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Abstract: Roselle (Hibiscus sabdariffa L.) is second important bast fibre crop after jute in India. With an aim to ex-
ploit non-additive genetic variance present experiment was designed to identify good general combining parents and 
specific cross combination for fibre yield and fibre quality parameters (fibre fineness, fibre tenacity) in roselle. A total 
of 11 parents were crossed in complete diallel fashion which resulted 55 F1, 55 RF1 (reciprocal F1). Parents, F1s and 
RF1s were grown in randomized block design. Analysis of variance revealed significant differences (P< 0.01, 
P<0.05) among the parents and their hybrids. The parents AMV 1, AMV 5, GR 27 and AHS 160 were identified as 
good combiners since they recorded significant general combining ability (GCA) effects for fibre yield and quality 
parameters. Further, For fibre yield only three crosses (AMV 1 × AMV 4, AMV 1 × GR 27, HS 4288 × JRR 07) 
showed significant specific combining ability (SCA) effects from them hybrid AMV 1 × GR 27 (fibre yield=27.37g/
plant) exhibited positively significant best parent (Non bris 4, Mean fibre yield=21.16g/plant) heterosis (29.35%). 
Similarly, for fibre tenacity, hybrid GR 27 × JRR 07 (fibre tenacity=23.47g/tex) exhibited positively significant best 
parent (HS 4288; fibre tenacity=20.35g/tex) heterosis (15.30%).  
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INTRODUCTION  

Mesta is a common term used for two bast fibre crops 

namely roselle (Hibiscus sabdariffa L.) and kenaf 

(Hibiscus cannabinus L.). Among the two species, 

roselle is more important in India since 80 % of total 

mesta growing area is occupied by roselle (Karmakar 

et al., 2008). There are two botanical types of roselle. 

First one H. sabdariffa var. altissima, primarily culti-

vated for its jute-like fiber in India, the East Indies, 

Nigeria and to some extent in tropical America. While 

the other one H. sabdariffa var. sabdariffa mainly cul-

tivated for its edible calyx production (Mortan, 1987; 

Da-Costa-Rocha et al., 2014, Sharma, 2016). Roselle 

was first domesticated in western Sudan before 4000 

BC (Mortan, 1987) and tropical Africa appears to be a 

major centre of diversity (Duke, 1983). It has been 

widely distributed in the tropics and subtropics of both 

hemispheres (Mostafa et al., 2005). In India it is pri-

marily cultivated for the bast fibre production in West 

Bengal, Bihar, Andhra Pradesh, Maharashtra, Odisha, 

Karnataka, Tamil Nadu and Tripura (Karmakar et al., 

2008). Roselle fibre is coarser than jute hence used 

along with jute, kenaf and other natural fibres for mak-

ing of ropes, twines, hessian, sacks, geo-textiles and 

other cordage products (Wester, 1907, Da-Costa-

Rocha et al., 2014, Sharma et al., 2016). 
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Till 2016 a total of 12 varieties of roselle have been 

developed for fibre production (Anonymous, 2017). In 

2015-16 estimated mesta production was 5.68 lakh 

bales (1 bale = 180 kg) and in same year India import-

ed 87.6 thousand Ton raw jute (jute and mesta) to meet 

the export demand of jute and jute goods (Anonymous, 

2016). Hence in order to meet this demand and to com-

pete with low cost synthetic fibre there is a need to 

further increase the productivity of jute and mesta 

crop. It is well known that the yield of hybrids in any 

crops is higher in comparison to pureline varieties de-

veloped through selection and pedigree method of 

breeding. In India, until now, commercial hybrids of 

mesta have not been developed whereas China has 

released some hybrids in kenaf (Li, 2002).  

