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Executive Summary

Cotton is a main cash crop of Punjab/Pakistan. It has substantial share of 51% in
foreign exchange earnings and thus plays the vital role in the economy of our country.
Army worm, Pink Bollworm, American Bollworm and weeds are the main biological
factors increasing cost of production and reducing yield of cotton in Punjab. In
addition, Cotton Leaf Curl Virus Disease is also one of the impediments constituting
limit to cotton production in Punjab. Hybrid cotton has proved its superiority in yield
over non Hybrids cotton varieties in India. The present project titled:
“DEVELOPMENT AND COMMERCIALIZATION OF COTTON LEAF CURL
VIRUS RESISTANT/TOLERANT INDIGENOUS TRANSGENIC BT AND
GLYPHOSATE RESISTANT COTTON HYBRIDS” was initiated in 2011 to resolve
these issues of cotton production in Punjab. There are four components of this project
i.e., Cotton Research Station, Multan, National Centre of Excellence in Molecular
Biology (CEMB), Lahore, Four Brothers Seed Corporation Pakistan, Multan, Agri.
Farm Services Pvt. Ltd, Multan. This project was funded by Punjab Agriculture
Research Board initially for the duration of 60 months (April 2011 to 30 March 2016)
with the total cost of Rs. 35.766 million. Later on it was further extended for 12 months
without allocation of additional budget. Ten already identified cotton hybrids, 5 from
Cotton Research Station Multan and 5 from Four Brothers Seed Corporation Pakistan,
Multan were evaluated for yield potential, fiber quality and CLCV tolerance at 10
different locations (Agri Farm, CRI FSD, CRS Multan, CRS BWP, CRS RYK, CRS
Vehari, CRS SWL, Kot Chutta, PSC Khanewal and 4B Multan) in 2012 and 2013. Two
hybrids, one (H-6) from CRS Multan and one (H-4) from 4B Multan outyielded the
other hybrids, and showed an ample amount of CLCV tolerance in evaluation trials.
Average yield data of last three years showed that H-6 had an increase of 15% and 36%
over standard varieties MNH-886 and Tarzan-1 respectively, while H-4 had an increase
of 14% and 35% over standard varieties MNH-886 and Tarzan-1 respectively. Seed of
the parental lines of these two hybrids (H-6 and H-3) was handed over to National
Centre of Excellence in Molecular Biology (CEMB) in 2012 for the insertion of single
cassette of two Bt genes i.e. Cry 1 Ac and Cry 2A for resistance against bollworms and

glyphosate tolerant gene (GT) for herbicide resistance. The parental lines of H-6 Hybrid
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are MNH-814 and MNH-886, whereas parental lines of H-4 Hybrid comprised of....7.
The seed development of the transgenic version of the parental lines was delayed and
these were handed over by CEMB in April 2015 to CRS Multan and 4B Multan instead
of 2014. Owing to this seed multiplication of transgenic parental lines and development
of hybrids was delayed. The seed of transgenic lines was planted in the field for
multiplication and evaluation for the newly inserted Bt. and glyphosate resistant genes.
The seed of transgenic lines handed over to 4B had poor germination and only a few
plants survived due to which multiplication could not been possible. Contrary, the
transgenic seed handed over to CRS Multan had good germination and gave rise to a
good crop stand. However, a number of segregants were observed which showed
susceptibility to glyphosate and bollworms. The production and commercialization of
hybrid could not be possible because of variation and segregation observed in the
transgenic parental lines. Single plant selections were made among the parental lines on
the basis of their tolerance against bollworms and glyphosate, yield potential and fiber
trait analysis. CRSP1/E9/5 (MNH-814) and CRSP3/E1/15 (MNH-886) possessed
harmonious combination of yield and fiber traits. CRSP1/E9/5 (MNH-814) had
yield/plant = 330g, GOT = 41%, Staple length = 30.6 mm, Fiber fineness = 4.2 pg/inch
and Fiber strength = 30.9 g/tax; while CRSP3/E1/15 (MNH-886) had yield/plant =
326.3 g, GOT = 36.7%, Staple length = 29.2 mm, Fiber fineness = 4.1 pg/inch and
Fiber strength = 29.2 g/tax. It is therefore requested to allow releasing these parental

lines as varieties after purification and selection of true to types.



