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PREFACE

T he cropping season 2008-09, with its unpredictable weather patterns all through, was challenging for all

crops in the country. But, despite the vagaries, the cotton farmer still managed to produce agood harvest of
290 lakh bales. Amongst several useful technologies that have been playing an important role in enabling
farmers to enhance production; 'Bt cotton' clearly appears to have been playing a key role. The area under
Bt cotton reached 76 lakh hectares, thus accounting for nearly 80% of the area under cotton in India. Other
crop production constraints  such as mealybugs, mirid bugs, leaf retldening, wilt, leaf curl virus etc., were
effectively dealt, through technologies developed under the leadership of CICR.. With constant support of
the technologies developed under the leadership of the CICR, cotton production in India has progressed
immensely in the recent 4-5 years. Apart from emerging as a major producer of organic cotton over the past
5 years, India has also emerged as a major cotton exporter with 85 lakh bales export in 2008 and 35 lakh
bales in 2009. Nearly half of the global organic cotton is now produced by India. With the current production
at 290 lakh bales in 2009, India ranks second inthe world in cotton production after China, but, even its best
productivity of 560 kg/ha, it ranks 24" rank in the list of 80 cotton producing countries. Itis therefore important
to address issues related to productivity, especially inthe rainfed regions of the country. The Central Institute
for Cotton Research has been actively contributing through the technologies developed at the institute for
the sustainable progress of cotton production and productivity in the country. The institute continues to
provide leadership in nurturing the cotton revolution by providing the much needed technological back up.

This report contains a glimpse of the research and developmental activities undertaken under various
programmes during 2008-09. Out of the various research activities carried out during the year, the following
achievements have immense potential to contribute towards enhancing cotton production and productivity.
The first public sector Bt transgenic cotton variety BN-Bt was developed indigenously and approved for
commercial cultivation in the North, Central and South zones on 2* May 2008 after stringent biosafety
studies by RCGM and GEAC, New Delhi.. The 'BN Bt' variety was developed through a collaborative effort.
The Cry1Ac gene construct was made available by NRCPB, New Delhi to UAS, Dharwad, where the
transformation and regeneration was carried out in 'BN', which was developed through pedigree breeding
as a reselection from the parent variety 'Bikaneri Narma. The plants were tested and confirmed for the event
by NRCPB and biosafety tests were facilitated by the CICR to ensure timely approval by the GEAC. New
transgenic events were established with sense and antisense gene constructs in G. hirsufum cultivars H
777, F 846 and HS 6 forCICuV resistance. Two bollworm tolerant genotypes 'CINHTi 3'and 'CINHTI 4'were
developed by transferring a frypsin inhibitor gene (Ti) into two elite genotypes BN and G Cot 10. Immuno-
chromatic 'dip stick' kits were developed for Cry1 F and NPT Il. The cotton gene bank of the institute was
enriched with 732 exotic accessions and 67 national entries. Culture CCH 5-10-4 was released and notified
for commercial cultivation inthe south zone under the name 'Suraj'. Six unique germ plasm lines possessing
novel traits were registered. Technology for Bt cotton + maize intercropping an shallow black soils and Bt
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cotton + marigold intercropping and medium black soils were standardized. An eco-friendly solar operated
knap sack sprayer with a field capacity of 4 hrstha was developed (patent pending) and tested. Nutrient
management package to reduce premature resources in Bt cotton in south India was developed. Two new
lectin genes were identified as potential sources for use in the development of 'sucking pest resistant’ GM
cotton. The papaya mealy bug, Para coccus marginatus Williams and Granara de Willink, was recorded ina
severe form for the first time on cotton and also a Lycanid butterfly Spalgis epius (West wood) (Lepidoptera:
Lycaenidae) was found to feed on the mealybug P marginatus on cotton. A novel technique for rearing
mealy bugs on sprouted potatoes was also standardized. IRM (Insecticide Resistance Management
strategies were developed and implemented on 79,626 ha area of 44,165 farmers from 827 villages from 10
different states. Yields increased by 12-28% and insecticide use reduced by 22-68% in the participating
villages due to the technology.

The research achievements were a reflection of the untiring efforts by the entire staff of the institute. The
technical and financial assistance from the Indian Council of Agricultural Research and other funding
agencies-DBT, DST efc., provided the necessary momentum to accelerate the R&D output.. | am highly
grateful to Dr. Mangala Rai, Secretary, DARE and Director General, Dr. P L Gautam, Deputy Director
General (Crop Sciences) and Dr. K.C.Jain, Assistant Director General (CC), ICAR, New Delhi for the
guidance and support provided and also for encouraging new research initiatives. The Annual Report
(2008-09) is being presented herewith a sense of satisfaction and pride.

GO
(K. R. Kranthi)
Acting Director
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2. EXECUTIVE SUMMARY

2.1 Crop Improvement

Nagpur

Sixty seven new germplasm lines of Asiatic
cotton were collected from South India and
added to germplasm repository ofCICR..

Gene Bank is enriched with 732 exotic cotton
acceSSIOns.

Six unique germplasm lines possessing novel
traits were registered with NBPGR while 3
new germplasm with unique characters were
identified.

DNA fingerprinting
cotton was done.

Three hundred forty one G. hirsutum
germplasm including exotic accessions, 40 G.
barbadense, 103 G. arboreum  and 6
introgressed derivatives were distributed to
breeders for cotton improvement. .

GMS based hybrids NGMSH 5-09 and
NGMSH 31-09 proved highly promising with
superior yield and fibre quality characteristics.

of 100 germplasm of

NHH 44 Bt was submitted for approval for
commercial cultivation.

New Bt hybrid CNH 415 was found highly
promising in field trails.

G. arboreum cultures CINA 369 proved
highly promising in Nagpur® while culture
CANI103 excelled in South Zone.

TGMS trait was found to be monogenic and
recessive in nature.

Culture CNHO 12 identified for high oil
content was submitted for release under
AICCIP.,

Thiee new inter-specific F, hybrids developed
employing wild species were added to existing
collection of hybrids. Besides 26 wild species,
13 races and 32 synthetic polyploid were
maintained in the species garden.

First public sector BN-Bt G.hirsutum variety
released for commercial cultivation.

Large number of transgenic events with

crylde,  crylda3, crylF and cryllas,
Chitinase genes were established in tetraploid
and diploid cotton for bollworm tolerance and
fungal resistance.

Fifty two elite cultivars were under Bt-
conversion atvarious stages of back crossing.

Transgenic events were established with sense
and anti-sense gene constructs in G. hirsutum
cultivars H 777, F 846 and HS 6 for CLCuV
resistance.

For RN Ai mediated resistance against CLCu V
were inverted repeat constructs pkSBGus-
~C4-SA  were cloned in binary plasmids
pB inAR and pGreen  developed for
transformation of cotton.

Ten new sense and anti-sense strands of CP,
MP, AC2, ~Cl, ~V4 sequences of CLCuV
were created and cloned for generation of 5
inverted repeat constructs for transformation
of cotton.

Genes AthA and RSW associated with fiber
development were cloned from Arabidopsis
for cotton improvement. .

14 out of 40 RAPD and 30 SSR primers used
for screening polymorphism among bacterial
blight resistance and susceptible lines showed
polymorphism among the contrasting parents.

Out of 330 SSR and 60 RAPD markers
screened for analysis polymorphism among
diploid and tetraploid parental genotypes with
contrasting fiber quality traits 12.72-33.3%
showed polymorphism.

Coimbatore

Culture CCH 510-4 was released and notified
for commercial cultivation in South Zone
comprising of the states of Tamil Nadu,
Kamataka and Andhra Pradesh wunder the
name Suraj. This variety was found tolerant to
jassids under both South and Central Zone
conditions.

Culture CCH 801 recorded the highest yield of
2840 kg/ha with high ginning outtum of38 per
cent, while CCH 812 recorded the highest



fibre strength 0f25.6 gltex.

In the National Trial under irrigated

conditions, Culture CCH 2623 recorded the
highest yield of 1995 kg/ha in the Centtal Zone
and the second highest yield of 1911 kg/ha in
the South Zone. CCH 4474 was found to
possess ahigher fibre length and strength.

Fibre quality evaluation of lint samples of
germplasm lines indicated wide variability
with 2.5 % span length ranging from 26.4-
37.9 mm, micronaire from 3.7-5.7 and bundle
strength from 22.7-30.2 g/tex.

The tetraploid interspecific hybrids CCHB-
5339 (2662 kg/ha) and CCHB-51074 (2367
kg/ha) were found significantly superior in
their yield performance than the best check
hybridDCH 32 (1853 kg/ha).

Seed viability can be retained at 76% by
coating the cotton seeds with polykote @
3mllkg of seed diluted with 5 ml water
combined with carbendazim @ 2 g /kg and
imidacloprid (@ 7glkg and stored in polythene
bags.