The success of any breeding program depends largely 

on two aspects; (a) selection of superior parents (b) the 

type of gene action involved in the expression of target 

character. An understanding of combining ability of 

the parents, especially when the objective is to develop 

hybrid cultivar, is very much prerequisite for augment-

ing the breeding strategy. Information on combining 

ability is needed to identify potentially superior parents 

and hybrids and would help to define the pattern of 

gene effects in the expression of quantitative traits 

(Goyal and Kumar, 1991). The knowledge of nature of 
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gene action for fibre yield and its component traits in 

the breeding material can provide useful information 

for selecting proper breeding procedure for future ge-

netic enhancement. Most of the research work in the 

crop related to combining ability and heterosis has 

been reported for calyces, seed yield and oil content 

(Thirthamallappa and Sheriff, 1992; Tejaswini and 

Sarma, 1995; Mukewar et al., 1997; Ibrahim and Hus-

sein, 2006; Ruelas-Hernandez et al., 2008) since the 

calyces are used as refrigerant in the form of tea, to 

make jellies and jams and its oil is good source of un-

saturated fatty acids, mainly linoleic acid (Mahadevan 

et al., 2009; Da-Costa-Rocha et al., 2014, Sharma et 

al., 2016). However, the literature regarding heterosis 

studies for fibre yield and quality in this crop is scanty. 

Keeping these views, the present work was designed to 

assess the general and specific combining abilities in 

respect of fibre yield and attributing traits of eleven 

parents and 110 hybrids of roselle. 

MATERIALS AND METHODS 

Experiment was conducted at experimental field of 

ICAR-CRIJAF, Barrackpore, Kolkata, India. A total of 

11 genotypes (AMV 1, AMV 2, AMV 3, AMV 4, 

AMV 5, HS 4288, GR27, Non bris 4, HS 7910, AHS 

160 and JRR 07) including already developed varieties 

(AMV 1, AMV 2, AMV 3, AMV 4, AMV 5, HS 4288, 

GR27, Non bris 4, HS 7910) of roselle were crossed in 

complete diallel fashion to generate 110 hybrids. For 

crossing sowing was done in last week of August. Af-

ter flower initiation mature flower bud which was like-

ly to open in the next morning was emasculated in 

afternoon (3.00 pm to 4.00 pm) and crossed next 

morning (7.00 am to 9.30 am) using pollens from male 

parent. Crossed pods were collected after maturity 

nearly after 140-160 days after sowing (DAS) and 

seeds were extracted manually. Hundred and ten hy-

brids (55 F1s and 55 Reciprocal F1s) and 11 parents 

were evaluated using randomised block design with 

three replications in next growing season.  Each geno-

type was grown in a row of 3 m length at 30 cm row 

spacing in first week of June. Further, plant to plant 

spacing within a row was maintained by thinning at 5-

7 cm distance after 21 DAS. All recommended pack-

age of practices was followed to raise the stress free 

crop. Data was collected on fibre yield and its attrib-

uting traits (Table 1) on five randomly selected plants 

at 140 days after sowing. Mean data for 5 plants was 

used for further data analysis. Analysis of variance 

(ANOVA) for the recorded traits, combining ability 

and diallel analysis was done using Windostat statisti-

cal software (WINDOSTAT ver. 9.1) following Grif-

ings numerical approach Method 1 with fixed effect 

model described by (Singh and Chaudhary, 1979). 

RESULTS AND DISCUSSION 

ANOVA revealed significant (P< 0.01, P<0.05) dif-

ferences among the genotypes (parents and hybrids) 

for all fibre yield and quality parameters except num-

ber of nodes/plant (Table 1). Likewise a significant 

difference between parents vs. hybrids was observed 

indicating presence of heterosis in hybrids for fibre 

yield and attributing traits. Non-significant difference 

was noticed between F1s and RF1s for all the traits ex-

cept fibre fineness, indicating absence of maternal ef-

fect in roselle crosses.  

The GCA effects for fibre yield and quality characters 

of eleven parental lines are presented in table 2. The 

results revealed that parent AMV 1 had significantly 

positive GCA effect for basal diameter (0.543), inter-

node length (1.619) and fibre yield (1.56). A positive 

GCA effect is desired for plant height to get a taller 

stature combination. Parent AMV 5 had significantly 

positive GCA effect for plant height (7.62), fibre te-

nacity (0.324) and parent GR 27 recorded significant 

positive GCA effects for plant height (11.37), green 

weight (25.65), fibre weight (1.41), stick weight (3.15) 

and fibre tenacity (0.45). The overall study of GCA 

effects of parents suggested that from fibre yield point 

of view two parent namely, AMV 1 and GR 27 while 
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Table 1. Analysis of variance (ANOVA) for fibre yield and quality parameters in roselle. 

