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Abstract 
The present investigation was carried out at University of Agricultural Sciences, GKVK, Bengaluru. Line 

× Tester analysis was carried out using 8 lines and 4 testers to produce 32 F1’s. The variances due to SCA 

were found to be higher than GCA variances for all the eleven characters studied, indicating the 

predominance of non-additive gene action in the inheritance of the characters studied. Three lines GKVK 

16, GKVK 8B and GKVK 5 and only one tester KCG 2 were appears to be good general combiners to 

produce high water use efficient genotypes as these have shown significant GCA effects in desirable 

direction for both SCMR and SLA. Three lines GKVK 16, GKVK 8B, GKVK 5 and only one tester 

KCG 2 were found to be good general combiners for both pod and kernel yield per plant. No single line 

or tester was found to be a good general combiner for all the 11 characters studied. However, lines 

GKVK 16, GKVK 5 and GKVK 8B were the best combiners which scored significant positive gca 

effects for most of the characters studied and among testers KCG 2 was the best combiner compared to 

rest. The crosses GKVK 16 × ICGV 91114, GKVK 6 × KCG 2, GKVK 8B × GPBD 4 and GKVK 16 × 

KCG 2 were recognized as best cross combinations for most of the traits studied. 
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Introduction 
Groundnut is an important oilseed crop in India which is grown mostly under rain fed 

conditions. Due to erratic rainfall and frequent drought, and also lack of high yielding adapted 

cultivars, groundnut yields are generally low and unstable under rain dependent conditions. It 

requires thorough investigations to increase Water Use Efficiency (WUE), to assure sustained 

food security for the benefit of resource poor farmers in the semi arid regions. Several reviews 

have considered the value of physiological or morphological attributes in breeding improved 

cultivars of crop species. Recent research has targeted drought resistance breeding and use of 

new genomic tools to enhance crop WUE. In order to develop drought tolerant and high 

yielding genotypes, we need to identify good combiners to use as parents in hybridization 

programme.  

It has been amply demonstrated by many breeders that per se performance of parents is not 

always a true indicator of its potential in hybrid combinations in several crop plants. The 

information on the combining ability status of the genotypes will give an indication as how 

well they combine with a given genotype to produce potential and productive populations. In 

this context, Line × Tester mating design proposed by Kempthorne (1957) [7] helps the 

breeders by providing information on the combining ability status of genotypes used and also 

on the nature of gene action involved. Estimates of combining ability parameters place the 

heterosis breeding on a further scientific footing. 
 

Material and methods 

In this experiment eight high water use efficient lines such as GKVK 17, GKVK 6, GKVK 16, 

GKVK 8B, GKVK 5, GKVK 9, GKVK 13 and ICG 12370 were hybridized with four popular 

varieties namely TMV 2, KCG 2, ICGV 91114 and GPBD 4 in a line × tester fashion to 

produce 32 hybrids. The generated 32 F1s along with parents were evaluated in a randomized 

complete block design in two replications. Five plants in each plot of all parents and crosses 

were randomly selected and tagged excluding the border plants in each row. Observations 

were recorded on 11 yield and its attributing characters as well as traits related to Water Use 

Efficiency like SLA and SCMR.  
 

Recording of observations 

SCMR (SPAD Chlorophyll Meter Reading)  

The third leaf from the apex was selected to record the SCMR at 65 DAS using Minolta SPAD 

meter. Selected leaf of groundnut was clamped avoiding the mid rib region into the sensor 

head of SPAD meter. A gentle stroke was given to record the SPAD reading and the averag
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of such four strokes was considered. Since groundnut has tetra 

foliate leaf, SCMR was recorded in all the four leaflets and 

the average value was recorded. 

 

SLA (Specific Leaf Area value) 

Third fully expanded leaf of the main branch which was used 

to record SCMR value was collected and the leaf area was 

measured using leaf area meter available at AICRP on 

Agrometeorology and Department of Crop Physiology, UAS, 

GKVK, Bengaluru. Then the leaves were kept in an oven for 

drying at 70C for 3 days. The dry weight of the leaf was 

accurately measured using a sensitive balance.  

 

Results and discussion 

Mean sum of squares for lines, testers and line × tester 

interaction for traits related to yield and WUE is presented in 

Table 1. The lines exhibited significant differences for 

primary branches per plant and pod shelling per cent. Mean 

sum of squares for testers were significant for the characters 

pods per plant, SCMR, SLA, pod yield per plant and kernel 

yield per plant. However L × T interaction was significant for 

all the 11 characters studied indicating differential behaviour 

of lines with different testers.  

