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ABSTRACT

Crosses were made between six female and seven male (6x7=42 hybrid combinations) bread wheat (Triticum aestivum
L.) cultivars by line x tester in 1999 — 2000 growing season at Konya, a representative part of Central Anatolia, in order to
study combining ability and genetic parameters for yield and yield associated characteristics. Plant height, spike length,
spikelets number per spike, fertile tiller number, kernel number per spike, kernel weight per spike, 1000 kernel weight and
grain yield per plant were determined in all parents and their hybrid progenies.The analysis of combining ability indicated
that a large portion of the total genetic variation was associated with non-additivegene actions. Narrow sense heritabilities
ranged from 0.06 (fertile tiller number) to 0.30 (spike length). Broad sense heritabilities ranged from 0.68 (1000 kernel
weight) to 0.94 (plant height). Magnitude of SCA variance was more pronounced than GCA variance for all the traits. There-
fore in selection, it is thought to be true that non additive gen effects and SCA’s of hybrids should be considered.
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EKMEKLIK BUGDAYDA (Triticum aestivum L.) BAZI AGR ONOMIK OZELLIKLERIN
KOMBINASYON YETENEGI VE KALITIMI

OZET

Orta Anadolu sartlarinda ekmeklik bugday melez ve anaglarinin verim ve verim unsurlari i¢in kombinasyon yetenekleri
ve genetik parametrelerini belirlemek amaciyla 1999-2000 iiretim yilinda 6’s1 hat 7’si tester olarak kullanmilan ekmeklik
bugday anaclari arasinda melezlemeler ( 6x7=42 melez kombinasyon) yapilnustir. F; bitkileri ve anaglar iizerinde bitki boyu,
basak uzunlugu, basakta basakgik sayisi, fertil kardes sayisi, basakta tane sayisi, basakta tane agirligi, 1000 tane agirligi ve
bitki tane verimi ozellikleri belirlenmistir. Genel ve ozel kombinasyon yetenegi varyanslari, toplam genetik varyasyonun
biiyiik kisminin eklemeli olmayan gen etkisi altinda olustugunu géstermistir. Dar anlamda kalitim dereceleri 0.06 (fertil
kardes sayisi) ile 0.30 ( basak uzunlugu ) arasinda, genis anlamda kalitim derecesi 0.68 (1000 tane agirligi) ile 0.94 (bitki
boyu) arasinda degisim gostermistir. Incelenen biitiin ozelliklerde Gzel kombinasyon yetenegi varyansinin genel kombinasyon
vetenegi varyansindan daha biiyiik oldugu goriilmiistiir. Bu yiizden seleksiyonun melezlerin 6zel kombinasyon yetenekleri ve
eklemeli olmayan gen etkisi goz oniine alinarak yapilmas: gerektigi sonucuna varilmustir.

Anahtar Kelimeler: Kombinasyon yetenegi, Triticum aestivum L, Coklu dizi, Verim komponentleri

INTRODUCTION breeding programmes have been limited. Line x tester

analysis, which is a simple extension and has been
very commonly used combining ability analysis in
plant breeding. Success in crossing programs depends
upon the choice of suitable parental material which
will combine well to generate superior progeny. A
knowledge of general and specific combining abilities
(GCA, SCA) influencing yield and its components has
become increasingly important to plant breeders in the
choice of suitable parents for developing potential

Wheat is the most important cereal grain crop of
the world and being a staple food of the majority of
the people of Turkey. Breeders frequently use the
crossing methods to obtained variation to wheat popu-
lations in Turkey. But some hindering factors such as
area, labor and so on don’t give the opportunity to
breeders to cross more. Therefore the right selection of
parents makes it possible to reduce labor and income.

