most of the R-genes
except Pib and Pish showed susceptible reaction to this race. An attempt was made to use the
international MD set and classify races to know its distribution pattern in Uttarakhand hills of the
northwestern Indian Himalayan region. The information might be helpful in deploying identified R-
genes for the effective management of rice blast disease.

IL03(2B): Plant Influence on the ecology of soil pathogen and microbiome biofilms

Sanjay SWARUP

Associate Professor, Department of Biological Sciences | National University of Singapore | 14 Science Drive
4, Singapore 117543

Deputy Director, NUS Environmental Research Institute (NERI) | National University of Singapore | T-Lab
Building (TL) |5A Engineering Drive 1 #05-01, L5-R-04 | Singapore 117411

Director, Graduate Program & Deputy Research Director, Engineering Systems | Singapore Centre for
Environmental Life Sciences Engineering (SCELSE) | Nanyang Technological University

Soil microbial communities or microbiomes play a vital role during both health or diseased state of
plants. Co-evolution of plants and soil microbiomes has resulted in mechanisms that allow assembly
of beneficial microbiomes that protect against pathogen invasions. In healthy states of plants, in
spite of the rich chemical diversity in the rhizosphere, fast growers do not overwhelm the microbial
community and diverse members shift lifestyle from free-living to surface-attached biofilm mode of
life. Biofilms not only provide stability in their ecological services to host plants but also protection
against invasion against pathogens. In diseased state of plants, pathogens have evolved mechanisms
to overcome the protective functions of biofilms. Their invasion leads to dysbiosis that involves
creating an imbalance in evenness and diversity. This talk will introduce the ecological strategies
that pathogens adopt to create a dysbiosis. Then, the speaker will introduce a novel chemical signalling
paradigm that strongly influences the soil microbiomes to respond by switch in their lifestyles to form
biofilms. This response is highly specific involving on a tenth of soil microbial taxa. Interestingly, the
response is also dependent on the levels of chemical cues whereby microbiome members associated
with healthy state of plants respond to lower levels of the novel class of chemical signals, whereas
the soil pathogens respond to higher levels of the signals. The talk will end by sharing how our
understanding these fundamentals of soil ecology and dysbiosis by pathogens is leading us to
develop novel plant protection strategies for soil pathogens.

IL04(2B): Viruses transmitted by Brevipalpus (Acari: Tenuipalpidae) mites:
overview and updates
Juliana Freitas-Astaa'?, P.L. Ramos-Gonzalez?, C. Chabi-Jesus?3, A.D. Tassi??®, E.W. Kitajima3

'Embrapa Cassava and Fruits, Brazil, ?Instituto Bioldgico, Brazil, *ESALQ/USP, Brazil.

Brevipalpus-transmitted viruses (BTVs) cause economically important diseases such as citrus
leprosis and coffee ringspot, which affect relevant crops mainly in the Americas. Additionally, at
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least one of them, orchid fleck virus, naturally infects orchids worldwide and citrus in three
American and African countries. Disease symptoms caused by BTVs are characterized by the
presence of localized chlorotic, necrotic, or ringspot lesions on the aerial parts of the plants.
There are no reports of BTVs invading their hosts systemically under natural conditions, and
they are all transmitted by Brevipalpus spp. mites in a persistent manner. Taxonomically, they
are classified into genera Cilevirus (family Kitaviridae) or Dichorhavirus (family Rhabdoviridae).
Virions of cileviruses have short bacilliform morphology, with bisegmented ss(+)RNA genomes
of ~9 and 5 kb, and typically six ORFs. The ICTV accepts three species of cileviruses, which are
phylogenetically related to other kitaviruses and arthropod-infecting nelorpiviruses,
sandewaviruses, and centiviruses. Dichorhaviruses virions present short bacilliform morphology
with bisegmented ss(-)RNA genomes of ~ 6 kb each and six ORFs. So far, five species of
dichorhaviruses are accepted by the ICTV, and they are phylogenetically closer to viruses
belonging to the genus Betanucleorhabdovirus. Recently, five new cile-like kitaviruses were
characterized in Hawaii, Iran, and Brazil. Four of them are transmitted by or have an association
with, Brevipalpus mites. Three new tentative species of dichorhaviruses transmitted by Brevipalpus
spp. are under characterization in Brazil. The increasing list of BTVs includes pathogens that
infect a variety of plant hosts in expanding geographic regions and will be addressed in this talk.
Support: Fapesp.

IL05(2B): Experimenting with infectious clones of DNA viruses: recent experiences
with viruses of okra and rice

Indranil Dasgupta
Senior Professor, Department of Plant Molecular Biology, University of Delhi South Campus, Benito Juarez
Road, New Delhi-110021

Infectious clones of viruses, which have been a powerful tool in the hands of plant virologists for
quite some time now, are also, of late, benefitting plant pathologists, geneticists and molecular
biologists. | will give two examples justifying the above statement based on the work done in my
research group: one involving the begomovirus okra enation leaf curl virus (OELCuV) and its
associated bhendi yellow vein mosaic betasatellite (BYVMB) and the other the tungrovirus rice tungro
bacilliform virus (RTBV). Working with viral diseases of okra, it was realized that the etiology of okra
enation leaf curl disease (OELCuD), an emerging disease of okra in the Indian subcontinent was
unclear. To strengthen this point, a cloned DNA of OELCuV was converted into a partial dimer in a
binary plasmid, suitable for agroinoculation, and various methods of inoculation were tried on okra
plants, with and without BYVMB. Success in inducing symptoms of OELCuD was obtained when both
OELCuV and BYVMB were agroinoculated in the shoot tip of okra plants. The cloned OELCuV DNA
was demonstrated to exist in a replicative form in the symptomatic okra plants, as a proof of infection.
These opened possibilities of testing okra lines for resistance against OELCuD, independent of the
natural vector whiteflies and established Koch’s postulates for this disease. In rice, using an infectious
clone of RTBV, our group had developed a gene silencing system, using the principle of Virus
Induced Gene Silencing (VIGS), a method to transiently silence genes in plants using modified
infectious clones of viruses. Recently, we have used the RTBV-VIGS system for functionally
characterizing a gene locus (Xa38) responsible for resistance against the Bacterial Blight disease
(BB) of rice. Thus, the effort of developing infectious clones of plant viruses was rewarded by not
only establishing the Koch’s postulates for the OELCuD, but also by an enhanced understanding of
the role of a resistance gene complex against an important bacterial disease, BB.
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IL06(2B): An understanding of pathogen population diversity aids in the
management of late blight diseases of potato and tomato

Sanjoy Guha Roy
Department of Botany, West Bengal State University, Kolkata 700126, India.
E-mail: s_guharoy@yahoo.com

Epiphytotic diseases are usually caused by plant pathogen populations rather than individual
strains. Therefore, to ‘know thy enemy’ pathogen populations need to be characterized with
genetic and phenotypic/field attributes for meaningful disease management. Worldwide late blight
(LB) is considered to be the single most limiting factor for potato cultivation and to a relatively
lesser extent for tomato. The sudden and rapid LB disease onset not only causes crop loss but
also socio-economic upheaval especially in the Indian context, for small farmers cultivating potato
and tomato. The use of population diversity markers has been a major tool in discerning LB
populations worldwide. Dedicated LB disease management networks like the EuroBlight (for
Europe) and USABIight (for the USA) are utilizing these inputs for effective LB disease
management and the endeavor is to replicate the success for the other newer networks like the
AsiaBlight (for Asia). This talk will showcase the Indian baseline studies of the LB epidemic
populations over the years (2008-09 to 2020-21) with respect to the clonal/sub-clonal lineages
present, their relationship with SSR Multi Locus Genotypes (MLGs) worldwide as well as their
phenotypic attributes like fungicide sensitivity, temperature adaptability, virulence, etc., with a
focus on integrating these for effective management of LB in India.

Oral Presentations

OP01(2B): Detection, virulence and genetic diversity of Fusarium species
infecting maize in India

Prashant Jambhulkar
Rani Lakshmi Bai Central Agricultural University Jhansi, Uttar Pradesh, India

In addition to the Fusarium verticillioides, many other Fusarium species are known to cause
extensive crop loss worldwide in maize. In this study, we surveyed and characterized Fusarium
species associated with symptomatic maize affected with Fusarium stalk rot in India using
morphological and molecular analyses. Evaluated pathogenicity of the collected isolates by
inoculating in maize composite variety during Kharif and Rabi seasons. Pathogenicity tests
revealed varying degrees of virulence with some Fusarium sp. causing severe disease symptoms
whereas others displaying mild symptoms. Molecular identification based on TEF-1+ gene
sequencing classified all isolates into four major species with a majority belonging to Fusarium
verticillioides followed by Fusarium proliferatum, 2 Fusarium oxysporum and 2 Fusarium equiseti.
Among these highly virulent isolates of Fusarium, 5 isolates F1, F59, Chokla, Raichur and FUR11
were used to resistance evaluation against 40 inbred lines. The lesion length and disease severity
were measured for each virulent strains in both seasons. Two inbred lines DML-1802 and NS-14
were found highly resistant against FUR11 and Raichur isolates. No inbreds were found resistant
against F59 and F1 isolates. The resistant inbred lines can be used for future breeding program.
High genetic variability suggests that these Fusarium species have the potential to become a
major production constraint for maize growers. Findings in this report would greatly facilitate

42



8" International Conference (Hybrid Mode) ///Q\

Plant Pathology: Retrospect and Prospects //:i?;\)
March 23-26, 2022 SKNAU, Jobner-Jaipur, Rajasthan N2

e

identification of Fusarium species in maize growing states and would provide groundwork for
devising and implementing disease management measures for minimizing losses caused
by Fusarium species in maize.

OP02(2B): Genome-based identification and validation of simple sequence
repeat markers in Tilletia indica and compatibility assay of monosporidial lines

Malkhan Singh Gurjar*, Prachi Jain, Shweta Agarwal, Tej Pratap Jitender Kumar, Mahender Singh Saharan
and Rashmi Aggarwal

Division of Plant Pathology, ICAR-Indian Agricultural Research Institute, New Delhi - 110012, India

*Email: malkhan_iari@yahoo.com

Tilletia indica is a floret infecting fungal pathogen of wheat inciting Karnal bunt disease of wheat.
Simple sequence repeats are widely used to uncover the population structures in fungi. In the
present study, a total of 5,772 simple sequence repeat loci were identified in the T. indica genome.
In silico analysis, forty microsatellite markers were used to the genotype of 20 T. indica isolates
collected from north-western plains zone of India. Among SSRs, tri-nucleotide was most abundant
(42%), followed by di-nucleotide (28%), mono-nucleotide (23%), tetra-nucleotide (3%), hexa-
nucleotide (3%) and penta-nucleotide (1%). In PCR analysis, 130 alleles were amplified in 20
isolates of T. indica using 40 SSR markers. The polymorphic information value content (PIC)
values ranged from 0.20 to 0.81 with an average of 0.51. The maximum PIC (0.81) was obtained
for the TiISSR34 marker. 18 SSR markers were highly informative (PIC e” 0.5), 15 SSRs were
moderately informative (0.5 > PIC < 0.25) and remaining 7 SSRs were less informative markers
(PIC < 0.25). T. indica isolates did not cluster region-wise. Ten highly polymorphic SSR markers
were also amplified in 60 monosporidial lines (ms) of T. indica. Highly polymorphic monosporidial
lines were chosen for compatibility assay. 27 monosporidial crosses of T. indica were produced
in Karnal bunt infection. TI7TMS1XTI 8MS5 crosses produced the highest coefficient of infection
(36) and TITMS1XTI16MS1 gave 24.17 of coefficient of infection. The newly developed SSR
markers will be useful for genetic and population studies.

OP03(2B): Understanding ecological diversity of sheath blight pathogen
Rhizoctonia solani from various rice-ecosystem in India through phenotyping
and whole genome sequencing (WGS)

V Prakasam', C Priyanka', R M Sundaram’, G Rekha', Gopaljee Jha?, M Vikraman', C Kannan', G S Laha'’
and M S Prasad’

"ICAR-Indian Institute of Rice Research, Hyderabad, India

?National Institute of Plant Genome Research, New Delhi, India

*Email: vprakasam.iari@gmail.com

Rice sheath blight caused by Rhizoctonia solani (AG-1 1A) is a major disease occurs throughout
the world and India and it causes yield losses up to 70% in the highly productive irrigated and
rainfed lowland rice growing ecosystems. Scanty information is available about the genetic
structure, evolution, ecology of polyphagous R. solani and this has made sheath blight resistance
breeding and management challenging tasks. To understand the diversity in the Indian populations
of sheath blight fungus, 32 isolates were collected from all six rice growing zones and analyzed
their variations at cultural, morphological, virulence and genomic level i.e., whole genome
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sequencing (WGS). All 32 isolates showed radiated, round and elliptical colony shape. They
produced 8 different colors, three textures, both surface and aerial mycelium, and varied number
of zonation. Isolates (6) showed very fast (>2.5mm), fast(1.5-2mm) (9), medium (1.5-2mm) (9)
and slow (1) growth rate. Initiation of sclerotia varied between 3 and 6 day after culturing.
Sclerotial characters differed among the isolates viz., number varied between 12 to 600, four
different pattern, four varying of clump formation, aerial or surface production, smooth or/and
rough texture and honey dew oozing (21). Fluorescence microscopic observations were showed
~5 to 9 nuclei count in single septum of R. solani mycelium among 32 isolates. Based on the
virulence, 32 isolates were classified into four pathotypes. Virulence on rice cv. Tetep, showed
moderately virulent (28), virulent (3) and less virulent (1), and on IR-64 shown highly virulent
(7), moderately virulent (10) and virulent (15). All 32 isolates genome have been sequenced
with 350 x throughput to produce 700.853 Gb sequence data. 5,046,121 SNPs were obtained
by physically mapping the reads on the presently assembled BRS1 genome. A principal component
analysis (PCA) based on the genomic distance divided the isolates into three different groups
(North, South and East) and a subgroup of admixture between group | and group Il, suggesting
natural hybridization among the isolates. Present findings will helpful in finding the evolution,
diversity of R. solani (AG1-lA) in India and formulating location specific target management
strategy for sheath blight.

OP04(2B): Genetic DiveJrsity of Wheat Powdery Mildew (Blumeria graminis DC
Speer f.sp. tritici) Population in India

P Nallathambi'™, C Uma Maheswari', Santosh Watpade?, A Kumar?®, PL Kayshap*, Sudeer Kumar*, B Aarthy’,
Priya R', Anju Sharma®, G Boopalakrishnan® and Rishav Kumar?

"ICAR-Indian Agriculture Research Institute, Regional Station, Wellington (Nilgiris) - 643231, Tamil Nadu,
India

2ICAR-Indian Agriculture Research Institute, Regional Station, Shimla - 171001, Himachal Pradesh, India
3|ICAR-Indian Agriculture Research Institute, New Delhi - 110012, India

4ICAR-Indian Institute of Wheat and Barley Research, Karnal - 132001, Haryana, India

*Email: nallathambiiari@gmail.com

Wheat powdery mildew pathogen (Bgt) disseminates large number of conidia for recurrent
infection and rust economic loss. Pathotypes / races of Bgt play vital roles in developing resistant
varieties. Virulence patterns of Bgt were profiled in other countries, but limited efforts are made
in India. Hence, we investigated genetic diversity at IARI, RS Wellington in Nilgiris, which is hot
spot for PM, in collaboration with different ICAR institutes. We maintain 275 isolates of Bgt at
Wellington. Out of these, 25 were selected based on their phenotypic data. Genomic DNA was
extracted and genetic identity was ascertained initially by sequencing ITS region. Similar set of
template DNA was used for amplifying 15 specific genes by using specific primers. The
evolutionary history and genetic diversity of Bgt isolates were inferred based on the phylogeny
derived from the consensus sequences of these isolates. For example, out of 25 Bgt isolates,
the gene chitin synthase was amplified in 20 isolates. Some genes viz., chitin synthase was
amplified in 20 isolates; 2-tubulin gene and Alpha-demethylase (cyp51) were amplified in four
isolates; Elongation factor-1 (EFA) gene was amplified for nine isolates and other genes AOX
and BEK were amplified for 21 isolates from different locations of India. These sequences were
submitted in gen Bank (NCBI). Our salient results demonstrated a significant variation in genomic
data of Bgt isolates from three agro-climatic and these important findings will help in identification
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of virulent and aviruelnt races among Bgt population and to indentify PM resistant wheat varieties
in India.

OPO05(2B): Phenotypic, multi-gene, and haplotype analysis of Phytophthora
associated with areca nut

VH Prathibha *, Balanagouda Patil, Daliyamol, KP Gangaraj, M Monisha, MK Rajesh and Vinayaka Hegde
ICAR-Central Plantation Crops Research Institute, Kasaragod, Kerala
*Email: prathibhacpcri@gmail.com

Phytophthora, a ubiquitous filamentous oomycete, causes huge yield losses and is even fatal to
areca nut palms. From 2014 to 2019, a severe fruit rot epidemic was recorded during the South-
West monsoon season in major areca nut growing states of South India. We have assessed the
diversity and investigated the population structure of geo-distant Phytophthora isolates infecting
areca nut using a combination of morphological traits, multi-gene profiling, and haplotype analysis.
A total of 101 Phytophthora isolates were obtained from infected samples collected from disease-
endemic regions of Karnataka, Kerala, and Goa states. Morphological traits coupled with
phylogenetic analysis, undertaken by utilizing ITS, 2tub, TEF-1+, and Cox-Il loci, revealed the
association of homothallic P. heveae (two isolates) along with the predominant species, P. meadii.
All the P. meadii isolates were identified as A2 mating types. The study also demonstrated the
existence of significant diversity in the collected geo-distant Phytophthora population. Totally,
128 haplotypes were identified across 40 isolates with the higher haplotype diversity and relatively
varying haplotype frequency. Pathogenicity assays confirmed that both the species of
Phytophthora were pathogenic to areca nut, while P. meadii isolates from Karnataka coastal
region exhibited more virulence compared to other isolates. The information on population
dynamics of the pathogen associated with fruit rot of areca nut would aid in formulating disease
management strategies for effective management of disease and curtail further spread of this
important phytopathogen in the areca nut ecosystem.

OP06(2B): Diversity of Streptomyces species associated with scab of potato in
India

Rahul R. Bakade, Vinay Sagar, A Jeevalatha, S Sundaresha and Malkhan Singh Gurjar

Symptomatic scab infected tubers were obtained from various potato growing regions of Punjab,
Madhya Pradesh, West Bengal, Chhattisgarh, Bihar and Meghalaya in India. The scab lesions
on tubers were quite variable but generally appeared as rough, corky lesions, which ranged
from a mere brownish roughening or abrasion of tuber skin (russet scab), proliferated lenticels
with hard corky depositions leading to small raised dotted or circular lesions merging to form
large irregular lesions, deep or shallow star shaped corky lesions to 3-4 mm pits surrounded by
corky depositions. 41 isolates belong to Streptomyces spp. were confirmed, out of which thirty-
four were confirmed as pathogenic. The phylogenetic analysis of 16s rRNA gene indicated that
Indian Streptomyces isolates belonged to previously described pathogenic Streptomyces species
i.e. S. scabies, S. europaeiscabies, Americam strain Streptomyces spp. Tx01-07D, S. bottropensis
, S. griseus and non-pathogenic species viz., S. drozdowiczii, S. ciscaucasicus, S. galilaeus, S.
variabilis and S. rochie. Sequence variability was confined to six regions namely the previously
reported %, 2, 3, " and two regions (nucleotides 980-998 and 1099 to 1129) identified in this
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study. The ® region was the most variable as reported earlier. Among the thirty-four pathogenic
isolate, only six (all S. scabies) were positive for all the three marker genes for Streptomyces
pathogenicity island (PAl) i.e. txtAB, tomA and nec1 genes; two (S. bottropensis) for txtAB and
tomA genes; and four (two of S. bottropensis and two having similarity to Streptomyces spp.
TX07-01D) for txtAB gene only. The remaining twenty-two pathogenic and seven non-pathogenic
Streptomycetes were found negative for all the three marker genes for Streptomyces PAI.

OP07(2B): Ecology of soil borne fungal pathogens with special reference to
Sclerotinia scleortiorum in NE India

Tasvina R. Borah*
ICAR Research Complex for NEH Region, Umiam - 793103, Meghalaya, India
*Email: tasvinaborah@gmail.com

Attributes such as complex life cycle, long time survival ability, wide host range and lack of
resistance source tag the soil borne fungi as menace. These fungi are important plant pathogens
with broad ecological distribution and at times assume serious proportion as these are difficult
to predict, detect, diagnose and manage. The sclerotial soil borne fungi, Rhizoctonia solani,
Sclerotium rolfsii, and Sclerotinia sclerotiorum are mostly ubiquitous and more problematic.
Diseases incited by these three soil borne fungi are recoded in the range of 3% to 20% in the
region. S. sclerotiorum is a cosmopolitan necrotrophic host nonspecific fungi, reproducing
asexually through sclerotia and sexually through ascospores, produced by self-fertilization. The
crop production system in the country is known to be affected by S. sclerotiorum for several
decades but the impact is felt much more in recent years especially in the subtropical zones
during winters probably with the emergence of diverse virulent forms of the pathogen along with
changes in climatic conditions towards more favourable proportions. Isolates obtained from
different hosts and different agro-ecological zones of the north eastern region revealed
considerable diversity for cultural and morphological characteristics. The average temperature
was found to be the most important predictor and solely could able to explain 33 % variation in
Sclerotinia disease incidence.

OP08(2B): Alteration in virulence pattern of Puccinia striiformis f. sp. tritici and
pathotyping of yellow rust samples collected from North India between 2019 and
2021

Om Prakash Gangwar®, Subodh Kumar, Subhash Chander Bhardwaj, Pramod Prasad, Charu Lata and
Sneha Adhikari

ICAR-Indian Institute of Wheat and Barley Research, Flowerdale, Shimla - 171002, Himachal Pradesh, India
*Email: gangwarop@gmail.com

North-western plains zone (NWPZ) alone contributes nearly 45 percent of the total wheat
production (49 million tons) from the 12.6 million-hectare area. However, this productive zone is
vulnerable to yellow/stripe rust, caused by Puccinia striiformis Westend. f. sp. ftritici Eriks. &
Henn. (Pst). Annual surveys for monitoring the progress of a pathogen and detecting new
pathotypes are pre-requisite to anticipatory breeding and varietal deployment. During 2019-21,
a total of 394 yellow rust samples collected from farmers’ fields or wheat disease monitoring
nurseries (WDMN) that falls in six Indian states and pathotyped on 30 differentials. We
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distinguished nine different Pst pathotypes (2385119, 110S119, 465119, 110S84, 14S64, 46S102,
475103, 6S0, and 7S0). None of the pathotypes was virulent to Yr5, Yr10, Yr15, Yr16, Yr24,
Yr32, and YrSP. Pathotype 238S119 (238E159) was the most virulent [(to Yr2, Yr3, Yr3a, Yr3b,
Yr4, Yrda, Yrdb, Yr6, Yr7, Yr8, Yr9 (Yr9/6*Tc, Riebesel), Yr11, Yr14, Yr19, Yr22, Yr23, Yr25,
Yr27, YrA, and YrSU)] and prevalent throughout the zone with the highest frequency (47.8%)
followed by 46S119 (110E159, 30.2%). Over the period, the frequency of 46S119 decreased
from 62.0% (2015-16) to 15.8% (2020-21). In contrast, the frequency of Pathotype 238S119
had increased consistently since its first detection in 2014 and superseded the frequency of
erstwhile predominant pathotype 46S119 during 2019-20. The populations of three pathotypes
46S119, 110S119 and 2385119 are currently constituting nearly 97% of the total Pst population.
This information will be helpful in deployment of resistant cultivars in yellow rust-prone areas to
manage the yellow rust effectively.

OP09(2B): Fusarium infection and mycotoxin production in soybeans in
Kazakhstan

N. Kuldybayev'*, Y Dutbayev', M Yessimbekova?, S Daugaliyeva®, M Toishimanov' and S Bastaubaeva?
'Kazakh National Agrarian Research University, Almaty, Kazakhstan

2Kazakh Research Institute of Agriculture and Plant Growing, Almalybak, Almaty Region, Kazakhstan
3Institute of Microbiology and Virology, Almaty, Kazakhstan

*Email: jalilmels@mail.ru

This study was conducted to identify Fusarium species infecting soybeans in southern Kazakhstan
and mycotoxins produced. F. equiseti was the main pathogen causing root rot of soybean,
although F. nygamai was also isolated from most of the symptomatic plants. In greenhouse
studies, F. nygamai did not cause any obvious symptoms. The severity of root rot differed in
soybean cultivars. The lowest seedling death by F. equiseti was on soybean cultivar Tanais with
an incidence of 12%. Thirteen mycotoxins were produced by isolates of F. equiseti, among
which deoxynivalenol (DON), zearalenone (ZON), and T2 toxin had higher concentrations and
were more frequently detected. In the susceptible cultivar Maple Ridge to F. equiseti,
concentrations of DON, ZON, T2 toxin were 224.4, 175.3, 100.5 ug/kg of plant tissues,
respectively. Although F. nygamai did not cause symptoms in inoculated soybean seedlings, the
above-mentioned mycotoxins were detected in the plants. The concentration of T2 toxin was
higher than the concentration of ZON in soybean seedlings of Tanais cultivar inoculated with F.
nygamai.

OP10(2B): Cultural and morphological variability of Sclerotium rolfsii isolates
causing collar rot of brinjal

S. J. Kirankumar, K. B. Yadahalli* and G. M. Hegde

Department of Plant Pathology, College of Agriculture, Hanumanamatti — 581 115
University of Agricultural Sciences, Dharwad-580005, Karnataka, India

*Email: kbyadahalli@gmail.com Phone No. 94804 19197

Brinjal or eggplant (Solanum melongena L.) is an important solanaceous crop of sub-tropics
and tropics of Solanaceae family. It is known as king of vegetables in India. It is an important
tropical vegetable crop grown all over India because of its adaptability to wide range of agro-
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climatic conditions. It is a perennial but grown commercially as an annual crop. Brinjal is probably
originated in India and shows secondary diversity in south east Asia. The nutritional value per
100 g of brinjal fruit contains 92.70 per cent moisture, 0.1 g fat, 5.7 g carbohydrate and 1.0 g
protein. It is a good source of minerals and vitamins and is rich in total water soluble sugars,
free reducing sugars, amide proteins, anthocyanin, phenols and glycoalkaloids. Collar rot of
brinjal (Solanum melongena L.) caused by Sclerotium rolfsii Sacc. is currently occurring in brinjal
growing areas of Northern Karnataka region in India. Cultural and morphological variability of
ten isolates of S. rolfsii, collected from five districts of Northern Karnataka were studied. Out of
ten isolates tested for their cultural and morphological variations, majority were observed with
flat mycelial growth and smooth texture. Shape of sclerotia varied from oval to round, size from
0.93 to 1.15 mm, colour from light brown to dark brown, test weight from 89.2 to 298 mg and
days to initiate sclerotia varied from 9 to 15. Significant variability with reference to mycelial and
sclerotial characters among isolates of S. rolfsii, isolated from different locations of Northern
Karnataka region was observed.

OP11(2B): Genetic diversity and population structure analysis of Puccinia graminis
f. sp. triticifrom Indian sub-continent

Pramod Prasad*, Rajni Kant Thakur, Siddanna Savadi1, Subhash Chander Bhardwaj, Om Prakash Gangwair,
Charu Lata, Sneha Adhikari, Subodh Kumar

ICAR-Indian Institute of Wheat and Barley Research, Regional Station, Shimla, Himachal Pradesh-171002,
India

1ICAR-Directorate of Cashew Research, Puttur, Karnataka-574202, India

* Email: pramoddewli@gmail.com

Wheat (Triticum aestivum L.) is one of the most important sources of human nutrition and plays
a critical role in global food security. The global wheat production reached 760.7 million tonnes
during 2019 and 31% of it came from the two Asian countries i.e. China and India, ranked first
and second in global wheat production, respectively. Wheat production has been continuously
threatened by several abiotic and biotic factors including diseases. Stem (black) rust caused by
Puccinia graminis f. sp. tritici Eriks. & Henn. (Pgt) is a highly devastating disease of wheat and
could result in wheat yield losses up to 100% on susceptible wheat cultivars. The present study
report virulence-based phenotype and 37 reproducible polymorphic SSR markers-based
genotype patterns, population structure, and other diversity parameters in a repository of 29
Pgt pathotypes collected during the last <“90 years from India and neighboring countries.
Virulence phenotypes were used to evaluate the virulence frequency (VF) and construct
hypothetical evolutionary hierarchy (HEH) of these pathotypes. We projected seven lineages to
explain the evolutionary pattern of the Pgt population. The VF of these pathotypes ranged
between 0 to 100%. The virulence-based NJ cluster analysis grouped Pgt pathotypes into five
virulence groups. Likewise, five molecular groups were categorized using molecular genotypes.
The molecular grouping was supported by PCoA, which showed that 25% of the cumulative
variance was contributed by the first two axes. AMOVA revealed 8% and 92% of the variation
among and within the populations, respectively. The Mantel test confirmed a positive but weak
correlation (R?=0.15) between virulence phenotypes and SSR genotypes. The population structure
analysis clustered 29 Pgt pathotypes into two sub-populations, and an admixture. Our results
demonstrated that there was significant genetic diversity among Pgt pathotypes resulting from
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their long-distance dispersal ability together with gene flow. These findings provide insights into
the virulence patterns, genetic variations, and possible evolution of Pgt pathotypes, which would
support strategic stem rust resistance breeding.

OP12(2B): Emergence of poleroviruses and criniviruses affecting cucurbitaceous
crops in India

YB Basavaraj*, Ashwini Kumar, DGS Ramyashree, Sudeep Adhikari and Rakesh Kumar Jain

Globally, the first cucurbit-infecting polerovirus, cucurbit aphid borne yellows virus (CABYV),
was reported in the year 1992, and its first occurrence was recorded in India in the year 2017.
Although several criniviruses are also known to infect cucurbit crops globally, their incidence
has not yet been reported in India. However, looking at the emergence of newer viruses as well
as the open trade and travel, their possible occurrence on different cucurbit hosts and locations
cannot be ruled out. To investigate this, the surveys were conducted at experimental farms of
ICAR-IARI, New Delhi, and ICAR-CIAH, Bikaner, Rajasthan during the years 2019-2021. Different
cucurbit plants exhibiting varying symptoms were collected. Upon transmission electron
microscopy, the association of geminate (~38nmx15nm), flexuous rod-shaped (~650-950nmx10-
12nm), and small isometric (~25-30nm) virions was observed. Subsequent molecular analyses
revealed the association of a known polerovirus species, CABYV, with bitter gourd & cucumber
samples as well as Pumpkin yellows virus (PuYV), a novel polerovirus species, with the pumpkin
samples of New Delhi, and with the ridge gourd & round melon samples of Bikaner. Besides, two
crinivirus species viz., Cucurbit chlorotic yellows virus (CCYV) in the pumpkin samples of New
Delhi and Cucurbit yellow stunting disorder virus (CYSDV) in the bitter gourd and watermelon
samples of CIAH, Bikaner were also detected. These findings suggest that the polero- and crini-
viruses, including their new species, are emerging in India in the cucurbit crops with a wider host
range. This further alarms the bell for an urgent need to strengthen the research works on
NGS-based diagnosis and to develop preparedness to save the vulnerable crops before being
hit by these viruses.

