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Abstract: To determine the impact of environment on the combining ability of Virginia tobacco five

genotypes were crossed in a half diallel fashion and the resulting material was grown under irrigated

as well as drought stress conditions. Data collected on yield and related traits revealed highly

significant differences among genotypes under both sowing conditions. Combining ability analysis

revealed that specific combining ability (sca) were highly significant for all the traits and the general

combining ability (gca) effects were highly signification for all the traits except the dry leaf yield both

sowing conditions. The results, showed that the additive variance had important role in controlling of

number of leaves, width of leaf and leaf area index in both conditions, while, for dry leaf yield, non

additive gene effect played major role. In stress conditions, the additive and dominance variances were

involved together in plant height, but in non stress condition the dominance variance was more

important than additive variance.
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INTRODUCTION

Modification of the plant’s internal environment, through breeding varieties particularly suited to specific

locations, is likely to produce significant results by way of enhanced acre yields. Breeding tobacco for such

specific needs requires the evaluation of genotypes for their combining behavior so that potential genotypes

with good general and specific combining abilities (GCA and SCA) may be identified. The genetic architecture

of character control in this respect is of prime importance. Scientists working at various parts of the globe have

presented important results in this regard. Significant mean squares due to both GCA and SCA were recorded

for number of leaves (Korubin and Matterskim, 2002), plant height (Gopinath et al., 1996 and Shoaei and

Honarnejad, 1996), length of leaf and width of leaf (Newaz and Uddin, 1992; Shoaei and Honarnejad, 2003)

and dry leaf yield (Butarac et al., 2004 and Chen, 2000). Similarly significant mean squares due to GCA for

dry leaf yield and leaf area index (Gopinath et al., 1996; Shoaei and Honarnejad, 1996 and Butarac et al.,

2004), width of leaf (Patel et al., 1991), number of leaves and length of leaf (Gopinath et al., 1996; Shoaei

and Honarnejad, 1996 and Pandia et al., 1985) have also been reported. Ukai, (1991) and Pandia et al., (1985)

observed greater SCA variance for dry leaf yield. Similarly additive genetic control for leaf area index (Butarac

et al., 2004), plant height (Gopinath et al., 1996 and Shoaei and Honarnejad, 1996), length of leaf (Ogilive

and Kozumplik, 1995 and Ukai 1991), width of leaf (Ukai, 1991 and Shoaei and Honarnejad, 2003)  and dry

leaf yield (Shoaei and Honarnejad, 2003) was also reported. However, Marani and Sachs (1991); Ukai (1991);

Butarac et al. (2004); Gupoyl et al., (1987); Chang and Shyu (1991) and Newaz and Uddin (1992) observed

non-additive genetic effects for leaf area index and plant height. Ogilivie and Kozumplik (1995) and Chang

and Shyu (1991) indicated the importance of both additive and non-additive genetic effects for dry leaf yield.

This study was planned to ascertain the effects of different environments on the various economic characters

reflecting yield potential by making a comparative assessment of their performance under irrigated and drought

stress conditions, in terms of combining abilities of some Virginia tobacco genotypes.

MATERIALS AND METHODS

The studies were conducted at Tobacco Research Center of Iran, Rasht, during 2005 and 2006 cropping

season. Five tobacco genotypes namely VE1, Coker254, NC89, K394 and Coker347 were crossed in a half
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diallel scheme in 2006. For each cross enough female spikes were emasculated and bagged to avoid

contamination with foreign pollen. Pollination with the pollen collected from the specific male parent was done

when the ovaries became receptive. Seeds from each cross were harvested and saved separately. Two

experiments, one under irrigate condition and the other under drought stress condition was planted on May 11,

12006. Each experiment was laid out in a triplicated randomized complete block design. All ten F s along with

their parents were planted a partly in lines of 5 m length. All agronomic application such as, hoeing, weeding,

fertilizing were practiced uniformly except irrigation which only was applied, to experiment conducted under

irrigated conditions. Data for number of leaves, dry leaf yield, plant height, leaf area index, width of leaf and

length of leaf were collected and subjected to basic analysis of variance (steel and Torrie, 1985). Combining

ability analysis was conducted according to Griffing (1956) using II  model of method two of Griffing (1956).

