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The cereal crops occupy a major share in the world cropped area and have been supplementing the
nutritional requirements of both humans and animals by providing food, animal feed, and fodder.
Boosting cereal food production to meet the escalating demand without distressing the
environment is a major challenge of the current time. In the past few years, a number of effects
related to climate change have become increasingly prevalent. These include alterations in
temperature, occurrences of flooding, periods of drought, waves of extreme heat or cold, prolonged
lack of rainfall, and rises in insect or pest populations. The Key purpose of the 5th International
Group Meeting (IGM) on Climate-Proofing Cereal Agriculture: Strategies for Resilience and
Sustainability is to create a forum where researchers, academics, extension workers, and students
involved in cereal crop research can come together to exchange and explore the most recent
developments, ideas, and applications in this field. The most effective approach to address climate
risks is to enhance our ability to adapt and become more resilient, which can provide immediate
advantages and mitigate the negative consequences of climate change. 

We believe that the meeting will brings together researchers from all over the world to present and
discuss the latest research, contribute to sustainable environment, technology and sustainable
development and energy resources, and encourage more research cooperation. The will of the
authorities, together with the important role of scientists in creating various opportunities is to
strengthen the research culture and downstream research outputs, ultimately solving problems
related to cereal crops.

We express gratitude to the participants for their immense enthusiasm in sharing and discussing
their research findings, which have the potential to benefit other researchers and peers worldwide.
The abstracts of all participants chosen for presentation during the 3-day event have been compiled
and published as a book. I express my gratitude to the sponsors for their kind contribution,
acknowledge the organizing committee and all individuals, including members of the Society for
Advancement of Wheat and Barley Research (SAWBAR). We express our gratitude and extend a
warm welcome to all the delegates. We anticipate productive and valuable discussions during this
meeting. 

I look forward in successful organization of the 5th International Group Meeting.

Preface

(Gyanendra Singh)

Date: 23.03.2024
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Development of Climate Resilient Rice 
 

Raman Meenakshi Sundaram* 
ICAR-Indian Institute of Rice Research (ICAR-IIRR), Hyderabad 500 030, India 

*Email: rmsundaram34@gmail.com 

 
A rapidly changing climate is posing serious risks to sustainable rice production in the future. 
Biotechnological tools like molecular markers and genomics can add precision to breeding 
and accelerate breeding efforts towards development of climate change resilient rice varieties. 
Most of the mega-varieties of rice, which are grown across India, for e.g., Samba Mahsuri, 
MTU1010, Swarna, CR1009, etc. are susceptible to most of the pests and diseases including 
the deadly disease of bacterial blight. Towards this objective, our research team at ICAR-
IIRR, in collaboration with CSIR-CCMB has applied molecular breeding for improvement of 
multiple traits  in the mega-varieties like Samba Mahsuri, Swarna and MTU1010, viz., 
resistance/tolerance against three major diseases, viz., bacterial blight (BB), blast and sheath 
blight, resistance against the two insect pests, viz., gall midge and brown planthopper, (BPH) 
and tolerance to salinity, low soil phosphorus, drought and submergence along with 
improvement of yield related traits in order to develop climate resilient breeding 
lines/varieties in the genetic background of the above mentioned elite mega-varieties. 
Initially, through marker-assisted backcross breeding (MABB), we introgressed three major 
BB resistance genes (viz., Xa21, xa13 and xa5) into Samba Mahsuri, resulting in the 
development and release of a high-yielding, bacterial blight resistant rice variety possessing 
fine-grain type and low glycemic index (GI), named Improved Samba Mahsuri (ISM). Two 
novel BB resistance genes, Xa33 and Xa38 have been identified from the wild rice Oryza 
nivara along with another novel gene from distant wild species of rice, Oryza officinalis, 
Xa48 and transferred to Samba Mahsuri.  Through these efforts, a breeding line of ISM 
possessing Xa38 and having 10 % more yield as compared to Samba Mahsuri along with 
broad-spectrum resistance against bacterial blight has been released as a new variety, called 
DRR Dhan 53, has been recently released along with a few other breeding lines of ISM 
having Xa33 and Xa48 in the pipeline for release. Additionally, gene-pyramid lines of ISM, 
possessing resistance against blast and tolerance to salinity and low soil P tolerance have also 
been developed in the genetic background of ISM and released as new varieties under the 
names, DRR Dhan 62, DRR Dhan 58 and DRR Dhan 60, respectively. We are also 
pyramiding major QTLs associated with tolerance to drought and submergence along yield 
enhancing genes and improved breeding lines of ISM possessing multiple traits are being 
evaluated in multi-location trials of All India Coordinated Research Project on Rice 
(AICRPR) and few such lines are in final year of testing.  
 
 



 
 
 
 

 
Indian Wheat Improvement Program  Insights from Past and Way 

Forward 
Gyanendra Singh* and Satish Kumar 

ICAR Indian Institute of Wheat and Barley Research, Karnal, Haryana - 132001 
*Email: director.iiwbr@icar.gov.in 

 
Wheat (Triticum aestivum L.) is the second most important cereal crop of India and plays a 
vital role in food and nutritional security of the country. The diverse environmental 
conditions and food habits of people in India supports the cultivation of three types of 
wheat (bread, durum and dicoccum). Among these, bread wheat is major one contributing 
approximately 95 per cent to total production. Wheat crop in India is grown across 
different agro-climatic zones, based on climatic conditions, soil types and growing duration 
of wheat. An important milestone in the history of wheat cultivation in India was the 
establishment of the All India Coordinated Wheat Improvement Project (AICWIP) in 1965 
by the ICAR. Through coordinated research efforts made under AICRP, nearly 550 wheat 
varieties suited to different agro-ecological conditions and growing situations have been 
released so far. These genotypes are very successful in increasing the wheat production 
from a mere 12.5 million tons in 1964 to around 110.6 mt million tons during 2022-23. 
Indian wheat has not witnessed any diseases epidemic of rust or any other disease pathogen 
during past five decades. Presently, the most serious constraint to wheat production in this 
region is climate change that can have significant effects on wheat production due to its 
sensitivity to temperature, precipitation, and other environmental factors. Extreme heat 
events during critical growth stages can also lead to heat stress and spikelet sterility, 
resulting in lower grain quality and yield losses. Besides, changes in precipitation patterns 
due to climate change can impact water availability for wheat cultivation. Shifts in the 
timing and intensity of rainfall can lead to water stress during crucial growth periods, 
affecting grain development and overall yields. To mitigate the negative effects of climate 
change on wheat, adaptation strategies are essential. These may include developing and 
adopting heat-tolerant and drought-resistant wheat varieties, implementing improved water 
management practices, promoting conservation agriculture techniques, and investing in 
climate-resilient agricultural infrastructure. Increased production is a prime concern for 
attaining sustainable food security and becoming world leader in wheat production. 

 

  



 
 

 

Barley Improvement as Multi-Purpose Crop for Climate Change 
 

RPS Verma* 
Formerly Barley Team Leader, ICARDA, Morocco and PI Barley ICAR-IIWBR, Karnal 

Email: rameshpsverma@gmail.com 

  
Barley is globally an important crop grown across 51.6 m ha area, producing 157 m MT with 
an average productivity of 3.04 T/ha. It is one of the geographically most diversely cultivated 
crops ranging from deserts to mountains and around 50% of cultivated in dry areas, which is 
highly prone to climate change. Similarly, in India also it is traditionally considered as crop 
for poor and marginal soils with minimum input, however, recent increased industrial 
requirement in restricted irrigation situation in north western plains. International Center for 
Agricultural Research in the Dry Areas (ICARDA) with global mandate for barley 
improvement, for >19 m ha dry areas across the globe, is collaborating with ICAR to 
supplement for new diversity through elite breeding lines for grain quality, biotic and abiotic 
stresses tolerance. The huskless barley for increased nutritional ( -
Glucan contents) and hulled barley with higher biomass for green forage/ grazing in dry areas 
are the recently added components. The use crop wild relatives, Hordeum spontaneum and H. 
bulbosum is helping for drought, heat and cold tolerance.  The doubled haploid populations 
for net blotch resistance and Fe, Zn contents. The ICARDA-NARS networking for effective 
phenotyping of several biotic stresses across different regions resulted in identification of 
novel sources of resistance and QTL identification through GWAS. The climate change with 
increasing temperature, decreasing/ irregular rainfall is posing a global challenge for small 
holder farmers with limited resources and barley is one of the best possible options for 
sustaining their lively hood.        
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Principal Research Scientist - Crop Physiolog, Rothamsted Research, Harpenden,U.K. 
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ICAR-Indian Institute of Wheat and Barley Research, Karnal, Haryana 
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ICAR- Indian Institute of Wheat and Barley Research, Karnal-132001 

*Email: ratan.tiwari@icar.gov.in 
 

Wheat (Triticum aestivum L.) is a staple crop that nourishes billions of people daily. Although 
enormous improvement in wheat production has been made, yet due to climatic instability and abiotic 
stresses, its productivity is significantly threatened. Among all the stresses that wheat crop face, heat 
and drought are the prominent ones.  At reproductive stages especially in heat stress wheat yield gets 
reduced due to reduction in spikelet fertility, grain number, grain weight, and grain filling duration. 
Genome wide association studies (GWAS) has been used to identify relationships between target 
traits and genetic markers. Identifying genetic loci associated with these traits facilitate physiological 
breeding for increased yield potential under high temperature stress condition. However, high 
throughput genotyping and phenotyping with precision, is important to lead into outcome. Single 
Nucleotide Polymorphisms (SNPs) are the best choice among markers for genomic studies as they 
meet the criteria of being in large number with whole-genome coverage. Precision field phenotyping 
is one of the key areas for successful crop varietal development programs. Keeping in view 
requirement of precision ambient temperature dynamics and micro-environments to avoid 
phenotyping bottleneck, particularly for screening against heat stress response, an innovative structure 
was created. One of such efforts was made in the form of a temperature-controlled phenotyping 
facility (TCPF) created at the ICAR- Indian Institute of Wheat and Barley Research, Karnal, 
India. Both high throughput array based SNP genotyping and precision field phenotyping, has been 
helpful towards genetic improvement for heat stress tolerance as a mitigating strategy. 
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Global warming and climate change will have serious implications for pest associated losses, 
and effectiveness of pest management technologies. Climate change may result in breakdown 
of host plant resistance to certain insect pests, and thus, there is need to develop crop cultivars 
with stable resistance to insect pests across seasons and locations. Climatic change may also 
disrupt the balance between insect pests and their natural enemies. Temperature, relative 
humidity, elevated atmospheric CO2, and UV radiation also alter effectiveness of of 
entomopathogenic fungi and nematodes for controlling insect pests. Insect viruses are also 
inactivated by high temperatures, sunlight and ultraviolet rays. High rainfall reduces the 
effectiveness of insecticides. Therefore, there is a need to have a concerted look at the likely 
effects of global warming on the efficacy of different crop protection technologies, and devise 
appropriate strategies to mitigate the adverse effects of climate change on the bio-efficacy of 
IPM technologies for sustainable crop production and food security. 
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Mainstreaming Grain Zinc in CIMMYT Wheat Germplasm 

Velu Govindan* 
Senior Scientist - Wheat Breeder, CIMMYT, Mexico 

Email: velu@cgiar.org 
 

strategies over time to best serve the targeted wheat growing countries in Asia, Africa and 
Latin America through the partnership called International Wheat Improvement Network. 
This has resulted in releases and cultivation of many varieties in various countries that have 
enhanced wheat productivity through grain yield potential and stability combined with 
climate resilience, disease resistance and appropriate end-use quality. CIMMYT is in the 
process of piloting and adopting new approaches to increase the current rate of genetic gain 
for grain yield while simultaneously mainstream high grain Zn in CIMMYT elite lines. The 
purpose of the document is to provide status of the breeding program and proposed schemes 
to further reduce cycle time and parents recycling aiming to achieve higher genetic gain and 
Zn mainstreaming while continuing to make progress for climate resilience and disease 
resistance. 

 

 

 

 

 

 

 

 

 

 

 

 



Millets Post-Harvest Processing, Value Addition and Marketing 
 

Dayakar Rao* 
Principal Scientist & CEO- Nutrihub, ICAR-Indian Institute of Millets Research, Hyderabad 

*Email: dayakar@millets.res.in 
 

Cereal grains are among the oldest grains and have been a constant in human diets. They are 
the primary source of energy for good health worldwide. Some cereals, especially colored 
rice, colored wheat, colored maize, and some millets, have functional bioactive components 
such as polyphenols, tocopherol, oryzanol (antioxidants), and vitamins. These cereals have 
functional properties and ultimately fight against diseases and prevent or control some 
diseases in the body.Millets or Nutri-Cereals are highly nutritious, small-grained, dryland 
cereals. Millets are remarkable cereals that store complex carbohydrates, protein, 
polyphenols, dietary fibre, antioxidants, minerals, and phytochemicals. This nutritious 
mixture of millets is the elixir for modern-day problems such as diabetes, cardiovascular 
diseases, and obesity. Millets can also solve the current global phenomena of climate change 
owing to their high production capacity, lower cost of production, and high tolerance to 
drought and heat. India is one of the top millet-producing countries. Various millets are 
produced in India. Regular millet consumption hydrates the colon, prevents constipation, and 
promotes serotonin production for mental well-being. Additionally, millets boast magnesium 
content, which may mitigate cardiac risks and migraines, while niacin lowers cholesterol.  

Millet grains can be utilized as novel foods by cooking them decorticated or whole or 
transforming them into flour. Unlike other flours, millet flour does not yield elastic and 
extended dough when mixed with water due to the absence of gluten. Therefore, fortification 
with additional ingredients is often necessary to prepare ready-to-eat foods. Millets can be 
processed into various forms such as flour, porridges, popped grains, ready-to-eat cereals, 
sprouted cereals, roasted dishes, malted products, different Ready to Eat (RTE), and Ready to 
Cook (RTC) millets products to minimize the cooking time and make it convenient.Food 
security isn't just about having enough to eat; it's about getting the right nutrients. Millets, 
packed with vitamins, minerals, and fiber, offer a powerful alternative to common grains.  
These "nutri-rich" grains can combat malnutrition and improve overall health.  Including 
millets in traditional dishes and exploring new ways to incorporate them can be a game-
changer for global food and nutrition security. 