OP13(2B): Characterization of Fusarium graminearum isolates causing head scab
of wheat for their aggressiveness and trichothecene toxins

B Babu*, MS Saharan, MS Gurjar, VK Vikas, SK Jha, Sundeep Sharma and Rashmi Aggarwal
Division of Plant pathology, ICAR- Indian Agricultural Research Institute, New Delhi
*Email: sachinbabu0087@gmail.com

Wheat is prime most staple food crop for major proportion of the world population. In India it occupies
second position after rice in both area and production. Head scab of wheat caused by Fusarium
graminearum being an emerging disease posing major threat to the grain production throughout the
world including India. Twenty-seven pure cultures of pathogen were established from the 120 diseased
wheat spikes collected from the Wellington (Tamilnadu). Morphological, cultural characterization
coupled with molecular characterization with species specific markers (Fg16F and Fg16R) were
carried out to identify the Fusarium species associated with the disease and it is found that all the
isolates belong to Fusarium graminearum species. To characterize the F. graminearum isolates for
toxins such as DON, NIV, 15-ADON and 3-ADON, toxin specific primers were synthesized and PCR
assays were carried out. Twenty-four isolates were tested positive for the genes responsible for the
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production of DON toxin whereas all 27 isolates showed positive result for genes responsible for 15-
ADON toxin. Pathogenic variation among the F. graminearum isolates was studied on a set of durum
genotypes viz., HI 8591, HI 8708, HI 8713, HI 8737, HI 8765, HI 8774, HI 8777 and HI 8802. Spore
suspension of all the isolates was prepared and inoculated onto the durum genotypes using cotton
web technique. The percent spikelet infection was recorded at 7 and 14 days after inoculation. The
isolates Fg-W20-8 and Fg-W20-18 were found more aggressive as compared to other isolates.
Isolate Fg-W20-6 was found least virulent after 14 days of inoculation.

OP14(2B): Assessment of Mating type alleles and fertility of Magnaporthe
population adapted to millets in India

KB Palanna'™, HD Vinay Kumar', H Rajashekara?, B Jeevan?, HR Raveendra®, TS SK Patro*, Prahlad Netam®,
Laxmi Rawat®, Savita Ekka’, M. Rajesh®, G Rajesha®, IK Das® Vinood Upadya'®, S Chandra Nayaka' and
Vilas A Tonapi®

"ICAR-AICRP on Small millets, PC Unit, UAS, GKVK, Bengaluru-560065, Karnataka, India; 2Vivekananda
Parvatiya Krishi Anusandhana Sansthan, Almora -263 601, Uttarakhand;

3SICAR-AICRP on Small millets, ZARS,V.C. Farm, Mandya- 571 405, Karnataka;

“Agricultural Research Station, Gajularega, Vizianagaram — 531 001(AP);

5Zonal Agricultural Research Station, Kumharwand Farm, Jagdalpur — 494 005, Chhattisgarh;

6Uttarakhand University of Hort. & Forestry, Hill Campus, Ranichauri — 249 199, Uttarakhand;

"Birsa Agricultural University, Kanke-Ranchi 843 006, Jharkhand;

8Center for excellence in millets, Athiyandal-606603, Tiruvannamalai District, Tamil Nadu;

9ICAR-Indian Institute of Millets Research, Rajendra nagar, Hyderabad-500 030, Telangana, Regional Agriculture
Research Station (RARS), Gossaigaon-783 360, Assam

“Department of Studies in Biotechnology, University of Mysore, Manasagangotri, Mysore, 570006, Karnataka,
India.

*Email:kbpalanna@gmail.com.

One hundred and twenty seven pure monoconidial cultures of Magnaporthe
isolates infecting different millets (Pearl millet, Finger millet, Foxtail millet and Barnyard
millet) were established from major millet growing blast hotspot locations in India. All isolates were
assessed for their fertility using MAT gene specific primers viz., MAT1-1 (Male fertile) and MAT1-
2 (Female fertile). The fungal DNA was extracted and mating type genes were amplified using
specific primers which yielded a product size of 960 bp and 800 bp for MAT1-1 and MAT1-2
respectively. Out of 127 isolates assessed 46 (36.22 %) isolates showed mating MAT1-1 (male
fertile), 34 (26.77%) showed mating type MAT1-2 (female fertile), while 22 (17.32%) isolates
depicted hermaphrodite nature and remaining 25 (19.68%) isolates belonged to unknown mating
type. The frequency of male fertility (MAT1-1) is high finger and foxtail millet compared to female
fertility (MAT1-2) as evidenced by 37.18 and 43.24 per cent respectively. The hermaphrodite
nature of fertility accounted for 17.95, 18.92 and 25 per cent in finger, foxtail and barmyard
millet respectively whereas in pearl millet none of the tested isolates showed either male/ female
or hermaphrodite nature of fertility and all tested isolates showed unknown mating type and in
bajra-napier hybrid grass (fodder) one isolate was obtained with unknown mating type. The
mating type assay revealed that the mating-types, male fertile, female fertile and hermaphrodite
nature of fertility existed in the country in finger millet, foxtail millet and barnyard
millet.Which indicates the possibility of sexual recombination in field level and which may lead to
high variability in pathogenicity and diversity in Magnaporthe population adapted to millets in

50



8" International Conference (Hybrid Mode) BTN,

Plant Pathology: Retrospect and Prospects ///;};>
March 23-26, 2022 SKNAU, Jobner-Jaipur, Rajasthan N\

Nt

India. The fertility of pearl millet isolates has to be confirmed using range of tester isolates and
Magnaporthe populations showing evidence for both mating types from different geographical
areas. The identified hermaphrodite isolates and both mating types from this study can be used
as testers in future for a systematic survey of local field isolates. Further, production of fertile
perithecia and ascospore progeny from crosses of field isolates across different crops and within
the crops need to be studied in detail to know the host range, pathogenicity and variability in
aggressiveness/virulence of Magnaporthe spp infecting millets.

OP15(2B): Bipolaris sorokiniana incitant of spot blotch in spring barley in
southeast Kazakhstan

Y Dutbayev', N Kuldybayev', M Yessimbekova?, S Daugaliyeva®, E Ismailova® and N Sultanova*
'Kazakh National Agrarian Research University, Almaty, Kazakhstan

2Kazakh Research Institute of Agriculture and Crop Production, Almalybak, Almaty Region, Kazakhstan
3Institute of Microbiology and Virology, Almaty, Kazakhstan

‘Kazakh Research Institute of Plant Protection and Quarantine, Almaty, Kazakhstan

*Email: yerlan.dutbayev@kaznaru.edu.kz

Spot blotch is an annually-occurring disease in spring barley fields in Kazakhstan. This study was
conducted to determine the causal agent of spot blotch of spring barley in southern Kazakhstan. In
2020, symptomatic leaves of spring barley were collected from the southern region of Kazakhstan,
and tissues from affected lesions were cultured on Saburo agar and Czapek agar media. Alternaria
alternata, A. tenuissima, A. infectoria, Bipolaris sorokiniana, Lecanicillium aphanocladii, and
Cladosporium sp. were commonly isolated from barley leaves with spot blotch. Following a series of
plant inoculation, B. sorokiniana was determined to be the incitant of spot blotch of spring barley.
This pathogen grew rapidly on both Saburo agar and Czapek agar media and colony diameter
reached 7.9 cm on Czapek agar in Petri plates in 5 days. Conidia of identified B. sorokiniana on
Czapek agar measured 15.6 x 99.7 ym, had 5-7 septa, and were olive-brown (color). DNA from
isolates of P-08 and P-15 of morphologically identified B. sorokiniana was isolated and PCR tests,
including pathogenicity test, were conducted. Sequences of internal transcribed spacer regions
(ITS) of rDNA showed that the isolated belonged to B. sorokiniana.

OP16(2B): Variability among different isolates of sclerotium rolfsii sacc. Associated
with stem rot disease of groundnut

Vamshi J'¥2, Uma Devi G', Uma Maheswari T', Supriya K' and Hari Kishan Sudini?
Department of Plant Pathology, College of Agriculture, Rajendranagar-500030
'Professor Jayashankar Telangana State Agricultural University

2International Crops Research Institute for the Semi-Arid Tropics

Groundnut (Arachis hypogea L.) the king of oilseeds remains as the valuable source of all
nutrients. Stem rot caused by Sclerotium rolfsii is a destructive disease that induces serious
yield losses in groundnut around the world. Variation in morphological and cultural characteristics
of thirty isolates of Sclerotium rolfsii were studied based on their growth rate, colony type, growth
type, sclerotial pattern, sclerotial type, scleroial color and sclerotial size using potato dextrose
agar (PDA). Significant variability with reference to mycelial and sclerotial characters across
isolates of S.rolfsii, collected from Warangal, Wanaparthy and Nagarkurnool districts of Telanagna
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was observed. The growth rate ranged from 0.76 to 1.35 mm/hr. All the isolates produced sclerotia
on PDA medium. Most of the isolates produced the colonies which were raised at ends (n=14)
followed by flat type (n=12) and raised type (n=4). As per mycelial growth type, most of the
isolates were found highly profuse in growth (n=18) and few were profuse in growth (n=12).
Likewise, the isolates exhibited considerable variation with respect to morphological
characteristics. Wide variation was also found with respect to number of sclerotia per plate (58
to 536), pattern of sclerotia produced in petri dish (scattered category (n=23) and peripheral
(n=7)), colour of sclerotia (brown colour (n=13) followed by dark brown (n=9) and light brown
(n=7)), size of sclerotia (0.17 mm to 2.34 mm). PCA analysis extracted four main components,
growth rate, colony type, growth type and sclerotial pattern, from the population that described
the variability in the population most appropriately.
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2C. Genomics of plant pathogens

Keynote Lectures

KNO01(2C): Long-term continental surveillance and integrated rust genomics
underpin sustained cereal rust control in Australia

Robert F. Park*, Mumta Chhetri and Yi Ding
Plant Breeding Institute, The University of Sydney, Australia
*Email: robert.park@sydney.edu.au

Long-term surveys of cereal rust fungi in Australia began in 1921 and have continued
uninterrupted since. These studies have underpinned efforts to control rusts using both genetic
resistance and fungicides that continue to contribute significantly to enduring profitability for
Australian oat, barley and wheat growers in particular. For example, annual savings due to rust
control (resistance breeding and fungicides) in wheat have been estimated at some AUD$1.4
billion, and in barley AUD$78 million. Prior to the 1980s, rust surveillance monitored pathogenicity
(virulence/ avirulence) based on greenhouse seedling assays of virulence/ avirulence for
important major resistance genes. Since then, these assays have been increasingly supplemented
with information from biochemical (eg isozyme) or DNA markers. In recent years, the application
of whole genome sequencing to rust pathogens has advanced rapidly and is now providing
much greater insight into pathogen evolution/ evolutionary potential, and the threats they pose
to cereal crops. This presentation will provide details of two important very recent discoveries;
asexual somatic hybridisation in a wheat rust pathogen, and the emergence of fungicide
insensitivity in a barley rust pathogen. Both of these discoveries have important implications for
rust control, providing clear examples of how monitoring and researching genetic variability in
rust pathogens are crucial to the sustainable control of rust in cereals.

KNO02(2C): Xanthomonas oryzae pv. oryzae-effectors vsrice: an unending tug of
war

Kalyan K. Mondal*
Division of Plant Pathology, ICAR-Indian Agricultural Research Institute, New Delhi - 110012, India
*Email: mondal_kk@rediffmail.com

Xanthomonas oryzae pv. oryzae (Xo0), the bacterial blight (BB) pathogen employs T3SS-effectors
to undermine rice PTI for its limitless proliferation inside the rice during disease development.
We deciphered T3SS-effectors repertoire of a virulent Indian strain Xoo race 4 that possesses
21 Xop and 18 TALE effectors. The TALEs include both complete (tTALEs) as well as incomplete
or pseudo/iTALEs. We carried out systematic study to understand the functional role of these
effectors through loss-and-gain of effector. Two key Xoo-effectors, namely XopF and XopR
contribute immensely during BB development. The mutants lacking either one of the effectors
(Xoo “xopF or Xoo “xopR) displayed significantly reduced in planta colonization ability, reduced
BB intensity while induced more callose deposition. Xoo mutants when inoculated on rice caused
significantly increased expression of rice PTI genes. The both the effectors are tracked to localize
to the rice plasma membrane. Subsequent investigation with XopF led to the identification of two
rice interactors, namely photosystem-| reaction subunit V (PSI-G) and cyclophilin II. PSI-G is
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known to interact with arrays of proteins associated with photosystem |, while cyclophilin Il is
shown to interact with proteins that are involved in protein-folding, signal transduction and
ubiquitination. This advocates that Xoo XopF interacts with the two interactors to accomplish its
common goal of undermining the plant immunity, either through interfering photosystem | or
through weakening plant immune protection system like cyclophilin. Altogether, this understanding
into the Xoo-effectors vs rice exposes novel rice gene(s) for their sensible use in BB resistance
programme.

Invited Lectures

IL01(2C): Current status of Cotton leaf curl begomovirus disease complex in
India: incidence, distribution, genomics, pathogenecity and biotechnology-based
management

Kajal Kumar Biswas

Plant Virology Unit, Division of Plant Pathology, ICAR-Indian Agricultural Research Institute, Pusa Campus,
New Delhi 110012

Email: drkkbiswas@yahoo.co.in; kkbiswas@iari.res.in

Cotton leaf curls disease (CLCuD), caused by whitefly transmitted monopartite begomovirus
complex with association of beta- and alpha-satellites, is a serious constraint for cultivation of
cotton in Northwest (NW) India. CLCuD was surveyed in different cotton growing areas of Haryana,
Punjab and Rajasthan in NW India from the years of 2012 to till date and disease incidence,
varied in year to year, were recorded. Complete genomes of 18 CLCuD-begomovirus isolates,
associated betasatellites and alphasatellites were amplified through RCA, cloned, sequenced
and characterized. Cotton leaf curl Multan virus -Rajasthan (CLCuMuV-Ra), -Faislabad (CLCuMuV-
Fai), -Pakistan (CLCuMuV-PK); Cotton leaf curl Kokhran virus -Burewala (CLCuKoV-Bu) are
identified in NW India. CLCuMuV-Ra is detected as predominant in NW India and mmajorities of
the population of this virus were detected as recombinants The sequence of complete genome
of 19 betasatellites and 21 alphasatellites were analysed. The betasatellites were members of
Cotton leaf curl Multan betasatellite (CLCuMB). Sequence analysis showed that four species of
alphasatellites, GDarSLA, CLCuMA, CLCuBuA and CrYVMOoA are present in NW India. The CLCuD
outbreak has been changing constantly in year to year and area in NW India. The recombinant
CLCuMuV-Ra strain is the most predominant begomovirus, which is evolved from inter-species
recombination. To a much lesser extent, the CLCuKoV-Bu, CLCuMuV-PK, CLCuMuV-Fai were
identified in NW India. Single betasatellite species CLCuMB but diverse in genetic composition,
and more numbers of alphasatellite species, GDarSLA, CLCuMA, CLCuBuA and CrYVMOoA are
associated with the CLCuD complex. Therefore, it is concluded that the recombinant CLCuD-
begomovirus, particularly recombinant CLCuMuV-Ra, in association with recombinant CLCuMB
betasatellite are the important causes for outbreak of CLCuD in NW India in present condition.The
multiplex PCR using specific primers has been developed and evaluated, which is simple, sensitive
and cost effective method for rapid and simultaneous detection of begomovirus, betasatellite
and alphasatellite DNA associated with CLCuD complex. Two infectious clones (DNA-A), 1.4 mer
tandem repeat of CLCuMuV-S-11 (pCAMBIA+S-11) and CLCuKoV-1ARI-45 (pCAMBIA+IARI-45),
and two infectious clone of betasatellite (dimer), S-11B (pCAMBIA+S-11B) and |IARI-30B
(PCAMBIA+IARI 30B) were developed. Infectivity test of infectious clone in cotton and tobacco
plant revealed that both of DNA-A and betasatellite are necessary for the CLCuD symptom
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development. For development of transgenic cotton against CLCuD, RNAi-based gene
constructs; antisense pBinAR-2C1-AS targeting 2C1 gene betasatellite and intron hairpin
construct, pRNAI-GG- AV2_irp targeting CP (AV2) of CLCuD-begomovirus were developed and
Agrobacterium mediated in planta cotton transformation with gene constructs was developed.
Gus assay and PCR analysis confirmed transgenic T3 (pCAMBIA-As-?C1) and T2 (pRNAI-GG-
AV2_irp) cotton plants were survived.

IL02(2C): Multifunctional role of V2 protein of croton yellow vein mosaic virus:
suppression of RNA silencing, determination of pathogenicity and cell-to-cell
movement

Anirban Roy, Bikash Mandal, Sunil Kumar Mukherjee
Advanced Centre for Plant Virology, Division of Plant Pathology, Indian Agricultural Research Institute, New
Delhi

Croton yellow vein mosaic virus (CYVMV), a species under the genus Begomovirus, is a prolific
monopartite begomovirus in the Indian sub-continent. In this investigation we functionally
characterize the V2 protein of the virus. V2 ORF was amplified, initially cloned in dTOPO gateway
entry vector and sequenced. The V2 ORF was then sub-cloned to different gateway destination
vectors. A reversal of RNA silencing assay using a GUS-reporter-GUS-hairpin system in Nicotiana
benthamiana plant, indicated that V2 can suppressor the silencing activity of the GUS-hairpin.
Sub-cellular localization of the eGFP-tagged V2 alone was found to aggregate as large clumps
in various locations within the cytoplasm, majorly surrounding the nucleus. Co-infiltration of V2-
GFP and CYVMV turned some large V2-GFP clumps into smaller particles, which were loosely
associated with the cell wall and moved to reach plasmodesmata. As subcellular localization
results suggested that V2 may interact with other viral proteins and may involve in cell-to-cell
movement, its protein binding capacity was further investigated. In a targeted yeast-two-hybrid
assay, CYVMV V2 protein physically self-interacted as well as interacted with V1 protein. V2
self-interaction was further confirmed through bimolecular fluorescence complementation (BiFC)
assay and V1-V2 interaction was confirmed through a pull-down assay. These results indicated
that V2 may fulfil its silencing suppressor function in the form of a homodimers or multimers. V1
and V2 interaction encouraged us to address whether such interaction is necessary for the cell-
to-cell movement of the virus. V1 and V2 deletion constructs and the double deletion construct
were created for infectivity in N. benthamiana followed by the molecular assays. All three deletion
constructs were detected in infiltrated leaves only when using the abutting primers. Replacement
of either V1 or V2 with GFP also showed localized GFP expression. Thus it is concluded that in
absence of either V1 or V2 protein, cell-to-cell movement is hampered. Transient expression of
V2 protein in N. benthamiana exhibited the typical symptoms of the disease indicated V2 is a
pathogenicity determinant. The study thus elucidated the role of V2 protein of CYVMV as silencing
suppressor, pathogenicity determinant and in cell-to-cell movement of the virus in coordination
with V1 protein.
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IL03(2C): Understanding host-pathogen interaction between Rice-Rhizoctonia
solani using omics approach

Pankajini Samal, Archana Bal, Kutubuddin A Molla*, Meera Kumari Kar, Arup Kumar Mukherjee
*Email: titirtua@gmail.com

Rice sheath blight (ShB) disease, caused by the fungal pathogen Rhizoctonia solani AG1-IA, is one
of the devastating diseases and causes severe yield loss all over the world. No complete resistant
germplasm is reported till now, and as a result, the progress in resistance breeding is unsatisfactory.
Basic studies to identify candidate genes, QTLs, and for better understanding the host-pathogen
interaction are also scanty. Also, the mechanism of resistance against sheath blight is yet to be
understood clearly. Transcriptome analysis enables us to measure the spatial and temporal expression
of an organism’s gene in response to a stimulus and to understand how the genes are regulated
and what are the genes responsive to that stimulus. In regard to host-pathogen interaction, analysis
of host transcriptome aids in identification of pathogen responsive candidate genes and has great
potential to shed light on their molecular interaction. The most recent report of Samal et al. (2021)
clearly indicated that the regulatory and signalling pathways play a pivotal role in host-pathogen
(Rice-R. solani) interaction. In this study, a new ShB tolerant rice genotype CR 1014 has been
identified out of 200 rice genotypes screened against a virulent strain of Rhizoctonia solani. Further,
CR 1014 has been used for transcriptomics study to understand the mechanism underlying resistance
against sheath blight disease. The transcriptome study enlightened the basis of tolerance in CR
1014 by exploring the disease responsive differentially expressed transcriptome and comparing
them with that of a susceptible variety, Swarna-Sub1. A total of 815 and 551 genes were found to be
differentially regulated in CR 1014 and Swarna-Sub1, respectively at two different time points. The
result shows that the ability to upregulate genes for glycosyl hydrolase, secondary metabolite
biosynthesis, cytoskeleton and membrane integrity, the glycolytic pathway, and maintaining
photosynthesis make CR 1014 a superior performer in resisting the ShB pathogen. The DEGs were
validated through quantitative real time PCR which can be used further for understanding the host
pathogen interaction. The present study, for the first time, revealed the basis of ShB tolerance in the
germplasm CR 1014 and should prove to be particularly valuable in understanding molecular response
to ShB infection. The knowledge could be utilized to devise strategies to manage the disease better

and also the genotype can be used in resistance breeding for developing ShB resistant variety.

Oral Presentations

OP01(2C): High-throughput transcript profiling to decipher smut resistance in
sugarcane

A. Ramesh Sundar*, NMR Ashwin, VN Agisha, RT Vinodhini, P Malathi and R Viswanathan
Division of Crop protection, ICAR - Sugarcane Breeding Institute, Coimbatore, India.
*Email: rameshsundar_sbi@yahoo.co.in.

Sugarcane smut caused by the basidiomycetous fungus Sporisorium scitamineum is one of the
most devastating diseases which causes considerable yield loss. At present, the most practical
and effective management strategy of the disease is cultivation of resistant cultivars. A comparative
whole transcriptome analysis employing lllumina RNA-seq in the smut susceptible cultivar Co
97009 inoculated with two distinct S. scitamineum isolates, Ss97009 (high-virulent) and SsV89101

56



8" International Conference (Hybrid Mode) BTN,

Plant Pathology: Retrospect and Prospects ///;};>
March 23-26, 2022 SKNAU, Jobner-Jaipur, Rajasthan N\

Nt

(low-virulent) during the early phase of infection (2 dpi and 5 dpi) and at the phase of sporogenesis
(whip emergence) (60 dpi) was performed. The number of differentially expressed genes (DEGs)
were more abundant at 60 dpi during interaction with the high virulent isolate Ss97009, as
compared to the low virulent isolate SsV89101. Gene ontology analysis of these DEGs revealed
that a majority of them were associated with hormone signaling and synthesis of defense-related
metabolites, suggesting a complex network of defense mechanism is being operated in response
to specific isolates of the smut pathogen. Up-regulation of transcription factors and genes
involved in the flavonoid biosynthesis pathway was found to be associated with both the early
phase and whip emergence stage of infection. On the other hand, the whole transcriptomic
analysis of high (Ss97009) and low virulent (SsV89101) smut pathogen isolates at in vitro condition
resulted in the elucidation of the virulence factors responsible for the switch over from haploid
sporidia to infective dikaryotic mycelia for successful invasion of host. Altogether, these two
studies provided novel insights into the virulence factors responsible for S. scitamineum
transitions and molecular mechanisms of sugarcane-smut interaction involving major switching
of defense signalling pathways in response to S. scitamineum isolates with different virulence
attributes.

OP02(2C): Host-induced gene silencing: a powerful approach for engineering
Sclerotinia resistance in Oilseed Brassicas

Kusum Rana'?, Yijuan Ding', Chhaya Atri®, Wei Qian'and Surinder S Banga?®

'College of Agronomy and Biotechnology, Academy of Agricultural Sciences, Southwest University, Chongqing
- 400715, China

2Department of Biotechnology, BMS Block-1, South Campus, Panjab University, Chandigarh -160014,
3Department of Plant Breeding and Genetics, Punjab Agricultural University, Ludhiana — 141004,

*Email: kusumrana.86@yahoo.com

Sclerotinia rot caused by Sclerotinia sclerotiorum is a destructive disease of crop brassicas with
worldwide distribution. Redox regulation and oxalic acid biosynthesis seem to play an important
role in the Sclerotinia pathosystem. This study involved functional characterization of S.
sclerotiorum thioredoxin (SsTrx1) and S. sclerotiorum oxaloacetate acetylhydrolase (Ssoahf)
for its role in pathogenicity, virulence and in oxidative stress tolerance of S. sclerotiorum. To
facilitate that, the SsTrx71 and Ssoah1 gene-based RNAi and HIGS vector was constructed and
mobilized into S. sclerotiorum, Arabidopsis thaliana, Nicotiana benthamiana. Ssoah1 and Sstrx1
gene silenced strains showed significant effects on hyphal growth rate, mycelial morphology
and fungal pathogenicity in different plant hosts. Host induced silencing of the SsTrx7 gene led
to reduced gene expression, lesion size, hyphae growth and sclerotial development in HIGS-A.
thaliana and HIGS-N. benthamiana lines as compared with the non- transgenic controls. Taken
together, our studies revealed the role of SsTrx1 and Ssoah1 gene is associated with pathogenicity,
virulence, sclerotial development, and oxidative stress tolerance. Functional validation of these
crucial genes will help in better understanding of Sclerotinia pathosystem and also open up the
possibility of using HIGS to enhance resistance against this pathogen
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OP03(2C): Genome assisted population biology and genetic analysis of blast
pathogen, Magnaporthe grisea infecting pearl millet

Ganesan Prakash'™, Ish Prakash', Aundy Kumar', Shilpi Bansal', A Balamurugan', BM Bashyal’,
Tara Satyavathi Chellapilla?, S.P. Singh', Mukesh Sankar S' and Amolkumar U Solanke?

"ICAR-Indian Agricultural Research Institute, New Delhi - 110012, India

2JCAR-AIl India Coordinated Research Project on Pearl Millet, Jodhpur - 342304, Rajasthan, India
3JCAR-National Institute for Plant Biotechnology, Pusa Campus, New Delhi - 110012, India

*Email: prakashg.ganesan@gmail.com

In the past ten years, the blast or leaf spot disease is caused by the fungus Magnaporthe grisea
(Herbert) Barr [anamorph: Pyricularia grisea (Cooke) Sacc.] has turned up as a very serious
threat for pearl millet cultivation in India. The disease is omnipresent in our country wherever
pearl millet cultivation takes place. Whole genome sequencing of Magnaporthe grisea strain
PMg_DI infecting pearl millet was performed using lllumina-Nextseq500 2x150-bp chemistry and
PacBioRSlI-platform with P6-C4 chemistry. In total, the assembly of 341 scaffolds resulted in a
genome size of 47.90 Mb with a N50 of 765,468 bp. A total of 20 isolates of Magnaporthe grisea
causing blast disease on pearl millet (17 isolates) and other host plants such as rice (Oryzae
sativa), finger millet (Eleusine corocona), and grass (Eleusine indica) (3 isolates) representing
diverse blast hot spot geographical locations in India were characterized by adopting pathological,
phenotypic and genotypic methods. By utilizing the whole genome sequence data, the
Magnaporthe isolates were genotyped by exploiting sequence variations in six selected
housekeeping (Pgk, Pfk, Cal) and effector coding (Mpg1, Sip1 and Mic1) genes. Sequence
analysis revealed ACTC deletion polymorphism in the 36-39th nucleotide sequence position of
the genetic locus, pfk coding for 6-phosphofructo-2-kinase 1 only in the pearl millet blast isolates.
The pearl millet infecting isolates formed a separate cluster in the molecular phylogenetic analysis
of concatenated sequence representing six genetic loci suggestive of genetic divergence. Mating
type marker-based PCR screening of M. grisea infecting pearl millet for the detection of mating
types potential for sexual recombination revealed the prevalence of Mating Type 1 and Mating
Type 2 in India. However, the prevalence of Mating Type 1 was more frequent than Mating Type
2. This study conclusively demonstrates that Magnaporthe population infecting Pearl millet is
distinct from Magnaporthe infecting other cereal crops.

OP04(2C): Draft Genome Sequence of Ca. Phytoplasma australasia, strain SS02
associated with sesame phyllody disease

Hemavati Ranebennur”, Kiran Kirdat?, Bhavesh Tiwarekar?, Kirti Rawat’, V Celia Chalam®, Amolkumar U
Solanke*, Kuldeep Singh3, Amit Yadav? and GP Rao'

'Division of Plant Pathology, ICAR-Indian Agricultural Research Institute, Pusa Campus, New Delhi-110 012,
India;

2National Centre for Cell Science, NCCS Complex, SSPU Campus, Ganeshkhind, Pune- 411 021; 3ICAR-
National Bureau of Plant Genetic Resources, 4 ICAR-National Institute for Plant Biotechnology, Pusa Campus,
New Delhi-110 012, India

*Email: hemaiari@gmail.com

Candidatus Phytoplasma is an uncultivated, intracellular bacterial plant pathogen transmitted by
phloem-feeding insects. Among the group of phytoplasmas, the Peanut Witches’ Broom (PWB) or
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16Srll group of phytoplasmas associated with various diseases in economically important crops
cause serious losses every year in India. The strain SS02 belonging to Ca. Phytoplasma australasia
(Peanut Witches’ Broom or 16SrlI-D group) was identified associated with sesame phyllody disease.
To understand better the genome structure of this pathogen, the genome of strain SS02 was obtained
using its genomic DNA enrichment and hybrid assembly of sequences generated on lllumina and
Oxford Nanopore Technologies (ONT) platforms. The hybrid assembly generated a draft genome
with 47 contigs totalling to 536,153 bp chromosome with more than 400x depth coverage and 92.47%
of the estimated genome size. The SS02 genome draft sequence contains 432 protein-coding genes,
16 tRNA genes and three rRNA genes. The availability of this high-quality whole genome also provided

a foundation for genome-scale genotypic analysis along with study on its pathogenicity.

OPO05(2C): Identification and characterization of putative virulence factors of
Magnaporthe species inciting blast disease in rice and pearl millet

Shilpi Bansal', Ganesan Prakash', Alexander Balamurugan', Aundy Kumar', Bhaskar Reddy’, V Mohan
Murali Achary? and Malireddy K Reddy?

