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Abstract

Combining ability analysis for grain yield and its components, and nature of gene action in bread wheat were
investigated using twelve lines (L1 “FLORKA” , L2 “MALLIN”, L3 “KLAK” , L4 “RIZGARY” ,L5 “ARAS”
,L6 “SITEMALL” ,L7 “HIDHAB” ,L8 “ALLAI” ,L9 “OASIS” ,L10 “KAUZ” , L11 “ADANA99” and L12
“ACSADS5”) and three testers (T1 “ABU GHRAIB 3” , T2 “SHAM 6” and T3 “API 99” ) and thus 36 crosses
produced in line x tester mating design which were evaluated in randomized block design with three replications.
Study on gene action revealed the preponderance of non-additive gene action for all traits On the basis of GCA
effects, the parents KLAK, ARAS, SITEMALL, ALLAI and tester ABU GHRAIB3 were identified as good
general combiners revealing their in desirable direction. Hybrid ABU GHRAIB 3xALLAI and SHAM6x KAUZ
was found to be the best specific cross combination for grain yield and eight traits. However, the best specific
cross combinations for other contributing traits were ABU GHRAIB 3x FLORKA for days to 50% heading, ABU
GHRAIB 3x FLORKA for plant height in desirable direction for low height of plant and APl 99xFLORKA for
plant height in desirable direction for height of plant, APl 99xADANA 99 and SHAM6x FLORK for Number of
spikelets /spike, SHAM6x KAUZ for leaf area ABU GHRAIB 3 xACSAD5 for number of tillers per plant and
Number of spikes /plant, xABU GHRAIB 3 ALLAI and APl 99xALLAI Number of grains/spike, APl 99xALLAI
Biological yield/plant APl 99xALLAI and ABU GHRAIB 3 xALLAI for Grain yield/plant, ABU GHRAIB 3

xALLAI for harvest index and ABU GHRAIB 3x KLAK for 1000 grain weight.
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Introduction

Bread wheat (Triticum aestivum L.) belongs to the
family gramineae. It is a self-pollinated, allohexaploid
species (2n = 6x = 42), having the genome AABBDD.
Therefore, three genomes designated as A, B and D
was involved in its evolution (Morris and Sears,
1967). Bread wheat has been cultivated for more than
10,000 years (Poehlman and Sleeper, 1995) and it is
the most important food crop of the world and having
viscoelastic properties of the endosperm’s gluten
protein. Wheat is the most extensively cultivated
cereal crop and served as the principal food in most
areas of the world. Wheat occupies the first place in
the world in terms of area where wheat occupies about
32% of the total area planted with grains globally. The
cultivated area (219 million hectares) produced about
771 million tons (FAO ,2018) and the production
volume ranges between 45% and 50% of the grain
production in the Arab world, where it amounts to
(2.24077 thousand tons) and constitutes about 3.2% of
the world wheat production, which is about The
average wheat production in the Arab world is
estimated at (2.97 tons) per hectare for the period
2008-2009 and less than the average global production
in 2009 of about 3.5 tons per hectare. 92% of the total
Arab production in 2010, namely Egypt, Morocco,
Syria, Algeria, Saudi Arabia and Irag. Irag's wheat
production in 2018 ranges from 2.2 million tonnes in
2019 to 5.2 million tonnes in 2018, an increase of 81.
(FAO, 2018). At the global level, wheat production is
concentrated in the European Union, China, India, the
United States of America and the Russian Federation.
Buckwheat accounts for about 90-92% of the world's

cultivated wheat (FAO, 2006).This goal can be
achieved by enhancing the genetic yield potential of
the varieties (Kapoor et al.,2011). To improve yield
potential of wheat there is requirement to have
knowledge regarding the combining ability of
available parents to be used in the hybridization
programme and also about the nature of gene action
involved in the expression of economically important
quantitative as well as qualitative traits (Hassan et al.,
2007). The development of genetically superior high
yielding varieties, identification of superior parents is
an important pre-requisite (Prasad, 2014). Earlier
research review revealed that both general and
specific combining abilities were involved for yield
and yield components (Chaudhry et al., 1992).

The effective improvement in yield of wheat, one can
use combining ability analysis to test the performance
of selected parents in different cross combinations and
can characterise the nature and magnitude of gene
effects in the expression of various yield contributing
traits. Such information will lead to the selection of
superior parental lines and isolation of potential cross
combinations for the use in plant breeding programs.
Keeping the above in view, the present linextester
analysis was planned to estimate general and specific
combining ability effects to identify better parents as
well as superior cross combinations for further
improvement in wheat.