1. Introduction:
Cotton is the leading fibre crop not only in Pakistan but also in the world. It is

confronted with various biotic stresses during its life cycle. Among them bollworms like
heliothis, spotted and pink are the pests causing colossal damage resulting in 30 to 40 %
yield decrease in cotton (Haque, 1991), and 20-60% decrease in market value of fiber
(Verma, 1999). Moreover weeds are also among the major threats to sustainable cotton
production causing about 40% yield losses. Grasses coupled with broad leaf weeds trim
down 15 to 40% vyield of cotton crop(Khan and Khan, 2003). Every year pesticides and
herbicides amounting to Rs.12 billion are imported to control different pests and weeds in
Pakistan and 80% of which is used for cotton (Mohyuddin et al. 1997). In Pakistan Bt
cotton containing Cry 1AC gene is being cultivated on about 80% of total area of cotton.
There are reports of insect resistance in cry 1AC against bollworms. As a result Cry 1 AC
is not providing effective defense umbrella against bollworms. A potential problem
associated with first generation of transgenic cotton expressing CrylAc is the possibility
that the insect populations may evolve resistance to this toxin. In contrast to applications
with chemical insecticides or with B. thuringiensis conventional products, the constitutive
expression of the toxin in Bt-cotton allows very few escapes and thus exerts a strong
selection pressure on the target population. For this reason, alternatives to CrylAc-cotton
have been developed, such as Bt-cotton expressing other B. thuringiensis genes (a hybrid
crylAb/crylAc gene, a vip3 gene) or a combination of the crylAc gene with other genes
either cry2Ab or crylF (James, 2002). Starting in 2002, the first of such second-
generation Bt-cotton, producing the CrylAc and Cry2Ab toxins, has been approved for
commercial planting in Australia (James, 2002). The combined expression of these two
toxins not only aims at preserving the effectiveness of Bt cotton in terms of delaying the
evolution of resistance but also renders a more effective product against the major pests
of this crop by combining the action of the two toxins. Bollworms and weeds problems

need to be addressed in achieving satiated production of cotton in Pakistan.

Development of Bt hybrids has opened a new avenue to combat bollworms problem more
effectively. According to Layton et al. (1997), overall performance of Bt. Cotton was
better than conventional varieties. In India during last 6 years (2002 -2008), the area

