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It’s also worth noting that a number of key apparel sourcing countries 
did not make it into the top ten list for 2022 at all. Sri Lanka, for example, 
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Pakistan, which sits in eighteenth place. 
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taken from data that can be found exclusively in the GlobalData Apparel 
Intelligence Center. 

It is based on a maximum score of 75 with each sourcing destination 
receiving a score out of five for the 15 main factors that would affect a 
supply chain executive’s decision to use a country for apparel sourcing 
in 2022. 

For each of the 15 factors, a score was given between one and five, 
with five equating to excellent, and the scores were then added together 
to create a final result for each country. 
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The total scores for each country were then added up and then ranked 
highest to lowest. 

Just Style has focused on the top ten performing countries as well as 
those with the three lowest scores out of the total 27 countries 
measured, however, the full list of countries with their scores can be 
found at the end of this feature. 

The 15 factors used to calculate the apparel sourcing results are: 

 Ability to provide Free/Freight on Board (FOB) – the most 
commonly used shipping agreement in garment exports 

 Price 
 Tariffs advantage 
 Compliance/sustainability 
 Production quality 
 Efficiency 
 Lead time 
 Reliability 
 Ability to create basic products 
 Financial stability 
 Vertical integration/ability to source new materials 
 Political stability 
 Flexibility of order quantity 
 Innovation and ability to develop products with buyers 
 Ability to create value-added products 

 
THE TOP TEN 

10. Thailand 

Score: 49.5/75 

 

  

Southeast Asia’s Thailand takes tenth place in the list with a score of 
49.5 out of 75. The country scored highly in seven out of the 15 factors 
within the scorecard data. Its highest scores were for its innovation and 
ability to develop products with buyers (4.5/5), ability to provide FOB 
(4/5), production quality (4/5), lead time (4/5), reliability (4/5), ability to 
create basic products (4/5), and vertical integration/ability to source new 
materials. 

According to GlobalData, apparel accounts for 30% of gross domestic 
product (GDP)  within the country and comprises 2,500 garment 
manufacturers with nearly a million workers. Thailand is committed to 
improving its competitive position in apparel by refining its value-added 
products, introducing more advanced technologies, and providing tax 
relaxation and import duty exemptions on machinery and inputs 
necessary for manufacture.  
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9. Morocco 

Score: 50.5/75  

 

  

Africa-based Morocco sits in ninth place with a score of 50.5 out of 75. 
It achieved top marks (5/5) for its ability to create basic products as it 
remains a major producer of high-quality basics at a reasonable cost. 
The country’s strategy for growth includes plans to exploit that niche 
and the country is focused on low value-added basic production, 
although it has high value-added capabilities. 

Morocco achieved almost full marks (4.5/5) for its tariffs advantage, 
production quality and lead time. 

Textiles and apparel manufacture is Morocco’s largest export with 
GlobalData citing 1,200 factories and 190,000 workers being dedicated 
to apparel and providing a quarter (25%) of industrial employment. 
Three quarters (75%) of apparel exports are in formal and casualwear 
and the value per weight and volume is among the highest in the world. 

8. Guatemala 

Score: 51/75 

 

  

Guatemala is placed eighth with a score of 51/75. The Central American 
country was awarded top marks for its ability to provide FOB (5/5), 
which includes cost, insurance, and freight (CIF); and delivering duty 
paid (DDP), mainly to the US. 

The country also scored 4.5/5 for its tariffs advantage, lead time and its 
innovation and ability to develop products with buyers. 

Apparel represents Guatemala’s second-largest export (about 20%), 
and the country offers many benefits for retailers and brands ranging 
from quality and efficiency to vertical integration and multiple free trade 
agreements. 

 

7. Egypt 

Score: 51/75 

 

  

Egypt, which sits on the border between Africa and the Middle East, 
also scored 51/75 but was ranked higher than Guatemala as it scored 
two ‘excellent’ ratings as opposed to the Central American country’s 
one. 

Egypt was awarded excellent (5/5) for its lead time and ability to provide 
FOB for garments from formal wear and denim to cotton basics. 

A major benefit of using Egypt as an apparel sourcing destination is it’s 
average lead times range from 30-75 days. In fact, some products can 
be ready to ship in as few as 12 days, and samples can be ready in as 
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little as a week. Shipping to countries within Egypt’s region takes two to 
18 days, to Europe from six to 12 days, and to the US from 12 to 30 
days. Egypt has also improved its port processing speed, although 
labour unrest can lengthen load and sitting times. 

Egypt has a moderate-sized garment industry with the EU and the US 
listed as its largest export markets. Textiles and apparel represent 
about 8% of exports, 27% of industrial production, and 10% of the 
country’s working population. The apparel sector employs about 1.5m 
workers in 2,500 factories. However, outside Egypt’s Qualified Industrial 
Zone, the industry is dominated by small and mid-sized companies, 
often not modernised or integrated into garment production. 

Over the past few years, it has become easier to carry out business 
within the country and interest rates have fallen. Egypt has worked hard 
to increase sustainability, although workers’ rights remain among the 
poorest, according to the annual report of the International Trade Union 
Confederation. 

 

6. Mexico 

Score: 52/75 

 

  

Sixth place goes to Mexico with excellent marks (5/5) for both its ability 
to provide FOB and its tariff advantage. Mexico has a long history of 
offering FOB, which is widely available, although the prices of FOB 
products have increased over those of its Asian competitors. 

The country scored highly on its tariff advantage as it applies strict rules 
of origin that curtail the use of non-United States-Mexico-Canada 
Agreement (USMCA) inputs. The agreement promotes US investment 
in Mexico’s apparel industry, which enjoys tariff-free export to the US, 
accounting for 85% of its market. It has a large number of free trade 
agreements (12 with 46 countries), which means the Mexican market is 
one of the most open and competitive in the world. While the US is the 
largest import partner in textiles and apparel, China, India, Bangladesh, 
and Vietnam are growing as significant trading partners. 

5. El Salvador 

Score: 53.5/75 

  

The fifth spot goes to Central America’s El Salvador with a score of 53.5 
and 5/5 for its ability to provide FOB with the country moving away from 
pure Cut, Make, Trim (CMT) to the full package. 

The country also scored almost perfectly (4.75/5) for its vertical 
integration/ability to source new materials. It continues to integrate its 
well-established textile production with its cut-and-sew production and 
total integration is found in its apparel-producing clusters. Although the 
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country relies heavily on imported materials for its cotton products, it 
produces synthetic fibres and fabrics and it has increased its focus on 
products using those materials such as the growing athleisure market. 
It is also importing high-tech equipment for the production of both 
fabrics and cut-and-sewn. 

El Salvador trades under the Dominican Republic-Central America Free 
Trade Agreement (DR-CAFTA). It is a top ten supplier of textiles and 
apparel to the US, where over 70% of the sector’s exports find their 
market. Apparel is one of the strongest export sectors for the country, 
accounting for about 30% of exports and employing 60,000 workers in 
800 factories. 

4. China 

Score: 54/75 

 

  

China sits in fourth place with a score of 54 and an excellent score for 
its ability to provide FOB, which it can do at low cost because of its high 
level of integration. China does provide many other international 
commercial terms, including delivered duty paid (DDP), but FOB is 
considered the best option. 

The global powerhouse also scored 5/5 for its vertical integration/ability 
to create new materials as it has a well-established vertically integrated 
apparel production system known for speed, efficiency, and reliability. 
China has internal, material, infrastructural, technological, and human 
resources that allow it to control supply, production, and value chains. 
As labour costs have risen, China has placed vertically integrated 
production in nearby trading/supply partner countries, using its 
resources and supply chain expertise. It has also enhanced integration 
with automation. The robustness of the system was demonstrated by 
the quick rebound of its manufacture after the peak of the pandemic. 

China is the world’s second-largest economy and largest apparel 
exporter. Its leadership position has been weakening, but no other 
country can match its supply base, its range of skills, quality levels, 
product variety, completeness of its supply chain, or has the capacity to 
absorb its business. In spite of the disruption of supply chains related to 
the  pandemic and trade tensions with the US, the country continues to 
appeal to apparel buyers as rising wages are offset by efficiency and 
productivity gains through advanced manufacturing technologies. 

In fact, China remained the largest apparel supplier to the US market in 
October 2021, according to data published by the US Department of 
Commerce’s Office of Textiles and Apparel (OTEXA). 
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It should be noted however, there are claims of forced labour within 
China’s Xinjiang region and this has led many countries, including the 
US to ban the imports of Xinjiang-made cotton.  

3. Peru 

Score: 55.5/75 

 

  

Peru is the only South American country to make it into the top ten list 
with a score of 55.5. The country did not receive any ‘excellent’ scores 
but it’s overall high score comes from the fact it received almost top 
marks 4.5/5 and 4/5 for nine of the 15 factors. 

The country achieved 4.5/5 scores for its tariffs advantage, production 
quality, lead time and its vertical integration / ability to source new 
materials. 

This is not surprising as Peru is widely known for its high quality 
production and lead times that can be as short as 30 days, depending 
on the size and sophistication of the manufacturer. 