Materials and Methods
Twelve wheat lines viz., )L1) FLORKA , (L2)

MALLIN , (L3) KLAK , (L4) RIZGARY , (L5)
ARAS , (L6) SITEMALL , L(7) HIDHAB , (L8)
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ALLAI , (L9) OASIS , (L10) KAUzZ , (L11)
ADANA99 and (L12) ACSAD5 (were used as
females and crossed with three testers viz.,)T1) ABU
GHRAIB 3, (T2) SHAM 6 and (T3) AP199 (in line
X tester fashion. Thirty six Fis along with fifteen
parents were evaluated in randomized complete block
design (R.C.B.D) with three replications during 2017-
2018 in timely sown irrigated conditions at in the town
of Hawija province of Kirkuk. Parents and Fis were
planted in one rows of three meter length each spaced
at 60 cm and plant to plant distance was maintained at
10 cm and the observations were recorded on eleven
metric traits. Days to 50% heading (DH), Plant height
(PH) , Number of spikelets .spike (NS/S), leaf area
(LA), Number of tillers.plant® (T/P), Number of
spikes.plant(NS/P), Number of grains.spike®
(NG/S), Biological yield.plant® (BY/P), Grain
yield.plant? (GY/P), 1000 grain weight (TGW),
Harvest index (HI). Data were recorded on individual
plant basis on a sample of ten randomly selected
competitive plants per plot .However, days to 50%
heading were recorded on per plant basis .To test the
significance of differences between treatments,
analysis of variance was done as suggested by (Panse
and Sukhatme ,1967). Combining ability analysis was
carried out following the method given by (
Kempthorne ,1957) and later on modified by (
Arunachalam ,1974).

Results and Discussion

The analysis of variance revealed highly
significant differences among treatments for all the
characters studied indicating the presence of diversity
in the material under study (Table 1).The analysis of
variance for combining ability revealed significant
variations due to parents, due to parent v/s crosses and
due to crosses which is further divided into variation
due to lines, testers and line x tester. all Traits under
study (DH), (PH), (NS/S), (LA), (T/P), (NS/P),
(NG/S), (BY/P), (GY/P), (TGW), (HI).showed
significant variations due to lines as well as testers
Variations due to line x tester interaction components
were found significant for all Traits. These findings
are in conformity to the earlier reports of (Rajet al.,
2013) and (Kapoor et al., 2011). It was observed that
the sca variance is greater than the gca variance for all
the traits under study (Table 1). The variance ratio ( 62
gca/c® sca) was found less than one for all traits
suggested preponderance of non-additive genetic
component in the inheritance of these traits and
indicated the importance of these traits in
conventional breeding and hybridization techniques
for the improvement of wheat in further breeding
programmes. Similar findings have been reported by (
Gorjanovic and Balalic ,2004), ( Vanpariya et al.,
2006), ( Esmail ,2007), Cifci and Yagdi ,2010) and
(Jatav et al., 2014).Dominance genetic variance was
found higher than additive variance for all of the traits
studied. So it is evident that selection for these traits

inherited in this manner should be performed in the
later generations like F4 or Fs. Fellahi et al.,(2013)
.The estimates of gca effects of twelve lines and three
testers and sca effects of thirty six F1s for Eleven
characters are described and presented in Table 2
(gca) and Table 3 (sca).General combining ability
effects for almost all the female lines were found to be
significant for most traits, whereas First tester were
found to be significant for Days to 50% heading , Plant
height , leaf area , Number of tillers/plant, Number of
spikes /plant, 1000 grain weight and The second tester
for Plant height , Number of spikelets/spike, Number
of spikes /plant, Grain yield/plant and the third tester
for leaf area , Number of grains/spike, Harvest index
and thousand grains weight. The estimates of general
combining ability and specific combining ability
effects for different traits are described character wise
here as under.

Days to 50% heading (DH)

Five parental lines showed significant gca effects.
Showed highest significant negative gca effects are
desirable by L2 (-2.259) followed by L10 (-1.370), L5
(-0.703), L7 (-0.481) and tester T1 (-0.592). Out of
thirty six F1s, Thirteen cross combinations Their
values range from T1 x L1 (-3.962) to T2 x L1, T2 x
L5 and T3 x L4 (-0.740) exhibited significant sca
effects in negative direction. Early heading is a very
desirable feature for a variety to fit it in different crop
rotations thus, negative gca and sca effects are
desirable for this trait. L2 was identified as best
general combiners for early heading while the cross
T1 x L1 emerged as the best specific combination.
Similar significant results have been reported by( Raj
et al., 2013) in the F1 generations of line x tester cross
for grain yield and its components in wheat (Triticum
aestivum L.).