'Division of Plant Pathology, ICAR -Indian Agricultural Research Institute, New Delhi - 110012, India
2International Centre for Genetic Engineering and Biotechnology, Crop Improvement Group, Aruna Asaf Ali
Marg, New Delhi - 110067, India

*Email: shilpi.success@gmail.com; prakashg.ganesan@gmail.com

The pathogen continually evolves new effectors and plants are also compelled to develop new
R-gene(s) as never ending co-evolutionary “arms-race”. To impart durable resistance to the
host plants the detailed knowledge of the molecular mechanisms with special emphasis on
pathogen virulence factors is a pre-requisite. Advancement in the molecular techniques has
facilitated to generate the transcriptomic and genomic data and that information can be used to
gain the insight about gene(s), biological networks involved and mode of action of the fungus.
We have shortlisted specific virulence factors from Magnaporthe oryzae strain RMg-DI and M.
grisea strain PMg-DI whole genome data by comparative annotation with the reference genome
Pyricularia oryzae 70-15. The presence of these putative virulence factors in both fungal systems
was proved with PCR assays. Real-Time PCR assisted expression analysis of putative virulence
factors such as MBSD02000619.1.g3349, MBSD02000495.1.95524, and MBSD020000
09.1.g8852 (annotated in the genome of rice infecting RMg_DI) revealed nearly identical
expression patterns in all tested susceptible plants such as rice, finger millet, and pearl millet. In
case of pearl millet blast isolated genes 20007-Mg.00g31250-v1.0.a, 20007-Mg.00g080210-
v1.0.a, 20007-Mg.009080580-v1.0.a, 20007-Mg.009034390-v1.0.a, and 20007-Mg.00g016130-
v1.0.a (annotated in the genome of pearl millet infecting, PMg_DI) maximum expression was
observed in pearl millet host compared to rice and finger millet. Generally, the expression was
higher in susceptible lines, however in rice some contradictory results were obtained where
gene 20007-Mg.009080210-v1.0.a, 20007-Mg.00g080580-v1.0.a, 20007-Mg.009034390-v1.0.a,
20007-Mg.00g016130-v1.0.a showed higher fold expression in resistant line rather than
susceptible. Also insignificant level of expression in fungal mycelium also supports the idea that
these genes are virulence factors which gets activated upon interaction with host. These genes
plays a key role in modulating the blast susceptibility in rice and pearl millet hosts.
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OP06(2C): Genome-Wide Association Mapping of Virulence Genes in Wheat
Karnal Bunt Fungus Tilletia Indica Using ddRADseq-Genotyping By Sequencing
Approach

Mohamad Ayham Shakouka'?, Malkhan Singh Gurjar'*, Rashmi Aggarwal’, Mahender Singh Saharan’,
Robin Gogoi', Naresh Kumar?, Shweta Agarwal', Tej Pratap Jitendra Kumar', Bassam Bayaa®, and Fateh
Khatib®

'Division of Plant Pathology, Indian Agricultural Research Institute ICAR- IARI, New Delhi - 110012, India
2Division of Genetics, Indian Agricultural Research Institute ICAR- IARI, New Delhi - 110012, India

3Division of Plant Protection, University of Aleppo, Aleppo, Syria

*Email: malkhan_iari@yahoo.com

Tilletia indica is a quarantine fungal pathogen, poses a serious biosecurity concern to wheat
exporting countries around the world. The genetic information related to the pathogenicity
characters of Tilletia indica is still scarce, which makes breeding for resistance variety a big
challenge for wheat breeders and geneticists. In the current study, thirty-nine Tilletia indica
isolates were collected from different locations in India and genotyped using double digest
restriction-site associated -DNA genotyping by sequencing. The generated libraries upon
sequencing were with 3,346,759 raw reads in average, and 151x2 nucleotides read length. The
obtained bases per read ranged from 87 Mb in Ti 25 to 1708 Mb in Ti 39, with 505 Mb in average
per read. Population structure analysis divided T. indica population in India into three
subpopulations with genetic mixing in each subpopulation. However, the division was not in
accordance with the degree of virulence. Trait association mapping of virulence genes was
performed using 41,473 SNPs, phenotyping data, population structure and Kinship matrix,
revealed the presence of 13 SNPs associated with virulence. Using sequences analysis tools,
43 genes were predicted near significant SNPs, out of them one gene (g4132) was predicted to
be an effector, and its relative expression was assessed and found up-regulated upon infection.
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2D. Mechanism of disease development

Keynote Lectures

KNO01(2D): Host cultivar adaptation and acquiring higher virulence in sugarcane
red rot pathogen Colletotrichum falcatum

R. Viswanathan*
ICAR-Sugarcane Breeding Institute, Coimbatore - 641007, Tamil Nadu, India
*Email: rasaviswanathan@yahoo.co.in

Red rot caused by Colletotrichum falcatum was reported more than 120 years ago in India and still,
it continues to be a major threat to sugarcane cultivation in the country. The continuous evolution of
new variants and their adaptation to the selected varieties contributed to the appearance of new
pathogenic variants of C. falcatum. Earlier the variants were categorized into ‘light’ and ‘dark’ isolates
and the former was considered as highly sporulating and virulent and the latter as less sporulating
and less virulent. A large number of C. falcatum isolates were characterized for pathogenic variability
on a set of host differentials and 11 pathotypes with distinct pathogenicity profiles were designated
in the country. The newly designated pathotypes were found to be virulent and represent the prevailing
pathogenic population in the ecosystem. The recently designated C. falcatum pathotype CF12 in
the tropical region was found to be highly virulent over the erstwhile predominant pathotype CFO06.
Later studies on the behavior of 12 isolates from the tropical region on popular varieties revealed
that the older isolates have lost their virulence, probably due to the loss of pathogenicity factors to
infect their host varieties. Further, recurrent red rot epidemics cause breakdown of resistance in
popular sugarcane varieties referred to as ‘varietal breakdown’ thus popular varieties with red rot
resistance succumb to new variants of C. falcatum and cause huge economic losses. Investigation
on the recent red rot epidemic and breakdown of the popular cv Co 0238 in subtropical India revealed
that isolates from the variety maintained a discrete pathogenicity pattern to infect the host cv Co
0238, whereas, the designated pathotypes from the region exhibited resistant reactions on the
variety. This disease outbreak clearly showed specific adaptation of the pathogen with higher virulence
and emergence of a new pathotype, which is capable of breaking host resistance in the cv Co 0238
in the region. Further, monoculture of the variety in >80% area created a selection pressure for
rapid evolution and adaptation of a virulent pathotype, causing the breakdown of resistance. This
situation mimics the ‘Vertifolia effect’ in sugarcane and the history of such phenomenon repeats with
the evolution of new pathotypes. Studies conducted over the years conclusively proved that adaptation
of C. falcatum to the host cultivars is the major strategy towards the evolution of new variants with
acquired virulence and resistance breakdown.

KNO02(2D): Small RNAs in plant-microbe interactions: RNA effectors in mutualism
and as novel tools for plant protection

Ena Secic', Maria Ladera-Carmona' and Karl-Heinz Kogel"?

TInstitute for Phytopathology, Justus Liebig University Giessen, Germany

2Amity Institute of Biotechnology, New Delhi, India
*Email: kar-heinz.kogel@agrar.uni-giessen.de

Plant small RNA molecules (sRNAs) are known to be induced during plant-microbe interactions
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and exchanged between interactors, thereby acting as mediators of RNA interference-based
cross-king communication (ck). Fungal sRNAs act as virulence factors targeting genes involved
in plant immunity, while plant sRNAs target fungal genes important for pathogenicity (Weiberg et
al. 2013, Science 342; Zhang et al. 2016, Nature Plants 2:16153). Recently, the exchange of
sRNAs and corresponding target silencing was predicted in arbuscular mycorrhiza (Silvestri et
al. 2019, BMC Genomics 20:1-18) and in root colonisation by the beneficial endophyte
Piriformospora (syn. Serendipita) indica (Sei et al. 2021, BMC Biol 19:171). Here we report on
the study of reciprocal sSRNA profiles in the interaction of P. indica with Brachypodium distachyon,
a model grass plant that exchanges sRNAs with various microbes, including the important fungal
pathogen Magnaporthe oryzae (Zanini et al. 2021, Int J Mol Sci, 22). We have characterised
and verified novel sRNA effectors from P. indica. Selected effectors were used to knock down
Brachypodium target genes. In addition, we will discuss in our presentation the possibility of
using sRNA as novel biopesticides.

Invited Lectures

IL01(2D): Unraveling the Mechanism of Disease Development in Plantation Crops:
Limitations and Prospects

Vinayaka Hegde*, Merin Babu, VH Prathibha, M Chaithra, RThava Prakash Pandian and Daliyamol
ICAR-Central Plantation Crops Research Institute

Kasaragod Kerala 671 124

*Email: hegdev64@gmail.com

Coconut and arecanut are the palms grown by small and marginal farmers in India and millions
of people are depended on these crops or the related industries for their livelihood. Though the
areas occupied by these crops are very meagre at the macro level, these crops are very important
in certain regions and play a significant role in the national economy. Though coconut and
arecanut are grown in many states of India, the major cultivation and production of these crops
are from four southern states namely Kerala, Karnataka, Tamil Nadu and Andhra Pradesh. The
cocoa is being grown as an intercrop within coconut, arecanut and oil palm plantations in India.
Diseases are the major constraints in the production of these crops. The diseases caused by
oomycete fungus Phytophthora alone cause an average of 10% annual loss. The pathogen
attacks the growing bud of coconut palms causes the lethal bud rot disease. Though the disease
is sporadic and from time to time refined integrated management practices are advocated, every
year hundreds of coconut trees are killed by this pathogen. Similarly, fruit rot, crown rot and bud
rot of arecanut caused by Phytophthora meadii cause devastating losses during certain years.
Black pod rot of cocoa and stem cankers caused by P. palmivora is also a major problem. Other
pathogens namely Ganoderma and Phytoplasma are the major threats for coconut and arecanut
palms. A significant number of coconut and arecanut palms are lost every year due to infection
by opportunistic fungal pathogen Ganoderma lucidum. Root wilt of coconut and yellow leaf disease
of arecanut caused by phytoplasma are debilitating diseases and cause significant reduction in
yield. The affected weakened palms eventually succumb to attack by other insect pests and
fungal pathogens. The diseases caused by these pathogens on coconut and arecanut are known
a century back. Quite a lot of work has been done and integrated disease management has
been developed. Diagnosis of the disease before the visible symptoms appear is a major challenge
in all these diseases. Understanding the exact process of disease development using advanced
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molecular techniques is essential for the effective management of these diseases. This will also
help in developing effective disease prediction and forecasting models. The gaps in understanding
of the diseases caused by these pathogens in coconut, arecanut and cocoa and future research
required to understand the same are discussed in the paper.

IL02(2D): Pathogenicity, virulence system in R. solanacearum causing bacterial
wilt disease in crop plants

R. Ramesh* and Trupti Asolkar
ICAR- Central Coastal Agricultural Research Institute, Old Goa - 403402, Goa, India
*Email: r.-ramesh@icar.gov.in

Ralstonia solanacearum is a soil borne plant pathogen, which causes bacterial wilt disease in
many crop plants and is responsible for severe crop losses in economically important crops.
Due to the extensive genetic diversity of R. solanacearum strains, the organism is now referred
as R. solanacearum species complex (RSSC). Management of bacterial wilt disease is very
challenging due to the existence of diverse strains, its survival ability for long periods in adverse
conditions, wide host range and efficient mechanism of invading the host. R. solanacearum
enters the plant through wounds in the roots and causes wilt by blocking the transport of water
in the xylem leads to the death of the infected plant. The pathogenicity and virulence of R.
solanacearum is due to the secretion of effector proteins into the host cell and the presence of
various virulence factors. Type Il and type lll bacterial secretion systems (T2SS, T3SS) play a
maijor role in the pathogenicity and virulence of this pathogen. Type Il effectors (T3E) secreted
through T3SS are the major pathogenicity factors that initiates the infection process and
colonization in the host. The T2SS secretes various plant cell wall degrading enzymes (PCWDE)
that include cellulolytic and pectinolytic enzymes which promote the colonization of the bacterium
in the plant tissue. Exopolysacharide (EPS) produced by the bacterium within its susceptible
host is the major factor that impairs water transport. In addition to EPS, PCWDE other factors
viz. chemotaxis, swimming, twitching motility also contribute towards the virulence of this bacterium.

ILO3(2D): Role of small RNAs in disease development with special reference to
cassava mosaic disease

Summaya M., Asha,S and Makeshkumar T*
ICAR- Central Tuber Crops Research Institute, Thiruvananthapuram -695017
*Email: Makeshkumar.t@icar.gov.in ; makeshctcri@gmail.com

Small RNAs have diverse regulatory roles in the interplay of genes inside the host plants during
the onset of an infection by a pathogen or an attack by a parasite or vector. These regulatory
roles are endless because their actions are not limited intraspecifically but they may happen
even between host and pathogen. The viral infection leads to various biological responses
inside the plant such as progression of viral replication and initiation of plant immune response.
Plants infected with viruses acquire immunity by producing Dicer-Like Proteins (DCL) dependent
and virus-derived siRNAs, which guide argonautes (AGO) proteins to viral RNAs and thus help
to arrest the infection. Micro-RNAs are endogenous, non-coding, 20-24 nucleotides long RNA
molecules that can regulate gene expression either by directing cleavage or translational inhibition
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of mRNAs in cells. MicroRNAs are generated from their pre-miRNAs by RNase lll-like Dicer-like
enzymes in plants and then associate with Argonaute (AGO) protein to inhibit gene expression
at the level of transcriptional gene silencing (TGS) or posttranscriptional gene silencing (PTGS).
Quantification and differential expression analysis of the plant microRNAs during a viral infection
helps to explore their important role in the development of disease symptoms and how they are
utilized by the virus to regulate host gene expression for their own benefit. In our study, 158
conserved miRNAs belonging to 22 families were identified in leaf libraries of cassava line
CMR123, a cassava mosaic disease (CMD) tolerant cassava variety, and H-226, a CMD
susceptible variety using deep-sequencing data. Cassava microRNA mes-miR159b was the
most abundant followed by mes-miR166e, mes-miR9386, mes-miR395d, mes-miR167c.
Regulation of these microRNAs in resistance (R) genes and different transcriptional factors
related to immune response were analyzed. Species-specific microRNAs and their significant
variation in differential expression in both susceptible and tolerant varieties upon Sri Lankan
Cassava Mosaic Virus infection were studied.

Oral Presentations

OPO01(2D): Effect of temperature on systemic infection and symptom
expression induced by Soybean yellow mottle mosaic virus in leguminous
hosts

S Nagamani* and T Ankita

Division of Seed Science and Technology, ICAR-Indian Agricultural Research Institute, New Delhi 110012,
India

*Email: Nagamani.iari@gmail.com

Temperature is one of the key factors influencing the viral disease development in plants. In this
study effect of temperature on soybean yellow mottle mosaic virus (SYMMV) accumulation and
systemic movement was studied in French bean, mungbean and soybean cultivars by keeping
them at temperatures range 22-250C, 26-290C and 30-330C. The proliferation of the virus
under these conditions was confirmed through symptomatology, direct antigen coated enzyme
linked immunosorbent assay (DAC-ELISA), RT-PCR with coat protein specific primers and RT-
gPCR. French bean plants displayed symptoms by 12dpi at low temperature (22-250C) and by
3dpi at medium temperatures (26-290C) with continuous increase in viral accumulation from 0
to 24dpi. At high temperatures (30-330C), French bean did not show symptoms up to 12dpi but
the virus accumulated and moved systemically. However, there was a decline in viral copy number
after 12dpi. Mungbean plants showed mottling, mosaic and puckering symptoms at 22-250C
and 26-290C and necrotic symptoms at 30-330C. Irrespective of temperature there was an
increase in viral accumulation in mungbean from 0 days to 24dpi. Soybean plants showed veinal
mild mottling at low and medium temperatures where as no peculiar symptom expression observed
at high temperatures. Soybean also showed the reduction of viral copy number from 12 days to
24dpi at low and medium temperatures and from 6 days to 24dpi at high temperatures. These
results indicate that temperature played an important role in SYMMV accumulation, movement
and symptom expression in these three leguminous plant species. This study also demonstrates
that SYMMV can replicate and spread in mungbean plants irrespective of the temperature.
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OPO02(2D): A Rapid inoculation technique for inducing Ganoderma lucidum
infection in coconut and arecanut seedlings

Daliyamol*, Prathibha V.H., Greena K.K., Rajesh M.K and Vinayaka Hegde
Division of Crop Protection, ICAR-CPCRI, Kasaragod, Kerala-671124
*Email: dmol86@gmail.com

Ganoderma lucidum is a soil borne fungi known to cause Basal stem rot (BSR), also known as
Thanjavur wilt or Ganoderma wilt disease in coconut as well as Foot rot or Anabe roga disease
in arecanut plantations. Because of the soil borne nature of the pathogen, incorporation of
effective methods of management of disease is extremely difficult in field conditions. To overcome
the disease, development of resistant or tolerant coconut and arecanut seedlings are crucial for
sustainable production of coconut-arecanut palms. Thus a reliable and rapid method to assess
resistance of palms to Ganoderma disease is important. Here we report an inoculation technique
designated as ‘mycelium inoculation technique’ wherein seedlings were soaked in 4 days old
mycelia cultures supplemented with 0.002% Tween 20 for a period of 30 minutes. The initial
symptoms could be noticed 15 days after inoculation in case of coconut and 5 days in case of
arecanut seedlings. This method is faster and simpler compared to the traditional technique
using sorghum seed method or rubberwood block method. The technique provides consistency
of infection and disease can be evaluated as early as two weeks after inoculation with G. lucidum.
The results show that this new inoculation technique can be used as a routine method to screen
coconut and arecanut seedlings for BSR disease and for evaluating the resistance of coconut
and arecanut cultivars to G. lucidum.

OP03(2D): Drought stress impacts endodermal barrier, rendering chickpea plants
hyper-susceptible to dry root rot disease

Muthappa Senthil-Kumar
National Institute of Plant Genome Research, Aruna Asaf Ali Marg, New Delhi110067.
Email: skmuthappa@nipgr.ac.in

Dry root rot (DRR), an economically devastating disease, is an example to show how abiotic
stresses are responsible for emergence and severity of diseases in agricultural fields. Chickpea-
specific strains of a necrotic fungal phytopathogen, Macrophomina phaseolina (formerly referred
to as Rhizoctonia bataticola), cause DRR. Microsclerotia of this fungus, which are capable of
withstanding harsh environmental conditions, serve as primary inoculum. Initial symptoms are
scattered necrotic spots in roots, progressing to rotting and withering lateral roots, accompanied
by prematurely dried, straw-coloured foliage. The recent rise in global temperature and worsening
of drought spells have aggravated DRR outbreaks in chickpea. To date, DRR epidemiology has
not been clarified in detail. In this talk, research progress on the influence of these abiotic
factors on DRR occurrence in the field will be explained. In addition, the current understanding
of taxonomy and management practices will be elaborated. | will also provide a glimpse of molecular
understanding on impact of drought and high temperature on DRR severity. | will also propose
new research priorities and a corresponding plan for the mitigation of DRR. For example, our
observations suggested that drought stress intensifies the progression of already ongoing
infection by weakening the endodermal barrier and overall defense. Transcriptomic analysis
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suggested that the plant’s innate immune defense program is downregulated in infected roots
when subjected to drought stress. Further, genes involved in hormonal regulation are differentially
expressed under drought stress. Taken together, a story on comprehensive understanding of
how drought stress influence the plant-pathogen interaction will be presented.

OP04(2D): Thermal stress induced changes in Alternaria brassicicola— Mustard
Interaction

Chanda Kushwaha'*, Deeksha Sinha', Matlooba Naseem' and R S Singh?
'Department of Plant Pathology, ?Department of Plant Breeding and Genetics, Bihar Agricultural University,
Sabour, Bhagalpur

*Email: chanda.kushwaha@gmail.com

Among the various oilseed crops Indian mustard occupies a major share in production as well as
consumption in Indian subcontinent. This crop suffers from major abiotic stress in form of blight
incidence caused by Alternaria spp. Among the various species associated with Alternaria blight;
Alternaria brassicicola becomes the dominant necrotroph causing black spot disease on crucifers
under relatively warmer conditions. As per predictions by Intergovernmental Panel on Climate
Change average global temperatures are expected to increase by 2.7 °C with respect to present
greenhouse emissions that might lead to significant changes in pathogen and their host.
Investigations were undertaken to find out the likely effect of warmer condition on the biology,
extracellular enzyme (cellulase, amylase and lipase) production and its association with melanin.
Results indicated that restricted radial growth and reduced spore production in the pathogen
upon exposure to warmer conditions of 35 °C when compared to those at 25 °C. In vitro studies
also revealed a shift from dark coloured to white coloured mycelial growth at 35°C. Reduced
melanin production was accompanied by increase in extracellular production of amylase, cellulase
and lipase per unit mycelial weight at 35°C when compared to 25°C. Artificial inoculations of
leaves of Brassica juncea var varuna with A. brassicicola at 35°C resulted in larger chlorotic
zones. Indicating increased virulence of the pathogen at higher temperature most likely due to
higher production of extracellular enzymes as a result of reduction in melanin productions in the
cell walls of melanised fungi A. brassicicola. Melanin in cell walls acted as barrier for the release
of enzymes extracellularly. Therefore, reduction in barriers imposed by melanin under warmer
conditions resulted in enhanced release of extracellular amylase as evident by larger clear
zones at 35°C in biochemical assays. Field evaluations also revealed increased incidence of
Alternaria blight under delayed dates of sowing.

OP05(2D): Soft rot disease of Aloe vera: Etiology, Characterization of associated
pathogens and management strategies

Ram Prasnna Meena'™ and Kunal Mandal?

'ICAR-Directorate of Medicinal and Aromatic Plants Research, Anand, Gujarat —387310, India
2JCAR-Central Research Institute for Jute and Allied Fibres, Barrackpore, West Bengal — 700121,
*Email: romeena@icar.gov.in

Soft rot is a devastating disease of aloe. The infected plants developed rotting of tissues from
collar upwards but they possessed normal root systems. The plants artificially inoculated with a
Dickeya sp. (reported earlier as the causal agent) at the root zone did not develop disease
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symptoms, eliminating possibility of the pathogen entering through roots. Beside, a Fusarium
sp. was repeatedly isolated from collar regions of the naturally infected plants. Further, it was
established that lesions produced due to fungal infection predisposed subsequent infection of
the bacterial pathogen. Sequences and phylogenetic analyses based on three partial genes of
bacteria (dnaX, icdA and mdh) and fungi (ITS, TEF-1+ and RPB-2) confirmed identity of the
pathogens as Dickeya zeae and Fusarium falciforme, respectively. An artificial inoculation
technique was developed for quick screening of aloe germplasm for resistance of bacterium.
However, among the 40 accessions screened, none was found resistant. F. falciforme failed to
produce lesion on two accessions (Guj4 and Raj3), consequently making them resistant to soft
rot disease upon combined inoculation with both the pathogens. Temperature played a crucial
role in soft rot symptoms development on detached leaf. Rapid rotting observed at 35°C but not
at 15°C. In planta bacterium concentration increased gradually with the rise of incubation
temperature between 15 and 35°C. The present study suggests possibility of management of
the problem through (i) exploiting host resistance and (ii) escaping post—harvest decay by storing
and transporting aloe leaves at temperatures d”15°C (iii) avoidance of water stagnation in field.

OP06(2D): Management of Root-knot Nematode (Meloidogyne incognita) through
Integrated Approaches in Tomato (Solanum lycopersicum L.)

Hemraj Gurjar*, SP Bishnoi, BS Chandrawat & Vishnu Gurjar
Rajasthan Agricultural Research Institute, Durgapura,

SKN College of Agriculture, Jobner-Jaipur

Email: hrg.nematology@sknau.ac.in, hemrajmpuat@gmail.com

The research trial was carried out for three years at different locations Agricultural Research
Station (ARS) Navgaon-Alwar during Kharif 2018 & 2019, Rajasthan Agricultural Research
Institute, Durgapura-Jaipur Rajasthan during Kharif 2021 on Tomato. In this research trial applied
two fungal bio-agents and one chemical as nursery treatment. Okra (Abelmoschus esculentus)
was used as trap crop except untreated check for the nematode trapped at initial stage and
okra plants were uprooted after 18 days from date of germination. Fungal bio-agents viz.
Paecilomyces lilacinus and Trichoderma harzianum @ 5.0 and 10 g /m2 doses were applied of
each respectively and one chemical Carbofuran 3G @ 2.5 and 5.0 g /m2 were applied untreated
check (control) was maintained. Research findings of the research trial was Paecilomyces lilacinus
@ 10g/ m2 area in nursery treatment was found best fungal bio-agent for the management of
root-knot nematode, Meloidogyne incognita. Paecilomyces lilacinus @ 10g/ m2 area plant
parameters recorded highest shoot length pooled of the three years (72.56 cm), root length
(28.61 cm), shoot weight (528.94 g), root weight (49.36 g) and tomato yield were recorded
(249.46 g/ha). Nematode reproductive parameters were recorded minimum, number of females
(galls) / plant pooled of the three years (4.00), number of egg masses / plant (1.78), number of
eggs and larvae / egg mass (165.56) nematode population / 200 cc soil (157.78) and final
nematode population (461.78). Tomato growth and yield was improved and nematode population
was decreased. KEY WORDS: Bioagents, Chemicals, Meloidogyne incognita, Okra, Trap crop
and Tomato.
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OP07(2D): In-silico identification and characterization of putative pathogenicity
genes of Colletotrichum orbiculare inciting anthracnose in cucumber

Aditya Tyagi'?, Riti Thapar Kapoor?, Wadzani Palnam Dauda' and Veerubommu Shanmugam™
'Division of Plant Pathology, ICAR-Indian Agricultural Research Institute, New Delhi-110012, India
2Amity Institute of Biotechnology, Amity University, Noida - 201 313, India

*E-mail: shanpatho@yahoo.com

Hypothetical pathogenicity genes (1566) identified by in silico analyses of the publicly available
genomic database of the C. orbiculare strain 104-T/MAFF 240422 were evaluated in PHI blast.
PHI blast identified the pathogenicity genes as potential ones for demonstrating an e-value of
1e”05, Upon culturing of CUCO-MT causing anthracnose in cucumber in the minimal broth, only
6 of the 51 potentials in silico genes identified in PHI blast were constitutively expressive, and
among them, only ENH87679, ENH81967 and ENH87556 were induced in the cucumber plant
cv. Pusa Uday and hence was identified as the candidate ones. In assessing their responses to
reactive oxygen species produced due to oxidative burst and constitutive or induced phenolics,
at the lowest concentration of 1 mM, ferulic and chlorogenic acids were less toxic to the pathogen.
Among the phenolics, a less significant expression of superoxide dismutase coupled with a strong
expression of catalase in ferulic acid greater than that in menadione and hydrogen peroxide
respectively indicated its oxidative effect through the generation of radicles similar to that of
hydrogen peroxide. In planta expression followed by constitutive expression of uncharacterized
and hypothetical pathogenicity genes of C. orbiculare in a minimal medium indicated that 6 of
the genes are not redundant and may function under stress conditions. Among the genes,
significant expression of ENH87556 in menadione (1.3-fold) together with a weak expression in
hydrogen peroxide in relation to untreated control indicated its role in oxidative stress generated
due to the superoxide radicle of menadione. Additionally, a strong expression (3.8-fold) of the
gene in ferulic acid greater than that of either control, minimal medium or minimal medium with
leaf extract indicated its role in phenol metabolism.

OP08(2D): Pathogenicity genes as molecular stooges for physiological race
characterisation of Fusarium oxysporum strains

Govindan Pothiraj, Veerubommu Shanmugam®*, Aditya Tyagi, Zakir Hussain, Rashmi Aggarwal, Awani
Kumar Singh and Gopala Krishnan

ICAR-Indian Agricultural Research Institute, New Delhi-12, India

*Email: shanpatho@yahoo.com

To assess the roles of two candidate genes of Fusarium oxysporum f.sp. lycopersici, Fow1 and
Fow?2 in pathogen virulence, physiological races of 14 strains were established by PCR profiling
SIX gene expressions. No amplification of the SIX4 (Avr1) gene was observed in any of the 14
strains. Based on amplification of the SIX3 (Avr2) gene, 6 strains were distinguished as race 2.
Race 2 strains are known to contain identical SIX3 sequences and differ from race 3 strains by
single point mutations. Hence, based on polymorphic amplicons of the SIX3 gene detected by
stringent PCR conditions, 8 strains were identified as race 3. The identity of the physiological
races of the strains was validated by inoculating on three germplasm lines, EC-814916, FEB-2
and Pusa Rohini carrying -2, I-3 and no | gene, respectively. The race 2 and race 3 strains
were avirulent on EC-814916 and FEB-2 lines, respectively. All the 14 fungal strains were
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pathogenic on Pusa Rohini, the Fusarium wilt susceptible cultivar lacking R genes and exhibited
different levels of virulence. Since the expressions of Fow? and Fow2 were observed among
both the races of the Fol strains, these pathogenicity genes are not potential candidates for
physiological race discrimination. However, strong expressions of the genes in the root tissues
inoculated with the highly virulent strain, TOFU-IHBT in comparison to the uninoculated control
indicated their roles in fungal pathogenicity. To understand the role of these pathogenicity genes
in countering the host defence mechanisms, their expressions in response to ROS and phenolics,
the earliest known defence mechanisms of host plants were assessed. In H202, the Fow2 gene
expressed 1.4-fold greater than that of the control. On the contrary, in relation to the control,
the expressions of Fow? were strongly repressed exhibiting 0.7-to 0.8-fold lesser at 0.1 mM
through 3 mM concentrations than that of the control indicating that the gene is modulated by
the phenolic acid indicating the roles of Fow2 and Fow1 in alleviating oxidative stress and targeted
by the phenolic acid, respectively.

OP09(2D): RNA-directed DNA methylation of geminivirus genomes and viral
adaptations - an arm race

Sunil Kumar* and Supriya Chakraborty
School of Life Sciences, Jawaharlal Nehru University, New Delhi -110067
*Email: supriyachakrasls@yahoo.com

Mother earth is full of bizarre interactions which have evolved over a period of millions of years.
Some of these interactions facilitate the survival of the partners and increase their fitness while
others act against each other. Plants and viruses present one of the most interesting negative
interactions. They provide an insight into the arms race that has evolved over time in order to
overpower each other. Geminiviruses are a group of single-stranded DNA viruses that are obligate
parasites and depend on the host for their survival. They utilize host machinery in order to
replicate, transcribe, and for efficient spread. Plants on the other hand have developed a diverse
array of methods to contain these biotrophs. One typical strategy developed by plants is to
methylate the viral DNA in order to suppress viral transcription and halt their spread. Methylation
is a highly conserved epigenetic phenomenon that plays an important regulatory role in the
development of plants. Plants have devised varied mechanisms to ensure proper regulation of
these epigenetic marks and aberrant changes lead to different developmental abnormalities. In
all the organisms the S-adenosyl-L-methionine acts as a methyl donor and is maintained by
varied methyltransferases. In plants, de-novo methylation is established by the RNA-directed
DNA methylation pathway (RdDM), which utilizes siRNAs and an array of other proteins. The
viral partner ensures own survival by synthesizing handful of proteins which halt the methylation
mechanism. Over the years a number of viral proteins have been identified that either blocks
the methyl cycle or demethylate their DNA to ensure viral propagation. Therefore, it is imperative
to unravel precise function of the viral proteins in order to develop a broad-spectrum and efficient
mechanism to counter these biotrophs in future.
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2E. Host plant resistance

Keynote Lectures

KNO1(2E): Molecular breeding for durable disease resistance in the realm of a
rapidly changing climate

Dr. Raman Meenakshi Sundaram
ICAR-Indian Institute of Rice Research, Rajendranagar, Hyderabad, Telangana

KNO2(2E): Host Plant Resistance- A Sustainable Strategy for Rice Blast
Disease Management

UD Singh

Principal Scientist (Retd.), Division of Plant Pathology, ICAR- Indian Agricultural Research Institute, New
Delhi, India.

Email: uds_path@rediffmail.com

Rice blast caused by Magnaporthe oryzae is extremely widespread and explosive disease
throughout the world. All the growth stages of rice crop are vulnerable to blast attack. Among
the various disease protection measures, host-plant resistance is a proven means for effective
blast disease management. Virulence analysis of rice blast pathogen occurring in different hot-
spot areas of India has enabled us to identify effective Resistance (R) genes, which in turn have
been utilized in gene deployment strategy for the disease management. So far, about 145 blast
R-genes have been identified in rice and 36 R-genes have been efficaciously cloned and
characterized. Conventional breeding methods & Marker-assisted selection tools together
expedite R-gene pyramiding in elite rice varieties and strengthen the durability of blast resistance.
These resistance genes, individually or in combination have been utilized in gene deployment
strategy for the management of blast disease. Thus, the prerequisites for developing blast
resistant rice cultivars are identification of effective R-gene/s, selection of differential isolates
and performance of newly developed cultivars to the predominant field isolates in the blast
endemic locations. During last two decades, a combination of R-genes has been utilised for
developing blast resistant Basmati and Non-Basmati rice varieties, viz. Pusa Basmati 1609 (Piz5
+Pi54), Pusa1612 (Piz5+Pi54), Pusa Basmati 1637 (Pi9), Pusa Basmati 1884 (Piz5 +Pi54) and
Pusa Samba 1850 (Pi54+ Pi1+ Pita). Along with blast resistance, gene pyramiding for bacterial
leaf blight has also been successfully done in some elite Basmati rice varieties, viz., Pusa Basmati
1847 (Piz5 +Pi54 & Xa21+xa13), Pusa Basmati 1885 (Piz5 +Pi54 & Xa21+xa13) and Pusa Basmati
1886 (Piz5 +Pi54 & Xa21+xa13).

