
J. Cotton Res. Dev. 35(2), 226-231 (July, 2021) ISSN No. 0972-8619

Effect of different levels of drip irrigation and fertigation on water 
use efficiency and seed cotton yield of Bt cotton

ANNU, KARMAL SINGH*, PRIYANKA DEVI, MEENA SEWHAG AND SHWETA MALIK

CCS Haryana Agricultural University, Hisar-125004

*E-mail:- karmalsingh@gmail.com

ABSTRACT: A field experiment was conducted at Cotton Research area of CCS Haryana Agricultural University, 

Hisar, during kharif 2019 to study the effect of different levels of drip irrigation and fertigation on water use 

efficiency and seed cotton yield of Bt cotton. The experiment comprising 3 irrigation levels: I  (1.0 Etc), I  (0.8 Etc), I  1 2 3

(0.6 Etc) and four fertigation levels: F  (control), F  (50 % RDF-recommended dose of fertilizer), F  (75 % RDF), F  1 2 3 4

(100 % RDF) was conducted in factorial randomized block design with three replications. The results revealed that 

maximum seed cotton yield (3854 kg/ha), bolls/plant and sympodial branches/plant were obtained with I  1

(1.0 Etc) level though it was statistically at par with I  (0.8 Etc) level. The highest WUE was recorded in I  (0.6 2 3

Etc) level of irrigation which was significantly higher than other two irrigation levels. Similarly, among 

different fertigation levels, highest seed cotton yield (4404 kg/ha), bolls/plant, sympodial branches/plant and 

water use efficiency were recorded in F  (100 % RDF) level which were statistically at par with F  (50 % RDF) and F  4 2 3

(75 % RDF) levels of fertigation.
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 Cotton (Gossypium hirsutum L.), also 

known as “White Gold” is one of the most 

important commercial cash crop of semi-arid 

regions of the world. The top three cotton 

producing countries are India, China and USA. 

India has been a traditional home of cotton and 

cotton texti le industries. Cotton is an 

international crop grown by about 80 countries 

across the world and on average, cotton is 

planted in an area of 34.5 m ha in the world. India 

accounts about 33 per cent global cotton area 

which is largest in the world. The area, 

production and productivity of cotton in India is 

12.76 million ha, 36.1 million bales and 466 kg 

ha respectively (Anonymous, 2020).

 Though India is having largest area under 

cotton cultivation globally, but production and 

productivity of country is low in comparison to 

other countries like Australia, China, USA etc. 

The top three cotton producing states are 

Maharashtra, Gujarat and Andhra Pradesh. The 

major constraints in cotton production in our 

country are competition with other more economical 

crops, cultivation under rainfed condition, non 

availability of critical inputs, weed infestation, 

attack of various insect pests and diseases, costly 

and time consuming harvesting by hand picking 

etc. Among all practices, management of irrigation 

water is very important to increase the yield of crop. 

Fertilizer management is also an important 

component in cultivation of cotton crop. 

 Due to increasing cost of irrigation projects 

and limited supply of good quality water, the best 

known technique is micro-irrigation that is proven 

for its efficiency, water and input saving. Cotton in 

north India is mainly irrigated by flooding method 

(Singh et al., 2020). But, World over it is proved 

that cotton respond well under micro irrigation. 

Cotton irrigated by flood method of irrigation 

consumes 40-50 per cent more water as compared 

to microirrigation (Bhaskar et al., 2005). Under 

micro-irrigation system, more than 90 per cent 

irrigation efficiency can be achieved with 

improved yield and quality of the produce. 

Application of fertilizers through drip irrigation 

system is known as fertigation.
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 Fertigation results in saving of 25-30 per 

cent of recommended dose of fertiliser thus, 

reduced cost of fertilizers (Kumar and Singh, 

2002). The net utilization of irrigation water in drip 

system is 90 per cent. In view of the same, 

microirrigation is of supreme importance with 

brighter future prospects. However, whatever little 

developments and adoption of drip technology 

have taken place so far, are mainly concentrated in 

acute water scarcity areas and in high value crops 

like perennial and horticultural crops, but not in 

crop like cotton. As total water availability is also 

decreasing over the years almost in all cotton growing 

states in the country, economization of available 

water and its proper management in cotton is of 

prime importance and that could be made possible 

through cultivation of cotton with drip irrigation.

 The present investigation was carried out 

during kharif of 2019 at cotton research farm of 

CCS Haryana Agricultural University. Bt cotton 

genotype RCH 776 was sown by dibbling method, 

by putting 2 seeds/hill at a depth of 3-5 cm to 

maintain optimum plant population. All 

intercultural operations of experimental crop 

were followed according to the package of 

practices of cotton crop recommended by the 

CCS Haryana Agricultural University.

TREATMENTS

Irrigation levels

I  = 1.0 Etc1

I  = 0.8 Etc2

I  = 0.6 Etc 3

Fertigation levels 

F  = Control 1

F  = (50 %) RDF 2

F  = (75 %) RDF 3

F  = (100 %) RDF 4

Note: (RDF = 175:60:60:25 N, P, K and ZnSO4 

kg/ha)

Genotype: RCH 776 

Plot size: 4.0 x 9.0 m 

Treatments: 12 

Replications: 3 

Total plots: 36 

Design: Factorial Randomized Block Design

Season/ year: kharif 2019

 In Haryana, recommended dose of 

fertilizers for Bt cotton is 175 kg N, 60 kg P O , 60 2 5

kg K O and 25 kg ZnSO  /ha. Fertilisers were 2 4

applied through drip fertigation as per treatment 

(15 equal splits through fertigation between 30 to 

120 DAS at six days interval). Gap filling was 

done five days after germination of cotton crop to 

obtain optimum plant stand in each plot. 

Thinning had been done to keep one plant/hill. 

Five plants from each plot were selected 

randomly and tagged for the recording of 

different observations till maturity of the crop. 

 Total bolls/plant were counted from 5 

tagged plants in each plot by adding the mean 

number of good and poor opened bolls harvested 

per plant. Ten completely opened bolls from tagged 

plants in each plot were picked randomly and 

weighed and averaged to give boll weigh (g)/plant. 

Monopodial branches in each plot were counted at 

maturity stage from the five tagged plants and 

mean was determined and expressed/plant basis. 