Plant height (PH)

Among the parental lines L3 (1.527), L7 (1.527),
L8 (1.75), L9 (0.638) L10 (1.861), L12 (0.75) and T2
(0.666) exhibited significant gca effects in positive
direction and L1 (-3.361), L5 (-2.027), L6 (-2.138),
L11 (-0.916) and T1 (-0.555) in negative direction and
Twenty-eight cross combinations showed significant
sca effects, T1 x L5 (5.666), T1 x L6 (4.111) , T1 x
L8 (1.111), T1 x L11 (0.777), T2 x L2 (4.000), T2 x
L8 (2.555), T2 x L3 (3.555), T2 x L12 (2.555), T3 x
L1 (6.555), T3 x L3 (5.333), T3 x L6 (1.000) and T3
x L7 (3.000) in positive directionand T1 x L1 (-7.000)
, T1x1L2(-1.111), T1 x L3 (-3.888), T1 x L9 (-0.888),
T1x110(-2.222), T2 x L3 (-1.444), T2 x L5 (-3.888),
T2 x L6 (-5.111), T2 x L7 (-2.777) T2 x L9 (-1.444)
T2 xL11(-1.777) T3 x L2 (-2.888), T3 x L5 (-1.777),
T3 x L8 (-3.000), T3 x L11 (-6.333) and T3 x L12 (-
5.333) in negative direction. Dwarf plants are more
lodging resistant whereas tall plants are preferred for
straw purpose thus preference depends upon the
breeding objective. Therefore, L1 can be considered
as good general combiner for dwarfness, while L10
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emerged as good general combiner for tallness as
these showed significant positive gca effects in
negative and positive directions, respectively. Cross
T1 x L1 was identified as the best cross for reduced

plant height with high significant. Value of sca effects
in negative direction and cross T3 x L1 was identified
for tallness as it showed significant sca effects in
positive direction.

Table.1 Analysis of variance for various traits in line x tester analysis in wheat including parents

Source | d.
of | f| DH | PH | NsiS| LA | T/ | Nsip | Neis | BYP | aye | Tow | HI
Replica 1178 | 255.05 | 1641 | 4 ,qq | 289.73 | 20201 | 290.47 | 49566. | 75259 | 120.02 | o o0
tions | 2 | 49 8 63 | % 2 9 7 12 4 4 :
Genoty *k *k * *k * *k *k *k *k *k *k
pes
5 | 1599 | 55097 | 6222 | 0584 | 12062 | 75069 | 33032 | 21824 | 79580 | 5905, | o018
0| 1 6 1 64 5
411 9.09 | 86561 | 7.784 | 0.641 | 174.85 | 73.974 4855'75 1821'5 84;'84 30.137 | 0.025
g 1783 | 4094 | 5.742 | 0.563 | 139.13 | 73.298 27;'53 23‘:;3'1 7972'25 44533 | 0014
Parents *k * Ns *k *k *k Ns Ns ns *k ok
v/s
3564 | 9608 | 1133 | 0537 | 21381 | 20237 1 4 5q, | 21573 | 4e6a7 | 5647 | 0.053
Crosses | 1 2 1 23
% 1134 | 27133 | 5.02 | 0.749 1812'98 87.281 28%46 2420'4 13;; 71 70039 | 0.012
5 11925 13777 | 9.694 | 1.277 12@'02 18.064 49}3‘25 325;'18 97.951 | 48.443 | 0.005
xtester
2 | 2167 1 56313 | 5744 | 0405 | 11889 | 79397 | 20414 | 24517 | 572.08 | 49 55 | (016
2| 3 6 8 69 4
1 632.72
0 | 1223 | 1.625 | 159 | 0.020 | 1.698 | 1.946 | 2.183 >72 | 7032 | 0746 | 0003
Error 0
0.050 | 01371 | 0,024 | 0,004 | 1.0039 | 0.4367 | 1.8417 | 8.7700 | 6.8495 | 0.3857 | 0.000
gca? o 091 | 55 | 265 | 680 | 49 66 50 80 47 9% | 049
6.816 | 16229 | 1.384 | 0.125 | 39.065 | 23.127 | 83.988 | 606.34 | 188.35 | 10.226 | 0.004
sca? @ 798 | 214 | 961 | 215 | 924 | 056 | 119 | 7689 | 0772 | 250 | 205
0.008 | 0.0084 | 0.017 | 0.037 | 0.0256 | 0.0188 | 0.0219 | 0.0144 | 0.0363 | 0.0377 | 0.011
ogealo’sca | 668 | 51 | 520 | 380 | 99 85 29 64 66 26 | 620
0.118 | 02743 | 0.048 | 0.009 | 2.0078 | 0.8735 | 3.6835 | 17.540 | 13.699 | 0.7715 | 0.000
Ao 183 | 11 | 529 | 361 | 98 31 19 160 | 094 91 | 098
6.816 | 16229 | 1.384 | 0.125 | 39.065 | 23.127 | 83.988 | 606.34 | 188.35 | 10.226 | 0.004
&2D 798 | 214 | 961 | 215 | 924 | 056 | 119 | 7689 | 0772 | 250 | 205
0.017 | 0.0169 | 0.035 | 0.074 | 0.0513 | 0.0377 | 0.0438 | 0.0289 | 0.0727 | 0.0754 | 0.023
o?Ale®D | 337 | 02 | o040 | 750 | 98 7 58 28 32 52 | 240
CovH.S. | 1.124 | 28342 | 0.381 | 0.079 | 20.031 | 9.4817 | 31.475 | 203.08 | 151.96 | 7.6992 | 0.001
(line) 118 | 61 | 126 | 900 | 514 | 46 557 | 0447 | 6703 | 82 | 061
CovH.S. | 0278 | 03375 | 0.225 | 0.034 | 3.4535 | 0.4477 | 13585 | 8.4594 | 2.5255 | 1.3249 o(.)(‘)go
(tester) 785 | 64 | 122 | 647 | 86 37 430 02 40 26
CovH.S. | 0.059 | 0.1371 | 0.024 | 0.004 | 1.0039 | 0.4367 | 1.8417 | 8.7700 | 6.8495 | 0.3857 | 0.000
(average) 091 55 265 680 49 66 59 80 47 96 049
4334 | 9.1827 | 1.670 | 0.246 | 43.855 | 17.671 | 108.28 | 345.04 | 204.30 | 15.250 | 0.002
CovES. | 249 | 87 | 473 | 185 | 986 | 416 | 8037 | 8497 | 3812 | 350 | 514

