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Indian Agriculture has maintained a positive growth
during Covid 19 pandemic, Department of Agricultural
Research and Education (DARE) and Indian Council
of Agricultural Research (ICAR) are part of this journey.
We have tried to help thousands of farmers and other
citizens affected during pandemic. We provided
advisories for their health as well as farm management.
The share of agriculture and related industries in GDP
hit 20% after 17 years. We are helping next generation
farmers by providing technologies for precision farming
and climate resilient varieties for sustainable yield.
Our journey has been appreciated by the Hon’ble Prime
Minister and he has emphasized that science and
technology have been used on a priority basis to solve
the challenges related to agriculture during last 7 years.
Hon’ble Prime Minister dedicated 35 crop varieties
with special traits to address challenges of climate
change and malnutrition. We need to further develop
varieties and technologies to meet the challenges of
climate change to restore agriculture and our ecosystem.
For a healthy nation it is also necessary to create
awareness by adopting nutritional food to fight with
malnutrition. Our scientists, farmers and growers make
every effort to produce safer food for a healthy India.

Plant germplasm included to National Genebank
for long-term storage comprised 8,622 accessions of
orthodox seed species and till date it has base collection
of 4,56,568 accessions. Animal germplasm repository
at National Gene Bank, ICAR-NBAGR, Karnal is being
strengthened by preserving diversified form of
germplasm. A total of 253 varieties/hybrids including
35 special traits varieties of crops were notified and
released for commercial cultivations. Under the
Indigenous Breeds Project (IBP), 6,500 Kankrej and
6,219 Gir cows were registered in the native tract.
Four sets of Gir (33 bulls), Kankrej (35 bulls) and
Sahiwal (35 bulls) were introduced out of which 22
bulls were evaluated for their genetic worth. In fisheries,
picnic seabream or black seabream (Acanthopagrus
berda) has high economic and recreational values,
excellent meat quality and ability to tolerate wide
variations in environmental conditions. Its breeding
and seed production were achieved by induced breeding
using salmon-GnRH-analogue hormone.

The important programmes such as Farmer FIRST,
Attracting and Retaining Youth in Agriculture (ARYA),
Cluster Frontline Demonstration of pulses and oilseeds,
Cereal System Initiatives for South Asia (CSIA),

National Innovations in Climate Resilient Agriculture
(NICRA), Pulses Seed Hubs, Mera Gaon Mera Gaurav
and Awareness creation of government schemes were
undertaken to meet various challenges of engaging
youth in Agriculture, bringing self-sufficiency in
production of pulses and oilseeds, sustainable
agriculture.

In all, 5 new KVKs were established taking the
total number of KVKs to 729 in the country during
the year. CSR GROW-SURE, a unique bio-stimulant
consisting of highly efficient salt tolerant bacteria was
developed. The ARYA project is operational in 100
KVKs. These KVKs organized 775 training programmes
benefiting 16,812 youths. Nearly 32% trained rural
youth established micro-entrepreneurial unit in rural
areas which fetched them income ranging from ` 33,088
to ` 6,30,000/unit/annum across different entrepreneurial
units. Technology Demonstration Component (TDC)
of NICRA is being implemented through KVKs in
121 climate vulnerable districts of the country where
in climate smart technologies for natural resource
management, crops and livestock have been
demonstrated along with institutional interventions.

Two multiple-stress tolerant rice varieties namely
Swarna Samridhi Dhan and Swarna Sukha Dhan have
been notified and released for cultivation in lowland
ecosystem of Bihar and drought-prone upland ecology
of Uttar Pradesh, respectively. Pusa-Farm Sun Fridge
for storage of perishables was developed. An integrated
organic farming system (IOFS) model (0.43 ha area)
was developed at Umiam, Meghalaya to meet diverse
requirement of the farm household while preserving
the resource base and maintaining the ecology. The
model has diversified farming components like field-
crops (cereals, pulses, oilseeds), horticultural crops
(Vegetables, fruits), livestock (one cow + calf), duckery
(20 ducks) along with perennial fodder crops,
composting units and central water harvesting pond
for composite fish culture and as a source for irrigation
during lean season. The potential microbial consortia
‘Excel Decomposer’ was developed for decomposition
of different bio-waste. The ‘Excel Decomposer’ is being
used for in-situ decomposition of rice and wheat residue
in farmers’ field of Bhopal.

The technological products like seeds and planting
materials of improved varieties and hybrids, bio-products
and improved species of livestock, poultry and fish
were produced which benefited almost 16 lakh farmers
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in the country. A total of 47 Agricultural Technology
Information Centres (ATICs) are functioning as single
window delivery system in the country and are serving
very important purpose by providing technology
information advisory services and technological inputs
to the farmers. About 2.86 lakh farmers visit ATICs for
obtaining solutions related to their agricultural problems
and purchasing key farm inputs.

The ICAR is continuously making efforts to develop
innovative technologies not only for sustainable
agriculture but also climate smart technologies for

mitigation of effects of climate change on agriculture.
I hope that the ICAR Annual Report 2021-22 will
render help to all the stakeholders and for planning
future strategies for agriculture research and education
in the country.

(Narendra Singh Tomar)
President

ICAR Society
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The Mandate of the
Indian Council of Agricultural Research

 Plan, Undertake, Coordinate and Promote Research
and Technology Development for Sustainable
Agriculture.

 Aid, Impart and Coordinate Agricultural Education
to enable Quality Human Resource Development.

 Frontline Extension for Technology Application,
Adoption, Knowledge Management and Capacity
Development for Agri-based Rural Development.

 Policy, Cooperation and Consultancy in Agricultural
Research, Education and Extension.



I highlight the ICAR’s accomplishments and progress
towards achieving the Strategic Objectives, Key
Performance Indicators (KPIs) and output outcome
framework articulated during the year. ICAR ensures that
groundbreaking discoveries and technologies to reach our
farmers, producers and consumers. We at ICAR are working
towards self-reliant agriculture, most customer-focused
activities and achieve ICAR’s strategic goals to ensure
agricultural and rural prosperity. ICAR solves societal
challenges through collaboration with our other partners,
including academic and science organizations; small
business and industry; agencies from all levels of
government; and non-governmental, public, and private
organizations. ICAR continued strong collaboration with
other agencies to help Indian agriculture to become more
efficient and competitive, to sustain natural resources and
the environment, to enhance the safety of our nation’s food
supply and improve nutrition.

Indian agriculture and rural life have undergone
tremendous transformation since independence. Agricultural
development is an integral part of overall economic growth
and was the main source of national income and occupation
at the time of Independence. It contributed about 50% to
India’s national income, and around 72% of total working
population was engaged in agriculture at that time. Although
the contribution of agriculture to national GDP is decreasing
over the years, it is important that the growth of other sectors
and overall economy depends on the performance of
agriculture to a considerable extent. Because of these reasons
agriculture continues to be a dominant sector in the Indian
Economy. The post-Independence journey of Indian
agriculture has been quite impressive despite several limiting
factors such as uncertainties of weather, declining soil health,
increasing atmospheric temperature and emergence of more
virulent pests and pathogens. Technological advancements
in agriculture have been influential in driving changes in
the farm sector. Although the amount of land and labour
used in farming declined, the total farm output increased
more than 5 times between 1950–51 and 2020. Similarly,
the yield (kg/ha) has increased about four times during the
same period.

ICAR has focused on different aspects of Agricultural
Research such as food security and supply; food, nutrition
and human health promotion and next-generation food
system; climate and energy needs; sustainable use of natural
resources; food safety; small business innovation and
product development; and agricultural education and
workforce development. ICAR has played a major role in
promoting excellence in higher education in agriculture and
coordinating education in all state agricultural universities
and central agricultural universities. ICAR vigorously
pursued the deployment of digital platforms in agriculture
and the application of ICT for farmers’ empowerment.

The digital revolution has opened new windows for
Indian farmers. Technologies like precision agriculture, e-

extension, drone-led operations, smart warehousing and
transport optimization, real-time yield estimation and price
information, credit and insurance management and e-
marketing have proven their applicability in making
agriculture predictable and profitable.

Soil and water management for sustainable yield: The
digital soil mapping framework has been developed using
AVIRIS-NG Hyper spectral data, STRM data (30 m), and
Sentinel-2 data, and prepared Geo-referenced desertification
map of Rajasthan (1 : 500,000 scale) using Indian remote
sensing satellite images (IRS-AWiFs), mapping of
groundwater potential zones and identification of recharge
structures in hard rock areas. Granular minerals fertilizer
was developed as an alternative to conventional P and K
fertilizer, mechanized technique for seed coating of
biofertilizer and a soil biological health kit. Besides, a mini
pan evaporimeter for on-farm irrigation scheduling, cut-
soiler technology for reclamation of saline soils and a bio-
consortia for enhancing the productivity of agri-horticultural
crops were standardized.