The sympodial branches also known as the 

reproductive branches were counted at maturity 

stage from the five tagged plants in each plot and 

expressed as average sympodial branches/plant. 

After ginning, weight of 100 cotton seeds taken 

randomly from each plot was expressed in grams. 

Total seed cotton harvested from two pickings per 

plot was recorded and expressed as seed cotton yield 

in kg/ha. In case of different drip irrigation 

treatments, the irrigation scheduling was done on 

the basis of climatological approach. Irrigation was 

scheduled at every three days interval in all drip 

irrigated treatments during crop period and volume 

of water was calculated as per pan evaporation (E ).0

 The volume of irrigation water applied 

was computed by using following formula (Allen 

et al., 1998) as given below,

 Water Requirement (WR) = EPan x Kp x Kc 

 Where, EPan = Pan evaporation (mm/3 

Levels of drip irrigation and fertigation

Fig. 8:  ICAR-CIRCOT Green Crematorium
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Fig. 1. Fetal monster showing cyclopia and arhinia

ABSTRACT : Annually around 30 million tonnes of cotton stalk is generated in India. Very limited value addition 

is done to cotton stalk. Most of the cotton stalk produced is treated as waste, though about 5-6  being used per cent

for commercial purposes and around 15-
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 Cotton is grown in about 100 countries 

and traded in around 150 countries worldwide 

Cotton is an important commercial crop of India 

and has emerged as the largest producer in the 

world with its production touching 6.2 million 

tonnes in 2020-2021 (USDA, 2020). Cotton is 

cultivated mainly for its fibre which is the most 

importa
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ANNOUNCEMENT

Dear Colleagues,

 It is a matter of great proud and privilege for me to bring to your 

kind notice that the “Cotton Research and Development Association”, 

CCS Haryana Agricultural University, Hisar has introduced the 

following awards for the benefit of students and scientists working on 

any discipline related to cotton production technologies and allied 

subjects from January, 2021.

I. Best Research Paper Award:

 The papers published in the “Journal of Cotton Research and 

Development” during January to December in a Particular year will be 

eligible for the above award.

 This award will be in four distinct categories i.e. Crop 

Improvement, Crop Production, Crop Protection and Social Sciences.

II. Best Thesis Award (M.Sc. and Ph.D.)

 The thesis (M.Sc. or Ph.D.) submitted by any student during 

January, 2019 to December, 2020 on cotton crop with any discipline 

at any State Agricultural University or Institute is eligible for the 

award. A copy of the thesis with date of clearing the thesis examination 

or declaration of the result alongwith one copy of the reports of two 

external examiner may be submitted to the Secretary, CRDA by 31 

January 2021 positively.

 The result of the award will be intimated by March, 2021. A plaque 

and a certificate will be given at the time of All India Coordinated 

Cotton Improvement Project Meeting normally held in the first week of 

April every year.
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ABSTRACT: A field experiment was conducted at Cotton Research area of CCS Haryana Agricultural University, 

Hisar, during kharif 2019 to study the effect of different levels of drip irrigation and fertigation on water use 

efficiency and seed cotton yield of Bt cotton. The experiment comprising 3 irrigation levels: I  (1.0 Etc), I  (0.8 Etc), I  1 2 3

(0.6 Etc) and four fertigation levels: F  (control), F  (50 % RDF-recommended dose of fertilizer), F  (75 % RDF), F  1 2 3 4

(100 % RDF) was conducted in factorial randomized block design with three replications. The results revealed that 

maximum seed cotton yield (3854 kg/ha), bolls/plant and sympodial branches/plant were obtained with I  1

(1.0 Etc) level though it was statistically at par with I  (0.8 Etc) level. The highest WUE was recorded in I  (0.6 2 3

Etc) level of irrigation which was significantly higher than other two irrigation levels. Similarly, among 

different fertigation levels, highest seed cotton yield (4404 kg/ha), bolls/plant, sympodial branches/plant and 

water use efficiency were recorded in F  (100 % RDF) level which were statistically at par with F  (50 % RDF) and F  4 2 3

(75 % RDF) levels of fertigation.

Keywords: Cotton, drip irrigation, fertigation, water use efficiency

 Cotton (Gossypium hirsutum L.), also 

known as “White Gold” is one of the most 

important commercial cash crop of semi-arid 

regions of the world. The top three cotton 

producing countries are India, China and USA. 

India has been a traditional home of cotton and 

cotton texti le industries. Cotton is an 

international crop grown by about 80 countries 

across the world and on average, cotton is 

planted in an area of 34.5 m ha in the world. India 

accounts about 33 per cent global cotton area 

which is largest in the world. The area, 

production and productivity of cotton in India is 

12.76 million ha, 36.1 million bales and 466 kg 

ha respectively (Anonymous, 2020).

 Though India is having largest area under 

cotton cultivation globally, but production and 

productivity of country is low in comparison to 

other countries like Australia, China, USA etc. 

The top three cotton producing states are 

Maharashtra, Gujarat and Andhra Pradesh. The 

major constraints in cotton production in our 

country are competition with other more economical 

crops, cultivation under rainfed condition, non 

availability of critical inputs, weed infestation, 

attack of various insect pests and diseases, costly 

and time consuming harvesting by hand picking 

etc. Among all practices, management of irrigation 

water is very important to increase the yield of crop. 

Fertilizer management is also an important 

component in cultivation of cotton crop. 

 Due to increasing cost of irrigation projects 

and limited supply of good quality water, the best 

known technique is micro-irrigation that is proven 

for its efficiency, water and input saving. Cotton in 

north India is mainly irrigated by flooding method 

(Singh et al., 2020). But, World over it is proved 

that cotton respond well under micro irrigation. 

Cotton irrigated by flood method of irrigation 

consumes 40-50 per cent more water as compared 

to microirrigation (Bhaskar et al., 2005). Under 

micro-irrigation system, more than 90 per cent 

irrigation efficiency can be achieved with 

improved yield and quality of the produce. 