*, ** significant at 5% and 1% levels ,respectively . DH = Days to 50% heading, PH = Plant height , NS/S =

Number of spikelets/spike, LA = leaf area, T/P = Number of tillers/plant , NS/P = Number of spikes /plant,
NG/S = Number of grains/spike, BY/P= Biological yield/plant, GY/P = Grain yield/plant, TGW= 1000

grain weight, HI = Harvest index
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Number of spikelets per spike (NS/S):

Three parental lines L1 (1.500), L11 (1.055) and
tester T2 (0.472) were found showing significant
positive gca effects out of fifteen parental lines and
Eleven of the crosses showed significant sca effects
for this trait. Viz T1 x L2 (1.000), T1 x L4 (1.111), T1
x 1.8 (1.888), T1 x L11 (0.888), T1 x L12 (0.888), T2
x L1 (2.527), T2 x L10 (1.861), T3 x L5 (0.805), T3
x L8 (1.250), T3 x L9 (1.916) and T3 x L11 (3.583)
number of spikelets per spike is an important yield

contributing trait. Selection for good general
combiners for spikelets per spike includes parents
with high positive gca effects. Thus, L1 was identified
as best general combiner and T3 x L11 was identified
as best Sca for the trait. Cifci and Yagdi (2010) found
similar findings in their F1 and F2 crosses that have
been obtained by line x tester mating. ( Zeeshan et al.,
2013) and ( Kumar et al., 2015) had also reported the
similar type of results in their experiment.

Table 2. Estimates of general combining ability effects of parents for different traits