CSR GROW-SURE, a unique bio-stimulant comprising
highly efficient salt tolerant bacteria was developed. The
formulation was tested for growth and yield parameters in
tomato, and banana cultivated in sodic soils of pH 9.14–
9.30 and partially reclaimed sodic soils of pH 9.2,
respectively and found more effective than CSR-Bio. Plastic
mulching in oil palm was effective in enhancing water-use
efficiency as it recorded almost comparable yields with
micro jet irrigation. Plastic mulching was effective in saving
25% water in drought conditions. Thematic maps were
developed for soil suitability for grape growing in
Maharashtra, Madhya Pradesh and West Bengal. These maps
will be useful for the identification of regions suitable for
growing grapes in non-traditional areas and for round the
year availability. Tomato cultivars Kashi Aman and Kashi
Adarsh tolerated moderate salinity when grafted over brinjal
rootstocks.

Climate change and resilient agriculture: Carbon
sequestration potential of the floodplain wetlands was
assessed in Assam and West Bengal. In Assam wetlands, C
deposit up to 30 cm depth of soil was higher (1.7 to 4.2
times) than in the reference upland sites. The estimated C
in wetlands of West Bengal revealed higher accumulation
(1.67 to 2.3 times) than corresponding upland sites. The
carbon footprint was assessed in different rice production
systems (zero-till, aerobic and shallow lowland) through
total life cycle analysis. The study revealed that aerobic rice
emitted lowest total GHG-C-eq/tonne followed by ZTR and
SLR, respectively. For production of one tonne of rice, the
GHG emissions were 0.73, 0.76 and 0.87 C-eq/tonne in ZTR,
AR and SLR, respectively.

A multiple-stress tolerant rice variety Swarna Samriddhi
Dhan was notified and released for cultivation in lowland
ecosystem of Bihar. Swarna Samriddhi Dhan is a medium
duration, high-yielding, multiple-stress (drought,
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submergence, disease and insect pests) tolerant, with
desirable cooking quality traits and has long slender grains.
A drought-tolerant rice variety Swarna Sukha Dhan was
released for cultivation in drought-prone upland ecology of
Uttar Pradesh. Swarna Sukha Dhan is a short duration, high-
yielding and multiple-stress (drought, diseases and insect
pests) tolerant with acceptable cooking quality traits. The
impact of adoption of Low Tunnel Technologies (LTT) for
cultivation of vegetables during off season (winter) in
Bikaner, Rajasthan was assessed. LTT for vegetable
production has spread over 1,200 ha and farmers earn
` 2–3 lakh net profit from one ha per season depending on
type of vegetable, seed quality, climatic conditions and
marketing demand. The resilience to heat stress in different
indigenous goat breeds (Salem Black, Malabari,
Osmanabadi, Kanni Aadu and Kodi Aadu) was assessed.

Genetic resources: About 25 explorations were carried
out and 1,409 accessions (comprising 772 cultivated and
637 wild) were collected from Assam, Arunachal Pradesh,
Bihar, Haryana, Himachal Pradesh, Jammu and Kashmir,
Jharkhand, Chhattisgarh, Maharashtra, Meghalaya, Odisha,
Punjab, Rajasthan, Tamil Nadu, Uttarakhand and Uttar
Pradesh. Germplasm accessions were found in 45% in wild
species/CWR. Germplasm included to the National
Genebank for long-term storage comprised 8,622 accessions
of orthodox seed species and till date the base collection of
National Genebank has a total of 4,56,568 accessions. In
the cryogenebank, 237 accessions of seeds and pollen
genomic resources of different crop species were
successfully cryopreserved, making overall collection of
12,076 accessions. A total of 41,490 samples of trait specific
accessions were imported from 36 countries. Screening
against biotic and abiotic stresses in different crops was
carried out in 8,500 and 9,215 accessions, respectively.
Biochemical evaluation of 6,580 accessions was undertaken
in different crops for oil content, protein, sugar, amino acids,
antioxidants and active principles. About 1,22,736 imported
samples were processed for quarantine clearance. The total
collection in National Genomic Resource Repository
(NGRR) is 9,094 from 46 species. The whole genome
sequence of cardamom variety Njallani Green Gold has been
assembled at a N50 of ~151 kb with 72% BUSCO
completeness.

On fruits, germplasm such as banana (18), citrus (5),
guava (3), mango (30), jamun (1), rose apple (5), jackfruit
(40), pine apple (7), avocado (53) and one each in acid lime,
ber, custard apple, guava, wood apple were collected. In
plantation crops, a total of three new germplasm accessions
of areca nut were collected. In vegetable, germplasm in
various crops such as chilli (24), brinjal (3), watermelon
(3), muskmelon (5), okra (27), Dolichos bean (17), onion
(3), radish (10), bitter gourd (6), ridge gourd (3), cucumber
(60), cluster bean (2), bottle gourd (8), bell pepper (16),
drumstick (77), curry leaf (17), summer squash (33),
amaranth (9) were collected. In flowers, germplasm in
various crops such as tuberose (1), gladiolus (12), gerbera
(16), dahlia (30); and in medicinal plants germplasm in crops
such as gudmar Gymnema sylvestre (31), brahmi Bacopa
monnieri (71), bhringaraj Eclipta alba (53) and mushroom
(2) were collected.

In livestock, registered breeds of Dharwadi and Manda
buffalo; and Rajapalayam, Chippiparia and Mudhol Hound

dog were gazette notified by the Government of India.
Monyul cattle of Tawang and West Kameng districts of
Arunachal Pradesh was characterized. Monyul cattle are
reared for milk, manure and draught. Multivariate analysis
was conducted for different biometric traits of 3,282 cattle
of 21 native cattle breeds/ populations of the country.

Germplasm repository at National Gene Bank, ICAR-
NBAGR, Karnal is being strengthened by preserving
diversified form of germplasm (semen, somatic cells and
DNA). Total 10,030 semen doses of native breeds (Sahiwal
cattle, Nili Ravi buffalo, Marwari, Manipuri, Zanskari horses
and Halari donkey) and 970 somatic cell doses of native
breeds (Tharparkar cattle, Sirohi and Rohikhandi goat,
Mewari, Jalori and Marwari camel and Ghurrah pig) were
added during the period for cryopreservation.

The new fish species, viz. snake eel, Xyrias anjaalai sp.
nov. obtained from deep sea off Kollam, Kerala and Badis
kaladanensis, a new percoid fish from Mizoram were
recorded and described.

Crop improvement: During 2020–21, a total of 254
varieties/ hybrids including 35 special traits varieties of
crops were notified and released for commercial cultivation.
These varieties comprised: cereals such as rice 39, wheat19,
maize 19, pearl millet 3, finger millet 4, barley 1, sorghum
1, little millet 1 and kodo millet 1; Oilseeds such as soybean
25, rapeseed-mustard 7, groundnut 4, linseed 6, sesame 2,
safflower 1, castor 1; Pulses—chickpea 13, pigeonpea 8,
lentil 4, field pea 3, faba bean 2, mungbean 1, and clusterbean
1; Commercial crops—cotton 62, sugarcane 6, jute 2, mesta
1; Forage and other crops—oat 6, amaranth 4, forage
sorghum 2, pearl millet 2, berseem 1, kalingda 1 and
dhaincha 1.

Cajanus platycarpus, a non-crossable wild relative of
pigeonpea, possesses resistance to polyphagus insect pest
Helicoverpa armigera. The putative insect resistance genes
have been cloned from C. platycarpus and are being
validated in Nicotiana tabacum. The intra-specific genetic
linkage maps of chickpea was utilized to 15 quantitative
trait loci (QTL) associated with drought traits (membrane
stability index, relative water content, seed weight and yield
under stress) accounting for phenotypic variations ranging
from 11.8 to 27.1%. CRISPR-Cas9 genome editing was used
to develop mutants of drought and salt tolerance gene
encoding a zinc finger transcription factor for improving
salt and drought tolerance in rice. Three homozygous
transgene free mutants were developed which were more
tolerant to salt stress and produced more grains as compared
with wild type MTU 1010. Using PacBio and Illumina Mate-
pair reads, first ever reported chloroplast and mitochondrial
genome of Indian tea were successfully assembled and
analyzed. Chloroplast genome comprised 126 genes while
mitochondrial genome has 66 genes. Twenty eight diverse
tropical maize genotypes were evaluated for their
embryogenic callus induction potential using mature seed
derived two different explants under two different callusing
media, out of 28 genotypes, better callus induction was
achieved in four genotypes from nodal explants.