2. Turkey 

Score: 58/75 

 

  

Turkey, which lies between Europe and Asia, is arguably one of the 
more notable apparel sourcing destinations to make it on the top ten 
list. 

It scored 58 in GlobalData’s Sourcing Scorecards data, which is only 
one point less than the country taking the top spot. Plus, it received top 
scores in six out of the 15 key factors, including: 

 Ability to provide FOB 
 Production quality 
 Ability to create basic products 
 Vertical integration/ability to source new materials 
 Innovation and ability to develop products with buyers 
 Ability to create value-added products 

FOB is widely available in Turkey and the country wide-initiative to 
digitise its entire supply chain makes it a resilient option for companies 
concerned about the effects of the Omicron variant as we move into 
2022. 

Turkey has a highly skilled labour force and a history of fine 
workmanship. As Turkey has moved higher on the list of top exporters, 
the industry has felt additional pressure on price, value addition, and 
quality. 

 

1 .Vietnam 

Score: 59/75 

 

  

The top spot and main apparel destination to watch in 2022 goes to 
Southeast Asia’s Vietnam. It scored 59 and achieved 3/5 or above for 
all 15 factors with an excellent score for its political stability. 

The country is the most continuously stable country in Southeast Asia 
and it is this history of stability that puts it at the top of most global lists. 
It honours its various international agreements, such as the EU-Vietnam 
free trade agreement, which demands compliance on issues such as 
intellectual property and human rights. Vietnam’s willingness to 
cooperate with conditions in those agreements limits the threat of 
international destabilising pressures. The stability and independence of 
Vietnam has allowed it to pursue diverse economic, political, and 
military ties with regional powers such as Japan and India, and also with 
the US. 

Since its transition to a market economy in 1986, Vietnam has 
developed one of the most vibrant economies in the region, emerging 
as a global power in its manufacture and export with apparel playing a 
significant role in the country’s growth. Apparel, the second-largest 
export for Vietnam (19%) after electrical equipment, neared the 
US$60bn mark in 2019. The industry employs about 2.5m workers in 
6,000 factories. 

The labour market has become more flexible as the country shifts its 
economic focus from agriculture to manufacturing. Vietnam has started 
to reform state-owned enterprises through increased transparency and 
blended partnerships with foreign investors. Foreign direct investment 
has helped improve infrastructure and supported increasing knowledge 
transfer. Exports should continue to perform well, especially as the 
country signs more preferential trade agreements, such as the one with 
the EU, which took effect at the end of July 2020. Vietnam’s agreements 
support a supply chain that requires foreign resources due to domestic 
inputs not keeping pace with increased production demands. 
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Editorial 

Agriculture plays a pivotal role in Indian 
economy and is vital to inclusive growth of the 
country. Success of green revolution and 
hybridization technology in field crops 
including cotton made the country self-
sufficient in most commodities despite 
growing demand of the burgeoning 
population. Of late, increasing prices of 
agricultural inputs, stagnation in yields 
(technology fatigue?) coupled with low 
returns of produce have compounded the 
miseries of farmers. To improve the 
economic condition of farmers, Government 
of India initiated an ambitious programme to 
double farmers’ income by 2022. However, 
lot remains to be done in this area as the 
issue is complex and so is the solution. 
Basically, there are three broad approaches 
by which farmers income could be enhanced-
bring down the cost of production, increase 
productivity and appropriately market the 
produce besides growing more remunerative 
crops, intensive cropping and 
collective/cluster farming.  

Bringing down cost of cotton 
production is a multi-dimensional approach 
right from timely sowing (cotton in one or the 
other part of India is sown every month to tap 
maximum solar energy) to right time 
harvesting. Other approaches being reduced 
chemical inputs through use of bio-fertilizers 
and bio-pesticides, recycling of farm waste, 
micro-irrigation, use of Genetically 
Engineered (GE) seeds and use of 
technologies for efficient use of farm inputs. 

 

 
 
 
 
 
 
 
 
 
 
  

Adoption of these techniques/steps is well 
known to have a definite and positive effect 
on the cost of production as well as on the 
productivity. Besides these, there are other 
non- or little monitory intensive measures that 
influence yield potentiality of cotton like deep 
ploughing once every 2-3 years, planting 
area specific varieties, appropriate planting 
geometry and population including HDPS, 
splitting fertilizer doses as per crop 
requirement, watering as per crop needs and 
pruning crop at suitable stage,  

Cotton sowing in India is widely 
spaced usually at 90-180 cm between rows 
and 30-90 cm within rows. Intercropping is 
not too common but experiments along the 
country have proved that intercropping with 
leguminous crops like Soybean, Cowpea, 
Green Gram, Black Gram not only assures 
extra income but also help maintain soil 
fertility and better pest management. 
Intercropping with Sesame, Maize and Onion 
has proven economically beneficial in many 
parts of India. Availability of short duration 
cotton varieties has attracted farmers to go 
for intensive cropping of more remunerative 
crops after cotton enhancing farmers’ 
income. 

Unlike many other countries, average 
land holding in India is shrinking year after 
year due to division in farm families. It is 
becoming difficult for an average farmer to 
invest in new technology or mechanization. It 
is time that the concept of Collective/ Cluster 
Farming is developed and propagated. 
Proportional stakes having common 
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resources for cultivation, crop protection, 
procurement and harvesting will greatly help 
in boosting production and marketing of 
produce through affordable investment by 
stake holders. 

Marketing plays a vital role in better 
returns on investment. Digitalization of 
economy and opening of e market in India 
like eNAM, NCDEX/ MCX, Cotton 
Commodity Market and social media 
platforms have opened new vistas to trade 
cotton at the national level. A small or even 
medium farmer still has inhibition to trade on 
these platforms, but things are changing fast 
(Corona pandemic has taught lessons to 
many in on-line trading). Traceability and 
labelling of cotton bales would add value to 
cotton in domestic and international trade. 
Here again, Cluster/Collective farming of 
cotton could provide a springboard for 
profitable marketing and enhance farmers’ 
income.  

Of all the above technologies, GE 
seeds have emerged as powerful tool to 
reduce cost of cultivation on pesticides, 
increase productivity and farmers income. 
Commercial release of GE cotton in 2002 
took the country by storm for the next decade, 
the euphoria is still alive and so is the 
controversy shrouded around it. It 
transformed cotton scenario in India to the 
advantage of all the stake holders. 

Prior to the development of hybrid 
cotton in 1970-71, average cotton production 
during pre-hybrid era (1951-1971) was 4.775 
M bales/yr. Hybrid cotton gave a fillip to it and 
it doubled      reaching 9.475 M bales/yr 
during hybrid era (1971-2002, covering near 
50% area). But introduction of Bt gene in 
hybrids emerged as real game changer. 
During this era (hybrid+Bt 2002-21) average 
cotton production exceeded 31.4 M bales/yr. 
In other terms, during hybrid era, it added 
0.152 M bales to the national kitty every year 
over pre-hybrid era whereas during hybrid+ 
Bt era, it added 1.154 M bales every year 
over hbrid era registering a CAGR of 2.24% 

and 6.50 %, respectively. The figures of lint 
productivity kg/ha are no less startling. 
During 1951-71, average productivity was a 
mere 106.97 kg/ha which reached 206.66 kg 
in hybrid era. But real breakthrough 
happened during hybrid + Bt era when 
average productivity reached 468 kg/ha. In 
terms of lint, 3.15 kg/ha was added every 
year during hybrid era and an impressive 
13.84 kg/ha every year during hybrid+ Bt era 
over respective previous eras. 

Post Bt era gains in cotton production 
and productivity have few parallel in annals of 
Indian agriculture. The country emerged as a 
net exporter of cotton from an import 
dependent nation. In addition to economic 
gains, GE cotton also had some positive 
environmental implications. Reduced use of 
pesticides in Bt cotton led to substantial 
reduction in CO2 emission and environment 
impact quotient (EIQ). According to Brookes 
and Barfoot (2017) India is estimated to 
reduce active ingredient use in Bt cotton by 
99.3 million kg and in EIQ by 36.7 % during 
2002-15. IR transgenic use same resources 
as water and fertilizers more efficiently 
through protection of fruiting bodies from 
insect damage, therefore, yield more and 
enhance income of cotton farmers. 
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Recently, cotton crop has suffered 

multifarious problems of pests owing to 
paradigm shift in cotton cultivation, climate, 
and protection practice in post Bt era. 
Majority of the Bt hybrids are susceptible to 
leafhopper and its severity is more 
pronounced in cotton cropping system with 
okra, brinjal and castor. Farmers had to resort 
to two to three sprays and encountered OP 
and neonicotinoids resistance in jassid. 
Mealybug incidence and damage was found 
from 2006 which costs additional amount to 
contain, till effective parasitoid (Aenasius 
bambawalei Hayat) built up naturally and 
established. Emerging insect species viz., 
mirid bug and gall fly etc. had been also 
noticed in last decade (Patel et al. 2016). 
Recent problems of Pink bollworm on Bt 
cotton, has raised question on the technology 
itself. The information on existing and 
emerging technologies in management of 
pests in cotton holds great promise in 
sustainable cotton cultivation and food 
(fibre/oil) security of our country. 

