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PREFACE

Cotton is the most significant commercial crop grown for its natural fibre, protein rich feed and oil.
The area under cotton cultivation remained almost static (12.58m.ha.) as was in 2017-18with
slight decline (12.35m.ha.) in 2018-19.For the first time, 5 Bt varieties carrying Bt CrylAc gene

developed by this Institute were provided to the farmers for commercial cultivation in Haryana and
Maharashtra. With the ongoing evaluation across different ICAR-AICRP centers and ICAR-CICR,more
promising Bt and non-Bt varieties will be made available for cultivation and farmers will have options to
retain seeds from the produce, thereby reducing cost on seed and cotton production. Two G. hirsutum

varieties, CCH 12-2(Suchitra) and CCH 4474(Subhiksha) were released and notified for Central and South
zone under irrigated condition. In addition, one G. arboreum variety namely, CNA 1028 (Ravi) has been
identified for Central zone under rainfed conditions. CNA 1032has been promoted to Agronomy trial for
rainfed conditions of central zone. Cotton - Blackgram - Maize was identified as suitable cropping system
for conservation tillage under rainfed conditions of Tamil Nadu. Across the soil types and genotypes, the
HDPS showed an increased seed cotton yield of long linted desi cotton cultivars by 375kg/ ha.

The ICAR-CICRis maintaining 12335germplasm accessions and wild genetic resources of Gossypium and
during the year has also enriched its Germplasm Bank by adding 674exotic accessions that includes 346of
G. hirsutum, 211 of G. barbadense and 117 of G. arboreum. A standardized protocol for somatic
embryogenesis in Coker genotypes namely 310and 312is being used for transformation using indigenous
gene construct Cry2AbCry1Ac fusion gene and Cry2AbCry1Ac: lectin gene which will pave way to
development of indigenous transgenics in future. The resistance development of pink bollworm on BG-II
and non Bt cotton fields was continuously monitored across all cotton growing states. This year, the pink
bollworm infestation has also been detected on BGII cotton in the Jind district of Haryana and also one or
two locations in Faridkot (Punjab) which otherwise was free from pink bollworm infestation. Tobacco
Streak Virus (TSV) on G. hirsutum is still an emerging threat in Punjab and Haryana and also on G.
barbadense cotton in Tamil Nadu.

The Institute is being questioned for its contribution in cotton research, particularly, with reference to the
management of bollworm infestations in BG cotton. The Institute has provided leadership and
spearheaded the implementation of strategies to manage pink bollworm in Maharashtra and other central
and southern states. Proactive strategies were put in place for management of this dreaded pest in the
states of Maharashtra, Telangana, Andhra Pradesh, Karnataka and Madhya Pradesh. As a result of
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adoption of strategies by all the stakeholders, the PBW infestation reduced by 70 per cent, pesticide use
reduced significantly and the quality of cotton produced has improved. Our all out efforts to outreach to
the farmers were vigorously pursued through the 'Mera Gaon Mera Gaurav' (MGMG),Tribal Sub Plan (TSP)
and IRMPink Bollworm Management Project sponsored by GEAC under National Food Security Mission
- Commercial Crops (NFSM-CC)in major 21districts of seven cotton growing states. Weekly advisories on
various improved production and protection technologies for the benefit of cotton farmers were
disseminated through the mobile voice messages, popular articles in agricultural daily newspaper in
Marathi / local languages through bulletins, radio talks and farmers meets and ICAR-CICRMobile App.

I am grateful to Dr Trilochan Mohapatra, Hon'ble Secretary DARE & DG ICAR;Dr. A. K.Singh, DDG (CS)
and Dr R. K. Singh, ADG (CC) for their unstinted encouragement, guidance and support throughout.
Contribution of Dr A. H. Prakash, PC and Head If c, Regional Station, Coimbatore; Dr. D. Monga, Head,
Regional Station, Sirsa; Heads of Divisions If cDr BlaiseD'souza and Dr Nandini Gokte Narkhedkar in the
execution of research programmes and their significant contribution in finalization of this report is
gratefully acknowledged. Dr M. V. Venugopalan, Principal Scientist & Ifc PME Cell has immensely
contributed in making of this report and needs special gratitude. Thanks are also due to all the Editorial
Committee members for their sincere efforts in bringing out this publication. Mrs. Rama Iyer, Sh. Sameer
Chalkhure and Dr. Jimmy Vaidya deserve special appreciation for their strenuous efforts, dedication,
sincerity and commitment in bringing out this Annual Report to a beautiful shape in a short span of time.

rv. N. Waghmare)
Director (Acting)
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1. EXECUTIVE SUMMARY

, ICAR-CICR ...-

Crop Improvement
Genetic Resources

• A total base collection of 12335 accessions of cotton
germplasm including G.hirsutum (8851), G.
barbadense(536), G. arboreum (2053), G. herbaceum
(565) are being maintained in the National Cotton
Gene Bank at ICAR-CICRNagpur.

• The cotton gene bank was enriched with exotic
collections of346 G. hirsutum, 211 G. barbadense and
117 G.arboreum procured from USA through
NBPGR.

• One high yielding hairy accession of G. barbadense
with moderate tolerance to sucking pests was
identified which can be used for development of
sucking pest tolerance.

• A stable cleistogamous mutant was identified in the
segregating population of intra-barbadense cross
(Giza-45 x Suvin 3- 7 -2)

Germplasm evaluation and characterization

• Evaluation under 67.5 em x 10 cm spacing revealed
two promising high yielding compact accessions in G.
arboreum and three in G. hirsutum.

• Evaluation of 114 perennials and landraces of desi
cotton for fibre quality traits resulted in identification
of 6 lines with medium staple (24.5-26.0 rnm) and 14
lines with high fibre strength (:25.0-28.4gitex).

• From a set of 2.5 early maturing G. herbaceum
germplasm lines evaluated for three years, 7
genotypes were identified for further utilization in the
breeding programme:

• Study on inheritance ofbracteoles in F2population of
G.herbaceum x G.arboreum crosses revealed
duplicate gene action where genes of both the species i
genotypes act independently

• Evaluation of 1100 G. arboreum accessions was done
for yield at ICAR-CICR RS Coimbatore, and 13 high
yielding accessions were identified with early
maturity.

• Thirty nine primitive cotton cultivars collected from
West Bengal, Orissa, Kamataka and 16 G. herbaceum
accessions collected from Gujarat and Tamil Nadu
were characterized for morphological traits.

• Molecular characterization of 470 accessions from
771 core assembly has been completed using 52
polymorphic markers to develop mini core based on
dissimilarity index matrix.

Wild Species

• Wild genetic resources including 24 wild species, 15
races of cultivated species, 45 synthetic polyploids
were conserved in the wild species garden of the
Institute.

• Four wild species were obtained from MPKV, Rahuri
which included G. thurberi, G. armourianum, G.
triphyllum and G. trilobum as well as one cutting of
BC1F1 obtained from cross G. hirsutum and G.
armourianum from ICAR-CICR RS Sirsa were
established at wild species garden.

• Diversity studies among 19wild species, 5 races of G.
hirsutum and 4 cultivated species clearly
distinguished diploid wild species, tetraploid species,
races of G. hirsutum, G. arbroeum and exotic
collections

• Three hundred introgressed derivatives were
evaluated for yield, fibre properties and biotic stress
tolerance and superior ones were identified.

Evaluation of cultivars for yield and fibre quality

• Evaluation of 8 GMS based G. arboreum hybrids at
ICAR-CICR RS, Sirsa revealed five significantly high
yielding with superior fibre quality

• Fourteen spinnable G. arboreum cultures were
evaluated and identified six high yielding cultures
were identified for spinning.

• An extra-long staple culture CCH 15-1 with yield
potential of 4019 kg/ha and excellent fibre quality
(34.3 g/tex tenacity. 32.4 mm Upper Half Mean
Length and 3.7 micronaire) and can spin up to 70s
count yam was identified in AlCRP multilocation
trials. The culture showed resistance to leaf hopper
and Alternaria leafblight inAICRP centres.

• Three single plant progenies of G. barbadense
possessing high yield potential ranging from 13-
15q/ha, 34-36% GOT and fibre quality parameters
have been identified for further evaluation.

• Thirteen high yielding early maturing ELS genotypes
were evaluated and promising cultures CCB 54, CCB
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129, CCB 51 and CCB 51-2 showing high yield and
superior fibre qualities were identified for further
evaluation.

• Of the 12 long staple cultures evaluated in a station
trial at ICAR-CICR RS, Coimbatore, three promising
cultures namely YLS 15-1, YLS 21-4 and YLS 21-3
with significant yield superiority and good fibre
quality attributes were identified.

• Of the 16 G. hirsutum and G. arboreum based
introgressed derivatives of colour cotton were
evaluated for colour parameters, colour fastness and
fibre properties, 6 lines showed comparatively high
fastness, no fading with high fibre quality for textile
applications.

Population Improvement

• A total of 1508 superior single plants (897 of G.
arbroeum and 611 of G. hirsutum) were selected from
random mating population. Based on agronomic
performance, 45 progenies of G. arboreum and 36 of
G. hirsutum were identified for evaluation in
replicated trial.

• Ninety two advance cultures of G. arboreum and 76 of
G. hirsutum were evaluated. Fifty six of G. arboreum
and 53 of G. hirsutum were retained for second year
evaluation based on yield and fibre quality. From the
advance selections, 3 cultures of G. hirsutum and 6
cultures of G. arboreum were entered in AICRP
National trials.

• Promising single plants with high yield potential and
tolerance against CLCuV were selected at ICAR-
CICR RS Sirsa in the random mating population of G.
hirsutum. Six progenies with high yield (upto 16 q/ha.)
and CLCu V tolerance were advanced for further
evaluation.

Early maturity

• From segregating generations of various G. hirsutum
crosses, two lines with compact plant type, early
maturity and tolerance to jassid were identified.

• Comparative evaluation of early maturing breeding
lines revealed two promising lines with seed cotton
yield up to 14 q/ha. Both had recorded Barlett's
earliness index of 0.7 identifying them early
maturing.

• In another study, promising progenies and single plant
selections having 120-150 days of maturity (more than
90% boll bursting), zero monopodia, boll weight
ranging from 4.25g -5.10 g and per plant yield of 80-
130 g were selected for stabilization and generation
advancement.

Abiotic stress tolerance

• Evaluation of 13 advance cultures for drought
tolerance resulted in identification of one stable
culture which consistently showed drought tolerance
over the years. On evaluation ofF6 generation from 15
crosses, two entries with good fibre quality and
drought tolerance were identified. Cluster bearing,
compact drought tolerant progenies have also been
identified from segregating population of various
crosses.

• For development of MAGIC RILs of 10 parental lines,
2972 plant to row progenies were raised and 1310 lines
were evaluated for proline content.

• Single plant progenies with higher boll weight (>5g),
superior fibre length and strength (up to 30 g/tex) and
compact plant types were identified.

• Four water logging tolerant and four susceptible
accessions were identified based on lenticels and
adventitious root formation. These had higher nitrate
reductase activity and root length. Analysis revealed
considerable genetic diversity present among the
identified accessions.

Transgene introgression

• BC3 F 1ofthree crosses with Tg2E 13 event were raised
along with recipient genotypes. Bt positive plants with
high protein expression were further used in
backcrossing with respective recurrent genotypes.
Generation advancement through embryo culture was
achieved. Plants from BC4F1 of three crosses with
high protein expression were selected and selfed to
stabilize.

• Among the 23 plants with UASD78 event, 20 plants
were found positive for ELISA and PCR and toxin
expression ranged from 0.5 -7.0 ppm at 45 days after
sowing andO.3-5.0ppmat 100 days.

• For Cry2Axl event, positive plants from segregating
BC, plants of different crosses were further advanced
for crossing with recurrent parents.

Genomics

• Confirmed organ specific expression pattern and
phylogeny of GaLIM genes. Identified GaDA2 as
putative candidate gene among plant specific Lin
genes in response to challenge ofF oxysporum.

Varieties released

• Two G. hirsutum varieties namely CCH 4474
(Subhiksha) and CCH 12-2 (Suchitra) have been
released from ICAR-CICR RS, Coimbatore for
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commercial cultivation under irrigated conditions in
South and Central zone respectively. The variety
Subhiksha is compact, suitable for HDPS, yield up to
4201Kg/ha with Upper Half Mean Length of32.4 mm
and tenacity of 33.8 gltex. The variety Suchitra has
yield potential of2598 kg/ha with an upper half mean
length of28.0 mm, tenacity of29.0 g/tex and spins up
to 30s cultivation in Central zone under irrigated
conditions. The variety showed tolerance to grey
mildewandjassids

ICAR-AICRP entries (non-GM) sponsored in
ational Trials (2018-19)

• Cultures CSH 1721, CSH 3012 sponsored in Br 02 (a);
CNH 2052, CNH 113 1, CNH 2073, CNH 09111, CNH
09/73, CNH 16300 in Br 02 (b); CSH 3158, CSH 3622
inBr06 (a); CNH09-45, CNH 1129, CNH2039, CNH
6170, CNH 09-11, C H 41-09, CNH 1130 in Br 06
(b); CCB 26, CCB 28 in Br 12 (a); CISA 90, CNA
2023, C A 1036, CNA 1040, CNA 16383 in Br 22
(a/b) ; CISA-IO, CISA 33-8, C A 1064, CNA 1065,
C A 1066 in Br 22 (a/b) LL (G. arboreum); CNA
1091, C A 17522 in Br 22 (a/b) CC (G. arboreum)
and CISAA 18-1, CISAA 18-2 in Br 25 (a/b),
re pectively,

Entries retained in AI CRP Bt Varietal trial

• Seventeen ICAR-CICR Bt cultures were sponsored
for AICRP Bt cotton variety trial.

• Six release proposals of ICAR-CICR Bt varieties
identified for Central Zone under irrigated as well as
rain fed have been submitted to theAICRP on Cotton.

Entries Promoted inAICRP(2019-20)

• North zone: CISAA 17-1 and CISAA 17-2 in
Br25(a/b), CISAA33-3 and CISA6-2 in Br24(a)

• Central Zone: CNH II-II and CNH09-70 in Br03(b),
C H09-9 in Br 06(b), CCB 51-2, CCB 64, CCB 129
and CCB 143-B in Br 13 (a)PVT G. barbadense, CCB
51 in Br 14(a)CVT G. barbadense, C A 2031, CNA
1054 and C A 1058 in Br 24(b) CVT G. arboreum,
C A1037 and C A 1034 in Br24(b), CISAA 17-2 in
Br25 (b)

• South Zone: CSH 1613 in Br06(a), CCB 143B, CCB
64, CCB 129, CCB 51-2 in Br 13(a), CNH 09-70 in Br
03(b), CNH 1128 in Br 06(b), C A 1054, CNA 1058
in Br24 (b) CVT G. arboreum, CNA 1037 and CNA
1033 in Br 24bLL CVT- G. arboreum

• Colour Cotton Trial: 1630 I DB and 16337 LB in G.
hirsutum, CNA 407 SLP, 16378 LB-A, CNA 405,
CNA407, 16377LB-Ain G. arbroeum

ICAR-CICR

Entries proposed for agronomy trial

• Central Zone: CCH 15-1 of G. hirsutum for irrigated
conditions and CSA 1028 of G. arboreum for rain fed
conditions.

• South Zone: CCH 15-1 of G. hirsutum for irrigated
conditions.

DUS Characterization

• DUS characterization of five entries in first year, one
variety under common knowledge and 4 entries under
second year along with 15 reference genotypes were
conducted at ICAR-CICR, Nagpur. Maintenance
breeding of 155 extant cotton varieties (108 in G.
hirsutum, 36 in G. arboreum, 4 in G. herbaceum and 7
in G. barbadense were carried out at ICAR-CICR RS,
Coimbatore.

Seed production

• Nucleus seed production of 5 released Bt varieties
(lCAR-CICR Bt 1, ICAR-CICR Bt-2, ICAR-CICR
Bt-3 ICAR-CrCR Bt-6 and rCAR-CICR Bt-12) was
taken up and 4.0 q fuzzy seeds were produced.

• A total of 34.0 q TFL Seeds of 5 CICR Bt varieties
produced at ICAR-CICR, agpur

• Breeder seed production ofICAR-CICR released non
Bt varieties (Suraj, LRA-5166, LRK 516 and Surabhi,
Roja, Suvin, parents of G. arboreum hybrid CICR-2,
CISA310, CISA614, CSH3075, CSH 2931) was taken
up and 11.0 q seeds were produced. Certified seeds of
wheat cv. PBW 550 and Red Gram BSMR-736 was
also produced accounting to a total of259 .20 q

• TFL seeds of 6.9 q of non Bt cotton varieties were also
produced under Farmers Participatory mode.

• At CICR RS Coimbatore, 92 kg breeder seed of
different non-Bt varieties was produced

Seed quality Improvement

• Fresh seed lots of varieties were found to have superior
seed quality compared to the revalidated seed lots of
same varieties.

• Seed priming treatments using KH2P04 and
Trichoderma viride showed superior performance
over control with respect of germination, speed of
germination, highest index.

• F-oliar spray of micronutrient mixture followed by
neem kernel extract were found highly promising in
obtaining higher quantity of delinted seed yield.
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Seed Storage

• Among the treatments, seeds stored under vacuum
packing showed higher viability and lower electrical
conductivity after 24 months of storage compared to
non vacuum packing. Similarly seeds packed in
airtight acrylic box along with Zeolite beads and
stored at 5"C temperature maintained initial seed
viability compared to those kept without zeolite beads.

Crop Production

Climate smart agro-techniques to enhance resource
use efficiency

• Desi cotton cultivars are re-emerging as potential
alternati ve to obtain sustainable yields during the era
of climatic uncertainties. Seven cultivars were
evaluated and the long-linted desi cotton cultivars,
PA528 and C AI041 were identified to be the most
productive. Planting under high density planting
systems, was found to increase seed cotton yield by
275 kg/ha. Detopping along with side shoot removal
and foliar application of mepiquat chloride (500
mg/kg), was found to improve vigour index.

• Calcareous soils suffer from multiple nutrient
deficiencies and acute water stress. For such soils,
application of Sand Zn along with RDF improved
productivity of Bt hybrids by 24% and the use
efficiency of fertilizers by 15% when provided with
two protective irrigations as compared to those not
receiving irrigation. Desi cottons were also found to be
a better alternative than the Upland cotton for the
calcareous soils. .

• Row-orientation effects on cotton were tried and the
diagonal row orientation improved seedcotton yield of
cultivar Kll at Coimbatore. This indicates that
productivity of some cultivars can be enhanced by
adjusting the row directional sowing.

• C Flux tower data for radiation and surface energy
balance, hourly air temperature, soil moisture and
rainfall, carbon flux were collected at 30 minutes
interval and analyzed to improve understanding in the
cotton based systems. Temporal data collected during
the first year after installation indicated variations
across fields. Across different fields, the LAI ranged
from 1.70 to 3.46 during the peak flowering period and
from 1.22 to 1.65 during boll opening period. The
values for chlorophyll index ranged from 1.22 to 1.65
during the peak flowering stage. Seed cotton yield
ranged from 576 to 330 I kg/ha.

• Nutrient Expert Decision Support System can be
utilized to improve the productivity as well as bring

about a saving in fertilizer. In a participatory trial,
seedc otton yield was 3051 kg/ha with the Nutrient
Expert System compared to 2097 kg/ha with the
farmers fertilizer practice.