During the year, total production of quality seed including
all classes was 3,03,130.2 q against the target of 3,32,055.3
q. Production comprised 79,373.3 q of foundation seed,
1,18,487 q of certified seeds, 77,376.4 q of truthfully labeled
seed and 27,893.5 q of planting material of field crops. A
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total of 98 varieties of horticultural crops were identified
and Notified by the Central Sub-Committee on Crop
Standards, Notification and Release of varieties for
Horticultural Crops in its 28th Meeting. These include 15 in
fruit crops (sweet orange-1, acid lime-2, grapes-2, mango-
5, banana-5), 29 in vegetable crops (brinjal-5, chilli and
capsicum-5, one each in radish, cauliflower, bottle gourd,
cucumber, ridge gourd, spine gourd, French bean, long
melon; pea and beans-5; tomato-6); three in bulbous crops
(garlic-2, onion-1), 23 in potato and tropical tuber crops
(potato-8, cassava-5, yams-7, Colocassia/arvi including
Sakhen Bunda-3), eight in plantation crops (coconut-6,
arecanut-1 and oil palm-1), nine in spices ( three each in
turmeric and coriander and one each in celery, fenugreek
and ajwain) and eleven in flowers (aster-1 and five each in
marigold and chrysanthemum).

In apple, a total of five hybrids were developed namely
Anmol for early maturity, Ambrit with typical ambri flavour,
Priame, Pride and Pritor with scab resistance. In coconut,
Kalpa Ratna suitable for tender nut, copra and inflorescence
sap production, and Kalpa Raja a promising tall variety for
the root (wilt) disease prevalent tract have been developed.
The productivity is 133 nuts/palm/year, in Kalpa Ratna,
whereas 158 nuts/palm in Kalpa Raja. The dwarf varieties
of cashew, such as Nethra Vaaman (<2m height, yield 1–2
kg/plant) and KAU Nihara (yield 2 kg/plant) were identified.
Arka Shyama watermelon variety, with dark red, crispy,
sweet pulp, 3–4 kg weight, early harvest (65–70 days) and
yield potential 62.8 tonnes/ha was developed. Arka
Neelachal Pushti Indian bean (Sem), a high-yielding, pole
type, round padded variety which is rich in protein and
micronutrients and is ideal for cultivation in eastern India.
The average yield was 24 tonnes/ha in 120 days. Resistant
varieties of vegetables developed were: Kalinga Brinjal 131
(BB 67) and Arka Avinash brinjal (resistant to bacterial wilt);
MS/11-664 potato (resistant to late blight); T Ca 14-5 and
8S 501-2 cassava (resistant to cassava mosaic disease); TGy
14-6 greater yam (resistant to anthracnose); Gujarat Navsari
Mango Ginger 2 ginger (resistant to rhizome rot and leaf
blight); CG Raigarh Haldi 3 turmeric (moderately resistant
to Colletotrichum leaf spot and Taphrina leaf blotch); Karan
Sounf 1 fennel (resistant to Rumularia blight); CG Raigarh
Dhaniya 3 and Ajmer Green Coriander 1 coriander (resistant
to powdery mildew and aphids); Hisar Methi 273 (resistant
to downy mildew and tolerant to powdery mildew) and
Gujarat Methi 3 (less prone to powdery mildew) fenugreek;
Ajmer Ajwain 73 ajwain (tolerant to root rot); and Ajmer
Nigella 1 nigella (tolerant to root rot). In button mushroom
varieties NBS 5-1084 and NBS 5-773, paddy straw
mushroom DMRO 1072 and DMRO 995, oyster mushroom
strain H3 and shiitake mushroom strain DMRO 327 were
recommended for release for commercial cultivation.

Livestock improvement: A total of 25,323 Artificial
inseminations in Frieswal were carried out from which 4,140
female progenies were born and 1,209 daughters reached
the age of first calving. In Avishaan flock of sheep, ewe
productivity efficiency (EPE) was 4.22 and 22.90 kg at birth
and 3 month of age, respectively. A total of 535 male and
192 female sheep of different breeds were supplied for
genetic improvement of farmer ’s flock. Improved
Jamunapari, Barbari and Jakhrana goats were supplied for
genetic improvement programme in farmer’s flock. The

overall mean milk yield in 90 days and 140 days was
75.38±1.84 and 111.46±2.99 litre, respectively; and lactation
length was 161.04±3.24 days. In Barbari goat, overall mean
for 90 days and 140 days milk yield was 60.75±0.85 and
82.55±1.29 litre, respectively; and lactation length was
134.87±1.82 days.

At Anand centre of AICRP on Poultry Breeding, the 40
weeks egg production of Ankleshwar (S-2) was 76.38 eggs,
while 72 weeks egg production in IWH and IWP strains (S-
1) was 307.2 and 317.5 eggs, respectively. Egg production
of IWD and IWK strains (S-8) up to 64 weeks was 226.5
and 218.1 eggs, respectively. A total of 4,19,477 improved
chicken germplasm was distributed by different centres in
their respective regions/states. CARI-Gracy and CARl-
Nirsafed were developed to address issues of climate change
for backyard poultry. The dual type hardy birds are efficient
egg producers even in intense summer, and also good meat
producers. This will help increasing farmers’ income by
maximizing production throughout the year.

In fisheries, picnic seabream or black seabream
(Acanthopugrus berda) has high economic and recreational
values, excellent meat quality and ability to tolerate wide
variations in environmental conditions. Its breeding and seed
production were achieved by induced breeding using
salmon-GnRH-analogue hormone. Grey mullet (Mugil
cephalus) a high-valued commercial brackishwater fish, was
successfully bred under controlled captive conditions for
the first time in the country. Technology on carp sperm
cryopreservation was field-tested and successfully upscaled
for use in improving hatchery seed quality and genetic
exchange through field demonstrations. During the year 800
ml of milt from riverine stocks of Indian major carp was
cryopreserved and stored in cryobank. In view of the
emerging importance of seaweed mariculture, an all-India
preliminary site selection survey suitable for seaweed
farming was conducted. A total of 1,677 differentially
expressed genes were identified in Catla catla through
transcriptome analysis. Fourteen differentially expressed
regulatory hub genes for growth were also identified. The
fish-derived bioactive peptides can prove to be a natural
and less toxic therapeutic source.

Crop management: Pusa decomposer is a microbial
consortium of fungi developed for accelerated degradation
of paddy straw into manure in 20–25 days. This technology
is an effective eco-friendly solution for agri-residue
management, alternative to burning thereby decreasing air
pollution and improving soil health. An endospores-based
liquid formulation CRIJAF SONA was developed for jute
retting which can be completed within 12 days and the
resulting jute fibre has a better strength. Rainfed
monocropping systems have low yield and lead to low
income. Therefore, an Integrated Farming System (IFS)
model was developed for rainfed cotton-based system for
central India. Overall, one-ha IFS model produced 70.2 q/ha
cotton-equivalent yield with a benefit: cost ratio of 1.95.
The biopolymers can be used as a seed coating material and
carrier matrix for entrapment of agri inputs. These polymers
were utilized for entrapment of beneficial microbes like
Trichoderma which enhances productivity between 20–30%.

Two promising Trichoderma isolates were identified with
the potential to enhance sugarcane yield by 17–24.5% under
low inorganic fertilizer usage. For the first time leaf spot
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(Curcularia geniculata) has been observed on maize in India.
A study was conducted to isolate and identify efficient
bacterial endophytes for wheat to enhance further the genetic
potential of low accumulating genotypes for update and
translocation of iron and zinc in grains and plant parts. The
isolates DS-178 (Bacillus subtilis) and DS-179 (Arthrobacter
sp.) were more for zinc acquisition, whereas DS-68
(Arthrobacter sulfonivorans) and DS-163 (Enterococcus
hirae) were efficient for iron acquisition in grains.
Topramezone, promising herbicides is found to be effective
to control broadleaved weeds and some of the narrow leaved
weeds. Adult weevils of bioagent Cyrtobagous saliviniae,
were released in aquatic weed (Salvinia molesta) in Madhya
Pradesh. Complete control of the weed was achieved within
six months and there was no regeneration of weed thereafter.

