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Abstract 
The main objective of this study was to estimate general (GCA) and specific combining ability (SCA) for the 

plant height (PH), grain yield (GY) and yield component in wheat. A 7 × 7 half-diallel cross among bread wheat 
genotypes (Adana, Ceyhan, Dariel, Genç, Golia, Pehlivan and Seyhan) was analyzed. Yield components include 
spike length (SL), spikelets spike-1 (SS), grains spike-1 (GS), fertile tillers plant-1 (FT) and thousand kernel weight 
(TW). The effects of GCA and SCA were found highly significant. The GCA / SCA ratios indicated that all traits are 
under additive gene effect. However, according to gene effects of correlations (GEr), non-additive gene effect 
was found for the TW, while the other traits were similar to GCA / SCA. According to inter-trait correlation data, 
negative relationship at 0.01 level was found between PH and GS, positive relationship at 0.01 level was found 
between SS and GS; and SS and SL; and GS and GY, positive relationship at 0.05 level was found between PH and 
TW; SS and SL; FT and SS; and FT and GY. According to GCA effects, Golia and Pehlivan were observed to be the 
best combiner parents. The results of this study may be beneficial for plant breeders aiming to develop new 
genotypes. 
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Ekmeklik Buğdayda (Triticum aestivum L.) Bitki Boyu, Verim ve Verim Unsurları Açısından 

Bir 7 × 7 Yarım Diallel Melezlemede Kombinasyon Yeteneği 
 
Özet 

Bu çalışmanın ana konusu, buğdayda bitki boyu (PH), dane verimi (GY) ve verim unsurları açısından genel 
(GCA) ve özel kombinasyon yeteneklerini (SCA) tahmin etmektir. Ekmeklik buğdaylar arasında (Adana, Ceyhan, 
Dariel, Genç, Golia, Pehlivan and Seyhan) yapılan bir 7 × 7 yarım diallel melezleme analiz edildi. Verim 
komponentleri başak boyu (SL), başakta başakçık sayısı (SS), başak dane sayısı (GS), bitki başına fertile kardeş 
sayısı (FT) ve 1000 dane ağırlığını (TW) içermekteydi. GCA ve SCA etkileri oldukça önemli bulundu. GCA / SCA 
oranı tüm özelliklerin eklemeli gen etkisi altında olduğunu gösterdi. Bunun yanında, korelasyonların gen 
etkilerine göre (GEr) tüm özellikler GCA / SCA oranına benzerken, TW için eklemeli olmayan gen etkisi bulundu. 
Özellikler arası korelasyonlara göre PH ve GS arasında 0.01 düzeyinde negative bir ilişki gözlenmiş, SS ve GS, SS 
ve SL, ve GS ve GY özellikleri arasında 0.01 düzeyinde pozitif bir ilişki gözlenirken, PH ve TW, SS ve SL, FT ve SS, 
ve FT ve GY özellikleri arasında 0.05 düzeyinde pozitif bir ilişki gözlenmiştir. GCA etkilerine göre, Golia ve 
Pehlivan en iyi uyuşma yeteneğine sahip ebeveynler olarak gözlenmişlerdir. Bu çalışmanın sonucu, bitki 
ıslahçılarının yeni çeşit geliştirme amaçları için faydalı olabilir.    
 
Anahtar kelimeler: Kombinasyon yeteneği, buğday, verim ve verim unsurları 
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Introduction 
Wheat is a field crop with the widest 

adaptation ability in the world (Rajaram, 2005). 
Increasing wheat production is a necessity in order 
to meet the demand of an increasing human 
population. Researchers are working intensively in 
order to increase wheat yield to meet the growing 
demands that come with an increasing population 
(Yıldırım and Çakmak, 2013). Since expanding 
present agricultural lands is not possible, the only 
solution may be increasing yield in the unit area 
(Pena 2004). One way to increase yield in unit area 
is developing genotypes with good adaptation 
ability and high yield characteristics. 

