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ABSTRACT: Wheat is one of the most important edible crops used in several food products. The success of plant
breeding programs depends on the availability of parents with desired genetic diversities. In this context, we evaluated
the genetic parameters in eight wheat genotypes namely Kohdashet, Morvaread, N-80-19, Darya, UR-82-17, Ehsan,
Bacounoura and Atrack as well as theirs F1 progenies in term of grain yield and the relevant traits. Randomized complete
block design with three replications was used. Data analysis indicated that genotypes and their F1 hybrids significantly
affected grain yield, biological yield, thousand-grain weight, grains per spike, grain weight in spike, plant height,
peduncle length and second internode length. The Model I of Griffing's method II was used in SAS software to determine
GCA, SCA and other genetic parameters. Among parents, Ehsan cultivar exhibited the highest GCA for grain yield,
thousand-grain weight, grain weight in spike, plant height and biological yield. P6xP7 cross was found to have the highest
SCA effects on grain yield, thousand-grain weight and plant height. In addition, among examined characteristics, the
thousand-grain weight and the peduncle length had the highest broad sense (h2= 0.98) and narrow sense heritability (Hz=
0.62), respectively. These findings indicated that the distinctive crosses engaged in progenitors belongs to highxlow
GCA; therefore, it is inessential to set crosses with highxhigh GCA. As a result, potential homozygous lines can be

selected from transgressive segregations to increase yield. Such crosses can be applied for exploiting heterosis.

KEYWORDS: General combining ability, Griffing's Diallel approach, hybridization, promising line, specific combining
ability

INTRODUCTION

Bread wheat ( 7riticum aestivum L.) plays a pivotal role
in providing food products throughout the world. Easy
storage, transportation, marketing and processing of this
crop has made it one of the strategic crops among cereals
[1-3]. Wheat cultivation area has been estimated to be as
221 million hectares thorough the world. There is around
950 million tons demand for wheat [1]. Plant breeding
programs have ever given rise to production of new
varieties with increased yield or improved physiological
properties such as resistance to draught, resistance to

*Corresponding author (P<)): hab3asog @gmail.com
Received: 02 December 2019 / Last revised: 28 January 2020
Accepted: 17 February 2020

herbicides and so forth. Heterosis is a phenomenon that
can be engaged in plant breeding programs to develop
new varieties with desired traits of interest. The nature of
pollination, the floral biology and the very low natural
out-crossing rates in wheat is important for heterosis. In
some self-pollinated plants, heterosis appears to be very
high because of extremely low out-crossing rates. [4,5].
Manipulation of heterosis and hybridization are important
strategies to increase wheat yield [6,7]. Identification of
the best parents to take most advantage of heterosis is a
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crucial step in plant breeding programs [8—10]. Breeders
use genetic pools to generate new varieties with the traits
of interest [9,11]. Information regarding type of gene
action in the inheritance of a trait is useful to choice the
breeding methods for enhancing wheat characteristics
[12,13]. Heritability, general combining ability (GCA)
and specific combining ability (SCA) are among the
genetic parameters that are considered to select suitable
parents for hybridization [4,14]. Environmental and
phenotypic parameters are also considered for selection of
parents [2]. The choice of breeding procedure for genetic
improvement of wheat depend on information of types
and amount of genetic components for different traits in
the plant materials under investigation [12,15]. Plant
breeders frequently use Diallel mating approaches to
obtain information of gene action controlling the
important traits of plant [16,17]. Diallel analysis
providing both early information regarding genetic
parameters in the first generation and inheritance of traits
among genotypes, helps identify the superior parents for
hybrid production [5,9,11]. Diallel approaches have been
applied for estimation of genetic parameters for physical
traits (such as grain texture and size) [18] and grain yield
[6,19] as well as for agronomic traits [20]. Diallel
approaches exploited not only for validation of the
drought tolerant germplasms [21] but also for understand
heritability pattern of quantitative characters [22] and
disease resistance (e.g. Parastagonospora nodorum and
[14,23].
parameters of various traits is a necessary step in selecting

Rhynchosporium) Evaluation of genetic
the best parents for the next breeding programs. The
objective of this experiment was to estimating genetic
parameters for grain yield and yield attributes of wheat
genotypes to be engaged in future breeding programs

using Diallel mating design.