Sustainable farming systems through conservation
agriculture and precision techniques

• Soil compaction is increasingly being experienced
due to excessive use of machinery to ensure timely
operation but this leads to sub-soil compaction.
Consequently, root and crop growth are adversely
affected. Among the deep rooted rotation crops,
pigeonpea had significantly greater yield levels (35.3
q/ha) followed by sunnhemp and sesbania (28 to 29
q/ha) with similar yield levels. Increase in bulk density
beyond 1.6 glcc resulted in a drastic reduction in root
length of the Bt hybrid but that of the varieties showed
a decline beyond 1.7 glcc.

• Conservation agricultural (CA) practices are
promoted as a solution to land degradation and
improving productivity. CA system with 100%
residue recycling had significantly higher CEY than
Farmer's practice. CA system with 100% residue
recycling significantly reduced the soil penetration
resistance upto 9" soil depth vis-a-vis Farmer's
practice. Among cropping systems under CA, cotton-
black gram - maize is a potential candidate cropping
system under the irrigated conditions as it registered
significantly higher Cotton Equivalent Yield (CEY)
than the conventional conon - fallow system.

• Legumes as intercrop to reduce the input cost of N
fertilizers under rainfed cotton (G. hirsutum var Suraj
and G. arboreum var Phule Dhanwantary). For
American cotton variety Suraj, better performing
intercrops are soybean (2718 kg/ha) and blackgram
(2652 kg/ha) whereas for the desi canon variety Phule
Dhanwantary, greengram (2519 kgiha) and cowpea
(2429 kg/ha) were the best.

• Alley cropping of Desmanthes virgatus with cotton
resulted in significant yield enhancement (2796 kg/ha)
as against sole cotton (1935 kg/ha at 100 % RDF) and a
potential to save 50% N fertilizer in Coimbatore. Seed
cotton yield of 2265 kg/ha with 75% RDN and
Desmanthus was compared to 2037 kg/ha recorded at
125 % RDN under sole cotton.

• Epigenetic regulating chemicals (ERC) treated Suraj
and LRA 5166 cotton plants were screened for drought
tolerance in the second generation. The plants were
subjected to drought stress during pin head stage of
squaring by withholding irrigation for 10 days. 5-
Azacytidine (10 11M) and sulfamethazine (10 11M)
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treated plants recorded high relative water content of
86.1% and 84.7%, respectively as against control
(68.7%) under stress conditions in Suraj. Treated
plants also had greater proline content, higher
epicuticular wax content than the control plants that
were not treated.

• Microbial bio-fiIms: One hundered and seventy
bacterial strains were isolated from cotton ecosystem
and from Helicoverpa, Pectinophora and Spodoptera
using soil baiting technique. The maximum mortality
recorded were 77%, 96% and 85%, respectively for
Helicoverpa, Pectinophora and Spodoptera. The
shortlisted bacterial partners will be used for
development of biofilm with proven fungal partner
Trichoderma, Metarhizium, Beauveria,
Paecilomyces.

• Accessions IC-356876, DTS-I08-09, CNH-09-7
performed better under drought stress with efficient
root traits such as root length, root dry weight and
lateral root length than control.

• Alarm Photosynthesis pathway in cotton was
explored along with characterizing the effect of
drought stress on metabolites in different growth
stages. Temporal expression analysis (qRT-PCRl.
indicated more GLP L'oxalate oxidase expression in
leaves during day time when compared to the night
time. Oxalate content was more in the stressed leaf
samples collected during the night time as compared
to the ones collected during day time, thus validating
the day-night variation observed for OxO expression
and activity in respective samples.

Economics and extension research and
e- communication tools

• Cropping patterns: Thirteen districts were analyzed
with five districts (Amravati, Akola, Washim,
Buldhana and Yavatmal) recorded a decline in cotton
area. Increase in cotton area was seen in four districts,
Aurangabad, Beed. Jalna and Dhule. Simpson index
decreased in almost all the districts during the study
period indicating a slowly changing trend towards
specialization.

• Decadal trends in cotton area (2007-2018) showed
an increase of 17 to 25% in the South Zone. In the

orth zone though Haryana and Rajasthan showed an
increasing trend this was offset by a decrease in
Punjab. In Central zone a slight reduction to the tune of
6% was observed during the same period. Percentage
increase in area was higher in all the zones during the
first period when compared to the second period
which shows the saturation of cotton area during the
latter period.

ICAR-CICRC)

• e-Kapas for dissemination of cotton production
technology to 1.5 lakh farmers ofNagpur, Coimbatore
and Sirsa. Uploaded more than 64 lakh noise free and
clear recorded voice messages in the form of
automatic phone calls to the registered cotton farmers
ofICAR-CICR.

• Cotton App was also developed and now is available
on Google PlayStore providing information on the
cultivars, production and protection technologies
besides the Weekly Advisories. Android mobile based
interactive decision support systems for cotton pest
management "Grow Good Cotton" with pre-recorded
voice modules was also developed.

• Gaps between potential, attainable and actual yields in
cotton was determined on a l-acre trial at Coimbatore
and simultaneously on the farmers' field with Suraj
and Bt cotton hybrid Mallika BGII. Yield gap between
potential yield and attainable yield was .521 kg:ha
(Suraj) and 242 kg/ha (Mallika BGII). The yield gap
between attainable yield and actual yield (farmer'S
practice) was 347 kg/ha (Suraj) and :370 kg.ha
(Mallika BGII).

Crop Protection
Dynamics ofinsect infestation

• The station trial, pink bollworm infestation was
negligible till September, and increased with progress
of the season. Both Bt and non Bt cotton were found to
be infested by PBW. However, comparatively higher
infestation was recorded in non-Bt cotton ..

• Bollworm infestation was not observed on RCH-650
BG II at Sirsa but in non Bt varieties HS-6, GA & RS-
2013 first incidence of bollworm was observed in the
35th SMW and peak fruiting body damage was
observed in 44thSMW. Overall fruiting body damage
ranged from 0.84 to 12.08% due to Earias spp in non-
Bt genotypes.

• In north zone 3.3-12.43 % Pink Bollworms larval
recovery was observed in non-Bt cotton at 160DAS.
Though no larval recovery was recorded in BG- II
cotton but at single locations of Haryana (Jind) and
Punjab (Bathinda) adjoining to ginneries recovery
from BG-II cotton was also recorded.

• Peak activity of thrips respectively observed during 25
SMW in HS-6, RS-2013 in 29th SMW in RCH650
BG-U and Ganganagar Ageti whereas whitefly peak
activity was observed between in 28th _30thSMW,
leafhopper peak activity was recorded during 29thand
33'dSMW in all genotypes.
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• Two peaks of jassids population were recorded at
Nagpur, first during second fortnight of August and
another during first week of October. Thrip population
was higher during second week of August till August
month end and thereafter it declined.

• Historical data analysis indicates peak occurrence of
whitefly advanced by 7 weeks during 2010-11 to
2017-18 as compared to 2005-06 to 2009-10. Average
whitefly population in the cropping season increased
to 8.60/3 leaves in 2010-11 to 2017-18 from 2.56/3
leaves in 2005-06 to 2009-10 with an increase of
235%.

Dynamics of disease incidence

• TSV infestation in germplasm of Gossypium
barbadense was recorded. Per cent disease incidence
was maximum in SP (35.8 %) and ICB-71 (26.6%)
with disease grade of 3. The maximum disease
incidence was observed at 60 to 75 days after sowing.

• Symptoms like chlorotic lesions, necrotic lesions,
necrotic spots, veinal necrosis, systemic symptoms,
necrosis on petioles, stem necrosis and total necrosis
were observed on cowpea seedlings at 3 to 7 days after
inoculation ofTSV inoculum.

Nematode Incidence

• Eleven districts of Vidarbha region were sampled for
prevalence of plant parasitic nematodes. Reniform
nematode Rotylenchulus reniformis was the most
prevalent nematode on cotton followed by
Hoplolaimus andPratylenchus sp.

• Based on population densities exceeding damage
threshold of R.reniformis areas were identified where
nematode damage may become evident in years to
come.

Molecular Diversity in Pink bollworm populations

• Alignments of all 214 COI sequences of Pink
bollworm revealed that 27 haplotypes are present in
overall populations including 11 in north, 14 in central
and 6 in south region.The haplotype HI and H2 are
most common haplotypes present in 143 and 32
populations respectively and could be proposed as
ancestral/original haplotypes.

• Zone-wise clustering revealed Central zone having
low level of Haplotype diversity (0.499) as compared
to south (0.560) and north (0.595).

• Neutrality tests were performed for analysis of
demography history in Indian pink bollworm
populations. All the three neutrality test values were

negative for populations of India which indicate that
there is an excess of rare mutations favouring
population expansion or growth.

Eco-compatible strategies for insect management

• Eco-cornpatible strategies for pink bollworm
management based on integration of different
methods viz., cultural, regular monitoring,
biopesticides, behavioral, biocontrol agents,
chemical, mechanical, legal etc. were devised.

• The fatty acids and their methyl esters identified
earlier as potential oviposition deterrent in the faecal
pellet extract of pink bollworm were quantified using
standards. Two fatty acids, oleic and linoleic acid were
found to be promising with a significant reduction in
egg laying over control.

• For identification of attractant volatiles, squares and
bolls from all the four cultivated species of cotton were
directly collected in five different solvents, out of
these acetone and methanol were found to be best
solvents.

• The major compounds identified as possible attractant
volatiles were alP pinene, carene, y terpinene, a
copaene, caryophyllene and humulene.

• Four major fatty acids Viz., linoleic acid (9,12-
octadecadienoic acid), palmitic acid (hexadecanoic
acid), myristic (Tetradecanoic acid) and stearic acid
(Octadecanoic acid) were identified as potential
ovipositional deterrant for H.armigera. In all the
compounds per cent deterrence was higher than 68 per
cent.

• Muslin cloth treatment with deterrent compounds was
the most acceptable as female prefer to lay eggs on
muslin cloth under laboratory condition. two male and
2 female pairing was best for conducting bio-assay.

• 9-0ctadecenoic acid esters were identified as major
compound followed by 9,12-0ctadecadienoic acid
(Z,Z), methyl ester, hexadecanoic acid, methyl ester
and methyl stearate as possible chemical cues
mediating interaction with natural enemies in both
sucking pests (jassids and whitefly). The compounds
need to be reconfirmed and evaluated for their
response against natural enemies.

Insecticide Resistance Monitoring

• Bioassay results in F, generation for various locations
in India was carried out for CrylAc and Cry2Ab.
CrylAc resistance ratio in the populations ofFaridkot
and Jalna was 2.6 and 6.8 fold respectively which is
considered as very low.
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• The highest CrylAc resistance ratio was noticed in
Kumool populations ofAndhra Pradesh (899.8) while
highest Cry2Ab resistance ratio was observed in
population ofVadodara district of Guj arat (3831.43) .

• Bioassays to study whiteflyr esistance to commonly
used insecticides from Abohar, Sirsa and Ganganagar
recorded thiamethoxam (14.8-22.6 folds),
triazophos(20A-37.6 fold) and diafenthiuron (48-
66.8folds) with highest resistance ratios but
comparatively less than observed during 2017-18.

Insecticide Resistance Management : Dissemination
of Pink Bollworm management strategies" was
implementated with the participation ofICAR-CICR,
10 State Agricultural Universities and 3 KVKs in 105
villages covering 21 districts from seven selected
major cotton growing states of the country.

• With concerted efforts of all cotton production
stakeholders, it was possible to reduce the pink
bollworm infestation during 2019-20. The level of
infestation in Maharashtra, Gujarat, Madhya Pradesh,
Telangana, Andhra Pradesh, Kamataka and Tamil
Nadu was 2.8-48,5-15,5-35,5-20,5-57,4-29 and 7-
20 %, respectively. Pink bollworm infestation across
cotton growing states recorded overall reduction in
infestation by 70% .

• Resistance monitoring was carried on four populations
of Leafhopper in Maharashtra with eight insecticides.
The population ofleafhopper from Wardha was more
susceptible to Flonicamid, Thiamethoxam,
Acetamiprid, Imidacloprid, Acephate and
Clothianidin as compared to other populations.

atural enemies of Pink Bollworm

• The emergence of parasitoid Apanteles angaleti
ranged from 7.25 to 62.50 and was highest in Gujarat.
Bracon lefroyi with 33.33 per cent parasitisation was
found in Nagpur population only.

• Among the three species of egg parasitoid
Trichogramma bactrae, Trichogramma brasiliensis
and Trichogramma chilonis evaluated in field trial,
T.bactrae with 13.05 per cent locule damage was most
effective.

Integrated Pest Management

• The label claimed insecticides and plant derived oils
tested against thrips under laboratory and field
conditions recorded fipronil (82.89%), spinosad
(80%), spinetoram (68.0%), profenphos (61.11 %) as
superior treatments among chemical insecticides and
among oils castor, sesame and pongamia oils reduced

¥ ~
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whitefly population more than the neem based
insecticides.

• Insecticide Spinoteram followed by Fipronil recorded
highest efficacy against thrips. Among biopesticides,
Metarhizium anisoplae and among essential oils,
neem oil followed by castor oil recorded higher
efficacy against thrips.

• Among the demonstrations conducted on most
prominent BG-II hybrids at ICAR-CICR
experimental farm highest yield was obtained in US-
21(33.25qlha) followed by RCH650 BG-II,US-51
BG-II,RCH776 BG-II and RCH773 BG-II. The
minimum whitefly population (17.1/3Ieaves) was
recorded in RCH653 BG-II.

Phermone traps for Pink bollworm

• The polypropylene recorded the highest mean catch of
46.30/week, while the silicon and rubber dispensers
provided a weekly mean trap catch of 41.18 and 34.85
males, respectively.

Sticky trapa for thrips

• Blue colour sticky trap attracted more number ofthrips
followed by yellow colour sticky trap.

Bioagents against insect pests

• Entomopathogenic fungal strains were evaluated for
efficacy against whitefly nymphs. At Sirsa the highest
nymphal mortalityon the seventh days after spray was
recorded with Beauveria bassiana -4511 followed by
Isaria javanica CICR-RSS -0102 and Pyriproxyfen
(2.5mllL), while at Nagpur, the highest nymphal
mortality at 10 DAI were recorded with Fusarium
moniliformae CICR-RSS-083 followed by B.
bassiana-4511, Ljavanica -CICR-RSS -0102.

• Two strains of A. papayae were evaluated for
sustainable management of papaya mealybug,
Paracoccus marginatus, strain A .

• Effect of thermal stress on fitness traits of two
mealybug pests, Phenacoccus solenopsis and
Paracoccus marginatus and their parasitoids Aenasius
bambawalei and Acerophagus papaya was studied.
Increase in temperature above 32°C reduced the
duration of pre-oviposition and oviposition period as
well fecundity of individual mealybugs.

Bioagents against pathogens

• Forty five endophytes have been identified from G.
arboreum (25) and G. hirsutum (20). Promising
endophytes identified based on in vitro antagonistic
study were CEL 2, CEL 5, CEL 19, CEL 38, CEL 41,
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CEL48, CEL 55 and belonged to genera Fusarium sp.,
Isaria sp. and Nigrospora sp.

• Four antimicrobial VOCs; 1, 3-diethyl benzene, 1, 4-
diethyl benzene, cymene-7-ol and ethylacetophenone
were identified from CEL 19 through GC-MS
analysis.

• GC-MS analysis ofbioactive metabolites produced by
a native isolate of nematophagous fungus,
Purpureocillium lilacinum revealed production of 13
different compounds.

• Nematicidal/nematostatic compounds viz
Actinomycin C2,2-Pentanone, 4-hydroxy-4-methyl-
(CAS), Hexanoic acid, 2-ethyl-,oxybis(2,1-
ethanediyloxy-2, l-ethanediyl) ester (CAS), 2-benzyl-
3,6-dioxo-5-methylpiperazine,Nonacosanol (CAS),
l-Docosanol (CAS), 2,5-Piperazinedione, 3,6-bis(2-
methylpropyl) recorded from P lilacinum .

• Highest recovery from sudden wilt manifestation
was recorded with 50 ppm sodium benzoate (75%),
followed by 10ppm cobalt chloride (56.5%).

• Combined seed treatment with Trichoderma
harzianum (lOg/kg), Pseudomonas fluorescens
(lOg/kg) and Mycorrhiza (20g/kg) gave the highest
reduction in root rot over control in both the cultivars
CICR-2 (G. abrobeum) and CSH-3129 (G. hirsutum)
(57.5 and 51%) at 60 days after sowing.

Host plant resistance

• Field screening of 54 genotypes of G.hirsutum for
identification of resistance/ tolerance against cotton
leafhopper indicated 13 genotypes to be superior than
resistant check.

• In general branched trichomes were predominantly
observed over non branched trichomes in the tolerant
genotypes.

• Marker assisted selection by validated marker CIR246
was carried out and plants showing resistance both
genotypicaly and phenotypically by artificial
inoculation were selected. Total of 33 BC4-Fl plants
have been selected for further advancement of
generation to develop bacterial blight resistant variety.

Induction of acquired systemic resistance

• In 2018-19 three spray of Aspirin + Curcumine was
found to reduce reniform nematode population in soil
by up to 55% giving an increase of seed cotton yield by
4 q/ha over control.

• French marigold, T.patula was most effective in
reducing galls by root knot nematode. Preplanting of
Tagetes by one week before planting of host plant was
found to be better than planting both Tagetes and host
plant together. Also influence of Tagetes as nematode
repellent was most pronounced within diameter of 10
em from the Tagetes plant.

New methods/protocols

• A simple and inexpensive method that uses freshly
excised green bolls (-10 d old) of cotton (Gossypium
hirsutum L.) was developed for laboratory rearing of
pink bollworm, Pectinophora gossypiella (Saunders).
Up to five generations of pink bollworm could be
raised by this method.

• A novel method for isolation of wax degrading
bacteria from mealybug was standardized with
substitution of mealywax with bee wax in Davis
minimal media.

---+++---
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2.1 : Brief History
The ICAR-Central Institute for Cotton Research (CICR)
was established at Nagpur in 1976. The two regional

stations of IAR! located at Sirsa (Haryana) and
Coimbatore (Tamil Nadu) were transferred to CICR to
cater to the needs of north and south India, respectively.

Location ofthe ofICAR-CICR Institute

Center

ICAR-CICR, Head Quarters, Nagpur, Maharashtra

ICAR-CICR, Regional Station, Coimbatore, Tamil Nadu

ICAR-CICR, Regional Station, Sirsa, Haryana

2.2 :Mandate
• Basic, strategic and adaptive research on production,

protection, fibre quality and by-products of cotton

• Creation of new genetic variability for location-

Latitude

21.037

11.014

29.543

Longitude

79.056

76.929

75.038

specific adoption in cotton-based cropping systems.
• Coordination and monitoring of applied research on

national and regional issues to develop improved
varieties and technologies

• Dissemination of technologies and capacity building
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2.3 : Staff Position (as on 3rt March, 2019)
Name of the Post

Director (RMP)
Scientific
Technical
Administrative
Supporting
Krishi Vigyan Kendra
Training Organizer
Technical
Administrative
Supporting

NGP - Nagpur; CBE - Coimbatore

Sanctioned Cadre Strength Post Filled Up
NGP CBE Sirsa Total NGP CBE Sirsa Total

1 1
51 22 8 81 44 22 7 73
46 16 10 72 27 13 10 50
34 9 5 48 21 6 5 32
43 17 10 70 29 10 9 48

1 1
11 11 8 8
2 2 1 1
2 2

2.4 : Financial Statement
The budget grant and actual expenditure for the year 2018-19 are furnished below:

(Rs. in Lakbs)

Name of Scheme

Plan Scheme
Deposit Scheme
Revolving Fund
Govt. Grants ( Non-Plan & Plan merged from 2018-19)
Total (in lakhs)
Revenue Generation (Revenue Receipts)

2018-19
Expenditure

1995.55
955.45
13.64

5332.30
8296.94

0.00

Sanction
1997.10
1222.04

18.85
5333.33
8572.31

84.68
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3. RESEARCH ACHIEVEMENTS

3.1 Consolidation and characterization
ofgeneticdiversity
Status of cotton germplasm
ICAR-CICR, Nagpurmaintains one of the largest cotton
gene bank, germplasm collection of the world with
12,335 accessions of the cultivated and wild species of
Gossypium including perennials, landraces and inter-
specific derivatives (Table 3.1.1).

