
Introduction

Turkey produces 20 million tons of wheat annually,
83% being bread wheat (Turkish Statistical Institute,
2006). The high wheat production in Turkey is a
historical phenomenon and is based on genetic diversity
of the wheat in Turkey (Zhukovsky, 1951; Ekingen,

1987). Parent selection with desirable traits and making
crosses among them is an important procedure for
increased production. Plant height (PH), spike length
(SL), spikelet number per spike (SNS), kernel number per
spike (KNS), grain yield per spike (GYS), and 1000 kernel
weight (TKW) are major components of wheat yield used
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Abstract: To introduce new germplasm into breeding programs in Turkey, 3 lines [Samsun - 46 (S - 46), Samsun/Bafra - 333 (SB
- 333), Population - 311 (P - 311)] and 4 cultivars [Marmara - 86 (M - 86), Gönen, Golia, and Pehlivan] of bread wheat (Triticum
aestivum L.) were crossed in 7 × 7 diallel crosses. The trials were conducted at Uluda¤ University, Research and Training Center,
Turkey, over 3 years (in 2000/01, in 2001/02, and in 2002/03). The 7 parents and 42 crosses were grown in a randomized
complete block design with 3 replications for 2 years. The genetic analysis (variance, combining ability, correlations, and path
coefficient analysis) of grain yield per spike (GYS) and some agronomic traits [plant height (PH), spike length (SL), spikelet number
per spike (SNS), kernel number per spike (KNS), and 1000 kernel weight (TKW)] were evaluated. Differences among parents and
hybrids were significant. General combining ability (GCA) effects were highly significant for all the components, while specific
combining ability (SCA) effects were significant only for PH, GYS, and TKW. General reciprocal effects for PH and GYS and the
correlations for GYS and yield components were significant in both years. Path analysis indicated that KNS had the highest effect on
GYS, followed by TKW. The parents Gönen and S - 46 for KNS and P - 311 and SB - 333 for TKW and GYS showed positive GCA
values in both years. They could be considered for developing desirable progenies in selection programs.
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Ekmeklik Bu¤day (Triticum aestivum L.) Diallel Melezlerinde Baflakta Tane Verimi ve Baz›
Agronomik Özelliklerin Genetik Analizleri

Özet: Türkiye ›slah programlar›na yeni genitörler kazand›rmak amac› ile 3 hat [Samsun - 46 (S - 46), Samsun/Bafra - 333 (SB -
333), Populasyon - 311 (P - 311)] ve 4 ekmeklik bu¤day (Triticum aestivum L.) ›slah çeflidi [Marmara - 86 (M - 86), Gönen, Golia
ve Pehlivan] 7 × 7 diallel olarak melezlenmifltir. Denemeler Uluda¤ Üniversitesi, Araflt›rma ve Uygulama Merkezi’nde üç y›l (2000/01,
2001/02, 2002/03) yürütülmüfltür. Yedi ebeveyn ve 42 melez, 3 tekerrürlü tesadüf bloklar› deneme desenine göre 2 y›l
yetifltirilmifltir. Baflakta tane verimi ve baz› agronomik özelliklerin [bitki boyu (PH), baflak boyu (SL), baflakta baflakç›k say›s› (SNS),
baflakta tane say›s› (KNS), baflakta tane verimi (GYS), ve 1000 tane a¤›rl›¤› (TKW)] genetik analizleri (varyans, kombinasyon
yetene¤i, korelasyonlar ve path analizleri) belirlenmifltir. Ebeveyn ve hibridler aras›ndaki farkl›l›klar önemli olmufltur. Genel uyum
kabiliyeti etkileri (GCA) bütün ele al›nan ö¤eler için oldukça önemli bulunurken, özel uyum kabiliyeti etkileri (SCA) sadece PH, GYS
ve TKW özellikleri için önemli olmufltur. PH ve GYS için resiprokal etkiler, GYS ve verim ö¤eleri için korelasyonlar her iki y›lda da
önemli olmufltur. Path analizi, KNS ve bunu takiben TKW de¤erlerinin GYS üzerinde önemli etkiye sahip oldu¤unu göstermifltir.
Baflakta tane say›s› bak›m›ndan Gönen, S - 46, baflakta tane verimi ve 1000 tane a¤›rl›¤› bak›m›ndan P - 311, SB - 333 ebeveynleri
her iki y›lda pozitif genel uyum kabiliyeti göstermifltir. Bu ebeveynler arzu edilen döllerin gelifltirilmesi için seleksiyon programlar›nda
göz önüne al›nabilir.
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as selection criteria in breeding (Topal et al., 2004).
Advantages of hybrids over pure lines have been known
for years and diallel crossing has long been exploited in
plant breeding programs. In wheat, however, although
the first hybrid was commercially released 40 years ago
(Edwards, 2001), the utilization of hybrids on a large
scale is at present not considered very successful (Jordaan
et al., 1999; Koemel et al., 2004).