KNO3(2E): Fusarium head blight of wheat in India-an overview

M.S. Saharan', B. Babu', Jaspal Kaur?, M.S. Gurjar' and Rashmi Aggarwal’

'Division of Plant Pathology, ICAR-Indian Agricultural Research Institute, New Delhi — 110012, India
2Punjab Agricultural University, Ludhiana — 141004, Punjab, India

*Email: mssaharan7@yahoo.co.in

Wheat (Triticum aestivum L.), is the second most important staple food crop of the world. Wheat
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production in India has increased many folds from 6.4 mt in 1950 to 109.52 mt during 2021.
Fusarium head blight or head scab of wheat caused by Fusarium spp. is a devastating disease
that cause significant yield and quality losses in humid and sub humid regions of the world.
Disease is likely to increase due to global climate change and the preference of farmers for
reduced tillage practices in the northern plains of India. Extensive disease surveys undertaken
in different wheat growing zones of the country during 2010-22 revealed the association of six
Fusarium species viz., F. graminearum, F. verticillioides, F. oxysporum, F. equiseti, F. solani and
F. semitectum with head scab disease. Fusarium graminearum was found in most of the samples
collected from Lahaul valley, Punjab as well as from Wellington. Pathogenic variation among
Fusarium spp./isolates have been studied by inoculating on a set of bread wheat varieties as
well on a set of durum wheat varieties under artificially inoculated conditions. Fusarium
graminearum was found most pathogenic as compared to other Fusarium species. New micro
satellite and SSR primers were developed and genetic variation among F. graminearum isolates
was studied. Twenty-seven pure cultures of pathogen isolated from Wellington (Tamilnadu) during
2021 have been characterized morphologically and species-specific markers (Fg16F and Fg16R)
confirmed that all the isolates belonged to Fusarium graminearum. Fusarium graminearum isolates
were also characterized for toxins such as DON, NIV, 15-ADON and 3-ADON with toxin specific
primers. Evaluation of more than 5000 wheat lines during last two decades led to conclude that
very limited sources are available for FHB resistance in presently grown wheat varieties thus
there is need to evaluate more lines from indigenous germplasm and wild relatives.

Invited Lectures

ILO1(2E): Comparative genomics of wheat spot blotch pathogen Bipolaris
sorokiniana and identification of new antifungal targets

Sagar Yadav "2, Deepika Somani "2, Ramya Prashant ' and Narendra Kadoo *2*
'Biochemical Sciences Division, CSIR-National Chemical Laboratory, Pune — 411008, India
2Academy of Scientific and Innovative Research (ACSIR), Ghaziabad — 201002, India
Email: ny.kadoo@ncl.res.in

Spot blotch is a highly destructive wheat disease caused by the fungal pathogen Bipolaris
sorokiniana. The pathogenicity of 12 B. sorokiniana isolates, collected from three geographical
regions of India, was assessed on a spot blotch susceptible variety. The isolate D2 exhibited the
highest virulence, followed by S| and BS52. These three isolates were sequenced using the
lllumina HiSeq1000 platform. The estimated genome sizes were 35.19 MB, 39.32 MB, and 32.76
MB for BS52, D2, and Sl, with their final assemblies complete to about 99.08%, 99.06%, and
90.87%, respectively. Pathogenesis-related gene classes were found to be expanded. The PHI-
base analysis revealed few pathogenicity genes uniquely present in the isolates. Alimited number
of potent antifungal compounds and the emergence of fungicide resistant strains are the acute
issues in managing fungal diseases. Propiconazole is a widely used azole fungicide to control
spot blotch in wheat. Through RNA-Seq analysis, we analyzed the global gene expression profile
of B. sorokiniana on exposure to sub-lethal doses of propiconazole. Sterol biosynthesis pathway
genes over-expressed, supporting the reported mode of resistance against azoles. Moreover,
some new potential targets were also identified, which could be explored to develop new fungicides
and plant protection strategies.
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IL02(2E): Managing Potato Late Blight through Host Resistance

Sanjeev Sharma
ICAR-Central Potato Research Institute, Shimla (HP) -171 001
*Email: Sanjeev.Sharmai@icar.gov.in

Late blight, caused by the oomycete Phytophthora infestans (Mont.) de Bary has historically
been an important disease of potatoes and still continues to be the main biotic constraint of
potato production. Presently the disease is managed through cultural practices, fungicides
(including forecasting) and host resistance. Of these, management of late blight through host
resistance will remain the most environmentally and economically preferred option globally despite
the fact that none of the variety could sustain the blight onslaught for more than 5-7 years.
Indian blight resistance breeding programme is not an exception. Earlier the objective of late
blight resistance breeding was to breed and select resistant hybrids irrespective of nature of
resistance but later on necessity of incorporating field resistance was visualized due to run
down of R-gene based resistance. Breeding efforts using host resistance derived from S.
demissum, a Mexican hexaploid species possessing both major and minor genes led to
development and release of several resistant varieties viz. Kufri Jyoti, Kufri Khasigaro, Kufri
Naveen, Kufri Jeevan, Kufri Neela and Kufri Muhtu. Of these, Kufri Jyoti became popular in all
the hill regions. However, due to development of matching virulences, the breakdown of major
gene resistance in Kufri Jyoti in mid seventies necessitated use of genes providing field resistance.
Breeding for exclusive field resistance was initiated in 1975 using S. verrucosum as resistance
source. Similarly, a programme was initiated for developing parental lines with late blight resistance
derived from different wild species like S. microdontum, S. phureja, S. stenotomum and S.
chacoense. Attempts are also being made to pyramid ‘R’ genes through Marker Assisted Selection
(MAS) and a variety Kufri Karan has recently released possessing multiple disease resistance.
Somatic hybrids with moderate levels of resistance to foliage blight have been identified for in
situ hybridization in potato breeding. Besides conventional and marker assisted breeding, efforts
are on to integrate resistance genes in commercial cultivars of potato through transgenic/molecular
approach. A resistance gene effective against most known strains of blight has been identified
from a wild relative of the potato, Solanum bulbocastanum, and introduced by genetic engineering
into cultivated varieties of potato. Introgression of RB gene in Indian popular potato cultivars
has demonstrated enhanced late blight resistance and generation of valuable genetic material
for resistance breeding. RNA interference (RNAI) has proved a powerful genetic tool for silencing
genes in plants. Using this approach, attempts have been made to silence the Avr3a gene of P.
infestans through siRNAi technology which could impart moderate resistance to P. infestans.
Approaches being followed in India for managing late blight of potato through host resistance
will be discussed.

ILO3(2E): Role of candidate hypothetical pathogenicity genes of Fusarium spp.
in vascular wilt of tomato
V. Shanmugam

Division of Plant Pathology, ICAR-Indian Agricultural Research Institute, New Delhi-110012, India
E-mail: shanpatho@yahoo.com

The necessity to develop new strategies for control of Fusarium wilt of tomato signifies
identification of potential pathogenicity genes and ascertain their role to use them as molecular
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stooges for fungicide development or to develop transgenics. Gene expression studies identified
two effector pathogenicity genes, FOW2 and chsV reported as Zn(l1)2Cys6-type transcription
regulator and class V chitin synthase, respectively as potential ones for being secreted all the
time. The roles of these genes in the pathogenicity of Fusarium spp. were established by RNA
interference (RNAI) induced silencing (knockdown). Silencing of either of the genes resulted in
less virulent fungal phenotypes with altered physiological characteristics like sporulation and
growth on solid media and a reduction of mMRNA expression. Co-expression of these two RNAI
constructs in two independent elite tomato cultivar transgenic lines conferred high levels of
stable, consistent resistance to Fusarium with delayed or reduced disease symptom
development. The transgenic lines exhibited more than 75% survival, which was significantly
higher than that of the control wild type plants. F. oxysporum infecting transgenic lines displayed
substantially reduced mRNA levels of two targeted genes, FOW2, and ChsV. Confocal microscopy
revealed profoundly restricted mycelia in Fusarium infected transgenic plants. There was efficient
downregulation of the target genes in the colonizing Fusarium pathogens on tomato seedlings.
To understand the role of these pathogenicity genes in countering the host defence mechanisms,
their expressions in response to ROS and phenolics, the earliest known defence mechanisms of
host plants were assessed. The results indicated that the gene is modulated by the phenolic
acid indicating the roles of Fow2 and Fow1 in alleviating oxidative stress and targeted by the
phenolic acid, respectively.

Oral Presentations

OP01(2E): Management of Black Scurf of Potato by Foliar Spray of Systemic
Acquired Resistance Inducing Chemicals under Screen House Conditions

Manoj Kumar Buswal*, Kushal Raj, N K Yadav, Harbinder Singh, A K Dehinwal and R S Chauhan
CCS Haryana Agricultural University, Hisar-125004
*Email: manojbuswal@gmail.com

Black scurf disease of potato caused by Rhizoctonia solani Kuhn is a major problem all over the
world. Different options available to control diseases include use of organic amendments, bio-
agents, fungicides and non-conventional chemicals. Plants are able to enhance their level of
basal resistance against pathogen attack through a phenomenon known as induced resistance,
which can be achieved by different abiotic and biotic stimuli. The classic examples of inducible
plant defense are systemic acquired resistance (SAR) and induced systemic resistance (ISR),
which differ according to the nature of the elicitor and the regulatory pathways involved. A pot
experiment was carried out during seasons 2015-16 in the screen house of Deptt. of Plant
Pathology, CCS HAU, Hisar for the management of black scurf of potato caused by Rhizoctonia
solani by foliar spray with different systemic acquired resistance inducing chemicals. A different
set of plastic pots with sterilized soil also maintained for the efficacy of systemic acquired resistance
(SAR) inducing chemicals against R. solani at two concentrations i.e. 150 and 250 Y4g/ml for all
chemical inducers separately by foliar sprays at tuber initiation stage (after 40 days of planting).
The results from the present study revealed that least disease incidence was recorded with
salicylic acid (35.00 and 23.34%) followed by jasmonic acid (36.7 and 25.0%), hydrogen peroxide
(38.3 and 30.0%), BABA (43.3 and 40.0%) and GABA (45.0 and 41.7%) as compared to inoculated
control (63.3%) and un-inoculated control (06.7%) at both the concentrations i.e. 150 and 250
Yag/ml, respectively. All the SAR activators were found significantly superior in reducing disease
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incidence over the control. Highest reduction in disease incidence over control was observed
with SA (44.7 and 63.2%) followed by JA (42.1 and 60.5%), H202 (39.5 and 52.6%) and BABA
(31.6 and 36.8%) over the control at both the concentrations respectively. The least reduction
in disease incidence was observed with 3-aminobutyric acid (28.9 and 34.2%).

OP02(2E): Rice leaf endophytic Microbacterium: unexplored bacterial genus with
potential for blast disease suppression

Asharani Patel*, A. Kumar
Division of Plant Pathology, ICAR - Indian Agricultural Research Institute, New Delhi - 110012, India.
*Email: arp4393@gmail.com

Rice leaf endophytic and pigmented bacterial species belonging to Microbacterium showed
promise for blast disease suppression. Our polyphasic taxonomic approaches along with
transmission electron microscopy revealed the species identity of the antifungal isolate, OsEnb-
ALM-D18, as Microbacterium testaceum. Besides, the endophytic Microbacterium displayed
plant probiotic features such as mineral solubilization, hydrolytic enzyme & phytohormone
production, and endophytism in rice. Endophytism was confirmed by a green fluorescence signal
from the endophytic colonization of Microbacterium tagged with the gfp gene. Activity testing of
M. testaceum OsEnb-ALM-D18 showed antifungal activity with over 18.86 % mycelial growth
inhibition of Magnaporthe oryzae via secretary compounds and over 95.5% fungal growth inhibition
by volatile compounds. Chemical profiling of volatiles emitted by M. testaceum OsEnb-ALM-D18
indicated the abundance of 9-Octadecenoic acid, Hexadecanoic acid, 4-Methyl-2-pentanol, 2,
5-Dihydro-thiophene, and other antimicrobial compounds. Upon seedling bacterization,
Microbacterium testaceum not only triggered altered growth patterns of rice seedlings but also
suppressed blast disease (80.0% reduction of blast severity over mock) under greenhouse
conditions. gPCR-based transcriptional analysis showed enhanced expression of defense genes
such as OsCERK, OsPAD4, OsNPR1.3, and OsFMO1. Microbacterium testaceum OsEnb- ALM-
D18 mediated antifungal activity, and host defense induction can be a potential alternative to
fungicide-based blast management.

OPO03(2E): New sources of resistance to Exserohilum turcicum causing turcicum
leaf blight of maize

Sl Harlapur*, RM Kachapur, SC Talekar and SRSalakinkop

All Indian Co-ordinated Research Project on Maize, University of Agricultural Sciences,
Dharwad — 580 005, Karnataka, India

*Email: harlapursi@gmail.com

Maize is the most important crop due to its potential and greater demand for food, feed and
industrial usage. Turcicum leaf blight (TLB) disease of maize caused by Exserohilum turicum is
a serious concern for maize growers due to significant yield loss and this disease is taking
heavy toll where the climate conditions are cool with high relative humidity. Host plant resistance
is the most effective way to control the disease. Various maize germplasms from AICRP Maize
breeding programme and hybrids were evaluated for resistance to Exserohilum turicum under
artificially inoculated field conditions during Kharif season 2019 to 2021. IML-11, IML-12, IML-13
and IML-21 shown durable resistance and has been registered by ICAR-NBPGR during 2021
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(Genome wide association studies in tropical maize germplasms revealed novel and known
genomic regions for resistance to TLB. The germplasam lines VL-18718, CIMT- 20, CUBA-377,
DMSC-4, INDIMGT-345, LM-13, IAMI-83, DQL-2299, DMI-1210, PDM-4641, GPM-340, BML-7,
BGS-24, IMLSB-334 B-1, IMLSB-80-1-2, IMLSB-1041-4-1, IMIC-2009, IMIC-2019, IMIC-2022,
CIMT-9, CIMT-27 and VL-18672 has been identified for resistance to TLB. Among the hybrids,
DKC-7074, DKC-7173, DKC-9157, DKC-9145, CAH-153, CAH-1418, DKC-9144, GH-1523, CP-
333, PAC-753, NK-6802, P8225C, PAC-745, P-3304, BIO-605, BIO 9544, RCRMH-7, BIO 9682,
FH-3801, AH-8181, AH-8622, GH-20242, GH-20237 and HT-5109 were identified as resistant to
TLB. The newly identified resistant sources may be utilized as potential parent in hybrid
development program and resistant hybrids may be deployed in disease endemic regions for
the management of TLB.

OP04(2E): Lipopolysaccharide-induced priming enhances defense responses in
pearl millet against downy mildew

Prof Chandra Nayaka S
Manasagangotri Mysore 570 006 Karnataka,India

Lipopolysaccharide elicitors isolated from Pseudomonas fluorescens effectively induced systemic
and durable resistance against pearl millet downy mildew disease caused by the
oomycete Sclerospora graminicola. Rapid and increased callose deposition and
H,O, accumulation were evidenced in downy mildew susceptible seeds pre-treated with LPS in
comparison with the control seedlings, which also correlated with expression of various other
defense responses. Biochemical analysis of enzymes and quantitative real-time polymerase
chain reaction data suggested that LPS protects pearl millet against downy mildew through the
activation of plant defense mechanisms such as generation of nitric oxide, increased expression,
and activities of defense enzymes and proteins. Elevation of NO concentrations was shown to
be essential for LPS-mediated defense manifestation in pearl millet and had an impact on the
other downstream defense responses like enhanced activation of enzymes and pathogen-related
proteins. Temporal expression analysis of defense enzymes and PR-proteins in SLPS seedlings
challenged with the downy mildew pathogen revealed that the activity and expression of
peroxidase, phenylalanine ammonia lyase, and the PR-proteins were significantly enhanced
compared to untreated control. Higher gene expression and protein activities of hydroxyproline-
rich glycoproteins were observed in SLPS seedlings which were similar to that of the resistant
check. Collectively, our results suggest that, in pearl millet-downy mildew interaction, LPS pre-
treatment affects defense signaling through the central regulator NO which triggers the activities
of PAL, POX, PR-1, PR-5, and HRGPs.
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OPO05(2E): Molecular-genetic characterization of resistance to sclerotinia stem
rot in two sets of alien introgression lines of Indian mustard (Brassica juncea L.
Czern)

Chhaya Atri

Department of Plant Breeding and Genetics, Punjab Agricultural University, Ludhiana Ludhiana 141004
Punjab,India

Email: chhayaatri@pau.edu

Sclerotinia stem rot (SSR) caused by Scleritinia sclerotiorum is emerging as a major biotic
stress in Indian mustard (Brassica juncea), in key mustard growing areas of India. Unfortunately,
none of the presently cultivated mustard varieties is SSR-resistant and farmers are compelled
to rely on fungicides with high cost and uncertain disease control. Brassica group at Punjab
Agricultural University has been able to introgress alien chromosome fragments bearing genes
for SSR resistance from wild Brassicaceae species into some mustard genotypes. Genome-
wide association analysis later helped identify many marker trait associations (MTAs) in B. juncea
- B. fruticulosa. Annotation led to the identification of 20 candidate genes coding for major
disease resistance protein families e.g., TIR-NBS-LRR class, Chitinase, Malectin/receptor-like
protein kinase, defensin-like (DEFL), desulfoglucosinolate sulfotransferase protein and
lipoxygenase. We identify many resistance-associated SNPs on chromosomes A03, A06, and
B0O3 in B. juncea - Erucastrum cardaminoies ILs. Similarly, the role of genes associated with
hypersensitive responses, signal transduction pathways and synthesis of anti-fungal proteins.
Our studies also predicted the role of pathogen-associated molecular patterns (PAMPs) and
effector-triggered immunity (ETI) in conferring resistance. Studies are currently underway to
narrow down the number-predicted genes to most important ones, through genomic and
evolutionary comparison of expression profiles of protein-coding sequences in resistant and
susceptible ILs after stem inoculation. We will also present our attempts to transfer genes for
introgressed resistance to high value-inbred lines and male fertility restorers for developing
sclerotinia-resistant mustard hybrids.

OPO06(2E): Expression of defense genes in cotton plants treated with Bacillus
amyloliquefaciens against bacterial blight disease caused by Xanthomonas citri
pv. malvacearum

A Sampathkumar'*, K Eraivan Arutkani Aiyanathan?, S Nakkeeran® and S Manickam'’

"ICAR-Central Institute for Cotton Research Regional Station, Maruthamalai Road, Coimbatore — 641 003,
Tamil Nadu, India

2Agricultural College and Research Institute, Tamil Nadu Agricultural University, Killikulam —628 252, Tamil
Nadu, India

SDepartment of Plant Biotechnology, Tamil Nadu Agricultural University, Coimbatore — 641 003, Tamil
Nadu, India

*E-mail: sampath000@gmail.com

Cotton bacterial blight caused by Xanthomonas citri pv. malvacearum is a major disease prevailing
in all cotton growing regions of India. Yield losses have been estimated to range from 10 to 30%
and may sometime exceed 50%. The use of microbial based biocontrol agents as replacement
for chemicals has attracted interest in recent years. Antagonistic potential of Bacillus spp. against
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X. citri pv. malvacearum have been studied in cotton. Among the various endophytic Bacillus
spp. tested, the highest inhibition zone was recorded in the isolate ETL2 collected from leaf
sample of cotton. The effective isolate ETL2 was identified as Bacillus amyloliquefaciens. The
expression of defense genes viz. PR1 and PR5 were observed in the plants treated with B.
amyloliquefaciens (ETL2). The PR5 gene expression was higher than PR1 gene.

OPO07(2E): Novel genomic regions associated with seedling and adult plant stage
leaf rust resistance in bread wheat ( Triticum aestivum L.) identified through multi-
locus genome-wide association studies (ML-GWAS)

VK Vikas'™, Anjan Kumar Pradhan?, Neeraj Budhlakoti®, Dwijesh Chandra Mishra®, Tilak Chandra?, SC
Bhardwaj*, Subodh Kumar*, M Sivasamy', P Jayaprakash', R Nisha', P.Shajitha', John Peter', M Geetha',
Reyazul Rouf Mir®, Kuldeep Singh?, Sundeep Kumar?

"ICAR-Indian Agricultural Research Institute, Regional Station, Wellington -643231, The Nilgiris, Tamilnadu,
India

2|CAR-National Bureau of Plant Genetic Resources, New Delhi -110012, India

3ICAR-Indian Agricultural Statistics Research Institute, New Delhi -110012, India

4ICAR-Indian Institute of Wheat and Barley Research, Regional Station, Flowerdale, Shimla - 1710024,
Himachal Pradesh, India

5Sher-e-Kashmir University of Agricultural Sciences and Technology of Kashmir, Srinagar 190025, Jammu &
Kashmir, India

Email: vikaswtn21@mail.com

Leaf rustis one of the important diseases of wheat limiting production and productivity. To identify
quantitative trait nucleotides (QTNs) or genomic regions associated with seedling and adult
plant leaf rust resistance, multilocus genome-wide association studies (ML-GWAS) were
performed on a panel of 400 diverse wheat genotypes using 35K single-nucleotide polymorphism
(SNP) genotyping assays and phenotypic trait data of leaf rust resistance. Association analyses
using six multi-locus GWAS models revealed a set of 201 significantly associated QTNs for
seedling and 65 QTNs for adult plant resistance (APR), explaining 1.98-31.72% of the phenotypic
variation for leaf rust. Among these QTNs, 51 reliable QTNs for seedling and 15 QTNs for APR
were consistently detected in at least two GWAS models and were considered reliable QTNs.
Three genomic regions were pleiotropic, each controlling two to three pathotype-specific seedling
resistances to leaf rust. We also identified candidate genes, such as leucine-rich repeat receptor-
like (LRR) protein kinases, P-loop containing nucleoside triphosphate hydrolase and serine-
threonine/tyrosine-protein kinases (STPK), which have a role in pathogen recognition and disease
resistance linked to the significantly associated genomic regions. The QTNs identified in this
study can prove useful in wheat molecular breeding programs aimed at enhancing resistance to
leaf rust and developing next-generation leaf rust-resistant varieties.
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OPO08(2E): Screening of local lentil germplasm against Stemphylium blight with
higher economic gains using gamma rays

Rishu Sharma*', Prasun Mukherjee?, Sanjay Jambhulkar?, Binoy Gorai', Somanth Bhattacharyaa®
'"Department of Plant Pathology, BCKV, West Bengal

2Nuclear Agriculture and Biotechnology Division, Bhabha Atomic Research Centre, Trombay, Mumbai, India
3Department of Plant Breeding and Genetics, BC Agricultural University, West Bengal, India.

Lentil (Lens culinaris Medik.) is one of the most important cool season food legume crops grown
worldwide in semi-arid regions. Pulses are the second most important group of crops which are
high in proteins but, this is affected by numerous pathogens causing economic losses. In the
present study, forty disease samples were collected from six districts of West Bengal and isolated
using tissue culture method. The most virulent strain of the Stemphylium botrysuum , SC6 was
selected using the in vitro studies The lentil cultivars Moitree (WBL 77) was selected as a parent
material, the healthy and viable seeds of Lentil cultivars Maitry were directly irradiated with 250
Gy of gamma rays with Co,,. 200 gram of irradiated seeds of Moitree (WBL 77) cultivar was sown
during the year 2018-19. M1 Population was harvested singly and putative mutants were selected
on the basis of disease resistance against SB and other morphological traits. The putative
mutants plants were selected in M2 generation and continued upto M4 generation. The
Stemphylium resistant mutant showed significant morphological variation compared to parent
genotypes. Percent of disease index was observed as (49.5275) in T1 followed by T2 (38.455)
The line number 1368188" found to yield bold seeds in plants B & H in the year 2018-19 and
2019-20. Similarly 193'found to be double seeded/ pod both the year. Line number 226, plant E
and from line number 171 plant H was found to be resistant against the Stemphylium blight
pathogen. Thus, we are aiming obtain the lines which are resistant to SB along with higher
economic gains.

OPO09(2E): Transcriptome Reprogramming of Tomato Orchestrate the Hormone
Signaling Network of Systemic Resistance Induced by Chaetomium globosum

Jagmohan Singh', Rashmi Aggarwal’, Bishnu Maya Bashyal', K. Darshan?, Pooja Parmar’, M. S. Saharan’,
Zakir Hussain® and Amolkumar U. Solanke*

'Fungal Molecular Biology Laboratory, Division of Plant Pathology, ICAR—Indian Agricultural Research Institute,
New Delhi, India

2Forest Protection Division, IC FRE-Tropical Forest Research Institute, Jabalpur, India

3Division of Vegetable Science, ICAR—Indian Agricultural Research Institute, New Delhi, India
4|ICAR-National Institute for Plant Biotechnology, ICAR-IARI, New Delhi, India
*Email:rashmi.aggarwal2@gmail.com

Chaetomium globosum is a potential biological control agent effective against various plant pathogens.
Several reports are available on the mycoparastism and antibiosis mechanisms of C. globosum
against plant pathogenic fungi, whereas a few states induced resistance. The potential induced
defense component of C. globosum (Cg-2) was evaluated against early blight disease of tomato and
further, global RNA sequencing was performed to gain deep insight into its mechanism. The expression
of marker genes of hormone signaling pathways, such as PR1, Pill, PS, PAL, Le4, and GluB were
analyzed using real-time quantitative reverse transcription PCR (qRT-PCR) to determine the best
time point for RNA sequencing. The transcriptome data revealed that 22,473 differentially expressed
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genes (DEGs) were expressed in tomato at 12 h post Cg-2 inoculation as compared with control
plants and among these 922 DEGs had a fold change of “2 to +2 with p < 0.05. The KEGG pathway
analysis revealed that most of the DEGs were belonging to metabolic pathways, biosynthesis of
secondary metabolites and plant hormone signal transduction. Gene Ontology analysis revealed
that DEGs were enriched mainly related to binding activity (GO:0005488), catalytic activity
(G0:0003824), metabolic process (GO:0008152), cellular process (G0O:0009987), and response to
stimulus (GO:0050896). The gene modulations in hormone signaling transduction, phenylpropanoid
biosynthesis, and mitogen-activated protein kinases (MPK) signaling indicated the upregulation of
genes in these pathways. The results revealed active participation of jasmonic acid (JA) and salicylic
acid (SA) signaling transduction pathways which further indicated the involvement of induced systemic
resistance (ISR) and systemic acquired resistance (SAR) in the systemic resistance induced by Cg-
2 in tomato.

OP10(2E): Pathotype distribution of stripe rust (Puccinia striiformis) of wheat in
North India

M Rafi Bawari", Rajender singh', Parmod Prasad?, OP Gangwar2, Subodh Kumar? and SC Bharadwaj?*
*Chaudhary Charan Singh Haryana Agricultural University, Hisar, Haryana - 125004, India

**ICAR IIWBR RS Shimla

*Email: muhammadrafibawari@gmail.com

Wheat is one of the world’s major staple food cereal crop. Stripe rust caused by Puccinia striiformis
f.sp.tritici (Pst), is a major disease of wheat. Pst is a macrocyclic, heteroecious fungus that
requires two living hosts to complete its sexual life cycle. Urediniospores can travel through the
wind over long distances extending to thousands of kilometres from the initial infection sites.
Hence, pathotype frequency and distribution were studied. A total of 46 samples of stripe rust of
wheat collected from seven Indian states were analyzed at ICAR-Indian Institute of Wheat and
Barley Research, Regional Station, Shimla for pathotype status during 2019-20. Pathotyping of
rust samples revealed that the frequency of Pst pathotype 238S119 was maximum followed by
pathotype 465119 and 110S119 in the analyzed samples. A total of 30 samples of stripe rust of
wheat from seven Indian states were analyzed during 2020-21. Pathotyping of rust samples
revealed that the frequency of Pst pathotype 238S119 was maximum followed by pathotype
110S119 and 46S119 in the analyzed samples.

OP11(2E): Standardization of inoculation technique for Fusarium ear rot of maize
(ZeamaysL.)

Harinder Singh* and Harleen Kaur’

Department of Plant Pathology, 'Department of Plant Breeding and Genetics, Punjab Agricultural University,
Ludhiana - 141004, Punjab, India

*Email: inderbrar2213@gmail.com

Fusarium ear rot (FER) caused by Fusarium verticilloides is the major constraint in maize production
as it causes vyield losses of upto 7-17 per cent. The fungus also causes qualitative losses to the crop
with the production of fumonisins in warm and dry regions. Information on ear rot susceptibility and
mycotoxin contamination of maize germplasm inoculated with F. verticilloides under field conditions is
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not available in North West India. Since standard inoculation technique is pre requisite for effective
screening of maize germplasm, the present study was planned to standardize artificial inoculation
technique for ear rot of maize. Four artificial inoculation techniques viz. needle inoculation into cob,
tooth pick inoculation in the ear, needle inoculation into silk channel and spray silk inoculation were
evaluated at three different intervals during Spring and Kharif seasons. The inoculations were carried
out using 5 ml of spore suspension (concentration 2x106 spores/ml) of Fus 3 isolate of F. verticilloides.
The disease severity was recorded at the time of harvesting using 1-9 scale. Disease rating scale in
these four techniques varied from 1-5 being maximum in needle inoculation technique into the cob
done at 7 days after silking. Significant differences in inoculation techniques were observerd with
respect to time of inoculation. Maximum infection was observed in the plots inoculated at seven days
followed by 14 days after silking. On comparing seasons, disease severity was comparatively more
in Kharif season than Spring season. Our results concluded that 5 ml inoculum (concentration 2x106
spores/ml) of F. verticilloides inoculated into the cob using needle at seven days after silking is the
best technique for evaluating maize cultivars/inbreds for FER.

OP12(2E): Elicitation of defense in rice against blast disease by Exo and
Lipopolysachharides isolated from endophytic Pseudomonas putida BP25

M Ashajyothi, A. Kumar’
Division of Plant Pathology, ICAR - Indian Agricultural Research Institute, New Delhi - 110012, India.
*Email: kumar@iari.res.in

Plant defense elicitation by microbial components and metabolites is one of the unexplored options
for eco-friendly crop protection. Black pepper-associated endophyte Pseudomonas putida BP25 is
previously proven to show endophytism in rice with a consequence activation of the SA pathway.
Here, we report defense elicitation by Pseudomonas putida exopolysaccharides (EPS) and
lipopolysaccharides (LPS) in rice cv. Pusa Basmati 1 upon seed priming. The defense elicited rice
seedling displayed altered root and shoot phenotype as an indicator of Microbe Associated Molecular
Pattern (MAMP) triggered immunity. A detached leaf assay was designed to screen the Pseudomonas
putida BP25 and its EPS and LPS against rice blast pathogen Magnaporthe oryzae. The data revealed
prophylactic blast suppressive activity of Pseudomonas putida BP25 with 79.8% disease reduction
seven days post-inoculation (dpi). While the EPS showed blast suppressive activity (79.80-86.87%
reduction over mock) in the concentration range of 1-20ug range), the LPS exhibited 78-79.8%
reduction at 20-200ug. Defense-related enzymes such as peroxidase and polyphenol oxidase activity
were found to be elevated in EPS and LPS primed plants. qPCR-based transcriptional analysis
revealed overexpression of Pathogenesis Related- genes, OsPR1.1 (2.4 to 9.8-fold) and OsPR3
(2.9 to 5.9-fold) in EPS and LPS treated seedlings. Taken together, we showed that the bacterial
LPS and EPS elicited defense responses in rice against Magnaporthe oryzae for sustainable crop
protection in the future.
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OP13(2E): Global transcriptomic analysis provides evidence for host priming
and growth induction effects by seaweed extracts in tomato and sweet pepper

Omar Ali, Adesh Ramsubhag, and Jayaraj Jayaraman
Department of Life Sciences, Faculty of Science and Technology, The University of the West Indies, St.
Augustine, Trinidad and Tobago

Seaweed extracts have been reported as plant biostimulants that could offer safer, organic alternative
inputs for crop production. Trinidad and Tobago and the wider Caribbean basin host a myriad of
seaweed species that currently remains untapped. Therefore, there exists great potential for exploration
for elite seaweed species for biostimulant production. In the current study, two seaweed species
(Sargassum vulgare and Acanthophora spicifera) were selected for the evaluation of biostimulatory
effects on tomato and sweet pepper plants. Foliar treatment with seaweed extracts led to significant
increases in plant growth and yields and significant reductions in infections by both bacterial spot
and early blight pathogens. Investigations were carried out to reveal the mechanisms of action of
these extracts on plants, whereby transcriptome-wide profiling via RNA sequencing of tomato and
sweet pepper was carried out to capture the bioelicitor effects. The results of the study showed that
seaweed extracts were able to significantly upregulate multiple genes responsible for defense
responses to both abiotic and biotic stresses. Additionally, the transcriptome survey revealed the
upregulation of genes responsible for the biosynthesis of growth hormones, defense enzymes, PR
proteins, and other defense-related secondary metabolites. There was also upregulation of genes
responsible for tolerance to abiotic stresses including heat, cold, drought, and salinity. These effects
could potentially implicate the benefits of seaweed extract and authenticate its usage in sustainable
crop production.
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2F. Epidemiology and crop loss assessment
Keynote Lectures

KNO01(2F): Simulation modelling in plant disease epidemiology and crop loss
analysis: an online, open source course and the associated workshops for
students across the world

Laetitia Willocquet* and Serge Savary

Plant Health and Environment Department, INRAe, France; Honorary Professor, GB Pant University of Agriculture
& Technology

*Email: Laetitia.willocquet@inrae.fr

Systems analysis and its applications in plant disease epidemiology are seldom part of curricula
of students who specialise in the field of plant pathology. An online course “Simulation Modeling
in Botanical Epidemiology and Crop Loss Analysis” was published on the American
Phytopathological Society website (The Plant Health Instructor of the APSnet Education Center).
The course focuses on processes, thus bridging the gap between ‘observers’ and ‘modellers’.
Simulation models are powerful educational tools to explore plant-pathogen dynamics, and identify
key processes that govern epidemics. This course first introduces basic concepts and examples
of systems analysis and simulation modelling. It then focuses on plant disease epidemics and
crop yield losses. Simulation models are provided to explore model structures, their behaviour,
and the effect of key parameters on system dynamics. This material is primarily intended for
graduate students, but also for undergraduate students and biologists wishing to gain exposure
to simulation modelling applied to ecological systems. This online course was used to conduct
12 workshops (course and practical, 1-5 day each) across the world (Brazil, Costa Rica, France,
India, Norway, South Africa, USA), training about 250 participants from around 20 countries,
between 2013 and 2021. The same material can be used for online workshops, as in November
2020 at GBPUAT. Teaching models are also posted on isee-stella: (https://
exchange.iseesystems.com) and can be run and downloaded. The usefulness and perspectives
of using such online educational material is discussed.