RESULTS AND DISCUSSION

After obtaining significant differences among genotypes for all the traits combining ability analysis was

conducted. Total variation among the genotypes was partitioned into variation due to general and specific

combining ability. Estimates of variance due to GCA (ó g), SCA (ó s) were also calculated.2 2

Number of Leaves: 

Highly significant and greater mean squares due to GCA for number of leaves (Table 1) under both

sowing conditions were recorded. Mean squares due to SCA were also highly significant but smaller.

Significant mean squares due to GCA were also reported by Gopinath et al. (1996) and Shoaei and Honarnejad

(1996) while Korubin and Matterskim (2002) reported significant mean squares due to both GCA and SCA.

Computation of variation components (Table 2) also indicated the preponderance of additive effects for number

of leaves under both sowing conditions. Similarly a low GCA/SCA ratio also depicted importance of additive

effects for the trait under study. Number of leaves is the most important yield contributing trait and positive

combining ability effects for this trait are desirable. In case of irrigated condition (Table 3) two genotypes

displayed maximum GCA effects being maximum (1.985) in Coker254 followed by K394 (0.753). These

genotypes were thus, considered the best general combiners while rest of the three parental genotypes with

undesirable negative GCA effects were thought to be poor general combiners for number of leaves (Table 3).

In case of hybrids (Table 4) six cross combinations displayed positive SCA effects. The best specific

combination for number of leaves was K394×Coker254 (2.440) followed by NC89 × K394 (2.253) and

VE1×Coker254 (2.186). Negative SCA effects were maximum (-1.790) in Coker347×NC89 hybrid. Under

drought stress conditions (Table 3) maximum positive GCA effects (1.792) were recorded in the genotype

Coker254 being the best general combiner for number of leaves, followed by K394 (1.073) and Pb.96 (1.038).

Rest of the three parents displayed undesirable negative GCA effects being maximum (-1.387) in the genotype

Coker347. Number of hybrids showing positive SCA effects (Table 4) were greater (7 out of 10) and maximum

figure (3.330) was recorded in the cross VE1×Coker254 followed by NC89×K394 (1.276). The hybrid

Coker347×NC89 showed the highest negative SCA effects. 

Table 1: Analysis of variance for studied traits in an 5×5 diallel cross of Virginia tobacco

Characters M ean square 

----------------------------------------------------------------------------------------

Condition GCA SCA Error

Number of leaves I 44.75** 7.11** 0.108

D 39.93** 13.04** 0.904

Length of leaf I 10.98** 37.12** 0.555

D 64.78** 5.66** 2.549

Width of leaf I 20.54** 3.46** 0.721

D 66.56** 12.34** 0.621

Leaf area index I 6.63** 1.71** 0.425

D 4.61** 0.679 0.395

Plant height I 305.52 738.50** 5.529

D 121.08** 646.04** 4.07

Dry leaf yield I 1.04 9.20** 0.257

D 2.03 8.84** 0.076

** Significant at the 1% and * significant at the 5% probability level.,  I = Irrigated condition, 

D = Drought condition, Rep = Replication,  GCA = General combining ability,  SCA = Specific combining ability, DF for replication,

genotypes, GCA, SCA and error mean squares is 2, 14, 4, 10, and 28 respectively
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Length of Leaf: 

Analysis of variance for length of leaf (Table 1) indicated highly significant and greater mean squares due

to GCA than SCA mean squares which, however, were also highly significant under both sowing conditions.

