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ABSTRACT

Field experiments were carried out during the three successive growing seasons of 2015/2016, 2016/2017 and 2017/2018 in
the Agricultural Research station at South Valley Research Station in Toshka Region. Inheritance of plant height, grain yield and its
components was studied in three barley crosses, i.e., (I) Giza 126 x C.C.89, (II) Linel x Giza 124 and Giza 124 x Giza 126. The six
populations, i.e.; Py, P, Fy, F5, BC, and BC, for each of the three crosses were evaluated. The additive and dominance genetic estimates,
as the type of gene effect, were significant for most studied traits in the three crosses. Also, significant estimates for one or more epistatic
gene interactions were displayed for all studied traits in the three crosses except, 1000-kernel weight in the second cross, no. of spikes
and grain yield per plant in the third cross. Highly significant positive heterosis over the mid-parent values were obtained for plant height
and no. of kernels per spike in the three crosses, no. of spikes per plant; spike length and grain yield per plant in the first and second
crosses. Highly significant positive heterosis over the better parent was obtained for plant height in the second and third crosses, grain
yield per plant in the first cross and spike length in the second cross. Highly significant positive values for inbreeding depression were
detected for plant height and spike length in the three crosses, no. of spikes per plant and grain yield in the first and second crosses and
for no. of kernels per spike in the first and third crosses. High heritability values, in broad sense were obtained for plant height and 1000 -
kernel weight. Moderate values were obtained for no. of spikes per plant, spike length and grain yield/plant. On the other hand, low to
moderate heritability values in narrow sense were detected for all traits studied. Low to moderate values were obtained from the
predicated genetic gain for all the studied traits in the three crosses. It could be concluded that, the best crosses showing advanced values
of the mid-parent heterosis and predicted genetic advance from selection for grain yield and some of its components in this study were

crosses land 2 .so, it can be used these crosses in breeding program to improve the barley crop.
Keywords: Six populations, Heterosis, Inbreeding depression, Heritability, Crosses.

INTRODUCTION

Barley is one of the main grain crops, ranking
fourth in world. after maize, wheat and rice. Barley can be
grown with less rainfall than any other cereal and makes
possible human settlements at the barren limits of
agriculture. The goal of most plant breeding programs is to
increase crop productivity. Genetic improvement of crops
can be considered as directed evaluation acting on the
existing genetic variability in the germplasm. Improvement
of grain yield can be done by direct selection on single plant
basis in early generation or field plot basis in late
generations. So the breeders need information about nature
of gene action, heritability, inbreeding depression, heterosis
and predicted genetic gain from selection (Ag) for yield and
yield components.

The aim of the present work is to estimate the six
genetic parameters; heterosis, inbreeding depression,
heritability in broad and narrow sense, expected gain from
selection and percentage of gain and five types of gene
action according to Gamble’s procedure (1962) for plant
height, yield and its components in the three barley crosses,
i.e. Giza 126 x C.C.89, Line 1 x Giza 124 and Giza 124 x
Giza 126. The parents are derived from different regions
and| moreover the exotic group contains substantially high
grain yield. Therefore, this study aimed also to determine the
genetic advantages and discuss the breeding value of crosses
between local and exotic barley varieties.

MATERIALS AND METHODS

This investigation was carried out during the three
growing seasons of 2015/2016, 2016/2017 and 2017/2018,
at the Agricultural Research Station of the South Valley
Research Station at Toshka district, Aswan, Egypt.

The genetic materials used in this study embodied
four genetically diverse varieties and promising line of six
rowed barley (Hordeum vulgare L.) (Table a).

Table a. Name, pedigree and origin of the four barley

genotypes.

No. Name. Pedig ree. Origin.
o G Local varit Egypt

124 ocal varity 2yp
2 (;112263 Local varity Egypt

Panniy/Salmas/5/Baca"s/"3/AC253/

3 CC3 e108887/C10 5761/4/1LB70-01  [CARDA
4 Linel Alanda /Lignee 527/Arar ICARDA

Viz: Giza 124, Giza 126 from Egypt, C.C.89 and Line 1 from
ICARDA.