KNO02(2F): Using spore trap data to inform plant disease management decisions

Christian Joseph R Cumagun and James Woodhall
Parma Research and Extension Center, University of Idaho, Parma, Idaho 83660, USA

Numerous crop pathogens are dispersed via air-borne spores. these pathogens are often
managed on calendar-based schedules but often without knowledge if spores are present in the
area or at the required threshold for disease development. Since 2018 a spore trap network has
been operated by land grant universities in the Pacific Northwest. The network is mainly focused
on potato diseases although selected traps also monitor for sugar beet powdery mildew and
Stemphylium leaf blight in onions. Each growing season, approximately 20 Burkard multi-vial
cyclone spore samplers are deployed across eastern Washington, southern Idaho and eastern
Oregon. Samples are collected weekly and dispatched to the lab at Parma for real-time PCR
analysis with results distributed to growers on Wednesday. The versatility of this system will be
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discussed in terms of providing a disease forecast to growers and producing information on
spore population dynamics that can inform epidemiological models.

Invited Lectures

IL01(2F): Mathematical treatment of the sedimentation rate of microbial cells under
the influence of gravitational acceleration

KA Balasubramanian
16815, East Maplewood Drive Aurora Colorado 80016 USA
Email: chelbal44@yahoo.co.in

Microbial cells in the atmosphere tend to sediment constantly in spite of local turbulence and
counter current of wind. Microbial cell and spore shapes include spheres, oblate spheroids
prolate spheroids and ellipsoids. In this paper equations for the terminal velocity of spores of
different shapes are derived. The terminal velocity determines the fate of the microbe as plant
pathogen or saprophyte.

ILO2(2F): Bacterial Spot Incited by Xanthomonas cucurbitae: An Emerging
Disease and a Serious Threat to Cucurbit Production

Mohammad Babadoost
Department of Crop Sciences, University of lllinois, USA
Email: babadoos@illinois.edu

Leaf and fruit spot of cucurbits, caused by Xanthomonas cucurbitae, is an emerging disease.
This disease has become one of the most important factors limiting cucurbit production. The
disease is characterized by dark, water-soaked chlorotic lesions, 1-2 mm in diameter on leaves.
Symptoms on the fruits include small, slightly sunken lesions with beige centers and dark-brown
halo. The lesions produced by X. cucurbitae serve as entry points for opportunistic
microorganisms such as Fusarium species and soft rot bacteria that usually results in fruit rot.
Our 3-year surveys of pumpkin and winter squash fields in nine states (lllinois, Indiana, lowa,
Kansas, Michigan, Missouri, Nebraska, Ohio, and Wisconsin) showed that 165 of 187 (88.24%)
of pumpkin fields and of 52 of 58 (92.86%) of squash fields had fruits with the bacterial spot. Up
to 96% fruits with X. cucurbitae (96% yield losses) was documented in pumpkin fields,
demonstrating economic importance of the disease. Currently, there is no cucurbit cultivar
resistant to X. cucurbitae available. After screening 81 commercial cultivars and 300 accessions
of Cucurbita species, we determined 30 resistant accessions to X. cucurbitae. We have
developed seed treatments for eradication of X. cucurbitae in seed, determined survival of the
pathogen in infected plant debris and weeks in the field, and studied effectiveness of crop
rotation and chemical applications for managing the disease.
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ILO3(2F): Major and emerging transboundary diseases of tropical maize affecting
livelihood and food security in Sub-Saharan Africa

LM Suresh*, Yoseph Beyene, Manje Gowda, Michael Olsen, Dan Makumbi, Dagne Wegary,
and B.M. Prasanna

International Maize and Wheat Improvement Center (CIMMYT), ICRAF Campus, UN Avenue,
Gigiri, PO Box 1041-00621, Nairobi, Kenya

*Email: .m.suresh@cgiar.org

Maize (Zea mays L.) is the most important cereal crop in sub-Saharan Africa (SSA), covering
over 35 million ha, largely in smallholder farming systems that produce over 70 million metric
tons (MMT) of grain. Maize production in sub-Saharan Africa is affected by a wide array of
diseases. Environmental conditions prevalent in the different agro-ecological zones are conducive
to the growth and spread of pathogens. There are many fungal and viral diseases that have
been affecting the maize crop and its productivity. Diseases often reduce production and cause
up to 100% yield loss under severe epidemics depending on environmental conditions. The key
diseases in sub-Saharan Africa affecting crop production are Turcicum leaf blight, gray leaf
spot, Common rust, ear rot caused due to mixture of pathogens, Maize streak Virus, and Maize
Lethal Necrosis disease. Maize Lethal Necrosis (MLN) disease first appeared in Kenya in 2011
and became a major threat to maize production in eastern Africa in subsequent years. In eastern
Africa, MLN is caused mainly by the synergistic interaction between two viruses, Maize Chlorotic
Mottle Virus (MCMV) and Sugarcane Mosaic Virus (SCMV). MLN can cause up to 100% yield
loss in susceptible maize varieties. The disease poses a complex challenge as the MLN-causing
viruses are transmitted by insect vectors, and also through contamination of the seed, especially
by MCMV. CIMMYT implemented a multipronged strategy in partnership with several international
and national partners to tackle the MLN challenge. These efforts included: a) b) establishing a
state-of-the-art MLN Screening Facility in partnership with Kenya Agriculture and Livestock
Research Organization (KALRO) in Naivasha for identifying sources of resistance to MLN, MCMV
and SCMV under artificial inoculation; b) accelerated breeding and deployment of MLN-tolerant/
resistant maize varieties with other relevant traits preferred by African smallholders; c) optimizing
MLN diagnostic protocols; c) strengthening capacities of national plant protection organizations
(NPPOs) across sub-Saharan Africa on MLN diagnostics, monitoring and surveillance system;
d) creating awareness among the maize seed sector institutions on SOPs for producing and
exchanging MLN-free commercial seed; e) disseminating information on farming practices for
minimizing MLN incidence; e) establishing an MLN Phystosanitary Community of Practice involving
various stakeholders, including national plant protection organizations (NPPOs), seed companies,
regional/sub-regional organizations, etc.; and f) probing the epidemiology of the disease,
especially the factors underlying seed contamination by MCMV. These comprehensive efforts
have led not only in preventing the further spread of MLN into other major maize-growing countries
in sub-Saharan Africa, especially southern and West Africa, but also minimized the incidence of
the disease in the MLN-endemic countries in eastern Africa.
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IL04(2F): Prevalence of the collar rot diseases caused by sclerotium rolfsii on
some vegetables and gold duranta (Duranta erecta) plant in the cape coast
municipality of ghana

Frank Ackah
Department of Crop Science, School of Agriculture, College of Agriculture and Natutal Sciences, University of
Cape Coast, Ghana

Crop production in Ghana is affected by so many disease-causing pathogens from different
genera. Notable among them are Phytophthora, Sclerotium, Cercospora, Colletotrichum, Fusarium
and Rhizoctonia. Sclerotium wilt disease caused by Sclerotium rolfsii has been reported to attack
different crops in Ghana and recent observations on farmers’ fields have revealed that it attacks
vegetables, root and tuber crops, and ornamental plants. To get a preliminary idea regarding
the behaviour of the pathogen and pattern of distribution of the disease in the Cape Coast
Municipality of Central region of Ghana, a survey was conducted on different plants (cocoyam,
garden eggs, pepper, tomatoes and cassava at different locations during the wet and dry seasons.
Laboratory studies on the isolates confirmed Sclerotium rolfsii as the causal pathogen of the
disease on the different crops. The different isolates showed differences in radial growth on
PDA under room temperature. The pooled analysis of two seasons data revealed that disease
incidence ranged from 6 to 30 % at different locations, 35 to 36 % on different plants and 29 to
71 % at two different seasons. The mean severity ranged from 1.333 to 2.225 at different locations,
1.933 to 2.156 on different plants and 1.567 to 2.15 at the wet and dry seasons. This study
provided an elementary idea about the differences in strains of Sclerotium rolfsii and the
prevalence of the diseases it causes on different crops in Ghana, as well as paved the path for
seeking resistance sources under local conditions and recommendation of proper farming
practices to combat the drastic effects of the pathogen.

ILO5(2F): Integrating advances in genomics to accelerate disease surveillance

Sambasivam Periyannan
Agriculture and Food, CSIRO, Canberra, University of Queensland, Brisbane, Australia

With the increase in trade, human migration and rapid climatic changes, frequent emergence
and spread of new strains of plant pathogens have become a significant issue for profitable
agriculture and human food security. For instance, the new strains of stem and stripe rust
pathogens with the ability to adapt to cooler and warm climatic conditions, respectively, has
become a significant issue for global wheat production. Further, there is clear evidence for the
rapid spread of new rust strains across and within continents due to contamination through
human trafficking that has increased enormously. Thanks to advances in DNA sequencing,
assembly, genome variation detection, and molecular markers techniques, we can now rapidly
detect and characterise new strains of crop pathogens. Therefore using rust disease of wheat
as a model and based on our recent work on the new strains of wheat stripe rust pathogen in
Australia, | will discuss the various opportunities available to integrate genomics with the
conventional disease surveillance programs. In addition to the fast detection of new pathogen
strains before their onset of large-scale epidemics, the genomic analysis provides rapid insight
into the virulence profile for the precise deployment of resistance genes for disease management.
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ILO6(2F): Simulation of leaf curl epidemic in chilli for evolution of management
strategy

Parimal Sinha*, Buddhadeb Roy, Shailja Dubey, E Venu, and Bikash Mandal
Division of Plant Pathology, ICAR-Indian Agricultural Research Institute New Delhi
*Email: sinha_path@iari.res.in

Chili is an important commercial crop grown in tropical and subtropical climates across worldwide.
Leaf curl incited by whitefly transmitted chili leaf curl virus (ChilCV-begomovirus) is one of the
major constraints in its cultivation. Field assessment has indicated from the very first week of
transplantation tender leaves are infected by ChilCV (PCR test). Within 2-3-week period
appearance of typical leaf symptoms indicates in addition to whitefly, it is also simultaneously
infested by thrips, mites and aphids. Leaf curl symptoms commonly encountered is not only viral
infection but also due to direct feeding effect of the insects and mites. Simulating the effect of
rate parameter (immigration of viruliferous whitefly) in a population dynamical modelling setup
has indicated migrant viruliferouswhiteflies play the driving role in the epidemic process.
Interception of migrant vectors from the very beginning (plant cover immediately after
transplantation) has increased survival probability to remain infection free and ensured early
vegetative growth. Plant cover (4 weeks) from the transplantation has been effective as median
survival time (to remain virus free) for the 80% of the plants was 5 weeks.However, plant cover
for 6 weeks’period is noted to be of optimum for protection from pests and virus infection.Relative
plant growth rate (measure of growth and yield) is observed to be maintained in the covered
plants in comparison to the plants having no interception. Therefore, basis for leaf curl
management strategy has been proved in sound footing for evolving effective disease
management strategy.

ILO7(2F): Impact of climate variation on plant disease and its management

Kushal Raj

Department of Plant Pathology, College of Agriculture CCS Haryana Agricultural University Hisar — 125004,
Haryana, India

Email: kushalraj2008@gmail.com

Climate variation is the result of the acceleration in the increase in temperature and CO2
concentration over the last 100 years. The impacts are being felt most keenly in developing
countries, where damage to agricultural production from extreme weather linked to climate variation
is contributing to deaths from malnutrition, poverty and their associated diseases. Throughout
the 21st century, India is projected to experience warming above the global mean. Climate variation
is the realist now and biggest threat of the present century. The impacts of climate variation
have been observed in many dimensions such as effects on biodiversity, food grain production,
insects and plant diseases. Out of this, impacts on plant diseases is also one of the important
dimension that has to be seen in broader perspective. Since environment and diseases are
closely related, climate variation probably alter the geographical and temporal distribution of
phyto-sanitary problems. Change in temperature directly influence infection, reproduction,
dispersal, and survival between seasons and other critical stages in the life cycle of a pathogen.
Moisture is particularly important for fungal and bacterial pathogens on plants. Rising CO2 level,
atmospheric pollutant and ultraviolet B components play important impact on host pathogen
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system in cultivation practices. The climate variation has various impacts on biotic, abiotic and
mesobiotic stress on plants. Therefore, understanding the potential effects of climate variation
on agriculture in terms of its impacts on severity and incidence of pests and diseases is an
important issue. Our knowledge is limited on how multifactor climate variations may affect plant
health. The prediction is that climate variations may alter rates of pathogen development, modify
host resistance and lead to changes in the physiology of host - pathogen interactions, which
again may influence the severity of plant diseases. Climate variation can have positive, negative,
or neutral impact on individual pathosystems because of the specific nature of the interactions
of host and pathogen. Climate variation operates at a global scale; a lack of understanding of
epidemic processes at relevant environmental and spatial scales has hampered progress. In
such scenarios, weather-based disease monitoring, inoculums monitoring, especially for soil-
borne diseases and rapid diagnostics would play a significant role. There is need to develop
Integrated disease management strategies to decrease dependence on fungicides. In addition,
monitoring and early warning systems for forecasting disease epidemics need to be developed
for important host-pathogens which have a direct bearing on the earnings of the farmers and
food security at large. The use of information technology can also help in proper compilation of
the data for forecasting as per the climate variation and management of plant diseases.

ILO8(2F): Pokkah boeng an emerging threat to sugarcane crop in India

Rakesh Mehra* and Vishal Gandhi
CCS Haryana Agricultural University, Regional Research Station Karnal, Haryana. India
*Email: - rmehra1354@gmail.com

Sugarcane (Saccharum spp. hybrid) is an important cash, food and bioenergy crop of tropical
and sub-tropical areas of the world and supporting world economy to a great extent. Production
and productivity of crop is hampered by various diseases of which pokkah boeng caused by
Fusarium spp. complex has emerged as an economically important disease in most of the
sugarcane growing areas of India, leading to considerable qualitative and quantitative losses in
sugarcane. The present investigation on epidemiology, yield losses and management of pokkah
boeng was carried out under Haryana conditions during 2018- 20. Out of four dates of sowing of
sugarcane, the highest PDI was observed in llird date of sowing (14 July) followed by lind date of
sowing (23 March), IVth date of sowing (1 May) and least PDI in Ist date of sowing (24 February)
on three sugarcane varieties. Fungicides evaluated against pokkah boeng, carbendazim, copper
oxychloride, propiconazole and carbendazim + mancozeb provided maximum disease control
under field conditions. Symptomatic varieties exhibited significant reduction (%) as comparison
to asymptomatic varieties in yield and juice quality parameters (cane length, number of internodes,
cane weight with top and without top, girth, total juice, brix (%), sucrose (%) and CCS (%))
ranging from 3.94-40.51 %. Several genotypes were identified resistant to pokkha boeing .Neem
leaves and garlic clove extracts at 20 per cent concentration were found most effective both
under in vitro and under field conditions. Trichoderma viride and T. harzianum found most effective
under in vitro and field conditions. Current disease scenario and new approaches to manage
the diseases are summarized

87

e
c
()
£
(7))
(7))
Q
(7))
(7))
©
(7))
(2]

o
Q.
o
S
(&)

o
c
©
>
>

o

0
£
o

S
o

m

L.

N
c

i,
(7))
(7))
Q

7




e
c
()
£
(7))
(7))
()]
(7))
(7))
©
(7))
(2]

o
Q.
o
S
(&)

o
c
©
>
>

o

0
S
o

T
o

m

L.

N
c

9
(7))
(7))
Q

7

(T 8" International Conference (Hybrid Mode)

«g@})} Plant Pathology: Retrospect and Prospects
\”\\2#4}5 March 23-26, 2022 SKNAU, Jobner-Jaipur, Rajasthan

IL09(2F): Geographical Distribution and Severity of Rapeseed-Mustard Diseases
under Changing Climatic Scenario in India

Prabhu Dayal Meena,
ICAR-Directorate of Rapeseed-Mustard Research, Bharatpur Rajasthan, India

In the galaxy of plant biodiversity at a global level, rapeseed-mustard share a significant role as
edible oil crop of rich nutrients source. At present, net per capita intake of edible oil is nearly
19.5gm/person/day in India. Several species and sub-species of crucifers are cultivated in India
under the trade name of rapeseed-mustard, and are being cultivated in about 53 countries
spreading all over the globe. Canada, China, India, France, and Germany are the top five
rapeseed-mustard producing countries worldwide. During 2019-20, area, production and
productivity of rapeseed-mustard in the world were 35.96 mha, 71.5 mt, and 1990 kg/ ha. In
India, about 80% of total rapeseed-mustard cultivation is under B. juncea mainly in Rajasthan,
MP, Gujarat, UP, Haryana, and West Bengal states of the country. Among other Brassica species,
B. rapa ssp. Brown Sarson is grown under upper Himalayan temperate regions in Srinagar while,
B. napus is under cultivation in Jammu, Himachal Pradesh, and Punjab states. Although, B. rapa
ssp. Toria is mainly grown in foothills regions of Himalayas particularly in Uttrakhand, Eastern
Uttar Pradesh, Bihar, Eastern parts of the country and Odisha. Other species including B. rapa
ssp. Yellow Sarson is widely cultivated in West Bengal and Taramira (Eruca sativa) is grown in
some pockets of Rajasthan and Haryana states. During 2009-10, area, production and
productivity of rapeseed-mustard in India were 5.6 mha, 6.6 mt, and 1183 kg/ ha which have
been increased by 11% to 6.86 mha, 9.12 mt with 1331 kg/ha yield respectively during 2019-20.
Under favorable environmental conditions, oilseed Brassica crops are persistently threatened
by 167 biotic (44 pathogens, 87 pests, and 36 weeds) and 19 abiotic stresses. Out of 44
pathogens known to infect crucifers, 16 pathogens causing crucifers diseases are considered
as of major consequences based on their geographical distribution, host range, losses caused,
and resources spend to manage them. Among biotic stresses, some important diseases in India
cause damage to crop at different stages of plant growth starting from seedling stage (Downy
mildew and white rust), leaf development stage (white rust), stem elongation (Alternaria blight),
flowering stage (Sclerotinia rot), silique development, and ripening stage (powdery mildew) and
others are minor, which occasionally causes considerable damage to the crop. Among minor
diseases, stem blight disease caused by Nigrospora oryzae (Berk. & Broome) Petch, and wilt
disease caused by Fusarium equiseti (Corda) Sacc., have been reported for the first time from
rapeseed-mustard growing regions of India. While, root rot caused by Erwinia carotovora pv.
carotovora, and Sclerotium rolfsii is an emerging threat for rapeseed-mustard production system,
recently reported from the farmers’ field in some pockets of the country. Trends of disease
occurrence revealed that the mean highest WR severity (22.1 %) has been observed during
2019-2020 followed by 17.6 % during 2004-2005 crop season which was prevalent on different
Brassica species in 17 states of the country. Sclerotinia rot has been considered as most damaging
disease for rapeseed-mustard crop in India since 1999 which was at peak during 2012, 2013,
and 2014, afterward, the disease significantly decreased may be due to climatic effects and
technological advances for its management. Though, the disease has been considered as major
problem particularly in Rajasthan, Haryana, Madhya Pradesh, Uttar Pradesh, Bihar and Punjab
states of the country. Similar trends were also observed for powdery mildew disease in different
parts of the country. Alternaria blight was considered number one threat for the crop earlier but
now the data revealed decreasing trend of this disease particularly in Rajasthan, Haryana,
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Madhya Pradesh states of the country. Alternaria blight disease is not a problem on rapeseed-
mustard crop cultivation in western Rajasthan and Gujarat states where, powdery mildew
considered as the major problem as it appeared severely. Although, AB is a severe problem in
Uttarakhand, HP, Bihar, UP, Assam and West Bengal states of the country. Amongst these four
diseases (AB, WR, SR, and PM), Alternaria blight covered 32% share with average 26.6% disease
severity on different Brassica species over the period mainly in humid areas where rapeseed-
mustard is under cultivation. While, powdery mildew holds 30% share among diseases with 25.1%
mean severity particularly in Gujarat, Maharashtra, Rajasthan, Haryana, Chhattisgarh states of
the country. Whereas, 17.3% white rust mean disease severity occurred with a 21% share on B.
napus and B. carinata crops which are considered as resistant to the disease. Sclerotinia rot
disease incidence appeared upto 14.2% and contributed 17% share of all the diseases on
oilseed Brassica. Maximum white rust severity was observed on B. juncea (27.1%) whereas B.
carinata, B. napus and B. rapa ssp. Yellow Sarson showed resistant against Albugo candida. In
these species resistance against WR is mainly goverend by single dominant gene, and possible
to transfer it in the major cultivated Brassica juncea crop in India. Different Brassica speices
showed variations in Alternaria blight severity with highest 38.9 per cent on Eruca sativa followed
by B. rapa ssp. Toria (37.3%), B. rapa ssp. Yellow Sarson (34.9%), and B. juncea (31.1%).
Although, lowest AB severity was on B. carinata (22.1%) and B. napus (26.0%). Powdery mildew
is emerging severely on B. juncea (43.2%) followed by B. rapa spp. Toria (28.6%). Whereas,
Sclerotinia rot was recorded maximum on B. rapa ssp. Yellow Sarson (51.2%), B. rapa ssp. Toria
(50.2%), Eruca sativa (49%), B. napus (38.5%) and B. carinata (33.4%). In India, Brassica carinata
and B. napus crops showed lower attack of pathogens followed by Eruca sativa, and B. rapa
ssp. Toria. B. juncea comparatively suffered more with the attack of different pathogens. Maximum
SR disease incidence has been observed on B. rapa ssp. Yellow Sarson, B. rapa ssp. Toria and
Eruca sativa.

Oral Presentations

OPO01(2F): Occurrence of Pineapple Marbling Disease in Siang Regions of
Arunachal Pradesh (India)

Gireesh Chand'*, R.C. Shakywar?, Pushpendra Kumar? and Senpon Ngomle?

"College of Agriculture, 2College of Horticulture and Forestry, Central Agricultural University (l), Pasighat -
791102, Arunachal Pradesh, India

*Email: gireesh_76@rediffmail.com

Pineapple [Ananas comosus (L.) Merr.] belongs to the family Bromeliaceae is most productive
under a xerophytic environment where low rainfall is supplemented by irrigation in well drained
soils. Pineapple is one of the most important fruit crops of NEH Region of India. ‘Kew’ of the
smooth leaf ‘Smooth Cayenne’ group and ‘Auritius’ of the rough leaf ‘Queen’ group are the two
varieties of pineapple grown in India. Marbling disease is caused by the acetic acid bacteria
Acetobacter peroxydans Visser’'t Hooft and Erwinia herbicola var. ananas (Serrano) Dye. The
disease has been reported in essentially all pineapple production areas of the World. However,
sporadically levels occur only in the lowland tropics and epidemic also occurring of the hot and
humid. Infection by marbling bacteria occurs through the open flower. The pineapple fruit
purchased from local market of Siang regions of Arunachal Pradesh. Infected fruit do not show
any symptom but the most common internal symptom appears as yellowish to reddish brown to
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very dark dull brown discoloration of the infected fruit tissue. Infected tissues generally become
hardened, granular and brittle in texture with colour variation in the form of speckling. Marbling
of pineapple is an asymptomatic disease in the field and is evidenced with a brownish coloration
when the infected fruit is use to eat and processed. Although, maximum disease incidence
(32.48%) recorded from East Siang in the month of August, The marbling disease is threat to
pineapple growers because there is no cost effective disease management method to cultivation
of pineapple in Siang regions.

OP02(2F): Impact of climate change on coffee diseases in India with special
reference to rot diseases occurring during monsoon period

M. Sudha*, Santoshreddy Machenahalli, Madhu S Giri and AP Ranijini
Central Coffee Research Institute, Coffee Research Station, Chikkamagaluru - 577117, Karnataka, India
*Email: sudhaccri@gmail.com

Coffee growing regions in South India received unusual rains with erratic distribution patterns
during monsoon season for the last four years may be due to change in climate. This high
quantum of rainfall in short periods led to flash floods in coffee plantations resulting in soil
erosion and water logging in root zone causing wet feet condition. Thus, the soil saturation
coupled with cool ambient temperature, relative humidity and persistent hanging mists during
monsoon provided ideal conditions for flare up of rot diseases such as black rot, stalk rot, leaf
spot and berry diseases causing defoliation and also premature fruit drop affecting yield loss to
an extent of 15 to 20%. In the past years, prevalence of monsoon rot diseases was confined for
a period of 3-4 months during the rainy season. However, in the recent years due to receipt of
unusual rains throughout the year, because of availability of pathogen inoculum due to wetness
throughout the year with hasty gaps, high relative humidity, low temperature which triggered
and activated the fungal pathogens and plants developed high foliage which creates microclimate
in coffee bushes and less soil aeriation due to water stagnation as a result severity of rot diseases
increased leading to relatively maximum reduction in yield. After extensive studies, an integrated
disease management (IDM) package for rot diseases was updated with new fungicide molecules
viz., pyraclostrobin 13.3% + epoxyconazole 5% SE @ 1ml/L, tebuconazole 25 EC @ 1ml/L and
trifloxystrobin 25% + tebuconazole 50% WG @ 1 g/L which have higher efficacy. Apart from the
monsoon rots, behaviour of coffee leaf rust (CLR) pathogen Hemileia vastatrix also altered.
However, availability of tolerant varieties and efficient fungicide molecules aided in CLR
management.

OPO03(2F): Study on Occurrence, Distribution and Yield loss due to Root Rot in
Ajwain (Trachyspermum ammi L.) caused by Rhizoctonia solani in Southern
Rajasthan

BL Fagodia*', A Trivedi?, SS Sharma® and RK Fagodiya*

'Central IPM Centre (DPPQS), Jaipur — 302018, Rajasthan

23Department of Plant Pathology, RCA, Udaipur — 313001, Rajasthan

“Directorate of Research, MPUAT, Udaipur — 313001, Rajasthan
*Email-blfagodia25@gmail.com

Ajwain (Trachyspermum ammi L.) also known as Bishops weed and Carom seed, is one of the
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most important seed spices crops it's belonged to family Apiaceae, is a native of Egypt. Ajwain is
erect, glabrous or minutely pubescent branched annual herb which grows up to 75-80 cm in
height. In Rajasthan, it is cultivated in the districts of Chittorgarh, Udaipur, Jhalawar, Baran,
Rajsamand, Bhilwara and Kota covering an area of 11658 hectares with the production and
productivity is 4672 tonnes / annum and 401 kg/ha, respectively (Anonymous, 2015-16). In
India, Rajasthan contributes 73 per cent of total production of ajwain. The root rot disease is
most common and destructive disease of ajwain, caused by R. solani, caused losses in yield as
well as quality of the crop. Yield losses vary between 10 to 100 per cent depending on varietal
susceptibility and agro-climatic conditions. The disease was surveyed in 40 villages of different
districts viz., Udaipur, Rajsamand, Chittorgarh and Pratapgarh of Southern Rajasthan in the
year of 2015-16 and 2016-17 and recorded disease progress and per cent mortality at 45th and
75th DAS in both the years. The per cent mortality was ranged from 12.80-32.50 and 15.00-
35.50 per cent at 45th DAS in both the years, respectively. The maximum and minimum plant
mortality was recorded in Bhatewar (Udaipur) and Phoonkiya (Rajsamand) in both the years.
The overall per cent plant mortality was more in 2016-17 year as compared to 2015-16. The
root rot pathogens (R. solani) were isolated from disease ajwain plants showing root rot symptoms
collected from farmer’s field of different ajwain growing districts of Southern Rajasthan viz.,
Udaipur, Rajsamand, Chittorgarh and Pratapgarh. Rhizoctonia solani were isolated from eight
disease samples and their pathogenicity was confirmed by growing in pathogen inoculated soil.

OPO04(2F): Epidemiology of Ginger leaf spot in high altitude and high rainfall
region of Kodagu

Mohammed Faisal Peeran’, Biju C.N2., Akshitha HJ' and Ankegowda S.J.

"ICAR-Indian Institute of Spices Research, Regional Station, Appangala, Madikeri, Kodagu (Dt), Karnataka
- 571 201

2|CAR-Indian Institute of Spices Research, Marikunnu Post, Kozhikode, Kerala — 673 012

Leaf spot caused by Phyllosticta zingiberi is one among the most cosmopolitan and destructive
diseases of ginger causing crop loss to the magnitude of thirty per cent under epiphytotic
conditions. The disease generally manifests during June and attains epiphytotic proportions
during September-October. Delineating vulnerable crop stages with respect to weather factors
and disease pattern helps to formulate and implement plant protection strategies economically
and efficiently. Hence, the present study was conducted for three consecutive (2019-2021) in
Kodagu region with three released varieties of ginger (IISR Varada, ISR Mahima and ISR Rejatha).
The mean Percent Disease Index (PDI) ranged from 0.37% to 35.53%. The maximum disease
incidence was recorded during September in ISR Rejatha 35.55% correspondingly ISR Varada
showed minimum incidence of 26.85%. The maximum AUDPC was recorded in IISR Rejatha
(456.7) during August contrastingly to PDI which recorded maximum during September. A
correlation was made with the weather parameters (rainfall, rainy days, temperature maximum
and temperature minimum). The results indicated that only rainfall and rainy days has positive
correlation with the PDI and temperature is negatively correlated. Based on the results, a linear
regression model was developed using R statistics and fitted for early prediction. It is concluded
from the present study that, the infection aggravates during monsoon and reaches maximum
when the rainfall recedes and once the temperature increases after September the disease
incidence decreases, further for the management of the disease pre-monsoon spraying of
recommended fungicide will reduce the incidence and benefit the growers.
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OPO05(2F): Viral incidence and distribution of citrus tristeza virus (CTV) in khasi
mandarin of north eastern Himalayan region of India

Amit Kumar Singh', Siddhartha Singh' and Gireesh Chand?
'College of Horticulture and Forestry, ?College of Agriculture, CAU(Il), Pasighat, Arunachal Pradesh, India
*Email: geneamit@gmail.com

Khasi mandarin is one of the most remunerative crops in North Eastern Hills region of India
playing a very critical role in the socio-economic upliftment of the people. The orchards of this
region were found to express the typical symptoms of CTV. An extensive survey of the Khasi
mandarin orchard for six North Eastern states of India namely Arunachal Pradesh, Meghalaya,
Assam, Nagaland, Sikkim and Tripura was carried out to establish the identity of CTV using
ELISA and PCR/RT-PCR techniques. Out of 300 Khasi mandarin tree samples, 172 were found
to be positive for CTV infection by DAS-ELISA indicating 57.33% overall CTV disease incidence.
Results revealed presence of CTV in all the surveyed states with maximum incidence of 66.00%
in Arunachal Pradesh followed by 62.00% in Assam, 60.00% in Meghalaya and Nagaland, 54.00%
in Sikkim and 42.33% in Tripura. Higher CTV concentration was recorded in the age group 15
years (69.09%) followed by 10-15 (57%) and 5-10 years (43.33%). This study, to the best of
our knowledge, is the first report for the detection of CTV in Khasi mandarin from Arunachal
Pradesh, Nagaland and Tripura and also the first authentic survey of overall disease incidence
of CTV Khasi mandarins from the six major mandarin growing North Eastern states of India.

