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and Technology Development for Sustainable
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to enable Quality Human Resource Development.
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(I), 179 candidates were recommended for appointment
under ARS in order of merit. Out of 179 recommended
candidates, 36% were women candidates. A total of
59,960 candidates registered for NET (I)-2018
examination and only 7,771 candidates (17.28%)
qualified the examination. Among 7,771 qualified
candidates, 49% were female candidates and 61% were
from rural areas. During the year, 219 proposals received
from different institutes in 56 disciplines, were
considered under CAS for promotion from senior
scientists to the grade of principal scientists.

Training and capacity building: All ICAR-
institutes/HQs developed the ATP for their scientists,
technical, administrative and skilled support staff.
Training programmes (242) for scientific staff for
enhancing their competency were organized and 1,165
scientific staff of ICAR participated in these trainings.
ICAR-Institutes also organized 83 training programmes

for technical staff, in which 815 technical staff was
trained. Impact assessment of all these training
programmes revealed that the trainings impacted to a
great extent.

With firm faith in the strength of accomplishments
of the Council, I present these achievements to the
policy planners, researchers and all stakeholders, and
hope that these will help them in future actions for
the improvement of Indian agricultural sector.

(T Mohapatra)
 Secretary

 Department of Agricultural Research and Education
and

 Director General
 Indian Council of Agricultural Research,

New Delhi
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characterization of soil physical (sand, silt, clay, bulk
density) and chemical properties (N, P, K, pH and
EC) of black soils (Vertisols) of central India. The
soil quality index (SQI) was computed using both
spectrally derived indicator values and laboratory
derived measurement following the methods of scoring,
weighting factor and principal component analysis
(PCA). The results indicated a significant and positive
correlation between laboratory derived SQI and spectral
derived SQI for the studied Vertisols of central India.
Observed SQI ranges from 0.66 to 0.99 while Spectral
SQI (SSQI) ranges from 0.68 to 0.98.

Improving water productivity and profit through
drip irrigation: Drip irrigation (DI) was designed
and used to enhance water productivity and profit in
rice-based cropping sequence in an irrigated command
of Odisha. Use of in-line DI system with 0.4 m emitter
spacing, 2.1 litres/h emitter discharge and 1.0 m lateral-
to-lateral distance in rice–capsicum–baby corn sequence
enhanced productivity by 7.6 times higher than that
of rice–rice system under surface irrigation (9.5 tonnes/
ha/year). Further, the drip system in the cropping
sequence generated higher profit (annual net return,
` 4.35 lakh/ha; benefit-cost ratio, 2.9) with 30% water
saving resulting in 6 times higher water productivity
(WP) compared with net return of ` 0.56 lakh/ha/yr
with benefit-cost ratio of 1.6 and WP of 0.42 kg/m3

under rice–rice cropping in the command area.
Development of groundwater recharge filters:

Groundwater recharge filters were developed by Rahuri,
and Ludhiana centres of AICRP on IWM. Filter
developed by Rahuri centre consisted of a four-layer
filter comprising Brick flakes (BF-I) of size 24.28
mm, Sand (SG-I) of size 0.6–2.0 mm, Angular Gravel
(AG-I) of grade 9.5–15.5 mm and Pea Gravel (PG-I)
of size 20–24 mm having thickness of each layer as 25
cm and total thickness of 100 cm. This filter was tested
at three different locations in the command area of
Musalwadi minor irrigation project canal. It showed

filtration efficiency of 84.49%, which can be considered
as satisfactory performance with recharge capacity of
1,511,525 litres at research farm and farmers’ field.
Cost of the filter accordingly was ` 12,540 only. A
composite filter developed by Ludhiana centre with
material combination of 30 cm Brick flakes: 15 cm Gravel:
15 cm Coarse sand: 15 cm activated granular charcoal
had highest silt removal efficiency of 72.7%, nitrate
reduction by 25% and maximum filtration rate of 1.5
litres/s. An important fact about the filter is that in
areas where soluble chemicals (e.g. nutrients like nitrate)
are the critical pollutants in water, activated charcoal
may prevent movement of these chemicals to
underground soil layers and groundwater.

Drainage-cum-recharge well was designed and
evaluated for rainwater, runoff water and greywater
(wastewater) under north Bihar conditions by Pusa
centre of AICRP on
Irrigation Water
Management. The
filter combination, i.e.
coloured gravel +
sand + charcoal
showed highest
recharge rate of 2.6
litres/s and 79.3%
reduction in turbidity.

Nutrient management
Mapping current status of Zn and B deficiency:

Status of Zn and B deficiency in Indian soils were
assessed and mapped based on nearly 2.04 lakh geo-
referenced soil samples across the country covering
58 agro-ecological sub regions (AESRs). Zn deficiency
status in soils of AESRs 1.2, 6.4, 14.1, 14.2 and 16.2
was recorded as less than 10% while soils of AESRs
7.3, 12.3, 14.2, 14.4, 15.1, 15.3, 16.3, 17.1, 18.3 and 19.1
were having 10–20% deficiency. The soils of these
regions are mostly acidic in nature containing high
organic carbon content. The highest (> 50% soils) Zn
deficiency was reported in soils of middle (AESRs 4.4,
10.1, 10.2 and 10.4), western (AESRs 2.1 and 2.2) and
southern (AESRs 8.1, 8.2, 8.3 and 18.1) parts of India.
In general, the other AESRs falling in western India
(AESRs 2.3, 5.1, 5.2, 6.1, 6.2 and 6.3) were having
acute Zn deficiency as compared to north east, east
and extreme northern parts of India. The soils of AESRs
4.1, 4.2, 7.1, 9.1, 11, 12.1, 12.2, 14.5, 18.4 and 19.2, were
having 20–30% Zn deficiency.Filter to recharge groundwater through borewells (Rahuri)

Composite filter in operation (Ludhiana)

Filter assembly of drainage-cum-
recharge structure (Pusa)
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In contrast to Zn, B deficiency occurs predominantly
in eastern (AESRs 12.1, 12.2, 12.3 and 15.1), north east
(AESRs 15.2 and 16.3), extreme north (AESRs 14.1 and
14.3) and south western (AESRs 6.1, 8.2 and 8.4) parts
of the country where soils are acidic in nature. Boron
deficiency of less than 10% soils were reported in
central (AESRs 4.4, 10.1, 10.2, 10.3 and 10.4), western
(AESRs 2.1 and 2.2) and south eastern (AESRs 7.3,
18.2 and 18.3) parts of India. The soils of AESRs 1.2,
7.2, 9.2, 11, 13.1, 19.2 and 19.3 had B deficiency in the
range of 20–30%. The digitized maps of micronutrients
status developed for different AESRs would be helpful
in providing site-specific variable rate application of
micronutrients prescription for sustainable agricultural
productivity.

Synthesis of new potassic organo mineral
fertilizer: Presently, requirement of potassic fertilizers
are fully met out through import with a foreign exchange
burden of about ` 20,000 cr/annum. India has huge
deposits (87.12 million tonnes) of low grade potash
bearing feldspar mineral in Rajasthan. Accordingly, a
new method was developed to convert this mineral
into organo-mineral fertilizer (OMF) by mixing it with

chemically treated leonardite which is an oxidized
form of lignite and found abundantly in the country
(estimated reserves 2.05 billion tonnes). The response
of pearl millet, wheat and mungbean to the potassium
through this organo-mineral fertilizer (OMF) has been
evaluated and found comparable to that of conventional
potassium fertilizer—muriate of potash.

Halophilic plant growth promoters: Application
of liquid bio-formulations ‘Halo-Azo’ and ‘Halo-PSB’
on growth and yield of wheat and rice under sodic
soils (pH 9.4) were tested. In wheat, seed inoculation
with halophilic nitrogen fixers (Halo-Azo, and Halo-
Azsp) and P solubilizers (Halo-PSB) resulted in ~21%
increase in plant height and ~17–25% increase in root
length over control. Wheat grain yield increased by
14.2, 10.9 and 17.9% in Halo-Azo, Halo-PSB and
Halo-Azsp treatments, respectively, over control.
However, consortia of halophilic strains resulted in
an increase of 21.8% in grain yield over control. In
case of rice, grain and straw yields increased by 18.6
and 24.9% respectively in consortia treated pots over
control.

Integrated nutrient management in sapota under
agro-forestry system: Eight-year-old plants of sapota
cv. Kalipatti were subjected to 17 treatment
combinations consisting of inorganic fertilizers
(1000:500:500 g NPK/plant), organic manures
(vermicompost 10 kg and farmyard manure 50 kg/
plant) and bio-fertilizers (Azotobacter, Azospirillum
and PSB @ 250 g/plant). Integrated Nutrient
Management package comprising 750:375:375 NPK
+ 50 kg FYM + 250 g Azospirillum + 250 g Azotobacter/
plant performed markedly better with an yield of 29.03
kg/plant and 4.54 tonnes/ha. The treatment recorded
maximum net return of ` 58,575/ha with a B:C ratio
of 1.82.

