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ABSTRACT: The objective of the present investigation was to estimate heterosis and
inbreeding depression controlling the agronomic traits and yield and its components of 4 barley
crosses, by means of the six populations (P:, Ps, F1, F2, BCsand BCs) of the four barley
crosses. Results revealed that, positive heterofic effects relative to the mid parent and beftter
parent were found for most of the studied ftraits under both conditions. Generally, the most
promising crosses were the two crosses 2 and 4, were found to be higher in magnitude, which
will be interest in breeding programs for improving the most studied traits in barley.
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INTRODUCTION some barley genotypes combining high yield
Barley (Hordeum wvulgare L.) is as potential under a wide range of
ancient as the origin of agriculture itself. The environmental stresses.

antiquity of barley is documented to periods
of 5000 to 7000 B.C or earlier. It is said that
barley is the most widely adapted of all
grains. It is more tolerant to drought and to
saline and alkaline soils than other cereals.
Like other cereals it has utility as a feed and

food grain, and since ancient times it has MATERIALS AND METHODS

been the preferred grain in preparing malt The experimental material comprised

and as a starch source for. alcoholic four parental varieties of barley based on
beverages. Its largest use for animal feed. their variability under drought stress to

Barley is the world’s fourth most important obtain the following four crosses; cross 1

Therefore, the main objective of this
study included the induction of new
promising barley genotypes that are able to
produce high yield and are more tolerant to
water stress condition.

crop, the fourth ranking cereal in the USA (Giza 126 x Giza 129); cross 2 (Giza 126 X

and the second ranking cereal in Canada Giza 131); cross 3 (Giza 131 x Giza 129)

and some other countries. and (CC89 x Giza 131). Pedigree of parental
In Egypt barley is one of the most genotypes is given in Table (1).

important winter cereal crops grown mainly The present study was carried out at the

in rainfed areas where limited water supply Experimental Farm of Sakha Agricultural
is a feature such as in the Northwest Coastal Research Station Kafr El-Sheikh

region and North of Sinai, also grow over Governorate, Egypt, during the three

wide range of soil variability and under many growing seasons of 2013/14, 2014/15 and
diverse climatic conditions compared with 2015/16. In 2013/14 season, the parental
.mar.1y.other graln. crops. So, it can be growh genotypes were crossed to obtain the hybrid
In |r.r|.gated saline lands and poo.r soil grains. In 2014/15 season, the hybrid grains
conditions. It has also been grown in the of the four crosses were sown to give Fi

?h?WIV recla:mzdttland:‘ a}ndztgggold c()jn(;s. In plants, at the same time, these plants were
IS respect, Ratta e a..(” ) an mer selfed to produce F2 and some of F1 plants
(2010), reported the possibility of developing
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of each cross were backcrossed to each of
the two parents to produce the two
backcrosses (BC1 and BCy), at the same
time the crosses were made again between
the parents of each cross to obtain enough
F1 grains. In 2015/16 season, the basic
generation (P4, P2, F1, F2, BC1and BCy) of
the four crosses were sown in a randomized
complete  blocks design with three
replications under normal (three irrigation
after sowing; irrigation at ftillering, at
elongation and at heading stage (favorable
condition)) and water stress condition
(sowing irrigation only). There was three
rows for each of P4,P> and F1 generation ,

seven rows for each of BC1, BC2 and twenty
five rows for the F2 generation. Row was
1.5m in length, 30 cm. apart and 15 cm.
between grains within a row. Data were
recorded on 30, 30, 300 and 75 plants were
selected at random for both parents, F+, F2
and backcrosses of each cross.

The amount of irrigation water supplied
and total rainfall in md3/fad* for different
treatments are presented in Table (2).
Monthly mean air temperature, mean
relative humidity and rainfall (mm/month) in
winter season of 2015/16 at experimental
site are presented in Table (3).

Table (1): Name, pedigree, origin and degree of drought tolerance of four barley

genotypes.