under Bt hybrids has expanded to more than 80% of the total cotton area and the yields
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have increased from 302 kg/ha to 567 kg/ha (Karihaloo and Kumar, 2009). In China
development and cultivation of Bt hybrids has been gaining much attention because of
better yield and fibre quality compared to only Bt cotton and non-Bt hybrids. Vennila et
al. (2004) found that Bt hybrids, MECH-184 and MECH-162 recorded significantly
higher yield over their respective control (Bt variety). Bt cotton provides an alternative
approach by replacing insecticides with a toxin within the plant (Annonymous, 2009).
The results of field experiment that was conducted at College of Agriculture, Badnapur
with three Bt hybrids of cotton viz., MECH 184, MECH 162 and MECH 12 and one non-
Bt hybrid deciphered that percent bollworm infestation of squares, buds, flowers, bolls
and fruiting bodies were significantly low in Bt hybrids as compared to non-Bt cotton
hybrid. The same trend was observed in pink bollworm infestation. (llyas et al. 2010).
Performance of Bt and their corresponding non-Bt cotton hybrids against sucking pests
and yield was studied at Research Farm of CCS Haryana Agricultural University, Hisar.
The yield of seed cotton was higher in Bt genotypes (MRC-6301, ANKUR-2226 and
MRC-6304) than their corresponding non—Bt genotypes (ANKUR-2534, MRC-6304 and
RCH-317). (Vijanderpal et al. 2010). F1 hybrid exhibited remarkable hetrosis for yield
and yield components over Bt varieties (WenWu, et al., 2006. Reddy, et.al, 2008)
observed overall average yields of MECH 12 (1231 kg/acre) and MECH- 184 (1118
kg/acre) against control (non Bt) Bunny (1149 kg/acre) and Satya (1117 kg/acre). They
also found that Bt hybrid required 1.5 sprays of bollworms compared to that of 5.3 sprays
in case of non- Bt cotton. Dong et al., (2004) have estimated 20% increase in yield of Bt
hybrids over simple Bt varieties in China. In India, test Bt hybrids viz., Ankur Akka BG
I,IT 923 Bt, Sudershan Bt, Rudra Bt, VICH 15 Bt, Dhruv Bt and Ankur Jai Bt were
found to be superior to the check hybrids under both irrigated and rainfed situations in
yield and fibre quality (Annonymous, 2006-07). In another study, Bt hybrids have also
exhibited remarkable heterosis of 17.89% for lint yield over the Bt cotton (Annonymous,
2006-07). In India, Bt cotton hybrids viz., MRC 7301 BG Il (2095 kg/ha) and Ajeet 11
BG Il (1928 kg/ha) recorded highest seed cotton yield with significant superiority over
checks, Ankur 651 BG | and NHH 44 (Non-Bt). These hybrids also depicted superior
fibre quality. Bt cotton hybrids viz., MRC 7301 BG II, Ajeet 11 BG II, NCS 145 BG |
(Bunny BG 1), NCS 954 BG I, NCS 207 BG Il, MRC 6301 BG I, RCH 144 BG I, RCH

386 BG I, SP 504 BG | and NCS 929 BG 1 are supportive to farmers to get the better
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yield (Phad et al. 2010). Patil and Patel (2010) suggested that Bt hybrids viz., PRCH-31,
Akka, RCH-2, MRC-6301, HM-322 and PCH-205 exhibited good stability with more
responsiveness to seed cotton vyield, lint yield, ginning outturn (%), boll weight and
number of bolls per plant. Hence, these hybrids are highly adaptable and suitable for
cultivation over a wide range of agro climatic conditions.
More over use of transgenic herbicide resistant (Glyphosate) in cotton has gained
momentum for management of weeds in the advanced cotton growing countries of the
world. Glyphosate resistant cotton is one of the most widely planted transgenic crops,
whose resistance is obtained by overproducing CP4-EPSPS derived from the
Agrobacterium spp. Strain CP4 (Nida et al 1996).
The development and commercialization of CLCV tolerant Bt hybrids with herbicide
resistance on large scale will help Pakistani cotton growers not only protecting their crop
against bollworms attack and weeds but also increase their net income. This technology
offers promise of other benefits associated with reduction of broad spectrum
pesticides/herbicides and conservation of natural enemies of bollworms, reduce soil and
water contamination and health benefit to farm workers who would come in lesser
contact with pesticides.
2. Project Objective:

Development & commercialization of boll worms and Glyphosate herbicide

resistant transgenic cotton hybrids with Cotton Leaf Curl Virus resistance/ tolerance

and desirable fiber traits.
Component-1 (Cotton Research Station, Multan)

Development and seed production of cotton hybrids resistant to boll worms and

Glyphosate and with better/equal yield/quality than the standard varieties
Component-2 (Four Brother Seed Corporation Multan)

Development, seed production and testing of cotton hybrids resistant to boll worms

and Glyphosate and with better/equal yield/quality than the standard varieties
Component-3 (Agri Farm Services)

Large scale multi-location evaluation of 10 hybrids from the combined list.
Component-4 (CEMB Lahore)

