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ABSTRACT

Eight huil-led and hull-less barley genotypes were crossed in a half diailel
fashion to study gene action effects and path coefficient for grain yield and ifs
contributing characters in both F;and F, generations. Results of {H/D)"” was more than
unity for all characters in F; and F; generations confirming the important role of non-
additive gene effects in the genetic control of the studied characters indicating the
presence of over- dominance for these traits. The narrow sense heritability estimate was
relatively high or moderate for no. of spikes per plant, no. of kernels per spike, spike
kernel weight and 100-kernel weight in both F; and F; generations as well as grain yield
per plant in F,. Path coefficient analysis revealed that no. of spikes per plant and spike
kernels weight in F; and F; generations and their joint effects were the greatest
contributors to grain yield of barley and could therefore be considered as the main
selection criteria in barley improvement programs.

Key words: Barley (Hordeum vulgare ), Diallel, Gene action, Heritability,
Correlationcoefficient, Path coefficient, Relative importance.

INTRODUCTION

Yield is a complex character and is an ultimate product of the action
and interaction of a number of quantitative characters, which are known to
be controlled by different sets of polygenes. The development of high
yielding barley varieties depends upon the recovery of desirable segregates
from crosses between high yielding cultivars or those of genetically diverse
origin. El-Marakby ef al (1993), reported that, crossing widely divergent
strains may not be always advantageous. Choice of parents for crossing is
considered to be an important step in any plant breeding program aimed to
improve yield and other economic traits. Increasing the yiéld of barley
requires certain- information regarding the nature and magnitude of gene
action involved in the expression of quantitative traits of economic
importance in a hybridization program. Diallel analysis also provides a
unique opportunity to obtain a rapid and over all pictures of genetical
control of a set of parents inthe early generation. To increase the yield,

* Paper extracted from the Egypy/European Project on Sustinable Barley Production Under
Rainfed in Egypt, Financd by ¢the European Unity Counterpart Fund in Egypt.
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study of direct and indirect effects of yield components provides the basis
for its successful breeding programme and hence the problem of yield
increase can be more effectively tackled on the basis of performance of
yield components and selection for closely related characters (Choudhry et
al 1986). The aim of this study was to determine the correlations and path
analysis of yield and yield components in barley and evaluate their
suitabilities in a breeding program. Thus the main objective of the present
study was to identify genetic architecture of different important traits of
barley for further improvement of grain yield.

MATERIALS AND METHODS

The present study was carried out at the Experimental Farm,
Agricultural Research Center, Giza, Egypt, during the three successive
seasons 2005/2006, 2006/2007, and 2007/2008. Eight parental genotypes of
six-rowed barley representing a wide range of genetic diversity for six traits
were selected for this study. Four of them are hull-led barley genotypes i.e.,
Giza 119 (P1), Giza 117 (P2), Giza 124 (P3) and Giza 126 (P4). The other
four genotypes namely, Giza 129 (P5), Giza 131 (P6), Congona (P7) and
Higo (P8) are hull-less barley. Using a diallel mating system in 2005 / 2006
season, the eight parental genotypes were crossed in all possible
combinations, excluding reciprocals, to obtain a total of 28 F; crosses. In
2006/2007 season, the parents and their F) hybrids were grown and selfed to
produce seeds of Fz generation and harvested as single plants. In 2007/2008
scason, the parents, F;, hybrids and F, populations were grown in a
randomized .gomplete block design with three replications. Each
experimental plot consisted of 19 rows, i.e., two for each of the parents and
F) as well as 13 rows for F2. The cultural practices for barley production
were applied as recommended at Giza. Observations and measurements
were recorded on 20 guarded plants for each of the parent and F; crosses
and 120 plants of F, population chosen at random from each plot. Rows
were 3.5m long, and 20cm apart. The plant spacing was 15 cm in each row.
The studied characters were; number of spikes per plant, number of kernels
per spike, spike kernels weight, 100-kernel weight, harvest index and grain
yield per plant.