Combining ability studies are frequently used by plant
breeders to evaluate newly developed cultivars for
their parental usefulness and to assess the gene action
involved in various characters, so as to design an effi-
cient breeding plan for further genetic upgrading of
the existing material. More than 50 cultivars of bread
wheat have been developed in recent 15 years in Tur-
key. But the research about combination ability of
agricultural features in these cultivars which have
been developed and to be used in the further wheat

hybrids in many crop plants (Kruvadi, 1991). Either in
Turkey or in the world, many researchers have studied
the combining ability and genetic structure of bread
wheat hybrid populations by using line x tester and
diallel analysis methods related on yield and yield
components (Yildirnm, 1974; Ekmen and Demir,
1990; Larik et. al., 1995; Yagd: and Ekingen, 1995;
Tosun et al., 1995; Kinaci, 1996)
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The main aim of this research is to find out the
combining abilities of bread wheat genotypes which
has mostly been developed in recent years in Turkey
and to get general information about the genetic struc-
ture of hybrid populations obtained from these geno-
types. The information thus obtained would help to
develop a suitable breeding programme to evolve new
varieties.

MATERIALS AND METHODS

Experiment was carried out in the experimental
site of Department of Field Crops, Faculty of Agricul-
ture, Selguk University, Konya during 1999-2000 and
2000-2001 growing season. The crosses line x tester
between six female bread wheat cultivars (Ikizce-96,
Tiirkmen, Uzunyayla, Mizrak, Kinaci-97 and Dagdas-
94) and seven males bread wheat ( Kirag-66, Bezosta-
ja-1, Atay-85, Sultan-95, Giin-91, Gerek-79 and Bol-
al-2973 ) were made in 1999-2000 growing season
under field conditions. These varieties represent a
broad spectrum of genetic diversity eventhough they
were all developed in Turkey.

The parents and 42 hybrids were grown during the
2000-2001 season according to a Randomized Com-
plete Block Experimental Design with two replica-
tions. The plots were 20 cm apart and each one con-
sisted of two rows 2 m long with an interplant spacing
of 15 cm. Routine and uniform field management
practices were employed and no disease—control
treatments were performed.

The assayed yield components and morphological
characters, which were determined for each of the ten
randomly selected plants per replication, were plant
height (PH), spike length (SL), spikelets number per
spike (SN), fertile tiller number (FTN), kernel number
per spike (KN), kernel weight per spike (KW), 1000
kernel weight (TKW) and grain yield per plant (GY).

The plot means of the characters were utilized to
calculate the statistical analysis of variance and com-
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bining ability effects following Singh and Chaudhary
(1979), Yildirim and Cakir (1986). Broad and narrow
sense heritabilities were calculated using the variance
component method (Falconer, 1980).

RESULTS AND DISCUSSION

The analysis of variance of the parents and crosses
is given Table 1. Mean squares of F; hybrids for all
characters were statistically significant indicating the
presence of sufficient genetic variability for genetic
analysis. The differences among female parents were
also highly significant for all traits while the differ-
ences among male were significant for SL, SN, KN
and KW. Contribution of female x male interaction
was highly significant for all characters (Table 1).

The analysis of variance for general combining
(GCA) and specific combining (SCA) abilities, addi-
tive and dominance variances are given Table 2. The
estimates of SCA variance were higher than those of
GCA variance for all characters. GCA variance con-
tains additive epistasis, while SCA variance contains
dominance epistasis (Griffing, 1956). Experiment
results shown that the non-additive gene action have
more effects on all investigated traits, according to
proportion of GCA/SCA rate. The values of (H/D)"?
were higher than 1 in all characters, it revealed over
dominance effect on characters. The variances for
SCA were larger than those of GCA for all the traits,
which suggest that the major portion of genetic varia-
bility in the base population was non- additive in na-
ture. Similar to our research results, previous re-
searchers found as following non additive existence of
gene effects in population of hybrid bread wheat;
Tosun et al. (1995), Kinac1 (1996) for PH, Yagd1 and
Ekingen (1995), Tosun et al., (1995), Larik et al.,
(1995), Kinact (1996) for SL and SN, Ekmen and
Demir (1990), Kinaci (1996) for FTN, Tosun et al.
(1995), Ekmen and Demir (1990) for KW, Kinaci
(1996) for TKW, Prakasa (1977), Thakre et al.,
(1996) for GY.

Table 1. Mean squares related to measured characteristics in line X tester analysis.