Transformation of parent lines of two potential F; cotton hybrids with GT Gene and

CEMB-02 genes (CrylAc . Cry2Ab) and their Bio safety studies.
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Outputs planned for the project:

(As per project document)

Achievements
(Please attach

Output/ Planned L
P Description Completion| Achievement Indicator as planned data in b“.ef a Rea_sops f(_)r
Activity date annexure if deviation if any
activity
completed)

Overall Development & 31.03. 17 | Two cotton hybrids resistant to boll | Completed
Project commercialization of boll worms and Glyphosate and with
Objective worms and glyphosate better/equal yield than the standard

herbicide resistant transgenic varieties will be available.

cotton hybrids with Cotton

Leaf Curl Virus

resistance/tolerance and

desirable fibre traits.
Component -1 (Cotton Research Station, Multan)
Component-1 | Development and seed 31.03.17 | Two hybrids resistant to boll worms | Completed
objective production of cotton hybrids and Glyphosate and with

resistant to boll worms and better/equal yield/quality than the

Glyphosate and with standard varieties will be available.

better/equal yield/quality than

the standard varieties.
Output-1 Seed production and 31.03.17 | Availability of seed of 5 hybrids for | Completed

development of 5 hybrids large scale evaluation.

better/equal than the existing

varieties in yield and quality.
Activity-1 Seed production and 31.12.11 | Availability of 5 kg seed of each of Completed

development of 5 hybrids
better/equal than the existing
varieties in yield and quality.

the 5 hybrids for large scale
evaluation.




Activity-2 Seed production of 2 selected 31.12.13 | Availability of 5 kg seed of each of Completed
hybrids. 31.12.14 | the 2 hybrids for large scale
31.12.15 | evaluation.
31-12-16
Activity-3 Seed production of parental lines | 31.12.11 | Seed of parental lines enough to Completed
31.12.12 | supply to CEMB and AGRI seed Farm
31.12.13 | Services and station use.
31.12.14
31.12.15
31-12-16
Activity-4 Acquisition of Hybrid seed 31.12.11 | Training of one scientist on latest Completed
production Technology. hybrid seed production technology
from abroad
Output-2 Evaluation of 10 hybrids for 31.12.13 | Data on quality traits for 10 Completed
quality traits. hybrids.
Activity-1 Evaluation of 10 hybrids for 31.12.13 | Data on fibre quality traits for 10 Completed
quality traits. hybrids.
Activity-2 Handing over seed of parental 31.12.12 | Record of handing over of 2 kg seed Completed
lines of top 2 hybrids to Agri of each of the parental lines of 2
Farm Services for hybrid seed selected hybrids.
production.
Activity-3 Handing over seed of parental 31.12.12 | Record of handing over of 5 kg seed Completed
lines of top two hybrids to of each of the parental lines of two
CEMB for insertion of Bt double selected hybrids.
genes and GT gene. Record of
handing over of 5 kg seed of
each of the parental lines of two
selected hybrids.
Activity-4 Receipt of transgenic version of | 31.3.15 Record of receipt of parental lines of | Completed

10




parental lines of two selected
hybrids from CEMB.

two selected hybrids.

Activity-5 Seed multiplication and testing 31.3.15 At least one kg seed of each of the Partially
varietal integrity of transgenic 31.12.14 | parental lines received from the Completed
version of parental lines of two 31.12.15 | CEMB
selected hybrids in 31-12-16
greenhouse/field.

Activity-6 Final Report Writing 31-3-17 Completed

Component-2 (Four Brother Seed Corporation Multan)

Component-3 | Development, seed production | 31.3. 16 Two cotton hybrids resistant to boll | Completed

objective and testing of already worms and Glyphosate and with
identified five best hybrids and better/equal yield than the standard
multi locations testing of ten varieties.
pooled

Output-1 Seed production and 31.3.16 Two cotton hybrids resistant to boll worms | Completed
development of 5 hybrids and Glyphosate and V\{ith better/equal yield
better/equal than the existing than the standard varieties.
varieties in yield and quality.

