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ABSTRACT :  Cleistogamy in Gossypium barbadense L. is controlled by digenic inheritance. Chasmogamous 

flower is dominant over cleistogamous flowers in cotton.  However, full cleistogamy expression depends on the 

environment in many plants. However, an accession of CCB12 showed full cleistogamy over the season and 

environment. Its inheritance was studied by crossing cleistogamy line with chasmogamous line. Cross between 

chasmogmaous (Suvin) and cleistogamous (CCB12) produced chasmogamous flowers only and same the case 

with the reciprocal crosses. However, the F  showed a segregation of 15:1 for chasmogamous to cleistogamous 2

ratio indicates, involve of double recessive genes. Back cross (BC ) from P  (BC F ) (BC  (Suvin × CCB 12) × Suvin) 1 1 1 1 1

showed complete chasmogamous lines; however, Back cross (BC F ) from P  (BC  (CCB 12 × Suvin) × CCB 12) 1 1 2 2

expressed 3:1 ratio for chasmogamous to cleistogamy lines. In future, these cleistogamous lines can be 

transferred to non-cleistogamous genotypes for maintaining the genetic structure and useful in maintenance, 

this would reduce the hectic labor-intensive selfing.
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 Cleistogamy is a form of reproductive 

mechanism, which promotes self-pollination. It 

is a condition in which the flower remains closed 

even after anthesis, such a closed flower ensures 

there is no pollen outcrossing from outside. 

Cleistogamy the term first used by Kuhn in 1867 to 

denote the bud-like flower in plants, cleistogamy 

l i teral ly means closed marriage,  while 

chasmogamy is open marriage in which the flower 

part is open and which facilitates outcrossing. 

Darwin (1877) observed cleistogamy in Viola, 

Oxalis, and Impatiens species. This phenomenon 

is noticed in 59 families of 228 genera in 693 

species of angiosperm. Lord (1981) reported the 

occurrence of cleistogamy in 56 families of 287 

species. Investigations indicated that the evolution 

of cleistogamy in taxa may be influenced by the 

presence of heterogeneous environments, 

inbreeding depression, geitonogamy and 

differential seed dispersal, as well as by various 

ecological factors and plant size (Zhang et al., 

2017). Cotton belongs to the genus Gossypium of 

Malvaceae family characteristics of producing 

chasmogamous flower. Bees and winds are the 

responsible for chances of out crossing which 

accounts up to 0.53 to 15.36 per cent of cross-

pollination, which makes cotton as often cross-

pollination category. Out crossing is a major problem 

in germplasm and varietal maintenance. Since every 

time genetic purity of a line get contaminated with 

outcross pollens as a results condition of 

homozygosity of alleles get converted into 

heterozygosity resulting in heterogeneous 

population. In few germplasm in G. barbadense lines 

possess the cleistogamy nature of flowers 

(Mukhiddinov and Abzalov, 1995; Mukhiddinov, 

2010). Self-pollination is favored in many plant 

species where out crossing is hindered by the 

shortage of pollination mechanisms like pollinators 

and harsh environment for free pollen flow. In such 

cases, plants possess plasticity to produce 

cleistogamous flowers as a backup mechanism to 

survive the reproduction. Cleistogamous flowers 

produces self fertilized seeds by preventing 

outcross and generally aid in fixing locally 

adapted gene complexes of any species. Genes can 
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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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flower bud remains closed and it never opens at all. 

Once the anthesis over, the flower color turns into 

pink and is dried. This dried corolla remains intact 

until the boll develops, often we can see the cap like 

scar on the tip of the boll (Fig 1). 

 The cross between P  (chasmogamous) 1

suvin variety crossed with P  (cleistogamous) 2

(CCB 12) and F  hybrid was produced which showed 1

complete chasmogamous flower types only (Table 1). 

Reciprocal cross between both parents also showed 

chasmogamous type, which evident that 

cleistogamy was completely recessive when 

compared with chasmogamous line. Subsequent F  2

segregation gave the segregating ratio of 15:1 for 

each contrasting character (260 chasmogamous 

and 17 cleistogamous) from P ×P  and 250 1 2

chasmogamous and 18 cleistogamous from P  × P . It 2 1

evinced the double recessive nature of cleistogamy 

inheritance. Back cross from P  (BC1 (Suvin × CCB 1

12) × Suvin) showed complete chasmogamous 

lines; however back cross from P2 (BC2 (CCB 12 ×  

Suvin) × CCB 12) expressed 3:1 ratio for 

chasmogamous to cleistogamy lines.  Cleistogamy 

is an adaptation to ensure seed production under 

adverse conditions. The cleistogamous plant 

appears to sacrifice long-term genetic fitness in 

preventing out crossing, in order to ensure seed set.

