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Abstract: Field experiments were conducted at Cotton Research Station, Srivilliputtur for three years from 2017 - 

2018 to 2019-2020 to study the effect of conservation agriculture and residue management practices on weed 

characters and yield of cotton (September to January/February) – maize (February/ March to June) cropping 

system under irrigated conditions. The experiments were carried out in a randomized block design with three 

replications. The treatments consisted of control (T  - Conventional tillage + No residue management), Zero tillage 1

(ZT) + No residue management(T ), ZT with 50 per cent residue management (T ), ZT with 100 per cent residue 2 3

management (T ), Permanent Bed System (PBS) + ZT + No residue management (T ), PBS + ZT + 50 per cent residue 4 5

management (T ), PBS + ZT + 100 per cent residue management (T ). The results revealed that the sedges population 6 7

was drastically increased with the cropping period and it was six times higher than from the first crop to sixth 

crop of the cropping system. The conventional tillage without residue incorporation recorded significantly 

lower weed density and total weed dry weight at 25 and 50 DAS in all the years of study except the first crop. 

Though the conventional tillage without residue incorporation recorded the higher yields of cotton and maize 

in all the years of study, this was on par with that of zero tillage with 100 pre cent and 50 per cent residue 

management during 2017-2018 and 2018-2019 only. The conventional tillage without residue incorporation 

also registered the highest cotton equivalent yield followed by ZT with 100 pre cent residue management, ZT 

with 50 per cent residue management and PBS + ZT + 100 pre cent residue management.
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 Cotton also known as “White Gold” and 

“King of Fibre Crops” is an important fibre cum 

cash crop of India and Tamil Nadu as well. In 

Tamil Nadu, cotton is cultivated in an area of 

1.48 lakh ha during 2017-2018 with a 

production of 2.80 lakh bales and productivity of 

599 kg/ha which is below the world’s average 

yield of 788 kg/ha (Anonymous, 2018). Maize, 

queen of cereals is the most versatile crop with 

wider adoptability in varied agro ecological 

conditions. In India, there is an increasing trend 

is observed in the cultivation of maize in recent 

years (5.98 M ha in 1993 to 8.33 M ha in 2009 

and 9.6 M ha in 2016-2017). Among the total 

residues available in India, cereals including 

maize and cotton contribute 70 per cent (352 MT) 

and 11 per cent (53 MT), respectively. In addition, 

the surplus quantity of residues for cereals and 

fibre crop contribute 58 and 23 per cent 

respectively to the total and approximately 80 per 

cent of surplus cotton residues are subjected to 

on- farm burning (IARI, 2012). The crop residues 

which are having enormous value if utilized 

properly will have great potential for improving 

soil ferti l ity, creation of pollution free 

environment besides improving yield of crops. 

 Conservation agriculture is emerging as a 

big boost for crop production in India. It is based 

on minimal soil disturbance (Reduced or no/ zero 

tillage), which may have great scope to save 

labour, time, fuel and machinery wear.  The main 

concept of zero tillage is to avoid preparatory 

cultivation and without carrying any tillage 

operations. The ideal examples of zero tillage in 
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Tamil Nadu are sowing of rice fallow crops either 

before the harvest of rice (black gram or green 

gram) or in the stubbles after the harvest (cotton).  

Similarly scientific study on zero tillage maize in 

the rice fallow was also attempted and succeeded 

in Tamil Nadu (Vetrivendhan, 2016 and 

Sapthagiri, 2017) and it was found technically 

and economically viable.  However, conservation 

agricultural studies under garden land system is 

very meager. To manage the crop residues in a 

productive and profitable manner, conservation 

agriculture offer a good promise. Development of 

conservation agriculture based resource 

conserving technologies which are more resource 

efficient than conventional method of cultivation 

is paramount importance for long term sustain 

ability. Weeds consume 5 to 6 times of N, 5 to 12 

times of P and 2 to 5 times of K  more than cotton 

crop and thus reduce the cotton yield from 54  to 

85 per cent (Jain et al., 1981). Similarly, weeds 

compete for water, nutrients, space and light and 

reduce the growth and yield of maize. Studying of 

weed characters and weed shift, if any, is also 

important under the new method of cultivation. 

Due to conservation of tillage operation in the 

conservation agriculture, the study on weeds 

dynamics pertaining to crop survival gains 

importance (Brajendra Parmar, 2017).With this 

background, the present study was carried out to 

investigate the effect of conservation agriculture 

and residue management practices in cotton- 

maize cropping system.

MATERIALS AND METHODS

 Field experiments were conducted at 

Cotton Research Station, Srivilliputtur for three 

years from 2017-2018 to 2019-2020 to study the 

effect of conservation agriculture and residue 

management practices on weed characters and 

yield of cotton (September to January/February) 

– maize (February/March to June) cropping system 

under irrigated conditions. The experiments were 

carried out in a randomized block design with 

three replications. The treatments consisted of 

control (T - Conventional tillage + No residue 1

management), Zero tillage (ZT) + No residue 

management (T ), ZT with 50 per cent residue 2

management (T ), ZT with 100 per cent residue 3

management T ), Permanent Bed System (PBS) + 4

ZT + No residue management (T ), PBS + ZT + 50 5

per cent residue management (T ), PBS + ZT + 6

100 per cent residue management (T ). The soil 7

of the experimental field wasclay loam with a pH 

of 8.26. The available nutrient (N, P and K) 

status of the soil was low (196 kg N/ha), high 

(40 kg P/ha) and high (446 kg K/ha). The cotton 

variety SVPR 6 and hybrid maize (S 6668) were 

used for the study. The recommended fertilizer 

dose of 80: 40: 40 and 135: 62.5: 50  kg NPK/ha 

were appliedto cotton and maize, respectively for 

all the treatments. Ridges and furrow method of 

cultivation without residue application was 

followed in control treatment. The seeds of cotton 

and maize were dibbled with 75 x 30 and 75 x 20, 

cm spacing respectively on the surface of soil 

without tillage under zero tillage treatments. 