Activity-1 Seed production and 31.12.11 | Availability of 5 kg seed of each of Completed
development of 5 hybrids 31.12.12 | the 5 hybrids for large scale
better/equal than the existing evaluation.
varieties in yield and quality.

Activity-2 Seed production of 2 selected 31.12.13 | Availability of 5 kg seed of each of Completed

31.12.14 | the 2 selected hybrids for large scale
31.12.15 | evaluation.

Output-2 Evaluation of 10 pooled 31.1.12 Data on yield and agronomic Completed

hybrids for their yield performance at 10 locations for 10
hybrids.
Activity-1 Evaluation of 10 pooled hybrids | 31.1.12 Data on yield and agronomic Completed

for its yield and agronomic

performance at 10 locations for 10
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performance. hybrids.

Activity-2 Handing over seed of parental 31.12.12 | Record of handing over of 5 kg seed Completed
lines of top two hybrids to of each of the parental lines of two
CEMB for insertion of Bt double selected hybrids.
genes and GT gene.

Activity-3 Receipt of transgenic version of | 31.3.14 Record of receipt of parental lines of | Completed
parental lines of two selected two selected hybrids.
hybrids from CEMB.

Activity-4 Seed multiplication and varietal | 31.12.14 | Data on varietal integrity of transgenic | Partially
integrity testing of transgenic 31.12.15 | lines and at least one kg seed of each | Completed
version of parental lines of two of the parental lines received from the
selected hybrids in CEMB
greenhouse/field.

Activity-5 Seed production of 2 transgenic | 31.12.14 | 5 kg hybrid seed of each of the Partially
hybrids. 31.12.15 | transgenic hybrid Completed

Activity-6 Evaluation of 2 non transgenic 31.12.13 | Data on yield and agronomic Completed
hybrids for its yield and performance at 10 locations for 2
agronomic performance. hybrids.

Output-3 Demonstration, Field days. 31.1.16 Record of demonstration and field Completed

days.

Activity-1 Demonstration of best 2 hybrids | 31.1.16 Record of demonstration and field Partially
in core and non-core cotton area. days at 10 locations. Completed

Component -3 (Agri Farm Services)

Component-2 | Large scale multi-location 31.3.17 Data on yield and agronomic Completed

objective evaluation and performance at 10 locations for 10
commercialization of hybrids. hybrids.

Output-1 Large scale multi-location 31.1.16 Data on yield and agronomic Completed
evaluation of 10 hybrids. performance at 10 locations for 10

hybrids.
Activity-1 Evaluation of 10 pooled hybrids | 31.1.14 Evaluation of 10 pooled hybrids for its | Completed
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for its yield and agronomic
performance..

yield and agronomic performance.

Activity-2 Evaluation of 2 non transgenic 31.12.13 | Data on yield and agronomic Completed
hybrids for its yield and 31.12.15 | performance at 10 locations for 2
agronomic performance. hybrids.
Activity-3 Production of seed of 2 selected | 31.12.13 | Availability of 05 kg seed of the each | Partially
hybrids. 31.12.15 | hybrid Completed
Activity-4 Seed production of 2 transgenic | 31.12.14 | 5 kg hybrid seed of each of transgenic | Not Completed | Segregation has been
hybrids. 31.12.15 | hybrid. observed in parental
31.12.16 lines whereas hybrid
seed production
requires pure lines/
inbred lines.
Output-2 Demonstration, Field days. 31.1.17 Record of demonstration and field Partially
days. Completed
Activity-1 Demonstration of best 2 hybrids | 31.1.17 Record of demonstration and field Partially
in core and non-core cotton area. days at 10 locations. Completed
Component-4 (CEMB Lahore)
Component- | Transformation of parent lines of | 31.3.16 Transformed parental lines of 2 Completed
4 2 potential F1 cotton potential F1 cotton hybrids with
objective hybrids with GTG and CEMB-02 GTG and CEMB-02 genes (CrylAc
genes (CrylAc + Cry2A) and + Cry2A) and their Bio safety
their Bio safety studies studies
Output-1 Acquisition of advanced GMO 31.12.11 | Training of one scientist on latest Completed
detection Technology. GMO detection technology from
abroad (China / USA/Europe).
Activity-1 Acquisition of advanced GMO 31.12.11 | Training of one scientist on latest Completed
detection Technology. GMO detection technology from
abroad (China / USA/Europe).
Output-2 CEMB-Bt and GT Gene 31.3.14 Parental lines of 2 cotton hybrids Completed
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transformation in selected
parental lines of 2 best cotton
hybrids.