 The mechanism of cleistogamy and 

effects of ecological factors on cleistogamous 

expression studies are being carried out widely in 

different plant species. A considerable range (1 to 

81 %) for natural out-crossing in cotton has been 

reported, with most reports citing more than 10 

per cent (Meredith and Bridge, 1973). This not 

only leads to rapid genetic deterioration of 

released cultivars and genetic stocks, but it also 

influences the efficiency of crop-breeding 

procedures since selfing of early generation 

selections is expensive and difficult. Cotton with 

cleisotgamous flowers would reduce the natural 

out-crossing to an extent that the problem of 

genetic contamination could be solved. Because 

of the ability of the cleisotgamy character to 

maintain the genetic purity of genotypes, the trait 

appears to be extremely useful. Once the pattern 

of cleistogamy inheritance in G. barbadense 

studied well; it can be transferred to other 

Gossypium species (Manivannan, 2020). 

 Cleistogamous flowers help in reproduction 

with minimal energy and resource expenditure. It 

also maximizes the chance of reproduction, which 

is an important factor where the agents of 

pollination are scarce. Cleistogamy is a model 

system which used to study the evolution of diverse 

floral morphologies and reproduction strategies 

and breeding systems, which illustrate the 

importance of floral biology in applied breeding 

(Stebbin, 1974; Lord, 1981). Cleistogamous plants 

could also be important for better control of 

genetically modified lines of agriculturally 

important crops (Daniell, 2002). For these reasons, 

a better understanding of the genetic control of 

cleistogamy is necessary. In case of controlling of 

spread of foreign pollens especially in case of 

genetically modified crops, where cotton is 

leading in world acreage in terms of transgene, 

cleistogamy is an ideal system to control the 

pollen spread. Further molecular studies would 

Table 1. Inheritance of cleistogamous flowering in G. barbadense 

Type Number of plants Phenotypic class Ratio 2 value P value

  Chasmogamous Cleistogamous   

Suvin 55 55 - 1:0 0.0 0.0

CCB 12 55 - 55 1:0 0.0 0.0

F1 ( Suvin x CCB 12) 40 40 - 1:0 0.0 0.0

F1 (CCB 12 x Suvin) 45 45 - 1:0 0.0 0.0

F2 ( Suvin x CCB 12) 277 260 17 15:1 0.21 0.65

F2 (CCB 12 x Suvin) 268 250 18 15:1 0.37 0.51

BC1( Suvin x CCB 12) x  Suvin 145 145 - 1:0 0.0 0.0

BC2 ( Suvin x CCB 12) x  CCB 12 126 96 30 3:1 0.10 0.75
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be preserved and fixed in an effective mechanism. It 

would be effective to transfer the cleistogamous trait 

into non cleistogamous lines to maintain the genetic 

composition. Segregating generation of F  derived 2

from a cross between G. hirsutum and G. 

barbadense revealed that two recessive genes (cg1 

cg2) were responsible for cleistogamous inheritance 

(Hau et al., 1980). In lieu of the above background, 

Khattab et al., 1982 observed recessive genes 

responsible for cleistogamous flowering in a BC2 

population from a cross of G. hirsutum and G. 

barbadense.  Zhang (1992 and 2002) identified 

stable cleistogamous lines from various segregating 

populations. The purpose of this study was to 

investigate the inheritance of cleistogamy in G. 

barbadense and would be used to transfer the trait of 

cleistogamy into non cleistogamy lines.

MATERIALS AND METHODS

 One chasmogamous line (Suvin) and 

another cleistogamous line (CCB 12 which is a 

mutant from the Gossypium barbadense intra cross 

SS-2 (Suvin x Giza-45)) were taken as a parent for 

production of hybrid crosses to study the inheritance 

pattern of cleistogamy in tropical G. barbadense 

genotypes. The following crosses were produced 

from 2017-2018 at ICAR-Central Institute for Cotton 

Research, Regional Station, Coimbatore.  