A number of research groups in Turkey are currently
investigating the genetic make-up in bread wheat
cultivars using molecular markers (Altıntafl et al., 2007)
and crossing them in a diallel manner for grain yield per
plant and other agronomic traits, in order to select the
most promising genotypes to be used in various regions,
including the Central Anatolia region (Kaya et al., 2006)
and the Aegean region (Dere and Yıldırım, 2006). 

In diallel analysis, determination of the general
combining abilities (GCAs) and specific combining abilities
(SCAs) allows the investigation of the effects of reciprocal
crosses. Additionally, the correlation and path-coefficient
analysis of yield components are useful tools to determine
valuable lines and hybrids (Dewey and Lue, 1959; Li et
al., 2006).

The research presented in this paper utilized diallel
cross analysis to provide detailed estimations of GCAs and
SCAs, path-coefficient analysis and correlation of parents
and hybrids on GYS and 5 other agronomic traits
concerning 7 Turkish bread wheat genotypes. 

Materials and Methods

Out of 681 wheat genotypes obtained from the Prof.
Dr. Osman Tosun Gene Bank, Uluda¤ University Research
and Training Center, Turkey, 3 lines were selected for
their high agronomic performances (Da¤üstü, 1990).

Four commonly used bread wheat cultivars [Marmara -
86 (M - 86), Gönen, Golia, and Pehlivan] and 3 lines
[Samsun - 46 (S - 46), Samsun/Bafra - 333 (SB - 333),
Population - 311 (P - 311)], were crossed in 7 × 7 diallel
crosses in 2001. The 7 parents and 42 hybrids were
grown in a randomized complete block design with 3
replications for 2 years (in 2001/02 and in 2002/03) at
Uluda¤ University. Plots of parents and hybrids consisted
of 2 rows of 2 m lengths with 0.3 m between rows and
0.15 m between plants. 

PH (cm), SL (cm), SNS (number), KNS (number), GYS
(g), and TKW (g) were measured on 10 randomly chosen
plants from each plot, as described previously (Da¤üstü,
1990, 1997).

The analysis of variance for GCAs and SCAs and
reciprocal effects (RE) were estimated according to
Griffing (1956) by utilizing the diallel procedure (Griffing
Method 1 for full diallel set, Model I) of MSTAT
(statistical software developed at Michigan State
University, 1983). The significant differences among the
means were grouped according to least significant
difference (LSD) test. Analysis of variance, coefficients of
correlation, and path coefficients analysis (Dewey and
Lue, 1959) of the results were calculated using the
statistical program TARPOPGEN (Özcan, 1999). Path
coefficient analysis was performed on the genotypic
correlation coefficients: GYS as dependent variable and
the other 5 as independent variables.

Results

The 6 traits measured in 2002 and 2003 varied
among genotypes (P ≤ 0.05) (Table 1). The mean values
of all traits measured in the 2 years are summarized in
Table 2. GYS and all its components were generally lower
in the second year (2003) of the breeding experiment.
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Table 1. Analysis of variance for traits examined of parents and their F1 progenies bread wheat (means square values).

PH SL SNS KNS GYS TKW

Sources df

2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003

Replications 2 491.84** 97.55nsa 0.41ns 1.00ns 5.60ns 16.14ns 448.14* 44.94ns 0.11ns 0.14ns 6.37ns 317.33**

Genotypes 48 600.10** 494.51** 1.29** 2.47* 3.95** 11.80* 152.68ns 127.86** 1.06** 0.46** 128.82** 185.90**

Error 96 28.05 85.54 0.47 1.43 1.96 7.71 141.33 69.41 0.30 0.22 17.54 53.93

Total 146

P ≤ 0.05, ** P ≤ 0.01, ans: not significant

PH: Plant height, SL: Spike length, SNS: Spikelet number per spike, KNS: Kernel number per spike, TKW: 1000 kernel weight, GYS: Grain yield per spike
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Table 2. Mean of parents and F1 progenies for the traits examined for bread wheat lines and cultivars in 2002 and 2003.