containing herbicide resistant gene
and double Bt gene will be
available.

Activity-1 Transformation of selected parental | 30.11.13 | 100 transformed embryos per parent Completed
lines by Agrobacterium with will be available. 30.11.13
CEMB-Bt and GTGene (at least
100 events) in appx.1000 embryos
per parent.

Activity-2 Regeneration of shoots and roots of | 31.12.13 | 100 regenerated cotton plants from Completed
Putative transgenic cotton plants on transformed embryos of each parent
selection medium. will be available.

Activity-3 Raising of TO generation in the 15.1.14 Seed of 10 selected transgenic plants | Completed
green house

Activity-4 Raising of T1 generation in the 31.3.14 Seed of 10 homozygous transgenic Completed
green house/tunnel plants

Activity-5 Varietal integrity of transgenic 31.3.14 Data on varietal integrity of transgenic | Completed
parental lines. parental lines.

Activity-6 Cotton seed delivery to Cotton 31.3.14 Seeds of 10 plants of each of the Completed
Research station/Four Brothers insertion events of each line will be
Seed containing CEMB-Bt and supplied.
GTGene for hybrid seed
development.

Output-3 Confirmation of transgenic 31.1.16 Transgenic cotton lines will be Completed
cotton lines via molecular available.
analyses and bioassays.

Activity-1 Bioassay, ELISA and PCR analysis | 30.5.13 Confirmation of Integration of Completed
of transgenic plants during shoot 15.11.14 | transgenes in plant genome, their
regeneration, in-vitro 6.6.15 multiplication and efficacy of Bt and

multiplication, green house
evaluation, field trials.

GTGene in transgenic plants.
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Activity-2 FISH analysis of plants during in- 31.3.14 Copy number of gene/ genome and Completed
vitro multiplication, green house multiplication of transgenic plants
evaluation, field trials.

Output 4 Collection of root and shoot 31.08.15 | Sample will be available. Completed
samples from plants other than
cotton from the transgenic fields
and surroundings.

Activity 2 Analysis of samples collected to 31.3.16 Data for presence of CEMB-Bt and Completed
evaluate the presence of CEMB-Bt GTGene in samples collected will be
and GTGene protein. available.

Activity 3 Studies on protein expression in 31.3.16 Data for presence/absence of proteins | Completed
root exudates of transgenic plants of transgenes in the water will be

available

Activity 4 Study of effect of CEMB-Bt and 31.3.16 Data for effect of CEMB-Bt and Completed
GTGene protein on Animals GTGene on Animals (Mice) insects
(Mice) will be available.

Activity 5 Report Writing 31.3.16 Completed

15




3. Detailed component wise methodology adopted, data analyzed and
results obtained (Attach raw data as annexure)

Component -1 (Cotton Research Station Multan)

a) Seed Production and Development of 5 hybrids better/equal than the
existing varieties in yield and quality.

Plant material
Plant material comprised of six genotypes (MNH-814, MNH-909, MNH-886, CRSM-38,

MNH-988 and MNH-809) of CRS Multan and one variety of CRS Vehari (VH-232).
Crossing program

The crosses were made using these seven in diall fashion. So produced 42 crosses were
evaluated for yield trials at CRS Multan.