Plant breeders produce variations through 
diallel crossing with genetic materials in order to 
develop genotypes pursuant to their purpose. 
Breeders aim to identify hybrid combinations in 
early generations in terms of demanded traits and 
select the ones with superior traits (Dağüstü and 
Bölek, 2002). Diallel cross analysis, which are useful 
method to select suitable parents and F1 
combinations, are used estimates of general (GCA) 
and specific combining ability (SCA) variance 
components (Griffing, 1956; Topal et al., 2004; 
Chowdhary et al., 2007). The effects of GCA are the 
most important indicators showing the potential 
values of genotypes in combinations. Wheat 
breeders have calculated additive gen effects of a 
trait through the proportion of the mean square of 
GCA to the mean square of SCA. The GCA and SCA 
depend on additive gene effects and non-additive 
effects of genes, respectively (Poehlman, 1979; 
Nevado and Cross, 1990). 

The grain yield has been the main selection 
trait in bread wheat breeding. Other important 
selection criterions are plant height and grain yield 
components. The objectives of this study were to 
investigate the combining abilities for plant height, 
spike length, spikelets spike-1, grains spike-1, fertile 

tillers plant-1, thousand kernel weight and grain 
yield plant-1 in a 7 × 7 half diallel cross in seven 
bread wheat genotypes. In addition, we calculated 
gene effects for these traits. The formations of this 
study would be useful to uncover relationship of F1 
offspring and their parents to establish an effective 
bread wheat breeding programme. 

 
Materials and methods 
Experimental site 

The study was carried out at the Agricultural 
Research Station of The Eastern Mediterranean 
Transition Zone in Kahramanmaraş (located at 
37°36' N latitude. 36°55' E longitude at an altitude 
of 568 m above sea-level) during the 2008-2009 
growing season. Rainfall during the 10-months 
growing season (from 1st September 2008 to 30th 
June 2009) was 855.8 mm (Table 1). The mean of 
long-term precipitations was 857 mm. The 
experimental field had similar rainfall compared to 
typical long-term precipitation. Average rain-fall in 
March, April and May months are very important 
for wheat production in Kahramanmaraş. The 
monthly maximum and minimum temperatures of 
the 2008-09 growing season are suitable for winter 
wheat. Experimental field soil had clay-loamy, 
alkaline and medium organic matter. 
 
Plant materials and experimental design 

A total of seven bread wheat genotypes 
were used for this experiment as plant materials: 
Adana (Ad), Ceyhan (Cy), Dariel (Dr), Genç (Gn), 
Golia (Gl), Pehlivan (Ph) and Seyhan (Sy). The 
genotypes were crossed to be half diallel without 
reciprocals in the spring of 2008, consequently 
resulting in 21 F1 offspring combinations. 
Experimental design was in a completely 
randomized block design with 3 replications. Each 
individual plant was used to be an observation unit. 

 
Table 1. The monthly total precipitation per month. number of rainy day and maximum and minimum 

temperatures during 2008-09 season in Kahramanmaraş 

Characteristics Sept. Octo. Nove. Dece. Janu. Febr. March April May June 

Max. Temp. (00C) 40 32 25 18.4 14.5 17.3 23.5 25.4 36 39.2 

Min. Temp. (00C) 14 9.8 5 -2.2 -6.2 -0.6 0.8 6.8 10.2 16.2 

Precipitation (mm) 23.6 13.8 105.9 96.2 107.5 221.2 158 82.5 43.4 3.7 

Rainy days 6 5 9 6 16 17 15 10 7 2 

 
Agricultural applications 

Plant materials were sown on the 8th 
November 2008. Plants were grown in 1-m long 
with 2-rows spaced 30 cm apart with 10 plants row-

1. Fertilizer was applied DAP (150 kg ha-1) before 
planting and ammonium nitrate (200 kg ha-1) at the  

 
shooting stage (Zadoks et al., 1974). Weed-control 
was performed by herbicide application at the 
main shoot stage (Zadoks et al., 1974). Plant height 
(PH), Spike length (SL), Spikelets spike-1 (SS) and 
Grains spike-1 (GS) were measured on main stem of 
each plant. PH and SL were measured in 
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centimeters. Fertile tillers plant-1 (FT) was counted 
at harvest time. Thousand kernel weight (TW) and 
grain yield plant-1 (GY) were weighed in gram. GY 
was calculated to be plant grain yield from mean of 
ten plant yields. 
 
Evaluation and statistical analysis 

The collected data of each traits was 
analyzed using the MSTAT-C Statistical Program. 
Differences between means were determined by 
LSD and were considered significant at P ≤ 0.05 
(Mohammed, 2009). The estimates of the general 
and specific combining ability were calculated 
according to Griffing’s (1956) Method-II by using 
the TarPopGen Statistical Package Program 
developed by Özcan (1999). 