Permanent Bed System was prepared with a 

bed width of 125 cm and 25 cm furrow width. 

Pre-emergence application of pendimethal in 

at 1.0 kg/ha and atrazine at 0.5kg ha for 

cotton and maize, respectively followed by two 

hand hoeing on 15- 20 DAS and 35-40 DAS 

were practiced for all the treatments. Earthing 

up was carried out during 40 – 45 days after 

sowing of both cotton and maize crops under 

zero tillage (T , T  and T ), while earthing up 2 3 4

was not practiced in PBS treatments (T  ,T  5 6

and T ). Cotton stalks were applied in between 7

rows on the surface of maize field and vice 

versaby weight basis as per treatment schedule. 

The cotton crop was harvested during January 

and February months in three pickings and the 

maize was harvested during June after attaining 

physiological maturity. The data on weed 

density and dry weight were recorded at 25 and 

50 DAS. Observations on seed cotton yield and 

grain yield of maize were recorded.
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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

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.
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Abstract: Field experiments were conducted at Cotton Research Station, Srivilliputtur for three years from 2017 - 

2018 to 2019-2020 to study the effect of conservation agriculture and residue management practices on weed 

characters and yield of cotton (September to January/February) – maize (February/ March to June) cropping 

system under irrigated conditions. The experiments were carried out in a randomized block design with three 

replications. The treatments consisted of control (T  - Conventional tillage + No residue management), Zero tillage 1

(ZT) + No residue management(T ), ZT with 50 per cent residue management (T ), ZT with 100 per cent residue 2 3

management (T ), Permanent Bed System (PBS) + ZT + No residue management (T ), PBS + ZT + 50 per cent residue 4 5

management (T ), PBS + ZT + 100 per cent residue management (T ). The results revealed that the sedges population 6 7

was drastically increased with the cropping period and it was six times higher than from the first crop to sixth 

crop of the cropping system. The conventional tillage without residue incorporation recorded significantly 

lower weed density and total weed dry weight at 25 and 50 DAS in all the years of study except the first crop. 

Though the conventional tillage without residue incorporation recorded the higher yields of cotton and maize 

in all the years of study, this was on par with that of zero tillage with 100 pre cent and 50 per cent residue 

management during 2017-2018 and 2018-2019 only. The conventional tillage without residue incorporation 

also registered the highest cotton equivalent yield followed by ZT with 100 pre cent residue management, ZT 

with 50 per cent residue management and PBS + ZT + 100 pre cent residue management.

Key Words : Cotton, residue management, seed cotton yield, weed density, zero tillage
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 Cotton also known as “White Gold” and 

“King of Fibre Crops” is an important fibre cum 

cash crop of India and Tamil Nadu as well. In 

Tamil Nadu, cotton is cultivated in an area of 

1.48 lakh ha during 2017-2018 with a 

production of 2.80 lakh bales and productivity of 

599 kg/ha which is below the world’s average 

yield of 788 kg/ha (Anonymous, 2018). Maize, 

queen of cereals is the most versatile crop with 

wider adoptability in varied agro ecological 

conditions. In India, there is an increasing trend 

is observed in the cultivation of maize in recent 

years (5.98 M ha in 1993 to 8.33 M ha in 2009 

and 9.6 M ha in 2016-2017). Among the total 

residues available in India, cereals including 

maize and cotton contribute 70 per cent (352 MT) 

and 11 per cent (53 MT), respectively. In addition, 

the surplus quantity of residues for cereals and 

fibre crop contribute 58 and 23 per cent 

respectively to the total and approximately 80 per 

cent of surplus cotton residues are subjected to 

on- farm burning (IARI, 2012). The crop residues 

which are having enormous value if utilized 

properly will have great potential for improving 

soil ferti l ity, creation of pollution free 

environment besides improving yield of crops. 

 Conservation agriculture is emerging as a 

big boost for crop production in India. It is based 

on minimal soil disturbance (Reduced or no/ zero 

tillage), which may have great scope to save 

labour, time, fuel and machinery wear.  The main 

concept of zero tillage is to avoid preparatory 

cultivation and without carrying any tillage 

operations. The ideal examples of zero tillage in 
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Tamil Nadu are sowing of rice fallow crops either 

before the harvest of rice (black gram or green 

gram) or in the stubbles after the harvest (cotton).  

Similarly scientific study on zero tillage maize in 

the rice fallow was also attempted and succeeded 

in Tamil Nadu (Vetrivendhan, 2016 and 

Sapthagiri, 2017) and it was found technically 

and economically viable.  However, conservation 

agricultural studies under garden land system is 

very meager. To manage the crop residues in a 

productive and profitable manner, conservation 

agriculture offer a good promise. Development of 

conservation agriculture based resource 

conserving technologies which are more resource 

efficient than conventional method of cultivation 

is paramount importance for long term sustain 

ability. Weeds consume 5 to 6 times of N, 5 to 12 

times of P and 2 to 5 times of K  more than cotton 

crop and thus reduce the cotton yield from 54  to 

85 per cent (Jain et al., 1981). Similarly, weeds 

compete for water, nutrients, space and light and 

reduce the growth and yield of maize. Studying of 

weed characters and weed shift, if any, is also 

important under the new method of cultivation. 