Genotypes

Giza 126

Pedigree

BaladiBahteem/SD729-por12762-Bc

drought
tolerance

Local variety
(Egypt)

Giza 129

Deir Alla 106/Cel//As46/Aths*2

Local variety
(Egypt

Giza 131

LINO

CM67-B/CENTENO//CAM-B/3/ROW906.73 /4 /|
GLORIA-BAR/COME-B/5/ FALCON

Local variety

~BAR /6/|  (Egypt

5761/4/JLB70-01

Tolerant (T), Sensitive (S)

Panniy/Salmas/5/Baca"s"/3/AC253//C108887/CI0

ICARDA

Table (2): Amount of irrigation water supplied and total rainfall in m3fed for different

treatments.

water applied ( m3/ fad) at

Total Total

Rainfall,

Treatment
Sowing I

water
(md/ fad)

irrigation,

3
(m? fad) ( m¥/ fad)

550

T1 (normal)

1490.4 1574.61

T 2 (stress)

* Fadden (fad.) = 4200 m?
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Table (3): Monthly mean air temperature (C°), mean relative humidity (RH %) and rainfall
(mm/month) in winter season of 2015/16 at Sakha site.

Temperature (C°) Rainfall

(mm)

maximum minimum

(1-15) 18.66 8.6 22.35

December, 2015
2.65

21.46

(16-31) 8.1

(1-15)

18.88

19.65 6.98

January, 2016

(16-31) 18.01 5.84 24.55

(1-15) 21.49 8.68 0.00

February, 2016
0.00

10.70

(16-28) 10.66

(1-15)

24.51

25.65 11.75

March, 2016

(16-31) 22.81 11.57 2.50

(1-15) 17.88 0.00

(16-31)

28.29

April, 2016

31.21 19.94 0.00

(1-15) 32.35 23.21 0.00

May, 2016

(16-31) 29.44 23.07 0.00

*Sakha Agric. Res. Station, Egypt.

SE for mid parental heterosis (F1— I\ﬁ’)=
EBLRACOADX

SE for better parental heterosis ( Fi-
BP)= (Vri+ Vep) % _
SE for inbreeding depression ( Fi- F2)=
(Vri+ Viz ) %

The data were collected on the basis of
individual plant for days to heading, days to
maturity, grain filling period, grain filling rate,
plant height, spike length, peduncle length,
number of tillers, number of spikes per plant,
number of grains per spike, grains weight

per spike 100-grain weight, biological yield
per plant and grain yield per plant. The
growing conditions were identical for all the
six generations followed by the standard
practices.

Statistical and genetic analysis:

Heterosis was calculated as the deviation
of F1 mean from the mid-parent and better
parent values and expressed in percentage
according to Mather and Jinks (1982).
Inbreeding depression was calculated as the
difference between the F+ and F> means as
a percentage of F1. The "t" test was used to
determine the significance of these
deviations where the standard error (SE)
was calculated as follows:
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where, the t is the deviation/SE at the

corresponding degrees of freedom.

Simth (1952) proposed the following

equation to determine potence ratio (P),
_ which can be defined as follows:

P = F4-MP/ "»(P+-P2)

Where,

(F_1) first generation mean, (P1) the mean of

the largest parent, (P2) the mean of the

smallest parent and (W) mid-parent value.

RESULTS AND DISCUSSION
Mean and variance of mean:

Mean and variance of mean for the
studied traits in the four crosses for six
populations P4, P2, F1, F2, BC1 and BC:
under two conditions of irrigation are
presented in Tables (4 a-e) . These data
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were used to calculate the scalling test and
six parameters as Gamble (1962)
procedure.

