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Stability Analysis of Seed Cotton Yield and its Components of Gossypium barbadense Genotypes D. Kavithamani*, P. Amala Balu and S. Rajarathinam Department of Cotton, Centre for Plant Breeding and Genetics Tamil Nadu Agricultural University, Coimbatore - 641 003



In India, among four cultivated cotton species, G. barbadense is important species for fibre quality which is the only source for production of extra long staple (ELS) cotton. The mill requirement for extra long staple cotton is 20 lakh bales but the production is only five lakh bales. Hence to increase extra long staple cotton production, area under inter specific hybrids (G. hirsutum x G. barbadense) should be increased. This study was carried out to identify stable G. barbadense accession so as to develop high yielding H x B hybrids. Forty one G. barbadense accessions were tested under three seasons at Coimbatore, Tamil Nadu. The Eberhart and Russell model (1966) of stability analysis was carried out to study the genotype x environment interaction for seed cotton yield and its component traits. The variance due to genotypes, environments, genotypes x environments and environments (linear) were significant for all the characters. The present investigation revealed that the barbadense genotypes viz., Barbados, 6002-1 and Giza 70 and 17/3A had regression coefficient around unity and least deviation from regression and thus appeared to exhibit good stability with more responsiveness over environments for the characters viz., seed cotton yield, lint yield, ginning outturn (%), boll weight and number of bolls per plant. Hence, these genotypes were highly adaptable and suitable for cultivation over a wide range of agro climatic conditions for the characters under study. Hence, these genotypes can be utilized as parental lines in the development of H x B hybrids. Key words: G. barbadense accessions, genotype x environments, seed cotton yield, stability analysis



In India among the four cultivated cotton species, G. barbadense is one of the important species for fibre quality which is the only source for production of extra long staple (ELS) cotton. In India the mill requirement for extra long staple cotton is 20 lakh bales but the production is only five lakh bales. Hence to increase ELS productions, area under inter specific hybrids (G. hirsutum x G. barbadense) should be increased. But cotton is a long duration crop which is greatly influenced by seasonal and environmental fluctuations over different locations. The performance of any crop variety is the result effect of its genotype and environment in which it grows. It is observed that the relative performance of different genotypes varies in different environments; there exists a genotype x environment interaction. This interaction is a result of changes in cultivar’s relative performance across environments, due to differential responses of the genotypes to various soil, climate and biotic factor (Dixon and Nukenine, 1997). Therefore, the analysis of genotype x environment interaction becomes an important tool employed by breeders for evaluating varietal adaptation. Hence stability analysis was carried out to identify stable G. barbadense *Corresponding author email: [email protected]



accessions so as to develop high yielding H x B hybrids. Material and Methods An experiment was conducted with forty G. barbadense accessions along with one check (Suvin). The complete set of 41 G. barbadense accessions were tested under three seasons in Department of cotton, Tamil Nadu Agricultural University, Coimbatore viz., winter 2009-10, summer 2010-11 and winter 2010-11. The material was sown in randomized block design using two replications with a spacing of 90 x 45 cm. Each entry had four rows of 6.0 m length. The whole experiment was conducted under irrigated condition. The biometrical observations were recorded on five randomly selected plants for seed cotton yield (kg/ha), lint yield (kg/ha), ginning outturn (%), boll weight (g), number of bolls per plant and seed index. The averaged data were analyzed for stability according to method suggested by Eberhart and Russell (1966). The significance of regression coefficient (bi) from unity and deviation from regression (S 2 di) for each genotype was tested using t-test and F-test respectively.



322 Results and Discussion The mean performance i.e. average data over all the three locations for seed cotton yield (kg/ha), lint yield (kg/ha), ginning outturn (%), boll weight (g), number of bolls per plant and seed index are presented in Tables 2 and 3.