❑

Metagenomic studies of mangrove sediments

Mangrove areas are considered as repository of
valuable microbes. Metagenomic DNA was isolated
from soil samples of mangrove and non-mangrove
ecosystem. In mangrove soil, Pseudomonas,
Alcanivorax, Desulfovibrio, Escherichia, Geobacter,
Nitrosomonas, Paracoccus and Shewanella showed
greater abundance. In non-mangrove soil,
Dechloromonas, Deinococcus, Methylibium,
Nitrobacter, Rhodoferax were abundant. A significant
correlation for relative abundance of probiotics bacteria
between mangrove and non-mangrove samples was
observed.
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Details of plant germplasm registered by PGRC during 2017–2018 (Continued)

Crop National Id INGR No Novel unique features

Gladiolus IC0621474 17089 Floret colour: (based on RHS color chart). Purple violet (82.A)
having purple (77.A) margin. Green-White (157.C) line on lower
lip. Early flowering (61.54 days).

Gerbera IC0621471 17090 Flower head colour: 68D, Red purple group (as per RHS colour
chart). Double type flower head.

Gerbera IC0621472 17091 Flower head colour: 50A, Red group (as per RHS colour chart).
Double type flower head.

Sorghum IC0568489 18022 Scented sorghum.
Guinea grass IC0625987 18024 A novel cytotype (heptaploid) (2n=7×=56). Member of Ploidy

series in guinea grass.
Guinea grass IC0625988 18025 A novel cytotype (eleven-ploid) (2n=11×=88). Member of Ploidy

series in guinea grass.
Pennisetum IC0625989 18026 A novel hexaploid (6x) cytotype with 2n=54 chromosomes.

Recovered through BIII hybridization of a 4× (2n=36) cytotype.
Blackgram IC011613 18027 Resistant to mungbean yellow mosaic virus.
Blackgram IC0485638 18028 Resistant to mungbean yellow mosaic virus.
Cucumber IC0420405 18029 High carotenoid content. Orange flesh colour.
Cucumber IC0257296 18030 Two female flowers per node. Earliness. Small fruit.
Linseed IC096539 18034 Early maturity.
Sugarcane IC0627273 18035 Moderately resistant to 4 pathotypes of red rot, 18.8% sucrose,

Better ratoonability.
Opium poppy IC0625991 18036 Rich in Thebaine content (>10%).
Malabar lemon grass IC0625982 18037 High essential oil (0.80%). Methyle eugenol rich (>75%). High

hebage yield (242.5 q/ha/year).
Galanga IC0625983 18038 Higher essential oil yield (2.31%). Higher rhizome yield (6.75)

tonnes/ha/year. Higher dry rhozome recovery (27.50%).
Malabar lemon grass IC0625984 18039 High Elemicin content 70%. High herbage yield 24.26 tonnes/

ha/year.
Malabar lemon grass IC0625985 18040 High essential oil (1.25%). High herbage yield (28.32 tonnes/

ha/year). Citral content (76%).
Patchouli IC0625986 18041 High essential oil yield. High herbage yield (3,220 kg/year).
Sweet Basil EC338785 18042 High methyl chavicol content (> 88.81±2.34%) in essential oil

isolated from aerial parts.
Malaxis IC0626004 18043 Yellow coloured flowers without any purple tinge. Yellowish

green floral buds. Greenish basal sheath at the base of shoot.
 Basil IC0627270 18044 Number of PGs in leaf. Dry leaf recovery (23.10%). Essential

oil contents (0.65%) in green herbage and leaves.
 Basil IC0627271 18045 Dwarf. Early to flower (27.75 days after transplanting).
 Basil IC0627272 18046 Upper leaf (adaxial surface) puckering. Light green leaf colour.

Maximum number of PGs in mature leaf.

Identification of resistance source to neck and
finger blast disease from finger millet: A total 225
hill collections of finger millet germplasm were
evaluated against leaf, neck and finger blast disease
under natural field conditions. Based on scoring pattern,
it was observed that none of the germplasm was highly
resistant to leaf blast disease. Neck blast incidence
ranged from 0 to 86% and finger blast incidence from
0 to 40%. Entries VHC 3796, VHC 4085, VRB MF
1217, VL 324, VR MF 1516 and VL Ragi 149 were
highly resistant to both neck and finger blast while
moderately resistant to leaf blast. Twenty-one entries
(VHC 3899, VHC 4168, VHC 3603, VHC 3637, VHC
4149, VHC 4167, VHC 4006, VHC 3641, VRS MF
859, VRB MF 1214, VHC 4134, VHC 3640, VRB
MF 1575, VHC 4084, VHC 4136, VHC 4180, VHC
4087, VHC 3975, VRB MF 1817, VRB MF 1819 and
VHC 3583) were highly resistant to neck blast and
moderately resistant to leaf and finger blast. Twelve
entries (VHC 3899, VHC 4103, VHC 3658, VHC 3757,
VHC 3993, VHC 4074, VHC 3640, VHC 3900, VHC
4127, VHC 4200, VRB MF 1218 and VR MF 2233)
were highly resistant to finger blast and moderately

resistant leaf and neck blasts.
Development of DNA finger print: Population

structure and genetic tree of 330 rice land races obtained
from Uttarakhand (151), eastern Uttar Pradesh (71),
Jharkhand (37) and West Bengal (23) were generated
using 30 HvSSR markers. New genomic SSR markers
(67) were generated in Andrographis paniculata and
diversity study carried out in 42 accessions from
different geographical regions. Seventy-seven
samples of varietal material from public and private
sector were DNA profiled during the period using
Simple Sequence Repeat (SSR) markers. Eight
genes having key roles in wheat nitrogen intake and
metabolism have been predicted from analysis of wheat
genome sequence data. A total of 5,818 plant genomic
resources (Isolated plant genes, DNA, Libraries and
others) from 41 species are being maintained in National
Genomic Resource Repository at ICAR-NBPGR.
Chromosomes in Luffa sp. were identified and
characterized using karyotyping and FISH analysis.
Six imported consignments of Arabidopsis thaliana,
cotton, maize were tested to ensure absence of
embryogenesis deactivator gene (terminator gene
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essential for enduring extreme environmental stress
faced during the spawning migration by fish. Rohu
genome with 95% coverage had over 40,000 genes
and functional role of around 25,000 genes was
annotated. Magur genome assembly with 93% coverage
had over 51,000 genes and nearly 35,000 genes were
analysed for functional roles. These analyses would
pave way for finding genes of important traits, such
as, growth, disease resistance, etc. 

Sequencing genome of oomycete pathogen: Draft
genome of oomycete (Aphanomyces invadans), known
to cause epizootic ulcerative syndrome (EUS), was
fully sequenced with 87% coverage. Of about 18,000
genes predicted, 636 genes were identified to be
secretory in nature. EUS is one of the most destructive
diseases of freshwater and brackishwater fishes. Genome
sequencing would help in identification of virulence
factors and thereby useful in developing novel strategies
for disease management.

Complete genome sequencing of white spot
syndrome virus (WSSV): White spot syndrome virus

(WSSV) is a pathogen of shrimps causing major
economic losses to the aquaculture industry. Complete
genome of an Indian isolate of WSSV obtained from
Penaeus vannamei was decoded. The genome has
280,591 bp with 442 predicted coding genes.

❑
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Variety Area of adoption Salient features

Suitable for cultivation in Agro-climatic Zone-3 and
8 of Karnataka, yield: 23–25 q/ha, suitable for
contingency planting, maturity: 70–72 days.

Suitable for kharif, rabi and summer. yield: 15–17
q/ha, maturity: 95–100 days, non-shattering

Suitable for cultivation in agro-climatic Zone-3 and
8 of Karnataka, yield: 25–27 q/ha, suitable for
contingency planting, maturity: 86–88 days

Karnataka

TN

Karnataka

Proso millet
DHPM 2769

Barnyard millet
MDU 1

DHBM 93-2

Oilseeds
Forty-nine high yielding oilseeds varieties comprising

seven each of rapeseed–mustard and linseed, 11 of
groundnut, 10 of soybean, four of sesame, three each

of safflower and sunflower and four of castor were
released for different agro-ecological regions.
Description of selected improved released varieties/
hybrids is given below.

Indian mustard
RH 725

CS 60 (CS2800-1-2-3-5-1)

Toria
Tapeshwari (TK 06-1)

Tripura Toria 1 (TRC T-1-
1-5-1/ IC 615573)

Brown sarson
HPBS-1

Groundnut
GJG 33 (Gujarat Junagadh
Groundnut 33)

ICGV 93468 (Avtar)

Nitya Haritha (TCGS 1157)

Jammu, Punjab, Haryana, Delhi
and Northern Rajasthan

Haryana, Punjab, Uttar Pradesh
and Rajasthan

Uttar Pradesh

Tripura

Himachal Pradesh

Andhra Pradesh, Telangana and
Tamil Nadu

Uttar Pradesh

Zone III (Maharashtra and Madhya
Pradesh)

Suitable for timely sowing and rainfed conditions
in rabi, yield: 20.02 q/ha, maturity: 141 days,
moderately resistant to Alternaria leaf blight, white
rust and aphid infestation.