Sirsa

The variety CISA 614 was tested in 32
locations in the North Zone (Punjab, Haryana
and Rajasthan) during 2004-2007 and has
recorded an overall mean seed cotton yield of
2204 kg/ha as against 1834 kg/ha ofHD 123
(zonal check) and 1990 kg/ha of local checks.
It had a mean ginning outtum of36.6 per cent.
In lint yield, the variety has recorded an
increase of 25.15% over zonal check variety
HD 123. It also possessed CISA 614 recorded
slightly superior fibre  technology
characteristics in comparison to zonal, local
check varieties and qualifying varieties. This
variety, CISA 614, has been identified for
commercial cultivation inNorth Zone.

In the AICCIP North Zone trials, GMS based
hybrid CSHG 1862 in 2nd year testing,
recorded a mean seed cotton yield of 3389
kg/ha (3 rapk) with 274 mm 2.5% span
length, 4.4 micronaire and bundle strength of
22.1 g/tex compared to zonal check CSHH
198 (2806 kg/ha) and was retained in the zonal
trial for final testing.

The GMS hybrid CISAA. 14 recorded seed
cotton yield of 2292 kg/ha (3'd ramk) with
36.5% GOT, 2.5% span length and strength of
18.3 g/tex against zonal check CICR 2 (2100
kg/ha) and was promoted to Br 25a zonal trial
for further testing.

The hybrid CSHH 1907 recorded a mean seed
cotton yield of2318 ke/ha (22%bask) with 34.9
percent ginning outtum, 27.8 mm 2.5 % span
length, 44 micronaire and bundle strength
21.5 g/tex compared to zonal check CSHH
198 (2062 kg/ha) and was promoted to Br0O5al
CHT zonal trial for further testing.

In the AICCIP National trial, G. hirsutum
cultures CSH 3129 recorded a mean seed
cotton yield 0f2285 kg/ha (4" ramk) with 23.6
g/tex strength, micronaire 4.2 while CSH 612
recorded 2236 kg/ha (5" ramk) with 26.5 mm.
2.5% span length and bundle strength 204
g/tex compared to zonal check RS 2013 (1648
kg/ha) and both the varieties are promoted to
Br 03 zonal trial for further testing.

Mainly fertile plants were obtained while
crossing CISA 2 (GMS), DS 5 (GMS) and
GAK 413A in combinations indicating that the
gene for sterility is different in all the thiee
GMS lines.

Fifty eight single plants were selected based
on yield and fibre quality traits. These single
plant selections had 2.5% span length (mm) in
the range 21.8-27.8, fibre strength (g/tex) in
the range 19.6-21.7 and their micronaire was
5.9

2.2 Crop Production

Nagpur

Studies on the long term effect of fertilizers
indicated that INM (60: 13:26 kg NPK ha-'+ 20
kg S+ Zn4.5 kg/ha + PSB +FYM@5t/hat

DAP 2 % foliar application ) recorded
significantly higher seed cotton yield (16.7
g/ha). The mean active forms of organic
carbon (very labile and labile forms) in soil
ranged from 47-55 % in INM and organic plots
as against 42 % under recommended dose of
NPK alone. Physiologically important

microflora  viz. Azotobacter, PSM and
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Pseudomonads registered higher population in
INM and organic plots.

Imbalanced  nutrition  resulted in 30%
reddening ofleaves in cotton resulting in yield
reduction to the extent of 500 kg ha-\
Magnesium  application ~ and rain water
conservation techniques considerably
checked the leaf reddening on farmers field.

Microbial population was not significantly
different in soils under Bt and non Bt cotton
at all stages of crop growth. However at
flowering  stage it recorded maximum
population. The new identified solid carrier
based delivery system recorded higher bio
inoculants count..

Bt cotton intercropped with the green gram 1
soybean gave significantly higher yield of
cotton and cotton equivalent yields over the
opening of furrows in alternate  rows.

. Addition of micronutrients with RDF on soil

test basis recorded significantly highest seed
cotton yield, nutrient use efficiency and water
use efficiency followed by 75 % N through
inorganic +25 % N through organic.

Irrigation thxough drip applied at 0.8 ETc
followed by 1.00 ETc recorded significantly
higher seed cotton yield than that at 0.6 ETc.
However, highest water use efficiency was
recorded at 0.6 ETc and it was lowest under
furrow irrigation.

For rainfed cotton grown on Vertisols of
central zone, entire recommended quantity of
K may be applied as basal dose instead of split
applications. For higher seed cotton yield and
high N utilization efficiency (27 kg seed
cotton Tkg N uptake), N may be applied in 3
equal splits at 10,45 and 75 days after sowing
in a normal rainfall year and at 10,30 and 60
days after sowing in a drought year.

Bt cotton + maize intercropping recorded
highest cotton equivalent yield on shallow
soil. Bt cotton + marigold was the best
combination on medium deep soil under
rainfed conditions in central zone.

A novel solar operated kmapsack sprayer has
been developed tested and modified which has
a field capacity of 4 hrs/ha. The weight of the
sprayer without pesticide is 9 kg, with a swath

of 90 cm giving 20 sprays with single charge.

Closer spacing (90 x 20 cm) had an effect on
compactness of the cotton plants which is
more desirable for mechanical picking.
Ethsel spray @ 7000 ppm concentration
recorded highest percentage of leaf shedding
of 91 % at the wider spacing of 90 x 60 cm,
making plants amenable for mechanical
picking.

Ethiel sprayed@ 30 ppm (5.7 m molar SDM)
at square initiation stage  recorded
significantly highest seed cotton yield in Bt
cotton hybrid NCS 145.

Total factor productivity of cotton (1980-
2004) increased @ 6.111 per cent per annum in
Gujarat, 5.321 per cent per annum in
Maharashtra and 5.1776 per cent per annum in
Madhya Pradesh.

The cotton based cropping system cotton +
arhar recorded cotton equivalent yield ranging
from 15.35 to 17.0 g/ha. However, the system
recorded the highest returns of Rs. 71226271 ha
with B :Cratio 1.57 in medium size group.

Studies on social dynamics of cotton
production in disttess areas of Wardha and
Yeotmal districts of Vidarbha revealed that
majority of cotton farmers had high level of
alienation (71.5 %) from land. This alienation
arises  because of high  degree of
powerlessness,  meaninglessness,  isolation
and self estrangement. .

The assessment of cotton based intercropping
indicated that common practice of cotton +
pigeon-pea  strip intercropping is being
practiced mostly by the farmers in cotton
growing region ofMaharashtra. The adoption
of other intercropping systems like cotton +
soybean, cotton + mung 7 mid, cotton +
cowpea, isnegligible.

Coimbatore

Highest net return (Rs. 1,16,810/ha), benefit
cost ratio (3.51), per day profitability (Rs.
779/day) and relative economic efficiency
(221 per cent higher than sole cotton) were
caleulated with multitier system of cotton
intercropped with  radish, beet root and
coriander with the application of 100 per cent



recommended levels of fertilizer to intercrops.

Significantly highest seed cotton yield was
harvested with  cotton,  raised  after
in situ incorporation of ragi at 45 days after
sowing along with soil application of
Trichoderma viridi.

Cotton-sorghum  system was superior to
cotton-fallow system in this agro-eclimatic
region with respect to improvement in soil
health in terms of better aggregation, carbon
sequestration besides additional crop yield
and income generation.

Herbicide rotation of pendimethalin 1.0 kg, 1
HW + metalachlor 1.0kg/ha on 30 DAS recor-
ded lesser weed DMP of12.4 g/m’ to 16,4 g/m’
and the WCE was up to 94.7 % on 60 DAS.

Balanced fertilizer application of 120 : 60 : 60
kgs NPK in either 4,6 or 8 splits with entire P
and 50 kg Mg S04+ Boron (as solubor 1kg) as
basal with two foliar spraying ofDAP 1.5 % +
K 0.5 % + Mg S04 0.5 % + Boron as Solubor
0.15 % during flowering to boll development
stages recorded significantly higher yield and
prevented premature.

Sustainable Yield Index (SYI) caleulated on
the basis of mean, highest and standard error in
yield was maximum and relatively stable
(0.42) under Integrated Nuttient Management
(NPK: 60:13:25 kg/ha + FYM @ 5 t/ha),
followed by NPK + crop residue incorporation
@ 2.5 t/ha and organics (FYM @ 15t/ha) only.

Hoagland solution of 50% strength as foliar
application during water logging stress and
recovery period helped the plants maintain
better status of chlorophyll, nitrate reductase

activity,  higher number of bolls all
cumulatively resulting  in Dbetter yield
realization.

Comparative  analysis between diversified

cotton growers and non-diversified cotton
growers revealed that the majosity of the
diversified farmers had high level of economic
efficiency than the non diversified farmers.
Experience in cotton farming for many years,
big farm size, high annual income, high level
of socio-economic status, good contact with
extension agency, high level of mass media

exposure, high level of risk orientation and
economic motivation were the factors that
influenced the cotton growers for diversified
farming.