The estimates of SCA variance were predominant for all the 

characters. The GCA and SCA variance ratio was wider for 

plant height, Days to 50 per cent flowering, 100 kernel 

weight, shelling per cent and SMK per cent. From the 

estimates of additive and dominance variance, it was observed 

that dominance variance was predominant for all the 

characters and was maximum for SLA, SMK per cent, pod 

yield and pod shelling per cent. The role of non additive gene 

action for these traits have been reported by Jivani et al. 

(2009) [5], Ganesan et al. (2010) [4], John et al. (2011) [6], Azad 

et al. (2014), Dasaradha et al. (2004). However present results 

were contradictory to the reports of Ali et al. (1995) [1], 

Kuchanur et al. (1997) [8] who reported additive gene action 

for most of the characters studied.  

In the Table 2 showing gca effects of parents for all the traits, 

none of the lines showed significant gca effect for days to 

50% flowering whereas only one tester ICGV 91114 (-0.98) 

had significant gca effect. Hence, this tester can be considered 

as good combiner to develop early types. The line ICG 12370 

(-5.94) and the tester ICGV 91114 (-2.24) was found to be 

good general combiners for developing dwarf types. For 

primary branches per plant, two lines GKVK 17 (0.94) and 

ICG 12370 (0.53) and only one tester KCG 2 (0.34) exhibited 

significant gca effect in desirable direction. Three lines 

GKVK 16 (4.61,-21.31), GKVK 8B (2.91,-11.53) and GKVK 

5(2.49,-9.87) and only one tester KCG 2 (6.28,-23.35) were 

appears to be good general combiners to produce high water 

use efficient genotypes as these have shown significant gca 

effects in desirable direction for both SCMR and SLA. For 

pods per plant, two lines GKVK 16 (9.14) and GKVK 8B 

(5.19) and the tester KCG 2 (12.18) considered to be good 

combiners as evident from its significant positive gca effects.  

In order to develop high yielding genotypes, three lines 

GKVK 16 (13.28,10.97), GKVK 8B (6.51,4.89), GKVK 5 

(4.83,4.77) and only one tester KCG 2 (13.83,11.54) were 

found to be good general combiners as these have expressed 

significant positive gca effects for both pod and kernel yield 

per plant. Three lines GKVK 8B (4.53), GKVK 5 (3.93) and 

GKVK 17 (3.34) and the tester KCG 2 (3.92) showed 

significant positive gca effect for 100 kernel weight. Hence, 

these parental genotypes can be considered as good general 

combiners for this trait. For pod shelling per cent, three lines 

GKVK 5 (10.02), GKVK 6 (7.84) and GKVK 16 (6.74), and 

only one tester KCG 2 (9.57) were considered to be good 

general combiner as these exhibited significant gca effect in a 

desired direction. The genotypes GKVK 5 (23.5), GKVK 16 

(10.41) and KCG 2 (13.01) were good general combiners for 

SMK as these reported significant positive gca effects and 

hence can be used in crossing programme to produce 

genotypes with more number of bold seeds.  

No single line or tester was found to be a good general 

combiner for all the 11 characters studied. However, lines 

GKVK 16, GKVK 5 and GKVK 8B were the best combiners 

which scored significant positive gca effects for most of the 

characters studied and among testers KCG 2 was the best 

combiner compared to rest. Hence, these parental lines can be 

further exploited in hybridization programme to improve 

yield.  

The sca effects could be used as an index to determine the 

usefulness of a particular cross combination. The crosses 

GKVK 16 × ICGV 91114, GKVK 6 × KCG 2, GKVK 8B × 

GPBD4 and GKVK 16 × KCG 2 were recognized as best 

cross combinations for most of the traits studied. The 

estimates of specific combining ability effects of crosses for 

11 traits have been listed in Table 3. The cross GKVK 9 × 

ICGV91114 exhibited significant negative sca effect for days 

to 50% flowering indicating the role of non additive gene 

action for this trait. 