Due to conservation of tillage operation in the 

conservation agriculture, the study on weeds 

dynamics pertaining to crop survival gains 

importance (Brajendra Parmar, 2017).With this 

background, the present study was carried out to 

investigate the effect of conservation agriculture 

and residue management practices in cotton- 

maize cropping system.

MATERIALS AND METHODS

 Field experiments were conducted at 

Cotton Research Station, Srivilliputtur for three 

years from 2017-2018 to 2019-2020 to study the 

effect of conservation agriculture and residue 

management practices on weed characters and 

yield of cotton (September to January/February) 

– maize (February/March to June) cropping system 

under irrigated conditions. The experiments were 

carried out in a randomized block design with 

three replications. The treatments consisted of 

control (T - Conventional tillage + No residue 1

management), Zero tillage (ZT) + No residue 

management (T ), ZT with 50 per cent residue 2

management (T ), ZT with 100 per cent residue 3

management T ), Permanent Bed System (PBS) + 4

ZT + No residue management (T ), PBS + ZT + 50 5

per cent residue management (T ), PBS + ZT + 6

100 per cent residue management (T ). The soil 7

of the experimental field wasclay loam with a pH 

of 8.26. The available nutrient (N, P and K) 

status of the soil was low (196 kg N/ha), high 

(40 kg P/ha) and high (446 kg K/ha). The cotton 

variety SVPR 6 and hybrid maize (S 6668) were 

used for the study. The recommended fertilizer 

dose of 80: 40: 40 and 135: 62.5: 50  kg NPK/ha 

were appliedto cotton and maize, respectively for 

all the treatments. Ridges and furrow method of 

cultivation without residue application was 

followed in control treatment. The seeds of cotton 

and maize were dibbled with 75 x 30 and 75 x 20, 

cm spacing respectively on the surface of soil 

without tillage under zero tillage treatments. 

Permanent Bed System was prepared with a 

bed width of 125 cm and 25 cm furrow width. 

Pre-emergence application of pendimethal in 

at 1.0 kg/ha and atrazine at 0.5kg ha for 

cotton and maize, respectively followed by two 

hand hoeing on 15- 20 DAS and 35-40 DAS 

were practiced for all the treatments. Earthing 

up was carried out during 40 – 45 days after 

sowing of both cotton and maize crops under 

zero tillage (T , T  and T ), while earthing up 2 3 4

was not practiced in PBS treatments (T  ,T  5 6

and T ). Cotton stalks were applied in between 7

rows on the surface of maize field and vice 

versaby weight basis as per treatment schedule. 

The cotton crop was harvested during January 

and February months in three pickings and the 

maize was harvested during June after attaining 

physiological maturity. The data on weed 

density and dry weight were recorded at 25 and 

50 DAS. Observations on seed cotton yield and 

grain yield of maize were recorded.

Fig. 8:  ICAR-CIRCOT Green Crematorium
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RESULTS AND DISCUSSION

Weed density

 The major weed species observed in the 

experimental f ield were Echinocloaspp, 

Cyperusspp and Trianthema portulacastrum in 

the grasses, sedges and broad leaved weeds 

respectively. As the cropping system forwards,  

there was not much different difference in weed 

density of grasses and broad leaved weeds. 

However the sedges population was drastically 

increased with the cropping period (Table 1 and 2). 

It was observed that the sedges population was 

about six times higher than from the first crop to 

sixth crop of the cropping system. There was no 

much difference in the population of other weeds 

due to tillage methods. The weed population of 

grassy and BLW was significantly lesser in 

T1than other treatments. The lesser weed 

population in conventional ridges and furrow 

method of cultivation was due to through 

preparatory tillage activities like disk ploughing, 

tiller ploughing. Andrew et al., (2016) also 

observed variation in the weed species due to 

crop residue and conservation agriculture in 

maize- cotton cropping system.

 Different tillage practices exerted 

significant influence on weed density of both the 

crops  in the cropping system (Table 1and 2). The 

conven t i ona l  t i l l a g e  w i thou t  r e s i due 

incorporation recorded the significantly the 

lowerweed density during both at 25 and 50 DAS 

Table 2. Effect of conservation agriculture and residue management on weed density (No./m2) of cotton – maize cropping 

system at 50 DAS

Treatments 2017-2018 2018-2019 2019-2020

 Cotton Maize Cotton Maize Cotton Maize

 G S BLW G S BLW G S BLW G S BLW G S BLW G S BLW

T 53  59 31 15 31 6 11 41 3 4 33 7 12 56 12 15 32 131 

T 54 61 33 36 321 28 47 358 53 50 395 38 41 425 20 36 459 362 

T 53 65 32 35 314 27 47 354 50 48 394 36 40 420 16 35 451 323 

T 52 64 34 33 305 25 45 351 51 43 388 36 40 415 13 31 446 304 

T 57 59 35 38 326 28 49 365 55 48 398 39 43 432 26 34 465 335 

T 52 53 35 34 315 27 47 351 53 47 394 37 41 426 22 33 457 296 

T 55 51 34 32 307 25 47 342 51 44 386 35 39 423 20 30 451 287 

SEd. 2.7 2.8 2.1 2.5 15.0 2.4 2.7 18.1 2.6 2.4 20.2 2.0 2.5 20.1 1.1 1.8 24.1 2.2