 

 

 



Wheat for Human Nutrition: Facts and Misconceptions 

Sewa Ram* and Sunil Kumar 
ICAR-Indian Institute of Wheat and Barley Research, Karnal-132001 

*Email: sewa.ram@icar.gov.in 
 

Wheat, one of the oldest and widely cultivated crops, plays a crucial role in ensuring global 
food and nutritional security. In addition to providing calorie and protein, wheat contains 
significant amount of dietary fibre, minerals, vitamins and bioactive compounds required for 
human health. Bioactive secondary metabolites provide anti-inflammatory, pharmacological, 
and antioxidant properties, gaining popularity for its health advantages. Insoluble portion of 
dietary fibre provides protection against conditions like constipation, obesity, cancer, heart 
disease, and diabetes (especially arabinoxylan). No other food crop supplies humans with 
such a huge diversity of products from bread to other baked goods and pasta products all over 
the world. Despite huge benefits, recently, electronic and print literature has cast doubt on 
wheat's role in our diet, suggesting that it leads to health issues including diabetes and obesity 
by its continuous use. Despite media skepticism, wheat remains essential in diverse products 
globally, providing energy, fibre, and micronutrients. In this presentation details of the 
significant findings are given to evaluate the merits and demerits of wheat consumption. 
Scientific facts are clearly against the rumours (collectively referred as wheat skepticism) 
related to negative aspects of wheat consumption. Additionally, there are compelling 
evidences that consistent intake of whole-grain products including correlates well with 
weight and diabetes management. Over all consumption of wheat have certain advantages 
over other cereals providing nutrition and energy.   

 

 

 

 

 

 

 

 

 

 



 

Rice Bran Oil (RBO): A Rich Source of Bioactive Compounds 
                                                                        

Aruna Tyagi* 
Head & Principal Scientist, Division of Biochemistry, IARI, New Delhi-110 012 

*Email: arunatyagibiochem@gmail.com 
 

Rice is one of the major staple foods for human consumption. Especially Asian 
countries are the major producers as well as consumers of rice.   Rice bran is produced as a 
byproduct of the milling process and most of the functional compounds are localized within 
it. Rice bran contains 15% 23% oil, 12% 16% protein, 21% 27% fiber, and many 
micronutrients. Rice bran provides rice bran oil (RBO). India represents the world's largest 
producer accounting for 62.75% of the total global production of RBO. Leading health 
organizations such as World Health Organization (WHO), the American Heart Association 
(AHA), the National Institute of Nutrition (NIN) in India, the Indian Council of Medical 

has the balanced fatty acid composition with a saturated (SFA), monounsaturated (MUFA), 
and polyunsaturated fatty acid (PUFA) ratio of approximately 0.6 (SFA): 1.1 (MUFA): 1 
(PUFA), which is very close to the WHO recommended ratio of 1:1:1.  In addition, the 
unsaponifiable component of RBO also has several health benefits. The most important one is 
-oryzanol, a mixture of ferulate esters of phytosterols having antioxidant properties. Other 

valuable micronutrients of RBO are the vitamin E derivatives; tocopherol (0.04%) and 
-tocotrienol. Tocotrienol helps to prevent obesity and diabetes 

in animal models through the suppression of inflammation and oxidative stress. Phytosterols 
-Oryzanol 

conjugates have important antioxidant, antiproliferative and anticholesterol activities.  
Blending of two or more oils is an effective and economical method to get optimized fatty 
acid composition and physicochemical properties. In blending, oil deficient in one component 
is mixed with the oil having the same component to get the desired composition. Rice bran 
oil (RBO) is deficient in omega-3 fatty acids but rich in antioxidants. However, algal oil is a 
good source of omega-3 fatty acids particularly long-chain omega-3 fatty acids (EPA- 
eicosapentaenoic acid and DHA-docosahexaenoic acid) which is not found in other 
vegetarian sources. Due to the presence of polyunsaturated fatty acids (EPA and DHA), algal 
oil has low stability.  In this study, the blending ratio for rice bran oil and algal oil was 
optimized to get superior physicochemical characteristics and omega-3 fatty acid content.  
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Seed is the basic input and fundamental component in agricultural production. Genetic gains 
achieved from targeted breeding programs will not be realized until quality seed of improved 
varieties are supplied to farmers at a reasonable price. Green revolution witnessed by India 
during 1970 is achieved through development of high yielding varieties and distribution of 
quality seed of such varieties to the farmers. Any variety takes about five years to reach its 
peak adoption since release and is attributed to the number of factors viz., seed availability, 

-pollinated crop, farmers 
tend to use farm saved seeds which leads to delay in adoption of new varieties. Therefore, 

doorstep. The productivity of wheat is also increasing steadily in India and corelated with 
increased availability of quality seed of improved varieties. In case of wheat, genetic gain 
achieved by the robust breeding programme resulted in elevated productivity nationally. 
Overall wheat grain production is increased owing to robust breeder seed production system, 
higher seed replacement rate (SRR) and varietal replacement (VRR), meticulous planning of 
maintenance breeding and seed multiplication system, state of art infrastructure facilities for 
seed processing and storage, synergy of public & private sector in distribution and marketing. 
Development, Deployment, Dissemination, Distribution and Dividend are integral 
components of IIWBR Seed Model. It is now well recognised as a 5D Model of seed 
production and distribution. ICAR-
Agricultural Universities for faster dissemination of new varieties developed by the institute. 
This initiative helped to supply the seeds of new varieties to different wheat growing regions 
at a faster pace. IIWBR seed portal is equipped with the facility for registration of farmers, 
private seed companies, farmers producer organisation (FPO) willing to collaborate with 
ICAR-IIWBR for licensing of varieties. IIWBR seed portal supported by single window 
system for seed delivery and distribution. Supply of quality seeds of biofortified varieties and 
climate resilient varieties helped to support the nutritional security and stabilisation of wheat 
production during varying climatic conditions in recent times.  
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In India, durum contributes about 10% of all the wheat that is farmed. The aim of the 
study is to deliver novel durum wheat lines adapted to the restricted moisture conditions 
with the incorporation of various elite genotypes/germplasm worldwide with diverse 
traits in the parent pool. As a part of this, multi-year and multi-locations trials were 
conducted to assess the performances of potential advanced breeding lines and to define 
critical traits for adaptation. Moderate to high heritability, ranging from 24.0% to 91.0%, 
was recorded for the grain yield across the environment. Indore, Dhanduka and Udaipur 
were the top yielding locations in the year 2020, 2021 and 2022, respectively. Genotypes 
INL-18AREC_301, Kenzera, Tillejihan, Saraverves, IDON 43-21 & Ouzzjihan were 
found to be the most adaptable and best yielding genotypes across environments. Among 
cluster the five clusters, E5 containing Dhanduka location in year 2021, showed highest 
average grain yield (5234.1 kg/ha). Grain yield was found have positive correlation with 
1000 grain weight and number of tillers, whereas negative correlation was observed with 
days to heading and maturity in all the season. Molecular markers are more effective and 
accurate in describing the genetic features for the identification and purity assessment of 
genotype. We assessed the distinctness and uniformity of spike morphology for Global 
Durum Panel (765 entries) over 3 seasons for six important spike morphological 
characters (viz., Lower glume beak shape, Lower glume shader shape, ear shape, ear 
colour, awns attitude and awns colour) using 90K SNP genotyping array. A total of 29 
markers and were found to be strongly associated with different traits. A subset 
important KASP markers distributed across the chromosomes were used to screen for 
variety homogeneity along with morphological and phenotypic assessment. These 
findings highlight the importance of markers in validating the effect of each SNP to 
make better decisions about its suitability in the DUS characterization, breeding and 
registering high yielding potential plant varieties across the environments. 
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Wheat provides one-fifth of the world's calories and protein thereby playing a vital role 
in ensuring global food and nutrition security. Early maturity genotypes in wheat refer to 
varieties or cultivars of wheat that have been bred or selected to reach maturity earlier 
than traditional varieties. In regions where the growing season is limited, early maturity 
genotypes allow farmers to plant and harvest wheat within the available timeframe. It 
enables farmers to plant a second crop after harvesting the wheat, thus increasing overall 
productivity and profitability. Farmers can plant early maturity wheat varieties within a 
broader window of time, allowing them to optimize planting dates based on weather 
forecasts and soil conditions. Since, early maturity genotypes have a shorter growing 
cycle, they may require fewer inputs such as water, fertilizer, and pesticides, leading to 
cost savings for farmers. Early maturing wheat varieties may fetch premium prices in 
markets where early harvests are desirable, such as for meeting specific market demands 
or export schedules. Early maturity reduces the risk of yield losses due to adverse 
weather conditions such as drought, heat stress, or frost, as the crop can reach maturity 
before the onset of such conditions. Developing early maturity genotypes involves 
breeding and selection for traits such as long coleoptiles, reduced tillering, early vigour, 
accelerated growth, reduced photoperiod sensitivity and tolerance to environmental 
stresses. Wheat's growth and developmental phases are governed by vernalization, 
photoperiod response, and earliness genes. So, breeders aim to combine early maturity 
with desirable agronomic and quality traits to ensure the overall performance and 
suitability of the variety for target environments. Traditional and modern methods, such 
as pure line selection, mass selection, backcross breeding, molecular-assisted selection 
(MAS), quantitative trait locus mapping (QTL), field phenomics, and speed breeding, 
have the potential to produce earliness and short duration wheat genotypes. Farmers need 
to consider various factors such as local climatic conditions, disease and pest pressures, 
soil types, and market demands when selecting wheat varieties for cultivation.  
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Wheat is one of the most important staple crops which provide food for more than one-
third of the world's population. With the ever-increasing population, increasing the yield 
and quality of wheat varieties in a short time is the need of the hour. In central India, 
bread wheat cultivars, HI 1500 (Amrita) and HI 1531 (Harshita) are most popular in 
central India as Sharbati wheat due to their excellent quality traits under limited 
irrigation conditions. However, these varieties are terminal heat sensitive and tend to 
lodge due to their tall stature under the winter rains and additional irrigation conditions. 
Therefore, to reduce the height, improves terminal heat tolerance, maintain their quality 
traits and improve yield under irrigated conditions, a large-scale population of mutants in 
the background of HI 1500 and HI 1531 was developed by irradiation with gamma rays.  
A total of 3000 single plant M1 progeny lines of each variety were screened for 
identifying mutants for desired agronomic traits in M2 generation. Identified putative 
mutants were confirmed and stabilized in M3 and subsequent mutant generations. The 
developed mutant lines were 20-30 cm shorter than wild parents and were 7-8 days 
earlier without a negative effect on yield. These mutant lines were screened for rust 
responses under artificial epiphytotic conditions, and all improved mutant lines showed 
resistance to prevalent rust diseases. A high yielding dwarf mutant (85 cm plant height) 
in the background of HI 1531 was found promising and advanced to national varietal 
trial for further multilocation testing.  
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Due to changing climates as well as lifestyles, humans are suffering from several 
diseases like diabetes, coronary heart disease, cancer,  etc. Hulless 
barley (Hordeum vulgare L. var. nudam) is enriched with nutrients and has medicinal 
properties. The whole grain of hullless barley is a good source of the soluble fiber beta-
glucan, which is useful in human diets. ß-glucan plays a critical role in lowering the 
sugar levels of diabetic patients and also decreasing the risk of coronary heart disease. In 
addition, it Nowadays, 
hulless barley is gaining importance as a raw material for food industry due to its highly 
nutritive value. However,  problems

 genotype  of hulless barley, in the majority of cases, has a tall plant 
height with a weak stem, low tillering  small to medium grain size

--
-

Barley Improvement Division, under the aegis of 
ICAR-Indian Institute Wheat and Barley Research, Karnal, is approaching to mitigate 
these bottlenecks for improving the grain yield of hulless barley and increasing the area 
under this crop. 
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Over the past decades, numerous efforts were made towards the improvement of cereal 
crops mostly employing traditional or molecular breeding approaches. The current 
scenario made it possible to efficiently explore molecular understanding by targeting 
different genes to achieve desirable plants. In this regard, technologies upgradation in the 
field of genome editing looks promising. Clustered regularly interspaced short 
palindromic repeats (CRISPR)/Cas9 is a rapidly growing genome editing technique 
being effectively applied in different crops. Further, the removal of regulation on Site 
Directed Nuclease1 (SDN1) and SDN2 products has made it more friendly technology 
for adoption in crop improvement. Though, the gene editing technique is widely used in 
various crops, wheat is lagging behind in its utilization due to complications associated 
with its hexaploid, large genome size and recalcitrant nature in terms of tissue culture. At 
ICAR-IIWBR, an effort has been made to establish the facilities and methods for SDN1-
CRISPR/Cas9 genome editing in Indian wheat genotypes, starting from efficient gRNA 
designing to precise validation of edited plants. The comprehensive strategies have been 
developed for the first time to design efficient gRNA for genome editing in wheat. The 
MS1 and GW2 genes have been edited successfully for obtaining male sterile and grain 
weight improved edited plants respectively. Further, editing of ITPK1, ARE1, GAD3 
and ProDH gene in widely grown wheat varieties (DBW187 and DBW303) are under 
progress. Thus, developed edited plants will have high potential in improving yield, 
quality, input use efficiency and stress tolerance in wheat. Further, several promising 
genes validated through RNAi or tilling can serve as a potential candidate for SDN1-
CRISPR/Cas9 genome editing for wheat improvement.  
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Barley is one of the drought-hardy crops grown worldwide. To increase the adaptation of 
the new germplasm to the target conditions the Global barley Breeding Program of 
ICARDA uses of key-location testing sites in Morocco, Egypt, Lebanon and India. Each 
of these sites represent a target population of environments and are hot-spots for major 
biotic and abiotic constraints. A total of 200 selected superior lines along with 
international check varieties, were evaluated using a spatially-arranged alpha lattice 
design in five different locations representing some of the most important barley growing 
conditions in the Drylands (JMA: Jemaa Shaim, MCH: Marchouch, SEA: Sidi el Aidi, 
Morocco; KFR: Kfrdan, Lebanon; and  AMH: Amlaha, India. AMMI and GGE biplot 
analysis were conducted and found that SEA and AMH are the most representative 
environments of all the 5 environments, while KFR was found to have different 
environmental conditions compared to MCH and JMA. Genotypes such as ASA2200080, 
ASA00300, ASA2200908, and ASA2200582 were found to be well adopted to the KFR 
location, whereas ASA2200821, ASA2200761, ASA2200369, and a check Khnata were 
well adapted to MCH and JMA. However, some genotypes ASA2200795, ASA2200310, 
ASA2200793, and ASA2200312 were poorly adapted to all the test environments. 
Performance of the lines under limited water content is influenced by root architecture. 
Thus, the seminal root angle of the genotypes was studied. A regression analysis found a 
significant positive correlation of the seminal root angle with plant height (r=0.27) and 
grain yield (r=0.18). Overall, the utilization of diverse germplasm in breeding and 
evaluation of advanced breeding lines across diverse environments with adaptability and 
stability analysis can help to identify suitable lines for varietal release in diverse 
locations. Suitable lines with better performance were distributed with national partners 
to release varieties according to the national seed system. 
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Sweet corn is a popular choice worldwide for its unique taste, sweetness, pleasant 
flavour, and known for its bioactive properties. The recessive shrunken2 (sh2), brittle2 
(bt2) and sugary1 (su1) are three major genes being extensively used for development of 
sweet corn cultivars. The sh2 and bt2- -
contains 10-fold more sugar, whereas su1-type sweet corn possesses 3-fold more sugar 
and 10-fold more water-soluble phytoglycogen (WSP). In a journey of making sweet 