S.No. Genotypes
DH PH NS/S LA T/P NS/P | NG/S | BY/P | GY/P | TGW HI

1 FLORKA 2.805 | -0.546 | -1.046 - - - -0.071
1.629 | -3.361 15 0.298 25311 | 22.701 | 3.124

2 MALLIN - - -6.416 | -2.657 | 5064 | 9.720 | -6.669 | 0.793 | 0.018
2.259 | 0416 | 0.388 | 0.348

3 KLAK - 2916 | 4.342 | 3.731 | 12.897 | 9.215 | 5.488 | 0.010
0.259 | 1527 | 0.388 | 0.236

4 RIZGARY 1.027 | -0.101 | -8.712 | -0.678 | -1.858 | 3.934 | -0.009
0.074 | -0.027 | -1.055 | 0.347

5 ARAS - -2.972 | -1.435 | 0.842 | 20.219 | 14.498 - 0.042
0.703 | -2.027 | -0.722 | 0.201 0.538

6 SITE MALL - -2.861 | -0.435 | 7.398 8.629 | 13.228 | 2.154 | 0.052
0.037 | -2.138 -0.5 0.228

7 HIDHAB - - -6.638 | -6.435 | -6.268 - -13.35 - -0.047
0.481 | 1.527 -0.5 0.276 22.109 1.279

8 ALLAI - 7.25 1564 | 9.287 | 23.607 | 18.182 - 0.034
1407 | 175 0.166 | 0.123 0.533

9 OASIS -1.527 | -0.768 | -1.824 | -3.496 | -5.752 - -0.040
0.740 | 0.638 | -0.388 | 0.283 2171

10 KAUZ - - -2.194 | 0453 | -1.712 | 0.179 0.918 - 0.022
1370 | 1.861 | 0.055 | 0.168 3.429

11 ADANA 99 - 2583 | 0.231 | -0.046 | 0.082 3.768 - -0.010
0.851 | -0.916 | 1.055 | 0.296 2.296

12 ACSAD5 - 6.027 | 5.787 | -6.712 - -9.479 | 1.004 | -0.001
0.407 | 0.75 | -0.388 | 0.382 23.739

13 ABU GHRAIB 3 - 1972 | 0.703 | -0.518 | -2.445 | -1.033 | 1.034 | -0.012
0.592 | -0.555 | -0.555 | 0.143

14 SHAM 6 - -1.75 | 0.009 | -3.407 | -0.928 | 1.902 - 0.001
0.518 | 0.666 | 0.472 | 0.213 1.253

15 API 99 -0.222 | -0.712 | 3.925 3.374 | -0.868 | 0.219 | 0.010
0.074 | -0.111 | 0.083 | 0.069

SE(LINE) 0.434 | 0465 | 0.492 8.384 | 0.883 | 0.287 | 0.019
0.368 | 0.424 | 0.420 | 0.057
SE(TESTER) 0217 | 0232 | 0.246 | 4.192 0.441 | 0.143 | 0.009

0.184 | 0.212 | 0.210 | 0.028

DH = Days to 50% heading, PH = Plant height , NS/S = Number of spikelets/spike, LA = leaf area, T/P = Number
of tillers/plant , NS/P = Number of spikes /plant, NG/S = Number of grains/spike, BY/P= Biological
yield/plant, GY/P = Grain yield/plant, TGW= 1000 grain weight, HI = Harvest index.

Leaf area (LA) :

For leaf area L1 (0.298), L3 (0.236), L4 (0.347),
L5 (0.201), L6 (0.228), L9 (0.283), T1 (0.143) and T3
(0.069) exhibited significant positive gca effects and
while Fourteen of the cross combinations showed
significant sca effects for the trait. Leaf area is
responsible for more than 70% photosynthesis and
thus is very important for grain filling. Thus, L4
(0.347) identified as best general combiner with
highest significant positive gca effects and T2 x L10
was found to be the best specific cross combination
for leaf area. ( Shabbir et al., 2012) also observed

similar type of results in their line x tester experiment
in bread wheat.

Number of tillers per plant (T/P):

Out of fifteen parents only seven parental line L1
(2.805) , L3 (2.916) , L4 (1.027) , L8 (7.250) , L11
(2.533) , L12 (6.027) and T1 (1.972) showed
significant positive gca effects. twenty three cross
combinations exhibited significant sca effects in
positive direction and Their values ranged from T1 x
L12 (23.694) to T3 x L5 (1.222). Therefore, parental
line L8 identified as best general combiner, also T1 x
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L12, T1 x L8 and T3 x L8 as best cross combinations
and these can be used for increased number of tillers
per plant. The results showed similarity with the
earlier work of (Kumar et al., 2015) using 21 wheat
hybrids developed in a half diallel mating design.

Number of spikes per plant (NS/P) :

Three female lines out of twelve exhibited
significant gca effects, three lines namely L12 (5.787),
L3 (4.342) and L8 (1.564) showed significant positive
gca effects for the trait. One tester T1 (0.703) showed

significant positive gca effects. twenty two hybrids
showed significant sca effects out of which twelve
crosses namely T1 x L12 (18.185), T3 x L8 (17.601),
T3 x L12 (12.268), T2 x L10 (11.546), T2 x L11
(10.212), T1 x L3 (9.407), T3 x L11 (6.268), T2 x L8
1 T2 xL12(6.212), T2 x L9 (5.879), T1 x L9 (5.851),
T3 xL9:T3xL10 (5.268), T1 x L10 (3.851), T2 x
L2 (3.768), T1 x L11 (3.518), T1 x L6 (3.185), T2 x
L7 (2.546), T2 x L5 (1.879), T3 x L1 (1.712), T1 x
L2 (1.407) and T3 x L4 (0. 935).

Table 3. Estimates of specific combining ability effects of crosses for different traits

S.No. Genotypes DH PH | NS/S | LA
T/P | NSIP | NG/S | BY/P | GY/P | TGW | HI
1 ABU GHRAIB 3x - R
FLORKA 3962 | -7 | 1444 | 0290 | -9.416 | -2.370 | 0962 | -0.274 | 11.926 | -1.392 | 0.070