The experimental populations used in this study were
derived from three crosses among the parental materials. The
original crosses namely (I) Giza 126 x C.C.89, (I) Line 1 x
Giza 124 and Giza 124 x Giza 126, were developed in the
growing season 2015/2016. In 2016/2017, F1 plants were
selfed and backcrossed to each parent and reaped as single
plants. In 2017/2018, three experiments of a randomized
complete block design .with three replications were
conducted. Each experiment included the plants of; parents,
F), F,, BC, and BC, for each cross. Each replication
consisted of 41 rows, 3.75 meter long with 30 cm between
rows. In each row 25 kernels were sown by hand to ensure
accuracy in spacing of 15 cm. The number of rows and
plants used for each population as follows:

Population Number of rows  Number of plants
P, 4 60
P, 4 60
F, 4 60
F, (F selfed) 17 350
B, (Backcross of F; to Py) 6 100
B, (Backcross of F;To P,) 6 100

Data were collected as follows.

1) Plant height at maturity: Length in centimeters from the
soil surface to the tip of the spike on the tallest culm
(excluding owns).

2) Number of spikes per plant: determined by counting the
fertile spikes per plant.

3) Spike length (cm)

4) Number of kernels per spike was determined as an
average number of kernels from 10 main spikes.
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5) 1000-kernel weight in grams. genetic gain from selection (Ag) calculated according to
6) Grain yield per plant in grams. Johanson el al. (1955).

The genetically parameters were: heterosis over the
mid- and the better parents and inbreeding depression RESULTS AND DISCUSSION
(LD.%) according to Mather(1949). Types of gene effects The results obtained for analysis of the three crosses
compatible with Gamble (1962), heritability in broad and are shown in Tables land 2.
narrow senses according to Mather, (1949) and predicted

Table 1. Means(x') and variances (s°) of six populations for plant height (cm), number of spikes/plant and spike
length (cm) in the three crosses of barley.

Populations
Characters Crosses P, P, F, T, BC, BC,
) 8383 830 8437  83.03 8363 8287
L. Giza 126 x C.C.89 %
s 6.57 8.79 605 2146 1577 1696
Plant height ‘ ‘ X 7620 8.60 8697  80.13 7843 7897
g 1L Line 1 x Giza 124
(cm) : & 520 3.75 482 2097 1687 1559
. 4 X 6720 8383 8603 7962 7820  79.65
MGizal24xGiza 126 = 53 6.57 662 1540 1480 1387
: 119 1505 1676 1364 1372 1425
L. Giza 126x C.C.89 %
& 2461 273 2056 4781 3592 39.64
No of spikes/ plant . . X 10.66 15.53 15.62 13.33 11.84 14.16
( spike) Il.Line IxGiza 124 2 17,53 1891 1703 4033 3522 3571
. 4 X 1066 1190 1157 1165 1106 1121
MGizal24xGiza 126 o 175, 2461 2043 3932 3542 3867
: 564 743 7.20 6.68 638 6.76
L Giza 126 x C.C.89 %
s 175 1.86 1.92 464 372 339
Spike length . . X 514 774 861 6.83 6.76 7.0
II. Line 1 x Giza 124 P
(cm) s 0.92 0.87 0.79 1.86 1.55 143
. ‘ X 514 5.64 5.69 521 529 547
LGizal24xGiza 126 > (o) 175 0.86 195 1.80 174
: 5040 6480 6740 3670  359.00 6050
I Giza 126 x C.C.89 %
s 3.76 457 526 1573 1242 1336
no. of kernels spike IL Line 1 x Giza 124 X 51.60 67.50 68.80 60.50 59.00 61.70
(kernel) : & 267 438 537 1704 1287 1568
. . X 5160 5040 5236 5037 5130 5079
Il Gizal24xGiza 126 > % 6 3.76 475 8.57 752 743
) 4028 3325 4231 4288 435 4288
L Giza 126 x C.C.89 %
& 17.63 1642 1837 4544 3826 3694
1000- kernel weight I Line | xGial2a X 4601 470 4689 4689 4695 4727
() : & 489 5.72 5.13 1654 1211 1198
. . X 4691 4028 4017 4005 4439 4258
Il Giza 124xGiza 126 2 4 g9 1763 1186 2865 2646 2473
) T 38 4389 4661 3200 3181 3797
L Giza 126 x C.C.89 %
& 91873 1096 1759 3079 2872 2654
Grain yield / plant I LinclxGiaia % 2578 4723 4448 3656 3247 4062
%) : & 2613 278 2723 4486 3871 3695
. . X 2578 23890 2431 2498 250 2479
l1Gizal24 xGizal26 2> 563 1873 2065 3842 3506  33.79