Application of fertilizers through drip irrigation 

system is known as fertigation.
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 Fertigation results in saving of 25-30 per 

cent of recommended dose of fertiliser thus, 

reduced cost of fertilizers (Kumar and Singh, 

2002). The net utilization of irrigation water in drip 

system is 90 per cent. In view of the same, 

microirrigation is of supreme importance with 

brighter future prospects. However, whatever little 

developments and adoption of drip technology 

have taken place so far, are mainly concentrated in 

acute water scarcity areas and in high value crops 

like perennial and horticultural crops, but not in 

crop like cotton. As total water availability is also 

decreasing over the years almost in all cotton growing 

states in the country, economization of available 

water and its proper management in cotton is of 

prime importance and that could be made possible 

through cultivation of cotton with drip irrigation.

 The present investigation was carried out 

during kharif of 2019 at cotton research farm of 

CCS Haryana Agricultural University. Bt cotton 

genotype RCH 776 was sown by dibbling method, 

by putting 2 seeds/hill at a depth of 3-5 cm to 

maintain optimum plant population. All 

intercultural operations of experimental crop 

were followed according to the package of 

practices of cotton crop recommended by the 

CCS Haryana Agricultural University.

TREATMENTS

Irrigation levels

I  = 1.0 Etc1

I  = 0.8 Etc2

I  = 0.6 Etc 3

Fertigation levels 

F  = Control 1

F  = (50 %) RDF 2

F  = (75 %) RDF 3

F  = (100 %) RDF 4

Note: (RDF = 175:60:60:25 N, P, K and ZnSO4 

kg/ha)

Genotype: RCH 776 

Plot size: 4.0 x 9.0 m 

Treatments: 12 

Replications: 3 

Total plots: 36 

Design: Factorial Randomized Block Design

Season/ year: kharif 2019

 In Haryana, recommended dose of 

fertilizers for Bt cotton is 175 kg N, 60 kg P O , 60 2 5

kg K O and 25 kg ZnSO  /ha. Fertilisers were 2 4

applied through drip fertigation as per treatment 

(15 equal splits through fertigation between 30 to 

120 DAS at six days interval). Gap filling was 

done five days after germination of cotton crop to 

obtain optimum plant stand in each plot. 

Thinning had been done to keep one plant/hill. 

Five plants from each plot were selected 

randomly and tagged for the recording of 

different observations till maturity of the crop. 

 Total bolls/plant were counted from 5 

tagged plants in each plot by adding the mean 

number of good and poor opened bolls harvested 

per plant. Ten completely opened bolls from tagged 

plants in each plot were picked randomly and 

weighed and averaged to give boll weigh (g)/plant. 

Monopodial branches in each plot were counted at 

maturity stage from the five tagged plants and 

mean was determined and expressed/plant basis. 

The sympodial branches also known as the 

reproductive branches were counted at maturity 

stage from the five tagged plants in each plot and 

expressed as average sympodial branches/plant. 

After ginning, weight of 100 cotton seeds taken 

randomly from each plot was expressed in grams. 

Total seed cotton harvested from two pickings per 

plot was recorded and expressed as seed cotton yield 

in kg/ha. In case of different drip irrigation 

treatments, the irrigation scheduling was done on 

the basis of climatological approach. Irrigation was 

scheduled at every three days interval in all drip 

irrigated treatments during crop period and volume 

of water was calculated as per pan evaporation (E ).0

 The volume of irrigation water applied 

was computed by using following formula (Allen 

et al., 1998) as given below,

 Water Requirement (WR) = EPan x Kp x Kc 

 Where, EPan = Pan evaporation (mm/3 

Levels of drip irrigation and fertigation

Fig. 8:  ICAR-CIRCOT Green Crematorium
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days), Kp = Pan factor (0.70) and Kc = Crop 

coefficient 

 Kc for cotton: Kc = 0.45 (0-25 DAS), 0.75 

(26-70 DAS), 1.15 (71-120 DAS) and 0.70 (121- 

upto harvest). Emitter discharge = 2.2 ltr./h.  

Drip irrigation efficiency = 90 per cent. Water 

requirement for the entire season of crop was 

computed by adding measured quantities of 

irrigation water applied to the experimental crop.

Water use efficiency (%) 

 The water use efficiency (WUE) was 

measured by calculating the ratio of the 

economic crop yield obtained to the amount of 

water required for crop growth. It was computed 

by the formula given below: 

WUE = Y / WR

Where, WUE = Water use efficiency (kg/ha/mm) 

Y = Yield, kg/ha

WR = Seasonal water requirements, mm

Effect of irrigation levels

 Monopodial branches are the vegetative 

branches which appear from the lower nodes of 

the plant. Different irrigation levels had no 

significant effect on monopodial branches/plant. 

Similar findings were reported by Gladston 

(2017). The number of monopodial branches in 

cotton depends on the availability of resources 

and moisture. Higher is the dose of fertilizers, the 

where number of monopodial branches were more. 

Similarly, optimum moisture condition in root zone 

of crop resulted in more monopodial branches/plant 

as stated by Pettigrew (2004). Different irrigation 

levels significantly influenced the sympodial 

branches/plant. I  (1.0 Etc) level of irrigation 1

recorded maximum sympodial branches/plant 

which were statistically at par with I  (0.8 Etc) level 2

but significantly higher than I  (0.6 Etc) level of 3

irrigation. The number of sympodial branches in 

cotton again depends on the availability of  

resources and moisture. Velmurugan et al., 

(2014) also observed higher sympodial branches 

under drip irrigation with 100 per cent potential 

evapotranspiration and (100 % RDF) (150:75:75). 

S imi lar  results  were a lso reported by 

Sampathkumar (2006).

 The maximum number of bolls/plant 

were recorded in I  (1.0 Etc) level of irrigation 1

which were statistically at par with I  (0.8 Etc) but 2

significantly higher than I  (0.6 Etc) level of 3

irrigation. This significant increase in the 

bolls/plant in I  (1.0 Etc) and I  (0.8 Etc) levels of 1 2

irrigation was resulted with increasing rate of 

applied irrigation water. Similarly the highest bolls 

was observed in fully irrigated cotton relative to 

deficit irrigated plots in line with Hussein et al., 

(2011). These findings are also in conformity with 

Yadav et al., (2014). Whereas, highest boll weight 

was observed in I  (1.0 Etc) level of irrigation and 1

lowest boll weight was observed in I  (0.6 Etc) 3

level of irrigation Similar results have been 

reported by Singh et al., (2018). Different 

irrigation levels had no significant effect on seed 

index in line with findings of Shekar et al., (2016).