Suitable for timely sown, salt-affected soil and water
conditions of rabi, yield: 18 q/ha, maturity: 134
days, resistant to Alternaria blight, WR, PM, DM,
stag head and SR.

Suitable for rainfed, irrigated areas and
recommended for extra early sowing, i.e. mid
September, yield: 13.5–14 q/ha, maturity: 90–95
days, tolerant to drought and fog, being extra early
maturity, it escapes diseases especially Alternaria
blight, aphid and white rust.

Suitable for rainfed upland and lowland after kharif,
yield: 8–9 q/ha, perform well under residual moisture
after kharif rice, also as utera crop, maturity: 86
days, resistant to lodging, exhibits very low incidence
of white rust, Sclerotinia rot, bacterial stem rot
and aphid.

Suitable for rainfed farming in late September–
October in low and mid hills of Himachal Pradesh,
yield: 10 to 12 q/ ha, maturity: 147 days, moderately
resistant to white rust.

Suitable for timely sown, rabi-summer conditions,
kernel yield: 20.4 q/ha, high oil (51%), maturity:
113 days, tolerant to stem rot, collar rot, dry root
rot; foliar fungal (rust, early leaf spot) and peanut
bud necrosis diseases (PBND). Tolerant to
Helicoverpa and Spodoptera leaf damage.

Suitable for irrigated, summer season, yield: kernel
yield 16.9 q/ha, high oil (51%), maturity: 85–95
days, tolerant to PBND and jassids.

Suitable for rainfed/ supplementary irrigated kharif
conditions, timely sown, kernel yield: 18 q/ha,
maturity: 105–110 days, tolerant to rust, late leaf
spot and PBND.

Improved released varieties/hybrids of oilseeds

Variety Area of adoption Salient features
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Variety Area of adoption Salient features

Suitable for rainfed/irrigated condition, yield: 7.99
q/ha, maturity: 70 days, tolerant to moisture stress,
non-shattering, resistant to moderately resistant
against mosaic, necrosis, root rot and CLS, low
incidence of pod borer, aphids and leaf hopper.

Suitable for summer cowpea growing area of north
Gujarat, yield: 10.77 q/ha, early maturity, lesser
infestation for root rot, YMV, leaf curl, leaf hopper
and whitefly etc.

Suitable for summer season under timely sown
condition with minimal irrigation, yield: 10.21 to
13.53 q/ha, high fodder yield (49.54 q/ha), maturity:
69–75 days, resistant to whitefly and tolerant to
spotted pod borer.

Suitable for rainfed /irrigated condition, suitable
for in-situ green manure/fodder after harvest, yield:
12–13.5 q/ha, maturity: 80–85 days, resistant to
dry root rot and collar rot, moderately resistant to
yellow mosaic virus.

Yield: 10.13 q/ha under rainfed condition, contains
25.22% protein, maturity: 75–80 days, resistant to
Bean Common Mosaic Virus, rust and anthracnose
diseases, pod borers, viz. Maruca vitrata, H.
armigera and pod bug.

Suitable for rabi in irrigated and high fertility
condition, yield: 16.78 q/ha, maturity: 101 days,
lodging resistant, non-shattering and responsive
to fertilizer and irrigation, resistant to angular leaf
spot and Anthracnose and tolerance to wilt, BCMV
and Alternaria leaf spot, less incidence of aphids,
whitefly and pod borer.

In this variety, fodder remains green up to maturity,
yield: 5–6 q/ ha, maturity: 63–67 days, good
resistance against sucking pests like jassid and
white fly, average incidence of YMV and moderately
resistant to leaf crinkle virus in field condition.

Suitable for late kharif to late rabi season cultivation
in south Gujarat, yield: 43–50 q/ha, extra early maturity,
suitable as intercrop in sugarcane, pigeonpea, highly
resistant to MYMV and anthracnose, moderately
resistant to aphid and pod borer.

Suitable for kharif, yield: 10.58 q/ha, maturity: 87
days, drought tolerant, lodging and shattering
resistant, moderately resistant to bacterial blight,
Alternaria blight, Alternaria leaf spot and root rot,
minimum incidence of jassids/leaf fly observed.

Rajasthan

Gujarat

Gujarat, Rajasthan, MP, WB,
Maharashtra and Uttarakhand

AP, Karnataka, Kerala, TN and
some part of the Odisha

TN

Gujarat, Maharashtra, and
Southern Rajasthan

Rajasthan, Haryana, Gujrat, Punjab

Gujarat

Rajasthan

Cowpea
Karan Chanwla 1 (CPD 119)

GC 6 (GC 521)

TC-901

KBC-9

VBN 3 (VCP 0 9-013)

Rajmash/ French bean
Kota Rajmash 1 (RKR 1033)

Moth bean
RMO 2251 (MARUDHAR)
RMO 225-1-6-3)

Indian bean
GNIB-22 (NIBD-14-01)

Cluster bean
Karan Guar 1 (RGr 12-1)

Commercial crops
Forty-seven high-yielding varieties of commercial

crops including 23 of cotton, two each of jute and
kenaf, one each of mesta and sunhemp, and 18 of

sugarcane were released for different agro-ecological
regions.

Description of selected improved released varieties/
hybrids is given below.

Cotton
Gujarat Anand Deshi
Cotton-2 (GADC-2)

Gujarat Suitable for desi cotton growing areas of north-
west agro-climatic zone V and Bhal and Coastal
Zone VIII, yield :16.4 q/ha, it has recorded 45.4%
ginning out turn, 24.2 mm 2.5% span length, 4.88
micronaire value and 19.3 g/tex tenacity (ICC mode).

Improved released varieties/hybrids of commercial crops

Variety Area of adoption Salient features







CROP IMPROVEMENT

DARE/ICAR ANNUAL REPORT 2018–19
48

Forage and other crops
Twenty-nine high-yielding varieties/hybrids of forage

crops comprising seven each of forage sorghum and
oats, two of marvel grass, three of Anjan grass, two
of berseem, and one each of napier bajra hybrid, Dhaman

grass, forage cowpea, Aparajita, forage Sewan
Grass, ricebean, lucerne and Kalingda were released
for cultivation in different agro-ecologies. Description
of selected released varieties/hybrids is given
below.

Forage sorghum
Gujarat Anand Forage
Sorghum 11 (GAFS 11)
Gujarat

Gujarat Anand Forage
Sorghum 12 (GAFS 12)
Gujarat

Fodder Sorghum CO 31
(TNFS 0952) TN

CSV 35F (SPV 2317)
(UTFS 85)

Gujarat

Gujarat

TN

Delhi, Gujarat, Rajasthan,
Uttarakhand, Haryana, UP, Punjab,
MP, Maharashtra, TN, Karnataka

Suitable for cultivation in the middle Gujarat, Bhal
and North-West Zone under rainfed conditions,
green fodder yield (GFY): 400 q/ha (single cut), it
showed higher green forage, tall stature with non-
lodging thin stem. In its reaction to anthracnose,
zonate leaf spot and leaf blight diseases it was
found comparable with checks.

Suitable for rainfed, middle Gujarat, green fodder
yield: 300 q/ha, and dry matter yield: 101 q/ha,
tall and non-lodging, maturity:68–76 days.

Suitable for multi cut, tolerant to mild drought, non-
lodging, nonshattering, green fodder yield: 1920
q/ha.

Suitable for cultivation during rainfed kharif season,
high yielding, and single cut forage sorghum variety
with good nutritional quality and good seed yielding
ability, maturity: 120–125 days

Released varieties/hybrids of forage and other crops

Variety Area of adoption Salient features

Ikshu 4 CoLk 11206

Ikshu 5 CoLk 11203

CO 06022 (06 Co 022)

Bahubali (VCF 0517)

Charchika (CoOr 10346)

Punjab, Haryana, Uttarakhand,
Rajasthan, central and western
parts of UP

Punjab, Haryana, Uttarakhand,
Rajasthan, Central and Western
parts of UP

Ecological conditions of TN and
Puducherry

Karnataka

Odisha

Suitable for irrigated planting, yield: 91.50 tonnes/
ha, high yielding and mid-late maturing commercial
variety, good performance under moisture stress
condition, maturity: mid-late, resistant to moderately
resistant reaction to red rot and smut at all test
centres.

Suitable for irrigated planting, high yielding, red
rot resistant commercial variety, yield: 81.97 tonnes/
ha, CCS (10.52 tonnes/ha), Sucrose (%) in juice
(18.41) and Pol (%) in cane (13.44), maturity: mid-
late, resistant to moderately resistant reaction to
red rot and smut at majority of the centres, less
susceptible to the main insect pests at most of the
locations.

Suitable for normal conditions of Peninsular Zone
as well as drought prone areas, yield: 105.23 tonnes/
ha. CCS (13.76 tonnes/ha), sucrose (%) in juice
(18.88), maturity: 10 months (300 days), early,
moderately resistant to prevalent pathotype/races
of red rot.