Breeders calculate additive gen effects 
through the proportion of the mean square of 
general combination ability (GCA) to the mean 

square of special combination ability (SCA) of the 
studied trait. We have developed a new formula for 
gene effects and compared its results with the 
results of GCA / SCA ratio. Two correlations were 
used in this formula. The formula is as follows;  

GEr      =  
rgp 

rsc 

Where; 
GEr: Gene effect  
rgp: Correlation between values of parent (p) 

and general combining abilities of parents (g) 
rsc: Correlation between values of F1s (c) and 

specific combining abilities of F1s  (s) 
here, in determination of additive or non-

additive;  
GEr ˃ 1 : additive gene effect 
GEr ˂ 1 : non-additive gene effect 

 
Table 2. Analysis of variance (mean square values) for 7 traits in 7 bread wheat genotypes and their 21 F1 

offsprings in Kahramanmaraş during the 2008-09 season 

    PH (cm) FT (no) SL (cm) SS (no) GS (no) TW (g) GY (g plant-1) 

Sources df 
     

Mean Squares 
     

          

GCA 6 181.3 ** 0.7 ** 1.1 ** 10.3 ** 301.1 ** 7.4 ** 11.4 ** 

SCA 21 34.0 ** 0.2 ** 0.3 ** 2.6 ** 28.2 ** 3.4 ** 2.2 ** 

Genotypes 27 200.1 ** 1.0 ** 1.5 ** 12.9 ** 266.6 ** 12.5 ** 12.8 ** 

Error 54 1.6  0.1  0.0  0.1  0.5  0.3  0.1  

GCA / SCA  5.3  3.5  3.7  4.0  10.7  2.2  5.2  

CV (%)  2.0   11.0   4.1   2.7   2.3   2.3   6.6   
*: P ≤ 0.05, **: P ≤ 0.01, n.s.: not significant 

 
Results 
Variance components and correlations 

Variance analysis results were found 
significant at 0.01 level is all traits examined for all 
genotypes (Table 2). Similarly, mean square of 
general combining ability (GCA) and specific 

combining ability (SCA) for all characters was found 
significant at 0.01 level. This state indicates the 
presence of variances among genotypes that are 
worth examining in terms of traits. GCA / SCA 
proportions showed that all traits were controlled 
additive gene effects.  

 
Table 3. The correlation coefficients among traits (df=27) and gene effect according to correlation between 

selected trait and its combining ability (df=6 for GCA and df=20 for SCA) 

  PH (cm) FT (no) SL (cm) SS (no) GS (no) TW (g) GY (g plant-1) 

PH (cm)   -0.128 ns -0.044 ns -0.107 ns -0.548 ** 0.422 * -0.279 ns 

FT (no)     0.364 ns 0.408 * 0.237 ns -0.286 ns 0.430 * 

SL (cm)       0.492 * 0.196 ns 0.150 ns 0.343 ns 

SS (no)         0.504 ** 0.001 ns 0.596 ** 

GS (no)           -0.161 ns 0.846 ** 

TW (g)             0.099 ns 

GCA 0.923 ** 0.880 ** 0.850 ** 0.897 ** 0.970 ** 0.810 * 0.958 ** 

SCA 0.742 ** 0.807 ** 0.757 ** 0.819 ** 0.719 ** 0.842 ** 0.767 ** 

GEr † 1.24   1.09   1.12   1.1.09   1.35   0.96   1.25   
†additive gene effect for GEr ˃ 1and non-additive gene effect for GEr ˂ 1, according to correlation coefficients 
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*: P ≤ 0.05, **: P ≤ 0.01,  significant at correlation probability 

Significant negative correlation at 0.01 level 
was found between PH and GS (Table 3). In 
addition, significant positive relationship at 0.01 
level was observed between SS and GS; SS and GY; 
and GS and GY. Positive relationship at 0.05 level 
was observed between PH and TW; SS and SL; FT 
and SS; and FT and GY. 

Table 2 shows that all examined traits are 
under additive gene effects calculated using 
GCA/SCA formula. GEr values, which were 
calculated through correlations for the similar 
examined traits (GEr = rgp / rsc), were found higher 

than 1 in terms of all traits except for TW (0.96) 
(Table 3). According to GEr results, all traits except 
for TW were under additive gene effect. Non-
additive genetic effect for TW was resulted from 
the fact that correlation data (r = 0.842**) between 
TW values of the combinations and SCA values of 
the combinations were found higher than 
correlation data (r = 0.810*) between TW values of 
the genotypes and the GCA values of the 
genotypes. GEr calculation shows similarity with 
GCA / SCA proportion in terms of all traits except 
for TW trait.    