Analysis of variance indicted significant
differences among generations in all traits
under this study. The results revealed that,
generation means decreased under stress
than in normal and significantly different for
all the studied traits in all crosses towards
earliness for heading, maturity and grain
filing period, except for grain yield/plant in
the P+ of the third cross. Amer (2011) found
that mean performance was decreased
significantly under stress than normal
condition. The F1 mean values exceeded the
mid values of the two parental means for
most of the studied traits in the four crosses
under both conditions. The F2 population
mean performance values were intermediate
between the two parents and less than F
mean performance values for grain yield and
its components under normal irrigation and
water stress conditions. However, the two
populations (BC:1 and BCz) mean
performance values varied under the two
irrigation treatments and each trait tended
toward the mean of its recurrent parent.
These results agreed with those obtained by
El-Sayed (2007) and El-Shawy (2008).

Heterosis and inbreeding
depression:
Heterosis percent, potence ratio and

inbreeding depression for all studied traits in
the four crosses are presented in Tables (5
a-b).

In self — pollinated crops such as
barley, plant breeders have been
investigated the possibility of developing
hybrid cultivars. Thus, the utilization of
heterosis in various crops overall the
world has tremendously increased the
production either for human food or
livestock feed. Heterosis is a complex
phenomenon which depends on the
balance of different combinations of
genotypic effect as well as the
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distribution of plus or minus alleles in

parents.

Heterosis is  expressed the
percentage  deviation of F; mean
performance from the mid parent or
better parent of the trait. High positive
values of heterosis would be of interest

as

for most traits under investigation,
however, for days to heading, days to
maturity and grain filling period,

negative values would be of value from
the barley breeders point of view, either
by producing early mature cultivars to
be used in case of intensive agricultural
rotation and to make barley plants
evading unfavorable weather conditions
and disease infection.

For earliness (days to heading,
maturity and grain filing period), highly
significant negative desirable heterotic
effects over mid and better parent were
detected in the fourth cross (CC89 x
Giza 131) under both conditions and in
the second and the third crosses (Giza
126 x Giza 131) and (Giza 131 x Giza
129), respectively under normal
condition for days to heading. However,
over-dominance (PR > -1) was
responsible for such heterosis in all
cases. Moreover, mid-prent heterosis
was highly significant in the third cross
for days to maturity and grain filling
period under both conditions and in the
first cross for days to maturity at stress
conditon, as a result of partial
dominance (PR < -1). El-Bawab (2003),
Eid (2006), El-Shawy (2008), Khattab ef

al. (2010), El-Akhdar (2011) and
Mohamed (2014) found that the
heterotic effect for days to 50%

flowering was more affected by over-
dominance. While, El-Bawab (2003)
found significant negative heterotic
effect for maturity date.

The first, the second and the fourth
crosses gave highly significant positive
heterotic effects over mid and better
parent under both condition for grain
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filing rate a result of over- dominance in
all cases, except for the third cross
under normal condition due to partial
dominance (PR < +1) Meanwhile, the
third cross (Giza 131 x Giza 129) under

normal condition showed highly
significant  positive heterotic  effects
relative to mid parent, where partial

dominance was existed.

Table (4 -a ): Mean (X"), variance (s2) and variance of mean (S2x-) of P4, P2, F4, F2, BCq and
BC: populations of four crosses for days to heading, days to maturity, grain

filling period and filling rate under normal and water stress conditions.