 Cotton yield is a function of many yield 

attributing parameters such as bolls/plant, boll 

weight, and sympodial branches etc. The results 

revealed that different drip irrigation levels had a 

significant effect on seed cotton yield. The highest 

seed cotton yield (3854 kg/ha) was obtained in I  1

(1.0 Etc) level of irrigation which was at par with I  2

(0.8 Etc) level and significantly higher than I  (0.6 3

Etc) level due to higher yield components such as 

sympodial branches/plant and bolls/plant. 

Thus, application of 80 per cent water required 

by crop through drip was found optimum for Bt 

cotton. The adequate water application through 

the drip in I  (1.0 Etc) and I  (0.8 Etc) levels of 1 2

irrigation has also helped in keeping the moist 

condition in the root zone of crop and ultimately 

resulted in higher seed cotton yield. Similar finding 

were also reported by Aladakatti et al., (2012). 

 The results further indicated that the 

highest and the lowest total water use was 

recorded in I  (1.0 Etc) and I  (0.6 Etc) levels of 1 3

irrigation respectively. Singh and Bhati (2018) 

also reported that the consumptive use and 
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irrigation water applied were the highest in crop 

irrigated at 1.0 Etc compared to 0.6 and 0.8 Etc 

levels of drip irrigation. These results indicated 

that any increase in the irrigation levels in drip 

irrigation system decreased the WUE of Bt cotton. 

Significantly higher WUE was recorded in I  (0.6 3

Etc) level of irrigation than all other irrigation 

levels. The lowest value of WUE was recorded in I  1

(1.0 Etc) level of irrigation. Increasing the level of 

water application by drip irrigation system 

decreased the WUE which was mainly due to 

limited quantity of water applied under lower 

levels of drip irrigation. Similar results were also 

reported by Singh and Bhati (2018).

Effect of fertigation levels

 Different fertigation levels had no 

significant effect on monopodial branches/plant. 

Similar findings were reported by Gladston (2017). 

However, different fertigation levels had significant 

effect on monopodial branches/plant. F  (100 % 4

RDF) level of fertigation recorded maximum 

sympodial branches/plant which were statistically 

at par with F  (50 % RDF) and F  (75 % RDF) levels 2 3

of fertigation, but significantly higher than F  1

(control). Higher the rate of fertilizer application, 

more were the sympodial branches. Velmurugan 

et al., (2014) also observed higher sympodial 

branches under drip irrigation with (100 % RDF) 

(150:75:75 of N:P:K).Similar results were also 

reported by Sampathkumar (2006).

 Different fertigation levels had exerted 

significant effect on bolls/plant. Highest 
4bolls/plant were recorded in F  (100 % RDF) level 

which were significantly better than F  (control), 1

but statistically at par with F  (50 % RDF) and F  2 3

(75 % RDF) levels. Jat et al., (2012) reported 9.2 
 per cent increase in bolls/plantwith (100 % RDF) 

(175.0: 60: 60 N, P and K kg/ha) over the lower 

level of RDF. Our results revealed that boll weight 

was not significantly influenced by different 

fertigation levels. Availability of adequate 

amount of fertilizers at boll  development stage in F  4
(100 % RDF) level of fertigation increased boll weight. 

Fertigation of 150  kg N/ha to Bt cotton increased 

boll weight by 16.6 per cent over 80 kg N/ha (Singh 

et al., 2010). Seed index was influenced 

significantly due to various fertigation levels. F  4

(100 % RDF) level of fertigation recorded 

significantly higher seed index which remained at 

par with F  (75% RDF) level but significantly 3

higher as compared to F  (50 % RDF) and F  2 1

(control) levels. Similar results were also reported 

by Shekar et al., (2016).

 Among different fertigation levels, 

highest seed cotton yield was obtained in F  4

(100 % RDF) level which was significantly better 

than F  (control), but statistically at par with F  1 2

(50 % RDF) and F  (75 % RDF) levels due to 3

higher yield components such as bolls/plant. 

Table 1. Effect of different irrigation and fertigation levels on yield attributes and seed cotton yield of Bt cotton

Treatments Monopodial Sympodial Bolls/ Boll Seed Seed cotton
    branches/plant  branches/plant  plant wt. (g)   index (g)  yield (kg/ha)

Irrigation levels

I  - 1.0 Etc 1.4 24 48 4.02 9.83 38541

I  - 0.8 Etc 1.5 22 45 3.99 9.44 38162

I  - 0.6 Etc 1.5 20 43 3.98 9.48 33273

SE (m) ± 0.15 0.87 1.17 0.06 0.09 154

CD (p = 0.05) NS 2.56 3.47 NS NS 453

Fertigation levels

F  - Control 1.5 15 28 3.84 8.08 20221

F  - (50 %) RDF 1.4 23 50 3.99 9.63 39842

F3 - (75 %) RDF 1.4 24 51 4.07 9.88 4251

F  - (100 %) RDF 1.5 25 53 4.09 10.0 44044

SE (m) ± 0.17 1 1.36 0.07 0.1 177

CD (p = 0.05) NS 2.97 4 NS 0.3 524

Annu, Singh, Devi, Sewhag and Malik Levels of drip irrigation and fertigation

Fig. 8:  ICAR-CIRCOT Green Crematorium

Received for publication : 

Accepted for publication : 

Internat. J. Curr. Microbiol.

301

1 2

Fig. 1. Fetal monster showing cyclopia and arhinia

ABSTRACT : Annually around 30 million tonnes of cotton stalk is generated in India. Very limited value addition 

is done to cotton stalk. Most of the cotton stalk produced is treated as waste, though about 5-6  being used per cent

for commercial purposes and around 15-

Business perspective and entrepreneurship opportunities in cotton stalk 
by product based industry in India

V. G. ARUDE

ICAR-Central Institute for Research on Cotton Technology, Mumbai, India

Email: arudevg@gmail.com

 Cotton is grown in about 100 countries 

and traded in around 150 countries worldwide 

Cotton is an important commercial crop of India 

and has emerged as the largest producer in the 

world with its production touching 6.2 million 

tonnes in 2020-2021 (USDA, 2020). Cotton is 

cultivated mainly for its fibre which is the most 

importa

Arude, V. G. 2020. Business perspective and 

entrepreneurship opportunities in cotton 

stalk by- product based industry in India. 