Table 2. Estimates of gene effects, heterosis (H%) inbreeding depression (I.D.%), hertability in broad and narrow
senses and genetic advance ("g) for plant height, no. of spikes per plant and spike length in the three
barley crosses

Heterosis Hertiabili Genetic

Character Cross Gene effect % {}) % v advance
A D aa ad dd MP B.P ° BS NS g g%
Plant I 83.03** 0.76 219 10.88** -0.01 099 15.7¥  0.64 1.5%*% 6674 4748 453 546
height I 80.13* -0.54 1.85  -572%%  266% 23.66%* 9.5%% S53*%  786%* 7811 4521 426 532
g I 79.62%* -145%* 324* -278*% 237*% 19.17* 75% 26%* 745** 60.0 1380 1.12 1.40
No. of I 13.64** -053 457 1.38 1.15 335 2346 99 18.6%* 527 420 598 438
spikesper Il 1333%* 232% 121 -1.32 0.12 6.75 19.28** 0.06 14.7%* 558  24.1 315 23.6
plant oI 11.65** -015 -1.77  -2.06 047 -3.22 2.6 277 -07 4697 1157 149 12.8
Spike I 6.68¥* -0.38 023 -044 0.52 1.63  102**  -31 7.2% 587 413 1.8 269
length I 683* -024 237*%* 0.2 1.06**  238** 337%* 112% 20.7** 538 39.8 1.12 164

I 521** -018 098 0.68 007 -0.04 557 089 844** 40.57 2121 061 11.7
Numberof 1 56.7*% -1.5% 220%F 22%  57%* -2 17.0% 40%  159%* 712 361 295 52
kernelsper II ~ 60.5%* -2.7%*  0.65 -06 525 .01 21%  99% 049 458 3245 276 465

spike I 5037** 0.51+ 4.06** 2.7* -009 -0.16 2.67** 147* 38% 565 2555 154 3.06
1000 I 4288*%* 147+ 394+ 294+ 296** -925% 13 =22 1.3 615 345 479 1117
-kernel I 4689** -032  0.77 088 -028 -1.73 502 -034 5.02 683 544 456 972
weight 11 40.05** 1.81* 10.32%* 13.74** -1.51+ -20.15%* 030 -14.37** 0.30 600 2133 235 587

Grain vield I 320%% -6.16%*F 2428%* [1.56** 384** 988+ 3]13** (5% 31.3%* 488 20.5 234 73

| };ﬁ I 36.56*%* -8.15% 7.89*% -006 258** 1579** 178** S59%* 17.8%* 434 31.3 432 1181
perpia M 2498%* 021  -087 -034 -074 095 28 57 28 432 208 266 1063
I, cross between Giza 126 x C.C.89 I, cress between Line 1 x Giza 124 111, cross between Giza 124 xGiza 126 *and** significant at 0.05 and
0.01 levels of probability, respectively
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Mean and variances of the six traits in the three
crosses for the six populations are presented in Table 1.

The results in Table 1, showed that, all F; hybrids
except either its respective smaller or better parent for all
traits in the first and second crosses exceed 1000- kernel
weight. Also, F1 plants were more than the F2, plants,
pointing that inbreeding depression has been occurred. The
variance of the F2 populations was higher than those
parents, F1 and back crosses.