Statistical Normal stress
Traits Crosses
Parameter P4 P2 F1 F2 BC1 BC: P1 P2 F1 F2 BC1 BC:>
X~ 8390 8520 8620 8572 8148 86.79 | 80.00 82.70 84.10 81.24 79.85 82.04
1 s2? 051 037 037 2011 1671 1622 | 062 063 051 2263 1669 13.36
e 002 001 001 007 022 022|002 002 002 008 022 0.8
X~ 8390 8530 8230 8152 7957 8024|8020 7990 80.70 77.70 83.79 8157
2 s? 051 042 042 1759 1068 1483 | 058 030 063 17.17 1063 13.00
Eea;’;r‘]‘; szf- 002 001 001 006 014 020 | 002 001 002 006 014 017
(day) X 8560 8510 82.70 8332 82.88 84.83 | 8040 82.80 82.00 8047 8253 84.91
3 s2? 046 051 029 1997 18.89 1490 | 046 058 0.76 2764 1433 24.44
S 002 002 001 007 025 020 | 002 002 003 009 019 033
X~ 8390 8510 81.00 8132 79.88 8512|7830 80.00 76.80 80.85 80.07 84.84
4 s? 051 030 062 2972 2267 2076 | 022 041 079 2371 1150 19.62
e 002 001 002 010 030 028 | 001 001 003 008 015 026
X~ 119.17 114.47 121.27 117.88 120.49 116.67(117.50 113.50 114.80 115.85 115.80 115.50
1 s2? 063 081 075 1239 1023 1014 | 047 050 058 637 444 564
S 002 003 003 004 014 014 | 002 002 002 002 006 008
X~ 119.23 116.63 121.33 117.63 118.69 118.88(117.70 115.80 117.10 115.33 116.83 116.80
2 s? 067 079 085 1004 776 905 | 049 062 030 901 801 6.72
22}’5”‘;; e 002 003 003 003 010 012 | 002 002 001 003 011  0.09
(day) X 118.07 114.20 115.00 116.13 117.61 115.08(117.07 113.50 114.50 114.95 114.43 113.80
3 s? 062 065 083 812 629 691 | 055 028 047 647 481 541
S 002 002 003 003 008 009|002 001 002 002 006 007
X~ 118.03 116.53 115.30 116.24 117.32 117.84|116.57 11530 114.37 11567 11547 115.53
4 s? 072 081 056 744 522 619 | 060 068 052 626 440 529
S 002 003 002 002 007 008|002 002 002 002 006 007
X~ 3940 3140 37.17 3438 40.84 3463|3750 30.80 30.70 32.04 3571 34.03
1 s2? 114 128 207 2707 2360 2137 | 088 079 1.04 2579 22.80 20.24
Grain S 004 004 007 009 031 028 | 003 003 003 009 030 027
f'”'_”% X 3900 3660 4080 37.78 36.07 3767 3770 3560 3620 3582 3308 3529
perio 2 s? 124 149 161 2644 2174 2304 | 104 087 120 2560 2002 2148
S 004 005 005 009 029 031|003 003 004 009 027 029
X~ 3790 31.70 33.00 3501 3508 3029|3620 30.77 3247 32.81 31.81 2957
3 s2? 154 1.87 159 3359 2534 27.70 | 127 150 074 2810 2326 25095
e 005 006 005 011 034 037 | 004 005 002 009 031 035
X~ 4020 3650 34.77 3476 4045 32.72 | 3807 3550 3360 34.76 34.01 31.36
4 s? 106 171 205 3558 2731 2693 | 075 129 170 29.05 2536 23.99
e 004 006 007 012 036 036 | 003 004 006 010 034 032
X 058 076 095 046 064 059 | 052 054 094 050 045 060
1 s2? 0.001 0.004 0003 0066 0040 0.059 | 0.002 0.007 0008 0098 0.067 0.069
Grain S%  0.0003 0.0001 0.0001 0.0002 0.0005 0.0007 [0.0006 0.0002 0.0002 0.0003 0.0009 0.0009
f'r'gt"f X 079 077 113 069 075 067 | 067 061 082 049 054 067
2 s? 0.002 0.004 0005 0077 0056 0.052 | 0.004 0.005 0006 0089 0066 0.073
S 0.0006 0.0001 0.0001 0.0002 0.0007 0.0006[0.0001 0.0001 0.0002 0.0002 0.0008 0.0009
X~ 115 063 101 074 097 071 | 094 040 038 058 059 061
3 s2? 001 001 0005 010 007 0.07 | 0004 0005 0.006 0.091 0.082 0.059
S2  0.0003 0.0003 0.0001 0.0003 0.0009 0.0009 [0.0001 0.0001 0.0002 0.0003 0.001 0.0007
X~ 059 089 094 08 062 073 | 046 062 066 084 065 064
4 s2? 0.002 0.005 0007 0092 0058 0.069 | 0.003 0.004 0008 0.105 0075 0.077
S%  0.0006 0.0001 0.0002 0.0003 0.0007 0.0009 [0.0001 0.0001 0.0002 0.0003 0.001 0.001