In horticulture, clay-polymer composites using starch,
guar-gum, chitosan as polymer and clay, sugarcane bagasse
and grape pomace as filler were synthesized. Clay-polymer
composites and nano particles as fertilizer carrier will help
in increasing micronutrient use efficiency especially in case
of Fe and Zn having low availability in calcareous soils. A
Litchi maturity kit that provides an easy and handy option
to accurately judge acidity of litchi fruit was developed.
The attainment of 18–20 BTSS and acidity of less than 0.5%
is a reliable indicator of optimum fruit maturity. Two
formulations of nutrient mixture, viz. Kalpa Poshak and
Kalpa Vardhini were developed for enhancement of growth
of juvenile palms and improving the productivity of adult
palms, respectively. About 37% increase in nut yield was
observed in the palms. The liquid nutrient formulation Akra
Sasya Poshak Ras, a unique balanced blend of the macro
and micronutrients was developed. This formulation is
suitable for commonly grown vegetables.

Integrated management schedule for stem-borer
(Dervishiya cadambas) in grapes was standardized which
comprised removal of loose bark from main trunk and
cordons during July–August and washing (2 ml/l water) them
with Metarhizium brunneum (5×108 spores/ml) @ 1.5 to 2
litre formulation/plant. The resistance in different
I pomoea sp. (I. palmata, I. triloba, I. mauritiana, and
I. obscura) against sweet potato weevil was studied by choice
assay test. The Arka Viral Kit is based on Loop-mediated
Isothernal Amplification (LAMP) to diagnose Tomato Leaf
curl Bangalore virus (ToLCBV). It is user friendly, as the
testing can be done in a water bath or dry bath, and cost-
effective compared to other PCR based diagnostic kits.

Livestock management: Feeding of maize sprouts with
straw bedding to crossbred dairy cows during early to mid-
lactation in addition to the existing feeding practice increased
milk yield and milk fat and SNF. The body weight gain and
feed efficiency improved, and stress indices reduced in
broiler chicken with supplementation of methyl donors like
betaine, B12, folic acid or biotin having no supplemental
methinonine. Different bajra cultivars could totally replace
maize in the diet of broiler chicken.

Embryo transfer technology (ETT) was initiated in
Kankrej cattle for faster multiplication of superior
germplasm. Out of seven embryos retrieved from two cows,
five good-quality embryos were transferred into four
recipients, Established one OPU-IVF pregnancy of Sahiwal
cow. Multiplication of elite buffaloes by cloning and ovum
pick up technique was achieved, five pregnancies from

embryos in buffalo; six calves born through AI using semen
of cloned bulls and seven pregnancies through AI from
semen of cloned bulls are ongoing. Buffalo pregnancy
diagnosis kit Preg-D was developed. The Preg-D kit is the
prototype of a urine based novel technique for pregnancy
diagnosis in dairy animals. Buffalo Saliva Scope, an estrus
identification kit was developed. An alternative package of
practices of mithun rearing under a semi-intensive rearing
was developed. Under this system, the mithuns can be
monitored by the owner regularly for growth, reproduction,
health care, and breeding. Nine units of this system were
established benefitting 334 mithun farmers.

The National Animal Disease Referall Expert System
v2 (NADRESv2), a dynamic geographic information and
remote sensing-enabled expert system, developed and
maintained by ICAR-NIVEDI was updated with 3,262
district wise livestock disease outbreaks data from
November 2020 to September 2021. The prediction results,
risk maps, bulletins, and post-prediction maps were updated
on NADRESv2 and automated messages were sent to
National Animal Disease Epidemiology Net work centres
and further disseminated through forecasting bulletin to all
the state Animal Husbandry Departments and Department
of Animal Husbandry and Dairying, Government of India,
for initiating preventive action for disease. A marker vaccine
candidate for Peste des petits ruminants (PPR) was
developed through reverse genetics. The backbone of the
PPR vaccine virus, PPRV/Sungri/96 was used, as this
attenuated virus is being successfully used for PPR control
in India for over two decades. ICAR-NIHSAD developed
the Lateral Flow Rapid Test Kit for Pen-side detection of
avian influenza H5 virus antigen in suspected chicken flocks.
The test is simple to perform at low cost, and provides rapid
diagnosis within 20 min. An SYBR green-based FMDV-
3D specific ane-step real-time RT-PCR (rRT-PCR) test was
developed for pan-serotype identification of FMD virus.
This test is 10 times more sensitive than the traditional
agarose gel electrophoresis-based RT-multiplex PCR (RT-
mPCR). Complete genome sequence of 4H5H/ highly
pathogenic avian influenza (HPAI) viruses and 7H5N8 HPAI
viruses isolated from chicken, ducks, crows, crows, wild
birds and bar-headed goose was determined.

In fisheries, a starter microbial consortium named
CIBAFLOC was developed which facilitates in-situ
bioremediation, cleaning of nitrogenous wastes in the rearing
water and get converted into nutrient-rich microbial biomass.
Goldfish hematopoietic necrosis viral disease (GHNVD) has
led to worldwide economic losses in goldfish aquaculture.
Virus was inactivated with formalin and the vaccine for
cyprinid herpes virus (CyHV-2) was developed by using
fantail goldfish fin (FtGF) cell line for its propagation. The
results have proven that the formalin-inactivated vaccines
were efficient and it resulted in triggering the immune gene
expression in goldfish. Viral nervous necrosis (VNN) is an
acute viral disease affecting more than 120 species of marine,
brackishwater and freshwater fish causing up to 100%
mortality in larval and juvenile fishes. A recombinant
vaccine, CIBA-Nodavac-R against VNM was developed.
It can effectively prevent VNN caused by RGNNV (red-
spotted grouper nervous necrosis virus) in fingerlings and
prevent vertical transmission in brooders. The vaccine is
safe and efficacious.
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Mechanization and energy management: A tractor-
operated variable width raised bed drip lateral-cum-plastic
mulch laying machine was developed. This machine is able
to form bed of 0.6 to 1.0 m in width and 0.15 m in height. A
tractor-operated 19-row garlic weeder was developed.
Average weeding efficiency and plant damage by garlic
weeder are 69.6% and 0.1%, respectively. A tractor front
mounted hydraulically operated two-row pigeon pea
harvester was developed. It saved 40% cost and 96% labour
when compared with manual method of harvesting.

Hill farming needs versatile agricultural machinery,
which should be light in weight for transportation in hilly
areas and portable. So a light-weight multi-crop thresher
was developed for threshing wheat, paddy, minor millets,
and amaranth crops commonly grown in Uttarakhand hills.
The multi-crop thresher would benefit hill farmers by saving
time and labour and reducing the drudgery involved in the
traditional/ manual threshing operations. A tractor-operated
drainage trencher for laying sub-surface pipes was
developed and evaluated. The developed trencher can make
the trench up to the depth of 1.0–1.1 m with width of 150–
160 mm. The cost of the trencher was ` 3,00,000 and cost
of operation is about ̀ 1,300/h. The climate smart machinery
such as roto-till-drill, broad-bed and furrow planters, laser
land leveller, ridge and furrow planter and mole drainage
technology were identified to overcome the adverse effect
of climate change and degrading natural resources. The total
input energy in wheat production after adopting roto-till drill
(21.1 GJ/ha) is about 39% lower as compared to
conventional practices (34.9 GJ/ha). The carbon emission
in roto-till drill is 1,670 kg of equivalent C/ha which is 9%
less as compared to conventional practice (1,834 kg of
equivalent C/ha). A tractor-operated multi-row paper-tape
vegetable transplanter was developed to save on labour, time
and cost of vegetable production. It is a 6-row transplanting
machine mounted on 3-point linkage of tractor. The field
capacity of the transplanter was 0.25 ha/h and fuel
consumption of 2.8 l/h. A battery-operated pruner for
horticultural crops was developed. The device was tested
on ber, guava, wax apple and mango. The cost of machine
is ` 2,625 and operation cost is ` 39.48/h. A pollinator for
greenhouse was designed on the principle of a pulsating air
jet for pollination. The highest pollination efficiency
(83.66%) was achieved at 1.99 m3/min airflow rate, 23.50
Hz pulsation frequency and exposure time 19.40 sec. The
yield was higher with developed pollinator compared to
pollination by a blower (36.6%) and controlled plot (95.7%).
The bullock powered, rotary mode driven feed type
sunflower thresher has been developed. The average output
of the thresher was 65 kg/h with efficiency of threshing as
99% and cleaning 85%. Solar-assisted e-prime mover was
developed for weeding and spraying in soybean crop. A
three-cylinder tractor diesel engine was modified to run
using 100% compressed natural gas (CNG). The engine was
successfully operated using 100% CNG under no load
condition. Pusa-Farm Sun Fridge for storage of perishables,
can be built by farmers from locally available materials and
does not need electrical supply or batteries for cooling. The
structure of size 3×3×3 m and 2 tonnes capacity uses 12
solar panels @ 415 W each. Pusa-FSF could achieve daytime
temperatures as low as approximately 4–6°C when the daily
ambient maximum temperature reaches about 45°C.