 
Transgenic cotton for Bollworm Resistant 
Traits: 
 Bt cotton in India is now near two 
decades. First released by private sector, 
many public sector institutions are in both in 
fray and releasing Bt hybrids and varieties. 
Testing and monitoring is key to the success 
of Bt cotton hybrids. In a study on expression 
in parents and hybrid, the concentration of 

Cry1Ac and Cry2Ab protein in tissues of leaf, 
square and boll was statistically at par in  
 
 
 
 
 
 
 
 
 
 
hybrids having either or both the parents 
throughout the growing season. The 
expression level was further supported by 
almost negligible damage to squares and 
green bolls in crosses involving either one or 
both the parent having BG II background. 
Naik et al. (2018) reported the field evolved 
resistance ratio of 26 to 262-fold to Cry1Ac 
and 1 to 108 folds to Cry2Ab from 2010 to 
2017 in Central and Southern India, whereas 
population in Northern India showed 
susceptibility to toxins. Hence this is time that 
new innovative products are introduced. 
 
Refuge in Bag as alternative of structure 
refuge  
 As a proactive measure to delay 
evolution of resistance to Bt protein(s), 
sowing of 20 % structured refuge of same or 
near isogenic non Bt or with ETL based 
spraying or 5-10 % structured refuge without 
spraying was mandatory along with Bt hybrid. 
However, noncompliance of refuge has 
become major concern for the sustenance of 
Bt technology. Manjunatha (2012) elaborated 
why Indian farmers do not adopt the statutory 
requirement of refuge sowing.  Based on 
three years collaborative research (2010-13) 
involving MMB, ICAR-CICR and SAUs, 5-
10% Built in Refuge (BIR) was found effective 
in sustaining residual population as good as 
20% Structured Refuge (Kranthi et al., 2013 
and Kumar et al., 2021). Accordingly, refuge 
in bag (RIB seed pack of 475 g having 90 to 
95% seeds positive for each transgene and 
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evolution of resistance to Bt protein(s), 
sowing of 20 % structured refuge of same or 
near isogenic non Bt or with ETL based 
spraying or 5-10 % structured refuge without 
spraying was mandatory along with Bt hybrid. 
However, noncompliance of refuge has 
become major concern for the sustenance of 
Bt technology. Manjunatha (2012) elaborated 
why Indian farmers do not adopt the statutory 
requirement of refuge sowing.  Based on 
three years collaborative research (2010-13) 
involving MMB, ICAR-CICR and SAUs, 5-
10% Built in Refuge (BIR) was found effective 
in sustaining residual population as good as 
20% Structured Refuge (Kranthi et al., 2013 
and Kumar et al., 2021). Accordingly, refuge 
in bag (RIB seed pack of 475 g having 90 to 
95% seeds positive for each transgene and 

 

 

INSIGHT INTO INNOVATIONS IN 
ENTOMOLOGY AND THEIR 

APPLICATIONS IN PEST 
MANAGEMENT IN GUJARAT 

COTTON 
 
   

H R Desai, R D Patel, G R Bhanderi and M C Patel  
Main Cotton Research Station,  

Navsari Agricultural University, Surat (Gujarat-INDIA) 
                                                                      E-mail: hrdesai@nau.in 

 

��



 
 

shall contain of 5 to 10% non-Bt seeds) with 
Bt seeds having expression level of 420 
nanogram of each toxin per sq. cm of leaf or 
per gram of seed/leaf requirement has been 
amended by Government of India vide no. 
3087, 28/12/2016.  
 
Estimation of losses due to pests 
  In 2014-15, there was serious 
incidence of pink bollworm on Bt cotton 
hybrids. The infestation started with flowering 
and inflicted damage to fruiting bodies 
triggering indiscriminate use of insecticides. 
Losses in seed cotton yield and poor quality 
of produce reduced profit margin which 
created panic amongst cotton farmers. The 
avoidable loss of seed cotton yield due to 
pink bollworm was estimated to be 5.05 and 
3.32 per cent for RCH 2 BG II when sown at 
early and normal sowing time, respectively. 
For RCH 2 non-Bt, the avoidable loss on 
seed cotton yield were ±42.63 per cent in 
early and 33.98 per cent when in normal time 
(Rathod et al., 2017). Under farmers’ 
practices of relying only on insecticides 
(frequent/mixtures), estimated yield loss of 
2.14 (0.88 to 3.61) per cent due to pink 
bollworm in a study on 274 farmers’ fields of 
21 villages in Surat and Bharuch districts. 
A gradual decrease in infestation and loss 
from 2015-16 to 2017-18 was recorded. The 
losses due to infestation of mealybug in 
cotton (based on 4-grade infested plants) 
was also estimated to be 1.07 (0.00 to 2.97) 
per cent and the natural parasitism of 
Aenasius bambawalei Hayat was 8.55 (4.73 
to 14.93) per cent under farmers’ 
management practices. 
 
 
 
 
 
 
 
 

Resistant/ Tolerant varieties/hybrids 
 Host plant resistance forms main 
component of IPM, over which selection of 
other components depends. The entries 
developed through crossing based on trait 
selection of parents were evaluated 
rigorously against key pests of the region. 
GISV 218 a genotype was developed through 
conventional breeding involving three wild 
species (Gossypium stocksii, G. annomalum, 
G. armoriarum) and cultivated species. Leaf 
hopper resistant in this genotype is 
characterized by greater height of palisade 
cell and its compact structure, greater 
distance of phloem from lower epidermis and 
its thickness, leaf thickness and trichome 
density (Notified at NBPGR, dated: 
04.02.2014), later released as GN Cot-22. 
 
GIS and Information Communication 
Technology (ICT):  
 GIS based survey, surveillance of 
insect pests and diseases, weather situation, 
data upload, retrieval and analysis, issuing 
real time weather and pest advisory through 
website, emails amd e-voice messages to the 
registered farmers along with the online 
diagnostic tools is in operation since 2019 for 
south Gujarat cotton farmers. Till date, 98 
voice messages to the 9384 registered 
farmers were disseminated through tubelight 
cloud and voicenssms. go2market apps. 
Besides, ICT tools, various outreach 
extension activities, training, diagnostic visits 
and telephonic advice was also provided to 
different stakeholders.  
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Pheromone Application Technology:  
Monitoring and Mass trapping: 
 
The pheromone traps were used either for 
monitoring or mass trapping. The design of 
pheromone traps and lures play an important 
role in attracting the moths of pink bollworm. 

 

 
Among different pheromone traps, Phero-
sensor TM-SP Sleeve trap (Av.17.05 
moths/trap/week), Phero Sensor TM-BP 
Sleeve trap (Av. 13.61 moths/trap/week) with 
PBW lure replacement at 45 days intervals 
and delta trap with Season Long (SL) Pectino 
Lure (Av. 11.96 moths/trap/week) were found 
better in mass trapping of PBW moths than 
conventional trap. They were found effective 
in reducing infestation below ETL in flowers, 
green bolls and open bolls recording higher 
yields in research experiments. On validation 
on famers’ fields, the Phero-sensor TM-SP 
Sleeve trap and PCI-Delta Trap fitted with 
Pectino-lure season long) were effective in 
reducing pink bollworm incidence and 
damage when used for mass trapping 
(Anon., 2018a).  

Male confusion/ Mating disruption:  
PB Rope: 
 The PB-Rope L is a twisted tie which 
releases the same scent that female moth 
release to attract males and this scent 
confuses the male moths preventing mating 
and decrease the future population.  This 
technology was tested earlier at NAU, Surat 
and AAU, Anand. Application of PB rope LLT 
in cotton @ 150/ha caused effective mating 
disruption of PBW (Anon., 2006). Installation 
of PB Rope L @ 265/ha with additional tying 
of PB Ropes L @ 1 per 2 meter on border at 
the time of square formation and application 
of insecticides as per university 
recommendation (Indoxacarb 14.5 SC @ 5 
ml or Spinosad 45 SC @ 3 ml or Emamectin 
Benzoate 5 SG @ 5 g at 75 and 90 DAS) was 
found effective against P. gossypiella which 
recorded lowest larval population, damage 
on fresh bolls, locule, seeds and lint (Anon., 
2018b). PB Knot is an innovative technology, 
approved recently by the Central Insecticides 
Board and Registration Committee (CIBRC) 
of the Ministry of Agriculture & Farmers 
Welfares; Government of India and the best 
fit in IPM of bollworm management in cotton.  
 