Cross 1 (Giza 126 x Giza 129), Cross2 (Giza 126 x Giza 131), Cross 3 (Giza 131 x Giza 129) and cross 4

(CC89 x Giza131)
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Table (4-b): Mean (X)), variance (s2) and variance of mean ((S2x) of P4, P2, F1, F2, BCq and
BC. populations of four crosses for plant height, spike length, peduncle
length and number of tillers/ plant under normal and water tress conditions.

Statistical Normal stress
Traits Crosses
Parameter P4 P2 Fi F2 BC1 BC: P4 P2 F1 F2 BCi BC:>
X 9920 101.80 102.10 100.28 96.84 98.89 | 9850 99.70 101.10 100.77 93.84 98.20
1 s? 244 513 444 6866 6022 5361 | 1391 208 258 8477 6943 7022
S 008 017 015 023 080 071 | 046 007 009 028 093 094
X 98.70 102.50 106.90 10529 103.25 103.71| 9750 96.40 105.60 104.14 9320 96.79
) s? 642 460 547 6769 5835 5718 | 419 1308 7.70 7798 6376 6225
hF:%f;:t $2¢ 021 015 018 023 078 076 | 014 044 026 026 085 083
) X 100.40 100.00 103.90 101.35 9537 102.57| 9890 9810 100.80 99.55 9421 86.92
3 s? 18.87 1593 1333 132.77 11059 118.25| 858 816 927 100.78 8593 92.56
S 063 053 044 044 147 158 | 0290 027 031 034 115 123
X 103.70 103.00 104.30 103.19 99.33 102.87| 98.00 98.70 103.20 101.77 93.80 100.53
4 s? 477 372 373 5904 4993 4852 | 972 787 3.89 128.43 106.81 98.85
$% 016 012 012 020 067 065 | 032 026 013 043 142 132
X 760 850 1040 962 804 822 | 650 720 950 7.02 7.83 7.41
1 s? 025 026 025 286 207 236 | 026 017 026 347 236 266
S 001 001 001 001 003 003|001 001 001 001 003 004
X 770 987 1030 842 957 857 | 720 660 970 809 888  8.70
2 s? 022 019 022 295 198 230 | 017 025 022 291 232 197
I:r']’g;ﬁ S 001 001 001 001 003 003 | 001 001 001 001 003 003
cm) X 1063 1067 1160 982 1016 991 | 950 933 1047 951 908 9.80
3 s? 024 023 025 169 133 116 | 026 023 026 162 145 1.10
S 001 001 001 001 002 002|001 001 001 001 002 001
X 763 1030 1150 936 809 908 | 740 960 1070 888 723 804
4 s? 024 022 026 228 171 183 | 025 025 022 28 191 218
S 001 001 001 001 002 002|001 001 001 001 003 003
X 2610 2460 3320 2427 2881 2417 | 2280 1840 2350 2234 2208 2000
1 s? 133 108 120 1675 1637 1469 | 141 128 088 1746 1418 13.92
S 004 004 004 006 022 020 | 005 004 003 006 019 019
X 2080 27.80 3360 3203 2547 3127 | 2600 27.00 2970 2658 2632 27.44
2 s? 099 120 128 2754 1906 2185 | 145 145 125 2238 1987 15.14
PT_‘:;’;LG S2c 003 004 004 009 025 029 | 005 005 004 007 026 020
om) X 2520 2350 2930 2479 2572 2532 | 2330 22410 2720 2303 2545 23.01
3 s? 099 088 125 2072 2991 2082 | 104 143 141 1822 1736 1126
S 003 003 004 010 040 028 | 003 004 005 006 023 015
X 2640 2890 31.70 3003 2661 20.88 | 2340 26.80 27.40 2556 2523 27.59
4 s? 046 133 104 3053 2429 2508 | 149 099 170 27.86 1315 18.79
S 002 004 003 010 032 033 | 005 003 006 009 018 025
X~ 2150 1940 23.80 2084 1720 1872 | 970 17.80 1850 11.80 1064 14.19
1 s? 212 108 120 3832 2659 3010 | 291 120 171 2506 2002 19.99
Number S 007 004 004 013 035 040 | 010 004 006 008 027 027
of tillers/ X 2110 1740 2580 2234 1792 2319 | 1530 1420 17.00 1677 1652 18.63
plant 2 s? 154 232 182 8336 5716 6732 | 1.04 161 103 1469 1250 11.51
S 005 008 006 028 076 090 | 003 005 003 005 017 015
X 2370 1740 2460 1841 2180 1499 [1750 1460 1440 1168 1400 10.65
3 s? 270 314 170 8175 6430 72585 (171 128 170 2231 2132 19.50
S 009 010 006 027 08 097 | 006 004 006 007 028 026
X 2050 1810 2110 1913 2300 1848 | 1740 1730 2060 1815 1916 16.37
4 s? 253 175 175 6174 5424 5025 | 335 498 190 4309 3751 3548
S 008 006 006 021 072 067 | 011 017 006 014 050 047
Cross 1 (Giza 126 x Giza 129), Cross2 (Giza 126 x Giza 131), Cross 3 (Giza 131 x Giza 129) and cross 4
(CC89 x Giza131)
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Table (4-¢ ): Mean (X7), variance (s2) and variance of mean (S2-) of P4, P2, F4, F2, BCy and
BC, populations of four crosses for number of spike/ plant, humber of
grains/ plant, grains weight/ spike and 100-grains weight under normal and
water stress conditions.