Suitable for irrigated areas of southern Karnataka,
yield: 200–225 tonnes/ha, good ratoonability, deep
rooting with moderate lodging, maturity: mid-late
(12–14 months), resistant to foliar disease, less
susceptible to leaf mite and internode borer.

Suitable for non-lodging, well suited to irrigated
uplands and medium lands, could also be grown
in rice land with proper water management, yield:
100 tonnes/ha, maturity: mid-late (360 days), tolerant
to waterlodging and moisture stress.

Variety Area of adoption Salient features
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Variety Area of adoption Salient features

CSH 40F (SPV 1797)
(UTFSH 2)

Napier bajra hybrid
PBN 342 (Hybrid)

Marvel Grass
Phule Marvel-1 (Marvel 90-
4)

Bundel Marvel Grass 2013-
2 (JHD 2013-2)

Anjan grass
Phule Madras Anjan 1
(RCC 10-6)

CAZRI Anjan-358 (CAZRI
358)

CAZRI Anjan 2178 (CAZRI
2178)

Dhaman grass (Anjan
grass)
Bikaneri Dhaman (RCCB 2)

Aparajita
JGCT 2013-3 (Titli)

Berseem
Bundel Berseem Single Cut
1 (JBSC 1)

Fodder cowpea
CO 9 TN

Delhi, Gujarat, Rajasthan,
Uttarakhand, Haryana, UP, Punjab,
MP, Maharashtra, TN, Karnataka

Punjab, Haryana, Rajasthan,
Odisha, Asom, TN and Karnataka

Maharashtra, Madhya Pradesh, UP
and Gujarat

Punjab and Rajasthan

Punjab, Rajasthan, Gujarat, UP,
Maharashtra,

Rajasthan

Rajasthan

Rajasthan

Maharashtra, Rajasthan, Punjab,
Haryana, South UP, MP and
Gujarat

Maharashtra, Rajasthan, Punjab,
Haryana, UP and MP

Tamil Nadu

Suitable for green and dry fodder production under
rainfed/irrigated (if required) condition, in medium
to high fertile soils during kharif, maturity: 72–75
days (flowering), 110–120 days (hard dough stage),
tolerant to major shoot pests, viz. Shoot fly and
stem borer under natural field conditions.

It is an irrigated crop, yield: green fodder yield 940
q/ha, it is F1 hybrid but clonally propagated through
stem cuttings or rooted slips, non-seed setting,
maturity: perennial, gives good production up to 4
years of planting, tolerant to major diseases and pest.

It is a perennial, rainfed grass of grassland and
pasture land, can be cultivated as kharif crop, yield:
green fodder yield 368.5 q/ha, dry matter yield
100.4 q/ha, higher crude protein yield 5 q/ha,
maturity: 60–65 days, resistant to leaf blight, sucking
pest and defoliants not observed throughout the
year.

Suitable for cultivation during kharif for multicut
system under rainfed and irrigated condition, yield:
average green fodder yield 442.2 q/ha, average
dry matter yield 153.1 q/ha, 7–8% protein, medium
late, resistant to leaf blight, no major pest incidence
observed.

It is rainfed (perennial) multi-cut crop variety, green
fodder yield: 397.7 q/ha, dry matter yield: 111.6 q/
h, and crude protein yield: 7.8 q/ha, good fodder
quality, maturity: 50–55 days, resistant to leaf blight,
tolerant to sucking pests and diseases.

It is rainfed, kharif multicut crop variety, GFY 84.1
q/ha, average DMY 20 q/ha, crude protein 5–6%,
maturity: perennial crop, highly drought tolerant,
no major disease and pest infestation.

It is rainfed kharif crop variety, GFY 108.4 q/ha,
average DMY 38.4 q/ha, crude protein 5–6%,
maturity: perennial crop, no major disease and pest
infestation.

It is perennial rainfed kharif crop variety, yield:
150 q/ha (GFY), 35 q/ ha (DMY) under rainfed
condition with irrigation, 5–6 cuttings of green fodder
can be taken in one year, 6–7% protein, maturity:
perennial, seed set in November after cessation
of monsoon, no major disease or pest infestation.

It is a rainfed perennial legume, rich in crude protein
content (20%), suitable for pastures, grasslands,
yield: GFY: 250 q/ha, DFY: 61 q/ha, maturity:
perennial, no major infestation of disease and pest.

It is a single cut short duration forage variety grown
under irrigated condition during rabi season, GFY:
153 q/ha, DMY: 60.0 q/ha, CPY potential 8.2 q/
ha, average per day productivity is 1.8 q/ha, 18%
CP, tolerant to major biotic stress.

Suitable for irrigated condition throughout year, GFY:
250 q/ha, DMY 45 q/ha, seed yield: 8 q/ha, higher
protein content (21.56%), reduced fibre portions
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Variety Area of adoption Salient features

confer increased digestibility, palatability and intake
rate, maturity: shorter in duration (50–55 days);
suited for intercropping with sorghum and maize,
moderate field tolerant to drought, moderately
resistant to yellow mosaic virus and resistant to
major pests.

It is a rainfed kharif perennial crop variety, GFY
156.8 q/ha and DMY 57.1 q/ha, 6–7% crude protein,
maturity: perennial, highly drought tolerant, no major
disease and pest infestation.

Suitable for timely sown, normal fertility and irrigated
conditions in rabi, yield: GFY 454.3–533.8 q/ha,
DMY 92.0–108 q/ha, and seed yield 18.1–20.5 q/ha,
9–10% CP, moderately resistant to Helmintho-
sporium leaf blight.

Suitable for timely sown, normal fertility, irrigated
conditions in rabi, GFY: 530.1 q/ha, DMY: 97.3
q/ha, 9–10% CP.

Suitable for timely sown, normal fertility and irrigated
conditions rabi, GFY: 487.8 q/ha, DMY: 102 q/ha,
late maturing (157 days), moderately resistant to
Helminthosporium leaf blight.

Suitable for timely sown, normal fertility and irrigated
conditions rabi, GFY: 355 q/ha, seed yield: 10.5
q/ha, better nutritional quality in terms of CP and
IVDMD, maturity: medium, moderately resistant to
Helminthosporium leaf blight.

Suitable for timely sown, normal fertility and irrigated
conditions rabi season, GFY 354 q/ha, DMY: 80
q/ha, 10% CP, maturity medium (110 days).

Suitable for rainfed kharif, seed yield: 3.5–4.5 q/ha,
fruit yield: 125–150 q/ha, oil content: 28–30%,
maturity: 90–95 days, suitable for low rainfall areas
(< 300 mm), no serious disease and insect pest
noticed.

Forage sewan grass
CAZRI Sewan 1 (CAZRI
30-5)

Oats
Central Oat OS 403

OL 1802-1 (Single cut)

OL 1769-1 (Single cut)

OL 1760 (Single cut)

Bundel Jai 20122 (JHO
2012-2)

Kilingada seed
CAZRI Kalingada 1 (CAZJK
13-2) (Water Melon)

Rajasthan

Asom, Manipur, Odisha, WB,
Eastern UP, Bihar, Jharkhand,
Telangana, AP, Karnataka, TN,
Haryana, Punjab, Uttarakhand and
Rajasthan

Punjab, Haryana, Rajasthan,
Uttrakhand

Western UP, Gujarat, Maharashtra,
Madhya Pradesh, Chhattisgarh

TN, Telangana and AP

Telangana, AP, Karnataka and TN

Arid zone of Rajasthan and Gujarat
Rainfed

Public sector Bt cotton varieties released
Twenty-one Bt cotton cultures containing the

deregulated MON 531 event of Cry 1 Ac gene were
evaluated at 18 locations across ICAR-CICR (Nagpur,

Coimbatore and Sirsa) and SAUs of cotton growing
states during 2016–17. Based on the agronomic
performance, Cry toxin expression, reaction to sucking
pests diseases and fibre quality parameters, eight were

     ICAR-CICR Rajat Bt ICAR-CICR Bt 14 (CPT 2)
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approved and released for commercialization. Seven
of them were developed by ICAR-CICR and one (PAU-
1) Bt was developed by PAU, Ludhiana.

Varieties developed through marker assisted
selection: Seven varieties of rice, viz. CO 43 Sub-1
(IET 25676), DRR Dhan 51 (IET 25484), Punjab
Basmati-4 (RYT 3404) (IET-25399), Punjab Basmati-
5 (RYT 3432) (IET-26153), Ranjit Sub-1, Bahadur
Sub-1, Pusa Samba 1850 (IET 25480) (Pusa 1850-27)
have been developed by using the modern molecular
tools. These varieties have resistance/tolerance to
various biotic (blast and bacterial blight) and abiotic
(flood/sub-mergence) stresses which has introgressed
through marker assisted backcross breeding.