 
Table 4. Estimates of GCA and SCA for plant height, yield and its components in a 7 × 7 diallel cross of bread 

wheat 

Parents & F1s PH FT SL SS GS TW GY 

Adana (Ad) 0.52 ns -0.20 * -0.16 ** -0.78 ** -2.96 ** 0.55 ** -0.85 ** 

Ceyhan (Cy) 1.19 ** -0.27 ** -0.24 ** -0.43 ** -2.92 ** 1.50 ** -0.41 ** 

Dariel (Dr) 5.19 ** 0.11 ns -0.42 ** -0.26 ** -3.70 ** -0.02 ns -0.13 ns 

Genç (Gn) 2.19 ** 0.07 ns 0.27 ** -0.89 ** -3.11 ** -0.11 ns -0.60 ** 

Golia (Gl) -9.11 ** 0.29 ** -0.11 ns 0.70 ** 12.38 ** -1.03 ** 2.00 ** 

Pehlivan (Ph) 1.52 ** 0.34 ** 0.65 ** 2.12 ** 1.98 ** 0.15  1.07 ** 

Seyhan (Sy) -1.48 ** -0.34 ** 0.00 ns -0.47 ** -1.67 ** -1.03 ** -1.09 ** 

Ad × Cy 4.88 ** -0.47 * 0.24 ns -0.47 ns 0.64  ns 0.49 ns -0.40 ns 

Ad × Dr 6.88 ** -0.72 ** -1.08 ** -0.04 ns 1.88 ** 0.67 ns -0.55 * 

Ad × Gn 3.21 ** -0.44 * 0.20 ns -1.02 ** -2.90 ** 3.76 ** 0.39 ns 

Ad × Gl 3.18 ** 0.60 ** 0.24 ns 2.44 ** 6.74 ** 1.22 ** 2.32 ** 

Ad × Ph -2.45 * -0.45 * 0.05 ns 0.31 ns 3.84 ** -1.14 * 0.38 ns 

Ad × Sy -4.12 ** -0.44 * 0.03 ns -0.04 ns 2.59 ** 0.68 ns 0.44 ns 

Cy × Dr 3.55 ** 0.32 ns 0.53 ** 1.15 ** 0.54 ns 0.59 ns 0.71 ** 

Cy × Gn -6.45 ** -0.24 ns -0.82 ** -1.19 ** -5.38 ** -2.22 ** -0.99 ** 

Cy × Gl -5.82 ** -0.17 ns 0.39 * 1.12 ** 9.42 ** 1.71 ** 2.61 ** 

Cy × Ph -1.79 ns 0.32 ns 0.13 ns 2.40 ** 3.59 ** -0.01 ns 2.17 ** 

Cy × Sy 0.55 ns -0.47 * -0.66 ** -0.25 ns -4.12 ** 1.23 ** -1.00 ** 

Dr × Gn 6.88 ** 0.48 * 0.12 ns 0.23 ns 1.27 * -1.34 ** 1.26 ** 

Dr × Gl -6.16 ** -0.41 ns 0.30 ns -2.25 ** 4.31 ** 0.69 ns 1.50 ** 

Dr × Ph 1.55 ns -0.16 ns 0.68 ** 3.92 ** 0.67 ns 1.61 ** -0.27 ns 

Dr × Sy -2.45 * -0.08 ns 0.79 ** -1.09 ** 0.62 ns 1.75 ** 0.35 ns 

Gn × Gl 1.51 ns -0.10 ns 0.35 ** 1.24 ** 6.82 ** 1.21 ** 0.30 ns 

Gn × Ph 9.55 ** 0.08 ns -0.11 ns -1.32 ** 1.05 ns 2.29 ** 1.59 ** 

Gn × Sy -0.45 ns -0.41 ns -0.53 ** 1.27 ** 5.11 ** -3.06 ** -0.68 ** 

Gl × Ph -5.16 ** -0.54 * -0.13 ns -0.33 ns -2.91 ** -1.55 ** -1.27 ** 

Gl × Sy 12.18 ** -0.20 ns -0.52 ** -0.88 ** 1.51 * -0.40 ns 0.12 ns 

Ph × Sy 2.55 * 0.39 ns 0.56 ** -0.14 ns -0.36 ns -0.79 ns 0.62 * 

*: P ≤ 0.05, **: P ≤ 0.01, ns.: not significant 
 
Combining ability effects 

GCA values of PH were found significant at 
0.01 level in all parents except for Ad (Table 4). Cy, 
Dr, Gn and Ph genotypes were positively significant, 
while Gl and Sy were negatively significant. GCA 
values ranged between 5.19 (Dr) and -9.11 (Gl). 
According to SCA values of F1 combinations, 13 
combinations were observed to be significant at 

0.01 level (8 positive and 5 negative), 3 
combinations were observed to be significant at 
0.05 level (1 positive and 2 negative) and 5 
combinations were not found significant. 
Attractively, even though Gl genotype had lowest 
GCA values, it had the highest SCA value (12.18) in 
its combination with Sy (Gl × Sy). This state 
indicates that Gl had remarkably high combination 
with Sy in terms of PH. However, positive 
