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About National Seed
Association of India

National Seed Association of India (NSAI) is the apex body representing the
Indian seed industry, playing a leadership role by engaging with the Central
and State Governments and working towards policy advocacy for an enabling
and favourable policy environment for the growth of the seed industry in the
country.

The vision of NSAI is to create a dynamic, innovative, internationally
competitive, research-based industry producing high-performance, high-
quality seeds and planting materials which benefit farmers and significantly
contribute to the sustainable growth of Indian Agriculture. NSAI is also
working towards progressive use of biotechnology in crop improvement
programmes for productivity enhancement and improving the livelihood of
Indian farmers. Increasing the general awareness about crop biotechnology
among large number of seed stakeholders, seed technology upgradation
and engaging inacontinuous dialogue with regulators for the establishment
of a transparent, fair and equitable regulatory ecosystem, are some of the
other activities of NSAI.

The mission of NSAl is to encourage investment in the state-of-the-art R & D
to bring to the Indian farmers seeds of superior genetics and technologies,
which are of high performmance and can be adopted under different agro-
climatic conditions. It actively contributes to policy development relating
to seed industry to ensure that the policies and programmes create an
enabling environment, including public acceptance, so that the industry is
globally competitive.

NSAI regularly communicates the latest information and knowledge
related to seed trade to its members besides organizing subject specific
Conferences/Seminars/Special lectures and regular training and capacity
building programmes. NSAI also promotes harmonization and adoption of
best commercial practices in production, processing, quality control and
distribution of seeds through regular interactions and networking with
global/regional seed industry organizations.



About

Indian Seed Congress

Indian Seed Congress (ISC) is the
flagship event organized by NSAI
annually. ISC has emerged as a
much-awaited event projecting
the latest trends and views of the
seed industry, voice its concerns;
deliberate on the new technological
advances in crop improvement,
provide opportunity to the industry
to showcase new products and
services and network among
peers for business development.
ISC also provides a platform to the
Seed Industry to interact closely
with technology developers,
sector development officials
and policy makers. ISC attracts
participation of representatives of
all major stakeholders including
industry (seed & allied), policy
makers, developmental agencies,
scientific community and farmers’

organizationsfrom Indiaandabroad.
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The National Seed Association of India (NSAI) successfully organized the 13*" Indian
Seed Congress (ISC 2025) from 23 — 251 February, 2025 at Hotel Andaz, Aerocity,
New Delhi. ISC 2025 was attended by 431 delegates including professionals from
the Indian and global seed industry, prominent scientists, agri-professionals and
government officials. The Congress was inaugurated on February 24, 2025, by Prof.
Vijay Paul Sharma, Chairman, Commission for Agricultural Costs and Prices, with
Dr. P. L. Gautam, Chancellor, Dr. Rajendra Prasad Central Agricultural University,
Pusa, Bihar, gracing the occasion as the Guest of Honour. On this occasion stalwarts
of the seed industry, eminent scientist, government officials, seed professionals,
students were also present.

The congress was addressed by eminent personalities and professionals including
Dr. P. L. Gautam, Chancellor, Dr Rajendra Prasad Central Agricultural University,
Pusa, Bihar, Dr. Venkata Subbarao, Kolli, Partner — Agvaya LLP, Mr. Siraj Hussain,
Former Secretary (Agriculture), MoA&FW, GOI, Dr. A. K. Singh, Vice Chancellor,
CSAU&T, Kanpur, Dr. T. Mohapatra, Chairperson, PPV&FRA, Mr. Ajeet Kumar
Sahu, Joint Secretary (Seeds), DAFW, MoAFW, Government of India, Mr. Ashish
Bahuguna, Former Secretary (Agriculture), MoA&FW, GOI, Dr. D. K. Yadava, DDG
(Crop Science), ICAR, Mr. Sanjay Agarwal, ADG, ICRISAT and Ex. Secretary, DA&FW,
Govt of India and Dr. Sanjay Kumar, Director, ICAR-NISST, Mau.
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On 23" February, 2025, a CEO conclave was organized, which was addressed by Mr.
Pankaj Dubey, Founder & CEO, DSPIN Consulting Pvt Ltd, Mr. Simon Wiebusch,
President, Bayer South Asia and Vice Chairman, MD & CEO, Bayer CropScience
Ltd (BCSL) and Mr Dinesh Patole, Facilitator, Team Dhunn. They enlightened the
audience through their long experience and deep knowledge of the subject (The
detailed Programme Schedule is at Annexure |)

On the next two days i.e. 24" February and 25" February, 2025, the event involved
the showcasing of industry products and services through exhibition stalls of various
national and multinational seed/seed related companies, trading tables for B2B
meetings and more importantly the six technical sessions spread over two days of
ISC 2025, which witnessed high quality presentations/deliberations by renowned
scientists, agri-professionals and seed industry experts.

The technical sessions were mainly focused on interaction, discussion, and
debate for developing and strengthening the Indian seed sector. These were well
appreciated by majority of delegates, especially scientists, researchersand technical
professionals working in the industry. Various important topics were covered during
the event such as emerging trends in the global seed market; precision breeding
through CRISPR-Cas-mediated genome editing; speed breeding; and the use of
digital sequence information (DSI). Discussions also focused on the development of
Agri Stack, Al-based predictive analytics and crop simulation modeling for precision
agronomy, as well as microbiome-based approaches to enhance seed, plant, and
soil health for realizing the full potential of plant varieties.

Other key topics included innovations in seed production to build a resilient Indian
seed industry, precision farming techniques, and seed-based delivery systems
utilizing biologicals and nanotechnologies to improve stress tolerance and crop
productivity. The event also highlighted innovative approaches to seed quality
certification aimed at boosting exports and making the Indian seed industry
globally competitive. Additional focus areas were seed traceability in India, policies
and systems for IPR governance relevant to the seed sector, and strategies for
strengthening the in-house R&D capabilities of seed companies to attain DSIR
recognition.

The Congress witnessed an impressive participation of young seed entrepreneurs,
along with seasoned professionals from large, medium, and small enterprises. The
trading tables and exhibition area were vibrant hubs of interaction, with delegates
actively engaging in meaningful business discussions. Attendee feedback
highlighted the substantial business opportunities created during the event,
generating strong anticipation for ISC 2025. In response to the growing demand,
NSAI has committed to increasing the number of trading tables in future editions
of the Indian Seed Congress to better serve participating delegates.
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CEO Conclave is an important component of the Indian Seed Congress organized
on the eve of the Congress. This programme is aimed to bring together CEOs of
prominent seed companies and other associated industries to sit together in the
presence of acclaimed spiritual leaders, behavioural experts, management gurus
and seed industry leaders to explore a vision of developing a healthy, competitive
and a strong corporate ecosystem of the seed industry in the country. It also
provides a multidisciplinary and vibrant forum for the Top management of Seed
and Agri-input businesses to have a platform for open interaction on wide range
of issues concerning seed sector in the country. The CEO Conclave helps to explore
current and future challenges in a fast-changing seed industry environment in
order to meet the challenges of creating a healthy work culture within the industry,
ensuring a sustained business growth in a highly competitive industry and meeting
the expectations of end consumers, i.e. the farmers.

The CEO Conclave was organized on 23 February, 2025 as a pre-Conference
activity of the Indian Seed Congress 2025. The conclave was attended by the top
seed industry leaders from India and overseas, management experts, business

Indian Seed Congress 2025
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strategists. The conclave witnessed deliberations and presentations by eminent
motivational speakers, management gurus and seed industry strategists.

Session First of the CEO Conclave was addressed by Mr. Pankaj Dubey, who is the
Founder & CEO of DSPIN Consulting Pvt Ltd, which supports global and Indian
companies in strategy and execution. His insightful talk was centered around the
theme “Mantras for Success”. He touched uponthecritical issues of decision-making
skills in a fast-developing industry ecosystem and uncertainties in the business.

The second session, focused on the theme “Global Perspective of the Indian Seed
Sector.” It was adressed by Mr. Simon Wiebusch, President of Bayer South Asia
and Vice Chairman, MD & CEO of Bayer CropScience Ltd. A strong proponent of
sustainable agriculture, Mr. Wiebusch emphasized the role of technology and
digital farming tools in enhancing food quality, reducing farming efforts, ensuring
traceability, and improving farmers’ livelihoods.

Mr. Dinesh Patole, Facilitator, Team Dhunn interacted with the participants at
06:00- 0715 PM. The topic of the Third Session was “United in Rythm, Stronger
in Action”. Mr. Dinesh Patole, who is facilitator of the group, is a master musician,
who can play over 20 different instruments with ease. He has played with renowned
bands and appeared on Kappa TV and McDowell's No.l Yaari, creating life time
experience for the audiences. Mr. Patole, with the help of music, demonstrated
how important it was to work in sync/discipline within the organization for a healthy
work environment leading to a higher productivity.

All participants of the CEO Conclave thanked the organizers for hosting such a
remarkable event. Many expressed that the Conclave had profoundly influenced
their approach to organizational and self-management, while also reshaping their
vision for the future of the Indian seed industry.

Indian Seed Congress 2025










Highlights of Speech of the Chief Guest

Prof. Vijay Paul Sharma

Chairman, CACP, MoA&FW, Gol

¢

Prof. Vijay Paul Sharma, Chairman, CACP, MoA&FW, Gol, was the Chief Guest during
the inaugural session of the 13" Indian Seed Congress. Dr. Sharma, delivered an
insightful inaugural address, providing a detailed overview of the key agricultural
revolutions that have transformed India’s farming landscape. He highlighted the
significantimpact of the Green Revolution, which greatly boosted cereal production,
as well asthe other major developments, like the cotton revolution, pulse revolution,
and the horticultural revolution, which took Indian agriculture to new heights.

Prof.Sharmaemphasizedthatqualityseedsplayedakeyroleinthesetransformations,
bringing unprecedented growth of agriculture in India. He explained that seeds
are the foundation that unlocks the potential of all other farming inputs and
technologies, making them essential for the progress of agriculture.

Prof. Sharma then discussed the critical challenges currently confronting Indian
agriculture. Among these, he highlighted the steady depletion of land and natural

Indian Seed Congress 2025
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resources such as water and soil fertility, which pose a direct threat to sustainable
food production. He also pointed out the shifting dietary patterns driven by rising
incomes and urbanization, which are altering the demand for various food products.
These changes, combined with demographic shifts such as an aging farming
population and increased rural-to-urban migration, are creating new pressures on
the agricultural system.

He mentioned that farmers are changing the crops they grow based on market
demand, weather conditions, and governmental policies. However, there was
a serious concern over the persistently low yield levels in many crops and the
significant yield gaps between what is scientifically achievable and what is being
realized on farmers' fields. These inefficiencies must be urgently addressed to
ensure national food security and farmer profitability, he said.

Prof. Sharma emphasized that in order to tackle these emerging challenges, the
seed sector must keep evolving, as it has exhibited during previous agricultural
revolutions. He also stressed the need for increased innovation, wider adoption
of advanced breeding technologies, and a stronger focus on sustainability and

resilience within the industry.

While expressing strong confidence on the emerging technologies, Prof. Sharma
indicated that with the adoption of newer approaches like genomics, molecular
breeding, digital farming, and precision agriculture, the seed sector is well prepared
to support modern farming. He ended his address with a strong message that the
seed industry must take the lead, keep evolving, and play a key role in creating a
strong and productive future for Indian agriculture.

Indian Seed Congress 2025 } O



Highlights of the Address by

Dr. M. Prabhakar Rao, President

National Seed Association of India (NSAL)

Dr. M. Prabhakar Rao,
President NSAI, extended
a warm welcome to
the Chief Guest, Guest
of Honour, esteemed
dignitaries, and delegates
of ISC 2025. Dr. Rao, in his
address highlighted the
significant contribution
made by emerging
technologies on the
agricultural development
of the country. He
indicated that it is essential
to engage in thoughtful
deliberation on these
emerging technologies related to seed sector. This includes advancements in crop
breeding methods, particularly the adoption of genomics and molecular breeding
techniques, which are driving a new era of precision agriculture.

Dr. Rao also stressed the need for modernization across various facets of the seed
industry, including seed production, processing, and packaging infrastructure. He
pointed to the importance of strengthening quality management systems to ensure
the production of high-quality seeds and the adoption of seed quality enhancement
techniques. Additionally, he noted that integrating Intellectual Property Rights (IPR)
technologies into seed trade and innovation frameworks is becoming increasingly
essential. Such integration, he emphasized, would help create a more competitive,
transparent, and innovative seed market, driving progress and growth in the sector.

Addressing the challenges facing the agricultural sector, Dr. Rao acknowledged the
necessity of developing new varieties that not only offer highyields but are also suited
to the Morden crop production technologies. These include resource-conservation
technologies, High-Density Planting Systems (HDPS), Extra-Long Staple (ELS) cotton,
and mechanized methods for crop management, harvesting, and processing,
especially in light of increasing labor shortages. He mentioned that there will have
to be a synergistic collaboration among researchers, policy makers, entrepreneurs,
and the seed industry to achieve the full potential of these interventions.

Indian Seed Congress 2025
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Dr.Raoalso highlighted several key industryissuesthat the National Seed Association
of India (NSAI) has actively taken up with different stakeholders to strengthen the
seed industry in India. One of the most important issues was the proposal for a “One
Nation One Licence” system. At present, seed companies are required to obtain
separate licenses from each state to sell their seeds, which leads to unnecessary
delays and administrative hurdles. NSAIl is advocating for a harmonized, single,
nationwide licensing system that would allow companies to sell seeds across all
states with ease of doing business. This would not only save time and effort for the
companies but also help farmers get access to quality seeds more quickly.

Another major initiative was the promotion of a seed traceability system through
the SATHI Portal. Though presently this portal is limited to certified seeds, in the
next phase this digital platform will be extended to allow tracking of TL seeds also
from their production stage all the way to the end user. It will help ensure that only
genuine and high-quality seeds reach the farmers, reducing the risk of counterfeit
or substandard seeds in the market. He added that such transparency will build
trust and protect both farmers and seed companies.

Dr. Rao further emphasized the need for strengthening and accreditation of seed
testing laboratories across the country. Many regions still lack proper facilities to test
seed quality, which can affect crop performance and farmer incomes. By improving
the infrastructure and ensuring that these labs are accredited and well-equipped,
the industry can maintain high standards and deliver better results to farmers.

He also emphasized the importance of providing fiscal incentives to promote
research and development (R&D) in the private seed sector. Developing new and
improved seed varieties requires large investments in research, skilled manpower,
and advanced technologies. NSAl believes that providing tax benefits or subsidies for
R&D activities will encourage the private seed companies towards innovating their
R&D setup, leading to greater advancements in the seed sector and contributing to
the overall growth of the Indian agriculture.

Dr. Rao also indicated that in the current scenario, the seed industry is fully geared
to harness the benefit of new technological developments by reaching to a better
understanding between the technology developing and technology user companies
for a balanced trait value sharing, provided a supportive policy ecosystem is in place.

President, NSAIl expressed his happiness that large number of seed companies from
different parts of the country and abroad had come to participate in the ISC 2025 to
deliberate on common issues related to seed sector and to pave a path for further
growth of Indian seed industry enabling it to continue providing better quality seeds
to the farmers to enhance their productivity and economic prosperity.
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Glimpses of Technical Sessions




-

i







Supported by




Delegate Section

The Indian Seed Congress 2025 witnessed enthusiastic participation from a wide
range of stakeholders, including delegates from both public and private sector seed
companies, input suppliers to the seed industry, scientists, government officials,
and international participants.

The total number of registered delegates for Indian Seed Congress 2025 were 43],
out of which Indian participants were 396 besides 35 overseas delegates from
fourteen countries (Switzerland, Germany, ltaly, Turkey, Seiwan, USA, Amman,
Denmark, Lebanon, Sri Lanka, Bangladesh, The Netherland and Greece).

An analysis of the delegate participation in the ISC 2025 is presented below:
i). NSAI-Member V/S Non-Member participation of Delegates

Out of the total participation of 431 delegates, NSAI-member delegate participation
was 48 % (208 delegates) as compared to 44% of the non-member delegates
participation (188 delegates) and the overseas delegates participation was 8 % (35
delegates) (Fig 1).

Overall Analysis of Delegate Registration
(in percent)

Member Delegates B Non-Member Delegates Foreign Delegates

Fig 1: Overall analysis of registered delegates (in percent)
ii). Country wise participation of overseas delegates

The total number of registered delegates was 431 out of which 35 were overseas
delegates. Among the overseas participants Italy (8) had the highest number
of delegates followed by Germany (5), USA and Turkey (4 delegates from each
country), Austria (3), Sri Lanka and Switzerland (2 delegates from each country),

Indian Seed Congress 2025
3 {1



°
ns National Seed National Seed Association of India (NSALl) F
Association of India

Seiwan, Amman, Denmark, Lebanon, Bangladesh, The Netherland and Greece (1
delegate from each country).

Country-wise Participation of Delegates
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Fig 2: Country-wise participation of delegates
iii). State-wise participation of Indian delegates

Among the 396 Indian participants, Andhra Pradesh (including Telangana) had
the highest delegate participation (110) followed by Karnataka (45), Maharashtra
(42), Gujarat (41), Haryana (39), Delhi (35), West Bengal (18), Tamil Nadu (16), Uttar
Pradesh (14), Chhattisgarh (7), Madhya Pradesh (7), Rajasthan (7), Punjab (5), Bihar
(2) and Odisha (2).

State-wise Participation of Delegates
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Fig 3: State-wise participation of delegates
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Trading Table and
Exhibition Stall Section

To promote B2B meetings/interactions amongst the participants (National as
well as Global), the National Organizing Committee provided Exhibition Stalls and
Trading Tables for the delegates. The achievement is as under:

¢ This year, the participation in the Exhibition Stall had an active involvement
of industry with 37 stalls occupied, exhibiting their products and services
by major companies. The stalls were sold out much prior to the event. The
demand for the exhibition stalls was on the higher side.

¢ Intotal 28 trading tables were sold out in ISC 2025
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Presentations

Made During the
Technical Sessions
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Technical Session - |

Dr. Bharti Malhotra, Research Manager- Analysis Lead, Crop Science, Agribusiness,
S&P Global

Crop Sclence/ Trends i the Gloal Seed Mkt February 2025,

Introduction to S&P Global

. How do we support the Crop Science markets?
Trends in the Global Seed Market: Secd market prormance and ey dvers
Role of Technological Innovations as a Key 2024 regulatory and trait update

. N Developments in Asia-Pacific, with special focus on China
lcr;lf‘::‘llsgﬁlng FaCtor’ Strategles and a Decadal o Developments in new breeding techniques

+ Regulatory updates
Presentation for the Indian Seed Congress-2025 « Trait pipeline

Other important technologies in seeds
A d - Direct seeded rice

genaa ~ Hybridwheat

Summary

Market outiook

Questions

Slide deck wil be shared post-presentation
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S&P Global Commodity Insights
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Historical market performance: Seeds

Global seed market value between 1996 and 2023 in $ billion
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New seed technologies and adoption: Driving long-term market growth

Social drivers Political drivers

fundamentals drivers drivers Move away from meat Regulation for GM
Crop areas GM traits Policeslike Organic farming and NBT
Crop prices. el decarbonization will

techniques (NBTs) increase the demand for

varieties with high yield,

also referred as " o
better climate resilience,

NGTs or GE

s or low water and NPK-
Hybrid wheat requirements
Direct seeded rice Hugely impacted
Hybrid vegetables by politics.

1996 1998 2000 2002

2006 2008 2010 2012 2014

2016 2018 2020 2022

Growth in the seed market over the years have been driven by the innovation and increase in seed prices
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« Seed alone accounts for 74% of yield gain in crops

+ Area growth has been stagnant

+ Technological drivers have had the greatest impact on seed price growt

S&P Global
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— impact of new GM trait's introduction

Time series analysis of GM trait introductions

Atotal of 145 GM traits were introduced in 13 crops between 1992 and 2024
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Corn leads the board with the largest number of traits, accounting for 51% of the traits developed between 1992 and 2024. Itis lollewed by
cotton, soybean, canola, tomato and potato. Notably, 87% of the total traits developed over the past 32 years were from
cotton, soybean and canola alone. Looking at the trait pipeline for this decade, com will continue to dominate trait developmem
However, soybean is set to surpass cotton as the second most targeted crop for new traits.
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Agricultural biotechnology benefitted from regulatory tailwinds in 2024

NBTs are safe for us dS Qeud CF\A
assessment framework for

Regulators in Australia and New Zealand,

worked towards simplifying guidelines

+ Food Standards Australia New Zealand (FSANZ)
invited comments on is proposal to change the
definition of GM foods in the Australia New
Zealand Food Standards Code. The authoriles
intend to bring NBTs under a more relaxe
reguiatory framework containing “explict
exemptions
New Zealand's Parliament presented the
government's plan for biotechnology framework
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The trend was positive in Latin America for
the most part

GM traits received cultivation approvals in
Brazil, Argentina, Bolivia and Uruguay
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80 GM traits across 15 crops have received cultivation approvals in 2024

Excluding fruits and vegetables, 68 cultivation approvals were granted across eight key crops

24 GM traits approved for cultivation by crop, 2024
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84% of the cultivation approvals during 2024 came from China, Canada and US

With China alone ti

for 48% of the

Country
china
Ganaa
us
Argentina
Brazl
Bolvia
Indonesia
Ngeria
Total

23 of the 33 approvals in China (70%), were related to
lone

corn alon

et Cormodey g

P Global
Commosity Insights

o Trait approvals in China by crop in 2024
33
13
11
4
a acom
1
1 = sopbean
1
P = Cotion

Grop Science  Trends n the Global Seed Market February 2025

Recent trends in trait development through GM and Non-GM technologies

Asia-Pacific region dominates new developments

Mainland China

India

Bangladesh and Pakistan

the

+ India

+ Ministy of Agriculure and Rural Afars (MARA).
announced amencment to make the GO variety

50 of whict

‘approved in 2006. The commercial elease of Bt

eggplen s halled n 2010 due o concems fom
and state

based on “events" rather than “crop variely and
event”

+ Published, National Registration Standards for GM
Soybean and corn varietes (Trial)

+ Ina strategic shft toward seff-refiance, food security
and reduction in dependency on imports, the couniry

‘govemments. 1

eggplant n 2013,
aricipted nan Asan prcjct 1o deviopan
insect.resistant Bt eggplant based on Indie
st compan 1 nycos Dawahiad) GM e,

)
received environmental 1 Jpproval in Oclober
5022, o Suprme Cour uspentid e dscson on

2007
Govloped oy onsata esig 1 Cry ¢ o an

Novenber 32022 Howee ppe

G nt casety e a5 GMOS
« In August 2024, Indias PM unveiled 109 high-

GMinsect.resistant Bt cotton i the country since.
August 2023, making it the second G crop (0 be
cultivated.

yielding. and bioforted crop
new soybe field crops and 27 + The two varietes of GM colton released are from
millets, India-based company JK Agri-Genetics and are

+ 81/GM com and soybean varieles registered (64 GM
o + 17 GM soybean)

+ 64 varities recsived operation and production
licenses (54 GM com + 10 GM soybean)

ollseeds, pulses, fuit, and vegetables. The

esistant (o cotton bollworms (Helicoverpa armigera)

phenomics.

. o GM
sugarcane varieties, one with nsectresistance tait

coverd in following sides.

5aP Global
Commosity Insights

 with
companies like Bayer, BASF, Corteva, Syngenta,

o, Advanta, and Savannah Seeds (Ricetec)
involved. Bayer aims to cultvate DSR rice on 18,700
hectares in 2024, targeting 1 millon heclares by
2030

(CABB-HTS), marking the first GM food crop
adopiion n the country. However, objectons are
being raised to reject their commerciaization.

Grop Science  Trends n th Global Seed Market February 2025

Recent trends in trait development through GM and Non-GM technologies

Asia-Pacific region dominates new developments (continued)

Fhlllpplnes & Thailand Indonesia Australia and NewZealand
1n 2022, the government of the Philippines marked Bt + In August 2023, Bayer' ruar
launched approval o the commercial release of GM QAV-4

Bt

Indonesian

por folowed b
com and golden rice. However, in Apr 2022, the

princs o ias s Tonggra. T nconesian

by the Quoensland
University of Technology (Brisbane). These are the
it appr

products.

- The Austraian reguiatory body OGTR (The

+ In2024,
I

o
in the counlry. Based

country and the Ausiralian Uriversity of Adelaide has.

dsclson tat phol h susponsionof o
mercia release of golc
+ The update from the courtis awaited

Ministry of
plans o encourage farmers to use GM soybean
varietes to maintain national food securiy. The.

the country. The project will un from May 2024 to
ry 2029. However, the GM wheat and barley

country

o combal the effects of cimate change and to
reduce the country's dependence on imports of food
crops

+ The Thalland Ministry of Agriculture and
Cooperatives reported establishing rules for the
certicatin of organisms developed from gene.
edting technologies (NBTs)

5aP Global
Commod

nsights

1 millon ha in the next few
years.

feed.

+InMay 2022, Food Standards Austraia New Zealand
(FSANZ) approved the sale and use of food made

roughtigrs 3¢ et o uman consumpton
n March 2

Bioceres.

+ FSANZinvited comments on s proposal to change
the defintion of GM foods i the Ausralla New
Zealand Food Standards Code. The authorities
intend to bring NBTs under a more relaxed regulatory.
framework containing “expicit exemptions

+ New Zealand's Pariament presented the
governmens plan for biotechnology framework.

Indian Seed Congress 2025
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Updates on Chinese approvals

2022-2024

Year

Crop Science  Trans nta GlobalSas Marke  Fabruary 2025

2022 Stepstaken

evaluation based on "even's* ather than crop variety and event”

- Published, National Registration Standards for GM soybean and cor varieties (Tria)

228 | Fret GMcron bach + 1% varety roisraion st for 57 GMcom varietes and 1 G oybean vriatespublahed and approved
224 SocmdGucopbaen ¢ 27,0Wom and Gl sosbean vriotswos publshed ard aproved e o
202324 Variotes registered + 81 GM com and soybean varietes registered (64 GM con + 17 GM soybean)

202320 8 .

202320 - production and

024 -7 ovents: DBN9936, ND207, DBN3BO1T, Bt11 x GA21, Bt11 x MIR162 x GA21, DEN9BSS, Rulfeng 125.

202324 | G soybean svents 2 vt DBN9O0S, Zronghuan 6105

except Rufeng 125

&P Global
Commoity Insights

‘Crop Science  Trands it GlobalSasc Marke  Fabruary 2025

China's GM corn licenses cover all corn-growing provinces

List of Chinese provinces with production and operation licenses for GM corn and soybean

Beiing North China
Hebei North China
Shanxi North China
Inner Mongolia North China
Liaoning Northeast China
Ji Northeast C
Heilongjiang Northeast China
Shandong EastChina,
Henan Gentra China
Hubei Central China
Anhui EastChina
Gansu Northwiest China
Sichuan Southwest China
Yunnan Southwest China
Hainan South China

+ China has issued GM

arietal approy
‘Com and Soybean

Com Com
Com Com
Cor and Soybean Com
Corn and Soybean Com
Cor and Soybean Com
Corn and Soybean Com

Com
Com Com
com com
Com Com
com Com
Com Com
Ccom Com

jing and Hainan

research, testing and trials.

. though not maj are vital for GM crop to their
+ Atotal of 54 com varieties and 10 soybean varieties are licensed,

&P Global
Commoity Insights

Mainland China’s GM pilot areas

We have 2024 updated data

Mainland China's estimated GM plot areas in acres

1655570

2021 202 2023 2024

&P Global
Commodity Insights

Crop Science  Trands nthe GlobalSesa Marke | Fabruary 2025

2021

+ Launched a pilot project for the commercialization of
GM corn and soybeans

+ Carried out in scientific research and experimental fields

2022

+ Expanded the pilot project to farmer fields i Inner
Mongolia and Yunnan

2023

+ Expanded the pilot project to 20 counties in
5 provinces including Hebei, Inner Mongolia, Jilin,
Sichuan and Yunnan

+ Arranged GM seed production in Gansu
2024
+ GM areas expected to further expand with addition of new

provinces. Nonofficial sources have projected 1.65 million
acres of area under GM Comn in China

Crop Science  Trands nte GlobalSesa Marke  Fabruary 2025

New breeding techniques (NBT) regulatory framework

Trend analysis
NBT regulatory framework development by country

= Establshod

= Inprogress

ot defined

5&F Global
Commos

nsights

Established

us Prilppines  Malaw Brazl Honduras
Canada India Israel Colombia  Guatemala
Norway Kenya Australa  Chiie €1 Saivador
Engand  Nigeria NewZealand Paraguay  CostaRica
pan Ghana Argentina  Burkinafaso  Unuguay
Eciador  Bangladesh
Mosico Souh Affica  Ukraine Poru Eapt
Turkey Guba Bolvia
In progress
Mainiand China EU Singapore Russia Indonesia
Swizerland  Paidstan a Uganda Ethiopia

+ Expanded our coverage from 31 countres in 2023 to 45 countries in 2024
« Trends is same, counlrios with estabiished framework s the largest catogory

five o ton during 2024

NBT regulatory status by country

Trend analysis
NBT regulatory status by country

Crop Science  Trends n the GlobalSesa Marke Fabruary 2025

Regulated as conventional

5&F Global
Commodity Insights

us Phiippines  Grana Braai Honuras
Ganada India Malawi Colombia  Guatemala
Engand  Kema Austiala Chie 1 Saivador
Japan Nigeria Israel Paraguay  CostaRica
Ageniita_ Singapore  Burkinafaso  Ecuador  Indonesia
Banladesh  Swizeriand

=Reuintd 2 conviona!
Regulated as GMOs.

I Moo & Noway Mainland China Uruguay

o nformatn, SoulhAica  NewZealand  Peru cu kistan
Boivia
No information
Uganda  Etopia  Russia Ukcane Egypt
Taiwan

27 o
align on the definition of not having any transgene. However, there is il
logy as cisgenesis,

SDN1, SDNI, etc.

Crop Science  Trends nte GlobalSesa Marke  Fabruary 2025

NBT product analysis by crop and country

Trend analysis
NBT analysis by crops

H

Total crops- 60
Top 11-80% of the products

.
conces [+
T

Otrers

Sopbean

Tomato
Gor

wneat

5&F Global
Commodity Insights

Analysis of NBT traits by country

45% applications in US.

02
21% in China
188

China mainiand

Grop Scence  Trends n te GlobalSeed Market February 2025

NBT product analysis by crop category and trait type

70% of the products in NBT category are related to grains and oilseeds

NBT trait analysis

= Plant yied, metabolism,
ehiecture improvements

= mproved food quaity

= Novinsact pest protection

= Herbicido irance

NBT traits analysis for grains and oilseeds

623 poducts belong 1o
grains and olseeds.

At soss werance [N %

Improved foad qualy: Improved feod qualty [N 0
Improved food quaity [N 50

Non-nsect pest protecton NN 75
erance | 75

Flantyiid metabolim, archtech 157

Haricde

= Improved food quaity
improve eed quaity

= Aered of compositon

=Others

+ In grains and oilseeds 50% of the products are related to top 3 categories
+ 70% of the products in fruits and vegetables belongs to top 3 categories

5&P Global
Commosiy insights

NBT traits analysis for fuits and vegetablos
pantbrading or st
Storage performance [ 13
Improved food qualty; Storage.. I 15
Abiotc stress toerance [ 15
Pant yield, metavorism.. N 52
st protcion. | 55
I

270 producs belong o
s and vegetabies

Naninsect

Grop Scence  Trends n the GlobalSeed Market February 2026

NBT product updates for leading countries/regions

Products are either iali or app for near co ization

1. Three NBT
2. Nonbrowring banana (2024, Troplc Biosciences)
3. Glfosinate-tolerant camelina (2025, Yield10)
4. Non-trowning Avocado (2023, GreenVenus)
.
Calyno™ (2015, s USDA approval
D 7. Paiwise’
greens (2023, 8 and GHFLAS
(2023, GreenVenus) 9. Many other for
GreenVenus
(Orange tolrant o nor-nsect pests)
1. o BASF) — Approved: — Approved;
commerciaization awaied
wing NBT uats, Canada and EU
(@027
Conscious™ omards)
Canada O s sy USA, Canada and EU (2028 onwards), but frstin

5&P Global
Commosiy

insignts

Usa
Scleraina resistance in canola to be launched in USA, Canada and EU (2028 onwards), but frstin USA

+

Scierotina resistance in soyboan [0 be launched in USA and Brazi, 2029 onwards

2029 onwards

Indian Seed Congress 2025
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NBT product updates for leading countries/regions

Products are either commercialized or approved for near commercialization

Country | Commercalized products Produ

Amyopectn

Jspan  Siciian Rouge high GABA tomato sol since 2021

Rouge high
Prilppines  None e bt
‘Approved; commercialization awalted

in two wheat
China
Nore

(mainland)

varity
(ibus has conducted lld tias on pod shatier esistance cancia
UK None
fordwar

Baigum  None

Argontna  Nono Nonbrowning potatoes (2018) — Approved

- Bioteu HPPD, AL um, soyb
and coton. ) 3

0 As por

&P Global
Commoity Insights Press——

rop Sciance Trancs i the Gl Seed Mkt February 2025

Gene-edited events approved for cultivation/processing in China

croptype |VarietyEvent | rait Develop Genes moduited e date
com 179AC19-1313 52 May 7, 2020 May 5, 2020
TOMLO-AT TabLOB1
Wheat MLOKNRNP e fungal nfection Chinese Academy of Sciences TaMLO-D1; TaMLOX May 7. 2024 May 62029
Incroased o ackd content

Sobean  AEisipq  hoesedoscs s Api 21,2023 Apr 20,2028

Soppean 257331 w Gmeirsa January 2, 2024 sanuary 1,2029

Sopen P Improved qualty it Suzhow O Blodesign Co, Lt GMFADZ:1A; GFADR-18  January2,2026 January 1,2020
Suzhow Qe Biotech Co. Li: s

Soean  QHSA112  Highyels Suhou Qe Setech Co, L Gntn Docamber 25,2024 Decomber 24,2029

Sojpean  ECOISYFT  improved physicogca vats China Seed Group Co, Lid. et GmeiLs Dscamber 25,2024 Decamber 24,2020

com KNNLLZ Highyied Weimi Botech (Hainan) Co. Lt ZmiLs Docember 25,2024 Decamber 24,2020

Aered sarch composton  Suzhou Gihe Bitech Co, LI

Rlee Tess mainly amyiose content _ Beling Qihe Biotech Co,, Ld s e o e

Wheat TaALs4 Tolerance o ALSIANBING - Suznou Qive Biotsch Co., Lic TaALs December 25,2024 December 24,2029

- Nt com,

o a pushin tho NBT

. 7 o

SaFGiobal

Commosity insights s %

rop Science Trancs i the Gl Seed Mkt February 2025

Analysis of GM traits in the pipeline from 2024 to 2030

Leading players have a strong pipeline, committing to introduce 26 traits in key crops

Upcoming GM traits by crop Upcoming GM traits by company Upcoming GM traits by application category

rop Science Trancs i the Gl Seec Mkt February 2025

Other technologies- Direct seeded rice

Adoption of DSR will positively impact rice seed prices and associated herbicides sales in the region

Direct seeded rice- technology introduction DSR-Recent updates

NBTs on the market, and their regulations wil remain subject to

Without GM commercialization in China, we expect the global market to grow at +1.2% per annum. GM adoption in China and hybrid wheat

6
. - DSR is gaining atention gobally as @ more sustainable allemative to - Bayer, Shell, and GenZero Collaboration (2023): Parinered to promole
traditona ice transplanting, pimary d to s effciency in water use, sustainabl ice farming to reduce methane emissions and improve
12 ° reduced 3 for water efficiency, targeting 25,000 hectares in India by 2023-24.
S 10 ° mechanization « Mahyco and Advanta involved in new DSR product launches.
" 8 . i i ut i ut fuctivit
s D e e e obal + Syngenta and FMC launched tetflupyrolimet, herbicide tailored for DSR
. . challenges imit ts adopton n Asia, where more than 80% of global rce St
com N is produced and consumed
. - BASF has successiul productsin American markels (Clearfield and
. s - Leading seed companies involved n the development and promoion of B ek ol coraton it
=coton o | B | -- Syngenta, Easl.Wes! Seed, Mahyco and Advanta Seeds. i
[ ] 5 2 N + Bayer, e ring i
: 3 5 & ] 2 Bayer, BASF and Corteva are working n collaboraton with (RRI - Bayers breeding programs introduced cimate-resilent hybrids
[r— 3 L4 HE : - Bayer, BASF, Corteva and Syngenta, also focused on the development optimized for DSR, coupled wit digtal ool ke FarmRise to support
H H HER u and oferng of herbiide system agronomic decisions.
H H )] s o= o= oz oz oo + Savannah Secds, an Inda-based subsidiary of Ricetes and Mahyco  Ithas claimed to each around 18,700 hectares of DS rice in Indiain
8 8 G 2% R formed a JV to introduce non-GMO HT rice varieties in India 2024 and aim to reach 1,000,000 hectares in India by 2030.
s §f c + In2024, Bayer signed a MoU with the Philippine Department of
] Agriculture — Bureau of Agricultural Research (DA-BAR focusing on
i &y sustainabilly and new farming systems such as DSR.
S&P Global S&P Global
Commoniy insights [Er—— Commody insights caurom »
Crop S Tencs n e loe Sesa aret ety 2025 Crop e Tencs e loe Sesa aret ey 2025
Summary Global seed market outlook from 2024 to 2034
Seed Market Performance in $ billion
The seed industry is an R&D-driven sector with a solid trait pipel both GM and non-< the. Forecast —Historical Value ~—Scenario 1 —Scenario 2
‘coming decade. 80 GM commercialization in China is expected to have ripple effects on the global seed market:
 Positive impact on Chinese seed prics, benefiing domesic payers
ﬁ oM s el nom-GM trais from hybrid wheat wil bs the key 70 + Negative impact on Chinese grain demand and imports
o 60 + Influence on high-quality seed purchasing decisions
? Adoption of GM in new geographies, such as China, may significantly impact the market. 50
2
R, GM traits put traits, hereas NBTs input, agronomic, 40 Growth driven by seed prices
N and , bringing a y of crops, a food crops. and new trait introduction and
30 negatively affected by crop
ﬁ‘& ‘The impact of NBTs on seeds is likely to be Iess man that nl GM traits, as their benefits are more marginal and further downstream, making it
and corn, soybean, cotton, and canola. 20
3 inthe fuits and andin food crops ke rce and whea, where GM technology has faced 10
severalreections.
o=
=39 The impact of NBTs this timefr it sful adopti 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034

The lack of a
political pressures and legal challenges, as

hgmea by the recent US court rling that vacated the SECURE Rul, reinstating stricter oversight.

5&F Global
Commodity Insights

might change the scenario. With GM commercialization in China, we expect the global market to grow at +2.5% per annum.

5&F Global
Commodity Insights

Questions?
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Dr. Tanushri Kaul, Group Leader, Nutritional Improvement of Crops, ICGEB

SCORCHING RECORD SHATTERED! NASA CONFIRMS 2024 AS THE WARMEST YEAR ON RECORD

Global Temperature Anomaligs On Earth's Surface-Deviate From The A

Precision Breeding via CRISPR-Cas-mediated

Genome-Editing

REVOLUTIONIZING SUSTAINABLE AGRICULTURE:

Leveraging Genomics and CRISPR/Cas9-Based Genome Editing
Technology to Re-Design Crops

Dr. Tanushri Kaul
Group Leader
Nutritional Improvement of Crops Group
International Centre for Genetlc Engineering and Biotechnology(ICGEB)

Global temperatures in 2024 were 2.30 degrees Fahrenheit (1.28 degrees Celsius) above the agency’s 20th-century baseline (1951-1980),
which tops the record set in 2023. The new record comes after 15 consecutive months (June 2023 through August 2024) of monthly
temperature records — an unprecedented HEAT STREAK!! NASA scientists further estimate Earth in 2024 was about 2.65 degrees Fahrenheit
(1.47 degrees Celsius) warmer than the mid-19th century average (1850-1900).