Source Df Pht Bd Gwt Nod Inod Fwt Swt Ft Ff 

Genotypes 120 797.09** 5.05* 8263.81* 99.85 41.36* 22.98** 202.54** 14.07** 0.48** 

Parents 10 1178.67** 3.393 6610.788 94.87 43.811 19.55 187.728 28.20** 0.26** 
Hybrids 109 751.57** 5.03* 7785.16 84.642 40.95* 22.90** 200.39** 12.70** 0.50** 

Parent Vs. 
Hybrid 1 1943.44** 24.33** 76967.28** 1808.31** 61.261 66.03* 584.22* 21.79** 0.46** 

F1's 54 713.81** 5.27** 8409.32* 78.075 31.02 23.69** 256.86** 19.06** 0.46** 

Reciprocals 

(RF1s) 54 800.46** 4.88 7304.087 92.54 50.10** 22.54** 145.794 6.23** 0.55** 

F1 Vs. Recipro-
cal 1 150.649 0.075 58.548 12.521 83.533 0.003 100.21 18.627 0.66** 

Error 240 355.48 3.56 6033.015 78.058 29.207 12.256 127.78 1.924 0.054 
Total 362 538.746 4.659 8123.507 108.78 34.096 16.709 171.383 5.975 0.197 

*, ** Significance at P<0.05 and P<0.01, respectively, Pht: plant height (cm), Bd: basal stem diameter (mm), Gwt: green plant 

weight without leaves (g), Nod: no. of nodes, Inod:  internode length (mm), Fwt: dry fibre weight (g), Swt: dry stick weight 

without fibre (g), Ft: fibre tenacity (g/tex), Ff: fibre fineness (tex) 
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for fibre tenacity three parents (AMV 5, GR 27 and 

JRR 07) were found to possess significantly positive 

GCA effects. Further, for fibre fineness only two par-

ents (AMV 5, AHS 160) had significant negative GCA 

effects. In a similar line of work Thirthamallappa and 

Sheriff (1992) also reported significant positive GCA 

effect for majority of traits tested in a 10 × 10 diallel 

set of roselle. Since the GCA effect is controlled by 

stable additive gene effects, parents with significant 

GCA effects are considered to be good combiners and 

inclusion of such genotypes in breeding program can 

accelerate yield improvement process (Dar et al. 

2016).  Hence for improvement of fibre yield and qual-

ity these lines could be used as parents in breeding 

program.  

The effectiveness of a particular cross in exploiting 

heterosis is decided by the SCA effect of F1. Accord-

ing to Sprague and Tatum (1942) the SCA is con-
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Table 2. General combining ability (GCA) effect of eleven parents for fibre yield and quality parameters in roselle. 

Parents Pht Bd Gwt Inod Fwt Swt Ft Ff 

P1  (AMV-1) -4.021 0.543* 7.423 1.619* 1.56** 2.732 -0.09 -0.048 

P2 (AMV-2) -2.529 -0.007 15.044 -1.636* 0.108 2.112 -0.55** 0.044 

P3 (AMV-3) -3.873 -0.373 -16.865 -0.806 -0.509 -0.911 0.249 -0.004 

P4 (AMV-4) 1.037 -0.168 -3.729 -0.105 0.032 0.244 -0.09 0.093** 

P5 (AMV-5) 7.62** -0.075 9.923 -1.368* 0.373 1.602 0.324* -0.14** 

P6 (HS-4288) 2.784 0.072 5.105 1.868** -0.026 1.549 0.231 -0.048 

P7 (GR-27) 11.37** 0.275 25.65** -0.943 1.41** 3.148* 0.451** -0.032 

P8 (Nonbris- 4) -1.155 -0.399 -18.244* 1.098 -1.22** -3.77** -0.64** 0.013 

P9 (AHS-160) -1.869 -0.076 -0.729 -0.387 -0.756 -2.94* -0.53** -0.14** 

P10 (JRR-07) -7.583** -0.134 -18.66* -1.44* -0.187 -1.853 1.23** 0.238** 

P11 (HS-7910) -1.789 0.342 -4.91 2.103** -0.787 -1.902 -0.59** 0.033 

*, ** Significance at P<0.05 and P<0.01, respectively, Pht: plant height (cm), Bd: basal stem diameter (mm), Gwt: green plant 