Table . Crossing plan

MNH- MNH- MNH- CRSM- | MNH- MNH- VH-

814 909 886 38 988 809 232
MNH-814 | - X X X X X X
MNH-909 | x - X X X X X
MNH-886 | x X - X X X X
CRSM-38 | x X X - X X X
MNH-988 | x X X X - X X
MNH-809 | x X X X X - X
VH-232 X X X X X X -

Selection of superior hybrids
Yield trials for these 42 hybrids were conducted at CRS Multan to evaluate their yield

potential. Based on their yield performance fiber quality analysis and CLCV tolerance, five
best hybrids (H6-H10) were selected. Parentage of these selected hybrids is given as

under:

Hybrid Name Parentage

H-6 MNH-814 x MNH-886
H-7 MNH-909 X MNH-886
H-8 VH-232 X MNH-909
H-9 MNH-456 X MNH-886
H-10 MNH-886 X MNH-456
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Evaluation of selected hybrids
The already selected 5 hybrids were used as a base material for this project. Year wise
evaluation of these hybrids is given as under:

» 2011-2012—

> Five already selected hybrids, on the basis of their cross-ability, hybrid seed obtained,

yield performance, CLCuV and heat tolerance of the parents, were planted in the field
in 2011 along with their parental lines. 8 kg pure and self-seed of 5 parental lines was
produced during 2011. For multiplication of hybrid seed, manual emasculation and
pollination of flower buds of parental lines was carried out throughout the flowering
season. A total of 84064 were attempted for the above mentioned purpose. High
temperature caused massive shedding of emasculated flowerer buds and rottening of
crossed bolls due to heavy rains in September ultimately it resulted in production of
less quantity of hybrid seed than planned. Seed of these 5 hybrids was made available
for further evaluation in 2012 and 2013. (Table.1)

2012-2013—

Seed multiplication of parental lines and 5 hybrids was also continued in the 2nd year
of the project. Enough amount of seed of parental lines was produced and handed over
to CEMB on 28-01-2013 vide letter no. 74 for development of transgenic lines, while
to Agri Form Seed Services on 26-03-2013 vide letter no. 247 for production of hybrid
seed. Other than this 10 hybrids (five from CRS Multan and 5 from 4B Multan)
alongwith two checks (MNH-886 and Tarzan-1) were also planted at six locations
instead of 10 due to of low quantity of seeds for evaluation trials. Two hybrids H-6 &
H-7 of CRS Multan showed better performance over two standards (Tarzen-1, MNH-
886). Hybrid-6 showed 4.46% and 25.2 % increase of seed cotton yield over MNH-886
and Tarzen-1 respectively, whereas H-7 exhibited 11.5 % and 33.72% increase over the
standards respectively for the same trait (Table- 2). The staple length of both hybrids
was higher than that of both the standards.

2013-2014—

The 10 selected hybrids along with two standards MNH-886 and Tarzan-1 were
retested for the second year in 2013 at 10 locations in Punjab province. Data of 10
locations showed that the two hybrids of Cotton Research Station Multan, H-6 and H-7
performed significantly better than those of the standards both in terms of seed cotton
yield and fiber traits. Hybrid-6 showed 44.71% and 10.66 % increase of seed cotton
yield over Tarzen-land MNH-886 respectively, whereas H-7 exhibited 54.83 % and
18.41% increase over the standards respectively for the same trait (Table 4-13). The
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staple length, fiber strength and fiber fineness of H-6 was 28.3 mm, 36.4 g/tex and 4.7
pa/inch respectively whereas H-7 also possessed the harmonious combination of fiber
traits (staple length = 28.4 mm, fiber strength = 35.9 g/tex and fiber fineness = 4.1
pg/inch). Both hybrids have better fineness than the standards but staple length of two
hybrids is better than that of Tarzan-1 and at par with MNH-886. H-7 of CRS Multan
was found the most tolerant hybrid against CLCuV. Moreover, 5 kg seed of two
selected hybrids H-6 and H-7 was also produced.