The Paris Agreement on climate change S6tS forthiefforts to femain below] 1.5 degrees Celsius over the long term. To put that in perspective,
temperatures during the warm periods on Earth three million years ago — when sea levels were dozens of feet higher than today — were only
around 3 degrees Celsius warmer than pre-industrial levels,” said Gavin Schmid, director of NASA's Goddard Institute for Space Studies
(GISS) in New York. Hence, we are halfway to PLIOCENE level warmth i just 150 years.

The [Warming trendlof recent/decadeslis driven by heat-trapping BEIBOMIGIONIEE, MEHHARE, and other greenhouse gases. In 2022 and 2023,
Earth saw record increases in carbon dioxide emissions from fossil fuels, according to a recent international analysis. The Concentration of
carbon dioxide in the atmosphere has [iGieaseaNTOMIPIENAUSHIANICVESHNINEMBINIGERMURAC ! approximately 278 parts per million to
about 420 parts per million today.

WORLD POPULATION YEAR 1800-2100 &

Nature has been Editing Genomes fer a very leng time

NUTRITIONAL ; % i '
IMPROVEMENT OF CROPS : b
\COEg § v . | g
(G®) = — — ;
t\}-ﬂfd ." < : ~ § ¥ . e\/o U - Adaptation to South  Corn Areas
S

Europe-1494  Extension-Ist
Tanushri Kaul Selection of Natural \/amams Domestication Hybrids in
Group Leader Wild Ancestor Mexico rance
tanushri@icgeb.res.in America 7000y
https/Avwwicgeb.orgianushri-kaul/
https://www.icgeb.org/nutritional-improvement-of-crops/

N

draces® Bresding = Cullivars
.o eee

Breeding Future pof Ase.
Crops To Feed $ o T o okl and
Nourish the .
World Through || sems ey o
De Novo o 20w domesication -
Domestication * ke strtiog sl s

® Gene annctation
* Genome editing

Ay wid plants o S
showing site trats  Field valuation

De novo domestication as a promising route in creating future crops. Crop domestication and breeding are critical for the survival and development of
human civiization, which cost thousands of years to change the wild plants in civilization origins to modern cultivars; however, the genetic diversity,
represented by the different colours of dots, is greatly reduced due to the intensive selection of wild plants and monoculture of elite varieties. With the
technology revolutions, de novo domestication has been proposed and practised to meet future agricultural chal which can speedily select and
domesticate elite wild plants while retaining the genetic diversity and the associated elite traits

CRISPR : Nobel Prize in Chemistry 2020 fﬁf‘

Genome # Q@
Editing by \ ’

Pesticides etc. that destroy Organic

i CRISPR/Cas9 4 ( N‘\ Easier
Matter-Microbes. v s
: é ) b 9, A\\f
4 L s

* Humankind is on the verge of’Eenetic Revolution that holds great promise and
potentlal in the areas of human health- somatic GE, gene therapy-cancer

‘ Diversification of Diets Is Crucial To
Prm:ect Top-Soil ' Degradation And Human ic tools, Li animal models,

environment and agriculture.
+ Alter the way food is grown, icine is p animals are
* Innovation in strategies to produce plastlcs, biofuels, chemicals etc.

The Key.  (Rice bean, Amaranthus, Moringa,

Ready-to-use set of precise surgical tools poised to salvage our food supply from
Buckwheat, Millets, Barley, Quinod)

climate change, weeds, poor nutrient levels and pathogens.
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THE CRISPR MENAGERIE

» Control the Genetic Composition of Species that Co-inhibit Earth

# Display facts about Nature & Genetic similarities that bind us.

> Plants that stand climate change;

»Plants that are

+ MLO gene mutation led to powdery mildew resistance in BARLEY, WHEAT

* SWEET GENES mutations led to Bacterial blight resistance in RICE

+ HUANGLONGBING or Yellow Dragon Disease-Resistance in SWEET ORANGES

Affecting Asia, California, Texas & Florida

* SOIL-FUNGUS (Fusarium oxysporum) Resistance in Cavendish-BANANAS
(S00-Kim,S Korea)

» Natural Resistance to Herbicides in CORN, SOYBEAN, POTATO

»Mosquitoes that are unable to transmit Malariaj

» Cows that No Longer Grow Horns, Goats with more muscle-meat-hair 4

> Ultra-muscular dogs that make fearsome partners for Police & Army. s

> Creating Micropigs, Swines-No bigger than large cats that may be sold as pets. .P

>De-Extinction Ventures- Dodo, Mammoths, Winged Lizards (pterosaur),

(&)
b

Programmable
DNA Cleavage
Endonucleases

Amongst All Existent
Programmable SSNs,
CRISPR-Cas System has
Explicitly Emerged as a
Prominently Efficacious
Tool that Enables

Precise & Targeted Genome
Modifications In Diverse

Unicorn. ... Geneticists using CRISPR wish to resurrect extinct beasts, someday! Organisms Tomplate End R
> Studying relationships with ‘modern-day species|?? Beth Shapiro, Univ Of California, e, |Endogenous Repair
Santa Cruz Machinery
»>Study of Unique Features: Regeneration potential of limbs in Mexican salamanders, L v ‘J”Oduces
butterfly wing patterns, ageing in kill fish, yeast that infects human tissues, pigs as donors & s utations.
for human organs, ...?2? Applications on our own species has greatest promise & peril e s
GE, e - .
g%n‘“ Plant Editing Tools: Type Il & V: Emerged as Crucial Edifices
et o2 N6/ « Simple &Efficacious Nature of
Type V-A Casi2a (Cpf1) Engineering
v Adaptability for Multiplexing
Diversity of PRV ey . « Evolved as an innate component of adaptive
CR'SPR»C Type V-C Cas12¢ (C2¢3) b immune in . ﬂndﬂ; 1
as systems, CRISPR/Cas9 system; Clustered
Endonucleases:| ™rev-p  Casizd (Cas) regulaly interspaced  short  palindromic
repeats and associated protein 9 (SpCas9) are
Type V-E Gas12e (CasX) o
L versatle molecular tools that ensure specific
ant Plant r | and tageted genome modifications - that
Genome Editing Tools N Homalogous End sl T — consists of
from Type Il & V have 1 I + single guide RNA (sgRNA),
as crucial « Protospacer adjacent motif (PAM) and

edifices.

* Cas9 nuclease recognizes a Geich PAM at
the 3"end ofthe target site.

CRISPR/ Cpfl system from Prevotella and
Erancisellal (CpflyCasl2a single protein
‘which recognizes Trich PAM at the 5”end of
the target soquence.

The Cas9 creates a Double strand break with
blunt ends and The Cpfl creates a Double
strand break with staggered cuts.

Programmable
DNA
Cleavage
Endonucleases

CRISPR/Cas9 (Type Il) & 2
Cas12a (Cpf1; Type V)-
Pioneering Reagents Sticky ends
Employed In Editing i 4
Plant Genomes. TOOOOOOT, IO T —— T
*+ Simple & Efficacious <. “ )
Nature ; Chr P | —— T e —
+ Adaptability For O )
Multiplexing - .
l
. ch . —
DSB s followed Target Knock-out & Knock-in of HDR template
by repair
h N 1 End Joining

Homology Donor Repair Pathway

Pathway (NHE]) (HDR)

ICGEB’s NUTRITIONAL IMPROVEMENT OF CROPS GRO!
DEVELOPED SDN1 & SDN2 CROP LINES

e,
= !“‘
i

£ new
qenem material
bp

Re-designing rice crop for improved grain micronutrient quality using
CRISPR-Cas9/Cpf1 genome editing

Cd?* transporter

Tanushri Kaul
Group Leader
Nutritional Improvement of Crops
ICGEB, NEW DELHI

@  SDN-1 Biofortified Samba Mahsuri Rice Events With Enhanced Iron & Zinc in Endosperms Employing CRISPR i

TR 'I"I"Ililllll'lll
AL 334\431

(L1

the cadmium transporter
gone (0sCaT) 1 X co BPT 3 co. fature stage.
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Development of Transgene-Free Glyphosate-
Resistant SDN-2 Rice

Tanushri Kaul
Group Leader
Nutritional Improvement of Crops Group
ICGEB, Aruna Asaf Ali Marg
New Delhi-110067 INDIA
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phunilalaning Terodna  Topieptan Weeds & Rice Both Affected

Weeds Compete

resistant rice plants

Introduc tations i y P :
Inwducog iaions B G, hosate Redisant Rice
OsEPSPS gene by using Plants With Enhanced Yield

CRISPR/Cas9 |

CRISPR/Cas-based glyphosate

Rice plant RESISTS & SUPPRESSES weeds

CRISPR/Cas9-Based Genome Editing of Native EPSPS Employing
Knock-out and Knock-in of Homology Donor Repair Template
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Precise Sequence Modification of EPSPS genes by introducing
three mutations in the target site amino acids.

Quantification of
Essential Aromatic Amino
Acids (Tyr, Trp, Phe)

Quantification of
Shikimate

oy

CRISPR-Cas9-Based EDITING of PEP Target Site of Native EPSP Synthase gene in Maize
(CRISPR/CAS9-MEDIATED HOMOLOGY DONOR REPAIR BASE EDITING SYSTEM TO CONFER HERBICIDE RESISTANCE

tocop yield. CRISPR/Cas9-mediated HDR was used to knock out a conserved region of the native ZnEPSPS
geneand knockina i ATIPS). The edit i i i
s
resilience. +Our group developed EPSPS edited maize lines tolerant to non-selective herbicide glyphosate.

“Technology s being extrapolated to other crops that face weed constraint-tomato soybean & chickpea

Maize EPSPS gene Edited LINES
Treated Wih 4ml Glyphosate

@ Developing double herbicide tolerant pigeonpea for improved weed management employing two-pronged
miningin nati and mediated genome editing

Pigeonpea [Cajanus cajan (L] is a major legume crop in India and an important source of protein and feed for both fumans and anima,
Weed infestation is one of ife crucial Gitic stress fuctors contributing to vie loss in pigeonpea. To overcome the weeds nfestation,
selective post-emergence herbicides fiave used: One of the most widely used herbicides in agriculture today is giypfiosate (post-
mergence fierbicides). Its mode of action encompasses infiiition of 5-enolpyruvyGhikimate:s- phosphate syntfiase (ESPS), an enzyme
involved in the biosyntiesis of aromatic amino acids (Try, Phe, Tyr). Besides glyphosate, ALS (Acetolactate synthase) infibiting herbicides
are widely used around the world. When we spray plants with these ierbicides, plants cannot biosyntfiesize essential branched-chain amino

acids due to the infiibition o/;u&wh : Suloryiuea
Non-Selective Systemic Herbicide “"; Non-Seletive Systermic Herbicide

e

Herbicides
Mode of
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CRISPR/Cas9-Based Genome Editing of Native EPSPS Employing
Knock-out and Knock-in of Homology Donor Repair Template
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5ot TR, AEE-M-3"  Nocive p5ps
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Precise Sequence Modification of EPSPS genes by introducing
three mutations in the target sife amino acids.

\CCEg

CRISPR/Cas9-Based Genome Editing of Native ALS Employing Knock-oul (
and Knock-in of Homology Donor Repair Template

X I
5ot TR RO, REE-M3"  Notve ALS
N RN -5

)
e wuTANT ALS

ESL

Precise Sequence Modification of ALS gene by infroducing one,
‘two or three mutations in the target site amino acids.
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",‘ ‘,‘ ,&"\ Advancing Herbicide Resistance in Soybean (Glycine max L.) through CRISPR/Cas9 Genome Editing

¥ Combating Aggressive Weeds in Pigeonpea (Cajanus cajan L.) through CRISPR-Based Genome Editing \.v Weed infestation poses a significant challenge to soybean production, leading to severe yield losses. To tackle this issue, CRISPR/Case genome
editing technology was used to develop herbicide-resistant soybean lines by targeting key genes involved in herbicide sensitivity, GmEPSPS and

Weed infestation severely limits pigeonpea productivity. To address this, the CcEPSPS gene was precisely edited at positions 182G-40-A, 183T+o, and 187P40-S GMALS. Sequencing of T, plants revealed successful mutations in GMEPSPS, including G=A, T-I, AV, and, while two crucial edits, G-Eand P-S, were
wsing CRISPR-Cas9-mediated HDR, rechcing glyphosate binding affinity. The edited plants exhibited stable inheritnce, enbanced glyphosate resistance, and identified in GMALS. Cas9 integration and mutation-specific primer analysis validated the incorporation of these edits, with sequencing confirming
- rTTence e " odr olion. site-specific modifications. These promising lines will undergo further screening and agronomic evaluation to establish robust, herbicide-resistant

a of sustaining p: pressures.

gt (e, 15 A LaT)

i|||||||||nmllh||||||n

(%#, CRISPR/Cas9 i Editing for Fibre Quality and Agronomic Traits in Cotton ,‘?‘I‘ CRISPR/Cas9-Mediated Devel of Hypo-All ic & Hyper-Lycopene Tomatoes
Cotton faces in improving fibre quality and yield due to its complex genome. Through v 2 i i 12-14% of ing health risks and seaurity isissue, CRISPR/Cas9 genome 5
CRISPR/Cas9-based genome editing, a key negative regulator of fibre development was precisely knocked out, achieving a 100% i i sruption Tt i
mutation efficiency. Molecular analysis validated the successful edits. The edited plants demonstrated a significant twofold exhibited signif enicity and improved nutriionsl safet inth fified plants This
increase in fibre length, a 25-30% yield enhancement, and improved plant morphology. Early flowering was also observed, breakthrough promotes healthier tomato consumption, reduces health risks for sensitive consumers, and contributes to sustainable agriculture. The
contributing to shorter cultivation periods. These advancements provide a promising approach for developing early-maturing, health.
high-yielding, and high-quality Upland cotton cultivars, cotton and improved market

competitiveness.

Fibre Length (mm)

Comal Ctis a2 Gred Gro7
Genome sdted corton nas

Fie Langih (mim)
.

Fiber strength (g/tex)

ZDI|‘|I
»

Cotton Genome Ecited Linas

i strangtn gtex)

Genome-Edited DDSR-Herbici istant & Fe-Zn Enriched Samba Mahsuri: - g . "
Climate Smart, Water-Wise Dry-Direct Seeded Rice for Sustainable & —— Water—Guzzllng Puddled Transr)lanted Rice

Profitable Rice Production: — (CT'TPR) & Global Warming Potential
Exploring the Paradigm Shift From TPR to DDSR
3 ++ The demand for rice is on the rise. Projections by the world researchers anticipate crop
Dr. Tanushrl Kaul production needs to increase by 100-110% in the next 30 years in order to meet global

Group Leader

"'kmmmhammmmmmmmmm
i) i duce the envi

Nutrition
& Crop Improvement Group & ,.‘ oo Wﬂmﬂm
N\ ‘h“ &‘ | production. Presenty igated agrcuture accounts fo 70% and 90% o total restwater
T 'i la ‘withdrawal, globally and in Asia, respectively. Per capita water availability reduced by 34-
76%.
IymY  Roeisamopfesherse 500t cf s o prockcs
|§hib ® ONEkgofRoughRice.
J Increasing water scarcity due to climate change and competition from urbanization is
s+ Cor shortage of labour
arable land, iti
tomeet s
stated goal » B
Dry DSR-Need of the Hour: Key Aspects of DDSR
PROS & CONS Associated With Dry Direct-seeded Rice (DDSR)~ Water Conservation: DDSR requires lass water compared to troditional flooded rice cultivation methods, as it
< DDSR system has various advantages over the can be grown under gerobic conditions. This con help in conserving water, especiaily in regions facing water
ik transplanted and Wet-DSR systems such as scarcity.
- « Reduced Water Usage, ZT, DZT Labor and Cost Savings: DDSR elimi the need for labor-intensive activities (ke raising nursery beds,
= Reduced Methane E%ni’ssi;ms, transplanting seedlings, and maintaining flooded conditions. This can result in significant cost savings for
N,0: CH,: CO, = 60:39:1 Rice-based CT-TPR. farmers.
= Compatible with Mechanization, Reduced Methane Emissions: Unlike flooded rice cultivation, DDSR reduces methane emissions from
- ';55 Lal():our ’E"q“‘fem‘é“‘l . [paddies, which contributes to greenhouse gas reduction efforts. Trade-off between Methane ang Nitrous
T h e;’!’;f’s 05"&.]2;3?; o ayrg‘;;‘:‘”'y Oxia isa problem in divising GHG mitigation strategies n ics. Crcial Solrecox potential o elease af 0
= Succeeding crops grown after DDSR-showed better is-250mV
yield than TPR. Weed Management & Nutritional Deficiencies: DDSR requires effective weed management strategies, such
= At the same time, several challenges that have to be s the use of herbicides, mechanical weeding, or crop rotation, to control weeds since the flooded conditions
addressed to make DDSR a regular practice that suppress weeds in transplanted rice are nat present, Nutrient dynamics also needs a boost as mobility &
= Weed Rivalry, et solubility is affected in aerobic conditions.
. ZJ‘;’C"E"‘)“‘;E;:;}’:S?;::‘;'::_:g&zg’l:s:" é’;‘;\k:‘ Spot Grain ¥ield Potential: Properly managed DDSR can achieve comparable or even higher yields than traditional
= Soil-b g RKN-nen . geni transplanted rice, especiauv in favorable conditions.
fungus N
Barefs of DOSR Comtinsotoose | = Lodging Susceptibility- Harvesting is difficult.

Early Seedling Vigour — Seed Establishment, Growth
Performance.
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Common Weeds of DDSR

@
B

Paspalum disticum Digitaria setigera  Eleysine indica

Fimbistrilis miliacia

Cyperus diformis

Echinocola glabrescens

C

“ El

Echinochola crus-gali

b

Ri
K h
Echinochola colona  paspalam disticum  Sphenoclea zeylanica

There is a Drastic Change in

omposition and Diversity of Weed

Flora with a SHIFT from CT-PTR to DDSR
within 4-6 seasons of DDSR Cropping in
India and Malaysia & Vietnam.

mergence of weeds like Weedy-Rice

(O. sativa F. spontanea) is a serious
concern in DDSR causing yield loss

etween 15%-100%.

Milling Quality gets impaired if Weedy

ice gets mixed with rice seeds during
arvesting.

Weed Management
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The current total global grain production s ~2.1 billion metric tons. Assuming
an overall yield loss of 10% due to weeds (www.fao.org/3/a0884e/a0884e.pdf),
the total loss in grain production is ~200 million metric tons. If this loss can be
reduced by half, grain production would increase by 100 million metric tons,
‘which could serve in reducing hunger worldwide.

Chemical
(RoundUp spraying)

The standard rate of foliar Roundup spraying is 0.75
Ib a.e/gal in acre

Economic losses (USD in million) 30000 Eci

Annual Economic Losses Due To Weeds In India.

ottt Lt o s

onomic losses (in crore)

o
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India loses agri produce worth over $11 billion; wherein Rice exhibited the d loss of $4.4 billion.

Glyphosate Status i

3

Statistical data on pesticides in India shows that glyphosate stands at the second position in
production and consumption among herbicides, following 2,4-D. The data for production
and consumption shows a huge difference and little information is available on its export.

Though seven glyphosate formulations are approved in India, only three are reported to be
employed by farmers. Glyphosate 41% SL is the widely used one, followed by Glyphosate 71%SG. A
formulation, comprising of a combination of Oxyflurofen 2.5% + Glyphosate (Isopropylamime salt)
41% SC is also reported.
An Indian Council of Agricultural Research's report reveals that two formulations of
glyphosate, 41% SL and 71% SG are widely used in at least 22 Indian states for a
number of cereals, pulses, oilseeds, fruits, vegetables, fibre crops, etc. About 52
brands of four glyphosate formulations have been reported (Choudhary et al. 2016)

Data source: Pesticide Action Network India (PAN India), PAN Asia Pacific (PANAP)
State of Glyphosate Use in India

Glyphosate Status in India
L - &

Glyphosate is registered for use in India under the provisions of Insecticides Act,

1968 (CIBRC)

In India, seven formulations of glyphosate [Glyphosate
Glyphosate ammonium salt 71% SG, 5% SL(FI), 20%
amine salt (IPA) 41% SL] are registered under Insecticide

41% SL, 20.2% SL, 5%SL;
SL; Glyphosate Isopropyl
Act 1968, for commercial

use (http://ppgs.gov.in/divisions/cib-rc/registered-products as on 01-06-2023,

cited on 05-07-2023).

Source:
https://ppqs.gov.in/divis
ions/cib-rc/registered-
products

AL India- State Wise Glyphosate Consumption In Rice Field

Jammu & Kashmir and
Himachal Pradesh
Volume (t or kL)- 10.10
Value (% in crore) - 2.45

Punjab

Volume (¢ or kL)- 58.60

Value (% in crore) - 14.21
Volume (t or kL)- 5.81

Gujarat Value (% in crore) - 1.41

Volume (t or kL)- 5.81
Value (% in crore) - 1.41

Karnataka and Goa

Volume (t or kL)- 3.11 M\ 1o pradesh
Value R in crore) !
Kerala =g *t- Ton : kL- kilolitre
o Data Source: ICAR - Directorate of
Weed Research: Herbicide Use in
Indian Agriculture

(“M" ICGEB’s NUTRITIONAL IMPROVEMENT O

F CROPS Y

L GROUP DEVELOPED SDN1 & SDN2 CROP u* %"
n, C
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&35
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1/
(SDN) Tecfmologies

Knock-out and
Knock-in of HDR-
template
few bp change

Gene Knock-out
Deletions/change

SDN-3

Add new
genetic material

Volume (t or kL)
j4

Value (X in crore)
i
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Development of Transgene-Free Glyphosate-
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Introducing  mutations
Rice plant RESISTS & SUPPRESSES weeds | glyphosate binding M‘CS in

Glyphosate Resistant Rice

phunilalaning Terodna  Topieptan Weeds & Rice Both Affected

OsEPSPS gene by using Plants With Enhanced Yield

CRISPR/Cas9

Glyphosate’s mode
of action

,‘\
LS

CRISPR/Cas-based glyphosate
resistant rice plants

1
Weeds Are The Major Constraint In DDSR. l‘{‘ﬁ i ¥

Totrtoonad et o Crove

+ Crop improvement is essential for enhancing nutrition and world food security for human beings.

« Rice (Oryza sativa L.) is an important cereal grain used worldwide for food. It also plays a vital role in Indian food security
as it is staple food for two thirds of Indian people.

Weeds pose severe biological constraints as they compete with the main crop for space, sunlight, and nutrition, besides
serving as an alternative host for numerous diseases, insects, and pests. Therefore, adversely affect rice productivity.
Manual weed control is not feasible from the point of time, labor supply, monitory cost.

+ Flooding and intensive puddling is an added advantage in lowland rice weed management.

« Several pre- and p are being used for weeds, but they are simultaneously lethal to
rice crops.

. N glycine) is a utilized herbicide introduced to the world

agriculture field in 1974 by Monsanto Co. Glyphosate is a widely used non-selective, systemic herbicide for

‘weed control in forestry, industrial areas, etc. With the introduction of

roundup-ready crops (soybean, cotton, corn and canola), use of glyphosate increased many folds (from 51 million
kg in 1995 to 750 million kg in 2014-nearly 15-fold jump) worldwide.

EPSPS a chloroplast-localized enzyme that is directly involved in biosynthesis of Phe, Trp, & Tyr via shikimate pathway
acts as the biological target for glyphosate.

. it (PEP), posing as its transitory state analog that stringently
binds to the conserved PEP-binding site motif which lies adjacent to shikimate-3-phosphate (S3P) in the active site of
EPSPS-S3P complex in place of PEP. This concatenation inhibits the EPSPS inhibits the EPSPS enzyme's catalysis
thereby curbing the pathway.

In India, glyphosate is in use since 1980s. It is a very popular herbicide with the farmers and is currently one of the
largest selling herbicides in the country. Glyphosate usage has increased independently, especially after the
introduction of illegal herbicide-tolerant GM cotton seeds and rise in farm labour wages.

CRISPR/Cas9-Based Genome Editing of Native EPSPS
Employing Knock-out and Knock-in of Homology Donor Repair
Template

3~ .._.mmm&m,ﬁ....., Native EPSPS

e R

Danor

template

i ———— muTANT EPsPS.
AIS

+

Precise Sequence Modification of EPSPS gene by
introducing three mutations in the target site

‘*}‘g) Native OSEPSPS Sequence .~ U

TTCGTT

TATATTAAGGGAGGGCAGAAGT.

amino acids. m
NIC-TK1-CRISPR/Cas9 Binary Vector
o et sah oy
@ a S
HDR Template Sequence wdRTRD, covein
)
Lo 000
[y -
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ottt oy
[ro—
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a. llustrates the structures of pCAMBIA1300 ~based NIC-TK1-CRISPR/Cas9 binary vector. NLS, nuclear localization sequence,
essential sequences and restriction sites required for the cloning and analysis of sgRNA expression cassettes are given.
b. The schematic representation of the wild-type OSEPSPS gene with the locations of target 1 and target 2 for gRNAT and gRNA2,
- respectively. HDR template with desired amino acid substitution.
\COE,
iy A Y In vitro Regeneration and Transformation of Indica Rice Genotype (WG) i
In Vitro ion and ion of Indica Rice (sM) i f L
wen ingrmeet o

Indian Seed Congress 2025




National Seed
Association of India

ns

National Seed Association of India (NSAL)

da tes

a. Illustrates Cas9 free edited rice lines in green house condition.
b. Illustrates PCR based identification of Cas9 free rice edited lines using Cas9 primers. M-1kb DNA ladder, WC- Water control, PC-
Positive control (Cas9 harbouring plasmid), The lanes S1-S10 samples from each edited rice lines.

EEEERRRE

a. lllustrates Sanger sequencing of Cas9 free edited rice lines. Sequence chromatogram showing modified EPSPS gene (Glycine (GGA|
to Alanine (GCA), Threonine (ACT) to Isoleucine (ATT) and Proline (CCA) to Serine (AGC)).

b. lllustrates Southern blot analysis for the identification of Cas9 free segregates. In lanes S1-S7 no signal were detected, confirms the presenc
of Cas9-free T2 segregates. where, M- Marker, PC- positive control (Cas9), WT- wild type plant.

Evaluation Of Glyphosate Resistance Level Of Edited T2
Rice Plants Harbouring the mOsEPSPS In Greenhouse

F =
@ I
Foliar Spraying with 3ml/L Solution Herbicide Roundup Ready Containing 41% Glyphosate.

+ A. The plants shown were 7 days
after being sprayed with roundup
ready. The lines on the left side were
rice plants with the edited OSEPSPS
gene and the lines on the right side
were wild-type rice plants. Wherein,
wild-type plants showing wilting of
leaves while the edited plants grew
normally.

+ B.The plants shown were 14 days
after being sprayed with roundup
ready.

+ C. Recovered edited lines after
Roundup Ready spraying. Note that
the edited lines showed higher
gyphosate  resistance  and
possessed healthy and normal
morphology, whereas the wild plants
completely died.

ce Lines

-~

Phenotypic Analyses of Edited Ri

:@

Edited lines under simulated
field environment, with and
without GT resulted in vigorous
growth and exhibited
significantly higher productive
fitness and yield by 21-22%
(with GT) and 20-22% (without
GT)

EPSPS Activity Assay

H Treated control
ER1

= ER2

mER3

=ER4.

=ERS

mERG

u Control

EPSPS enzyme activity (OD660)

: E s : s s s ] ] ]
E H H H H H H H H H

Experiment was performed with crude protein extract from edited along with wild type plants by measuring inorganic
phosphate release. Graph was plotted with absorbance measured at OD660. Data represent the means SD of three
independent experiments (n = 3), P < 0.05.

Shikimic Acid Quantification

168h

Shikimic acid content (um/ml)
§
d content (um/im)

N > e o
S FEEES

> The quantitative estimation of SA content was performed employing HPLC analysis after 96h and 168h of foliar RR
(3ml/L) sprayed.

> Post RR-treatment, TC rice line revealed a 2.4-fold enhanced accumulation of SA than WT.

> Edited T, rice lines (ER,) revealed lower levels of endogenous shikimate in contrast to TC, but quite similar to WT
following treatment with glyphosate

-
B

Phenylatanine
Trypuophan

= Tyrosine

Control

Trewed Conwrol | ER1 S e ERi kR ER

> The effect of glyphosate on the abundance of amino acids (Phe, Trp and Tyr) were
after 96h of (3ml/L) by LC-MS. .

> GT led to a 2-fold increase of Phe; 2.5-fold increase of Trp, and 2-fold increase of
Tyr content in comparison with WT

WEED COMPETITION ASSAY & Cas9-Free Herbicide (Glyph: ) Rice Lines

Edited plants

Edited plants

Weets  Fditd

> Post.emergent herbicdal action of glyphosate before and after
folar application (3 mi/L) on et
After 1¢-d period post RR application,the edited plants extibit
healthy growth and both weeds and W plants couldn'tsurvive
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Rice Lines in Net House Field "

S

Edited

for Glyphosate Foliar Spray Analysis

Edited Lines Before Spray Glyphosate

\COEg

3Py

-

Edited Rice Lines in Net House Field
for Glyphosate Foliar Spray Analysis

1.5 mU/| Glyphosate

3 mU/L Glyphosate

2mUL Glypho
== o e

Non Sprayed

Event6 Event9

Event9

Event9 Event9 Event2

Event2

Event6 Event2 Event6
Edited Plants
sprayed with

2mU/1 Glyphosate

Edited Plants sprayed with
1.5 mU/L Glyphosate.

Edited Plants sprayed with

3ml/L Glyphosate Non-sprayed Edited Plants

Control Rice Plants in Net House Field for A
Glyphosate Foliar Spray Analysis

ste

Control Rice Plants in Net House Field for Glyphosate Foliar Spray Analysis @

1.5mU/L Glypho 3mU/LGlyphosate

Non Sprayed

Non-Sprayed Control Plants
sprayed

\Control with 2 mUL

Control Plants sprayed with 3 mUL
pray \ Glyphosate

Glyphosate

Control Plants sprayed with 1.5 mUt
Glyphosate

Re-designing rice crop for improved grain micronutrient quality using
CRISPR-Cas9/Cpfl genome edi

Tanushri Kaul
Group Leader
Nutritional Improvement of Crops
ICGEB, NEW DELHI

More than 2 billion people are affected by iron-zinc
deficiency worldwide, in developed & developing nations.

Mottt Wikl Ut
I ey st G

a pr Y
Preschool-age children

= In developing coumrces every

second pregnant woman and about
% o reschool children are

estimated fo be anaemic.

= Inmany developing countries, iron
deficiency anaemid is a?gmvared

worm_infections, malaria and
other infectious diseases such as
HIV and tuberculosis.

= Major  health  consequences
impaired physical & cognitive
development, increased = risk of

morbidity in_children & reduced
work productivity inadults.  coe,

o 20% of all maternal

¥ Gicbally, IDA-ADE affects 43- w%duumnswamsas%mm«ua%m-mmwi\gjf
Anaemia contributes deaths.

Current Nutritional Status (Fe/Zn) & Cd Toxicity (3%

¥ Nachimuthu et al 2014 Ind J Sci Technol, Collection of 192 rice genotypes (brown rice)
of diverse origin to assess variability in iron & zinc revealed that Rice germplasm
Fe content ranges from 6.6 1g/qg to 16.7 pg/qg andZn 7.1 ya/qg to 32.4 ya/g

with mean value of iron as 10.1 pg/g and zinc as 15.4 yg/g

Anuradha et al. 2012 J Phytol 4:19-25, Analysed 126 accessions of brown rice genotypes
Fe content 6.2 to 71.6 ppm and Zn content 26.2 to 67.3 ppm.

v Presently, Iron Content in Polished Rice Endosperms of popular varieties grown in field:
2-4 pg/g DW of Iron / 2-4 ppm Fe
v (Daily req: Iron is 16-28 mg/Day & Zn is 10-12 mg/Day)
v In order to provide 30% to 40% of dietary estimated average requirement (EAR) of
iron & zinc, ppm that should be present in polished rice grain endosperms is
Iron (15 ug/g Dry Weight) & Zinc (28 pg/g Dry Weight).

¥ More than 40% of dietary intake of cadmium is via rice leading to major health issue,
especially in Asia. Higher Health Index (HI) values(>1) of rice consuming adults (1.561) and
children (1.360) suggest adverse health effects in the near future. {Cd in Indian soils at

Rice grain quality is crucial economic frait for consumers as it's one of the staple food crops,
worldwide. Low levels of iron & zinc in rice grains cause nutritional deficiency related
disorders, predominantly anaemia, especially in pregnant women and kids (¢ Sy) that rely on
cereal-based diets. Iron and zinc also act as cofactors for plant growth and development.
Plants have excogitated  intricate regulatory mechanisms for metal ion accretion and
transport as well as averting their hyper-accumulation, conjointly fermed as metal ion
homeostasis.

+ Recognition of neoteric mreg:lons/semorsnncez'm-fnger proteins (OsFeS1, OsFeS2)
that bind iron and zinc, exhibit an innate activity and act as negative
regulators of iron accumulation in rice grains.

More than 40% of dl:?nry intake of cadmium is via rice leading to major
health issue, especially in Asia. Higher Health Index (HI) values of rice
consuming adults (1.561) and children (1.360) suggest their adverse health
effects in the near future. Rice grains accumulate Cd via xylem to phloem
transport. Regulation of transporters modulating Cd transport can alter the level
of Cd deposition in grains. OsCdT1 has been shown to be involved in xylem to
phloem Cd?* transport to grains & KD lines show low Cd and high Fe in grains.

Background

Meta-analysis

We proposed to knockout (KO) these 3 genes simultaneously in the rice
genome by multiplex CRISPR-Cas9/Cpf1-based genome editing fo develop
rice lines with improved micronutrient quality i.e., high Fe, and low Cd-
contents in grains of desired rice varieties.

Hypothesis

the East Coast range from 0.02 to 0.6 ugg-1 (Toxic levels 0.2 mg/kg)}
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ROOF OF CONCEPt o oSt oTes
Oryza sativa
Quantification of lon level in a single cell ;
can be predicted by Machine Learning
Inspiration of Algorithm has been adopted from Daniel C et al., 2018
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ROLE OF TRANSPORTER GENES IN CADMIUM TRANSPORTATION
FROM SOIL TO RICE GRAINS

INTERVASCULAR TRANSFER

()

Sequestration

(Vacuolar)
100% Remobilization via
phloem
Sequestration
(nodes and leaves) T
1 Xylem
Sequestration [cadine
(root cells ) 1
Cadmium Root
absorp! e
immobilization &
\COE;
Cadmium uptake from the soil is through OsIRT1 and OSNRAMPL; f fmﬁ‘

0sHMA2 and OsHMA3 mediate the cadmium transport from root to shoot
0sCdT1 remobilizes cadmium from leaves blade through the phloem to grains

Vector Construction And Rice Transformation COFs

A. Selection of Target Sequflnce and Designing of gRNA
Identifying the 23-bp sequence for 5-N(20)-NGG-3

web based tools
http://cbihzau.edu.cn/ cgi-bin/CRISPR;
http:/ /www.genome.arizona.edu/CRISPR/;
http:/ /www.rgenome.net/ CAS-OFFINDER,

http://www.e-crisp.org , CRISPR R GEN
B. Synthesizing and Cloning individual sgRNAs into a series of

expression vectors

C. Assembly of MultiplmJ’CRISPR and Cas9 system

GA G
5 NNNNNNNNNNNNNNNNNNNNGUUUUA GCUA“A
AAUMUUGAACMU‘A
. G
UAUUG
Required| A€ e,
G,
components * ot o
ynthetic two-part
for CRISPR- G (crRNA:tracrRNA) system
/ANA targeti - {crRIA:
Cas9 gene region of crRNA repeat i St and - cost
i tetraloop
edltl ng and tracrRNA sequence
synthesis of | sequence structure of single guide RNA
A How to design a S. pyogenes sgRNA for chemical synthesis:
guide RNA o progenes o8 v

+20 nucleotide (nt) targeting sequence (shown as poly N)
+12 nt of the crRNA repeat sequence

«4 nt of tetraloop sequence (underlined)

+64 nt of tracrRNA sequence

Developing & Cloning sgRNA Cassettes 0sS1-0sS2-0sCdT
In NIC-TK1-pCRISPR/Cas9

gRNA cassette
OsU6a:S1-0sU3:52-0sU6b:CdT
P aaits ) 2181 bp
) it

G st
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. .(ION: E
OsFeS1-OsFeS2-0OsCdT1 in Plant Transformation Vector

Q Vector backbone: Modified pCAMBIA1301
5’NNNNNNNNNNNNNNNNNNNNGUUUUAGAGCUAGAAAUAGCAAGUUAAAA Q Vector type: Plant Expression
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUU-3' Q Cas: plant codon optimized

Q Selectable marker: Marker free
O gRNA scaffold: FeS1-FeS2-CdT gRNA cassette NIC GROUP
Multiplexing Three 3-Gene-gRNA Cassettes \COEg
Into NIC-TK1-pCRISPR/Cas9 RGN A . ACOEp
- Biolistic Transformation ( \
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CRISPR/pCasd H ¢
Molecular analysis of Edited Rice lines through PCR
) o T e gsron) Analysis
i ] [rigan
B T-ON togH A L e + Cas Forward Primer: 5' TICGACCAGTCCAAGAACGG 3
woaze -7 ] Kl (376} * Cas9Reverse Primer: 5' CTTGACCTTIGGTGAGCTCGT 3'
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SANGER’s
SEQUENCING

\COEg.

Q}_{,’.},

Biolistic-
mediated rice
transformation

The steps

involved in
tissue culture for
the generation of
edited rice lines

\Well developedrests

e i

TO positive Cas9 rice
lines through multiplex
CRISPR Cas9 /
knockout the Fe & Zn-
sensing genes and iron-
binding haemerythrin
RING ubiquitin ligases
(OsFeS1 and OsFeS2),
simultaneously
knockout the cadmium
transporter gene
(OsCdTI) 1-46 : Cas9
positive rice lines, WT:
‘Wild type rice
BPT5204

\Okg

(\&?\,
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P

amplification of genomic DNA of
edited rice lines using forward and
reverse specific primers pairs

65

a) Cas9 PCR amplification

b) OsFeS1 PCR amplification
¢) OsFeS2 PCR amplification
d) 0sCdT1 PCR amplification

sraang,

152450

Wowawil 73 4 5 & 7 89 100111131415 1607

e

550

Legend
M~ 100 bp DNA Ladder

-ve — Negative (water) control

P- positive control (plasmid)

WT wild type ( Negative control).

TS WIS 16 17

\CEg

& (™)
T &

10

Mutations identified within the target sited of OsFeS1 generated through CRISPR/Cas9 mediated genome editing
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Mutations identified within the target sited of OsFeS2 generated through CRISPR/Cas9 mediated genome editing
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Mutations identi

d within the target sited of OsCdT1 generated through CRISPR/Cas9 mediated genome editing

| —— Geone T ZRNA sequence T TAM sequence ]
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haemerythrin RING ubiquitin ligases (OsFeSI and OsFes2),
(0sCdT1), 1-18 : Cas9 positive rice lines, WT: Wild type rice BPT5204 .

