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Abstract

Experiments of this investigation were carried out at the
experimental farm of the New Valley Agricultural Research Station,
Agricultural Research Center, Egypt, during 2009/2010 and
2010/2011 seasons. The objective was to estimate the general
(GCA) and specific combining abilities (SCA) of twelve genotypes
for some quantitative characters in bread wheat using line x tester
analysis. Twelve bread wheat genotypes were crossed to three
local wheat cultivars (Sakha-93, Gemmeiza-9 and Sids-12) to
produce thirty six test crosses. The studied characters were plant
height, spikes per plant, kernels per spike, spike kernel weight,
100-kernel weight and grain yield per plant. Results indicated that,
the genotypes (parents and crosses) exhibited significant variance
for all studied characters, indicating the presence of genotypic
differences. Mean squares due to parents vs. crosses were
significant for all studied characters, except for spike kernel weight.
The GCA/SCA ratio did not exceed unity for all studied characters,
indicating that SCA variance was more important than GCA
variance and thus non-additive genetic variance was the
predominant component that controls the inheritance of all studied
characters. Results indicated that Sids-12 could be recommended
as a parental genotype for wheat breeding programs. The lines
number two and nine had The highest GCA effects were shown by
line 2 for spikes per plant, kernels per spike, line g for spike kernel
weight and grain yield per plant. The lines and testers which
showed higher combining ability effects for grain yield were also
good combiners for at least one of the three yield components.

Key words: Wheat, line x tester, combining ability, type of gene
action.

INTRODUCTION

The common bread wheat ( 7riticum aestivum, L.) is one of the major cereal
crops which is widely grown not only in Egypt but also throughout the world as a
prime food cereal. Increasing wheat production to narrow the gap between
production and consumption is considered one of the main goals of wheat breeders in
Egypt as well as in most countries all over the world. Combining ability analysis has
been used extensively in cross pollinated crops to classify the parental lines in terms
of their ability to be combine in hybrids. In self pollinated crops like wheat, combining

ability analysis could also be useful to determine the relative magnitude of additive
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and non additive type of gene actions in the expression of a character of interest.
Therefore, studying combining ability in wheat will be helpful in choosing parents in a
hybridization program and the suitable breeding procedure to improve the trait of
interest.

General and specific combining ability estimates have been calculated by
several wheat workers (Abd El-Rahman, 1991). These studies in general, indicated
that the large part of the total genetic variation for yield was due to general
combining ability variance which measures additive genetic variance. On the other
hand, specific combining ability variance indicates non-additive genetic variance.

The line x tester analysis was used to estimate both general and specific
combining ability variances and effects for yield and its components in wheat by
several investigators such as Srivastava and Dhirendra (2008), Akbar et. al. (2009)
and Krystkowiak et. al/ (2009). Most studies on wheat revealed that general
combining ability (GCA) was more important than specific combining ability (SCA) for
spikes per plant (Eissa 1993). On the other hand, GCA to SCA variance ratio revealed
the predomination of non-additive gene action for plant height, spikes per plant,
kernel weight and grain yield per plant (Akbar et. a/. , 2009). However, additive (GCA)
and non-additive (SCA), genetic effects were observed for grain yield per plant,
kernels per spike, kernel weight and spikes per plant (Chowdhry et. a/. 1996). On the
other hand, El-Beially and El-sayed (2002) concluded that mean squares due to GCA
and SCA were significant for plant height, spikes per plant, kernels per spike, kernel
weight and grain yield per plant.

The objective of this study was to estimate general and specific combining
ability variances and effect of twelve genotypes using line x tester analysis for the
most important economic characters of wheat, i.e., plant height, spikes per plant,
kernels per spike, spike kernel weight, kernel weight and grain yield per plant under

the New Valley conditions in twelve wheat genotypes.
MATERIALS AND METHODS

The present study was carried out at the New Valley Agricultural Research
Station, during the two successive growing seasons, 2009/2010 and 2010/2011. In
2009/2010 season, twelve bread wheat genotypes were crossed with three local
wheat cultivars (Sakha-93, Gemmeiza-9 and Sids-12) as testers “T” to produce thirty
six test crosses. The pedigree of the parental genotypes is presented in Table (1).