MATERIALS AND METHODS

reciprocal (half-Diallel) and Fi's grains were sown in 5the
December based on randomized complete block design
with three replications during 2016-2017. All possible 28
Fi1 progenies along with their parents were planted in two
rows with 2 meters long with inter-row 20 cm spacing and
5 cm intra-row. Agronomic practices were done as
recommended. Urea as a nitrogen source (250 kg. ha'l),
triple-phosphate (150 kg.ha!) and potassium sulphate
(100 kg.ha'!) applied based on soil test recommendation
at the time of sowing time. The urea fertilization was
applied three times with a ratio so that one third of urea
was applied simultaneously with planting as base
fertilizer and the remainder in two stages, at the beginning
of the tillering and at the beginning of the stem elongation
stages. In each plot, 10 individual plants were tagged
randomly before heading time (Zadoks code 43). At the
maturity stage (Zadoks code: 92), all the tagged plant
were harvested by hand and analyzed for grain yield,
biological yield , grain weight per spike, thousand-grain
weight, plant height, peduncle length, grains per spike and
second internode length [24,25].. The data were expressed
as least significant difference (LSD 0.05),and subjected to
analysis of variance as described by Steel and colleagues
[26] to find out significant differences among parents and
hybrids. Genetic parameters were analyzed using SAS
ver. 9.4 [27] based on the method described by Griffing

and colleagues (model I of method Il )of [28] . Also, the

Baker ratio [29] was estimated by following equation:
) 207
Baker ratio = ———
20¢ + o¢
In which agz is variance of general combining ability and

02 is variance of specific combining ability.

RESULTS AND DISCUSSION

Eight genotypes of spring breed wheat (7riticum
aestivum L.) namely Kohdashet (P1), Morvaread (P2), N-
80-19 (P3), Darya (P4), UR-82-17 (P5), Ehsan (P6),
Bacounoura (P7) and Atrack (P8) (Table 1) were selected
randomly according to their different performance i.e.
yield and agronomic traits. During 2015-2016, the
genotypes were sown in 10%¢ December in Araghi-
Mahaleh Agricultural and Natural Research Station (36°
53" 19" N 54° 24' 49" E) of Golestan Agricultural and
Natural Resources Research and Education Center, Iran.
The genotypes were crossed in Diallel fashion excluding

The results of variance analysis for recorded traits are
shown in Table 2. In the current work, the total variance
was divided into two-distinctive components i.e. parents
and genotypes (F1). These components were found to be
significantly different for all traits in parents (Table 2),
indicating existence of enough genetic diversity among
parents to use them in breeding programs. These findings
are in consistence with previous reports [6,12,19],
indicating the existence of sufficient magnitude of genetic
diversity, which is essential for next breeding programs.
However, for the evaluated traits, significant GCA and
SCA means squares were observed due to the additive
genetic and non-additive gene action of the traits.
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Table 1. Pedigree, means of traits and other characters of wheat genotypes used in Diallel crossing