Data were processed and subjected to analysis of gene action
according to Hayman (1954), Jinks (1956) and Chaudhary et al (1977). In
1956 Jinks gave the procedure for estimating these components from F; data
as well. The coefficients of H; and H; are 1/4 in F; data as well. The
coefficients of H; and H; are 1/4 in F,, while they are 1inF.

Degree of dominance in ¥, = [ (H,/D) l'2].

Degree of dominance in F;= [ 1/4 (/D) 1]
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: - Puth coefficient analysis. and the direct and indirect effects at
phcmtprc levei were made by usmg method proposed by Dewev and Lu
(1959) | ARSI i AT

RESULTS AND DiﬁCUSSION

Gene actlon in both Fl and ) genemhons ca
~* The computed parameters for all traits -are. presenbed in Table (1)
Data in both ¥, and F; generations revealed that the ‘additive genetic
variances (D).were significant for number of sp1kes pet. plant nurber of
kernels per spike, spike Kernels weight, 100-kemel weight, harvest. mdex
and ‘grain yield per plant. These results indicated the importance of additive
- _genetic -effects . in the mherltance of these traits. Hj which represents
dominance component ‘of variation and Hy which represents “doininance
variance_corrected for asymmetric gene distribution were significant for all
- odraits, studled in both F, and F3 generations except Ha.for harvest index in Fy,
- However, the relatively higher magnitude iof Hy; and Hy- as compargd' with
those of O) revealed the preponderance of dominance type of | gene action in
the.imheritance Of' these fraits. These: results are in agreement with: those
reported by Rohman ‘et al (2006), Sharma and Sharma (2008) and Dharam
and Kumar (2009). The over all:dominance effects of heterozygous 1001 (h 3
were mgmﬁcant for fio. of spikes pei-plant, no: of kernels pet spike, splke
kernels weight and grain, -yield per plant in Fy; generatlon, In Fag

highly 51gn1ﬁcant h? values were detected for no. of spikes per plan
: mdex and gram yield per ‘plant. This result indicates-that the effect of
" “dominance” was - due’ 1o - hetcrczygousny “and - -that” dommance ‘was
umd1rect10na1 apprecxable heterotac eﬁ'ect Similat restilts’ were obtamed by

i well as no: of splkcs per plant in FL and IOO-kernel welght m F P revéalmg
.-that the environmental effect had. a share in, the. expression of these traits.
- 'Some useful genetic ratios and parameters were further estimated and given
in Table (1). The average degree of dominance over all loci measured by the

19



Table 1. Estimation of genetic components for 8 X § diallel crosses analysis for
yield attributes in F; and F, generations,

Genetic No. of spikes No. of kernels Spike keraels
Components er plant _per spike Weight
F F; Fy F; F F;
D 1927+ 18.42++ 36.67** A581** 0.51* 0.44**
H1 62.10** 28.00++ 100.02** 84.72%* 1.56** 0.68**
H2 44,69** 60.14%* 133.234+ 114.28+* 1.65* 0.93*
h2 200.36** 38.02%* 119.43** 3.78 1.76** 0.03
F 18.72 18.11 31.96 26.15 0.16 0.438*
E 390+ 3.76 3.83 5.00 0.05 0.02
(H1D ) 2.58 043 1.65 0.38 1.93 0.31
H2/4H] 0.18 0.53 0.30 6.33 026 . 0.34
KD/KR 2.28 3.52 _ 1.71 1.62 L23 .12
hns 7047 53.57 79.12 60.00 5937 78.40
t 5.70 0.03 0.14 6.03* 1.43 0.13
Table 1. Cont.
Genetic 100-kerne! weight “oHarvest index Grain yield per plant
Components F, . F, ¥, F, F,
D 244 0.45** 2493 24.56** 8.88** 7.82%
H1 269 1494 73.02%+ TL71%* 89.62** 31.56**
H2 -3.21** 597+ 5685+ 24.31 57.50%+ T7.83%
h2 199 0.15 1437 80.85** | 218.35%+ 3441
F 0.88 0.96** i8.61 14.40 -2.79 6.82
E 0.13 0,134+ 3.24 3.60 4.64** 3.58%*
(HID? 1.04 0.45 17 0.43 3.38 047
HY4H1 -0.76 100 | 019 9.08 0.16 0.61
KD/KR 1.24 3.87 1.55 1.41 0.90 151
- hus 59.5¢ 5255 39.17 49.15 52.89 32,06
¢ 2.92 . 004 | 145 4.17 0.68 0.02