Table 3.1.1 : Germplasm collection at ICAR-CICR,
agpur

Species
G. hirsutum
G. barbadense
G. arboreum
G. herbaceum
Wild Species
Interspecific Derivatives
Perennials and land races
Races and derivatives of
all cultivated species
Total Collection

No. of accessions
8851
536

2053
565
24
40

254

12

12335

Enrichment of cotton genetic stocks
Six hundred seventy four (674) quality exotic accessions

consisting 346 G. hirsutum, 211 G. barbadense and 117
G. arboreum were procured from USA through ICAR-
NBPGR, New Delhi. A set of 56 exotic accessions
including 2 CLCuD resistant accessions were multiplied
in the pots. Eight exotic varieties of G. hirsutum were
multiplied in the field and evaluated for economic and
fibre quality traits.
Evaluation of germ plasm
A part of base collection that include 2852 accessions of
G. hirsutum, 142 of G. arboreum and 34 Coker variants
were rejuvenated in the field and 140 accessions were
rejuvenated in pots. Seven hundred and seventy one
geographically and genetically diverse accessions of
core assembly were grown for seed multiplication and
DUS characterization. Molecular characterization of
470 accessions from this core assembly was done using
52 polymorphic markers for the development of Mini
Core Group based on dissimilarity index matrix.
Evaluation and maintenance of G. barbadense
germplasm
Three hundred and twenty five G. barbadense
germplasm lines were grown and maintained at ICAR-
CICR, Regional Station, Coimbatore. Two new G.
barbadense germplasm lines were evaluated for yield,
ginning outturnand fibre quality traits (Table 3.1.2).
Conservation of germplasm in long term storage
Seeds of 15 accessions of G. barbadense were submitted
to ICAR-NBPGR, New Delhi for long term storage

Table 3.1.2 : Yield, GOT and fibre quality traits of new G. barbadense lines alongwith Suvin

S. 0 Germplasm Lines SCY GOT 2.5% S.L Bundle Strength
(kglha) (%) (mm) g/tex

711 34 35.2 29.3
546 30 33.2 31.2
785 30 37.4 31

1
2
3

EC-929595
EC-929596
Suvin (c)

Mic
(u/inch)

3.2
3.3
3.2

Performance evaluation of hairy germplasm lines of G. barbadense

A set of 11 hairy germplasm lines of G barbadense were
evaluated for their performance and fibre quality traits at
ICAR-CICR, Coimbatore. Based on superiority for
specific traits, ICB-124 was identified as promising one
for highest seed cotton yield, high GOT, staple length
and moderate tolerance to sucking pests. This line shall
be useful for development of superior G. barbadense
genotypes with high yield and sucking pest
tolerance/resistance.
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Plate 3.1.1 (A) Hairy germplasm lines, ICB-124(B) Non hairy type Suvin

Evaluation of compact desi germplasm
Thirteen compact accessions of G. arboreum were
evaluated at 67.5 x 10 cm spacing against promising
checks in 3 replications for yield and yield contributing
parameters at ICAR-CICR, Regional Station, Sirsa.
Accessions 412540 (29.8 q/ha) and CISA 6-256 (29.7
q/ha) were superior in comparison to check HD432 (28.2
q/ha) and CICR-l (27.8 q/ha).

Evaluation of compact G. hirsutum germplasm
Fifteen compact accessions of G hirsutum germplasm
(15 + 3 checks) were evaluated at 67.5 x 10 cm. spacing
against Bt and Non-Bt promising checks in 3
replications at Sirsa. Data on yield and yield contributing
traits were recorded. The accessions namely N -100 (29.7
q/ha), AZON 148 (28.5 q/ha) , EC 700140 (28.2 q/ha)

v

were found significantly superior for yield against check
F1861 (24.6 q/ha) andCSH 3075 (27.6 q/ha).

Distribution of cotton germplasm
Forty-five germplasm accessions of G. hirsutum; G.
arboreum and wild species were distributed to the
breeders/ scientists of CICR, SAUs and Private stake
holders.
Characterization of the collected landraces of desi
cotton and perennials
Morphological (DUS) characterization was done for 39
primitive cotton cultivars / accessions collected from
Sundarbans of West Bengal, three from Odisha and one
from Kamataka. Molecular characterization was
performed for 114 G. arboreum lines along with 5
checks using 83 SSR markers of which 34 markers

II

III

Fig. 3.1.1. Dendrogram showing genetic relationships among G. arboreum accessions of the perennials and landraces of desi
cotton (Bootstrap values >50% are shown)
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showed polymorphism (41%). The genetic relatedness
among accessions was studied using DARwin statistical
package which grouped them into six major clusters
(Fig.3.l.1).

Morphological (DUS) characterization has also been

¥ $~~ ICAR-CICR ~

completed for traditional cultivars of 16 G. herbaceum
accessions collected from Gujarat and Tamil Nadu along
with 3 checks. Molecular characterization was done for
all 19 accessions using 34 polymorphic markers. The
analysis done using DARwin statistical package
grouped these into 4 clusters (Fig. 3.1.2).

~ __~~ r==n--1~------------------------------------~

n~-.-----

~ ,. r===a~L--------------------------
,.----L=--c====::

Fig.3.1.2. Dendrogram showing genetic relationships among traditional cultivars of G. herbaceum accessions
(Bootstrap values >50% are shown)

Evaluation of perennials and land races of desi cotton
(G. arboreum)
One hundred and fourteen accessions were evaluated for

Fibre length (>24.5 mm)
Fibre Strength (>25 g/tex)

fibre quality traits. Six medium staple length (24.5-26.0
mm) and fourteen high fibre strength (25.0-28.4 g/tex)
lines were identified and documented.

PLC42, PLC135, PLCI40, PLCI41, PLCI80, PLC202
PLC42, PLC56, PLC80, PLC126, PLC136, PLC139, PLCI40, PLCI41, PLCI42,
PLCI80, PLCI92, PLCI94, PLC202, PLC207

Wild and unadapted
germplasm for cotton
improvement
Twenty four wild species,
fifteen races of cultivated
species and more than 45
synthetic polyploids were
conserved in the wild species
garden. Seeds of four wild
species were obtained from
MPKV, Rahuri which included
G. thurberi, G. arrnourianurn,
G. triphyllurn and G. triloburn.
Plants of G. thurberi were
established. Another cutting
(1/6) of BC)F) of a cross
between G. hirsuturn and G. Plate 3.1.1. BC,F, plant
arrnourianurn obtained from of a cross G. hirsutum x
ICAR-CICR RS, Sirsa was also G. armourianum in pot

established and will be utilized in CLCuV resistance
breeding program (Plate 3.1.1).

Molecular characterization of wild germplasm

Nineteen
diploid wild
species of
Gossypium (G.
african urn, G.
anomalum, G.
triphyllum, G.
cap tis virides,
G
b arbos anum,
G. sturtianum,
G. australe, G.
thr ub er i, G.
armourianum,Fig.3.1.2 : Clustering of Gossypium
G. davidson ii,species based on molecular markers
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G. klotzschianum, G. aridum, G. raimondii, G. lobatum,
G. trilobum, G. stocksii, G. somalense, G. longicalyx, G.
bickiiy, 6 races of G. arboreum (Indicum, Burmanicum,
Bengalense, Cernuum, Sinense, Soudanense), 5 races of
G. hirsutum (Latifolium, Palmeri, Marie-galante,
Richmondii, Mexicanum),lO exotic accessions of G.
hirsutum (Exotic 3, Diu 90, Diu 91, Moco, Diu 92, Diu
93, Serido, Diu 4494, EC 669583, RCW Kidney cotton),
4 varieties of cultivated species of cotton (G. herbaceum
cv Digvijay, G. arboreum cv AKA 8401, G. hirsutum cv
Suraj, G. barbadense cv Suvin) along with other
important accessions (G. barbadense GBP-1, G.
arboreum CNA5) and related species (Thespesia
lumpas) were profiled to assess the genetic diversity
using identified polymorphic SSR markers. The
microsatellite markers clearly distinguished the diploid

wild species of cotton from tetraploid species.
Clustering pattern revealed separate grouping of diploid
wild species, tetraploid species, races of G. hirsutum
cotton, G. arboreum cotton, exotic collections of G.
hirsutum with very few exceptions/outliers (Fig. 3.1.3):

Eight new crosses for broadening the genetic diversity
were established viz. G. arboreum x G. barbosanum, G.
arboreum x G. capitis viridis, G. arboreum x G.
barbosanum (Fertile), G. arboreum x G. barbosanum
(Sterile), G. arboreum (cv Roja) x G. stocksii (sterile), G.
arboreum (Sinense) x G. stocksii (sterile), G. hirsutum
cv. JK4 x G. aridum and G. hirsutum cv. MCU5 x G.
barbosanum (Plate 3.1.3). In one cross with G.
barbosanum; both sterile and fertile plant were
observed.

Plate 3.1.3: A. G. arboreum x G. barbosanum, B. G.arboreum x G. capitis viridis, C.G.arboreum x G. barbosanum Fertile,
D. G.arboreum x B4 Sterile, E. G. arboreum (cv Roja) x stocksii Sterile, F. G. arboreum (sinense) x stocksii Sterile, G. JK4 x
G. aridum Sterile, H. MCU5 x G.barbosanum Sterile

Eleven fresh crosses were attempted using G. bickii, G.
stocks ii, G. trilobum and G. arboreum race soudanense
with cultivated species. Generation was advanced from
F5 to F6 for crosses viz. G. arboreum x G. longicalyx, G.
arboreum race indicum x G. davidson ii, G. arboreum x
G. thurberi and G. arboreum (Cv AKA8401) x G
davidsonii and progenies were evaluated in the field for
morphological and fibre traits.

Evaluation ofintrogressed derivatives
Total of366 introgressed derivatives (295 G. hirsutum &
71 G. arboreum) were evaluated for yield, fibre
properties and biotic stress tolerance while 763 single
plants selected from the segregating progenies. The seed
cotton yield among the G. hirsutum derivatives ranged
from 1194-3749 kgiha while in G. arboreum it ranged
from 728-2766 kg/ha, the range of variability for other
economic characters is given in Table 3.1.3.
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Table 3.1.3: Range in Seed cotton yield and fibre
parameters in introgressed derivatives

Particulars G. hirsutum G. arboreum
Seed cotton yield(kglha) 1194 - 3749 728 - 2766
Ginning percent (%) 28.4 - 39.4 29.1- 41.1
UHML(mm) 21.7-31.7 20.6-27.2
UI(%) 78-83 73-81
Micronaire (u/inch) 3.2 - 6.1 3.8 - 6.7
Bundle strength (gltex) 22 - 30.4 20.3 - 23.4

All the introgressed derivatives including colour cotton
were evaluated for pest infestation and it was found that
whitefly and jassid population was below ETL,
Bollworms were not observed while, the population
density of natural enemies like lady bird beetle and
spider per plant ranged from 0-1 in 162 lines.

Table 3.1.4: Colour Cotton entries sponsored for
AICRP2018-19

Genotype UHML BS Mic
(mm) (g/tex) (u/inch)

CICR 16301 (DB) 23.7 22.4 3.8
CICR 16315 (LB) 26.20 28.26 3.17
CICR 16337 (LB) 26.73 28.73 3.42
CICR 16377 (LB-A) 23.0 23.6 5.0
CICR 16378 (LB-A) 23.4 24.4 5.1

One hundred forty seven colour cotton cultures (G.
hirstum - 143 & G. arboreum - 4) were evaluated in
field condition for various shades of brown lint, seed
cotton yield and fibre traits.
Sixteen G. hirsutum and G. arboreum based introgressed
derivatives of colour cotton were evaluated for colour
parameters, colour fastness and fibre properties at
ICAR-CIRCOT, Mumbai. Six samples namely CICR
17395 (Vaidehi-95/ MSH-53), CICR 17505, CICR 508,
CICR 17513, CICR 17521 and CICR 17522
comparatively had higher colour fastness. No fading was
observed in any of the samples and their fastness was
classified as exceeding 5, on a scale of 1-8 which can be
considered to be very good for textile applications.
Colour fastness of five ofthese samples to washing was
excellent with highest rating of 5 (on a scale of 1-5)
indicating no change in colour. No staining of cotton or
wool sample was observed for any of the test sample.
The color pigments in the lint of naturally coloured
cotton were found quite stable to fading by light and
washing.
The yield ranged from 1631 to 2272 kglha, fibre length
(UHML) 21.4 - 29.6 mm, micronaire 2.8 - 4.6Ilglinch,
fibre strength 19.4 - 28.2 gltex, elongation 4.5 - 6.6 %

ICAR-CICR.

and SFI 8.5 - 31.5%. Seed cotton of8 q and lint of3.5 q
was obtained for Dark Brown linted genotype, Vaidehi-
95/ MSH-53 which was supplied to ICAR-CIRCOT for
value addition.
Three registered genetic stocks of desi cotton were
retained for the crop season 2018-19 in South Zone Trial
viz; CNA-405 (Narrow leaf lobed & brown linted),
CNA-407 (Spotted petal blotch and light brown linted)
& CNA-407 SPL (Spotless petals & light brown linted)

Development of consensus genetic linkage map of
Gossypium
Field trial of all the five RIL mapping populations (one
population of CICR and 4 provided by participating
centers; two inter specific populations of G. arboreum x
G. hirsutum, two intra-hirsutum populations and one
interspecific G. hirsutum x G. barbadense population)
in two replications were evaluated for morphological,
yield and fibre quality traits at ICAR-CICR Nagpur.
Genomic DNAofRIL mapping population i.e. KWAN-3
x JAYADHAR, developed by ICAR-CICR was isolated
and supplied to NBRI, Lucknow for SNP genotyping.

Evaluation of G. herbaceum germplasm
A set of 25 early maturing G. herbaceum germplasm
lines were evaluated along with standard checks
(Jayadhar, DDhC-ll and GN. Cot 25). Three crop
seasons pooled data was analysed statistically. The
interaction of genotype x seasons were highly
significant (Fig.3.1.4). The genotype IC 371437 had the
highest yield. Days to harvest was shortest in
Baluchistan 1 (180 ± 12.4 days) followed by IC 371437
(190 ± 10.4 days) as compared to standard checks G. Cot
25 (220 ± 23.5 days), DDhC-ll (215 ± 24.2 days) and
Jayadhar (225 ± 18.1 days). Based on mean performance
of three years, seven genotypes identified for utilization
in breeding programme are Baluchistan 1, IC 371437,
IC 371587, IC 371560, IC 371602, IC 371360 and IC
371136.

30'
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Fig.: 3.1.4: Pooled data for SCY (three crop seasons)
among G. herbaceum genotypes
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Interspecific hybridization in G. herbaceum x G.
arboreum

Twenty-one inter specific F2 crosses of G. herbaceum x
G. arboreum were evaluated along with identified seven
herbaceum lines (GVHV- 655, IC 371437, IC 371152,
IC 371158, Baluchistan 1, IC 371136 and IC 371360)
and three arboreum testers (PA 740, PA 785 and PA
812). In the combining ability analysis of variance for
seed cotton yield per plant, 12 crosses and 4 parents
showed significant difference for the trait. The female
G. herbaceum parents IC 371437, IC 371152 and
Baluchistan 1 and arboreum male parents PA 785 and PA
812 showed high general combining ability. Cross
combinations IC 371437 x PA 785, Baluchistan 1 x PA
785, IC 371136 x PA 785 and IC 371360 x PA 785
showed high SCA. The magnitude of variance (J2)

resulting from GCA was lesser than SCA indicating that
variation was affected by dominant gene effect for
number of bolls per plant (V 0 GE = 26.5), boll weight
(Vo GE = 0.16), seed cotton yield per plant (Vo GE ==
1,059) and days to harvest (V 0 GE = 267).
Inheritance of bracteoles in F2 population of G.
herbaceum x G. arboreum crosses was studied. In cross
IC371437xPA 785, total 2296 bolls showed good fit of
3: 1 (1734 flared bracteoles and 562 closed bracteoles)
with non-significant x2test (0.33) indicating action of a
single dominant gene. A total of3298 bolls were studied
in reciprocal cross PA 785 x IC 371437. The X2 test was
non-significant (l = 0.38) with good fit of 15: 1 (3083
closed bracteoles and 215 flared bracteoles) indicating
duplicate genes action where genes of both genotypes
act independently.

Plate 3.1.4 A. Flared away Plate 3.1.4B. Flared away bracteole from Plate 3.1.4 C. Closed bracteole from
bracteole from green boll of G. pink boll ofG. herbaceum (IC -371560) green boll ofG. arboreum (PA-785)
herbaceum (IC -371437)

Evaluation ofintra herbaceum F3 population

F3 populations of five intra G. herbaceum crosses
(Baluchstan-I x IC - 371437, IC - 371560 x
Baluchistan-L; IC - 371437 x Baluchistan-L; IC-
371437 x IC - 371587; IC - 371602 x IC - 371587)
were raised. Each cross consisted of 576 plants.
Segregation pattern was recorded with respect to dwarf
type, early maturity, boll openings and seed cotton yield.
Variation for boll number per plant (from 29.4 ± 11.2 to
58.71 ± 18.5), seed cotton yield (g/plant) (from 69.6 ±
8.5 to 156.3 ± 28.2) and days to harvest (from 180± 12.4
to 230 ± 20.30 was observed. F4 seeds were collected.

Evaluation of intra G. arboreum F2 population

F2 populations of 3 direct intraspecific crosses of G.
arboreum (PA740x PA785,PA740xPA812and PA
785 xPA812) and their reciprocals (PA 785 x PA 740, PA
812 x PA 740 and PA 812 x PA 785) were evaluated.
Each cross consisted of 144 plants. Observations were
recorded for plant height, days to harvest, boll number,
boll weight and seed cotton yield. Variation for boll

number per plant was observed in the range of 23.23 ±
22.14 to 48.33 ± 17.54, seed cotton yield (g/plant) 74.19
± 10.23 to 136.66 ± 14.23 and days to harvest 140 ±
20.433 to 160 ± 25.33. F3seeds were collected for further
evaluation.
Transfer of CLCuD resistance from G. arboreum, G.
herbaceum and wild species to G. hirsutum:
Interspecific plant (G. hirsutum x G. arboreum)
established at CICR, Nagpur. The plant is sterile. It was
crossed with G. hirsutum but no cross ball was obtained.
Crosses were also attempted between BCIFI (F1861 x
G. armourianum) x CSH 3129, CSH 3075. G. arboreum
(CISA 310 and CISA 614) treated with colchicine 0.5%
and four plants with changed morphological features
were obtained.