Genotypes Genotypes . Released L. PH TGW GY L
Pedigree of genotypes Origin Characteristics
No. name* year* (cm) (ar) (kg.ha)
Lat heat and drought tolerant, earl
Pl Kohdashet TR8010200 2000  CIMMYT 95 45 4850 Al season fieal and CToUgnt foTerant, eaty
maturing,semi-tolearnt to Rust yellow rust
High yielding, mid maturing, semi-tolerant to Rust
P2 Morvaread MILAN/SHA7 2009 CIMMYT 93 42 4500 . )
yellow rust and tolerant to Fusarium head blight
High yielding, late maturing and tolerant to Rust yellow
P3 N-80-19 SW89.3064/STAR... 2009 CIMMYT 85 46 4250 rust
u
High yielding, mid maturing, tolerant to Rust yell t
P4 Darya SHA4/CHIL... 2007 CIMMYT 95 45 5400 180 yieiding, mic maturing, foferant fo Bust yeflow fus
and Fusarium head blight
Lat heat and drought tolerant, earl turing,
Ps UR-82-17  JUP/ALD'S"/ATT'S"/3/... 2007 ICARDA 8l 40 4700 Al season feal anc CTOHgTT foTerant, eally MAtiring
sensitive to Rust yellow rust and anti-lodging
High yielding, late maturing and semi-tolerant and
P6 Ehsan SABUF/7/ALTAR... 2016 CIMMYT 99 52 6650 tolerant to Fusarium head blight and Rust yellow rust,
respectively
Suitable yielding, tolerant to drought stress, early
P7 Bacounoura JUP/BJY//URES 1995 CIMMYT 84 29 3250 ) . i
maturing and anti-lodging
Suitable yielding, high tilleri id maturi ti-
P8 Atrack Kauz’s” 1995 CIMMYT 79 32 3950 witable yielding, N HTICTing, mic matiring. ant

lodging and sensitive to Rust yellow rust

*Genotypes named and released by SPII: Seed and Plant Improvement Institute of Iran; CIMMYT: Centro Internacional de Mejoramiento de Maiz y Trigo; ICARDA: The International
Center for Agriculture Research in the Dry Areas; PH: Plant Height; TGW: Thousand Grain Weight; GY: Grain Yield.
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Table 2: Mean square values from analysis of variance (ANOVA)

5 )
£ k=) £ 2 c £ 3
T O] ] o~ = = 15)
5 g > ® = 5 5, = 8 5
> L > S ) S D X 2 [ c o
© o £ = c T a z o = o = c
N 8 g g = c c © 5 S T e
o o ° S © © a 2 3
3 @ = o o 8 8
N
Block 2 407.20ms 2554ns 5.10 s 46.90ns 0.25ns 3.27ns 5.818 0.58 ns
Genotypes (F1) 35 176.40"* 982** 67.90"* 104.80"" 0.38** 111.10* 24.90"* 5.96"
Parents 7 43.20% 296 * 177.40™ 15.80°* 0.54** 121 32.30%* 6.15**
Residuals 70 48 260.39 4.13 43.06 0.12 16.86 2.31 1.22
GCA 7 35.70* 178.92** 73.58* 17.76ms 0.35"" 106.11** 32.14* 6.88""
SCA 28 64.56"" 364.66" 9.88™ 39.21% 0.07* 19.77* 237" 0.76"*
Error 70 16 86.79 1.38 14.39 0.04 5.49 0.77 0.40
Baker Ratio - 0.53 0.50 0.94 0.48 0.91 0.91 0.96 0.95
% CV - 25.08 23.59 5.08 10.82 15.17 4.75 4.48 6.22

ns: non-significant, * and ** significant at the 5% and 1% probability level, respectively. GCA: General Combining Ability; SCA:

Specific Combining Ability; CV: Coefficient Variation.