Highly significant and greater mean squares due to GCA were also reported by Pandia et al. (1985) and

Gopinath et al. (1996),  while Butarac et al. (2004) and Shoaei and Honarnejad (1996), reported significant

means squares due to both GCA and SCA. Importance of additive genetic effects for Length of leaf was

evident due to greater GCA mean squares. These results are in accordance with the findings of Ogilive and

Kozumplik (1995) and Ukai (1991) who also reported additive genetic effects for length of leaf. Variance

components depicted that SCA variance was greater than GCA variance under irrigated condition with low

GCA/SCA ratio (Table 2). This indicated the importance of non-additive genetic effects for the inheritance of

Length of leaf. However, under drought stress condition, additive genetic effects were more important as

indicated by high GCA variance and high GCA/SCA ratio. Under irrigated condition Coker254 was the best

general combiner (Table 3) for Length of leaf with maximum positive GCA effects (1.990) followed by VE1

(1.387), while Coker347 showed highest negative GCA effects (-2.233). Highest positive SCA (Table 4) effects

(2.188) were recorded in the cross Coker347×Coker254, while these were negative and highest -2.587) in the

cross K394×Coker347. 

Table 2: Com ponents of variation for general ó g and specific ó s combining ability, error ó e and  GCA/SCA ratios in an 5×5 diallel
2 2 2

cross of  Virginia tobacco 

Characters Condition ó g ó s ó e Ratio GCA/SCA
2 2 2

Number of leaves I 0.56(73.68) 0.20(26.25) 0.108 2.8

D 4.18 (51.60) 3.19(48.40) 0.904 1.9

Length of leaf I 2.49(41.70) 3.48(58.30) 0.555 0.71

D 5.16(61.28) 3.26(38.71) 2.549 1.79

Width of leaf I 1.63(64.17) 0.91(35.83) 0.721 1.79

D 5.62(77.02) 1.68(22.98) 0.621 3.35

Leaf area index I 1.75(70.25) 0.74(29.75) 0.425 2.36

D 0.37(62.71) 0.22(37.29) 0.395 1.68

Plant height I 41.25(29.22) 99.94(70.78) 5.529 0.41

D 49.99(51.74) 48.84(48.26) 4.07 1.02

Dry leaf yield I 0.11(14.48) 0.65(85.52) 0.257 0.16

D 0.02(2.98) 0.65(97.02) 0.076 0.03

(values in parentheses represent percentage of respective variance)

I = irrigated condition and D = drought condition

Two of the parental genotypes were considered as the good general combiners for Length of leaf which

showed desirable positive GCA effects under drought (Table 3). These were VE1 (1.641) and Coker254

(1.159). Other 3 genotypes displayed undesirable negative GCA effects. Best cross combinations (Table 4)

showing high positive SCA effects were NC89×Coker254 (2.398), and VE1×NC89 (2.135). The hybrid

VE1×K394 showed the maximum negative (-2.771) SCA effects. 

Table 3: general combining ability (GCA) effects of 5 tobacco genotypes for the studied traits

Characters Genotypes 

---------------------------------------------------------------------------------------------------------------------

Condition Coker347 VE1 NC89 K394 Coker254 SE(gi)

Number of I -1.067** -1.696** 0.025 0.753** 1.985** 0.21

 leaves D -1.387** -1.076** -0.402 1.073** 1.792** 0.185

Length of I -2.233** 1.387** 0.185 -1.330** 1.990** 0.145

leaf D -1.226* 1.641** -0.405 -1.168** 1.159** 0.311

Width of I -0.930** 1.286** 0.115 -0.942** 0.706** 0.166

Leaf D -1.869** 1.881** -0.194 -1.719** 1.730** 0.154

Leaf area I -0.863** 0.069 0.068 0.014 0.711** 0.064

index D -0.058** 0.201** -0.125** -0.170** 0.674** 0.034

Plant I -1.758** 1.106* 7.087** -8.94** 2.501** 0.458

height D -1.631** -0.966* 2.524** -7.482** 7.552** 0.417

Dry leaf I 0.035 -0.295* 0.425** 0.324** -0.064 0.09

Yield D 0.231** -0.117** 0.323** 0.423** -0.299** 0.054

** Significant at the 1% and * significant at the 5% probability level.,  I = Irrigated condition,  D = Drought condition

Width of Leaf: 

Highly significant and greater mean squares due to GCA for width of leaf (Table 1) under both sowing

conditions were recorded. Mean squares due to SCA were also highly significant but smaller.  Significant mean

squares due to both GCA and SCA were also reported by Ukai (1991), Shoaei and Honarnejad (2003) and
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Newaz and Uddin (1992). However, Patel et al. (1991) found significant mean squares due to only GCA while