Invited paper, National Symposium on 'Cotton 

Production Technolo

Vol. 30 January, 2021 No. 1

JOURNAL OF COTTON RESEARCH AND DEVELOPMENT

AUTHOR INDEX

ANNOUNCEMENT

Dear Colleagues,

 It is a matter of great proud and privilege for me to bring to your 

kind notice that the “Cotton Research and Development Association”, 

CCS Haryana Agricultural University, Hisar has introduced the 

following awards for the benefit of students and scientists working on 

any discipline related to cotton production technologies and allied 

subjects from January, 2021.

I. Best Research Paper Award:

 The papers published in the “Journal of Cotton Research and 

Development” during January to December in a Particular year will be 

eligible for the above award.

 This award will be in four distinct categories i.e. Crop 

Improvement, Crop Production, Crop Protection and Social Sciences.

II. Best Thesis Award (M.Sc. and Ph.D.)

 The thesis (M.Sc. or Ph.D.) submitted by any student during 

January, 2019 to December, 2020 on cotton crop with any discipline 

at any State Agricultural University or Institute is eligible for the 

award. A copy of the thesis with date of clearing the thesis examination 

or declaration of the result alongwith one copy of the reports of two 

external examiner may be submitted to the Secretary, CRDA by 31 

January 2021 positively.

 The result of the award will be intimated by March, 2021. A plaque 

and a certificate will be given at the time of All India Coordinated 

Cotton Improvement Project Meeting normally held in the first week of 

April every year.

Secretary, CRDA

J. Cotton Res. Dev. 30(1), 000-000 (January, 2020) ISSN No. 0972-8619J. Cotton Res. Dev. 30(1), 000-000 (January, 2020) ISSN No. 0972-8619

PATRONS OF THE ASSOCIATION

1. Sh. VV P. Ahuja. . 7. Sh. Babubhai S. Patel

GTM, Synthetics Ltd., 33, Additional Vikram Seeds Pvt. Ltd., 209, Ashwa Megh Avenue,

Anaj Mandi, Sirsa-I25 055. Near Mithakhali Under Bridge, Mayur Colony,

Navrangpura, Ahmedabad-380 009.

2. Sh. Salil Singhal 8. Mr. R. D. Shroff

Pesticide India Ltd., 503-505, Tower-A, M/s United Phosphorus Ltd.

Millennium Plaza, Sector-27 Uni Phos House, Madhu Park

Gurgaon-I22 002. C. D. Marg, 11th Road, Khar (W)

Mumbai-400 052.

3. Sh. R. G Agarwal 9. M/s Indofil Industries (P) Ltd.

Dhanuka Agritech. Limited Kalpatru Square 4th Floor, Condivila Road,

14th Floor Building 5A Off  Andheri  Kurla Road Andheri East, Mumbai

DLF Cyber Terrace, Ciber City

DLF Phase -III, Gurugram - 122 002

4. M/s. Ankur Seeds Pvt. Ltd. 10. M/s Monsanto India Ltd.

27, New Cotton Market Layout, Ahura Centre, 5th Floor, 96, Mahakali Caves Road,

Nagpur-440 018. Andheri( E), Mumbai-400 093.

5. Sh. N. P. Patel 11. M/s Bayer Crop Science Limited

Western Agri Seeds Pvt. Ltd. Bayer House, Central Avenve, Hiranandani Gardens,

802/11, Western Road, GIDC P. B. No. 8420, Powal, Mumbai-400 076.

(Engg. Estate) Sector-28, Gandhi Nagar,

Ahmedabad-382 028.

12. M/s Syngenta Crop Protection Ltd.

6. Dr. G S. Raju Amar Paradigm, Survey No. 110-11/3, Baner Road,

Vijay Laxshmi Insecticides and  Pesticides Ltd. Baner, PUNE- 411 045

Plot No. 61, 1st floor, Nagarjuna Hills,

Punjagatta, Hyderabad- 500 082.

13. M/s Meghmani Industries

H. NO. 279/2, Sector-45-A, Chandigarh-I60 047

Amount of  Reading of test at 520 nm – Reading of test at 420 nm X 0.29 X 0.15 X

α-tocopherol in = Reading of standard at 520 nm

µg/g of sample   Total volume of homogenate

   Volume used X Weight of the sample

Received for publication : 

Accepted for publication : 

GUIDELINES FOR AUTHORS
1. Membership of the journal for authors is obligatory for the publication of papers.

2. Manuscripts that contain new and significant findings are welcome with the understanding that the 
contents have not been simultaneously submitted or published in any other journal. Manuscript 
should be typed in double space on one side of white bond paper (A4 size) leaving at least 5 cm margins 
on each side, not exceeding 12 typed pages including Tables. The manuscript may be uploaded on 
CRDA website i.e., crdaindia.com).

3. Arrangement of the Manuscript : Manuscripts should be arranged in the following order:

(a) Cover page should contain concise but self explanatory title (up to 20 words), typed in double space with 
capital letters. In addition, a short running title should be given and typed on top of the cover page of the 
manuscript. By line should contain, in addition to the name(s) and initials of the author(s), the name of 
the institution where the research was carried out. Change of address should be given as a footnote. The 
ABSTRACT (not exceeding 200 words) should be followed by not more than 10 keywords in alphabetical 
order.

(b) Full paper should be prepared with the headings : ABSTRACT, INTRODUCTION, MATERIALS AND 
METHODS AND RESULTS AND DISCUSSION.

(c) Short Communications should follow the style of full paper with text headings omitted except 
ABSTRACT and KEY WORDS.

(d) Table : Each table should be concise and typed on separate page.

(e) Figures drawn with black ink on white paper are preferred.

(f) Photographs for reproduction should be glossy prints with dark and light contrasts (atleast of Post 
Card size).

(g) Acknowledgement, if any, should be in brief.

(h) References should be arranged alphabetically by the name of the first author and then, if required by 
the second and third author and so on (surname precedes intitials), year of publication, title of article, 

abbreviated title of journal in accordance with the latest edition of the World List of Scientific 

Periodicals 4th ed. London, volume number (double underlined), colon and page range. If there is 
more than one publications by the same author(s) in the same year, the letters 'a', 'b' and so on should 
be added after the year, both in the text and in the list of REFERENCES at the end.