In 2010/2011 growing season, the thirty six F; crosses and their parental

genotypes were evaluated for grain yield and its contributing characters using a
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randomized completed block design with four replications. Each experimental plot
consisted of three rows; three meters long and 20 cm apart and seeds were spaced at
10 cm within rows for each studied genotype. The recommended cultural practices
were applied at the proper time. Data were recorded on ten individual guarded plants
from each plot for plant height, spikes per plant, kernels per spike, spike kernels
weight, 100-kernel weight and grain yield per plant.

The obtained data were subjected to line x tester analysis as outlined by
Kempthorne (1957).

Table 1. Name and pedigree of the parental genotypes.

Line No. Line name and pedigree Origin

Ly Sids-7 / Sahel-1 Egypt
L, XINCHUN6-OCHN Mexico
Ls Maya “S" /3/F 35-70/Mo//Nac/Giza-160//Debera Egypt
L Giza-168=(MIL/BUC//Seri) Egypt
Ls Maya “S" /3/F 35-70/Mo//Nac/Giza-160// Sids-1 Egypt
Le Sids-7=(Maya" S”/Mon"S"” // CMH 74 A. 592 /3/ Sakha 8*2) Egypt
L Debera / Giza-164 Egypt
Lg Maya “S" /3/F 35-70/Mo//Nac/Giza-160 Egypt
Lo Sahel-1=(Nc 732 / PIMA / Veery " S ") Egypt
Lo Sids-7 / Giza-164 Egypt
L1y Sids-7 / Sids-1 Egypt
Lo Sahel-1 / Debera Egypt
Tester No.

Ty Sakha-93 Egypt
T, Gemmeiza-9 Egypt
T3 Sids-12 Egypt

RESULTS AND DISCUSSION

The mean performance of wheat genotypes (15 parents and 36 crosses) for
all studied characters is presented in Table (2). The analysis of variance for all studied
characters is presented in Table (3). Genotypes exhibited significant variation (P>
0.05) for all studied characters, indicating the presence of genetic diversity among
these fifty genotypes. Mean squares due to parents vs. crosses as an indication to
average heterosis across all crosses were significant for all characters, except for spike
kernel weight which did not reach the significance level. Furthermore, crosses mean

squares of line x tester analysis indicated that differences due to all lines and testers
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were significant for all characters. The GCA/SCA ratios did not exceed unity for all
studied characters, indicating that SCA variances were more important than GCA
variances and thus non-additive genetic variance was the predominant component
controlling the inheritance of all studied characters. Similar results were previously
reported by Koumber (2007) and Akbar et. al. (2009).
General combining ability (GCA)

Estimation of GCA for the twelve lines and the three testers are presented in
Table (4). Positive values would be of interest in all yield characters under study. On
the contrary, for plant height, negative values would be useful from the breeder’s
point of view. For plant height, the five wheat lines 1, 3, 4, 6 and 10 in addition to the
tester Sakha-93 showed negative significant general combining ability effects,
revealing that these parental lines may be taken in consideration when selecting for
resistance to lodging. Reduced lodging has usually been observed to be associated
with decrease in culms length and consequently, the search for suitable genetic
variation and the incorporation of sources of short stiff straw into breeding program
have received much attention. Similar results were obtained by Moubarak (2003),
Koumber (2007) and Srivastava Dhirendra (2008).

Table 2. Mean performance of the line x tester cross and parental genotypes for the
studied characters (2010/2011).