CD  (p=0.05) NS NS NS 5.3 31.5 5.1 5.7 37.8 5.5 5.1 42.3 4.2 5.3 42.0 2.3 3.8 50.6 4.6

G- Grassy weeds, S- Sedges, BLW- Broad leaved weeds

Table1. Effect of conservation agriculture and residue management on weed density (No./m2) of cotton – maize cropping 

system at 25 DAS

Treatments 2017-2018 2018-2019 2019-2020

 Cotton Maize Cotton Maize Cotton Maize

 G S BLW G S BLW G S BLW G S BLW G S BLW G S BLW

T 57 61 28 25 48 21 7 46 29 31 48 22 4 51 26 13 44 221 

T 56 66 26 45 345 48 21 361 41 51 385 32 20 414 72 18 448 682 

T 58 68 24 44 340 46 20 355 36 50 380 30 19 401 70 17 440 643 

T 58 67 26 43 342 45 18 344 34 52 371 28 18 392 66 16 431 664 

T 59 68 28 47 351 51 22 358 44 57 392 34 22 426 76 20 456 675 

T 60 66 26 46 346 47 20 351 37 54 384 30 19 411 73 18 449 686 

T 64 65 24 49 339 43 17 348 38 50 370 21 17 401 71 17 441 647 

SEd. 3.7 3.4 2.1 2.5 16.2 3.0 1.5 20.1 2.9 2.8 19.8 1.9 1.4 22.1 4.1 1.5 21.6 3.1

CD (p=0.05) NS NS NS 5.3 33.0 6.3 3.1 42.2 6.1 5.9 41.6 4.0 3.0 46.4 8.6 3.1 45.2 6.5

G- Grassy weeds, S- Sedges, BLW- Broad leaved weeds
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in all the years of study except first crop. Being 

first crop of crop rotation, residues application 

and zero tillage were not practiced for cotton and 

hence non significant effect on weed density was 

noticed during first year. The levels of residue 

management practices did not show any 

significant influence on weed density during both 

the time of observation in all the years of cotton- 

maize cropping system. Similarly there was not 

much difference in the weed density due to 

Permanent Bed System also during all the years 

of copping systems. The higher weed density in 

the zero tillage and PBS was due to not carrying 

out of primary tillage operations throughout the 

study. Among the stages of crop, weed population 

was higher at 25 DAS than 50 DAS which was 

due to carrying out one hoeing on 26 DAS and 

also without carrying out any tillage operation 

after the harvest of the crop in zero tillage 

treatments. Cardina et al., (2002) noticed higher 

weed density with conservation agriculture 

which is in accordance with the results of present 

study. Sosnoskie et al., (2006) also found higher 

weed population in the conservation agriculture 

based crop rotation.

Total weed dry weight 

 The total weed dry weight recoded at 25 

and 50 DAS in both the crops  of the cropping 

system are furnished in the Table 3. The 

conventional tillage without residue incorporation 

recorded the significantly lowerweed dry weight 

both at 25 and 50 DAS during all the years of 

study except in first crop. As residues application 

and zero tillage could not be practiced in the first 

crop of cotton in the crop rotation, there was no 

significance among the treatments. The residue 

management practices and PBS did not show any 

significant impact on total weed dry weight 

during both the time of observation. Because of 

more number of sedges particularly Cyperus spp 

and its fast growth after 25 DAS, the dry weight of  

weeds at 25 DAS was nearly similar at 50 DAS. 

The higher weed dry weight in the zero tillage and 

PBS treatments were due to not carrying out of 

primary tillage operations continuously 

throughout the study and the corresponding 

higher weed density.  Teasdale and Mohler 

(2000) found higher weed dry weight in the 

conservation agriculture based cropping system. 

Bauer and Reeves (1999) also observed higher 

weed b iomass  in  cot ton grown under 

conservation agricultural system.

Yield of cotton and maize 

 The results on the yield of crops (Table 4) 

revealed that conventional tillage without residue 

incorporation recorded the highest seed cotton 

yield of cotton in all the years of study, but this was 

on par with that of zero tillage with 100 per cent and 

50 per cent residue management during 2017-

2018 and 2018-2019 and significantly superior 

Maize cropping system influenced by conservation

Table 3. Effect of conservation agriculture and residue management on total weed weight (kg/ ha) of cotton- maize cropping  

system

Treatments 2017-2018 (DAS) 2018-2019 (DAS) 2019-2020 (DAS)

 Cotton Maize Cotton Maize Cotton Maize

 25 50 25 50 25 50 25 50 25 50 25 50

T 144 151 108 112 120 113 101 108 115 108 121 1141 

T 148 152 665 704 733 755 781 804 822 841 857 8782 

T 147 151 661 700 726 743 772 800 806 831 850 8623 

T 145 153 653 689 721 730 762 792 801 822 843 8544 

T 149 154 667 714 740 761 789 809 830 846 869 8885 

T 148 155 669 704 733 762 777 807 824 836 856 8696 

T 146 153 652 701 724 758 769 801 817 829 845 8537 

SEd. 3.1 3.2 10.2 13.1 12.5 13.5 13.7 14.5 14.4 15.7 17.9 19.1

CD (p=0.05) NS NS  21.1 27.4 26.7 28.3 28.8 30.1 29.9 32.9 37.7 40.1

Fig. 8:  ICAR-CIRCOT Green Crematorium
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RESULTS AND DISCUSSION

Weed density

 The major weed species observed in the 

experimental f ield were Echinocloaspp, 

Cyperusspp and Trianthema portulacastrum in 

the grasses, sedges and broad leaved weeds 

respectively. As the cropping system forwards,  

there was not much different difference in weed 

density of grasses and broad leaved weeds. 