*and ** denote llgllﬂtll'li at 0.05 and 0.01 levels of probability, respectively

ratio (Hy/D)”* was more than unity for all characters in F; generation
~ indicates over dominance gene effects in the genetic control of the studied

characters indicating the presence of over dominance for these traits.
However, in F; generation the average degree of dominance was greater
than zero but less than 1, there partial dominance for these traits. Similar
results were obtained by El-Hosary ef af (1992). The average frequency of
negative vs. positive alleles in parental population was detected by
computing the ratio (Hy/4H;), values largely deviating from 0.25 were
obtained for no. of kemels per spike, spike kemeis weight, 100-kemnel
weight in both F; and F, generations indicating that negative and positive
alleles were symmetrically distributed among the parents. The ratio of total
nuntber of dominant to recessive alleles in the parents {(KD/KR) was greater
than unity for all traits studied in both F, and ¥, generations except for grain
yield per plant in Fy These results indicated that the proportion of dominant
aileles are greater in the parents than the recessive ones for the studied traits
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while the recessive genes are in excess for grain yield per plant in F).
Similar results were obtained by Dharam and Kumar (2009).

Heritability estimates in narrow sense for all characters studied in F)
and F; generations are presented in Table (1). Heritability estimates in
narrow sense for F, crosses were higher than for F, populations for most
characters studied. The highest heritability values of narrow sense in F; and
F, generations were detected for no. of kernels per spike, no. of spikes per
plant, spike kernels weight and 100-kerne! weight. These high estimates of
heritability may reveal the efficiency of selection for these ftraits in early
segregating generations. Intermediate to high estimates of heritability in
narrow sense for these traits were also reported by El-Marakby er af (1994a)
Youssef (2005) and Rohman et al (2006). Moderate values of narrow sense
heritability were obtained for the other traits. However low values of narrow
sense heritability were detected for grain yield per plant in F;, indicating
that most of genetic variance for these traits may be attributed to non
additive effects of genes.

Correlation coefficients and Path coefficient analysis in both F; and F;
generations

Phenotypic correlation coefficients estimated from the 28 genotypes
between all possible pairs of studied characters in F, generation are
presented in Table (2). Results showed positive correlations among all traits
studied in most cases. Results indicated significant positive correlation
coefficients between grain yield per plant and each of number of spikes per
plant (1=0.39), number of kernels per spike (r=0.27), spike kernel weight
(r=0.67), 100-kernel weight (r=0.53) and harvest index (r=0.53). Similar
results were obtained by Sundeep ef a/ (2002), Muhammad (2005),
Kundalia et al (2006). These results indicate the possibility of obtaining
high yielding genotypes through selection for one or more of these
characters. Number of spikes per plant gave significant and positive
association with, spike kernel weight and harvest index. However
significant and negative correlation coefficients were observed between
100-kernel weight and each of number of kernels per spike and number of
spikes per plant. Moreover, significant and positive correlation coefficients
were found between spike kernel weight and each of 100-kernel weight,
number of kernels per spike, number of spike per plant and harvest index.
These results are in agreement with those obtained by Ataei (2006) and
Akram et al (2008). El-Marakby et al (1994 a) found that 100-kernel weight
showed negative phenotypic correlation with number of spikes per plant and
kernels per spike. Phenotypic correlation coefficients estimated between all
possible pairs of studied characters in F; generation are presented in Table
(3). Data showed significant and positive correlation coefficients between
grain yield per plant and each of spike kernel weight (r = 0.59), 100-kernel
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Table 2. Phenotypic correlation coefficients between all possible pairs of studied characters in F,; generation.