Traits

PH (cm) SL (cm) SNS (number) KNS (number) GYS (g) TKW (g)

Genotypes

2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003

M-86 (1) 87.8j-o 81.8d-j 11.7a-c 9.2a-e 23.3a-c 17.6a-c 71.2a-c 35.9a 2.5g-o 1.4b-e 46.0c-m 38.7a-f

Gönen (2) 74.3qr 84.1c-› 10.6a-f 9.1a-e 22.7a-c 17.8a-c 85.1a 33.6ab 2.9c-m 1.6b-d 35.1q-s 47.6a-d

Golia (3) 55.0s 65.0›-l 9.0g 7.0d-g 22.6a-c 17.0a-c 80.0ab 33.0ab 2.4›-o 1.3b-e 32.6s 48.5a-c

Pehlivan (4) 84.2n-q 52.1l 10.0d-g 6.5g 21.1bc 14.3b-d 58.8bc 29.5ab 2.7d-o 1.1b-e 45.2e-o 35.6b-f

P-311(5) 109.8a-d 91.6a-f 10.7a-f 9.2a-e 21.4bc 17.9a-c 78.0a-c 39.9a 3.3b-l 1.7b-d 51.9a-f 40.8a-f

S-46 (6) 110.0a-d 102.8a-c 11.0a-f 8.4a-g 22.2bc 16.3b-d 73.2a-c 33.4ab 3.0b-l 1.8bc 45.5d-o 50.3a

SB-333 (7) 115.9a 111.2a 10.9a-f 10.3a 21.3bc 17.3a-c 69.3a-c 40.2a 3.5a-j 1.8b 46.7c-l 45.4a-f

1 × 2 85.7m-p 76.2e-k 11.4a-f 9.5a-d 22.1bc 19.4a-c 64.5a-c 38.7a 2.5g-o 1.5b-d 38.8k-r 38.1a-f

1 × 3 86.4k-p 67.4h-l 11.6a-c 9.4a-e 23.1a-c 18.9a-c 65.1a-c 38.7a 2.5h-o 1.2b-e 40.4›-r 36.0a-f

1 × 4 92.1g-n 73.5f-k 12.0a 9.3a-e 23.3a-c 18.7a-c 67.6a-c 35.2ab 2.7e-o 1.5b-d 46.3c-l 39.8a-f

1 × 5 106.3a-f 74.8e-k 11.9ab 8.6a-g 21.7bc 17.3a-c 72.7a-c 27.4ab 3.5a-j 1.2b-e 45.1-o 44.0a-f

1 × 6 104.6a-f 71.1g-l 11.4a-f 8.9a-g 23.8a-c 16.8a-c 81.8ab 25.3ab 3.7a-f 0.8de 53.0a-e 34.7c-f

1 × 7 107.6a-f 85.5c-h 11.9ab 9.8a-c 24.0ab 18.7a-c 69.6a-c 39.5a 3.4a-k 1.6b-d 50.9a-g 40.8a-f

2 × 1 88.5›-o 73.1f-k 11.4a-e 8.9a-g 23.4a-c 17.4a-c 71.6a-c 22.5ab 1.9m-o 0.9b-e 40.2›-r 41.7a-f

2 × 3 71.5r 63.9j-l 10.5a-g 7.7b-g 22.1bc 16.1b-d 64.6a-c 22.2ab 1.7no 0.8c-e 37.0n-s 35.4c-f

2 × 4 85.7l-p 69.6g-l 10.0e-g 7.8a-g 22.5a-c 16.2b-d 53.2c 30.3ab 2.2l-o 1.3b-e 28.5s 48.7a-c

2 × 5 103.8b-f 89.3b-g 10.6a-f 8.8a-g 23.2a-c 17.8a-c 78.9ab 38.1a 3.1b-l 1.7b-d 45.5d-o 48.8a-c

2 × 6 97.1e-l 78.9e-j 11.1a-f 8.7a-g 22.8a-c 15.7b-d 75.8a-c 34.0ab 3.4a-k 1.7b-d 37.0m-s 46.5a-f

2 × 7 103.8b-f 77.5e-j 10.8a-f 8.3a-g 22.0bc 15.3b-d 79.6ab 31.3ab 3.9a-c 1.4b-d 48.3b-j 44.3a-f

3 × 1 75.4p-r 71.2g-l 10.6a-f 8.7a-g 23.8a-c 18.5a-c 70.8a-c 34.1ab 3.2b-l 1.6b-d 44.8e-p 44.0a-f

3 × 2 69.7r 62.4j-l 10.0e-g 8.4a-g 23.7a-c 20.0ab 82.7ab 26.3ab 2.3k-o 1.0b-e 36.1-s 39.7a-f

3 × 4 71.2r 63.2j-l 10.5b-g 8.1a-g 23.0a-c 17.5a-c 73.0a-c 31.6ab 2.8d-o 1.2b-e 37.8l-r 35.9a-f

3 × 5 84.4n-q 56.7kl 10.3c-g 7.3c-g 22.4bc 14.3b-d 79.2ab 29.3ab 4.1ab 1.2b-e 49.2-› 38.3a-f

3 × 6 83.5n-q 65.0›-l 9.9fg 6.9e-g 22.3bc 13.6cd 78.4a-c 26.3ab 3.7a-f 1.0b-e 46.9-k 33.8d-f

3 × 7 78.8o-r 67.4h-l 10.0e-g 7.3c-g 22.4bc 14.5b-d 79.8ab 30.0ab 3.8a-e 1.3b-e 52.0a-e 43.1a-f
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Table 2. (Continued).