However the sedges population was drastically 

increased with the cropping period (Table 1 and 2). 

It was observed that the sedges population was 

about six times higher than from the first crop to 

sixth crop of the cropping system. There was no 

much difference in the population of other weeds 

due to tillage methods. The weed population of 

grassy and BLW was significantly lesser in 

T1than other treatments. The lesser weed 

population in conventional ridges and furrow 

method of cultivation was due to through 

preparatory tillage activities like disk ploughing, 

tiller ploughing. Andrew et al., (2016) also 

observed variation in the weed species due to 

crop residue and conservation agriculture in 

maize- cotton cropping system.

 Different tillage practices exerted 

significant influence on weed density of both the 

crops  in the cropping system (Table 1and 2). The 

conven t i ona l  t i l l a g e  w i thou t  r e s i due 

incorporation recorded the significantly the 

lowerweed density during both at 25 and 50 DAS 

Table 2. Effect of conservation agriculture and residue management on weed density (No./m2) of cotton – maize cropping 

system at 50 DAS

Treatments 2017-2018 2018-2019 2019-2020

 Cotton Maize Cotton Maize Cotton Maize

 G S BLW G S BLW G S BLW G S BLW G S BLW G S BLW

T 53  59 31 15 31 6 11 41 3 4 33 7 12 56 12 15 32 131 

T 54 61 33 36 321 28 47 358 53 50 395 38 41 425 20 36 459 362 

T 53 65 32 35 314 27 47 354 50 48 394 36 40 420 16 35 451 323 

T 52 64 34 33 305 25 45 351 51 43 388 36 40 415 13 31 446 304 

T 57 59 35 38 326 28 49 365 55 48 398 39 43 432 26 34 465 335 

T 52 53 35 34 315 27 47 351 53 47 394 37 41 426 22 33 457 296 

T 55 51 34 32 307 25 47 342 51 44 386 35 39 423 20 30 451 287 

SEd. 2.7 2.8 2.1 2.5 15.0 2.4 2.7 18.1 2.6 2.4 20.2 2.0 2.5 20.1 1.1 1.8 24.1 2.2

CD  (p=0.05) NS NS NS 5.3 31.5 5.1 5.7 37.8 5.5 5.1 42.3 4.2 5.3 42.0 2.3 3.8 50.6 4.6

G- Grassy weeds, S- Sedges, BLW- Broad leaved weeds

Table1. Effect of conservation agriculture and residue management on weed density (No./m2) of cotton – maize cropping 

system at 25 DAS

Treatments 2017-2018 2018-2019 2019-2020

 Cotton Maize Cotton Maize Cotton Maize

 G S BLW G S BLW G S BLW G S BLW G S BLW G S BLW

T 57 61 28 25 48 21 7 46 29 31 48 22 4 51 26 13 44 221 

T 56 66 26 45 345 48 21 361 41 51 385 32 20 414 72 18 448 682 

T 58 68 24 44 340 46 20 355 36 50 380 30 19 401 70 17 440 643 

T 58 67 26 43 342 45 18 344 34 52 371 28 18 392 66 16 431 664 

T 59 68 28 47 351 51 22 358 44 57 392 34 22 426 76 20 456 675 

T 60 66 26 46 346 47 20 351 37 54 384 30 19 411 73 18 449 686 

T 64 65 24 49 339 43 17 348 38 50 370 21 17 401 71 17 441 647 

SEd. 3.7 3.4 2.1 2.5 16.2 3.0 1.5 20.1 2.9 2.8 19.8 1.9 1.4 22.1 4.1 1.5 21.6 3.1

CD (p=0.05) NS NS NS 5.3 33.0 6.3 3.1 42.2 6.1 5.9 41.6 4.0 3.0 46.4 8.6 3.1 45.2 6.5

G- Grassy weeds, S- Sedges, BLW- Broad leaved weeds
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in all the years of study except first crop. Being 

first crop of crop rotation, residues application 

and zero tillage were not practiced for cotton and 

hence non significant effect on weed density was 

noticed during first year. The levels of residue 

management practices did not show any 

significant influence on weed density during both 

the time of observation in all the years of cotton- 

maize cropping system. Similarly there was not 

much difference in the weed density due to 

Permanent Bed System also during all the years 

of copping systems. The higher weed density in 

the zero tillage and PBS was due to not carrying 

out of primary tillage operations throughout the 

study. Among the stages of crop, weed population 

was higher at 25 DAS than 50 DAS which was 

due to carrying out one hoeing on 26 DAS and 

also without carrying out any tillage operation 

after the harvest of the crop in zero tillage 

treatments. Cardina et al., (2002) noticed higher 

weed density with conservation agriculture 

which is in accordance with the results of present 

study. Sosnoskie et al., (2006) also found higher 

weed population in the conservation agriculture 

based crop rotation.