4. Complete name of publishers and place of publication of books should be given. For proceeding or other 
publications complete details should be given. The style and punctuation of references should 
confirmed to the examples illustrated below:

Journal Article

Grover, R.K. and Moore, J.D. 1962. Toximetric studies of fungicides against the brown rot organisms, 

Selerotinia fructicola and S. taxa. Phytopathology 52: 876-80.

Book

Pradhan, S. 1983. Agricultural Entomology and Pest Control. Indian Council of Agricultural Research, New 
Delhi, pp. 267.

Contribution to a Book

Randhawa, L.S. and Singh, T.H. 1995. Heterosis breeding for crossing present yield barriers in cotton. In: GA. 
Constable and N.W. Forester (eds.), Challenging the Future: Proceedings of the World Cotton Research 
Conference I, CSIRO. Australia, p. 617.

Thesis

Sharma, P. 1995. Effect of integrated weed management on yield and quality of cotton (Gossypium hirsutum 
L.). M.Sc. Thesis, CCS Haryana Agricultural University, Hisar.

Papers in conferences/symposia/workshops

Khadi, B.M. Kulkarni, V.N. Katageri, I.S. and Mahantahivayogayya, K. 2004. Development of Cotton hybrids 
in India and their role in increasing cotton production. National Symposium on “Changing World Order 
Cotton Research, Development and Policy in Context” held at ANGRAU, Hyderabad from August 
10.12.2004 pp. 40-48.

5. The revised manuscript should be uploaded on CRDA website i.e., crdaindia.com) alongwith the 

original and referees comments, if any

Manuscripts which do not confirm to these directives are liable to be returned to the authors.

 The Editorial Board takes no responsibility for facts or the opinion expressed in this Journal which 
rests entirely with the authors.

“For Style of manuscripts, consult the recent issue of the Journal”

Author Name158

301301

157Title Name

Influence

K. RATHINAVEL

Central 

Email:
ABSTRACT :

J. Cotton Res. Dev. 35(2), 1-11 (July, 2021) ISSN No. 0972-8619

*Fig 1. Scree plot of PCA for quantitative traits of germplasm

Y = C+Y + Y +……….+ Y - at - 2a ……….. a +at t t-1 2 t-2 p t-p    1 -1 t-2 q  t-q  t

1 100
F CC

CC

 

Ŷ

Alternaria leaf sport

Antracnose

Corynespora leaf sport

Grey mildew

Rust

Treatments

Myclobutanil 
10% WP

Myclobutanil 
10% WP

Myclobutanil 
10% WP

Carbendazim
50% WP

Kresoxim
methyl 44%

SC

Propiconazole
25% EC

P
er

 c
en

t 
d

is
ea

se
 c

on
tr

ol
(2

01
8 

&
 2

01
9)

New

Visually assessable morphological descriptors-based establishment 
of distinctiveness, uniformity and stability of tetraploid cotton 
(Gossypium spp.)
K. RATHINAVEL*, C. PRIYADHARSHINI AND H. KAVITHA

Genetic variability for seed cotton yield components and fibre 
quality traits in introgressed populations of interspecific crosses 
between Gossypium hirsutum L. × G. barbadense L.
S. M. PALVE*, V. N. WAGHMARE, P. K. MANDHYAN AND N. KATE

Estimates of direct and indirect effects among yield and yield 
contributing traits in American cotton (Gossypium hirsutum L.)
Y. SATISH*

Studies on economic heterosis for yield and fibre quality traits in 
American cotton (Gossypium hirsutum L.)
MAGGIE CHAKHOLOMA, SOMVEER NIMBAL*, OMENDER SANGWAN, V.S. MOR AND 
ASHISH JAIN

Digenic inheritance of cleistogamous flowering type in Egyptian 
cotton (Gossypium barbadense L.)
A. MANIVANNAN*, K. P. M. DHAMAYANTHI AND K. RATHINAVEL

Inheritance pattern of resistance to cotton leaf curl disease 

(CLCuD) in Gossypium hirsutum L.
SURENDER K. VERMA, O.P. TUTEJA, RISHI KUMAR, S.K. SAIN, DEBASHIS PAUL, D. MONGA AND 

V.N. WAGHMARE

Correlation and path analysis of quantitative and fiber quality traits 
with seed cotton yield in upland cotton
MEENAKSHI RATHI*, G.S. DAHIYA AND OMENDER SANGWAN

Genetic studies in F  population of naturally brown coloured upland 2

cotton (Gossypium hirsutum L.)
N. PREMALATHA*, AMIT KUMAR MAZUMDER, A. ANBUSRIMATHI AND S. S. DEEPTI 
VARSHA

Weed density, dry weight and productivity of cotton - maize 
cropping system as influenced by conservation agriculture and 
residue management
R. VEERAPUTHIRAN*

Abiotic stress management in desi cotton (Gossypium arboreum) 
under rainfed condition
S. C. WADILE* , N. E. PATHADE, S. S. CHITODKAR  AND Y. J. PATIL

Effect of different levels of drip irrigation and fertigation on water 
use efficiency and seed cotton yield of Bt cotton
ANNU, KARMAL SINGH*, PRIYANKA DEVI, MEENA SEWHAG AND SHWETA MALIK

Effect of application methods and nitrogen scheduling on growth 
and quality of Bt (Bacillus thuringiensis) cotton
PRIYANKA DEVI*, KARMAL SINGH, S.K. THAKRAL, MEENA SEHWAG AND SWETA MALIK

Field efficacy of seed treatment against sucking pests and root rot 
in desi cotton under rainfed condition

V. K. CHAUDHARI,* D. B. SISODIYA, AND N. M. GOHEL

Efficacy of insecticides against whitefly, Bemisia tabaci in cotton
KRISHNA ROLANIA*, S. S. YADAV, DALIP KUMAR, DALIP KUMAR BISHNOI AND MANOJ 
KUMAR JAT

Management of root rot (Macrophomina phaseolina) of cotton 
through combined application of Trichoderma spp and organic 
amendments
N. K. YADAV*, MUKESH KUMAR, NARENDER SINGH AND R. S. CHAUHAN