. 100-
Hybrids ::::;t spikes/ | kernels/ iep:':eel kernel Grain yield
Q 1) (cm.) plant spike weight (g) weight / plant (g)
(9)
X Ty 82.5 6.0 46.25 3.20 5.07 23.17
Ly x T, 90.0 5.5 40.25 1.81 4.64 11.32
XT3 90.0 4.5 51.25 2.65 4.62 16.33
X Ty 90.0 5.5 58.25 3.22 5.21 19.52
L, x T, 95.0 6.0 60.50 2.97 4.40 17.91
XT3 100.0 7.5 67.00 3.61 5.45 26.63
X Ty 85.0 5.5 50.00 3.09 4.87 18.53
Ls X T, 85.0 6.0 63.75 2.19 4.81 11.83
XT3 95.0 7.5 57.00 2.65 4.49 15.62
X Ty 80.0 5.5 53.50 2.43 4.66 14.23
Ly X T, 95.0 4.5 64.00 2.54 3.94 12.46
XT3 80.0 4.0 55.50 2.61 4.43 11.52
X Ty 90.0 6.5 53.50 2.57 4.71 24.60
Ls X T, 90.0 5.5 54.50 2.61 3.97 22.78
XT3 100.0 5.5 46.75 2.71 4.70 13.40
X Ty 77.5 4.5 38.50 2.92 5.07 15.04
Le X T, 100.0 6.5 60.00 2.42 4.75 20.23
X T3 85.0 3.5 79.50 3.95 5.28 13.04
L, X Ty 95.0 4.5 48.75 2.94 4.61 10.52
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X T, 95.0 6.0 59.75 2.65 4.18 18.95
X T3 100.0 6.5 77.75 3.52 4.62 24.59
X Ty 90.0 6.0 39.50 1.82 4.56 10.51
Ls X T, 90.0 6.5 53.50 2.46 4.24 14.00
X T3 105.0 6.0 59.25 3.52 5.03 21.51
XT4 100.0 7.5 65.50 3.02 4.94 19.46
Lo X T, 90.0 6.5 65.25 2.99 3.99 22.75
X T3 90.0 6.5 64.50 3.26 4.60 18.42
X Ty 75.0 5.5 47.75 2.41 4.85 15.99
Lio X T, 90.0 6.5 62.00 2.63 4.66 14.99
X Ts3 95.0 5.5 50.75 2.71 4.95 16.38
X Ty 80.0 5.0 57.50 2.75 5.09 12.37
Li1t X T, 85.0 5.5 48.00 2.59 4.58 13.55
X Ts3 110.0 7.5 52.75 2.68 5.09 16.23
X Ty 85.0 5.5 50.75 2.93 4.98 18.45
Liz X T, 97.5 7.0 67.00 2.65 4.58 20.47
X Ts3 95.0 6.5 69.25 3.23 4.76 17.84
LSD 0.05 1.178 0.791 4.397 0.281 0.377 1.247
Lines
Ly 92.5 7.5 63.50 2.54 4.50 20.97
L, 105.0 5.5 45.25 3.04 5.66 15.10
Ls 90.0 8.5 50.50 3.10 4.35 23.54
L4 85.0 4.5 56.00 2.31 4.23 10.01
Ls 105.0 9.0 67.00 2.71 4.16 22.14
Le 75.0 3.0 54.75 2.75 5.21 9.09
L7 115.0 6.0 76.00 2.79 3.53 18.17
Lg 95.0 9.0 54.00 2.25 4.30 21.47
Lo 97.5 4.5 60.25 2.38 3.84 11.99
Lio 90.0 5.5 63.00 2.86 4.56 13.80
Li1 105.0 9.5 52.00 2.70 5.20 23.06
L1z 100.0 7.5 55.25 2.77 4.70 20.65
LDS 0.05 1.621 0.688 3.701 0.238 0.294 1.408
Testers
Ty 75.0 6.5 51.00 2.46 4.75 18.07
T, 95.0 5.5 60.00 3.56 4.06 15.35
Ts 95.0 6.5 76.25 3.61 4.83 23.40
LSD 0.05 5.768 0.816 5.183 0.374 0.493 1.725
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Table 3. Mean squares of the analysis of variance for the studied characters.