Development of high yielding Asiatic cotton for South
zone

At Coimbatore, based on two year screening and
evaluation of 1100 G. arboreum accessions for yield and
yield attributing traits, 13 accessions namely AC 3265,
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AKH496,PBS 1127-SP1,AC 3522 B,AC 3216, H 503,
H 509, AC 3097, AKA 13-SP1, N 11-54-31-32, H173,
PBN 565 and 3930A which showed high yield and early
maturity were identified. Crossed in diallel matting
design and F, evaluated. Highest SCA and Standard
heterosis (SH) with per se performance was observed for
single plant yield in the crosses viz. AC 3265 x PBS
1127-SP1,AKA496 x H509,AKA496 xAC3097,PBS
1127-SPI x N 11-54-31-32,AC 3216 x AKA 13-SP1, H
503 x N 11-54-31-32, H 509 x AKA 13-SPl, boll weight
and boll numbers in crosses viz. AC 3265 x AKA 13-
SPl,AC 3265 x H 173, AKA 496 x H 509, AKA 496 X

F, of cross H509 x AKA 13-SPI

F, of cross AC 3216 x AKA 13-SPI

, ICAR-CICR C)
AC 3097, PBS 1127-SPI x N 11-54-31-32,AC 3216 x
3930A, H 503 x N 11-54-31-32, H 509 x AKA 13-SPl;
days to fifty per cent flowering in crosses viz., AC 3265 x
PBS 1127-SPl, AC 3265 x AKA 13-SPl, AC 3216 x
AKA 13-SPl, AC3216 x 3930A,H509 x AKA 13-SP1,
H 173 x PBN 563, H 173 x 3930A were identified.

Improvement of fibre qualities of G. arboreum and
generation advancement from segregating population
has been carried out at Nagpur. Total 120 single plants of
BC2F" 250 single plants of F3 and 120 single plants of
BC,F 2 were selected for further advancement.

Single plant selection for fibre quality traits in advanced
generation of G.arboreum

Field view of advanced generation lines of G.arboreum

Plate 3.1.5 Promising crosses and progenies of G.arboreum with improved fibre traits
3.2Breeding for premium fibre quality GMS based C!.arbo.reum hybrids wer~ evaluated for
and high yield as per global needs seed cotton YIeld with two check hybnds AAH 1 and

CICR 2. Five hybrids CISAA 18-11(3567kg/ha), CISAA
18-12, CISAA 18-13, CISAA 18-10 and CISAA 18-8
recorded significantly higher seed cotton yield than the
check hybrid CICR 2. The hybrids, CISAA 18-1 and

(a) Diploid cotton trials:

Evaluation of GMS based G. arboreum hybrids: Eight
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CISAA 18-2 were sponsored in National Br 25 a!b Trial (Table 3.2.1).

Table 3.2.1: Performance of GMS based G. arboreum hybrids in replicated trial at Sirsa

Entry Name SCY Boll wt (g) GOT(%) Boll No UHML MIC Strength
(Kg/ha) (mm) (g/te!)

CISAA18-6 2972 1.7 41.3 58.7 23.6 5.8 23.5
CISAA 18-7 2538 1.7 39.8 60.7 25.2 5.8 24.8
CISAA 18-8 3086 1.9 40.0 53.3 26.2 5.8 24.7
CISAA 18-9 2846 1.9 39.4 55.3 24.1 5.8 23.9
CISAA 18-10 3201 1.9 38.1 59.7 23.6 6.1 24.2
CISAA 18-11 3567 2.0 39.5 50.0 23.5 6.1 23.8
CISAA 18-12 3384 1.9 42.3 60.3 21.7 6.2 22.7
CISAA 18-l3 3384 1.9 41.8 55.3 22.4 6.2 23.0
AAHI (check) 1829 2.1 41.7 49.7 19.8 6.4 22.1
CICR 2 (check) 2744 1.9 45.3 55.0 21.0 6.2 22.4
CD 283.2
CV(%) 5.75

Evaluation of spinnable G. arboreum cultures: Under
this trial, 14 cultures along with two checks CISA 614
and PA255 were evaluated at ICAR-CICR RS, Sirsa.
None of the genotypes could give significantly higher
yield than the check CISA 614 but all the genotypes gave
significantly higher seed cotton yield than the quality
check PA 255 except CISA 33-6 (1578 kg/ha.). None of
the genotypes could possess quality parameters equal to
or higher than quality check (PA 255). However, CISA
33-8 (2675kg/ha) having UHML 25.1mm, strength

(25.0g/tex) and MIC 5.6 showed promise for spinning.
CISA 33-8 and CISA 10 were sponsored in Br 22a!b LL
trial.
Evaluation of high yielding G. arboreum genotypes:
Under this trial 14 genotypes were evaluated in RBD
with two check varieties CISA 614 and Phule
Dhanvantri. One genotype CISA-6-2 recorded
significantly higher seed cotton yield than high yielding
local checks CISA 614 and Phule Dhanwantari (Table
3.2.2).

Table 3.2.2: Evaluation ofG. arboreum genotypes for yield and fibre quality

Entry Name SCY Boll wt(g) GOT(%) No of UHML MIC Strength
(Kg/ha) Boll/Plant {g/tex)

CISA-6-165 2263 1.7 37.0 57.3 18.9 6.5 21.9

CISA-6-2 2446 2.0 38.6 57.0 19.7 6.3 22.2
CISA-6-123 1875 1.8 38.4 57.3 20.7 6.1 22.4
CISA-6-187 2081 1.8 37.0 52.7 19.5 6.5 22.4
CISA-6-214 1966 2.1 37.9 47.3 23.9 5.9 23.4
CISA 33-9 2058 2.0 42.6 52.3 20.0 6.3 22.4
CISA6 2126 1.9 39.4 57.3 20.1 6.3 22.3
CISA405 2195 2.0 42.7 58.0 19.8 6.3 22.3
CISA -8 1829 2.0 43.0 47.7 19.3 6.4 22.1
CISA-7 2081 2.0 43.3 39.7 22.5 6.0 23.3
CISA9 1852 1.8 41.0 42.7 20.9 6.4 22.7
CISA294 1646 1.9 43.1 52.3 20.6 6.1 22.4
CISA33-7 2058 1.9 41.0 35.3 22.4 5.7 23.3
CISA33-5 2058 2.0 38.0 38.0 19.7 6.3 22.3
Phule Dhanvantri (C) 2058 2.1 38.2 38.0 21.6 6.2 23.0
CISA614 (C) 2172 1.8 41.7 30.7 19.2 6.4 22.1
CD 210.7
CV(%) 6.3
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Evaluation of single plant progenies: Under this trial 8
single plant progenies were tested along with two checks
CIS A 310 and quality check PA255. None of the
progenies showed significant performance over check
CISA 310 (2766 kg/ha). None of the progenies
possessed fibre quality traits equal to or higher than the
quality check PA255.

(b) Tetraploid cotton trials
Development of high yielding good quality varieties:
A high fibre strength quality variety Central Cotton CCH

V' ~
76:'0 ICAR-CICR ~

4474 (Subhiksha) was released for commercial
cultivation in south zone states of Kamataka, Andhra
Pradesh and Tamil Nadu under irrigated conditions. The
variety is compact and is suitable for High Density
Planting System with yield potential of 4201 kg/ha. It
has recorded GOT of35.4 %, 2.5 % Span length of32.4
mm, rnicronaire of3.6 in the spinning test in ICC mode
and UHML of32.7 mm, micronaire of L? and tenacity
of 33.8 g/tex in the spinning test in HVI mode. It has
recorded a CSP value of 2376 in 50s count and 2322 in
60s count and was found to spin up to 60s count yam. It
also showed field tolerance to jassids.

Plate 3.2.1 (a) Central Cotton CCH 4474 (Subhiksba)

A high yielding good quality variety Central Cotton
CCH 12-2 (Suchitra) has been released for commercial
cultivation in Central Zone States of Gujarat,
Maharashtra and Madhya Pradesh under irrigated
conditions. The variety has a yield potential of 2598

kg/ha. It has an Upper Half Mean length of 28.0 mrn,
Micronaire of 4.2 and tenacity of 29.0 in HVI mode
matching the CIRCOT norm for 30s count yam. It also
showed tolerance to grey mildew and moderate
tolerance to jassids in field conditions.

(b) Central Cotton CCH 12 (Sucbitra)

Plate 3.2.1 (a & b)High yielding varieties of G. hirsutum .released for commercial cultivation in South and
central zones

Annual Report 2018-19 I 19



~ ¥~ ICAR-CICR :ci~

G. hirsutum cultures with superior fibre quality spinning up to 70s count yam. The culture is identified as
The extra-long staple good quality culture CCH 15-1 resistant to leaf hopper and Alternaria Leaf Blight in
showed excellent fibre quality in AICRP multilocation advanced screening trials inAICRP centres.
trials with a yield potential of 4019 kg/ha. The culture Evaluation of advance cultures of G. hirsutum: The
showed yield superiority in closer spacing with 125% trial at Sirsa consisted of 17 G. hirsutum cultures
RDF at Srivilliputhur in South Zone and at Rahuri in evaluated with the check variety RS 2013, CSH 3129
Central Zone in agronomic study. It has been rated as one and susceptible check F 1861 in RBD with three
of the best entry for fibre quality in both south and central replications. The highest seed cotton yield was recorded
zone locations by ICAR-CIRCOT. The average values in the culture CSH 2933 (1996 kg/ha) followed by CSH
of Upper Half Mean length of 32.4 mm, Micronaire of 1602 (1872 kg/ha) as against the check variety CSH
3.7 and tenacity of34.3 g/tex in HVI mode in South Zone 3129 (1646 kg/ha). Maximum ginning out turn of 40.1 %
and Upper Half Mean length of31.9 mm, Micronaire of was recorded in the variety CSH 2837 & CSH 2924 as
4.4 and tenacity of 33.5 g/tex in HVI mode in Central compared to local check varieties RS 2013 (35.8%) and
Zone indicates overall superiority for fibre quality traits. CSH 3129 (36.5%). Most of the cultures in trial recorded
The full spinning test indicates that it is capable of a CLCuD incidence less than 20 PDI (Table 3.2.3).

Table 3.2.3: Performance of promising advance cultures of G. hirsutum cotton.
Variety Plant ht (em) Bolls no Boll wt (g) GOT (%) SCY (kg/ha)

CSH 2933 109.4 25.8 3.01 39.0 1996
CSH 1602 120.0 25.8 3.15 36.0 1872
CSH2931 114.4 29.2 2.70 38.1 1728
CSH 2924 112.8 25.1 2.99 40.1 1584
RS 2013 122.8 26.3 2.67 35.8 1049
CSH 3129 126.1 30.2 3.37 36.5 1646
F 1861 117.7 28.0 2.84 36.0 1214
CD @ 5% 18.2 5.34 0.29 1.13 278
CV % 9 12 6 2 11

Trial 2 consisted of 21 G. hirsutum cultures and three In Trial 3, 16 G. hirsutum cultures were evaluated
check varieties. In this trial, only one culture CSH 1624 alongwith 3 check varieties in three replications. The
recorded the higher seed cotton yield of 1728 kg/ha as highest seed cotton yield was recorded in the advance
compared to check variety CSH 3129 (1646 kg/ha) culture CSH 1717 (1728 kg/ha) followed by CSH 1715

. .. ° . . (1667 kg/ha) as against the check variety CSH 3129
Maximum gmmng out turn of 39.7 Yo was recorded m (1646 k /h ) M· .. f4010/. . g a. aximum glnnmg outturn 0 . /0 was
CSH 1623 as compared to local check vaneties RS 2013 recorded in the variety CSH 1717 as compared to local
(35.2%) and CSH 3129 (37.6%).The culture CSH 1615 check varieties RS 2013 (35.8%) and CSH 3129
recorded minimum CLCuD incidence of (17.1 PDI) as (36.5%). All 16 cultures recorded CLCuD incidence less
compared to susceptible check (30.0 PDI). than 20 PDI (Table 3.2.4).

CLCuD PDI
19.4
17.9
19.2
17.9
20.6
18.6
19.1

Table 3.2.4: Performance of promising advance cultures of G. hirsutum cotton
Variety Plant ht Bolls no Boll wt (g) GOT(%) SCY (kg/ha) CLCuD

(em) PDI
CSH 1711 113.3 28 2.93 37.4 1564 17.6
CSH 1712 114.4 27 3.03 38.1 1564 18.1
CSH 1714 109.9 29 3.05 37.4 1605 19.1
CSH 1715 116.7 23 3.20 38.8 1667 19.7
CSH 1717 108.3 24 2.85 40.1 1728 26.4
RS 2013 122.8 26.3 2.67 35.8 1049 20.6
CSH 3129 126.1 30.2 3.37 36.5 1646 18.6
F 1861 117.7 28.0 2.84 36.0 1214 19.1
CD@5% 18.2 5.34 0.29 1.13 278
CV% 9 12 6 2 11
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Selection of Single Plants Progenies from segregating
populations: To develop the segregation populations of
G. hirsutum cotton, 16 crosses were attempted among
CLCu V tolerant germplasm lines in a Line x Tester
fashion. Out of 91 single plant progenies, 23 progenies
having high yield potential and tolerance against

Table 3.2.5: Performance of progenies selected from CLCuD tolerant x tolerant crosses

Entry ame SCY (kg/ha)
CSH 56 2099
CSH 57 2222
CSH 60 2222
CSH 61 2346
CSH 64 2593
CSH 65 1481
CSH 66 1481
CSH 68 2716
CSH 71 2469
CSH 72 2222
CSH 73 2346
CSH 3129 (LC) 2333

Evaluation of single plant selections of G. barbadense
Among the 5 superior back crossed progenies, 3 single
plants/progenies have been identified (CCB-12 (SN x
ICB 75)1-2-1-3), CCB-14, (SN (SN x ICB 155) 2-7-2-4
and CCB-15 (SN (SN x ICB 179) 3-1-3-7). They
possesse high yield potential ranging from 13-15 q/ha,
34-36% GOT and exhibited high fibre quality
parameters which fit into the ELS category.

CLCu V were selected in F6 generation. Among the
progenies the seed cotton yield ranged from 814 to 2716
kg/ha while GOT ranged from 35.2 to 40.5 per cent.
CLCuD incidence ranged from 14.4 to 32.7 PDI (Table
3.2.5).

Boll wt (g) GOT (%) CLCuD PDI
3.06 38.4 21.7
3.20 35.2 18.4
2.60 37.1 19.7
2.65 38.8 20.6
2.68 37.9 23.5
2.62 38.3 25.0
2.82 38.0 26.2
3.20 38.8 22.2
2.70 36.1 24.4
2.72 37.0 26.2
2.60 35.0 22.0
2.98 36.5 23.5

The single plant progenies of the prormsmg cross
combination ICB-124 x Suvin and ICB- 264 x Suvin
exhibited high seed cotton yield of 1134 kg/ha and 1207
kg/ha respectively and showed moderate resistance to
jassids. Sixty seven plants have been earmarked for
sucking pest tolerance which shall be further confirmed
during forthcoming crop season (Table 3.2.6).

Table 3.2.6. Performance of single plant progenies of crosses between hairy G.barbadense lines and Suvin

Cotton hairy lines SCY Mean population of jassids Leafhopper Resistance
(Kg/ha) (per 3 leaves in cotton) resistance category

45DAS 90DAS index
HAG-02 S 862 2.1(l.51) 3.3 (1.94) 2.4 MR
EC-18 S 709 4.3 (2.16) 6.7 (2.67) 2.6 S
ICB-85 S 893 5.7 (2.49) 3.3 (1.93) 2.7 S
ICB-87 Suvin 669 5.5 (2.43) 2.9 (1.83) 2.5 MR
ICB-I05 S 1053 4.9 (2.29) 4.1 (2.13) 3.1 S
ICB-124 1134* 3.6 (2.01) 2.5 (1.6) 2.4 MR
ICB-264 1207* 3.9 (2.08) 3.7 (2.03) 2.4 MR
ICB-281 1032 4.2 (2.16) 4.6 (2.25) 2.7 S
ICB-284 997 1.7 (1.45) 1.6 (1.43) 2.4 MR
ICB-288 786 3.7 (2.04) 3.9 (2.07) 2.7 S

Suvin (c) 688 5.3 (2.39) 4.7 (2.27) 2.8 S
C.D. 113 0.576 0.535

SEem) 0.433 0.194 0.187
SE (d) 0.126 0.274 0.261

C.Y. 11.3 14.17 11.92
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Cleistogamous mutant in G. barbadense
A stable completely cieistogamous spontaneous mutant
has been identified in the segregating populations of
intra-barbadense crosses CCB-12 (SN(SN x ICB-75) 7-.

1-6-2. The mutant identified was stable and found in the
progeny from an intra barbadense cross (Giza -45 x
Suvin- 3-7-2). This cieistogamous trait is highly useful
in pure seed production and pure line breeding.

Plate 3.2.2 Cleistogamous spontaneous mutant identified in the segregating populations of intra-g.barbadense cross

Identification of promising extra-long staple
genotypes
A total of thirteen high yielding, early maturing ELS
genotypes were evaluated during 2018-19 crop season
for further confirmation and seed multiplication. The top
ranking promising culture CCB-64 showed significantly In a station trial, 12 long staple cultures were evaluated at
higher seed cotton yield (1564 kg/ha) with 39 mm of2.5 Coimbatore along with Surabhi and Suraj as check
span length, 40 g/tex and 3.3 u/inch micronaire followed varieties. The culture YLS 15-1 showed significant yield
by CCB-129 (1507 kg/ha) with 38 mm length, 37 g/tex superiority (4376 kg/ha) over both the check varieties
and 3.4micronaire, CCB-51(1437 kg/ha) and CCB-51-2 with good fibre quality attributes. The culture YLS 21-4
(1420 kg/ha), 39 mm span length 33.4 g/tex of bundle and YLS 21-3 showed consistently better fibre quality
strength, 3.3 u/inch micronaire. The check variety, attributes over the years as compared to the long staple
Suvin gave seed cotton yield of 817 kg/ha with 30 % check varieties viz., Surabhi and Suraj (Table 3.2.7).

Table 3.2.7: Yield and fibre quality attributes ofYLS 15-1 vis-a-vis checks

Culture Seed Cotton Yield Upper Half Mean Micronaire
kg/ha) Length (mm) (ug/in)

YLS 15-1 4376* 30.3 3.9
Suraj 3667 30.9 4.3
Surabhi 2790 30.8 3.3
CD@5% 448
CV% 8

Table 3.2.8: Fibre quality traits ofYLS 21-4 and YLS 21-3 vis-a-vis checks
Culture Upper Half Mean Length (mm) Strength (g/tex)

2017-18 2018-19 Mean 2017-18 2018-19 Mean
34.1 30.9 32.5 29.7 33.8 31.7
34.1 30.7 32.4 29.6 33.4 31.5
32.8 30.8 31.8 31.8 30.9 31.4
32.7 30.9 31.8 27.0 31.3 29.1

YLS 21-4
YLS 21-3
Surabhi [C]
Suraj [C]

GOT, 37 mm span length, 31 g/tex bundle strength and
3.1 u/inch micronaire.