Hybrids GKVK 6 × KCG 2, GKVK 8B × GPBD 4 and 

GKVK 9 × ICGV91114 manifested significant negative sca 

effects out of 32 hybrids. These hybrids belong to either H × 

H or H × L combinations indicating the role of additive × 

additive and additive × dominant type of gene action for this 

trait. For primary branches per plant, the cross GKVK 5 × 

KCG 2 manifested significant positive sca effect and it was 

derived from H × H parental combination revealing the role of 

additive gene action in the inheritance of this trait. High sca 

effect was exhibited by the crosses viz., GKVK 6 × KCG 2, 

GKVK 16 × ICGV 91114, GKVK 16 × KCG 2 and GKVK 

8B × GPBD 4. Interestingly these cross combinations were of 

either H × H or H × L general combiners, suggesting the 

involvement of both additive and non-additive gene action for 

this trait. Significant negative sca effect was exhibited by 12 

crosses which have been derived from parents of all possible 

combinations i.e., H × H, H × L, L × H and L × L combiners. 

This suggests the involvement of both additive and non-

additive gene action for this trait. The best specific 

combinations observed to be GKVK 6 × KCG 2, GKVK 16 × 

ICGV 91114, GKVK 8B × GPBD 4 and GKVK 13 × KCG 2. 

High sca effect was manifested by GKVK 6 × KCG 2, GKVK 

16 × ICGV 91114, GKVK 16 × KCG 2 and GKVK 9 × TMV 

2. In this case, the superior hybrids had their parents belonged 

to all the four combinations H × H, H × L, L × H and L × L 

showing the involvement of both additive and non additive 

gene action. 

For pod yield per plant, crosses GKVK 6 × KCG 2, GKVK 16 

× ICGV 91114, GKVK 16 × KCG 2 and GKVK 8B × GPBD 

4 have manifested higher magnitude of sca effects. These 

crosses belonged to all the four parental combinations H × H, 

H × L, L × H and L × L indicating the role of both additive 

and non additive gene action in the control of this trait. 

The highest sca effect was observed in the crosses GKVK 6 × 

KCG 2, GKVK 16 × ICGV 91114, GKVK 16 × KCG 2 and 

GKVK 8B × GPBD 4 for kernel yield per plant. All these 

hybrids were derived from H × H, H × L, L × H and L × L 

parental combinations suggesting the involvement of both 

additive and non additive type of gene action. 



 

~ 1724 ~ 

Journal of Pharmacognosy and Phytochemistry 

 

 

 

 

Table 1: ANOVA for combining ability of lines and testers for growth, yield and traits related to WUE in groundnut. 
 

Source of variation df 
Days to 50% 

flowering 

Plant 

height (cm) 
Primary branches/plant SCMR 

SLA 

( cm2/g ) 
Pods/plant Pod yield/plant (g) Kernel yield/plant (g) 100 kernel weight (g) Pod shelling per cent SMK (%) 

Replication 1 0.02 19.23 0.03 0.34 88.92* 37.36 39.19* 10.87 4.38 145.05 0.83 

Lines 7 3.18 59.75 2.46* 105.96 1685.50 253.24 523.72 396.25 126.04 876.79* 1065.42 

Testers 3 8.89 83.81 1.58 320.48** 4269.96** 1067.54** 1503.93* 1033.97** 148.78 836.38 1316.40 

Line×Tester 21 3.70* 41.27** 0.75** 52.27** 795.35** 212.71** 329.13** 193.43** 95.98** 319.65** 619.74** 

Error 31 1.76 10.17 0.24 3.51 16.22 8.81 8.36 3.95 7.81 54.72 33.43 

 
Table 2: General combining ability effects of lines and testers for growth, yield and traits related to WUE in groundnut. 

 

Lines Days to 50% flowering Plant height (cm) 
Primary branches/ 

Plant 
SCMR 

SLA 

( cm2/g ) 
Pods/plant 

Pod yield 

/plant (g) 

Kernel yield 

/plant (g) 
100 kernel weight (g) Pod shelling per cent 

SMK 

(%) 