0k
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T, positive
Cas9 rice
lines through
multiplexing
sgRNAs-
CRISPR/
Cas9

Cas9 free edited rice lines through multiplex CRISPR Cas9 / knockout the Fe & Zn-sensing genes and iron-binding haemerythrin RING ubiquitin
ligases (OsFeS1 and OsFeS2), simultancously knockout the cadmium transporter gene (OsCdT1) 1-8 : Cas9 free rice lines, WT: Wild type rice
BPT5204 a. Frec cas9 cight edited rice lines in dough stage b. Free cas9 eight edited rice lines in Mature stage

Mutations identified with in the target sites of OsFeS1, OsFeS2 and OsCdT! generated through CRISPR/Cas9
mediated genome editing in T, Cas9-free edited rice lines generation
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Genotype Confirmation

Determination of genotype at the OsFeS1, OsFeS2 and OsCdT1 genes locus after CRISPR/Cas9 editing

The CRISPR/Cas9 system used to generate insertions or deletions (indels) in cells that can result in OsFeS1, OsFeS2 and OsCdT1
genes knockouts.

There are two copies of any given gene, and indels can be generated in either one or both alleles.

Aim of work :
After gene editing to determine edited plants have mutations in;
- One allele (monoallelic)
- Both alleles (biallelic)
- None of alleles (wild type)
The protocol involves :
- Amplification of the target site
- Invitro cleavage with Cas9
- The sgRNA used for the original CRISPR/Cas9 gene editing experiment

Detection:
If indels are present at the target site, the original sgRNA/Cas9 complex will be unable to cleave the site,
whereas wild-type alleles will be recognized and cleaved

Principle of Genotype Confirmation:

Monoallelic Biallelic
Mutation Mutation

[— N e——

If indels are present at the target "

site (black circle), the original

Cas9-sgRNA complex will be ) e e
unable to cleave the site; } mg) - Nln

. c‘ri’;‘:m Clzmssn‘nlwa c-csliﬁm:n
In contrast, wild-type alleles copies. o ®
(yellow) will be recognized and Ce )
cleaved.
The three different cleavage I ]
patterns can be distinguished by 2 ragments uarge:’::gmm 1 large fragment
agarose gel electrophoresis 2small

fragments

Determination of genotype at the OsFeS1, OsFeS2 and OsCdT1 locus after CRISPR/Cas9 editing {

Controls T keponsgenraton afer Eing

Determintion of genotype

In this experiment, edited Rice lines were treated with Cas and a
SERNA targeting the OsFeS1, OsFeS2 and OsCdT1 genes. The Guide-
it Genotype Confirmation Kit was used to determine the genotype
at the OsFeS1, OsFes2 and OsCdT1  target site. Wild-type (WT),
monoallelic (M), and biallelic (B), control reactions were included in
the analysis.

OsFes1

Controls.
centroy

e plons genration aer cing

Controls

Lwr,
.

osfest

CLLmE

O Wild type
N ™ .. R
" Y
ospesz N
B oo H
8
. a. The results indicated that OsFes1 T2 plants, 1 to 18 were
T ke s geraton strEtng a. The results indicated that OsFeS1 T1 plants, 1, 3, 4,6, 7 e o perens T a1 16 e el o oscuTt 13
. and 8 were biallelic; and plants 2, 5 and 9 were plants, 1o 18 were bialelc
monoallelic. b. OsFes2 T1 plants, 1, 2, 3, 5, 6 and 7 were I Lo e o
oscart biallelic; and plants 4, 8 and 9 were monoallelic. c.
0sCdT1 T1 plants, 1,2, 3, 4,5, 6, 8 and 9 were biallelic; .
and plant 7 was monoallelic. 5
8
Expression analysis of T2 edited knockout lines through multiplex CRISPR CAS9 / knockout the Fe & Zn-sensing genes and iron-binding
haemerythrin RING ubiquitin ligases (OsFeS1 and OsFesS2), simultaneously knockout the cadmium transporter gene (OsCdT1) through fold change Expression analysis of edited knockout Cas9 free rice lines through multiplex CRISPR Cas9 a) Fold change of OsFeS1, OsFeS2 and OsCdT1
(log2) and 2" AAct method in edited rice lines in roots b) Flag leave c) stem d) node e) flower
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Expression Analysis Of Differentially Expressed Genes For High Zinc And Iron In & .
. h . . . PO o
Polished Rice Edited Knockout Lines Through Multiplex CRISPR Cas9 s I I s I I l I II x I
a) ABC transporter superfamily ABCG subgroup member 4. b I l I I 4
b) Heavy metal ATPase 2. YA A e SR g e
¢) Iron Deficiency-responsive Element-binding Factor 1. - e ) R .
d) induced protein2,(acido-reductone dioxyg: ). . R s - el
€) Multi antimicrobial extrusion protein. . ' : &
) Natural resistance associated macrophage protein 5. : H o
g) Nicotianamine aminotransferase 1. saaasera 11345678 Tiaraeserae
h) NAC domain-containing protein 5 ), -~ = — W onam
i) BACTERIOCIDE EFFECT 1, homologues of mammalian Nrampl gene, Natural resistance associated "o - " .
macrophage protein 1. 'j xe 2 e 3
§) Vacuolar Iron Transporter/Nodulin-like family. A I I I 2 I l 1 III
K) Vacuolar Iron Transporter 1. il s i Sl Gy vasesers
v
L) Vacuolar Iron Transporter 2. - - - a5 — o T
m) Zinc-regulated transporter 2. s2 s » N :
n) mitochondrial Fe transporter. = - > . &
0) Nicotianamine synthase 1. l I @ § 1o ' i l l I
p) Iron-related transcription factor 2. \cOEy 2248878 o 1 ; R
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q) Iron regulated transporter 1.
r) Ferritin 1.
§) Ferritin 2.
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Histochemical detection (Localization of Fe, Zn and Cdinrice
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Histochemical detection for Localization of Iron, Zinc and Cd
Free Cas rice grains
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Elemental Analysis By Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) (\éﬁ"'g’\
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) Determination of Iron and
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Panicles of wild-type
and edited rice lines

a) Panicles of T1 edited rice
lines and wild type

b) Panicles of T2 edited rice
lines and wild type

©) Panicles of Cas9 free edited

rice lines Scale bars, 1 cm.

4) Grainsof T edied ricelinesand wi type
b) Grains of T2 edited rice lines and wild type
©) Grains of Cas9 free edited rice lines

Sealebars, 1 em
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Photosynthetic parameters analysis
(Infra-red gas analyser Li-COR, 6400-40)

Leaf gas exchange analysis using Infra-red Gas Analyzer (IRGA)
Photosynthetic parameters :

a) Photosynthetic Rate (A) pmol CO2 m™ s b) Intercellular CO2 concentration (Ci)
(umol CO2 mo s? ) c) Stomatal conductance to H20 (gs) (mol H20 m?s? ) d)
Transpiration Rate (Trmmol) E (mmol H20 m? s) e) Total conductance (CndTotal)
(mmol m2 s f) Total Conductance to CO2 (CndCo2)(mmol m2 s ) g) Intrinsic
water use efficiency IWUE (A/gs) h) Intercellular CO2 / Ambient CO2 (Ci/Ca) i)
Intercellular CO2 (Ci-Pa) j) A/Ci curves: response of CO2 uptake to intercellular
mole fraction of CO2 k) Ball-Berry parameter (AHs/Cs) L) Instantaneous water
use efficiency IWUE (A/E) were measured and plotted as bar graphs. Data shown is
mean = standard deviation; n=3.

Photosynthetic Parameters Analysis of Cas9-Free Edited Knockout Rice Lines
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INVITRO GERMINATION RATIO: (\r- Eo‘
MATURE RICE POLLEN GRAINS FOR EDITED RICE LINES AND WILD i

TYPE GROWN UNDER NORMAL GROWTH CONDITION

b

" T2 edited rice lines Free Cas9 edited rice lines

Aand B shows
high and medium
growth intensity of
pollen grains

“SPELELELILLEEEEEEE

Rice pollen grain tube lengths (um) for edited rice lines and wild type
grown under normal growth condition

©) Appropriate
‘microscopic field to

facilitate pollen tube

length and width -
calculations.,

T2 edited rice lines. Free Cas9 edited rice lines

Blue tringle represents

o . I.I.I.Ill.l.l.l
Some Of Microscopic Fields To Check " -

Pollen Tube Growth And Pollen Tube g SPPPEEPI LR IIEPEP

Length And Width Calculations

Anthers In Mature Spikelet's Of T, And T, Edited Rice Lines

STARCH BRANCHING ENZYME
(SBE) ACTIVITY ASSAY

GRANULE-BOUND STARCH
SYNTHASE (GBSSI) ACTIVITY ASSAY

SOLUBLE STARCH SYNTHASE

Amylose Content (SSSD ACTIVITY ASSAY

Fe toxicity, bronzing, histochemical detection of H,0, and O, content in shoots and seeds@

A} Bronzing B)  Das L] NET A) DAB B) NBT
- - -
S - . e
T " s
- A T,
S . < .=
- . -
. . e
- e S S
o . 3.
e e e
e e S

Fe toxicity, bronzing, histochemical detection of H202- and O2- content in shoots and seeds

Quantification of H,0, and O2" content in leaves and seeds (‘%i’\
a) @) 8'
(DAm ravE - Tt
E. E =
‘i . "i -~
g % E
b) by
IDAB] SEEDS {HBT) SEEDS
£ i
l I ="
i L
=T EIREN R R R My ——

Quantification of H,0, content in leaves and sceds using

Quantification of O2- content in leaves and seeds using nitro blue
diaminobenzidine (DAB) staining of edited rice lines under normal

tetrazolium chloride (NBT) staining of edited rice lines under normal

greenhouse growth condition greenhouse growth condition
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‘Wild Type And Edited Cas9-Free Rice Lines Grown Hydroponically Under Cadmium Stress Condition

Root
Morphology:
‘Wild-type and
edited Cas9- free
rice lines grown
hydroponically
under cadmium
stress condition.

<oy

{
Genome Edited Rice Plants in Green House Condition {?

=
The genome-edited rice lines (T3 generation) were cultivated under greenhouse conditions and thoroughly examined to
identify the best events that are free from Cas9 (Transgene-free)

Late flowering and late maturity panicles in
control rice plants

Early flowering and enhanced maturity panicles in
genome edited rice plants
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O, Lead me from the wnreal to
the real.

Lead me from darkness tolight.
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lization.

Dr. Uma Maheshwar Singh, Scientist- Innovative Breeding SARC, IRRI

Speed Breeding: A
game changer for
global food security

Uma Maheshwar Singh, PhD
Scientist, IRRI South Asia Regional Centre, Varanasi
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in of concept: Growing Plants in Space

1. The Advanced Plant Habitat (APH), like Veggie, is a growth chamber on
station for plant research using controlled microgravity, gases, full
spectrums LEDs, temperature, humidity, hormones, fertilizers

1. Plants grow in space for both aesthetic and practical reasons by
advancing multiple generations in year

1. Veggie has successfully grown a variety of plants, including three types
of lettuce, Chinese cabbage, mizuna mustard, red Russian kale and
zinnia flowers.

Identification of plant acclimatization to extra terrestrial environments

Speed breeding in long-
day plants

+ Prolonging photoperiod beyond natural
lighting

+ Utilizing glasshouses for the process

- —
+  Extending photoperiod (16 to 24 hrs) i P R 00 0= 0 0. | = = Vs
accelerates flowering in long-day plants
- . .. — —
«  Employing LED lights for extending i RN T T A TR A ~ ~

photoperiod

«+  Variations in day and night temperatures i \L:L_‘\%\L\Q\‘. sL_ \Q

- - T —

2L

+ Insome crops recently speed breeding
protocol updated with vernalization
treatments for seed germination as well as !
flowering '

RI

Watson et al., 2018; Ghosh et al., 2018
CGIAR

Full spectrum LED lights

Photosynthetically active radiation
(PAR) and far-red light -400 nm to
735nm

Light intensity up to 1000 umol

Temperature 18 °C to 42°C
€02 (300 PPM to 1200 PPM)
Relative humidity 60% to 95%

— —

How speed breeding can contribute to other programs ac

Hydroponics and fertigation

Research Lab and Briefing zone

% crop breeding could be configured fo the optimization and rapid growth of different crops

"+, screening process can help establish protocols for the rapid screening of biotic and abiotic stresses

Gene editing can hasten the process of growth and development of transgenic plants
i Genomics selection produces the need for field testing required in conventional breeding

Research combining innovative approaches with speed breeding can accelerate research

Differences between short- and long-day plants

Short day plants Long day plants

*  Require short day light period (usually 8- .
10 hours) and continuous dark period
(14-16 hrs) for subsequent flowering

Require long day light period (usually
14-16 hours) in 24 hours cycle for
subsequent flowering

* Dark period is critical and must be * Extended light period stimulates
continuous flowering in long day plants
¢ Inhibition of flowering with intermediate *  Ex. Pea, Barley, Lettuce, Wheat

light occurs at the middle of critical dark

*  Prolongation of continuous dark period
(Short day) initiates early flowering in
SDP

. Ex. Rice, Soybeans

1. Light fundamentals for plants

Turning photons into food

PAR & Far-red light- photosynthesis and signalling.
(Taiz and Zeiger, 2015)

lC

Light duration
(photoperiod)

. i !
Light quantity (Intensity)  Light Quality(Spectrum)

Flowering

Measuring light intensity and spectrum: spectrometer C-7000: portable
spectrometer

Awer
P

FET8, « PPFD
v seeoin

Multiplication Chamber-1,
PPFD: 458 umol/ m?/s™!

~ Sunlight, PPFD: 462
pmol/m?/s

e

Targeted growth stages of rice for speed breeding
3 growth stages in rice

Vegetative stage (30-go days)

Protocol standardization at Speed-breeding using
diverse groups ofrice

medium and late is

variation in vegetative stage (30-

1
1
1 I .
A. Basic Vegetative phase H 1 y ¥ Soil mixture:
T Protocol optimization Selection of different groups of rice :2(FY!
B. Photoperiod sensitive phase | \lr- . .."'” ' R f e P group: # 3(Soil:a(FYM)
. > b | N v 9 <= Pot Size: 200ml
Reproductive stage (30-35 | e e 1 ottt 5 ]
- | . “= Nutrient Spray (as
: = “Vegetative | (_medivm ) Late @SS
days) H o> Veg age 2> phase > Riping phase = 1 L required:
Ripening phase (30-45 days) 1 - — P! tVe | e CO-52 == Sarjov*hsz ——SS;N"E‘rr;a <= Kalanamakegs. Betagomblin & NPK:2gmiL
|| et || o aE— * tieaaeg 1 o -Maturation | e <= DRRDRan4y g Smba
o - Thiea < Fanazitin + Mokt stoge IR 64 = NDR359 Yiahsuri <= Black ice “*=Gedongipetan & Micronutrient: 2gm/L
! -Germination g —
Varietal classification like early, ! ! Basmati 0:P:K: 2gm/L: before
1
1
1

(Immature seeds) 1121 pre-booting

Iron & Boron: Before

oL
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Premature seed harvesting and hormonal

treatment reduce maturity time

Germination ﬂo End

Immature seed harvest (Reciprocity)

Hormone and cold 13-14 days
' treatment
° % e yo g
-15 di i
5-15 days e ° Light and temperature
Inincubator freatment
° —— Flowering

Start

Results: 11- and 13-
daysimmature
seeds were found
promising for early

all tmes
(20PPM; 40PP
60PRKA tid 80P}

SpeedFlower advances 4-5 generations of rice per

year

Grantypes Sulspecics Duraiin  DFFin  Geseafion  DTFi Bary Naturaimn Goneralion  Gracratin  Generaiion
fleld time In fleld* SBF flowering® time ln SBF  In SBF rveduction® per yeard
o iy e | im SRR 15D I Eix] 53
IR €4 w0 e 31 150 0¥ and il
DRR Daan 44 Vekmm 530 | 230 X 00 50 £ E] ]
S 52 indhect v w4 4 W 150 w0 257 52
Swanms [ 0| e 53 EX S0 7S w0 5
Sarlsa Malsuri o | e 09 T 150 ne 08 19
Lo | 1080|1430 16 64 150 W6 534 55
(Tacy 1300 | 1650 526 4 150 a6 590 54
Ealy =0 T r; %7 I ] wr B
Demgomblin Medum | 510 1350 214 £ 150 1.4 a5 14

DFF: days to filly percent flawerin,
e generation lime: *Enly dowering in speed b
compered fo field; “geners

< days o Aowering; SHF: 5B
dirg s compured 1o L

; SPereeninge reduction in one generotion time wnder $B oy

=F
CGIAR

Validation of SpeedFlower in 3K RGP panel

Response of F1s/F2s/F3/BC1F1in Speed Breeding

Extended photoperiod & immature
ed

!
= @
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g l2group Y _ — orei . .
= s Cross combination Stage n Female DFF in field Male DTFin field
J/ No SpeedBreed
- -A subset of 412 genotypes from the 3K RGP was chosen for
1 [Tulsi manjiri x RP-BI0-226 BCIFL 74 Tulsi manjiri 140 RP-BIO-226 110
validation encompassing all 12 group of Oryza sativa
2 Naveen x Ghew bora-8 F1 69 Naveen 90 Ghew bora-8 15
3 [Sarjoo-52 x CN-2035-61 F1 7 Sarjoo-52 97 CN-2035-61 105
+Infield conditions, the flowering time of these genotypes
4 [Ranjeet Sub1x DHANE BURWA|  Fa 70 Ranjeet Sub 1 125 DHANE BURWA 101
spanned from 58 to 127 days
5 [swarna xKALAI F1 n Swarna 114 KALAI 9%
IDRR Dhan 44 x CHAO KHIE CHAO KHIE
) 6 F1 1 DRR Dhan 8
~Under speed breeding, 85% of these genotypes flowered [KHOUA 7 “ &7 KHOUA o
within a shorter window of 65 days, with 15% falling between 7_[pwama x Mansuri F 7 Swarna g Mansuri 203
65-100 days 2 (F2, 1 small [ to
harvest less tothe_
Updates on Speed Breeding protocols across various crops
Short day plants
Long day plants Crop types _ Generation Generations per year _ Growth conditions References
Crop types Methods. per year Growth conditions References _ method _
Gat Speed brasding 1 generation-51 days 22h photoperiod Gonzales-Barios stal (3027) Rice Biotron speed- 70 days for flowering .10 Extended photoperiod, temperature Rana et al., 2019
breeding technique  days embryo rescue  &Embryo Rescue
Ri Biot d-breeding 4 i Eleveted CO2, il  and Tanaka etal., 2016
Canola Speedbreeding 6 generations 22h day:2h night and 16h Watson et al. (2018); e Tochnique g 4 generslons embryorescus e anakacta
day and 8h night Gosh etal. (2018) Rice Speed breeding 4-5 generations Spectrum, light intensity, photoperiod,  Kabade et al., 2024
Chickpea Speed breeding 67 22 day:2h night and 16h Watson et al. (2018): carly germination experiment
day and 8h night Gosh etal. (2018) Soybean  Speed breeding ~5 generations Photoperiod, light spectrum, intensity Jahne et al.2020
Barley Speedbreeding 6 generations 22h day:2h night and 16h Watson et al. (2018): Amaranthuis Speed breeding 4-5 generations Photoperiod, light spectrum, intensity  Jahne et al.2020
day and 8h night Gosh et al. (2018) ) )
Duramwheat  Speed breeding 6 generations 22h day:2h night and 16h Watson et al. (2018); Hemp Speed breeding 56 Initial 15 days contineous light and Scehilling et al.
day and 8h night Gosh et al. (2018) N Speed bread N g‘e" :0 h Sef“s 4 extonded g??:‘)( 2023
Springwheat  Speed breeding 6 generations 22h day:2h night and 16h Ghosh etal., 2018 epper peed breeding prﬁ; ;‘e’:c’: flos and extende ol etal. (2023)
day and 8h night Pigeaonpea Speed breeding 24 gnerations Spectrum, light intensity, photoperiod,  Gangashetty et al.,
Wheat & barley ~ Speed vern. +SB  Up to 5 generations 22h day:2 h night at 10 °C Chaetal, 2022 2004
Pea Speedbreeding 6 generations 22h day;22°C day & 17°C night  Watson etal., 2018
Day neutral plants
Canola Speedbreeding 4 generations 22h day:2h night and 16h Watson et al., 2018 _
Gay and 8h night Crop types _Generation Generations per year _ Growih conditions References
Chickpea RGA 7 generation Samineni et al., 2022 method

Tomato  Biotron speed- 3-4 generations

breeding technique

Extended photoperiod, temperature &
Embryo Rescue

Gimeno-Paez etal.,
2024

s
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Speed breeding coupled with other breeding methodologies

Aovavcen

BREEDING POPULATION
‘GENOMIC SELECTION
High gain per year
i SPEED BREEDING
0 0
| GENE PYRAMIDING
‘Shorten Breeding Cycle

e 7
s spoi—s o — T — s
¥ wwooms cw Mepmeied | -

5

| GENOME EDITING
Rapid Marker free plant
Homazygosity

Conclusion & Way Forward

Speed breeding is a promising technology with high turnover,
reduced manpower needs, and lower fertilizer and pest
management inputs.

Key benefits include rapid generation cycles, accelerated
breeding, and breeding with speed of climate change.

.

Challenges include maintaining uniform growth conditions, high
electricity ion, and ical ity requiring
trained personnel.

Different crops require specific growth protocols, necessitating
optimization for each species.

Future focus should be on developing energy-efficient systems,
reducing costs, and enhancing scalability.

TRANSGENIC ) e Strengthening collaborations, investments, and training will
m"ﬁwﬁwpﬁm :T: MACEMGIN %ﬁ :Zzz:ﬁy\fvider adoption and long-term impact on global food
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Technical Session - |

Dr. Sunil Archak, Principal Scientist, NBPGR, New Delhi
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o DSI and plant breeding

*What is DSI?
Do we use DSl in plant breeding?

« Will DSI be significant in future?

DNA

Genetic material > Physical material > Information

PhySicaI G

S arrrrrandnEarEneaniinnar

Modern breeding methods use DNA typing or
DNA modification

o
Mengels IJ*s
of genetic

e
=}

; o
AT 1940

y general of the German Plant Breeders' Association BDP

Early g marker assisted sell Marker-assisted breeding
\y e et e
; % ¥ e e
b »
l | i
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! l Y L] " L1 1 I|I 1
v ] n|m |
¥ L ol iy
ot w2

Plant breeders have been using DSI

Selection Hybridization Mutation
XYY — o2 ® — %
e, PR
. 4
o) 4%
¥ & § - N
¥ T Ly ol
Gene Editing Benetic Engg.

Modified from Plants 2024, 13(19), 2676; hitps:/doi.orq/10.3390/plants 13192676

Unravl genotic
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to breeding "|
=i
il
ouspsdag
iy | T
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research e |
A
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Plant Breeding And CRISPR Plants Global

Market Report 2025
$26.65 billion
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go DSI: Scope and accessibility

*How is DSI defined?
»\What all are covered in DSI?
*\Where are DSl located?

* Are DSI available free?

« DSl refers to the digital
biological data in various
international negotiations

Eiksuncss  Mowinmquscen  Smallnoleculei

around sharing benefits
from the uses of genetic
resources.

-ﬁn—}-

usleotide Sequence Data

« Alternative name is Genetic
Sequence Data (GSD)

« No technical definition; only a
legal placeholder

% DDB]J

National Institute of Genetics:

INSDC

& interPro
B . A, ™ [PDB

GenBank

L &lmbulpf
ZNCBI ENA

Interacting Proteins

EUTopenn NucieoUoe Artrave

EmpLEmI T

GRFA sequences are not insignificant (%)

Bacteria, 5.17
Vertebrates, 12.43

Viruses, 24.25

Plants, 1450

Invertebrates, 23.36
Env samples, 20.28

INDIAN BIOLOGICAL DATA
CENTRE
Reglons| Centre for Biotechnology (RCE),
Faridabsd - 121001, INDIA
Phone: 0129-2848674
rebresin

Email: support it
Wiebsite: https:/ lbde reb.res.in/

1NN ‘|I.|CPD MMDA

1 T}}h} 1

@ DSI in limelight

»Why so much attention to DSI?

« Are advances in technology
matched with policy?

DSl in breeding methods only?

Explosive growth of DSI

Open access
availability of DSI

Gene edited crops

Annual GenBank Growth

GenBank

currently -
doublesin -
sizeevery
2 years ; ’

. €D
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GLOBAL REGULATORY LANDSCAPE FOR GENE-EDITED CROPS

oteininteracti lons

rotein—pro 4 CRISPR- Cas using Established regulatory criteria for new breeding innovations in different world regions in the past decade
|_R1>Pl1 an \ 5

i
—

Countries where products are likely to be
regulated as conventional new varieties
after recent regulatory policy updates.

Cuunmmheuz there are noticeable
poll(ymékmgdi(\.ﬁﬂu S Over propasals to
SON1 a5 conventional new varieties.

% {/ j’ —
“ Couniieswhere DNt producs should
e treated a5 GMD accarding 1o
-

interpretations based on old regumuuns

intricate 3D orf!\nw:
1= helnina scient

o DSI: Policy and governance

* Global interdependence
* Negotiation of DSI-ABS

« Status of DSI regulation (or not)

Global PGR interdependence PGRFA governance —_
« Globally, foreign crops make up 69% of “Aims at guaranteeing food security «Include DSl in
country food supplies and farm production thi’UUgh the CBI‘ISBI‘VGtIOI’I, Exchal‘lge al'ld pr]nc|ple
sustainable use of the world's PGRFA, as | | o iich 4
* R&D requiring CWR are critically dependent well as the fair and equitable benefit SESIN
sharing arising from its use” PIIEEES

PGR as common heritage of mankind ® <l DSI and benefit sharing

1993 e
en?

29 DEC +Trigger point?

CBD: PGR under sovereign rights @ < ITPGRFA ”
ow
2004 * Monetary benefits: user-based payments
* Non-monetary benefits:
29 JUN . _III_ISIhthe;'nselves
_ + Technology

Plant Treaty: PGRFA in MLS with ABS @ < CBD e

Indian Seed Congress 2025 G O
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Developments in global forums

CBD - DSI-ABS fund - Cali Fund - 1% profits or 0.1% revenue (if
assets> 20 mUSD or sales> 50 mUSD or profit> 5 mUSD) by
commercial users of DSI

WHO: Legally binding instrument on pandemic prevention,
preparedness and response by the Intergovernmental Negotiating
Body (INB) and the proposed instrument pathogen access and
benefit-sharing system (PABS)

ITPGRFA: Working Group on EMLS preparing a new payment
structure that subsumes DSI profits into seed sales

Consensus on DSI-ABS

Access not to trigger benefit sharing

Cost of process shouldn’t overshoot benefits

Circumvent tracking-tracing requirement

Formulate domestic policy on access to DSI and
consequent benefit sharing

ITPGRFA and CBD can only set the framework and guide;
domestic legislation needed for governance

D
m

India should come out of “provider attitude” while
developing policies and adopt “user attitude” by
developing infra and HRD

MLS for benefit sharing Enhancement process
NBA formulating the rules 2024
Acknowledgements s
- ICAR-NBPGR i

Colleagues in national and
international negotiations

Mrs. Ruchika Gupta, DDG, Ministry of Statistics & Programme Implementation

A
Agri Stack

Building the Digital Infrastructure for the Agriculture Sector

v

Digital Public Infrastructure and Digital Public Goods have become
powerful leavers to deliver citizen services

* DPGs as powerful enablers for setting up Systems/DPIs

* DPIs are acting as foundational levers that enable solutions

* Suchas...

AADHAAR

tal Public

+ And many more sector-focused and sector-agnostic DPIs changing the Indian Digital Landscape

Indian Seed Congress 2025
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\4
E.g., Aadhaar & India Stack
reinvented the Digital
Governance landscape

. IDENTITY
Aadhaar, eKYC, eSign

PAYMENTS

Unified Payment
Interface, Aadhaar
Payment Bridge, Aadhaa
enabled Payment

Consent Artifact,
DigiLocker, Account
Aggregator
To enable secure sharing

v

With a vision that the Digital Infrastructure for Agriculture will
empower farmers into the Digital Economy

@

Open Ecosystem

Q@

Reusable,
coherent and
scalable

Innovation

Trusted Ecosystem Unified Farmer gri Stack Sandb:

Interface (UFSI) Data Empowerment

3 Core Registries, i.¢.

© Ma Open APIs

Building Block

Digital Identity
approach

and Assets

It is a shift of thinking in the way we build IT systems

- Old way of doing things - building for the future
Focus on simply storing and managin Trustful data - built through strict entry
data and exit process

Basic structuring of records Are compliant with standards/schemas
Not necessarily truthful data,
maybe

making it diffi Single-source-of-truth

As this is validated data, can be used as
Digitally Verifiable Credentials for the
ecosystem

It is a convergence of various line-ecosystems to deliver a
holistic view of a farmer

Land details
Do they rear animals? e , ULPIN

Live Stack, NLM, NADCP, e-Pashu Haat

Do they engage in Fisheries? Their assets?

Fish Stack/
National Digit
PMI

Digital Crop Survey

Soil Health Information

il Health P
Soil profile Maps in Krishi DSS

Fertilizer they use

nent System

Are they part of an FPO?

SFAC, FPO Registry

Family/Caste/Income

Integrated view of the Schemes availed

Insurance, Income Support, Procurement, Subsidies, DBT, and many more.

Indian Seed Congress 2025

Crop Sown Crops Grown, including|
number of trees in Plantations

Integrated Fertilizer Ma ent Syster

Family DB, Ration Card, Income Tax Portal

v

We wanted to harness the powers of Di

tal Infrastructures to

solve the problems of Indian Farmers...

01 Limited Knowledge and Resources.
Knows only how to grow wheat
« Struggle with applying for a Kisan Credit Card

ancial Barriers

iculty completing documentation for bank
loans.
* Often borrows money at high-interest rates to

buy agricultural inputs

Agri Stack is a comprehensive ecosystem that enables access to
information for various stakeholders to build meaningful

solutions for Farmers

1) Database and
Registries
@ Data Standards

Its approach is similar to what was done in Aadhaar

Agri <)

Database of Farmers in India
Unique Farmer ID to each Farmer

1. Agriculture land holding (plot) of Farmer

2. GPS coordinates of each plot of Farmer

3. Crops grown on each plot

Plus linkages to: Govt. Benefits availed by

farmers

Unified Farmer Service Interface (UFSI)

— API/Service layer to provide data to others
imilar to Unified Payments Interface ~ UPI, a payments API

by National Payment: ration of India)

Regulations under Agri Stack to control data

sharing

Agri Stack Regulator

2)

AADHAAR
Database of Residents of India

Unique Aadhaar no. to each Resident

Contains demographic information
i.e. Address, Gender, Date of Birth, Address

Aadhaar APIs/Services for sharing data to
other parties

Regulations to control misuse of data

UIDAI as Regulator

Powered by Key initiatives such as
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Farmers’
Registry

and Digital
Crop Survey

Registry of Landholding
Farmers

Survey of all agriculture
plots, every season by
surveyor

Linked to Aadhaar and Land
Records and Geo-referenced
Village Maps

With photographs and geo-
tags as proofs

Fallowarea
Built using Farmer’s Consent Validated using geo-fencing
from Geo-referenced Village
Maps

Automatically updates if
mutations in Land Records
Enabling accurate Crop T aw
recording in the country

And Supporting Registries that will enable data standardization
in the Digital Agriculture Ecosystem

Enabling open access to key ecosystem
players via

Crop and Seed

This Ecosystem
consistof :

This Ecosystem
consist of :

This Ecosystem
consist of :

This Ecosystem
consist of :

This Ecosystem
consistof :

Banks Krishi Vigyan
NBFC Kendra:
Scale of Finance

Laboratories

Key ecosystem players and their roles in Agri Stack ecosystem Empowering farmers with Digitally verifiable credentials

State Government

* Data Fiduciaries of Core Registries,
i.e., Farmer Registry, Crop Sown
Registry and Geo-referenced
Village Maps

Central Government Quick verification
+ Maintain Aggregated data for
Deduplication and Policy
Making
e Improved access to Digital
Unified Farmer Econom:
Service Interface

Improvement in “Ease of Living”
for Rural areas

Farmers

+ Data Principles enabled by Consent
Manager

Use-cases
Data Users in line with DPDP Act
2023

centric solutions and services And enable better governance

Enable Stop
* Prevent the misuse of

Identify

+ Enable the Government to take « Identify eligible farmers who are

1. Farmers would now get KCC
loans in less than 30 minutes
without submitting any documents

2. Farmers get MSP / PMFBY
registration without any documents
in less than 5 minutes after they
reaches the registration counter

3. No fake registration any more
possible under these two schemes
any more

4. Farmers will be able to get their
crop insurance claims quickly due to
electronic verification

5. Would get NDRF/SDRF benefits
sitting at his home - no need of
application

7. Farmers will get advisory services
as per their Crops, Lands, Soil
condition and Weather condition

6. Suo moto inclusion of farmers
under PM Kisan - no need of
application

55

data-based decisions from
national to farm level

Ensure

* Ensure equitable distribution of
benefits

Provide

* Provide aggregate data to
Government for better scheme
planning, budgeting and
implementation

government schemes (e.g., PM
Kisan - Non-landholding farmers,
PMFBY - Fake insurances)

Speed up

« Speed up benefits delivery
process (e.g., MSP)

Identify

* Identify areas for intervention
requirements (e.g., Ident
farmers growing crops without
drip irrigation facilities)

not getting benefits

Support

« Support disaster response
measures (e.g., Identify farmers
affected by rain, drought)

Provide

+ Provide data to Agriechs to
develop innovative solutions and
services

Indian Seed Congress 2025
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And we can already see the impact of Agri Stack

Case Study from Uttar Pradesh al Crop Survey

* Increase in total area of 21 districts s yed by 18.93% from 16.8 Lakh hectares to 20.09
Lakh hectares (increase by 3.19 Lakh Hectares)

Paddy increase by 13.82% with an increase in area by 1.59 Lakh Hectares

Millet Category in Kakun saw a ~1500 fold growth (increase by 8500 Hectares) whereas Kodo
saw a ~800 fold growth (increase by 32900 Hectares)

Sugarcane saw a 48.16% by 61,370 Hectares

Groundnut saw 111.24% increment by 88,600 Hectares

Mr. Aditya Shah, Global Director — Strategic Partnerships, Cropln

Power your seed value
chain from research to
market

transformation is

Zd

Client: art
An established AgTech provider and trusted by leading
organisations worldwide

% 2 ®w i - -

Ghmpnsus giz mzmm  HfACSPC  Solidarias

2ATA QIR (MBS vaateusts s

% o U @
wmun G by U5, @0 @S e
Floackerll -3 o wleincken  syngenta DBASF  Momckr SN
Key Investors:
Google tius ene paireliz ULy @y . a

aby ISR Corparation

D THE CROPIN PLATFORM

Empowering
Food &
agriculture
with The

Industry Cloud
for a climate-
smart future.
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Cropin is the World's
largest deployed
platform in the Food &
Ag sector.

Cotton 2.2%

Our Experience in helping our
tomers to organize their

U

#1 ENTERPRISE SAAS PLATFORM
Cropin Cloud

ER Cropin Apps

Monitor crop program globally
while driling down to a single
farm plot for performance,
analytics, & insights:

~ Production Detolts

Crop Stoga & Health

Disaass EOy Waminge:
INCicaE such Ot COnopy Graenness,

The Potato Project

«

NTOgen Uptake, Water Stress, et
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Pre-Trained

Al Models for
Prediction &
Data Intelligence

@ Cropin &

SCOVER THE FUTURE POTENTIAL YIELD

n- nCro
I seqso p IN THE CLIMATE CHANGED WORLD

Monitoring &
Intelligence
with Actionable
Insights at
farm or supply
chain

Upcoming
Season Yield
Potential with
Actionable
Insights at
Farm or
supply chain
level

Cultivate exceptional USE CASES
outcomes for seed
production

For Breeding & Trialing

With Cropin Cloud as your agtech partner,
d roduction using prescriptive &

lligence, & drive optimal yield
nably

And all this, in compliance
& SDG godls like EUDR, Food

LA £dA |
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For Seed Sales & Marketing still wondering if EAST WEST SEED
Cropin Cloud is the We were looking for a reci-time
I

o1 02

monitoring & a mobile tool
could use to monitor the ¢
our seed production farm:

right fit for your
seed business?

granular insights into regional performance (o

potter. Thus
uct was

There wass no softwarre thor did this.
S0 we worked with Cropin to do it

Michel Devarrewaere.
VP Production & Projects,

21.6K+ 14.2K+ 35+ 400+

Heotores Farmers ps varet
atcitod rogistored lGovered 1 covero
East West Seed Mahindra HZPC Suba Seeds Co.
Bejo Seeds Savannah C.P. Group BASF Syngenta

Got Solution Guide &

sayaji Seeds Bioseed Hytech ITCc Kws /

Don't just survive

in the competitive seed market;

Indian Seed Congress 2025
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Technical Session -

Dr. K. R. K. Reddy, President BIPA and MD SRIBIO

Microbiome-Based Approaches .s RI O

for Enabling Seed, Plant, and ¥ W o

Soil Health for Realization of

Potential of Plant Varieties

Dr. KRK REDDY - )

Sri BioAesthetics : ‘
-

Hyderabad —::;:/r
\ oo // / ]
u

Strategies and approaches for harnessing genetic diversity
and agronomic innovations for improving profitability of
farmers: 13" Indian Seed Congress, New Delhi,

Feb 23-25,2025

HARNESSING THE POWER OF
MICROBIOMES IN
AGRICULTURE

Understanding the functional
potential of the plant microbiome
has led to innovative agricultural
practices, such as microbiome-
based biofertilizers, biostimulants
and biopesticides, which harness
the power of beneficial
microorganisms to enhance crop
yields while reducing the
dependency on chemical inputs

MICROBIOMES

MICROBIOME IS A SECOND GENOME
OR AN EXTENDED
GENOME OF THE PLANTS/ANIMALS

The set of genomes of
the microorganismsin
a particular habitat
OR
The set of
microorganisms of a
particular habitat

The narrow region of soil
that is directly influenced
by root secretions and
associated soil
microorganisms known as
the rhizosphere

__mtlf'?ﬂf E{ vaa ™| | microbiome. It takes care
Plant growth ! '/ of all

carboxylic acids, [ S | & : the important functions

airosd elc.j z ‘.\;;:“”“ o of plant growth and health.

OR- 25 R
“._Positve interactions L A
e e .
—— Sgigio

The leaf surface or
total above-ground
surfaces as a site for
the establishment of
various microorganis
ms including bacteria
, yeasts, protozoa,
and fungi (epiphytes)

THE LEAF SURFACE
AS A MICROBIAL
HABITAT

ENDOSPHERE MICROBIOME

Benefits conferred by They produce a wide
dmcetymn range of compounds
useful for plants for their
growth, protection and
sustainability. They
protect plants from
herbivory by producing
certain compounds which
will prevent animals from
further grazing on the
same plant and
sometimes act as
biocontrol agents.

o s s
Endophytes are jom——y
microorganisms
(bacteria or fungi or
actinomycetes) that
dwell within robust
plant tissues by
having a symbiotic
association.

+ i o g peasnss
)
e v an 4

SEED MICROBIOME

The seed microbiome is recognized as a vital component of
plant health and productivity

Eniogiyte b found Theexcioptpe |

« Seeds carry associated microbes that Intheembryofan
originate from their parent and the b
environment, thereby increasing the

microbial diversity in a new environment

Seeds, enriched with beneficial oty =
microbes, hold the promise of improved g
crop yields, enhanced stress tolerance,
and reduced environmental impact,
paving the way for a greener and more
productive future in agriculture.

conntsabed i e |

i the raars |

SRrRiBIO

PLANT MICROBIOME COMPOSITION

Phyll
Mieroblome

Rhizespheric
Microbiome

ast endophyessr

epipytes ?
e N

\ o

it

Soil Microbione

Diversity Interactions

SRrRiBIO

and plant i

: &
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PLANT/CROP ~=
MICROBIOMES

Complex interactions and
crosstalk between plants and
their associated microbiota,
collectively known as the
plant microbiome
Culturable and non-culturable

Culture dependent-culture
independent

SRiBI

AN Compas

Microbiomes-wild and domesticated

A 0 L @
Ay W“d (8)

Domesticated

Lange use of

pesicide
&

™ srigl0

DOMESTICATION-MICROBIOME MODIFICATION

Domestication .