Characters Grain yield Number of Number of Spike kernels | 100-kernel % Harvest
per plant spikes per kernels per weight weight index |
' plant spike
Grain yield per plant - 0.390** 0.277* 0.671** 0.533** 0.536**
Number of spikes per plant - -0.436** -0.269* 0.378** 0.270*
Nuamber of kernels per spike - 0.393** -0.311*+ 0.246*
Spike kernels weight - 0.371** 0.236*
100-kernel weight - 03324+
* and ** denote significant at 0.05 and 0.01 levels of probability, respectively.
Table 3. Phenotypic correlation coefficients between all possible pairs of studied characters in F; generation. s
Characters Grain yield Number of Number of Spike kernels 100-kernel % Harvest
per plant spikes per kernels per weight weight index
plant spike
Grain yield per plant - 0.433** 0.543** 0.595** 0.348** 0.872%*
Number of spikes per plant - 0.512** -0.352%* 0.293* 0.443**
Number of kernels per spike - 0.403** -0.291* 0.310*
Spike kernels weight - 0.256* 0.416**
100-kernel weight - 0.346**

* and ** denote significant at 0.05 and 0.01 levels of probability, respectively.
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weight (r=-0.34), number of kernels per spike (r=0.54), number of spikes per
plant (r=0.43) and harvest index (r=0.87). These results indicate the
possibility of obtaining high yielding genotypes through selection for one or
more of these characters in early segregating generations. Number of
kernels per spike showed significant and positive correlation with number of
spikes per plant, and harvest index. Meanwhile, negative correlation was
found between spike kernel weight and number of spikes per plant
Significant and positive phenotypic correlation coefficients were found
between harvest index and each of spike kernel weight, number of kernels
per spike and number of spike per plant. These results are in agreement with
those obtained by Muhammad (2005), Kundalia et al (2006).

Path coefficient analysis involves a method of partitioning the
correlation coefficients into direct effects and indirect effects via alternate
characters or pathways. In this analysis grain yield, being the complex
outcome of different characters, was considered the resultant variable and
number of spikes per plant, number of kernels per spike, 100-kernel weight,
spike kernel weight and harvest index the causal variables. The direct and
indirect effects of the five yield component characters on grain yield per
plant in F, generation are shown in Table (4). These characters showed
positive direct effects on grain yield. Number of spikes per plant had the
highest direct effect on grain yield (0.582), followed by spike kernel weight
(0.543) and number of kernels per spike (0.402). While, the lowest direct
effect on grain yield belonged to harvest index (0.05). Puri et al { 1982 )
reported that spike yield had large direct effect on grain yield per plant. El-
Marakby ( 1994 b ) also found that grain yield was affected directly by
number of spikes per plant and spike yield. Koumber et al ( 2006 ) indicated
that number of spikes per plant had the highest direct effect on yield. The
indirect effects of number of spikes per plant via number of kernels per
spike and spike kernels weight were negative with values of -0.175 and -
0.146, respectively. However, the positive indirect effects of number of
spikes per plant via harvest index and 100-kerne! weight were 0.0137 and
0.116, respectively. The indirect effects of harvest index via number of
spikes per plant, number of kernels per spike, spike kernel weight and 100-
_kernel weight were positive with values of 0.157, 0.098, 0.128 and 0.102,
respectively. The indirect effects of number of kemnels per spike via harvest
. index and spike kemels weight were 0.0125 and 0.212, respectively.
However, the negative indirect effects of number of kernels per spike via
number of spike per plant and 100-kernel weight were -0.253 and -0.096,
respectively. The indirect effects of spike kernels weight via harvest index,
number of kernels per spike and 100-kernel weight were positive with
values of 0.012, 0.157 and 0.115 respectively, whereas the indirect effect of
spike kernels weight via number of spikes per plant was negative with value
of -0.156. The indirect effect of 100-kernel weight via number of spikes per

23



plant was high and positive with value of 0.219. However, the indirect effect
of 100-kernel weight via number of kernels per spike was negative with
value of -0.126. These results are in agreement with those obtained by
Ganusheva and Lozanov (199 ), Ataei (2006).