Post-harvest management and value-addition: IoT-
based smart storage structure for pulses was developed for
one-tonne storage bin, based on the developed protocol. It
includes three sensor modules, and each module has a carbon
dioxide sensor, temperature and RH sensor, and a display
unit. One module has an oxygen sensor also. Maize cobs
are harvested at around 35% moisture content while shelling
operation is performed at around 17% moisture content.
Therefore a hot air maize cob dryer was developed with
150 kg capacity. The drying is carried out at 60°C, and it
takes 24–27 h to reach the final moisture content of
17–18% at the atmospheric temperature (36.86°C) at RH
(51.37%). Certain fungi that are found in agricultural crops
such as maize, peanuts, cotton seed, chillies etc. produce
aflatoxins. These are carcinogenic and impose qualitative
and quantitative losses to the agricultural produce. The
lateral flow immuno assay (LFIA) device was developed
for detection of toxins in the agricultural crops. A natural
ventilator based modular onion storage system of one tonne
capacity was developed. The storage study of the onions
indicated 18% physiological weight loss, 5.5% rotting and
0.2% sprouting losses of stored onions. A power operated
baby corm dehusker was developed to reduce the drudgery
in dehusking of baby corn. It has capacity of 25 kg/h. Slitting
efficiency, dehusking efficiency and desilking efficiency of
this machine are 100, 92 and 100%, respectively. Composite
yarns prepared by wrapping conductive carbon filaments
with cotton fibres through friction spinning were used to
develop flexible heat generating pads for multiple
applications. These include heating shoe pads, thermal
garments, warming seat covers, heating gloves etc. which
can be operated by 5V, 2A DC power supply.

Nutri-cereals such as bajra and maize are highly
nutritious and are even superior to rice and wheat in various
nutritional constituents. In spite of all these benefits, bajra
and maize occupy a lower position in human food chain in
comparison to staple food grains and are not popular among
consumers due to lack of good dough making quality, which
limits their application in routine bakery products and in
chapatti making. To address this problem, vital wheat gluten
(VWG) protein added for reconstitution of bajra and maize
flour and products such as Hallur: Soft Bajra Atta and Makai:
Soft Makka Atta were developed. These products were as
good as wheat for superior dough quality. The VWG was
extracted from wheat flour. Superior nutritional composition
of Hallur: Soft Bajra Atta and Makkai: Soft Makka Atta
will boost their consumption, and also enable farmers to
have incentive to grow more nutri cereals.

Agricultural human resource development: ICAR
ensures quality assurance of AUs through accreditation and
ranking process. Connectivity and availability of e-resources
across libraries, connectivity of libraries on a single platform
through uniform solutions, along with emphasis on capacity
building of the students and faculties through various
training programmes under the scheme as well as NAHEP
and NAARM has raised the standard of PG research as
evident by increased number of publications in high impact
journals. AUs were also supported for encouraging holistic
development of students, through creation of placement
cells, support for sports facilities.

Various programmes/activities also facilitated promotion
of higher agricultural education and also helped reduce
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academic inbreeding, infuse merit and promote national
integration in AUs. These include centralized admissions
in UG/PG and Ph.D.; award and distribution of fellowships
to attract and retain the talent and promote merit, admission
of foreign students for globalization of agricultural
education, National Professorial Chairs and National Fellow
Scheme for promotion of excellence in research, Emeritus
Scientist / Emeritus Professor Schemes as a structural
method of utilizing skill bank of the outstanding
superannuated professionals in various disciplines to address
faculty shortage.

The key components of NAHEP, viz. Centres for
Advanced Agricultural Sciences and Technology (CAAST),
Institutional development Plan (IDP), and Innovation Grants
improved performance of AUs through entrepreneurship
opportunities, non accredited AUs attaining accreditation
and helped accelerate institutional reforms. NAARM
contributes immensely on wide range of issues of national
and global importance apart from various courses on
capacity building. The Academy has also been promoting
online and digital education, start ups for agripreneurship.

Social science: Income scenario of agricultural
households in India along with variations in various income
components were examined across different rounds of the
Situation Assessment Survey of Agricultural Households
(SAS-AH). Agricultural households usually derived income
from farm and non-farm sources. Agricultural sustainability
report of 24 Indian states, studied using 51 indicators across
four dimensions (soil, water, environmental and socio-
economic), revealed that a moderate level of agricultural
sustainability in India with the Composite Index of
Agricultural Sustainability (CIAS 0.41–0.57). The inter-state
variations in CIAS are quite pronounced. An android-based
application-eLISS data collection app was developed to
capture data from the field for major livestock products.
The KISAAN 2:0 (Krishi Integrated Solution for Agri Apps
Navigation) App, was envisaged to help e-agriculture and
to drive smart phone based agriculture in India. This app
integrates more than 300 Agricultural related apps developed
by ICAR Institutes. KISAAN 2.0 app provides a single
interface in multiple Indian languages for Indian farmers to
access agricultural knowledge about crops, horticulture,
livestock, fisheries, natural resource management,
agricultural engineering, agricultural education and
agricultural extension. Black Pepper Drought Transcriptome
Database (BPDRTDb) consists of characterizations of black
pepper genotype and its web resource will serve as valuable
resources for new genes discovery as well as developing
SSR maskers in endeavour of higher crop production.

ICAR carried out research activities focusing on farm
women nutritional security, livelihood enhancement,
technological empowerment, drudgery reduction and
entrepreneurship development. Under the ICAR-CIWA-IRRI
collaborative project a Women Farmer Producer Company
named “Chitri Dora” was formed with the help of guarantee
partner PRAGATI at Koraput involving 1,031 tribal women
farmers, covering 30 producer groups, for collective
marketing of aromatic rice. For farm women a manual disc
ridger was also developed and tested for operational
parameters to form ridges and channel with proper work rest
cycle. The output capacity is 427 m2/h, which is more than 5
times the traditional method of using spade.

Information, communication and publicity services:
The ICAR-DKMA publishes periodicals, books, handbooks,
Annual Reports, newsletters, bulletins, monographs, e-
books, media columns, social media contents and advisories.
The knowledge banks are available in open access as well
as in closed access models to the stakeholders in agriculture.
ICAR-DKMA has already taken steps to disseminate
knowledge by using up-to-date most popular ICT tools for
benefitting the national as well as international agricultural
world. The Indian Journal of Agricultural Sciences and The
Indian Journal of Animal Sciences, the monthly research
journals of international repute are in the open access mode
(http://epubs.icar.org.in/ejournal). The journals have a wide
clientele and received a total of 1865 (Animal Sciences)
and 2794 (Agricultural Sciences) submissions, respectively
during the reporting period. The user base of the journals is
expanding and 2125 and 3273 new users have associated
making the total tally to 21,154 (Animal Sciences) and
40,926 (Agricultural Sciences) users. The journal website
was visited nearly 45000 times with audience belonging to
143 countries. The journals have considerable metrics, viz.
impact factor and H index are 0.22 and 26 for Agriculture
and 0.21 and 22 for Animal sciences given the fact that these
are multi-disciplinary in nature. Popular periodicals like
Indian Farming and Indian Horticulture, and Kheti and Phal
Phool were brought out on topical issues for outreach to
the masses.

To disseminate information in real-time, the ICAR
website is updated on a regular basis and in total 4,589 pages
were updated and a total of 45,77,864 page views from more
than 200 countries were recorded. The top five countries
visiting the Website include India, United States of America,
United Kingdom, United Arab Emirates and Nepal. On
ICAR Facebook, a total of 430 posts were published during
the year 2021 and it has 2,20,379 Followers. ICAR Twitter
handle has more than 1,60,132 Followers. On an average, 3
Tweets are Posted every day and a total of 1,013 Tweets
were posted during the year. The YouTube Channel of ICAR
has Video Films, Animations, Lectures/Interviews by
dignitaries and Eminent Scientists, Proceedings of National
and International Events, etc. It has 63,300 Subscribers.