Traits

PH (cm) SL (cm) SNS (number) KNS (number) GYS (g) TKW (g)

Genotypes

2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003

4 × 1 88.5›-o 62.3j-l 11.9ab 6.6fg 23.3a-c 10.8d 73.6a-c 22.2ab 3.0b-l 0.9b-e 47.4b-k 36.9a-f

4 × 2 84.9n-q 71.4g-l 11.2a-f 8.6a-g 22.7a-c 16.5b-d 57.8bc 38.5a 2.4j-o 1.7b-d 36.6-s 41.1-f

4 × 3 83.0n-q 62.4j-l 10.5a-g 8.4a-g 23.4a-c 17.4a-c 59.2bc 36.5a 2.8d-o 1.4b-e 47.1-k 39.5a-f

4 × 5 99.6d-› 73.0f-k 10.7a-f 8.1a-g 22.3bc 15.6b-d 64.5a-c 36.6a 3.3a-l 1.7b-d 47.4b-k 47.1a-e

4 × 6 99.4d-› 72.3f-k 10.9a-f 8.8a-g 23.1a-c 15.8b-d 70.9a-c 30.7ab 3.6a-h 1.4b-e 58.1a 46.3-f

4 × 7 105.0a-f 69.7g-l 11.7a-c 8.9a-g 23.0a-c 17.0a-c 69.7a-c 36.8a 3.2b-l 1.6b-d 49.6-h 44.3a-f

5 × 1 108.2a-e 77.4e-j 10.8a-f 7.8a-g 22.0bc 15.6b-d 63.1a-c 24.5ab 4.4a 1.6b-d 50.6-g 41.0

5 × 2 105.1a-f 93.6a-e 10.5b-g 10.2ab 22.3bc 20.2ab 73.1a-c 28.3ab 3.6a-g 1.4b-e 51.4-g 45.5-f

5 × 3 91.2h-n 79.8e-j 10.3c-g 7.3c-g 22.7a-c 16.1b-d 73.9a-c 11.3b 3.0b-l 0.4e 48.8b-I 32.6f

5 × 4 112.9a-c 68.7h-l 11.1a-f 8.4a-g 22.8a-c 18.8a-c 65.7a-c 22.4ab 3.0b-l 1.0b-e 54.8-c 37.1a-f

5 × 6 110.0a-d 91.7a-f 11.2a-f 9.1a-f 20.6b-d 17.7a-c 65.3a-c 30.1ab 1.7o 1.3b-e 50.1a-g 44.1-f

5 × 7 114.7ab 106.5ab 11.1a-f 9.7a-c 21.6bc 22.5a 64.9a-c 33.8ab 2.9c-m 2.9a 49.0b-I 37.6-f

6 × 1 108.4a-e 88.9b-g 12.1a 9.3a-e 23.7a-c 19.8ab 73.1a-c 43.8a 3.1b-l 1.6b-d 49.5a-h 41.0a-f

6 × 2 96.4f-m 86.4c-h 11.4a-f 9.4a-d 23.1a-c 19.0a-c 71.5a-c 37.9a 2.3k-o 1.3b-e 39.5j-r 34.6c-f

6 × 3 97.5e-k 72.7f-k 11.0a-f 8.5a-g 22.9a-c 18.9a-c 78.5a-c 33.6ab 2.6f-o 1.3b-e 42.9f-q 33.0ef

6 × 4 102.0c-h 84.3c-› 11.2a-f 7.9a-g 22.3bc 16.6a-d 67.0a-c 29.2ab 2.9c-m 1.3b-e 52.7a-e 42.3a-f

6 × 5 113.0a-c 88.8b-g 11.1a-f 8.8a-g 23.5a-c 16.9a-c 76.0a-c 37.6a 3.8a-d 1.9b 53.6a-e 49.9ab

6 × 7 106.2a-f 87.2b-h 10.9a-f 8.4a-g 17.3d 15.5b-d 65.1a-c 28.1ab 2.8c-n 1.3b-e 54.4a-d 44.3a-f

7 × 1 106.7a-f 79.0e-j 11.6a-c 8.2a-g 26.2a 15.2b-d 61.9a-c 26.9ab 3.2b-l 1.2b-e 40.9h-r 43.4a-f

7 × 2 103.0c-g 91.6a-f 11.2a-f 9.9ab 23.3a-c 19.3a-c 69.5a-c 42.0a 3.1b-l 1.9b 51.8a-f 44.3-f

7 × 3 98.0e-j 74.8e-k 10.7a-f 8.1a-g 23.7a-c 16.5a-d 73.8a-c 33.1ab 3.6a-I 1.3b-e 51.2a-g 40.4-f