In this analysis grain yield per plant was considered the resultant
variable and number of spikes per plant, harvest index, number of kernels
per spike, spike kernel weight and 100-kernel weight the causal variables.
Estimates of path coefficients for the direct and indirect effects of the five
yield component traits on grain yield per plant in F; generation are shown in
Table (4). Results indicated that the greatest positive direct effects on grain
yield per plant were expressed by spike kernel weight (0.501), followed by
harvest index (0.467) and number of spikes per plant (0.368). While number
of kernels per spike (0.031) and 100-kernel weight (0.073) exhibited the
least direct effects on grain yield per plant. These results are in harmony
with those obtained by El-Sayed et o/ (1990), Afiah and Abd-El-Hakim
(1999) and Kundalia et @/ (2006). The phenotypic indirect effect of number
of spikes per plant via harvest index was relatively high and positive with
value of 0.206. The indirect effect of number of spikes per plant through
number of kernels per spike (0.015) and 100-kernel weight (0.020) were
very low with positive effects. While, the indirect effect of number of spikes
per plant via spike kernels weight was negative (~0.176). The indirect effect
of harvest index via spike kernels weight was relatively high and positive
with value of 0.208. Meanwhile, the indirect effects of harvest index via
number of kernels per spike and 100-kernel weight were very low and
positive with values of 0.009 and 0.024, respectively. The indirect effect of
number of kernels per spike via spike kernel weight had high and positive
effect with value of 0.201. However, the indirect effect of number of kernels
per spike via number of spikes per plant was negative. The indirect effect of
spike kernel weight via harvest index (0.194) was high positive but number
of kernels per spike (0.012) and 100-kernel weight (0.017) showed very low
and positive indirect effects (-0.129). While, the indirect effect of spike
kernels weight via number of spikes per plant (-0.129) was negative. The
phenotypic indirect effects of 100-kernel weight via harvest index (0.161),
number of spikes per plant and spike kernels weight (0.107) were positive.
However, the indirect effect of 100-kernel weight via number of kernels per
spike (-0.009) was negative. These results are in agreement with those
reported by Koumber et al (2006) and Ataei (2006).

The components of the total grain yield variation determined directly
and jointly by each factor for yield component traits in F; generation are
presented in Table (5). The main sources of grain yield variation ranked
according to their importance were the direct effects of number of spikes per
plant (18.63%), followed by spike kernels weight (16.25%) and number of
kernels/spike (8.90%). Furthermore, the joint effects of number of spikes
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Table 4.Estimates of path coefficients for the direct and indirect effects of
some yield component traits on grain yield per plant in the F; and F,

generations.
Sources Effect F, ¥,

Number of spikes/plant {X,) and grain yield per plant (y)
Direct effect ply 0.582 0.368
Indirect effect via harvest index (X,) riZzp2y | 0.0137 | 0.2068
Indirect effect via number of kernels/spike (X;) rl3pdy -0.1752{ 0.0158
Indirect effect via spike kernels weight (X.,) ridpdy |-0.1460 1 -0.1760
Indirect effect via 100-kernel weight (Xs) rispSy | 0.1164 | 0.0205
Direct + Indirect effects rly 0.390 | 0.433
Harvest index (X;) and grain yield per plant (y)
Direct effect ply 0.051 0.467
Indirect cffect via number of spikes/plant (X,) riZply | 0.1570 | 0.1630°
Indirect effect via number of kernels/spike (X;) r23p3y | 0.0981 | 0.0096
Indirect effect via spike kernels weight/spike(Xy) r24pdy | 0.1230 | 0.2084
Indirect effect via 100- kernel weight (Xs) 25p5y | 0.1022 | 0.0242
IDirect + Indirect effects r2y 0.536 0.872
INumber of Kernels/spike (X,) and grain yield per plant (y) ,

irect effect p3y 0402 | 0.031
lIm!irt‘:ct effect via number of spikes/fplant (X,) rl3ply |-0.2530( 0.1834
indirect effect via harvest index (X2 23p2y 1 60125 | 01447
Indirect effect via kernels weight/spike (X,) ridpdy | 02128 | 06.2019