ANALYSIS UNDER THE NEW VALLEY CONDITIONS

COMBINING ABILITY OF SOME BREAD WHEAT GENOTYPES USING LINE X TESTER

Mean squares

Sources of variance | d.f

Plant spikes/ | kernels/ Egpr(gl 100-kernel | Grain yield/

height plant spike weight weight plant
Replications 3 0.817 | 0.144 18.319 0.011 0.128 0.835,
Genotypes 50 320.373, 7.226° | 354.358 0.767, 0.737 80.928
Parents 14 481.667 | 14.552° | 322.802 0.662 1.25° 97.786,
Crosses 35 249.107, 3.875 | 370.533 0.830 0.514 75.905,
Parents Vs. Crosses 1 556.567 | 21.949" | 230.017, 0.032 1.360, 20.721.
Lines 11 178.977° | 4.937 | 403.422" 0.825 0.622 86.470,
Testers 2 1127.083 1.861 | 1317.299 3.661 3.484 10.544,
Lines x testers 22 204.356 3.528 268.018 0.575 0.191 76.565
Error 150 1.484 0.304 8.819 0.041 0.065 0.817
GCA 0.528 0.004 1.211 0.003 0.004 -0.008
SCA 50.718 0.806 64.800 0.134 0.031 18.937
GCA/SCA 0.010 0.005 0.019 0.023 0.122 -0.0004

* Significant at 0.05 level of probability.

On the other hand, wheat lines number 2, 3, 8, 9, 12 and tester Gemmeiza-9
gave positive general combining ability effects for spikes per plant. Concerning kernels
per spike, six parental lines (2, 4, 6, 7, 9, 12) and two testers (Gemmeiza-9 and Sids-
12) showed significant GCA effects proving to be good combiners in this respect. For
spike kernel weight five wheat lines (2, 6, 7, 9 and 12) and one tester (Sids-12)
showed significant values of general combining ability effects. Wheat lines number 2,
6, 10, 11 and two testers (Sakha-93 and Sids-12) showed desirable general combining
ability effects for kernel weight. For grain yield per plant, wheat lines 2, 5, 7, 9, 12
and tester Sids-12 were considered as good donors in this respect

Table 4. Estimates of general combining ability (GCA) effects for the studied

characters.

Lines E{aaigltwt spikes/ ke!‘nels/ Spi_ke kernel 10(_)-kerne| age?én /
(cm.) plant spike weight (g) weight (g) plant (g)

Ly -3.542" -0.514" -10.736" -0.251" 0.072 -0.146
L. 3.958" 0.486" 5.264" 0.463" 0.317° 4.266"
Ls -2.708" 0.486" 0.264 -0.162" 0.016 -1.763"
L -6.042" -1.180" 1.014 -0.277" -0.361" -4.349"
Ls 2.292" -0.014 -5.069" -0.172" -0.243" 3.174"
Ls -3.542" -1.014" 2.681" 0.293" 0.330" -0.984"
Ly 5.625" -0.180" 5.431" 0.233" -0.234" 0.933"
Ls 3.959" 0.319" -5.903" -0.204" -0.095" -1.748"
Ls 2.292" 0.986" 8.430" 0.287" -0.197 3.125"
Lio -4.375" -0.014 -3.153" -0.217" 0.113" -1.303"
Lu 0.625" 0.153 -3.903" -0.127" 0.213" -3.038"
Liz 1.458" 0.486" 5.680" 0.134" 0.069 1.833"
L.S.D. 5% (gi-gj) | 0.352 0.159 0.857 0.058 0.074 0.261
Testers
T -5.208" -0.222" | -5.840 -0.028 0.181" -0.220°
T, 0.833" 0.153" 1.555" -0.261" -0.310 -0.318"
Ts 4.375" 0.069 4.285" 0.289" 0.129" 0.538"
L.S.D. 5% (gi-gj) | 0.176 0.080 0.429 0.029 0.037 0.130

* Significant at 0.05 level of probability.
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Specific combining ability (SCA)

Results for specific combining ability effects of the studied characters are
presented in Table (5). Significant negative specific combining ability effects for plant
height were detected in 17 crosses. Significant positive (SCA) effects for spikes per
plant was detected in eleven crosses, for kernels per spike was detected in fourteen
crosses, for spike kernel weight was detected in ten crosses, for kernel weight was
detected in seven crosses and for grain yield per plant was detected in thirteen
crosses. It could be concluded that Sids-12 might be used as parental material for
wheat breeding programs since it is considered a common parent in such crosses for
kernels per spike, spike kernel weight and grain yield per plant.