7 × 4 110.4a-d 85.9c-h 11.2a-f 9.2a-e 22.0bc 18.4a-c 60.9a-c 41.2a 3.2b-l 1.9b 56.0ab 44.5-f

7 × 5 106.6a-f 80.2d-j 11.7a-c 8.4a-g 20.1cd 16.4b-d 67.9a-c 29.9ab 3.3b-l 1.4b-d 45.8d-n 38.9a-f

7 × 6 106.9a-f 100.9a-d 11.5a-d 9.9a-c 21.4bc 18.9a-c 75.3a-c 43.3a 3.4a-k 1.8b-d 42.7g-q 43.4a-f

M. parents 91.01 84.09 10.56 8.54 22.09 16.9 73.65 35.05 2.9 1.51 43.3 43.8

M. F1 96.52 77.03 11.04 8.58 22.64 17.2 70.27 31.9 3.1 1.38 46.4 41.1

LSD5% 8.55 14.92 1.15 1.93 2.795 4.48 19.18 18.29 0.854 0.757 6.8 10.9

CV (%) 5.53 11.85 6.51 13.95 0.08 16.19 16.80 25.06 17.48 33.62 9.1 16.3

M.: Mean



The analysis of variance based on Griffing (1956)
showed a predominance of GCAs for almost all traits,
with the ratio GCAs/SCAs above 1.0 in all traits examined
in both years, indicating the importance of additive
genetic variation over non-additive gene action in this
genetic material. SCAs were also significant at the 1%
level for PH in both years; for GYS and TKW they were
significant only in 2002. Significantly high GCAs and SCAs
indicate the existence of variability due to both additive
and non-additive (dominant and/or epistasis) gene(s)
effects. Reciprocal effects of examined traits were
significant only for PH and GYS in both years and TKW
for 2002 only, probably due to the presence of
cytoplasmic influences of female parents in these traits
(Table 3). 

The parents P - 311, S - 46, and SB - 333 for GYS,
and the parents P - 311 and SB - 333 for TKW were the
best general combiners, since they produced positive GCA
values in both years (Table 4a). In addition, parents P -
311 and SB - 333 produced positive GCA values for TKW
and GYS, which are the most important yield components
in both years. These parents are especially promising for
future wheat breeding programs. The parents M - 86,
Golia, and Pehlivan could be omitted from crossing
studies since they produced negative GCA values for GYS
and TKW in both years. 

The estimates of SCA effects are presented in Table
4a. Out of 42 crosses, 22 in 2002 and 17 in 2003
appeared to be good specific combiners for GYS. Three
crosses showed positive SCA effects for GYS in both
years. The cross 2 × 5 had the highest positive SCA effect
in both years, while 2 × 6 and 3 × 4 were the other
combinations.

Three crosses, 4 × 1, 5 × 2, and 7 × 5, had consistent
positive REs for GYS in both years. The crosses 2 × 1, 4
× 3, 5 × 4, and 6 × 5 showed positive REs on PH in both
years (Table 4b). 

Correlation coefficients between traits are shown in
Table 5. There were significant and positive correlations
between GYS and all the traits in both years. Path analysis
of direct and indirect effects of yield characters on GYS
confirmed that KNS (0.4 and 28.8% in 2002; 0.6 and
56.6% in 2003) had the greatest direct effect, followed
by TKW (0.4 and 28.7% in 2002; 0.2 and 51.4% in
2003) (Figure). An increase in the yield of bread wheat
genotypes using KNS and TKW as selection criteria is
possible, although the influence of other factors cannot
be omitted.

Discussion

For a possible increase in productivity and profitability
of bread wheat production in the South Marmara area,
Turkey, high yielding tall lines, S - 46, SB - 333, and P -
311, were crossed with 4 traditional Turkish cultivars.
Significant differences were recorded among the 7 wheat
genotypes and their crosses. Previous studies on wheat
have also demonstrated significant differences among
genotypes, for grain yield and related traits of wheat
(Menon and Sharma, 1997; Joshi et al., 2004). 

In general, the environmental factors that influence
wheat yield at a particular site are winter rainfall, weeds,
diseases, and summer drought (Austin and Arnold,
1989), as well as temperature and rainfall at planting,
flowering, and harvesting time (Ozkan and Akcaoz,
2003). Paradoxically, the main parameter significantly
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Table 3. Analysis of variance of the combining ability for the traits examined in bread wheat cultivars and lines (means square values).