ndirect effect vial00- kernel weight (Xs) r35pSy. | -0.0967 | -0.0203

irect + Indirect effects 3y 0277 [ 0.543
Spike kernels weight (X,) and grain yield per plant {y)
Direct effect pAy 0.543 { 0.501
Indirect effect via number of spikes/plant (X,) rldply |-0.1565} -0.1295
Indirect effect via harvest index (X;) r24p2y | 00120 | 0.1942
Indirect effect via number of kernels/spilce {3} r34ply | 01575 | 0.0124

direct effect via 100- kernel weight (X;) rdspSy | @.1155 [ 0.0179

irect + Indirect effects rdy 0.671 0.595
100-kernel weight (X5} and grain yield per plant(y )

irect effect ' PSy 0.308 | 0.073
Indirect effect via number of spikes/plant {X;) risply | 02199 | 0.1078

ndirect effect via harvest index (X;) r25p2y | 0.0161 | 0.1615

indirect effect via number of kernels/spike (X;) 35pdy |-0.1262 | -0.0090
Endirect effect via spike kernels weight (X,) rA5pSy | 0.1155 | 0.0179

irect + Indirect effects rSy £.533 0. )48

25



Table 5. Relatwe importance (RI} of some atiributes of 28 hargew gwnwpﬁs in
Fiand F;: generatl,ous to.grain yle!d per pmm )

Snurces_ofvanat;pnk R e b e -""RI%
Dlrecteffect B ) FI

Number ofsplkes/plant S (X)) | 0338 0

Harvestindex' — * (X)) | 0002 {02180 |

‘Number ofkernels/sptke (X3) 0151 9 1

Sp:ke kemel Wejght {X4) 0.264. 1" 0.

100~kernel welght (Xs) 0.094

‘Indirect _t;ffect

<0:2039 .>0:0
';._0 16991012
170135471 0.01
: X)L 0.001 0.
xR (XY 00130 o,
(X)) x(Xs) ¢ riaen 10018 ) v
(TR (X0 v o ) o
i 5 3, -077‘ A
G 125

Xy 0059 0.

009

—?Tota] Tt 100 R TS

o thie joint” effects of ffumbér -of kemels/splke w1th Splk& kemeIs wexght and
:100-kernel welght were 9.42% and 4:24% respectively. ‘Also; the jointeffect
‘of "spike kernels weight. with 100- kernel welght was 6.89% ¥

. ’conm’butlon of the ﬁve studied chatacters w 8 ite

,and _]omtly by: eacha;:factor for yleld component traits 'Fz Vgenerahon are
presented in Table (5). The main sources of grain yield variation 'in order to
importance were the direct effects' of number of spike/plant (11.43%),
harvest index (18.40%), and spike kernels weight (21.19%). Moreover, the
Joint effects of number of spikes/plant with each of harvest index and spike
kernels weight were 12.85% and 10.93%, respectively as well as the joint
effect of harvest index with spike kernel weight was 16.43%. The total
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Grain yield per plant(y) Py No. of spikes /plant (X1}

A

n

fkernels/spike ( X3 }

spike Kemel weight(X4)

Residual

100-Kernel weight(X5)

Fig. 1. The path diagram of factors influencing grain yicld per plant in
barley Ganusheva and Lozanov (1991).

contribution of the five studied traits directly or jointly amounted to 99.3%
whereas the residual effect was 0.7% of the total phenotypic variation. This
indicates that most of the factors involved in plant yield variation were
identified. Similar results were obtained by Deniz et al (2009). Larik et al
(1987) and Ganusheva and Lozanov (1991) also indicated that spike kernels
weight in barfey was the most effective source of grain yield. On the other
hand, Singh and Singh (1990) found that the weight of 1000-grain in barley
was the most contributer to barley plant yield variation. However, El-
Marakby (1994 b) in barley and Lad et af (2003) reported that number of
spike per plant and spike kernel weight were the greatest contributers to
grain yield and the breeder may consider these traits as the main selection
criteria. From the previous results in both F, and F, generations, it could be
concluded that number of spikes per plant and spike kernels weight and
their joint effects are considered as important selection criteria in barley
yield improvement programs. '
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