Development of high strength cotton genotypes by
reducing the short fiber content

Strength
(g/tex)
28.2
27.0
31.8

Short Fibre
Content (w) %

4.7
5.7
5.5

Short Fibre Content (w) %
2017-18 2018-19 Mean

4.0 5.4 4.7
5.8 5.9 5.9
5.5 4.7 5.1
5.7 4.4 5.1
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Thirty progeny bulks with better fibre quality and boll
weight were evaluated along with long staple check
varieties. Nine progenies recorded higher bundle
strength as compared to the best check variety Surabhi
(Table 3.2.9). All these progenies combined big boll size
(boll weight >4.3 g.), better UHML and stronger fibre.

~ ICAR-CICR.

selections of G. arboreum and 53 of G. hirsutum were
retained for second year evaluation during 2019-20
(Table 3.2.10).

Table 3.2.10 : Range of yield, yield attributes and fibre
quality trait in advance selections of G. arboreum and G.
hlrsutum.

Table 3.2.9: Evaluation of identified progeny bulks Particulars Range in Range in
along with long staple check varieties G.arboreum G.hirsutum

Progenies Boll Upper Micronaire Strength selections selections

Weight Half (ug/in) (g/tex) Seed Cotton Yield 818-3180.6 1607.8-3080.5

(g) Mean (kglha)

Length Ginning percent 29.5 - 42.2 28.9 - 39.5
(mm) Boll weight (g) 1.65 - 2.90 2.6 -4.3

7-2-1 4.8 32.5 3.1 30.8 Fibre length (mm) 22.7 -28.2 23.2-31.2

1-1-1 4.9 31.5 3.8 29.4 Uniformity Index (%) 79 - 85 80- 84

9-1-1 5.7 30.4 4.5 29.2 Micronaire value 4.2-6.1 3.4 - 5.2

16-1-1 4.3 28.0 4.4 29.2 Fibre strength (gltex) 24.4 - 31.9 24.6 - 32.8

2-2-1 5.4 30.1 3.9 29.1 From the advanced evaluated selections, three G.

13-1-2 6.5 30.5 4.3 29.1 hirsutum and six G. arboreum cultures entered inAICRP

6-1-2 5.1 28.5 3.6 29.0
National trials. The cultures entered in AICRP trials
were grown on large plots for seed multiplication. G.

13-1-1 6.1 28.4 4.2 28.6 arboreum cultures CNA 1036 and CNA 1040 entered in
15-1-2 4.9 29.2 4.3 28.5 Br. 22(a/b) National trial; CNA 1064, CNA 1065 and
Surabhi [C] 3.8 30.7 4.7 28.5 CNA 1066 to Br.22 (a/b )LL trial and CNA1091 a colour
Suraj [C] 4.8 31.1 3.4 27.5 linted culture sponsored to Br. 22(a/b)CC trials. Among

1-2-1 6.8 30.4 4.7 26.6 the G. hirsutum entries CNH 1131 was entered to Br.

Max 6.8 32.5 5.2 30.8
02(b) trial; two cultures CNH 1129 and CNH 1130 were

Min 3.8 28.0 3.0 25.4
sponsored for evaluation under Br. 06(b) rainfed trial.

Population Improvement
Evaluation of single plant selections: A total of 1508
superior single plants (897 of G. arboreum and 611 of G.
hirsutum) were selected from random mating
population. About 1650 single plants were reselected
from the segregating progenies for further evaluation in
plant to row progeny plots. All the single plant progenies
were monitored for segregation, if any, and also
evaluated for uniformity, economic and fibre quality
traits. Based on agronomic performance, uniformity and
fibre quality of plant progenies 45 progenies of G.
arboreum and 36 of G. hirsutum were identified for
evaluation in replicated trial.
Evaluation of advance cultures:
Ninety two cultures of G. arboreum and 76 of G.
hirsutum were evaluated in 6 replicated trials (4 rows
/plot in 2 replications). In all, 3 trials ofG. arboreum and
3 of G. hirsutum were conducted following a spacing of
60cm x 45cm. The seed cotton yield among the G.
arboreum cultures ranged from 818 to 3180.6 kglha
while in G. hirsutum it ranged from 1607.8 to 3080.5
kg/ha. Based on yield and fibre quality traits about 56

Plant with high boll number and Big boll size; and
Compact plant type selection from random mating
population G. hirsutum

3. 3. Breeding for Climate resilience and
biotic stress tolerance
Biotic stress
In F3' F4 and F5segregating generations of single, three
way and multiple crosses, 1200 single plant selections
were made based on plants having early maturity of 140-
150 days, compact plant type and tolerance to jassid for
further evaluation as progeny rows.
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Plate 3.3.1 Promising progenies showing early
maturity and compact plant type
Twenty two entries were evaluated in replicated trial for
seed cotton yield and fibre properties. CNH 09-69 had
recorded highest seed cotton yield of 1513 kg/ha
followed by CNH 09-31 (1465 kg/ha) and CNH 09-23
(1347 kg/ha) compared to Suraj (1252 kg/ha) and
NH615 (991 kg/ha).
For transferring quality traits from G. barbadense to G.
hirsutum, inter-specific population was developed. Four
hundred twenty five (425) promising inter-specific
single plant selection progenies in F4 generation with
characteristics of G. hirsutum and G. barbadense were
evaluated for seed cotton yield and quality traits. BC1F4
progenies (CNH 32-1, CNH 40-3) showed ginning
outtum of 42.1 % to 43.8 % as compared to Suvin
(30.9%) and Suraj (37.6%).

Plate 3.3.2 Introgressed lines with high boll weight

Fifty eight F4 lines were identified with staple length of
32 mm and above. Additionally, 270 F4 inter-specific
lines having naked seeds were also selected for
evaluating as progeny rows for yield and quality traits.

Early maturity, compact plant type and jassid
tolerance in cotton
Early maturing breeding lines CNH 09-7 and CNH 09-9
were sown for comparative evaluation and generating
data on earliness. CNH 09-7 had recorded seed cotton
yield of 1416 kg/ha while CNH 09-9 recorded a seed
cotton yield of 1421 kg/ha. The first picked seed cotton
out of total seed cotton yield was 38% in CNH 09-7and
35% in CNH 09-9. Both the entries recorded Bartlett's
earliness index of 0.7 identifying as early maturing
genotypes.

Another trial including promising progenies (15 F6' 14
F5' 29 F4and 13 F3' 7 F2populations) and 83 single plant
selections were evaluated for early maturity, compact
plant architecture and jassid tolerance apart from yield
and fibre quality traits. The early maturity of 120-130
days andjassid tolerance (Grade I) was observed in most
of progenies in spite oflate sowing and heavy incidence
of jassids. Many promising progenies and single plant
selections having early maturity of 120-150days (>90%
boll bursting), plant width of 20-30cm, plant height of
80-100 em with zero monopodia, boll weight of 4.25-
5.10g and per plant yield of 80-130g were selected from
different populations for stabilization, generation
advancement and seed multiplication.

Plate 3.3.3 Promising progenies showing early
maturity and compact plant type
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Screening of Random Mating population of the population were bulk harvested and ginned to
G.hirsutum for CLCu V tolerance constitute the next cycle of GMS based random mating
At flowering, the individual plant in the population were population. After the 7

th
cycle of random mating 63fertile

monitored for sterility/fertility at anthesis repeatedly at plants having high yield potential and tolerance against
an interval of a week and all the 500 sterile plants were CLCu V were selected for evaluation in progeny to row
tagged. All the out-crossed bolls from the sterile plants in trial. (Table 3.3.1).

Table 3.3.1: Performance of promising single plants selected from random mating population

Plant umber
P8

PI0
P12
P17
P21
P22
P31
P34
P35
P37
P47
P48
P52
P57

Plant height (em)
150
115
165
135
165
135
140
135
165
150
120
140
125
130

No. of Bolls / plant
110
61
75
70
58
103
90
98
65
89
52
85
85
90

Seed Cotton Yield (g)
165
144
149
175
180
142
160
177
247
216
153
175
223
174

Evaluation of progenies selected from random
mating population of G.hirsutum
Out of 91 single plants progenies, six progenies having
high yield potential and tolerance against CLCu V were
selected and advanced for further evaluation. Culture

CSH 1717 recorded the highest yield of 1728 kg/ha
followed by CSH 1715 (1667 kg/ha) as compared to
check variety CSH 3129 (1646 kg/ha). The cultures
also have desirable fibre quality traits and lowest
CLCu V incidence (Table 3.3.2).

Table 3.3.2: Performance of promising advance cultures of G.hirsutum cotton

Code Plant Number of Number Number of Boll Ginning Seed Cotton PDI
height monopods of bolls / plant weight outturn Yield
(em) sympods (g) (%) (Kg/ha)

CSH 1711 113.3 0.7 15.4 28 2.93 37.4 1564
CSH 1712 114.4 0.9 15.2 27 3.03 38.1 1564
CSH 1713 112.2 3.4 8.4 21 2.67 37.0 1296
CSH 1714 109.9 2.0 12.2 29 3.05 37.4 1605
CSH 1715 116.7 1.9 12.2 23 3.20 38.8 1667 19.7
CSH 1716 110.6 1.7 11.9 26 2.62 37.6 1481
CSH 1717 108.3 5.0 7.3 24 2.85 40.1 1728 26.4
CSH 1718 103.3 6.6 8.1 25 2.88 37.0 1276
CSH 1719 119.4 7.0 7.8 26 2.79 37.0 1070
CSH 1720 119.4 5.3 8.6 24 3.11 36.4 1173
CSH 1721 112.8 6.2 8.9 24 2.58 35.5 1564
CSH 1722 120.0 3.2 12.0 24 3.04 37.3 1379
CSH 1723 103.2 6.9 8.3 24 2.73 36.5 1173
CSH 1724 112.2 2.7 11.2 22 2.59 36.9 1317
CSH 1725 102.3 6.4 9.4 31 2.57 38.0 1317
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Plant umber of Number Number of Boll Ginning Seed Cotton
height monopods of bolls / plant weight outturn Yield
(em) sympods (g) (%) (Kg/ha)
112.3 5.6 8.3 25 3.14 38.3 1235
101.7 5.0 9.6 26 2.29 38.2 1049
111.7 4.9 8.4 25 2.28 37.6 1646
105.6 6.0 7.0 23 2.63 35.9 1214
19.52 0.94 2.03 5.99 0.43 5.02 216.04

11 l3 12 14 9 8 9

C)ICAR-CICR'

Code

CSH 1726
RS 2013
CSH 3129
F 1861
CD@5%
CV%

Marker Assisted Selection for Bacterial Leaf Blight
In field, both phenotypically and genotypically resistant
BC~ populati?ns were sown along with susceptible elite
cultivar Suraj. Marker assisted selection by validated
marker CIR246 was carried out and plants showing
presence of marker and resistance acertained by
artificial inoculation were selected. Total of 33 BC4-F1
plants have been selected for further advancement of
generation.
Improvement for Abiotic Stress: Drought Tolerance
Four sets of experiments were conducted during 2018-
19. In the first set, l3 advance cultures were tested in
replicated trial with LRA 5166 as a check. The seed
cotton yield ranged from 918.64 to 1982.15 kg/ha. Ten
genotypes were at par to the check LRA 5166 which
recorded SCY of 1195.41 kg/ha and nine of them
recorded >22 per cent increase in SCY over the check.
DTS 39 was the highest yielder (1982.15 kg/ha)
followed by DTS 417 (1829.01 kg/ha) , DTS 415
(1792.37 kg/ha) and DTS 155 (1665.92 kg/ha). DTS 67
had very good fibre quality with fibre length of29.6 mrn,
fibre strength of 28.7 g/tex and micronaire of 3.9 ug/in
and GOT of38.23 per cent. DTS 417 has been identified
as drought tolerant in the previous year trial as well.
In second set, 15 crosses in F6 generation were tested
a~ong with parents and checks. There was significant
difference for seed cotton yield among genotypes that
ranged from 1172.50 - 1699.33 kg/ha. Ten of these
crosses recorded 17 % yield increase over the check.
DTS 401 was the highest performer (SCY of 1699.33
kg/ha) showing 41 % increase over the check boll
weight of 4.08 g, GOT of 36.65%, UHML of 29~0 mrn,
fibre strength of 28.1 g/tex, micronaire of 4.1 ug/in, UI
of 83 % and elongation of 5.7. It was followed by DTS
420 (1684.01 kg/ha) , DTS 414 (1627.07 kg/ha) , DTS
404 (1615.72 kg/ha), DTS 421 (1612.06 kg/ha) andDTS
412 (1596.65 kg/ha). All entries possessed good fibre
quality with SIL ratio ranging from 0.8 to 1.0. DTS 405
and DTS 413 have been identified as drought tolerant.
In the ~hird set, F4 generation of single, double, three-
way, sIX and eight parental crosses were tested along
~Ith four checks. The crosses showed significant
differences for SCY which ranged from 1009.2 -
2l34.60 kg/ha. Twenty three crosses were at par with the

PDI

21.0
23.5
24.0

check NH 615 which recorded SCY of l369.87 kg/ha.
DTS SOla double cross recorded highest SCY of
2l34.60 kg/ha with 55 % increase over the check NH615
followed byDTS 505, DTS 508, DTS 513 andDTS 509.
DTS 513 also possessed good fibre quality with fibre
length of 28.5 mrn, fibre strength of 28.8 g/tex,
micronaire of 3.6 ug/in, UI of 86 and 6.3 elongation
percentage.
~ the fourth set, F2 and F3 generation of three-way and
smgle crosses were attempted using cluster bearing
genotypes to develop compact genotypes for high
density planting system. The crosses showed highly
significant differences for SCY. The cross (CB 228 x EC
700118) x (Surabhi x M5Z2-18-7) recorded SCY of
1857.31 kg/ha with 48 % increase over the check LRA
5166. Single cross CB 211 x EC 700181 and CB 228 x
EC 697618 recorded good fibre quality.
To improve the fibre quality of drought tolerant culture
CNH 28 I, crosses were attempted with four lines
possessing good fibre quality attributes (length and
strength). Ten back crosses along with parents and
checks were tested in replicated trial. The genotypes
showed highly significant differences for SCY ranging
from 1149 - 1864.08 kg/ha. Eleven crosses were at par
with the check Suraj which recorded SCY of 1210.99
kg/ha. BC 101 recorded highest yield of 1864.08 kg/ha
with 39% increase over the check and GOT of39.3 %.
For advanced development of MAGIC RILs of ten
parental lines, 2972 single plant progenies were raised.
Out of 2972 lines, 1310 lines were evaluated for proline
content for identifying drought tolerant lines. Fresh leaf
samples were taken to estimate the proline content and
the lines showing high proline content were then
subjected to artificial stress using Poly Ethylene Glycol
(PEG) under three concentrations. Few lines were
identified which recorded high proline content at all the
three levels. The identified progenies namely 4-2, 65-2,
107-5,117-1,231-1,235-1,321-1, and 327-1 will be
further evaluated. About 1000 single plant progenies
were also screened for leaf temperature using infrared
thermometer which varied from 22 to 29°C.
Fifteen advance cultures were tested under rainfed and
irrigated condition and leaf temperature recorded
ranged from 28.7 to 32.4°C under rainfed condition. Two
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genotypes DTS 405 and OTS 417 were identified as
drought tolerant as they maintained normal leaf
temperature of29.2.and 29.5"C and recorded high SCY
of 34.73 and 36.18 glplant respectively. However, two
other cultures OTS 407 and DTS 415 recorded high LT
of 31.9 and 31.3°C and SCY of 33.3 and 35.2 glplant
indicating that some other parameter than LT might be
playing crucial role in imparting tolerance to drought
and contributing to high yield.
In an effort to develop another set of MAGIC RILs from
eight parental crosses. 3031 single plant progenies were
raised. In 350 progenies, boll weight of> 4 g and in two
selections> 5 g were recorded. Fibre length and strength
in 218 selections ranged from 22 to 29 mm and 25 to 30
g/tex. One hundred seventy three compact plant types
were identified where the plant height ranged from53 to
87 em, sympodial length from 7 to 15 em inter boll
distance of3 to 10 ern and single plant yield from 21.4 to
174.8 g. Individual plant progenies were maintained
through selfing.
Tolerance to waterlogging
Based on lenticels and adventitious roots formation, four

Table 3.3.3: Dissimilarity index among the identified Gihirsutum accessions

tolerant (IC 359979, IC359245, IC357235,
INGR08093) and four susceptible (IC357556,
IC359242, IC357607 and IC35678) accessions were
identified and diversity analysis was carried out using 38
polymorphic SSR markers. Neighbour Joining tree
showed three major clusters with varying bootstrap
support. Cluster I consisted two susceptible accessions
(IC357558 & IC359242) and tolerant check LRA5166;
Cluster II consisted three tolerant accessions (IC563998,
IC359245 & IC357235) and Cluster III consisted one
tolerant (IC359979) and two susceptible accessions
(IC357607 & IC356708). The dendrogram showed
considerable genetic diversity present in the accessions
used in the study.
Based on the dissimilarity index, 2 tolerant accessions
namely LRA 5166 & IC 563998 and two susceptible
accessions namely IC 357607 & IC 356708 have been
shortlisted for further analysis and crossing with elite
genotypes vi:., Suraj and NH615 for introgression of
water logging tolerance. F 1s obtained during the
previous year were selfed to develop F2 mapping
population (Table 3.3.3).

IC357558 IC359242 LRA5166 IC563998 IC359245 IC357235 IC359979 IC357607
IC359242 0.58
LRA5166 0.62 0.40

IC563998 0.57 0.40 0.40

IC359245 0.60 0.43 0.34 0.27
IC357235 0.53 0.36 0.35 0.37 0.36
IC359979 0.59 0.40 0.43 0.39 0.36 0.2
IC357607 0.63 0.51 0.45 0.44 0.44 0.39 0.35
IC356708 0.61 0.46 0.41 0.46 0.47 0.41 0.49 0.43

At ICAR-ClCR RS, Coimbatore, two each accessions of
susceptible and tolerant Gossypium hirsutum, were
shortlisted. Waterlogging was initiated at 50 OAS and
continued for 25 days. The leaf samples were analysed
for itrate reductase activity and chlorophyll contents at
6 days after water logging (OAWL). Nitrate reductase
activity was higher in tolerant accessions. However,
SPAO values and chlorophyll contents showed variable
results among tolerant and susceptible accessions. Root
length was higher in tolerant accessions.

3.4Gene discovery, genomics and trait
improvement
Somatic embryogenesis and cotton transformation
Cotton is highly recalcitrant to somatic embryogenesis
mediated regeneration. Somatic embryogenesis
mediated regeneration protocol for G. hirsutum
genotypes Coker 312 and Coker 310 was standardized.

The healthy regenerated plantlets were initially
established in soilrite followed by earthen pots in
polyhouse. The flowers from the early somatic embryo
regenerative plants were selfed and opened bolls were
harvested. The selfed seeds from the Coker 312 was used
for Agrobacterium mediated genetic transformation
with CICR-Cry2AblAc and CICR-
Cry2AblAc::chitinase gene constructs. Hypocotyl and
cotyledanary explants from seven to ten days old
seedlings were used for transformation. The explants
were either incubated in Pre Induction Medium (PIM)
for 30 minutes with A. tumefaciens suspension
containing gene cassettes (00 600: 0.3-1.0) or applied
with pre-induced Agrobacterium suspension (00 600:
0.3-1.0) of 5 & 10 IIIto the cut side ofthe cotyledonary
and hypocotyl explants followed by co-cultivation for
48hr at 23°C in dark. The co-cultivated explants were
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transferred to MS medium supplemented with 2, 4-D
(O.lmg/l) and kinetin (0.5mg/l), and containing
antibiotics carbencillin (400 mg/l) and kanamycin (25
mg/l). Transformed callus produced from the cutting

edges of the individual explants are being sub-cultured at
3-4 weeks intervals. Sub-cultures are being continued in
hormone free medium to induce somatic embryos from
the cells of putative transformants.