From the pooled analysis of variance, it was evident that mean squares for genotypes, environments and G x E were significant for all the characters under study, indicating existence of considerable variability among these components (Table 1). The presences of significant G x E interaction showed the inconsistency of



Table 1. Pooled ANOVA for stability of seed cotton yield and its component characters in Gossypium barbadense genotypes Mean Sum of Squares d. f. ANOVA Source



Genotypes Environments Genotypes x Environments Environments (Linear) Genotypes x Environments (Linear) Pooled deviation Pooled error



Seed cotton yield (kg/ha)



Lint yield (kg/ha)



Ginning out turn(%)



Boll weight (g)



No. of bolls / plant



Seed index (g)



27.40**



40



5.20*



2.75*



3.44**



3.98**



1.64*



2



65.90**



421.23**



31.60**



69.80**



69.08**



2.38*



80



36.40*



43.40**



29.65*



2.10*



37.40*



3.11**



1



142.50**



126.70**



81.40**



201.45**



323.20**



7.90**



40



0.41



0.93



0.37



3.30**



2.71**



6.70**



41



3.10**



1.50**



1.26*



2.98*



1.37*



0.53



240



0.29



0.29



0.45



0.81



0.61



0.27



*,** Significant at P=0.05 and P=0.01 level, respectively.



performance of cotton genotypes across the environments. The significant mean squares due to environment (linear) for seed cotton yield revealed differential response of the genotypes and environments. Significant variance due to environments (linear) for all the traits studied indicated considerable differences among the environments and their pre-dominant effects on the traits. This could be due to the variations in weather and soil conditions over environments. Significant pooled deviation for all the traits suggested that the deviation from linear regression also contributed substantially towards the differences in stability of genotypes there by indicating difficulty in predicting the performance of genotypes over environments for these traits. Mean squares for pooled deviation were significant for all the characters studied except seed index which indicated that variation in performance over environments was only party predictable in nature. These results are in agreement with those reported by Kalsy and Singh (1974), Shroff et al. (1983), Bhatade et al. (1994), Patel et al. (1994), Gopinath et al. (1996). Patel et al. (2000) ; Patil and Patel (2010) in cotton. The results of estimates of stability parameters (mean, bi and S 2 di) of 41 genotypes with respect to various morphological yield traits are described below. Seed cotton yield



In the present study, 24 G. barbadense accessions had high seed cotton yield, regression coefficient near to unity and least deviation from regression and thus appeared to exhibit average stability with more responsiveness to wide range of environments. This is due to their regression around unity and least deviations from regression



accompanied by high mean performance over the three locations studied ( Eberhast and Russel, 1966). The rest of the hybrids either possessed mean seed cotton yield lower than the population mean with significant deviation from regression and that was found unstable. Fourteen genotypes viz., TCB 209, SB 1085-6, TNB-1, Giza 7, ED(A), EC 9257, Barbados, Orissa SI, Giza 1467, SIA 9, 19/61, 76/3, SBYF, SIY 135, 16/2R and Monostem had bi>1. Eleven genotypes viz., Egyptian-1, Sudan G-45, EC 131979, PSH, EC 101786, SBS (YF), 6002-1, Giza 70, Sudan G 53, B-13/2 and Suvin had bi values around unity (1), where as remaining sixteen genotypes showed bi values below 1. (bi1) indicating its adaptability to exploit in better environment. However, SB 1085-6, EC 9257, Barbados, Orissa SI, 76/3 and 16/2R genotypes having above average seed cotton yield can adapt well to poor environment as their response was below average (bi


323 Table 2. Estimates of stability parameters for individual genotypes with respect to seed cotton yield, lint yield and ginning outturn Genotype



Seed cotton yield (kg/ha) 2



Lint yield(kg/ha)



Ginning outturn (%) 2



bi



S2di



34.4*



1.15*



1.01



34.0



1.84**



1.01



33.5



0.89



3.27*



Mean



bi



S di



Mean



bi



S di



Mean



TCB 209



1375*



0.43*



102619.8*



473*



0.61



49654.8*



SB 1085-6



1330*



0.90*



58977.7



452*



1.04



6012.7



857



0.78



54467.1



287



0.61**



1502.1



TNB-1 TCB472/4



884



1.36



57933.8*



300



1.44



4968.8*



34.0



1.19



0.27



TCB 472/5



1059



1.35



60882.1*



366



0.86



7917.1*



34.6*



0.35



2.04



Egyptian-1



1338*



1.12



53975.4



458*



1.02



1010.4



34.3*



1.42*



1.31



Giza7



1080



0.72



289775.2**



375



1.23



36810.2*



34.7*



0.92**



11.01*



Barx LT



1075



1.23



57334.5*



371



0.92



4369.5



34.5*



0.92



1.17*



ED(A)