Quality enhancement
Biofortified varieties developed: Eight biofortified

varieties of various crops including rice, wheat, maize,
pearl millet and lentil have been released and notified
during 2018. DRR Dhan 48 (IET 24555) and DRR
Dhan 49 (IET 24557) are high zinc (25.2 ppm) rice
varieties. Three wheat varieties, viz. MACS 4028 (d)
[high protein (14.7%), iron (46.1 ppm) and zinc (40.3
ppm)], Pusa Wheat 8777 (HI 8777) [Iron (48.7 ppm),
zinc (43.6 ppm)] and UAS-334 [high protein (13.3%)
and zinc (43.1 ppm)] have also been released. Two
pearl millet hybrids, viz. AHB 1200 Fe (MH 2072)
(AHB 1200) hybrid [high iron (77 ppm) and zinc (39
ppm)] and HHB 299 (MH 2076) [high iron (73 ppm)
and zinc (41 ppm)] and lentil variety IPL 220 with
high concentration of Fe, Zn and Se have been released
and notified.

Micro level tests for quality traits in wheat: Micro
level tests were developed for gluten strength and
yellow pigment content. These tests are very useful
in predicting the quality in early segregating generations
when small quantity of materials is available and short
time is left in between next sowing. These methods
are rapid; require relatively small amounts of grain,
wheat meal, or flour; and provide information that
can be used to improve the end use quality potential
of breeding material.

Processing quality of nutrient rich pearl millet:
To simulate model for optimizing the biochemical
conditions associated with low rancidity. To identify
superior varieties/hybrids with better processing quality
based on the simulated model. Mapping the
micronutrient concentration in diverse population of
pearl millet grains. Characterizing the effect of Fe/Zn

Variety Yield Fibre length Fibre strength Micronaire State/Zone Recommended
(kg/ha) (mm) (g/tex)

ICAR-CICR Bt 6 (RS 2013) 3046 26.1 26.6 4.6 Haryana (I)
ICAR-CICR GJHV 374 Bt 2577 28.2 26.8 4.4 Maharashtra (R)
ICAR-CICR PKV 081 Bt 2743 28.5 27.9 3.9 Maharashtra (R)
ICAR-CICR Rajat Bt 2660 26.8 26.1 4.5 Maharashtra (R)
ICAR-CICR Suraj Bt 2407 29.1 26.0 4.3 Central Zone
ICAR-CICR Bt 14 (CPT-2) 3066 28.1 25.4 4.8 Maharashtra (R)
ICAR-CICR Bt 9 (SRI 1) 3109 25.7 25.5 4.4 Maharashtra (R)

I, Irrigated; R, rainfed

on storability of pearl millet flour. Whole transcriptome
sequencing of pearl millet hybrid Pusa 1201 for the
identification of genes associated with rancidity.
Characterizing the genes associated with Fe/Zn
transporter in pearl millet for enhancing the
micronutrient density in pearl millet flour.

Association mapping for favorable alleles for
grain Fe and Zn: A set of 96 diverse germplasm
lines of lentil (Lens culinaris subsp culinaris) were
evaluated at three different locations in India to examine
the variation in iron (Fe) and zinc (Zn) concentrations
and identify simple sequence repeat (SSR) markers
that associate with the genetic variation. The genetic
variation among genotypes of the association mapping
(AM) panel was characterized using a genetic distance-
based and a general model-based clustering method.
The model-based analysis identified six subpopulations,
which satisfactorily explained the genetic structure of
the AM panel. AM analysis identified three SSRs
(PBALC 13, PBALC 206 and GLLC 563) associated
with grain Fe concentration explaining 9% to 11% of
phenotypic variation and four SSRs (PBALC 353, SSR
317±1, PLC 62, and PBALC 217) were associated
with grain Zn concentration explaining 14% to 21%
of phenotypic variation. These identified SSRs exhibited
consistent performance across locations. These candidate
SSRs can be used in marker-assisted genetic
improvement for developing Fe and Zn fortified lentil
varieties. Favourable alleles and promising genotypes
can be utilized for lentil biofortification.

Genome/gene editing for multiple stress tolerance and
yield enhancement in crop

Molecular mapping of QTLs for aluminium
tolerance: Major quantitative trait loci (QTLs)
identified for Al resistance using simple sequence repeat
(SSR) markers in F2 and F3 mapping populations
derived from contrasting parents. Phenotypic response
to Al was measured on the bases of root re-growth
(RRG), fluorescent signals and Al contents in
hydroponic assay. Two major QTLs were identified
using 7 trait linked markers, one each for fluorescent
signals and RRG mapped on linkage group (LG) 1
under Al stress condition in F2 mapping population
of cross BM 4 × L 4602. One major QTL (qAlt_fs)
was localised in between PLC_88 and PBA_LC_373,
covering 25.9 cM with adjacent marker PLC_88 at a
distance of 0.4 cM. Another major QTL (qAlt_rrg)
for RRG was in the marker interval of PBA_LC_1247
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hypocotyl transcriptome analyses also report, for the
first time, presence of a bacterial beta-galactosidase
in plant kingdom and confirm its expression in both
the WT and the mutant. Domain analysis and
phylogenetic relationship studies showed that this
bacterial beta-galactosidase is ubiquitous in plant
kingdom and was acquired in higher plants from bacteria
through algae and lower plants, not by horizontal gene
transfer. More interestingly, this gene was not transferred
to the animal kingdom. It shares considerable sequence
similarity with E. coli BGAL with five BGAL-specific
conserved domains and conserved active sites. On the
other hand, an animal-kingdom specific BGAL is also
conserved in the plant kingdom and is expressed in
jute. Based on the domain architecture of BGAL
proteins, a domain-centric evolution of BGALs is
established, which shows evolutionary pathway of five
classes of beta galactosidases, some of which have
originated through domain integration and gene
duplication.

Seed production and seed technology research
Breeder seed production: During 2017–18, total

breeder seed production in field crops was 1,16,999 q
against the indent of 98,048.4 q. The major share in
total breeder seed production belongs to cereal crops,
i.e. 60,230.7 q against indent of 42,761.6 q. Under
pulse crops a total of 26,011.1 q breeder seed was
produced against the indent of 20,054.9 q. In oilseeds,
total breeder seed production was 29,302.5 q against
the indent of 34,003.2 q. Breeder seed produced in
case of fiber crops was 162.7 q against the indent of
110.4 q and in forage crops 1,292.2 q was produced
against the indent of 1,118.3 q.

Quality seed production: During the year 2017–
18, total production of quality seed including all classes
was 5,97,992 q against the target of 3,66,059 q.
Production comprises 1,37,605 q of foundation seed,
3,14,216 q of certified seeds, 96,443 q of truthfully
labelled seed and 49,728 q of planting material of

field crops. In addition, 202 lakh planting material and
1.3 lakh tissue culture plantlets were also produced
against the targets of 172 lakh and 1.1 lakh, respectively.

HORTICULTURE

Central sub-committee on crop standards, notification
and release identified 86 varieties in horticultural crops.
Sixty two in vegetable crops (tomato, brinjal, okra,
cabbage, cauliflower, onion, french bean, Indian bean,
radish, kale, chilli, winged bean, pointed gourd,
bottlegourd, cucumber, chenopod, pumpkin, sponge
gourd, garden pea, round melon etc.,), two in fruit
crops (mango, papaya) and twenty two in spices and
tubers (cadamom, potato, cassava, ginger, corinder etc.,)

Guava
Arka Poorna: The Arka Poorna guava variety has

been identified for release. This variety is from the
progeny selection of Purple Local × Allahabad Safeda
cross. Plants are semi-vigorous in growth habit with
prolific bearing and hence suitable for medium to high
density planting. Fruits are round, medium to big in
size (200–230 g) with smooth, and shiny pericarp.
Pulp is firm, white with thick outer rind, good flavour,
TSS (10–12°B), ascorbic acid (190–198 mg/100 g),
medium soft seeds (10 to 12 kg/cm2) and good keeping
quality. It is a dual-purpose variety suitable for both
table purpose and processing.

Banana
NRCB Selection 11 (Manoranjitham variant)

performance in hills of Tamil Nadu: Manoranjitham
(AAA) is a unique variety with an excellent aromatic
and fragrant pulp from Kolli Hills of Tamil Nadu. A
high-yielding somaclonal variant with 300% high yield
over the parent. Comparative evaluation of ICAR-
NRCB Selection 11 (Manoranjitham variant) in plains
and hills indicated that the performance was better at
higher elevations above 1,500 m above MSL. The

A domain centric evolutionary model for plant BGALs
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Cattle
Holstein-Sahiwal crossbreds: The total population

of Frieswal females at 25 Military Farms located in
various agro-climatic regions of the country was 20,673
including 992 elite Frieswal cows during the reporting
year. During the period, 235 Frieswal bulls were
maintained at the bull rearing unit. The overall mean
age at first calving was 967.24 days (31.82 months).
The overall means of 300 days milk yield, total milk
yield, peak yield (PY) and lactation length were
3,340.26, 3,358.86, 14.91 kg and 322.09 days,
respectively. The least squares means of service period
(SP), dry period (DP) and calving interval (CI) were
162.52, 116.98 and 433.05 days, respectively.

Improvement through selection in indigenous
breeds: The programme covers Gir, Kankrej and
Sahiwal breeds. Gir (24), Kankrej (26) and Sahiwal
bulls (25) in three sets were inducted for progeny
testing. The total number of inseminations carried out
in Gir, Kankrej and Sahiwal units were 2,793, 2,417
and 1,174 with the conception percentages of 43.54,
46.21 and 44.80, respectively. Since the inception of
the project, 5,112 Gir, 1,957 Kankrej and 1,326 Sahiwal
daughters were born.