ICAR DARPAN Dashboard (https://icar.dashboard.
nic.in/login.aspx) provides centralized, easy-to-access
platform for display and access of data from multiple
sources. To increase the penetration of agricultural
technologies and two way effective communication with
farmers, multi-media based multilingual ICT based
communication system “Kisan Sarathi: An interface solution
with farmers” was launched on 93rd foundation day of
Indian Council Agricultural Research. The Agricultural
Research Management System (ICAR-ARMS) has been
developed for evaluation, monitoring and management of
scientific output for policy planning of the Council. E-
HRMS (Human Resource Management System) is a work
flow based online solution which consists of creation of e-
service book and all processes/information impacting service
book from joining to retirement of an employee. Land
Record Management Information System (https://
lrms.icar.gov.in) is an online solution for Land Record
Management of ICAR institutes was developed by IT Unit
of IASRI in collaboration with ICT Unit of ICAR
Headquarters and Director (Works).
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Technology assessment, demonstration and capacity
development: Technology assessment is carried out by
KVKs, in different locations under various agro-ecological
situations. About 5,222 technologies of various crops were
assessed at 12,015 locations by conducting 25,843 trials at
farmers’ field. The different thematic areas were: cropping
systems, drudgery reduction, farm machineries, integrated
crop management, integrated disease management,
integrated nutrient management, integrated pest
management, integrated weed management, processing and
value-addition, resource conservation, storage techniques,
and varietal assessment of cereals, pulses, oilseeds, fruits,
vegetable and commercial crops. A total of 873 technological
interventions relating to different livestock were assessed
by KVKs at 3,204 locations through 6,646 trials covering
thematic areas such as animal disease management,
evaluation of breeds, feed and fodder management, nutrition
management, livestock production management, and
processing and value-addition. About 364 technologies at
1,222 locations through 2,247 trials under other enterprises
including mechanization; processing and value-addition;
drudgery reduction; small-scale income generation; nursery
raising, fish production and management; and household
food security.

A detailed programme was planned, prepared and
executed on Cluster Frontline Demonstrations (CFLDs) with
an aim to demonstrate the production potential of major
pulse and oilseed crops in the country. A total of 1,67,026
Frontline Demonstrations (FLDs) on crops, farm
machineries, livestock and fisheries, other enterprises and
gender-specific technologies for women empowerment were
organised. About 45,469 training courses for farmers and
farm women targeting productivity enhancement and cost
reduction of field crops, horticultural crops, plant protection,
empowerment of rural women, livestock production and
management, soil health and fertility management, capacity
building for group actions, agricultural engineering,
production of inputs, fisheries, and agro-forestry.

Capacity development of 1.41 lakh extension personnel
was conducted through 4,620 courses in the country. The
extension, functionaries engaged both in government and
non-government organizations for the development of
agricultural sector in the country were included in these
trainings. Soil, water, plant and manure samples of farmers’
fields were analysed at KVKs, and suitable advisories based
on analysis were provided to them. A total of 52 Directorates
of Extension Education (DEEs) of the SAUs/CAUs have
played a crucial role in technological backstopping to KVKs
in India. The DEEs facilitated technological backstopping
for KVKs by conducting training programmes, field days,
farmer-scientist interactions, soil health camps, kisan melas,
kisan goshthies and technology week celebrations.

Research for tribal and hill regions: The varieties
released for cultivation were: biofertified maize VLQPM
Hybrid 59; grain amaranth VL Chua 110; finger millet VL
Mandua 378 and VL Safed Mandua 382; wheat VL Gehun
2015; rice UL Dhan 88, VL Dhan 159 and VL Sikkim Dhan;
and Vegetable VL Sabji Matar 14 and VL Cherry Tomato 1.
About 187.0 q breeder seed of 47 released varieties of 17
crops were produced. The 9.93 q truthfully labelled seed of
20 varieties of 13 crops was produced. A total of 15.4725 q
TL seed was supplied to different stakeholders. An integrated

organic farming system (IOFS) model (0.43 ha area) was
developed at Umiam, Meghalaya to meet the diverse
requirement of the farm household while preserving the
resource base and maintaining the ecology. The model has
diversified farming components like field crops (cereals,
pulses, oilseeds), horticultural crops (vegetables, fruits),
livestock (one cow + calf), duckery (20 ducks) along with
perennial fodder crops, composting units and central water
harvesting pond for composite fish culture and as a source
for irrigation during lean season. The IOFS model generated
an average net return of ` 82,450/year with B : C ratio of
2.43 which are much higher than the common farming
practices.

Patent and copyright: During the period under report
70 new patent applications were filed in different sectors of
agriculture at Indian Patent Office (IPO). Further, ICAR’s
cumulative number of granted patents has risen to 408 with
grant of 52 patents by IPO from 26 ICAR institute Plant
Varieties and Farmers’ Rights Authority (PPV&FRA)
granted registration certificates for 58 varieties (55 extant
and 3 new) during this period. The cumulative figure of
registered varieties is 1360s. Research outcomes including
software, books, research reports and other creative activities
were protected under copyright act by filing 59 applications.
A total of 301 copyrights have been registered from different
ICAR institutes. Sixteen applications for designs were filed
by ICAR-CIFT, Cochin, ICAR-CMFRI, Cochin, NINFET,
Kolkata, and ICAR-NRC on Mithun, Nagaland. These
included: (i) Fish freshness sensor; (ii) Fish smoking kiln;
(iii) Hot air assisted continuous infrared dryer; (iv) Meat
and shell separating machine for clams; and (v) Banana
pseudo-stem fiber extractor. A total of 73 filed design
applications have been registered. Twenty two Trademark
applications were filed in different products and brand
names, viz . CAFRI Krishivaniki, CAMMiN, CIFRI
ARGCURE, DCFR Aqua FSD fish anaesthetic, Fish
Tanavhari, Brahmavarta, KaMilk, NINFET Power, Preg-D,
Spiisry, Shining Barb, Srinidhi, Vanashree etc. Total of 189
trademark applications have been filed by 27 ICAR
institutes. Thirty-five ICAR institutions in different Subject
Matter Divisions have entered into 417 agreements for
consultancy/contract research and services with 240 public
and/or private organizations.

Organization and management: Various useful
programs for the farmers were organized by the institutes
of the Council in Hindi and Regional Languages. All
activities related to KVK’s located in Hindi Speaking area
and agriculture extension activities are also being performed
in Hindi and Regional Languages. Various publications on
various subjects like agriculture science, animal and fishery
science and horticulture science are being brought out in
Hindi and Regional Languages by the Council and its
Institutes. In-house journal of ICAR Headquarters
Rajbhasha Aalok is being published regularly. This magazine
includes articles on scientific subjects and governments
schemes in simple Hindi besides reports of various
programmes being organized by the Council and its institutes
from time to time.

Meetings of the ICAR Regional Committees No. VI, VII
and VIII were held through Video Conferencing. The
Regional Committee Meetings held once every two years,
provide an ideal platform for reviewing the status of
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agricultural research, education and extension in the
mandated states and union territories. The Indian Council
of Agricultural Research has been recognizing and
rewarding the institutions, scientists, teachers, farmers and
agricultural journalists every year. To commemorate
93rd Foundation Day of ICAR, the Award ceremony was
organized at Krishi Bhawan, New Delhi, through video
conferencing on 16 July 2021. The awards were given in
17 different categories to 63 awardees; these comprised 39
scientists (including 08 women) and 9 farmers (including 2
women farmers). It is heartening to note that of the 39
scientists 8 are women.

Administration: During the year, the following posts
were filled up under the promotion quota: fourteen Director/
Joint Director cum Registrar, two Director (F)/Comptroller,
five Deputy Director (F)/Chief Finance & Accounts Officer,
eleven Deputy-Secretary & nine Chief Administrative
Officer, twenty-one Senior Finance & Accounts Officer,
twenty-one Under-Secretaries, thirty Senior Administrative
Officer, twelve Principle Private Secretary, thirty-four
Administrative Officer, twenty-four Finance & Accounts
Officer, twenty-three Section Officers, twelve Private
Secretary, two Assistant, and three LDC at ICAR Hqrs.

During the year, 61 eligible officers and staff of ICAR
(Hqrs.) were granted the benefits of financial up-gradation
under the Modified Assured Career Progression scheme in
accordance with the Government of India (Department of
Personnel and Trainings) instructions in this regard.

Finance: The Revised Estimates in respect of DARE/
ICAR for 2020–21 was ` 7,762.38 crore. An internal
resources of ` 273.40 crore (including interest on Loans &
Advances, income from Revolving Fund Schemes and
interest on Short Term Deposits) was generated during the
year 2020–21. The total allocation Budget Estimates for
2021–22 was ` 8,513.62 crore.