2 | ABUGHRAIB 3x MALLIN - - -

0259 | 1.111 1 0111 | 2138 | 1.407 | 14185 | 22.440 | 359 | 3.163 | 0.002
3 | ABUGHRAIB 3 x KLAK - -

1592 | 3.888 0 0258 | 7.472 | 9.407 | 16148 | 11422 | 9.813 | 7.004 | 0.047
4 | ABUGHRAIB3 xRIZGARY -

2925 | 0333 | 1111 | 0508 | -0.638 | -0.814 | 4206 | 5075 | 7.247 | 2395 | 0.053
5 | ABUGHRAIB 3 xARAS - -

0703 | 5666 | 0444 | 0372 | 3638 | -1.814 | 1740 | 10179 | -9.715 | -0.581 | -0.052
6 | ABUGHRAIB3xSITEMALL - -

0370 | 4111 | 0111 | 0674 | 1.916 | 3.185 | 2518 | 17.538 | 8.495 | -1.321 | 0.032
7 | ABUGHRAIB 3 xHIDHAB - - - -

1.481 | 0.222 | 0111 | 0.028 | -5.638 | -1.148 | -6.148 | 11.299 | 23.108 | -1.620 | -0.133
8 ABU GHRAIB 3 xALLAI 0481 | 1.111 | 1.888 | 0549 | 16.694 | 0.185 | 24518 | 34.894 | 31.638 | 0596 | 0.146
9 | ABUGHRAIB 3 xOASIS - - -

1518 | 0.888 | 1777 | 0618 | 3.361 | 5851 | 1518 | -3.496 | 0.367 | -4.178 | 0.030
10 | ABU GHRAIB 3 xKAUZ - - - -

1185 | 2222 | 0222 | 0209 | 0694 | 3.851 | -0.481 | 34.789 | 2.427 | -6.973 | 0.0423
11 | ABUGHRAIB 3 -

xADANAY9 1481 | 0777 | 0888 | 0.082 | 8694 | 3.518 | 5.518 | 47.476 | 19.122 | -1.308 | 0.004

12 | ABU GHRAIB 3 xACSAD5 -

1814 | 0444 | 0888 | 0.105 | 23.694 | 18.185 | -2.148 | 13.825 | 12.576 | 3.100 | 0.0788
13 | SHAMG6x FLORK - - -

0740 | 0.444 | 2527 | 0147 | 5.027 | 0657 | 4.185 | 32.707 | -8.285 | 0.137 | 0.031
14 | SHAM6x MALLIN 1.148 4 0305 | 0103 | 4.861 | 3.768 | 3.074 | 5838 | 16.037 | 0.689 | -0.018
15 | SHAMGXKLAK - - - - - -

0518 | 1.444 | 0694 | 0277 | -4472 | -7.808 | 11.740 | 23467 | 11.998 | -4.379 | -0.003
16 | SHAMG6x RIZGAR - - -

2185 | 0222 | 0416 | 0553 | 1416 | -0.120 | -1.481 | 33.861 | -0.767 | -0.948 | -0.075
17 | SHAMG6x ARAS - - -

0740 | 3.888 | -125 | 0105 | 2416 | 1.879 | -1.370 | 5689 | 0930 | 2514 | -0.028
18 | SHAMGxSITEMALL - - -

0074 | 5111 | 0194 | 0244 | -1.027 | -1.453 | -4.259 | 22.540 | -5.152 | -3.308 | 0.048
19 | SHAMG6x HIDHAB - - -

0296 | 2.777 | 0194 | 0102 | 075 | 2546 | -2.925 | 27.293 | 19.222 | -0.359 | 0.057
20 | SHAM6x ALLAI - -

0296 | 2555 | 1.138 | 0.011 | 9.083 | 6.212 | -1.259 | 11.632 | 14.556 | 2.498 | 0.081
21 | SHAM6x OASIS -

5037 | 1444 | 0194 | 0432 | 9416 | 5879 | 0074 | 73432 | 24.850 | 2381 | -0.016
22 | SHAM6x KAUZ 1703 | 3555 | 1.861 | 0.665 | 9.75 | 11546 | 15.407 | 30.889 | 24.405 | 0.441 | 0.125
23 | SHAMGx ADANA 99 - -