SPLAT: 
 SPLAT technology is a biologically 
inert material (waxes, vegetable oils, water 
and other food grade non-toxic and bio-
degradable) used for the delivery of semio-
chemicals including pheromones (Kranthi, 
2018). Jethva et al. (2018) found least moths 
catches (3.90 moths/trap), rosette flowers 
(1.90%), green bolls (1.33%), open bolls 
(2.88%), locules (3.58%) damage and 
highest yield (3089 kg/ha) with mating 
disruption technology compared to farmer’s 
practices. Shrinivas et al. (2019a) studied the 
dissipation of SPLAT formulation and found 
40.36 per cent of active ingredient left in the 
samples even by end of fifth week clearly 
indicating slow release compared to other 
lures. Shrinivas et al. (2019b) recorded 
lowest rosette flower (6.38%), green boll 

��



 
 

(6.86%) and locule (12.28%) damage with 
higher seed cotton yield (46.25q/ha) in 
SPLAT @ 500 g/acre compared to farmers’ 
practices (16.01%, 19.41%, 40.83% and 
24.55 q/ha, respectively). The technology 
was reported effective when used/ adopted at 
larger scale (minimum 25 acre).  
 
Biological control 
The egg parasitoid Trichogrammatoidae 
bactrae was found effective against pink 
bollworm on Bt cotton. Innundative releases 
@ 150000 lakh/ha for three times at 60, 75 
and 90 DAS in 2016-18 was found to reduce 
damage to green boll, open bolls and locule 
damage by PBW and recorded seed cotton 
yield at par to ETL based insecticidal 
applications. Moreover, pollinators/honey 
bee activity (Apis dorsata, A. cerena and 
Xylocopa sp.) were found significantly higher 
in T. bactrae release treatment at 65 and 95 
days after flowering. The use of this egg 
parasitoid was also incorporated in IPM/IRM 
strategy. Adoption of IPM in cotton 
ecosystem encouraged some natural control 
by Mealybug parasitoid, Aenasius 
bambawalei Hayat and larval parasitoid of 
Pink bollworm, Apanteles sp. (Maisuria et 
al., 2012 and Naik et al., 2015).   
   
Integrated Pest Management (IPM) 
 The IPM technology for Bt cotton is 
being refined constantly and components 
that are    environmentally safe and 
economically viable are incorporated. In 
recent three years study to control resistance 
PBW as well as sucking pests, IPM module 
was found very effective and economic 
comprised of timely sowing of the crop (15th 
June to 15th July of the year), installation of 
yellow sticky trap @ 20 traps/ha at 30 DAS, 
stem application of flonicamid 50 WG @ 60 
g/ha each at 30, 45 and 60 DAS, installation 
of Phero-sensor TM-SP trap @ 5 traps/ha at 
45 DAS and change the Pectino-lure thrice at 

40 days interval, spraying of Azadirachtin 
1500 PPM @ 2.5 lit/ha at 60 DAS (50 ml/10 
lit. of water at spray volume of 500 lit/ha), 
three innundative release of egg parasitoid, 
T. bactrae @ 1.5 lakh/ha at weekly interval 
initiating 7 days after application of neem 
insecticide, ETL (10% fruiting body damage) 
based application of Indoxacarb 14.5 SC @ 
5 ml/ 10 lit. or Emamectin benzoate 5 SG @ 
5 g/10 lit. or Spinosad 45 SC @ 3 ml/10 lit. 
and timely termination of crop (By January 
15th of the year). It was followed by 
incorporation/composting of crop residue 
through shredder or rotavator.  
 
Insecticides applications 
 The chemistry of pesticides has 
undergone a sea change in last couple of 
decades starting from OC of 1930s to 
modern day IGRs, TTA derivatives, 
oxidiazones etc. These are claimed to be 
safer to beneficial organisms, selective to 
target pest and ecologically safe. Further, 
newer formulations like SL, SG, WDG and 
OD are safer to natural enemies and user 
friendly. Resistance monitoring against 
insecticides in leafhopper (Chaudhari et al., 
2015), aphid (Rudani, 2020), thrips (Chauhan 
et al., 2021) and Mealybug (Padaliya et al., 
2021) in different talukas of Bharuch districts 
was carried out using different insecticides. 
 
Insecticides Resistance Management: 
 Crop window based IRM strategies 
were demonstrated in 50 acre in Bharuch 
district from 2018-19 to 2020-21 (Patel et al., 
2020). The findings of 2020-21 revealed that 
IRM strategies resulted in better pest 
management, higher quality and 34% cost 
reduction and 18.18% in volume in pesticide 
usage with BCR 1.46:1.00 as against BCR of 
1.17:1.00 in non-IRM plots.  
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Nanotechnology 
 Nanotechnology is growing rapidly 
and being applied in agricultural field in 
preparing new biopesticides or new 
bioagents using natural products. Attempts 
have made to synthesize the green silver 
nanoparticles (AgNPs) using plant extracts 
such as Lantana camara (Hikmat et al., 2018) 
and Ginger extracts. Ginger nanoparticles 
found effective in a laboratory study to control 
P. gossypiella (Saadiya and Abdelaal, 2020). 
 
Application of Drones and Robotics  
 The drone has been successfully 
employed for spraying and releasing sterile 
male moths in eradication drives of pink 
bollworm in cotton in Arizona, USA 
(Tabashnik et al. 2021). The Govt. of India 
has released the standard operating 
procedure (SOP) for drones used for 
agricultural purposes after consultation with 
experts from aviation, agriculture and agri-
input companies. Agricultural research 
institutions, State Department of Agriculture 
have now focused attention to designing and  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
fabricating drones that suit Indian conditions 
(Majumdar, 2019 and Subramanian et al., 
2021).  Research on using robotics in 
agriculture for sensor based pest and 
disease detection, identification and weed 
management (Ahmed et al., 2016). 
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India was recognised as the cradle of 
the cotton industry for over 3000 years (1500 
BC to 1700 AD). It also has the distinction of 
having the largest area under cotton 
cultivation which is about 41% of the world 
area under cotton cultivation ranging 
between 12.5 and 13.5 million hectares in 
recent years. Cotton is one of the principal 
crops of India and plays a vital role in the 
country’s economic growth by providing 
substantial employment and making 
significant contributions to export earnings. 
The cotton cultivation sector not only 
engages around six million farmers, but also 
involved about 40 to 50 million people 
relating to cotton cultivation, cotton trade, 
and it’s processing. 

During the late eighteenth and early 
nineteenth centuries, cotton was one of the 
most important industrial inputs. Its 
production stimulated economic activity and 
institutional changes of major historical 
importance. Two countries-India and the US 
dominated world cotton exports during the 
nineteenth century. The US was the leading 
exporter, supplying more than 70 percent of 
the quantities and India was the second-
largest exporter of cotton, supplying almost 
30 percent of the quantities traded on the 
world market during much of the period.  

The British government had made 
several attempts to expand cotton cultivation 
in India since the early nineteenth century as 
part of a larger effort to diversify British trade. 
In 1820, the Agricultural and Horticultural 
Society of India (AHSI) was set up in  

 
 
 
 
 
 
 
 
 
 
 
Calcutta. By the 1830s, the British East India 
Company (EIC) had established 
experimental farms all over EIC-controlled 
India, with the assistance of American cotton 
planters, but only the coarse local Indian 
varieties of cotton continued to be widely 
cultivated throughout the nineteenth century. 
It was not until the early twentieth century 
that it became possible to increase the yield 
of foreign varieties of cotton in India, thanks 
to investments in irrigation. 

The organized cotton improvement 
program was however launched at the 
beginning of the twentieth century with 
several states lodging on cotton research 
and development. In 1921, Indian Central 
Cotton Committee (ICCC) was established 
by the Government of India to fund and 
coordinate cotton research in the country. 
ICCC sponsored several hundred research 
schemes relating to the breeding of new 
varieties, improved agronomy practices, 
disease and pest management, and 
marketing, which helped in the improvement 
of cotton in the country.  With the abolition of 
ICCC in 1966, it was decided for setting up 
an independent body for coordinating the 
Research and Development of cotton in the 
country and which led to the establishment 
of ICAR-ALL INDIA COORDINATED 
RESEARCH PROJECT ON COTTON  
(AICRP) in 1967 with its Headquarters at 
Coimbatore (Tamil Nadu) with adequate 
funding from Indian Council of Agricultural 
Research (ICAR) to improve both quality and 
quantity of cotton considering the needs of 
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   Climate change will have major impact 
in cotton production as the crop is sensitive 
to moisture availability. The negative impact 
of climate change is reduced availability of 
water for irrigation. In India, with the rapidly 
growing population, the pressure on limited 
water resources is increasing every coming 
day. Today, irrigated agriculture is the largest 
water-consuming sector and it faces 
competing demands from other sectors such 
as the industrial and the domestic sectors. 
Due to an increased resource scarcity, water 
saving in agriculture is going to be top 
necessity in future for the sustainable 
agriculture. The water smart high tech agro 
technologies for changing climate scenario 
are poly ethylene mulching and   poly mulch 
+ drip irrigation to achieve more crops per 
drop of water. Being a widely spaced row 
crop, drip irrigation offers much scope in 
terms of enhancing cotton productivity for 
yield and water (Nalayini et al., 2006). 
Enhancement in cotton yield to the tune of 39 
% due to scientific scheduling of irrigation 
through drip over conventional irrigation has 
been reported (Lomte and Kagde, 2009). 
Combining drip with polyethylene mulching 
will further save the precious water besides 
weed control and enhanced productivity. The 
potential hi tech water smart agro 
technologies to enhance the yield and 
profitability in cotton based system during 
changing climate are being discussed 
hereunder. 