OP06(2F): Assessment of yield loss due to Maydis leaf blight disease of maize in
West Bengal

Srabani Debnath* and Sonali Biswas
All India Co-ordinated Research Project on Maize, Bidhan Chandra Krishi Viswavidyalaya
*Email: srabanidebnath72@gmail.com

Maize has the highest yield potential among all cereals and considered as the “Queen of Cereals”.
This unique cereal has diversified uses as food, feed and industrial purposes. This is the third
most important cereal crop in India and presently the second most important cereal in West
Bengal. Among the obstacles of maize cultivation biotic stresses as well as diseases are very
much important. In West Bengal mainly leaf blight diseases mainly Maydis leaf blight and Turcicum
leaf blight are predominant. Global scenario is expressing an yield loss of 16% due to attack of
plant pathogens and the ultimate objective of all types of research under plant diseases is to
minimize the yield loss of crops which is not only dependent on disease severity but also on
weather factors & virulence level of the pathogens. The relationship between disease and yield
loss in certain pathogen-host system is liable to change from year to year and very much difficult
to predict at regional as well as farmer’s level. For determining proper management strategies
for diseases, estimation of yield loss is inevitable and to assess the loss in yield due to one of
the important. Field experiments were conducted in District Seed Farm at Kalyani with susceptible
maize hybrid, Disha during 2017, 2018 and 2019 Kharif seasons. The experiments were used to
determine yield losses due to Maydis leaf blight disease in West Bengal. The trials were laid out
in paired plot techniques with two treatments replicated for nine times under artificial epiphytotic
condition. The fungicide Mancozeb was sprayed in protected treatment for five times at weekly
interval from 35 days after sowing and after initiation of first disease symptom. In protected plots
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there was more yield compared to unprotected plots. Mean avoidable percent yield loss was
22.01, 19.93, 22.41 respectively during 2017, 2018 and 2019 and average yield loss percentage
is 21.45 due to maydis leaf blight disease of maize.

OPO07(2F): Effect of temperature and leaf wetness duration on development of
blast disease of pearl millet caused by Magnaporthe grisea

T Yella Goud'?, R Sharma', G Uma Devi? and S Madhavan'?

'International Crops Research Institute for the Semi-Arid Tropics (ICRISAT), Patancheru, Hyderabad,
Telangana, India;

2Professor Jaya Shankar Telangana State Agricultural University (PJTSAU), Rajendranagar, Hyderabad,
Telangana, India;

3ICAR-Directorate of Floricultural Research, Regional Station, Rajahmundry, Andhra Pradesh.

Pearl millet blast casued by Magnaporthe grisea has become a major threat to pearl millet
production next to downy mildew disease in India. The effect of different leaf wetness durations
ranging from 0-72 hours (0, 6, 12, 24, 36, 48, 60 and 72 hours) and different incubation
temperatures with alternate day (12h) and night (12h) temperatures of (25+1/20+10C,28+1/
20+10C, 30+1/22+10C, 35+1/25+10C and 40+1/28+10C) was evaluated separately using a blast
susceptible line ICMB 95444 and a resistant line ICMR 06444 and four M. grisea isolates (MgPM
45, MgPM 53, MgPM 56 and MgPM 118) under invitro conditions. The infection of M. oryzae was
visualized only on ICMB 95444. The disease progressed more rapidly (> 92% PDI) at 12 hours
wetness durations compared with 0 and 6 hour, and maximum (100%) PDI was recorded at 48
hours and above wetness durations. Thus, for 48, 60 and 72 hour wetness duration periods,
disease symptoms were first visible at 3 days after inoculation and increased to final average
severities of 4.55 to 5.91 mm lesion length, and 33.86 to 41.30 lesions per leaf at 8 days after
inoculation. The optimum temperature observed for disease development (>94% PDI) ranged
from 25£1/20+10C to 35%£1/25+10C. The mean maximum disease index (96.48%) occurred at
30+1/22+10C temperature and the mean disease index increased from 25+1/20+10C to 30+1/
22+10C temperature and declined with the further increase in the temperature (35£1/25+10C
and 40+1/28+10C). It can be concluded based on the results of both leaf wetness duration and
temperature experiments that blast on pearl millet becomes more severe at longer wetness
durations beyond 48 hours during optimum day/night temperature ranging from 25+1/20+10C,
to 30+£1/22+10C. Among the M. grisea isolates tested, MgPM 56 from Nagaur district of Rajasthan
was found to be more aggressive.
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OPO08(2F): Surveillance on target spot of cotton caused by Corynespora
cassiicola and its variability study: An emerging disease of cotton in India

Satish K. Sain', Shailesh P. Gawande?, Virendra Kumar’, N. Chandrashekar?, Dharmesh K. Davara®, Sree
Lakshmi Bhattiprolu* and Prashant B. Sandipan®

"ICAR-Central Institute for Cotton Research, Regional Station, Sirsa - 125055, Haryana, India

2|CAR-Central Institute for Cotton Research, Nagpur - 41108, Maharashtra, India

3Cotton Research Station, Junagadh Agricultural University, Junagadh - 362001, Gujarat, India
‘RARS-Acharya N.G. Ranga Agricultural University, Lam, Guntur - 522034, Andhra Pradesh, India

SMain Cotton Research Station, Navsari Agricultural University, Surat - 395007, Gujarat, India

*Email: sain.skumar@gmail.com

Target spot of cotton caused by Corynespora cassiicola (Berk. & Curt.) Wei is a necrotrophic
and cosmopolitan plant pathogen that causes leaf spots in 530 plant species from 380 genera.
It's an emerging threat to cotton cultivation in Maharashtra, Andhra Pradesh in India and other
countries. It causes premature defoliation during frequent showers/irrigation. The lint yield loss
due to this is estimated up to 448 kg/ha on susceptible cultivars. Little is known about its etiol-
ogy, epidemiology and its effect on cotton yield in India. Hence, a survey was conducted during
2020 and 2021 in different cotton growing areas of India with the focus to estimate the incidence
of target spot, examine the cultural and morphological characteristics of C. cassiicola. A varying
level of incidences of target leaf spot were reported in Haryana, Punjab, Rajasthan, Gujarat and
Andhra Pradesh. All fourteen C. cassiicola isolates were phenotypically differed. Colonies were
whitish gray to grey, with tan brown to brownish gray pigmentation, having woolly, cottony, and
smooth texture on PDA. Conidia varied in their shape, had 2 to 18 pseudosepta, were 42.53 to
109.39 um long, 8.4 to 17.7 ym wide, obclavate to cylindrical, solitary or catenate, pale olivaceous
brown or brown in colour. Koch’s postulate tests were performed to confirm the pathogenicity. To
our knowledge, this is the first report of target spot on Bt-cotton (G. hirsutum) in Gujarat and
North Western India. Given the increasing prevalence of this disease, its confirmation is a sig-
nificant step toward developing management recommendations for growers.
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Technical Session 3:
Applied research in plant pathology

3A. Diagnosis of plant pathogens
Keynote Lecture

KNO01(S3A): Advanced techniques in Plant Pathogens diagnosis: A critical appraisal
of methods, from detection to field survey and monitoring

Stephan Winter

DSMZ Plant Virus Department, Messeweg 11/12 Messeweg 11/12 BRAUNSCHWEIG 38104 Lower Saxony,
Germany

Email: stephan.winter@dsmz.de

Technical innovations are the key drivers for the advent of new concepts in plant pathology, from novel approaches
to plant disease diagnosis in the laboratory as well as on-site to monitoring and surveillance of disease
outbreaks and forecasting. In recent years, high throughput sequencing (HTS) has revolutionized the analysis
of plants to resolve pathogen-derived sequences, discover new species and assemble complete genomes.
Without any a priori knowledge of diseases or technical expertise, this new technology helps to elucidate the
etiology of diseases but also the discovery of pathogen genomes that are not associated with diseases. HTS
approaches can be used for virus indexing of germplasm, to reduce lengthy certification processes, designed
to rapidly detect the composition of known pathogens in pooled samples thus combining parallel and high
throughput analysis. On the greenhouse and field level, rapid and automated phenotyping tools based on
image analysis are developed to provide an overview of disease incidence and severity and the resistant
status of plants. While the proof of concept phase has not been passed for most of these approaches, it
shows future trends towards automated surveillance of crop attributes to assist breeders, farmers and health
inspectors in developing healthy plants. The challenges and opportunities of these novel technological
advancements are critically examined.

Invited Lectures

ILO1(S3A): Stem end rot (SER) in Mango — Identity of associated organism

AK Saxena*, R Thilaka Rani and K Rathnamma
Division of Plant Pathology, Indian Institute of Horticultural Research, Bangalore — 560089
*Email: arvindkumarsaxena@gmail.com

Mango (Mangifera indica L.) — the king of all indigenous fruits in India is ranked as one of the
better fruits in the international market because of its delicious taste and high caloric value. The
crop suffers from a number of diseases, among them ‘post harvest rots’ are most important.
These not only deteriorate the nutritive value and quality in mango fruits but also render them
unfit for consumption and trade, resulting into great economic losses Due to impact of climate
change the diseases that were considered not economically important and minor earlier have
become severe and the exact identity of the associated pathogen lacking. Among them stem
end rot (SER) has become very serious. The infection of the pathogens occurs in the field in
quiescent form during the premature stage as well as during harvesting, transportation and
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storage. Isolations were made from the infected Mango fruits var. Alphonso and pure cultures
were obtained following standard tissue isolation. Associated organism were characterized
morphologically, culturally and besides molecular characterization was done following Raeder
and Broda (1985). The isolated DNA was used for molecular analysis using Internally Transcribed
Spacer (ITS) 1 and 4 primers forward and reverse. Out of the 50 bit used for the isolation of
associated organism with stem end rot disease 24 (48%) isolates confined to Group 1 whereas
16 (32%) confined to Group Il - Only 04 (08%) to Group lll. Based on their characteristics the
organisms were identified as Lasiodiplodia theobromae (Group |), Phomopsis mangiferae (Group
I1) and Neofucicoccus parvum (Group IIl). Amplification of the PCR products obtained from
molecular analysis recorded their respective length (approximately) as 550bp (Phomopsis
mangiferae), 540bp (Lasiodiplodia theobromae) and 460bp (Neofusicoccus parvum). The identity
of different associated organisms (pathogens) was further confirmed on blasting respective
gene sequences in NCBI gene bank with gene sequence homology of 99% in case of L.
theobromae and P. mangiferae 96% for N. parvum. In mango Stem end rot has attained serious
proportion. Besides Lasiodiplodia theobromae, Phomopsis mangiferae and Neofusicoccum parvum
proved pathogens. Among them P. mangiferare is dominating. Pathogens exhibited considerable
cultural, morphological and molecular variability. This is the first report on ‘genes sequencing’
on the above pathogens from India. Management strategies has to based on the associated of
pathogen (s) with SER.

IL02(S3A): Advanced Molecular Diagnostics for Detection of Pathogenic Bacteria

S Umesha
Department of Biotechnology, University of Mysore, Manasagangotri, Mysuru — 570006, Karnataka
Email: pmumesh@gmail.com

Accurate detection and identification of disease causing agents is a prerequisite for developing
the appropriate and suitable management practices of any diseases caused by pathogenic
microorganisms. Although the use of traditional methods for the diagnosis of the disease causing
organisms is the best method available, but because of the laborious procedures which prompts
to think for alternative methods for disease diagnosis. In the present studies we have attempted
to exploit the nucleic acid based diagnostic methods for specific identification of disease causing
bacteria. We have used bacterial pathogens from vegetable crops like tomato, chilli, brinjal,
cole vegetables alongwith food-borne pathogens. We have exploited the deviations in the nucleic
acid amplifications techniques like SSCP-PCR, Multiplex PCR, RT-PCR, LSSP-PCR and qPCR.
Ralstonia solanacearum, Xanthomonas perforans, X. campestris pv. campestris, X. axonopodis
pv. vesicatoria, and X. oryzae pv. oryzae were detected using nucleic acid amplification techniques
in the present studies. Present studies have exploited the use of universal primers as well as
species-specific primers. We have also attempted to develop the molecular techniques for the
detection of Leptospirosis and Brucellosis pathogens from domestic animals, in addition food
borne pathogens. The discriminative power of SSCP in species differentiation was demonstrated
by comparative studies of representative groups of various pathogenic species. .In the present
studies we have developed most recent state-of-the-art molecular diagnostic techniques enabling
fast and accurate detection and identification of plant and food borne pathogens based on well-
developed genotyping techniques. Precise molecular diagnosis of pathogenic bacterial infections
decreases the spread of the disease and facilitates to make suitable disease management
strategies. Advanced molecular diagnostics has taken a noticeable place and has revealed
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advantageous in diagnostic laboratory for routine detection, fingerprinting and epidemiologic
analysis of infectious microorganisms. Molecular tests reduce the exposure to infectious agents
and decrease the health risk for the consumers.

ILO3(S3A): Loop Mediated Isothermal Assay (LAMP): New Addition to Rapid
Diagnostics

Palash Deb Nath*, Mohamad Hussam Halabi and Dipsikha Kaushik
Department of Plant Pathology, Assam Agricultural University, Jorhat-785013
*Email: palash.debnath@aau.ac.in

The study aims to standardize a real-time Loop Mediated Isothermal Assay (LAMP) for effective,
sensitive and rapid detection of a DNA containing virus, Bunchy top of virus (BBTV) and tow
RNA containing viruses viz., Potato leaf roll virus (PLRV) and Potato virus Y (PVY). Three different
sets of LAMP primers were designed against BBTV, PLRV and PVY, respectively, and were
tested using LAMP assay against PCR positive samples. Sensitivity test of BBTV, PLRV and
PVY LAMP assays were compared with conventional PCR and RT-PCR assays. The Real-Time
LAMP assay for BBTV detection resulted in typical sigmoidal amplification curves with the peak
values ranging between 8.00 to 12.15 minutes and annealing derivatives ranging between 83.3
oC to 84.3 °C in the tested samples. Sensitivity comparison of BBTV Real-Time LAMP assay with
conventional PCR revealed that the BBTV LAMP assay could efficiently detect up to 0.0001ng/
pl of total DNA as against 0.01ng/pl in conventional PCR. Similarly, for PLRV and PVY, the
minimum threshold time to detect positive RT-LAMP of PLRV and PVY were ranging from 11-15
minutes for PLRV and 11-14 minutes for PVY, respectively. The annealing temperature for PLRV
was 88 °C while that for PVY ranged between 84-85 °C. For both PLRV and PVY, the RT-PCR
could perfectly detect 100 to 10" diluted RNA and DNA, while LAMP and RT-LAMP could detect
all diluted RNA. This method can be preferred over conventional diagnostic techniques like PCR
or ELISA for rapid detection of BBTV, PLRV and PVY.

IL0O4(S3A): Occurrence and geographical distribution of date palm fungal
pathogens

M Najafiniya® 2*, O Karimi?2, ARG Farias?, KD Hyde? and RS Jayawardena?

'Plant Diseases Research Department, Iranian Research Institute of Plant Protection, AREEQO, Tehran,
Iran.

2Center of Excellence in Fungal Research, Mae Fah Luang University, Chiang Rai 57100, Thailand.

*Email: mousanajafiniya@gmail.com

Date palm (Phoenix dactylifera) belongs to the family Arecaceae (syn. Palmaceae), which also
includes 200 genera and 1500 species. Palm trees are cultivated mainly in tropical regions, but
they are also found in subtropical and temperate zones. Date palm is a strategic crop for many
countries in Asia and Africa, with more than 8 million tons per year worldwide. Date palm products
are utilized worldwide as foods, fiber, pharmaceuticals and medical care, cosmetics, and other
industrials that have a significant role (economically, socially, and culturally) on the income and
lives of the people in many countries. Like other plants, palm trees are prone to attack by fungal
pathogens and subject to diseases responsible for considerable damage. An increase in the
international trade of plant materials is a major way for the distribution of fungal species. Since
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fungi are the leading cause of these diseases, knowing the fungi associated with them is vital.
The study of fungi associated with date palm trees makes it possible to explore different types of
research in the Mycology area. The most severe fungal genera which affect date palm are
Fusarium, Alternaria, Bipolaris, Botrydiplodia, Ceratocystis, Chalara, Chaetophaeria,
Cladosporium, Cocoicola, Colletotrichum, Curvularia, Didymella, Diplodia, Drechslera,
Ganoderma, Graphiola, Helminthosporium, Mauginiella, Nigrospora, Omphalia, Pestalotiopsis,
Phialophora, Phoma, Phomopsis, Phytophthora, Pythium, Rhizoctonia, Serenomyces,
Stemphylium, Sordaria, Sordariomyces, Thielaviopsis. It should be noted that the relevance of
the studies on microfungi associated with palms made them begin to be considered an important
and taxonomically diverse assemblage that is often referred to as “palm fungi” or “palmicolous
fungi.” The present study attempts to provide a piece of updated information on the reported
fungal pathogens on date palm trees.

ILO5(S3A): New Report: Die-Back of Okra (Abelmoschus Esculentus L.
Moench) caused by Colletotrichum coffeanum (Noack)

KB Rakholiya* and Indu Singha

Department of Plant Pathology, N. M. College of Agriculture, Navsari Agricultural University, Navsari — 396450
Gujarat, India

*Email: rakholiyakb@nau.in

Okra (Abelmoschus esculentus L. Moench) is one of the most important annual vegetable crops
grown in tropics and sub-tropics, which is very nutritious and delicious among Indian food. Among
different plant pathogens, Colletotrichum coffeanum (Noack) is considered as one of the most
destructive fungal pathogen of okra causing die-back. Considering the emergence of the inokra
in South Gujarat. The die-backed twigs showed symptom usually developed from the tip, which
is characterized by blackening of the stem. Apex of the twig showed the development of sunken
lesions which became dark brown in advance stage of the disease resulting in quick dried up
portion when the typical die-back set in. The fruiting bodies of the pathogen in the form of
acervuli were visible as minute black dots under severe infection. The repeated isolations from
infected twigs of okra revealed the association of Colletotrichum sp., which was identified after
the morphological and cultural studies as Colletotrichum coffeanum and was also confirmed by
Agharkar Research Institute, Pune as Colletotrichum coffeanum (Noack).

ILO6(S3A): Appropriate Surveillance and diagnostics tools in Prevention of spread
of Maize Lethal Necrosis (MLN) to Southern Africa

Francis Mwatuni* and LM Suresh

Alliance for a Green revolution in Africa (AGRA), West end Towers, Westland, PO Box 66773-00800, Nairobi,
Kenya

Email: fmwatuni@agra.org

Since 2011, Maize Lethal Necrosis (MLN) disease has emerged as a major threat to food security
in Sub-Saharan Africa. There are several strategies in the management and in preventing further
spread of the disease to southern African countries where Maize is a staple food, and the seed
maize industry is vibrant. One of the approaches is to have a robust disease surveillance structure
and appropriate diagnostics tools within the Phytosanitary systems and NPPOs from the countries
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in the region. CIMMYT through the MLN Diagnostics and Management project has worked with
NPPOs and other institutions from the five MLN endemic countries in eastern Africa (Kenya,
Uganda, Tanzania, Rwanda, and Ethiopia) and the three countries in southern Africa (Zambia,
Malawi, and Zimbabwe) in strengthening their Phytosanitary systems towards this end. An effective
MLN surveillance system was established, including web-based information exchange amongst
relevant institutions. Using the latest technology in surveillance, the android based Open Data
Kit (ODK), the MLN surveillance protocols were designed and uploaded in the application for
use. Further, an MLN data Toolbox was also set up to manage surveillance data generated from
the massive regional surveillance exercise. The data generated is published in the MLN Web
portal, a product of the Project. Harmonized surveillance, sampling, and diagnostics protocols
for detecting MLN-causing viruses especially MCMV in farmers’ fields, seed fields, and in
commercial seed lots were designed and implemented. Various stakeholders have been trained
on the ODK surveillance tool, field testing for MCMV using immunostrips, and testing for MLN
viruses in seed using ELISA. The establishment of the MLN Phytosanitary Community of Practice,
understanding seed transmission of MCMYV, appropriate surveillance and diagnostic protocols
have contributed immensely in the management strategies for MLN in eastern Africa and hence
prevented its spread to southern Africa

Oral Presentations

OPO01(S3A): Virome analysis of Tuberose (Polianthes tuberosa) plants reveals
novel potyvirus from India

Malyaj R Prajapati’, Aakansha Manav', V Kavi Sidharthan?, Jitender Singh'*, Pankaj Kumar', Mukesh
Kumar?, VK Baranwal*

'College of Biotechnology, Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut, Uttar
Pradesh, India-250110

2Institute of Forest Biodiversity (ICFRE), Hyderabad, Telangana, India-500100

3College of Horticulture, Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut, Uttar
Pradesh, India-250110

“Division of Plant Pathology, ICAR-Indian Agricultural Research Institute, New Delhi, India-110012

Email: jeets80@gmail.com

Tuberose (Polianthes tuberosa) plants being grown at the experimental fields of Horticulture
Research Center, Sardar Vallabhbhai Patel University of Agriculture and Technology, Meerut,
India were observed exhibiting mild mosaic symptoms characteristic of virus infection. cDNA
library generated from a symptomatic plant underwent high-throughput sequencing to determine
if viral pathogens were present. Approximately 53 million 75 bp paired-end reads were obtained.
A total of 73,417 contigs were generated by de novo assembly and homology search with the
sequences in BLASTn and BLASTx programs against the Nr database. Sequence data revealed
the presence of two novel viral genomes, both with properties congruent with members of the
genus Potyvirus (family Potyviridae). Sequence comparisons and phylogenetic placement indicate
that both viruses represent novel species. The names “Polianthes potyvirus A” and “Polianthes
potyvirus B” are proposed for the potyvirus.
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OP02(S3A): Spatial and temporal distribution of llarviruses ApMV and ApNMV
associated with mosaic disease of apple for optimization of tissue and time for
real time detection

Sajad Un Nabi, Salwee Yasmin, | Mir Javid, GS Madhu, H Raja Wasim and Om C Sharma
ICAR-Central Institute of Temperate Horticulture, Rangreth, Srinagar, J&K, India

Apple mosaic disease (AMD) is economically important viral disease, having widespread
distribution and results in yield losses up to 40%. Besides apple mosaic virus (ApMV), apple
necrotic mosaic virus (ApNMV) has also been found associated with AMD. Both ApMV and ApNMV
being labile in nature, their titer varies negatively with high temperatures, so proper tissue as
well as proper time is necessary for detection. During 2021-22, detection and relative
quantification of ApMV and ApNMV using RT-PCR and RT-gPCR was done from plant parts viz.,
anther, leaf, petal, pedicel, stigma with style, bark, fruit and seed (spatial) in two cultivars (Oregon
Spur and Golden Delicious) of apple during three seasons viz., spring, summer and autumn
(temporal) to optimize tissue and time for real time detection. Depends upon the availability of
tissues during different seasons, both ApMV and ApNMV were detected in all the plant parts
during spring season, in seed and fruits during summer, whereas in leaves and pedicel during
autumn using RT-PCR. For relative quantification of the virus titer in different parts during three
seasons using RT-gPCR, the results showed that, the ApMV and ApNMV expression was higher
in leaves and minimum in petals during spring, in summer the titer was highest in fruit and minimum
in leaves and bark., whereas in autumn season, the expression was more in leaves and minimum
in fruit and bark. Periodic detection of these viruses in different plant parts during all the seasons
revealed varied virus titer from one season to another in the same plants. The results confirmed
that leaves and pedicels during spring season and fruits/seeds during summer via RT-PCR are
suitable tissues for detection of both the viruses.

OPO03(S3A): Morphological and molecular characterization of Nakataea oryzae
causing stem rot of rice

K Manikandan and J Raja*
Department of Plant Pathology, Annamalai University, Annamalainagar 608002, Tamil Nadu
*E-mail: rajaj_au@yahoo.co.in

High incidence of stem rot in rice (Oryza sativa L.) was observed in Cuddalore district of Tamil
Nadu state in rice irrigated ecosystem in July and August of the years 2020-21 at the maximum
tillering stage of the rice plants. A survey was conducted for the prevalence of rice diseases in
the Cuddalore district of Tamil Nadu. Stem rot incidence (22-34%) was observed in widely cultivated
rice variety AST-16. Brownish to black lesions that expanded and girdled the sheath was observed.
Isolated colonies of pure cultures were white at first and then turned brown about 6 days later.
Hyphal diameters ranged from 3.2 to 7.4 “am. Large numbers of round or oval sclerotia formed
on the surface of the colonies at 8 days. The sclerotia were initially white, turning reddish-brown
to black upon maturity and measuring 286-549 x 229-443 um. DNA of a representative isolate
was extracted, and the internal transcribed spacer region was amplified by PCR with universal
primer pair ITS1/ITS4. Sequence analysis showed 99% identity with Nakataea oryzae isolate
TNC24721 and accession number OL841539.1. Phylogenetic analysis based on the neighbor-
joining method grouped the isolates along with other isolates from Asia. Koch’s postulates, four-
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week-old rice sheath tissues (var. AST-16) were inoculated with 4 mm diameter discs of five-
day-old cultures that contained mycelium and sclerotia. The discs were covered with parafilm
and the plants were maintained in a greenhouse. Symptoms similar to those originally observed
in the field began to appear on the leaf sheaths after 10 days. The fungus was successfully
reisolated from the symptoms of artificially inoculated plants. Histological observations revealed
brownish runner hyphae and lobed hyphopodia were produced on the surface of infected leaf
sheaths by N. oryzae. The pathogen was identified as N. oryzae based on its cultural,
morphological, pathogenic, and molecular characteristics.

OP04(S3A): High throughput characterization and robust diagnosis of virus and
virus-like pathogens of major horticultural crops of North East India

Susheel Kumar Sharma', SS Roy', K Sarda Devi', Baby Wangkhem', A Ratankumar Singh?, Raghuveer
Singh?®, Arati Ningombam' and Pankaj Baiswar?

"ICAR Research Complex for NEH Region, Manipur Centre, Lamphelpat, Imphal-795004

2JCAR Research Complex for NEH Region, Umiam, Meghalaya-793103

3ICAR Research Complex for NEH Region, Arunachal Pradesh Centre, Basar, Arunachal Pradesh-791101
*E-mail: susheelsharma19@gmail.com

North East Region (NER) of India with its large biodiversity and diversified cropping patterns
encompasses the unique array of virus and virus-like pathogens. The virus complex of chilli,
citrus, passion fruit was deciphered using standard molecular assays followed by high throughput
sequencing (HTS) based virome analysis. The assembly and mapping of HTS read helped in
the identification of the entire viral genetic diversity infecting these crops. The characterization
of either new viruses or their distinct genetic variants infecting passion fruit (potyviruses), chilli
(six viruses) and citrus (citrus tristeza virus and Candidatus Liberibacter asiaticus) crops in the
NER region enabled us to successfully develop simplified and high throughput diagnostic assays.
A multiplex-PCR assay capable of simultaneous detection of six chilli viruses (capsicum chlorosis
virus, chilli veinal mottle virus, large cardamom chirke virus, cucumber mosaic virus, pepper mild
mottle virus and chilli leaf curl virus) with sensitivity similar to singleplex PCR was developed and
validated. Isothermal recombinase polymerase amplification (RPA) assays for the predominant
virus and virus-like pathogens (Candidatus Liberibacter asiaticus, chilli veinal mottle virus and
passion fruit potyvirus) using total plant extract as template was deployed to carry out the detection
at an isothermal temperature of 37 UC. The developed RPA assays could detect the respective
target pathogens up to 10-6 to 10-8 dilution of crude sap and was as sensitive as benchmark
PCR. The diagnostic assays were only field validated but also used in routine indexing and
production of virus-free plantlets in NER.
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OP05(S3A): Development of simplified isothermal recombinase polymerase
amplification assay for detection of sugarcane bacilliform viruses

B Parameswari'*, L Karthikai Selvi', Baby Wangkhem? and Susheel Kumar Sharma?,
K Nithya®, R Viswanathan?, K Anitha' and Celia Chalam*

"ICAR-National Bureau of Plant Genetic Resources Regional Station, Hyderabad-500030
2ICAR Research Complex for NEH Region, Manipur Centre, Imphal-795004

3ICAR- Sugarcane Breeding Institute, Coimbatore- 641007

“ICAR-National Bureau of Plant Genetic Resources, New Delhi-110012

*Email: parampathnem1@gmail.com

Sugarcane bacilliform viruses (SCBV), a group of genetically diverse double-stranded DNA viruses
of genus Badnavirus, family Caulimoviridae causes leaf freckle, mottling, chlorosis and stunted
growth on different sugarcane cultivars across the globe. Polymerase chain reaction has been
widely used as bench-mark assay for the detection of SCBV infection in sugarcane. The efficient
management of SCBV largely relies on availability and application of sensitive, quick, simple
and cost-effective detection methods for production, supply and distribution of indexed clean
planting materials. Lab-on-Chip is a trending method that addresses the commoner concern
over many advantages like very economical, fast, user-friendly and high sensitivity. It is made of
a small or micro-level diagnostic platform where it needs a minimal amount of sample for detection.
Elsewhere this technique is performed in simple paper-based microfluidics (also called Lab-on-
Chip) platform, which is mostly semi-quantitative. To achieve this, present study was conducted
and successfully developed rapid and simple isothermal recombinase polymerase amplification
(RPA) assay for SCBV for the first time. Primers targeting taxonomically important RT-RNase H
genomic region were successfully employed in RPA based detection of SCBV using total plant
extract as template. While total plant extract when used as template, bench-mark PCR did not
yield any amplification, the RPA assay gave sufficient amplification exhibiting its applicability as
routine indexing procedure. The developed RPA assay exhibited sufficient sensitivity and accuracy
in detection of SCBV infection. To the best of our knowledge, this is the first report on development
of simplified isothermal RPA assay for detection of SCBV infection in sugarcane, which will find
place in routine indexing of sugarcane and production of clean clonal planting materials.