Field efficacy of Myclobutanil (10% WP) against major diseases of 
cotton
S. L. BHATTIPROLU*

Bioefficacy of novel insecticides and their combinations against 
Amrasca biguttula biguttula in cotton
A. S. R. SARMA *, D. LAKSHMI KALYANI AND Y. RAMA REDDY

Measuring the price volatility and forecasting for market 
information system in cotton crop in Sirsa district of Haryana
VEER SAIN*, VIJAY KUMAR AND MANOJ KUMAR SHARMA

Cotton yield forecasting in districts of Haryana using fortnightly 
weather variables: A time series approach
ALISHA  MITTAL AND BAISHALI  MISHRA*

Economic Assessment of Pesticides Use in Cotton Cultivation
1  2

S. B. MANE and  N. V. SHENDE

K. Rathinavel 159
S. M. Palve 166
Y. Satish 174
Maggie Chakholoma 179
A. Manivannan 187
Surender K. Verma 191

Meenakshi Rathi 198
N. Premalatha 203
R. Veeraputhiran 208
S. C. Wadile 215
Annu, Karmal Singh 220
Priyanka Devi 226
V. K. Chaudhari 232
Krishna Rolania 242
N. K. Yadav 247
S. L. Bhattiprolu 254
A. S. R. Sarma 261
Veer Sain 266
Alisha  Mittal 274
S. B. Mane 280

JOURNAL OF COTTON RESEARCH AND DEVELOPMENT

SUBJECT INDEX

Vol. 35 January and July, 2021 No. 1 and 2



228

days), Kp = Pan factor (0.70) and Kc = Crop 

coefficient 

 Kc for cotton: Kc = 0.45 (0-25 DAS), 0.75 

(26-70 DAS), 1.15 (71-120 DAS) and 0.70 (121- 

upto harvest). Emitter discharge = 2.2 ltr./h.  

Drip irrigation efficiency = 90 per cent. Water 

requirement for the entire season of crop was 

computed by adding measured quantities of 

irrigation water applied to the experimental crop.

Water use efficiency (%) 

 The water use efficiency (WUE) was 

measured by calculating the ratio of the 

economic crop yield obtained to the amount of 

water required for crop growth. It was computed 

by the formula given below: 

WUE = Y / WR

Where, WUE = Water use efficiency (kg/ha/mm) 

Y = Yield, kg/ha

WR = Seasonal water requirements, mm

Effect of irrigation levels

 Monopodial branches are the vegetative 

branches which appear from the lower nodes of 

the plant. Different irrigation levels had no 

significant effect on monopodial branches/plant. 

Similar findings were reported by Gladston 

(2017). The number of monopodial branches in 

cotton depends on the availability of resources 

and moisture. Higher is the dose of fertilizers, the 

where number of monopodial branches were more. 

Similarly, optimum moisture condition in root zone 

of crop resulted in more monopodial branches/plant 

as stated by Pettigrew (2004). Different irrigation 

levels significantly influenced the sympodial 

branches/plant. I  (1.0 Etc) level of irrigation 1

recorded maximum sympodial branches/plant 

which were statistically at par with I  (0.8 Etc) level 2

but significantly higher than I  (0.6 Etc) level of 3

irrigation. The number of sympodial branches in 

cotton again depends on the availability of  

resources and moisture. Velmurugan et al., 

(2014) also observed higher sympodial branches 

under drip irrigation with 100 per cent potential 

evapotranspiration and (100 % RDF) (150:75:75). 

S imi lar  results  were a lso reported by 

Sampathkumar (2006).

 The maximum number of bolls/plant 

were recorded in I  (1.0 Etc) level of irrigation 1

which were statistically at par with I  (0.8 Etc) but 2

significantly higher than I  (0.6 Etc) level of 3

irrigation. This significant increase in the 

bolls/plant in I  (1.0 Etc) and I  (0.8 Etc) levels of 1 2

irrigation was resulted with increasing rate of 

applied irrigation water. Similarly the highest bolls 

was observed in fully irrigated cotton relative to 

deficit irrigated plots in line with Hussein et al., 

(2011). These findings are also in conformity with 

Yadav et al., (2014). Whereas, highest boll weight 

was observed in I  (1.0 Etc) level of irrigation and 1

lowest boll weight was observed in I  (0.6 Etc) 3

level of irrigation Similar results have been 

reported by Singh et al., (2018). Different 

irrigation levels had no significant effect on seed 

index in line with findings of Shekar et al., (2016).

 Cotton yield is a function of many yield 

attributing parameters such as bolls/plant, boll 

weight, and sympodial branches etc. The results 

revealed that different drip irrigation levels had a 

significant effect on seed cotton yield. The highest 

seed cotton yield (3854 kg/ha) was obtained in I  1

(1.0 Etc) level of irrigation which was at par with I  2

(0.8 Etc) level and significantly higher than I  (0.6 3

Etc) level due to higher yield components such as 

sympodial branches/plant and bolls/plant. 

Thus, application of 80 per cent water required 

by crop through drip was found optimum for Bt 

cotton. The adequate water application through 

the drip in I  (1.0 Etc) and I  (0.8 Etc) levels of 1 2

irrigation has also helped in keeping the moist 

condition in the root zone of crop and ultimately 

resulted in higher seed cotton yield. Similar finding 

were also reported by Aladakatti et al., (2012). 

 The results further indicated that the 

highest and the lowest total water use was 

recorded in I  (1.0 Etc) and I  (0.6 Etc) levels of 1 3

irrigation respectively. Singh and Bhati (2018) 

also reported that the consumptive use and 
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irrigation water applied were the highest in crop 

irrigated at 1.0 Etc compared to 0.6 and 0.8 Etc 

levels of drip irrigation. These results indicated 

that any increase in the irrigation levels in drip 

irrigation system decreased the WUE of Bt cotton. 

Significantly higher WUE was recorded in I  (0.6 3

Etc) level of irrigation than all other irrigation 

levels. The lowest value of WUE was recorded in I  1

(1.0 Etc) level of irrigation. Increasing the level of 

water application by drip irrigation system 

decreased the WUE which was mainly due to 

limited quantity of water applied under lower 

levels of drip irrigation. Similar results were also 

reported by Singh and Bhati (2018).