Plate 3.4.1: Somatic embryos and transformants of Coker 312 with CICR : Cry2AbiAc gene. a. Callus and Globular
structure callus transformed; b. Globular and Heart shaped callus; c. Regeneration oftransformed callus.

Response of Plant specific G. arboreum LIM: Plant
specific LIM groups on comparison with animal
Cysteine Rich proteins are larger in size of proteins with
single LIM domain, with or without UIMs (GaDA-
lIDAR) and with domain of unknown function. Four
members were identified under this group comprising
three GaDAl members and one GaDAR member.
Pairwise aminoacid similarity among the members
varied from 51.7 to 85.6 %. Response of plant specific
LIM genes expression in response to challenge of F
oxysporum following root dip inoculation method was
quantified at different time interval using quantitative
RT-PCR. The GaDA 1-2 showed significant induction in
its expression in response to the challenge of
Foxysporum. Contrary to this, GaDARl though showed
induction response in early hours of treatment, there was
drastic reduction of transcript level after 24 hours of
treatment (Fig. 3A.l).

" GaOAl-2e
l
A 7.00T
I 6.00 rrv,

5.00 .-±,

~

, 400 I rt• 3.00 ~p

• 2.00E

S 1.00 Is nI I
0 000~

Control 1h 4h 24h 72h 96h
Fig. 3.4.1: Relative expression of GaDA1-l in
response to challenge of F. oxysporum

Construction of CRISPRJCas9 gene targeting
vector/s for the targeted mutagenesis of GhPHYAl
Escherichia coli DH 5a chemical competent cells were

prepared. Restriction and Ligations was performed for
the construction of sgRNAGhPHYA1::CRISPRlCas9
gene targeting vector construct. Ligation products were
mobilised into competent cells through heat shock
method of bacterial transformation. Putative
recombinant colonies were analysed for the presence of
sgRNAGhPHYA1::CRISPRlCas9 gene targeting vector
construct through colony PCR as well as plasmid PCR.

Bacterial transformation and putative transformed colonies

Colony PCR Plasmid PCR

Plate 3.4.2 Bacterial transformation and
confirmation of sgRNAGhPHYAl:: CRISPRJCas9
gene targeting vector construct
Transformation of cotton using pBIl21:: Wnt 3A gene
construct
The recombinant plasmid pBIl2l ::Wnt present in E. coli
has been isolated and reconfirmed for its purity through
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restriction digestion and PCR. The isolated recombinant
plasmid has been mobilised into EHAI05 strain of
Agrobacterium tumefaciens competent cells through
freeze thaw method of bacterial transformation.

~tI
~6:: ICAR-CICR

Putative recombinant colonies were confirmed through
plasmid PCR before proceeding with cotton
transformation. Transformation of cotton hypocotyls
and callus cultures were performed by using
recombinant EHAI05 with pBIl21::Wnt 3A gene
construct. Callus cultures are in induction stage which
shall be forwarded through sub culturing for molecular
analysis and somatic embryogenesis.

Plate 3.4.3 Agrobacterium mobilization of
pBI121::Wnt3Agene construct

Explants from cotyle donary leaves and hypocotyls Agrobacterium culture Agrobacterium culture inoculation of explants

Inoculated Explants on co-cultivation media Explants on callus induction media Callus initiation

Plate 3.4.4 Process ofAgrobacterium mediated cotton hypocotyl transformarion and callus induction

In planta transformation using cotton shoot tips
Shoot apex mediated transformation was also performed
in three batches; out of around 60 plantlets 8 plants
survived and are in developmental stages. Seeds from

these plants will be screened for the presence of
trans gene and, if found positive, they will be advanced
and Wnt mediated somatic embryogenesis will be
evaluated.

Plate 3.4.5 Process of In planta transformation using cotton shoot tips and plant development
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Development of consensus genetic linkage map of
Gossypium
Field trial of all the five RIL mapping populations (one
population of CICR and 4 provided by participating
centers; two interspecific populations of G. arboreum x
G.herbaceum, two intra-hirsutum populations and one
interspecific G. hirsutum x G. barbadense population)
in two replications were evaluated for morphological,
yield and fibre quality traits at CICR agpur. Genomic
D A of RIL mapping population i.e. KWAN-3 x
JAYADHAR. developed by ICAR-CICR was isolated
and supplied to NBRI, Lucknow for SNP genotyping.
Introgression of Non-deregulated Bt events into elite
cotton genotypes
Event Tg2E13 (CryiAc gene)
In order to introgress the Tg2E13 event (crylAc gene)
sourced from Delhi University into elite cotton
genotypes. backcross population (BC3F,) of three
crosses vi:., Suraj x Coker 310 (Tg2EI3), NH 615 x

Coker 310 (Tg2E13) and CISH 3178 x Coker 310
(Tg2E 13) were raised at contained facility of ICAR-
CICR, Nagpur along with the recipient genotypes

(Suraj, NH615 and CISH 3178) in seedling trays. ELISA
was conducted at 20-30DAS and non-Bt plants from the
segregating backcross populations were removed.
ELISA and event specific PCR was conducted again at
60 DAS to identify event (Tg2E13) positive plants
having high toxin expression which were further used in
backcrossing with their respective recipient genotypes.
Rapid generation advancement was achieved through
embryo culture technique wherein 30-40 days old
crossed bolls were explored to produce BCl,
populations. The BC4F, populations of the three crosses
were tested for trans gene expression through ELISA and
non-Bt plants from individual backcross populations
were removed. The identified high toxin expressing
plants in each of the BC4F, populations were selfed to
produce BC4Fz populations for their further evaluation
and stabilization (Table 3.4.1). As a part of
standardization of zygosity for Tg2E 13 event, left
border flanking sequence of Tg2E13 was sourced from
cotton genome database and the PCR product
comprising genomic flanking region of an event on 09

chromosome and nos promoter region of gene cassette

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1718 19 20 21 22 23 B 24-
~ ---_ .. -. ---- ------
M B 25 26 27 28 C1 C2 NTC 1-12: BC3F1 (CISH3178) plants;

13-22: BC3F1 (Suraj) plants;
23-28: BC3F1 (NH615) plants;
C1: Positive control; C2: Negative control
NTC = No Template Control ; B = Blank

Plate 3.4.6: Event (Tg2E13) confirmation of high Bt toxin expressing BC3Fl plants using event specific PCR.

Table 3.4.1 Establishment ofBC .•F, plants ofthree back cross population through embryo culture

Backcross (BC4F I)

Suraj x Coker310 (Tg2EI3)
NH615 x Coker310 (Tg2EI3)
CISH3178 x Coker31O (Tg2EI3)

UASD Event o. 78
Molecular and Biochemical analysis of the event
UASD 78 by gene specific primers and ELISA
The Institute received seeds and seed cotton (Kapas) of
UASD Bt cotton event No 78 from University of
Agricultural Sciences, Dharwad. Twenty three Bt-plants

Number of BC4F1 plants
145
138
140

CrylAclELISA Positive Plants
49
80
84

could be established on which biochemical and
molecular analysis was carried out through ELISA and
PCR. Twenty plants were found positive for both ELISA
and PCR. Cry toxin expression ranged from 0.5 ppm to
7.0 ppm at 45 days after sowing (DAS) and 0.3 to 5.0
ppmat 100DAS.

30 IAnnual Report 2018-19



PCR 23 20 3

ELISA 23 20 3

CrylAc 0.!5-7.0ppm ("!5 d.ya)
Expressi 0.3 to !5.0ppm (100 days)
ODrangc

I Controls: Coker 310. PKV081 Bt (BG I) and
Ajccth 155 (BG rn

VI ~
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M PCR Product••....PCR protocol M Event UASD78 M
standardized for
the amplification
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event by gene
spec:;ificprUner&..

••....PCR and
EUSA has been
performed
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Plate 3.4.7: Screening of UASD Event 78 Bt positive plants by ELISA and PCR Event CH12
Molecular confirmation of the CH 12 backcrossing
progenies for Cry2AXl gene.
During 2018-19, BC2 crosses attempted after
identification of Cry2AXI positive plants from
segregating BC I plants of crosses namely Suraj, NH 615
and CISH 3178. The presence of gene was confirmed by
using Cry2AX 1 primer and Actin primer. Crossed BC2

seeds were collected for further advancement and
crossing with recurrent parents.

Plate 3.4.8.: Electrophoresis of the PCR products of
CH 12 progeny lines for Actin and Cry2AXl gene

Legends: Well No.1: 100 bps Ladder, 2: 21Bl, 3:31 A2,
4:28Al, 5:43D, 6:42 D2, 7:42 B, 8:49A2, 9:63 E2, 10:62
A, 11:Positive control D2 seed DNA, 12:Positive control

D2 seed DNA, 13: Negative control NBT Suraj,
14:Negative control NBT Suraj, 15: No template
control, 16:No template control, 17: 1Kb Ladder
Development of Bt genotypes using deregulated
event(MON 531)
At Nagpur, nucleus seed production of the five released
Btvarieties (lCAR-CICRBt 1, ICAR-CICR Bt2, ICAR-
CICRBt 3, ICAR-CICRBt 6 & ICAR-CICRBt 12) was
taken up in one acre each and 4 q fuzzy seed was
produced. The nucleus seed production plots were tested
for presence of Bt using Elisa kit and individual plants
checked for morphological features such as petal and
pollen colour and maintained through selfing. Four
hundred Bt positive plants from individual plots were
also tested for homozygosity of Cry IAc gene and 97.56-
99.89 % plants were found positive.
Nine Bt genotypes were sponsored for testing in AICRP
Bt first year trial while 11 genotypes were under second
year of testing. Out of three Bt entries tested in north
zone under first year trial, CICR 17 Bt has been
promoted for testing in advance trial, it recorded seed
cotton yield of 27.70 q/ha UHML of 26.0 mm, fibre
strength of30.0 g/tex (HVI mode), moderately resistant
to CLCuD with mean Helicoverpa armigera larval
mortality of 89.9.%. The Bt check PAU Btl (Bt ZC)
recorded seed cotton yield of24.80 q/ha and local non Bt
check recorded SCY of 25.50 q/ha. In advance Bt trial,
six Bt entries were sponsored for testing in north zone of
which, CICR 861 Bt ranked 6th and CICR 38 Bt ranked 8th
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with a SCY of 21.60 and 19.4 q/ha respectively
compared to Bt check PAU Bt 1 which recorded SCY of
18.30 q/ha i.e. these two genotypes showed 18 and 6 per
cent increase respectively over the check for SCY. CICR
861 Bt also recorded good fibre quality with UHML of
24.8 mrn, fibre strength of 30.5 g/tex, resistant to
CLCuD with 79.6% mean Helicoverpa armigera larval
mortality and mean Cry 1Ac expression of 1.70 ppm.
Development of early maturing, compact, jassid
tolerant Bt cotton (G. hirsutum) varieties:
Promising progenies (76 F7' 54 F6 and 56 Fs) and 51
single plant selections were evaluated for early maturity,
compact plant architecture and jassid tolerance apart
from yield and fibre quality traits. ELISA was conducted
among 27 most promising progenies to identify the Bt
positive plants. Bt positive and non-Bt progenies and
single plant selections have been separately advanced
through selfing. Five entries which are early in maturity
(120-140 days), compact in plant architecture andjassid
tolerant were sponsored for testing under AICCIP during
2018-19. One of the sponsored entry, CICR Bt 183059-5
yielded an average 00037 kg/ha seed cotton (Fig. 3.4.2)
under the high density planting (60x 15cm spacing) in
the trial conducted at ICAR-CICR, Nagpur. New entries
which have early maturity (130-150 days), jassid
tolerance, compact plant architecture along with better
fibre quality (more than 26mm length and 26 g/tex
strength) were identified for sponsoring to AICCIP for
testing during 2019-20.

Seed Cotton Yield (Kg/ha)
3500

3037
3000

Table 3.4.2 Performance of Bt hirsutum varieties in North Zone

Name of the variety Seed Cotton Upper Half Mean Tenacity Mean Cry lAc Mean % of CLCuD
Yield Length (mrn) (g/tex) (ppm) Mortality Reaction
(q/ha)

Initial Evaluation Trial (lET)
CICRS Bt 23 28.40 26.2 29.4 2.41 78.0 R
CICRS Bt 28 25.80 25.5 29.4 2.13 85.8 R
CICRS Bt 27 24.60 27.7 30.8 1.27 89.4 R
Local Check Non Bt 25.50 27.1 29.5 0.00 20.3 R
PAU Bt 1 (Bt zq 24.80 28.0 30.4 2.34 88.1 R
F 2228 (Non Bt zq 22.90 27.5 29.1 0.02 18.2 MR

Advance Varietal Trial (AET)
CICRS 21 Bt 26.60 26.6 26.9 1.26 92.1 MR
CICRS 20 Bt 22.40 26.5 30.3 1.82 90.2 MR
F 2228 (Non Bt zq 21.20 28.2 28.7 0.00 20.7 MR
PAU Bt 1 (zq 18.30 28.5 29.2 2.28 85.6 R
Local Check Non Bt 26.20 27.7 31.0 0.00 20.6 MR
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Fig. 3.4.2: Assessment of yield superiority of early
maturing, compact, jassid tolerant Bt cotton entries
underHDPS

At Sirsa, two Bt varieties CICRS 20Bt and CICRS 21Bt
sponsored in AICRP trial for 2nd year testing were found
to be promising. Three Bt varieties of hirsutum cotton
were sponsored in Initial Evaluation Varietal Trial of
North zone (Table 3.4.2). Two varieties CICRS 25Bt and
CICRS 26Bt were promoted for 2nd year of AICRP trial
for multi-locations Testing.
Following crosses were raised in F2 during 2018-19 and
CLCD free plants were selected from BHIYANI-251 x
CSH-27, BHIYANI-251 x CSH-46, BHIYANI-251 x
CSH-538, MR-786 x CSH-27, MR-786 x CSH-46 and
MR-786 x CSH-538.The presence of Bt event will be
tested in the ensuing season.
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3.5: Seed production and quality improvement

During the year, a total of 311.518 q quality seeds of
Cotton, Red Gram and Wheat was produced at lCAR-
CICR, Nagpur and its Regional Stations, Sirsa and
Coimbatore.
At ICAR-CICR agpur, TFL seeds ofBt cotton varieties
(ICAR-CICR Bt 1, lCAR-ClCR Bt 2, lCAR-ClCR Bt 3,

lCAR-CICR Bt 6 & ICAR-CICR Bt 12), breeder seeds
of non Bt varieties (Suraj, LRA-5166, LRK 516 and
Surabhi, Roja, Suvin, parents of G. arboreum hybrid
CICR-2, CISA310, ClSA614, CSH 3075, CSH2931) as
well as stock seeds of 61 varieties were produced (Table
3.5.1).

Table 3.5.1: Seed production undertaken during 2018-19

Crop Location Variety

Non Bt Varieties -
Suraj, LRA-5166, LRK 516, Surabhi, Roja, Suvin, parents
ofCICR-2 hybrid, ClSA310, 614, CSH3075, 2931
Bt Varieties -
lCAR-CICR Bt I,Bt2, Bt3, Bt 6, Bt12(5)
Stock seed -61 varieties+ G. arboreum cernuum variants
Non Bt Suraj, NH 615 & Phule Dhanwantari

Cotton lCAR-
CICR,
Nagpur

Farmers
Participatory

Other Crops
Wheat
Red gram

PBW-550
BSMR-736

Under Farmer Participatory mode, 6.9 q TFL seeds of
non Bt cotton varieties including Suraj, NH 615 and
Phule Dhanwantari were produced. Certified Seed of
Wheat cv. PBW 550 and Red Gram cv. BSMR-736 was
also taken up and a total of259.20q seeds were produced

Stage Seed Yield
(Qtl)

11.00BS

TFL 34.10

TFL
TFL

0.318
6.90

CS
CS

250
9.2

for State Seed Corporations of Haryana and
Maharashtra.
Revenue generated in Revolving Fund under lCAR Seed
Project was Rs 11.10 lakhs through the sale of the seeds
or it's by products.

Plate 3.5.1 A. Visit of Central zone monitoring team and Join Inspection B. Field inspection of Certified seed
team visit to Seed production plots plot of red gram

Seed quality improvement
Eight foliar spray treatments (given at 45 DAS, 60 DAS
and 80 DAS) were tested in a seed production plot of
Suraj. The treatments comprised of micronutrient
mixture (Zinc, Copper, Iron, Manganese, Magnesium,
Molybdenum, Boron), a new Organic formulation (Agri
Friend Win-Ea-Crop), Cow Urine, Neem Kernel extract,
Salicylic acid, recommended practice (NAA 10 ppm,

Urea 2% and KN03 2%), Water control and untreated
control. Foliar spray of micronuntrient mixture followed
by recommended package of practice and neem kernel
extract were highly promising in obtaining high seed
yield (Table 3.5.2). lnspite oflow seed cotton yield, the
final delinted seed yield was high for recommended
package of practice.
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Table 3.5.2: Foliar interventions to enhance seed yield in cotton variety: Suraj

Name of the foliar
treatment

Micronutrient mixture (RP 1)
New Organic formulation
Recommended practice
Cow urine
Neem kernel
Salicyclic acid
Untreated control
CD (0.05)

SCY
(Kg/Plot)

3.07 a

2.89 abe

2.62 be

2.91 ab

3.03 a

2.77 abe

2.58 e

0.31

Under NSP, an experiment to validate the validity
periods of certified seeds of field crops was conducted at
Regional Station, Coimbatore. Seeds produced at CICR,
Regional Station during 2016-17 and 2017 -18 for cotton
variety, Surabhi and Suraj has been utilized. Seeds of
2017-18 were kept as fresh seed lot, whereas seeds of
2016-17 stored under ambient condition were assumed
as revalidated seed lot. The seed quality evaluation was
conducted at bimonthly intervals from July 2018 to
January 2019. Evaluation of seed quality was done for
field emergence (%), speed of emergence, seedling
length (ern), vigour Index I & II, dry matter
accumulation of seedling and final plant stand
establishment at 45'hday after sowing in a miniature plot.
The initial germination was higher in the fresh lots of
two varieties when compared to revalidated lots.
Between varieties, Suraj recorded higher germination %
over Surabhi. The storage period influenced the
germination and other seedling parameters in a
decreasing trend in both the varieties fresh seed lots with
of both varieties showed superior germination compared
to revalidated seed lots. The speed of emergence, field
emergence % and vigor index were also higher in fresh
seed lots of both varieties.
Another experiment on seed priming was conducted on
two cotton varieties Surabhi and LRA 5166, with two
seed lots of2016-17 and 2017-18 and seventeen (17)
treatments. In both varieties, fresh seeds showed
superiority compared to revalidated lots. The promising
treatments which showed significantly higher
germination were KH2P04 (85), Trichoderma viride
(84), Pseudomonas fluorescens (84), BioNPK (84),
drought alleviating Bacteria + BioNPK (82) over the
control (76). The above treatments also showed superior
performance in root length, shoot length, vigour index I
and II and dry matter production over the control. These
were superior in the field study too.