sh2 and su1 genes were pyramided in the genetic background of two 
released super sweet corn hybrids viz., PSSC-1 and PSSC-2 through genomics-assisted 
breeding. Gene-based functional markers specific to su1 and sh2 were developed through 
full-length gene-sequencing approach in diverse mutant and wild-inbreds. Three allele-

sh2; 
and one each of InDel (36 bp deletion in promoter) and SNP (SNP2703 in exon-2) 
marker for su1 genes were developed. These markers were further validated in five F2 
populations, and 230 diverse inbreds. These markers were then successfully utilized in 
BC1F1, BC2F1 and BC2F2 populations which led to the development of double recessive 
sweet corn (sh2sh2/su1su1) hybrids through marker-assisted selection (MAS). 
Background selection using >100 SSRs led to the recovery of >90% recurrent parent 
genome (RPG). The sucrose among the reconstituted hybrids (sh2sh2/su1su1) was 46.3% 
compared to 29.7% among the original sh2-based sweet corn hybrids. This amounts to 
53% enhancement in kernel sweetness among the pyramided sweet corn hybrids. The 
sh2sh2/su1su1-based sweet corn hybrids developed through MAS were first of its kind in 
India. In addition, traditional sweet corn lacks anthocyanins, vitamins and essential 

, bt2 gene was combined 
with genes for anthocyanins (A1, Pr1, C1 and R1), lysine and tryptophan (o2), 
provitamin-A (crtRB1 and lcyE) and vitamin-E (vte4) genes in the genetic background of 
four multinutrient-rich maize hybrids (Pusa HQPM-1-TI, Pusa HQPM-4-TI, Pusa 
HQPM-5-TI and Pusa HQPM-7-TI) using molecular breeding. The gene-based markers 
for bt2, o2, crtRB1, lcyE and vte4 were used for foreground selection in BC1F1 and 
BC2F1 generations. The BC2F2 seeds possessed anthocyanins in kernel. Use of 100-110 
SSRs led to the recovery of >90% RPG. The improved sweet corn genotypes possessed  
high degree of similarity for plant, ear and grain characteristics to their respective 
recurrent parents. The anthocyanin-rich multi-nutrient-rich blue sweet corn is first of its 
kind effort across the globe. 
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Bread wheat (Triticum aestivum L.) is one of the most important cereal crops that meet the 
hunger of most of the population in the world. Genotype-by-environment (G×E) 
interaction is a major factor limiting the success of germplasm selection and 
identification of superior wheat genotypes for use in climate resilience breeding 
programs. To determine stable bread wheat genotypes with high grain yield, field 
experiments were conducted with 49 genotypes for two consecutive years (2019-21) at 5 
environments in a randomized complete block design with three replications in each 
environment. Combined analysis of variance for yield showed highly significant 
differences for the GxE interaction indicating the possibility of selection for stable 
entries. The results of AMMI (additive main effect and multiplicative interaction) 
analysis for yield indicated that the first four Interaction Principal Component Axes 
(IPCA1-IPCA4) were highly significant (P<0.01) and the first two IPCAs (IPCA-1 and 
IPCA-2) cumulatively explained 85.95% of total GEI sum of square. The partitioning of 
TSS (total sum of squares) exhibited that the environmental effect was a predominant 
source of variation. Genotype, WH 1105 had lower IPCA-1 (-0.0455) and IPCA-2 
(0.1001) values, and present at a lesser distance from the center of AMMI-2 biplot, 
displayed less G x E interaction and minimum AMMI stability value (0.1664) among the 
genotypes, indicating WH 1105 was the most stable for yield. Based on both mean grain 
yield and stability index in a single criterion called Genotype Selection Index (GSI), of 
the forty-nine genotypes, the top five genotypes were WH 1105, BRW 3765, QLD-31, 
BW-5872 and QLD-46. 
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The insight into the genetics and molecular mechanism of domestication syndrome traits 
is imperative for success of breeding programmes in most crops. The study of these traits 
assumes an increased importance in the context of global climate change and its effect on 
these traits where reversal of these traits due to extreme environmental fluctuations 
cannot be ruled out entirely. Along with the reduced tillering, decreased seed dormancy, 
synchronized seed maturity, increased grain size and larger inflorescences, the reduced 
seed dispersal (non-shattering phenotype) include the domestication syndrome traits in 
cultivated barley Hordeum vulgare. The ancestral species Hordeum spontaneum and the 
closely related Hordeum agrithicon retain these traits and are thus considered to be non-
domesticated types and consequently unsuitable for organized commercial agriculture. 
Since shattering does not allow harvesting to be carried out after physiological maturity, 
the selection of non-shattering types is considered to be a key barley domestication 
event. The non-shattering phenotype in the cultivated barley results from the non-brittle 
rachis which in turn originated from deletion mutation in two loci located 100 kb apart 
on chromosome 3H and designated as Btr1 (1 bp deletion) and Btr 2 (11 bp deletion). 
Apart from these two genes, chromosomes 5H and 7H in barley have been reported to 
harbour secondary QTL for brittle rachis. Independent recessive mutations in any of the 
Btr genes i.e., Btr1 or Btr2, turn the brittle rachis into non brittle type. Recently, a point 
mutation in Btr1 has also been discovered which conditions the non-brittle rachis trait in 
cultivated barley. These studies are indicative of complex origin of this trait as well as 
polyphyletic origin of cultivated barley. Genetic screening of the world barley collections 
can add more such mutations to the list which eventually will shed light on the path 
through which the cultivated barley has evolved in its present form i.e a hardy crop 
capable of ensuring food and nutritional security of the world under climate change 
scenario. The study of genetics of Btr1 and Btr2 loci is also important in the context of 
hybrid barley programme where crossing of genotypes with different loci has been found 
to result in shattering type hybrids and thus constraining upon the type of crosses that 
could be attempted.  
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Stripe rust, caused by Puccinia striiformis f. sp. tritici (Pst) is one of the most destructive 
diseases of wheat worldwide causes huge yield losses every year. Development and 
deployment of resistant varieties is the most economical and environment friendly 
approach for controlling this disease. However, because of the continuous evolution of 
the pathogen, resistant genes are easily overcome by new virulent Pst races, which 
necessitates a continuous identification and introgression of resistance genes to develop 
resistant wheat varieties. To identify effective source of resistance, a genome wide 
association study was performed using 652 diverse wheat genotypes based on 1938 
polymorphic Diversity Arrays Technology (DArT) markers. Adult-plant-resistance was 
evaluated under field conditions for yellow rust resistance at four locations i.e., Karnal, 
Hisar, Gurdaspur and Wadura. Genome wide association studies (GWAS) was done 
using Genralized linear model (GLM). Four DArT markers were identified using GLM 
model on chromosomes 2A, 3B and 5B which are significantly associated with stripe rust 
at all four locations. These highly resistant genotypes and linked molecular markers are 
recommended for further gene introgression and pyramiding purposes in the wheat 
breeding programs. 
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Wheat is vastly affected by stripe rust disease, principally under cooler environments, 
and the losses may reach up to 100 percent liable on the severeness of infection and the 
susceptibility of the genotype. The utmost promising approach to tackle this disease is 
the use of resistant varieties. In the present study, a set of 192 wheat genotypes was 
evaluated for stripe rust resistance under field conditions. These lines included pre-
breeding germplasm developed for rust resistance and some high-yielding commercially 
grown wheat varieties. Out of 192 genotypes, 53 were found to be resistant, and 29 
showed moderate resistance reaction under field conditions, whereas the remaining 
genotypes were all either moderately susceptible or susceptible. Under controlled 
conditions, out of 109 genotypes, only 12 were found to be resistant to all the six 
virulent/pathogenic pathotypes. Additionally, a selection of 97 genotypes were found 
resistant in field screening and were subjected to molecular validation using the markers 
linked to major R-genes, viz., Yr5, Yr10, Yr15 and Yr17. Nine genotypes possessed the 
Yr5 gene, twelve had the Yr10 gene, fourteen had the Yr15 gene and thirty-two had the 
Yr17 gene. The resistance genes studied in the present experiment are effective in 
conferring resistance against stripe rust disease. The genotypes identified as resistant 
under both field and controlled conditions can be used as sources in stripe rust resistance 
breeding programs. 
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Most wheat varieties presently in cultivation in India are susceptible to Fusarium head 
blight (FHB) or head scab (Fusarium graminearum). Due to the complex nature of 
pathogen, it is very difficult to control the disease. Identification of resistance 
genes/QTLs for effective FHB resistance could greatly enhance our ability to breed 
durably resistant varieties. We performed a 90K SNP genotyping assay on an association 
panel of 196 diverse durum wheat genotypes including Indian wheat landraces. The 
genotypes were evaluated for FHB resistance during 2020-21 and 2021-22 under 
controlled poly-house conditions at IARI, New Delhi while, same set of lines were 
evaluated for FHB resistance under natural field conditions at IARI Regional Station, 
Wellington (Tamil Nadu) during 2021 and 2022. Nine indigenous germplasm lines viz., 
IC335992 (Karnataka), IC079040 (Himachal Pradesh), IC266978 (Uttar Pradesh), 
IC585643(Uttarakhand), IC585659(Uttarakhand), IC356111(Uttarakhand), IC145983, 
IC138554 and IC0111899 having the Relative AUDPC values of <20% were considered 
resistance to FHB. Association analysis using four different multi-locus GWAS models 
(MLMM, CMLM, ECMLM and BLINK) identified a total of 15 significant SNPs which 
were identified on the threshold log10 (H&B P-value) >4.0. These were mainly 
distributed on chromosomes 1A (1), 2B (3), 3A (1), 3B (2), 5B (1) and 7B (6). Three 
SNPs viz., wsnp_Ex_c16963_25554400, RAC875_s118711_102 and 
Excalibur_rep_c104999_171 were consistently detected in all the four models used in 
GWAS analysis. Identified candidate genes and highly favourable alleles showed their 
role in FHB resistance directly or indirectly. The information generated in this study will 
be of potential value for improving FHB resistance in wheat cultivars using marker-
assisted selection.  
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Leaf/brown rust (caused by Puccinia triticina) is one of the major diseases threatening 
wheat production. Genetic/host resistance is the most economic, reliable, 
environmentally safest, and sustainable way to manage leaf rust disease. The objective of 
this study was to map quantitative trait nucleotides (QTNs) linked to resistance against 
different leaf rust pathotypes (13 nos.) at seedling stage in controlled condition and adult 
plant stages at field situation. To accomplish this, a diverse collection of 105 exotic 
wheat germplasm accessions were subjected to a multi-locus Genome Wide Association 
Study(ML-GWAS) utilizing a 35K SNP genotyping assays. By employing six ML-
GWAS models, association analyses successfully identified a total of 75 significantly 
associated QTNs for seedling/all stage resistance(ASR) and five QTNs for adult plant 
resistance (APR).Among the identified QTNs, nine were found to be reliable for seedling 
resistance, and five were identified for APR. These QTNs consistently appeared in at 
least two GWAS models, establishing their status as reliable QTNs A total of 35 putative 
candidate genes (CGs) associated with ASR resistance and16 putative CGs related to 
APR were identified. These genes could play a role in disease resistance mechanisms, 
including serine-threonine/tyrosine-protein kinases (STPK), leucine-rich repeat receptor-
like (LRR) protein kinases, and P-loop containing nucleoside triphosphate hydrolase. 
The QTNs identified in this study can prove useful in wheat molecular breeding 
programs aimed at enhancing resistance to leaf rust and developing next-generation leaf 
rust-resistant cultivars. Wheat genetic resources can play a crucial role in mitigating the 
impact of this leaf rust disease on wheat production. 
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Barley has domesticated from the beginning of human civilization, and subsequently 
flowed with human migration into different continents. In the present investigation, 
genetic variation for physiological and morphological traits for alkalinity specific 
effects in barley cultivars were evaluated, to hunt out the higher alkalinity-tolerant 
parental lines, which could be utilized the barley improvement program for sodicity 
tolerance. Therefore, a diverse panel of 120 different barley cultivars released during 
(1945 to 2020) in India and adapted to various agro ecologies of the country was 
evaluated under control and sodicity stress (pH = 9.3 ± 0.12, ESP = 41 ± 13.25) in the 
field conditions. The trials were conducted in augmented randomized block design with 
the plot sizes of 1 meter2. The quantitative observations were recorded on a total of 28 
morpho-physiological traits under control and sodicity stress conditions. The analytical 
results reflected that significant reduction of 86.90, 56.72, 53.05, 48.89, 48.53, 46.82, 
and 39.61%, were observed in K+/Na+ ratio, stomatal conductance, above ground 
biomass, Assimilation rate, and grain yield/ plot respectively. Oppositely the expression 
of sodium content, vapour pressure deficit, flag leaf area, flavonoids content and days to 
50% heading increased in the tune of 485.18, 32.07, 10.54, 10.25 and 4.82% 
respectively. Under control condition barley cultivars i.e. PRB-502, RD-2749, RD-
2899, DL-88, Pargati, DWRB-137 attained the maximum grain yield in descending 
order. However, the cultivars VLB-56, RD-57, DL-88, NDB-1173 and RD-2899 
attained the higher yield under sodicity stress, the performance of the cultivars is 
strongly linked to proper Na+ and K+ discrimination in leaves. On the basis of 
discriminant function and multiple traits association analysis we can emphasized that 
the cultivars RD57, K24, K603, NB3, NB5, RATNA, RS56, NDB1173, DL88 and 
RD2907 are sodicity tolerant compare to other released cultivars. The tolerant 
genotypes acquired a better ability to maintain stable NDVI, chlorophyll and 
photosynthetic rate, resulting in significantly higher grain yield production under 