Effect of fertigation levels

 Different fertigation levels had no 

significant effect on monopodial branches/plant. 

Similar findings were reported by Gladston (2017). 

However, different fertigation levels had significant 

effect on monopodial branches/plant. F  (100 % 4

RDF) level of fertigation recorded maximum 

sympodial branches/plant which were statistically 

at par with F  (50 % RDF) and F  (75 % RDF) levels 2 3

of fertigation, but significantly higher than F  1

(control). Higher the rate of fertilizer application, 

more were the sympodial branches. Velmurugan 

et al., (2014) also observed higher sympodial 

branches under drip irrigation with (100 % RDF) 

(150:75:75 of N:P:K).Similar results were also 

reported by Sampathkumar (2006).

 Different fertigation levels had exerted 

significant effect on bolls/plant. Highest 
4bolls/plant were recorded in F  (100 % RDF) level 

which were significantly better than F  (control), 1

but statistically at par with F  (50 % RDF) and F  2 3

(75 % RDF) levels. Jat et al., (2012) reported 9.2 
 per cent increase in bolls/plantwith (100 % RDF) 

(175.0: 60: 60 N, P and K kg/ha) over the lower 

level of RDF. Our results revealed that boll weight 

was not significantly influenced by different 

fertigation levels. Availability of adequate 

amount of fertilizers at boll  development stage in F  4
(100 % RDF) level of fertigation increased boll weight. 

Fertigation of 150  kg N/ha to Bt cotton increased 

boll weight by 16.6 per cent over 80 kg N/ha (Singh 

et al., 2010). Seed index was influenced 

significantly due to various fertigation levels. F  4

(100 % RDF) level of fertigation recorded 

significantly higher seed index which remained at 

par with F  (75% RDF) level but significantly 3

higher as compared to F  (50 % RDF) and F  2 1

(control) levels. Similar results were also reported 

by Shekar et al., (2016).

 Among different fertigation levels, 

highest seed cotton yield was obtained in F  4

(100 % RDF) level which was significantly better 

than F  (control), but statistically at par with F  1 2

(50 % RDF) and F  (75 % RDF) levels due to 3

higher yield components such as bolls/plant. 

Table 1. Effect of different irrigation and fertigation levels on yield attributes and seed cotton yield of Bt cotton

Treatments Monopodial Sympodial Bolls/ Boll Seed Seed cotton
    branches/plant  branches/plant  plant wt. (g)   index (g)  yield (kg/ha)

Irrigation levels

I  - 1.0 Etc 1.4 24 48 4.02 9.83 38541

I  - 0.8 Etc 1.5 22 45 3.99 9.44 38162

I  - 0.6 Etc 1.5 20 43 3.98 9.48 33273

SE (m) ± 0.15 0.87 1.17 0.06 0.09 154

CD (p = 0.05) NS 2.56 3.47 NS NS 453

Fertigation levels

F  - Control 1.5 15 28 3.84 8.08 20221

F  - (50 %) RDF 1.4 23 50 3.99 9.63 39842

F3 - (75 %) RDF 1.4 24 51 4.07 9.88 4251

F  - (100 %) RDF 1.5 25 53 4.09 10.0 44044

SE (m) ± 0.17 1 1.36 0.07 0.1 177

CD (p = 0.05) NS 2.97 4 NS 0.3 524

Annu, Singh, Devi, Sewhag and Malik Levels of drip irrigation and fertigation

Fig. 8:  ICAR-CIRCOT Green Crematorium
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Fig. 1. Fetal monster showing cyclopia and arhinia

ABSTRACT : Annually around 30 million tonnes of cotton stalk is generated in India. Very limited value addition 

is done to cotton stalk. Most of the cotton stalk produced is treated as waste, though about 5-6  being used per cent

for commercial purposes and around 15-
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 Cotton is grown in about 100 countries 

and traded in around 150 countries worldwide 

Cotton is an important commercial crop of India 

and has emerged as the largest producer in the 

world with its production touching 6.2 million 

tonnes in 2020-2021 (USDA, 2020). Cotton is 

cultivated mainly for its fibre which is the most 

importa
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Thus, (50 % RDF) through drip fertigation was 

found optimum for Bt cotton. The adequate 

availability of fertilizers throughout the crop 

growth and development period in F  (100 % RDF) 4

level of  drip fertigation helped for more uptakes 

of nutrients which eventually reflected in higher 

seed cotton yield (4404 kg/ha). These results are 

in accordance with the Chauhan et al., (2014).

 Different fertigation levels had distinct 

bearing on WUE Higher WUE was associated 

with higher level of drip fertigation F  (100 % 4

RDF) due to higher yield in F  (100 % RDF) level 4

which was significantly higher than F  (control) 1

but, statistically at par with F  (50 % RDF) and 2

F  (75 % RDF) levels. Similar results have been 3

reported by Harish et al., (2017). Bhalerao et 

al., (2011) also reported that increased WUE 

was obtained with drip irrigation at 0.8 Etc 

with (125 % RDF). Similar results were also 

reported by Bhatoo et al., (2009).
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 Cotton is grown in about 100 countries 
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world with its production touching 6.2 million 

tonnes in 2020-2021 (USDA, 2020). Cotton is 

cultivated mainly for its fibre which is the most 
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Thus, (50 % RDF) through drip fertigation was 

found optimum for Bt cotton. The adequate 

availability of fertilizers throughout the crop 

growth and development period in F  (100 % RDF) 4

level of  drip fertigation helped for more uptakes 

of nutrients which eventually reflected in higher 

seed cotton yield (4404 kg/ha). These results are 

in accordance with the Chauhan et al., (2014).

 Different fertigation levels had distinct 

bearing on WUE Higher WUE was associated 

with higher level of drip fertigation F  (100 % 4

RDF) due to higher yield in F  (100 % RDF) level 4

which was significantly higher than F  (control) 1

but, statistically at par with F  (50 % RDF) and 2

F  (75 % RDF) levels. Similar results have been 3

reported by Harish et al., (2017). Bhalerao et 

al., (2011) also reported that increased WUE 

was obtained with drip irrigation at 0.8 Etc 

with (125 % RDF). Similar results were also 

reported by Bhatoo et al., (2009).
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