PH SL SNS KNS GYS TKW

Sources df

2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003

Genotypes 48 200.03** 164.84** 0.43** 0.82* 1.32** 3.93** 50.89ns 42.62** 0.35** 0.15** 42.94** 61.97**

GCA 6 1390.12** 904.21** 2.36** 2.66** 3.14** 3.30ns 149.79** 52.96* 0.68** 0.33** 167.94** 65.48

SCA 21 31.24** 53.22* 0.13ns 0.48ns 1.08ns 2.44ns 39.75ns 35.84ns 0.30** 0.10ns 34.22** 49.09

Reciprocal 21 28.81** 65.20** 0.18ns 0.64ns 1.03ns 5.60ns 33.78ns 46.45* 0.31** 0.16** 15.95** 73.84

Replications 2 163.95** 32.52ns 0.14ns 0.33ns 1.87ns 5.40ns 149.38* 14.98ns 1.87** 0.05ns 2.12ns 105.78**

Error 96 9.35 28.51 0.16 0.48 0.65 2.57 47.11 23.14 0.10 0.07 5.85 17.98

GCA/SCA 44.50 16.99 18.15 5.54 2.90 1.35 3.77 1.48 2.27 3.3 4.91 1.33

P ≤ 0.05, ** P ≤ 0.01, ans: not significant

PH: Plant height, SL: Spike length, SNS: Spikelet number per spike, KNS: Kernel number per spike, TKW: 1000 kernel weight, GYS: Grain yield per spike
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Table 4a. Estimates of general combining ability (GCA), specific combining ability (SCA), and reciprocal effects (RE) for the traits of bread wheat
in 2002 and 2003.

Genotypes PH SL SNS KNS GYS TKW
(cm) (cm) (number) (number) (g) (g)

GCA 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003

M-86 (1) -0.45 -2.03 0.65** 0.25 0.58** 0.17 -0.91 0.84 -0.04 -0.10 -0.26 -0.23

Gönen (2) -6.88** 0.70 -0.15 0.31 0.29 0.60 1.61 1.32 -0.3** 0.01 -5.9** 2.97**

Golia (3) -17.12** -11.13** -0.70** -0.71** 0.43* -0.28 3.45* -2.81* -0.12 -0.2** -3.2** -0.96

Pehlivan (4) -2.64** -9.43** -0.10 -0.50** 0.10 -0.88* -6.41** -0.58 -0.16* -0.06 0.65 -3.8**