Econometric model suggested that education,
irrigation, distance  to market centre,
distribution of seeds and regional
characteristics have significantly determined
the probability, and degree of adoption.
Frontier production function shows that none
of the farms in the sample is fully efficient and
that there is substantial scope for improving
the technical efficiency of cotton production in
Tamil Nadu.

Sirs a

The seedling ofBt.. hybrids RCH 134 raised in
small, medium and large disposable
containers containing mixture of coir pit +
FYM + soil (50: 35: 15). The twenty days old
seedlings raised in large containers gave
significantly higher plant stand (98.6 %) and
yield /ha (3035 kg/ha) than normal sown crop
(2510 kg/ha).

The performance of RCH 134 with (sole
cotton, paired row sole cotton, groundnut,
sesamum, mungbean, moth bean and cluster
bean) and without intercrop combinations
were evaluated and noticed that the yield
(3301 kg/ha) was significantly higher in sole
cotton compared to paired row cotton (2771
kg/ha) with and without intercrops.

Among the cropping sequences (normal sown
cotton-wheat, barley and mustard;
transplanted cotton-wheat, barley and
mustard) evaluated, the highest net income/ha
Rs 46935 and 51315 was observed in cotton
followed by wheat with normal and
transplanted cotton sown, respectively.

2.3 Crop Protection
Nagpur

Insect pest infestation during the season was
minimum during 2008-09. Mealybugs were
found to infest several weed plants, apart from
cotton. Significant positive association of
jassids and thgips; whiteflies and mirids;
spiders with predatory mirids was observed
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during their temporal occurrence.

Forty different  isolates  of Fusarium

oxysporum were categorized on the basis of
virulence,  speCles specificity, growth,

pigmentation etc. SSR primers were designed
and synthesized from SSR motifs of nine
different loci of Fusarium genome.

The presence of Tobacco Streak Virus (TSV)
was confirmed on six Bt hybrids (RCH 2 Bt,
Bramha Bt, Nirja Bt, Dyana Bt, Sigma Bt,
Mallika Bt) and two non-Bt pre-released
hybrids (Warangal HH 2 and Warangal HH 3)
samples collected from Andhra Pradesh.

Eleven species of Hemipterans were recorded
in the cotton ecosystem. Three species of
Hymenopteran parasitoids and five species of
Coccinellid predators were recorded on
mealybugs. A new parasitoid, Aenasius sp.
(Hymenoptera:  Encyrtidae) was found to
parasitize 57% of mealybug (P solenopsis)
colonies infesting cotton. A predatory beetle,
Scymnus coccivora was found to feed on the
mealybug (P solenopsis). The beetle has been
found to occur in the natural ecosystem of
cotton in many patts of Central India.

Amongst five new lectins tested for toxicity to
aphids, soybean agglutinin was found to be the
most effective with mortality levels exceeding
>99% by the end of the 4" day. Banana lectin
caused 100% mortality  after 6 days.
Artocarpin and jacalin were also found to be
effective.

A new diet recipe was developed and was
found to sustain aphids for more than 20-30
days without any mortality. A novel bioassay
was developed to evaluate the efficacy of
lectins on cotton aphids (Aphis gossypii).

Primary and secondary forms of bacterial
symbiont of Heterorhabditis  indica were
isolated and protein profile of two phases of
the bacterium was resolved on SDS PAGE.
Protein fractions were tested against 3" instar
larva of Helicoverpa armigera for insecticidal
activity. Observations on insect mortality after
24 hgs revealed that fraction >50 KDa
recorded more than 98% mortality after 24 h
while 10K fraction recorded 60% mottality.

Low cost insect cages were designed and

constructed with PVC pipe and muslin cloth.
The cages can be used to conduct laboratory
bioassay on insects, especially sucking pests
on cotton plants.

Mealybug reanng was standardized on
sprouted potatoes. An initial inoculum of 5-10
gravid mealybug females was adequate. A
temperatuze range of 20 35" C was the most
suitable for rapid proliferation.

PCR amplified fragments of 28s rDNA and
18s rDNA from Phenacoccus solenopsis were
sequenced and compared with the sequences
of Phenacoccus solani. At least three unique
restriction sites were identified for the two
speCles and wused to develop molecular
diagnostic tools to distinguish the two species.

Locus specific tests have been designed for all
the approved transgenic events of cotton based
on sequences flamking trans gene insetts. The
tests are being used under the Event Based
Approval Mechanism through a Standing
Committee of the GEAC.

ELISA has been developed for NPT-I1I, VID-
A, and crylF. Antiserum has been raised
against  crylC, cry2Ab  and VIP-3A.
Immunochromatographic  'dipstick' kits have
been developed for crylF and NPT-II. Reaf-
Time PCR was standardized for MoN-531
andMoN-15985.

Thitty five Bt-cotton hybrids from four Bt
events of Mon 531 (cryldAc), Event 1
(crylAc), GFM (crylAc+cry 1Ab) and Mon
15985 (crylAc+cry 2Ab) were evaluated in a
replicated trial along with five non Bt cultivars
to study the association of emerging and key
sucking pests under completely unprotected
conditions.

574 germplasm lines were evaluated for their
reaction to sucking pests, effect on natural
enemies and response to bollworm damage.
Cultures CPT 1068 (B), CPT 1080, CPT 423
(A) and CPT 1094 had higher yield levels in
addition to better quality parameters (> 25 mm
staple length and >23 g/tex bundle strength)
with tolerance tojassids and bollworms.

Two bollworm tolerant genotypes 'CINHTi 3'
and 'CINHTi 4' were developed by
transferring a frypsin inhibitor (Ii) gene into

N = P .
R



two elite genotypes BN and GCot 10, through
back-cross breeding. These genotypes can
also be used as donor parents for trypsin
inhibitors to develop bollworm resistant
cultivars.

A synthetic analogue of jasmonic acid
(Jasmine perfume) when sprayed on cotton
crop, reduced jassid incidence, significantly
increased the incidence of Chrysopa eggs
while reducing the oviposition by H.
armigera. Laboratory studies indicated that
jasmine perfume has negligible insecticidal
activity when applied topically. Spraying
jasmine perfume enhanced the levels of LOX 1
(lipoxygenase 1)and LOX 2 (lipoxygenase 2).

The germplasm line 116 TLYC Macha was
found to be resistant to root-knet and reniform
nematode. Bikaneri nerma, Sharda and
Paymaster were found to be resistant to root
knot nematode. Application of ascorbic acid at
0.1% was found to induce resistance to root-
knot nematode in susceptible host by reducing
nematode penetration by as much as 48%.
This correlates with the role of ascorbate
oxidase and ascorbic acid imparting resistance
to root-knot nematodes.

Amongst the 32 genotypes evaluated for
resistance to root rot, Bikaneri Nerma, NISC
19, Saubhagya, Abhadita and NISC 24 were
found to be moderately resistant..

From the population of various generations
involving resistant lines as donor parents, 158
lines with bacterial blight resistance/grey
mildew  resistance and plant quality
parameters were  advanced for next
generation.  Six lines were identified as
resistant to bacterial blight as well as grey
mildew diseases. Eleven bacterial blight
resistant selections were identified for better
fibre quality parameters.

Incidence of Alternaria leaf  spot,
Myrothecium leaf spot, bacterial blight and
grey mildew was recorded on 43 Bt hybrid
entries in three different trials along with NHH
44 as local check.. The incidence of Alternaria
leaf spot varied from 8.02-29.4%, while
incidence of Myrothecium leafspot was 8.30
29.91 %. The incidence of bacterial blight and

grey mildew varied from 9.19-37.31% and
12.42-31.87%, respectively.

The avoidable quantitative yield losses due to
grey mildew disease were higher m
susceptible Bt-hybrids as compared to non-Bt
hybrid H I0. Early senescence and exposure to
favourable weather during that particular
stage could be one of the reasons for higher
incidence of grey mildew on Bt-hybrids.

Bacillus  thuringiensis  strains were isolated
from soil samples collected from 57 locations
of the country. One native Bt strain, from
Ahmedabad produced toxin that caused high
levels of larval mortality in H. armigera with
LC,, of 0.077 !-lg/ml of diet against crylAc
tolerant H. armigera field strain (Vadodara)
and 0.004 !-lg/ml of diet against the field
susceptible strain (Nagpur). The toxicity was
equivalent to the standard BtK HD 1 and BTK
HD73.

Bioassays were carried out on mealybug
Phenococcus  solenosis  (Tinsley) using 28
products comprising of 7 Bio-formulations.

Maximum  mortality ~ was recorded m
treatment Fish Oil Rosin Liquid+ Chlorpyri-
phos. A newly developed formulation 'Mealy-
Quit’ showed promising results in controlling
mealybug populations and has been promoted
for advanced stages oftesting.

Two Verticillium lecanii isolates, VL 5, VL 7
were effective against mealy bug and
prevented the development of adults in the
treatments.