1016



0.84*



83740.2



362



1.01



30775.2*



35.6*



1.03



2.17



TCB 377



1341*



1.80



60820.0*



462*



1.60*



7855.0*



34.5*



0.89*



3.52*



EC 9257



1248*



0.72



72912.3



440*



1.70



19947.3*



35.3*



1.19



2.10



Sudan G-45



1248*



1.17



154288.0*



425*



0.78**



1323.0



34.1



0.23*



3.16*



EC 97631



1182



1.30



122298.1*



417*



1.33



69333.1**



35.3*



0.61



11.07*



Barbados



1659*



0.83



55797.4



564*



1.01



2832.4



34.0



1.00



1.01



EC 111254



1350*



1.69



54993.9



442*



0.99



2028.9



32.8



1.18



5.74*



EC 131979



1264*



1.12



187838.4**



423*



0.78**



34873.4



33.5



0.57



2.06



PSH



1261*



1.12



57547.0*



430*



1.12*



4582.0*



34.1



0.34**



1.09



Orissa SI



1404*



0.76



190851.8*



493*



1.02



37886.8*



35.1*



1.12



1.28



85/2



1249*



1.51*



110323.2*



410



0.93*



14358.2*



32.9



0.54*



2.13



Giza



1321*



1.20



195177.3**



443*



1.45



42212.3**



33.6



1.73



0.64 1.06



863



0.80



54644.9



299



0.70



1679.9



34.7*



1.34



SIA 9



Giza 1467



1190



0.89



55355.5



420*



0.98



2390.5



34.5*



1.31



1.07



19/61



885



0.82



55090.1



296



0.70



2125.1



33.5



1.42



13.44**



EC101786



1233*



1.14



123562.7*



412



1.09*



70597.7



33.4



0.99*



1.92



17/3A



1375*



1.36**



54985.4



467*



1.03



2020.4



34.0



1.04



1.14



SBS(YF)



1214*



0.98



60609.4



373



1.14*



7644.4*



30.7



1.02



0.35



Tadia



1117



1.26



266741.1**



375



1.19**



13776.1*



33.6



1.95**



3.11*



76/3



1237*



0.69



54065.0



418*



0.91



1100.0*



33.8



0.88



5.38*



6002-1



1623*



1.10



55664.4



580*



1.12



2699.4



35.7*



1.05



1.17



SBYF



1191



0.61



57668.0



395



1.31



4703.0



33.1



1.01



11.20**



Giza 70



1297*



1.02



97307.3



468*



1.00



44342.3



36.1*



1.01



1.69



SIY 135



987



0.59



54404.7



350



0.68



1439.7



35.5*



1.09



1.02



1292*



1.22*



495314.5*



442*



1.08



42349.5**



34.2



0.96



1.09 2.97*



Sudan G 55 Sudan G 53



1152



1.14



385897.9*



399



1.48*



32932.9



34.7



1.38*



16/2R



1210*



0.87



54054.6



440*



1.04



1089.6



36.4*



1.07



1.07



B-13/2



1201



0.99



197938.7*



418*



0.72



44973.7**



34.8*



1.02



0.39



B-125



1084



2.00



167518.1*



372



0.78**



14553.1



34.4*



1.04



2.39



BCS 5919



951



1.26



59995.7*



317



0.80*



7030.7*



33.4



1.27



1.20



EC111248



958



1.23



271072.0**



328



0.69



18107.0*



34.3*



1.80*



12.66**



Monostem



864



0.81*



54715.3*



284



0.59*



1750.3



32.9



1.04**



1.57



Suvin



848



1.03



59545.4



273



1.14



6580.4*



32.2



1.12



1.75



Mean



1176



402



34.13



30.72



11.01



0.17



S.E. (±)



* ,** Significant at P=0.05 and P=0.01 level, respectively. Lint yield



For lint yield, 22 genotypes recorded greater lint yield than population mean (402 kg/ha). There were 20 genotypes recorded significant S2di and such



performances of these genotypes was not predictable across the environments. A total of 21 genotypes indicated absence of G x E interaction when the non-significance of bi and S 2 di was considered together. In general, 16 genotypes had