Gene effects, heterosis, inbreeding depression,
predicted genetic advance and heritability in the three
crosses for plant height, no. of spikes/plant and spike length
are given in Table 2 and for no. of kernels per spike. 1000-
kernel weight and grain yield/plant are given in Table 2.

The estimates of additive gene effect (a) and
dominance gene effect (d) are small for parameter (m) in
the three crosses. However, the mean effects (m) for all
traits studied in the three crosses reported highly significant
which select the contribution due to the overall mean plus
the locus effects and interactions of the fixed loci (Table 2).
Similar results were obtained by Bnejdi and Gazzah
(2010).

Estimates of parameter (d),effect of dominance
gene are quite more in magnitude as compared with
parameter (a), additive gene effects in most cases. The six
parameters estimated that the effects of dominance gene
were significant for most traits in the three crosses
indicating the importance of dominance gene effects in
inheritance of these traits. However, the relative magnitude
of these effects to the mean effects suggests that they are of
minor importance in the explanation of yield variation.

Significant estimates of the effects of the epistatic
gene effects for one or more of the three types of epistasis
were detected in the three crosses in most traits. The
magnitude of the epistatic parameters relative to the mean
effects is small. Generally, the magnitude of the total
epistatic effects is larger than the magnitude of the additive
effects. The magnitude and significance of the estimates of
(aa), (ad) and (dd) explained that the epistatic gene effects
are present and important in the basic genetic mechanism
of yield inheritance in the barley populations studied in the
first and the second crosses. These results also suggest that
genetic models assuming negligible epistasis may be
biased to a greater or lesser extent.

The dominance effect and dominance x dominance
epistatic effect played major roles in the inheritance of
plant height and grain yield per plant for the first and the
second crosses and spike length for the second cross (Table
2). Both of these effects are expected to increase the value
of the F1 (Hayman, 1958). Since both are positive,
heterosis can be explained by both (d) and (dd), but their
relative importance cannot be clearly defined by
Chapman and McNeal, (1971).

Heterosis over the mid-parents value in our
investigation was presented in the three crosses for all traits
except 1000 — kernel weight.

Highly significant positive heterosis values were
obtained for plant height, and no. of kernels per spike in all
the three crosses. While, no. of spikes per plant , spike
length and grain yield per plant showed highly significant
positive heterotic effect in the first and the second crosses.

These results could be an indication that a high
yield is expected in F; hybrids than the mid-parents for
grain yield and no. of spikes/plant in the first and the
second crosses. The third cross was not promising for grain
yield per plant and most of its component studied. On the
other hand, the hybridization between varieties and or lines
which have different genetic background, i.e. crosses no I
and II (local x introduction) showed higher heterotic values
when compared with cross no III (local x local). These
results obtained were identical with those reported by EL-
Shawy (2008),Khattab et al. (2010) and EL-Akhdar (2011)
for no. of spikes/plant, spike length and grain yield per
plant Khaled (2013) and Mohamed, (2014) for no. of
kernels per spike, EL-Shawy (2008), EL-Seidy ,et al
(2011) and EL- Refaey. et al. (2015a), for plant height and
EL- Bawab (2003) and EL-Seidy.et al. (2011) and EL-
Akhdar, (2011).for 1000-kemel weight.

Significant or highly significant positive heterotic
effect was obtained for better parent of the plant height in
the second and the third crosses, spike length in the second
cross, no .of kernels per spike in the first and the third
crosses and grain yield per plant in the first cross only.

Also, the obtained negative values of heterosis
pointing that F1 seeds were lower than their parents.
Negative values of heterosis were obtained in the second
crosses for no- of kernels per spike and grain yield per
plant and the third cross for 1000- kernel weight.