Actinobacteria
and

| Bactercidetes
Protecbacteria

Wild relative
Native environment
Modern crop
Agricutural landscape

Tswecitic oot tengin| =
Exudation of simple ww!riT

The plant microbiome expands the genetic
potential of plants

* Plant genetics identifies heritable

. . . < o fo
microbes in rhizosphere -

* Crops to recruit top-performing

microbes is key to the future of -.,/'" \;*’I%
sustainable agriculture A ‘%:gm/'!

3 s
Microorganisms that form the plant N &

microbiome

« originate from the surrounding soil
or air (horizontal transmission)

* inherited from the parent

© | Basterial Symbion |
Ganome Contend
S
e

"“"m"”"T generat‘ior? through seeds (vertical
Water supsly srisio transmission). SrisiD
Microbiome Breeding
MICROBIOME-BASED APPROACHES IN BREEDING ey | [
PROGRAMS TO ENHANCE THE POTENTIAL OF
VARIETIES OR HYBRIDS
Integrating microbiome-based approaches into
plant breeding programs can significantly improve
the resilience, productivity, and sustainability of new
varieties or hybrids.
mny::.ﬁlzgrmw‘mmm. ssn;;mmwmunwxwo Less time-consuming, the original
SRigIO T srigig

Microbiome-Assisted Selection (MAS) in Breeding

—wW

-/_\-

*Traditional breeding selects for desirable
plant traits, MAS selects plants with
beneficial microbial communities.

*Plants with favorable microbiomes can
enhance nutrient uptake, stress tolerance,
and disease resistance.

*Genotyping and metagenomic sequencing
identify microbiome-associated traits in
elite breeding lines.

Case study: Breeding maize varieties that
recruit beneficial nitrogen-fixing bacteria |
from the soil.

|

P T
rsunk

ENDOPHYTE-DRIVEN BREEDING

*Endophytic microbes (inside plant
tissues) enhance growth and stress
tolerance.

*Selecting plants with a high diversity
of beneficial endophytes can improve
drought resistance, disease resistance,
and nutrient use efficiency.
*Endophytic microbial inoculation can
be integrated into hybrid development.
Case study: Wheat varieties with
fungal endophytes that improve
phosphorus solubilization and drought
tolerance.

Indian Seed Congress 2025
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Endophytes and Their Role in Induced Systemic Resistance:
Nurturing Plant Health from Within
Endophytes — partners inside plants

Induced Systemic Resistance (ISR) At et
* Mechanisms of ISR Activation e 2] i
Benefits of ISR

Advantages of ISR

Reduced reliance on chemical
pesticides and enhanced plant
fitness

Endophytes as elicitors
Resistance against pathogens
Enhancing crop quality

Erisig

RHIZOSPHERE ENGINEERING FOR ENHANCED
NUTRIENT UPTAKE

*Plants with strong root microbiome
interactions can access nutrients more
efficiently.

*Selection of varieties that support
mycorrhizal fungi or phosphate- !"

solubilizing bacteria ensures better A
i, ki,
=

nutrient availability.
w_.jp @

*Root exudates influence the
microbiom: lecting for b
root traits can optimize soil microbial
interactions.

Case study: Breeding soybean varieties
with root exudates that attract nitrogen-
fixing bacteria (Bradyrhizobium spp.).

Fa T K G

Erisig

MICROBIOME-GUIDED HYBRID VIGOR (HETEROSIS)

*Microbiomes play a key role in heterosis
(hybrid vigor).
*Evaluating hybrid varieties with favorable SN
microbial associations ensures better P [
adaptability and performance.

*Microbial profiling of parental lines helps
select the best hybrid combinations with
beneficial microbiome inheritance. A
Case study: Hybrid rice with enhanced 45 T
plant growth-promoting rhizobacteria !
(PGPR) interactions for yield improvement.

@ P g

SRriBIO

BIOPRIMING AND SEED MICROBIOME OPTIMIZATION

*Seeds harbor microbial communities that
influence early plant development.
*Microbiome-enriched seed coatings or
seed biopriming can ensure better
germination and resilience.

*Selection of breeding lines with strong
seed-associated microbiomes enhances
stress tolerance in progeny.

Case study: Tomato varieties with seed
coatings containing Bacillus subtilis for
early growth promotion and disease
resistance.

SRriBIO

STRESS-RESILIENT MICROBIOME SELECTION

*Drought, salinity, and temperature

stress influence microbiome

composition.

*Screening plant varieties under stress
conditions and selecting for varieties g
that maintain beneficial microbial
associations can improve resilience.
*Developing microbial inoculants

Anthosphere
microbiome:

Phylloplanc:
microblome

¥ Transter through
vascular tisswe
Roat endophytes
Roat epiphytes

specific to climate-adaptive crops §

ensures sustainable yield stability. H s .'.':"7_> Root ndates
Case study: Sorghum varieties with 2 .." - ",,;' H
heat-tolerant rhizosphere microbes for ki Bu’.ﬁ‘m.v

better survival in arid regions. SRriBIO

DISEASE-SUPPRESSIVE MICROBIOME SELECTION

*Some plant varieties naturally recruit
disease-suppressive microbes from the soil.
*Breeding programs can integrate
microbiome-based disease resistance traits,
reducing the need for chemical pesticides.
*Beneficial microbes can outcompete
pathogens through antagonism, antibiosis, or
induced systemic resistance (ISR).

Case study: Cucumber varieties selected for
rhizosphere microbes suppressing Fusarium
wilt.

Spipn

GENETIC-MICROBIOME INTERACTION STUDIES

M genes

The plant microbiota can
complement host functioning,
leading to improved growth and
health under unfavorable
conditions. Microbiome
engineering could therefore
become a transformative
technique for crop
production. Microbiome genes
provide valuable targets for
shaping plant-associated
microbial communities.
SRriBIO

Advanced multi-omics approaches

(

( transcrip
metabolomics) reveal plant-microbiome
interactions at the molecular level.
Understanding how plant genes influence
microbiome recruitment helps in
breeding microbiome-compatible varieties.
CRISPR and gene-editing techniques could
be used to enhance root-microbiome
interactions for better crop performance.
Case study: Genomic studies on wheat
varieties with enhanced mycorrhizal
colonization genes for improved
phosphorus uptake.

CONSTRUCTION OF SYNTHETIC MICROBIAL CONSORTIA (SMC)

PAVING THE WAY FROM THE LAB TO THE FIELD: USING SYNTHETIC MICROBIAL CONSORTIA
TO PRODUCE HIGH-QUALITY CROPS

SriBIO

Indian Seed Congress 2025




National Seed
Association of India

ns

National Seed Association of India (NSAL) F

MICROBIOME APPROACH OF DROUGHT MITIGATION

From suppressive soils of
specific healthy crop rhlzosphere t
(Native Microbiome) e

®e.

APPLICATION

@ﬂm

INTEGRATION OF MICROBIOME-BASED
APPROACHES INTO BREEDING PROGRAMS
Step 1-Selecting varieties with beneficial microbial

associations
Step 2-Engineering rhizosphere and endophytic

%é{ setected microbiomes for stress resilience
q},ﬁ e ™ SA/JA :> Step 3-Utilizing microbiome-assisted selection (MAS) for
» better nutrient uptake and disease resistance
Mic,;;:mm /:;:\ FORMULATION Step 4-Leveraging biopriming, seed microbiome
Funcional micrba o \\({EAASMINJ ELEE S optimization, an‘d genetic-microbiome studies for
[ P"’S"“’ o Microbiome/ sustainable crop improvement
Microbiome-
\‘-._.. optimized plant N . . N . .
Harnessing microbiomes in plant breeding can move toward a next-generation,
Bacterial and fungal Iuolate:b\:“n;u:ter::flc performances to mitigate eco-frien dly agn'c ulture that enhances yiel d, resilience, and sustain ability.
SriBIO SriBIO
MICROBIOMES HELP IN
SEED HEALTH SOIL HEALTH PLANT HEALTH MICROBIOME-BASED DELIVERY SYSTEMS
Endophytic and Microbial Plant growth-promoting

rhizospheric microbes
influence seed
germination and vigor.
Beneficial microbes
help in seed priming,
enhancing resistance to
stress.

Bio-priming with
microbial inoculants
promotes early seedling
establishment

communities break
down organic matter
and improve soil
fertility.
Maintain soil
biodiversity and
suppress harmful
pathogens. Enhances nutrient uptake
Biofertilizers and efficiency (e.g., nitrogen-
biostimulants improve fixing bacteria,
nutrient availability. mycorrhizal fungi).
SRriBIO

rhizobacteria (PGPR) and
fungi (PGPF) stimulate
plant immunity.
Suppression of plant
pathogens through
microbial competition
and antibiosis.

« Biofertilizers - Nitrogen-fixing bacteria, phosphate
solubilizers.

* Biostimulants- Abiotic stress mitigating microbes

* Biopesticides — Microbes for controlling plant diseases and
pests.

* Soil Amendments - Organic matter additions to boost
microbial diversity.

* Seed and Foliar Microbial Inoculants — Beneficial microbes
applied to seeds and leaves.

SRiBIO

MICROBIOMES IN CROP IMPROVEMENT:
CHALLENGES AND FUTURE PERSPECTIVES

Variability in microbiome responses due to environmental conditions.
Need for region/crop-specific microbial consortia.
Advances in microbiome research and biotechnology can improve
applications.

The plant microbiome consists of beneficial microbes that interact
with seeds, plants, and soil.

These microbes enhance plant health, improve soil fertility, and
increase crop resilience
Utilizing microbiome-based approaches can unlock the full
genetic potential of plant varieties.

Sal=io

MICROBIOMES THE FUTURE

The genetic makeup of plant influences
the composition and function of the

microbial communities (microbiome) /z
living on and around it, impacting traits %
like growth, stress tolerance, and nutrient H
uptake, essentially exploring how a plant's g
genes actively shape its microbiome and §
vice versa; this field is crucial for

understanding plant health and

developing strategies for improved crop

yields in agriculture. SrisIo

MICROBIOME
ASSISTED
AGRICULTURE

Advances in technology allow
for the precise application of
microbial inoculants tailored to
specific crops and soll
conditions. This targeted
approach maximizes the
benefits of microbial

RHIZOSPHERE

C STRESS

interventions and minimizes ElonE
chemical applications

Srisio

SRIBIO

A Microbiome Company

Indian Seed Congress 2025
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Introduction

* High yielding variety (HYV) seeds are one of the key elements of the Green
Revolution.

* The Demand and availability of Quality Seeds in India is steadily increasing

* India's agricultural production has seen a significant growth and evolved
from a Food-Scarce to a Food-Exporting Nation

» Seed production has become more Challenging due to Socio-economic and

Climate Changes.

* Seed Production Innovations are therefore essential for Resilient Indian
Seed Industry to overcome these Challenges

Introduction

The main objective of Seed Production is to
Provide Required Quality Seed to the Farmers
@Right Time and @ Optimum Price.

Key Success Factors

: Seed Quality should meet Indian
Minimum Seed Standards and Farmers’
Expectations

: Right Product @ Right Time

: Optimization of Production Cost by
achieving higher Seed Production Yields

* Quality

* Availability
» Cost

Producing Quality Seeds means Quality Yields

Soil Health

Feed o Feed
the &0 the
Sail Plant

Organic ki
Manure " Mineral

Fertilizers

Mineral
Fertilizers

h <ukeh d

re Jayate S

L TR LR T (1 YR T ETNG R LRI NN, Original Concept: UC Davis Global Soil Health Portal

Organic & Bio-Amendments
% R = o ‘M'omwm.'.,i
k. ! . - PRODUCTIVITY

Schematic overview of benefits effect of plant interaction with microorganisms in the
rhizosphere zone; Source: https://www.mdpi.com/2076-2607/12/3/558

Soil Health-Summary

» Sufficient Organic Matter is a must for Healthy Soil
» Crop Rotation

» Cover Crops

* Reduce Pesticide Use

» Provide Habitat for Beneficial Organisms

» Balanced Nutrition

&

Indian Seed Congress 2025
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Seed Sowing

« Shortage of labour has been reported during the Peak
Sowing Season

* Mechanized Planters suitable for Medium and small
Seed Production Farms =

* Helps in maintaining Optimum Population

"~ Single Teeth Seed Drill
~

Nutrient Management

Soil testing

* Regularly test soil or growth medium to ensure optimal plant health and yield- Develop
Right Nutrient Mix & Doses

Regular application of all essential nutrients based on crop’s nutritional needs, growth
stage and other environmental conditions-Al powered Digital Tools

Right balance of macro- and micro-nutrients

The fertilizer dose depends on the soil fertility-C:N:P Ratio etc.,

Foliar Sprays/ Fertigation of Water Soluble & Nano Fertilizers will increase efficiency
due to the direct delivery of

« Essential nutrients to plants
« Decreased environmental impacts through reduced doses of fertilizers

Source: Revolutionizing Indian Agriculture by Drone Destination (Posted in Linkedin-December 6, 2023)

Smart Farming technologies

*Digital Monitoring
* Use of drones and loT devices to monitor Field conditions and
Seed Development.
*Data-Driven Decisions
* Al and Machine Learning for predicting optimal planting and
harvesting times.
*Precision Farming
* Use of Greenhouses and Net houses to ensure optimal growth
and isolation; Soil less Farming-Especially for high Value Crops

Digital tools used in sustainable agriculture

* Farm management software
* Weather apps

* Satellite imagery

* Sensor networks

* Drone technology

Geographical Information System

Source: Revolutionizing Indian Agriculture by Drone Destination (Posted in Linkedin-December 6, 2023)

Precision Spraying

Source: Revolutionizing Indian Agriculture by Drone Destination (Posted in LinkedIn-December 6, 2023)

Soil Surveillance

Soll nutrient map

Source: Revolutionizing Indian Agriculture by Drone Destination (Posted in Linkedin-December 6, 2023)

Indian Seed Congress 2025
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Source: ionizing Indian by Drone Destit

ion (Posted in Linkedin-December 6, 2023)

Drone Seeding

J‘"""" T How it Works
@ afriealt =
B 0 L
Create nutrient-packed pods Fire pods into the earth v

-~ S
o ; y VW@
VYV VYV

Fallow up 1o ensure
forests are thriving

Source: Revolutionizing Indian Agriculture by Drone Destination (Posted in Linkedin-December 6, 2023)

FERTIGATION

Drone Spray Foliar Spra

Right blend of

Broadcasting Various Solutions

Placement
Y Ul

Smart Pest Control

* Smart pest control is the integration of data-driven
decision-making through the use of sensors, drones,
and artificial intelligence (Al).

* Combines biological, physical, and chemical controls to
protect seed crops.

* To use environment friendly new molecules for
preservation of beneficial organisms.

* Good Coverage of pesticide application through
Drones along with wettable Agents.

CLIMATE CHANGE is Real
and
Must be Acknowledged

Assessment of Climate Change in India

B

3]

-1
F

Source: The Ministry of Earth
Sciences (MoES), 2020

Seed Production Technologies & Cultivar Traits
* Need for adapting Climate-Resilient Seed Production Technologies
« To use Inbreds/Parents/Cultivars that thrive in advent climate

« Selection of Suitable Parents for Hybrid Seed Production
+ Photo-insensitive
+ Flag Leaf Angle
« Zero Staggering

« New Breeding & Seed technologies for sustainable Seed Production
Gynoecious Cucurbits, TGMS in Rice, CMS in Corn et al

» Alternative pollination strategies are required in the advent of Climate
Change

SYSTEMATIC SEED PRODUCTION RESEARCH IS VERY MUCH NEEDED

Post Harvest Care

« Physiological Maturity & M%

+ Species (Genetic Life)
- Biotic/Abiotic Stress/Seed
Borne Diseases

GENETICS [+ Seed Composition &
+ Seed Production Management

Condition
Weather conditions during critical
stages
o Seed Maturity

o — Seed Withering
DEVELOPMENT

* Mechanical
Damage/Cracking
+ Heat damage- Seed Drying

Indian Seed Congress 2025
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Conclusion

Conclusion

Contd....

Key Aspects|  Present Practices Seed Production Innovations - . .
Selection of Suitable Land _ Selection of Suitable Soil Key Aspects | Present Practices Seed Production Innovations
Soil Health Thorough land Preparation (I\:)Arlga”:isgii?ggli)clztlgr:aer:lc(iements Mycorrhizal 2:‘:;‘;8“ Pesticide Application Smart Pest Control with Prophylactic measures
FYM and Fertilizers fungi, FYM/Compost, Oil Cake(Press Cake), Smart Farming ] ol ] hnologi
Beneficial Microbes, Bio-Stimulants etc., Lo Intensive Agriculture Smart Farming Technologies
Seed Sowing Manual Sowing mZ;Zi:iléidF:'l‘z::sters suitable for small Seed (Climate (:hange-Hybrid Vigor & Hybrid Yield Climate-Resilient Cultivars, Same day sowing of
[Cultivar Traits Both the Parents; Seed Parent Yield;
Normal Population High Density Population Seed New Technologies like TGMS in Rice; CMS in
icati i ients; eel [OPVs; Hybridization through K . o
Periodical applications of EEg‘:IIZr appllcfa\:\llon Ofsal: ebslsegtlr\eltl nut:en_tlf, Production CMSS_’Deyta:Se'lziang'?" "0U8"Corn; GMS in Cotton; Gynoecious cultivars in
Nutriti NPK Fertilizers & bmad 0ses O at;f. olu de ano ert! izers Loy <culation & Pollination |CUcUrbits; Farm Mechanization to match Seed
Mutrmon . Micronutrients Fals‘e Son croAchoC' |tt|9n and requirement; y Production requirements; SPR is the Key
anagemen Traditional methods of ollar >prays, rertigation Post Harvest Hrhreshing, Drying & Storage Need for Mechanization with reliable machines
raditional mi 2 o .
Ir:gati‘;na ethods o Micro irrigation; Fertigation [Care to suit small land holdings

iNDIAN
SEED
CONGRESS

Thank You for Your Kind Attention

Ganga Haveri

ramana.rao@gangakaveri.in
dvramanarao@gmail.com
+91-98499-89745; +91-96665-84500
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Dr. Rabi N. Sahoo, Program Leader, Principal Scientist, Division of Agricultural Physics,

ICAR-IARI

s . . - .
\\f) Embracing Sensing and Al for Precision Agriculture

& T,

Indian Agricultural Research Institute
(Indian Council of i

Indigenous .,

wal work

https://NePPA.iari.res.in

Rabi N Sahoo R v
- I gresnrevolution formed for precision agriculture ¥ Sericalters
animal pawer q 2 :
; esearch) * A " + H— g
New Delhi-110 012, India 1784 1870 1950 1969 011 201y i 08D am0
first mechanical ¥
rabi.sahoo@icar.gov.in || oem o rstassembly line k,ﬁmﬂ::,uu‘ Industry 4.0 concept

ICAR-Indian Agricultural Research Institute, New Delhi

Creating a sustainable food future by 2050 r'.

®

Possible Strategy for Enhanced Productivity

T P ——
— e 5
56% - 2 SUSTAINABLE

Jas : \o WETEE GOALS
Sl oo o mmoneou o 4
H =

wED
kY

i
TEcHOLDGY

£ WOKLD RESOURCES INSTITUTE

How do we feed 1.67 (India)/ 9.7 (World) billion people without using more land &
resources while lowering emissions?

ICAR-Indian Agricultural Research Institute, New Delhi

Indian Seed Congress 2025

Crop production further increase is possible through either improving the yield potential or by
reducing yield losses due to biotic/abiotic stresses

Oefining factars
i Franmcs

Umiting factors

Preciion Farming

e . st (A B P o R, 1905

Development of SMART CROPS through

Precision Farming with i p!
through automation, remote sensing, data analytics

ics for high yield
ision and

ghput at all levels with reduced cost, labour

ICAR-Indian Agricultural Research Institute, New Delhi
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'§' Precision Agriculture : A smart farming approach to agriculture "(‘ Innovations led Transformations in Agricultural Research in India
v’ Capturing and Managing the Variabil
v Remote and In-Field Sensing
v’ Capturing soil variabilities (fertility)
v Monitoring crop health (Biotic and Abiotic Stress)
v' Quality and grading in-season and post harvest
v UAV/ Robotics / loTs
v Data Analytics : ML/DLJAI
v Modeling crop response to variable environment (soil, weather and

management)
v DSS/SDSS for Site Specific Management for optimal crop production

system
v’ Variable Rate Application
+ Making it possible in real or near real time
« C ication i ion/Service

- Efficient knowledge transfer to farmers and good user interface (exploring 4 =& -

Mobile Network — best alternate for knowledge link) Smart Farming air borne image of coconut pl
ICAR-Indian Agricultural Research Inst _BIW print of Ektachrome Color - ~ NASA-ISRO-IARI AVIRIS-NG _Hyperspectral Remote Sensing

Al
'§§/ AgTech growth to come from beyond farm management systems f.\ Egﬂ ICAR- Network Program on Precision Agriculture (NePPA)
T R -

o wnd willingos Adoption of Precision Agriculture Aquaculture

Technologies : B oil Health
C—— — o
e B : :
8 = — J Crop Health o
I c

W £ l l R e Farmers’ Field
&% i = y N
R VRTs/Robotics ¥
%
- Post Harvest quality B.

Experimental Research Field

S

Livestock
-

o :
{adad [P e ‘

Source . ) and Sustainable Indian Agricultural System through Precise Controlled Laboratory /
:https://globalfarmerinsights2022.mckinsey. Use of Inputs Climate control Conditions
com/#themes

oFoy Lulal BN

&

Sensing and Data Analytics (Intelligent Sensing)

P UAV Earth Observing Satellite
“Monitoring and Management Crop Health: N

- Biotic : Pest & Disease

& s
- Abiotic : Water, Nutrient and heat =
*¢Monitoring crop growth, yield and damage ‘;
assessment
High throughput field phenotyping for designing VAR B
new plant type/variety/precision agriculture P
“*Monitoring Soil Fertility and Management
1 o=

Limitations ~ Advantages

g Point Accurate Locat (@ Restame [ spauar o Global
- O e @ o

Resalution

Limitations  Advantages  Limitations  Advantages.

Smart Farming

e B 5 e @ eion B o

=, gt @t B oo @ v
UResource Primary Regional Procisi Temporal T Cost
e @i L e, D e, @B T oo

ICAR-Indian Agricultural Research Institute, New Delhi

ICAR-Indian Agricultural Research Institute, New Delhi

Sensors and Sensing Technologies for Crop and Soil Health Monitoring @ IARI fa\{ ‘

High throughput Phenotyping for Precision Agriculture ’3\

Controlled Na_tural
Environment Field

Plant to the Camera .
. Mobile platforms , Camera tothe plant

namob,\_c_ -

d Mobile Platforr

. I inyanned Aerial Vehicles E

Thermal Sensor - LDAR Mulispectral Sensor

Imaging Sensors

*  Visual - RGB (400-700nm)

*  NIR (Near Infra red) : 900-1700nm

+ VNIR, Hyperspectral (400-1000nm)

+ SWIR, Hyperspectral (1000-2500nm)

« Chlorophyll Fluorescence (Photosynthetic
efficiency)

« Infrared (IR) Thermal (8 -16 um)

= « Spectroradiometer

Ehsnorimes .t hig anaji Deshmukh Plant Phenomics Centre 70+ Million Images till date

ICAR-Indian Agricultural Research Institute, New Delhi ICAR-Indian Agricultural Research Institute, New Delhi
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Multimodal Sensing : for 360° info of the Farm

Sensing and Big Data Analytics

] R e sazem -
Digeat Sensors. LR Dvane Real- Teme Computng. Computimg for Soll and Crop.
: ===
25 . concn e

Parrst  Micasamsn
Saqusia Red-Edehix

‘Sensors.

ﬁk’“"’

P @

§ 56 Capthia Norwork

Hperspectal  utissecial

5
H
i
H
i
5

“mn vav

Integraten

Expeciental Loarning  LiDAR
Contreand5Glab  Sansor

% Part

w

. Machin

LA

1. Univariate Approach
¢ Spectral Indices and sensitive bands =
2. Multivariate Approach

«» Multiple Linear Regression (MLR)
¢ Multivariate Adoptive Regression Spline (MARS)

“* Support Vector Machine (SVM) I'{
« Random Forest (RF)

«¢ Artificial Neural Network (ANN)

Al - Deep Learning- Gen. Al, Foundational Model etc
Physical Process based Modelling : Radiative Transfer

ZnR +C

ial Least Squares Regression (PLSR)

e Learning

ICAR-Indian Agricultural Research Insti

NIR Reflctance.
Spectroradiometer
200-2500n)

NIR e

A borne (AVIRS G)
Imaging Spectrometer

MIR Absorbance
Fi
(2500-16500nm)
MIR Emissivity:

(2500-16000 nm)

3

v

%EIIH\IHIH\I\HMIH IHMIM

,mqmm

e =

il~ ¥

‘ ﬁ S
e e v aan

Soil Organic Carbon Map from Air borne Sensors (AVIRIS-NG)

(in

collaboration

with ISRO
and ICAR
Institutes)

Raichur NCC Crop classlred Soil Area NCC Soil Organic Carbon

ICAR-Indian Agricultural Research Institute, New Delhi

@

A Case Study
of Odisha

Legacy
Sampls
i Vsldwen | Samples #
s 6 lakhs
« Independent
datavaidation To
Prediction of sail
3000

Digital Soil Map of Soil OC
of 6 Districts of Odisha

Remote Sensing of Soil Fertility : In situ to Satellite for SSNM
Earth Intelligence for All

Restine esimaton

Lab condition

Soil Fertility based Site Specific Fertilizer Recommendation

Near Real Time Crop Health Monitoring for Site Specific Management
from experimental plot to Large Farmers’ field Scale in Rice and Wheat

[

with ICAR-National Rice Research f
Institute & Indian Institute of
Wheat and Barley)

Pusa N-Manager

ICAR-Indian Agricultural Researcl

Indian Seed Congress 2025
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Computer Vision for Plant Phenomics and Smart Agriculture

Wheat Phenomics : 2024

Sample Size: 150 G %3 * 2 = 900
i Pot in NDPP( . ¥ s
A e et

Treatments: .'.: it oge

P ——

{_ NDPPC Imaging | Manual Imaging
Sensors Used: @ LU T ((Thermal

[ NIR ) QLD spectroradiometer

ICAR-Indian Agricultural Research Institute, New Delhi
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! Heatmap for Wheat Genotypes for N Deficiency Response using Stress Tolerance ’i
Index (STI) derived from hyperspectral indices =

STl is used to assess the performance of crops under stress compared to optimal conditions.

T -

' Drone Remote Sensing:
A CAT Scanner to monitor Crop and Soil Health for Precision Agriculture

g

Thermal
Sensor

oy

High STI (> 1): Well performance under both stress and non-stress conditions.
STI = 1: moderate tolerance; performs similar both under stress and non-stress conditions.
Low STI (< 1): poor performance under stress ions compared to it

Spraying
Drone

Imaging
Drone

‘ v e ]

 —————— N ce— Source :Fernandez (1992))

AR T [T
\

RHHEL SR

Imaging
spectrometer

{THEHTETHHH

HHTTEHE | T

iilliié’l

Tolerant for Nitrogen

for Nitrogen

ICAR-Indian Agricultural Research Institute, New Delhi

& Monitoring Wheat Crop through Drone Remote Sensing using ML and Physical Process Modelling "6

®

(Experimental Field) ﬁ

‘ e
‘O
3
'ﬁ
v:'g',
SN
ETELD

L L

i fs\ Near Real Time Crop Health Monitoring for Site Specific Management f""‘*\
from experimental plot to Large Farmers’ field Scale 3 ]
Near Real time Satellite based Crop Condition Monitoring System Farm Fi itorl
g iz [ p—
4 5o 4

For Ghar
ICAR-Indian Agricultural Research Institute, New Delhi

da, Karnal, Haryana

. . . . T2,
Maize Tassel Detection using Deep Learning Approach 1/
. ” C aetectlon of maize tassels in p! ant 1mages 1s an 1mporlant (HSE o1 esumaling peninent traits nc| u: ing =
tassel population density and tassel characteristics such as health, size, maturity stage etc.
. i PR

w Satellite based Near Real Time Crop Health Monitoring
for Site Specific Management

T
A

i%ﬂ 2@
e

BB BB
W

Deep Learning
Architecture Maize Tassel detection
(YOLO/CNN)

Maize Field RGB
captured using drone
Gharonda, Karnal, Haryana
ICAR- NePPA : IARI, IWBR

ICAR-Indian Agricultural Research Institute, New Delhi

ICAR-Indian Agricultural Research Institute, New Delhi
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Capturing water deficit stress through Drone based thermal imaging /4 Satellite and Drone based Crop Nutrient Monitoring and Management
L1860 I 186 s L 185N0 A = .
R D -
TN 2
. ]
" .

e, 529 ic Inpt
-om ground robots

e
Thermal Sensor

ICAR-Indian Agricultural Research Institute, New Delhi

ICAR-Indian Agricultural Research Institute, New Delhi

Development of loT Enabled Automated Irrigation Management fa\
System and Fertigation in Green House

Development Low cost Sensor and loT Enabled Automated Irrigation f"
Management System -

Implementation _ h-l-m'm"mn“mﬁsnnm mniwsr:u:\mnm;l::ammnu

Irrometer

Low cost smartphone based Precision Nitrogen

Transplanted rice with

Alternate wetting and

drying schedule loT enabled irrigation water
management systems

Optimization of sensor-based drip irrigation scheduling in
e a 4y indeterminate tomato
1IVR, Varanasi L 3313 ICAR- NePPA : IARI, CIAE, IIVR

Direct Seeded Rice (DSR)

ICAR- NePPA : IIWM, IARI, CIAE, NRCB 3
ICAR-Indian Agricultural Research Institute, New Delhi ICAR-Indian Agricultural Research Institute, New Delhi

Remote sensing- based approach for Crop Health monitoring r&

Relation between Crop disease and
spectral Signature

=t - — —
=T

Al based intelligent irrigation system for field crops

Imaging remote sensing

7-10% water saving was found as compared
to 100% ETc with drip irrigation.

Whether data is used in conjunction soil
moisture to actuate the pump for irrigation.

loT based sensors lack accuracy as compared
to normal ones.

Resolution of whether data (0.25° x 0.25°)
limits the accuracy of the system.

ICAR-Indian Agricultural Research Institute, New Delhi

=
Sensing Asymptomatic Pathway Rice Blast through Spectroscopy fr‘\

;
Monitoring of Wheat Yellow Rust through Hyperspectral Remote Sensing f‘
05 = —

o2 AR |- [umE

AR RENE]

s
[}

Waetengen

ifying sensitive spectral range
Waterlogged
e
” [ R
Healthy

pectral observation and ground
truthing in affected farmers’ fields of AVIRIS-NG
Yamuna Nagar, Haryana ISRO-SAC

manzn e
Lambda/Lambda correlation coefficient contour maps provide insight into the asymptomatic stage data

Important Spectral Ranges for sensitive to protein, Early prediction before visual Symptoms
* X980 nm and Y 1064 nm, X 1064 nm and Y is 1300 nm X 1750 nm and Y 2250 nm,

ICAR-Indian Agricultural Research Institute, New Delhi

ICAR-Indian Agricultural Research Institute, New Delhi
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Deep Learning Techniques Based Rice Blast Disease Identification using RGB image f'. Assessing biotic stress (BPH of rice and wheat aphids) through sensors

Unknown Images Model-based Prediction

U-Net Architecture

5 @
i M ===
I " B = Copy and crop.
-
] st
- o
o —ns_.-_-a- § marpoeine
- convTn
i

Accuracy of 97.8 %

ICAR-Indian Agricultural Research Institute, New Del

Variable-Rate Technology (VRT) for different Input /ﬂ
Applications &u‘!pn_

ICAR- NePPA : CIAE, IARI
VRT Drone for Spraying « Canimprove crop yields by up to 5-
! i 8% compared to conventional
methods.

VRT ROBOT

Savings in the fertilizer of up to 16 to
24%, with some indirect benefits such sl
as reduced soil degradation and [Righ stress

[preasceion
salinization.

High stress

Jhign stress
it prediction
Sensors are not sensitive enoughto  [reaiction

increase the number of classifications. fis*¢ties,
]

Overall savings is not more tha

n
2000/- per hectare ICAR-CIAE

ICAR-Indian Agricultural Research Institute, New Delhi

__f.\ Camera-assisted h.ydr.au!ically operated pneumatic _{8\
| = fruit picking system

* Plucking of citrus has been
attempted by pneumatic as well
as robotic arm.

* Plucked fruits have a punctured
skin as the pedicle is removed
with a part of it.

« Genetic engineering interventions
can rescue the situation for
successful operation.

ICAR-CIAE

+ A multi-functional remote-controlled
system to ride-on-rice transplanter.
The system comprises a remote-
controlled on/off system, steering,
direction, speed, brake, transplanting
function and emergency stop using a
programmed electronic control unit
(ECU).

The field capacity, field efficiency and
fuel consumption was 0.24 ha/h, 71 %
and 3.1 L/ha.

The limitation of remote control can be

overcome with a GPS.
" ICAR-Indian Agricultural Research Institut

.

New Delhi

Automatic fruit grader

&

« The capacity of the machine is

« HOMELHHEhas a custom
lightweight CNN model “SortNet”
for vision-based classification of

- eiifitithtal parameters affect
the sensors and microcontroller

* Lower life of MOS sensor.

« Detect only group of compounds and not the
individual compound.

* Needs multiple sensors as an array leads
complexity in the system.

« Poor repeatability among the different lots due to
diversity in biological commodities.

performances.

* Incorrect results due to accumulated VOC’s when
used in fixed system.

ICAR-CIAE

ICAR-Indian Agricultural Research Insti New Delhi

ICAR-CIAE

ICAR-Indian Agricultural Research Institute, New Delhi
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Smart Urban Agriculture

Hydroponics Farming

€ 98% water efficient

& 96% fertigation efficient
& Season-neutral

& Green house ready

& Indoor farming compliant

& Al loT and sensor operated

Multiple layer
Vertical
Hydroponic
Model

Fertigation
Tank: 100 liter

Capacity
Total Energy
: Requirement
With and 250 Wat
without - .
LED Light

Automatic tracki
counting

Low cost sensor with computer vision

Sensor based drum filter

w * cLX

s =

underwater drone 10T based Dissolved Oxygen m\
e

[ommrmna]  Aerator ‘on’

ad when DO <5

Fish monitoring

Cage net moritoring Drone based Water Sampling in river Ganga

Pond quality monitoring from drone

Sub-clinical Climical

=g CC o foe ot

NIB on Drone
in IARI Farm

-NIB
COTS Hardware

. = LAB PRODUCTS at IITD AIC
IARI : one of the 5G Use Labs of India with support from DoT

\W4S-Lab-IITD
ICAR-Indian Agricultural Research Institute, New Delhi

Initiatives for Future Agriculture

Inspired from nature

ot loD for Smart Agriculture
F -~
- > 10Ds : Internet of Drones
N T (using 5G Captive Network)
-

(@( ,D)) SWARM DRONE TECHNOLOGY
A for different civilian use

ICAR-Indian Agricultural Research Institute

Indian Seed Congress 2025
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10T, 5G and Al enabled Edge Computing- a step towards Digital Farming @

Real-time Dashboard

ARl |

Empowering Farmers

» Personalized Advisory

» Live interaction in local language with domain expert.
» Anywhere, Any time Access on past advisories

> Facility to register through Toll Free and Mobile App

O

Empowering Institutions Connected with

> Dashboard and MIS for monitoring and Evaluation > 731 KVKs

> Click to Call facility-on mobile, conferencing, recording. . B

> Access to ledge and Farmers Datab: Know Your ~ 3000+ Agricultural Experts

Farmer (KYF)
> Push emergency massages at any level.
> Feedback mechanism
Coverage : All India SMS: Bulk, Groups, Personal
L All ional L IVRS: 14 Languages

v

113 ICAR Institutes

> 76 Agricultural Universities

KISAN System of Agri-information
5&““_“;" Resources Auto-transmission and Technology Hub Interface

Number of Registered Farmers
2.56+ Crores, till January 2025 a

Without Kisan Sarathi

With Kisan Sarathi

Districts

Blocks

5G enabled Smart Village : to start from home, IARI

Multi-Disciplinary Collaborative Research
Translation (IARI & IIT Delhi)

Globally competitive & ‘Ahead of State-of-art”
Commercially deployable Solutions for Smart
Farming

R&D Cost & Timeline optimization is to be
powered by:

* Research Translation exercise in Academia-
Industry Collaboration
Easy to implement at Pilot scale involving
knowledge experts from all domains

ecosystem, and management practices

QPoor yield and limited access to resources - financial services, credit
lenders), support expertise,

QPoor infrastructure
OLow use of farm technologies and best farming techniques

QPost harvest loss
QFrequent natural calamities

ICAR-Indian Agricultural Research Institute, New Delhi

Without Kisan Sarathi
i ut sa" arat + Parallelly to start any of the 10 villages proposed
keeping in view proximity
» - * Finally to implement in cluster of villages for
Villages . . .
= P viable business proposition
Without Kisan Sarathi
+ Total Area Coverage: 500 ha
S
B ICAR-Indian Agricultural Research Institute, New Delhi
= " P " - N
Scaling the Precision Agriculture in India : Challenges f'. Best practices for inclusiveness and scaling of farmer centric fa\

OAverage farm size (70 % less than 1ha), and heterogeneous in cropping, agri-

(or

ODecrease of soil fertility due to over fertilization and increase in pesticide use

digital innovations

= |nstitutional support for and with the new innovation agenda

= Public and private partnership for collective measures to bridge the gap
between farming community and technological interventions, mobilizing vital
agro-services to Indian agriculture services

= Digital empowerment of Network of Common Service Centres (CSC) and
extension services network in the form of Krishi Vigyan Kendras (KVKs)

= Demonstration of new innovations for digital agriculture through CSC, KVKs

and FPOs large scale community level acceptance and adoption.

= Capacity building and hand holding for new innovations in smart farming
ICAR-Indian Agricultural Research Institute, New Delhi

Way Forward

Farmer Centric Digital Innovations

Generative Al and Quantum computing
Standard Spectral Library for Indian Soils
Low Cost Sensor Technology for Soil and Water management

Digital and Data Innovations for enhanced last-mile adoption
agricultural technologies

Precision Monitoring of Agricultural ecosystem using Remote
loT Sensors, Drones

Public-Private-Partnerships for scaling
Policy matter- Digital Agriculture Strategy

ICAR-Indian Agricultural Research Institute, New Delhi

* More investments into Research on Digital Inclusion, Responsible-

of

sensing,

o

@ ICAR-Network Program on Precision Agriculture 2

o) THANK YOU @f"’ o
) EZ‘S & é%mg @ rabi.sahoo@icar.gov.in

= 7 Acknowle

https://NePPA.iari.res.in
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Seed-Based Delivery Sy Using and for

Improved Stress Tolerance and Crop Productivity

Dr Gyan Prakash Mishra
Head, Division of Seed Science and Technology
Indian Agricultural Research Institute, New Delhi-110012
Email: gyan.gene@gmail.com

130152025

IS\

Challenges: Climate change, soil degradation, resource scarcity, etc.