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combination values are not demanded in regions 
having lodging problems in wheat.  

Only Gl and Ph genotypes (0.29 and 0.34, 
respectively) were found positively significant 
among GCA effects for FT character (Table 4). Ad, 
Cy and Sy genotypes were found negatively 
significant at different levels and Dr and Gn 
genotypes were not significant. In terms of SCA 
effects, only Ad × Gl (0.60**) and Dr × Gn (0.48*) 
combinations were positively significant, 7 
combinations were negatively significant at 
different levels and 12 combinations were not 
significant. 

Gn and Ph genotypes (0.27 and 0.65, 
respectively) for SL character were found positively 
highly significant according to GCA effects (Table 4). 
While Ad, Cy, Dr and Gl genotypes were found 
negatively significant, 1 (Sy) was not found 
significant. In terms of SCA effects, only 6 
combinations Cy × Dr, Cy × Gl, Dr × Ph, Dr × Sy, Gn × 
Gl and Ph × Sy were found positively significant at 
different levels. 5 of other combinations Ad × Dr, Cy 
× Gn, Cy × Sy, Gn × Sy and Gl × Sy were found 
negatively significant and 10 combinations were 
found insignificant.  

GCA effects for SS, which is an important 
yield element, were found negatively significant for 
4 genotypes Ad, Cy, Dr, Gn and Sy (Table 4). Gl and 
Ph genotypes, whose GCA effects were found 
positively significant, are hopeful (0.70 and 2.12, 
respectively). SCA effects of combinations ranged 
between 0.04 and 3.92 (Ad × Dr and Dr × Ph, 
respectively). SCA effects were observed highly 
positively significant in Ad × Gl, Cy × Dr, Cy × Gl, Cy 
× Ph, Dr × Ph, Gn × Gl and Gn × Sy combinations. 
The combination with highest SCA value was Dr × 
Ph (3.92), which was followed by Ad × Gl (2.44) 
combination. 6 of other combinations were 
negatively significant and 8 were insignificant. 

GCA effects for GS had similar results with 
SS trait (Table 4). Different from SS trait, Gl 
genotype (12.38) had higher value than Ph 
genotype (1.98) in terms of GCA value which was 
positively significant for GS trait. 11 (0.01 for 9 and 
%0.05 for 2) of SCA values of the combinations 
were found positively significant; 4 were found 
negatively significant (0.01) and 6 were found 
insignificant. Among all combinations, the most 
hopeful ones in terms of SCA effects were Cy × Gl, 
Gn × Gl and Ad × Gl (9.42, 6.82 and 6.74) 
combinations. The presence of Gl genotype in 
those three combinations is attractive. 

Ad and Cy genotypes showed positive GCA 
effects in terms of TW trait (0.55 and 1.5, 
respectively) (Table 4). With highest negative GCA 
effects, Sy and Gl genotypes proved to be bad 
combiner for this trait. SCA effects of combinations 

for TW trait ranged between -0.01 and 3.76 (Cy × 
Ph and Ad × Gn, respectively). For this trait, 8 
combinations were found hopeful (Ad × Gn, Ad × 
Gl, Cy × Gl, Cy × Sy, Dr × Ph, Dr × Sy, Gn × Gl and Gn 
× Ph).  