parental lines for transferring alkalinity tolerance to improved cultivars as well as in 
further genetic studies to uncover the genetic mechanisms governing alkalinity stress 
response in barley. 
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Advancements in agriculture have made significant strides, but challenges remain in 
crop resistance to environmental changes and human density. Agrochemicals' prolonged 
use leads to yield loss and reduced nutrient uptake. In this scenario, nano-biotechnology 
combines nanoscience with biogenic polymeric materials to address stress damages in 
agriculture. Chitosan biopolymer, is the widely studied, safe, and environmentally 
friendly. Utilizing cross-linking ability of chitosan and TPP the study thus focused on 
the synthesis of controlled release bionanoconjugates (BNCs) encapsulating 
micronutrient (Zn) and plant hormone (SA) to enhance plant innate immunity and yield 
under stress. The BNCs were designed to prevent excessive loss, rapid leaching, and 
toxicity in the field and environment. The study also reveals the in-vitro release profile 
(pH and time-dependent) and kinetics of the ingredients in BNCs. First-order kinetics 
estimates that entrapped Zn and SA were released at rates of 0.579 and 0.559% per 
hour, respectively. The Zn and SA releases had a half-life (T1/2) of 119.7 and 124.0 hrs, 
respectively. In combination with their slow-release capability, BNC resulted in more 
pronounced effects on seed germination, and grain filling of lately sown wheat (WH 
542) facing chilling and terminal heat stress, respectively. Study reports that 
germination rate (GR) was increased (>20%) in contrast to mean emergence time 
(MET) which was reduced (20%). Further, the BNCs co-encapsulating zinc and SA, 
which extend grain filling duration by up to 57%, resulted in a 45% increase in yield, 
making them ideal substitutes for soluble fertilizers. These BNCs enhance plant growth, 
yield, and seed germination, enhancing crop tolerance to climate stress. 
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Being a major staple food crop of the world, wheat provides nutritional food security to 
the global populations. Wheat, as a key staple food crop, provides nutritional security to 
the world's inhabitants. Heat stress is a key abiotic stress that has a negative impact on 
wheat productivity all over the world, especially the Indo-Gangatic Plains. As a result, 
identifying heat stress-responsive molecular markers is critical for marker-assisted 
breeding programmes. Information regarding trait-specific gene-based SSRs is 
accessible, however there is a paucity of information on non-coding regions based 
SSRs. we developed 177 heat-responsive gene-based SSRs (cg-SSR) and MIR gene-
based SSR (miRNA-SSR) markers from the wheat genome to assess genetic diversity 
analysis of thirty-six different wheat genotypes for heat tolerance. Of the 177 SSR loci, 
144 produced clear and repeatable amplicons, however, thirty-seven were polymorphic 
with mean PIC of 0.35. The number of alleles produced per primer ranged from 2 to 6, 
with an average of 2.58. The UPGMA dendrogram analysis divided all wheat genotypes 
into four groupings. The markers produced in this work have the potential to be used in 
MAS-based breeding programmes to develop heat-tolerant wheat cultivars and to 
analyse the genetic diversity of wheat germplasm. Identifying noncoding region-based 
SSRs will be useful for identifying trait-specific wheat germplasm.  
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Salt stress mainly causes damage to plants through osmotic stress and ion toxicity. 
When the soil salinity increases, the water potential of the soil solution becomes lower 
than the water potential of the plant root cells, resulting in osmotic stress. As a result, 
the roots cannot absorb water and results to plants experiencing a physiological shortage 
of water. Arbuscular mycorrhizal fungi (AMF) have been shown to alleviate the toxic 
effects of salt stress in plants. However, more studies on AMF combined with other 
functional microorganisms are needed to further improve salt tolerance in different 
crops. Hence this present was planned to propagate the native AMF of salt affected 
areas and evaluate its efficacy in wheat crop. Two different host viz. Sorghum and 
maize were studied which readily form association with AMF and commonly used for 
AMF propagation. Mycorrhizal association and colonization increased significantly 
with time in both the cycles in both the host viz. maize and sorghum. However, 
significantly higher propagation during second cycle and colonization during both the 
cycles were also observed in maize roots than those of sorghum showing higher affinity 
of AMF in maize roots compared to sorghum crop. The same trend was observed for 
arbuscules abundance. The higher root percent colonization rates in maize are mainly 
due to the specific composition of root exudates secreted by it. Plant growth and yield 
of AMF inoculated plants were greater in normal soil followed by sodic and saline soils. 
The P content, P uptake, and K+/ Na+ were greater in AMF inoculated soils.  The 

-P in AMF inoculated soils was observed. Dehydrogenase, alkaline 
phosphatases enzymes and glomalin were greater in AMF inoculated soils. Effect of 
AMF on different form of phosphorus in soil was also evaluated. The calcium bound 
phosphorus was found to be most abundant in both normal and saline soil. These results 
suggest that AMF inoculants may play an important role in improving wheat 
productivity in salt affected soils. 
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Lodging refers to the permanent displacement of plant stems from their upright position, 
caused by external forces like wind, rain, or hail. It is estimated that wheat lodging can 
cause a reduction of up to 80% in grain yield. Lodging resistance is directly related to 
the morphological structure and physiological efficiency of stems. Improving stem 
mechanical strength can significantly enhance the ability of crop to withstand lodging. 
Therefore, a group of seventy-five newly released wheat varieties, few novel wheat 
genotypes, dwarfs and synthetic wheat genotypes were utilized to study the occurrence 
of lodging. The initial screening for lodging tolerance was done during early grain 
filling stage under artificially induced lodging conditions with the help of high speed 
wind blower. During the time of second screening i.e. during third week of March 
heavy rain fall and windy weather make the crop flattened naturally. To access the 
lodging tolerance, stem architectural traits like plant height (76.3-142 cm), spike length 
(8.33-13.93 cm), length of third internode (4.8-18.6 cm), culm thickness of 3rd  
Internode (0.86-2.30 mm), lodging score (0-5) and average lodging percentage (54.8%) 
were recorded. Based on the collected data lodging has been found positively correlated 
(r =0.75) with plant height and spike length. The study found a direct relationship 
between the height and weight of the three lower internodes, however a negative 
correlation was observed with wall thickness. Considerable variability in culm 
characteristics have been noted among the tested wheat genotypes, suggesting potential 
for utilizing these variations in wheat breeding initiatives aimed at enhancing wheat's 
ability to withstand lodging.  
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High temperature and drought stress disturb agricultural crop production and nutritional 
quality which is a significant threat to food security. Heat and drought stresses are major 
constraints to wheat crop cultivation in dry and semi-arid regions. The production 
potential of wheat is greatly impacted by heat and drought stress. To address the issue 
present study was conducted to identify genotypes with better adaptation under heat and 
drought stress conditions. A total of 108 diverse wheat genotypes including three checks 
(HD 2967, DBW 222 and WCF 12-07) were evaluated with 18 morpho-physiological 
traits under three contracting environments (i) optimum environment (OE) timely sown 
(ii) heat stress environment (HSE) late sown and (iii) drought stress environment (DSE) 
timely sown under rainout shelter during two consecutive Rabi season 2021-22 and 
2022-23. The ANOVA revealed significant differences for almost all recorded traits 
except number of tillers (NT) in all three environments and canopy temperature at the 
booting stage (CTBS) under a heat-stress environment. Seed yield is significantly 
impacted by stressful environmental conditions, with a decrease of 58.31% under heat 
stress and 27.52% under drought stress. Chlorophyll content (CC), Normalized 
Difference Vegetation Index (NDVI), and Chlorophyll Content Index (CCI) exhibited 
positive correlations with seed yield across all environments. On the other hand, 
Canopy temperature (CT) showed a negative correlation with seed yield in stressful 
environments, indicating valuable traits for identifying tolerant lines. Based on STI and 
SSI stress indices, genotypes IC 55718, IC 73575, and IC 0594378 were identified best-
performing genotypes heat-tolerant and IC 73575, IC 0443622, and IC 104617 
exhibited drought tolerance. Genotypes IC 55718, IC 73575 and IC 0594378 were 
found tolerant under both heat and drought stress environments. Identified tolerant 
genotypes can be used for the development of RILs population to decipher the genes 
conferring tolerance as well as understanding the molecular basis of tolerance. 
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 Ammonium, the primary nitrogen source for plant growth, is acquired from soil 
through specialized plasma membrane proteins called ammonium transporters (AMT). 
In this study, 21 putative AMT genes were identified and classified into two subfamilies 
AMT1 and AMT2 (AMT2/AMT3/AMT4) in wheat. The molecular weight and 
isoelectric point ranged from 46.92 kD (TaAMT3.2c) to 53.47 kD (TaAMT3.1a) and 
6.6 (TaAMT3.2b) to 9.13 (TaAMT2.3a), respectively. Wheat AMT genes were 
distributed on fifteen chromosomes (Chr1A, 1D, Chr2A, 2B, 2D, Chr3A, 3B, 3D, 
Chr4A, Chr5A, 5B, 5D, Chr6A, 6B, 6D) and has ammonium transporter domain 
(PF00909) with occurrence of diverse transmembrane helices (9 to 11). TaAMT1 and 
TaAMT2 subfamilies showed differences with regard to conserved structures and 
protein motifs. TaAMT2 have introns in their structure while TaAMT1 were intronless. 
The differences in TaAMTs were evident from presence of helices (53-63%), beta (1-
7%), coil (31-42%) and turn (5-18%) structures. Gene ontology (GO) enrichment 
analyses of TaAMTs showed that the biological as well as molecular functions were 
related to ammonium transportation. The protein-protein interaction showed that AMT1 
and AMT2 interacted with other proteins involved in nitrogen transportation (high-
affinity nitrate transporter) and metabolism (glutamine synthetase). Ka/Ks analysis and 
circos plots established that segmental duplications have contributed largely in the 
evolution TaAMTs. Phylogenetic classification Poaceae members including the parent 
species using the amino acid sequences of AMT1.1 gene confirms the speciation 