324 bi approaching to “1”. The nine genotypes with bi1 indicated their suitability for general, unfavourable and favourable environments, respectively. Twenty one genotypes had above average mean for this parameter. Amongst 21 stable genotypes Sudan G-45 and EC 131979 had high mean and below average response and none of them for above average mean with response, genotypes SB 1085-6, Egyptian-1, Barbados, EC 111254, SIA 9, 17/3A, 6002-1, Giza 70 and 16/2R were found ideal for lint index indicating their suitability to poor/unfavourable, better/ favourable and all kinds of environments respectively. Siwach et al. (2007) ; Patil and Patel (2010) also reported similar findings for stability parameters while identifying the potential stable genotypes over the environments. Ginning outturn



Twenty eight genotypes had above average response four genotypes had below average response and nine genotypes were average in response, showing their suitability for favourable, unfavourable and all kinds of environments, respectively. Sixteen genotypes had above average ginning outturn, where as 13 genotypes had below average ginning outturn. However, 12 genotypes were average for this character. According to Eberhart and Russell (1966) an ideal genotype is one which has high mean yield, a regression coefficient value of 1.0 and a deviation mean square of zero. Accordingly the genotypes viz., ED (A), 6002-1, Giza 70, SIY 135, 16/2R, B-13/2 and B-125 were classified as highly stable over all types of environments because of its high mean ginning out turn with regression coefficient close to unit and presence of non-significant deviation from linearity. Where as TCB 209, Egyptian-1, EC 9257, Orissa SI, Giza 1467 and SIA 9 showing high mean ginning outturn and above average responsiveness of the genotype indicating their suitability to favourable environments. Though the genotype TCB 472/ 5 was showing high mean ginning outturn (34.6 %) and below in response (bi = 0.35) i.e. less than unity. Hence it is suited for poor environments. Boll weight



Twenty genotypes had bi value >1, nine genotypes were having bi


those of Bhatade et al. (1995), Modi et al. (1999) and Patil and Patel (2010). Number of bolls / plant



Twelve genotypes had significant S2di values indicating the presence of non-linear component of G x E interaction and hence prediction of the performance across the environment would be difficult. Out of 41 genotypes, 14 genotypes had bi>1, indicating their suitability to favourable environment, another 16 genotypes were having bi


Twenty nine genotypes had bi>1, seven genotypes had bi


325 Table 3. Estimates of stability parameters for individual genotypes with respect to boll weight (g), number of bolls/plant and seed index Boll weight (g/boll)



Genotype



No. of bolls /plant 2



S di



Mean



bi



Seed Index 2



S di



Mean



bi



S2di



Mean



bi



TCB 209



4.0*



0.91



0.016



20



1.78



1.92



11.60*



1.86*



0.17



SB 1085-6



3.7*



1.64



0.206



29*



0.36



17.94*



10.33*



5.31**



0.00



TNB-1



2.9



0.87*



0.116



28*



1.02



13.12*



12.00*



1.58



0.07



TCB472/4



3.0



1.03



0.399*



27*



0.46*



6.84



9.95



1.87



0.54*



TCB 472/5



3.8*



1.18**



0.063



27*



0.66



0.34



10.57*



0.57



0.00



Egyptian-1



3.7*



1.04



0.064



26



1.00



17.94*



11.30*



1.06



0.29* 0.17



Giza7



3.0



1.10



0.713*



33*



2.14



31.73**



10.10



0.87



Barx LT



3.5



0.37



0.256



27*



1.51**



19.86



11.23*



2.58*



0.09



ED(A)