Table 3. Estimated Genetic parameters for agronomic traits

g o
5 ¥ 3 < g B
[ - =
'E g < E‘ & > c E %—5’ E
Genetic parameters < £ o 3 g o o £ >
2 g2 g c 5 2 c = T
i S ° 3 3 3 = O
@ & @ o = &
o
Cfgz 0.03 0.61 0.01 0.01 6.37 2.98 8.36 0.01
gl 0.03 0.36 277.87 24.82 8.50 1.60 14.27 48.56
VA 0.01 2.45 0.01 0.01 25.50 11.91 34.53 0.01
VD 0.13 1.45 1111.49 99.29 34.00 6.41 57.10 194.25
H2 0.85 0.91 0.93 0.87 0.98 0.96 0.94 0.92
h2 0.38 0.57 0.01 0.01 0.42 0.62 0.35 0.01
DR 1.58 1.07 0.001 0.001 1.63 1.04 1.82 0.001
BR 0.67 0.77 0.001 0.001 0.60 0.79 0.54 0.001
ojlod 1.00 1.69 0.001 0.001 0.75 1.86 0.58 0.001

0'!;: General combining ability variance; a2: specific combining ability variance; VA: additive variance; VD: dominance variance;

H2: broad sense heritability; h2: narrow sense heritability; DR: dominance ratio; BR: Baker ration; ng/aszz type of gene action.

The analysis of combining ability variation (Table 3)
showed high GCA for plant height, thousand-grain weight
and peduncle length; meanwhile, other traits have lower
GCA. For all the traits except grain weight in spike,
peduncle length and second internode length, the variance
of SCA was higher than that of GCA (Table 3). Higher
SCA was observed for biological yield, grain yield, grain
per spike, plant height and thousand-grain weight. Higher

dominance ratio, lower nglasz and Baker ratio variance

for grain yield, biological yield, thousand grain weight,
plant height and grain per spike represents preponderance
of non-additive action of genes showing the existence of
preponderance dominant gene action and vice versa.
These findings indicated that both additive and non-
additive gene effects are most important in the current
genotypes. Non-additively controlled gene action was
found to be more prominent than additive gene action for
most of the traits (Table 3). These findings are also
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Table 4: General Combining Ability for evaluated traits in parents
§: z3g B &y F%F fg 3 B
Parents 2z g 2 2 < g = 5 = < ?
£ gzs 2> % s §8 g f
(3 = m O] = s o o 15}
P1 -0.14™ -0.31ms -4.530s 0.651s 0.84™ 1.32% 1.08ns -2.14ns
P2 -0.05ms 1.00™* -3.450s -1.96"s 0.01ns 2.48™ 1.28ns -1.21ms
P3 0.25%: -0.73" -2.88ns 0.78ns 1.94™ -0.120s -0.61ms -0.76"s
P4 0.110s 0.50"* 1.84ns 0.43ns 0.51% -0.480s 1.62"* 0.02ns
P5 -0.12" -0.21ns -0.130s -0.310s -1.83" -1.25" -3.52* 0.55ms
P6 0.27" 0.87* 8.21" 1.91ns 4.84™ 1.09™ 5.16™ 3.98™
P7 -0.18™ 0.30ms 3.03ns 0.46ns -3.29% -0.350s 0.39ns 0.81ms
P8 -0.13** -1.42% -2.10ms 1.84ns -3.02* -3.39* -5.41% -1.250s
SE(gi) 0.06 0.19 2.75 1.12 0.35 0.26 0.69 1.18

Ns: non-significant, * and ** significant at the 5% and 1% probability level, respectively.

consistent with previous published reports [6,19,30-34].
Higher SCA has already been reported for yield and yield-
related traits [35]. Akhtar and Chowdhary [36] indicated
that non-additive gene effects were more important than
additive gene actions for grain yield in wheat. While other
[12,37-39].
Therefore, suggesting that hybridization method is a

researchers reported contrary results
useful breeding program for improving those traits which
controlling by non-additive gene actions.

Heritability estimation using archived data indicated that,
peduncle length, second internode length and thousand-
grain yield are inherited to the next generation with the
probability more than 42%. All the studied traits had more
than 87% of broad sense heritability in which thousand-
grain weight had higher broad sense heritability than
others. A similar trend has been reported for grain yield
and thousand-grain weight [40,41], while the results
obtained by other researches for yield-related traits was
against of our results [34,42].