Source of Variation PH SL SN FTN KN KW TKW GY
Block 94.85" 1.96" 0.56 55757 1142  0.13°  18.63 5.88
Hybrid 276377 3817 7827  61.167 139.527 0207 30447  13.46"
Line 1534327 18.167 27.12" 159.14" 244.18" 0.837 114.52° 42327
Tester 65.72 4927 14077 8731 302.22° 023" 12.74 11.48
Linextester 108.84"  0.75 2927 37207 91477 007" 1657 8.02"
Error 15.83 0.33 0.66 5.58 1086  0.03  9.85 2.15

™7 Significant at 5% and 1% level of probability, respectively.

Note : PH=Plant height, SL=Spike length, SN=Spikelets number per spike, FTN=Fertile tiller number, KN=Kernel number
per spike, KW=Kernel weight per spike, TKW=1000 kernel weight, GY=Grain yield per plant.

Estimates of GCA effects of the parents are shown
in Table 3. It is evident that parent Kinaci-97 was
good general combiner for GY and yield components.
This parent had significant GCA for all yield compo-
nents, morphological characters and GY. The parents
Uzunyayla, Dagdas-94, Atay-85, Kirac-66 and Mizrak
had significant effects for tallness and were good

general combiners for this trait. Ikizce-96 and
Tiirkmen showed the highest GCA effects for dwarf-
ness and can be exploited for breeding dwarf geno-

types.
For the plant height, some researcher (Ekmen and

Demir, 1990; Larik et al., 1995) found out additive
gene action effects, while Tosun et al. (1995) and
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Kinact (1996) estimated the higher SCA’s effects.
Parents Uzunyayla and Giin-91 were good combiner
for SL and GY. It was observed that the significant
GCA effects of the parent Kinac1-97 for GY was asso-
ciated with the significant GCA effects for the yield
components. Therefore there may be a good change of
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success for getting high yielding segregants and it
equally may be possible of developing a hybrid in-
volving the parents Kinaci-97, Uzunyayla, Giin-91.
This suggests that assessment on GCA effects for
yield components has considerable importance in
selecting parents for yield improvement.

Table 2. Ratios and general and specific combining abilities related to measured characteristics

Characters GCA/SCA D H (H/D)"? H* h?
PH 0.09 8.74 46.51 231 0.94 0.14
SL 0.38 0.16 0.21 1.15 0.91 0.30
SN 0.12 0.26 1.12 2.08 0.92 0.15
FTN 0.04 1.26 15.81 3.54 0.91 0.06
KN 0.03 2.50 40.31 4.02 0.92 0.05
KW 0.15 0.006 0.02 1.83 0.82 0.12
TKW 0.11 0.72 3.36 4.67 0.68 0.08
GY 0.05 0.28 2.94 3.24 0.83 0.07

D : Additive variance H’ : Broad sense heritability H : Dominanat variance h’ : Narrow sense heritability

Table 3. General combining ability (GCA) values related to measured characteristics for lines and testers

PH SL SN FTN KN KW  TKW GY
Lines

ikizce-96 (1) -17.027 -1.67" 2057 3707 4707 0387 2947 2.687
Tiirkmen (2) -6.94" -0.80" -1.657 23297 -6.017 -0.147 2437 -1.99"
Uzunyayla (3) 13.077  1.60” 1297 2137 0.07 -0.06 206 1187
Muzrak (4) 2.95" -0.06 0.16 474" 1.19 -0.06 -0.25 0.71
Kimac1-97 (5) 2.86° 047" L1 2927 508" 028" 3267 2197
Dagdas-94 (6) 5.08" 0.45" 1337 2817 438" 033" 4437  0.56
S.E. 1.06 0.15 0.22 0.63 0.88 0.04 0.84 0.39
Testers