Three hundred and twelve isolates of
rhizobacteria ~ were isolated from cotton
rhizosphere from 47 locations and evaluated
against H. armigera for efficacy. Out of these
67 isolates were found to have antagonistic
properties  against bollworm larvae. One
Bacillus  cereus isolate was found to be
effective against Mealybug crawlers and can
be further used for developing a formulation.
A new fungal pathogen, Fusarium sp. was
isolated from adults of Mealybugs in field
epizootic incidence.

Mortality of H. armigera due to
Heterorhabditis  indica was lower on larvae
fed on okia as compared to chickpea, pigeon
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pea and cotton. Nematode progeny production
was highest from larvae fed on pigeon pea and
lowest in larvae reared on cotton and weed
plants.

Crop rotation with sorghum and malZe
reduced the population of reniform nematode
in cotton. Crop rotation of cotton with tomato
drastically reduced root-knot nematode,
Meloidogyne incognita population in Tomato
under farmer's field condition

Five microbial antagonists (Streptomyces
spp., Pseudomonas, Trichoderma sp.,
Penicillium sp and Aspergillus niger) were
identified against root rot causing pathogens
Rhizoctonia and Fusarium sp.

Out of the 100 isolates of rhizobacteria
isolated from rhizosphere from different
ecosystems, nme Dbacterial isolates were

effective in vitro at 0.1 @D against juveniles of

root knot and pre-adults of reniform
nematodes. Two of the effective bacteria were
tentatively  identified  as B.subtilis. and
Bpumilus.

P solenopsis was recorded on 91 plant species
of24 families, whereas the pink mealybug M
hirsutus was found to occur on 16 host plants
spreading across 11 families. Parthenium
hysterophorus and Abutilon indicum were the
most common and favourable hosts.

Foliar  application of Acetamiprid,
Thiomethoxam, Acephate at recommended
doses and stem application ofThiomethoxam
Chlorpyriphos and Imidacloprid were found
effective in controlling sucking pests-aphid,
jassids and thrips.

The ETL (Economic Threshold Level) for S.
litura was 2.0 £ 0.7 on non-Bt and 5.3 £ 0.9
larvae per plant on Bollgard-II.

The enhanced yields from IPM with an
increased returns ofRs. 1300 per hectare over
RPP indicated the superiority of the symptom
based insecticidal interyention in IPM and its
feasibility for use in Bt cotton sucking pest
management. ,

Based on the specific cadherin insensitive
resistance mechanism m cryldc  resistant
Helicoverpa armigera, primers were designed

to amplify region between the exon eight and
the retrotransposon in case of resistant insect
and exon-eight and exon-nine of susceptible
insect.,

Six cytochrome p450 genes were tested on
Real- Time PCR for their relative quantitative
expression levels in pyrethroid resistant and
susceptible H armigera. One of the genes
cyp6b 7 was found to express selectively in
higher quantities m pyrethroid resistant
strains.

Changes in the geographical variability in H
armigera susceptibility levels to cry'lAc and
cry2Ab  toxins from Bacillus  thuringiensis
were monitored. The LC,, values ranged from
0.040 to 3.12 g cry 1Ac/ml of diet across the
Notth, Central and South India. LC, values
ranged from 2.46 to 3426 flg cry 2Ab/ml of
diet with 13.92-fold variability across the
strains. The LC,, values for the cryldc of JK
'event-I', ranged from 0.192 g crylAc/ml of
diet to 5.11 gcry 1Ac/ml of diet with 4.11- fold,

20.60-fold and 5.89 fold wvariability III
susceptibility across the Noruth, Central and
South India.

Coimbatore

e The papaya mealy bug, Paracoccus

marginatus Williams and Granara de Willink,
was recorded in a severe form for the first time
on cotton m Coimbatore. Infestation of
Pmarginatus was observed on G. arboreum
and G. hirsutum species and Bt cotton hybrids
under field conditions.

Hairy varieties were found to be highly
susceptible to mealy bug infestation.

Infestation ~ of mealybug was 100% III
unprotected Bunny Bt as compared to 50-60 %
in RCH 2 Bt and non Bt. In general the
infestation of papaya mealy bug, Paracoccus

marginatus was high in the farm as well as in

farmer's field. In addition to cotton, P
marginatus  infestation was observed on
Parthenium hysterophorum, Tridax
procumbens,  Acalypha indica, Euphorbia

geniculata and Crotons sparsiflorus.

The observation on mealy bug infestation in
50 farmers' fields of five villages indicated
that the mean intensity of damage ranged from




1.0 to 1.22 grade, and the per cent infested
plants ranged from 55.0 to 83%. The mean
infestation of mirid bugs ranged from 68 to
97% and the population ranged 16 to 85
nymphs per 100 squares.

Population dynamics of mealybug species
viz., Paracoccus marginatus and
Phenacoccus solenopsis were observed under
cottontcowpea intercropping system. During
initial period (October) of cropping season, P
solenopsis incidence was high compared to P
marginatus. From first fortnight of November
onwards, P.  marginatus populations
increased.

Nineteen weeds were recorded as alternate
hosts for cotton mealybug. Initially

Paracoccus ~ marginatus  recorded  100%
incidence on Parthenium hysterophorus and
continued throughout the cropping season and
the incidence of P solenopsis was found to be
100% on alternate  hosts such as P
hysterophorus, A. indicum, P neruri and T.
procumbense, at the end of the cropping
season.

Out of 78 Bt cotton hybrids (54 with cry 1Ac
and 24 with crylActcry2Ab)  evaluated for
their resistance against major sucking pests,
four hybrids (PCH 2270 Bt, PCH 205 Bt,
PCH 923 Bt, and ACH 33-1 Bt) recorded low
intensity of mealy bug damage. Two Bt
hybrids, Rudra Bt and JK Iswar Bt recorded
low population of mirid bug (1.38 to 1.44/5
squares) while the check entry RCH 2 Bt had
6.77 mirid bugs per 5 squares.

A Lycanid butterfly Spalgis epius (West wood)
(Lepidoptera: Lycaenidae) was found to feed
on the mealybug P marginatus on cotton,
papaya, silk cotton, subabul, Ixora sp.,
Crotons sp., Glyricedia sp. and Hibiscus sp.
etc. The larvae were observed as voracious
feeders on the egg masses, nymphs, and adults
of mealy bugs.

Two  parasitoids, Torymus sp. and
Prochiloneurus — aegyptiacus (Mercet) were
recorded on the mealybug P marginatus with
maximum per cent parasitisation of 21% and
7% respectively. The parasitoid, Aenasius sp.
was found to parasitize P solenopsis up to a
maximum of 45%.

Histopathological studies  of reniform
nematode cotton was studied by inoculating
5000 adult. females of R.reniformis under pot
culture condition. The nematodes gain entry’
through epidermis and  penetrate
intercellularly  as well as intracellularly
through the cortex, endodermis and pericyale
and reach the phloem where they feed. A
passage slightly wider than the nematode body
is formed by destruction of cortical cells.

Twelve insecticides were evaluated with three
entomopathogenic fungal pathogens  for
compatibility tests. For B. bassiana, only
Chlorpyriphos was found to be compatible
whereas, Spinosad, Econeem, Quinalphos,
Acetamprid, Endosulfan and Thiodicarb were
slightly toxic.

Pathogenicity_ of Bacterial symbiont of EPN
viz.,  Photorhabdus lumunescens and
Xenorhabdus sp. was studied under laboratory
condi tion against Galleria  mellonella,
Heficoverpa armigera and Spodoptera fitura.
Both bacteria were able to cause mortality  of
test insects at varying levels.

Antimicrobial property ~of bacterial symbiont
ofEPN (P lumunescens andXenorhabdus sp.)
was evaluated against plant pathogens
Fusarium  sp. and Alternaria sp. and
entomopathogenic  (Metarhizium anisopfiae,
Beuveria bessiana and Verticillium lecanii). P
lumunescens was found to significantly inhibit
the growth of both plant pathogenic and
entomopathogenic fungi.

25 entomogenous fungi associated with mealy
bug were screened and Lecanicillium lecanii
was found to be highly virulent against both
Phenacoccus  solenopsis  and  Para coccus
marginatus under laboratory, green house and
small scale field studies.

Among seven isolates, thiee isolates namely
VI 5, VIO and V12¢ were effective in causing
mortality = of both nymphs and adults of
Paracaccus marginatus, whereas isolates VII
and VI 5 alone were highly effective against
Phenacoccus solenopsis.

Acephate and Chlorpyriphos ~ were more
effective against the emerging pests (mealy
bug and mirid bug) and recorded significantly
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higher yield (58.4 % and 51.0 %) over other
treatments and control.. Thiodicarb followed
by flubendiamide+thiocloprid and thioeloprid
treatments were effective against mirid bug
and reduced the infestation significantly over
other treatments and control..

Pheromone trap catches of P gossypiella
recorded throughout the cropping season was
correlated with the level of infestation.
Infestation was found to start in November
with a peak adult moth catch during the month
of February also correlated with the maximum
larval infestation.

Implementation  of Insecticide Resistance
Management (IRM) strategies in the project
villages resulted in the reduction of number of
sprays by 47% and the plant protection cost
from Rs. 2,147 to Rs. 1,021, besides an
increase in yield by 21 % over non IRM
villages.