Total weed dry weight 

 The total weed dry weight recoded at 25 

and 50 DAS in both the crops  of the cropping 

system are furnished in the Table 3. The 

conventional tillage without residue incorporation 

recorded the significantly lowerweed dry weight 

both at 25 and 50 DAS during all the years of 

study except in first crop. As residues application 

and zero tillage could not be practiced in the first 

crop of cotton in the crop rotation, there was no 

significance among the treatments. The residue 

management practices and PBS did not show any 

significant impact on total weed dry weight 

during both the time of observation. Because of 

more number of sedges particularly Cyperus spp 

and its fast growth after 25 DAS, the dry weight of  

weeds at 25 DAS was nearly similar at 50 DAS. 

The higher weed dry weight in the zero tillage and 

PBS treatments were due to not carrying out of 

primary tillage operations continuously 

throughout the study and the corresponding 

higher weed density.  Teasdale and Mohler 

(2000) found higher weed dry weight in the 

conservation agriculture based cropping system. 

Bauer and Reeves (1999) also observed higher 

weed b iomass  in  cot ton grown under 

conservation agricultural system.

Yield of cotton and maize 

 The results on the yield of crops (Table 4) 

revealed that conventional tillage without residue 

incorporation recorded the highest seed cotton 

yield of cotton in all the years of study, but this was 

on par with that of zero tillage with 100 per cent and 

50 per cent residue management during 2017-

2018 and 2018-2019 and significantly superior 

Maize cropping system influenced by conservation

Table 3. Effect of conservation agriculture and residue management on total weed weight (kg/ ha) of cotton- maize cropping  

system

Treatments 2017-2018 (DAS) 2018-2019 (DAS) 2019-2020 (DAS)

 Cotton Maize Cotton Maize Cotton Maize

 25 50 25 50 25 50 25 50 25 50 25 50

T 144 151 108 112 120 113 101 108 115 108 121 1141 

T 148 152 665 704 733 755 781 804 822 841 857 8782 

T 147 151 661 700 726 743 772 800 806 831 850 8623 

T 145 153 653 689 721 730 762 792 801 822 843 8544 

T 149 154 667 714 740 761 789 809 830 846 869 8885 

T 148 155 669 704 733 762 777 807 824 836 856 8696 

T 146 153 652 701 724 758 769 801 817 829 845 8537 

SEd. 3.1 3.2 10.2 13.1 12.5 13.5 13.7 14.5 14.4 15.7 17.9 19.1

CD (p=0.05) NS NS  21.1 27.4 26.7 28.3 28.8 30.1 29.9 32.9 37.7 40.1

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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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. 
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CCS Haryana Agricultural University, Hisar has introduced the 
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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.
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April every year.
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than other treatments during 2019-2020 except 

during first year of cotton crop. Similar trend of 

comparable yield under conventional tillage and 

zero tillage with both 100 and 50 per cent of 

residue application was also observed in maize 

during first two years and there was significantly 

higher yield was noticed by conventional tillage 

during third year of cropping system. Being first 

crop of crop rotation, residues application and 

zero tillage were not practiced for cotton and 

hence non significant effect on  seed cotton 

yield was noticed. Similar results from the field 

experiment at Cotton Research Station, TNAU, 

Srivilliputtur revealed that incorporating rice 

stubbles in the fields of summer irrigated cotton 

resulted in increasing the seed cotton yield than 

without incorporation (Srinivasan, 2013). 

Kumar and Babalad (2017) also found that both 

the conservation agricultural systems of no and 

reduced tillage with crop residue application 

registered significantly higher yield of cotton 

than conventional tillage at UAS, Dharwad. At 

Akola, minimum tillage registered comparable 

seed cotton yield with conservation tillage 

under rainfed conditions (Sonune et al., 

2013 ) .  Somasundaram e t  a l . ,  ( 2007 ) 

observed improved grain yield of succeeding 

cowpea crop by the incorporation of cotton stalk 

was also in conformity with the present 

investigation.

Cotton equivalent yield of cropping  system

 The CEY of cotton – maize cropping 

system (Table 4) showed that conventional tillage 

without residue incorporation registered the 

highest cotton equivalent yield of 3584 and 4046 

kg/ha  during first and second year of study 

respectively. This was followed by ZT with 100 

per cent residue management (3514and 3924 

kg/ha in Ist and IInd year) and ZT with 50 per 

cent residue management (3481 and 3841 kg/ha 

during 2017-2018 and 2018-2019) and PBS + ZT 

+ 100 per cent residue management (3413 and 

3770 kg/ha during 2017-2018 and 2018-2019) 

in maize - cotton cropping system. However 

during 2019-2020, cotton equivalent yields were 

in the order of conventional tillage without residue 

incorporation followed by ZT with 100 per cent  

residue management, PBS + ZT + 100 per cent 

residue management and ZT with 50 per cent 

residue management which recorded4646, 4240, 

4189 and 4079kg/ha, respectively. The results of 

the field experiments at Pakhtunkhwa, Pakistan 

indicated that incorporation of maize stubbles 

Table 4.  Effect of conservation agriculture and residue management on yield of cotton- maize cropping  system

Treatments 2017-2018   2018-2019    2019-2020

 Seed Grain CEY of Total Seed Grain CEY of Total Seed Grain     CEY of Total

 cotton yield of maize CEY of cotton yield of maize CEY of cotton yield of maize CEY of

 yield maize (kg/ha) cropping yield maize (kg/ha) cropping yield maize (kg/ha) cropping 

 (kg/ha) (kg/ha)  system (kg/ha) (kg/ha)  system (kg/ha) (kg/ha)  system

    (kg/ha)    (kg/ha)    (kg/ha)