GKVK6 -0.42 0.92 -0.43 * 0.34 -2.13 0.11 0.12 1.2 0.29 7.84 ** 0.08 

GKVK16 -0.30 0.43 -0.41 * 4.61** -21.31 ** 9.14 ** 13.28** 10.97** -3.87 ** 6.74 ** 10.41 ** 

GKVK8B 0.45 1.21 -0.64 ** 2.91 ** -11.53 ** 5.19 ** 6.51 ** 4.89 ** 4.53** 1.59 -2.76 

GKVK5 -0.05 -0.16 -0.18 2.49 ** -9.87 ** 1.72 4.83 ** 4.77 ** 3.93 ** 10.02 ** 23.50 ** 

GKVK17 -0.55 -1.39 0.94 ** -4.90 ** 17.39 ** -7.75** -10.00 ** -8.35 ** 3.34 ** -9.24 ** -10.41 ** 

GKVK9 -0.80 2.02 -0.20 -1.91 ** 11.56 ** -2.29 * -6.25 ** -5.13 ** 1.17 0.44 -5.16 * 

GKVK13 0.83 2.91 * 0.38 1.61 * -2.63 0.44 0.28 0.68 -5.85** 3.96 -5.97 * 

ICG12370 0.83 -5.94 ** 0.53 * -5.14 ** 18.52 ** -6.54 ** -8.78 ** -9.04 ** -3.54 ** -21.36 ** -9.68 ** 

S.E 0.43 1.16 0.20 0.66 1.29 1.04 1.05 0.80 1.07 2.39 2.35 

CD at 5% 0.88 2.37 0.41 1.36 2.64 2.11 2.13 1.64 2.18 4.87 4.79 

CD at 1% 1.18 3.19 0.55 1.82 3.55 2.84 2.87 2.20 2.94 6.55 6.44 

Testers Days to 50% flowering Plant height (cm) Primary branches /plant SCMR 
SLA 

( cm2/g ) 
Pods/plant Pod yield/plant (g) Kernel yield/plant (g) 100 kernel weight (g) Pod shelling per cent 

SMK 

(%) 

TMV2 0.58 -1.43 -0.40 ** -3.28 ** 13.04 ** -4.37 ** -8.37 ** -6.50 ** -1.73 * -2.97 -2.45 

ICGV9 1114 -0.98** -2.24 * -0.08 -3.14 ** 9.17 ** -4.94** -4.41 ** -4.20 ** -2.98 ** -7.46 ** -8.08 ** 

KCG2 0.58 2.81 ** 0.34 * 6.28 ** -23.35 ** 12.18 ** 13.83 ** 11.54 ** 3.92 ** 9.57** 13.01 ** 

GPBD4 -0.17 0.86 0.14 0.15 1.14 -2.88 ** -1.05 -0.84 0.79 0.86 -2.48 

S.E 0.30 0.82 0.14 0.47 0.92 0.73 0.74 0.57 0.76 1.69 1.66 

CD at 5% 0.62 1.68 0.29 0.96 1.87 1.49 1.51 1.16 1.54 3.44 3.39 

CD at 1% 0.84 2.25 0.39 1.29 2.51 2.01 2.03 1.56 2.08 4.63 4.56 
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Table 3: Specific combining ability effects of 32 hybrids for growth, yield and traits related to WUE in groundnut. 
 

Hybrids Days to 50% flowering Plant height (cm) 
Primary branches 

/plant 
SCMR 

SLA 

( cm2/g ) 

Pods/ 

Plant 
Pod yield/plant (g) Kernel yield/plant (g) 100 kernel weight (g) Pod shelling per cent 

SMK 

(%) 