 

 

 

 

 

 

 
1. Polyethylene mulch technology  
 Mulching improves the soil physical 
condition by enhancing aggregation and 
conserving soil moisture by increasing 
infiltration, checking losses by evaporation 
and run off. It also favourably modifies the soil 
thermal regime, retards soil erosion and 
improves soil health. The advantages of 
using plastic mulches for the production of 
high value vegetable crops have been 
recognized in the United States and the 
European countries. Beneficial effects of 
plastic mulch for enhanced water and 
fertilizer utilization and weed control 
(Fortnum et al., 2000), weeds and pests 
(Lakshmanan, et al.,1995) have been 
reported. Higher uptake of nutrients due to 
higher temperature coupled with higher 
available soil moisture caused significant 
increase in root cation exchange capacity, 
nutrient uptake, dry matter accumulation and 
partitioning of assimilates under polyethylene 
mulching with an average yield enhancement 
of 1.83 to 1.90 fold in cotton and 1.95 to 2.10 
fold in rotation maize besides saving water 
(Nalayini et al., 2004 and 2009). The water 
requirement of mulched cotton was 58.63 ha-
cm as against conventionally grown cotton of 
84.19 ha cm, thus a huge water saving was 
achieved due to poly mulching (Nalayini et 
al., 2012a). Mulched cotton consumed lesser 
water due to lesser evaporative loss of water 
and weed free environment. The mulched 
area was free from weeds (no weedicide was 
used to control weeds under mulching) and 
almost all the weeds were effectively 
controlled except Cyprus spp. which could 
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pierce through the thinner mulch of 30 
micron. The effective control of weeds under 
poly mulching indirectly prevented the loss of 
water through transpiration by weeds. Higher 
temperature and faster mineralization under 
polyethylene mulching caused increased 
uptake of nutrients (Table 1) as evidenced 
from up to 2.1, 2.8 and 2.6 fold higher N, P 
and K uptake, respectively over 
conventionally planted cotton. Favorable soil 
moisture and higher temperature for faster 
mineralization (Nalayini et al., 2011) caused 
enhanced nutrient uptake and partitioning of 
assimilates to reproductive parts resulting in 
significant enhancement in dry matter, bolls 
and boll weight under poly mulching. Dong et 
al. (2009) reported enhanced seed cotton 
yield in cotton due to adoption of intensive 
farming using plastic mulching in China. Soil 
moisture conservation due to poly mulching 
was reported by Channabasavanna et al. 
(1992) and Gupta and Acharya (1993). 

 

 

1.1. Thickness and color of poly film for 
mulching 
 Various thickness poly films of 30, 50, 
75 and 100 microns were evaluated, and all 
the thickness were found suitable and were 
at par. Since the cost of mulch film is based 
on weight, the lower thickness of 30-40 
micron is recommended to reduce the cost. 
While using thinner poly film of 30-micron, 
care should be taken to handle the film 
delicately so that the film could be used for 
two crops at once over laying. Differently 
colored polyethylene mulching of black, red, 
blue, yellow, and silver color was evaluated, 
and it was found that irrespective of the 
colors, the polyethylene mulching promoted 
the growth and development of cotton 
significantly over conventionally planted 
cotton. The silver color recorded the lowest 
pest incidence due to reflective action while 
yellow color mulch recorded higher 
incidence. The mulched cotton plants were 
healthy with strong vascular bundles and 
thus protecting the plants from breaking even 
under stem weevil attack. The enhancement 
in seed cotton yield due to colored poly 
mulching was 1.96, 1.75, 1.71, 1.68 and 
1.57-fold higher in silver, blue, red, black and 
yellow colors, respectively, over conventional 
method. Based on intensive research, we 
recommend dual color poly film of silver color 
top layer for reflective action with black 
bottom layer for faster mineralization.  
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2. Poly mulch + Drip fertigation with 
balanced ferilizers 
 Combining drip fertigation with 
balanced fertilizers under poly ethylene 
mulching enhanced the seed cotton yield 
significantly with huge saving of irrigation 
water with enhanced resource use efficiency. 
Drip + poly mulching recorded 46.1%and 
86.5% higher seed cotton yield than drip 
irrigation without poly mulch and 
conventional method respectively in ELS Bt 
cotton hybrid.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Balanced fertilization with 120:60:60 kgs 
NPK/ha along with Zinc Sulphate (50 kg/ha), 
Magnesium Sulphate (50 kg/ha) + Boron as 
Solubor (1 kg/ha for soil application and 
0.15% as foliar spraying twice during 
flowering to boll development stages 
recorded the highest (7820 kg/ha) seed 
cotton yield as against 3290 kg/ha recorded 
under conventional irrigation with NPK alone 
(Nalayini et al., 2012b). 
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Fig. 1: Comparison of yield potential of ELS cotton under 

Drip, conventional and Drip + Poly mulching 
 

 

Zero tilled rotation maize under poly 
mulching – a new concept  
A new concept of growing the rotation crop of 
maize under polyethylene was attempted. Since  
cotton is a perennial crop, after the harvest of 
cotton if we cut the main stem below cotyledonary 
leaf, the regrowth of cotton was avoided and the 
second crop of maize was taken up under zero 
tilled condition and the rotation crop of maize also 
benefited due to the favourable growth 
environment created under poly ethylene 
mulching. The enhancement in grain yield was to 
the tune of 1.95 to 2.10 fold than its 
conventionally grown maize crop.  
To sum up,  poly mulching is a potential and 
hitherto untapped option for the agricultural crops 
for conserving the most precious water and 
efficiently controlling the weeds without  any 
herbicides and enhancing crop production 
efficiency. Since most agronomic crops come 
under C3 (cotton) and few under C4 (maize) 
category, this technology could be extrapolated 
for other crops too to conserve moisture, weed 

control and to enhance the productivity by many 
fold. 
 
3. Sub-surface drip system in cotton-  
 Punjab Agricultural University, Faridkot has 
experimented with sub-surface drip irrigation 
systems in cotton. The systems are highly 
efficient that apply accurate amounts of water 
directly to the root zone, preventing water loss 
through evaporation.  High degree of control over 
water application has the advantage of uniform 
water application. Higher performance in windy 
and arid locations was reported. Farm machinery 
can run without hassle in the system, it also 
facilitates mechanized farming. Weed population 
is also less and sub-surface equipment is less 
prone to damage by rodents etc. The study 
conducted at Faridkot centre found that sub-
surface drip fertigation combination resulted 30.2 
and 9.4 per cent higher seed cotton yield 
respectively as compared to conventional flood 
irrigation and surface drip fertigation system. The 
recommendation of sub-surface drip fertigation 
with 80 percent crop evapotranspiration and 100 
percent recommended nitrogen is included in 
crop production guide. 
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India was recognised as the cradle of 
the cotton industry for over 3000 years (1500 
BC to 1700 AD). It also has the distinction of 
having the largest area under cotton 
cultivation which is about 41% of the world 
area under cotton cultivation ranging 
between 12.5 and 13.5 million hectares in 
recent years. Cotton is one of the principal 
crops of India and plays a vital role in the 
country’s economic growth by providing 
substantial employment and making 
significant contributions to export earnings. 
The cotton cultivation sector not only 
engages around six million farmers, but also 
involved about 40 to 50 million people 
relating to cotton cultivation, cotton trade, 
and it’s processing. 

During the late eighteenth and early 
nineteenth centuries, cotton was one of the 
most important industrial inputs. Its 
production stimulated economic activity and 
institutional changes of major historical 
importance. Two countries-India and the US 
dominated world cotton exports during the 
nineteenth century. The US was the leading 
exporter, supplying more than 70 percent of 
the quantities and India was the second-
largest exporter of cotton, supplying almost 
30 percent of the quantities traded on the 
world market during much of the period.  

The British government had made 
several attempts to expand cotton cultivation 
in India since the early nineteenth century as 
part of a larger effort to diversify British trade. 
In 1820, the Agricultural and Horticultural 
Society of India (AHSI) was set up in  

 
 
 
 
 
 
 
 
 
 
 
Calcutta. By the 1830s, the British East India 
Company (EIC) had established 
experimental farms all over EIC-controlled 
India, with the assistance of American cotton 
planters, but only the coarse local Indian 
varieties of cotton continued to be widely 
cultivated throughout the nineteenth century. 
It was not until the early twentieth century 
that it became possible to increase the yield 
of foreign varieties of cotton in India, thanks 
to investments in irrigation. 