(1) F  and F  paired reciprocal hybrids: F : (a) P  × 1 2 1 1

P  and (b) P  × P .2 2 1

(2) Backcross hybrids: BC : (P  × P ) × P  and BC : 1 1 2 1 2

(P  × P ) × P .1 2 2

P : Suvin is a chasmogamous flower, P : CCB 12 1 2

is a cleistogamous line

 The crop was raised in normal agronomic 

conditions with spacing of 90 x 60 cm. All the 

plants in the parental and segregating 

generations were observed for flowering behavior 

from anthesis to boll formation. The results were 

tested for goodness of fit to postulated ratios 

using the chi-square test.

RESULTS AND DISCUSSION

 In cotton plant, once it begins to bloom it 

is called as “flowering.” Gossypium barbadense 

cotton typically flowers for about 6-7 weeks. 

Once blooms are onset, the stage of cotton 

development is discussed in terms of weeks of 

bloom. Cotton square is actually a flower bud; 

three bracts surround the flower bud in a pyramid-

like shape.  G. barbadense cotton plant produces 

perfect flowers, meaning the flower contains both 

male and female organs. The first square is 

typically visible on node 5 to 6 about 37-39 days 

after planting. Anthesis or a flower bloom occurs 

approximately 24 days after the first square 

appears. Flowering is important to cotton 

production because pollinated flowers produce 

cotton bolls. The bloom process takes several days 

and bloom age can be estimated by the bloom 

characteristics. On the day a flower opens, it is 

yellow in color. Pollination of that flower usually 

occurs within a few hours after the yellow flower 

opens. However, in case of cleistogamous type, the 

Fig.1 Cleistogamous line CCB12 is a mutant from the Gossypium barbadense intra cross SS-2 (Suvin x Giza-45)

Fig. 8:  ICAR-CIRCOT Green Crematorium
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flower bud remains closed and it never opens at all. 

Once the anthesis over, the flower color turns into 

pink and is dried. This dried corolla remains intact 

until the boll develops, often we can see the cap like 

scar on the tip of the boll (Fig 1). 

 The cross between P  (chasmogamous) 1

suvin variety crossed with P  (cleistogamous) 2

(CCB 12) and F  hybrid was produced which showed 1

complete chasmogamous flower types only (Table 1). 

Reciprocal cross between both parents also showed 

chasmogamous type, which evident that 

cleistogamy was completely recessive when 

compared with chasmogamous line. Subsequent F  2

segregation gave the segregating ratio of 15:1 for 

each contrasting character (260 chasmogamous 

and 17 cleistogamous) from P ×P  and 250 1 2

chasmogamous and 18 cleistogamous from P  × P . It 2 1

evinced the double recessive nature of cleistogamy 

inheritance. Back cross from P  (BC1 (Suvin × CCB 1

12) × Suvin) showed complete chasmogamous 

lines; however back cross from P2 (BC2 (CCB 12 ×  

Suvin) × CCB 12) expressed 3:1 ratio for 

chasmogamous to cleistogamy lines.  Cleistogamy 

is an adaptation to ensure seed production under 

adverse conditions. The cleistogamous plant 

appears to sacrifice long-term genetic fitness in 

preventing out crossing, in order to ensure seed set.

 The mechanism of cleistogamy and 

effects of ecological factors on cleistogamous 

expression studies are being carried out widely in 

different plant species. A considerable range (1 to 

81 %) for natural out-crossing in cotton has been 

reported, with most reports citing more than 10 

per cent (Meredith and Bridge, 1973). This not 

only leads to rapid genetic deterioration of 

released cultivars and genetic stocks, but it also 

influences the efficiency of crop-breeding 

procedures since selfing of early generation 

selections is expensive and difficult. Cotton with 

cleisotgamous flowers would reduce the natural 

out-crossing to an extent that the problem of 

genetic contamination could be solved. Because 

of the ability of the cleisotgamy character to 

maintain the genetic purity of genotypes, the trait 

appears to be extremely useful. Once the pattern 

of cleistogamy inheritance in G. barbadense 

studied well; it can be transferred to other 

Gossypium species (Manivannan, 2020). 