Kirag-66 (7) 297 0.18 -0.947 4507 -8.257 -0.167 047 1257
Bezostaja-1 (8) 228 -0.59" -0.45 3177 -1.15 -0.07 -0.04 -0.84
Atay-85 (9) 3.53" 0.79" 1.67 -0.69 533" 0.11° 0.87 -0.43
Sultan-95 (10) -0.60 -0.01 0.73 -0.74 3.127 0.14™  -1.08 -0.61
Giin-91 (11) -0.15 0.67" 0.65 -0.25 3.54" 0.10 1.22 1.28"
Gerek-79 (12) -1.77 -0.56" 085" -137" 255 -0.157  -1.28 -0.56
Bolal-2973 (13) -1.68 -0.46" -0.58°  1.69 -0.03 -0.01 -0.16 -0.12
S.E. 1.15 0.17 0.23 0.68 0.95 0.05 0.91 0.42

7 Significant at 5% and 1% level of probability, respectively. S.E. : Standart error

Estimates of SCA effects of the crosses showed
that there were several crosses having significant and
positive SCA effects for single plant yield (3x12,
4x10, 6x7 and 6x8) (Table 4). They showed also sig-
nificant and positive SCA effects for some of the yield
components.

The other crosses with significant and positive
SCA effects were 1x12 for SL; 3x9 for SL, SN and
KN; 3x13 for PH, SL and FTN; 1x10 for PH and SL;
4x9 for FTN and KN; 5x8 for SL and FTN and 6x9
for PH. The crosses with significant SCA effects indi-
cated presence of non-additive gene action in them.
The crosses which have shown significant SCA ef-
fects for grain yield per plant may be used similarly in
the development of new varieties. Another possibility
of these crosses is that non additive genes of the de-
velopment of the crosses would give wider transgres-
sive segregation. Careful selection of the potential
transgressive segregants through family selection
would be worth while for yield improvement. The

combining ability studies indicate the existence of
both additive and non-additive gene action in the
present material. Non-additive gene action was more
prominent for both yield components and GY. Pre-
ponderance of non additive (dominance and overdo-
minance) gene action for most of the characters would
suggest that selection of desired types should be prac-
ticed in later generations. Broad sense heritabilities
ranged from 0.68 (TKW) to 0.94 (PH). Narrow sense
heritabilities ranged from 0.06 (FTN) to 0.30 (SL)
(Table 2). The broad sense heritabilities for yield and
yield components were considerably larger than the
corresponding narrow sense heritability estimates.
Lower narrow sense heritability estimates were ob-
tained for FTN, KN, KW, TKW and GY. Broad sense
heritability is described as the proportion of genetic
variance to phenotip variance. Narrow sense heritabili-
ty is described to be the proportion of additive va-
riance to phenotip variance.
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Heritability is a result of genotyp x environment
interaction. According to our research results, low
narrow sense heritability may be the result of envi-
ronmental effects. The researcher ( Ekmen and Demir,
1990; Tosun et al., 1995; Kinaci, 1996) had a similar
results about ours that the highest broad sense herita-
bility was found for PH. The other researchers (Yagdi
and Ekingen, 1995) also found out as is done in this

research that the highest narrow sense heritability for
SL. The others (Ekmen and Demir, 1990) who have
researched about this subject have put forward the
similar results that the lowest narrow sense heritability
is 0.08 for KN and Tosun et al., (1995) found 0.12 for
KW. Narrow sense heritabilities are less likely to be
biased upward by dominance and epistatic effects.

Table 4. Specific combining ability (SCA) effects related to measured characteristics for hybrids.