Introduction

Need: Innovative solutions to sustain crop productivity

Seed-based delivery systems: To address these challenges by
incorporating advancements in biology & nanotechnology

[m——

s //dw/rn/dmov/msrx @300z

Precise delivery of essential inputs directly to seeds, ensuring
targeted action during critical growth phases

fici: bioactive ds, & I
carriers based delivery systems: Better germination, seedling
establishment & improve biotic & abiotic stress tolerance

micr

Reduces reliance on
environmental impacts

synthetic agrochemicals, minimising

IS\

1. Biologicals in Seed-Based Delivery Systems

Biologicals: Products derived from natural sources viz. microorganisms, plant extracts, or
naturally occurring compounds

(i) Beneficial Microorganisms:

* Rhizobia, mycorrhiza, & endophytic bacteria- Enhance N-fixation, nutrient uptake,
& stress resilience

* PGPRs- improve plant hormone (auxins, cytokinins) & tolerance to abiotic stresses

* Biocontrol agents- protect seeds from pathogens through competitive exclusion &
induced systemic resistance
(ii) Humic extracts, & amino acids enhance
germination rates, root growth, & stress tolerance

Based : Phenolics & flavonoids activate antioxidant
pathways, enhancing seedling resilience & mitigating oxidative stress

(iii)

Seed treatment: Improves seed performance & crop resilience

13 15c2025

Different growth-promoting activities of PGPRs on the plant

e
it

o il Plonplcre
LD, PO,

13 15c2025

Advantages of Seed coatings with biologicals

(i) Stress Tolerance: Microbial inoculants help plants withstand abiotic stresses
* Rhizobium- Symbiotic relationship with legume (atmospheric N into ammonia)
* Azospirillum- Promotes root development (IAA)
* Trichoderma- Synthesis of antifungal compounds, that suppress harmful pathogens
t Efficiency:
iofertilizers in seed coat- Significantly improve nutrient use efficiency

« PSB produce organic acids (Citric & Lactic acid)- Dissolve insoluble phosphate into accessible
forms

* Mycorrhizal fungi: Extend the effective root surface area through hyphal networks, allows
plants to access P & vital micronutrients

* Increase P uptake (up to 30%) & provide boost to early seedling & overall plant development

130 15c2025

IS\

| Advantages of Seed coatings with biologicals

(iii) Disease Suppression: Seed coating with Bacillus subtilis & Pseudomonas fluorescens
protects plants from soil-borne pathogens

* P. fluorescens produce siderophores which bind Fe (in soil), making it unavailable to
pathogens & starves harmful pathogens

*  B. subtilis synthesizes various antifungal metabolites (lipopeptides & antibiotics) which
suppress diseases (root rot & damping-off)

* Also enhance seedling vigour & overall plant health

./ (iv) Plant Growth Promotion: Biostimulants activate metabolic pathways in seeds & promote
synthesis of enzymes, hormones, & bioactive molecules

Seaweed extracts (cytokinins, auxins, gibberellins), stimulate robust root growth &
enhance nutrient absorption

Amino acids: Building blocks for proteins &

photosynthetic efficiency & stress response

signalling  molecules, improve

13 15c2025

fa\

| Challenges: Biologicals in Seed-Based Delivery Systems

* Ensuring long-term survival & activity of microbial Saed dafense bio-priming
inoculants under field conditions F—= iy
* Optimization: Compatibility —between seeds, frooepeto
microbial strains, & environmental conditions
andardized guidelines (production & application)
for large-scale adoption I activati
+ Scalability for large agricultural systems
Biopriming has il p ial for the ble devel of agriculture

by enhancing stress tolerance

130 15¢2025

‘ 2. Nanotechnologies in Seed-Based Delivery Systems

e Sp—

" et i

n &

Activates physiological & molecular mechanisms (abiotic &

Seed nanopriming: Enhances stress tolerance & productivity i
biotic stress tolerance) i

Nanoscale delivery of nutrients, agrochemicals, or biological
agents improves efficiency

anoparticles (NPs)

Nanofertilizers: Slow & targeted nutrient delivery (Zn, Fe),
enhance seedling vigor by ensured nutrient availability

itps:/dor

Nano-pesticides & -herbicides: Protection against early-stage pests & weeds

Stress-protective NPs: Engineered NPs (Si, Titanium dioxide), enhance antioxidant activity,
reduce oxidative damage, & improve drought tolerance

130 15¢2025
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‘ Nanotechnologies in Seed-Based Delivery Systems
Sensors and Coatings

* Nanosensors in seed coatings: Monitor soil conditions (moisture, temp, & nutrient
levels); real-time feedback for stress management (Concept)

* Smart coatings with temp- or pH-responsive properties enable the release of desired
amount of agro-inputs under stress conditions
Seed nanapriming,

arriers for Biologicals

® L] .,‘ with e relese

e

q . . M\M
Nanocarriers  (chitosan,  liposomes, - mrm mmmluuk\d&mm

° X Ll 1 i i gt
polymer-based particles), deliver

bioactive compounds or microorganisms
directly to the seed, ensuring controlled
release

— -
/... ey it
OO

""'"“'"‘“" lknﬂ‘arp‘

Encapsulation of biologicals using nano-materials protects them from degradation during
storage

mf

Wit aicrctony
b

DOI: 10.1007/s00344-023-11038-4.

are g~
encapsulated with nanoscale carriers [

Encapsulation: Prevents a.i. degradation (UV, moisture, microbes)

Nanoscale carriers: Targeted delivery of a.i. with minimal use

(i) Nano-Fertilizers (N, P, Zn)
* Releases nutrients in a controlled manner, as per the need
* Slow release rate: Minimises nutrient loss (leaching or volatilisation)

* Nano-P: Remain available for extended periods

Nano-Zn: Improves micronutrient uptake efficiency (for enzymatic function)

* Enhanced crop productivity with reduced environmental impact

13 15¢2025

130 15c.2025 130152025
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‘ particle based p seed &its ’.‘ \ Nanoparticle based p seed and its ’.‘
i) N icides: Nano- facilitate targeted delivery (seed- & soil-borne pests|
* Active ingredients (nutrients, pesticides, biostimulants) (i) Hadt e L= pess)

(iii) Abiotic Stress Mitigation
+ Nanoparticles (Si, Titanium dioxide, C-nanotubes) enhance germination through better water uptake
efficiency, photosynthetic process, & AoA

+ Priming (Zn, Fe, Si nanoparticles): Efficient delivery of nutrients to seeds

*Si or/C-based nanopriming: Enhanced water
uptake, profound root growth, antioxidants
pfoduction, protection of cell membrane, & DNA
from oxidative damage

+ Zn oxide: Seeds cope with heat stress (stabilizing
proteins & enhanced antioxidants)

« Faster & uniform germination even under stress
conditions

13 15¢2025

Nano-Priming for Plant Phy. y and Stress

Possible molecular mechanism of
seed nanopriming and toxicity

‘Plant ralsed from nanomaterfals wreated seed

Magnetic | Core-shell
nanoparticles_|_nanoparticles
~ \//‘\/

hitps://dol.org/ 101016/ citotenv.2024.175118

Nanoparticle mediated revitalization events
in aged seed

ing for Plant Physil

(6a-Gibberelic oc
NP- Nanoparticle)

Mameprissl phck

hitps://dol.org/10.1007/500344-023-10981-6

i
1. emrpence

hitps://dolra/10.1007/512298-021-00942.2

environment & human health

Developing clear guidelines & standards for the
extensive use of nanomaterials in agriculture,
particularly for large-scale adoption

Developing cost-effective_methods for large-scale
seed nanopriming

Control is unprimed, TNE is turmeric ofl nanoemulsion,
AgNPs s silver nanoparticles

130 15c2025

AAY
1% 15c.2025 Py
e
hnol based Seed-Based Delivery Systems () 3.8y ic Approaches: Comt I Is and hnology
* Maximisation of efficiency & effectiveness
* Potential toxicity of nanomaterials to the * Nanoparticles: Encapsulate microorganisms, protection from desiccation, UV, & other factors &

extended shelf-life
* Nanomaterials: Improve biologicals adhesion on seed & their uniform distribution in soil

* Ensures delivery of beneficial microorganisms to the rhizosphere, promote better colonisation
(Improved plant health & productivity)

® Impact of seed nogeiming on plan growih

@

‘Sead geminaion phases i unpeimed snd nancgeimed seeds

https//doiorg/10.1016/}scitoteny.2024.175118
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Advantages of Seed-Based Delivery Systems

(i) Microbial-Nano Hybrids

* Integrating microorganisms with nanoparticles (better efficiency)

+ Bioinoculants with Si NPs: Improved seed germination & stress tolerance (drought/salinity)
(ii) Seed Priming

+ Nano-priming with biochar-loaded NPs or nanoclay composites: Enhanced abiotic stress tolerance
(iii) Multi-functional Coatings

+ Seed coatings with both biologicals & nanomaterials for protection & growth stimulation (nutrient supply,
pathogen resistance, & abiotic stress mitigation)

1371502025

(i) Precision and Sustainability

* Reduced input waste & environmental contamination (localized & efficient
delivery of agro-inputs)

* Minimal application of synthetic agrochemicals for eco-friendly farming
(i) Enhanced Stress Tolerance
* Promotes seedling survival & growth under abiotic stresses

* Induced stress-related gene expression & antioxidant pathways to protect
seedlings from oxidative damage

{iii) Improved Crop Productivity
* Boosts germination rates, seedling uniformity, & ESV

* Enhanced nutrient use efficiency, photosynthetic performance, & plant
health

13 15¢2025
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* Optimization of compatibility of biologicals with nanoparticles & seed
coatings

Challenges and Future Directions

* Regulatory challenges & public perception of nanotechnology pose
barriers in its adoption

* Stability & efficacy of nanoformulations & biologicals during storage &

‘application
/Multi-functional coatings for specific crops & environmental conditions
* Integration with loT & Al: Enhanced stress management

Wi

& renewable nanomaterials are eco-friendly solutions

~* Genetic engineering for biologicals for improved resilience to

environmental stress & compatibility with nanocarriers

13 15¢2025
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Conclusions

Enhanced Crop Productivity & Resilience: Seed-based delivery systems
(biologicals & nanomaterials) improve plant growth & stress tolerance

Precision & Sustainability: Enable efficient, environment-friendly solutions to
climate change & resource limitations

& Innovation Needed: Need interdisciplinary
collaboration among scientists, policymakers, industry, & farmers

research,

Scaling for Global Impact: Widespread adoption for achieving long-term food
security & sustainable farming

13 15¢2025

+ Aged seeds, reduced mitochondrial activity, thus the respiration rate
* CO, is captured in an Indicator solution, which change the colour in response
* Wheat, paddy, maize, soybean, lentil, Mungbean, cucumber, bottle gourd

Standard
germination test

Speedyseed
Viability Kit™

Maize (lot 2)
& Maize (lot 3)
Maize (lot 4)
1ML 2421
HKI-163
A

2105%
0%
36%
84.7%

18%
10%
39%

85.3%

Licenced: Vfarmzs Supply Chain Put. Ltd (14 Feb 2025)

Patent filed
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Innovative Approaches in Seed Quality Assurance for
Globally Competitive Indian seed industry

Dr. K. Keshavulu

President, ISTA

Director, Telangana State Seed & Organic Certification Authority,
Hyderabad, India

Mr. Pradeep Korishetter, Deputy Director, TSSOCA

13t Indian Seed Congress
February 24-25, 2025, New Delhi

Seed Industry Overview

Global seed market is valued about $70 billion

Major players such as the US, Netherlands, China,
and France leading in seed exports

India— 5t largest and the fastest-growing seed
market in the world.

Estimated value is about 5.0 billion USD in 2024

India’s seed exports: 0.18 Bn USD (2020-21) —
Vegetable seeds, Corn, Cotton, Rice, Sorghum

India’s global share in the seed trade is about 2 %,
with a ranking of 26th globally.
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Competitive Seed Industry: Factors

13t™ Indian Seed Congress

Seed Quality Assurance: Importance

February 24-25, 2025, New Delhi

* Research & Innovations
« Enabling Policies / Regulations

« Infrastructure Availability

Production costs — Farmers Skills

Logistics & Communications

Intellectual Property Protection

Globalisation, Acquisitions and Mergers

Seed Quality Assurance
Access to High Quality Seed 111

 High-quality seed: pre-requisite for higher crop
productivity & good returns

« Seed sector strengthening: adherence to policies that
guarantee quality standards and regulatory features

* Regulatory framework: to oversee the interests of

governments, seed producers, and farmers
Quality Assurance is
fundamental for Seed
Industry’s reputation
and evolution

« Appropriate Quality Assurance framework promotes;
* Competitive seed markets
* Ensure quality seed access to farmers
« Lowers trade barriers « ItIs insurance against
crop failure

* Promotes seed sector growth and innovations

13t Indian Seed Congress
February 24-25, 2025, New Delhi

Seed Quality Assurance: Components

« Seed certification schemes based on
varietal identity and varietal purity
(National, OECD, AOSCA)

 Seed quality testing (ISTA & AOSA)

 Phytosanitary measures (IPPC, WTO-SPS &
NPPO)

13t Indian Seed Congress
February 24-25, 2025, New Delhi

Global Seed Quality Assurance Framework

~OECD

Seed Certific

TN
H_HE 1PPC

[ Phytosanitary measures |

Quality Declared
Seeds

[_Plant Variety Protection |

National laws of the respective countries aiso plays a greater role

Innovations in seed quality assurance:
Need !!!

For improving the quality seed supply system

13t Indian Seed Congress
February 24-25, 2025, New Delhi

BesT [

Enhanced transparency, accountability & accuracy <" Berren|

Reduced overall cost of labour-intensive methods

Faster / quick quality assessment for timely placement
of seeds in the market

aincerity

.

Farmers access to improved varieties

New and innovative technologies have been devised by
several researchers /organisations for seed quality
assurance around the globe

13t Indian Seed Congress
February 24-25, 2025, New Delhi

Innovations in Seed Certification

Drones for field inspections:

« Based on the differential characters of seed crop, off types, diseased
plants, weed plants etc.

« Possible to measure plant health, identify crop species, field counts etc.

* Has already been used in precision breeding techniques

* Needs further research .....1!1! A g

13 Indian Seed Congress
February 24-25, 2025, New Delhi

Innovations in Seed Certification

(Contd..)

13" Indian Seed Congress
February 24-25, 2025, New Delhi

Digitalization of Seed Certification & Traceability:

« Transparency, accountability &
timely services

..“m“_.m-‘ =

Avoids paper works and saves
time

Real time data on seed

certification process

Easy monitoring-Real time

Improved genuineness in seed
production

Chlorophyll fluorescence (CF):
* It is one of the promising technologies
for assessing seed maturity

« Chlorophyll is present in seeds during
their early development

« Chlorophyll declines with increasing seed
maturity and quality

« Seed quality can be determined by
relationship between chlorophyll content
and seed quality quickly and non-

destructively Seed chlorophyll content is a good indicator of maturity and
seed quality. High chlorophyll fluorescence indicates low seed
« Decision on right time of harvesting quality.

(Source: H. Jalink and R. Bino, 1999, Plant Research International)
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Innovations in Seed Testing

National Seed Association of India (NSAL) F

13t Indian Seed Congress
February 24-25, 2025, New Delhi

Innovations in Seed Testing L

Multispectral imaging in seed analysis:

* Based on seed colour, shape, size,
topographical texture, spectral texture,
seed coat etc.

* Provide information about seed
surface chemistry and seed
morphology (colour, shape and
texture)

* Can be used in;
* Varietal identification and purity
« other seeds and inert matter
« viability & vigour
« seed health & insect damage

viabirey.

viable seeds were -
s - from dead seeds
W aceracy

F 2425, 2025, New Delh
(Contd..) ebruary 24-25, 2025, New Delhi

X-ray analysis of seeds:
+ X-ray imaging have a strong relationship with seed physiological performance
« Can efficiently predict seed quality attributes

« Can be alternative methods for rapid, efficient, sustainable and non-destructive assessment of seed
quallty in the future. (Vitor o Jesus Martins Bianchini et al, 2021)

Innovations in Seed Testing

13t Indian Seed Congress

SeedAlive: “Al” in Seed Viability Testing:

« A simple, fast and sound method to
determine seed viability

« SeedAlive has developed a new, efficient
and reproducible method for forecasting
seed germination.

* Seeds are incubated in a reaction solution
for 4 hours.

* Subsequently, by using Al, whether the
seeds are alive or dead are determined

* It is also possible to predict root
emergence, normal germination as well as
vigour of seeds.

he 3
(Contd..) February 24-25, 2025, New Delhi

Innovations in Seed Testing L aion ool Conerms

he 3
(Contd..) February 24-25, 2025, New Delhi

Near infrared spectroscopy (NIR):

* NIR spectroscopy has successfully employed to
detect seed viability in soybean, corn, cabbage,
radish, tomato etc.

« Based on the differential absorption / reflectance
of electromagnetic radiation by the seed at
wavelengths in the range of 780-2500 nm

* Viable seeds had a lower reflectance than those
of non-viable ones.

* The differential absorption / reflectance of
electromagnetic radiation would be used to
classify viable and non-viable seeds.

* Quickest method

Schematic of FT-NIR spectroscopy (a), single seed holder (b), rawspectra
of soybean seeds (c) and average spectra of viable and non-viable seeds

in spectral range of 1000-1900nm

Innovations in Seed Testing
Ergovision for purity testing:

« Developed by Oregon State University
Seed Laboratory

« Used in purity testing of small seeded
species such as grasses or vegetables.

* Fibre-optic light for image clarity,
optimum magnification and an automated
seed flow in the field of view.

+ Imaging technology combined with
software to analyze and categorize seeds
based on their shape, color, and other
visual characteristics

13t Indian Seed Congress

4 -
(Contd..) February 24-25, 2025, New Delhi

The Ergovision Inspection Station used by
Oregon State University Seed Laboratory

Innovations in Seed Testing e

4 -
(Contd..) February 24-25, 2025, New Delhi

Machine learning models in seed purity testing:

* Combining machine learning (ML) algorithms and
optical sensors can provide reliable, accurate,
non-destructive, and quick pipelines for seed
quality assessments

* Multiple uses, varietal purity, vigour, OSD, purity
etc.

Precision seed
certification through
machine learning

(Akram Ghafari, 2024)

Innovations in Seed Testing

Seed Vigour Imaging System (SVIS):

* Developed by the Ohio State
University

* High-resolution imaging
technology to study the seed
vigour

* It is a computerized seedling
analysis (vigor index and
growth index)

* Being used in soybean, corn,
melon, cucumber, brinjal etc.

13 Indian Seed Congress
(Contd..) February 24-25, 2025, New Delhi

Applications of bio-chemical & molecular

13" Indian Seed Congress

markers in Quality Assurance S ane

Identification of genetic purity Bio-chemical tests

« Parent-off spring identity « Polyacrylamide Gel Electrophoresis (PAGE)
« SDS-PAGE
+ Genetic purity of hybrid seed lots « Isoelectric Focusing

Validation of crosses in nurseries Ultrathin layer Isoelectric Focusing

Trait-specific testing of seeds
L™

Rapid advances in molecular
marker systems and the
genatyping platforms has.
ravolutionized the way in which
enetic analysis is dane...

Molecular markers
+ SNP (single nucleotide polymorphism) markers
+ SSR (simple sequence repeat) markers

Indian Seed Congress 2025
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Advances in Phytosanitary /
Seed Health Testing

13t™ Indian Seed Congress
February 24-25, 2025, New Delhi

* Essential test for seed trade across the borders rq —

* Quarantine or economic importance
« It is a routine test in many of the EU and other developed E }

health P

countries FW’
« Draft seed bill also emphasise on the importance of seed Xy :

Advanced techniques
+ NASH (Nucleic Acid Sequence or
Spot Hybridization) technique
+ ELISA & PCR based detection
assays
+ DNA Chip (Microarray) technology

DNA micro-array

Blotting / hybridisation technique

13t™ Indian Seed Congress
February 24-25, 2025, New Delhi

Conclusion...

India’s seed export share is currently underrepresented compared to its vast potential.

Adopting modern seed quality assurance techniques, increasing R&D investments, and
enhancing export infrastructure will foster India’s growth in the global seed trade.

* Innovation, global collaborations, and adherence to international standards will empower
India’s seed industry to achieve global competitiveness in the export market.

Focusing on innovative approaches like digitalization, Al, blockchain, and validation of
advance testing protocols, will drive India’s position as a global seed leader.

Need to promote innovations in seed quality assurance for enhanced transparency,
accountability and timely placement of seeds in the market.

Some of these are well established and renewed for application, others are still in their
infancy and waiting for more detailed research and validation.

Dr. Dilip K. Srivastava, Deputy Commissioner (QC), Seeds Division, DA&FW,

Seed Traceability in India
Leveraging the SATHI Portal for Transparency
and Quality Assurance

Vision

“To build a Digital Ecosystem for effective
monitoring of the seed production &
distribution chain and to provide complete
traceability of the seeds from point of origin
till sale”

Introduction

The Gol has decided to launch Seed Traceability portal for effective
monitoring, efficiency and transparency in seed production and
distribution chain.

It aims to provide a quality assurance system through end to end
traceability.

It was officially launched by the Honorable Minister of Agriculture, on
April 19, 2023.

Validate several important criteria.
Ensure quality assuran as origin d, o ens quality of seed
and to track the spurioy ducti o sho armer, thus
Seed Production C} E tic is income.

WLHES

SATHI? Developed By

National Informatics

Seed Authentication, Centre (NIC),
Traceability & Holistic Ministry of Electronics and
Inventory Information Technology,

Government of India

Phases & Parts of SATHI Portal

Phase-I Phase-Il

Part-I: Nucleus to Breeder Seed Lifting

Module Part-1V: Seed Inventory Module

Part-II: Conversion of Breeder Seed to
Foundation and Certified Seed Module

n
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BENEFITS

End to end visibility of seeds throughout their lifecycle.

Identification of a seed source, variety and quality by backward linkage
(traceability) till its origin.

lifting etc. for breeder seeds.

Automation of seed certification system involving registration, inspection

[Automation of manual processes of indent submission, allocation, allotment,
[testing, certificate issuance.

Real time monitoring of demand, allocation and supply of breeder seeds. }

BENEFITS

Monitoring of seed inventory and sale to farmers.

Automated registration of seed dealers, application renewal and
license issuance.

Dashboard based monitoring and MIS for complete track of all
activities in seed lifecycle.

Reduced paper work, easy and effective inspection by use of
Mobile based application.

Integrated Six Verticals of Seed Chain

HOW TRACEABILITY HAPPENS

Research Seed Seed Seed Dealer to Farmers
Organisations Certification Licensing Inventory farmer Sale
oo . : == :
Wl L U A &
% — m s 53 P = = 8
0 (11} - = =
= |
- :

PHASE-I: NUCLEUS TO
BREEDER SEED
PRODCUTION MODULE

e To digitalize the entire
Nucleus to Breeder Seed
Production chain of National
Agriculture Research System
(NARS) system under ICAR.

OBIJECTIVE

]

y

o Seed Division DA&FW as a routine used to take
Breeder Seed Indent of different crops (in both
Kharif and Rabi seasons) from Department of

PROCESS OF Agriculture States/UTs, National Level Seed
SUBMISSION OF Producing Agencies & NSAI
BREEDER SEED
INDENTS

FREQUENCY OF INDENTS IN A YEAR

Kharif
Season
(Agricultura
| Crops)

Rabi Season
(Agricultura
1 Crops)

Kharif
Season
(Horticultur
al Crops)

Rabi Season
(Potato)

Rabi Season
(Horticultur
al Crops)
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Breeder Seed System \

Stakeholders in N to B Module of SATHI
,—[ SPAs
,—[ Indenters
,—[ Seed Division
,—[ ADG (Seed/Hort)

’—m]/Pc

’—[ BSPCs/SPPs

I

PROCESS FLOW

Indent Allotment
o
—
e st
e, e
R
‘quantity to SPA.

STAKEHOLDER STATISTICS
S. Name Status
No.

1 Indenters 43

2 Nodal Officers 02
3 PD/PCs 23
4 BSPCs 350
5 STLs 185
6 SPPs 369

PROGRESS SO FAR

10 PD/PCS OF KHARIF CROPS (PADDY, SOYBEAN, KHARIF PULSES, JUTE, MESTA, SUNHEMP,
GROUNDNUT, SESAME, NIGER, FORAGE CROPS, ONION, GARLIC AND VEGETABLE CROPS)
HAVE STARTED WORKING ON THE SATHI PORTAL FOR KHARIF-2025 INDENTS.

REST 13 PD/PCS OF RABI CROPS (WHEAT, BARLEY, RABI PULSES, RAPESEED, MUSTARD,
LINSEED, POTATO AND SPICES) WILL START WORKING FROM RABI 2025-26 INDENTS.

PHASE-I: BREEDER To FOUNDATION
& FOUNDATION To CERTIFIED

OR

SEED CERTIFICATION AGENCY
MODULE

e To digitalize the entire seed
production chain from Breeder
to Foundation & Foundation to
Certified seed under the
supervision of State Seed
Certification Agencies.

PROCESS FLOW

s ot e
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f STATUS OF ONBOARDING OF SSCAs 1

Before Kharif-2024 In Kharif-2024 Rabi 2024-25 ChibEEng
Pending

® Assam, * Bihar, Haryana, * Andhra Pradesh,  Delhi, Gujarat,
Chhattisgarh, Sikkim, Kerala, Telangana &
Punjab, Jharkhand Puducherry, Tamil Nadu (04).
Maharashtra, Himachal Tripura & Uttar
Karnataka, West Pradesh & Pradesh (05).
Bengal, Madhya Pradesh
Rajasthan, (06).
Odisha, Jammu,
Kashmir &
Uttarakhand
(11).

PHASE-II: SEED INVENTORY MODULE

e To digitalize the entire seed
movement from Seed
Producing Agency,
Distributors,
Dealers/Retailers to Farmers.

e Record movement of Seed Bag in
distribution network.

e Provide real-time inventory.
e Monitoring & Enforcement.

Authorised Seed
Distribution Network
Trace & Track of Seed Bag
@A Movement (Traceability)

Info on Seed Availability
from Micro to Macro Level
(Holistic Inventory)

PROCESS FLOW
il — 03—

Gavarmmant Testing Speed
e Lab inspector
Gowt. Agancy Intimate the SPA. Dealer and
I Retailer to biock the Sale of that particular Iot.
Randam Test
( T |
[w ] = - .
[+ — 5 <> % i T’e‘
== . 4 [t |
SPA ) Deal Retailer Farmer
Invaice

t t y

Unsold Bag (Stock)

‘ Seed Inventory Module: Status ‘

Kharif-2024 Rabi 2024-25 Kharif-2025 Rabi 2025-26

*Maharashtra (01) * Assam, *Bihar, Haryana, * Andhra Pradesh,
Chhattisgarh, Sikkim, Jharkhand, Kerala,
Punjab, Himachal Pradesh Puducherry,
Mabharashtra, and Madhya Tripura and Uttar
Karnataka, West Pradesh (06) Pradesh (05)
Bengal ,
Rajasthan, Odisha,
Jammu & Kashmir
and Uttarakhand
(10)
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e CENTRAL SEED TESTING LAB (5% SAMPLE

SENDING AND TESTING MODULE). * INTEGRATION OF SEEDNET ON SATHI.

OTHER . DASHBOARD  DEVELOPMENT  FOR OTHER -;’IEEDSEED MODULE FOR NOTIFIED
NATIONAL LEVEL SEED  PRODUCING PERIPHERAL b
PERIPHERAL AGENCIES. o TL SEED MODULE FOR RESEARCH
\V[OIDIU)NIN - sec0  HUBS  INTEGRATION  AND MODULEs MATERIAL SEED.
OF SATHI MONITORING DASHBOARD. OF SATHI e CVRC VARIETY PROPOSAL
« INTEGRATION WITH KRISHI MAPPER AND SUBMISSION MODULE.
OTHER PORTALS.

Issues & Challenges

’7 Complete on-boarding of all State Seed Certification agencies by Rabi 2024-25. —‘

“Interstate moverent of seed,
«To carry out interstate seed certification activity,
+To bring seed inventory in states where no Seed Certification Agency is there but seed is being sold over there.

O w Indian Seed Congress 2025
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Day 1: 24-02-2025

Technical Session |

Innovations & Next Generation Technologies for
Crop Improvement

Presentation on “Trends in the Global Seed Market: Role of
Technological Innovations as a Key Influencing Factor, Strategies
and a Decadal Outlook”

Dr. Bharti Malhotra, Research Manager- Analysis Lead, Crop Science, Agribusiness,
S&P Global

Highlights of the presentation

e The global seed market has been significantly shaped by technological
innovations, which have been crucial in driving industry trends and strategies.

e Theseedindustryisheavilyresearchanddevelopment (R&D)driven,witharound
15% of seed companies sales allocated to R&D. Technological innovations are
pivotal in enhancing seed performance and addressing the challenges faced
by the agricultural sector.

e The successful launch of new traits and improved seed varieties is a key driver
of seed pricing dynamics, as they can significantly impact market demand. A
total of 137 GM traits were introduced in 12 crops between 1992 and 2024.

e The global regulatory framework for New Plant Breeding Techniques (NBTSs)
is still underdeveloped and requires harmonization for successful adoption,
delaying their significant influence on the market.

Presentation on “Precision Breeding through CRISPR-Cas mediated
Genome Editing”

Dr. Tanushri Kaul, Group Leader, Nutritional Improvement of Crops, ICGEB

Highlights of the presentation
e By 2050, the world population is expected to reach 9.6 billion, doubling global
crop demand. With climate change, shrinking arable land, and water shortages,
innovative crop breeding technologies are crucial to boosting productivity and

ensuring sustainable agriculture.

Indian Seed Congress 2025
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CRISPR/Cas 9 genome editing was used to enhance iron (Fe) and zinc (Zn)
levels (15-120 ppm and 28-150 ppm) in rice while reducing cadmium (Cd)
accumulation (<0.01 ppm). This breakthrough improves nutritional security
and offers a safe, cost-effective solution to combat malnutrition and toxic metal
contamination globally.

CRISPR-based genome editing combats aggressive weeds in Pigeon-pea
(Cajanus cajan L.) and herbicide resistance in Maize (Zea mays L.)

CRISPR/Cas 9 editing in cotton has led to improving fibre quality, doubling
fibre length, enhancing plant morphology and increasing yield by 25-30%.
There are greater possibilities for utilizing CRISPR-Cas-based genome editing
to enhance traits like herbicide tolerance, biofortification, and other quality
attributes.

Invest in new-generation technologies to tackle challenges posed by climate
change and rapid population growth.

Presentation on “Speed Breeding: A game changer for global food
security”

Dr. Uma Maheshwar Singh, Scientist- Innovative Breeding SARC, IRRI

Highlights of the presentation

Speed breeding is a promising technology with high turnover, reduced
manpower needs, and lower fertilizer and pest management inputs.

Key benefits include rapid generation cycles, accelerated breeding, and
breeding with speed of climate change.

Challengesin Speed Breeding include maintaining uniform growth conditions,
high electricity consumption, and technical complexity requiring trained
personnel.

Different crops require specific growth protocols, necessitating optimization
for each species.

Future focus should be on developing energy-efficient systems, reducing costs,
and enhancing scalability.

Strengthening collaborations, investments, and training will ensure wider
adoption and long-term impact on global food security.

Prioritize speed breeding programs to accelerate the development of new
crop varieties.

Supplement speed breeding with mapping studies to identify key traits for
improved crops.

Conduct research to optimize speed breeding components for different crop
species to maximize efficiency.

Indian Seed Congress 2025
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Day 1: 24-02-2025

Technical Session Il

Digital and Data-Driven Technologies/applications
for seed industry

Presentation on “Digital Sequence Information: Technology, Policy
& Regulation”

Dr. Sunil Archak, Principal Scientist, NBPGR, New Delhi

Highlights of the presentation

DSI on genetic resources refers to the genetic sequence data (GSD) that
describes the order of nucleotides in DNA or RNA in genetic material.

DSlis a collective common resource for use in R&D, for sustainable agriculture
and development, is becoming increasingly important.

Plant breeding and CRISPR-based plant breeding utilizing DSI is estimated
to be a $29 billion industry by 2029.

Currently, DSI databases are freely available but may become chargeable in
the future.

India is developing its own DSI system, named the Indian Biological Centre,
to reduce dependency on foreign databases.

Indian seed industries should make their opinion on the use of DSI for profit-
sharing.

Presentation on “Development of Agri Stack: Building Blocks for a
future digital paradigm”

Mrs. Ruchika Gupta, DDG, Ministry of Statistics & Programme Implementation

Highlights of the presentation

Agri Stack DPI is designed to enhance entire agricultural value chain by
improving governance, service delivery, and inclusivity.

Agri-stack will help farmers by providing solutions, especially farmers having
limited knowledge, financial Barriers, Market & Government Struggles.

Agri Stack’s vision extends beyond land owning farmers to include animal

mﬁ Indian Seed Congress 2025 O
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husbandry, fisheries, tenant farmers, and forest land rights holders in the
next phase of the Farmer Registry rollout.

The digital transformation of agriculture through Agri Stack harnesses
emerging technologies to empower citizens, promote sustainability and
create equitable access to opportunities.

With its inclusive approach and emphasis on scalability, Agri Stack can
revolutionize agriculture, enhance livelihood and drive national growth.

Presentation on “Al based Predictive analytics and crop simulation
modeling for precision agronomy for realizing Genetic gains”

Mr. Aditya Shah, Global Director — Strategic Partnerships, Cropln

Highlights of the presentation

Innovation in digital transformation is essential to address challenges in seed
production, while promoting sustainable and responsible growth.
Al-powered predictive models analyze historical and real-time data to provide
accurate variety & location-wise yield forecasts, helping the industry to align
seed production with sales strategies.

Cropln Sage leverages data-driven insights, to deliver hyper-personalized
farmer-focused seed variety recommendations based on soil type, weather,
and pest risk. This approach drives higher seed adoption while reducing
input costs for farmers. It improves farmer’s trust by aligning seed solutions
with specific farmer needs, ultimately improving customer satisfaction and
driving sales

Cropln Cloud supports carbon sequestration tracking, helping the seed
industry to manage carbon credits while promoting low-carbon agricultural
practices

Indian Seed Congress 2025 mz O
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Day 1: 24-02-2025

Technical Session LIl

Strategies and Approaches for harnessing
genetic diversity and agronomic innovations for
improving profitability of farmers

Presentation on “Microbiome based approaches for enabling seed,
plant and soil health for realization of potential of Plant varieties.”

Dr. K. R. K. Reddy, President BIPA and MD SRIBIO

Highlights of the presentation

e Harnessing microbiome-based approaches can significantly improve seed
vigor, plant health, and soil fertility, thereby unlocking the full potential of
plant varieties.

e Advances in technology allow for the precise application of microbial
inoculants tailored to specific crops and soil conditions. This targeted
approach maximizes the benefits of microbial interventions and minimizes
chemical applications

e Advancementsin metagenomics, Al-driven microbial selection,and precision
agriculture will drive the future of microbiome applications in sustainable
farming.

e Integrating microbiome-based strategies into modern agriculture is key to
unlocking the genetic potential of plant varieties.

e Continued research and technological innovations will further optimize
microbiome applications, ensuring long-term agricultural sustainability and
food security.

Presentation on “Seed production innovations for a resilient Indian
seed industry”

Mr. G. V. Ramana Rao, CTO, Ganga Kaveri Seeds
Highlights of the presentation

e Seed production is a complex process facing challenges in the areas of soil
health, nutrient and water management, pest outbreaks, labor shortages,

Indian Seed Congress 2025
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climate change, production technology, and post-harvest care, requiring
innovations and effective management.

Post-harvest care in hybrid seed production is crucial as it directly impacts
the quality and viability of the seeds, ensuring genetic purity and high
germination rates.

Labor shortages during peak seed production require solutions like small-
farm machinery, optimized schedules, and smart farming technologies for
better efficiency.

The combination of established, time-tested agricultural practices with
innovative technologiesand methodsis essential forresilient seed production.

Presentation on “Precision Farming to Improve Input use in
Agriculture.”

Dr. Rabi N. Sahoo, Program Leader, Principal Scientist, Division of Agricultural
Physics, ICAR-IARI

Highlights of the Presentation

Use of genomics and precision technologies such as high-throughput

phenotyping andimaging tools need to be promoted to optimize agricultural

productivity.

There is a need for increased investments in research focused on digital

inclusion, responsible use of generative Al, and quantum computing in

agriculture.

Developing and implementing a Standard Spectral Library for Indian Soils is

important to support accurate soil analysis and management.

Adoption of low-cost sensor technologies may be encouraged for efficient

soil and water resource management.

We may foster digital and data-driven innovations to improve last-mile

delivery and adoption of agricultural technologies by farmers.

Precision monitoring of the agricultural ecosystem using remote sensing,

loT sensors, and drones for real-time insights may be strengthened.
Facilitating public-private partnerships (PPPs) may help in scaling up

precision agriculture initiatives across regions.

There is a need to formulate and implement a comprehensive Digital

Agriculture Strategy to guide the transformation of the seed sector through

technology interventions.

Indian Seed Congress 2025 w O
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Day 2: 25-03-2025

Technical Session |V

Innovations in Seed Health Management and
Traceability

Presentation on “Seed based delivery systems using Biologicals
and Nano technologies for improved stress tolerance and crop
productivity”

Dr. Gyan Prakash Mishra, Head, Division of Seed Science and Technology, IARI
Highlights of the presentation

e R & D for optimization of compatibility of biologicals with nanoparticles &
seed coatings is the need of the hour.

e Stability & efficacy of nano formulations & biologicals during storage and
application is important for achieving their full impact.

e Development of crop- specific multi-functional coatings for different
environmental conditions may be taken up for customized applications.

e Formulation of regulatory guidelines and standards as well as creating
awareness among public will help in large scale adoption of nanotechnology
for seed quality enhancement

e Use of biodegradable and renewable nanomaterials will provide a cost-
effective and environmentally sustainable option.

e Genetic engineering techniques may be adopted for biologicals to achieve
improved resiliencetoenvironmental stress & compatibility with nanocarriers.

e Bio- safety issues in the use of nano technologies pertaining to potential
toxicity of nanomaterials to the environment & human health need to be
studied.
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Presentation on “Innovative approaches towards seed quality
certification for promoting exports for a Globally competitive Indian
Seed Industry”

Mr. Pradeep Korishetter, Deputy Director, TSSOCA
Highlights of the presentation

e There is a need for enhancing seed exports through creation of competitive
environment and building robust seed industry based on credibility and
trust in global market for India. In this regard, adopting modern seed quality
assurance techniques, increasing R&D investments, and enhancing export
infrastructure is the need of our will foster India’s growth in the global seed
trade.

e |nnovation, global collaborations, and adherence to international standards
are required to empower the Indian seed industry and achieve global
competitiveness in the export market.

e Focus on innovative approaches and validation of advanced seed testing
protocols will drive India’s position as a global seed leader.

e We need to promote innovations in seed quality assurance for enhanced
transparency, accountability and timely placement of seeds in the market.

Presentation on “Seed Traceability in India: Leveraging the SATHI
Portal for Transparency and Quality Assurance”

Dr. Dilip K. Srivastava, Deputy Commissioner (QC), Seeds Division, DA&FW,
MoA&FW

Highlights of the presentation

e TL seed need to be brought within the ambit of SATHI Portal to ensure end
to end traceability of TL seed.

e Strengthening of seed testing laboratories (STLs) is urgently needed,
especially with respect to seed health testing facilities to ensure supply of
quality seed to the farmers.

e Complete digitalization of Nucleus to Breeder Seed Module under
the preview of ICAR will provide greater transparency in the seed sector.

e |tistargeted to complete the on-boarding of all the State Seed Certification
agencies by Rabi 2024-25.

e Formation of a National Seed Grid for complete integration of all states
across the country will help in ensuring the availability of quality seeds across
the country.
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Day 2: 25-02-2025

Technical Session V

Shaping the Future: Policy, I[P and Emerging
Technologies for a Seed Revolution in India

Presentation on “Policy and Systems for IPR Governance relevant
to Indian Seed Industry”

Dr. D. K. Agarwal, RG, PPV&FRA

Highlights of the presentation

e PPV&FR Act is a sui-generis IPR system for Plant variety protection gives
Plant Breeder Rights (PBRs), which also recognizes the Farmers Rights for
protection of the farmers in India who sow, save and resow the seeds.

e ThePPV&FRAuthorityisan|Precognizing bodyand cansustainwith agreater
number of IP application filings to give protection the breeder’s efforts.

e The protocolsfor DUS and VCU testing is being further worked out for putting
in place an integrated model to reduce the time for processing applications
for PPV&FRA registrations.