The organized cotton improvement 
program was however launched at the 
beginning of the twentieth century with 
several states lodging on cotton research 
and development. In 1921, Indian Central 
Cotton Committee (ICCC) was established 
by the Government of India to fund and 
coordinate cotton research in the country. 
ICCC sponsored several hundred research 
schemes relating to the breeding of new 
varieties, improved agronomy practices, 
disease and pest management, and 
marketing, which helped in the improvement 
of cotton in the country.  With the abolition of 
ICCC in 1966, it was decided for setting up 
an independent body for coordinating the 
Research and Development of cotton in the 
country and which led to the establishment 
of ICAR-ALL INDIA COORDINATED 
RESEARCH PROJECT ON COTTON  
(AICRP) in 1967 with its Headquarters at 
Coimbatore (Tamil Nadu) with adequate 
funding from Indian Council of Agricultural 
Research (ICAR) to improve both quality and 
quantity of cotton considering the needs of 
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domestic textile industry and export. The 
office of the project started to function at 
ICAR-IARI Regional Center, Coimbatore till 
1976. Later ICAR constituted ICAR-Central 
Institute for Cotton Research at Nagpur in 
the year 1976 and made this IARI Regional 
Center as ICAR-CICR Regional Station. 
AICRP on Cotton is headed by the Project 
Coordinator (Cotton improvement), who gets 
necessary directives from the Deputy 
Director General (Crop Science) / Assistant 
Director General (Commercial Crops), 
ICAR, New Delhi, and technical advice from 
the Director, ICAR-CICR, Nagpur for 
effective and smooth functioning of the 
Project. To give new thrust and direction in 
terms of multi-disciplinary and multi-centre 
approaches for improved cotton cultivars 
and other novel cotton production and 
protection technologies for ensuring 
sustainable cotton cultivation, the ICAR 
ensured the active involvement of 21 
participating centres from 17 State 
Agricultural Universities across the cotton-
growing states by knitting them together 
under the aegis of AICRP on Cotton. The 
ICAR-Central Institute for Cotton Research 
(ICAR-CICR), Nagpur (Maharashtra), and its 
Regional Stations at Coimbatore (Tamil 
Nadu) and Sirsa (Haryana) provide basic 
research support and also take part in 
certain strategic research and evaluation 
activities of the AICRP on Cotton. The ICAR-
Central Institute for Research on Cotton 
Technology (ICAR-CIRCOT), Mumbai, and 
its regional centre spread across the country 
are closely associated with AICRP on Cotton 
in assessing the fiber quality parameters of 
cotton besides ensuring value addition to 
cotton. 
Decades of cotton in India  

At the time of independence, 97% of 
the area was under desi cotton and only 3% 
was occupied by G. hirsutum. Presently, 95% 
of the cotton area is being occupied by G. 
hirsutum varieties and hybrids.  In India, the 
conditions are favourable for growing all the 

four cultivated species of Gossypium, viz., 
Gossypium arboreum and G. herbaceum 
(Asian or diploid cotton), G. hirsutum 
(American upland cotton), and G. 
barbadense (Egyptian cotton) besides hybrid 
cotton.  G. barbadense is grown in a very little 
area (1%) in the States of Tamil Nadu and 
Karnataka. G. herbaceum is limited to the 
States of Gujarat and northern Karnataka. G. 
hirsutum and G. arboreum are grown in all 
the major cotton-growing states in India.  The 
species composition and cotton-growing 
zones are given in table 1. 

During the year 1947-48, the 
production of long and extra-long-staple 
cotton production increased from nil to 78% 
(2019-20) of the total production. Whereas, 
medium staple production reduced from 66% 
to 20%, and short-staple production reduces 
from 33% to 2% (Fig. 1). Outstanding 
research efforts have brought significant 
change in the fiber production combination, 
notably the concentration shift from diploid 
cotton to upland cotton in the country.  

 Before the institution of AICRP on 
Cotton, the average cotton area in the 
country was 73.79 lakh hectares and 
production of 45 lakh bales with the 
productivity of 104 kg/ha (Fig. 2). Due to 
various research development by AICRP, the 
average cotton area increased to 108.33 lakh 
hectares and production to  273.73 lakh bales 
with the productivity of 420 kg/ha between 
the years 2002 and 2020. The introduction of 
Bt Cotton along with improved Cotton 
production and protection technologies 
developed by public sector agencies have 
made the average cotton area 122.72 lakh 
hectares and average production of 334 lakh 
bales with the productivity of 464 kg/ha (Fig. 
2). 
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Zone Species grown Area (%) Production 
(%) 

North zone  
(Punjab, Haryana, 
Rajasthan) 

G. hirsutum, G. arboreum 
& 
Intra-hirsutum hybrid 

12.84 17.81 

Central zone 
(Maharashtra, Madhya 
Pradesh, Gujarat, 
Odisha) 

G. hirsutum, G. arboreum, 
G. herbaceum, Inra-
hirsutum, and Inter-
specific diploid hybrids 

59.11 54.79 

South zone 
(Karnataka, Telangana, 
Andhra Pradesh, Tamil 
Nadu) 

G. hirsutum, G. 
herbaceum,  
G. arboreum, G. 
barbadense, 
Intra-hirsutum and Inter-
specific hybrids 

27.98 26.85 

 

Fig.  1: Staple wise cotton production in India (%) 

Table 1: Cotton species composition across India 
 



��

 
 

 

Functions of AICRP 
The mandate of the AICRP on Cotton 

is to develop cotton cultivars and hybrids best 
suited for different agro-climatic zones of 
India; to develop viable and economical area-
based agro-techniques for realizing maximum 
yields/profits from improved cotton cultivars 
for both irrigated and rain-fed conditions 
including management of abiotic stresses, 
and to develop economic and effective pest 
and disease management practices under 
different agro-biological conditions. The 
Project Coordinator ensures concurrent 
testing of cotton varieties and hybrids 
including Bt Cotton under strict coding and 
development of location-specific cotton 
production and protection technologies. 

Once a cotton entry is sponsored in 
AICRP trials, it takes around four years of 
rigorous evaluation for yield, abiotic & abiotic 
stresses, and fiber quality under varied agro-
ecological conditions (Fig. 3).  The good 
performing entries are identified for release as 
new varieties in the annual workshops of the 
AICRP by the Variety Identification 
Committee constituted under the 
Chairmanship of Deputy Director General  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

(Crop Sciences). This will be later submitted 
for Notification by the Central/State Variety 
Release Committee the Department of 
Agriculture and Cooperation, the Ministry of 
Agriculture, Government of India. 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

Fig. 2: Cotton area, production and productivity 
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Historic role by AICRP in Indian cotton 
scenario  
The initial stages of AICRP emphasized the 
improvement of productivity of medium-long 
and long-staple cotton production to meet the 
demand of the domestic textile industries. 
The development worlds first-ever hybrid H4 
hybrids from Gujarat Agricultural University 
become popular in the 1970s in the central 
zone. The production and productivity 
enhancement of hybrid cotton especially in 
dryland conditions made the hybrid cotton 
revolution in the country. Research efforts, 
since the formation of AICRP in 1967, have 
led to the release of around 362 Cotton 
varieties and hybrids for the different cotton-
growing tracts of the country and the  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

development of the economical and eco-
friendly package of practices for realizing 
enhanced productivity.  The world-class 
cotton varieties & hybrids like Suvin, DCH 32, 
Varalaxmi, LRA 5166, Surabhi, MCU 5, LRK 
516, H4, H6, H8, RG 8, PKV Hy 2, TCHB 213, 
NHH 44, LHH 144, Suraj, RAJ DH 9, G. Cot 
14, AKH 081, G. Cot DH 7, G. Cot DH 9, 
Abhadita, are the significant outcome from 
the AICRP to name few. 
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AICRP has achieved the objectives with 
tangible technological back-stopping. 
However, Cotton plant growth is prone to 
dynamic changes with changing weather and 
socio-economic condition. This necessitates 
continuous monitoring and subsequent 
development of appropriate management 
strategies to overcome the biotic and abiotic 
stresses for sustainable yields, in an 
indeterminate crop like cotton.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There are scores of genotypes to name 
(Table 2), for meeting the demands of the 
textile industry and also products of the 
objectives for which AICRP on Cotton was 
founded. In addition, numerous crop 
production and protection technologies that 
were developed through AICRP on Cotton 
have been well adopted by the cotton farmers 

Features Varieties/hybrids 
Extra Long Staple Suvin (spin count upto 120s), DCH 32, DHB 915, TCHB 213, 

TNB 1, CCH 2623, Subiksha, Suchitra, Sunantha, Suraksha, 
CCB-51 

Long Staple  MCU 5 
Long-staple G. 
arboreum  

PA 255, PA 812, PA 528, CNA 1037 

Long-staple G. 
herbaceum  

G. Cot.21, G. Cot.23, G. Cot.DH.7, G. Cot. DH.9, RAHS.14, 
RAHS.131, DB.3-12  

Colour cotton JCC-1 
Compact Genotype Anjali, Pratima, Shruthi, Sunantha 
Short duration H 777, LH 900, Kiran, LD 230, Sangam, LAHH-1, Yaganti, 

Srinandi 
Wide adaptable  LRA. 5166 
Cytoplasmic Male 
Sterile  

PKV Hy.4, PKV Hy.5 

Suitable for organic 
farming 

DDHC.11, 

Suitable for HDPS Suraj, PA 812, Sunantha, Phule Dhanavanthri 
Waterlogging tolerant LRA 5166, LRK 516, Anjali, Savita, AAH-1, F 1861, HHH 

287, G. Cot.Hy.12 Parbhani Turab, DHH 11, RAHS 14 
Drought tolerant LRA 5166, MCU 5 VT, NHH 44, G. Cot.15, G. Cot.16, G. 