weight without leaves (g), Nod: no. of nodes, Inod:  internode length (mm), Fwt: dry fibre weight (g), Swt: dry stick weight 

without fibre (g), Ft: fibre tenacity (g/tex), Ff: fibre fineness (tex) 

Crosses Pht Bd Gwt Nod Inod Fwt Swt Ft Ff 
P1xP2 26.51** -0.205 37.759 2.438 -4.832* 0.433 2.357 0.225 -0.23** 
P1xP3 -12.126 0.387 21.335 8.169* 1.961 1.305 4.268 0.392 -0.047 
P1xP4 9.914 0.62 18.698 2.527 1.027 5.906** 9.596* -0.385 0.006 
P1xP5 -5.004 1.243 7.214 -0.486 -1.218 0.488 3.916 0.384 -0.268** 
P1xP6 14.878* 0.958 59.365* 4.101 1.242 1.517 9.441* -0.63 0.131 
P1xP7 7.325 2.023** 34.153 4.186 -3.036 3.067* 9.392* -0.92 -0.002 
P1xP9 -6.139 -0.521 -11.635 -0.598 0.709 -0.882 -3.141 1.323* 0.089 
P1xP10 -0.835 -0.233 -6.529 0.963 0.23 -2.522 -6.968 2.443** 0.069 
P2xP4 -32.64** 0.723 -13.923 -2.08 -0.558 -0.339 -1.822 -1.09* -0.095 
P2xP6 7.842 -0.619 -23.923 1.441 0.509 -0.843 -1.322 -1.42** -0.17* 
P2xP7 -2.967 0.054 10.032 -0.02 0.324 -0.845 1.06 2.003** -0.24** 
P2xP9 -4.267 1.096 19.077 1.6 0.492 2.211 6.822 1.802** 0.297** 
P2xP11 1.015 -0.455 -23.574 3.631 -1.343 -0.236 -1.787 0.023 -0.309** 
P3xP4 -3.993 -0.686 -19.014 -4.106 0.127 -2.036 -3.936 0.001 -0.306** 
P3xP9 9.079 0.263 4.653 2.269 -1.566 0.925 3.319 -0.725 -0.289** 
P3xP10 -9.314 -0.282 -19.074 -0.428 2.613 -1.815 -3.122 4.49** -0.092 
P4xP8 -1.018 -0.187 -11.802 7.714* -1.886 -1.505 0.172 -0.677 0.186* 
P4xP9 13.586 0.823 50.517 2.668 -0.383 -0.079 1.398 0.833 -0.28** 
P4xP11 2.415 -0.224 9.865 -3.976 -0.34 0.949 3.835 1.184* 0.191* 
P5xP6 -19.71** -1.124 -43.302 -4.854 0.282 -2.573 -11.39** -0.145 0.123 
P5xP7 3.819 -0.286 2.986 0.102 -0.27 1.004 2.561 -0.386 -0.29** 
P5xP8 5.425 1.023 50.38 5.692 -1.568 0.16 3.519 2.141** -0.088 
P5xP11 17.208* 1.571* 62.214* 4.958 1.667 2.206 11.551** -0.117 -0.149 
P6xP10 14.55* 1.765* 85.789** 3.936 0.581 3.689** 13.731** -1.202* 0.186* 
P7xP8 -12.652 0.623 -20.68 1.961 0.848 -1.809 -0.198 0.581 -0.24** 
P7xP9 14.214* 1.204 52.638 7.944* 0.504 1.624 2.202 -0.352 -0.143 
P7xP10 5.304 -0.592 -5.256 1.544 0.545 -0.458 -1.961 2.174** 0.22* 
P8xP10 7.802 0.139 -5.362 3.2 0.084 2.264 3.469 -1.59** -0.62** 
P8xP11 0.913 0.542 20.547 -0.839 4.878* 1.002 -1.327 -1.77** 0.013 
P10xP11 2.61 -0.757 -28.029 3.711 0.088 -0.937 -1.406 -1.66** -0.18* 
CD (Sij)5% 14.099 1.411 58.083 6.607 4.041 2.618 8.453 1.037 0.173 
CD (Sij)  1% 18.776 1.879 77.351 8.798 5.382 3.486 11.257 1.381 0.231 