We found some very low narrow sense heritability
degrees for the characters examined in the study (Table
3), indicating that additive variance is not great enough in
the population and therefore the selection process should
be postponed to be done in the next generations. Hence,
short stature and high yielding varieties can be developed
by controlling genes responsible for peduncle length,
second internode length, grain weigh in spike, plant
height and thousand-grain weight.

General combining ability was used to determine the best
parents for achieving suitable transgressive segregates. In
plant breeding methods, the estimation of general and
specific combining potential is a prerequisite for selection
of promising parents. Both Ehsan and Morvarid were
found to have suitable GCA to be used as a parent in

hybridization program. By comparison, Parent 6 (Ehsan)
expressed higher positive and significant GCA for grain
yield, biological yield, thousand grain weight, plant
height and grain weight in spike than others. (Table 4).
These genotypes can be used in breeding programs as a
donor, which may provide a better population in advanced
generation. Hence, if the aim of wheat breeding is
improving the grain yield, using Ehsan cultivar would
profitable. Positive effect of GCA for abovementioned
traits has been reported in numerous studies
[6,19,31,33,43—45]. The higher GCA for biological yield,
plant height, grain weight in spike and thousand-grain
weight, caused the greater GCA for yield. The correlation
of traits; furthermore, showed that biological yield, plant
height and grain weight in spike correlated significantly
with grain yield (Table 6). These findings are consistent
with previously issued reports [19,46]. Therefore, for the
mentioned traits, these cultivars may serve as favorable
parents in breeding programs. Higher GCA effects is
almost due to additive or additivexadditive gene
interactions [28]. Most of the genotypes showed negative
or weak GCA for grain yield, but indicated strong GCA
for yield components and agronomic traits. For example,
Morvarid cultivar showed the higher GCA for second
internode length and peduncle length and Ehsan cultivar
indicated the higher GCA for grain weight in spike,
biological yield, thousand-grain weight and plant height.
Therefore, these cultivars can be engaged for generation
of dynamic population with significant number of
favorable genes.

Of 28 combinatorial crosses, twenty for grain weight per
spike, five for biological yield, three for thousand-grain
weight, four for grain per spike, two for second internode
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Table 5: Specific combining ability for evaluated traits in wheat hybrids