Sirsa

Mealybug infestation in North India was low
during 2008-09 and damage to cotton crop was
negligible. The mealybug was found to infest
at least 47 species of host plants belonging to
24 families. The parasitoids  Aenasius

bambawalei and Paranathrix tachikawai were
also recorded. The parasitization efficiency of
A. bambawalei from field collected mealy
bugs was 57.0 per cent whereas under
laboratory condition it was 60.6 per cent (45-
74%).

Whitefly population remained below ETL
throughout  the season. Among natural
enemies, spiders were the most abundant as
compared with natural enemies like Lace wing
and Lady bird beetles. Maximum population
of spider was recorded in first week of
September.

Anew fungal species Fusarium pallidoroseum

was isolated from mealy bug cadavers from
cotton stalks in Haryana and Punjab.

Profenofos showed maximum inhibition of
Fusarium pallidoroseum  after one week of
inoculation whereas minimum inhibition was
observed in Confidor, Admire and Fipronil..
Fifteen days old crawlers showed lower
mortality upto a maximum of 40% in case off

pallidoroseum. ~ Formulations of Verticillium
lecanii  controlled 57.8 to 66.1 per cent
mealybug after two sprays at weekly interval..

White fly infestation and cotton leaf curl virus
disease incidence was quite low in Haryana,
Punjab and Rajasthan.

DNA isolation from 124 weeds collected from
during AprillMay 2008 followed by their
amplification using Coat Protein. (CP) primer
did not show presence of virus in any of the
weeds tested.

A new sampling strategy was devised for
mealybug field population assessment based
on source of infestation. When sampled
parallal to the source, infestation level was
highest in fields along with water channel (4.6
to 15.4 %) followed by fields on roadside (5.2-
9.8 %) and clean fields (2.07-12.0%). When
sampled  perpendicular to the source,
infestation levels recorded were relativaly
lower.

The mealybug Phenacoccus solenopsis was
found to have 2-4 ovisacs. There are 2
nymphal instars in males and 2 instars in 3
instars in females. Each female produces
about 300-500 crawlers. The total life duration
extends from 36 to 45 days on cotton. There
was a positive correlation between the
population increase and temperatuce where as
the relative  humidity = was negatively

correlated.

Insecticide Resistance Management (IRM)
strategies were disseminated in 75 villages of
three Distticts of Haryana-Sirsa, Hisar and
Fatehabad to cover a total of 11254 hectares
area with 4511 farmers. There was 24.3%
reduction in sprays and 31.2% reduction in
consumption of insecticides in IRM over non
IRM farmers. There was 10% increase in seed
cotton yields and overall net profit of IRM
farmers over non-IRM was 7140 per hectare.

Maximum jassid resurgence was reported in
treatment ~ CypermethrintMonocrotophos

(after the 7" spray). Cypermethrin caused
35.64 % resurgence of whitefly and spinosad
alone exhibited moderate resurgence  of
Mealybugs. Maximum reduction m
parasitization by Aenasius bombawalei  as



compared to control: was caused by
Monocrotophos.

Among various insecticides, Acephate and
Chlorpyriphos reduced mealybug population
by >70%. Among ecoftiendly biopesticides,
Metarrhizium
effective.

anisopliae  was the most

In a study conducted to integrate all eco-
friendly strategies and validation of IPM
packages, the average yield in IPM plots
obtained was 12.80 g/acre as compared to
12.24 g/acre in RPP (recommended package
of practices) plots.

Foliar application was more effective than
stem application. Stem application was found
effective only in the initial phase of the

cropping season. The predator and parasitoid
populations were significantly more in case of
stem application as compared to foliar
application.

Grade Percent Disease Index (5, 10,20,40 &
60%) of cotton leaf curl virus disease in Bt
cotton hybrid 6488 Bt at village Khippanwali
in Ferozepur disttict of Punjab revealed
reduction in seed cotton yield to the extent of
0.08,0.29, 14.5, 17.2 and 40.0% respectively.
Similarly 23.8 to 63.1 % seed cotton yield
reduction was observed in case of one to four
severity grades in case of Bt cotton hybrid
Sigma at Chudiwalan village in Ferozepur
distzict of Punjab.
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3: INTRODUCTION

3.1 Briefhistory

Indian Central Cotton Committee used to sponsor
cotton research schemes on an adhoc basis till the
work of the committee was taken over by the ICAR
in 1966. All India Coordinated Cotton
Improvement Project (AICCIP) initiated by the
Council in the year 1967 with headquarters at
Coimbatore gave new fillip and direction in terms
of multidisciplinary and multi-centre approaches
with the active involvement of State Agricultuzal
Universities. The project has contributed

significantly in tackling  location-specific

problems in terms of varietal improvement and
development  of appropriate  production  and
protection techmologies. However, looking to the
low level of productivity * since major cotton
growing area is under rainfed conditions, a need

for expanding the research effotts in the spheres of
basic and fundamental research was felt, the
Central Institute for Cotton Research was
established at Nagpur by the ICAR, in 1976. The
two regional stations of IAR! at Sirsa (Haryana)
and Coimbatore (Tamil Nadu) were transferred to
CICR to cater to the needs of cotton farming in
notth and south India, respectively.

The main mission of CICR is to increase the
production, productivity_“and profitability of cotton

cultivation in different agro-ecological cotton
growing zones through the development of
relevant, feasible, economically  viable and

ecologically friendly production and protection
technologies  including the development  of
improved varieties and hybrids and promoting
basic and strategic research.

3.2 MANDATE

by-products

cropping systems

agencies

mandate

* To conduct basic and strategic research on cotton to improve yield, fibre quality and

* To create new genetic variability for location-specific

e To assist in the transfer of modern cotton production technology to various user

e Toextend consultancy and link with international agencies to accomplish the above

adoption in cotton-based

3.3 Release of First Public Sector Bt Transgenic Cotton Variety

The first public sector Bt transgenic cotton variety
Bikaneri Narma Bt (BN-Bt) was developed
indigenously
cultivation in the North, Central and South zones
on 2" 2008 after stringent bio-safety - studies by
RCGM and GEAC, New Delhi. The work was
initiated under NATP program. The BN Bt is a
ICAR event set in the varietal background and it is
a landmark achievement in the biotech research of
the public institute. 'BN Bt Variety' was developed
by transferring cry 1 Ac gene from the bacterium

and approved for commercial

Bacillus thuringiensis (Bt) into the genotype 'BN'

which was developed thiough pedigree breeding a
reselection from the parent variety ™ 'Bikaneri
Narma'. It was developed through -collaborative
efforts of the University of Agricultuzal Sciences
(UAS), Dharwad, National Research Centre for
Plant Biotechnelogy (NRCPB), New Delhi and
the Centtal Institute for Cotton Research (CICR),
Nagpur.

'BN Bt is a high yielding variety which is medium
tall, tolerant to jassids and other sucking pests,
tolerant to drought, possesses open plant canopy,
medium sized bolls, 2-3 monopodia, fiber length




26-27 mm, superior ginning out-turn (GOT),
yellow pollen colour and longer staple length fibre
which distinguishes it from the parent variety
'Bikaneri Narma' and the similar variety 'F 414'. It
is suitable for rain-fed farming and requires lesser
input (water, fertilizer and pesticides) compared to
hybrids. It is characterized with high levels (upto
5.2 ppm) of Cry protein expression, and is highly
effective in protecting the crop against main target
pest, the cotton bollworm, Helicoverpa armigera.

3.4: Staff Position
(As on 31 March 2009)

It showed over-all yield superiority in both seed
cotton and lint yield when compared with non-Bt
check and local checks.

During the current season 2009, 240 quintal seed
has been produced and truthfully labeled, certified
seed was made available to farmers at Rs 200 per 2
kg seed bag containing 200 g pigeon-pea refugia
seed, through State Seed Corporations  of
Mabharashtra, Gujarat and Andhra Pradesh.