showed best matches among TaAMTs and AMTs of the B. distachyon and H. vulgare 
subfamily thus, supporting the taxonomic evolution. Promoter analysis of TaAMTs 
showed presence of cis-elements related to light response, anaerobic induction, growth 
hormones, drought stress, biotic stress and several endogenous signals related to plant 
growth and development. Gene expression pattern of AMT genes at different 
developmental stages of the two varieties namely, Chinese spring and Azhurnaya was 
studied. It was found that ten out of twenty-one AMT genes shown differential gene 
expression viz. root, leaf/shoot, grain/spike and three of the AMTs showed root-specific 
expression. The response of all AMTs towards N starvation and recovery showed that 
the expression of AMT genes was found to be varying in these conditions.  
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Wheat (Triticum aestivum L.), a crucial staple globally, faces mounting challenges from 
climate change-induced heat stress, compounded by biotic and abiotic stresses. 
Projections indicated significant yield losses, including a 4.5% reduction in India's 2022 
wheat yield due to heat stress, highlighting the urgent need for heat stress-tolerant wheat 
genotypes. Therefore, development of heat stress-tolerant wheat genotypes is crucial to 
mitigate yield losses and enhance productivity. An experiment was conducted involving 
two environments, i.e., non-stress (irrigated normal sown) and stress condition (irrigated 
late sown) with 30 diverse genotypes in randomized block design using three 
replications in both conditions at ICAR-IIWBR, Karnal and CCSHAU Hisar. The heat 
tolerance indices were calculated based on grain yield under normal sowing (Yp) and 
late sowing (Ys) conditions. The combined analysis of variance revealed significant 
impacts of heat stress on grain yield, along with notable differences among genotypes in 
both grain yield and heat tolerance indices, including Heat Susceptibility Index (HSI), 
Heat Tolerance Indices (HTI), Geometric mean productivity (GMP), Tolerance index 
(TOL), and Mean productivity (MP). Notable genotypes like Raj 4083, DBW 90, HD 
2932, Raj 4037, Raj 4079, DBW 71 and PBW 590 showed high yield potential under 
both normal and heat-stressed conditions, suggesting suitability for cultivation in high-
temperature environments or as parent sources for heat stress tolerance breeding 
programs. This study underscores the importance of developing wheat varieties resilient 
to heat stress to sustain and enhance productivity in the face of climate change 
challenges, informing future breeding programs and agricultural strategies. 
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Wheat (Triticum aestivum L.), is known as the king of cereals and consumed as a staple 
crop by one-third of the global population. Drought has the most injurious effects on the 
growth and development of wheat. There is a need to develop drought-tolerance lines 
for wheat. For this purpose, 30 distinct wheat genotypes were investigated under two 
environmental conditions i.e., optimum and restricted irrigation in Randomized Block 
Design with three replications at the Wheat farm of Dr. RPCAU, Pusa, Samastipur, 
Bihar, during rabi (2022-23). Bread wheat lines for their response to drought stress 
under restricted irrigation conditions and the selection of good-performing genotypes 
under this stress condition were evaluated with 16 morphological traits. Population has 
shown significant variation among all the studied lines under both conditions. Path 
analysis under both conditions revealed that no. of grains per spike, relative water 
content, and leaf thickness have a positive direct effect on grain yield. Hence, the 
selection of these traits might be effective for the indirect selection of grain yield. D² 
Statistical analysis revealed the presence of 5 and 4 clusters in optimum and restricted 
irrigation conditions respectively. The selection of genotypes from different clusters as a 
parent in the hybridization programme will be beneficial for the production of superior 
hybrids. From this study, selected wheat genotypes towards water stress evaluated 
different yield contributing traits under stress conditions and the presence of diversity 
among all genotypes. Improvement of all the above-studied yield contributing traits 
under water stress conditions will ultimately improve yield either directly or indirectly, 
so the selection of these traits will be effective in future breeding programmes.  
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DNA methylation is crucial epigenetic alteration that modulates gene expression in 
plants under diverse abiotic stresses. Rubisco, a heat-sensitive protein present in 
chloroplasts, is rendered inactive when exposed to high temperature conditions. Wheat 
crop is inevitably affected by higher temperature at various phases of growth throughout 
its life cycle, which is detrimental to its growth, development and overall yield. In this 
study, bisulfite sequencing was carried out for a comparative analysis of cytosine 
methylation in the coding region of the Rubisco activase (Rca) gene in heat tolerant 
(RAJ3765) and heat susceptible (HUW510) wheat genotypes at four growth stages 
under control and heat-stressed conditions in CG, CHG, and CGG contexts. We found 
that the overall 5-mC levels increased due to heat stress in HUW510 during tillering 
(25%), boot stage (25%), heading (48%) and anthesis (50%) as compared to RAJ3765 
during tillering (21%), boot stage (4%), heading (4%) and anthesis (11%). Furthermore, 
gene expression profiling using qPCR at several plant growth stages revealed that its 
expression in the HUW510 genotype decreased by 1.9, 2.7, 2.5, and 3.3-fold at tillering, 
booting, heading, and anthesis stages, respectively. In RAJ3765, the expression of the 
gene decreased by 1.7, 2.0, 2.2 and 2.8-fold at tillering, booting, heading and anthesis 
respectively. The study will increase the knowledge on the underlying epigenetic 
modifications controlling Rubisco and Rca concentrations in wheat so as to enhance the 
photosynthetic potential as well as the yield in the backdrop of increasing 
environmental temperatures. 
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Genetic variability for quantitative traits is the key component of breeding programme 
for broadening the gene pool of rice. The experiment was conducted to evaluate eighty-
five genotypes including four checks, in Augmented Block Design at Genetics and Plant 
Breeding Research Farm of Acharya Narendra Deva University of Agriculture and 
Technology, Kumarganj, Ayodhya (U.P.) during kharif, 2021. The entire experimental 
materials were divided into five blocks and twenty-one plots accommodated in each 
block. Each plot was consisted of 17 genotypes along with 4 checks. Computing means, 
range, heritability, and genetic advance were used to examine existing variability within 
the 85 germplasms, as well as four checks.  

The highest grain yield per plant produced by genotypes WHM-1024 followed WHM-
1016, TCN-2071, and TCN-2114. L:B ratio had the highest GCV value, followed by 
grain yield per plant, biological yield per plant. Moreover, L:B ratio had the highest 
magnitude of phenotypic coefficient of variation (PCV), followed by grain yield per 
plant. The heritability (%) in broad sense for 13 characters studied, which has wide 
range among which biological yield per plant shows highest heritability. Maximum 
genetic improvement provides the best selection conditions. L:B ratio, grain yield per 
plant showed maximum genetic improvement. So, after further validation these 
germplasms may be used for future crop improvement programme to create desirable 
recombinants for the development of high yielding varieties. 

 

 

 

 

 

 

 



2OP-12 

Unravelling Genetic Variability Through Principal Component 
Analysis for Drought Responsiveness in Durum Wheat Germplasm 

 
Vijeth GM1*, Uday Govindareddy1, Gurudutt Hegde1, Suma Biradar1 and 

 Kumar D Lamani1      
University of Agricultural Sciences, Dharwad, Karnataka-580005, India 

* Email: Udaireddy7095@gmail.com 
 
Durum wheat (Triticum durum Desf.) is an important species in wheat where, drought 
poses a significant challenge for its productivity and food security worldwide. This 
study aimed to investigate the genetic variability and associations between 
morphological and drought-responsive traits for grain yield in durum wheat collected 
across the globe. Germplasm mini core of 220 durum wheat germplasm lines selected 
from global durum panel were evaluated during rabi 2021 and 2022 for drought 
responsiveness. Pooled data was subjected to analysis of variance revealed high 
significant variation among genotypes. Phenotypic and genotypic coefficient of 
variation was higher for the traits like tillers per meter, peduncle length, number of 
grains per spike and grain yield with high heritability. Trait correlation study revealed 
under moisture stress, a strong correlation is observed between grain yield with number 
of grains per spike, plant height, tillers per meter, and flag leaf area. In the absence of 
moisture stress, there is a strong positive correlation between grain yield with number of 
grains per spike, peduncle length, plant height, and tillers per meter. Conversely, under 
both stress and non-stress conditions, there is a notable negative correlation between the 
days to flowering and maturity, suggesting that early maturity is favorable for achieving 
higher grain yield. Principal Component Analysis (PCA) explained under PC1 and PC2 
showed insight for selecting traits and genotypes to improve grain yield under moisture 
stress where, the direct selection is ineffective. Eleven distinct principal components 
were identified, with the first four accounting for approximately 60 percent of the 
variation under moisture stress conditions. The positioning of genotypes along each 
vector serves as an indicator of the significance of these traits for the respective 
genotypes. For instance, under moisture stress conditions, GDP2022-105 demonstrates 
importance for grain yield, while GDP2022-171 is noteworthy for its trait related to the 
number of grains per spike. The utilization of principal component analysis and 
correlation coefficient analysis in durum wheat landraces aids in the identification of 
desirable traits and their associations with yield, enabling a dependable classification of 
genotypes. The first two components exhibited strong associations with phenological, 
agronomic, and yield-related characteristics selecting representative genotypes from 
these specific groups for hybridization programs can be instrumental in enhancing 
drought tolerance mechanisms and the development of exceptionally drought-resistant 
wheat varieties. 
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This study aimed to evaluate the impact of Trichoderma harzianum and Pseudomonas 
fluorescens isolates on the growth of rice (Oryza sativa L.) and the development of sheath 
blight disease caused by Rhizoctonia solani, a major threat to this vital staple crop. This 
investigation was carried out through a pot experiment. The maximum increase in rice plant 
height was observed in treatments where seeds were bio-primed and seedling roots were 
dipped in T. harzianum (IRRI-1), followed by T. harzianum (SV-3) and P. fluorescens (PF-
2). These particular isolates were also highly effective in enhancing rice root growth when 
applied via seedling root dipping. Both application methods seed bio-priming and seedling 
root dipping with T. harzianum (IRRI-1) followed by P. fluorescens (PF-4) and T. 
harzianum (SV-3) resulted in the highest fresh and dry weights of roots. The highest fresh 
weight and dry weight of rice shoots were observed in plants treated with bio-priming using 
T. harzianum (IRRI-1), T. harzianum (SV-26), and Pseudomonas fluorescens (PF2). 
Regarding sheath blight disease reduction in rice, the most significant decrease was noted in 
plants subjected to bio-priming with T. harzianum (IRRI-1), T. harzianum (SV-3), and P. 
fluorescens (PF4). However, the efficacy of these bioagents differed slightly when applied 
via seedling root dipping, with T. harzianum (IRRI-1) followed by P. fluorescens (PF4) and 
T. harzianum (SV-19) showing the highest effectiveness in reducing sheath blight disease 
levels in rice. In summary, seed bio-priming appeared to be comparatively more effective for 
promoting rice growth, whereas seedling root dipping showed greater efficacy in managing 
sheath blight disease. 
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Wheat (Triticum aestivum L.), the second most vital food crop worldwide, faces significant 
challenges from biotrophic fungi of the Puccinia genus, causing wheat rust. Pathogens extract 
sugars, a vital carbon source, from host cells, underscoring the pivotal role of sugar 
transporters (STPs) present on the plasma membrane. STPs regulate sugar transport, 
exchange, and allocation at plant-pathogen interfaces, influencing the resistance or 
susceptibility of wheat plants to rust. This study conducts an in-depth analysis of the genetic 
diversity and clustering patterns of sugar transporter genes in wheat. International Wheat 
Genome Sequencing Consortium (IWGSC) database searched for identification of Sugar 
Transport Protein (STP) gene family in wheat by using Sugar_tr Hidden Markov Model 
(HMM). Total of 476 TaSTP proteins with E-
presence of the Sugar_tr domain using Pfam database. 86 candidate STP proteins were 
discarded due to either a partial or complete absence of the STP domain and remaining 390 
putative TaSTP sequences used for phylogenetic analysis along with 14 AtSTPs (Sugar 
transporter proteins from Arabidopsis thaliana, named as AtSTP1 to AtSTP14. Phylogenetic 
tree, constructed based on the protein sequences of these 390 putative TaSTPs and 14 AtSTPs, 
revealed three subgroups. Second subgroup exclusively housed all Arabidopsis sugar 
transporter proteins. This group represents monosaccharide transporters, and further we 
investigated only monosaccharides of this group in wheat. Within this subgroup, 81 wheat 
genes shared structural similarities with Arabidopsis thaliana. Chromosomal mapping of 81 
STPs revealed an uneven distribution of these TaSTP genes on the long or short arms of the 
A, B, and D chromosomes. Conserved Motifs of STPs- Pfam analysis gives conserved motifs 
present in STPs and this comprehensive exploration provides valuable insights into the 
distribution of conserved motifs among TaSTP proteins, shedding light on their potential 
functional significance. Understanding the genetic diversity and clustering patterns of sugar 
transporter genes in wheat offers valuable insights into their role in regulating sugar transport 
at plant-pathogen interfaces, crucial for enhancing wheat resistance against rust pathogens. 
Furthermore, it explores the potential implications of a deeper understanding of STP-
mediated wheat-rust interactions in devising effective strategies for wheat rust management. 
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Cereal crops play a pivotal role in global food security, serving as primary sources of 
nutrition for a significant portion of the world's population. However, these crops face 
constant threats from a myriad of pathogens, posing substantial challenges to agricultural 
productivity. Genomics has significantly contributed to unravelling the genetic basis of host-
resistance in cereal crops. Genomics approaches also facilitate the development of molecular 
markers such as RFLP, SSR, SNP, etc. for accelerated and precise breeding, ensuring the 
transfer of desirable traits in a targeted manner. The use of such technologies has gained 
importance in identifying disease resistant genes in three major cereals viz. rice, sorghum and 
maize, but it is very difficult in case of wheat and barley because of their large genomes 
sizes.Transcriptomics provides a dynamic perspective on the host response to pathogen 
invasion. High-throughput RNA sequencing allows the simultaneous analysis of gene 
expression levels, unravelling the intricate regulatory networks activated during the plant 
defense response. The identification of key genes involved in defense pathways and signaling 
cascades enhances our understanding of the molecular events that contribute to host 
resistance. Additionally, transcriptomic studies shed light on the temporal and spatial 
regulation of gene expression, offering insights into the fine-tuning of defense responses in 
cereal crops.Proteomics plays a pivotal role in uncovering the functional proteins involved in 
host-resistance mechanisms. By analysing the plant proteome in response to pathogen attack, 
researchers can identify stress-responsive proteins, post-translational modifications, and 
protein-protein interactions critical for effective defense. The integration of proteomic data 
with other omics datasets enhances our understanding of the molecular crosstalk between 
different components of the defense machinery. Furthermore, proteomics aids in the 
identification of potential targets for genetic manipulation to enhance host resistance. 
The integration of multiple omics technologies offers a systems biology approach to 
deciphering the molecular mechanisms of host-resistance in cereal crops. The crosstalk 
between genomics, transcriptomics, proteomics, and metabolomics provides a comprehensive 
and nuanced understanding of plant defense responses. This integrated approach not only 
accelerates the identification of key molecular players but also enables the development of 
targeted strategies for crop improvement. Ultimately, the implementation of omics 
technologies in elucidating the molecular mechanisms of host-resistance in cereal crops is 
instrumental in developing resilient crop varieties, sustainable pest management practices, 
and ensuring global food security in the face of evolving biotic challenges. 
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Rice blast is one of the foremost destructive rice diseases causing serious yield losses under 
conducive conditions. The most ideal, cost effective and environmentally friendly approach 
to manage blast disease is the use of resistant cultivars. However, due to high variability, the 
blast fungus overcomes resistance after a couple of years, so identification of novel broad 
spectrum resistance genes is indispensable. In this study, a set of 81 National Rice Research 
Institute released varieties (NRVs) spread over eight ecologies were screened against leaf 
blast resistance at NRRI, Cuttack for two consecutive years. The disease reaction showed that 
twenty varieties were highly resistant, twenty-one showed moderate reaction and forty 
varieties were found susceptible. Based on cluster and structure analysis, 81 NRVs were 
categorized into three groups. The NRVs showed 96% variation among individuals and 4% 
variation among the population. The principal coordinate analysis partitioned the resistant 
and susceptible NRVs into different groups. The genome wide association study (GWAS) 
was performed using 135 SSR markers to identify the R gene/QTLs conferring resistance to 
the rice blast. The GWAS study identified 15 genomic regions significantly associated with 
the leaf blast disease resistance. This study would help in the identification of the potential 
function, and validation of the candidate R genes/QTLs. The associated genes could be used 
in developing blast-resistant cultivar through marker-assisted selection. 
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Ustilago tritici (UT) is a fungal pathogen that cause in loose smut disease in wheat. There is 
very little information known about its genetic variability and phylogenetic relationships of 
U. tritici causing wheat loose smut disease in hill (HT) and plain terrains (PT) of India. The 
current work performed to know the phylogeographic patterns of Ustilago tritici isolates 
obtained from wheat growing HT and PT regions of India.  In this study, two sequences (ITS 
and RPB2) were amplified and sequenced in 112 isolates from two different populations (HT 
and PT) in India to determine their genetic diversity, genetic differentiation and pedigree 
geographic structure in order to provide information necessary for deveining effective disease 
protection strategies. In total, 5 haplotypes were obtained. The gene flow (Nm) among the 
population populations was 0.7, and displayed low overall genetic diversity. Analysis of 
molecular variance (AMOVA) showed that genetic variation in UT occurs mainly within 
populations (77.27%) rather than between populations (22.73%). Furthermore, the UT 
populations exhibited a large degree of genetic differentiation (Fst = 0.2273). A mismatch 
analysis curve and neutrality test indicated that the UT populations recently expanded. The 
phylogeographic patterns of species based on two-gene analysis, as well as the predominance 
of a single haplotype, suggested that human-mediated dispersal may have played a significant 
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Wheat (Triticum aestivum L.) is a crop of great significance globally not only because it is 
one of the premier cereal crops, but also due to its high nutritive value and huge acreage 
dedicated to wheat cultivation around the word. It is considered as the second most staple 
food crop next to rice in India. Wheat cultivation is affected by many biotic and abiotic 
stresses. But biotic stresses or diseases are major obstacles in the realization of yield potential 
of the promising high yielding wheat cultivars. Among the diseases spot blotch caused by 
Bipolaris sorokiniana, is one of the major threats to the wheat production especially in the 
humid warmer regions of Indo-Gangetic plains. This pathogen besides the established NEPZ 
regions is emerging as threats in some other regions also like NWPZ regions under wheat 
cultivation. B. sorokiniana affected wheat leaves samples were collected from both NEPZ 
and NWPZ regions, the pathogen was isolated and purified. Out of the different isolates of B. 
sorokiniana collected from various locations, total 14 isolates were screened on susceptible 
wheat cv. WH 147 for virulence analysis of the fungal incitant. Among the isolates, B. 
sorokiniana BS 8 was found most virulent isolate, which resulted in maximum avg. lesion 
length= 35.2 mm, avg. lesion breadth = 5.4 mm, max. avg. AUDPC = 1162.5, and minimum 
NDVI value 0.21 on susceptible wheat cv. WH 147. Isolates dependent variation in the 
virulence pattern was noticed. NEPZ isolates were found more virulent.            
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Stripe rust in wheat is caused by Puccinia striiformis f. sp. tritici, which affects the grain 
yield, quality and nutrition. So, detection of the quantitative trait loci (QTLs) related to these 
traits becomes highly important for wheat breeders to implicate genetic resistance by using 
various molecular breeding approaches in wheat against rust. In order to dissect the genetic 
basis of resistance, 212 recombinant inbred lines have been developed with the single seed 
descent method via crossing between resistant (W8627) and susceptible (PBW343) parents. 
This study was conducted at experimental field of ICAR-Indian Institute of Wheat and Barley 
Research, Karnal, Haryana were screened at seedling and adult plant stage against stripe rust 
during the year 2021-22 and 2022-23. Data for various agro-morphological traits was 
recorded. The parents and RILs were genotyped using a 3.9K DArT Array. Only 602 markers 
were found polymorphic on both the parents, which were used for construction of linkage 
map. QTL analysis was done using ICIM v.4.2. We detected 2 QTLs for all stage resistance 
effective against the pathotype 78S84. A total of 2 QTLs for adult plant resistance were 
identified. Of these, 1 QTL was found consistent and stable over the years (2021-22 and 
2022-23). Analysis of variance revealed significant differences for various traits studied over 
sowing conditions and years. These markers could be utilized for marker assisted selection 
for screening germplasm and breeding for stripe rust resistant cultivars. 
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Wheat is a major staple food crop affected by several fungal diseases. Among them, spot 
blotch caused by Bipolaris sorokiniana poses a significant threat to wheat production and 
grain quality. Breeding approaches and chemical fungicides have made commendable 
progress in protecting wheat from spot blotch. However, the continuous evolution of B. 
sorokiniana strains and the negative effects of fungicides on human health necessitates more 
effective and sustainable strategies for spot blotch management. Two RNAi approaches, Host 
induced gene silencing (HIGS) and Spray induced gene silencing (SIGS), have been 
employed to target pathogenesis-related genes to control plant diseases. Since HIGS is a 
transgenic approach, it is less preferred than SIGS. The SIGS is an environment-friendly 
approach that involves spraying double-stranded RNAs (dsRNAs) specifically targeting the 
virulence genes of pathogen. However, the unstable nature of dsRNA employed in SIGS 
poses a major constraint to its wide-scale application. With this background, in the present 
study, three pathogenesis-related genes from B. sorokiniana were selected for designing the 
dsRNAs. dsRNAs targeting the fungal genes were designed using the software PssRNAit. 
The dsRNA sequences were synthesized and isolated using the TRIzol method. They were 
bound to nanoparticles, and in-vitro and in-vivo bioassays were performed to test their 
efficacy on fungal growth and disease symptoms, respectively. Nanoformulated dsRNAs 
targeting fungal virulence genes significantly reduced fungal growth under both in-vitro and 
in-vivo conditions. Reduction in disease severity was also observed under only dsRNA and 
nano-formulated dsRNA treatments. A substantial decrease in the expression patterns 
(validated using qRT-PCR) of dsRNA-targeted genes validated the role of these genes in 
pathogenicity and their potential in SIGS. The application of SIGS-mediated RNAi 
technology in wheat holds immense potential for improving resistance against spot blotch by 
suppressing the expression of critical genes involved in pathogen virulence. 
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Foot rot of wheat caused by Sclerotium rolfsii is serious problem mainly in the rainfed areas 
of Karnataka, Gujarath and Madhya Pradesh.  The pathogen is soil borne and damaging the 
crop by causing pre and post emergence death from seedling stage to maturity of the crop and 
also causes 25-50 per cent loss through infection of seedlings. The recommended fungicide 
Carboxin 37.5% is not available in the market. In this context experiments were conducted 
during rabi 2021-22 & 2022-23 in the All India coordinated wheat improvement project, 
MARS, UAS, Dharwad to evaluate the effective molecule for management of the foot rot 
disease. The treatments consist of seed treatment with biocontrol agents and fungicides which 
were evaluated in the sick plots of foot rot of wheat. All the treatments were found 
significantly superior to the untreated control pots. Among the biocontrol agents Trichoderma 
harziaum recorded least foot rot incidence (46.54 %) followed by Neofascicoccum purvum 
(50.33). However, the fungicide Carboxin 37.5%+ Thiram 37.5%) WP   @ 3 g/kg was found 
significantly superior (13.78%) in management of the foot rot disease and the yields were 
also found superior (39.77q/ha) as compared to other treatments and untreated control 
(15.51q/ha). The maximum net returns of Rs  benefit cost ratio (1: were 
found in the same treatment. Thus, the combi product (Carboxin 37.5%+ Thiram 37.5%) WP) 
@ 3g/kg may be recommended for the management of the foot rot disease of wheat.  
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Advances in Genomics of Karnal Bunt Pathogen in Wheat  
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Fungal pathogens are emerging or/ remerging in climate change scenarios. In the era of 
molecular biology, there is a need to understand pathogen evolution, biology, lifestyle, and 
novel disease management using molecular techniques. The T. indica genome assembly size 
of 33.7 MB was generated using Illumina and Pac Bio platforms with a GC content of 55.0%. 
Till date, no reference or complete genome of Tilletia indica is available, and reported 
genomes are variable in size ranging from 26.7 to 43.7 Mb. The population of T. indica was 
highly diverse. The population of T. indica in India was divided into three subpopulations the 
presence of 13 SNPs associated with Karnal bunt virulence.  The genes like Ti3931, Ti6828, 
Ti7098, Ti7462, Ti7522, Ti 9289, Ti 8670, Ti 7959, Ti 7809, and Ti10095 may have a role in 
the germination of teliospores. The sequenced genomes provide insight into which potential 
virulence factors were identified and from which genes associated with different pathogenic 
strategies could be predicted. Few putative pathogenicity-related genes in Tilletia indica were 
identified in the genome. Further research still needs to be discovered in the genomics of 
fungal plant pathogens and functional studies to identify and characterize pathogenicity-
related genes and their targets in the host.    
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Differential Silicon Regime Earmarks Distinct Genomic Regions for Yield 
Traits and Leaf Rust Resistance in Bread Wheat Though Association 