The results obtained herein concerning general and specific combining ability
effects indicated that excellent hybrid combinations were obtained from crosses of
high x high, high x low and low x low GCA effects. It could be concluded that general
combining ability effects were generally unrelated to the specific combining ability
effects of their respective crosses.

Therefore, from these results it may be concluded that in selection of parents
for use in hybrid combinations, it would be more profitable to select first on the basis
of their general combining abilities, and further selection might then be based on the
specific combining ability effects. This conclusion was previously reported by
Moubarak (2003), Koumber and El-Beially (2005), Koumber et. a/. (2006), Moshref
(2006), Koumber (2007) and Krystkowiak et. a/. (2009).
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Table 5. Estimates of specific combining ability (SCA) effects for all the studied

characters.

. Plént spikes/ kernels/ Spike kernel 100- G.raln
Hybrids height ) ) kernel yield /
(cm.) plant spike weight (g) weight () | plant (q)
xT; | 0.208 0.889" 6.174" 0.677" 0.110 6.452"
Ly xT, | 1.666" 0.014 -7.222" -0.485" 0.173" -5.301"
xT; | -1.875 -0.902" 1.049 -0.192" -0.283" -1.151"
xT; | 0.208 -0.611" 2.174" -0.022 0.010 -1.610"
L, xT, | -0.833" -0.486" -2.972" -0.036 -0.310 -3.127°
xT; | 0.625 1.097 0.798 0.058 0.299" 4.737
xT, | 1.875 -0.611" -1.076 0.473" -0.031 3.424"
Ls xT, | -4.167" -0.486" 5.278" -0.189" 0.395" -3.179"
xTs | 2.292 1.097" -4.201" -0.284" -0.364 -0.245
xT; | 0.208 1.055 1.674" -0.068 0.139" 1.715"
L xT, |9.167 -0.319" 4.778" 0.272" -0.091 0.040
xTs | -9.375 -0.736" -6.451" -0.203" -0.047 -1.756"
xT; | 1.875 0.889" 7.757" -0.028 0.069 4.562"
Ls xT, | -4.167 -0.486" 1.361 0.237" -0.181" 2.837"
xTs | 2.292 -0.403" -9.118" -0.208" 0.112 -7.399"
xTy | -4.791" -0.111 -14.993" | -0.150 -0.142" -0.839"
Le xT, | 11.667" 1.514" -0.889 -0.419" 0.028 4.445"
xTs | -6.875" -1.403" 15.882" 0.568" 0.114 -3.606"
xT; | 3.542° -0.944" -7.493" -0.065 -0.038 -7.279"
L, xT, | -2.500" 0.180 -3.889" -0.129" 0.022 1.245
xTs | -1.042" 0.764" 11.382" 0.193" 0.016 6.034"
xT; | 0.208 0.055 -5.410" -0.755" -0.227" -4.608"
Ls xT, | -5.833" 0.180 1.194 0.124 -0.065 -1.025"
xTs | 5.625 -0.236 4.215" 0.631" 0.292" 5.633"
XTy 11.875" 0.889" 6.257" -0.043 0.252" -0.531"
Lo xT, | -4.167 -0.486" -1.389 0.160" -0.213" 2.859"
xTs | -7.708" -0.403" -4.868" -0.117" -0.039 -2.327"
xT; | -6.458" -0.111 0.090 -0.143" -0.153" 0.422
Lo xT, | 2.500" 0.514" 6.944" 0.309" 0.155" -0.478"
xTs | 3.958" -0.403" -7.035 -0.166" -0.002 0.056
xT; | -6.458" -0.778" 10.590" 0.104 -0.010 -1.458"
Ly xT, | -7.500" -0.653" -6.305" 0.177" -0.032 -0.181
xTs | 13.958" 1.431" -4.285" -0.281" 0.042 1.640"
xTy | -2.292" -0.611" -5.743" 0.020 0.021 -0.250
Li xT, | 4.167 0.514" 3.111° -0.021 0.119 1.865"
xTs | -1.875 0.097 2.632° 0.001 -0.140" -1.616"
L.S.D 0.05 (Sij-
Sik) 0.609 0.276 1.485 0.101 0.127 0.452

Significant at 0.05 level.
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