Director (RMP)

P.c.. & Head - | =
Scientific 50 22 7
Technical 50 23 8
Administrative ) 10 6
Suppotting 65 34 12

Krishi Vigyan Kendra
Training Organiser 1 - -
Technical 8
Administrative D) - -
Supporting 2

NGP-Nagpur; CBE - Coimbatore

1 - 1 = 1
79 37 2 6 62
81 45 16 7 68
49 27 7 5 39
111 51 23, 11 &7
1 1 - - 1
8 8 - - 8
2 2 - - 2
2 1 - - 1
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wya 3.5 Financial Statement
The budget grant and actual expenditure for the year 2008-09 are furnished below:

ANNUAL Budget Sanctioned and Expenditure . (Rs. in. Lakhs)
REPORT Scheme Sanctioned Ex penditure
2008-09 1. Plan 400.00 400.00
sept slNofsBlanss S - et R o e st IR0 S e 8 IR
PLAN SCHEME 3 = o’ I . BT ) i = U
3. NSP Crop 18.89 0.67
4, AICCIP 500.00 500.00
5 KVK Scheme 78.92 69.74
6. TMCMMI 629,12 616.69
_ L MSP o Pt WRETe 0L . e =l
APCESSFUND
8. Bt. Resistance ol 541 586
9 ICAR Regional Committee No. VI L1 oy e 045 0.24
R DEPOSIT SCHEME e MRS -
10. DBT Scheme (DNA) AT 0.68
11. Transgenic Crops BT 22.80
12. DSTQTLS 4.03 344
13. DST FRCCSHP 0.85 0.85
14. DBT Bt Cellus 4.56 4.20
15. DBT MMFRQ 18.43 16.79
16. DST Fast Track 9.04 8.97
17. DBTRNAI 24.74 24.73
18.  GMO Project 10.58 10.57
20. DDS Scheme Ngp 4.50 3.78
21, DDS Scheme Cbe 6.83 6.58
22.  Dupont Scheme 5.02 0.65
23.  Toxicity of Bt (CRY) 0.07 0.07
24.  Indofil Scheme 0.27 0.27
PSR NKEMTioxiIn 19.24 9.88
26. NMITLI 52.60 4.32
27. DBT Marker 14.71 8.51
28. Indo ADS DBT 16.52 0.13
29.  Genetic Eng. (AKI) 15.54 4.16
30. Maintenance of Breeder Seed 59.99 48.99
31. TMC Scheme MM 1I 233.54 221,04
32. Bt Resistance Monitoring (Mahyco) I 14.51 8.61
33. Bt Resistance Monitoring (Mahyco) II 27.60 11.25
34. Ratan Tata SGP 445 2.62 2.62
35. Ratan Tata SGP 452 2.10 2.10
. 36. FLD Scheme 80.00 76.84
i 37.  TMC MM-I (DAC) 18.37 18.37
i 38.  Testing Fee Remittance 260.37 133,45
39. Bt Tech 81,45 0.62
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from Rayalseema region of Andhra Pradesh and
adjoining areas.

4.1: Cotton Genetic Resources

Nagpur
Exploration and collection of germ plasm

During the year, sixty-seven germplasm lines of
Asiatic cotton (G. arboreum-30, G. herbaceum-35

and G. arboreum perennials-2) were collected

Enrichment of Gene Bank and procurement of
quality exotic germplasm

Seven hundred and thitty’ two accessions were
received from USA, Israel and Pakistan through
NBPGR, New Delhi.

G. hirsutum
Israel G. hirsutum
Pakistan G. hirsutum
USA G. barbadense

Conservation of germplasm
G. hirsutum

Base Collection 1900, Working Collection 400,
Core Collection 600

G. arboreum

Base Collection 700, Working Collection 139
were grown for rejuvenation and seed
multiplication.

Conservation of germplasm in Long Term
Storage and Medium Term Storage

Seeds of one thousand six hundred and forty thiee

Long Staple, High Boll Weight..

IS Long Staple and Eagly Maturity.
4 High GOT and Boll Weight..
30 Extra Long Staple

(1643) accessions of G. hirsutum including
exotics, 25 accessions of G. barbadense and 700
accessions of G. arboreum were sent to NBPGR,
New Delhi for Long Term Cold Storage. Another
set of G. hirsutum, G. barbadense and G.
arboreum germplasm was kept in Medium Term
Cold Storage at CICR, Nagpur.

Additions of unique germplasm lines to the
Gene Bank

Six germplasm lines with unique and novel traits
were registered with NBPGR and added to the
Gene Bank ofCICR, Nagpur.

CINHTi-l1 (Broad Leaf Lobe) G. hirsutum

CINHTi-2 (Okra Leaf Lobe) G. hirsutum

MSH SP-91 G. hirsutum
MSH SP-345 G. hirsutum
ABC-5 G. arboreum
CATS-18 G. arboreum

Trypsin inhibitor mediated
Helicoverpa armigera tolerance

Trypsin inhibitor mediated
Helicoverpa armigera tolerance

Zero monopodium and long pedicel
Cleistogamous flowers
Five loculed bolls

Thermosensitive Genetic Male Sterility-
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Evaluation and identification of germ plasm
lines for unique and novel characters

Thiee germplasm lines of G. hirsutum were
identified for their unique traits viz., Yellow
Pigmented Leaf Lobe (YPLL-29), Cup Shaped
Leaf Lobe (CSLL-59) and Single Leaf Lobe (SLL-
33). Unique traits of above germplasm accessions

were stable over ~enerations and have been
approved by the Institute Germplasm
Identification ~Committee for registration with
NBPGR, New Delhi.

One hundred and ten germplasm accessions of G.
barbadense were evaluated for yield and fibre
properties at CICR Regional Station, Coimbatore .

Range of seed cotton yield and fibre properties of G. barbadense germplasm lines

29.2-135.6 25.8-36.1 21.1-30.0

Assessment of gossypol content in cotton
germplasm

Fifteen G. arboreum germplasm lines were
processed for gossypol estimation. Per cent
gossypol content varied from 0.8 to 2.39 per cent.
Distribution of germplasm

Eighty two accessions of G. hirsutum, 40
accessions ofG. barbadense and 58 accessions of
G. arboreum were distributed to various Cotton
Research Stations/Centres of SAUs and
Government Institutions for research purpose.
Distribution ofsegregating material (F,

F, segregating material of 35 crosses of G.
hirsutum were distributed to different Cotton

Germplasm distributed on field day

3.2-5.1 4.5-7.7 43.0-47.0

Research Stations of Central and South Zones. The
parents involved in the above crosses had high
yielding, big boll, high GOT, high strength and
early maturity types.

Germplasm Field Day and distribution of
germplasm

Germplasm  Field Day was organized. The
selection of germplasm accessions was made by
the breeders of three zones in the field itself.. The
following germplasm accessions were distributed
to breeders from Core Collection, Working
Collections and Base Collections including exotic
accessions for their breeding / crop improvement

programme.

North Zone 74
Central Zone 91
South Zone 94

Total 259

Utilization of germplasm

Twenty three accessions of G. hirsutum, 49 of G.
arboreum and 8 of G. herbaceum were utilized in
crossing programme for development of superior

genotypes of G. hirsutum and G. arboreum.

18 6

9 =

18 -

45 6
Coimbatore

Field maintenance of 250 G. hirsutum accessions
was undertaken. Thirty exotic G. barbadense
germplasm accessions obtained from Nagpurwere
sown in pot for seed multiplication. Notable
germination was recorded only in 22 accessions, in




which the harvested seed cotton yield ranged from
12.4 gto 70.7 g. The fibre quality evaluation oflint
samples indicated wide variability. The 2.5 % span
length ranged from 264-37.9 mm, micronaire

from 3.7-5.7 and bundle strength from 22.7-30.2
g/tex indicating good scope for including select
lines in breeding programmes for improving fibre
quality especially, micronaire (Table 4.1).

Table 4.1: Seed cotton yield and fibre quality of select G. barbadense exotic accessions

Accession Kapas 2.5 % Span
No. weight (g) length (mm)
EC 617835 32.7 35.6
EC 617837 44.0 26.4
EC 617841 35:1 30.1
EC 617844 12.4 34.4
EC 617852 42.7 3533
EC 617858 32.3 317
EC 617861 70.7 312
EC 617862 20.2 37.9
EC 617864 522 30,1
Mean 28.8 33.0
Max. 70.7 37.9
Min. 12.4 26.4

One hundred and eight G. barbadense germplasm
lines were maintained during 2008-09. Seven
single plant progenies selected from these
germplasm showed superior yield performance.
Morphological variability among the germplasm
lines in branching pattern, boll formation, petal
colour, petal spot, bract number and union of
bracts were noticed. The accessions viz., NDGB
11,NDGB 27, NDGB 69, NDGB 82, NDGB 91,
NDGB 113, NDGB 142 and NDGB 164 were
found to be early in flowering. Five accessions had
flowers without petal spot. Short branching types
of accessions bearing cluster bolls consisted of2-6
bolls per cluster.

Uniformity Micronaire Bundle
Ratio strength
46.5 3.7 30.2
) 45 24.8
475 4.7 27.9

46.5 o -
473 4.5 29.1
47.6 4.1 243
48.5 BIvl 2589,

40.4 e o
49.4 Sy 27
473 4.4 26.4
502 SH 30.2
40.4 2 2O

Ninety nine G. hirsutum genotypes were evaluated
for yield, morphological characters, agronomic
characters and fibre quality characters. Seed cotton
yield ranged from 302 to 142.0 g/plant with the
mean seed cotton yield being 71.7 g/plant.. The 2.5
% span length ranged between 24.6 mm and 31.7
mm with the mean being 27.6 mm. The strength
ranged from 19.0 to 25.4 g/tex with the mean being
22.3 g/tex.

Sirsa

Two hundred and ninety four lines of G. hirsutum
and 208 lines of G. arboreum were evaluated for
yield contributing parameters, fibre properties and
morphological parameters. The range for each trait
is given in Table 4.2.