2.7



1.30*



0.067



21



2.34*



5.73



8.97



3.73**



0.09



TCB 377



2.8



1.23



0.399*



26



0.30



23.51*



9.82



0.72



0.24*



EC 9257



2.9



1.04



0.266*



32*



1.78



1.92



8.80



1.00



0.29* 0.36*



Sudan G-45



3.1



0.37*



0.456*



23



2.44



0.58



10.15



1.59*



EC 97631



3.4*



2.92



0.457*



25



0.66



1.35



10.75*



0.72



0.24



Barbados



4.0*



1.01



0.065



33*



0.99



0.34



10.87*



1.45



0.04



EC 111254



3.9*



1.06



0.029



24



1.01



0.02



9.78



1.89



0.01



EC 131979



3.1



1.56**



0.401*



25



1.03



0.58



10.60*



0.29



0.02



PSH



3.2



0.91



0.606*



26



1.78



1.92



9.10



0.87



0.17 0.02



Orissa SI



3.8*



1.56



0.236



29*



0.36*



17.94*



9.50



4.02*



85/2



3.6*



2.01*



0.178



26*



1.78



1.92



8.63



2.73



0.11



Giza



3.3



1.41



0.578*



21



0.66



0.34



9.82



0.72



0.24*



Giza 1467



3.4*



0.82



0.028



19



1.42



8.05



11.08*



3.03



0.13



SIA 9



3.9*



1.09



0.180



19



1.08



14.77*



9.73



2.87



0.03



19/61



3.2



0.96



0.579*



23



0.76



4.94



10.75*



1.58



0.08



3.5*



1.00**



0.702*



27*



1.02



2.06



10.45*



1.03



0.21*



17/3A



3.2



0.78



0.028



14



1.22**



0.12



9.87



3.45**



0.03



SBS(YF)



2.9



1.20



0.108



15



0.86



14.77



10.25*



2.87



0.03



Tadia



3.2



1.28*



0.349*



22



0.92



27.46*



9.00



1.58



0.09



76/3



3.3



1.56



0.400*



22



0.44



0.58



8.47



2.02



0.13



6002-1



3.6*



1.10



0.113



26



0.75



2.58



9.20



3.31



0.06



SBYF



3.9*



1.06



0.206



22



0.76



4.94



9.97



1.07



0.18



Giza 70



3.4*



1.03



0.011



33*



1.03



8.05



10.20*



2.87



0.17



SIY 135



3.4*



1.00



0.206



26



1.01



0.12



10.30*



1.44



0.46*



3.2



2.01*



0.178



20



0.36



17.94



10.30*



2.54*



0.78*



EC101786



Sudan G 55 Sudan G 53



3.1



1.82



0.828*



33*



0.79



4.94



9.23



1.44



0.15



16/2R



3.9*



1.28



0.349*



27*



1.02



13.12*



8.90



3.16



0.07



B-13/2



3.4*



0.55**



0.178



20



1.23*



13.12*



10.50*



4.02**



0.02



B-125



3.0



1.28



0.350*



26



0.37



17.94*



8.37



1.87



0.02



BCS 5919



3.7*



1.11*



0.179



22



1.17



55.82**



10.25*



1.01



0.11



EC111248



3.9*



1.29



0.030



19



1.78*



1.92



8.03



1.47



0.01



Monostem



3.1



1.30



0.067



34*



1.78



1.92



11.78*



3.02*



0.01



Suvin



3.1



0.98



0.260



27*



0.97



6.84



9.90



1.56



0.02



Mean



3.38



25



10.01



S.E. (±)



0.06



0.75



0.15



* ,** Significant at P=0.05 and P=0.01 level, respectively.



during the growing period is the determining factor for the performance of cotton genotypes. Accordingly, the mean and deviation from regression of each genotype were considered for stability and linear regression was used for testing the varietal



response. Genotypes with high mean, bi = 1 with non significant s 2 di are suitable for general adaptation, i.e., suitable over all environmental conditions and they are considered as stable genotypes and genotypes with high mean, bi > 1



326 with non significant s2di are considered as below average in stability. Such genotypes tend to respond favourably to better environments but gives poor yield in unfavourable environments. Hence they are suitable for favourable environments. Whereas genotypes with high mean, bi < 1 with non significant s 2 di do not respond favourably to improved environmental conditions and hence, it could be regarded as specifically adapted to poor environments. Taking into account of all the parameters of stability it can be inferred that overall the experiment has resulted in identification of three stable cotton genotypes viz., Barbados, 6002-1 and Giza 70. These genotypes are adapted to all kinds of environments. Along with this Giza 1467 was identified as suitable genotype to poor environments and 17/3A for favourable/better environments. These genotypes were also found stable for most of the seed cotton yield contributing traits, thus indicating that the stability of various component traits must be responsible for the observed stability of various genotypes for seed cotton yield (Table 2 and 3). According to Grafius (1956), a universal variety/hybrid must either resist change or adjust favorably to a new environment. These genotypes were highly adaptable and suitable for cultivation over a wide range of environmental conditions. Thus the genotypes can directly introduced as cultivars and also used as parents for improving stability of the cotton genotypes. Acknowledgement The financial help received from the Technology Mission in Cotton (TMC MM 1.2) Project is duly acknowledged. References Bhatade, S.S., Rajewar, S.R., Reddy, V.G. and Nadre, N.R. 1994. Phenotypic stability in cotton genotypes of different species composition J. Cotton Res. Dev. 8: 7-9.
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