The average age at first calving in Gir, Kankrej and
Sahiwal were 1,409.00, 1,195.21 and 1,114.32 days,
respectively. The average first lactation 305-day or
less milk yield, first lactation length and first peak
yield were 2,344.5 kg, 410.9 days and 13.3 kg in Gir;
2,241.14 kg, 303.2 days and 10.6 kg in Kankrej; and
1,462.67, 9.74 and 268.97 days in Sahiwal, respectively.
The first set of six Gir and eight Kankrej bulls were
evaluated based on the first lactation 305 days milk
yield of their daughters and the expected breeding
values were estimated as 2,563.79 and 2,004.31 kg,
respectively.

Field recording of performance data: The project
envisages to progeny test Frieswal (HF × Sahiwal)
bulls under field conditions at four different agro-
climatic locations in India having a larger concentration
of HF cross cows.

A total of 309, 292, 286 and 96 bulls have so far
been introduced in GADVASU, Ludhiana; KVASU,
Thrissur; BAIF, Uruli-Kanchan; and GBPUA&T,
Pantnagar, respectively. During the year, a total of
3737, 5163, 4508 and 5651 AIs were carried out in
GADVASU, Ludhiana; KVASU, Thrissur; BAIF, Uruli-
Kanchan; and GBPUA&T, Pantnagar; with the
conception percentages of 46.2, 46.0, 42.6 and 61.2,
respectively. The number of daughters completed their
first lactation in GADVASU, Ludhiana; KVASU,
Thrissur; BAIF, Uruli-Kanchan; and GBPUA&T,
Pantnagar, were 4,013, 1,807, 3,563 and 490,
respectively. In all the four centres, the first lactation
milk production showed an increasing trend over the
years as 39.7, 51.2, 11.14 and 32.58% while the age
at first calving has recorded per cent decrease of 12.23,
9.87, 2.3 and 5.5 in GADVASU, KVASU, BAIF and
GBPUA&T, Pantnagar, respectively.

Buffalo
Network Project on Buffalo Improvement: Test

mating from 16th set of 15 test bulls (5 from
CIRB Hisar; 4 from NDRI Karnal; 3 from GADVASU
Ludhiana; and 3 from LUVAS Hisar) was completed
and; thereafter use of 16 test bulls (8 from CIRB Hisar,
4 from GADVASU Ludhiana, 2 from NDRI Karnal and
2 bulls from field) of 17th set was initiated, which will
continue during the reported period through associated
centres of Murrah breed under the project. The total
herd strength including associated Murrah breed
centres is 1,951, which includes 1,054 breedable females.
The weighted average of 305 days or lesser lactation
milk yield in the year was highest ever (2,487 kg) since
inception of the project and showed an overall
improvement of 52.38% since 1992–93 (2.01% per year).
The weighted wet average was also highest (8.55Gir cattle

A flock of Kankrej cattle





































































An essential component of the agriculture in achieving
food security for all is preserving, processing and value
adding the raw produce in the postharvest chain. Value-
addition and preservation in postharvest chain would
help making available healthier and nutritious food
choices for the consumers throughout the year; reducing
postharvest losses, and creating employment
opportunities.

Processing equipment
Sugarcane-rind removing equipment for juice

making: Rind peeling enhances quality and hygiene
of sugarcane juice as it enables the removal of dirt
and other unwanted particles as well as microbial load
from the stalk in juice. Traditional manual method of
using knife is time consuming, unsafe and unhygienic.
The sugarcane rind remover consists of four metallic
brushes attached to the rotating shaft. When the
sugarcane is inserted between the four metallic brushes,
skin of the sugarcane is removed due to the rotation
of the brushes. The feeding arrangement is made of
two  nylon rollers rotating at about 270 rpm, which

dropping chute. The overall dimension of the equipment
is 900 × 450 × 1,600 mm, and weighs 22 kg. The
capacity of the equipment is 50 fruits/h. The extraction
efficiency is 100%.

Bay-leaves (Tejpatta) grinder: An animal drawn
rotary mode gear operated grinder for bay leaves was
developed. It consists of cyclone separator, frame,
cutting blade and rotary gear power system. Efficiency
of the animal-drawn hammer mill ranges from 35.78
to 57.71%, average particle size varies from 0.143 to
0.227 mm, minimum value of flow-ability varies from
7.56 to 8.27 sec. By decreasing the particle size the
flow-ability of powder decreases. The hygroscopic value
of the bay leaf powder ranged from 3.65 to 4.79%.
The value of lightness increases with increase in
temperature during animal drawn grinding. The quality
of the product is better than that of traditional method
and has higher value as compared to traditional method.

Ragi thresher-cum-pearler: A ragi thresher-cum-
pearler to be operated by a bullock-operated system
was developed for simultaneous threshing and pearling
of harvested matured and dried ragi ear heads. This
equipment consists of a hopper, threshing cylinder, a
pair of oscillating screens and one aspirator. The cost
of operation is ` 200/q by the developed machine as
compared to ` 500/q in manual method resulting in
financial benefit of ` 300/q to the farmers, time saving
and reduced drudgery in threshing operation. The cost
of the technology is ` 35,000.

Turmeric polisher for dust reduction: The
conventional method to polish turmeric is a machine
of rotary type, made up of octagonal shaped drum
covered with expanded
wire mesh. Polishing is
affected by rubbing and
abrasive actions of turmeric
rhizomes one over the other
and over the metal surface.
The removed skin pieces
are thrown out through the
perforations in the drum
and produce a dusty
atmosphere in the polisher
operating area, leading to
the respiratory problem for the operator and hazard to
the environment. The new turmeric polisher is provided
with a special cover possessing the characters of 100%
waterproof, highly durable, very tough to tear, repairable
by heat sealing, stays light in rains, easy to handle,
fungus and termite resistant and UV stabilized. The

Sugarcane rind removing equipment for juice making

enables retention of the  canes to be peeled for sufficient
time in the  peeling zone. The equipment is mounted
on wheels enabling easy transportation from one place
to another. The overall size of the equipment is 1,350
× 900 × 1,500 mm. Capacity of the power operated
sugarcane-rind removing equipment is 240 canes/h
and 175–200 kg/h. The potential stakeholders are
suagrcane juice vendors and suagrcane juice bottling
plants.

Manually-operated palmyra-endosperm remover:
The developed equipment is user friendly to operate
for extracting palmyra endosperm in a hygienic way.
The manually-operated palmyra-endosperm remover
consists of the main frame, cutting assembly, tray holder
with tray for endosperm collection and fruit waste

Turmeric polisher for dust
reduction
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10. Post-harvest Management and
 Value-addition



















The Agricultural Education Division is mandated
for maintaining, upgrading quality and relevance of
higher agricultural education through partnership with
State Agricultural Universities (63 SAUs), Deemed-
to-be-Universities (4 DUs) and Central Universities
(4 CUs) with Agricultural faculties and 3 Central
Agricultural universities (CAUs) under the National
Agricultural Research and Education System (NARES)
to address the challenges of agricultural growth and
upgrading quality of higher agricultural education. The
Division, through the implementation of Scheme-
Strengthening and Development of Higher Agricultural
Education in India, assists the AUs to plan, undertake,
aid, promote and coordinate agricultural education in
the country.

The Agricultural Education Division helps maintain
the quality of higher agricultural education in 74
Agricultural Universities (AUs) through accreditation,
periodic revision of courses, and helps attract the
talented students by providing support for various
scholarships/fellowships, capacity building of faculty
in challenging areas through Centres for Advanced
Faculty training, Niche Area of Excellence, as well as
through promotion of holistic higher education, viz.
Experiential Learning Modules, emphasis on improving
and modernising teaching and learning infrastructure
and student amenities, including those pertaining to
sports and personality development.

Governance and quality assurance
Accreditation of agricultural universities: Quality

assurance in higher agricultural education is being
pursued through accreditation. For improving
educational standards and assuring an acceptable
institutional quality, the accreditation of AUs along
with their colleges and academic programmes is being
done by National Agricultural Education Accreditation
Board (NAEAB) established by the Council with well
defined guidelines. The NAEAB has been strengthened
by establishing four regional Centres in North, East
and North-East, South and Western regions at IARI
New Delhi, CRIJ&AF Barackpore, IIHR Bengaluru
and CIFE Mumbai respectively.

To make accreditation process more objective, new
guidelines namely, “Guidelines for Accreditation of

Higher Agricultural Educational Institutions in India
have been developed and implemented in this year.

Ranking of agricultural universities: In line with
the National Initiative on Ranking of Indian Institutions,
Ranking of Agricultural Universities has been initiated
with a larger objective to improve ranking of Indian
Universities in World University Rankings. The ranking
process is being done annually and top three universities
are honoured on ICAR Foundation Day held on 16
July. It is expected that the process of ranking would
help agricultural universities to self-assess themselves
on the quality and enhance their abilities.