Lint yield (Kg) Final seed yield (Delinted)
(Kg)
1.10 a

0.83 b

1.07 a

0.98 ab

1.06 a

0.84 b

0.82 b

0.17

1.12 a

1.08 ab

0.96 e

1.07 ab

1.12 a

1.03 abe

0.97 be

0.11

Storability studies of cotton seed
At ICAR-CICR Nagpur, seed different packaging
materials were evaluated for better storability at
quarterly intervals. Genotypic differences were
observed for Suraj (G. hirsutum) and Phule
Dhanwantari (G. arboreum) when stored for 24 months.
Suraj maintained initial seed viability (81%) compared
to Phule Dhanwantari which showed only 76%
germination from its initial 85% viability at the end of24
months storage. Seeds stored in polylined aluminium
bag followed by sealed polybags maintained
germination indicating them to be better packaging
material as compared to brown paper and orange paper
packet when stored under cold conditions. Seeds of both
Suraj and Phule Dhanwantari stored under vacuum
containers and kept in refrigeration condition
maintained the initial seed viability (85%) and showed
lowest EC values (0.3 u.Scmlg') as compared to those
kept under non-vacuum conditions and stored in
refrigerated as well as ambient condition. Similarly,
seeds packed in airtight acrylic box along with zeolite
beads and stored at 30% RH and stored at 5°C
temperature maintained the initial seed viability (83%)
as compared to those kept without zeolite beads and
stored in cold as well as ambient conditions.

DUS Testing

Under the programme of Implementation of PVP
Legislation, 2001 funded by Protection of Plant Varieties
and Farmers' Rights Authority, New Delhi, Govt. of
India, four trials were laid out at ICAR-CICR, Nagpur
for DUS Testing. Different trials comprising of varying
number of genotypes were conducted i.e. five under
New/First Year Trial, one genotype under Varieties of
Common Knowledge, 4 under Second Year Trial and 15
genotypes under reference varieties trial. Maintenance
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of 35 varieties of G. hirsutum, 22 varieties of G.
arboreum, one variety of G. herbaceum was undertaken.
During the course of study, it was observed that longer
peduncle length and distinct boll tip were expressed as
unique traits in few of tested genotypes.

Plate 3.5.2 (A) Distinctly longer peduncle length
(B) Distinct boll tip

At ICAR-CICR, Regional station, Coimbatore, a nodal
centre for implementation ofPVP legislation 2001, seed
multiplication, characterization and maintenance
breeding of 155 extant cotton varieties were carried out.
Reference varieties maintained included 108 in G.
hirsutum, 36 ofG. arboreum, 4 ofG.herbaceum and 7 of
G.barbadense. There were 2 new candidate varieties in
the second year testing trial, 4 in first year trial and 2
varieties of common know ledge.
Trials at both the centres were conducted as per test
guidelines of tetraploid and diploid cottons in
randomized block design with 3 replications.
Germination count at 12 DAS in corresponding field was
recorded in all the entries and morphological characters
were recorded from seedling to fiber. The data received
from participating centers were compiled and submitted
to PPY &FRA for issue of registration certificate.

-".110\.
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State Multi Varietal Trial (SMVT) at ICAR-CICR,
agpur

A State Multi-location Varietal Trial (SMVT) of
G.arboreum consisting of 18 + 3 (control varieties)
genotypes and of G. hirsutum consisting of 19+ 3
(control varieties) genotypes with three replications
following recommended package of practices was
conducted at ICAR -ClCR, agpur during 2018-19. The
crop suffered on account of terminal stress at boll
development stage because of monsoon withdrawal
from mid September onwards.
In G. arboreum, seed cotton yield ranged from 1099.2 to
2875.8 kg/ha. The highest seed cotton yield was
obtained with CNA2033 (2875.8 kg/ha) followed by
JLA 1313 (2840.8 Kg/ha). The control variety PA08
recorded an yield of 2439 Kg/ha which is quite higher
than the genotypes under evaluation as well as other two
check varieties namely AKA 7 (1099.2 kg/ha) and AKA
8 (2194.7 ka/ha).
In G. hirsutum, the seed cotton yield ranged from 1195.3
to 4067.8 kg/ha and the highest was obtained with
NH635 (4067.8 kg/ha) followed by H 678 (3293.2
kg/ha). A control variety, Rajat, recorded highest seed
cotton yield of3112.2 kg/ha.

Testing of entries of G hirsutum and G. arboreum in
Institute Common Trial
Based on the Institute Common Trial, G. hirsutum,
entries CNH09-11, CNH 17393, CNDTS 283 and CNH
2077 were identified for sponsoring for Br 02 (b) AICRP
trial 2019-20. In case ofG. arboreum, entries CNA2035,
CNA 1034, CNA2037 and CNA 2036 were identified
for sponsoring for Br 22 (alb )AICRPtriaI2019-20.

Testing of entries in ICAR-AICRP on Cotton
Table 3.5.3 ICAR-AICRP entries (Non GM) sponsored in National Trials (2018-19)

ame of the trial Entries sponsored
National Trials
Br 02 (a)
Br 02 (b)
Br 06 (a)
Br 06 (b)
Br 12 (a)
Br 22 (aIb)
Br 22 (aIb) LL (G. arboreum)
Br 22 (aIb) CC (G. arboreum)
Br 25 (aIb)

CSH 1721, CSH 3012
CNH 2052, CNH 1131, CNH 2073, CNH 09111,CNH 09/73, CNH 16300
CSH 3158, CSH 3622
CNH 09-45, CNH 1129, CNH 2039, CNH 6170, CNH 09-11, CNH 41-09, CNH 1130
CCB 26, CCB 28
CISA 90, CNA 2023, CNA 1036, CNA 1040, CNA 16383
CISA-I0, CISA 33-8, CNA 1064, CNA 1065, CNA 1066
CNA 1091, CNA 17522
CISAA 18-1, CISAA 18-2
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Table 3.5.4 ICAR-AICRP Entries (Non GM) promoted, retained for evaluation in Coordinated trials (2018-19)

ame of the trial
NORTH ZONE TRIAL
Br 25 (a/b)
Br 06 (a)
Br 24 (a)
Br 24 (a)
CENTRAL ZO E TRIAL
Br 03 (b)
Br06(b)
Br 13 (a) PVT G. barbadense
Br 14 (a) CVT G. barbadense
Br-24 b CVT - G. arboreum
Br-24 b CVT -LL- G. arboreum
Br25 (b)
SOUTH ZO E TRIAL
Br-03 a
Br-06a
Br 13 a
Br-03b
Br06 b
Br-24 b: CYT - G. arboreum
Br-24 bLL: CVT - G. arboreum
Coloured Cotton Trial G. hirsutum

Coloured Cotton Trial G. arboreum

Entries tested under Agronomy trial
Central zone
G. hirsutum, Variety, Irrigated
G. arboreum, Variety, Rainfed
South zone
G. hirsutum, Variety, Irrigated

Entries promoted

CISAA 17-1, CISAA 17-2

CISAA33-3
CISA 6-2

Entries retained

CSH 31292

CNH 11-11, CNH 09-70
CNH09-9 CNH09-4
CCB 51-2, CCB 64, CCB 129, CCB 143-B -
CCB 51
CNA2031, CNA 1054, CNA 1058 CNA 1031, CNA 1032
CNAI037, CNA1034
CISAA 17-2

CSH 1613
CCB 143 B, CCB 64, CCB 129,CCB 51-2
CNH09-70
CNH 1128
CNA 1054, CNA 1058
CNAI037, CNA 1033
16315 LB
16301 DB
16337 LB
CNA407SLP,16378 LB-A
CNA 405, CNA 407, 16377 LB-A

CCH 15-1
CSA 1028

CCH 15-1

CCH 16-1
CSH 31292, CCH 16-5
CCB 29, CCB 51

CNH 09-62
CNA 1031

Entries sponsored in AICRP Bt varietal trial (2018-19)

Name of entry Seed Cotton GOT UHML Tenacity Micron Uniformity
Yield (kg/ba) (%) (mm) (g/tex) aire Index

South Zone (Irrigated)
CICR25Bt 1848 35.8 25.6 25.9 4.3 82.4
CICR26Bt 1717 33.2 29.3 28.0 3.9 84.0
CICR24 Bt 1598 33.8 28.4 29.6 4.0 84.8
Suraj (C) 1716 35.3 30.9 31.1 4.1 85.8
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ame of entry Seed Cotton GOT UHML Tenacity Micron Uniformity
Yield (kg/ha) (%) (mm) (g/tex) aire Index

Central Zone (Irrigated)
CICR 22 Bt 981 32.9 27.4 29.4 3.8 82.5
CICR 20 Bt 1099 36.4 25.5 27.7 4.2 8l.5
CICR 21 Bt 1240 36.6 24.9 24.4 4.3 80.0
Suraj Bt (C) 1130 34.7 26.0 26.7 4.5 82.0
Central Zone (Rainfed)
CICR 20Bt 1136 37.5 26.3 25.6 4.5 8l.8
183059-5 Bt 784 37.2 26.1 25.8 4.7 8l.8
183059-3 Bt 673 37.7 24.3 24.9 5.2 80.5
CICR 21 Bt 1059 36.9 25.7 26.4 4.0 81.1
CICR 22 Bt 1229 35.0 25.8 26.1 4.3 80.6
183059-4 Bt 620 37.4 26.1 25.3 4.2 8l.5
Suraj Bt (C) 1090 35.1 25.8 24.9 4.3 80.9

orth Zone
CICR 17 Bt 2770 33.9 26.0 30.0 4.4 82.2
CICR 18 Bt 1960 35.9 25.8 28.0 4.3 8l.8
CICR 183059-1 Bt 1370 34.0 26.1 28.6 4.5 81.6
CICR 19 Bt 470 38.4 22.2 25.7 5.3 79.2
CICRS 23 Bt 2840 33.9 26.2 29.4 5.0 82.0
CICRS 28 Bt 2460 34.0 27.7 30.8 4.3 82.8
CICRS 27 Bt 2580 32.4 25.5 29.4 5.0 81.8
PAU Bt (C) 2480 39.3 28.0 30.4 4.2 83.6

ICAR-CICR Bt cotton entries retained in AICRP Bt
Varietal trial

Zone
South Zone (Irrigated)

South Zone (Rainfed)
Central Zone (Irrigated)
Central Zone (Rainfed)
North Zone

Entries retained
CICR 25 Bt, CICR 26 Bt
CICR 25 Bt , CICR 24 Bt
CICR 20 Bt, CICR 21 Bt
CICR 20 Bt, CICR 22 Bt
CICR 17 Bt

Release proposals of six of ICAR-CICR Bt varieties
namely CICR 16 Bt, CICR 81 Bt and CICR 2017 Bt.
identified for Central Zone Irrigated as well as Rainfed.

3.6: Enhancing Resource Use
Efficiency through climate smart agro-
techniques
3.6.l.Exploring productivity potential of long-tinted
G. arboreum cotton
Desi cotton (G. arboreum) is re-emerging as a potential
alternative to obtain sustainable yields during the era of
climatic uncertainties. However, non-availability of
long staple G. arboreum, with comparable fibre
properties of their hirsutum counterparts is an

impediment in popularizing them. This project was
conceived to provide location specific long linted desi
cotton tailored with an agronomic package to maximize
the cotton productivity and climate proof the cotton
growers.

Nagpur:
Seven G. arboreum genotypes (6 long linted - DLSA 17,
PA 528, PA 402, PA 812, PA 760, CNA 1041 and short
stapled Phule Dhanwantary were evaluated under
rainfed conditions at 2 spacings (60xl0-HDPS and 60x
30 em-normal) on a shallow Inceptisol (Typic
Haplustept) and a deep Vertisol (Typic Haplustert) on
two sowing dates - June 21 and July 5, 2018. The results
are summarized below-

• Averaged across spacing, soil types and sowing dates-
PA 528 (3532 kg/ha) and CNA 1041 (3579 kg/ha)
were more productive than the rest. Across soil types,
spacings and genotypes a delay in sowing by 2 weeks
reduced the mean seed cotton yield by 600kg.
Averaged across genotypes; sowing dates and soil
types the yield gain due to HDPS was 275 kg/ha. The
yield of Ajeet BGII was 2400 kg/ha and J 621 kg/ha on
the Inceptisol under normal and delayed sowing,
respectively. The corresponding yield on Vertisol was
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ame of entry Seed Cotton GOT UHML Tenacity Micron niformity
Yield (kg/ha) (%) (mm) (g/tex) aire Index

Central Zone (Irrigated)
CICR 22 Bt 981 32.9 27.4 29.4 3.8 82.5
CICR 20 Bt 1099 36.4 25.5 27.7 4.2 81.5
CICR 21 Bt 1240 36.6 24.9 24.4 4.3 80.0
Suraj Bt (C) 1130 34.7 26.0 26.7 4.5 82.0
Central Zone (Rainfed)
CICR 20Bt 1136 37.5 26.3 25.6 4.5 81.8
183059-5 Bt 784 37.2 26.1 25.8 4.7 81.8
183059-3 Bt 673 37.7 24.3 24.9 5.2 80.5
CICR 21 Bt 1059 36.9 25.7 26.4 4.0 81.1
CICR 22 Bt 1229 35.0 25.8 26.1 4.3 80.6
183059-4 Bt 620 37.4 26.1 25.3 4.2 81.5
Suraj Bt (C) 1090 35.1 25.8 24.9 4.3 80.9

orth Zone
CICR 17 Bt 2770 33.9 26.0 30.0 4.4 82.2
CICR 18 Bt 1960 35.9 25.8 28.0 4.3 81.8
CICR 183059-1 Bt 1370 34.0 26.1 28.6 4.5 81.6
CICR 19 Bt 470 38.4 22.2 25.7 5.3 79.2
CICRS 23 Bt 2840 33.9 26.2 29.4 5.0 82.0
CICRS 28 Bt 2460 34.0 27.7 30.8 4.3 82.8
CICRS 27 Bt 2580 32.4 25.5 29.4 5.0 81.8
PAU Bt (C) 2480 39.3 28.0 30.4 4.2 83.6

ICAR-CICR Bt cotton entries retained in AICRP Bt
Varietal trial

Zone
South Zone (Irrigated)
South Zone (Rain fed)
Central Zone (Irrigated)
Central Zone (Rainfed)
North Zone

Entries retained
CICR 25 Bt, CICR 26 Bt
CICR 25 Bt , CICR 24 Bt
CICR 20 Bt, CICR 21 Bt
CICR 20 Bt, CICR 22 Bt
CICR 17 Bt

Release proposals of six of ICAR-CICR Bt varieties
namely CICR 16 Bt, CICR 81 Bt and CICR 2017 Bt.
identi fied for Central Zone Irrigated as well as Rainfed.

3.6: Enhancing Resource Use
Efficiency through climate smart agro-
techniques
3.6.1.Exploring productivity potential of long-Iinted
G. arboreum cotton
Desi cotton (G. arboreum) is re-emerging as a potential
alternative to obtain sustainable yields during the era of
climatic uncertainties. However, non-availability of
long staple G. arboreum, with comparable fibre
properties of their hirsutum counterparts is an

impediment in popularizing them. This project was
conceived to provide location specific long linted desi
cotton tailored with an agronomic package to maximize
the cotton productivity and climate proof the cotton
growers.

Nagpur:
Seven G. arboreum genotypes (6 long linted - DLSA 17,
PA 528, PA 402, PA 812, PA 760, CNA 1041 and short
stapled Phule Dhanwantary were evaluated under
rainfed conditions at 2 spacings (60x10-HDPS and 60x
30 em-normal) on a shallow Inceptisol (Typic
Haplustept) and a deep Vertisol (Typic Haplustert) on
two sowing dates - June 21 and July 5, 2018. The results
are summarized below-

• Averaged across spacing, soil types and sowing dates-
PA 528 (3532 kg/ha) and CNA 1041 (3579 kg/ha)
were more productive than the rest. Across soil types,
spacings and genotypes a delay in sowing by 2 weeks
reduced the mean seed cotton yield by 600kg.
Averaged across genotypes; sowing dates and soil
types the yield gain due to HOPS was 275 kg/ha. The
yield of Ajeet BGII was 2400 kg/ha and 1621 kg/ha on
the Inceptisol under normal and delayed sowing,
respectively. The corresponding yield on Vertisol was
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2696 and 2022 kg/ha. respectively.

• Due to better hydraulic conductivity, cotton sown on
lnceptisols was more productive than that on
Vertisols. Averaged over sowing dates, spacing and
the genotypes yield gain in lnceptisol was 319 kglha.

• Averaged over spacing and genotypes, a delay in
sowing by two weeks reduced seed cotton yield by
910 kglha in lnceptisol (depth limitation) but only by
173 kg/ha in the deep Vertisol indicating a significant
interaction effect between sowing time and soil type
(Figure 3.6.1 ).

4500

4000

3500

3000

2500

2000

1500

1000

500

0

Inceptisol Vertisol

.01·22 Jun .02·5 July

Fig.3.6.1: Influence of soil type on mean seed cotton
yield (kg/ha) of G arboreum genotypes sown on two
dates of sowing

• Expression analysis of two genes of ethylene
biosynthesis pathway, coding for key enzymes ACCS
(I-aminocyclopropane-l-carboxylic acid synthase)
and ACCO (l-aminocyclopropane-l-carboxylic acid
oxidase) was performed to correlate their expression
with fibre length. The expression of ACCS was
maximum in PA812, that had the longest fibre length
followed by PA528, where as PA402 had minimum
expression. There was also a significant difference for
A CCO transcript level among the genotypes where
PA812 showed maximum expression followed by
PA760 and PA402 was observed to have minimum
ACCO level among all.

• To establish a correlation between few already known
genes involved in cell elongation (Bonzai, Myb25 and
Pexl) and ethylene expression, transcript level of
these selected genes were measured at 0, 7 & 14 days
post anthesis (DPA)in the ovules ofPA812 and Phule
Ohanwantary. At all stages, PA8l2 had more
expression of all these genes compared to Phule
Ohanwantary, a short stapled genotype. Myb25 was
found to be involved specifically in fibre elongation (7
OPA), whereas Bonzai and Pexl were more at fibre

initiation stage (0 DPA).

• Two cultivars namely PA255 and Phule Dhanwantary
were planted in four row directions. In PA 255, there
was no effect of different row direction on seed cotton
yield whereas in Phule Dhanwantary, east-west
direction of row orientation significantly improved
yield over other row orientations. There was no
significant effect of row direction planting on soil
temperature recorded at forenoon and afternoon in
both the varieties.

• Long-linted G. arboreum genotypes were evaluated at
regular intervals for bacterial blight, grey mildew, root
rot and leaf spot diseases. Root rot was negligible
during initial stages; it appeared in severe form during
September. Grey mildew disease was observed during
August-September with severity ranging from 8.53 to
41.07%, and maximum severity in PA402.

• Seed treatment in G. arboreum genotype PA-255 with
mycorrizal biofertiliser grown in acrylic tubes
showed higher root length and root dry weight
compared to untreated plants.

• Foliar application of mepiquat chloride (MC) @500
ppm had significantly improved germination, length
and vigour index of fuzzy seeds of cotton variety PA
255.

• Oetopping, detopping+side shoot removal, side shoot
removal and foliar application of MC significantly
improved germination over control. The other quality
traits remained non-significant in delinted seeds of
cotton variety PA255.

Coimbatore:

• Normal date of sowing of six long linted G. arboreum
genotypes viz. DLSA 17, PA 760, PA 812, PA402,PA
528, K12 along with a short staple genotype Phule
Ohanwantary produced significantly higher seed
cotton yield (2450 kglha) than late planted cotton to
the tune of680 kg/ha.