Supporting basic and strategic research: The National
Agricultural Science Fund supports basic and strategic
research in agriculture aimed at fostering research and a
research culture and science popularization. At present 78
projects are in operation and out of which 73 are multi
institutional in nature. A total of 10 new projects approved,
55 research articles published in reputed journals; two
patents granted and nine technologies were developed.
Population diversity of banana streak viruses (BSV) and
the mechanisms of resistance to BSV in diploid seedy banana
of North-east India were deciphered. Whole genome
sequencing of Bacillus thuringiensis isolate, Bt 62 genome,
revealed the presence of cry8Sal and cry8Ib genes. Bt 62
isolate was found toxic to white grub (Holotrichia serrata).
The bioassay results indicated that cry8Sal toxin exhibited
higher insect mortality of up to 90% as compared to 60%
mortality with cry8Ib toxin. Using potential microbial
consortia ‘Excel Decomposer’ was developed for
decomposition of different bio-waste. In addition, a drum
type composting unit and shredder machine namely ‘Excel
Composter’ and ‘Excel Shredr’ were also customized and
fabricated for enhanced decomposition of organic residues.
The ‘Excel Decomposer’ is also being used for in-situ
decomposition of rice and wheat residue in farmers’ field
of Bhopal. Process for biodiesel production from microalgal

slurry was standardized. Biodiesel up to 45% of dry weight
was obtained from Chlorella minutissima biomass.

Training and capacity building: Council organized
an online workshop on Training Management
Information System (TMIS) to acquaint the participants
about the proper functioning of TMIS and its
implementation in the institutes/HQs, to submit online
Annual Training Plans (ATPs), Training Applications,
Training Feedback and Impact Assessment of the
Training Programme attended. ICAR-Institutes organized
Training Programmes for Finance staff dealing with
Accrual Accounting, e-Office Implementation, PME
Cell Incharges and Vigilance Officers. Fifteen ICAR-
Institutes organized online Training Programme on
“Effective Health Management for Enhancing Work
Efficiency of ICAR Employees” covering physical,
mental, spiritual health along with stress management
and positive thinking in which about 1,200 employees
attended the programme. During the reporting period,
1519, 955, 615 and 678 scientists, technical,
administrative including finance, and SSS were trained,
respectively with overall, 3,767 employees were trained
even during the Covid-19 Pandemic situation, mostly
through virtual mode. Compared to 2013–14, there
was considerable improvement in number of employees
undergone trainings particularly in case of Scientists,
Technical, Administrative and Skilled Support Staff,
where improvement was 9.0, 158.1, 1.5 and 1595%,
respectively along with overall improvement of 56.4%
in all the categories of employees during 2020–21.
Compared to 2013–14, ICAR-Institutes/HQs organized
13.4 and 1140% more training programmes for technical
and skilled support staff, respectively during 2020–
21. Though there was decline in number of trainings
due to Covid-19 pandemic but the participation per
training increased considerably.

The ICAR and the SAUs system are making a concerted
effort to better target research and to improve coordination
of programmes across the various institutes. The concerted
endeavours are also being made to foster partnership with
the farmers and other stakeholders, so as to accelerate the
transfer of technology. For a better understanding of the
needs of agriculture, the ICAR Annual Report 2021-22
presents the achievements of the Council to the policy
planners, researchers and all stakeholders, and hope that
these will help them in future research and innovations for
the improvement of Indian agriculture.

(T Mohapatra)
Secretary

Department of Agricultural Research and Education
and

Director General
Indian Council of Agricultural Research,

New Delhi
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The thrust is on micro-level agricultural land use
planning, soil and water conservation, water-harvesting
and groundwater recharge, improving water productivity
and nutrient use efficiencies, integrated nutrient
management, resource conservation technologies,
organic farming, integrated farming system, agro-
forestry, waste water utilization, hill and coastal
agriculture, bio-waste management, weed management,
climate-resilient agriculture and abiotic stress
management cutting across the states/UTs.

Digital mapping: A framework for digital soil
mapping using AVIRIS-NG hyper spectral data, SRTM
data (30 m), and Sentinel-2 data were developed to
predict soil attributes at taluka level.

Digital mapping of soil organic carbon (SOC) and soil
pH in Goa was done using the Quantile Random Forest
model. Total six different multivariate models (Elastic
neural network (elnet), Random forest, Gradient
boosting, K-means neural network, Cubist, and Support
vector machine) were evaluated to predict soil pH and
SOC from soil hyper-spectral data for Goa. In
independent validation, the visible and near infrared
(VNIR) wavelength range-based elnet model performed
better for pH prediction and the Fourier-transform infra-
red (FTIR) wavelength range-based gradient boosting

model was better suited to predict SOC.
Desertification map of Rajasthan: ICAR-CAZRI

has prepared geo-referenced desertification map of
Rajasthan at 1:500,000 scale based on Indian remote
sensing satellite images (IRS-AWiFs) for three seasons
(kharif, rabi and zaid) and ground truthing.

The map reveals that 62.06% (21.23 million ha) of
the total geographical area in Rajasthan is undergoing

Framework for digital soil mapping using AVIRIS-NG hyper spectral data

Digital soil organic carbon map and variable chart
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desertification/land degradation (DLD). The most
significant process of desertification/land degradation in
the state is wind erosion covering 43.37% area followed
by degradation due to loss of vegetation (7.64% area),
water erosion (6.21% area), salinity (1.07% area) and
rest is man-made (0.24% area).

Natural minerals as substitution of P and K
fertilizers: The requirement of phosphorus and potash in
India is heavily import dependent, putting pressure on
government exchequer. While production of phosphatic
fertilizers rests on imported raw materials, the potassic
fertilizers are totally imported. Indian agriculture depends
on imported P (>90%) and K (>95%). ICAR-CAZRI
Jodhpur has recently developed a methodology for
producing granular mineral fertilizers of P and K for using
low grade rock-phosphate (estimated available reserves
312.67 m tonnes in India) and feldspar like orthoclase,
microcline (estimated reserves 634 m tonnes in India),
respectively. There are a number of steps involved in
translating these minerals into fertilizers using a matrix
of slowly decomposing C compounds prepared by
chemically treating mixture of leonardite (estimated
reserves 2.05 billion tonnes) and cellulosic waste. This C
containing matrix is used by a range of native heterotrophic
P and K solubilizing micro-organisms for their growth,
and subsequently releases P and K by solubilizing low-
grade rock-phosphate and feldspar, respectively.

The efficacy of these mineral fertilizers was tested on
various crops, and gave comparable yield obtained with
conventional P (Diammonium phosphate) and K (Muriate
of Potash) fertilizers with about 50% lower cost and hence
could be an effective substitute of DAP and MoP.

Efficient Zn solubilising biofertilizer: A new zinc
solubilising biofertilizer Pseudomonas striata capable of
solubilising complexed zinc in soil has been developed
for Zn deficient soils of Maharashtra under All India
Network Project on Soil Biodiversity—Biofertilizers.
This strain was found to be more efficient over commonly
used organisms like Bacillus megaterium. About 26%
higher seed yield of pigeon pea was obtained in seed
treated with Pseudomonas striata than uninoculated
control. An INM package consisting of seed treatment
with liquid Pseudomonas striata as zinc solubilizer

@ 100 ml/10 kg seed + 30 kg ZnSO4/ha along with
recommended dose of fertilizers was recommended for
pigeon pea.

Mechanized seed coating of biofertilizers: A
machine was developed for coating of seeds with different
microbial formulations under All India Network Project
on Soil Biodiversity —Biofertilizers. Organisms like
Rhizobium, Azotobacter, Azospirillum, Phosphorus
solubilizing bacteria can be coated on seeds one after
other with a sticking agent, hydroxyl propyl
methylcellulose through film-coating method. The
formulation prolonged the survival of the inoculants on
the seed (about 103 cfu/seed) up to 90 days of storage
and enhanced the yield of maize, ragi, red gram and
groundnut by 17–34%, with a cost-benefit ratio of
1.31 : 2.97.

Standardized seed coating machine for biofertilizer application.
Farmers can coat their seeds with required biofertilizers
uniformly.

Soil biological health kit

Soil health largely rely on soil biodiversity and soil
biological processes. A kit was developed under All India
Network Project on Soil Biodiversity— Biofertilizers to
evaluate soil biological health based on substrate
induced respiration. The kit contains assemblies to
incubate soil with a defined substrate along with an
indicator “Gel probe” which changes its colour based
on the amount of CO2 evolved from soil. The colour-
change of the gel exhibits positive correlation with actual
measure of CO2 and soil biological quality index. The
gel probe’s colour change discriminates the soils based
on their health status. The kit is a simple, quick and
cost-effective method without any instrumentation. The
kit will allow the farmer to monitor soil health without
much scientific skill and equipment.