GKVK6 × TMV2 -1.33 2.57 0.07 -1.66 8.24 ** -3.41 -5.94 ** -3.58* -3.22 4.20 15.18 ** 

GKVK6 × ICGV91114 0.23 -1.45 0.47 -3.38 * 13.79 ** -6.09 ** -11.522** -6.88** 3.60 10.69 * -14.04 ** 

GKVK6 × KCG2 1.67 -5.15* 0.56 6.53 ** -28.38 ** 11.39 ** 19.43** 14.53** -1.84 -2.48 12.26 * 

GKVK6 × GPBD4 -0.58 4.03 -1.09 * -1.49 6.35 * -1.90 -1.97 -4.07 * 1.46 -12.41 * -13.39 ** 

GKVK16 × TMV2 -0.45 -2.52 0.37 -8.84 ** 30.66 ** -13.18 ** -20.93 ** -15.70 ** -1.24 -10.07 * -21.20** 

GKVK16 × ICGV91114 -0.39 2.69 -0.15 8.91 ** -38.65 ** 17.69 ** 23.71 ** 17.50 ** 5.48 * 11.69 * 27.86** 

GKVK16 × KCG2 0.05 -0.16 -0.06 4.80 ** -15.43 ** 11.26 ** 14.77 ** 11.36 ** -0.57 -1.05 4.02 

GKVK16 × GPBD4 0.80 -0.01 -0.16 -4.87 ** 23.42 ** -15.77 ** -17.55 ** -13.16 ** -3.68 -0.57 -10.68 * 

GKVK8B × TMV2 -0.70 8.16 ** -0.60 2.27 -5.96 * 2.27 7.04 ** 3.23 0.18 0.68 5.30 

GKVK8B × ICGV91114 -0.14 -4.46 -0.26 -6.32 ** 25.41 ** -9.50 ** -15.09 ** -11.82** 2.48 -15.77 ** -8.48 

GKVK8B × KCG2 -1.20 2.99 0.52 -2.59 8.88 ** -2.04 -7.58 ** -4.43 ** -0.60 4.27 10.63 * 

GKVK8B × GPBD4 2.05 * -6.69 ** 0.34 6.64** -28.33 ** 9.27 ** 15.62** 13.02 ** -2.06 10.82 * -7.45 

GKVK5 × TMV2 -0.70 -4.47 -0.31 0.82 -0.81 -7.77 ** -2.53 -0.40 8.05 ** 9.16 -7.93 

GKVK5 × ICGV91114 0.86 0.96 -0.63 -3.99 ** 10.22 ** -4.20 -5.23 * -5.19 ** -2.24 -5.60 9.67 * 

GKVK5 × KCG2 -0.20 1.53 0.91 * -1.25 2.50 1.06 -1.31 -2.19 -0.83 -7.27 -15.88 ** 

GKVK5 × GPBD4 0.05 1.98 0.03 4.42 ** -11.91 ** 10.91 ** 9.07 ** 7.78 ** -4.97* 3.71 14.13 ** 

GKVK17 × TMV2 -0.20 -2.49 0.15 0.63 -6.34 * 3.30 6.45 ** 3.22 -7.85 ** -17.00 ** 21.78 ** 

GKVK17 × ICGV91114 0.86 6.32 * -0.07 2.95 * -11.68** 6.02 ** 6.35 ** 5.18** -0.83 10.60 * 13.05 ** 

GKVK17 × KCG2 -0.20 0.47 -0.48 -4.19 ** 19.38 ** -9.52** -12.99** -9.26 ** 17.07 ** 3.60 -21.55 ** 

GKVK17 × GPBD4 -0.45 -4.29 0.41 0.61 -1.36 0.21 0.19 0.86 -8.39 ** 2.81 -13.28 ** 

GKVK9 × TMV2 2.05 * -2.90 0.71 4.23** -17.04 ** 12.74 ** 8.80 ** 7.64 ** -7.18 ** 7.33 -11.09 * 

GKVK9 × ICGV91114 -2.39 ** -6.09 * 0.14 4.09 ** -9.32 ** 0.31 4.09 5.12 ** 4.79 * 12.61 * -13.85 ** 

GKVK9 × KCG2 2.05 * 4.19 -1.28 ** -6.95 ** 26.01** -11.81** -9.90** -12.04 ** -3.18 -23.45 ** -8.89 

GKVK9 × GPBD4 -1.70 4.81 * 0.43 -1.37 0.35 -1.25 -2.99 -0.72 5.57 * 3.51 33.84 ** 

GKVK13 × TMV2 0.42 -0.40 -0.62 0.57 0.47 -2.45 -0.23 0.69 6.04 ** 5.91 -2.83 

GKVK13 × ICGV91114 -0.52 4.67 0.43 -2.44 7.14 ** -3.29 -2.69 -3.36* -6.06 ** -5.80 -13.87 ** 

GKVK13 × KCG2 -0.58 4.67 0.34 4.51 ** -17.98 ** 10.71 ** 7.29 ** 6.14 ** -7.14 ** 1.68 21.50 ** 

GKVK13 × GPBD4 0.67 -2.09 -0.15 -2.64 10.37 ** -4.98 * -4.38 * -3.47 * 7.16 ** -1.79 -4.80 

ICG12370 × TMV2 0.92 2.06 0.23 1.97 -9.23 ** 8.49 ** 7.33** 4.91 ** 5.22 * -0.21 0.79 

ICG12370 × ICGV91114 1.48 -2.64 0.07 0.19 3.11 -0.94 0.37 -0.55 -7.23 ** -18.42** -0.33 

ICG12370 × KCG2 -1.58 -1.69 -0.50 -0.87 5.03 -11.06 ** -9.71 * -4.11 * -2.91 24.71 ** -2.09 

ICG12370 × GPBD4 -0.83 2.26 0.199 -1.29 1.09 3.50 2.01 -0.25 4.92 * -6.075 1.63 

S.E 0.86 2.32 0.40 1.33 2.59 2.07 2.09 1.61 2.14 4.78 4.70 

CD at 5% 1.76 4.74 0.82 2.71 5.28 4.23 4.27 3.28 4.36 9.74 9.58 

CD at 1% 2.36 6.38 1.10 3.65 7.10 5.69 5.74 4.41 5.87 13.11 12.89 
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