¢ New DUS Guidelines under the PPV&FR Act may be required to help in the
protection of IPR in case of new technologies for the development of plant
varieties/hybrids.

Presentation on “Strengthening In House R&D set up of Seed
Companies for DSIR Recognition”

Dr. Deepika Rohatgi, Scientist-E, DSIR

Highlights of the presentation
e DSIR is the nodal Department of Government of India for granting
recognition/ registration to the In-house R&D centres established by industry
in the country.
e The in-house R&D recognition of industry by DSIR is a primary requirement
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for the industry to avail fiscal incentives under specified sections of 35 (2AB)
of the IT Act, 1961.

e The in-house R&D centres of industry applying for recognition to DSIR are
expected to be engaged in innovative research & development activities
related to the line of business of the firm, such as, development of new
technologies, design & engineering, process/product/design improvements,
developing new methods of analysis & testing; research for increased
efficiency in use of resources, such as, capital equipment, materials & energy;
pollution control, effluent treatment ; recycling of waste products or any
other areas of research.

e DSIR supports the Indian seed industry by promoting technology
development, demonstration, and commercialization, while establishing
regulatory benchmarks such as minimum R&D farm size, germplasm
sourcing and evaluation guidelines, and certified/truthfully labelled seed
development protocols with third-party validation from agencies like ICAR,
SAUSs, or KVKs.

e The seed industry must enhance its R&D infrastructure with defined
priorities and a strategic roadmap, adopt standardized evaluation metrics
and advanced testing systems, and align with best practices to leverage
government support, foster innovation, and achieve competitive positioning
alongside other key sectors.
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Day 2: 25-02-2025

Technical Session VI

PANEL DISCUSSION - Navigating Challenges and L everaging

Opportunities in Seed Technology through Policy Reforms

Coordinator: Dr. Sanjay Kumar, Director, ICAR-NISST, Mau

Panelists:

Dr.

M. Prabhakar Rao, Chairman & Managing Director, Nuziveedu Seeds Ltd

. Kuldeep Singh, CMD, HIL (India) Ltd
. Satish Kagliwal, Managing Director, Nath Bio-Genes Pvt. Ltd

. Ajai Rana, CEO and Managing Director, Savannah Seeds Pvt Ltd

. Manish Patel, Executive Director, INCOTEC

. Rajvir Rathi, Director Public Affairs, Science and Sustainability (South Asia) &

Lead — Traits Licensing Business, Bayer CropScience

Highlights of the Penal Discussion

Indian seed industry has made good progressin supplying good quality seeds
to farmers at reasonable price. The self-sufficiency of country in agriculture
sector is made possible mainly due to availability of good quality seeds of
hybrids and high yielding varieties to the farmers on affordable prices, which
are comparatively lower than our neighboring countries.

The private sector is doing substantive business not only in hybrids of many
crops but also has a bigger role in OP varieties of crops like cereals, coarse
cereals, oilseed and pulses.

There is no difference in the quality of TL seeds and certified seeds as both
have the same quality standards as prescribed in IMSCS prescribed by the
Government of India. Therefore, state government should not put any ban
on sell of TL seeds by private seed companies as observed in case of some
states like Odisha, Bihar, Rajasthan etc.

GM traits should be developed and released in many crops to enhance
productivity, break yield barrier, and improve quality attributes. Bt cotton, Ht
cotton, Bt brinjal etc. are good examples for crop improvements

In order to have ease of seed business on pan India basis “one nation one
license system”should be developed and implemented under seed legislative
fame work. The work initiated by DAFW in this direction should be speed up.
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e Cotton seed prices fixed by DAFW under Cotton Seed Price (Control )Order
2015 have been constant and stable for last so many years making it non
remunerative to produce and market Bt cotton seed by cotton seed producing
companies. It should be increased for the year 25-26 to improve availability of
cotton seed and to remove difficulties of seed companies in making available
quality cotton seeds. Increasing Bt Cotton seed price will also eliminate fake
and spurious cotton seed producers from the market who are operating due
to shortage of quality Bt cotton seed as due to non-remunerative price of Bt
cotton seed many good seed companies have reduced their Bt cotton seed
production plan.

e HDPS cotton cultivation and seed production should be encouraged to
improve cotton production and productivity.

e SATHI portal of DAFW for seed traceability should be encouraged and
expanded to cover TL seed also. It should also protect business privacy of
private seed companies.

e Allocation of Breeder seed against the indents of private seed companies
should be

increased so that maximum quantity of quality seed reaches to the farmers
through their dealer network, which is spread in the remotest part of the
country.

e Seed Revalidation standards and procedures given in IMSCS should be
amended, considering the latest developments in seed technology, which is
a long pending demand of seed companies.

e Private seed companies R&D facility should be recognized and included in
AICRIP variety testing and evaluation system.

e Seed export from India is very less as compared to global market, though,
it has tremendous potential. Establishment of bodies like Seed Export
Promotion Council may help in augmenting seed exports from India.

e PRA protocols for potential Latin American and African countries may be
developed for a fast and uninterrupted processing export and import of
seeds with respect to these countries.

e Greater investments in seed quality enhancement technology should
be made by seed companies, and the government may support this for
providing high quality seeds to farmers.

e Forlast many years NSAl is representing to Ministry of Finance to make rule-
based Income tax provision for seed companies on the lines of Income tax
on tea, coffee and rubber crop producers. DAFW may take up this issue with
Ministry of finance and get it resolved.

e GST on seed inputs may be exempted to boost growth of seed industry.

Indian Seed Congress 2025
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Technical Session I: Innovations & Next Generation Technologies
for Crop Improvement

Chair - Dr. P. L. Gautam, Chancellor, Dr RPCAU, Pusa, Bihar
Co- Chair- Dr. Venkata Subbarao, Kolli, Partner - Agvaya LLP

Key Speakers:

Dr. Bharti Malhotra, Research Manager- Analysis Lead, Crop Science,
Agribusiness, S&P Global

Dr. Tanushri Kaul, Group Leader, Nutritional Improvement of Crops, ICGEB
Dr Uma Maheshwar Singh, Scientist- Innovative Breeding SARC, IRRI

¢ Implement policy interventions that facilitate the safe and responsible
adoption of genetically modified (CM) technologiesin India’s food production
systems. This includes streamlining regulatory approvals, building public
trust through transparent communication, and ensuring science-based

decision-making processes.

e Support and incentivize the adoption of direct-seeded rice (DSR) methods
among farmers to significantly reduce water consumption in rice cultivation.
This could involve investment in farmer training, provision of appropriate

seed varieties, and development of mechanization suited for DSR practices.

e Promote the use of CRISPR-Cas-based genome editing technologies to
developcropswithenhancedtraitssuchasherbicidetolerance, biofortification
(nutritional enhancement), and improved grain quality. Establish clear
regulatory frameworks to encourage innovations while ensuring biosafety.

e Foster strong partnerships between private sector companies and public
research institutions to accelerate the development and dissemination of
cutting-edge agricultural technologies. Collaborative efforts should focus on
research, technology transfer, and large-scale deployment of innovations to
farmers.

e Prioritizeandinvestinspeed breeding programstoshortenthe crop breeding
cycle and rapidly develop new varieties that meet emerging challenges such
as climate change, evolving pest profiles, and market demands.
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e Enhancethe use of high-throughput phenotyping technologies to efficiently
and accurately assess biotic stresses like diseases in crops. This will support
faster identification of resilient varieties and more effective management
strategies in breeding programes.

Technical Session IlI: Digital and Data-Driven Technologies/
applications for seed industry

Chair- Mr. Siraj Hussain, Former Secretary (Agriculture), MoA&FW, GOl
Co- Chair- Dr. A. K. Singh, Vice Chancellor, CSAU&T, Kanpur

Key Speakers:

Dr. Sunil Archak, Principal Scientist, NBPGR

Mrs. Ruchika Gupta, DDG, Ministry of Statistics & Programme Implementation
Mr. Aditya Shah, Global Director — Strategic, Partnerships, Cropln

e Promote the development and utilization of the Agri-Stack platform to
provide comprehensive solutions for farmers, particularly those facing
challenges such as limited knowledge, financial constraints, and difficulties

in accessing markets and government support systems.

e Accelerate regulatory clearances for genomics and precision agriculture
technologies to facilitate ease of doing business and encourage greater

innovation and investment in the agricultural sector.

Technical Session Ill: Strategies and Approaches for harnessing
genetic diversity and agronomic innovations for improving
profitability of farmers

Chair- Dr. T. Mohapatra, Chairperson, PPV&FRA
Co- Chair- Mr. Rajvir Rathi, Director Public Affairs, Science and Sustainability

(South Asia) & Lead — Traits Licensing Business, Bayer CropScience

Key Speakers:

Dr. K. R. K. Reddy, President BIPA and MD SRIBIO

Mr. G. V. Ramana Rao, CTO, Ganga Kaveri Seeds

Dr. Rabi N. Sahoo, Program Leader, Principal Scientist, Division of Agricultural
Physics, ICAR-IARI
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e Promote the integration of microbiome-based approaches in modern
agriculture to unlock the full genetic potential of plant varieties, enhancing
crop productivity and resilience

e Support ongoing research and technological advancements to further
optimize the use of microbiomes, ensuring long-term agricultural
sustainability, improved soil health, and global food security.

¢ Promote the integration of traditional practices with modern technologies
to strengthen and ensure resilience in seed production systems.

¢ Promote the use of genomics, precision technologies, high-throughput
phenotyping, and digital tools like remote sensing, |oT sensors, and drones
to optimize agricultural productivity, improve resource management, and
foster real-time monitoring of the agricultural ecosystem.

e Focus on increasing investment in R&D for digital inclusion, generative Al,
and quantum computing in agriculture. Support low-cost sensor adoption
and foster public-private partnerships to scale precision agriculture and
develop a comprehensive Digital Agriculture Strategy.

Technical Session IV: Innovations in seed health management and
traceability

Chair- Mr. Ashish Bahuguna, Former Secretary (Agriculture), MoA&FW, GOI
Co- Chair- Dr. D. K. Yadava, DDG (Crop Science), ICAR

Key Speakers:

Dr. Gyan Prakash Mishra, Head, Division of SS&T, IARI

Mr. Pradeep Korishetter, Deputy Director, TSSOCA

Dr. Dilip K. Srivastava, DC(QC), Seeds Division, DA&FW, MoA&FW

e Focuson R&D in the area of optimizing the compatibility of biologicals with
nanoparticles, ensuring stability, efficacy, and environmental sustainability
of nano-formulations, and developing crop-specific coatings for diverse

conditions.
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Develop regulatory standards for nanotechnology in seed quality
enhancement, promote public awareness for large-scale adoption, and
address bio-safety concernsregarding the potential toxicity of nanomaterials.

Enhance seed exports by adopting modern quality assurance techniques,
increasing R&D investments, improving infrastructure, and fostering global
collaborations to meet international standards and boost India’s position in
the global seed market.

Focus on innovative seed testing protocols, ensuring transparency,
accountability, and timely market placement to position India as a global
leader in the seed industry.

The government should integrate TL seed into the SATHI Portal for end-to-
end traceability and strengthen seed testing laboratories (STLs) to ensure
quality assurance.

Government may create a National Seed Grid for seamless inter-state

integration to ensure a consistent supply of quality seeds to farmers.

Technical Session V: Shaping the Future: Policy, IP and Emerging
Technologies for a Seed Revolution in India

Chair- Mr. Sanjay Agarwal, ADG, ICRISAT and Ex. Secretary, DA&FW, Govt of India

Key Speakers:
Dr. D. K. Agarwal, Registrar General, PPV&FRA
Dr. Deepika Rohatgi, Scientist-E, DSIR

New DUS Guidelines under the PPV&FR Act may be required to help in the
protection of IPR in case of new technologies for the development of plant

varieties/hybrids.

The PPV&FR Authority should adopt more proactive approachestoincentivize

the seed industry for encouraging them to participate in filing applications.
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Implement confidence-building measures to foster trust and encourage
active engagement of stakeholders in the registration process. These actions
are imperative to streamline the PPV&FR registration process and promote
the growth of the seed industry.

Strengthen the Indian seed industry by enhancing R&D infrastructure,
adopting standardized evaluation metrics, and aligning with best practices.

Support technology development, demonstration, and commercialization,
while establishing regulatory benchmarks for R&D farm size, germplasm
sourcing, and certified seed protocols with third-party validation from ICAR,
SAUSs, or KVKs.

Develop special guidelines to strengthen the in-house R&D capabilities of

seed companies, encouraging innovation and boosting productivity.

Technical Session VI: PANEL DISCUSSION - Navigating Challenges
and Leveraging Opportunities in Seed Technology through Policy
Reforms

Chair: Mr. Ajeet Kumar Sahu, Joint Secretary (Seeds), DAFW, MoAFW, Government
of India

Coordinator: Dr. Sanjay Kumar, Director, ICAR-NISST, Mau

Panelists:

Dr.

M. Prabhakar Rao, Chairman & Managing Director, Nuziveedu Seeds Ltd

. Kuldeep Singh, CMD, HIL (India) Ltd

. Satish Kagliwal, Managing Director, Nath Bio-Genes Pvt. Ltd

. Ajai Rana, CEO and Managing Director, Savannah Seeds Pvt Ltd

. Manish Patel, Executive Director, INCOTEC

. Rajvir Rathi, Director Public Affairs, Science and Sustainability (South Asia) &

Lead — Traits Licensing Business, Bayer CropScience

There is no difference in the quality of TL seeds and Certified seeds as both
have the compliance to the same quality standards as prescribed by the
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Government of India in the IMSCS. Therefore, state governments should not
put any ban on the sale of TL seeds by private seed companies as observed
in case of some states like Odisha, Bihar, Rajasthan etc.

e GM traits should be developed and released in many crops to enhance
productivity, break yield barrier, and improve quality attributes. Bt cotton, Ht
cotton, Bt brinjal etc. are good examples crop improvements through GM

technology.

e In order to have ease of doing seed business on pan India basis “One Nation
One Licence system” should be developed and implemented under seed
legislative framework. The work initiated by DAFW in this direction should
be speeded up.

e The trend of cotton seed prices fixed by DAFW under Cotton Seed Price
(Control) Order 2015 has been mostly linear or with very nominal increase
for so many years making it non remunerative to produce and market Bt
cotton seed by cotton seed producing companies . It should be increased
reasonably to make it remunerative for the seed companies to improve
availability of cotton seed and to remove difficulties of seed companies in
making available quality cotton seeds. Increasing Bt Cotton seed price will
also eliminate fake and spurious cotton seed producers from the market
who are operating due to shortage of quality Bt cotton seed as due to non-
remunerative price of Bt cotton seed many good seed companies have cut
down their Bt cotton seed production plan.

e HDPS cotton cultivation and seed production should be encouraged to

improve cotton production and productivity.

e SATHI portal of DAFW for seed traceability should be encouraged and
expanded to cover TL seed also. It should also protect business privacy of
private seed companies.

e Allocation of Breeder seed against the indents of private seed companies
should be increased so that maximum quantity of quality seed reaches to
the farmers through their dealer network which is spread in the remotest

part of the country.

e Seed Revalidation standards and procedures given in IMSCS should be
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amended which is a long pending demand of seed companies.

e Private seed companies R&D facility should be recognized and included in

the AICRIP variety testing and evaluation system.

e Seed export from India is very less as compared to global market, though,
it has tremendous potential. Establishment of bodies like Seed Export
Promotion Council may help in augmenting seed exports from India.

e PRA protocols for potential Latin American and African countries may be
developed for a fast and uninterrupted processing export and import of
seeds with respect to these countries.

e GCreaterinvestmentinseed quality enhancementtechnology should be made
by seed companies, and the government may support this for providing high
quality seeds to farmers.

e |Income tax provision for seed companies on the lines of Income tax on tea,
coffee and rubber crop producers. DAFW may take up this issue with Ministry
of finance and get it resolved.

e GST on seed inputs may be exempted to boost growth of seed industry.

Indian Seed Congress 2025
3 {1






List of Delegates







n S a National Seed
Association of India

q National Seed Association of India (NSAL)

Auedwo)
wod'passheysyed@ojul G7S8LEEE06 elpu| jeselng ypeSeunr 43| pass Aeysyy 10309410 SuiSeuen eipexep doag i o4
PI1INd
wod'spasseleeye@uelayd TYSSTTIT.86 elpu| euefiey emay elpu| spass eAeeyy Joypaliqg Suideuep oey ueldyd JN 44
urpsssued@dejesd 96£9.6EEY6 eipu| | |eSuagisom e1e)|0y Spaas Y291043y Ja3eue|y aseydind iley deyeud Jn 1
(wo33 73 Wodx3 Ying)
ur'spaasued@ysniee €ET6L0E076 elpu| | |eguagisom e1eq|jom Spaas 223043y | Sajes Jeuonniisul - 193euely JAYAWYT rYdIAvY AN 0¢
urspasasued@uewnysue G8688€0£86 eipuj | |e8uagisom e1ey|0y Spaas Yyoa3043y 1030941q eIpoJey UBWNYSUY I 6T
urspassued@ysnfee TTZ8Y0TES6 eipu| | |eSuagisam e1ey{|0Y Spaas 221048y 10302110 VIQOMVIN HSNAYY W 8T
eue3ue|a]
‘lursuoiinjososde®.id 900029966 eipu| /dv peqesapAH | suoinjos ssauisng 048y | jueynsul) ssauisng ojuas | Appay usaneid ejjeweydey Jy 1T
euegue)a) uafisy
u*suoiinjosol3e@wsm 9000£79966 elpu| /dvY peqesapAH | suoinjos ssauisng 0J3y 1032211 JUeSaNANIS UBA JINOM I 9T
eue3ue)a) weu P11
wod umoLn3e@yeys.eyiw 0ST29.1786 elpu| /dv -jedeyyesip | Ind Yyoowe4 umondy [oEl) yeys Jeyiw Jn ST
wod edipawiided.elley-qaynos 0TES600L196 |  UeuogaT] uoueqa] edipawge 032 JeffeH qraynos Jn vT
Spaas
wodooyeA®@100zAI9q007|0 JTTLT6CTLL96 uemias uemias | JojJaulo) |einynoudy JUMQ HYLLY41nagy Jn €T
2y
w3@aydoyadude SY6566CTL6 elpuj jeselno | esypeSuesyqa “Ind 3y dou) |esusy Aeyper s ran 4
wod
“eezequ3e®@Aieypnoyd-yedaap TrT19C690SL elpuj dn epIoN Jeezequgy iwnygusy-pesH Kseypnoy) sedaag 4 1T
wod
eezequ3e®@Aemypuey wenin 0781587806 elpu| dn eploN Jleezequgy ssauisng |euonnsul-dA Aemypues Jueqin IN 0T
el
wod’|lewoy@piaeip-uireld €0TLT999.6 elpu| | esnyseseyep aungd -|nsuo) ssauisng L3y jueyNsu0) piAeIq BIpUBYD UIARId N 6
wodekende®@ny oeleqqns ZIE£806866 elpu| | esyseseyen lequiniy d17 efep Sy oeleqqns A M 4d 8
ysoap P11 SauIsSNpu|
EOU.UD‘_UNQ@LHNC.L_:U:m 6.G9/9%8-0LT0 |N_MCmm me_um_m:mm eyeya 1esiway) acueApy J10}2al1(g ssaulsng YieN eipueyd Jiypns i L
euegue)a)
wodlewd@ydaydeedyype 00600T00S8 elpu| /dv peqeweziN 4023113y eAyypy 10309410 Kppay esieN N W 9
jo| S9DINIDS
urruasoe@)ekep-Aele 7E£7650596 elpu| eueliey uoeding INd D2UBIDSIIBY UDSIY Jawe 3 Y3 |eaH pass-dA |eAeq Kely J\ [
2y
urruasoe®)ekep Aele 7EE€¥650596 elpu| euefieH uoeding | "Ind 92UdIISLBY UISIY 1032311 9AIIND9XT uey3eu|IyIuasS %a1ysiqy Jn ¥
P31 N
urspaasewsee®3ieqiuw 00699€£T56 elpu| eyjejeuley ninjegusg e|pu| spaas ewsey JoLo3Ia 91ve 4NW I €
wod|lewd@spasseelypee 66656796 - YNYONVY13IL 'PY1 "INd SPass eeAypey 10303110 eipuey) IAeY ejepeweueA Iy 4
euegue)a)
wod'|lew3®TySpassiwxelue ¥TTv.75886 elpu| [dv peqeweziN SPaas IWXeT N Y Joyandoud ysauen ejmyey Iy 1

9]IqoN

A1uno)

uonesiuedio

uoneudisaq

aweN 21e839)aq

|

Indian Seed Congress 2025




National Seed Association of India (NSAL) F

n S a National Seed
Association of India

‘wodlew3@Tspasseypnseq G8TZEL90L eipu| | |eSuagisam | pegepiysiniy Spaas eypnseg Jepuoy wenn I Iy
‘P31 '3Ad SPa9S
wodjlewd@wiyueqspass 7900206 eipul | |eSuagisam yelmoH ysoyo pesoid wpjueg 1032311 ysoyo eydipns I o
euedue|a) ‘P¥1 "INd S9IUBIDS
wod'|lewsdelpuispassifeleq 8195T098T8 elpul dv peqetapAH -dou) spass Ilejeg Joyaliq uiSeue 3 03D Ilejeg edyuad uq S
eue3ue|a)
wod')lew3®T0TsyYMIs €SY8ESTYYE elpu| /dv peqesapAH Sa2UddS 13y weppeg Jojaudold Iney weppeg JN 44
euedue|a)
wod'|lewd@spaaspligAyelypole €TZ9THT0E9 eipu| /dv peqeweziN | spaas plLgAH eAeypoly J03a11doid yiueyus nuexeuoq v
wod'spassiuere®@ysiyse L¥€6907786 elpu| jelefng peqepawyy P31 37d Spaas lueny 1038110 Buideuepy 193ed "V YsIysy Jn w
wod 3eeyise@uiwpe ZIYTT00E86 eipuj | |eSuagisom [ueBueyn so1aua9 L3y eyisy Jaulied a2do9 Aeunes Jp v
‘an 1N3INdO
4y 02'passelse@ul GSTTT8SY66 elpu| eyejeuley ninje3uag "LAd VIANI @33S VISV | -13A3A SSANISNG-4IOVNYIN N L HYIVYAVHEVYYIIAIN or
‘an ONILIMIVYIN 8 STTVS
200" padselse@ul YrLE9TEE0T elpu] eyejeuley ninjesuag IAd VIANI d33S VISV IVYNOILYNYILNI-H0L1D3dIa INO3I ONNOA NS 1N 6€
‘an
2 02"passelse@ul 6ES9VYTELG eipu| eyejeuley ninjeduag "LAd VIANI @33S VISY ¥OL12341A ONIDYNYIN NIHS NOOH If 4N 8€
wod'spasaseyoyse@euueleauljiu G979S6THER elpu| eyejeusey ninjeSuag SPIY WJe4 eyoysy Jauned SuiBeuepy euueseq unIN JW 1€
‘Wod'spaaseyoyse@euueied G979S6TVEG eipu| eyejeuley ninje8uag SPIY WJie4 e)oysy Jauped Suideuepy euueleq v rJn 9¢
urrod
"passiasle@ynysap epuains 669788166 elpuj | eayseseyep peqegueiny | °py]spass pUgAH ehiy (8an) @9y - 'W'O Ynwysaq eipuains iy SE
ur'od’paasiaafe@epel w 666078TC.L elpu| | esnyseteyep peqge3uelny | ‘py]spaas pUgAH eAly (o) Suneye d'A AepeA ysayep Jn pe
euedue)a)
wod ooyeA@spaasplighyioowe GET9/7686. eipu| /dv Joowly Spaas plgAH Joowly J0323.1Q Appay jluy v N €€
eue3ue|a)
wod ooyeA@spaaspliqhyioow.e €9THE08Y86 elpu| /dv Joouly Spaas plgAH Joowly J0303.1q SuiBeuep Appay ysojues v I\ €
VSdY 93}Au| |e1ads Jeded \nyey I 1€
ATVLI
J'dwssue@swasue 000000L8€€6€E Aey (04) ¥YN3S3D VdS IWISNY YIDOVYNYIN SFTVS IHDSO4 3AIAVA 4N 0€
‘Wod'spassInNyue®eyiysexIn €TTT0TTT86 elpu| | esyseseyep ind8eN ‘P11 "INd SPaaSs Jnyuy 1012241q SAIIN29X] aeyiysey| Iney Aeyqiep J 6T
wod|lewd®apuedy) ¥8S6STTTS6 elpuj 1412d 1413@ | °p¥1°Ind Spaas eAueuy Joya11q BuiSeuepy Aspued % 14a 8T
puej
wodsAseydwe@elanbsad enew | €ZI6TYSTYTY (64+) -I9ZUMS pueuazIMS 100y oy sAseydwy $9]es Jo peaH luodseusag snye Iy 1T
puej
wodsAseydwe@elanbsad-enew €TI6TYSTYIY -19ZUMS | puelazIMS 0100y oy sAseydwy J98euey sajes elanbsad exep Jpy 9z
‘wod P11 INd S9!
Jewd@ejequeioodeyyqelines €6/0T09666 eipu| euefiey elequy | -Jaulyoely 043y ejequy J0302.1q Joodey yqeines Iy (4
‘P¥1INd Sal
‘urrod’ooyeA®@y007 elequie 99£8€79686 eipu| euefieH elequy | -Jaulyoely 03y ejequuy J0323.1Q Joodey Aelues Jp %4

3]0

Aiuno)

uopesiuediQ

uoneudisaqg

awen 21e33)aq

Indian Seed Congress 2025

O



1a

nal Seed
iation of Indi

io
0C!

nsart i

q National Seed Association of India (NSAL)

eue3ue)a| 'PY1 I elpu|
wodAdosojydo@elpuafed TTL.YYE68L eipu| /dv peqesapAH | saidojouyda) Adoiojyd Japuno4 ngeg espuafes g 69
eue3ueja] P11
wodeIpuLIO}Ud@eE(IHYSY €€65/66186 eipu| /dv | peqesapundas INd U3y elpu| 10jua) aA1INdaxX3 Sunaylepn uysiepeAlid d N eliiysy Jn 89
euedue)a| Py ynos
W0d°BIPULIOIUIDDILNUDA 6665612596 elpu| /dV | pegesapundas INd 13y elpuj Jojua) Ja3euey sa)eS JULISISSY Appay 183U\ BINYDY S 19
eue3ue)a] ‘P
WOD"BIPULIOUIBYS0I0qIS 885558196 eipul /dv | peqetapundas “Ind U3y eipuj Jojua) J1o8eue sa)es jeuonen yseq yso1oqis ia 99
eueduejal P
wod elputiojud@elellq SLOY0T6EY6 eipu /dv | peqeiapundas “IAd 13y eipu| Jojua) eISy |euoi3ay 4o peaH enedeyoly peseld efesg JW 59
eue3ue)a| ‘P Jlj1oed
W02°B]UBSD0I0IUID®D)]|0ISIPP 997857/8¥¥-T9 elpu| /dV | peqesapundas “INd 13V elpuj Jojua) eIsy "Ad( ssauisng Jo peaH 1109s14q Ualeq JN 9
‘PI1INd
sonauan 13y jadie) ueney) ueyqekins Jp €9
PN
sa132udY Ly 1adie) aueypna uNyqy Jn 29
(K1vL1)
J°eneywngajolg@1yos 08L19v5¥66 Aey Aey VINANY TS eljey| lwindsjorg elsy Jageuep sajes Y3uiS JapuImynns i 19
(KvLl)
Jreljeywingajolq@ialjem TZ8EEEB6EE6E ey Aey VIYANY 74S eljey 1wingajolg Jaumo e|j23uleds welim 1em Jn 09
"P17 "IAd SSBU
wod esuBWNYq@ARYSHE 68755/ 7656 elpu| | esyseseyep eiejes -1snquSy enueywnyg J0303.41Q Reysyy 65
"P17"1Ad SSaU
wod esyueywnyqaioye|iedes 90T90T2986 eipu| eyejeuley ninje8uag | -1sng 18y esnyueywnyg J033.1Q noyeJedes up 85
‘wod’jlew
-Y1p2U@600Z LTSPISSIWXE|NY] T8E86TLEY6 eipul eysIpoO yseSieg Spaas |wixejnyg Jaupied 3uideueyy oey seqiuus W 1S
uoljes
wod'|lews®zgeloueifuuns 08500186 elpu| 1yjeg 1y1ea -0di0) spass jeseyg J0303.1Q efaue] nysuewiH Jp 96
urfiasinuieseyqdmle 00TOTE0ES6 eipu| | 1eSuagisam €110y | Py Ind AiasinN jeleyg ysoyo Mluy 1q [l
urkiasinuieseyqaysise 67CTE00E86 eipu| | |eSuagisam e1ey|0y | "py] Ind AlasinN jeleyg @73y 9A1IND9X] ysoyo ysisy 4a $S
(etpuy)
‘wod ooyef@y9 eiSopyedasp 1¥18%00186 eipu| [EL] [EL SeasIdanQ 043y jeseyg J0323.1Q eioq yedaaq JW €S
wod'spassiesieyqdiyredpiq alllnd
‘wod'spassies|eyqe.|q-ojul TZ98+60866 elpu] eyeleuley aJ0jedueg VIANI SA33S ¥VSTvHeG 03D yredul y'g N 4
wod'|lewd®@plgAyjeduaq-snio) €vCL89G.16 eipul | |eBuagisam eimjueg spaas pugAH jeSuag Ipuen yiyied Jn 15
wodlewd@puqghyjeduagsnio) €vC1895.6 eipu| | |eSuagisam einyjueg Spaas puqgAH |eSuag eljed Jeyues eweAs Jp 0S
P
woduakeqdieyeyd-yife 7€8972TE0L eipu| eueliey uoeding saouaIds dou) Jahkeg leyey) 199ly W 6t
P
wod1akeq@unypmoyd-unfie eipu| euefieH uoeding saoua1ds dou) Jaheg sileyy Aisnpul- pea unypmoyd unfiy Jy 8

3]IqoN

A1uno)

uonesiuediQ

uoneudisaq

awep 21e33)aq

|

Indian Seed Congress 2025




National Seed Association of India (NSAL) F

n S a National Seed
Association of India

wod welyswop@iyediysalel 7.86TTST86 eipu| euefieH uoeding P37 Wesuys Woa BARISBALIS YIAIA JN 6
wod welyswop@iyeduiysalel 7.86TTST86 eipu| euefiey uoeging P31 Wesuys Woa ensoddy sy 16
wod welyswop@iyiediysalel 7.86TTST86 eipu| euefleH uoeding P¥7 Wetuys Woa Jewny |luns Jp 06
wod wealyswapdiyreduiysalel T7/86TTST86 elpu| euefiey uoeding py1 Wealys Noda ysor ysejiey Jw 68
wod" weluyswop@iyediysalel 7.86TTST86 elpuj euefiey uoeging P31 Wellys Woa 1ysedu] ysaley Jp 88
‘wod ysapeld
“dnoigjefep@Jewny ysauee ST9T0TT6L6 elpul Jenn SIEETY "P¥1 (d) spaas jekeq fey neany tes I 18
‘wod ysoapelid
‘dnoidjeAep@ewny ysauene GT9T0ZT6.6 eipu| Jenn AOVEETN 'P¥1 (d) spa9s jeAeq Spaas Ja3eue|y |eJaus9 y3ulIs Jewny yseuiny iq 98
wodoifefo@uiwpe 96960T9666 eipu| euefieH JesiH o1uedip 043y A JRUMQO 1eAe] ysiHN JN 58
2
ur'spassjeysAi@uedie G8GTETL6666 eipu| 1y1ed s90udIds dou) |eyski) J0302.1q leddn uediy Jp 8
paywi]
wod dosjeiskn@pueuenfuew 6000ST66.L eipu| 1y12a uo393304d dou) jeishi) 198eue) jeIDUSD pueuy |nfuep Jy €8
P11 INd
wod’|lewd®@spaasdeowsod 66668.£6.6 eipu| dn mouxdNT so13duan 3esowso) J0323.41Q yreduy dey Jp 8
wodedded eue3ue)a| payiwi jeuon
-nINW’|dpuewolod@euiewny §69.6L7ST6 elpu] /dY | peqelspundas -eulaju] jspuewlolo) YIOVNYIN IMSYHSYA'S 1N 18
wod'edded euedue)al payiwi jeuon YIOVNYIN
-ninw-spuewolod@eulewny €6TE0E0006 elpu| /dv | peqetspundas -euJaiu] jspuewlolo) IVYINTD LNVLSISSY AQQIY YYINNY TIINY'N AN 08
eue3ue)a| paywi]
8195568/ 68 elpu| /dV | peqesapundas | ajeAld Spaas Yyoajulo)d an njemsaleyuaj 1puese I 6L
e10o13y aAesadoo) ey
1eanes@ljidwod Key A Key | -s100S eAljes 01z10suo) oizuuged lidwod J 8.
(spaas ueydep) 'py]
wod'113e0zuaiuod®@Iyiels YP0EETSL T8 eipu| Je3smeyyd undiey | 9dua1ds 1Y o0zUBIWOD) 193euey ‘A9Q 3NPOId Je3ed ejiyg lexued 4y 1l
(spaas ueydep) P11
w0 1IZe0zuUa|U0I®Iy3els Y¥0EETSLT8 elpu| Jegsmeyyd indiey | @duaIdS 13Y 0ZUBIWOD 042 eyppo uiyses .y 9L
[<ERRIN]
eueduejal J1VAIMd SNOILNTOS
1e'zigles)d@ueusin L€T0000006 eipu| /dv peqe)ipy FYVYML40S ZI19dv3I 1D Jopdau1q Buideuely wejeN ueudIp I SL
PITINd
wod’|lewd®@0T0zspaasqelund 1111111028 eipu| Jeyig andifeHq | sapowwodLdy 03s1) Jewny| Japuanaq Jn v
PATINd
wod|lewd®@0T0zSpaasqelund 11111110T8 elpu| Jeyig andifeH | sapowwod8y 03s1) y3uis Jewny yueysiN JN €l
wod'diod0d3e®@eleddez 0paq|e €TYTIETYSO 6E+ elnsny eusny euIsny HAIND PIoH VI¥AIID J93eue|y S91ES BAIY elieddez opaqy I 7L
‘wod
‘diod023e@uuewziad jseydiw 0790578799 (£¥) elsny elIsny eLisny HEIND PISH YIIGNID eISY J9}ea.9- peaT Jaisn|d uueWwz13d 19_YdIN I 1L
woddiodod3e®@|emieyqes-ieles 780€S¥0956 eisny euasny eusny HEWD PISH VIYEIWID YIDVNYI SITVS Jemteyqes jeley Jn 0L

]IqoN

A1uno)

uonesiuediQ

uoneudisaq

awen a1e83)aq

Indian Seed Congress 2025

O



n S a National Seed
Association of India

q National Seed Association of India (NSAL)

Jedeunf P11INd

wod’|lewd®@paaselo))d T.2ST¥8ST6 elpu| | esnyseleyep | -eyques-yyd Spaas JelnieN eloj|3 J0y22.41q Suideuey J99/'L Joysiy JN 1T
eue3ue)a] ‘P11

eipu| /dv peqesapAH INd Y2938y opeiop)3 Joodey puinly ud €T
euedue)a] P

woddnoidieyus@iw) ¥S6T088008 elpu| /dv peqetapAH “Ind Y2933y opesop|3 Jo1a.1d oey eunfieyyijen T4 [

euedue)a| ‘PY J0302.41Q

TS6T088008 elpu] /dv peqesapAH “INd Yoa3u8y opelop|3 Suideuepy uswiteyd o’y BSBAIULS TJN 1T
siayded

wod’jlewd@weeuya yedziw 9£069.0T0. eipu| npeujiwe] leuuayd 3 SIDULJ Weeuyd peaH jea1uyda 1YIueS Y 9 I 01T
sided

wodjlewdd@siaund weeuys 8T€//90T186 eipu| y12a 1y12a 3 SI9Ulld Weeuy3 JRUMQO y3nyo I1syeys 4w 60T
sided

wodjlewd@siaud weeuys 1889//6686 elpu| y12a 1y12a 3 SI9ulld Weeuy3 JRUMQ ysnyd uesey Iy 80T
P11 Nd

wod>deosjemmso@ulelaniyp YZyeyesLTe elpu| ueyiseley Jandier sa)es slayroig 3y313 03 uler y Aniya Jn 10T
PITINd

wod deosjemso@uiefiiysiey €00¥75599/ eipu| ueyiseley andier s9)es siayloig 313 uonesadQ Ja8euep urer JysieH Jw 90T
P

W02"35U850298@ 04Ul 9698700786 eipul | esyseseyep lequiny | “Ind (1) Sqe713SNIS0D3 peseld eAIS ‘g 1@ SOT
P

W02"3SUIS0I@0JUI 9698200786 elpu| | esyseseyepn lequiniy | “3Ad (1) s9e13ISNIS0D3 J030.41Q eIYaN uedy JN 0T
wod'pass P11

-}samisea®@)eyie yreuemysin SY0LTTTT6 eipu| exyjeuley ninieSuag eIpu| Spaas 1S9/ Ised J98eue ‘AaQ ssauisng 1eyiy yreuemysia d 4 €01

wodlewd@w.espassedinp ¥S¥00EST86 eipu| gelund yJeSipuey) | (pSay) wued pass eding Jauped ueleyepy uesey Jy 01
eue3ue)a] ‘P INd

W02 BIO)NP@UBSBAIULIS 99669T7E96 elpu| /dV | peqeseyouep synpoid 18y eloyng o) S UBSBAIULIS I 10T
euedue)al P11 Nd

Wod'eIolNp@.030311p 6£06CTTEI6 eipu| /dv peqetapAH s1Npold 13y eloyng Jopauig Buideuely d unypep eyieen Jn 00T

wod|lewd@spassoldeauinlp OYT6TIETY6 elpu| 1y12a 1Y|2Q MaN Spaas 043y duIAlg J03211doud euepeyg nysuewiH 66

TS700T80T6 eipu| eyejeuley ninje8uag | spass pugAH puowelq Jauped lemleid 86
euedue)a| paywi

877.6006786 elpu| /dv peqesapAH 2dua1ds dou) eueyq 03 OV VINVY A d 4N 16
eue3ue)a| paywi]

wodjlews@iuesjodun 8858807166 elpuj Jdv peqesspAH auas dou) eueyq and AYINNY IAVY A d I 9%
euedue)al ‘P

ur'spaasejpp@ey[oyse 2071009888 eipu| /dv | peqeiapundas | “ind soiauadldy eyeq eyr Jewny yoysy JiN S6

wod welyswop@iyieduysalel TL86TTST86 elpu] euefiey uoeging P17 weays Woda Jexyey jeysin N 76

wod wesuyswop@iyediuysalel 7.86TTST86 eipu| euefieH uoeding P17 Welys Woda ueywiseseN A JW €6

A1uno)

uolesiuediQ

uoneudisaqg

awen 21e39)aq

|

Indian Seed Congress 2025




National Seed Association of India (NSAL) F

1a

nal Seed
iation of Indi

10}
0C!