Hybrids PH SL SN FTN KN KW TKW GY
1x7 -1.31 -0.03 -1.10 627" -0.17 -0.02 3.38 248
1x8 -4.44 -0.03 0.46 -2.99 7.23" 0.15 -0.35 0.05
1x9 892"  -1.02 -0.94 -2.81 -5.75" -0.07 5.61" -0.45
1x10 6.55" 0.93" 1.34" 3.58" 1.13 -0.02 -1.72 0.37
1x11 -4.56 -0.28 -0.24 2.37 7617 -0.12 2.24 0.27
1x12 476 1.34" 0.96 3.79" 7.88" 0.13 -1.73 1.16
1x13 3.42 -0.60 -1.43" 2.33 -2.74 -0.06 -2.98 1.14
2x7 -5.19 0.42 0.57 -2.57 1.56 -0.34" -2.07 0.57
2x8 -1.04 -0.60 -1.627  -1.44 -2.30 -0.25" -1.11 0.37
2x9 1.85 -0.39 -1.877 191 -6.07" 0.31" 2.23 0.74
2x10 3.29 -0.05 1.00 -0.13 -1.15 0.33" 0.66 0.46
2x11 4.60 0.06 0.01 -0.14 4.02 0.15 0.38 -0.93
2x12 -0.05 0.58 0.21 271 -0.44 -0.08 2.12 -1.07
2x13 -3.46 -0.02 1.45" -0.33 437 -0.10 2.06 -0.12
3x7 -0.14 -0.52 0.41 3.13 2.75 -0.03 1.86 -0.05
3x8 0.80 -0.64 -0.60 1.93 -2.34 0.03 -3.26 -0.83
3x9 3.24 .77 3.12" -2.76 731" -0.20 0.05 237
3x10 22387 -1.69” 2697 -8.00" -16.98"  -0.19 2.24 4117
3x11 2.75 0.05 -0.78 -3.23 3.87 0.03 2.19 1.40
3x12 821" -0.51 0.41 1.13 4.11 0.30" 4.07 480"
3x13 7.52" 1.50" -0.10 7.82"" 1.29 0.08 1.69 1.16
4x7 -3.98 0.40 -0.32 -1.90 -11.057  -0.13 -0.95 -0.92
4x8 -1.08 0.17 0.87 456" -3.66 0.15 1.23 -1.51
4x9 1.88 -0.36 0.07 3.82" 6.28" 0.09 -4.15 1.13
4x10 6.86" 0.48 -0.56 8.17" 13.12  0.06 0.10 2.72"
4x11 2.62 -0.06 -0.28 -0.91 -1.90 -0.04 0.86 -0.08
4x12 0.36 -0.04 0.06 0.28 -0.47 -0.04 1.23 0.26
4x13 -1.29 -0.59 -0.08 537" -2.38 -0.05 1.72 -1.56
5x7 1.74 -0.25 -0.07 1.08 9.87" 0.18 3.41 0.14
5x8 2.76 0.86" 0.31 478" 2.87 -0.12 -0.65 -1.48
5x9 -5.31 -0.51 0.06 -2.68 -4.23 0.06 -3.09 0.79
5x10 -3.05 0.02 0.31 -1.39 -0.02 -0.10 0.27 1.76
5x11 291 -0.37 0.31 2.12 0.48 -0.01 481" 0.48
5x12 3.38 0.41 -0.85 -1.66 215 0.05 0.37 236"
5x13 242 -0.17 0.48 -3.07 -6.84"7  -0.01 1.68 0.70
6x7 8.90" 0.00 0.32 6.52" -2.97 035" 1.20 2.75"
6x8 3.00 0.57 0.41 2.27 -1.79 0.09 4.11 3.42%
6x9 7.29° 0.52 -0.40 2.53 242 0.16 -0.64 0.21
6x10 430 0.30 -0.63 220 3.83 -0.06 291 -1.14
6x11 -3.07 0.62 1.00 -0.20 1.14 0.03 -1.63 -1.12
6x12 -16.64"  -1.88" -0.95 -6.68" -8.95" 035" -1.80 278"
6x13 -3.80 -0.15 0.26 -2.24 6.32" 0.15 -4.15 -1.28
S.E. 2.81 0.41 0.57 1.67 2.33 0.12 2.22 1.04

" Significant at 5% and 1% level of probability, respectively.

Non-additive genetic effects were greater magni-
tude than additive genetic effects on bread wheat hy-
brid populations. Being poligenic, grain yield is a total
sum of the genetic expression of all the yield compo-

nents and is greatly influenced by environmental fac-
tors. The overall performance of a hybrid, therefore,
may vary due to changes in environment.
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The selection of population simply on the basis of
yield may not be benefical and may lead to incorrect
conclusions. In that case, breeding method including
selection in the late generations should be designed to
exploit non-additive gene action in the present materi-
al.
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