P-311 (5) 9.66** 5.09** -0.06 0.07 -0.48* 0.35 0.77 -2.08 0.3** 0.09 3.67** 1.74

S-46 (6) 7.48** 7.15** 0.20* 0.10 -0.24 -0.15 2.49 0.59 0.05 0.04 1.99** -0.42

SB-333 (7) -6.62** 9.65** 0.15 0.47** -0.67** 0.19 -1.00 2.71* 0.3** 0.3** 3.03** 0.72

gi
a (0.05) 1.48 2.59 0.19 0.34 0.39 0.78 3.33 2.33 0.15 0.13 1.17 2.06

gi
a (0.01) 1.89 3.30 0.25 0.43 0.50 0.99 4.25 3.00 0.20 0.17 1.50 2.62

SCA

1 × 2 -1.29 -2.04 -0.03 0.06 -0.60 0.47 -3.39 5.46 -0.5** -0.11 -0.29 -2.98

1 × 3 2.72 4.43 0.21 0.95* -0.03 1.66 -5.38 5.65 -0.07 0.37* 0.08 1.06

1 × 4 -2.37 1.30 0.45 -0.38 0.17 -1.71 7.19 -4.31 0.02 -0.07 0.53 2.24

1 × 5 2.34 -4.98 -0.18 -0.66 -0.70 -1.18 -2.69 -5.53 0.7** -0.02 -1.56 0.85

1 × 6 3.72* -3.17 0.14 0.22 0.92 1.16 5.10 0.37 0.33 -0.12 3.53* -1.65

1 × 7 1.92 -3.38 0.01 -0.31 0.57 -0.56 -3.09 -3.10 0.01 -0.20 -2.84 1.47

2 × 3 -1.13 -4.46 0.16 -0.13 -0.29 0.55 -2.16 -7.00* -0.6** -0.26 -0.37 -4.63

2 × 4 -0.91 1.23 -0.11 -0.21 -0.24 -0.52 -10.5* 0.92 -0.25 0.16 -8.2** 5.58*

2 × 5 5.94** 7.66* -0.22 0.51 0.45 0.90 2.87 1.22 0.34 0.02 4.70** 2.26

2 × 6 0.42 -3.24 0.24 0.09 0.45 -0.22 -1.16 1.30 0.09 0.02 -3.8** -2.13

2 × 7 4.63* -3.85 0.06 -0.26 0.59 -0.62 3.17 -0.09 0.5** -0.01 6.97** 0.42

3 × 4 1.15 5.30 0.17 0.86* 0.22 1.44 -1.69 4.70 0.02 0.19 -1.01 2.34

3 × 5 -0.49 -3.73 0.09 -0.64 0.09 -2.04* 1.57 -7.6** 0.37 -0.5** 2.51 -5.48**

3 × 6 4.39* -5.23 -0.01 -0.30 -0.03 -0.48 1.75 -0.59 0.18 -0.08 0.10 -5.37**

3 × 7 -0.16 -5.49 -0.09 0.62 0.80 -1.56 3.60 -1.09 0.5** -0.10 5.78** 1.84

4 × 5 3.52 -2.86 0.08 0.12 0.46 0.56 0.01 -0.54 0.02 -0.11 0.82 4.06

4 × 6 0.14 2.52 0.00 0.18 0.37 0.08 2.16 -2.78 0.35 -0.06 6.79** -10.7**

4 × 7 4.69* -0.46 0.14 0.50 0.59 1.24 1.93 4.12 -0.13 0.14 3.12* -6.6**

5 × 6 -1.39 -0.06 0.03 0.20 0.28 -0.05 -3.34 2.59 -6.6** 0.07 0.24 5.53*

5 × 7 -4.70** 0.59 0.34 -0.05 -0.47 1.76 -4.10 -1.48 -0.47 0.43** -5.3** -4.36

6 × 7 -6.62** -1.28 -0.07 -0.02 -2.23 0.01 -2.02 -0.36 -0.21 -0.19 -2.43 3.42

sij
b (0.05) 3.68 6.43 0.48 0.83 0.97 1.93 8.26 5.79 0.38 0.33 2.91 5.11

sij
b (0.01) 4.70 8.20 0.61 1.06 1.24 2.46 10.54 7.39 0.49 0.42 3.71 6.51
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Table 4b. Estimates of general combining ability (GCA), specific combining ability (SCA), and reciprocal effects (RE) for the traits of bread wheat

in 2002 and 2003.

Genotypes PH SL SNS KNS GYS TKW

(cm) (cm) (number) (number) (g) (g)