T 2028 5618 1556 3584 2069 4787 1977 4046 1803 5856 2843 46461 

T 2017 5036 1395 3412 1873 4311 1781 3654 1526 5017 2435 39612 

T 2019 5277 1462 3481 1966 4539 1875 3841 1551 5208 2528 40793 

T 2022 5385 1492 3514 2012 4628 1912 3924 1625 5386 2615 42404 

T 1986 4904 1358 3344 1804 4033 1666 3470 1517 5122 2486 40035 

T 1995 5005 1386 3381 1837 4308 1779 3616 1542 5145 2498 40406 

T 2001 5093 1411 3412 1925 4467 1845 3770 1601 5331 2588 41897 

SEd. 74.2 180.2 - - 71.1 141.2 - - 80.4 165.1 - -

CD (p=0.05) NS 376.6 - - 148.6 295.1 - - 168.1 345.5 - —

CEY – Cotton Equivalent yield

Sale price of kapas was Rs 45 / kg ,Rs 46 / kg and  Rs   35 / kg during 2017-18, 2018-19  and 2019-20,  respectively

Sale price of maize grain was Rs 12.50 / kg,  Rs 19.00 / kg and  Rs   17.00 / kg  during 2018,2019 and  2020, respectively
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prior to sowing of wheat lead to earlier emergence 

of seeds, taller plants, higher tiller production 

and higher grain yield of wheat (Basir et al., 

2015). The higher yield under stubble 

incorporation might be due to greater nutrient 

availability (Malhi et al., 2006), mineralization of 

stubbles, resultantly increased microbial carbon 

and nitrogen pools (Kristensen et al., 2003).    

 Thus, it is concluded from the study that 

the conventional tillage without residue 

incorporation recorded significantly lower weed 

density and total weed dry weight than zero 

tillage. The sedges population was drastically 

increased with the cropping period in the 

conservation agriculture. Zero tillage under 

cotton- maize tillage was technically feasible for 

the first two years only by registering comparable 

yield of crops with conventional tillage without 

residue application.
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than other treatments during 2019-2020 except 

during first year of cotton crop. Similar trend of 

comparable yield under conventional tillage and 

zero tillage with both 100 and 50 per cent of 

residue application was also observed in maize 

during first two years and there was significantly 

higher yield was noticed by conventional tillage 

during third year of cropping system. Being first 

crop of crop rotation, residues application and 

zero tillage were not practiced for cotton and 

hence non significant effect on  seed cotton 

yield was noticed. Similar results from the field 

experiment at Cotton Research Station, TNAU, 

Srivilliputtur revealed that incorporating rice 

stubbles in the fields of summer irrigated cotton 

resulted in increasing the seed cotton yield than 

without incorporation (Srinivasan, 2013). 

Kumar and Babalad (2017) also found that both 

the conservation agricultural systems of no and 

reduced tillage with crop residue application 

registered significantly higher yield of cotton 

than conventional tillage at UAS, Dharwad. At 

Akola, minimum tillage registered comparable 

seed cotton yield with conservation tillage 

under rainfed conditions (Sonune et al., 

2013 ) .  Somasundaram e t  a l . ,  ( 2007 ) 

observed improved grain yield of succeeding 

cowpea crop by the incorporation of cotton stalk 

was also in conformity with the present 

investigation.

Cotton equivalent yield of cropping  system

 The CEY of cotton – maize cropping 

system (Table 4) showed that conventional tillage 

without residue incorporation registered the 

highest cotton equivalent yield of 3584 and 4046 

kg/ha  during first and second year of study 

respectively. This was followed by ZT with 100 

per cent residue management (3514and 3924 

kg/ha in Ist and IInd year) and ZT with 50 per 

cent residue management (3481 and 3841 kg/ha 

during 2017-2018 and 2018-2019) and PBS + ZT 

+ 100 per cent residue management (3413 and 

3770 kg/ha during 2017-2018 and 2018-2019) 

in maize - cotton cropping system. However 

during 2019-2020, cotton equivalent yields were 

in the order of conventional tillage without residue 

incorporation followed by ZT with 100 per cent  

residue management, PBS + ZT + 100 per cent 

residue management and ZT with 50 per cent 

residue management which recorded4646, 4240, 

4189 and 4079kg/ha, respectively. The results of 

the field experiments at Pakhtunkhwa, Pakistan 

indicated that incorporation of maize stubbles 

Table 4.  Effect of conservation agriculture and residue management on yield of cotton- maize cropping  system

Treatments 2017-2018   2018-2019    2019-2020

 Seed Grain CEY of Total Seed Grain CEY of Total Seed Grain     CEY of Total

 cotton yield of maize CEY of cotton yield of maize CEY of cotton yield of maize CEY of

 yield maize (kg/ha) cropping yield maize (kg/ha) cropping yield maize (kg/ha) cropping 

 (kg/ha) (kg/ha)  system (kg/ha) (kg/ha)  system (kg/ha) (kg/ha)  system

    (kg/ha)    (kg/ha)    (kg/ha)