Pandia et al. (1985) found significant means squares due to only SCA. Variance due to GCA was much higher

for width of leaf as compared to variation due to SCA with a higher GCA/SCA ratio under both sowing

conditions (Table 2) indicating the importance of additive genetic effects for width of leaf. Importance of

additive genetic

Tableb 4: Specific combining ability (SCA) effects of 10 crosses for the studied traits

Characters Crosses    

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

ijCondition Coker347x Coker347x Coker347x Coker347 x VE1x VE1x VE1x NC89x NC89x K394x SE(s )

 VE1 NC89 K394 Coker254 NC89 K394 Coker254 K394 Coker254 Coker254

Number of  leaves I 1.817** -1.790** 0.252 -0.435 -0.553 -1.015 2.186** 2.253** -0.592 2.440** 0.543

D -0.432 -1.307* 0.807 0.975 0.761 -0.75 3.330** 1.276* 0.536 -0.674 0.479

Length of  leaf I -0.256 -0.39 2.188** 0.565 -1.785** -1.679** 0.197 -0.096 0.51 -2.587** 0.375

 D -1.675* -1.307 -1.771* -1.002 2.135** -2.771** -1.556 -0.213 2.398** 0.771 0.805

Width of  Leaf I 2.037** 0.292 -1.003 -1.636** -1.050* -0.209 0.426 0.992* -0.182 -0.297 0.428

D -2.28** 0.685 -0.784* -0.552 -0.231 -1.207* 2.467** -0.079 -0.013 0.24 0.397

Leaf area index I 0.584** -0.05 -0.298 1.877** 0.085 -0.066 0.726** 0.911** 0.187 0.562**- 0.166

D -0.496** -0.009 -0.491** 0.448** -0.392** -0.290** 0.788** -0.06 0.348** -0.013 0.087

Plant height I 1.564** -8.316** 3.668** 3.225* 0.888 -2.888* -9.730** -7.78** -15.47** 9.185** 1.181

D 0.561 5.537** 0.812 -5.204** 4.138** -5.877** 7.806** 1.352 0.369 11.280** 1.077

Dry leaf yield I 0.799** -0.800** -0.048 1.645** 0.48 0.365 -0.446 0.962** -0.45 -0.761** 0.356

D -0.186 -0.679* -0.21 1.349** 0.13 -1.013** 0.960** -0.156 0.33 -0.426 0.35

** Significant at the 1% and * significant at the 5% probability level.,  I = Irrigated condition,  D = Drought condition

Effects for width of leaf was also reported by Patel et al. (1991) and Gopinath et al. (1996). However,

additive genetic effects for the control of width of leaf were reported by Ukai (1991) and Shoaei and

Honarnejad (2003) while both additive and non-additive genetic effects were reported as important by Pandia

et al. (1985). Two of the parental genotypes (VE1 and Coker254) displayed the positive GCA effects for width

of leaf under irrigated condition (Table 3). The best general combiner was the genotype VE1 with highest

(1.286) positive GCA effects. The best specific combination with highest (2.037) positive SCA effects was

Coker347×VE1. The highest (-1.636) negative SCA effects were recorded in the cross Coker347×K394. Two

of the parental genotypes were considered as the good general combiners for width of leaf which showed

desirable positive GCA effects under drought (Table 3). These were VE1 (1.881) and Coker254 (1.730). Other

3 genotypes displayed undesirable negative GCA effects. Best cross combination (Table 4) showing high

positive SCA effects was VE1×Coker254 (2.467). The hybrid Coker347×VE1 showed the maximum negative

(-2.28) SCA effects. 

Leaf Area Index: 

Mean squares due to GCA were highly significant and greater than highly significant SCA mean squares

for leaf area index under irrigated condition (Table 1) while mean squares due to SCA were non-significant

and those of GCA were highly significant under drought. Significant mean squares for GCA for leaf area index

were also reported by Gopinath et al. (1996), Shoaei and Honarnejad (1996) and Butarac et al. (2004) while

significant means squares due to both GCA and SCA were reported by Newaz and Uddin (1992). It was

revealed that GCA variance was greater than SCA variance for leaf area index under both sowing condition

(Table 2), which suggested that additive genetic effects were involved in the inheritance of leaf area index.