Table 4.2: Range for traits in accessions of G. hirsutum and G. arboreum
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Character Name G. hirsutum G. arboreum

Seed cotton yield! plant (gm) 30-250 16.7-240
Boll weight (g) 2,2-3.6 1.5-2.7
Boll number 10-87 17-72

Ginning Outturn (%) 26.3-35.5 294-37.6
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Seed Index (g)

Lint Index (g)

Number of Monopods
Number of Sympods
Plant height (cm)

2.5 % span length (mm)
Uniformity Ratio (%)
Fineness micronaire (10-6 glin)
Fibre strength (g/tex)
Boll damage (%)
Jassid/ leaf

Whitefly

CLCuV (%)

4.2: Hybrid Cotton

Nagpur

Eleven GMS, 93 CMS and 57 restorer lines were
maintained  through sibmating, crossing and
selfing. Sufficient quantity of seeds were also
produced.

Forty nine GMS hybrids were evaluated in two
separate trials. The seed cotton yield in the first
trial ranged from 1239 to 2353 kg/ha. Hybrid
NGMSH 5-09 recorded the highest seed cotton
yield with 14 and 32 per cent heterosis over the
check hybrid NHH 44 and H 8, respectively. It
recorded aboll weight of3.9 g, ginning percentage
of 38 per cent and mean halo length of 24.1 mm.
Hybrids NGMSH 23-09, NGMSH 6-09, NGMSH
8-09, NGMSH 21-09 were the other promising
hybrids. In the second trial, 23 hybrids were tested
and the seed cotton yield ranged from 1145 to

Table 4.3 : Common Institute

SL. Code Seed cotton

No. yield (kg/ha)

|3 CSHH-308 2141

24 CSHC-196 1577

3. NGMSH-13 1523

s NGMSH-130 1405

5. LS-3 x LS-13 1003

6. NHH 44(LHC) 1989
CD@5% 618

CV% 25

5.5-11.1 4.4-7.8
2.51-5.51 2.10-3.79
0-8.0 0-6.0
3-19 6-18
51-165 80-190
18.0-31.60 15.1-28.8
43-54 40-55
3.3-6.4 3.4-8.1
15-27.1 11.9-26.0
0.0-62.4 0.0-38.2
0.0-1.11 0.0-1.33
0.0-10.5 0.0-8.33
0.0-60.0 -

2246 kg/ha. Hybrid NGMSH 31-09 was the best
recording 2246 kg/ha seed cotton yield with 9 and
46 per cent heterosis over NHH 44 and HS8. It
recorded aboll weight of 4.6 g, Ginning outtym of
38.8% and mean halo length 0f28.6 mm.

Two hybrids viz, CINHH 128 and CINHH 129
were sponsored for testing in AICCIP trials.
CINHH 128 has been promoted for further testing
in Central Zone. It ranked fourth with 1759 kg/ha
seed cotton yield, 619 kg/ha lint yield, 38.9 per
cent GOT, 3.7 g boll weight, 28.7 mm 2.5% span
length, 4.2 micronaire and 21.7 g/tex bundle
strength.

Common Institute Trial of intra-hirsutum

hybrids

The common trial was conducted at Nagpur. None
of the hybrids tested were significantly superior to
the check hybrid NHH 44, eventhough CHH 308
was numerically superior to it (Table 4.3).

Trial of intra- hirsutum hybrids

Lint yield Boll wt.(g) Boll No.

(kg/ha)

638.13 4.8 22.0
509.27 3.9 22.1
501.16 3% )15
44538 4.2 24.1
324.97 3.9 -
618.57 4.5 23.2



BtHybrids

A prominent hybrid NHH 44 Bt (developed by
using BN Bt as female parent) has undergone the
Large Scale Trial (LST) in the Kharif 2008 and
LST repotts were submitted to GEAC for the final
approval for commercial release in the forth
coming Kharif season 2009 and these would
provide an alternative for the farmers interested for
hybrid cultivation.

Sixteen Bt hybrids using BN Bt as male parent
were evaluated alongwith two checks RCH 2 and
Bunny Bt in replicated trial. Of these, five were
GMS based and eleven were conventional hybrids.

1898 to 3536 kg/ha. Thuee hybrids were at par to
the check Bunny Bt while 15 hybrids were at par to
the check RCH 2. CNHH 15 was the best hybrid
identified, recording 3536 kg/ha seed cotton yield.
It was followed by CNHH 7 (3499 kg/ha), CNHH
18 (3370 kg/ha), CNHH 1 (3317 kg/ha) and
CNHH 5 (3220 kglha). These hybrids recorded
more than 60 per cent heterosis over the check
RCH2.

Coimbatore

Evaluation of Bt cotton hybrids released for
South Zone

Among the hybrids tested, four intra-hirsutum Bt
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The hybrids recorded  highly significant

differences for seed cotton yield. It ranged from

hybrids containing crylAc gene were superior to
the best check hybrid RCH 2 BG II (Table 4.4).

Table 4.4: Performance of select Bt cotton hybrids comprising cry 1Ac gene for yield and other
characters

Name of Yield % Inc LI ST GOT 25% Mic Bundle
the hybrids (kg/ha) over (2 () (%) SL strength
best check (mm) (~tex)
PRCH 103 Bt 2974 1S 6.6 114 36.7 28.5 5.0 2355
OLE Bt 2840 10 6.0 9.9 37.8 28.8 4.8 20011
Tulasi 117 Bt 2630 2 6.3 120 343 32.1 4.9 214
Tulasi 4 Bt 2592 1 6.3 1.7 350 303 | S0 21.2
RCH 2 BGII (C) 2577 0 6.7 126 346 322 48 20.3
CD@5% 959
CV% 22

Among the intra-hirsutum Bt hybrids with cry 1Ac and cry 2Ab genes, only four were superior to the best
check hybrid Malliga BG II. However, the differences were not statistically significant (Table 4.5).

Table 4.5: Performance of select Bt cotton hybrids comprising cry 1Ac and cry 2Ab genes
for yield and other characters

Name of Yield | % Inc over | LI SI GOT 2.5% Mic BS

the hybrids (kg/ha) | best check | (g) (2 (%) SL(mm) (g/tex)
ACH-6 BGII 2247 10 5.4 106  33.8 293 4.7 24.5

Tulasi 9 BGII 2142 5 6.5 LIS S35 30.4 4.8 21.8

ABCH 1065 BGII 2051 | 59) 9.8 344 29.8 45 24.8

RCH 533 BGII 2051 1 6.7 125 349 322 43 21.3

Malliga BGII (C) 2039 0 6.3 L3 2358 31.0 4.7 22.7

CD@5% 590

CV% 21
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Among the ten inter specific (G. hirsutum x G.
barbadense) Bt hybrids evaluated, the highest
seed cotton yield of 1922 kg/ha was recorded in
NCHB 992 with 25 % yield increase over the best
check hybrid DCH 32 (1542 kg/ha).

Evaluation of NHH 44 Bt cotton hybrid in

Large Scale Trial in Tamil Nadu

Five Large Scale Trials (LST) were conducted
with NHH 44 Bt. Hybrid NHH 44 Bt recorded a
higher mean seed cotton yield (1796 kg/ha) as
compared to its non Bt version (1300 kg/ha) and
RCH2Bt(1541  kg/ha)(Table4.6).

Table 4.6: Mean Performance of NHH 44 Bt in Large Scale Trials in Tamil Nadu

Name of Seed Lint Ginning | Boll weight 2.5% Mic [ Bundle
the entry cotton yield yield outturn Span length strength
(kg/ha) (kg/ha) (%) (g) (mm) (g/tex)
NHH44 Bt 1796 635 354 3.6 26.5 4.5 19.1
NHH44 nonBt 1300 479 36.8 34 258 4.6 18.6
RCH 2 Bt 1541 530 344 42 30.7 4.5 21.]
DHH 1INonBt 950 348 36.5 3.6 27.6 4.6 18.8

Development of extra long staple interspecific

hybrids

Forty nine interspecific hybrids were evaluated
with two check hybrids (DCH-32 and TCHB-213).
The hybrids CCHB-II0 (2639 kg/ha), CCHB- 215
(2451 kg/ha) and CCHB-260 (2404 kg/ha) were
significantly superior in yield as compared to the
best check hybrid DCH -32 (2160 kg/ha).

In another trial, the interspecific hybrids viz.,
CCHB-4 (2662 kg/ha), CCHB-51 (2518 kg/ha)
and CCHB-48 (2429 kg/ha) were superior in their

yielding ability as compared to other hybrids and
the best check DCH-32 (1853 kg/ha). CCHB-4 had
the maximum ginning outtum of36 % followed by
CCHB-51 (34 %), while the best check DCH-32
had33 %.

In the third yield trial, nine hybrids were evaluated
with two check hybrids. CCHB-5339 (2614 kg/ha)
and CCHB-51 074 (2367 kglha) were significantly
superior in their yield performance than the best
check hybrid DCH-32 (1853 kglha) (Table 4.7).