T 2028 5618 1556 3584 2069 4787 1977 4046 1803 5856 2843 46461 

T 2017 5036 1395 3412 1873 4311 1781 3654 1526 5017 2435 39612 

T 2019 5277 1462 3481 1966 4539 1875 3841 1551 5208 2528 40793 

T 2022 5385 1492 3514 2012 4628 1912 3924 1625 5386 2615 42404 

T 1986 4904 1358 3344 1804 4033 1666 3470 1517 5122 2486 40035 

T 1995 5005 1386 3381 1837 4308 1779 3616 1542 5145 2498 40406 

T 2001 5093 1411 3412 1925 4467 1845 3770 1601 5331 2588 41897 

SEd. 74.2 180.2 - - 71.1 141.2 - - 80.4 165.1 - -

CD (p=0.05) NS 376.6 - - 148.6 295.1 - - 168.1 345.5 - —

CEY – Cotton Equivalent yield

Sale price of kapas was Rs 45 / kg ,Rs 46 / kg and  Rs   35 / kg during 2017-18, 2018-19  and 2019-20,  respectively

Sale price of maize grain was Rs 12.50 / kg,  Rs 19.00 / kg and  Rs   17.00 / kg  during 2018,2019 and  2020, respectively
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prior to sowing of wheat lead to earlier emergence 

of seeds, taller plants, higher tiller production 

and higher grain yield of wheat (Basir et al., 

2015). The higher yield under stubble 

incorporation might be due to greater nutrient 

availability (Malhi et al., 2006), mineralization of 

stubbles, resultantly increased microbial carbon 

and nitrogen pools (Kristensen et al., 2003).    

 Thus, it is concluded from the study that 

the conventional tillage without residue 

incorporation recorded significantly lower weed 

density and total weed dry weight than zero 

tillage. The sedges population was drastically 

increased with the cropping period in the 

conservation agriculture. Zero tillage under 

cotton- maize tillage was technically feasible for 

the first two years only by registering comparable 

yield of crops with conventional tillage without 

residue application.
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Abstract: A field experiment was conducted during kharif  2018 at Agronomy Farm, College of Agriculture, Dhule. 

To study the effect of drought management on growth and yield of cotton under rainfed condition. The experiment 

was laid out in randomized block design with three  replications and nine treatments viz., T - foliar spray of 1

(Glycine betaine @ 0.3%) at 45-55 DAS, T - foliar spray of (Kaolin @ 1.25%) at 45-55 DAS, T - foliar spray of (KCl @ 2 3

0.3%) at 45-55 DAS, T4- seed treatment with (Proline @ 8.0%), T5- seed treatment with (Proline @ 8.0%) + Foliar 

spray of (Glycine betaine @ 0.3%) at 45-55 DAS, T - seed treatment with (Proline @ 8.0%) + Foliar spray of (Kaolin @ 6

1.25%) at 45-55 DAS, T - seed treatment with (Proline @ 8.0%) + Foliar spray of (KCl @ 0.3%) at 45-55 DAS, T - 7 8

seed treatment with (Proline @ 8.0%) + Water spray, T - water spray alone. The results revealed that the significant 9

difference among the drought management treatments with respect to growth and yield parameters, specific leaf 

weight, leaf water content and chlorophyll content were observed. The treatment T - seed treatment with (Proline 5

@ 8.0%) + Foliar spray of (Glycine betaine @ 0.3%) at 45-55 DAS recorded significantly higher yield (2491 kg/ha) 

than all treatments and it was 53.95 per cent higher than treatment T - water spray alone  (1147 kg/ha). The 9

growth and yield parameters were also higher with treatment T - seed treatment with (Proline @  8.0%) + Foliar 5

spray of (Glycine betaine @ 0.3%) at 45-55 DAS treatment compared to other treatments.  The highest  gross  

monetary  return (` 131268/ha),  net monetary  return ( ̀  80648/ ha) and benefit:cost  ratio (2.59) were  obtained  

highest  by the same treatment. The study indicated that seed treatment with (Proline @ 8.0%) + Foliar spray of 

(Glycine betaine @ 0.3%) at 45-55 DAS was found beneficial for achieving maximum seed cotton yield and net 

monetary return under rainfed condition.

Key words: Cotton, drought, glycine betaine, proline, relative water content

 Cotton, the "White Gold" is also known as 

"King of Fibre Crops", and is the main raw material 

for textile industry. It is the most important global 

cash crop and controls economy of many nations. 

Cotton provides gainful employment to several 

million people in cultivation, trade, processing, 

manufacturing and marketing, sustaining directly 

or indirectly about 10 per cent of the population of 

India. In spite of having over 28 per cent world 

acreage under cotton, India accounts for only 14 

to 15 per cent of the global production. The 

productivity/ha in our country is 568 kg/ha for 

the last few years with marginal ups and downs. 

The world’s average is higher at about 688 kg/ha. 

The productivity in our country is lower as 70 

per cent of cotton is under rainfed condition, 

which is characterized by uneven rainfall 

coupled with drought.

 Plant response to drought is in two ways 

viz., susceptibility and tolerance, which depends 

on the species, genotype and the developmental 

age of the plant. A strategy that tolerant plant 

often uses to overcome water deficit is the 

accumulation of solutes (osmotic adjustment) in 

the cell to help maintain plant water status, 

particularly under drought. Recent studies 

indicated that glycine betaine foliar spray 

enhanced osmotic adjustment and improved 

drought and heat stress tolerance (Cassandra 

and Oosterhius, 1999). Research on similar lines 

is required to study the effect of other osmolytes 

on different genotypes.

 Drought  stress  significantly  limits  crop  

production worldwide. Cumulatively, these 

factors are estimated to be responsible for an 

average 70 per cent reduction in agricultural 
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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
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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
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