CEMB Lahore had to provide the transgenic version of parental lines by 31 March
2014 but they could not provide it till the proposed date. As a result no seed

multiplication and testing could be possible.

2014-2015—

After two years evaluation of the 5 hybrids of CRS Multan at 10 locations two hybrids
H-6 and H-7 were selected finally on the basis of higher seed yield, high CLCV
tolerance and harmonious combination of fiber traits. A total of 4 hybrids along with
two standards MNH-886 and Tarzan-1 were tested during 2014 at 8 locations in Punjab
province. Two hybrids were developed by Cotton Research Station Multan and two by
Four-Brother Seeds. Data of 8 locations showed that the two hybrids of Cotton
Research Station Multan, H-6 and H-7 performed significantly better than those of the
standards in terms of CLCuV tolerance, seed cotton yield and staple length. H-6 with
3815 kg/ha out yielded the check Tarzan-1 and MNH-886 by 24 % and 15%
respectively while H-7 gave 3679 kg/ha as with an increase of 20% and 11% over
Tarzan-1 and MNH-886 respectively. H-6 and H-7 showed CLCuV incidence of 40.0
% and 45.0 % respectively as compared to standard Tarzan-1 and MNH-886, 90 % and
70.0% respectively. Staple Length of H-6 was 28.7 (mm) which is better than both the
checks, whereas H-7 had showed the lowest value of staple length (26 mm) (Table 4).
Moreover, 5 kg seed of two selected hybrids H-6 and H-7 was also produced. Seed
multiplication of parental lines and hybrids could not be done because the transgenic
parental lines were not supplied by CEMB, Lahore even at the end of 2015. Only fibre
testing of Parental lines as well as two hybrids was done during the period under report.
2015-2016—

The seed of the transgenic version of the parental lines (MNH-886 and MNH-814) got
delayed and was handed over by CEMB in April 2015 to CRS Multan and 4B Multan
instead of 2014. Only 200 gm seed of each two transgenic line was provided by

CEMB. The seed of transgenic lines was planted in the field for multiplication and
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evaluation for the newly inserted Bt. and glyphosate resistant genes. The seed of
transgenic lines handed over to 4B had poor germination and only a few plants
survived due to which multiplication could not been possible. Contrary, the transgenic
seed handed over to CRS Multan had good germination and gave rise to a good crop
stand. 10 kg seed of MNH-886 and 4.4 kg seed of MNH-814 was produced at Cotton
Research Station Multan. The morphological data showed that no attack of Armyworm,
Spotted bollworm and American bollworm infestation was observed except pink boll
worm with average infestation of 30.5 % on MNH-886 and 40.6% in MNH-814
(Table-7). Variations were observed in all events of each transgenic parental line as
mortality in plants was observed after Glyphosate spray. Therefore further selection
and purification of parental lines is required. The production and commercialization of
hybrid could not be possible because of variation and segregation observed in the
transgenic parental lines. It is therefore requested to allow releasing these parental lines
as varieties after purification and selection of true to types. In crop season 2016-17 four
plants, two from each parent, with the highest seed cotton yield and harmonious
combination of fiber traits have been selected. CRSP1/E7/9 (MNH-814) had yield/plant
= 329.3g, GOT = 34%, Staple length = 28.4 mm, Fiber fineness = 3.6 pg/inch and
Fiber strength = 29.4 g/tax; CRSP1/E9/5 (MNH-814) had yield/plant = 330g, GOT =
41%, Staple length = 30.6 mm, Fiber fineness = 4.2 pg/inch and Fiber strength = 30.9
g/tax; while CRSP3/E1/15 (MNH-886) had yield/plant = 326.3 g, GOT = 36.7%,
Stapl