Findings in this study are in accordance with those of Shoaei and Honarnejad (1996) who also reported higher

GCA variance for leaf area index, while Pan (2001), reported a higher SCA variance with a low GCA/SCA

ratio. Present results are also in agreement with Butarac et al. (2004) who also reported additive genetic effects

for leaf area index. However, results of this study differ from Marani and Sachs (1991), Ukai (1991) and

Newaz and Uddin (1992), who indicated the importance of non-additive genetic effects for leaf area index.

Evidence of both additive and non-additive genetic effects has been reported by Ogilive and Kozumplik (1995).

Under irrigated condition Coker254 was the best general combiner (Table 3) for leaf area index with maximum

positive GCA effects (0.711), while Coker347 showed highest negative GCA effects (-0.863). Highest positive

SCA effects (1.877) were recorded in the cross Coker347×Coker254 while these were negative and highest

(-0.562) in the cross K364×Coker254. Two of the parental genotypes were considered as the good general

combiners for leaf area index which showed desirable positive GCA effects under drought (Table 3). These

were Coker254 (0.674) and VE1 (0.201). Other 3 genotypes displayed undesirable negative GCA effects. Best

cross combinations showing high positive SCA effects were VE1×Coker254 (0.788), Coker347×Coker254

(0.448) and NC89×Coker254 (0.348). The hybrid Coker347×VE1 showed the maximum negative (-0.497) SCA

effects. 
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Plant Height: 

Analysis of variance of combining ability for plant height under both sowing conditions (Table 1) revealed

highly significant mean squares due to both GCA and SCA under drought, while mean squares due to GCA

were non-significant under irrigated conditions. Significant mean squares due to both GCA and SCA for plant

height were also reported by Gopinath et al. (1996) and Shoaei and Honarnejad (1996) while Butarac et al.

(2004), reported significant mean squares due to GCA. Components of variation (Table 2) revealed high SCA

variance and low GCA/SCA ratio for plant height under irrigated conditions indicating the preponderance of

non-additive genetic effects for the trait. However, SCA variance was smaller than GCA variance indicating

the importance of additive genetic effects for the inheritance of plant height under drought. High GCA variance

for plant height was also reported by Pan (2001). Similarly importance of additive genetic effects for plant

height was indicated by Gopinath et al. (1996) and Shoaei and Honarnejad (1996) while Butarac et al. (2004);

Ukai (1991), Gupoyl et al.,(1987) and Chang and Shyu (1991) indicated the importance of non-additive genetic

effects for plant height. Under irrigated conditions (Table 3) the genotypes NC89 and Coker254 showing high

GCA effects (7.087 and 2.501, respectively) were thought to be the best general combiners for plant height.

The genotype K394 was the poorest general combiner with highest negative GCA effects (-8.94). SCA effects

(Table4) were followed by K394×Coker254 (9.185) and Coker347×K394 (3.668). The same two genotypes

(NC89 and Coker254) which were best general combiners under irrigate conditions, also came out to be the

best under drought stress condition (Table 3). Similarly K394 with maximum negative (-7.482) GCA effects

was again the poorest general combiner for plant height. Four cross combinations displayed positive SCA

effects (Table 4) which were highest in K394×Coker254 (11.280) followed by VE1×Coker254 (7.806) and

Coker347×NC89 (5.537). The hybrid VE1×K394 showed the maximum negative (-5.877) SCA effects. 