While evaluating the agricultural universities, the
emphasis has been given on parameters such as students’
performance, academic excellence, faculty profile,
research product, research impact, research excellence,
technologies transferred to farmers, spread/adoption
of technologies and increase in agricultural growth in
the area of jurisdiction of the university. Based on the
evaluation, 63 agricultural universities were ranked
and the top three universities, viz. First ICAR-National
Dairy Research Institute, Karnal; Second ICAR-Indian
Agricultural Research Institute, New Delhi; Third Guru
Angad Dev Veterinary and Animal Sciences University,
Ludhiana, were honoured on ICAR Foundation Day
Award Ceremony held on 16 July 2018.

Student READY
Experiential Learning: This is one major

component of ‘Student READY’ programme, where
hands-on skill-oriented training to undergraduate
students is imparted. Fifteen new modules were
established during the year. New modules were
supported in various profitable areas, viz. processing
of tea, fruits and vegetables processing for value
addition, bee keeping and honey production, fabrication
of green houses/ polyhouses, production of bioagents
and biopesticides, protected cultivation of high value
horticultural crops, commercial floriculture, goat
farming, etc. Presently 441 Experential Learning Units
are working across the agricultural universities.

Rural Awareness Work Experience (RAWE): This
is another component of ‘Student READY’, where
14,210 students were exposed to the rural settings
through Council’s support. This exposure of students

“Guidelines for Accreditation of Higher Agricultural Educational Institutions in India” have been developed and
implemented in this year. The guidelines are available in public domain at—

https://icar.org.in/sites/default//files/guidelinesforaccreditationfinalbook.pdf
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11. Agricultural Human Resource
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Agricultural economics and policy
Market linkages and price triggers in onion:

Among the ‘TOP’ (tomato, onion and potato), which
are identified as price sensitive commodities, onion
remains the vulnerable commodity with instability of
49.3% during 2011–16. Maharashtra is the biggest
onion-producing and marketing state in the country.
Maharashtra, Madhya Pradesh and Bihar are the rabi
dominating states while Karnataka, Andhra Pradesh,
Rajasthan and Gujarat kharif. In Maharashtra and
Madhya Pradesh, mandi remains the most important
destination for selling onions. The response of major
consuming and producing markets owing to price shocks
in producing markets is given in Box 1. Lasalgaon,
Bengaluru and Solapur remain the most influential
producing markets causing the change in consuming
markets besides their own influence. Pimpalgaon and
Bengaluru are the most important markets influencing
Indore, Lasalgaon, Mahuwa, Patna and Pimpalgaon
besides their own influence. Pimpalgaon and Lasalgaon
are the most important primary markets dealing with
rabi onion. Bengaluru dominates in kharif onion supply
and transmits the signals accordingly. Thus, market
surveillance needs to be given a priority to control
any imperfections and malpractices arising due to
advance signals. Market intelligence can help
objectively examine the extent of price influences as
markets are highly co-integrated with each other and
price signals are transmitted from one market to the
other.

Access to extension and advisory services and
rice productivity in Eastern India: Improving
agricultural productivity has always remained as a
key strategy for achieving food security and rural
development agenda. A study was done to assess the
access to Extension and Advisory Services (EAS) and
its effects on technical efficiency and productivity of
rice producing farms in Eastern India. The study area

Price influence among major onion producing and consuming markets

  Technical efficiency and productivity of rice farms with
reference to EAS access
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Changes in cropped area and yield of crops after adoption of sprinkler irrigation

Crop Cropped area (ha) Difference Average yield (q/ha) Difference

Adopter Non-adopter Adopter Non-adopter

Kharif
Groundnut 3.71 – 30.5 –
Gwar 3.36 2.37 0.99 (41.8) 13.54 11.74 1.80*** (15.3)
Moth 2.70 2.70 0.0 11.48 8.80 2.68 (30.5)
Bajra 2.64 1.16 1.58** (149.1) 11.76 8.33 3.43** (41.2)
Moong 2.90 1.80 1.10 (60.2) 9.90 7.24 2.66** (36.7)

Rabi
Wheat 1.97 1.26 0.71 (56.3) 34.00 32.05 1.95*** (6.1)
Rapeseed and mustard (R&M) 2.36 2.22 0.14 (21.3) 21.35 19.01 2.34*** (12.3)
Gram 4.0 1.13 2.87 (254.0) 17.85 12.47 5.38 (43.1)

Source: Computed from field survey, 2017–18; ***, significant at < 1%; and **, significant at < 5%. Figures within the
parentheses show percentage differences.

irrigation contributed about 33% of sprinkler irrigated
area in 2016–17. This study analysed the farm level
impacts from the Bikaner district of Rajasthan.

Farmers adopting sprinkler system cultivated
relatively higher area than their counterparts, and varied
across seasons and crops. The increase in cropped
area for rabi crops varied from 21% in rapeseed and
mustard to 254% in chickpea. The increase in chickpea
area is attributed to assured irrigation, which is critical
for crop growth and good harvest. In kharif crops,
highest increase in cropped area was observed in bajra
(149%), followed by moong and gwar. Adopted farmers
started growing high value crops like fenugreek (methi)
and isabgol for better returns. Yield on adopted farms
also increased significantly. Among rabi crops, highest
increase in yield was for chickpea (43%), followed
by R&M (12%) and wheat (6%); while in kharif crops,
yield increase was highest for bajra (41%), moong
(38%) and gwar (15%). The yield obtained on adopted
farms was statistically significant than that achieved
on non-adopted farms

Structural transformation, regional disparity and
institutional reforms in agriculture: The pace of
diversification within agriculture was studied in 17
major states for the period 1991–2016. The share of
allied sector in total agricultural output was used as
a measure of change and the norm of absolute values

(NAV) indices were used for this purpose. NAV is
measured as half of the sum of change in share between
the initial and final years for a given state. The results
showed higher level of diversification in Jammu and
Kashmir, Tamil Nadu and Andhra Pradesh, with the
indices ranging between 0.15 and 0.20. On the other
hand, allied sectors contributions were low in West
Bengal, Himachal Pradesh, Madhya Pradesh and Asom,
i.e. the indices for the states were lesser than 0.05.
Despite output growth, the share of agriculture in total
output and employment continued to decline. More
importantly, there had been an absolute decline of
around 55 million agricultural workers, which include
farmers and labourers between 2004–05 and 2015–
16. Considerable decline in farmers was noted in Uttar
Pradesh, Tamil Nadu, West Bengal, Bihar and Rajasthan.
Decline of agricultural labourers was notable in
Karnataka, Madhya Pradesh, Maharashtra, Odisha and
Andhra Pradesh. This withdrawal, together with higher
wages in nonfarm sector and the employment guarantee
programme MGNREGS, has raised the farm wages
significantly. Wage growth has accelerated to 7.6% a
year in agriculture during 2005–16, from 3.5% during
1981–2005. The trend could have implications on
working expenses in agriculture, resulting in reduced
profits. This provides a scope of mechanization in
agriculture that would offset the demand for labour.

Classification of various agro-climatic zones with respect to different indices

Components of development Status of agro-climatic zones

Low Medium High

Infrastructure security index 2, 3, 5, 7 1, 4, 8, 6, 9, 11, 14 10, 12, 13
Nutritional security index 5, 11, 12, 13 3, 4,6, 7,8 9, 10 1, 2, 14
Economic security index 4, 7, 10, 13 1, 2, 6, 8, 9, 11, 12 3, 5, 14
Environmental security index 4, 6, 9, 13 2, 5, 7, 8, 10, 11, 12 1, 3, 14
Agricultural security index 1, 2, 11, 13 4, 7, 8, 9, 12, 10, 14 3, 5, 6
Sustainable livelihood security index 4, 5, 7, 8 1, 2 6, 9, 10, 11, 13 3, 12, 14

(1) Western Himalayan Region, (2) Eastern Himalayan Region, (3) Lower Gangetic Plain Region, (4) Middle Gangetic
Plain Region, (5) Upper Gangetic Plain Region, (6) Trans Gangetic Plain Region, (7) Eastern Plateau and Hills Region,
(8) Central Plateau and Hills Region, (9) Western Plateau and Hills Region, (10) Southern Plateau and Hills Region, (11)
East Coast Plains and Hills Region, (12) West Coast Plain Hills Region, (13) Gujarat Plains and Hills Region, and (14)
Western Dry Region.

