nsar i

euedue)a] uones
eipu| /dv peqeweziN | -0dio) spass Lyjekes J98eue|y Sunayiep Jewny yeaueid 1IN 9¢T
eue3ue)a| uonel
wod'|lew3®@T1TT6Seq edes €TZIEY.688 eipu| /dv peqeweziN -0d10) spaas 1yjekeg 1032211 uo1dNPOoId Jeges eseg Ip GET
wod'|lewsd eue3ue)al unelod
®uonesodiodspassiiyieded £87/888V86 eipu /dv peqeweziN -10D spaas Hyeken J0pa11q Suideuep Anaysod wesespie 1IN | pET
PITINd
wodspaasiaiuied@elsuerd 1111191186 eipu| y12a 1y1eq e|pu| spaas Jalulen J0302.41Q efaue] [exued €eT
ened
wodjlewd®@passedued 05.997ZEL6 eipul | |eSuagisam einjueg ‘P¥1 "Id luoweguen -eyepy ey3uis ueydiiqoy JW €T
wod '0D) Spaas
lewd@ydaysdeolqiuewedued 2066501786 eipu| jeselng ejepope) | yoaudy olg lueweluen J0302.41q Suideue 193ed D ysa30A N T€T
wodlew3®seTspaasesuesd 007576£286 elpuj 1y12a 1y12a PY¥13nd Spaas eduen Jopalig y3nyd ysuexy I 0€T
euedue|a)
wod|lews®Tweppesy 0STSSSELS6 elpu| dv peqetapAH Spass 1neQ eduen Jo3anidoud Iyyednii) weppeguw | 62T
wod|lewd®/zT.esIopelieydnd 1211722186 elpuj qefund epuiyieg siayded 1 9 eydno Inyey Jw 8CT
P
wo0d71s01@ennp-ywe 0ZS€0.LTT86 elpu| | esyseseyep lequinjy | @}eAld UBAIINS 78 3504 1032311 93e120SSY enng ywy Jpn 17T
euegue)a)
wod'spassuddeloj@ereyqeld 98Z¥S/8Y16 elpul Jdv peqesapAH | "py1 Ind Spaas usSelo4 an Appay Jewny jluy MW | 92T
eue3ue|a)
wodspassuadeloj@exeyqesd Y€£2000006 elpu| /dv peqesapAH | P31 °Ind Spaas uadelod Jo1241d73 03D ngeg Jeyeyqeid ‘9 I\ [ral
eipuj jo Aisnpul
ursy@pa eipu| 1y1ea MEREIN pa93s Jo uolelapad 1032311 dA1IND9X] Jewny yyedwes ueneydey Jp vZT
P
W02°Y23)01quoswiej@ojul €08880Y.56 elpu| jeselng Jemysapuy "IAd Yd9301g uoswied uo[3Npoid 1032211 eido@ ygejjep Jn [xas
wod’|lewd@pajydalowie] 9T9296T0Z6 eipu| yJedsieyd andsejig 429 wueq 1032311 93e120SSY ueyy ueeysy f44s
Auedwo) uon
W0d'Se|jIWaswiej@ojul ST6..8.TCL eipu| jeselng JeMUSauUy | -ONpold SejjIwas wie4 Modx3 1032a41q eAlieIns g sesed I 121
eipu| npeujiwe] SPaas YdayH usaidiang ueleieSeN AN 0zt
wod
‘yoay3ezolensjp@Anasnaeyseyq 9€£00805786 elpu| eyeueney ninjeSuag Y0233y z039A|3 euueseld ewysns s 61T
wod
‘yoay8ezolensja@Anasnieyseyq 9£00805+86 eipu| eyeuepey ninjeSuag 4093113y z039A|3 1032241 73 J9pUN04-0) Apeseweleieyuap deyseyg I 81T
wod jusw
‘yo9y113ezorenjp@ewnyyqeines 8ST¥TL0vS6 elpu| eyjeusey ninie8uag yoay8y zoyen|3 | -dojanaq ssauisng-1030a.1q Jewny ygeines Jp ITT
wod*Yodyu
-3ezojenjp@weinde)jewleysye €8T9788186 elpu| eyjeusey ninieuag 429318y Z0jeA|q | UolIBAOUU| UYIMOID-10303J10 welandejey Aeysyy Jn 9TT
Jegeu| ‘PA1Nd
wodjlews®|ouodAienbeloys 8.¢S/L.0T08 elpuj | eayseieyep | -eyqwesyyd Spass |einieN eJoj|3 VO peaH a Aapuedysaqn STT

]IqoN

A1uno)

uopesiuediQ

uoneudisag

awen 21e39)aq

Indian Seed Congress 2025

O



n S a National Seed
Association of India

q National Seed Association of India (NSAL)

wod euegue)a) ‘P¥1 WNd
‘dnos3eqqn3@Japuaieu’sa)es 9290.6%19/ eipu| /dV | pegesapundas 98e103s pjod eqqno 29Ul Juswadeuep Japualen N 95T
wod'dnoideq eue3ue|a) ‘P INd
-gn8@yjueyusiadeuewyjw 9790£6.168 eipu| /dV | pegesapundag 98e103S pjo) eqqgno Ja8euel 1N nqqes Yyaueyus Jy SST
wod dnoideqqnd euegue)a) ‘P¥1WNd
@e)eweAs1s13uaIdSa)eID0SSEe 92959820/ . eipu| /dV | pegesspundas 93e103S pjod eqqno 1SI3UBIDS 9)eID0SSY Anasiwey 1Umoo ejeweAs s ST
eue3ue|a)
wodlewd®spasspughyiamolsd GGT9788Y66 elpu] /dv peqewiziN AIY9AH ¥IMOYD 1030341 Appay ueypnsnypep ¥ 4y €GT
euedue|a)
wodjlewsdr9zInyesAppal 6672771618 eipu Jdv peqeweziN U239}y UOISIA U319 Jopaug Appay Inyey nSnuy W | ZST
‘wod eue3ue)a)
‘ooyeA@yoayi3euoisinuaaid 7657198786 eipu| /dv pegeweziN 4293143y UOISIA UdaI9 J0302.1q Appay wese3ues n3nuy Jp TST
P
ul'0d'spaasp|oduaai3@pw TTITTT0ZZ86 elpu| | esyseseyep peqe3uelny |  "Ind SPIdS Pjoo UL J0y22.1q Suideuey Kelnp 193l I 0ST
ul PATINd
‘uonnjonas3e®@eljoyjew-yseyee €T.E665£.86 eipu| euefieH uoeding uolIN|oAIZY U1 Suneiew-dAY esjoyje ysexy Ji 67T
PITINd
urruonnjonaie@welys 055780766 eipu| eueliey uoeding uolIn|onaidy usal J3puno4-0) y3ulis Japuns weAys Jp YT
PATINd
urruoinjonalde@elpuaiwe 0806EET086 eipu| euefieH uoeding uoiInjondIdy usaln J3puUno4-0) y3uis espuaiwy I 1vT
PITINd
urruoinjonaide@eljoyjew-yseye €T/E66E.86 eipu| euefiey uoeding uolIn|oAaI3y usal9 eweyS ysajwey J opT
ojouyda] ISan
wodosdutesS@elduel nyyiw 85990166 eipu| dn epIoN | -leyisod eipuj oiduiess 1YSor ysajysney Jy SpT
esyseseye
24n3)N218Y JO d3eIBUOIS | JO JBUOISSIWLWOD)(JDI-PIdS
wod|lewd@paasepp eipu| | esnyseseyepn aund [ -SIWWo) "Ye Jo 309 )8y jo Jo30a11q "AQ ueliemes 39314 1a pT
P
‘urausdoiqdunipjos@uiwpe 7£58865786 elpuj jeseln | peqepawyy | ‘Ind suaSoig Suppjoo (awd) 1o0pa11Q 193ed leyqleweys rleyquuiy 1q VT
‘ur'spaasaayideleqol|3@3ieq SYY6YSTLEG eipu| | esyseseyepn peqeSuelny spaas 293143y 1eqol9 uewJey)d 3reg'n's W wT
wod’|lewd®@epoJequde33 118¥075266 eipu| jeselng elepopep $2139Ud9H 3Y D J0302.1q SuiBeuep 193ed |ejieyg JN T
PY¥13nd
wod|lewd®@ayljoad unAew 90£76.0966 elpu| | esnyseseyep lequiny elpu| Y2913y 8)11099 J0323.11Q eAipede] inkep orT
P¥13Ind
wod'3jlj098@eyppelys 69279T1820L elpu| | esyseseyepn lequiniy elpu| yoai8y 8411099 | sajes a3es0dio) -1a3eue s a1eSuoq eyppeiys si 6€T
‘PY1INd
wod’|lewd@uiseysyp 187797586 eipu| eyejeuley ninje8uag Spaas aind d13vuan 1032311 Lseys jejiuey yedaaq iy 8cT
PATINd
wod|lewd@)|ejeyueysuil €609808tt6 eipu| eyejeusey ninjeSuag SPaas aind d13dUdD J0322.11Q lemue8y jeJequeys Iy J€T

d]IqonN

A13uno)

uonesiuediQ

uoneudisaq

awen a3e83)aq

|

Indian Seed Congress 2025




National Seed Association of India (NSAL) F

n S a National Seed
Association of India

wod33300uI@)]3ed ysiuew ¥199+05286 elpul jeselng | pegepawyy P¥137d elpuj 23300U] 10328410 9A13N29X3 193ed ysiuew.a | 6LT
eue3ue|a) “pPITINd

wod'saduadldsdoidadewi@oyul 6¥6CFZLTLT 08800 eipu| /dvY peqesapAH saoua|ds dos) adew| | ysape|3ueq - 1o3euey sajes pakes nqy'p JIN 8.T
¥l

‘N SpesS _u_\_n_>I [0)Y]] 11ejn9 usxAeN J\ LT

626160V TH6 elpul ueyyseley | seseueduesus P¥13nd SPaas VSl Joyauiq Suideuel led Japusyewyyns Jn 9T

Wo2'spaasesji@pw TC0¥6579Y6 elpuj ueyiseley | Jedeueduedus P¥137d SPa3s VS| 01 Aopued tejueys ey Jn GLT
91N}ISU| Ydaeasay

ursaryei®)ejdsapues elpuj 1y12a 1Y123a MaN | 24y ndu3y uelpul Yyl 1SS |eqdespuesiq | vLT

[CRIIETRIN

wodjlewd@geluewesjeysne| 096880.G.8 eipuj y1ea 1y]2Q maN (14120 MaN 18V1) ¥V2I Pa3s) JejoYS Ydieasay |eysney lujwey sy €LT
euedue|a) Pl

ur'passydahyd)sred-3 0v¥1666896 elpu| /dv peqetspAH | "Ind eipuj pass YyoaikH S31eS 73 PN JUSPISAId DI ]93ed uewxeT ysaueg Iy urt
‘ul eue3ue)a) ‘P

‘paasy291Ay@uooiey uippnuiow 19/68090T8 elpu| /dv peqesapAH ‘I BIpU| paas Y2a)AH J0303.1q Suideuep UOO.IBH UBSSEH UIPPNUIOIN JN T.T

WwO02°0Ju1210d1)|2Yy@Sa)es 0.5550009/2 elpu| jeselng pegepawyy ‘P Ind ojul 24021)19H | "29x3 Juswdo)anaq ssauisng 1uer 32ues Jy 0.1

wod|lew3@TLSpassiayloiq ZETEGT9686 elpu| euelieH jediued spaas eduy nung leflunpy yedaaq N 69T

19GCT16796 elpuj [ npen |lwey 4233043y nung 01 wesuljeyey SIN | 89T
uoleIDoSSY

wodlewd®eTozedss GL£000L216 elpuj jelelng | sedeulypues | Aisnpuj pass ieselno 1030311Q 9A1IND9X3 elysaey Yoysy Jin 19T

wod'|1ew3®S0808ANIYP G0808ETTLE elpul jelelng | pegepawyy spaas pugAH jeselng Jopaaigiueld | |93ed leyqdiqJewnAnIYdIN | 99T
euedue|a) PA1Nd

wod dnoiSeqqn3@iyidasp 9796619986 elpu| /dV | pegesapundas 23el103s pjo) eqqgno 002 1yadasq eqqno Jp G9T
eue3ue)a) ‘PY1INd

wod dnosdeqqn3duelry ¥796666786 elpul /dV | peqelspundas 934035 p|od eqqno 0312 uesiy eqqno U | ¥9T
eue3ue|a) PY1INd

wod dnoigeqqni@yow sajes 979.98Y19. elpul /dv | peqeiapundas 981035 plod eqqn9 Wvad HYOWIW | €9T
euedue|a) P Nd

wod dnoideqqnddfouew-wpd 97961168 elpul /dv | peqelapundas 984035 pl0D BQqNY Nad> euysuy foueW W | 29T
eue3ue|a) ‘P¥1INd

wod dnoi3eqqn3@iosueid-sa)es 979E¥61.9/ eipu| /dv¥ | peqesapundas a3el103s pjo) eqqno 2aules] Juswadeuep anyjey ] yiaaueld 191
euedue|a) P11 Nd

wod dnoideqqn3@sajesyyoyoes 9797£80£06 elpu| /dV | pegesapundas a38el103s pjo) eqqno 2aulel] Juswadeuep 191ed pueN euydydes Jp 09T
wod mcmw:m_w._. ‘PYT1 INd

“dnodeqqn3@3uisfouewsajes 9791650618 elpul /dv | peqelspundas 934035 p|od eqqno Wvad y3uis foue W | 6ST
eue3ue|a) ‘PA1Nd

wod dnoiSeqqn3d®@(eins-sajes 9G9GGSTZI8 elpu| /dV | peqesapundss 23el103s pjo) eqqno WVYad y3uis feans ap 8GT
wod euegue)a) ‘P11 N

‘dnois3eqqn3@yieawnssajes 9Z9¥TT98€E. elpu| /dV | pegesspundas 93e103S pjod eqqno AVad Appay yreawns Jp 16T

A13uno)

uonesiuediQ

uoneudisaq

awen a1e83)aq

Indian Seed Congress 2025

O



n S a National Seed
Association of India

q National Seed Association of India (NSAL)

wod'spaasdsi@d-ueyseid 7185661666 eipu| eyejeuley ninjeduag | py13Ind Spass aAluSaAU| J0323.11Q elemiiayoed Jueyseld Jy 66T
wod'spassdsi@aeyques 90.£0690t6 eipu| eyejeusey ninjeuag | py1Ind SPISS SAUSAU| 01D 3ien neyquies Jp 86T
9IN}3ISU| YdJeasay
Sioun@eyind L100t7€68L elpuj [El¢] 1412 maN 201y JeuoneuIR)u| Jageue|y Joluss eyino Appay esurJn 16T
PA1INd
elpul dn BPION | SuonN|os s%a83ySisul 3ad ysuIS 1nejjed Jn 96T
PI1INd
urs}931y3isui@siunodde 650C070TE6 elpu] dn BPION |  SuonN|os sY2a33ysisul [Tl ENId] NIVE LIMINd IN S6T
‘P11 "IN (eIpul) Spass doid
wodspasswepuid|ife JTOLTT0S86 eipu| eyejeuley ninje8uag pLgAH ueduawy opu| | 897 sa)es JaSeuey |eiauan ejnwseqqy iy JnN 6T
"P111Ad (e1pUI) Spaas
wod'spasswepui@ap3ayieypus 106165786 eipu| eyejeuley ninje8uag pLIgAH uedLBWY opu| sdoi) a)qe1adap Ngs pesH op3aH Jeypus JN €6T
"P¥1"Ind (elpuj) spaas dosd'93nad B dzd
wod'spasswepui@ysawedues GJ9T¥1618 eipu| eyejeuley ninje8uag pLIgAH uBdLIBWY OpU| | SSauIshg |euoljeulaiu| peaq a8)aN g eddeSues Jp 61
‘P11 Ad (e1pUI) Spass
‘wod’spaaswepul@sawef 0061675786 eipu| eyejeusey ninjeSuag pPUGAH uedLIBWY opu| 24 NgS peaH wen)Im sswer s Iy 16T
ur'od'ooyeA@sajnyaw 806715786 eipu| jeselng | JeSeeulypuen so1aua9 13y opuy Jauned Suideuep nedefeid Y |nYaw I 06T
W0D'Spa3so3Ipul@puiio}aIp €900678TT8 elpu| eyejeuley ninjeduag "P¥1 "Ind Spaas 031pu| 03D 1909 jueyseld Id 68T
W02°spaasodIpul@puiio}dalip €9006781C8 eipu| exyejeusey ninjeSuag ‘P¥1 "Id Spaas 08ipu| feE) 1909 jueyseld 1 88T
(0a441)pr1enn
-esado) jJuswdojanag
uropyi@Jewnyysiyse 1 T¥8865678 eipu| euefieH uoeding Kuysalo4 wieq ueipu| J0}eUIplo0) 18IS Jewny ysiysy JiN 18T
(0ad4i)pyienn
-esado) juswdojanag
uropyli@aepeidd 7S0T20062. elpu| euefiey uoeding Ansalo4 wieq ueipu| J98eue 13foid Aindag nepea d'D N 98T
(0a441)'py1onn
-esado) jJuswdojanag
UrdpYI@IPIAIMPYI 8119995556 eipu| euefieH uoeding K1ysalo4 wie4q uelpu| J98euey 13foid Aindag IPAIAIMAW Y I 58T
(0a441)py1ann
-esado) juswdojanag
uropyi@nypuesy3uisjieusey 856005.T6 eipu| euefieH uoeding K13s9104 Wie4 ueipul J193euey 33foud J21yD nypues ‘s'y I ¥8T
(2a441)'py1onn
-e1ado) juaswdojanag
urropyi@aepelwelnieq 9y T808YTY6 eipu| eueliey uoeding Anysalo4 wie4 ueipu| 193euely 109oud Jo1uas AepeA ‘¥'d id €8T
(0a441)pr1enn
-esado) jJuswdojanag
urrooyi@Ineypew T¥.STLTL66 eipu| euefieH uoeding Kiysalo4 wieq uelpu| J0322.1q SuiSeuey ysepeldip N Ineype SIN 81
1032341
wod-39300uI@Aeypel-poweid 6796750196 eipu| jeselng peqgepawyy PI13Ad e1pU| 29300U] 3 s9)es ajesodio) sa8eue Aeyper poweid J 18T
1032311
Ww02'29300Ul@JIWe peysie 80T¥¥ 78666 eipu| jeselng peqepawyy PY137d elpuj 23300U] 9 sajes ajesodio) Ja8euey Jlwy peysiy Jn 08T

A1uno)

uoiesiuediQ

uoneudisaqg

awen 21e39)aq

|

Indian Seed Congress 2025




National Seed Association of India (NSAL) F

1a

nal Seed
iation of Indi

10}
0C!

nsar i

wod P¥1Ind
New3®866TLzzy3uisespuanf 60569ZTET6 elpu| jeselng yp3eunr | ouldu8y Sueleysiysniy J93eue|y 9A13NDDXT |BIBUDD y3uis espuaiir Jp 0ze
payiwi) aeand
ysapeld s1apinoad ad1Ales |8
wodlewd®e00e)41qheuryqe 9%8076.86. eipu| eAype alopu| -In}ndLISe Xewysuy J0322.11Q epig Aeuryqy 6TC
ysopeld paywiT aAe
12UroYdqI@Jewnyelpuaed 9£0v02T66.L elpu| Jenn eploN | -12doo) releyg yeysuy Jewny eipuafes iy 8TC
P11 I0d (e1pul)
Wo02'spaasIooulyo)@4Iypns ZT088805€6 elpu| y1ea 141ad SP1314 p33S Jooulyoy 10312311 lesuey Jiypns JiN JAR4
"PY1°Ind (e1pul)
wod'spassioouiyoy@uiiel 1087277856 eipu| y12a y12a Spia14 paas Joouiyoy 1030241 |esuey uner Jpy 91C
P11 (e1pul)
wod'spaasiooulyoy@yd 1687722856 eipu| 1y12@ 1yl2a | Spial4 paas Jooulyoy and Jesuey Jewny uemed Jy | STC
wod eue3ue|a)
‘llewS@¢ L zeSpaaspLgAyuesty GT88808+86 eipu| /dv peqelapAH Spaas plUgAH uesty J03a11doud poulp weppeo Jj Fana
Jepueyq
wod'|lew3®Tspassuelsy €8LY0VLEV6 elpu| eysipo aiosejeg 1ysnuy ejequedry meys uejin JiN €12
urelysne-Any@ajeseuk w1 ¥v10966 elpu| | esnyseseyep peqe8ueiny Auedwo) pue Janiey Jauned SuiSeuep apuIys ysaueo I fan4
‘U102 UBAIRY ®IOBIUOD T 1vvT0966 elpu| | esyseseyen peqeSueiny ‘0D 73 JaAIRY jueynsuo) jeda dpuIysS ysaueo Iy 11¢
‘wodjrews uones
®@uoielodiodspaasesejeuley 1S¥TS678Y6 elpu| eyejeuley ninjeduag | -odio) pass eyejeusey 1032211 SuiSeuel W Yaysiyqy 4w 0TC
euegue)a) ‘0D Spaas
wod’|lew3@spasasypy 999£990T06 elpu| /dvY peqeweziN pLgAH e3ing exeuey Jauped 3uideuep Japuiney Ajedesses Jp 60T
‘P¥1 "INd S9IUBIDS
ur'od’spaasysejey@|nye. 6889TCTCY6 elpu| | esnyseseyep eujer spaas doi) ysejey 1032311 SuiSeuep leme.dy S Jaawes Iy 80T
wod ‘P¥1 "INd SOUBIDS
‘spaasyse|ey@apued-eipualeu G68/95£786 eipu| | esyseseyen eujer spaas dou) ysejey J98euep apued Y elpuaieN Iy 102
"PIT "IAd S92UBIDS
ur'od'spaasyse|e)@|nyes 9/TEVITTY6 elpu| | esyseseyep eujer spaas dou) ysejey 198eUR| JRI2USD Jefing g |nyey 4N 902
eue3ue)a)
wod'ldey@iwems 1166E€66.L elpu| /dvY peqesapAH S2132UY LSY Mr | |erdJawwo)-1a8eueyy J214D lwemseduey I\ 502
eue3ue|a)
wod'u3ey(@syeyneppls 8€099%7L66 eipuj /dv peqetapAH ERBENELYIEAY Hodw3 pue podx3-pes] S HeyueppIS I 0T
ysapeld
‘wod’|lewd@al03spassinapiel 000000£5.6 elpu| eAypep Jolemo 2103S pasas 1na( ler JRUMQ juewelsesed ysiue I\ €0T
ysapeld
‘wod|lew3@al0ispassinapiel GG/ T¥STSL6 eipu| eAypep Jolemo 210)S Paas 1AaQ lef Jaumo ssauisng |uewelseled UddABN JN 202
euegue)a) peqe ‘PY1Nd
‘wodlews@uSe epiaul 909TESTOTL6 eipu| /dv -1apundas eipu| Yooy epiAu| 10308417 SuiSeue e|npeuoiq ninAauefuelasp I 10T
wodspaasdsi@ysduisl 0700507888 elpu| eyejeuley ninjeduag | P31 Ind SPaS aAUSAU| |es1uy23]-10323.1Q y3uis uemser uq 002

9]IqoN

A1uno)

uonesiuedio

uoneudisaq

awen 21e89)aq

Indian Seed Congress 2025

O



n S a National Seed
Association of India

q National Seed Association of India (NSAL)

eue3ue|a) Pl

wodjlewd@spasseue)ew 1661168786 eipu| /dv peqelapAH "INd SPa3s euue)jep J0302.1Q ysaye ndeysed 4 we

‘WoD'Spadsi|ew®]eldiyo 0v678TZEE6 elpuj | |e8uagisom jeySeuey 'PIT INd Yooy e 1032211 SuiSeue npuny| 1ysiefey Jy e

ysapeld

‘W0D'SPIdsALR|eW @OoyUl GTZEE0.786 eipu| eAypen alopu| ‘PY1 INd SPaas Aejely 10302117 SuiSeue uler Jewny ysaxey Jn ore
'p17 "udio) spass

wodfsaqeyew@sunayewoy 0,9609885. eipu| | esyseseyep ejoqy 91e)S eajyseseyep (8MI) JeSeuep |esauan Jeye] ysexeld Jn 65T
'p37 "udio) spass

wodfeaqeyew@3unayiewoy 009609885/ elpu| | esyseseyep ejoqy 91e)S eajyseseyep 10322110 SuiSeue Jexfoyquiny ysa3oA Jn 8€T
PI1INd

urrod:ooyeA@¢00ZTZIWXE RYRW TT0ES0690. eipuj jeselng Jep| | @ouappsdoi) jwxejeyep 424easay 10322110 AUYHANYHD NILYC AN 1€T
PAT N

urod>ooyeA®e0zTZIWXR RYRW ¥19.2092v6 elpuj jeselny Jep| | aouarsdol) lwxeleyep and 731vd IVHEHSINIA 1N 9¢T
uones

wod’|lewd@90geywayyysayo] €8Y0TZYTY6 elpu| ueyseley | seSeue3uedus -0dJ10D Spaas 1wxn J0321doid ey wayy ysaxo1Jpn GeT
euegue)a) ‘P31 I0d elpu)

‘urrdnos3uanio)|@pwd T.0v605886 elpu| /dvY peqesapAH 32eS pue xa]4 UsnIoT 1032211 SuiSeuep Jewny ysayN d 4w yeT
paywry

W02°|eIUSLI0SI | @S] 8759877816 eipu| npeujiwe| leuuay) 9)eALId 19AL3Y S9N sa)es Jo3euely jesauan | Appay nqequieH Ijedelersq N €€T
paywi]

W02°|eIUSI0SIIH|@SI)IH] 5699950186 eipu| npeujiwe| leuuayd 91eALd 19ALSY S9N 9)e1D0SSY 21easay 1xIe 18S YHYOW 11e 4N €T
paywin

Wod|ejus LIS @S] 9778786€£68 elpuj npeujiwe| leuuayd 33eAlld 19A1I3Y IR HIOM-ND eiz3v 34N T€C
paywi 3eAld

176T06£S€6 elpul exyejeusey ninjeduag (e1pu) sanduj jwixen a9y peaH @ yeleleleneseg iq 0€e
wod'spass ANVdINOD S@33S v

-Jeuoneulsjulesole|@oluojue 9E9ETTISGEE ATVLI INVYL | -NOILYNYILNI VSOV VISY 439VYNVIN STTVS JAMVYA dIavHd 1N 67T
wod'spass ANVAIWOD SA33s v

-leuoneulsjuiesoiej@oluciue TT+3€6°E ATVLI INVYL | -NOILYNYILNI VSOV Jaumo VSOYVTOINOLNY IN 87T

uswdo

Wo0d'SMy@ouenJ-iesad 0Z¥2008566 | Auewuso Auew.sn 3daqui3 ‘0D 79 35S 1VYVS SMM -|oAS( ssauisng - Jo8eue eIYSIN uewysnAy Jp 172

Wwod'sMy@ouenJ-iesad 0ESY8T0ES6 |  Auewian Auew.an NREL[VE 0D 79 IS 1YVS SMM 1eI2J3WIWO) - JOSIAPY IS efieyoeneyg dasphor ay 97T

Wwod'sMy@ouenJJesad TCTCIE66L. | Auewuan Auewuan }oaquig '00 73 3S 1YVS SMM A3ojouyda] - 10SIAPY IS eAieyoeneygq 1yreseseyued ud a4

Wwod'smy@ouenJ-1esad 9TSTYY0TZ6 | Auewian Auew.an }oaquig 0D 79 IS 1YVS SMM 1siwouo.dy IS uasJie]3IsaM 013 I vze

199¢.e3NS Jun ssauisng
Wwod'smy@ouenJ-1esad 0,7SS88TTIST | Auewusn Auew.a9 ¥o9qui3g ‘0D 79 35S 1YVS SMM ‘S2INJUdA SsauIsng JO pesaH oped|ag oueny Jesa) Iy (a4
eue3ue|a)

wod’|lew3®@96Sepanils 165262076 elpu| /dv | peqesapundas | P37 Ind SPaas jooulny 1032211 SuiSeuep oey BSBAIULS d I faad
PI1Ind

eipu| jeselng ypSeunr | owunou8y Sueseysiysnay 1032211 SuiSeue g ualiH eAijoed 4N 12¢

9]IqoN

A1uno)

uonesiuedio

uoneudisaq

aweN a1e839)aq

|

Indian Seed Congress 2025




National Seed Association of India (NSAL) F

n S a National Seed
Association of India

ysapeld

urod>’yu@tzapuednoAf GS8806LTL6 elpuj Jenn BPION |  "P¥749z1)1124 JeuonieN (8jw) Ja8euep 1209 noAr g 97

ur'sauagdoiq®)aied-iessepnw 596766066 elpu| | esyseseyep peqeSuelny | 'py7elpujauadolg yieN juawdojanaq-g’| Jo8euep 1938d Jessepniy €92

‘urrsauadolq@sapul 66665757E6 elpu| | esyseseyepn peqeSuelny | ‘py7elpulauadolg yieN 10302417 SuiSeue lemij3ey ysnes Jn 79T
P

ur'sauadolq@iuiey|ny ysareyusn TGTSTE66.. elpu| | esqyseseyep peqe3uelny (e1puy) suadoig yien ay-1032241@ lusexny ysaieyusp 1a 19
paywi

wodooyeA®@s6001 1du 6£1787.788 eipul | ydeSsmeyyd indse)ig 21eydsoyd epewep J0322.41q SuiSeue eydng eyuemq 092
eue3ue|a] ‘PY1INd

wod'jlews@spassiuipueu 9057£79986 eIpu| Jdv peqesspAH | seduapdS 13y lulpueN Jopaig Jewny ey WAW | 65T

euedue|a)

wod|lewsdejelexeydeyynfuel £789.¥T6Y6 elpu| Jdv peqeweziN | Auedwo) spaas IpueN J032udoud ynluey ejeAexeyoey J | 85T
PA1d (1)

wod'ifewnoapweu@ysaued ZEV0TTTT86 elpu| | esnyseseyep aund | yoaydy Ifewn oapwen Jo302.1q 1B)peT Yequi] ysaueo Jjp 16T

2ouaIds dou) esexeN Jeyyayselpuey)d 4 95T

eue3ue)a)

wodooyeA@elpuispaasiuw 67¥9T90V16 elpu| /dV | peqelapundas "P¥1"IAd SPaaS AW 01 v oey Iyredejeyd Jn | GST
2y

wo’|lewloy@00zszysmjue €.67E00T66 elpu] 141ea 141ea “INd SPa3S 043y NSI 1033341 y3nyd ysnyuy I 1414
P

wod|rewd®eccelinewysaiyye ¢L9€€00T66 elpuj I4lea I41ea “INd SPa3S 048y NSI 10133.1@ eyemysny ysalyxv Jn €G6¢C

wod|iewd®0.59ysaid £915£05266 eipu| jeselng indefip "P11 '1Ad SP99S O Jopauig 193ed AYsaId N | TST

wWod'spadsoW@uey 00T0Z6.7.6 elpu jeselng andefip ‘P¥1 "Ind SPa3S HOW Jopa11g 19¥ed AUBMINIQ | TST
euegue)a) sjeal

wod's|ed|waydoidedewd@jeun 09786686 eipu| /dv peqesapAH | -way) 0By 1ysyeuss Jauped Jeunpy pawweyop JN 0S2
A3LINIT ILVAIMd

uriulypaw®Aiend-ysaidiey 0608866.16 elpu| | yJedsimeyyd dndivy HO3LIYOV INIHAINW 43033449 LNV1d T1ANVYE NVYHS3 4N (74
QILINIT ILVAIYd

uruiypaw®A~yeingd-ysaidiey 0608866.16 elpul | yJedsimeyyd dndivd HOILIMOV INIHA3IW 40103dId AJANVd HSOLNSY 1N 5144
A3LINIT ILVAIMC

uriulypaw®A£iend-ysaidiey 0608866.T6 elpu| | yJessimeyyd dNndivd HO3LIMOV INIHA3IW JOL123dIa ALYTND HONIS LIFIdEVH 1IN JAZ4
uones

LEET6TTLLY6 elpu| | esyseseyep eloyoed -0d10) spaas InAe JOIN |eldeyuRYS ysawey I 9vT
uonels

LEET6TTTY6 eipu| | esyseseyen ejoyded -0d10) spaas infep IO |eldByURYS Ysawey Jp SpT
P

wod'|lew3@yTy9lueues|elin 7908868686 elpu| jeselng | ueSeulypuen I\ SPaas eAnejuepy J0323.1Q jueuey| |eJIA JN rT
P

wod|lewd®950, eAljeaesygaw 0STE/8EHSEY eipu| jeselng | seSeujypuen INd SPaas eAnejuepy 1032217 eAljenes 329 N 9T

9]IqoN

A1uno)

uonesiuedio

uoneudisaq

awep a1e839)aq

Indian Seed Congress 2025

O



n S a National Seed
Association of India

q National Seed Association of India (NSAL)

wodjlewd@udeueinu-elpuayew 6557866T0L elpu| eyejeuley anuuagauey spodx3 18y ueinnN Jo3audoid S eApusyep Jn 062
wodjseq@nleseanjeys3 €11%067.66 eipu| eyejeuley ninjeduag | ‘py1 Ind eIpu| swayunn JVdY a8y pPesH nleseanjeyd 9 I\ 68T
W02'SISOUOAOU@DYASD €5¥T9609.L eipu| exyejeusey alojedueg SISDUOAON e}UIA J2Y3sT SN 887
Svoig
WO0I*'SaWAZONOUDDAN 8172278006 eipu| eyejeuley aloje3ueg SISSUOAON - 193eue| sajes jed1uyda) o Keuip I 182
Awouoidy
wod'sawAzonou®qssd 979£680586 elpu| eyejeuley alojeSueg SISDUOAON | - J28euely SIDIAIDS |edIUYDID] apuedysapJes Aewuiyd Jn 987
W02'SaWAZONOUD OHMI 7EL9EEETSH eipu| exyejeusey alojedueg SISSUOAON | JaSeue|y S91AIDS |BDIUYDDL Jewiny| eJpudjer J 587
3yoig -198euep
wod'sawAzorou@anyy TTL9EEETSH elpu| eyejeuley alojeueg SISSUOAON juawdo)anaq ssauisng Ipamimq Aaaley Jp ¥8T
2Jn3nd
wo2'saWAzZoAoUBSINS 7T6¥50£996 eipu| exyejeusey alojedueg SISOUOAON -118Y - peaH |e1IaWWo) ueyjuequies wegnwueys Jj €87
P
wod'spasspjodonrou@inel3q £697976668 elpu| | esnyseseyep aund "IN SPaas pjo3onoN 1032311 ey’ gayesemng I 4:14
wod jo|
‘spaasplodonrou®@)ired-peduys 79620226 eipu| | esyseseyen aund "INd SPa3s pjoSonoN 103221 117ed "1 peduys 4 182
wod P
‘spaaspjoZorou®@iysol nuysia €816670T08 eipu| | esyseseyep aund "INd SPa9S pjoSonoN J0308.41Q 1YSor °g NUYSIA JN 08¢z
2y
‘wodjlews@inesyieu STH00TET66 eipul | enyseleyep aung "IN SP33S P]0ZOAON uewuieyd ey HpUBd BYIBN N | 61T
W0d°Spass|anou@Iyue|osip 8€€G5//10G. eipu| | esyseseyen uoegjer PY13Ad SPaas |9A0N J0302.41Q 1YUB|OS [ BIPUDIAA[ I 8/C
W0d'Spass|arou@eysny 1€€51110G. elpu| | esnyseseyep uoedjer PY1IAd SPaas |9AON J0323.11Q yynwysaq ‘geysnl I 11T
9£€5//10G. eipu| | esyseseyen uoedjer P¥130d SPads |9AON 10322417 NSNS ENEINSTN 9,T
310°spaasajqou@owd 1T¥69696¥% . elpu| eueliey jediuos ‘P71 "INd SP9S 91qON Jewny JIypns Jn ST
Ajleyewsapap
310°spaasajqou@pw GZSTY00SE6 elpu| euefieH jediuos ‘P¥1 "INd SPa9s 9)qoN 1032241 Jo8euep yereyuwiseleN iwysyet Jn vlT
310°spaasajqou@wixa 02STYE0SE6 eipu| euefiey jediuos ‘P¥] "IN SPaas 3)qoN wixg JaSeuep seq 1yjeles eyped I €lT
elpu| jeselng joxley SP3S 1YPIN Jopaug eipeyyoey ysiperJw | 7.
elpu| jeselng 10%fey Spaas IYPIN Japaaig jueld Jeypueyy uekeN i | TLT
eipu| jeselng joxley SP3S 1YPIN 10123110 3A1INJ9X3 efijoyrew Wy IN | 01T
elpuj jeselng 10%fey Spa3S 1YpIN Joy2211q BuiSeuepy eAljoyiep elpuaieN JW 692
elpuj jeselng 10%fey Spaas IYpIN Jopaiig eAlueyyez yssiH W 897
urrod>’ooyeA@spaasyjuey|aau 1617275766 elpu| jeselng peqgepawyy | auadoig 13y yyuey)aaN 1032211 SuiSeuel 193ed ysiue I 192
PI1INd
W od'spassieyaeu®@)iew ZI¥S09.26 eipu| jeselng peqgepawyy Spaas pUGAH JeyaeN 10302417 yeys 4nkay 1q 997
elpuj jo uon
w0 0oyeA@uITO0Z 4 T6SETLBT86 elpuj 1y12a 1Y]2Q M3N | -e1D0SSY paas |euoiieN IVSN @3 Jawuog IPRAULY YN | 59T

]IqoN

Aiuno)

uonesiuedio

uoneudisaqg

awen 21e39)aq

|

Indian Seed Congress 2025




National Seed Association of India (NSAL) F

n S a National Seed
Association of India

eue3ue|a] ‘P¥1INd

wod eyeld@oyul 666955556 eipu| /dv peqesapAH swiaysAsolg eyield J9puUNo4-0) 73 00 eppedejiep jedog ueyd 1€

wodeyuieldd@iueyd 786851688 swiaysAsolg exLield Illeyeuely epueuepes ig T1€
yquo

wodsnyd®@)esueq-uiyoes €/T9£90956 elpu| euefiey uoeging sa13o0j0uyda) SNMLId | ddueUl - 1a3euer|y JUERISISSY |esueg uiyoes Jp 01E

yqun e|njea

wod'snyad@)esueq-uiyoes ¥¥0TT.8T86 eipu| euefieH uoeding sai8ojouydal SNY13d Jopalig | -eSeyg oey eremsawelues Jp 60
yquo

wodsnyed®@)esueq-uiyoes €/T9£90956 elpu| euefieH uoeding sa13oj0uyda] SNYMLId | ddueul - 1o3eue|y JULISISSY |esueg uiyses Jp 80€

yqwo ejnien

wodsnyad@)esueq-uiyoes vrOTTL8T86 eipu| eueliey uoeding sa13ojouydal SNY13d J0302.1q -e3eyg oey esemsawe3ues Iy 10€
P

wodroiqydadad®@ulydes GL0T8T0666 elpu] [CIE]¢ 41d sadudsolg ydsydad | geg Je8eue|y sa)es jeuoiday 1uoS ulydes Iy 90¢€

urrodooyef@spass)ayed 1608.6TT.6 elpu| y12a 1Y12@ | uoijesodio) spass |93ed Jauped 191ed edpuayep Ji s0€
‘P¥1 "Ind S1NpOId 13Y

‘wod’|lewyIpaI@uas ypis €09065YEY6 eipul | |eBuagisam eimjueg )9 oluedIQ luowseled yiuewesed dipns Jp v0€
*P¥1 INd SyNpoid L3y

‘Wod’|lewyIpaI@uas ypis €09065VEY6 eipul | |eSuagisam einjueg 19 o1uedIQ luowseled J0302.41Q uas Jeyueys eypeyppis N €0
2

‘wod ydayauadsesed@yseh 68.568686 eipu| jeselng peqepawyy "INd Y2332Ud9 seded J0302.1q yeys ysea N 70¢