Analysis.  
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The biotic and abiotic stresses along with water stress and soil nutrient deficiencies, 
production, and grain quality of Bread wheat (Triticum aestivum L.) are affected. And hence, 
it is important to develop drought-tolerant wheat varieties with high yield potential and 
enhanced grain nutrients for food security. Silicon (Si) which is an important mineral present 
in soil and there has been an understanding that genotypes with different genetic makeup or 
species can have differential response to Si, in terms of its uptake and deposition. The present 
study, therefore, was planned in a two subsidiary experiments with the objective to determine 
the effects of Si on wheat varieties under timely and late sown conditions, and then to 
characterize unexplored breeding materials for their response to Si in terms of yield related 
agronomic traits and disease resistance and then to identify genomic regions through genome 
wide association studies. The core set of 205 genotypes with 35K genotypic data were 
analysed for Si response and its impact on yield related traits and under leaf rust disease 
epiphytotic conditions. The findings revealed a significant genetic variation for different yield 
and biotic traits under different Si regimes, indicating present of genotype differences in 
terms of Si response. With the different algorithms of association mapping viz., BLINK and 
FarmCPU, 12 unique QTLs under Si+ and 07 QTLs for Si- conditions for various yield and 
disease resistance traits were identified. Some of these QTLs were captured by both the 
algorithms. Our results thus provide an important insight into understanding the genetic basis 
of Si response and can in developing molecular markers for selection and integration. 
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Thematic Area: Biotic Stress Dynamics Under Changing Environments  
Uncovering Genomic Region Associated with Rhopalosiphum Maidis 
(Fitch) Resistance in Wild and Synthetic Wheat Using Genome Wide 
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Singh2 and Gyanendra Singh2  

1Department of Entomology, CCS Haryana Agricultural University, Hisar-125 004, Haryana 
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Corn-leaf aphid (CLA), Rhopalosiphum maidis (Fitch) is one of the serious insect pests of 
wheat posing a considerable economic threat to wheat production worldwide. Developing 
resistant cultivars is considered a cost-effective and environmentally friendly method of pest 
management. Utilizing DNA markers associated with genes conferring insect resistance, 
marker assisted selection has been proven to be a very useful method in the development of 
resistant varieties. This study employed Genome-wide association study on 287 wild and 
synthetic wheat genotypes to assess genetic resistance against R. maidis over two consecutive 
years. The analysis of population structure and kinship has revealed the existence of three 
distinct subpopulations among the genotypes. Subpopulation 3 was identified as the most 
diverse group, as indicated by distinct allelic patterns. Molecular variance analysis revealed a 
significant variation both within and among subpopulations. Although no significant linkage 
disequilibrium was detected between single nucleotide polymorphic markers, however, 
genome D demonstrated the highest level of linkage disequilibrium at the genomic level 
when compared to genomes A and B. Fifteen and nineteen significant marker-trait 
associations positively linked to R. maidis resistance were identified in wild and synthetic 
wheat genotypes under field and screenhouse conditions, respectively. In silico analysis 
pinpointed these marker-trait associations to putative candidate genes regulating biotic stress 
tolerance, especially against insect pests and diseases. Thus, identified marker-trait 
associations and associated genes offer valuable resources for future wheat breeding 
programs, facilitating the development of resistant cultivars against R. maidis.  
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Deployment of Climate Resilient and Bio Fortified Wheat Varieties in 
Punjab and Haryana: A Status Report 

 
Anuj Kumar1, CN Mishra2, Satyavir Singh1, Mangal Singh3, Ramesh Chand4, Ashwani 
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5.  Young Professional I, ICAR-Institute of Wheat and Barley Research, Karnal, Haryana (India) 
 

Wheat crop has always been challenged by climate change weather vagaries such as drought, 
heat, salinity, excessive rain, water logging, hailstorm and storm. At ICAR-IIWBR an effort 
has been made to survey the deployment of climate resilient and biofortified wheat varieties 

 During first 
fortnight of December, 2023 an extensive survey was conducted in Northern India Covering 
all the districts of Punjab and Haryana. A total of 1027 farmers involving 550 farmers from 
Haryana and 477 farmers from Punjab were interviewed on a pre designed interview schedule 
to elicit information on the adoption of climate resilient and bio-fortified wheat varieties at 

-IIWBR, Karnal and 
other line departments such as officials from State Department of Agriculture and scientists 
from Krishi Vigyan Kendra to know the category of farmers cultivating these wheat varieties.  
It was found that In Punjab 32.92 % of the wheat growers were medium category farmers 
where as in Haryana 30.18% of the farmers were small category farmers. During the survey it 
was recorded that 9.20% of total area in Punjab under wheat was early sown (25th October to 
5th November) and in Haryana it was 15.29%. Under timely sown condition 83.34% and 
81.19% area was recorded in Punjab and Haryana, respectively. Under late sown condition 
7.46% and 3.52% area were recorded in Punjab and Haryana respectively. It is evident from 
the data that farmers in Haryana and Punjab state deployed climate resilient varieties at their 
fields to mitigate the impact of climate change on wheat cultivation. Another important 
strategy to counter the impact of terminal heat on wheat crop is early sowing which was 
largely adopted by farmers of both the sates; 94.54% in Punjab and 96.48% in Haryana. The 
overall deployment of climate resilient and bio fortified wheat varieties were 82.51% if we 
take both the states together. The state-wise data revealed that in Haryana, the adoption of 
these varieties was 83.20% whereas in Punjab it was 81.80%. This clearly indicated the 
preparedness of farmers as well as extension machinery against climate change. It was further 
observed that majority (54.20%) of farmers i.e. 48.99% in Punjab and 59.41% in Haryana 
adopted resource conservation technologies for sowing of wheat, which is one of the climate 
change mitigations strategies, to avoid negative impact on wheat crop.  
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Discovering Novel Genomic Regions Associated with Grain and Nutritional 
Quality Traits in an Ancient Indian Landrace Triticum Sphaerococcum 