GCA effects for GY ranged between -0.13 
and 2 (Table 4). Found positively significant (0.01), 
Gl and Ph genotypes were hopeful genotypes for 
GY trait (0.70 and 2, respectively). GCA effects of 4 
genotypes (Ad, Cy, Gn and Sy) for GY were found 
negatively significant (0.01). GCA effect of Dr 
genotype was not found significant. SCA effects of 
combinations ranged between 0.12 and 2.61 (Gl × 
Sy and Cy × Gl, respectively). In terms of SCA effect, 
Cy × Gl combination was followed by Ad × Gl, Cy × 
Ph, Gn × Ph and Dr × Gl combinations. 5 of other 
combinations were found negatively significant and 
8 were found insignificant.   

 
Discussion and conclusions 

The mean squares of GCA were high in 
terms of all examined traits compared to SCA, 
which shows that all of traits were under additive 
gene effect. However, according to GEr calculation, 
non-additive gene effect was found for the TW 
trait, while the other traits were similar to 
GCA/SCA ratios. As a general conclusion, further 
selection studies should be conducted for the traits 
mentioned in the present study may have 
successful results.  

GCA and SCA were highly significant for GY 
in our study. Mann et al. (1995) and Borghi and 
Perenzin (1994) have also announced similar 
results for GY. In terms of SCA effect, Cy × Gl 
combination had good performance for GY and was 
followed by Ad × Gl, Cy × Ph, Gn × Ph and Dr × Gl 
combinations. The Gl and Ph were found to be the 
most successful genotypes to transfer their grain 
yield performance to its offsprings. TW is one of 
the most important grain yield component for GY. 
But in this study, there was non-correlation with 
TW and GY. GCA and SCA mean squares were 
observed highly significant for TW. The results 
have been reported by Taleei and Beigi (1996) and 
Hassan et al. (2007). Ad and Cy genotypes were 
good combiners and Ad × Gn, Ad × Gl, Cy × Gl, Cy × 
Sy, Dr × Ph, Dr × Sy, Gn × Gl and Gn × Ph 
combinations were found hopeful for TW trait. GS 
directly determines the yield potential of a 
genotype (Salem and Hussain, 1988; Inamullah et 
al., 2006; Sinclair and Jamieson, 2006; Bilgin et al., 
2011). The GY had highly correlations with GS and 
SS. GCA and SCA mean squares were revealed 
highly significant for GS and SS. The similar results 
for GS were reported by Chowdhary et al. (1992), 
Zubair et al. (1987) and Hassan et al. (2007). Gl and 
Ph genotypes were good combiner among seven 
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genotypes for GS and SS. Cy × Gl, Gn × Gl and Ad × 
Gl combinations for GS and Ad × Gl, Cy × Dr, Cy × 
Gl, Cy × Ph, Dr × Ph, Gn × Gl and Gn × Sy 
combinations for SS were the hopeful 
combinations. There was a correlation between SL 
and SS (0.05). GCA of Gn and Ph genotypes and 
SCA of Cy × Dr, Cy × Gl, Dr × Ph, Dr × Sy, Gn × Gl and 
Ph × Sy combinations were found positively highly 
significant for SL. The mean squares of GCA and 
SCA were highly significant for FT. Chowdhary et al. 
(1992), Zubair et al. (1987) and Hassan et al. (2007) 
have also reported similar results. Only GCA values 
of Gl and Ph genotypes and SCA values of Ad × Gl 
and Dr × Gn combinations were found positively 
significant for FT. Negative values of GCA and SCA 
are expected to decrease PH by breeders (Beche et 
al. 2013). Because taller-stemmed bread wheat 
genotype has more tendency to lodge under 
favorable condition than shorter genotype. In this 
regard, PH is important to choose combinations 
with negative values (Özgen, 1989). Only GCA 
values of Gl genotype and SCA values of Ad × Ph, 
Ad × Gy, Cy × Gn, Cy × Gl, Dr × Gl, Dry × Sy and Gl × 
Ph combinations were found negatively significant 
for PH.  

Gl and Ph were observed to be the best 
parents among all genotypes according to GCA 
effects. Even though Gl genotype showed low GCA 
effect for TW trait, it came into prominence in 
terms of PH and GY values. Similarly, Gl genotype 
was in most of the combinations which were 
prominent in examined traits. Ph genotype showed 
acceptable GCA effect in all examined traits except 
for one. Ph genotype was found weak in only PH 
trait.  
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