Regarding inbreeding depression highly significant
positive values for both heterosis and inbreeding
depression were associated with plant height, no of spikes
per plant and grain yield per plant in the first and the
second crosses, spike length in the second cross and no. of
kernels per spike in the first and the third crosses. This is
logical since because expression of heterosis in F1 will be
followed by considerable reduction in the F, performance.
On the other hand, negative values were detected for no. of
spikes per plant and grain yield per plant in the third cross.
Positive and significant values were obtained for plant
height, spike length in the three crosses. While, positive
and significant values were obtained for no. of kernels per
spike and 1000- kernel weight in the two crosses. The high
level of heterosis and inbreeding depression present in this
study were an evidence of the relative importance of
dominant gene effects in this material. These results are in
agreement with those reported by EL-Sayed (2007),
Mohamed (2014) and Mansour et al. (2015).

Heritability is very important in any breeding
program. It should be recognized as a first step before
starting hence genetic advance through selection depends
on the magnitude of heritability values of the trait under
study.

The value of heritability in dictates whether
progress in selection of plant personality is relatively easy
or difficult in the breeding program.

Heritability in broad sense includes all types of
genetic variances. It was estimated for the studied traits
and the obtained values are presented in Table 2.

In the present investigation, the estimates of
heritability in broad sense were high for plant height and
1000- kernel weight in all crosses and no. of kernels per
spike in one cross. Math result was obtained by EL-Sayed
(2007), EI-Shawy (2008) and Khaled (2013)
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For number of spikes per plant, spike length and
grain yield per plant. Heritability values were moderate.
This result agreed with Rutger et.al.(1966), Rasmusson and
Glass (1967), EL-Sayed, (2007) , EL-Seidy (2007) , EL-
Shawy (2008), and EL-Seidy et.al(2011). This trait is
strongly influenced by the environment, which cause
reduction in the values of heritability of such quantitative
trait.

Heritability in narrow sense for the studied traits
was estimated, which the portion of genetic variance due to
additive gene action, and the obtained results are presented
in Table ( 2).

The hybridization between (local x introduction)
showed higher heritability values in broad and narrow
sense, i.e. crosses I and 11 as compared with cross III
(local x local) for all the studied traits.

Heritability estimates in narrow sense ranged from
(11.57 to 54.4) low to moderate for all the studied traits.
Comparatively low heritability values (20.5 to 31.3) were
obtained for grain yield per plant for the three crosses Low
to moderate values were estimated for the other traits.
These results are matched with Amin (2013), Mansour et
al.(2015) and Kandil et al.(2016).

High estimates of broad sense were accompanied
by low values of the narrow sense heritability.

The genetic advance under selection according to
Johanson et al, (1955) for the characters studied is
presented in Table 2.

The expected genetic advance for characters in this
study was derived by using heritability in narrow sense,
therefore, high genetic advance was found to associate with
moderate heritability in narrow sense for plant height, no.
of spikes per plant and 1000-kernel weight in the first and
the second crosses math results were obtained by Khattab
et al.(2010),EL- Seidy et al(2011) and Mansour et
al.(2015).

Low genetic advance was found in the third cross
III (local x local) associate with low heritability in narrow
sense, also for spike length and no of kernels per spike The
minimum increase in grain yield reached 2.34 and 2.66( g )
per plant if the top of 5% of the F; plants were selected for
the first and the third crosses, respectively. The maximum
increase was 4.32 (g ) per plant in the second cross
According to the genetic advance under selection, the
lowest grain yield per plant would reach 34.34 and 27.64
(g )per plant for the first and the third crosses, respectively.
The second cross for grain yield per plant( g) in F;
populations will increase from 24.98( g) in the F, to 29.30
(g) in F; populations The above results means that
promising grain yield increase can be achieved in Fj.
Therefore, the selection for these traits could be effective
for successful breeding purpose. Math results were
obtained by EL- Refaey et al., (2015 a).

The genetic advance as a percent of the F, mean
(Ag %) for the all studied traits are presented in Table 2.

It was high for no. of spikes per plant and spike
length. Relatively, low genetic advance (Ag %) was
obtained for plant height; no of kernels per spike, 1000-
kernel weight and grain yield per plant. math results were
obtained by EL-Refaey et al. (2015 b). In conclusion; the
results of crossing barley genotypes from diverse genetic
pools give the advantage of improvement of local cultivars.
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