 Cleistogamous flowers help in reproduction 

with minimal energy and resource expenditure. It 

also maximizes the chance of reproduction, which 

is an important factor where the agents of 

pollination are scarce. Cleistogamy is a model 

system which used to study the evolution of diverse 

floral morphologies and reproduction strategies 

and breeding systems, which illustrate the 

importance of floral biology in applied breeding 

(Stebbin, 1974; Lord, 1981). Cleistogamous plants 

could also be important for better control of 

genetically modified lines of agriculturally 

important crops (Daniell, 2002). For these reasons, 

a better understanding of the genetic control of 

cleistogamy is necessary. In case of controlling of 

spread of foreign pollens especially in case of 

genetically modified crops, where cotton is 

leading in world acreage in terms of transgene, 

cleistogamy is an ideal system to control the 

pollen spread. Further molecular studies would 

Table 1. Inheritance of cleistogamous flowering in G. barbadense 

Type Number of plants Phenotypic class Ratio 2 value P value

  Chasmogamous Cleistogamous   

Suvin 55 55 - 1:0 0.0 0.0

CCB 12 55 - 55 1:0 0.0 0.0

F1 ( Suvin x CCB 12) 40 40 - 1:0 0.0 0.0

F1 (CCB 12 x Suvin) 45 45 - 1:0 0.0 0.0

F2 ( Suvin x CCB 12) 277 260 17 15:1 0.21 0.65

F2 (CCB 12 x Suvin) 268 250 18 15:1 0.37 0.51

BC1( Suvin x CCB 12) x  Suvin 145 145 - 1:0 0.0 0.0

BC2 ( Suvin x CCB 12) x  CCB 12 126 96 30 3:1 0.10 0.75

Manivannan, Dhamayanthi and Rathinavel194

be preserved and fixed in an effective mechanism. It 

would be effective to transfer the cleistogamous trait 

into non cleistogamous lines to maintain the genetic 

composition. Segregating generation of F  derived 2

from a cross between G. hirsutum and G. 

barbadense revealed that two recessive genes (cg1 

cg2) were responsible for cleistogamous inheritance 

(Hau et al., 1980). In lieu of the above background, 

Khattab et al., 1982 observed recessive genes 

responsible for cleistogamous flowering in a BC2 

population from a cross of G. hirsutum and G. 

barbadense.  Zhang (1992 and 2002) identified 

stable cleistogamous lines from various segregating 

populations. The purpose of this study was to 

investigate the inheritance of cleistogamy in G. 

barbadense and would be used to transfer the trait of 

cleistogamy into non cleistogamy lines.

MATERIALS AND METHODS

 One chasmogamous line (Suvin) and 

another cleistogamous line (CCB 12 which is a 

mutant from the Gossypium barbadense intra cross 

SS-2 (Suvin x Giza-45)) were taken as a parent for 

production of hybrid crosses to study the inheritance 

pattern of cleistogamy in tropical G. barbadense 

genotypes. The following crosses were produced 

from 2017-2018 at ICAR-Central Institute for Cotton 

Research, Regional Station, Coimbatore.  

(1) F  and F  paired reciprocal hybrids: F : (a) P  × 1 2 1 1

P  and (b) P  × P .2 2 1

(2) Backcross hybrids: BC : (P  × P ) × P  and BC : 1 1 2 1 2

(P  × P ) × P .1 2 2

P : Suvin is a chasmogamous flower, P : CCB 12 1 2

is a cleistogamous line

 The crop was raised in normal agronomic 

conditions with spacing of 90 x 60 cm. All the 

plants in the parental and segregating 

generations were observed for flowering behavior 

from anthesis to boll formation. The results were 

tested for goodness of fit to postulated ratios 

using the chi-square test.

RESULTS AND DISCUSSION

 In cotton plant, once it begins to bloom it 

is called as “flowering.” Gossypium barbadense 

cotton typically flowers for about 6-7 weeks. 

Once blooms are onset, the stage of cotton 

development is discussed in terms of weeks of 

bloom. Cotton square is actually a flower bud; 

three bracts surround the flower bud in a pyramid-

like shape.  G. barbadense cotton plant produces 

perfect flowers, meaning the flower contains both 

male and female organs. The first square is 

typically visible on node 5 to 6 about 37-39 days 

after planting. Anthesis or a flower bloom occurs 

approximately 24 days after the first square 

appears. Flowering is important to cotton 

production because pollinated flowers produce 

cotton bolls. The bloom process takes several days 

and bloom age can be estimated by the bloom 

characteristics. On the day a flower opens, it is 

yellow in color. Pollination of that flower usually 

occurs within a few hours after the yellow flower 

opens. However, in case of cleistogamous type, the 

Fig.1 Cleistogamous line CCB12 is a mutant from the Gossypium barbadense intra cross SS-2 (Suvin x Giza-45)