= — = . o =
8 g L S 5 £2 g o 2% s = 2 3
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o) 8' o 9 > = = a O = Cc S = c <
> £ - 5 > o c S ¢ 2 8 o 23 = =
- &= @ F g O ¢ E o 5 S
(2]
P1xP2 0.17ns -11.5m -4.14* -2.64ns -0.53ns -1.29ms -5.21ms -12.5%
P1xP3 0.57* -11.3m8 -1.740s 4.420s -0.66ns -1.95" -5.79ms -1.28ms
P1xP4 0.42* 4. 1ns -6.64" 8.44* 1.07ns 1.04ns 2.92ns 1.56ms
P1xP5 -0.11ms 23.6"" -3.64™ 2.65ms -1.227 0.250s 8.58" -3.66
P1xP6 0.46™ -2.0m8 0.36" -2.21ns 0.70ns -1.34ns -0.76m -1.69ms
P1xP7 0.14ns 23.4* 3.16** -0.46ns 0.31ns 2.42% 8.33* 5.36"
P1xP8 -0.08ms -3.8ns 1.89ns 12.69** 0.47ns -1.06ns -0.790s 1.620s
P2xP3 0.85™ 13.1ms 0.76"s 9.83** 1.39* 3.12* 4.41ns 5.76™
P2xP4 0.46"" 13.00s -0.140s 1.250s 0.82ns 0.88ns 3.57ms 1.42ns
P2xP5 0.76™ 26.9** 1.53ns 5.72ns 1.30" 1.250s 11.55 6.59"*
P2xP6 0.40* -10.8m -1.470s 1.1308 0.48ns -0.36m -4.86" -1.22ns
P2xP7 0.150s 7.80s -1.00ms -5.52n8 -1.44* -0.55m 3.79ns -5.88*
P2xP8 0.41* -0.40s -(0.94ns 2.780s -0.80ns -2.66** 1.62ns -2.550
P3xP4 0.70** -8.508 1.26m 4.97ns -0.71ns 0.150s -5.420 -0.38ms
P3xP5 (.23ns 3.8ns -3.40" 1.11ms -0.90ms 0.19ns 0.86ns -2.71ms
P3xP6 0.44** 12.60s -2.74* 1.520s 0.420s -0.89ns 10.60** 0.29ns
P3xP7 0.43* 22.3" -0.60ms 2.010s 0.20ns -1.85" 8.84™ -1.29ns
P3xP8 0.43* 7.20 0.80ns -0.04 ns 0.59ns 1.59* 4.720s -0.54ns
P4xP5 0.62** 14.0ns 1.03ns 3.13ns -0.03ns -0.95ms 7.76* -0.84ns
P4xP6 0.170s -2.1ns -3.30™ 2.19ns -1.08ms -1.73* -3.58m -6.33**
P4xP7 0.54* 7.6"s 0.830s 1.89ns 1.02ns 0.74ns 0.84ns -0.72ns
P4xP8 0.39* 16.70s -1.10ms 0.250s 0.250s 0.41ns 6.22ns -2.95m8
P5xP6 0.34ns 9.308 -2.64" -2.85m 0.93ns 1.74* 2.150s 0.510s
P5xP7 0.54™ -15.4ns 0.49ns 2.630s 1.030s -1.25ns -8.56"" -0.15ns
P5xP8 0.61** -1.1ms 277 -0.67m 0.06ns -1.05m -2.72m -3.53ns
P6xP7 0.84™ 23.9" 3.16*" 8.77* 0.69ns 1.83* 13.17** 7.50**
P6xP8 0.68"" 8.3ns 1.24ns 2.73ns -0.46m 1.77* 3.08ns 2.01ns
P7xP8 0.70"" 16.4ns 2.70"" 2.55ms 0.32ns -2.03** 6.01ns -2.45ms
SEsij) 0.18 8.45 1.06 343 0.57 0.79 3.63 2.12

Ns: non-significant, * and ** significant at the 5% and 1% probability level, respectively.

length, five for peduncle length, seven for grain yield and
four for plant height were found to have positive
SCA (Table 5).
combinations showed significant SCA effects for grain

significant effects Some cross
yield and number of its attributes. For instance, P6xP7
(EhsanxBacounora) cross, which had the highest SCA
effects for grain yield, had a highly significant SCA for
thousand-grain weight and plant height, as well. P2xP3
(MorvaridxN-80-19) cross had the highest SCA effects
for grain weight in spike and second internode length as
peduncle P1xP7

(KohdashtxBacounora), P1xP8 (KohdashtxAtrack) and

well  as length.  Crosses

P2xP5 (MorvaridxUR-82-17) showed positive and highly
significant SCA for thousand-grain weight, grain per
spike and biological yield, respectively. The heterotic
crosses involved parents belongs to highxlow general
combiners, which may be due to favorable additive
effects of the good general combiner parent and epistatic
effects of poor general combiner, which fulfils the
favorable plant attribute. At least one of the parents
contributing to SCA effects was shown to be a good
general combiner for those traits. So, selection among
transgressive segregates of these crosses can lead to
genetic improvement [47]. Therefore, pure lines are likely
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Table 6: Pearson coefficients of correlation between eight agro-morphological traits in weight
Traits Traits No. 1 2 3 4 5 6 7 8
Grain yield 1 1
Biological yield 2 0.94** 1
Thousand grain weight 3 0.11ns 0.07ns 1
Grain per spike 4 0.34*" 0.42** -0.15ms 1
Grain weight in spike 5 0.38"" 0.42** 0.53** 0.44™ 1
Plant height 6 0.22" 0.21" 0.62"* 0.08ns 0.43™ 1
Peduncle length 7 0.14ns 0.14ns 0.37" -0.06"s 0.15ns 0.64" 1
Second internode length 8 0.27" 0.29"™ 0.27" 0.13ns 0.35™ 0.64" 0.54™ 1