Table 4.7: Performance of advanced interspecific hybrids

Hybrids Seed cotton DRSSO ORSTE
yield (kg/ ha) (mm)

CCHB-5339 2614* 384

CCHB-51074 2367* 37.0

DCH-320© 1853 36.0

CD@5% 126

CV% 14

Sirsa

Diploid Cotton

New GMS lines identified: 9 GMS lines (CISAG
4, CISAG 7, CISAG 8, CISAG 13, CISAG 14,
CISAG 17, CISAG 20, CISAG 27 & CISAG 28)
having red flower colour were identified and

Ginning Bundle Migronaire
outturn' (%) strength (g/tex)
34 35 347
33 30.0 3.6
30 29.3 33

maintained through sibmating.

PerformanceofG. arboreum inAICCIPtrial

The GMS hybrid CISAA 14 recorded a mean
seed cotton yield of 2292 kg/ha against 2100

kg/ha of zonal check and was ramked 3'd and
has been promoted to the zonal trial.,



Development of heterotic pools in G. arboreum

Ninety crosses were attempted using 15 testers
(LD 327, LD 694, RG 8, CISA310, CISA614, HD
123, PA 255, HD 324, PA 402, MDL 2617, PAIG
81, DLSA 17,RG 514, CINA 316 & 1Tapti  007)
and 3 arboreum GMS lines (GAK 413A, DS 5 &
CISA 2) to develop heterotic pools.

Tetraploid Cotton

Evaluation hybrids: The trial
was conducted to evaluate the performance of 31
conventional  hybrids against check hybrids
CSHH 19 and CSHH 238. The highest seed
cotton yield was recorded in the conventional
hybrid F 505 x SPC 526 P2 (1944 kg/ha) and CSH
2379 x SPC 526 P2 (1736 kg/ha) as against 1250
and 1481 kg/ha of check hybrids CSHH 198 and
CSHH 238 respectively. Maximum ginning out
turn of 38.5 per cent was recorded in the hybrid
CSH 2379 x SPC 97 P3- 4 followed by 38.3 per
cent in LRA 5166 x SPC 526 P2.

Evaluation = of GMS hybrids: Forty-five GMS
hybrids were tested in the station trial. The highest
seed cotton yield was recorded in GMS 20 x 005
NAH (1420 kg/ha) followed by GMS 27 x 006 DA
(1373 kg/ha). The check hybrid CSHH 243
recorded 1265 kg/ha. Maximum ginning outturn of
38.5 % was recorded by the hybrid GMS 15x 001
NAH. The highest 2.5 % span length (29.4 nun)
and tenacity (22.6 g/tex) was recorded by the

of conventional

hybrid GMS 15 x 002 NAH and GMS 20 x 002
NAH, respectively.

Evaluation ofCMS hybrids: Among the 32 CMS
based hybrids evaluated, the highest seed cotton
yield was recorded by hybrid Jhorar x SPC 920 PI
P3 (1574 kg/ha) followed by 1543 kg/ha in CMS
505 x SPC 126 P2-1. The highest ginning out turn
of37.8 per cent was recorded by the hybrid CMS
2379 x SPC 97 P3 - P4, followed by 37.5 percent in
CMS2379xSPC  1169P2.

Development of heterotic pools in G. hirsutum
Fifty crosses were attempted using 10 testers (RS
810, RS 2013, CNH 911, 0231 DA, 00INAH, 002
NAH, 005 NAH, F 1861, LH 2076, BNH 161) and
5 G. hirsutum GMS lines (GMS 4, GMS 16, GMS
20, GMS 26 and GMS 27) to develop heterotic

pools.

Performance of GMS based hybrids in AICCIP
Tgial: In the AICCIP North Zone trials, GMS
based hybrid CSHG 1862 recorded a mean seed
cotton yield of 3389 kg/ha with 32.5 per cent
ginning outturn and rapked 3 « position as
compared to 2806 kg/ha of conventional zonal
check hybrid CSHH 198. The hybrid also recorded
higher 2.5% span length of 27.4 nun, micronaire
value 4.4 and bundle strength of 22.1 g/tex (Table
4.8).

Table 4.8: Performance of GMS based hybrids in AICCIP trial

Sr. Entry Seed cotton | Lint yield | Ginning 2.5% Span Mic | Bundle
No yield (kg/ha) outturn length strength
(kg/ha) (%) (mm) (g/tex)
1 CSHG 1862 3389 (3) 1101 325 275 4.4 22.1
2 ARBHH 51 3188 1102 34.5 29.7 S5l 20.3
3 CSHH 198 (ZC) 2806 933 £3). ¢ 26.7 4.9 20.0
CD@5% 432 160 2% - - -
CV (%) 10 11 4 - - -
Performance of intra-hirsutum hybrids in CSHH 198. The hybrid also recorded a higher 2.5

AICCIP Trial: In the AICCIP National trial,
intra-hirsutum hybrid CSHH 1907 recorded a
mean seed cotton yield 0f2318 kg/ha with 34.9 per
cent ginning outtwrn and ranked 2" position as
compared to 2062 kg/ha of zonal check hybrid

% span length 0f27.8 nun; micronaire value of 4.4
and bundle strength of21.5 g/tex.

Evaluation ofBt hybrids

Forty two Bthybrids released for North Zone were
evaluated. Only two Bt hybrids, MRC 6029 BG II
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(2917 kg/ha) and MRC 7017 BGII (2894 kglha)
recorded more seed cotton yield than Bt check
hybrid RCH 134 Bt .

4.3: Genetic Improvement
Nagpur
G. arboreum (diploid cotton)

Three strains viz.,, JLA 505 (1891 kglha) and MDL
2617 (1670 kglha) and PA 528 (1485 kglha) were
significantly superior over common check PA
255(1377 kg/ha). Line no.83 (2.5% span length
28.4 mm, fibre strength 22.4 g/tex) and PAIG 63
(2.5% span length 27.8 mm, fibre strength 23.0
g/tex) were found to be superior in fibre quality.
Line no.15 (22%) followed by PA 679 (21.7%)
were found to be high oil yielding lines. DNSA 08-
27 (27.8 mm fibre length and 23.2 g/tex) and PA
702 (27.4 mm fibre length and fibre strength 21.4
g/tex) were found to be superior in fibre quality.

Nineteen cultures of G. arboreum were developed,
identified and evaluated for yield and fibre
properties.The  cultures viz., CINA 369 (2260
kglha), CINA 363 (2180 kg/ha), CINA 379 (2050
kg/ha), CINA 370 (2020 kg/ha), CINA 357 (1980
kg/ha) and CINA374 (1950 kg/ha) have registered
high seed cotton yield over the check AKA 8401
(1430kglha).

Common Institute Trial of G. arboreum

cultures

In the common Institute trial also CINA 369
recorded the highest yield of 2269 kg/ha as
against 1718 kg/ha of the check variety AKA
8401.

AICCIPtrial  ofG. arboreum cultures

Culture CAN 1003 with short medium fibre
properties performed extremely well in south zone
centres and ranked 2" in Br. 24(b) trial.

Genotype Dharwad Nandyal Kovilpatti Mean (SZ) Rank
CAN 1003 1679 1458 1808 1648 2
DLSa-17 (SZ) Check 1588 1139 1890 1539

CD at 5% 396

TGMS in diploid (G. arboreum)

Two TGMS lines stabilized for two generations by
selfing and raising boll to row progenies were
crossed with commercial variety of G. arboreum,
PA 255 (both direct as well as reciprocal) to study
the inheritance. The Fls of both crosses rose during
summer 0f2008-09 produced flowers, which were
fully fertile the TGMS trait to be
recessive. These Fis were selfed in the off season
and F.,s raised during Kharif, 2008 to study the
segregation. The emergence was 80% in F2s of 9-1
x PA255 F, and 13-1 x PA255 FI' Both the parents
as well as Fls were also raised during the season.

indicating

The segregation was observed for several

characters such as anther size, leaf shape, petal
colour etc. in addition to male sterility/fertility.
Calculated Chi-square values of both the crosses
are smaller than the table value at 1% (3.84)
indicating  best fit

of 3:1 ratio suggesting

monogenic inheritance.

Acetocarmine  staining prepared in acetic acid

revealed pollen grains to be viable in TGMS lines,

which turned fertile during low minimum
temperatures. The sterile stage of TGMS lines
revealed non-stained and deformed pollen.

G. hirsutum (tetraploid cotton)

Apomictic phenomenon in Tetrapl10ids

For confirmation of apomictic nature three

methods were used: 1) Emasculation and selfing,
2) Removal of style and stigma and 3) Crossing
with dominant marker. Boll setting was observed
in removal of style and stigma and anther removal
methods. Lines IS 244-4-1, IS 244-4-2, IS 181-7-
1, AP 2-4 were identified as common lines in
which boll set was observed using emasculation
and selfing.

Crossing with dominant marker  genotype
When apomictic lines (244-4-1,244-7-7,244-4-2,