Through ML-GWAS 
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Manjeet Kumar1, Prashanth Babu1 and Naresh Kumar1 
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Exploring the utilization of Indian Dwarf Wheat (Triticum sphaerococcum) in breeding 
programs among freely threshing hexaploid species holds promise. This study aimed to 
characterize 116 Indian dwarf wheat accessions for grain and nutritional quality traits and 
identify quantitative trait nucleotides (QTNs) by phenotyping them across three distinct 
production conditions timely sowing, restricted irrigation, and late sowing over two 
consecutive years (2021-22 and 2022-23).  T. sphaerococcum have 8.6 % higher Fe content 
and 48.8 % more Zn content than bread wheat. They also have more protein, wet and dry 
gluten content than bread wheat varieties. ML-GWAS analysis revealed 96 significant QTNs 
in timely sown (TS) conditions, 109 in restricted irrigation (RI) conditions, and 117 in late 
sown (LS) conditions for six key grain quality parameters (Grain hardness index, Gluten 
index, Wet gluten, Dry gluten, GPro, GFe, and GZn). Among the total QTNs identified, 74 
were deemed reliable as they were consistent across at least two models. Additionally, three 
QTNs for Grain Hardness Index and one QTN for GZn were consistently observed across all 
three conditions. The gene annotation analysis for the highly reliable QTNs revealed putative 
candidate genes such as Flavanone 3-dioxygenase 3 and Superoxide dismutase for GZn, 
Peroxidase 52, U-box domain-containing protein 73, and Probable LL-diaminopimelate 
aminotransferase for GFe. Additionally, Ethylene receptor 2 was associated with DG, which 
has been reported to be upregulated in weak-gluten and downregulated in strong-gluten 
wheat. These findings suggest potential targets for further investigation and utilization in 
bread wheat breeding programs, facilitated by marker assistance. 
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This study investigated the impact of wheat cultivar selection and fortification with 
NaFeEDTA and ascorbic acid (AA) on Fe and Zn bioavailability in whole wheat flour 
(WWF) and chapatti. Nineteen hexaploid wheat cultivars were evaluated for their intrinsic Fe 
and Zn content (total content, solubility, and bioaccessibility). Significant variations (p<0.05) 
were observed among cultivars, with Fe content ranging from 34.8 mg.kg-1 to 41.8 mg.kg-1 
and Zn content varying from 34.5 mg.kg-1 to 43.8 mg.kg-1 in WWF. Fortification with 
NaFeEDTA (T3) significantly (p<0.05) increased total Fe content in WWF by 85.0% (from 
38.1 mg.kg-1 to 70.7 mg.kg-1), solubility by 51.2% and bioaccessibility by 165.5% 
compared to the control. AA fortification (T3) also increased Fe solubility by 98.7% and 
bioaccessibility by 130.6%, but to a lesser extent than NaFeEDTA. Interestingly, cultivar-
specific responses were observed to both fortification strategies. When translating these 
findings to chapati, both NaFeEDTA and AA fortification (T3) improved Fe and Zn 
bioaccessibility compared to unfortified chapati. However, cooking resulted in substantial 
reductions (p<0.05) in Fe (39.5%) and Zn (23.9%) content. This emphasizes potential 
challenges in retaining micronutrients during food processing. Furthermore, the impact of 
fortification varied across wheat cultivars, with certain cultivars exhibiting superior 
performance in enhancing micronutrient bioavailability. Correlation analysis revealed 
complex interactions between Fe and Zn bioavailability parameters, highlighting the 
importance of judicious fortification strategies. Overall, this study highlights the effectiveness 
of NaFeEDTA and AA fortification in enhancing Fe and Zn bioaccessibility in WWF and 
chapatti.  
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An agricultural extension service provides technical aid to farmers on relevant agricultural 
issues and augments the supply with the essential inputs, services and support to increase 
their agricultural production. The new ideas and techniques developed by the agricultural 
scientific research organizations are dispersed among the farmers by the agricultural 
extension activities. There are over two lakhs extension workers in India in the agriculture, 
livelihood and the allied sectors. The shows and discussions on Radio and Television have 
played an important role in agricultural extension and in getting farmers in touch with key 
services. Moreover, the benefits of informative videos also to be useful in extension services 
for agricultural research and development stakeholders. Recently the initiative of digital 
green in the country have trained the youth of rural background to produce videos by farmers, 
of farmers, and for farmers to exchange most relevant agricultural practices to boost farm 
productivity and improve nutrition of human beings. Besides that there are many examples of 
the use of mobile phones in agriculture, the e-agriculture platform constantly cover these 
examples. Mobile phones either use voice, text or photos within the farmer and subject matter 
specialist interaction. The good number of Kisan Call Centres has been established at many 
locations across the country covering all states and UTs where the farmers can call on a toll-
free number (1800-180-1551) and get information regarding their area of interest in 
agriculture. The aspect of timely and relevant information, especially with the role of 
Information Communication and Technology to connect farmers with the information has 
received much attention in the last decade. The social media platforms (Facebook, X, 
YouTube, WhatsApp, Instagram etc.) would be very effective and economically viable 
option in addition to the frontline demonstrations to host a digital curated information in 
multi-formats and multi-lingual contents to update the extension workers access to the 
curated content on the agriculture and rural livelihood missions through the online materials 
to pass on further to the farmers on the time.  
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Wheat, the second most consumed staple food after rice, has evolved as primary staple 
commodity to ensure food security for millions across the globe due to its praiseworthy 
nutritional composition. Worldwide, wheat processing has proved to be a profitable venture 
in the form of bread, biscuit, pasta, porridge and flour. The presence of gluten extends wheat 
dough with remarkable viscoelastic properties, but due to the presence of gliadin as gluten 
component, wheat has been linked to celiac disease in genetically susceptible individuals. In 
this study, we analyzed Indian wheat varieties (8 each of aestivum and durum) to measure 
gliadin content and assess their antigenicity with a celiac disease-specific monoclonal 
antibody. The results demonstrated significant variation in gliadin content (4.33 to 7.33 g/100 
g whole wheat flour), with the lowest in PDW 233 and highest in HD 3171 varieties. The 
correlation between gliadin vs. celiac antigenicity was found to be 0.598 (r= 0.77) for 
aestivum while no correlation in durum varieties. An overall positive correlation (r2 = 0.713; 
r value = 0.84) was observed between antigenic gliadin to gliadin content across all the tested 
varieties, highlighting the role of gliadin in celiac disease progression.  
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Pentosan is a non-starch polysaccharide, composed mainly of pentose sugars (arabinose and 
xylose), present mainly in the outer layer of the grains of wheat, rye, barley, etc. The major 
polysaccharide pentoses are, xylose, arabinose, small amounts of galactose, mannose, glucose 
and the like thereof. In wheat the total pentosan content is around 8-9 % while the soluble 
pentosans are generally around 1%. Due to high viscosity, oxidation and, gelation property 
pentosan proved to be useful as a thickener, laxative and, emulsifier in food industry. 
Pentosans are used in the baking industry to increase water holding capacity of the flour in 
effect slowing down the rate of time it takes the bread to go stale. Pentosans as soluble DFs 
have several health benefits such as lowering of blood cholesterol, improving gut health, 
reduction of blood sugar, prevention and control of cancer, improve immunity etc. In this 
study, we have determined the total and soluble pentosan content in wheat flour by the 
Orcinol-HCl colorimetric method. 
In this study we have quantified total and soluble pentosan content in 17 different popular 
wheat varieties grown at different locations across two zones viz. NWPZ and CZ.  The total 
and soluble pentosan in whole wheat flour was found in the range of 4-12 and 0.5-1.2 g/100g, 
respectively. Consistent variation was observed in the pentosan content for the same variety 
grown at different locations. It can be inferred that the pentosan content is affected by the 
growing location and environment of wheat crop. 
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A field experiment was conducted at the Main Agricultural Research Station, Dharwad 
during Rabi season 2019-20 to assess the impact of liquid formulations of Pseudomonas 
fluorescens on the quality parameters of wheat infected by Spot blotch. The findings 
suggested that among the different formulations examined, seed treatment with a canola oil-
based formulation at a rate of 10 ml/kg followed by the spray of same formulation at 0.5 per 
cent concentration recorded maximum Grain Protein Content (GPC) (11.44 %), Wet Gluten 
Content (WGC) (33.16 %) and Gluten Index (GI) (92.64 %) followed by seed treatment with 
soybean oil-based formulation at a rate of 10ml/kg and subsequent spray of soybean oil-based 
formulation at 0.5 per cent concentration which displayed GPC (10.95 %), WGC (31.78 %) 
and GI (89.86 %). However, regarding GPC, no significant variation was observed between 
all the treatments containing Pseudomonas fluorescens formulations. Conclusively, the 
application of liquid formulations led to a significant increase in grain quality in contrast to 
untreated plants. Thus, this study provides a significant information regarding the 
effectiveness of liquid bioformulations, filling a gap in the literature where numerous studies 
have explored the efficacy of various fungicide treatments on wheat quality, yet limited 
information exists regarding bioagents and their formulations. Moreover, these 
bioformulations serve as eco-friendly alternatives to chemical fungicides in managing spot 
blotch disease and positively affecting the quality attributes of wheat grains. Thereby, 
emphasizing their potential to improve the overall quality of wheat. 
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There is an increased demand for nutritive and convenient foods of millets among the 
consumers these days due to increased awareness and admiration. India is largest producer of 
pearl millet in the world with 6.93 million ha area, average production of 8.61 million tones 
and productivity of 1243 kg/ha. Millets possess various functional and health benefits for 
processing into Ready-to-cook (RTC) foods to meet the consumption needs of modern 
consumers. The process for production of pearl millet flakes was standardized using different 
pre-treatments for softening the grain and partial gelatinization of starch followed by 
flattening in the developed roller flaking machine and effect of processing treatments on 
proximate composition, functional parameters, textural characteristics and polyphenolic 
contents. Roller flaking machine was used to prepare pearl millet flakes which consisted of 
feeding hopper, feeding agitator, set of two horizontal rollers, outlet tray, transmission 
assembly and prime-mover. Rollers were made of hard chrome steel (140mm Ø and 320mm 
length). Motor of 1.0 hp (0.746kW) with 1425 rpm was used, assembly was getting drive 
through V-pulley set in two stages to reduce roller rotation up to 100 rpm. The performance 
of flaking machine was evaluated with the variable clearance ranged between 0.1 to 0.5 mm 
between flaking rolls. As roller clearance increased from 0.1 to 0.5 mm, the length and width 
of flakes decrease from 5.2 to 3.09 mm and 4.44 to 2.76 mm respectively, whereas the 
thickness of flakes increased from 0.50 to 1.50mm.  The bulk density of flakes was 
proportional with clearance ranged between 349.5  590.7 kg/m3 at the mean moisture content 
of 8.11 . Based on the above finding, the rest of experiment on flaking was 
conducted at a roller clearance of 0.2 mm. Soaking (20 min) with steaming (15 min) 
treatment produced flakes with least bulk density 355 kg/ . Variations in physical, 
functional, textural and nutrient composition were observed using different pretreatments. 
Water absorption index of the flakes ranged from 2.20-4.10. The fat absorption capacity 
decreased with increase in the bulk density. Emulsion activity and emulsion stability of flakes 
improved significantly after steaming as pre-treatment. The ash and protein content ranged 
between 0.1-0.5g and 9.41- 12.89 g, respectively. Pressure cooking method resulted in the 
highest loss of total polyphenolic content. 
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Growing Alluvial Soils 
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Co-existence of salt affected soils and poor-quality groundwater for Irrigation affects rice-
wheat production. Present study is investigating soil profiles (0-60 cm depth) located 
(30.11267N to 76.36173E) in Haryana state of India. The hypothesis of the research study is 
that the Acquired color origin in these profiles could reveal soil temperature and moisture 
regimes for the formation of salt. Soil auger and Munsell color chart were used to determine 
soil color for these soils of arid and semi-arid areas. Preliminary results show pHs 8.5 to 9.3 
and ECe ranged from 0.36 to 1.60 dS m-1. Significant changes in Chroma from 3 to 4 were 
observed at 50-60 cm depth while the Hue (5 YR) and Value (3) were found to be consistent 
throughout the profile. The research findings would help in solving the problems of salt 
affected areas for better rice-wheat production. 
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In response to the degraded soil health and lack of improvement in yield of rice wheat 
-Gangetic Plains, experiment was formulated in a split-

plot design. It encompassed four rice residue management practices as the primary factor, 
alongside two nitrogen levels (150 and 180 kg/ha) and two nitrogen split levels (two and 
three splits) as sub-treatments. The findings revealed a notable enhancement in soil organic 
carbon (SOC), microbial count, and enzymatic activity in plots subjected to conservation 
tillage and residue treatment compared to those treated with partial residue (anchored 
stubbles) and conventional methods (residue incorporated with chopping). The collective 
analysis demonstrated a significant influence of rice residue management practices and 
nitrogen application levels on wheat yield attributes and productivity. Specifically, zero 
tillage with full residue (unchopped) in wheat exhibited a 5.23% increase in grain yield 
compared to conventional with full residue (chopped), concurrently boosting soil microbial 
count by 19.80-25%, diazotrophic count by 29.43-31.6%, and actinomycetes count by 20.15-
32.99% over conventional. Moreover, applying nitrogen in three splits (at sowing, before 1st 
irrigation, and after 1st irrigation) led to a 6.25% rise in grain yield compared to two splits (at 
sowing and after 1st irrigation), significantly impacting wheat productivity in the soil. 
Furthermore, zero tillage-happy seeder with full residue, elevate dehydrogenase activity by 
11.75% during study year, surpassing conventional plot. This enhancement in enzymatic 
activity was paralleled by a robust positive correlation between microbial population and 
enzymatic activity across various residue retention practices. In conclusion, the results 
underscored the efficacy of crop residue retention following conservation tillage, in tandem 
with nitrogen optimization and scheduling, in enhancing wheat yield within the rice wheat 
cropping system. 
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A field trial was conducted at the Research Farm of the Fodder Section, CSK HPKV, 
Palampur, during the Rabi season of 2022-23. The experiment involved eleven treatments, 
which included combinations of three nitrogen levels (100% recommended, 75% 
recommended, and 50% recommended dose of nitrogen), three doses of nano urea (2ml, 4ml, 
and 6ml/l of water) in conjunction with the recommended nitrogen dose (RDN) of 100kg/ha, 
RDN with water spray during nano urea application, and a control treatment with no nitrogen. 
The study followed a randomized block design with three replications, focusing on soils 
characterized by acidic pH, low available nitrogen, and medium levels of available 
phosphorus and potassium. The treatments, which included the RDN i.e., 100kg/ha and 75% 
of the RDN + nano urea at 6ml/l of water, exhibited similar performance, leading to 
improved characteristics in yield attributes such as emergence count, shoot count, and leaf-
stem ratio. Additionally, these treatments showed enhanced fodder yields (both green and 
dry), increased crude protein content and higher crude protein yield as compared to the 
control treatment. 
Moreover, the application of 75% of the RDN + nano urea at 6ml/l of water resulted in an 
increase in the available NPK content in the soil beyond its initial values. Among the 
treatments, the application of the RDN i.e., 100kg/ha proved to be the most economically 

benefit cost ratio of 1.41. 
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Protein hydrolysates: Transforming Waste into A Plant Biostimulant with 
Improved Rice Growth and Yield 