RE 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003 2002 2003

2 × 1 1.42 1.53 0.00 0.33 0.63 0.98 3.57 -1.68 -0.33 0.33 -0.68 -1.83

3 × 1 -5.48** -1.88 -0.52 0.33 0.35 0.23 2.85 2.28 0.35 -0.21 -2.20 -3.98

3 × 2 -0.87 0.78 -0.27 -0.38 0.77 -1.95 9.02 -2.05 0.29 -0.10 0.47 -2.17

4 × 1 -1.80 5.62 -0.07 1.38** -0.02 3.93** 2.99 6.52 0.20 0.30 -0.55 1.43

4 × 2 -0.43 -0.90 0.60* -0.38 0.08 -0.12 2.28 -4.10 0.09 -0.17 -4.03* 3.82

4 × 3 5.88** 0.42 0.20 -0.13 0.18 0.07 -6.87 -2.42 -0.01 -0.08 -4.62* -1.78

5 × 1 0.95 -1.28 -0.57* 0.40 0.17 0.85 -4.78 1.47 0.46* -0.20 -2.75 1.53

5 × 2 0.65 -2.15 -0.07 -0.70 -0.47 -1.23 -2.90 4.87 0.27 0.14 -2.93 1.65

5 × 3 3.42 -11.57** 0.02 0.00 0.15 -0.88 -2.67 9.00** -0.6** 0.38* 0.18 2.85

5 × 4 6.67** 2.17 0.22 -0.17 0.25 1.62 0.62 7.10* -0.15 0.38* -3.67* 5.00

6 × 1 1.92 -8.87* 0.12 -0.20 -0.07 -1.52 -4.33 -9.20** -0.31 -0.42* 1.77 -3.18

6 × 2 -0.32 -3.78 0.15 -0.37 0.17 -1.63 -2.15 -1.95 -0.54* 0.19 -1.23 5.97**

6 × 3 7.02** -3.87 0.55* -0.80 0.30 -2.63* 0.07 -3.63 -0.53* -0.13 1.97 0.40

6 × 4 1.27 -6.02 0.13 0.48 -0.37 -0.43 -1.95 0.73 -0.30 0.03 2.70 21.02**

6 × 5 1.52 1.45 -0.07 0.17 1.43** 0.37 5.33 -3.77 1.07** -0.27 -1.77 -2.93

7 × 1 -0.48 3.25 -0.13 0.82 -1.05 1.75 -3.85 6.28 -0.12 0.19 5.0** -1.30

7 × 2 -0.40 -7.07 0.22 -0.80 0.67 -1.98 -5.07 -5.35 -0.43 -0.22 -1.77 -0.02

7 × 3 9.63** -3.70 0.35 -0.42 0.67 -1.03 -2.97 -1.58 -0.10 -0.02 0.42 1.38

7 × 4 2.72 -8.13* 0.08 -0.12 -0.48 -0.70 -4.40 -2.18 -0.20 -0.12 -3.20 13.89**

7 × 5 -4.07 13.2** 0.32 0.67 -0.75 3.0** 1.52 1.95 0.15 0.8** 1.60 -0.68

7 × 6 0.37 -6.40 0.30 -0.75 2.07** -1.73 5.08 -7.58* 0.32 -0.25 5.8** 0.47

rij
c (0.05) 4.24 7.40 0.55 0.95 1.12 2.22 9.51 6.67 0.44 0.38 3.35 5.88

rij
b (0.01) 5.41 9.44 0.70 1.22 1.43 2.84 12.13 8.50 0.56 0.48 4.27 7.50

a: Critical differences between GCA effects of parents

b: Critical differences between SCA effects of the ijth F1 hybrid

c: Critical differences between reciprocal effects of the jith F1 hybrid



different in our 2-year study was annual precipitation,
which was double in the second year, when a much lower
yield performance was recorded in all the genotypes.
Physiologically, higher rainfall around flowering may
cause stress conditions during plant development and
reduce grain yield (Araus et al., 2003). Interestingly,
wheat yield is negatively correlated with maximum
rainfall during flowering (Ozkan and Akcaoz, 2003). On
the other hand, a simple general explanation for why in
the second year the yield was much lower in all genotypes
might be that the much higher winter rainfalls might
cause considerable leaching of soil nitrogen (Austin and
Arnold, 1989). Therefore, in the second year (2003), the
plants were possibly grown under multiple stress factors,

and crosses that had similar values might be more
promising.

GCA effects were significant for almost all the traits
tested. Our results are similar to the findings reported by
Barnard et al. (2002) and Joshi et al. (2004), which
showed that additive genetic variance was the main
component of genetic variance of various economic traits
in bread wheat. GCA variances for almost all traits were
higher than SCA variances. These results suggest that
genetic variation among crosses was primarily of the
additive gene effects. Highly significant SCA effects for
PH in both years and for GYS and TKW in 2002 indicate
possible heterotic effects in these traits. The non-additive
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Table 5. Correlation coefficients between grain yield per spike and other traits in bread wheat lines and cultivars.

PH SL SNS KNS TKW
Traits

2002 2003 2002 2003 2002 2003 2002 2003 2002 2003

GYS 0.680** 0.554** 0.632** 0.484** 0.665** 0.430** 0.669** 0.665** 0.737** 0.267**

PH 0.837** 0.599** 0.729** 0.411** 0.583** 0.400** 0.847** 1.147ns

SL 0.896** 0.792** 0.747** 0.633** 0.793** 0.038ns

SNS 0.815** 0.527** 0.753** -0.040ns

KNS 0.653** 0.133ns

** Correlation coefficient is significant at P ≤ 0.05, ns: Not significant

PH: Plant height, SL: Spike length, SNS: Spikelet number per spike, KNS: Kernel number per spike, TKW: 1000 kernel weight, GYS: Grain yield per spike

PH

SL

SNS

KNS

TKW

GYS others

0.3
0.3

0.3 -0.3

-0.3 0.4

0.4
0.2

0.2

0.2
0.2

-0.4
-0.4

0.1

0.2

2002

-0.2

-0.2

0.2

0.2
0.2

0.1

0.1

0.1
0.0

0.0

-0.2

0.2

0.4

0.2

0.6

GYS others

2003

SNS

SL

PH

KNS

TKW
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Figure. Path analysis showing direct and indirect effects of 5 traits on grain yield per spike in bread wheat lines and cultivars in 2002 and 2003.



gene action or over-dominance was also important for
the above characters. It can be concluded that both
additive and non-additive gene actions are responsible for
the existence of variability in the present study. Both
additive and non-additive effects were also illustrated for
grain yield and its components by Sheikh et al. (2000) in
wheat. P - 311 and SB - 333 were the best parents due
to their high GCA effect for TKW, while P - 311, S - 46,
and SB - 333 were the best parents due to their high GCA
effects for GYS. Although they were the best general
combiners, they did not produce the best hybrid
combinations in all tested hybrids. This might be due to
the large number of genes and it would be difficult to
accumulate all of them in homozygous pure lines due to
linkage limitations (Singh et al., 1969). 

GYS had a positive and significant correlation with all
other traits. These results were in agreement with the
previous reports by Topal et al. (2004) and Li et al.

(2006). Path analysis of the yield components in this
study showed that the components having highest
correlations to yield also had the largest direct effects on
yield. Similar results were reported by Akanda and Mundt
(1996). The KNS and TKW had the highest positive direct
effect on GYS in both years. The parents Gönen and S -
46 for KNS and P - 311 and SB - 333 for TKW produced
positive GCA values in both years. They were the best
combiners for TKW and KNS. Therefore, they could be
considered in the development of desirable progenies in
selection programs. 
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