Ns: non-significant, * and ** significant at the 5% and 1% probability level, respectively.

to be developed from a population in which additive gene
action exists even if SCA effects were insignificant. [48].
Some parents involved in crosses were shown to be good
general combiners, despite being poor specific combiners.
Parents with high GCA effects do not necessarily have
high SCA effects, indicating that SCA may negatively
affects grain filling, maturity and plant height [49,50].
These findings shows that it is unnecessary to have
highxhigh general combiners to get the best
recombinants, as reported earlier [6,19,51]. Genotypes
with high GCA are the most promising parents for
crossing to have a SCA effects. The major portion of such
variances is flexible for the given traits in the crosses
mentioned above. Similar findings have been reported for
grain yield and agro-morphological and quality traits in
bread wheat [19,52-54]. Traits with high non-additive
genes are difficult to be improve and fix by simple
pedigree breeding methods in the early generation. Thus,
retaining heterozygosity in early segregating generations
in selected breeding materials is necessary to maximize
gain yield. Therefore, a few selection cycles followed by
pedigree breeding method will be effective and useful for
enhancement of yields and yield related components in
the genotypes.

Traits correlation

Traits coefficient correlations are presented in Table 6.
Grain yield highly correlated with biological yield, grain
per spike, grain weight in spike, plant height and second
interned length, indicating that grain yield directly
depends on related yield components. However,
biological yield highly and positively correlated with
grain yield, grain per spike, grain weight in spike, plant
height and second interned length. Thousand-grain
weight significantly correlated grain weight in spike,

plant height, peduncle length and second internode

length. In addition, grain per spike have a high
relationship with grain yield, biological yield and grain
weight in spike. Generally, all studied traits have different
types of correlation (null, positive or negative) with each
other (Table 6), indicating they are influencing grain yield
directly and indirectly except thousand-grain weight and
peduncle length. Hence, even though quantitative traits
indicated extremely negative, positive or null correlation
with grain yield in segregating population, it was still
possible to observe different kind of correlation in the
next generations due to segregation property. Those
differences may be associated with population structure,
as each population has its own gene and genetic
frequency, traits heritability and genetic variance and
correlation [55]. To improve yield and other quantitative
traits simultaneously, parent that could generates
breeding populations with a positive correlation between
these target traits are necessary [55]. Therefore, selection
of negatively or null correlated traits with yield as an
indirect selection index, will yield usefulness results.

CONCLUSION

Parents with high GCA, that give rise to progenies with
the higher SCA are suitable for improving grain yield in
bread wheat. Ehsan cultivar expressed higher GCA for
grain yield, biological yield, thousand-grain weight and
plant height as well as grain weight in spike. Morvaread
cultivar has a high GCA for second internode length and
peduncle length. P6xP7 (EhsanxBacounora) cross has the
highest SCA for grain yield, thousand-grain weight and
plant height. P2xP3 (MorvaridxN-80-19) cross has a high
SCA effects for grain weight in spike and second
internode length as well as peduncle length. Thus,
parental genotypes with good GCA and SCA should be
involved in multiple to make

crosses tangible
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improvement of yield and its components in spring wheat.
Moreover, the involvement of both types of gene actions
opens a new chapter of discussion. As a dominant type of
gene action was prominent for yield-related traits, the
selection of paternal and maternal lines proved best
specific combiners should utilize for yield enhancement
in the next generation. While the heritability and genetic
gain for these traits indicated a broader spectrum of
acclimatization of yield-related traits in the next
generation as non-additive gene action was prominent.
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