Table 3. Specific combining ability (SCA) effect of different crosses of roselle. 

*, ** Significance at P< 0.05 and P< 0.01, respectively, Pht: plant height (cm), Bd: basal stem diameter (mm), Gwt: green plant 

weight without leaves (g), Nod: no. of nodes, Inod:  internode length (mm), Fwt: dry fibre weight (g), Swt: dry stick weight 

without fibre (g), Ft: fibre tenacity (g/tex), Ff: fibre fineness (tex) 
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trolled by non-additive gene action and is an important 

criterion for the evaluation of hybrids. The results of 

SCA effects revealed some useful cross combinations 

with significant positive SCA effects for fibre yield 

and quality parameters (Table 3). For fibre yield only 

three crosses (AMV 1 × AMV 4, AMV 1 × GR 27, HS 

4288 × JRR 07) showed significant SCA effects. On 

other hand, for fibre tenacity significant SCA effects 

were recorded by eight crosses and significant negative 

SCA effects for fineness were noticed in twelve cross-

es. Significant SCA value for fibre yield and quality 

traits was observed even in the crosses involving par-

ents either or both were poor combiner for fibre yield 

and other related traits. Crosses with high × low and 

low ×  low general combiner exhibiting high SCA ef-

fects were explained by Jinks (1956) as due to over-

dominance and epistasis. The best three specific com-

biners for fibre tenacity were AMV 3 × JRR 07, AMV 

1 ×  JRR 07, GR 27 ×  JRR 07 and Non bris 4 ×  JRR 

07, AMV 2 ×  HS 7910, AMV 3 ×  AMV 4 were for 

fibre fineness. Therefore, these hybrids are of consid-

erable practical importance and can be directly used to 

exploit heterosis for these traits. In cross AMV 1 × GR 

27 both parents expressed positively significant GCA 

effects for fibre yield hence this hybrid is recommend-

ed for recombination breeding. 

As far as heterosis is concerned hybrid AMV 1 × GR 

27 (fibre yield=27.37g/plant) exhibited positively sig-

nificant best parent (Non bris 4, Mean fibre 

yield=21.16g/plant) heterosis (29.35%) (Fig.1). Simi-

larly, for fibre tenacity hybrid GR 27 × JRR 07 (fibre 

tenacity=23.47g/tex) exhibited positively significant 

best parent (HS 4288; fibre tenacity=20.35g/tex) heter-

osis (15.30%). For fibre fineness cross AMV 1 × AMV 

5 (fibre fineness= 1.37 tex) showed highly significant 

negative heterosis (-22.59%) over best parent (HS 

7910, fineness=1.77 tex). 

Conclusion 

Fibre yield, fibre tenacity and fibre fineness are im-

portant traits in roselle. Thus, the identified parents 

(AMV 1, AMV 5, GR 27, AHS 160) which exhibited 

significant GCA effects for different fibre yield and 

quality attributes can be used for further improvement 

of these traits. One cross each for fibre yield (AMV 1 × 

GR 27), fibre tenacity (GR 27 × JRR 07) and fibre 

fineness (AMV 1 × AMV 5) were identified hence 

these have been recommended for heterosis breeding 

of these traits. Our study is the stepping stone towards 

exploitation of non-additive genetic variance as the 

identified crosses can be used for exploitation hybrid 

vigour which is still untapped for improvement of a 

minor bast fibre crop like roselle.  
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