‘wod’|iew3@ooTsa)eselnyed 0SC08TTT86 elpuj TEd 1412 spaas elnyed 031D elnyed Aeysyy W | TOE
‘PY1Ind saulyd

eipu| jeselng peqepawyy -e|\ Suideyded aoed 9AIINXT 193ed dnuy Jp 00§
"PI1 IAd ssulyd

eipu| jeselng peqepawyy -e|\ Sui3eyoed aded 9A1INDAXT 1eyoued yued Jn 66T
PY17Ind saulyd

urr3ui3eyoedased@pueue 1115506606 elpu| jeselng pegepawyy -e|\ Suidexded aded | Sunayiep g sajes - sa3euey Jeyeyl pueuy Jpy 867
‘PY1INd

wodmesosSe®@3unayiew S00L209Tv6 elpuj euefleH | nue) ejequy sausnpu| 018y mesQ ONILINIVYIN 4IOVYNVIN 'Ad ldNd AVHAYIN AN 16T
‘P11 INd

wod'mesoide@3ulxiew S00LT09T¥6 elpu| euefiey | nue)d elequy SaL3ISNpu| 013y MesQ INE[REREW]IN VININHY 3VMNIA I 96T

wodmesoiSe@3unayiew 500.209T¥6 eipu| euefleH | pue) ejequy saLIsnpu| 013y mesQ Jedeuleyg wasssy N S6C

Wwo0d°'spass euedue|a) paywi sajes
-npaaniznu@eln)esiasfweled eipu| /dv peqesapAH Spaas nNpaaniznN | |euoinyisu| g Jodx3-pesH elnjes y3uis 19afweled Jy 6T
wod euegue)a) paywi ssauisng

'spaasnpasAiznu@ysuisiypns elpu| /dv peqesapAH SPaas NpasaniznN paas a)qeyadap peaH eunepeyg y3uis 1ypns Jn €67
euedue|a) paywi

‘wodelpul)3ee@yuaaneld CTETIYI8GE eipu| /dv peqesapAH Spaas NpaaniznN JUBPISaId-9DIA JOIUBS Jewny usaneid Y JW 76T
euegue)a) paywi

Wod"BIPUIISU@YO0BIIEYUIA eipu| /dv peqelapAH SPaas NpasAiznN 190140 Bunesado Jo1yD oey 1N UBA N I 162

9]Iq0N

A1uno)

uonesiuediQ

uoneudisaq

awep a1e83)aq

Indian Seed Congress 2025

O



n S a National Seed
Association of India

q National Seed Association of India (NSAL)

sysisu|
wodeqoj3ds@ayowAeuin Zr0E0EL598 elpu| | enyseseyep lequiny | Aypowwo) |eqolo d7s Jageuey ssauisng maN YO AeUIp N J€€
wodjeqoj3ds@elioyjew ieyq ST6TY.8TOCT VSN YI0A MON 1eqo| d7S | @dua1ds dou) ‘pea siskjeuy enjoylen eyg sin | 9g€
wodjeqojdds@ew.eys ewnesd TZ/9T60088 elpu| euefieH uoeding 1eqo1o d78S 1sAjeuy yoleasay Joluas ewleys ewieid s gee
eue3ue|a]
wod|lewd®poopideussds ¥6CC995596 elpuj /dv AVaVY3AAH | "P¥TINd pOO4@deuUS H S d01o3dId IVMYEVYOY HSTLIN IN vee
eue3ue|al
wodjlewd®poopideusss ¥6C7555596 elpuj /dv AVY9VY3AAH | "P¥TIAd pOO4 ¥deUS 9 S J0O103dId IVYHONIS TIHSY JN €ee
eue3ue|a]
wod'|lewd®eTspassiefol ¢ty LLe6L elpuj /dv peqesapAH "P¥1 "Ind Spaas ehoy HOL0341d ONIDVYNVYIN HYINNM HSTHVYIN "IN (43
urod-ooyeh@|efopspass 6E9E9ETT86 elpuj I41ea I4jea Spaas jekoy dlyques HjeTan T€E
Assequig
OU’BJWI@UISURIISIIYD1J0S DUl elpu| y1ea Y12 MaN uei3amioN |ekoy J0SIAPY uasueIsiy a1jos au| sy ose
‘wod-oidnai@eloueyeysye) €1%5096666 elpu 1y1ea 1y12a Spaas pugAH 013119y peaH suonelado ssauisng efoue) Aeysyienam | 6Z€
eue3uejal Suon|os
elpu| /dv peqesapAH uoljeWOoINY aduelaYy oey eIeMSIRYUSA | JN T4
eue3ue|a| suoln|os
eipu| /dv peqesapAH uoljewolny aouelay Jauyed yereney3ey exuep i 12§
P
wod'syoes|edai@)a03 Aeuin 1189908566 elpu| dn peqeizeys | "Ind YoeS USAON 1839y Sunayiep peaH 1eAoo Aeuip I 9ze
Spaas
‘wodrdno3syp@1deuod ¥0¥6.00186 elpul 1412 1y12a pUGAH euysLy ewey aw/uewureyd Jeluniy Jewiny ysaley Jw | Gz€
eue3ue|a] d1
wodjlewd@enepeA|iue-erepeh 1G05£€8766 elpu| /dv peqesapAH | eipu] yoa 0i3y eweey 10312241 SuiBeuep AepEA |IUY Weysy Jp e
wod'|lewd@spasspi 9/9/,08G€€8 elpu| | |eSuagisam elpeN Spa3S 'a’d Joya11q SuiSeuep seq qifey N €Ce
‘wod’|lewd®@esonauadiideind G1E0TVET66 elpu| jeselno | seSeN jewwiy so13ouadudy YAd 193ed Jewnyf Indip JN [44
wodjlews®qpsdsd T8ESTYYTSG elpu qefund eyequappl | Auedwo)d paas gefund Jopaaq Jewny joysyaw | Tze
‘wodooyef@3ie3Auu~ns 78€STYP 186 elpu| qefungd eyeqtappio | Auedwo) paas qelund 10309410 3ie9 sapuidnyg 4 0ze
eue3ueja]
wod'sdnos3uinosd@iueyd 8YYSEYS886 eipu| /dv peqesapAH SYI9 N Aepl|oH ulnoid J010241q SuiSeuep Jewny lueyd nasg JiN 6TE
wod'spassauljoid@iapuLins 6IT8ZIO0TI86 elpu| y1ea Y120 MaN Spaas auljold Joy2a.41q Suideuepy 2401y JOPULING U 8T¢€
eue3ue|a]
wod'|lews®ET0ZSpadseAud 8EVBSTEYY6 elpu| /dv peqesapAH | yoajoig 3 spass eAlid Sunaxe 103a11Q uespueydewey 1IN | LTE
"P¥1 "IN SBIIAIBS
‘urrorsgaunsud@eyysesesed 78T67EST06 elpu| [EL] [Eld uolew.Ioju| aunsid eyysy seled I\ 91¢
eue3ue|a] paywi]
‘wodooyeA@18TyIeUR}Rd ¥7/T.E8T86 eipu| /dvY peqesapAH yoajolg 143y 1eyqeid yleuened uesnyg nyqig .a STE
Wod'Y||1qo@40"selaswes T#ES0ZE9L eyueq s P11 (3Ad) spood Ausld J93euey jesausn dUYjeJIeuaS BIBWES I y1E
wod'¥||ga@yd qemeypew G0S0¥8L9L | equetus P11 (3nd) Spoo4 Aus)d a1nynoudy Jo3euep elepueg emeypep Iy €1€

d]IqoN

A13uno)

uonesiuediQ

uoneusdisag

swep 21e383]2@

|

Indian Seed Congress 2025




National Seed Association of India (NSAL) F

1a

nal Seed
iation of Indi

10}
0C!

nsar i

woddsyyey Spa9s
-pieAideys@3unayiew adeuew GZ6T909TY6 elpuj euefiey JesiH | pUGAH Yeypaep 1Ieys (‘WD) Sunaxiep y3uis eseq g 09¢
Spaas
wod'|dsyyeypieapjeys@euieuns SZY6T0L9T6 eipu| euefieH JesiH | puUgAH Yeypiea 1eys J93eue|y |esaus eujeuns sy 65€
spaas
woddsyieyp.lenpieysdiefes SCY6T10L9T6 elpuj euefiey desiH PLAAH Yeypaen 1feys 10303.41Q "IssY efuy jefey I 8GE
spue) Spue]
|u'spaas, @neqeleysy BEIGELN BEEIVETTN NeEEINTEVEN Jauped SuiSeuep 1jeqeleys wajeH J 1G¢€
spuepa spue)
|u'spaas,@ireqeleys-y EHEIVETN -19U3dN dY L NEEINTEVEIS Jauned SuiBeuepy 1jegeleys wajeH 95¢e
euedue|a)
Ul'USWISPIIS@IDLIU0D 80STT98T96 eipu| /dv peqesapAH | UOIIRIDOSSY UBWISPIIS jue}NSu0) doosems yyeme3eyg W JN [olely
wodjlewd@elpuidwes STYOETYTO0L dIN JO UoNIRIDOSSY Paas 103231 9AIINDXT lemsQ Aelip 4N GE
wod
‘spaasa|ea@aledeueypieypuys 1687600586 eipu| dn alopu| | dIN JO UO[IRIDOSSY Paas ejeSeueyqJeypuys Jn £€5¢e
wod'spaasa|dea@erdnd-yoyse £€6v0TEES6 elpul diN 310pul | dIN JO UONEIDOSSY Pads eydnooysyia |  ¢seE
wod'spaasa|3ea®@ay)oy|iue GHETIEEESE elpu| dn alopu| | dIN JO UO[IRIDOSSY Paas 9310y Uy I 15¢
urrdnosgifeAes@wda 8585008666 eipu| jeselng peqepawyy d711spaas Ifehes Jauped eIY3N UnJep Jn 0se
urrdnoidifefes@dqe TESEYBYLSL elpuj jeseln | peqepawyy d17spaas Ifekes 01 193ed YdYsIyqy I 6v€
'PIT'INd Suissad
wod’|lewd®@aaJyseAyses T9Y926T008 eipuj | |eSuagisom Ay3ooH -0.d 148y aa1ysehyses Joyaliq seq ejeiqns I 8YE
Auedwo)
‘urr0:0oyeA@IePIIS GST9605786 eipu jeselng Jep Buipes Aeponies Jauped 193ed leyqdiid W | L€
P¥1Ind
wod'spassuedies@|nyel 0607765786 elpu| exyejeusey pemieyq | 0D spaas piigAH uedies 198euep jeuoz Jexieneleg nyey JN 9pE
p11IAd
wod'spassuedies@yqeinos €T.TS0¥888 eipu| eyejeuley pemieyq | 0J spass pJigAH uedies dJlj1ded eISY pesH yjeui3eppeo N yqeinos J (1%
PY¥130nd
wodspassuedies@3qu 11EE)E8Y86 elpu| eyejeuley pemuieyq | o) spass pJigAH uedies J0303.1q Suideuep yreuideppeo g N 4d yre
eue3ue)a)
wod'|lewd@nqgeqieseyqy €118€06¥66 eipu| /dv Jedeuwiey yoa8y 1lyppniwes J03211doud Jeyaje] yeleyg I £ve
Auedwod
wodiejesude@oyul GJG169TL uewwy uepior Jeanynonide Jejes J98euew ueupe Jp we
2y
ul'od°eyRyES@IpPayyueM ysiyse TT69YTSY86 eipu| exyejeusey ninjeSuag | ‘Ind elIpu| pass ejeyes adINS 198euen uS | apayyuepm oddeSuey ysiysy JN v
2y
ureyexes@sqysawel 11691586 elpul eyejeUIRY ninjeduag | "IAd eIpu| Pads ejexes adINS WO 1S J03da11q iddn3eays g ysswey JW | ovE
paywry
Wod'|[eWYIpRI@Spass|ejes ¥S65TSSHS6 elpu| | esyseseyepn eujer yoa3oig 9 SPaIas |ejes uewdey) ejlemunzunz jewey Jy 6€€
Wod'|[eWYIpPaI@spass|ejes 85975688.8 elpu| | esnyseseyep eujer yos301g 9 SPaIssS |ejes J93euepy podx3 Jeyuied y3uis ysaSo JN 8ce

A1uno)

uolesiuediQ

uoneudisaqg

awen 21e39)aq

Indian Seed Congress 2025

O



n S a National Seed
Association of India

q National Seed Association of India (NSAL)

euegue)a) ‘PY1Nd
wod|lewd@olqeAyuLs 755998786 eipu| /dv peqesapAH | s9duUd1dS o1g BAYIN 1S J0322.41q SuiSeue Appay e3ueg eyuny Iy 8¢
eue3ue|a)
wod'|lewd@spass |wxe) s 9579078186 eipu| /dv peqeweziN Spaas IWXeT s Jauped Jewny| usaneN d 4w T8¢
Wod'|leW3@spadseuysiiLs €159955t¥6 eipu| npeujiwep Ayoup SPpa3S _UYSIIY LS 03D uefesepunos AJW 08¢
eue3ue|a) ‘0D
wodlewd@spasseduedus TZEYSTSY86 eipu| /dvY peqesapAH | spaas pLgAH e3ueg LIS Jauned Appay e3ueo LS Jp 6.€
wod'|lew3@spaaselouos uonesodio)
‘wod|lewd®//Alepnoydsezyays 887.0S.T¥6 eipu| gelund epoyIajen Spaas 043y eJouos J0322.1 SuiSeue Kiepnoy) pezyays 4 8¢
wod P11 N
"Zpads|UBWIOS@IURWOS Y3YSIYge L86T06TT86 elpuj y1ed 412d Zpaas yeuey luewos 1032311 luewos %aysiyqy Jn LLE
PI1INd
wod°zpassiuewos@ysuis unfie 16T8ET99Y6 eipu| 1y12a y1ea Zpaas yeuey| luewos J0308.41Q y3uis unfy ug 9/¢€
wod PA1INd
*ZPa3sIUBWOS@|UBWOS e ey 76£6676666 eipu| [EN] [ME] Zpaas yeuey| lUBWOS J0322.41q SuiSeuep 1UBWOS A M N Sl€E
W0d'Spaasie|os@yiysyel 9%0/9££996 elpu| exyejeusey ninjeduag Spaas Jejos Jauped HLIHSYVY HM 4N v1€
wod'spassiejos@(esedeu ¥#T00T9886 eipu| eyejeuley ninjeduag Spass Jejos Jauped NG ledeSeN I €l€
eue3ue|a) weu 21n})ndudy
wodygs@ieignyd ¥.€09TC09€€E eipu| /dv¥ “edeyyesip ‘P31 IAd eIpul ANS Jageuey sa)es |ed1uyda] HejgnH [ned Jn TLE
eue3ue|a) weu
wooyqs@pJeno)jaqd 8Y¥¥STTEI-EE0 elpuj /dv “Jedeyyesip ‘P31 30d elpul ANS a1nyndu3y pesH 1eqol9 paenojjag aydoistyd I TLE
euegue)a) weu
‘wodjus@yueyseys TOTT/88558 eipu| /dv -yedeyyesip ‘P¥1 Id eIpu| ANS 2.n3no13y Jadeuep y3uis ueysnyg yueyseys I 0.€
wo|lews®@giueyoweseu 0¥¥.8€06v6 elpuj ‘P¥1 "Id SPa3S YIS 1010210 SuiSeuep Appay ueyop eSen 1 I 69¢
euedue|a)
wod'|lewsd®spassesuedeqnys 9667089608 eipu| /dv peqetapAH spaas e3ues eqnys Jauned Appay yiereyg nayy I 89¢€
eue3ue|a) S213DUDD
wodpassolq@sah-euysiiijeini GLTSET8ELL elpuj /dv peqesapAH passolg weiuys peaH A103a3eD euysy ledniy SAA N 19€
euedue|a) [SeTNETEL
wodpassoiq@ulelnie 60L67S€0L6 eipu| /dv peqetapAH passolg weiuys INDS pesH 73 Juapisald 3dIA uler Jewny jnyy Jn 99¢
eue3ue)a) RelNEIED) SSaNIsnd
Wod'paasolqdIyiseme iaaypns 7T15608598L elpuj dv peqesapAH passolg weiuys TYNOILYNYILNI AVIH HYINNY HS3dNY N S9¢€
eue3ue|a) [eTRETIETS)
Wod'paadsolqdIyiseme iaaypns L1.T00LE966 elpu] /dv peqetapAH passolg weiuys vad » vid dAvY IHLSYMVY ¥33HANS 1N ¥9¢€
‘wod'00yeA@plIOM B} 33eald §957€09TY6 elpu| jeselng Jep| 4223048y Wey 3a1ys Jojanidold | |ared leyge|nyq leyqusawey Iy €9¢€
PITINd
wod ooyel@.loaneles 897SZTT9S6 eipu| eyejeuley ninje8uag 20Ua19S dou) uosAlysS J0302.1q SuiBeuep 1110y eddeuineles J\ 79¢
‘P31 Ind ulelg
‘wodjlews@rosessianoeidiys 7S87800T86 elpu| y1e@ 141ad 73 21qe3sda) eudiys 10313311 efoue] ysauiH JW T9¢€

9]IqoN

A1uno)

uolnesiuediQ

uoneudisaq

awen 21e39)aq

|

Indian Seed Congress 2025




National Seed Association of India (NSAL) F

n S a National Seed
Association of India

P (d)
y12a Spaas plgAH eldue] efdue] ueewly Jp 0t
44v1 Y99jey uemziy JW €0t
eue3ueja]
wod eyuaduhs@ueyyyie 669TTESY66 eipu| /dv peqetspAH | P11 Ind elpu] ejusBuAs | JaSeuepy sedouel))y 218334 enspyoes daspiny Jp or
eue3ue|a|
wodeyuaduhs@ueyy e 6691TE8Y66 elpu| [dv peqetapAH | P31 °Ind elpul euaduhs | Ja8euely saduel))y dIa3ens UBYNYIWIN | TOY
ysapeld P
‘wodrsjesiwayddniems@ojul CI8T.L10786 elpu| Jenn mouydnT (d) sjea1way) dniems J93euel jesaus9 ewap Aelues Jp 001
ysapeld P
elpu| Jenn mowdN | (d) sjeatwiayd dniems YSUISNEIN | 66€
ysapeld 2
‘wodrsjesjwayddniems@ojul 8T8T0TSEEH elpu| Jenn mouyon (d) sjestway) dniems 10302417 1PaALIL JewNy Ysa)iyny 4 86€
PN
WOD'SWLIBJWIUIBMS@OJul 9606668716 elpu| jeselng peqepawyy elpu| swie4 wiulems 1030311 191ed ANIYQ N 16€
PN
wodlewd@sAyeuieans IYTIETTVES eipu| eyejeuley ninjeduag Spaas pUGAH euleans J032341q Sui3euep 111ed A uekeseN Jp 96¢
PTINd
wod'|lewd@sAyeuleans TTYYET9096 eipu| eyejeuey ninjedusg Spass puUgAH euieAns 10303110 117ed N leapnd us G6€
13 1ejwa@sewe|el33 0LT162.9-0ZT-0€ 909319 suayy oX1YdAsd 2d 1ins 1030241 SuiBeuep sewe)el9 931099 U ¥6€
eue3ueja]
wodlewd@npueydndueseleu 162596089. elpu| /dv Jnjung 'p¥] spaas eking 1030241Q npueydy N In €6€
euedue)al
lew3@spassuns T02ZT08786 elpul /dv peqesapAH Spaas pugAH uns Jo3a1idoud Jemysafey IpISBe N | Z6€
wodjlewd®roleluelie 79€0600886 Ajey Key oueiguo ‘02 Sa33svdans YIAOVYNVYIN STTVS 120VYNNYE OYANVSSITV 1IN T6€
wodjrewd®rofeluelie ¥9€0600886 Aley Aey ouel3uon '0Jsa33asvans Jl410Vd B VISV-439VNVIN AYINNA VY AN 06¢€
euedue)a| ‘P¥1 WNd
wod'spasseAyies@euesoywel 6878179996 elpu| /dv peqetapAH | yoajoig 13y eAyjes LIS 10323410 9AIINIAXT euesoy wey 68¢€
eue3ueja] ‘P11 INd
wod'spasselyjes@euesoyualeu 6.07608766 elpu| /dv peqesapAH yoazoig 13y eAyles s 19210 UIWpy Ja1yd pese.d eipualeN euesoy |\ 88¢
euedue)a| PY1 WNd
Wod'spaaseAy}es@pudoeIy Iy 6£09£08186 elpu| /dv peqesspAH | yoajoig 13y eAyjes LIS aW pue uewliey) | oey elemsajoyewiey euesoy Iy 18€
eue3ue|a] Aued
€TC0CC0rY6 elpu| /d¥ peqeweziN -W0) Spass ewey US euueleg @ Jn 98¢
eueguejsl P31 '3Ad eIpul
Wod'spasseweIus@ysageum 6066185066 eipu| /dv Joowiny | s2ndUY L3y ewey LS J0SINpY M'ysageN erexuap Jn G8¢
eue3ue)a| 'PY1 °IAd elpu| J93eue Ssau
W0d'spadsewelus@ysaieu 100558688 elpu| /dv Joowiny| | so13dULY LBy eweyY S | -ISng Jeuoljeulaiu] pue gzg ngeg ysaien I 8¢
euedue)a| 'PY1 IAd elpu|
wod'spassewels@ngeq 195¥200v76 eipu| /dv Joowiny | s2n8UY LBy ewey US 1030341 SuiBeuel ngequwiey LUnpunyd €8¢

3]0

Aiuno)

uolesiuediQ

uoneudisag

awep 21e33]2q

Indian Seed Congress 2025

O



n S a National Seed
Association of India

q' National Seed Association of India (NSAL)

S]IqoN

A13uno)

uonesiuediQ

uoneudisaq

‘WO0D'SPaasepan euedue)a| ‘P11 (d)
@128)U0D ‘W0D'SPI3SLPAAED) 03D 666£€96LT8 elpuj /dv Jnyung SIDUDIDS PaS BPIA anz®o3id Jeyxasespueyd d.1d wy
eue3ue|a] 'PI1INd
wod’|lewd@spassyiuesen 2200120006 eipu| /dv peqesapAH yoajolg 13y yuesep J0310241q SuiBeuep SeAlulS ndeyjuesep J|y T
euegue|a| ‘P¥1°Ind (e1puUl)
wod|lewd®TTySpassuniea ¥E€CTCT8008 eipu| dv peqelapAH | Y223043y 73 SPads uniep Jo13.1a euysiewey AN 9 4N 0Ty
wod 000000L£66
‘Jlew3®y3qlepueyqueyiquienn TTS8ST8EY6 elpu] eysipo ysedieg | sJepueyg ueyig wenn Jojardoid 11egeg ejuexeypey Iy 6Ty
euedue)a| P¥1Ind
wodueespueqin@les 680880916 elpu| /dv avavy3daH Sulieq ueeshjueqin J3puno4-03 eliaydljed Appay weltes 8T
an
wod'spassjem(ln@ioe3uod ¥ZT8ETYEN6 elpu| euefiey 1VdINOS 1Ad S@33S vMvrrn 03 NVIAQYXY LINV AN JAs4
P¥1Ind
ch._me_mm._w>_C3©>O;_.mtE£m3m 9/50009¢€86 eipuj _NMCwm 1SoMW\ ejey|oy yosjolg pue spass |DvVN 41012311 >Ow_ eywysns sipy 91V
Q3LINIT ILVAId
ul'eisne-An}@s)eseuk 1€.692.70t6 elpu| | esyseleyep andSen VIANI VIY1SNY ANL J9pea weaj |es1uyda) 9)eleN eJpualen Ysea STy
J93euep
wod3iaqgsues@eidnd-unien 6¥T80LESSY syiewuaq sjJewuaq uadeyuado) S/V¥ dlwoyiel| judawdolanaq |ersaWwwWo) eydno uniep Pt
eue3uejal
wod’|lewd®@JoojeAppalysawiel 611111686 eipu| /dv peqesapAH 429 13y ejewniiyl J03a11doud ysawey J0oly I\ €Iy
1e0OPa3S
‘Wod"d3yuosY@pulnie T88TO0EY06 elpu| npeujiwe] 210jequiio) 1eqIdH UOIIH Y L kD) weduljewteyq puinly f4ass
1e0dpass
elpu| npeujiwe| 2101eqWI0D 1eq4aH UOJMH 3y L eysieH 9aIs I 1T
1e0dpPads
T0LEG6E6Y6 elpu| npeujiwe| 2103eqUW10) 1eqIdH UoI}IH YL Jewny ysateN I 0Ty
p313nd A30
wod ydaikjodeisay@ojul 69997ST86 eipu| npeujiwe] leuuay) | -jouyda] JawAjod e3sal J0303.41Q [ UBJW| UIdPIYOW I 601
LN3IWdINOI ONI
-LNI73d d33S NOLLOD
Jywod ualey@snuwiiodq TG8TITEEES06+ Aaxany. Aoxany euepy ONIYIINIONT NIHVL YIOVNVIN TVHINID NVYSNIN LvHvE3S Jn 80
LN3IWNdINO3T ONI
-INI73d @33S NOL1OD Niaan
wo'|lewloy@g L wzeley L099€67CES06+ Aoxany AopnL euepy ONIYIINIONT NFAVL d0SIAaY -IHOW NYINYY AIWINVYHOW 4N L0
LN3IWdINO3 ONI
-INIT3d @33S NOL1OD
Jywod ualey@siuly-iesy TTZTOETCESO6+ Aaxany Aoxany euepy ONIYIINIONT NIYVL d0L103d1d S3vS SINIH 1vdId /N 901
LN3IWdINOI ONI
-INI73d d33S NOLLOD
0T00E687ES06+ Aospny Aoxuny euepy ONIYIINIONT NIHVL 03 DITIM MNIDYIS IN AN Sov

awep 21e33)2@

|

Indian Seed Congress 2025




National Seed Association of India (NSAL) F

n S a National Seed
Association of India

PI1INd
W0d'spaaspUgAyyHUIZ@ WS 8ZT9T00TS86 eipu| y12a y1ea Spaas HgAH ynuaz IO PNPoId JBIYD eIYI |1Yes JN oy
PATINd
W02'spadsplqAyyusz®3s ¢TTLTLTBS6 elpuj I4iea 41ea spa3s LGAH ynusz 19210 3AIINI3XT 914D 1enog jIyes Jn (0i2%4
SaLIISNpu| B33UUA 0309qaipuly BSSNON JI 65
PY1INd
85870 L.996 elpuj y1ea 141ad elpuj 3]eds ojewe; J1a3eue|y |essusn ifewex Y210 JW 8€Y
PITINd
‘urrod-ajedsolewef@neined L0T860€.86 elpuj 1y12a 1y12a eIpu| 3]edS 0jewes J1a8eue sajes Jewny Aeine9 U | Lgb
euegue)a) paywi
‘wod’|lewd@yodaroidenyuedel ShY8Y66786 eipu| /dv peqesapAH | a1enlid y2930.3y 1puedep Yo.aeasay 1030241 epno9 eysaspeder iq oct
Wwod'spaasideulalsam@ojul 8120775786 eipu| jejelng | seSeeulypues | ‘py1spass LSY UIDISIM 1032211 1938d N ysexy JN Sep
wod’|lewd®0/8YsoIuess 1885/9T9%6 eipu| ueyiseley | seSeue3duedus | *py7 Ind SPaSS UOPIOM peaH Sunayiep ewlieys ysojues Jp pEY
wod'|lewd®s/)1I8pnwasp 1885/9T9%6 elpu| ueyiseley | seSeueduedus | *py7Ind SPISS UOPIIM J0323.1 SuiSeue wey 1naq N X2
PITINd
elpu| npen |iwejl 2J0ojequwio) S92UDIDS 0.U3Y BYSYLIA Appay eipuataden Jp 43
PY1INd
eipu| npeN |lwej alojequwio) S92UBI2S 0I3Y BYSHLIA Jewny| fouep JN ey
PATINd
wod oideeysyun@ueysiepns 0T92.G.8V6 eipu| npen jiwej 210}eqWI0D S90UBIDS 043Y BYSHLIA Jowy 4 oSy
P11 INd
wodoifeeysyur@ueysiepns 0T92.5.8V6 eipu| npen jiwej 210jeqWiio) $90U3IDS 0SY BYSHLIA J0302.41Q N ueysiepns Jp 6T
payiwi
‘Wod°spaas|exoA@ojul 0v8YTESHS6 elpu eyeleuley ninje3usg 33eAlId SPa3S [@X{OA SunaxJep 7 saes W9 IUBWEBINH HY N | 8TY
wod’|lewd@spaasiedeleuin 11€16E5T¥86 elpu| npeujiwe| weandn)jip spaas edefeulp J9qWIBN YSNL uejueweiqns ‘AJN 1Ty
wod|lewd@aleddoldseyin 87878.8.66 elpu| | esyseseyep lequiny aJe) dou) sexin J0323.1 SuiSeue UBAIL BZ3Y JN Y44
277759
Wod'PS|N@.ewWny Ieyyas 6TT6T80.8 vsn BUIJOIOD YMON | -DUBIDS 9)I7 UBISIPIIA 1SUBIS Jewny leydSIN | ST
277 °se
wod'Ps|n@eueinyyAeysye GE/9TT886. vsSn 2U11040D) YUON -OUBIDS )17 ueisapiap | Suneyep JeSeuepy |esaus euelnyy Aeysyy J vy
27158
wod'12S|A®@)eAo3 4 €0007905€6 vsn 2U11040D) YLON -DUBIDS 917 UBISIPIIA J0322.41q SuiSeuey Jekoo Jewny fey 4 x4

3]IqoN

A1uno)

uonesiuediQ

uoneudisaq

aweN 21e83)aq

Indian Seed Congress 2025

O



Annexures







Indian Seed Congress 2025

CEO Conclave

23%° FEBRUARY 2025, HOTEL ANDAZ, AEROCITY, NEW DELHI

Programme Schedule of the CEO Conclave

S.No. Programme

1

Registration

Time

02:00 PM - 02:45 PM

Welcome of the Guest by the Convener NOC, ISC
2025

02:45 PM-02:50 PM

Address by President, NSA

02:50 PM- 03:00 PM

First Session
Theme: Mantras for Success

Speaker: Mr. Pankaj Dubey, Founder & CEOQ,
DSPIN Consulting Pvt Ltd

03:00 PM-04:15 PM

High Tea

04:15 PM-04:45 PM

Second Session

Theme: Global Perspective of the Indian Seed
Sector

Speaker: Mr. Simon Wiebusch, President, Bayer
South Asia and Vice Chairman, MD & CEO, Bayer
CropScience Ltd (BCSL)

04:45 PM-06:00 PM

Third Session
Theme: United in Rythm, Stronger in Action

Group: Team Dhunn, Facilitator: Mr Dinesh
Patole

06:00 PM- 0715 PM

Vote of Thanks by Treasurer, NSAI

0715 PM

10

Cocktail Dinner

07:30 PM onwards

Indian Seed Congress 2025
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Indian Seed Congress 2025

EMERGING TECHNOLOGIES - PROPELLING SEED REVOLUTION
Day 1-Monday, 24™ February, 2025

Programme Schedule of the Technical Sessions

9:00 AM-9:45 AM Registration

9:45 AM-10:00 AM Inauguration of Exhibition by Chief Guest/Dignitaries
10:00 AM-11:00 AM Inaugural Session followed by Press Briefing

11:00 AM-11:30 AM Tea Break

Technical Session I: Innovations & Next Generation Technologies for Crop Improvement
Time: 11:30 AM - 12:50 PM
Chair — Dr. P. L. Gautam, Chancellor, Dr Rajendra Prasad Central Agricultural University, Pusa,

Bihar
Co- Chair- Dr. Venkata Subbarao, Kolli, Partner — Agvaya LLP
Rapporteur: Dr. Sneha Adhikari, Scientist, Genetics and Plant Breeding, IARI, Pusa

11:30 AM-11:40 AM Opening Remarks by Chair/Co-chair
SN | Duration Topic Speaker
Trends in the Global Seed Market: Dr. Bharti Malhotra
1 11:40 AM-12:00 Role of Technological Innovations as Research Manager- Analysis
) Noon a Key Influencing Factor, Strategies Lead, Crop Science,
and a Decadal Outlook Agribusiness, S&P Global
Dr. Tanushri Kaul
2 12:00 Noon- Precision Breeding through CRISPR- | Group Leader, Nutritional
* | 12:20 PM Cas mediated Genome Editing Improvement of Crops, ICGEB
Dr. Uma Maheshwar Singh
3 12:20 PM-12:40 Speed Breeding: A game changer for C . %
. PM global food security Scientist- Innovative Breeding
SARC, IRRI
12:40 PM- 12:50 PM Q&A and Closing Remarks by Chair/Co-Chair

Lunch- 12:50 PM- 2:30 PM

Indian Seed Congress 2025 w O
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Technical Session lI: Digital and Data-Driven Technologies/applications for seed industry
Time: 2:30 PM-3:50 PM

Chair- Mr. Siraj Hussain, Former Secretary (Agriculture), MoA&FW, GOI
Co- Chair- Dr. A. K. Singh, Vice Chancellor, CSAU&T, Kanpur
Rapporteur: Dr. Manjeet Kumar, Scientist, Genetics and Plant Breeding, IARI, Pusa

2:30 PM- 2:40 PM Opening Remarks by Chair/Co-chair
SN Duration Topic Speaker
1 2:40 PM-3:00 | Digital Sequence Information: Dr. Sunil Archak
PM Technology, Policy & Regulation Principal Scientist, NBPGR
. _— Ms. Ruchika Gupta
3:00 PM-3:20 | Development of Agri Stack: Building L -
2 PM Blocks for a future digital paradigm DDG, Ministry of Statistics &

Programme Implementation

Al based Predictive analytics and
3 3:20 PM-3:40 | crop simulation modeling for

: PM precision agronomy for realizing
Genetic gains

3:40 PM-3:50 PM Q&A and Closing Remarks by Chair/Co-Chair

Mr. Aditya Shah
Global Director — Strategic,
Partnerships, Cropln

Technology Presentation-I

Technology for Nutritional
3:50 PM-4:00 PM Enhancement of Seed - “Need of
Hour”

Tea Break: 4:00 PM- 04:45 PM

Mr. R. K. Goyal
Managing Director, Verdesian

Technical Session lll: Strategies and Approaches for harnessing genetic diversity and
agronomic innovations for improving profitability of farmers

Time: 4:45 PM-6:05 PM

Chair- Dr. T. Mohapatra, Chairperson, PPV&FRA

Co- Chair- Mr. Rajvir Rathi, Director Public Affairs, Science and Sustainability (South Asia) & Lead
— Traits Licensing Business, Bayer CropScience

Rapporteur: Mrs. OK Tara, Head - IPR & Regulatory Affairs, , Nuziveedu Seeds Ltd

04:45 PM- 04:55 PM Opening Remarks by Chair/Co-chair

SN | Duration Topic Speaker

Microbiome based approaches for
enabling seed, plant and soil health
for realization of potential of Plant

Dr. K. R. K. Reddy

1. 4:55 PM-5:15 PM President BIPA and MD

- SRIBIO
varieties.
. . Seed production innovations for a Mr. G. V. Ramana Rao
2 5115 PM-5:35 PM resilient Indian seed industry CTO, Ganga Kaveri Seeds
Dr. Rabi N. Sahoo
- : Program Leader, Principal
3. | 5:35 PM-5:55 PM prquzn Farj‘”'”g tolmprove nput | g i ohtist, Division of
use in Agriculture. Agricultural Physics,
ICAR-IARI
5:55 PM-6:05 PM Q&A and Closing Remarks by Chair/Co-Chair

7:20 PM Onward Cultural Program & Welcome Dinner
0 w Indian Seed Congress 2025
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Day 2- Tuesday, 25 February, 2025

Technical Session IV: Innovations in seed health management and traceability
9:30 AM -10:50 AM
Chair- Mr. Ashish Bahuguna, Former Secretary (Agriculture), MoA&FW, GOI

Co- Chair- Dr. D. K. Yadava, DDG (Crop Science), ICAR
Rapporteur: Dr. Sandeep Kumar Lal, Principal Scientist, Division of Seed Science and Technology,
IARI, New Delhi

9:30 AM - 9:40 AM Opening Remarks by Chair/Co-chair

SN Duration Topic Speaker
Seed based delivery systems using .
1 9:40 AM- Biologicals and Nano technologies for | Dr. Gyan Prakash Mishra
. 10:00 AM improved stress tolerance and crop Head, Division of SS&T, IARI
productivity
Innovative approaches towards seed A
2 10:00 AM- quality certification for promoting Mr. Pradeep Korishetter
: 10:20 AM exports for a Globally competitive Deputy Director, TSSOCA

Indian Seed Industry

10:20 AM- Seed Traceability in India: Leveraging | Dr- Dilip K. Srivastava
10;40 AM the SATHI Portal for Transparency DC(QC), Seeds Division, DA&FW,
and Quality Assurance MoA&FW

10:40 AM-10:50 AM Q&A and Closing Remarks by Chair/Co-Chair

Technology Presentation-Il

Transformative Biological Seed Dr. Jalendra
10:50 AM-11:00 PM Applied solutions — Driving crop Technical Services Managers,
productivity sustainably Novonesis

Tea Break: 10: 50 AM-11:45 AM

Technical Session V: Shaping the Future: Policy, IP and Emerging Technologies for a Seed

Revolution in India

Time: 11:45 AM - 1:05 PM

Chair- Mr. Sanjay Agarwal, ADG, ICRISAT and Ex. Secretary, DA&FW, Govt of India
Rapporteur: Mrs. OK Tara, Head — IPR & Regulatory Affairs, , Nuziveedu Seeds Ltd

11:45 AM - 11:55 AM Opening Remarks by Chair/Co-chair

SN Duration Topic Speaker

Policy and Systems for IPR
1. 1:55 AM-12:15 PM Governance relevant to Indian Seed
Industry

Dr. D. K. Agarwal
RG, PPV&FRA

Strengthening In House R&D set up of | Dr. Deepika Rohatgi

2. 12:15 PM-12:35 PM . .
Seed Companies for DSIR Recognition | Scientist-E, DSIR

12:35 PM- 12:45 PM Q&A and Closing Remarks by Chair/Co-Chair

Lunch: 12:45 PM-2:45 PM

Indian Seed Congress 2025 @ O
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Technical Session VI: PANEL DISCUSSION - Navigating Challenges and Leveraging
Opportunities in Seed Technology through Policy Reforms
Time: 2:45 PM-3:45 PM

Chair: Mr. Ajeet Kumar Sahu, Joint Secretary (Seeds), DAFW, MoAFW, Government of India
Coordinator: Dr. Sanjay Kumar, Director, ICAR-NISST, Mau
Rapporteur: Mr R K Trivedi, Former Executive Director, NSAI

SN Panelist

1. Dr. M. Prabhakar Rao, Chairman & Managing Director, Nuziveedu Seeds Ltd

2. Mr. Kuldeep Singh, CMD, HIL (India) Ltd

3. Mr. Satish Kagliwal, Managing Director, Nath Bio-Genes Pvt. Ltd

4., Mr. Ajai Rana, CEO and Managing Director, Savannah Seeds Pvt Ltd

5. Dr. Manish Patel, Executive Director, INCOTEC

6. Mr. Rajvir Rathi, Director Public Affairs, Science and Sustainability (South Asia ) & Lead
— Traits Licensing Business, Bayer CropScience

Tea Break: 3:45 PM-4:30 PM

4:30 PM- 6:00 PM Valedictory Session and Award Ceremony

7:00 PM Onwards Cultural Program & Gala Dinner

O w Indian Seed Congress 2025
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National Seed Association of India

909, Surya Kiran Building,
19 Kasturba Gandhi Marg, New Delhi - 110001 (INDIA)

Ph.: 011-43553241-43, Fax.: 011-43533248
Email: info@nsai.co.in | Web: www.nsai.co.in