• Two contrasting genotypes (K 11 and DLSA 17) were
planted under HDPS in three row directions, north-
south, east - west and diagonal. Significant
interaction effect was observed wherein diagonal
sowing of K 11 registered significantly highest seed
cotton yield ( 1720 kglha).

3.6.2 :Agronomic studies on ELS cotton
3.6.2.1 : Effect of sowing time and foliar nutrition
A field experiment was conducted at Coimbatore with
three dates of sowings (9 July, 4 August & 29 August),
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three foliar spraying of nutrients (Nl: Recommended
Dose of nutrients (RDN), N2. RDN+Foliar application
ofKlSOo@1%at75,100,125 DAS and N3.RDN+Foliar
application ofKN03@1% at 75,100,125 DAS) with two
genotypes (Suvin, MRC 7918 BG II) to assess the effect
of environment and foliar spraying of nutrient on seed
cotton yield and quality parameters. Seed cotton yield
was significantly influenced by dates of sowing,
genotypes and foliar spraying of nutrients. Sowing on 4
August registered significantly higher seed cotton yield
(19.1 q/ha) which was on par with 9 July (19.0) but was
significantly higher than 29 August. (7.3 q/ha) sowing.
The genotype, MRC 7918 BG II registered significantly
higher yield (21.1 q/ha) than Suvin (9.1 q/ha). Amongst
foliar praying of nutrients, application of RDN with
KN03 (1%) in 75,100,125 DAS registered significantly
higher yield (17.1 q/ha). The interaction results revealed
that planting ofMRC 7918 BG II on 4 August and RDN
+ foliar application ofKN03 (1%) in 75,100,125 DAS
registered the highest yield of23.8 q/ha.
The late sowing (29 August) registered the least 2.5%
span length (34.5mm) and fibre strength (25.0 g/tex) and
micronaire. The application of recommended nutrients
with foliar spray ofKN03 (1%) at 75,100,125 DAS
observed significant improvement in micronaire in
second (3.4) and third (3.0) picking and fibre strength in
second (28.7 g/tex) and third picking (27.2 g/tex).

3.6.2.2 : Effect of edaphic factors on quality
parameters
Soil properties of three soil series (Palladam, Irugur and
Peelamedu) located at Vadaputhur village of
Kinathukadavu, Coimbatore were correlated with
quality parameters ofELS cotton with objective to find
out influence of edaphic factors on quality parameters.
Analysis indicated that 2.5% span length was
significantly and positively influenced by soil
productivity grades (r=0.839), and available potassium
(r=0.699). Fibre strength (g) was significantly
influenced by land capability class (r=0.884) and
available potassium (0.928). Micronaire was positively
significantly influenced by soil productivity grades
(r=0.793)

3.6.2.3 : Relationship between Crop phenology with
quality parameters
An experiment was conducted with G. barbadense
genotypes (Suvin & CCB 29) with inter specific (MRC
7918 BG II, Ankur HB221 0 BGII and RCH 625 BGII)
and intra hirsutum hybrid (RCH 659 BGII) to find out
the influence of duration of phenological phase on

ICAR-CICR.

quality parameters at Coimbatore. The seed cotton yield
ofRCH659 BGII (Hx H) (28.4 q/ha) had out performed
MRC 7918 BG II (26.84 q/ha), Suvin non Bt (11.4 q/ha),
RCH 625 BG II (20.1q/ha),AnkurHB2210 BG II (19.58
q/ha) and CCB 29 non Bt (12.8 q/ha). The duration to
first squaring, 50% flowering, and 50% boll were
significantly and positively correlated with fibre 2.5%
span length and strength.

3.6.3 : Improving the productivity of cotton on
calcareous soils
3.6.3.1 : Secondary and micronutrient management
under irrigated conditions
Highly calcareous soils have multiple nutrient
deficiencies (N, P, K, S, Zn and Fe). Therefore, farmers
apply high doses of sulphur containing P fertilizers in 2-3
splits. Chelated micronutrients applied to soil (2.5 kg ha
I) and 1% foliar application along with biofertilizers
consortia (N, P, K, Zn solubilisers) as seed treatment and
split soil application of sulphur containing 125% RDF
significantly outperformed 125% RDF and conventional
micro and secondary nutrients (N, P, K, Mg, S, Fe, Zn)
soil application. In highly calcareous Vertisols, sulphur
and ZnS04 soil application (20 kg') with two
supplemental irrigations improved seed cotton yields by
15% and FUE and net returns by 24% compared to
without Sin Bt hybrid cotton + pigeon pea strip cropping
system.

3.6.3.2 : Mitigating soil moisture and nutrient
constraints under rainfed conditions
In order to improve the cotton yield and address the soil
moisture and nutrient constraints on rainfed calcareous
soils, on-station experiment wa conducted with G.
hirsutum var PKV081 and and BGII hybrid Ankur 3028.
In Ankur BG II 3028, opening of ridges and furrows
during first intercultural operation and strengthening
them at 45 DAS improved soil moisture availability and
produced 249 kg/ha more seed cotton than where no
moisture conservation measures was adopted. The effect
of fertilizer management practices, was non- significant
for variety but it was significant for hybrid. In hybrid,
compared to the application of RDF+limiting
micronutrient, significantly higher seed cotton yield was
obtained in the treatments T12 (125% RDF alone), TI0
(Seed treatment with biofertilizers + 125% RDF (NPK)+
Mg,S (10,1 Okg ha-I)+Micronutrients (Fe,Mn,Zn,B) as
per soil test+Opening of ridges & furrows after 1st

interculture+Chelated micronutrients 0.5% (Foliar
Spray) @ 45 DAS + Humic acid seed treatment + 0.5%
Foliar Spray of Chelated micronutrients) and T9 (Seed
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treatment with biofertilizers+ 125% RDF (NPK)+ Mg.S
(10, 10kg ha )+Micronutrients (Fe,Mn,Zn,B) as per soil
test - Opening of ridges & furrows after 1"interculture+

Humic acid seed treatment - Chelated micronutrients
soil application 2 kg ha')

Ridges and furrows strengthened at 45DAS of cotton
in black calcareous soil
3.6.3.3 : Performance of diploid cotton for rain fed
calcareous soils
Seven desi cotton varieties (HD-123, HD-432, CISA-
614, CISA-31O, PA-255, Phule Dhanwantary, AKA-7)
were tested in 60 x 30 em spacing with seven different
fertilizer treatments under shallow to medium deep
black calcareous soil (Table 3.6.1).

Table 3.6.1: Seed cotton yield (kg/ha) of des; cotton varieties under different input management regimes on a
rainfed black calcareous soil (2018-19)

Control RF (100%) (100%) (100 +25 % (125%) (125%) +CMN Mean
only +MN +MN+RF Split) +RF +MN+AM+RF +RF

HD-123 1046 1750 2018 2794 2887 2427 2301 2175
HD-432 1273 1723 2118 1890 2199 2265 1401 1838

Cl A-614 1576 1730 2093 2882 3006 2605 2068 2280
CISA-310 2059 1817 2709 3497 3449 2908 2684 2732
PA-255 2324 2957 3044 4040 4735 4147 3728 3568
Phule 2181 2318 3624 2427 2828 3495 3829 2957

Dhanwantary
AKA-7 2080 2304 3193 2364 2883 3107 3275 2744
Mean 1791 2086 2686 2842 3141 2993 2755

CD 5% varieites and input management = 7.0
RF- Ridges & furrows, M -Micronurrients Zn(125 kg/ha+B (5 kg/ha), AM- Animal Manure @ 2 t/ha in the root zone, CMN-
Chelated micronutrient (Zn & B)

The varieties recommended for central zone (PA 255,
Phule Dhanwantary and AKA 7) significantly out
yielded the varieties recommended for the north zone
(HD 123,HD432,ClSA614andCISA310). Averaged
over varieties among input management practices, soil
moisture conservation through ridges and furrows gave
an additional yield of295 kg/ha over control. Compared
to the application of 100% RDF + limiting micronutients
alone, the appl ication of25% higher fertilizer dose along
with animal manure @ 2 t/ha and soil moisture
conservation through ridge and furrows resulted in an
additional yield 0[307 kg/ha.

3.6.4: Validation of inputs for Bt hybrid cotton +
pigeon pea stripcropping on marginal soils
Performance of NPK solubilisers as a seed treatment
alongwith 75% recommended dose of fertilizers (RDF)
was at par with 100% RDF i.e. 90:45:45 kg ha' N: pps
and K20 in shallow, stony and marginal soils at Nagpur.

• Seed treatment with Sagarika (a sea weed extract
based metabolic bio enhancer) alone produced 5%
more seed cotton yield over 100% RDF. Sagarika
granules (25 kg ha') application alongwith 100%
RDF improved yield by 8%. Sagarka contains 60 ppm
GA and 40 ppm cytokinin which promotes root! shoot
proliferation, produces dark green foliage and delays
senescence. It improved plant height, biomass and
boll numbers by better apportioning of nutrients
towards bolls.

• PK solubilisers as seed treatment were effective in
improving seed cotton yield. Sagarika seed treatment
along with 75% RDF and foliar application of water
soluble fertilizer produced 14% more seed cotton
yield over seed treatment alone.

ZnS04 (20 kg ha') soil application produced 16% more
seed cotton yield over control. Sagarika and foliar
application of(2%) water soluble fertilizer had positive
effect only when soils were fertilized with at least 90%
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RDF. Soil application ofZnS04 (12 kg ha') under two
supplemental irrigations and Sagarika granules + foliar
application of Sagarika once (2ml L-1

) water at
vegetative stage improved seed cotton yield by 3.0 q ha'
in medium deep soils at recommended fertilizer levels.
Soil application of conventional fertilizers @ RDF
120:60:60 N:PP5:Kl0 and fertigation with additional
40% RDF of water soluble fertilizers ( PK,. P, NK)
along with chelated micronutrients 5 kg ha', Mg S04 20
kg ha' produced 35 and 55 q ha' seed cotton yields in red
soil and calcareous vertisols respectively.

3.6.5 : Quantitative estimation of carbon and
moisture fluxes over the cotton based agro-ecosystem

• Cotton crop growth and crop performance were
monitored in 11 fields in the fetch area of flux tower
over ICAR-CICR farm, Nagpur. Temporal data on
LAI and chlorophyll index and yield variations across

! ICAR-CICR

fields were documented. Across different fields, the
LA! ranged from 1.70 to 3.46 during the peak
flowering period and from 1.22 to 1.65 during boll
opening period. The values for chlorophyll index
ranged from 1.22 to 1.65 during the peak flowering
stage. Seed cotton yield ranged from 576 to 3301
kg/ha.

• Flux tower data for radiation and surface energy
balance, hourly air temperature, soil moisture and
rainfall, carbon flux were collected at 30 minutes
interval and analyzed. Seasonal account of carbon
flux components viz. Gross Primary Productivity,
Ecosystem Respiration (Reeo) and Net Ecosystem
Exchange (NEE) were calculated for different pheno-
phases and for the whole season (Fig.3.6.2). It was
observed that during the entire crop season, the NEE
was negative and the values ranged from -0.95 during
last picking to -2.99 during the period between first
open boll to first picking.
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Fig.3.6.2: Seasonal account of the carbon fluxes (NEE, GPp, Rec) over cotton ecosystem

3.6.6: Microbial biofilm formulations for cotton
One hundered and seventy bacterial strains were isolated
from cotton rhizosphere and from Helicoverpa,
Pectinophora and Spodoptera using soil baiting
technique. The bacterial isolates were purified and
submitted for identification (16 S rRNA sequencing). To
short list bacterial partners for biofilm development,
these bacterial isolates were tested for their biocontrol
potential against the major cotton pests (Helicoverpa,
Pectinophora and Spodoptera) through insect bioassays

(two sets of experiments with 24 larvae/treatment in
three replicates). The maximum mortality recorded were
77%, 96% and 85%, respectively for Helicoverpa,
Pectinophora and Spodoptera. Presently the microbial
isolates are being tested against major cotton pathogens
(Fusarium, Rhizoctonia, Xanthomonas, Macrophomina,
Corynespora, Sclerotium, Colletotrichum). The
shortlisted bacterial partners will be used for
development of biofilm with proven fungal partner
Trichoderma, Metarhizium, Beauveria, Paecilomyces).
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Native bacterial strains isolated from
cotton rhizosphere

Bacterial strains isolated from Helicoverpa, Pectinophora and
Spodoptera

3.6.7: Response of hybrid Bt-cotton to Smartchem
Technologies Limited (STL) Complex CNS Fertilizer
A field trial was conducted to study the response of
hybrid Bt-cotton to the STL complex C S fertilizer
under rainfed conditions with six treatments and four
replications. The results indicated no significant
difference among fertilizer practices and CNS grade
fertilizers (Complex CNS grade-S'TL practise
recommendation) and RDF 100:50:50 kg PK ha',
However, C S grade fertilizers and RDF produced
significantly higher yield than the farmers practice.

Field view of complex fertilizer

3.6.8: Evaluation of Nutrient Expert Fertilizer
Decision Support System of IP I

utrient Expert Fertilizer Decision Support System for
hybrid cotton was evaluated alongwith other nutrient
management options. viz., CICR-recommended
fertilizer dose (RDF), soil test crop response (STCR) and
farmer fertilizer practice (FP). Differences were
observed (0-120DAS) among the treatments in all the
morphological parameters. Variations in the extent of
deficiency was greater in farmers fertilizer practice. Leaf
reddening was also observed in farmers fertilizer

practice. Nutrient Expert system improved SCY of on-
station (3240 kg ha') trial than farmers fertilizer practice
(2376 kg ha'). The average seed cotton yield with

utrient Expert was 3051 kg ha compared to 2097 kg ha'
with farmers fertilizer practice.

r'

Evaluation of nann-formulated micronutrients

3.6.9 : Evaluation of structured water for cotton
production
A field experiment was conducted at Coimbatore to find
out the efficacy of structured water irrigation through
drip. Structured water and bore well water treatments
were allotted to main plot and scientific scheduling of
irrigation at 0.4,0.6, 0.8 and 1.0 ETC with conventional
irritation were allocated to sub plot. The cropping
season received a very high rain fall of 452 mm and the
effective rainfall worked out to be 220mm. The total
evaporative demand as recorded from class A open pan
evaporimeter during the cropping period was 731.4 mm.
The total water requirement at 1.0 ETc of Mallika BGII
cotton for various growth stages were 158.3 mm (0-25
DAS), 262.7 mm (26-70 DAS), 282 mm (71-120 DAS)
and 28.4 mm (121-125 DAS). The total water
requirement for Mallika BG II cotton at 0.4,0.6,0.8,1.0
ETC and conventional irrigation were 381.5mm,
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442.2mm, 502.8mm, 563.4mm and 947mm
respectively. Saving of water due to drip ranged from
383 to 565mm (40-60 per cent) over conventional
irrigation. The seed cotton yield due to structured water
irrigation ranged from 2937 to 3613 kg/ha as compared
to 2707 to 3336 kg/ha under bore well irrigation (Table
3.6.2.) Structured water irrigation recorded an average
2.7 q/ha additional seed cotton than bore well water
irrigation but differences were not significant. Among
the irrigation schedule, 0.6 ETC through drip was on par
with 0.8 and 1.0 ETc through drip and significantly
superior to 0.4 ETc through drip and conventional
irrigation, The water use efficiency due to structured
water irrigation ranged from 32.8-76.9 kg/ha cm as
against 29.6 - 70.9 kglha em under bore well irrigation.

Table 3.6.2.: Seed cotton yield (kg/ba) of Mallika BG
IIcotton as influenced by irrigation treatments

Irrigation
Scheduling

Drip at 1.0ETc
Drip at 0.8 ETe
Drip at 0.6 ETe
Drip at 0.4 ETe
Conventional
Irrigation
Mean

Structured
water
3613
3440
3223
2937
3104

Bore well
water
3336
3104
3009
2707
2812

Mean

3474
3272
3116
2822
2958

3263 2994
CD 5% - Irrigation scheduling: 421 *, Structured vs borewell
water: S, Interaction: NS

3.6.10: Evaluation of nano-formulated
micronutrients foliar spray for yield maximization in
different cotton genotypes
To evaluate the effectiveness of different dosages of best
performed commercially available nanofertilizers like
Nualgi and Nanomol with or without surfactant on
cotton, field experiments were carried out during 2016-
17 and 2018-19 at ICAR -CICR (RS), Coimbatore.
Results indicated that application of normal
recommended dose (100 %) of Nualgi with surfactant
and Nanomol without surfactant showed significant
improvement in nitrate reductase activity, reducing
sugar content and seed cotton yield.
Field experiments were also carried out 2016-17 &
2018-19 at Coimbatore to study the interaction effect of
best metal oxide nano-particles of zinc, iron, copper and
magnesium along with organic fertilizer (seaweed liquid
fertilizers). Among the single form of metal oxide
nanoparticles like Zn, Mg, Cu and Fe, the highest
average seed cotton yield was produced by foliar

ICAR-CICR

application of 100 ppm of ZnO nanoparticles (50 nrn)
(1662 kg/ha). Likewise, among the combined form
metal oxide nanoparticles, foliar application of
ZnO+MgO+CuO showed a significant increase in
average seed cotton yield (1604 kg/ha) which was on par
with ZnO+CuO (1523 kglha), ZnO+Fe304 (1535 kg/ha),
ZnO+MgO+Fe]04 (1513 kg/ha) and
ZnO+MgO+CuO+Fep4 (1547 kg/ha) except ZnO +
MgO (1334 kglha). The performance of inorganic form
of metal oxide nanoparticles either single or combined
were superior in increasing the seed cotton yield than
combined sources of inorganic (metal oxide
nanoparticles) and organic (seaweed liquid fertilizer)
sources offertilizers

3.7: Sustainable farming systems through
conservation agriculture and precision
techniques

3.7.1: Alleviating soil compaction - a production
constraint in cotton
Problems of soil compaction are increasingly being
experienced due to excessive use of machinery but this
leads to sub-soil compaction. Consequently, root and
crop growth are adversely affected. Field studies were
conducted to alleviate sub-soil compaction either by
mechanical sub-soiling or using deep rooted crops as a
rotation crop to cotton. Deep rooted rotation crops such
as pigeonpea, radish, sesbania and sunnhemp effectively
broke the hard pan. Among the rotation crops, seed
cotton yield was the least (24.8 q/ha) with radish.
Pigeonpea had significantly greater yield levels (35.3
q/ha) and was followed by sunnhemp and sesbania (28 to
29 q/ha) with similar yield levels. Random sub-soiling
did not differ with the control plots. However, sub-
soiling the planting row resulted in significantly greater
yields than the control. Crop root growth was also
adversely affected by the sub-soil compaction.
Laboratory studies also clearly indicated a reduction in
the rooting depth, root dry matter as well as the plant dry
matter. Root length of the American cotton variety
(Suraj) or the desi variety (AKA-8) and the BGII Bt
hybrid (Ajeet 155) were not affected at normal soil bulk
density. Increase in bulk density beyond 1.6 g/cc resulted
in a drastic reduction in root length of the Bt hybrid but
the varieties showed a decline beyond 1.7 g/cc.
Comparing the desi variety and the BGII hybrid, plant
growth of the desi cotton variety was not affected with
increase in soil bulk density, but the reverse was the case
with the BGII hybrid (Fig.3. 7.1).
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