 
Shreyas Bagrecha 1.3*, Nilutpal Saikia 2,3, Kadagonda Nithinkumar 2,3 and 

  Rajesh Kumar Meena1 
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An investigation was conducted using protein hydrolysates obtained from enzymatic 
breakdown of animal and plant wastes, which contain substances that can help in controlling 
plant growth and increasing yield, in line with the circular economy concept. The research 
was carried out at the Agricultural research farm, Banaras Hindu University during the kharif 
season of 2021. The treatments consist of various doses of protein hydrolysates applied at 
specific timings during the crop growth stages, along with an untreated control. Throughout 
the study year, the growth parameters of rice, including plant height, number of tillers, and 
dry matter accumulation, remained consistent up to 30 DAT. Plant height, number of tillers 
per hill, total dry matter at 80 DAT, and harvest stage were significantly influenced by 
varying rates of protein hydrolysates application. The highest values were observed with 
protein hydrolysates at 1.5 L/ha, followed by 0.875 L/ha. The yield parameters including the 
number of panicles, panicle length and weight, number of filled grains per panicle, fertility 
percentage, grain, and straw yield were significantly influenced by various treatments. The 
highest values were observed with protein hydrolysates at 1.5 L/ha, followed by protein 
hydrolysates at 0.875 L/ha, compared to the untreated control. After analysing the results 
provided, it can be inferred that incorporating Protein hydrolysates (L) at a rate of 1.5 L/ha 
proved to be the most successful in enhancing rice growth and yield. 
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Climate change is expected to have an adverse effect on crop production across the globe. 
Agroforestry is widely recognized as an effective strategy for adapting to climate change 
conditions and is practiced extensively worldwide. Agroforestry systems involve the 
cultivation of different combinations of crops and trees in various spatial and temporal 
arrangements. Agroforestry has gained popularity among farmers due to its higher economic 
returns compared to traditional cropping systems. This has led to an expansion in agroforestry 
areas throughout the various countries. Farmers are also positive about adopting agro-forestry 
practices due to their better ecological and economic benefits. Research has shown that the 
majority of annual crops are vulnerable to climate change and that changes in air temperature 
at crucial developmental stages can lower agricultural grain yields. In particular, excessive 
summer heat can cause pollen sterility and lower seed yields. Trees work as buffers in 
agroforestry, which improves water use efficiency, ameliorate microclimate, and protect 
crops from heat stress, resulting in increased crop yield. In general, a great number of studies 
have revealed that agroforestry has enormous potential to increase agricultural productivity, 
improve farm income, enhance soil qualities, and store atmospheric carbon. Moreover, the 
introduction of tree plantations in agricultural landscapes through agroforestry may enhance 
crop resilience in the face of changing climatic conditions. Overall, it has reported that 
designing and practicing agroforestry systems enhances the resilience of crops against 
changing climatic conditions. 
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Rice-wheat cropping system is one of the major cropping systems and occupies about 13.5 
mha area in south Asia. This cropping system is of significance importance in providing food 
and nutritional security in India. However, there are various constraints limiting production 
and productivity of this system and one of the major constraints is infestation of weeds. This 
problem has been further aggravated due to evolution of herbicide resistance in weeds. In 
wheat, five weeds (Phalaris minor, Avena ludoviciana, Polypogon monspeliensis, 
Chenopodium album and Rumex dentatus) have evolved herbicide resistance. Among these, 
P. minor has evolved multiple herbicide resistance to three modes of action [Photosynthesis 
at photosystem II site A (isoproturon), acetyl-coA carboxylase (ACCase) (clodinafop and 
pinoxaden) and acetolactate synthase (ALS) (sulfosulfuron, pyroxsulam and mesosulfuron) 
inhibitor herbicides]. A. ludoviciana has evolved resistance against ACCase and ALS 
inhibitor herbicides. Whereas, three weeds namely Polypogon monspeliensis, Chenopodium 
album and Rumex dentatus have evolved resistance against ALS inhibitor herbicides. While 
in rice, two weeds species (Cyperus difformis and Echinochloa crusgalli) have evolved 
resistance to ALS inhibitor herbicides (Bispyribac- Na, penoxsulam, ethoxysulfuron, 
metsulfuron). The evolution of herbicide resistance in multiple weeds is causing significant 
yield losses and is a major threat to rice-wheat production in India. Management strategies 
must be developed to prevent selection and spread of herbicide resistant populations. The 
impact of herbicide resistant weeds on rice-
minimized if a range of non-chemical weed management strategies are integrated with 
alternate herbicides. 
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A field experiment was conducted during 2019-20 in rabi season at the Wheat Research Unit 
Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola (Maharashtra). The experimental plot's 
soil was clayey in texture and somewhat alkaline in reactivity, with a pH of 7.64. The organic 
carbon content (5.8 g ha-1) and available nitrogen content (212.72 kg ha-1) were moderate and 
low respectively. Available phosphorus (22.27 kg ha-1) was low while the soil was fairly rich 
in available potassium (368.45kg ha-1). The experiment was laid out in a factorial 
randomized block design with three replications. The treatments consisted of 15 treatment 
combinations comprised of three irrigation levels i.e., two irrigations (CRI, Flowering), four 
irrigations (CRI, Tillering, Flowering and Milk stage), six irrigations (CRI, Tillering, 
Jointing, Flowering, Milk and Dough stage) and five wheat genotypes viz., AKAW-4627, 
AKAW-4832, WSM 109-4, PDKV SARDAR and PDKV WASHIM. 
 The growth parameters and yield attributes of the wheat crop were much enhanced when it 
was irrigated with six different types of irrigation (CRI, Tillering, Jointing, Flowering, Milk, 
and Dough stage) as opposed to four types (CRI, Tillering, Flowering, Milk stage, and two 
types, CRI, Flowering). The grain yield was increased in case of six irrigations (CRI, 
Tillering, Jointing, Flowering, Milk, and Dough stage), noticeably. The performance 
genotype AKAW-4627 better than other genotypes like: test weight (g), grain yield (kg ha-1), 
straw yield (kg ha-1), number of tillers plant-1, dry matter accumulation plant-1 (g), weight of 
spike (g), number of spike plant-1, number of spikelet spike-1, number of grains spike-1, 
weight of grains spike-1(g), number of functional leaves plant-1, leaf area plant-1(dm2) and 
number of tillers plant-1.  
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Integrated Use of Nano-Nitrogen with Prilled Urea to Improve Use-
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Nitrogen (N) is the most frequently limiting plant nutrient for crop growth and yield. A field 
experiment was initiated in 2020 at ICAR-Central Soil Salinity Research Institute (CSSRI), 
Karnal, India to develop strategies for integrated use of Nano-N with prilled urea to improve 
use-efficiency and minimize environmental N losses in rice-wheat system under different 
combination with prilled urea and precision application techniques. The present experiment 
was carried out with eight treatments in total: four treatments with replacement of prilled urea 
by nano-N namely, 33% replacement (R33), 50% replacement (R50), 66% replacement 
(R66), 100% replacement (R100); two precision-scheduling treatments namely, application 
of nano-N based on leaf colour chart (LCC) values after basal dose of prilled urea (M-LCC), 
and application of nano-N based on GreenSeeker (GS) values after basal dose of prilled urea 
(M-

-N) treatment to observe their impact on 
environmental loses, yield parameters, and use efficiency of N under rice-wheat system. The 
findings showed that the incremental replacement of prilled urea with nano-N resulted in 
decreased environmental losses of reactive N (N2O and NO3). No decrease in the available 
soil N pool was noticed upto 33% replacement (1 split dose replacement) of urea with Nano-
N. The available N in the soil showed a noticeable decrease when nano-N replaced 
conventional urea by 50% or more. Therefore, only one split dose replacement of 
conventional urea with nano-N would avoid N mining over time, unless N addition from any 
other source is provided. The overall assessment suggests that at least one dose of 
conventional urea (1 out of 3 splits) may be replaced with nano-N without a reduction in 
yield yet significant gain in use efficiency in rice-wheat system. 
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Biostimulants are natural or synthetic substances that can be applied to seed, plant and soil. 
These substances cause changes in vital and structural processes in order to influence plant 
growth through tolerance to abiotic stresses and increase seed or grain quality and yield. A 
field experiment was conducted to evaluate Yield and Quality Parameters of Wheat Affected 
by Biostimulants. The present investigation was carried out during Rabi season at 
experimental field of Wheat Research Unit, Dr. PDKV, Akola. The experiment was laid out 
in Randomized Block Design with three replications involving Ten different biostimulants 
treatments at 30-35 DAS, 60-65 DAS. It was observed that the treatment T10 : Compost 2.5 t / 
ha + combination of (fulvic acid 10% + humic acid 20 % + sea weed extract 5 % ) + spraying 
of compost extract 5 % at 30-35 DAS, 60-65 DAS recorded significant result for morph 
physiological characters like plant height, No. of effective tillers per meter, No. of grains per 
spike, 1000 grain weight, Grain yield per plot and seed quality parameters, followed by 
treatment T9: Compost 2.5 t / ha + potassium humate 80% at sowing + spraying of compost 
extract 5% at 30-35 DAS, 60-65 DAS and treatment T3: compost 2.5 t / ha + spraying of 
compost extract 5 % + cow urine 2% at 30-35 DAS, 60-65 DAS both the treatments are as 
par with the treatment T2 i.e. 100 % RDF. It will be helpful to identify the effective bio 
stimulants for obtaining the higher grain yield and seed quality parameters of wheat. 
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5PP-21 

Optimizing Wheat Yield Through Precision Fertilizers Application: A Soil 

Test-Based Approach for Targeted Results 

 

SR Samota1*, Nitesh Kumar1, SC Tripathi1, NK Sinha 2, Shivani 1, Preeti Sirswal 1 

AK Khippal 1, RS Chhokar 1 and Neeraj Kumar 1 

1 ICAR-IIWBR, Karnal, 2 ICAR-IISS, Bhopal 

*Corresponding author: shivram10051995@gmail.com 

 

A survey was conducted during Rabi season of 2021 by ICAR- Indian Institute of wheat 

and barley in collaboration with ICAR-Indian institute of soil science (IISS), Bhopal in 

Haryana to determine the availability of NPK for its targeted recommendation to get the 

predicted wheat yield of 8t/ha. A total of 60 farmers were randomly selected, comprising 

26 from Rasina village (Kaithal district) and 34 farmers from Gohida (Karnal district), 

for location-specific soil test-based recommendation of NPK for the wheat crop. The 

latitude and longitude of each specific field were also recorded with the help of GPS. 

ICAR-IISS, Bhopal team in collaboration with ICAR-IIWBR team, collected the soil 

samples for analysis of primary nutrients i.e., N, P and K. ICAR-IISS team analyzed the 

soil samples for available N, P and K. Using the soil nutrient levels from each field, ICAR-

IISS Bhopal team developed an equation and a soil map to suggest the appropriate NPK 

fertilizer for each specific field. The required amount of N, P and K was calculated by 

putting value in the equations; for nitrogen: targeted fertilizer nitrogen (kg/ha) = [(5.31× 

60) – (0.51× pixel value of soil nitrogen)], for phosphorous: fertilizer phosphorous (kg/ha) 

= [(3.45×60) – (5.55×pixel value of soil phosphorous)] and for potassium: fertilizer 

potassium (kg/ha) = [(2.75× 60) – (0.42×pixel value of soil potassium)]. The farmers were 

directed to apply targeted dose of nitrogen (in the range 130.6-144.5 kg/ha), phosphorus 

(0-60kg/ha), and potassium (9.8-91.6 kg/ha) in Gohida village for the wheat crop prior to 

sowing.While the farmers of Rasina village were directed to apply targeted dose of 

nitrogen (in the range 130.3-143.1 kg/ha), phosphorus (0-66.5 kg/ha) for the wheat crop 

prior to sowing. The data ondate of sowing, variety and other cultural practices were 

maintained. The readings of NDVI and CCI were taken from the farmers’ field. These 

instruments-based readings were highly affected by date of sowing, NDVI values taken 

in first fortnight of January were ranged from 0.52 to 0.79 whereas CCI values were from 

33.4 to 52.5. Based on the recommendations, it is expected to get at least 80% of the 

targeted yield (i.e., 8 t/ha) from the farmers’ fields. 
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