Dry Leaf Yield: 

Highly significant mean squares due to SCA were recorded for dry leaf yield under both sowing conditions

(Table 1) while mean squares due to GCA were non- significant. Significant mean squares due to both GCA

and SCA for dry leaf yield were also reported by Butarac et al. (2004) and Gopinath et al. (1996) while

Shoaei and Honarnejad (1996) and Chen (2000) reported significant mean squares due only to GCA and Ukai

(1991) reported significant mean squares due to only SCA. Estimation of variance components (Table 3)

revealed that SCA variance was much greater than GCA variance for dry leaf yield under both sowing

conditions. Similarly GCA/SCA ratio was also low. This suggested the importance of non-additive genetic

effects for the inheritance of dry leaf yield under irrigated as well as drought stress conditions. Significant and

greater SCA variance for dry leaf yield was also reported by Pan (2001), however, significant and greater GCA

variance for dry leaf yield was reported by Shoaei and Honarnejad (2003). Results of this study are also in

accordance with the findings of Ogilivie and Kozumplik (1995) and Chang and Shyu (1991) who reported non-

additive genetic effects for dry leaf yield. However, Shoaei and Honarnejad (1996) and Chen (2000) reported

additive genetic effects for dry leaf yield. Under irrigated conditions (Table 3) 2 of the parents showed positive

GCA effects for dry leaf yield. Maximum value (0.425) was indicated in NC89. K394 (0.324) displayed

positive GCA effects of low magnitude.

Highest negative GCA effects (-0.295) were indicated by the genotype VE1. Positive SCA effects (Table

4) were recorded in 30% of hybrid. Maximum positive SCA effects were observed for crosses

Coker347×Coker254, NC89×K394 and Coker347×VE1 with values of 1.645, 0.962 and 0.799, respectively.

Highest negative SCA effects (-3.800) were displayed by the cross Coker347×NC89. The genotype K394 with

maximum positive GCA effects (0.423) was the best general combiner for dry leaf yield under drought stress

conditions (Table 3). Genotypes showing high negative GCA effects in descending order were Coker254 and

VE1. SCA effects were positive in 5 cross combinations. Useful combinations with high positive SCA effects

were Coker347×Coker254 and VE1×Coker254 in descending order. It became evident that mean squares due

to both GCA and SCA were significant for all the traits, with a few exceptions where GCA mean squares were

only significant or non-significant, under irrigated as well as drought stress conditions. The relative magnitude

of variation due to GCA and SCA indicated the importance of additive effects for all the characters under both

sowing conditions, except dry leaf yield under both sowing conditions and plant height under irrigated

condition and leaf area index under drought where importance of dominant genetic effects was indicated. It

was also revealed that additive effects were more important than the dominant for almost all the characters

under both sowing conditions which indicated the importance of additive variation for the inheritance of these

characters. Thus, it is speculated that certain crosses may produce transgressive segregants in the early

generations which could be of great significance. Greater SCA effects obtained in crosses involving both

parents with high GCA (high x high) indicated the possibility of genetic improvement for those particular
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characters through pedigree selection. For example the cross VE1×Coker254 may produce transgressive

recombinants for width of leaf under drought and K394×Coker254 for number of leaves under irrigated

condition. Similarly crosses showing high SCA and involving both parents as low general combiner (low×low)

for a trait indicated the presence of epistasis or non-allelic interaction at the heterozygous loci. This suggested

utilizing these crosses through single plant selections in the later generations. These types of crosses under

irrigated condition include Coker347×K394 for length of leaf and plant height. Under drought this situation

was found in VE1×Coker254 for width of leaf and dry leaf yield and Coker347×VE1 for number of leaves.

Crosses presenting high SCA and involving at least one parent with high GCA (Low×high) indicated the

involvement of additive dominance gene interaction for the expression of that particular trait. This situation

under irrigated condition was indicated in VE1×Coker254 for number of leaves; Coker347×VE1 for width of

leaf; Coker347×Coker254 for leaf area index and K394 × Coker254 for plant height. This situation under

drought was found in crosses like VE1×Coker254 for number of leaves, Coker347×Coker254 for dry leaf yield;

VE1×NC89 for plant height. The presence of both additive and non-additive variability suggested the utilization

of certain genotypes and crosses to evolve new tobacco genotypes for irrigated as well as drought

environments. Use of diallel mating with recurrent selection and integration with pedigree selection will yield

new recombination with accumulation of desirable genes. 
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