OP06(S3A): Occurrence of a new cucurbit infecting polerovirus species associated
with pumpkin plants in India

Ashwini Kumar'*, Shakshi Choudhary', Bichhinna M Rout?, Amish K Sureja?, Virendra K Baranwal’, Rakesh
K Jain', YB Basavaraj'

"Division of Plant Pathology, and 2Division of Vegetable Science, ICAR-Indian Agricultural Research Institute,
New Delhi-110 012, India

*Email: ashwinikumar1500@gmail.com

Of 26 polerovirus species recorded so far, six are known to infect cucurbit hosts worldwide and
only cucurbit aphid-borne yellows virus (CABYV) has been reported in India infecting bitter gourd
(Momordica charantia), cucumber (Cucumis sativus), and teasel gourd (Momordica subangulata
subsp. renigera). Realizing the expanding host range of CABYV in India, the present study was
executed to explore the possible association of other polerovirus species with cucurbit hosts.
The leaf samples from four different cucurbit hosts (bitter gourd, cucumber, muskmelon, and
pumpkin) exhibiting severe chlorosis, bleaching, and yellowing symptoms were collected from
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the vegetable experimental fields of IARI, New Delhi, and subjected to leaf-dip transmission
electron microscopy (TEM). Except muskmelon, the association of isometric virions (~25) nm
was observed with the other three cucurbits. The RT-PCR assays using polerovirus generic
primers Pol G F 52 GAYTGCTCYGGYTTYGACTGGAG 32 and Pol GR 52 GATYTTATAYTCATGG
TAGGCCTTGAG 32 covering the partial RNA dependent RNA polymerase (RdRp, intergenic
region (IR), and partial coat protein (CP) coding region followed by sequencing and NCBI BLAST
analysis, further suggested the association of polerovirus related to previously reported CABYV
(100% aa identities) with bitter gourd and cucumber samples and to luffa aphid-borne yellows
virus (LABYV; 84-85% aa identities) with pumpkin samples. To confirm the association of specific
polerovirus with pumpkin, the CP gene from three isolates was sequenced (MZ277872,
MZ277873, MZ277874). Sequence analyses revealed the association of a distinct species of
Polerovirus with the pumpkin samples as these isolates shared the sequence identities below
the species demarcation limit (90%) with the corresponding gene sequences of polerovirus species.
This study forms the first report to provide the molecular evidence for the occurrence of a new
species of Polerovirus, named tentatively Pumpkin yellows virus (PuYV) in India.

OP07(S3A): Pathogens associated with mango wilt and their molecular diagnostics

Nidhi Kumari, PK Shukla, Haripal Singh, Tahseen Fatima and Anju Bajpai
ICAR-Central Institute for Subtropical Horticulture, Rehmankhera, Lucknow - 226 101, Uttar Pradesh, India

India is leading in global mango fruit production with 55 percent share (21378 thousand MT)
from a cultivated area of 22.96 thousand hectares in 2018-19. One of the major constraints in
sustaining the mango productivity is recent emergence of wilt/decline disease, due to which the
whole tree declines and ultimately wilts completely leading to huge loss. Until 2018, the main
cause of this disease was identified as Ceratocystis fimbriata (MF062274.1) in India and abroad.
In 2019, association of root rot fungus, Berkeleyomyces basicola (MT786402) with mango wilt
was also established. Additionally, another pathogenic fungus belonging to Botryospahericeae
family has been frequently isolated. The identified pathogens viz., C. fimbriata and B. basicola
are soil borne in nature and once they infest the soil, the area becomes unsuitable for mango
cultivation. It has always been a difficult task to manage the disease in infested orchards and
early detection of C. fimbriata and B. basicola has never been easy due to difficulties in the
isolation of these fungi. Therefore, we initiated the efforts to develop early molecular detection
methods at ICAR-CISH, Lucknow. Primer pairs targeting the ITS region of rDNA of C. fimbriata
have been already developed. These primers are capable of detecting the fungus from soil at
DNA concentration of 0.1pg/ 25 Vil of total volume. Efforts have been initiated for developing
time-efficient and sensitive molecular diagnostics that facilitate more sensitive screening of
imported plant germplasm, and rapid tracking of pathogens of mango wilt.
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OP08(S3A): Morphological, molecular identification and pathogenicity of
Neoscytalidium dimidiatum causing stem canker of dragon fruit (Hylocereus spp.)
in India

V.N. Salunkhe'™, S.B. Chavan’, S.G. Lonkar', Y.S. Bhagat? and V.D. Kakade'

"National Institute of Abiotic Stress Management, Malegaon, Baramati, Pune - 413115, Maharashtra, India

2VD College of Agricultural Biotechnology, Latur (VNMKYV, Parbhani) - 413512, Maharashtra, India
*Email: vanita.salunkhe@icar.gov.in

In recent years dragon fruit (Hylocereus spp), an exotic fruit crop became increasingly popular
in India. Health benefits as well as ability to withstand under adverse climatic condition may
added its world acceptance. In India, mainly Hylocereus undatus & H. polyrhizus has taken up
for cultivation across the various states. However, certain production constraints may affect its
marked profitability. Among these climate change invited biotic stress events are major one. In
2021, H. undatus & H. polyrhizus plantations from Pune, Satara and Solapur districts of
Maharashtra showed stem canker incidence. Initially small, circular, sunken, orange-brown spots
developed on the cladodes of H. undatus & H. polyrhizus, turned to canker lesions with black
erumpent pycnidia and subsequent yellowing & stem rotting was observed in affected plants. In
the study, detailed diagnosis of stem canker pathogen was carried out. Based on morphological,
phylogenetic analyses of internal transcribed spacer (ITS), 2-tubulin (tub2) and translation
elongation factor 1-+ (Tef-11) gene sequences of isolates, the fungi was identified as
Neoscytalidium dimidiatum. Pathogenicity tests were performed by detached stem assay and
confirmed the association of N. dimidiatum with stem canker in H. undatus & H. polyrhizus. This
is the first report of N. dimidiatum causing dragon fruit stem canker in India. Knowledge of the
diagnosis of plant diseases is an important step for managing plant diseases and therefore, this
finding provides basic information for the development of appropriate strategies for stem canker
management in dragon fruit.

OP09(S3A): Klebsiella aerogenes: An endophytic bacterium establishing
pathogenicity in pearl milletin Haryana

Vinod Kumar Malik, Pooja Sangwan, Manjeet Singh, Rakesh Punia, Dev Vart Yadav, Pummy Kumari, Surender
Kumar Pahuja, Naresh Kumar Yadav, Preety Verma and Pankaj Yadav

Chaudhary Charan Singh Haryana Agricultural University, Hisar - 125004, India

*Email: vmexcel@rediffmail.com

The genus Klebsiella, in the family Enterobacteriaceae, is known for endophytic life style in
varying habitats viz., Human beings, animals and plants. The genus is regularly involved in
nosocomial infections, but now becoming phytopathogenic also. During Kharif 2018 to 2021, a
new devastating disease namely stem rot of pearl millet in major pearl millet growing districts of
Haryana namely Hisar, Bhiwani, Rewari and Mohindergarh. The disease was noticed as few to
numerous longitudinal leaf streaks on leaves of infected plants. The brown to black water-soaked
lesions were observed on the diseased stem displaying slimy rot symptoms. Severely diseased
plants exhibited hollowing of the stem with disintegrated pith and ultimately lodging of the plant
or whole clump. The isolated bacterium was proved to be rod-shaped, gram-negative forming
creamish white colony on nutrient agar medium. The molecular analysis based on 16S rDNA
and DNA gyrase gene gyrA nucleotide sequences was carried out, where the consensus
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sequences of different isolates deposited in NCBIl GenBank conferred its nearness to Klebsiella
aerogenes. The isolated K. aerogenes strains made close clusters with NCBI sequences viz.,
Mz577128.1, MT373521.1, MF682950.1, MT355368.1 etc. in phylogenetic analysis using
maximum likelihood method. The DNA gyrase genomic sequence of isolated K. aerogenes also
stayed its higher homology to NCBI recognised strains. The Koch’s postulates were proved
under controlled as well as field conditions, where reisolated bacterium exhibited same
morphological and molecular characters. The incidence of this newly reported disease is
increasing every year affecting the different genetic resources at farmers’ field.

OP10(S3A): Application of recombinase polymerase amplification (RPA) for rapid
and sensitive detection of Ustilaginoidea virens: Comparative evaluation with
PCR, nested PCR and LAMP

Amrita Banerjee'™, MK Bag? Somnath Roy', S Bhagat', NP Mandal’

'Central Rainfed Upland Rice Research Station, ICAR-National Rice Research Institute, Hazaribag 825301,
Jharkhand, India

2|CAR-National Rice Research Institute, Cuttack 75 006, Odisha, India

*Email: amrita.banerjee@icar.gov.in; amrita.ars@gmail.com

The ascomycetes member Ustilaginoidea virens (Cke.) Tak. is an important fungus that causes
false smut of rice. Recently it has emerged as the most devastating grain disease in majority of
the rice-growing areas of the world including India. The available methods for detecting U. virens
are time consuming and require sophisticated laboratory set up and highly skilled personnel.
Recombinase polymerase amplification (RPA) is a rapid, isothermal amplification method with
high specificity and sensitivity. In this study, we have developed an RPA protocol for rapid and
specific detection of U. virens directly from mycelial mat. Three oligonucleotide primer pairs
were designed from the U. virens GTP binding protein beta subunit (UVGbeta-1) gene (GenBank
Acc. # GU014921). RPA was performed with all the three primer pairs using the Twist Amp Basic
Kit at an isothermal condition (37°C) for 30 min. The developed RPA assay efficiently detected
U. virens even in crude sap extracted from fungal mycelia. The specificity of the RPA primers
was evaluated using DNA from other rice pathogens, as well as, by sequencing the RPA amplicons.
Further, the sensitivity of RPA assay was compared with the normal PCR, nested PCR and
another isothermal technique called loop-mediated isothermal amplification (LAMP) assay. Other
than RPA, rest of the methods failed to detect U. virens from crude sap. Therefore, the developed
assay can be a potential PCR substitute for rapid and specific screening of U. virens, even at a
very initial stage of fungal isolation in the laboratory condition.

OP11(S3A): Rapid on-site detection of piper yellow mottle virus infecting black
pepper by recombinase polymerase amplification - lateral flow assay (RPA-LFA)

M Greeshma*, Al Bhat and A Jeevalatha
*Division of Crop Protection, ICAR-Indian Institute of Spices Research, Kozhikode 673 012, Kerala, India.
Email: greeshmamalayathodi@gmail.com

Piper yellow mottle virus (PYMoV) is a pararetrovirus associated with stunted disease in black
pepper. As the primary spread of the virus occurs through vegetative propagation, effective
diagnostics are required for the production of virus-free plants. Currently available PCR-based
assays require sophisticated equipment, are time-consuming, and are not suitable for on-site

105

(7))
c
Q
o)
o
i e
e
(3]
o
-
c
L
o
(T
o
1)
(7))
o
c
(o)}
IE
(@]
<
™
c
1)
(7))
(7))
D
n




(7))
c
(]
o)
o
i e
e
(3]
Q.
e
c
©
o
(T
(o)
2
(7))
o
c
(o)}
IE
(]
<
(3P ]
c
0
(7))
(7))
Q
n

PN 8" International Conference (Hybrid Mode)
Q@@E)} Plant Pathology: Retrospect and Prospects
1@.\\@@5 March 23-26, 2022 SKNAU, Jobner-Jaipur, Rajasthan

detection. In view of this, in the present study, a rapid assay based on the recombinase polymerase
amplification (RPA) coupled with lateral flow assay (LFA) was developed for the specific, and
sensitive detection of PYMoV. The assay was optimized for parameters like concentration of
magnesium acetate, temperature, and time. The final developed RPA-LFA was performed using
TwistAmp DNA amplification reagents, crude extract from the infected plant as a template, and
PYMoV specific forward and reverse primers labeled with 6-carboxyfluorescein (FAM) and biotin
respectively at the 5 end. The reaction was incubated at 37 °C for 15 min. The RPA amplified
product was then diluted and applied to the sample port of a lateral flow device for visualizing
the results. The formation of a coloured line at the test line is considered positive for PYMoV.
The entire process from sample preparation to visualization of results can be completed in less
than 30 min. The developed RPA-LFA was specific and 10 times more sensitive than PCR. The
assay was validated using field samples of different black pepper varieties and was found suitable
for the on-site detection of PYMoV.

OP12(S3A): Development of machine learning laser bio-speckle method for early
identification of seed infection of soybean anthracnose

LS Rajput, Puneet Singh, Amit Chatterjee, Sanjeev Kumar, V Natraj, Vimal Bhatia, and Shashi Prakash

There is a need for developing rapid and non-destructive techniques for the early detection of
the seed-borne fungal pathogens for effective management. Existing techniques for detecting
seed-borne diseases have poor sensitivity towards early stages of pathogen development (i.e.,
when seeds are asymptomatic) and they are also expensive, time-consuming, complex, require
mycological skills and destructive testing operations. Aiming at overcoming the above limitations
of the existing techniques, a novel laser biospeckle based method is proposed for early detection
of seed-borne fungal infection in conjunction with machine learning. Soybean seeds infected by
low to high concentrations (102-106 spores ml’1) of Colletotrichum truncatum were analysed by
using full field biospeckle analysis to establish the possible relationship between biological activity
in early stages of pathogen infection, with and without the use of frequency filtering. The results
demonstrate that the biospeckle activity (BA), for both, raw and frequency filtered data was
significantly high (p < 0.05) for the diseased seeds even for low inoculum concentrations.
Moreover, the amplitude values of mid frequency spectral components for diseased seeds were
higher than those of lower and higher spectral components which correspond to the BA of fungal
infected seeds. Several classical machine learning algorithms were trained to model the response
of healthy and diseased samples after parameter optimization. Obtained results showed that k-
nearest neighbour (k-NN), decision tree (DT), and artificial neural network (ANN) based predictive
models presented strong robustness and high performance with overall accuracy reaching up
to 96.94% for classifying diseased seeds.>
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OP13(S3A): Identification and characterization of Colletotrichum siamense causing
leaf spot of chrysanthemum in India

Nitika Gupta', K Prabha?, TN Saha?, GB Kadam? and K V Prasad?

*Division of Plant Pathology, ICAR-Indian Agricultural Research Institute, New Delhi - 110012, India
2|CAR-Directorate of Floricultural Research, Shivajinagar, Pune - 411 005, India

*Email: nitika.dfr@gmail.com

Chrysanthemum (Asteraceae) is an important commercial flower next to rose in the international
florists trade and grown throughout the world with great potential both as loose and cut flowers
including India. The production of chrysanthemum flowers yield is threatened by many fungal
pathogens among which leaf spot is one of the most destructive diseases, commonly prevailing
in almost all chrysanthemum growing areas of India, which causes heavy losses under field as
well as under market conditions. During 2020-2021, leaf spot disease (dark brown spots) was
observed in ICAR-Directorate of Floricultural Research Farm, Pune, with disease incidence of
57% in Reagan Emperor variety of chrysanthemum. The aim of this study was to identify the
causal agent, to test the pathogenicity, and to carry out the molecular characterization. To know
the etiology, pure culturing of the fungus was done from symptomatic leaves of chrysanthemum
on potato dextrose agar medium. Morphological and molecular characterization of the fungi was
carried out. Based on morphological features of colonies and conidia, the fungus was identifed
as Colletotrichum siamense. Morphological identifcation was supported by molecular analysis
of internal transcribed spacer (ITS) region. BLASTn analysis revealed 100% homology to the
Colletotrichum siamense isolate ALSKN-CG5 (GenBank (Accession No: MT450691). Pathogenicity
test was also conducted in glass house. The reference sequence was submitted to GenBank
(Accession No. MZ646053). A reference isolate of Colletotrichum siamense was deposited to
National Fungal Culture Collection of India (NFCCIl-a National Facility), ARI, Pune, with culture
collection number NFCCI 4929. Several new major diseases of chrysanthemums have emerged
that limit production and affect quality including bacterial infections, viral and viroid infections.
Identification of the pathogen Colletotrichum siamense causing leaf spot disease of
chrysanthemum is essential for the development of effective and economical management
practices for the emerging floriculture industry and to address the quarantine requirements.

OP14(S3A): Molecular detection of Tomato leaf curl virus (ToLCV) and associated
beta satellite

Puja Pandey* and RG Parmar
Assistant Professor, Department of Plant Pathology, Anand Agricultural University, Anand, Gujarat — 388 110
*Email: pujapandey41124@gmail.com

Leaf curl virus infecting tomato plant belongs to Geminivirus. To confirm the presence of ToLCV
in the infected plants, total genomic DNA was isolated from the both infected as well as healthy
leaf samples. Isolated DNA samples were subjected to PCR using Gemini A146/Gemini A672,
PAL1v1978B/PAR1c715H coat protein (CP) specific primers and Beta01/ Beta02 for detection
of beta satellites which were designed during this study. PCR amplification of total genomic DNA
generated an amplicon of 500bp with Gemini A146/Gemini A672 of DNA-A component (pre coat
protein gene, partial coat protein gene) of begomoviruses. The primers PAL1v1978B/PAR1c715H
amplified 1.5kb fragment of DNA-A component (partial replication associated protein gene, pre
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coat protein gene, partial coat protein gene). On blast analysis it showed 87% identity with
Tomato leaf curl Karnataka virus isolate TC146 segment DNA-A, complete sequence
(KP178730.1). Detection of beta satellites was done by using primers BetaO1/ Beta02 that
amplified ~1.3 kb fragment of beta satellite DNA. On blast analysis it showed 89%% identity with
Tomato leaf curl Gandhinagar betasatellite isolate pToGNbH14, complete sequence
(KC952006.1).
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3B. Resistant cultivar development
Keynote Lectures

KNO01(3B): Discovery, characterisation and deployment of rust resistance in wheat

HS Bariana

Plant Breeding Institute, School of Life and Environmental Sciences, Faculty of Science, the University of
Sydney, 107 Cobbitty Road, Cobbitty, NSW2570, Australia

Email: harbans.bariana@sydney.edu.au

Puccinia species, causal agents of wheat rust diseases, are among the top 10 highly studied fungal
pathogens. While pathotypic evolution among wheat rust pathogenis thoroughly studied in several
nations including India and Australia, the windborne intercontinental spread of these pathogens has
been challenging. These challenges underpinned global cooperation. Sixty-three, 80 and 83 stem
rust, leaf rust and stripe rust resistance genes have been formally named. A majority of these genes
belong to the all-stage category (ASR) and a few fall under the adult plant resistance (APR) category.
Some resistance genes do not fit into these categories and are referred to as mid-stage resistance
(MSR). The MSR genes express at the 3 to 4" leaf stages. The deployment of ASR genes singly
succumbs to evolution in pathogen populations to acquire virulence, whereas APR genes do not
provide commercially acceptable level of protection when deployed individually. Hence deployment
of combinations of ASR and APR genes is desirable to equip plants against rust pathogens. Breeding
for resistance has been the preferred way to control these widely adapted pathogens. Discovery of
widely effective and genetically diverse sources of resistance is necessary. While scientists at the
global level are actively involved in understanding genetics of rust resistance in modern germplasm,
it is equally important to explore the value of pre-Green Revolution tall wheat genotypes to identify
diverse sources of resistance. This presentation will cover our efforts to discover, characterise and
deploy new sources of rust resistance from a collection of tall wheat genotypes collected by an
English botanist Arthur Watkins in the beginning of the last century, cloning and editing of resistance

genes.

KNO02(3B): Breeding durable rust resistant wheat

SC Bhardwaj*

ICAR- Indian Institute of Wheat and Barley Research, Regional Station, Flowerdale, Shimla— 171002, Himachal
Pradesh, India

*Email: scbfdl09@gmail.com

Developing and deploying of resistant varieties is an economic, eco-friendly and hassle free
tool to keep diseases and pests below threshold level. However, resistance does not last long
and frequently succumbs to the changes and shifts in pathogen and pest populations. The plant
pathogens and pests are dynamic and keep on changing to counter the introgressed resistance.
Host and pathogen evolve hand in hand and result in boom and bust cycle followed by
susceptibility of a plant variety. Therefore, breeding for resistance has to be a continuous process.
We often talk of resistance breeding against pathogens. In this context there are many intriguing
qguestions. Do we have any systemic breeding for plant resistance- | would say very limited?
Mostly, we do not breed for disease resistance. The fact remains that breeding population for
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yield or other traits is subjected to disease screening and if we are lucky- a disease resistant
progeny is selected. Are we able to create sufficient disease pressures- needs introspection as
in many instances the level of infection does not come up to the expectations? Consequently a
claimed disease resistant variety becomes susceptible shortly- Lal Bahadur wheat variety is an
example. This variety became susceptible to leaf rust immediately after its release. We are lucky
in wheat rust research. Wheat-rust is a most widely studied and totally mathematical system
which works on the Flor’s gene for gene hypothesis. Resistance to rusts is a genetically inherited
trait. The concept of rust resistance revolves around the vertical/major genic/ race-specific and
horizontal/ minor genic/ non-race-specific natures. It is a misconception to call a gene strong or
weak. No a gene is a gene and it can exhibit a major or minor effect. Vertical resistance generally
remains effective throughout the life of a plant and is generally effective against few races of a
pathogen. It succumbs to a new race of pathogen very fast. Horizontal resistance generally is
not a hypersensitive type but shows chlorotic type of expression. In wheat rusts we group rust
resistance into two categories. First group is seedling (all time) resistance and second type as
adult plant resistance which can be race-specific and non-race-specific (in some cases may be
slow rusting). Race-specific resistance is also of two type one is hypersensitive and the other is
non hypersensitive. Exceptions are there when a vertical resistance gene to rust is effective
against all the pathotypes of a pathogen and has remained durable for many years. Resistance
of Sr26 (Eagle) to wheat stem rust in Australia and that of Yr16 (Capelle Desprez) to wheat
stripe rust in Europe are some of the examples where vertical resistance genes have remained
effective for a long period of time. Some of the genes though named as adult plant/ slow rusting
like Lr34 and Yr11 etc. have been observed to confer seedling resistance also in some countries.
It happens due to the different centers of evolution and lineages of wheat rusts. The wheat rust
population of one country/continent may be different to that of other. The seedling resistance to
rusts in wheat remains effective throughout the life of plant. In addition some lines susceptible at
seedling may confer resistance at adult plant stage. Adult plant resistance to rusts becomes
effective after third leaf stage of wheat plant and can be race-specific and non-race-specific.
Both these types of resistances can be identified with the help of pathogens. Seedling resistance
can be identified through screening a number of wheat lines using mutipathotype tests of a rust
pathogen in greenhouse. Adult plant resistance can be identified in evaluation at flag leaf stage
in polyhouses or under field conditions. The types of pathotypes for evaluation are decided
based on the objectives. It can be race-specific which considers most virulent and predominant
pathotypes or non-race-specific which uses a mixture of pathotypes of a rust pathogen. In field
based screening for adult plant resistance we can categorize banking upon area under disease
progress curve (AUDPC). While 1-10 AUDPC is vertical resistance; 11-100 is adult plant resistance.
Slow rusting to rusts occurs in wheat varieties where terminal disease severity is low and AUDPC
value ranges between 101- 200. In these varieties rust develops slowly, plant may look susceptible;
however, the yield losses are insignificant statistically. For the host resistance to be durable,
diversity for resistance is the key. Moreover a systemic approach targeted to resistance breeding
with a rigorous screening/selection under artificial epiphytotic using all the virulent races as
well as natural screening under hot spot situations are the underlying principles. Deployment
of diverse wheat varieties having a blend of seedling (all time), Adult plant resistance
(hypersensitive and non hypersensitive types) and slow rusting resistance can lead towards
durability of resistance. Durable rust resistant wheat varieties can keep the rusts under threshold
level, help in avoiding frequent varietal break down and curtail the evolution of new races.
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KNO03(3B): Identification of resistance and development of hybrids/genotypes
resistance to Viruses infecting Chilli and Tomato

M Krishna Reddy*, K Madhavi Reddy, AT Sadashiva, KV Ashwathappa, BS Pavithra
ICAR-Indian Institute of Horticultural Research, Hessaraghatta Lake Po, Bangalore-560089
*Email: mkreddy60@gmail.com

Among the biotic stresses, Begomoviruses, Cucumoviruses, Potyviruses and Tospoviruses have
become serious production constraints causing considerable yield loss in the major chilli and
tomato growing areas of the country. There are very few efficient control measures for viral
diseases, but the use of genetic resistance appears to be the most promising strategy, often
conferring effective protection without additional costs or labor and without damaging the
environment. Sources of virus resistance have been identified for Begomoviruses, Cucumber
mosaic virus, Chilli veinal mottle virus and Groundnut bud necrosis virus in the germplasm of
Chilliand Tomato. Using the identified virus resistance in chilli and tomato, hybrids were developed
with promising horticultural characters, high yielding with virus resistance and are currently
cultivated in different vegetable growing areas. The successful deployment of a novel resistance
gene into a crop depends more upon the identification of a positive phenotype, dissection of the
phenotype leading to the identification of genetic markers for marker-assisted selective breeding
(MAS) and an understanding of how the novel resistance will behave in different genetic
backgrounds and under virus pressure in the field will be discussed

Invited Lectures

ILO1(3B): Research progress in Sclerotinia rot management of Indian mustard
(Brassica junceal.)

Pankaj Sharma*, NC Gupta, PD Meena, VV Singh, HK Sharma, and PK Rai
ICAR-Directorate of Rapeseed-Mustard Research, Bharatpur 321 303; 1ICAR-National Institute of Plant
Biotechnology, New Delhi 110 012

Sclerotinia sclerotiorum is a fungal plant pathogen affecting numerous crop species worldwide
including all Brassica oilseed species grown in India. Infection occurs during flowering when
airborne ascospores colonize fallen petals adhering to stems and leaves. Infection of the main
stem results in most yield loss which can reach 80%. Disease management of the disease by
crop rotation has limited success due to the pathogen’s wide host range and long-term survival
of resting bodies (sclerotia) in the soil. It depends heavily on the application of fungicides, but
this may cause environmental contamination, increase farming costs, and maybe ineffective
because of the difficulties associated with the application of fungicides sprays to thick canopies.
A large number of Brassica germplasm were screened with artificial stem inoculation technique
and based on three years observations, RH 1222-28, EC 597328, EC 766553, EC 766620, EC
765048, 1C 492687, IC 492690, IC 492695, and IC 511651 were found tolerant to Sclerotinia rot
in Indian mustard. The most susceptible genotypes developed large lesions (>50 cm) resulting
in plant death. In contrast, the nine B. juncea lines did not develop lesions, two of these lines
were crossed with high-yielding B. juncea varieties. F2 plants in RH1222-28 x RH406 and
EC597328 x RH749 showed a high level of tolerance to S. sclerotiorum showing that stem
resistance is heritable and likely dominant. We are in the process of mapping quantitative trait
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loci (QTL) conferring resistance to Sclerotinia using populations of recombinant inbred lines
(RIL) derived from the crosses. Molecular markers around the QTLs will facilitate the development
of Sclerotinia resistant B. juncea varieties.

IL02(3B): Taking resistance to farmers field: development and deployment

Jaspal Kaur*, Puja Srivastava, V S Sohu, Achla Sharma, G S Mavi, Ritu Bala, Parveen Chunneja, Satinder
Kaur, Johar Singh

Department of Plant Breeding and Genetics, Punjab Agricultural University, Ludhiana, Punjab-141004, India
*Email: jassu75@pau.edu

Wheat rusts (stem rust, stripe rust and leaf rust), caused by the fungal pathogen Puccinia spp.,
are the most devastating diseases of wheat and can cause serious yield losses if not checked at
proper time and space. Among these three rusts, the leaf and stripe rust are of major concern in
the North Western Plain Zone of India and are making their appearance every year initially in
the sub-mountainous areas and then spread further. Continuous and vigorous monitoring starting
from December to locate the onset of infection at farmer field level through extensive surveys
then destruction of these initial foci by application of fungicides is the only way out to prevent
the spread of the disease to other areas. So here the role of cultivation of resistant varieties
becomes important. A large number of rust resistance genes along with tagged markers are
available; however most of them are not effective in the region. Secondly, the several rust resistant
genes got defeated due to evolution of new virulence(s) of the pathogenic fungus in the region
over past few decades (Yr9, Yr27, and Yr17). This calls for regular efforts on gene scouting,
mapping and tagging to combat these diseases. At PAU, constant efforts are underway to discover
new sources, develop mapping populations from these and undertaking mapping studies. Several
genes have been discovers and mapped at PAU (Yr40, Yr70, Lr58, Lr57, Lr76) and several
other such studies are underway. In addition to new sources, utilization of available known genes
like Yr5, Yr10, Yr15, Yr36, Yr40,Yr70, Yr17 have also been done at commercial scale with various
varieties carrying known gene been released at National Level. These include, the first variety
developed using MABB Unnat PBW343 (PBW723), followed by Unnat PBW550, PBW752,
PBW757, PBW803, PBW1chapati and PBW771. Over a decade, PAU has tested more than 100
lines in coordinated breeding programme. Apart from commercially deployed ones, we maintain
a nursery of around 130 ABLs having known genes across different elite genotypes, and genetic
stock PBW703 carrying four genes as well. Host is one aspect in resistance the other important
aspect is the pathogen. Tracking the pathogen through evolutionary studies plays important
role in gene deployment. So a comprehensive field pathogenomics programme has been initiated
at PAU, covering all aspects of disease triangle.

IL03(3B): Identification of resistance sources of castor against Fusarium wilt
disease
E Bharathi, M Santha Lakshmi Prasad*, C Lavanya, S Senthilvel, T Manjunathal

CAR-Indian Institute of Oilseeds Research, Rajendranagar, Hyderabad - -500030, Telangana, India
*Email: santha.lakshmi@icar.gov.in

Castor is one of the important oilseed crops and its cultivation is seriously affected by major diseases
of gray mold, wilt, and root rot. Wilt disease caused by Fusarium oxysporum f. sp. ricini is one of the
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most important diseases of castor and occurs in all castor growing areas in India. The extent of yield
losses ranged from 40 to 77%, depending on the stage at which the crop infects with wilt. Breeding of
resistant castor cultivars is the most promising option for wilt management and for the development
of a wilt-resistant castor hybrid, both the parents should be resistant to wilt. A systematic program on
the development of wilt-resistant parents was strengthened with the standard screening procedures
and identification of wilt-resistant sources. During 2013-14 to 2018-19, different castor genotypes
were screened against wilt disease under wilt sick plot conditions which are being maintained by the
uniform inoculum load (2x103 cfu /gm of soil) and confirmed by 100% mortality of JI-35 a highly
susceptible check after every 5 test entries along with resistant (48-1) genotype. The germination
and wilt incidence (%) was recorded at monthly intervals up to 150 days after sowing. Nearly 574
genotypes were susceptible to wilt with more than 20% incidence, while genotypes DCS-86, DCS-
118, DCS-108, DCS-105, DCS-107, DPC-21, M-574, DPC-23, DPC-24, PMC-9, PMC-11, PMC-14,
PMC-15, PMC-16, PMC-17, PMC-24, PMC-38, PMC-55, PMC-60, PVT-11-3, PVT-11-18, PVT-11-17,
PVT-11-21 and PVT-11-26 showed resistant reaction (<20% incidence) for two years under sick plot
conditions. These can be utilized as resistance sources of the wilt disease in breeding resistant
castor cultivars.