Cot.19, Jawahar Tapti, PKV Hy 5, AKDH 5 AKDH-7 G. Cot. 
MDH 11, PDKV DH-1, Pratap Kapi, Wagad Kalyan, PA 402, 
PA 225, G. Cot.18, NH 545, JK 4, AKA 5, AKA 7, AKA 8, 
Surya, RCH 2, KC 2, Bunny, Surabhi, LAHH 4, SVPR 3 
Sumangala, DLSa 17 

Saline tolerance CICR-2, RAJ DH9, G. Cot 27, G. Cot.13, G. Cot. DH 7, G. 
Cot. DH 9, G. Cot.17, G. Cot.21, G. Cot.23, Jayadhar, DHB 
105, RAHS 14, DDHC 11, AAH.1, CICR.2,  

Sucking pest tolerant Suraj 
Verticillium wilt tolerant Surabhi, MCU 5 VT 
Fusarium Wilt MCU 5, CICR 1 
Leaf Curl Virus 
resistant 

LD.327, HD.123, RG.8, RS.810, RS.2023, F.1861, LH.1556, 
H.1098-i, HHH.223, CSHH.198, F.1867, CSHH 238, CSHH 
243, H 1236 
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for sustainability as well as enhancing the 
productivity to realize an additional profit.    

AICRP on Cotton could take pride in 
successfully conducting evaluation trials and 
recommended the Bt hybrids and varieties for 
commercial release since 2002. The 
significant change in the cotton production 
system in the country, since the introductions 
of Bt cotton hybrids by the private sectors, the 
AICRP on cotton researchers have rendered 
their services by way of developing improved 
crop production and protection technologies 
for Bt cotton hybrids cultivation.  

The technologies developed under 
AICRP on Cotton are being demonstrated 
among cotton farmers across the country 
through Front Line Demonstrations (FLD) to 
realize enhanced productivity and profit from 
the crop. Major technologies transferred over 
the years include the popularization of new 
cotton varieties and hybrids, Integrated Plant 
Nutrient Management practices, IPM 
strategies, IDM practices, hybrid seed 
production, Intercropping, drip irrigation, seed 
treatment with biofertilizers, soil moisture 
conservation techniques, foliar nutrition and 
residue management including 
vermicomposting have found that 15 to 20% 
productivity enhancement over conventional 
farmers practices. 
Constraints and solutions through 
research in the cotton growing states:  

There is stagnation in cotton 
productivity in the country due to various 
constraints and some are can be mitigated 
through research and policy decisions 
(Table 3).   

Tasks ahead:   
The production of cotton has been on 

an average 360 lakh bales for the past one 
decade with a productivity around 500 Kg 
lint/ha.  In order to meet the emerging needs 
of textile industry including high demand for 
extra-long staple cotton and other specialised 
cottons for textile purposes to cater to 
domestic and export market, the production 

needs to be increased to 500-550 lakh bales 
by the end of 2025-26.  There is a vital need 
to enhance the productivity to the tune of 
another 30% from the present level. In 
addition to yield improvement, the fiber 
quality needs to be improved to the 
requirements of user industry, country’s 
domestic and international needs. The quality 
of the raw material viz., cotton fiber plays a 
vital role in the processability and the ultimate 
yarn quality.  High fibre strength, high 
maturity, higher fibre elongation, low 
variability in fibre properties, low short fibre 
content coupled with negligible trash 
contents are the essential cotton fibre quality 
attributes that fit into the making of quality 
yarn and in turn value addition to cotton. In 
the emerging technological improvement in 
the textile industries, the high-speed roto bar 
and jet spinning require high strength cotton 
fibre to ensure continuous spinning for 
production of fine and super fine clothes.   
In the present environmental scenario, 
especially due to climate change, many new 
biotic and abiotic stresses are emerging (like 
whitefly, cotton leaf curl virus, mealy bugs, 
pink bollworm, Mirid bugs, moisture stress 
during fruiting stage, and scores of other 
micronutrient deficiencies) which need a 
closer watch on the crop improvement and 
management through a different perspective 
and in-depth manner in a coordinated 
fashion. 
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To meet this increasing demand, the 
country needs cotton research and 
development agenda suitably tuned with an 
eye on better natural resource management, 
resource augmentation, employment 
generation, self–sustainability, loss 
minimization, effective cost-benefit ratio for 
resource poor farmers, ecofriendly 
approaches, suitable mechanization in farm 
related operations, foreign exchange 
earnings. AICRP on Cotton shall also 
address emerging researchable issues, 
technology generation, speedy 
dissemination of adoptable technologies and 
midcourse corrections, wherever needed. 
The yield gap that exists between potentially 
higher yields and the yield realized in 
farmers’ fields is even now high necessitating 
a very strong role for AICRP on Cotton in the 
coming decades. Scope for raising average  

 
 
 

productivity around 700 to 750 kg lint/ha is 
very much possible with present cotton 
cultivable area. Towards this goal, the AICRP 
on Cotton shall prioritize the future research 
agenda (Fig. 4) in collaboration with other 
R&D agencies of both public and private, 
would bring radical changes in the cotton 
cultivation scenario in the country. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4: Roadmap showing the strategical approach for cotton production 
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Introduction 
Cotton is being grown commercially in 

more than 70 different countries; mostly in 
the longitudinal band between 370 N and 320 
S. Cotton is especially adapted to semi-arid 
and arid environment where it is grown 
rainfed or through irrigation. The present 
essay attempts to look at two aspects of 
cotton cultivation, one mechanical and the 
other, biological. It focuses on the Gossypium 
hirsutum L., which dominates the world 
cotton scenario. Perspectives on the status 
and successes have been given.  

Mechanical harvesting of cotton is the 
norm in countries like USA and Australia 
now. However, major cotton producing 
countries like China, India, Brazil, Pakistan 
and Turkey still do hand picking. Until 
recently it was the availability of cheap 
laborers in these countries which did not 
negatively impact the economics of cotton 
growing. Today, manual labour has become 
prohibitively high and is not available easily 
during harvest season owing to various 
reasons. The efforts towards introducing 
mechanical harvesting though have begun 
some time back, haven’t yet translated to on 
field success. Some key contributing factors 
have been (a) smaller land holdings of poor 
and marginal farmers which do not allow 
efficient utilization of machinery and is also 

 
 
 
 
 
 
 
 
 
 
 
 
 
 not economically feasible, (b) varied 
cultivation situations/practices including crop 
geometry differences across cotton areas 
which create difficulties in designing suitable 
mechanical harvesters, and (c) the issue of 
excessive trash being collected by the 
mechanical harvesters as against 
handpicking.  
 
The Mechanical Harvester 

To begin with the Machine part, cotton 
harvesters are majorly of two types. (a) 
Pickers, which have spindles, that can be 
used in the field for repeat harvests as they 
do not damage the green bolls. They pull the 
lint out of the open boll. These pickers are 
used when the plants are taller and with 
longer fibres since the many rotating spindles 
will work to harvest at a quicker and more 
efficient rate. The fibre quality is better 
retained in the pickers. (b) Strippers, on the 
other hand, pluck the entire boll whether 
open or green, from the cotton plant and later 
separate out the cotton from the open bolls. 
These can be used for once-over harvesting 
and are used when the cotton plants are 
shorter with short fibres.  

A self-propelled indigenous stripper 
machine has been built by the Central 
Institute for Cotton Research, Nagpur, with a 
pre-cleaning unit designed by the Central 
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Institute for Research on Cotton Technology, 
Mumbai meant for smaller holdings of 1 to 7.5 
acres. This is highly suitable for high density 
planting too. It is relatively cheaper than the 
more expensive spindle type pickers.  

Recent development of a small single 
row cotton picker prototype operating through 
spindles comparable to 5-6 row machines by 
EMBRAPA of Brazil in a Brazil-FAO co-
operation program is encouraging.  It 
harvests one hectare every 3.5 hours and 
costs 70% less than manual harvest. 
Impurities were about 4.5 to 5.5 % with 
harvest losses up to 5 %. Indeed good news 
for countries with small land holdings. As of 
now most harvesters work in 100 cm wide 
rows which can be modified to 90 cm. If this 
can be brought down to 75 or 60 cm to better 
accommodate the compact genotypes, then 
High Density Planting with mechanical 
harvesters will become very profitable.  