13. Information, Communication and
Publicity Service

The Directorate of Knowledge Management in
Agriculture is mandated for quick, effective and cost-
effective delivery of agricultural information to all
the stakeholders in the agricultural sector. With the
changing time the Directorate is modifying its methods
to showcase the technologies, policies and other
activities of ICAR through different media, viz. print
and electronic mode. ICAR website and network
connectivity across ICAR institutes and KVKs is
designed, maintained and updated by the Directorate.
Public relation and publicity support to the council
and its constituents across the country is provided by
the Directorate. DKMA is part of the showcasing of
impact analysis of the Farmers FIRST project through
print as well as social media.

the Indian Farming were brought out on Arid
Agriculture (Sep 2018), World Food Day 2018 (October
2018), and Weed Management (November 2018). The
special issue of Indian Horticulture was on Arid
Horticulture. During the year under report, three special
issues of Kheti were brought out, viz. 70 years of
Kheti; Doubling of farmers’ income; and Small millets.
Popular magazines of ICAR were reoriented to make
these demand-driven and competitive. To share the
agricultural knowledge and information through value
added information products in print, the DKMA has
brought out 10 books in English and 3 books in Hindi.
More than 140 textbooks are in process under UG/PG
Level textbooks programme for the Agricultural
Universities, as these are written as per the syllabus
of the V Deans’ Committee Report. Publication of
authoritative and benchmark publications under
Handbook series—Handbook of Agriculture, Handbook
of Horticulture, Handbook of Agricultural Education
and Handbook of Agricultural Extension are in process
at different stages. Trainings on ‘Online article
processing’, ‘Technical writing’, ‘Role of Reviewer
in quality research journals’, ‘Book writing’ and
‘Success Stories’ were conducted. One month training
programme on Publication Production Management
was organized. Students were exposed to all publication
aspect like editing, proof reading, typesetting, printing
and production, sales and marketing in the training
programme.

The e-books were also brought out and copies of
the electronic CDs were distributed among farmers in
the meetings and rallies of the Union Minister for
Agriculture and Farmers Welfare. The ICAR web page
was revised and current news items were posted in
web mode. Development of e-resources on agricultural
knowledge and information for global exposure is done
through http://www.icar.org.in and http://epub.
icar.org.in/ejournal. The Directorate has facilitated
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Knowledge and information products
The Indian Journal of Agricultural Sciences and The

Indian Journal of Animal Sciences the flagship monthly
research journals of the Council, are available in open-
access mode (hhtp://epubs.icar.org.in/ejournal). The in-
house journals like ICAR Reporter and ICAR News
are also posted on ICAR website, Special issues of
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online access to 2,000 journals from a single subscription
in more than 123 libraries under CeRA project of NAIP.
During 2017 Business Unit has achieved the target of
` 65 lakh through sales of ICAR publications. Business
Unit participated in major agricultural and science related
events for distribution of ICAR publications and
showcasing ICAR publications to agricultural
community.

Social media
The ICAR website was updated on regular basis,

1,375 new pages were created, and total number of
page-views 13,292,897 from 221 countries visited the
website from across the globe; the top five countries
include India, United States of America, United
Kingdom, Union Arab Emirates, and Nepal. DARE
website received GIGW certification in 2018. The
website is updated regularly. E- Krishi Manch, a web
based public utility, is a public-connect platform for
stakeholders in more efficient, quick and simple manner
by direct approach. This website has 5775 registered
users. ICAR facebook page https://www.facebook.com/
InAgrisearch/ has 170,730 likes and 171,147 followers.
On an average one post is uploaded to ICAR facebook
page every day. ICAR twitter handle https://twitter.com/
icarindia has 36.5 K followers. On an average one
tweet is posted every day. Till date, 1,865 tweets have
been posted. The YouTube Channel of ICAR includes
video films, animations, lectures/interviews by dignitaries
and eminent scientists, proceedings of national and
international events, etc. Some of the popular
documentaries have received more than 250,000 views.
ICAR YouTube channel has 184 videos and 29,898
subscribers.

Agricultural Knowledge Management
Agricultural Knowledge Management Unit (AKMU)

of Indian Council of Agricultural Research undertakes
management and maintenance of ICT infrastructure
which includes Gigabit-speed wired and wireless
network in premises of ICAR at Krishi Anusandhan
Bhawan-1, Krishi Anusandhan Bhawan-2 and National
Agricultural Science Centre Complex. An e-Publishing
system developed and implemented in-house is hosted
in secure network center of ICAR at KAB-1, Pusa
Campus, New Delhi. The e-publishing system is used
by readers, authors and research reviewers globally
from 184 countries, 24×7, through Internet for accessing
and publishing research in ICAR’s research journals.
Two new online journals namely Journal of Sugarcane
Research and Journal of Community Mobilization
and Sustainable Development were hosted online on
the e-Publishing portal http://epubs.icar.org.in/ejournal,
a unified gateway of research journals of ICAR.
Presently a total of forty research journals are hosted.
Other important activities undertaken by AKMU were:
Management and maintenance of web-based
e-Publishing system of ICAR; Development and hosting
of “KM portal” with features like updation “High Cost
Research Equipment and Service facilities” details by
all ICAR institutes, updation of “contact details” online
by all institutes/Universities/AICRPs and updation of
“e-Transaction details” online by all ICAR Institutes;
Technological backstopping provided to thirty six
professional agricultural societies’ for e-Publishing of
their journals using online e-Publishing system
developed and maintained by AKMU, ICAR.

❑
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Farmers innovations documented and
verified by KVKs

Thematic area of innovations Documented Verified

Farm mechanization 59 52
Horticulture 75 63
Organic farming 32 26
Crop diversification 42 35
Residue management 3 3
Integrated Farming Systems 38 36
Processing and value addition 31 31
Allied enterprises 74 46

Grape cultivation for higher profit

Shri Dattatray Bhanudas Chavan is an innovative farmer
belonging to village Nandapur, post Nava, district Jalna.
He is 39 years and educated up to 12th standard and
having diploma in Fruit and Vegetable Production
Technology. He has total 50 acres of cultivable land in
a joint family of 10 persons out of which 35 acres is
irrigated and 15 acres rainfed. At present, he has 20

acres of grapes, 5 acres of pomegranates, 7 acres of
pomegranates + papaya intercropping and 3 acres of
custard apples. He raised field crops like cotton, pigeon
pea and sorghum in rainfed area. He owns 4 bullocks
and 22 desi cows as a source of organic manures and
bullock drawn farming operations. He has all tractor
drawn advanced equipment along with atomized
irrigation system for horticulture. There is total water
scarcity in the area.

KVK has provided continuous technological support
for advanced improved varieties, pruning techniques,
micro irrigation management, rain water harvesting
through adoption of farm ponds, marketing techniques
like early and late pruning, etc. Sonaka, Super Sonaka,
Thompson, Tas-E-Ganesh improved varieties of
grapes were planted. Use of atomization for irrigation
and fertigation, electrostatic spray for dipping of grapes
was practiced. He used drip and sprinkler irrigation
for whole crop husbandry. Rain water harvesting
through farm ponds and use in water scarcity period
was followed. Innovative marketing of grapes through
box and punnet packing with retail and wholesale
marketing was adopted. Information technologies like
mobile apps, WhatsApp groups, Facebook, internet,
etc. were used. Provided free SMS service to the
farmers of the village as per crop growth stages.

Average yield of grapes enhanced from 12 tonnes/
acre to 15 tonnes/acre due to use of advanced
technologies. Economic gain is realized about ` 4
to 4.5 lakh acre from grapes. In the last four years,
the farmer has been getting average net income
ranging from ` 60 lakh to 80 lakh/year through his
total land.

Rain water harvesting system
Rain Water Harvesting Units with micro irrigation

system established in 201 KVKs across the country
have been utilized to organize 645 training courses,
693 demonstrations and for production of 1,283,262
planting material. Further, 113,063 farmers and 10,924
officials visited these units and got acquainted with
the rainwater harvesting techniques.

Farmers’ innovations
To bring out and share the benefits of farm

innovations made and methodologies developed at grass
root level by the farmers and rural youth, such
innovations and methodologies are documented and
validated by the KVKs. In all the zones, ATARIs
organized Farm Innovator meetings in which farmer
innovators presented and demonstrated their
innovations—371 rural innovations by farmers were
documented out of which 303 were verified by the
KVKs. Thirty-two innovators were recognized and
awarded at national and state level, five innovations
were commercialized and two innovations were granted
IPR during the reporting year.

Mobile cleaning-cum-grading machine for Kinnow
cultivation: Shri Sirbeender Singh of Muktsar, Sri
Muktsar Sahib, Punjab designed and fabricated mobile
Kinnow cleaning cum grading machine. This mobile
machine is taken to orchards for carrying out cleaning
and grading operation in the field itself for making
entire process cost and time effective. This machine
is tractor operated with a capacity of 1–1.5 tonnes/hr.
Kinnows are sorted into six grades and cost of the

Kinnow cleaning-cum-sorting machine

machine is about ` 3 lakh and fresh supply of properly
graded kinnow fetched higher price in the market.
During peak harvesting time earlier he used to employ
5–6 labourers/day each for cleaning and grading of
150 crates (of 20 kg capacity each) of kinnows. This
machine helped him in cutting cost of above operations
by ` 500/tonne of kinnows. This farmer innovation
being cost effective, time saving, highly convenient
and ensuring fresher fruit supply in the market for
getting higher prices has been adopted by large number
of local farmers.

Safed musli peeling machine: Shri Jagdish Chandra
Prajapat of Bangreda Mamadev village, Nimbahera
Tehsil, Chittorgarh, Rajasthan, has invented a
mechanical peeler to remove the skin of safed musli
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