Fig. 8:  ICAR-CIRCOT Green Crematorium
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Fig. 1. Fetal monster showing cyclopia and arhinia
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 Cotton is grown in about 100 countries 

and traded in around 150 countries worldwide 
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and has emerged as the largest producer in the 
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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



196

enhance the understanding of clesitogamous 

mechanism (Kumar et al., 2021). Therefore, in 

view of above cited all these reasons, cleistogamy 

in cotton has to be studied well for further 

utilization of this phenomenon.
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ABSTRACT : Cotton leaf curl disease (CLCuD), caused by begomoviruses in association with satellite molecules, 

is the biggest  threat to cotton production and productivity in north India. The line  GVS-9 showed resistance to 
1CLCuD, and it was crossed with two CLCuD susceptible genotypes CSH 3129 and F 2228, seperatly and F s were 

developed. F s were planted for disease reaction and reported resistant,  also selfed to develop F s. The segregation 1 2

behavior of disease reaction on F s showed a segregation pattern of 3 (resistant) : 1 (susceptible) ratio, thereby 2

indicating that the dominant gene governs the CLCuD resistance. The chi-square for goodness of fit was 1.204 

with p (0.05) of 0.2725 and also represented a test for 3 (resistant): 1 (susceptible) ratio, confirming that the 

resistance to CLCuD is governed by a single dominant gene.

Keywords: Cotton leaf curl disease, F s, F s, gene, goodness of fit 1 2

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
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 Cotton has manifold merits, it is used as 

fibre, lint for making clothes, food, feed, and 

cottonseed oil. Linters use in manufacturing of 

high grade paper and rayon, and also for making 

X-ray films. G. hirsutum cotton occupies the 

major area, i.e. more than 90 per cent of 12.2 

m i l l i o n  h a .  ( A n o n y m o u s  2 0 2 0 ; 

ht tps ://pib .gov . in/Press  Re leasePage. 

aspx?PRID=1605056). In the present scenario, 

Cotton leaf curl disease (CLCuD) is the major 

threat to cotton production and productivity in 

north India. CLCuD is caused by begomovirus 

(family: Geminiviridae) having single-stranded 

(ss), circular DNA genomes and associated with 

satellite molecules viz. betasatellite and 

alphasatellite and it is transmitted through its 

vector,  whitefly (Bemicia tabaci) Brown et al., 

2015, Sattar et al., 2017; Zerbini et al., 2017). 

The CLCuD disease on G. hirsutum, was first 

reported during 1989 at the Indian Agricultural 

Research Institute, New Delhi and subsequently 

in 1993 at Sriganganagar district of Rajasthan 

state (Gupta and Kumar, 2017). In a short span 

of 4-5 years it covered entire northern India 

region of cotton cultivation and presently is the 

major threat to G. hirsutum cotton area of this 

region (Gupta and Kumar, 2017). Begomoviruses 

occurring across India (Northern India) and 

Pakistan have complex genetic structures and it 

has been observed that they are fast changing 

and varies from region to region. Mainly four 

Begomoviruses viruses viz., Cotton leaf curl 

Rajasthan virus (CLCuRV), Cotton leaf curl 

Mutan virus (CLCuMuV), Cotton leaf curl 

Kokhran virus (CLCuKV) and Tomato leaf curl 

Bangalore virus-cotton (ToLCBV) are prevalent in 

India (Ahuja et al., 2007). Another virulent, 

resistance breaking Cotton leaf curl Burewala 

virus (CLCuBuV) is predominantly prevalent in 

Pakistan and India during 2009-2010 

(Rajagopalan et al., 2012, Iqbal et al., 2014 and 

Rahman et al., 2017). Recently the CLCuD 

epidemic during 2015-2016 was caused by 

CLCuMuV in North India (Datta et al., 2017). A 

recent study has indicated that the beta satellite 

molecules of CLCuD shared 95–99 per cent 

nucleotide sequence identity with Cotton leaf 

curl Multan betasatellite (CLCuMB) while 

alphasatellite molecules revealed 98 per cent 

identity with Guar leaf curl alphasatellite 

(GLCuA) which is earlier reported from Pakistan 

(Quadir et al., 2019).

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-

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

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