 
The Compact-Cotton Plant-type  

The second part is the Biological 
component which can only evolve slowly, 
what with nature playing a determining role. 
The increase in cotton yield can be achieved 
in two ways. The first is increasing the plant 
yield per se and the second, increasing 
production per unit area. The second option 
entails increasing the planting density. The 
available genotypes in cotton are mostly 
‘Robust’ and high density planting will invite a 
host of problems, including building a hostile 
pest and disease environment apart from 
competition for resources. An ideal plant type 
to suit such high density planting is a 
‘Compact’ plant type. Cotton has certain 
resilience to high temperature and drought 
due to its vertical taproot, but it is sensitive to 
water availability particularly during flowering 
and boll formation. Any disturbance in the 
reproductive stage will decrease yields. This 
can be partially mitigated with ‘Early’ maturity 

to avoid the ill effects of various stresses viz., 
mid and late season drought as also peak 
periods of insect and disease attack. 
Therefore, breeding for ‘Early-Compact’ 
genotypes is the next landmark target.  

For long, the world of cotton has been 
fixated with the robust cotton plant, be it 
varieties in the beginning to hybrids now. A 
proper comparison of the Robust and 
Compact plant types is thus in order. A 
normal spacing of 90 cm x 20 cm usually 
followed under rainfed situations 
accommodates 55555 plants in a hectare. On 
the other hand, recommended dense 
planting today in India is 60 cm between rows 
and 20 cm between plants which 
accommodates 83333 plants per hectare. 
Reducing plant distance further to 10 cm, 
increases the population to 166666 per 
hectare. For such high-density planting, the 
ideal plant type should be of Compact 
geometry.  

The compact plant type usually grows 
to a height of 1 meter. Lesser inter-boll and 
inter-node distance coupled with shorter 
length and narrower angle of the sympodia 
with the main branch leads to plant 
compactness.  Thus the 3-dimensional space 
occupied by the plant is less, making it ideal 
to fit in narrow rows ensuring high density 
planting. Under high density planting, the 
micro climate around the plants, changes. A 
robust type in a high density planting would 
lead to pest and disease build up culminating 
in very low yields. Added to this, the plant 
protection measures also become inefficient. 
This is the precise situation which demands 
a compact plant type where the plant 
protection measures also become easy and 
effective. Though the number of bolls per 
plant is less in the compacts, it is more than 
compensated via the increased number of 
bolls per unit area.  
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A utopian estimate assuming a perfect 
growing situation now follows. Considering 
average numbers under rainfed situations, a 
compact plant type bears 10 - 12 bolls per 
plant each weighing 3.5 gm, then the 
productivity of seed cotton will be 38 – 45 
q/hectare. If a normal robust plant type 
bearing a higher boll number of 18-22 per 
plant, with the same boll weight is assumed, 
then the productivity would be 35 - 43 q/ha. 
These figures though higher, do mimic real 
time data averaged across two years (2017 
and 2018) of multi-location testing from the 
All India Co-ordinated Research Project on 
Cotton (Table 1) with compact varieties being 
more productive than the robust types. The 
smaller boll size should not matter when 
mechanical harvesting becomes main 
stream. However, under irrigation it is always 
advisable to cultivate robust hybrids. 

A truly compact genotype would mean 
it carries the genes to determine traits that 
make a plant compact. Genetic manipulation 
to achieve compactness has been 
successful. Such plant types are being 
released for general cultivation in India. The 
biological component of the concept has 
been described below. The compact plant 
type was achieved through conventional 
breeding. Though visual observations did 
help, two plant traits were identified and a 
protocol was developed to characterize the 
plant type. Two traits, measured at plant 
maturity, were used to characterize the plant 
type viz., Plant height and the Diameter of the 
plant. For this, the length of the sympodial 
branch at 50 per cent of plant height and the 
angle it made with the main stem were 
measured at the time of maturity. The angle, 
in degrees, was recorded using a protractor. 
Then, the plant diameter was calculated 
using the sympodial length and angle (Fig 1.) 
The sympodial angle in degrees was 
converted to radian using the following 
formula.  

Radian =   

The radian was converted into Sine of radian 
and then into radius using the below formula 
and expressed in cm. 
  Radius = Sine (Radian)  sympodial 

length at 50 per cent plant height.  

Diameter was obtained by doubling the 
radius. Then, the range of plant height and 
diameter in the genotypes under study was 
used to form classes. The classification was 
based on the index score method. 
Accordingly, there were three plant diameter 
classes and two plant height classes which in 
conjunction gave six plant type categories 
viz., Super compact, Compact, Compact 
spreading, Tall compact, Robust and Highly 
robust (Table 2 and Fig 2). This protocol was 
used in our studies. 

Another important breeding objective 
that can add value to the compact plant type 
is the Earliness trait in cotton. Apart from 
helping the plant escape drought and 
minimizing exposure to pests and diseases, 
the whole growth period reduces, thus 
opening up possibilities of a second crop 
following cotton. A new cropping system can 
evolve. Breeding for earliness was also 
incorporated in our studies. The Bartlett’s 
index for earliness was worked out using the 
following formula to identify promising early 
maturing genotypes  

                       Bartlett’s index  

=  

where, P1, P2, Pn are the weight of seed 
cotton picked during first, second and 

picking and  n is the total number of 
pickings.  The higher the value of the index, 
the earlier would-be maturity. 
 
 
 
 



��

 
 

 

 

 

 

 

 

 

 

 

 

Based on our observations at the 
University of Agricultural Sciences, Dharwad 
Farm, on the compact plant type since the 
early 2000s with significant conscious 
selection and success, planned evaluation of 
compact genotypes were begun. Two recent 
studies dealing with plant type and earliness 
have given a better understanding and also 
helped to identify extreme genotypes for 
further molecular investigations.   

In the first study, twenty eight 
genotypes of Gossypium hirsutum L. were 
evaluated under three planting density 
environments for productivity and plant type 
changes. The experiment also involved 
assessing the plant type of the genotypes 
and stability analysis of traits contributing to 
the specific six plant types. It was envisaged 
that differing environments would influence 
the plant type to change. A genotype with 
minimal change in its phenotype across the 
environments would be considered as stable 
and the one that changes its plant type 
according to the resources it gets would be 
considered unstable. Planting density 
specific recommendations for a genotype can 
then be made. In this study, stability analysis 
was carried out to identify genotypes suited 
to each environment with an emphasis on 
genotypes for high density planting situation. 
The plant type did change with differing 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 environmental pressures. But, there were 
genotypes with less change in the plant type 
traits pointing towards the genetic basis of 
plant type. Two genotypes were of the super 
compact type and two were compact in 
nature. One genotype was stable across 
environments for plant type traits and also 
showed high stable seed cotton yield. 
Though, four genotypes were not stable for 
all the plant type traits, they did show minimal 
per cent differences for the traits across 
environments.  

In the second study involving 22 
proven compact genotypes under high 
density planting, earliness was tracked using 
Bartlett’s index. Plant type characterization 
was also done. Two genotypes were 
identified as promising super compact 
genotypes with high yield and early maturity. 
It was notable that both these genotypes had 
higher yield under high density planting 
compared to the three established highly 
robust check varieties grown under the 
regular wider spacing. Diverse genotypes, 
within their respective groups, have been 
crossed to understand the genetics and 
inheritance pattern. Simultaneously, 
Transcriptome analysis and Whole Genome 
Sequencing exercises have been initiated to 
understand the molecular bases of both plant 
type and earliness in cotton. This will help 

Table 1: A comparison between the Robust and Compact plant type 

 
 
 
 
 
 

 

Trait Seed Cotton Yield (q/ha) Boll weight (g) 
Situation Hybrids Robust 

Varieties 
Compact 
Varieties 

Hybrids Robust 
Varieties 

Compact 
Varieties 

Irrigated 22.8 20.4 23.1 4.59 3.73 3.42 
Rainfed 13.9 9.2 7.6 4.60 3.65 3.30 
Average 18.3 14.8 15.3 4.59 3.69 3.36 

 

Table 2: Plant type classes based on the index score method 

 
 
 
 
 
 

 

Plant height 
(cm) 

Plant diameter (cm) 
Low Medium High 

Dwarf Super compact Compact Compact spreading 
Tall Tall compact Robust Highly robust 
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future MAS in precise breeding for the Early-
Compact cotton.   

Our Achievements 
Based on the conventional learning 

gathered over the years we have been 
successful in releasing two compact 
genotypes for cultivation in the rainfed areas 
of India during the year 2020 after rigorous 
multi-location testing over 4 years. The 
compact variety ARBC-1651 (16.2 to 18.2 
q/ha) is recommended for both Central and 
South zones of India.  Another compact 
variety, DSC-1651 (17 q/ha), has been 
recommended for the South zone. Very 
dense planting of 60cm X 10cm has been 
recommended for both the varieties. The 
compact phenotype can be seen in Figs. 3 
and 4.  Both varieties have yield superiority of 
more than 30% over the existing check 
variety. They have better tolerance to the leaf 
hoppers and boll worms and also to the 
bacterial leaf blight, grey mildew and rust 
diseases. Their fibre properties are on par 
with industry standards. Currently, both 
varieties are in advanced stages of Bt. 
conversion.   

 
 

 
Fig 2: The 3-dimensional space occupied by 
the plant types. 

 

 
Figure 3: Field view of the compact 
hirsutum varieties, ARBC-1651 and DSC-
1651 
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Fig 4: Single plant view of Compact hirsutum 
varieties, ARBC-1651 and DSC-1651 
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