1962 | 1777 | 0194 | 0229 | 1175 | 10212 | 4740 | 15.075 | 14.904 | -1.429 | 0.072
24 | SHAM6x ACSAD5 - -

3370 | 2555 | 0.194 | 0.196 | 6.416 | 6212 | 2.407 | 17.812 | 14.315 | 0735 | -0.035
25 | API99xFLORKA - -

4703 | 6555 | 1.083 | 0143 | 14444 | 1712 | 5148 | 32.982 | -3641 | 1.254 | -0.101
26 | API99xMALLIN - - - - -

1.407 | 2.888 | 1.305 | 0.008 7 5175 | 17.259 | 16.602 | 19.633 | -3.852 | 0.015
27 | API99xKLAK -

1074 | 5333 | 0694 | 0.018 3 1509 | 4.407 | 12.045 | 2185 | -2.624 | -0.044
28 | API 99xRIZGARY - - -

0740 | 0555 | 1.527 | 0.045 | -0.777 | 0935 | -2.814 | 28.785 | -6.479 | -1.446 | 0.021
29 | API99xARAS -

0037 | 1.777 | 0805 | 0.477 | 1.222 | -0.064 | -0.370 | 4.489 | 8784 | -1.932 | 0.080
30 | API99xSITE MALL - -

0.296 1 0083 | 0429 | -0.888 | -1.731 | 1.740 | 5.002 | -3.342 | 4.629 | -0.080
31 | API99xHIDHAB - - -

1.185 3 0.083 | 0.074 | 4888 | -1.398 | 9.074 | 15993 | 3.886 | 1.979 | 0.076
32 | API99xALLAI -

5481 | -3 125 | 0101 | 15.888 | 17.601 | 23.407 | 90.624 | 48.402 | -0.856 | 0.015
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33 API 99xOASIS - -
0.148 | 0.333 | 1.916 | 0.631 | 2555 | 5268 | 11.740 | 14.095 | -2.425 | -0.877 | 0.007

34 | API99xKAUZ - - - -
3.185 | 0.333 | 0.416 | 0.129 | 2.888 | 5.268 | -1.250 | 1.188 | 15.973 | 0.082 | 0.125

35 API 99xADANA 99 - -
4.481 | 6.333 | 3583 | 0.204 | 7.222 | 6.268 | 8407 | 4.024 | 17.327 | -0.310 | 0.033

36 API 99xACSAD5 - - -
2518 | 5333 | -0.75 | 0409 | 7.888 | 12.268 | -1.592 | -0.902 | 13.352 | 2.927 | 0.092
SE(CROSSES) 0.638 | 0.736 | 0.728 | 0.099 | 0.752 | 0.805 | 0.853 | 14.522 | 1.531 | 0.498 | 0.033

DH = Days to 50% heading, PH = Plant height , NS/S = Number of spikelets/spike, LA = leaf area, T/P = Number
of tillers/plant , NS/P = Number of spikes /plant, NG/S = Number of grains/spike, BY/P= Biological
yield/plant, GY/P = Grain yield/plant, TGW= 1000 grain weight, HI = Harvest index .

Number of spikes per plant (NS/P) :

Three female lines out of twelve exhibited
significant gca effects, three lines namely L12 (5.787),
L3 (4.342) and L8 (1.564) showed significant positive
gca effects for the trait. One tester T1 (0.703) showed
significant positive gca effects. twenty two hybrids
showed significant sca effects out of which twelve
crosses namely T1 x L12 (18.185), T3 x L8 (17.601),
T3 x L12 (12.268), T2 x L10 (11.546), T2 x L11
(10.212), T1 % L3 (9.407), T3 x L11 (6.268), T2 x L8
: T2 x L12 (6.212), T2 x L9 (5.879), T1 x L9 (5.851),
T3 xL9:T3xL10 (5.268), T1 x L10 (3.851), T2 x
L2 (3.768), T1 x L11 (3.518), T1 x L6 (3.185), T2 x
L7 (2.546), T2 x L5 (1.879), T3 x L1 (1.712), T1 x
L2 (1.407) and T3 x L4 (0. 935)

Number of grains per spike (NG/S):

Six parental lines out of fifteen showed
significant gca effects L8 (9.287), L6 (7.398), L2
(5.064), T3 (3.925), L3 (3.731) and L5 (0.842) in
positive direction. Twenty cross combinations showed
significant positive sca effects. Cross T1 x L8
(24.518) showed highest significant positive sca
effects followed by T3 x L8 (23.407), T2 x L10
(15.407), T1 x L2 (14.185), T2 x L3 : T3 x L9
(11.740), T3 x L7 (9.074), T3x L11(8.407), T1 x L11
(5.518), T2 x L11 (4.740), T3 x L3 (4.407), T1 x L4
(4.296), T2 x L1 (4.185), T2 x L2 (3.074), T1 x L6
(2.518), T2 x L12 (2.407), T1 x L5 : T3 x L6 (1.740),
T1 x L9 (1.518), and T1 x L1 (0.962). Highest
significant positive sca effects were exhibited by the
cross T1 x L8 identified as best general combiner for
the trait and cross T3 x L8 as best specific cross
combination and can be useful for further
improvement of the trait. Similar results were also
observed by (Singh et al., 2012) during their line x
tester experiment in bread wheat (Triticum aestivum
L.) and (Lohithaswa et al., 2013) in tetraploid wheat.