Desertification/land degradation map of Rajasthan
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Minor millet based agroforestry systems in foothills of
NW Himalayas

Small millets play a pivotal role towards nutritional
security. The Morus alba + finger millet-wheat based
agro-forestry system (AFS) in foothills of north-western
Himalayas (Dehradun) on 4% slope was found to be most
potential for soil-water conservation, productive and
environmentally sustainable agro-forestry system among
different land uses as it produced 1.4 and 3.1 tonnes/ha
of finger millet and wheat grain, respectively.

The recorded runoff was minimum at 21.6% with the
soil loss of 12.6 tonnes/ha in comparison to cultivated
fallow of 32.9% and 30.2 tonnes/ha, respectively,
indicating the higher relative potential for soil-water
conservation. It recorded the highest organic carbon of
0.68 which was 2.24 times higher than initial value as that
of other soil fertility parameters. While the soil
conservation efficiency of multi-purpose trees (MPTs),
millet crops and tree-crop combinations was 21, 30 and
36%, respectively, in ascending order and the runoff
conservation efficiency was 13.1, 22.4 and 32.6,
respectively.

The soil fertility and structure parameters showed
marked improvements in tree-crop combinations of the
agro-forestry systems land uses. Organic carbon increased
from 0.27 to 0.62% in tree-crop combinations, 0.26 to
0.47% in sole trees and 0.27 to 0.41% in sole field crops.
The AFS also produced the highest 3.7 and 3.3 tonnes/ha
of fresh fodder and dry fuel wood, respectively. Overall,
it recorded the highest system productivity with B : C ratio
of 1.88 and net returns of 1.19 lakh/ha/yr besides the soil-
water conservation potential.

Mini pan evaporimeter for on-farm irrigation
scheduling: For scientific irrigation scheduling an
inexpensive and easy to use small size pan evaporimeter
was developed for on-farm irrigation scheduling by the
farmers. The evaporation data recorded using mini pan
evaporimeters and USWB Class A pan at ICAR–Indian
Institute of Water Management research farm,
Bhubaneswar, Odisha were compared for summer, kharif
and rabi seasons. The regression analysis showed that
30 cm GI mini pan had highest regression coefficient
(0.86–0.89) with USWB Class A pan followed by 20 cm
GI mini pan evaporimeter (0.80–0.87). Field evaluation
of mini pan evaporimeters (GI mini pan with 30 and 20
cm diameter) for on-farm irrigation scheduling against
USWB Class A open pan evaporimeter during kharif,

rabi and summer seasons showed that the crop (paddy in
kharif, tomato in rabi and maize in summer) yield and
yield parameter, and water requirement did not vary
significantly with irrigation scheduling using mini pan
evaporimeter and USWB Class A pan treatments. Hence,
30 cm diameter GI (20 gauge) mini pan evaporimeter
with a height of 25 cm is recommended for use in irrigation
scheduling purposes in Eastern India (Odisha).

Strategies for improved water productivity in the
canal commands: To increase the performance in terms
of crop yield and water productivity, supply of canal water
through farm-pond fed pipe conveyance based
pressurized irrigation system was evaluated in the Nagpur
minor of Puri main canal system, Odisha. Accordingly,
pipe conveyance system alone; pipe conveyance system
along with sprinkler irrigation provision; and pipe
conveyance system along with drip irrigation provision
were laid out in upper, middle and lower reach of the
minor irrigation system, respectively. During four years
study period of 2017–2021, overall pipe conveyance
based pressurized irrigation system in all the three reaches
of the canal system out-performed in terms of crop yield
and water productivity in comparison to farmers’ practice
of channel based conveyance irrigation system. However,
among the three different irrigation practices, in the lower
reach, pipe conveyance based drip irrigation system out-
performed the other two irrigation systems while resulting
in enhancement of crop yield of groundnut, pointed gourd
and bitter gourd in the range of 34.5–47.2% and water

Pipe conveyance based drip irrigation

Pipe conveyance based sprinkler irrigation

Mini pan evaporimeters (GI and PVC) of different sizes
installed at IIWM
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productivity of 137.1–151.8% with less irrigation water
use of 40–45.4%, respectively, when compared with
channel conveyance system. Channel conveyance system
resulted in the crop yield with the range of 1.4–11.8
tonnes/ha, water productivity of 0.5–3.9 kg/m3 and total
water use of 270–300 mm (total 3 irrigations ranging
90–100 mm each time). However, among the three
irrigation systems, pipe conveyance based sprinkler
irrigation system was preferred by the farming
community as it required less effort for operation and
maintenance.

Land shaping in coastal waterlogged areas of
Odisha: In coastal waterlogged areas of Odisha, crop
diversification and intensification, land shaping options
were attempted in lowland field to improve the income
of farmers. Two land modification models, viz. raised
bed and pond system with undisturbed land in between
and alternate raised and furrow bed and aquaculture in

an agroforestry system were evaluated. Alternate raised
and furrow bed and aquaculture in an agroforestry system
was more beneficial with higher net return of ̀ 1.68 lakh/
ha as compared to the raised bed and pond system with
undisturbed land in between (` 0.5 lakh/ha). Soil salinity
was reduced in raised bed areas during rainy season (up
to 0.3 dS/m in September as compared to 3 dS/m in April–
May) and helped in crop diversification. Suitable crops

Microplastics found in the gut of Labeo rohitaMicroplastics found in sediments of Indoplanorbis exustus

Microplastics found in sediments of wastewater canals Microplastics found in sediments of East Kolkata Wetlands

Microplastics contamination in aquatic ecosystems

There is global concern on ill effects of microplastics on
humans and other organisms including aquatic biota.
Wastewater canals associated with East Kolkata Wetlands
are heavily loaded with microplastics (30.46 to 137.72
microplastics/L in surface water and 1,108.78 to 34,612.87
microplastics/kg in sediments) and eventually they
contaminate aquatic ecosystems. A number of
microplastics of various colour and morphologies were
found in the fish guts.It was also found that floating
microplastics in the surface water are a major reason for
microplastics content in fish guts.

Further, an investigation was made to evaluate the

occurrence of microplastics in a typical water treatment
plant with a pulse clarification system. In the test water
treatment plant, raw water was sourced from river Ganga
and found to contain microplastics at a concentration of
17.88 items/L. It was found that different water treatment
stages like coagulation-flocculation, pulse clarification and
sand filtration reduced the microplastics content in the final
treated water. The cumulative microplastic removal at key
treatment stages, viz. pulse clarification and sand filtration
were found to be 63 and 85%, respectively. The most
frequently occurring microplastics were fibres and films/
fragments.
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identified for growing on raised beds include green
Amaranth, brinjal, tomato, ridge gourd, bitter gourd,
vegetable nursery and okra.

Mapping of groundwater potential zones and
identification of recharge structures: Geo-
morphological characterization along with use of
thematic maps for delineation and preparation of
groundwater potential zone for Kakan watershed in the
hard rock areas of Jhadol block, Udaipur district,
Rajasthan revealed three distinct zones of good, moderate
and poor groundwater potential covering 29.8, 24.5 and
18.5% of total catchment area (47.44 km2) of the
watershed. Groundwater recharge computed for 19
representative sites in the watershed showed average
recharge of 6.95 cm/year. Favourable artificial
groundwater recharge zones were delineated for the
catchment area using remote sensing and GIS, which

amounted to 18.06% of the catchment area. Recharge
structures such as embankment type percolation tanks
and dry stone masonry ponds were recommended for
construction in Kakan watershed.

Cut-soiler technology for reclamation of saline soils:
Cut-soiler, which cuts and opens V-shape furrow and fills
it back with scattered straw and crop residues and kept
below 60 cm soil depth have potential to manage both
surface water-logging and soil salinity, and could serve
as remunerative alternative of subsurface drainage
technology for management of salt affected soils in India.
Lysimetric study with different artificial conditions to
study effects of the technology in different conditions with
variable inputs, showed desalinization effect of cut-soiler
in saline (6.73 to 5.5 dS/m) and heavy textured soils (0.86
to 0.34 dS/m). Cut-soiler lateral spacing of 2.5, 5.0, 7.5
and 10.0 m reduced 40.2, 27.7, 23.8 and 14.3% salinity

Groundwater potential zones of Kakan watershed (left), Proposed sites of groundwater recharge structures (right)

Cut-soiler working under field condition and pearl millet crop

Groundwater potential zones
Proposed sites of groundwater
recharge structure
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