Oral Presentations

OP01(3B): Molecular characterization of ‘Candidatus phytoplasma asteris’ related
strain associated with fenugreek little leaf and witches’ broom and screening of
fenugreek germplasm for disease resistance

Kartar Singh?, Vijay Singh Meena', Neelam Shekhawat', Kirti Rawat?, Manoj Sharma', Mahavir Prasad Chawla’,
Bharat Raj Meena®, Govind P. Rao? and Veena Gupta®

"ICAR-National Bureau of Plant Genetic Resources, Regional Station, Jodhpur, Rajasthan- 340003

2Division of Plant Pathology, ICAR-Indian Agricultural Research Institute, New Delhi- 110012

3|CAR- National Bureau of Plant Genetic Resources, New Delhi-110012

*Email: kartar.singh1@icar.gov.in

Little leaf and witches’ broom symptoms of 1 to 21 percent were recorded in fenugreek (Trigonella
foenum-graecum) germplasm accessions at ICAR-NBPGR Regional Station, Jodhpur. Out of 170
accessions sown, phytoplasma suspected symptoms were noticed in 146 accessions under natural
field condition. The detection of phytoplasma association was confirmed by nested PCR amplification
of 16S rRNA gene specific primers (P1/P7 and R16F2n/R2) and sec A gene primer pairs (secA for-1/
secA for-3). 16S rRNA and SecA gene sequence comparison of fenugreek phytoplasma isolates
confirmed the association of ‘Candidatus phytoplasma asteris’ related strain (16Sr I-B) sub group.
Out of different leaf hoppers trapped in fenugreek fields, only Empoasca and Orosius albinctus
species detected positive with ‘Ca. P. asteris’ related strain by utilizing similar set 16S rRNA gene
specific primers. Twenty-four fenugreek accessions did not show any symptoms in any replication in
fields and tested negative with 16S rRNA and sec A gene specific primers and therefore suggested
resistant to phytoplasmas. These resistant germplasm identified in the present study can be utilized
as pre-breeding materials to breed and develop fenugreek resistance to phytoplasma disease.
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OP02(3B): Genome-wide association study for resistance torice blast in India

Manoj Kumar Yadav'*, U Ngangkham?, SR Prabhukarthikeyan', U Keerthana', S Raghu', D Pramesh?, and
PC Rath’

|CAR-National Rice Research Institute, Cuttack — 753006, India

2ICAR Research Complex for North Eastern Hill Region, Umiam — 793103, India

3Rice Pathology Laboratory, AICRIP, Gangavathi, University of Agricultural Sciences, Raichur - 584104,
India

*Email: m.yadav14@gmail.com

Rice blast is one of the most destructive and costly disease of rice causing serious yield losses
under conducive conditions. In developing countries, the best way to manage blast disease is
the use of resistant cultivars as resource poor farmers cannot afford costly chemical fungicides.
However, blast fungus overcomes resistance, so identification of novel broad spectrum resistance
genes is essential. In this study, a panel of 81 National Rice Research Institute released varieties
(NRVs) spread over eight ecologies were screened against leaf blast resistance at NRRI, Cuttack
for two consecutive years. Based on cluster and structure analysis, 81 NRVs were categorized
into three groups. The NRVs showed 96% variation among individuals and 4% variation among
population. The scatter plots, through principal coordinate analysis, partitioned the resistant
and susceptible NRVs into different groups. The genome wide association studies (GWAS) was
performed using 135 SSR markers to swiftly identify the blast R gene/QTLs conferring resistance
to the rice blast. The GWAS identified 15 genomic regions significantly associated with the leaf
blast disease resistance. This study would help in identification of the potential function, and
validation of the candidate R genes/QTLs. The associated genes could be used in developing
blast resistant cultivar through marker-assisted selection.

OP03(3B): Identification of resistant sources in root & stem rot (Wacrophomina
phaseolina)

KN Gupta*and Rajni Bisen

Project Coordinated Unit, All India Coordinated Research Project on Sesame and Niger (ICAR); JNKVV.,
College of Agriculture, Jabalpur-482004 (M.P.) India;

Email: knguptal@rediffmail.com

Sesame (Sesamum indicum L.) is an ancient oilseed crops cultivated in semi-arid Tropics and
sub tropics regions in India. It play an important role in the oilseed economy throughout the
world. The fungal disease root and stem rot caused by M. phaseolina (Tassi) Goid is the most
important disease and is widely, distributed in sesame growing region. The pathogen attacks
plant at all growth stages. Due to soil borne nature practically no effective field control and no
source of resistant is available. Twenty one genotypes were sown on kharif 2020 &2021 along
with local check VRI-1 in a Randomized block design in two rows of 3 m length and replicated
thrice so as to screen for root and stem rot disease under sick plot and same genotypes were
sown in pot house under artificial inoculum. The genotypes DS-61, DS-62, DSM-3-1, DSM-17-1-
1, DSS-9, VS-16009, VS 19023 recorded the root and stem rot incidence less than 10% and the
maximum root and stem rot incidence were recorded by SKT-1501 and CUMS-17 (45%).
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OP04(3B): Disease Resistance in Crops: 21st century Prospects

Sushila Choudhary*!, Rekha choudhary?, Vijay Laxmi Yadav® and Ranjana Meena'
'"Ph.D (Plant Pathology), SKN Agriculture University, Jobner — 303603,

2Ph.D (Plant Breeding and Genetics), SKN Agriculture University, Jobner — 303603,
3Ph.D (Agronomy), SKN Agriculture University, Jobner — 303603,

Email: scpath16220@gmail.com

The yield stability through the development of disease resistant crops in the 21st century is one
of the great challenges. The twentieth century has been productive for plant pathology and the
field of host-parasitic interactions with developing plant defense against pathogens. Earlier
twentieth century, plant pathology adopted a philosophy that encouraged basic scientific
investigation of pathogens and disease defense. That philosophy led to the strategy of developing
disease-resistant plants as a prima facie disease-control measure and avoided the use of
pesticides. Plant pathology rapidly adopted molecular and its spin-off technologies. The efficient
technologies for producing transgenic plants convey optimism controlled of plant diseases in
the 21st century. Plants are exposed to a wide-range of pathogens. An average of 26% of the
crop production is lost each year due to pathogens. In the absence of genetic resistance in
crops, food production depends on chemical control. Despite their effectiveness, copper based
chemicals have harmful environmental consequences. Hence, we need to engineer long-lasting
and broad-spectrum disease resistance in crops. One of the major goals of plant research in
the 21st century is to increase our understanding of the plant immune system and how this is
manipulated by pathogens, in order to engineer transgenic crops with durable resistance and
increased yields. Now we have reached the stage where it is possible to propose holistic ways to
alter crop genetics with the aim of engineering low cost durable resistance mechanisms in crop
plants.

OP05(3B): Screening for resistance to bacterial wilt (Ralstonia solanacearum) in
eggplant and its wild relatives

Thirumalaisamy PP*, K Pradheep, A Suma, M Latha, K John Joseph, A Indiradevi and S Mani

Bacterial wilt in eggplant caused by Ralstonia solanacearum race 1 is a lethal disease in India at
high rainfall coastal areas of Goa, Karnataka, Kerala, Tamil Ndu, Andhra Pradesh, Orissa, and
West Bengal states. The pathogen is difficult to control because it is soilborne and has a wide
host range. Nevertheless, identification of new sources of resistance for the incorporation of
multiple and complementary resistance genes in the same cultivar is the best strategy for durable
and stable resistance. In the present study, a total of 148 accessions belongs to Solanum
melongena, S. torvum, S. incanum, S. melongena var. insanum, S. violaceum, S. sisymbriifolium,
S. viarum, S. surattense, S. trilobatum and S. aethiopicum were screened under artificial
inoculation technique (root injury method). Lateral roots of 30-day-old seedlings in the field
were trimmed and soil drenched with 10 ml of culture suspension (7 x 108 CFU/ml). Symptoms
of either partial wilt or whole plant wilt started to appear on eggplants, a week after inoculation
and continued during the peak flowering period and prior to harvest. Infected plants dried either
partially or completely within 3 to 4 days after the first visible symptom was observed. Disease
severity was evaluated once a week using wilting percentage and percent disease index. Out of
148 accessions screened against R. solanacearum, 14 accessions were not shown any visible
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symptoms of partial or whole plant wilting and 29 accessions completely succumbed to R.
solanacearum. Most of the resistant accessions found in the present study were belonging to S.
melongena (1C255756, 1C256708, 1C636521, 1C624237, 1C53224, I1C383695, 1C421190, Arka
Kesav) and its landraces (1C636524, 1C641518, Vengeri brinjal), and a few were belonging to S.
aethiopicum (1C641515, 1C618025) and S. incanum (IC599705). Accessions belonging to S.
melongena and landraces were readily crossable with popular cultivars, whereas, taxonomically
closely related resistant accessions of S. aethiopicum may be used as rootstock for grafting on
eggplant cultivars.

OP06(3B): Potential of teosinte derived introgression lines as novel genetic
resources to develop resistance for banded leaf and sheath blight resistance in
maize

Surinder Sandhu*, Gagandeep Singh Bajwa, Harleen Kaur and Nida Yousaf
Department of Plant Breeding and Genetics Punjab Agricultural University, Ludhiana-141004 (Punjab) India
*Email: surindersandhu@pau.edu

The study reports the generation of stable introgesion lines (at BC3F3 stage) derived from
Teosinte (Zea. mays ssp. parviglumis) and their resistance reaction to banded leaf and sheath
blight (BLSB) through well standardised artificial screening technique under field conditions.
The cultivated maize harbours genetic diversity but single domestication has led to reduction in
genetic diversity. BLSB is an emerging and highly destructive maize disease, causing significant
yield loss in kharif maize. Its wide host range, hard survival structures and non availability of
resistant donors further aggravates this disease. At Punjab Agricultural University, Ludhiana, we
have developed stable introgression lines of background of three high combining parents viz.,
LM 13, LM 14 and LM 21 using wild progenitor Zea. mays ssp. parviglumis following three
backcrosses and selfed to obtain BC3F3 generation from 2018 to 2021 using two crop seasons
in a year. The selfed seeds of each line were sown in pathology fields in kharif 2021 and the
lines were screened against BLSB under artificial conditions. We identified stable introgression
lines in three maize backgrounds which exhibited moderately resistant reaction (disease score
5 in 1-9 scale) to BLSB. The study reported generation of novel genetic resources to develop
resistance against BLSB, a devastating disease of maize.

OP07(3B): Progress and prospects in tapping host resistance to manage taro
leaf blight incidence in India

SS Veena*, A Asha Devi and ML Jeeva
ICAR- Central Tuber Crops Research Institute, Sreekariyam, Thiruvananthapuram - 695 017, Kerala,
India, veena.ss@icar.gov.in

Taro leaf blight (TLB) caused by Phytophthora colocasiae Racib. has become a major concern
in all taro growing countries including India causing yield loss of 25-50%. The warm, humid days
and cool, wet nights of the tropics are ideal for reproduction and spread of P. colocasiae.
Cultivation of resistant varieties is the most practical and environment-friendly one to combat
the pathogen (Nath et al. 2014). Even though, many accessions were found to have resistance
during screening, only few have come to the status of a variety. Three TLB resistant varieties
viz., Muktakeshi, Bhu Kripa & Bhu Sree were released from ICAR- CTCRI. Field screening, in
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vitro screening using zoospore suspension or elicitors, biochemical and molecular markers are
the methods being used in India to locate host resistance against P. colocasiae. More than 350
taro accessions collected from different parts of the country and maintained ICAR - CTCRI were
screened during last two decades by adopting various methods viz., detached leaf assay, floating
leaf disc assay, using elicitors, biochemical and molecular markers, challenge inoculation of
plants in controlled condition and field screening. The accessions which showed field tolerance
were challenge inoculated with the pathogen in controlled condition (117 nos). The accessions
were shortlisted every year based on the disease incidence and ten accessions viz., C-618, C-
717, E-10, C-388, C-370, C-690, C-679, C-84, C-203 and U-8 showed consistent resistant
reaction for the last 5 years. These accessions are being evaluated for their agronomic traits.

OP08(3B): Development of blast resistance restorers by introgression of broad
spectrum resistance genes Pi54 & Pi2 by marker assisted selectioninrice

T Soujanya', G Sandeep?, V. Hemalatha', M Srinivas Prasad?, KN Yamini', RM Sundaram? and P Revathi?*
'PJTSAU, Rajendranagar, Hyderabad 500030

2JCAR- IIRR Indian Institute of Rice Research, Rajendranagar, Hyderabad — 500030,

*Senior Scientist Plant Breeding, ICAR-IIRR, Hyderabad - 500030

*Email: revathi.ponnusamy@gmail.com

To improve the blast resistance of RP 5933-1-19-2 R a high vyielding restorer, crosses were
made for introgressing two major blast resistant genes viz., Pi54 and Pi9 from the donors Tetep
and O. minuta, respectively. The donors Tetep (Pi54) and O. minuta (Pi9) were crossed to the R
line separately and the resulting F1s from the two crosses were confirmed for their hybridity by
using Pi54MAS and NMIMSPi9-1 gene specific markers. Confirmed F1s were intercrossed to
obtain ICF1s. All the ICF1s were screened for the presence of Pi54 + Pi9 gene combination and
the selected double gene positive plants were then backcrossed to restorer line to produce
BC1F1 generation and were also selfed to raise ICF2 population. Both BC1F1 and ICF2
populations were subjected to foreground selection followed by phenotypic screening for blast
resistance at UBN using standard 0-9 scale. Double positive BC1F1 plants were selected for
background analysis using 76 polymorphic markers which were spread uniformly across the 12
rice chromosomes. The BC1F1 and ICF2 plants identified with both the resistance genes (Pi54
+ Pi9) and were advanced based on evaluation for various agro-morphological traits. The superior
selected BC1F3 and ICF4 lines along with parents were evaluated for yield and yield contributing
traits and genotyped with 1K RiCA mid density SNP genotyping panel consists of roughly 800
genome-wide markers, 22 quality-control markers and up to 200 trait markers distinguishing 87
high-value genes and QTLs. These blast resistance restorers would serve as potential restorers
for developing blast resistance three line rice hybrids with higher heterosis.
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OP09(3B): Investigations on race prevalence of Xanthomonas citri pv.
malvacearum causing bacterial blight in upland cotton and development of
resistant varieties through marker assisted selection

SP Gawande*, DT Nagrale, NS Hiremani, SK Sain, A Sampathkumar, M Meshram, VN Waghmare, Nandini
Gokte-Narkhedkar
ICAR-CICR, Post Bag No.2, Shankar Nagar PO, Nagpur-440010, India

Bacterial leaf blight (BLB) is a common disease of cotton in almost all the cotton growing countries
of the world, including India incited by Xanthomonas citri pv. malvacearum (Xcm). Recently, the
application of antibiotics for bacterial diseases management has been restricted in India, therefore
the use of resistant cultivars is the most effective long-term strategy to manage this devastating
disease. The procedure starts with development of resistant varieties by identification of resistant
germplasm, which was identified phenotypically by artificial inoculation of Xcm cultures and by
use of molecular markers (CIR-246) linked to genes that confer resistance. In India, B12 gene is
known to confer a high level of resistance to all reported races of Xanthomonas citri pv.
malvacearum. Presently, the prevalence of race 18 in Central India has alarmed the cotton
growers by the aggressive nature of Xcm strains. The reaction of Xcm cultures on the host
differentials became comprehensible and identified Xcm isolates to be race 18, currently being
the most prevalent race in India. The BLB resistant germplasm CSH-3047 (a), GTHH-032 (b)
and CSH-3313 (c) parents were crossed with elite susceptible parents G. hirsutum cv. Suraj.
Genomic DNA was isolated from backcrossed plants and screened using phenotypes, SSR marker
CIR-246 (146 bp amplicon) and artificial inoculation of pure Xcm isolates. Marker CIR-246 was
found as a useful genetic marker with clear banding pattern in back crosses as well as parental
lines. The back crosses were performed with elite parent Suraj to generate BC4 and BC5 BLB
resistant population.

OL10(3B): Profiling of core bacterial community in rhizosphere of drought tolerant
Dagaddeshi and drought susceptible MTU1010 rice varieties

Toshy Agrawal* and Anil S Kotasthane
Department of Plant Pathology, Indira Gandhi Krishi Vishwavidyalaya, Krishak Nagar, Raipur (C.G) India
*Email: toshy@rediffmail.com

Microorganisms are the invisible colonizers of almost every substrate such as soil as well as
every type of multicellular organism including plants, animals and humans on the planet. These
“microbiomes” are the mysterious associations having reflective impacts on plant health and
performance. Microbiome-encoded functions can manipulate plant performance under different
biological and environmental conditions. Rice root associated microbiome showed the greatest
diversity of bacterial species. Bacterial communities assembled in rhizosphere of Dagaddeshi
and MTU1010 was profiled using high-throughput 16S metagenomics sequencing and the diversity
was surveyed in two water regimes (irrigated and drought). Drought-induced changes in
abundance, diversity and composition of bacterial community in the soil immediately surrounding
the root i.e. rhizosphere was traced at the phylum, class, order, family, genus and species rank.
There was significant alteration in the profiling of bacterial community among the two genotypes
and diversity was observed with drought.
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KNO01(3C): Successes and Failures in Using Cover Crops for Nematode
Management

Becky B Westerdahl
Department of Entomology and Nematology, University of California, Davis, CA 95616, USA
Email: bbwesterdahl@ucdavis.edu

The loss or restriction of use of nematicides has stimulated an interest in the use of cover crops
for managing plant parasitic nematodes.The formal definition of a cover crop is a crop planted
to cover the soil rather than for the purpose of being harvested. Cover crops can be planted to
help manage soil erosion, fertility, and water as well as weeds, pests, diseases and biodiversity.
When discussing the use of cover crops with growers, one is likely to hear a more practical
definition that a cover crop is a crop a grower would not normally plant, and is too expensive to
use, even if it does control nematodes. Successful as well as unsuccessful field trials in
combination with the use of molecular identification, degree day calculations, online databases,
and improved understanding of nematode biology and population dynamics have made it possible
to fine tune the successful use of cover crops to manage plant parasitic nematodes in annual
cropping systems at costs similar to the use of nematicides.

KNO02(3C): Study on Anthracnose disease on dragom fruit in the South Vietham
and brief study on its integrated management

Dang Thi Kim Uyen, Nguyen Van Hoa* and Tran Vu Phen
Southern Horticultural Research Institute (SOFRI), Vietnam
*Email: hoavn2003@gmail.com

Dragon fruit (DF) (Hylocereus undatus) (Pitaya or Pitahaya) has been widely grown in Vietnam,
especially in three provinces named TienGiang, LongAn, BinhThuan. Along with increasing
planting area and production, the anthracnose disease (Colletotrichum spp.) became more
dominant and seriuos problem recently with symptoms on the cladoes, shoot and fruit. The
experiments had been carried out at both in the laboratory and under field conditions to identify
the causal agent, suitable conditions for the disease development and study on some safe,
effective control measures against it on DF. The results showed that: (i) Collected and isolated
44 strains of Colletotrichum spp. on DF, through morphology combining molecular biological
techniques, gene sequencing, comparison and analysis, they have been confirmed strains
belonging to Colletotrichum gloeosporioides and Colletotrichum truncatum species. (ii) The fungus
C. gloeosporioides and C. truncatum both cause diseases on white, red and pink purple flesh
DF varieties, in which C. truncatum caused the heaviest damage especially on red flesh variety.
The results showed that eight collected strains of Colletotrichum fungus from rain drops, ditch
water, plant residues and surface soil in DF orchards at three above provinces and these strains
all caused anthracnose disease on DF through Koch”s postulation. It arised and caused the
most damage in the month of high rainfall and humidity of the year. (iii) Chemical and biological
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active ingredients such as Azoxystrobin plus Difenoconazole, Propiconazole plus Difenoconazole,
Difenoconazole and Polyoxin complex were effectively inhibit the growth of the fungus C.
gloeosporioides and C. truncatum with an efficacy from 72 to 93.75%. The Impatiens balsamina
extract at a concentration of 2% had an inhibitory effect on the fungus causing anthracnose on
DF from 56 to 93.7%. Selection of Bacillus strains had antagonistic efficiency from 62 to 68%
and Actinomycete strains had antagonistic efficiency from 50 to 71.3% against the causal agent
on DF under laboratory conditions. In field conditions with high disease pressure (disease rate
over 20%) using active ingredients Difenoconazole, Azoxystrobin plussed Difenoconazole,
Propiconazole plussed Difenoconazole, the Impatiens balsamina extract for high efficiency,
inhibiting the growth of wound diameter and disease serverity of anthracnose. In addition, for
low disease pressure (disease rate less than 20%) in the garden, using biologically active
ingredients Streptomyces lydicus and Polyoxin complex, actinomycetes (TG17) and bacteria
(VL-N-BS 2) were effective in preventing disease. On a small scale model, applied integrated
management solutions such as pruning to remove pathogens from the garden and combined
spraying with active ingredients Propiconazole plus Difenoconazole, the Impatiens balsamina
extract, Streptomyces lydicus, Polyoxin complex, actinomycete (TG17)) and bacteria (VL-N-BS
2) reduced disease pressure, reduced the number of sprays and increased profits as compared
to farmers’ practices.

KNO03(3C): Halolerant PGPR and enriched ameliorant for managing salinity stress
and improving the health of soil-plant rhizomicrobiome and resilience rice
productivity on coastal flood-PRONE area in Indonesia

Tualar Simarmata

Department of Soil Sciences and Land Resources Management, Faculty of Agriculture of Universitas Padjadjaran,
Jatinangor 45363. West Java—Indonesia

Email: tualar.simarmata@unpad.ac.id

Halotolerant Plant growth-promoting rhizobacteria(H-PGPR) and ameliorant are play important
role in improving the nutrient status and uptake, rhizomicrobiome-plant health, soils health and
crop productivity. Researches were conducted intensively to obtain the H-PGPR isolates as
bioagent combined with enriched ameliorant (EA) to alleviate the salinity stress. Composite soils
samples were taken from different saline ecosystem to obtain the superior of H-PGPR and
formulated as inoculant of halotolerant bioagent. Bioassay and biochemical test were used to
obtain the promising halotolerant PGPR isolates that produce relatively high of gibberellic acid,
IAA, organic acids, nitrogenase, phosphatase and increase the rice growth significantly. H-PGPR
were characterized and identified as Azotobacter sp, Azospirillum sp, Acinetobacter sp, Bacillus
sp, Pseudomonas stutzeri, and Klebsiella pneumoniae. The formulated halotolerant PGPR
bioagent and EA combined with salt tolerant rice variety were able to improve the biodiversity of
beneficial microbes, the growth and yield of rice significantly. These results suggest that
application of 1000-1500 g ha-1 of HT PGPR inoculant and 2—-3-ton ha-1 of EA combined with
halotolerant rice varieties are the promising adaptation strategy to increase the rice farming
resilience and productivity in coastal areas prone to flood.
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IL01(3C): Endophytes and biocontrol based green nanoparticles in integrated
management of soybean diseases and productivity enhancementin India

Shamarao Jahagirdar'*, K Kavanashree'!, KS Brunda’, K Vivekanand Karagi', DN Kambrekar?, Hegde
Gurudatt', PU Krishnaraj®, K Priyanka', Uday Reddy*, MS Patil' and GT Basavaraja*

"Department of Plant Pathology, UAS, Dharwad-580 005,

2Department of Agricultural Entomology,

3Department of Agricultural Microbiology and Department of Genetics and Plant Breeding, University of
Agricultural Sciences, Dharwad - 580005, India

*Email: shamaraoj@gmail.com

Endophytes and green nano particles have emerged as a new innovative and sustainable
approach to manage the diseases, abiotic stresses and to promote plant growth. The benefits
of native endophytes have been recognized over the past ten years from around the world and
many interesting research have been undertaken. In India, though there is research on fungal
endophytes, the potentiality of endophytes in suppressing soil borne pathogens remained as
untapped resources. Hence, with a view of exploiting the native endophytes and their role in
suppression of soil borne pathogens of soybean, the present investigation was undertaken.
Thirty fungal endophytes were isolated from major soybean growing areas of northern Karnataka
and Maharashtra. Out of which eight effective fungal endophytes were obtained by in vitro
screening against major soil-borne pathogens viz., Sclerotium rolfsii, Rhizoctonia bataticola and
Fusarium oxysporum. The fungal endophytes RF-BV-3 (46.46%), SF-DM-8 (49.15%) were effective
against S. rolfsii, and the isolate SF-DM-8 (49.32%) was effective against R. bataticola. The
effective fungal endophytes against F. oxysporum were RF-BV-3 (66.61%), SF-BV-3 (59.66%),
SF-DM-8 (69.21%), SF-DS-10 (56.49%), LF-HH-5 (66.31%), LF-DM-10 (59.78%), LF-DD-13
(61.15%) and LF-KK-14 (59.78%). Based molecular methods, the effective fungal endophytes
were identified as Daldinia eschscholtzi (RF-BV-3), Fusarium solani (SF-BV-3 & LF-KK-14),
Neofusicoccum parvum (SF-DM-8), Diaporthe phaseolorum (SF-DS-10 & LF-HH-5), Phomopsis
sp. (LF-DM-10) and Colletotrichum aenigma (LF-DD-13). The antagonistic effect of 30 bacterial
endophytes of soybean collected from northern Karnataka and parts of Maharashtra against
Sclerotium rolfsii, Rhizoctonia bataticola and Fusarium oxysprum were assayed in vitro through
dual culture plate technique. The bacterial endophytes RB-KK-6 (40.78 %), SB-BS-6 (50.08 %)
and LB-BU-1 (47.02 %) were found effective against S. rolfsii and the isolates SB-DG-11 (47.41
%), LB-BiN-8 (41.22 %) were effective against R. bataticola. The effective bacterial endophytes
against F. oxysporum were RB-HS-1 (41.99 %), SB-BiJ-9 (40.07 %), LB-BU-1 (54.20 %) and LB-
BV-2 (51.64 %). Based on molecular characterization the effective bacterial endophytes were
identified as Acinetobacter sp. (RB-HS-1), Alcaligenes faecalis (RB-KK-6), Stenotrophomonas
sp. (SB-BiJ-9), Bacillus pumilus (SB- DG-11 & LB-BiN-8), Paenalcaligenes sp. (LB-BU-1), Bacillus
cereus (SB-BS-6) and Brevibacillus sp. (LB-BV-2). Among all the endophytes evaluated to assess
their antagonistic potentiality and understanding of mechanism of disease suppression, the
best inhibition was noticed in Neofusicoccum parvum against all the tested pathogens ranging
from 69.41 to 82.35 per cent by production of volatile compounds. Neofusicoccum parvum and
Daldinia eschscholzii showed positive results for siderophore production and zinc solubilisation.
Neofusicoccum parvum, Daldinia eschscholzii and Colletotrichum aenigma showed positive results
for HCN production test. For chitinase test only Neofusicoccum parvum was found to be positive.
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Neofusicoccum parvum and Colletotrichum aenigma were recorded positive for phosphate
solubilization. The study was conducted to assess the effectiveness of four green synthesized
nano formulations viz., chitosan-based zinc nano formulation (ChZnNF), Pseudomonas fluorescens
based zinc nano formulation (PfZnNF), pomegranate aril-based sulphur nano formulation (PASNF)
and pomegranate aril-based silver nano formulation (PAAgNF) at different concentrations under
in vitro and glasshouse conditions. Entophytes and green synthesized PAAgNF can be explored
as a novel technology in managing soybean diseases and productivity enhancement of soybean
in India.

IL02(3C): Bio-intensive disease management in grapes

Sujoy Saha*, S Indu Sawant, D Sanjay Sawant, U Ratna Thosar and Vijayashree Chavan

ICAR-National Research Centre for Grapes, Pune P.B. No. 3, Manjari farm, Pune-Solapur Highway, Pune —
412307,

*Email: sujoyta@gmail.com

Viticulture is not mere farming but regarded as a farming enterprise all over the world. In India,
grape is a high value crop and a major export commodity. It is mainly cultivated in peninsular
states viz. Maharashtra, Karnataka, Andhra Pradesh and Tamil Nadu but now the area under
this crop is steadily expanding in other states also. Commercial grape cultivation is concentrated
in the state of Maharashtra which accounts for more than 75% of grape area and 80% of the
total production. The warm, humid and intermittently wet or cloudy weather in this region is
highly conducive for disease attack which limits the economical and quality production of grapes.
To overcome this, growers employ frequent preventative and curative applications of pesticides
in vineyards. It is estimated that 30% of the recurring cost of grape cultivation is due to plant
protection measures. The high pesticide use, 30-40 fungicides applications in a year and detection
of their residues at harvest were causing huge economic losses to the grape farmers. Excessive
applications of fungicides are responsible for residue detections in export consignments.
Considering the significance of food safety in grapes, strengthening of the bio-intensive strategies
for disease management plays prime role in production of pesticide residue free grapes. The
work on developing a sustainable and effective bio-intensive disease management strategy was
initiated at ICAR-NRCG in the last decade. After working on the many existing knowledge gaps it
was realized that only biocontrol methods may not be effective and few fungicide applications
will be necessary at high-risk periods during critical growth stages. Hence bio-intensive disease
management is the best alternative strategy than chemical and biological management.
Employment of efficient micro-organisms along with limited sprays of fungicides in a bio-intensive
programme would reduce the total dependency on fungicides. The strategy is focusing on
reduction of over-summering inoculum, increasing plant resistance to pathogens, use of
insensitive biocontrol agents for suppressing spread of disease and use of bio-agents for
enhancing the degradation of pesticide residue on berries. Through systematic screening and
field evaluation of thirty three Trichoderma isolates, T. asperelloides and T. afrohurzianum were
found superior bio-control strains for disease control. In case of bacterial biocontrol agents,
Bacillus subtilis was found effective in disease control and enhancing degradation of pesticides.
Successful implementation of this strategy was carried out on farmers’ field at different locations
in major grape growing regions. By considering these results and to check the acceptability of
these technique, the effective strain of Trichoderma asperelloides 5R was mass multiplied and
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simple formulation of this strain was sold to growers on ‘No Profit No Loss’ basis and the
registration process of the same is initiated.

IL0O3(3C): A technique to create ultra-low volume micro titer wells on regular
slides as a substitute for cavity slides

Anil S Kotasthane*, Tamin Thakur and Toshy Agrawal, U S Singh,
Department of Plant Pathology, Indira andhi Krishi Vishwavidyalaya, Raipur C. G
*Email: kotasthaneaj@yahoo.com

Cavity slides have been employed in fungal spore germination tests in studies evaluating infective
morphogenetic pathways (wild type and mutants), efficacy of fungicides and botanical compounds
or antifungal fractionates derived from TLC against the stages of infective morphogenetic pathway,
assays on biocontrol agents and others. A commonly encountered problem in using concave cavity
slides is the difficulty of focusing on the spores or other fungal structures during microscopic
examination. We developed an ultra-low cost technique in which an ultra-low volume micro titer wells
on regular glass slides that serves as an excellent substitute for cavity slides. This technique requires
very small quantities of test samples, eliminates the difficulty of focusing in concave surfaces during
microscopic examination, and improves clarity of the subjects examined under a microscope.

IL04(3C): Prevalence of root knot nematode in the nursery of rice in western U.P.

Kamal Khilari*, Abhishek Kumar and Anupam Kumar
Department of Plant Pathology, S.V.P.U.A & T. Meerut, U.P.
*Email: khilari_2008@rediffmail.com

Root knot nematode (Meloidogyne graminicola) is considered as a major soil borne pathogen of
basmati rice. The main characteristic symptoms produced by M. graminicola are terminal hook
shaped or spiral galls on the roots and other symptoms of damage include patches of stunted
and yellowish plants. A survey was conducted during 2019 in different blocks of Meerut district
to find out the prevalence and disease incidence of root knot nematode in rice field at nursery
stage. During survey total 55 villages of 11 blocks was surveyed of Meerut district. In this survey
it was observed that root knot disease of rice nursery has been prevalent in all surveyed blocks
of Meerut district of western Uttar Pradesh. Maximum 70.83 % prevalence and 58.33% incidence
of root knot nematode was observed in Daurla block followed by 66.66% prevalence and 24.44
% incidence in Meerut block. Minimum 5.26 % prevalence and 2.10% incidence of root knot
nematode disease was recorded in Kharkhoda block. Overall average 43.39 % prevalence and
23.80 % disease incidence was recorded in Meerut district. Varieties wise prevalence of rice
root knot nematode was also recorded. Maximum prevalence of root knot nematode was recorded
in PS-5 (53.84 %) followed by PB-1121 (44.23%). Minimum 28.57% prevalence of rice root was
recorded in PB-1.
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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
[1Ib (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

124



8" International Conference (Hybrid Mode) BTN,

Plant Pathology: Retrospect and Prospects ///:1};\)
March 23-26, 2022 SKNAU, Jobner-Jaipur, Rajasthan N

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, OseEDS1, 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 Chanda'™ and Jason R Brantner?

'Assistant 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®: Acommercial 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 (P12020001604). 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 im. Endoconidia were hyaline, cylindrical and average size was 23.6 x
4.90 im. Aleurioconidia were thick walled ellipsoidal or pyriform with size of 18.5 x 10.10 im,
(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 nhumber, 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 t