Biological yield per plant (BY/P) :

Lines L8 (23.607), L5 (20.219), L3 (12.897),
L2 (9.720) and L6 (8.629) exhibited highly significant
positive gca effects. twelve hybrids showed
significant sca effects namely, T3 x L8 (90.624), T2 x
L9 (73.432) , T1 x L11 (47.476) , T1 x L8 (34.894) ,
T1 x L10 (34.789) , T2 x L4 (33.861) , T3 x L1
(32.982), T2 x L10 (30.889) , T2 x L7 (27.293) , T1
x L6 (17.538) , T3 x L2 (16.602) and T2 x L11
(15.075) exhibited significant positive sca effects. For
biological yield, positive gca and sca effects are

desirable. Therefore, L8 identified as best general
combiner and T3 x L8 as the best specific cross
combination in the present investigation for biological
yield per plant. These results showed similarity with
earlier observations of (Kumar et al., 2015) and (Nour
et al., 2011) for this trait.

Grain yield per plant (GY/P) :

Seven parental L8 (18.182) , L5 (14.498) , L6
(13.228) , L3 (9.215) , L11 (3.768) , T2 (1.902) and
L10 (0.918) identified with significant positive gca
values. Twenty two cross combinations showed
significant positive sca effects. Cross T3 x L8
(48.402) ,T1 x L8 (31.638) , T2 x L9 (24.850) , T2 x
L10 (24.405) , T2 x L7 (19.222) , T1 x L11 (19.122)
, T3 x L11 (17.327) , T2 x L2 (16.037) , T3 x L10
(15.973), T2 x L11 (14.904) , T2 x L8 (14.556) , T3
x 112(13.352), T1 x L12(12.576) , T1 x L1 (11.926)
, T1x 1.3(9.813), T3 x L5(8.784), T1 x L6 (8.495)
, T1 x L4 (7.247) , T3 x L7 (3.886) , T1 x L2 (3.596)
, T1x L10(2.427) and T3 x L3 (2.185) . In the present
investigation line L8 identified as best general
combiner and among hybrids, T3 x L8 emerged as
best specific combiner for grain yield. The results
were in close confirmation with the earlier observation
of (Esmail, 2007) and (Kapoor et al., 2011).

1000 grain weight (TGW) :

Five lines showed significant gca
effects, L3 (5.488), L4 (3.934), L6 (2.154), L12
(1.004) and L2 (0.793) exhibited significant positive
gca effects and among testers, T1 (1.034), showed
positive significant gca effects. Fourteen hybrids
showed significant sca effects. T1 x L3 (7.004)
showed highest significant positive sca effects
followed by T3 x L6 (4.629), T1 x L12 (3.190), T1 x
L2 (3.163), T3 x L12 (2.927), T2 x L5 (2.514), T2 x
L8 (2.498), T1 x L4 (2.395), T2 x L9 (2.381), T3 x
L7 (1.979), T3 x L1 (1.254), T2 x L12 (0.735), T2 x
L2 (0.689), and T1 x L8 (0.596). 1000-grain weight is
an important indirect selection criterion for the
selection of grain yield thus significant gca values in
positive direction indicates good general combining
ability. On the basis of these result, line L3 identified
as best general combining parent and cross T1 x L3
was identified as best specific combination for 1000
grain weight. These results are in agreement with the
earlier studies carried out by (Nour et al., 2011) and
(istipliler et al., 2015) to determine the combining
abilities of wheat genotypes for yield and related traits
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Harvest index (HI) :

Line L6 (0.052), L5 (0.042), L8 (0.034) and
L10 (0.022) and among testers, T3 (0.010), showed
significant positive gca effects. Among the crosses, T1
x L8 (0.146), T2 x L10 (0.125) , T3 x L10 (0.125) ,
T3 x L12 (0.092), T2 x L8 (0.081) , T3 x L5 (0.080)
, TL x L12 ) 0.078(, T3 x L7 (0.076) , T2 x L11
(0.072) , T1 x L1 (0.070) , T2 x L7 (0.057) , T1 x L4
(0.053) , T2 x L6 (0.048) , T1 x L3 (0.047) and T3 x
L11 (0.033). showed significant positive sca effects.
Harvest index is also an important indirect selection
criterion for grain yield. L6 emerged as good general
combiner and cross T1 x L8 was identified as the most
superior cross combination for the trait. Similar results
were also reported by (Jatav et al., 2014) during their
line x tester experiment for analysis of combining
ability and heterosis of morphological traits in wheat.
Combining ability analysis in the present investigation
suggested an idea about breeding methodology to be
applied and use of promising cross combinations for
further wheat improvement programmers. Present
investigation revealed that parents L3, L5, L6, L8 and
T1 were good general combiners for most of the
characters studied and should be utilized further in
breeding programmers for developing superior
varieties. Present findings also revealed the
significance of non-additive gene action for grain
yield and its contributing components. The presence
of significant no additive genetic variances suggested
that high performance of yield and contributing traits
can be fixed in subsequent segregating generation of
T1xL8, T2xL10, T2 xL11, T1xL11, T2 x L2 and
T3 x L7. These crosses could be the desirable choice
for exercising single plant selection in advanced
generations as all these crosses exhibited highly
positive sca effects for various yield contributing
traits.
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