Statistical Normal stress
Traits Crosses
Parameter P4 P2 F1 F2 BCi1 BC: P4 P2 F1 F2 BCi BC:
X~ 1550 16.60 19.30 17.28 1364 17.80| 830 1400 1450 1353 808 1251
1 S? 191 087 104 2318 1499 2089| 125 18 150 1998 1832 1633
S% 006 003 003 008 020 028 | 004 006 005 007 024 022
X~ 14.90 16.00 18.40 16.47 1400 16.00| 1250 1420 1590 13.89 1132  14.07
2 S2 402 414 480 4532 3397 3573| 233 099 143 1322 1068 1125
s;\illtjengt;e;;l;r:t S% 013 014 016 015 045 048 | 008 003 004 004 0.14 0.15
(epike) X 20.30 16.20 25.90 1954 18.84 15.73| 1660 1420 2040 1719 1588  13.83
3 S2 270 286 258 4103 2722 3204| 170 141 232 2189 2094  13.04
S% 009 010 009 014 036 043 | 006 005 008 007 028 0417
X~ 1520 1590 19.40 16.71 1468 16.76]| 1070 1370 1500 1452 1204 1465
4 S? 244 175 149 37.83 29090 28.73| 208 187 166 2281 2104 1718
S% 008 006 005 013 040 038 | 007 006 006  0.08 028 023
X~ 67.40 63.90 73.90 7153 67.28 61.36| 6507 6140 7110 6843 6483 5937
1 S? 742 16.44 7.33 157.13113.88123.88| 434 1432 506 14336 12017 102.37
S% 025 055 024 052 152 165| 014 048 017  0.48 1.60 1.36
X~ 67.47 65.80 68.10 66,55 6543 64.21| 60.80 6490 67.70 6585 5812  63.04
Number of 2 S? 812 596 485 153.22122.65129.47| 589 961 1387 156.71 12551 122.66
grains / spike $% 027 020 016 051 164 173 | 020 032 046 052 167 1.64
(grain) X~ 69.73 64.70 73.60 7155 66.99 61.92| 5840 61.70 6840 63.74 5767  60.48
3 S? 724 601 935 136.32103.12110.75| 977 725 542 13050 102.06 105.31
S% 024 020 031 045 137 148 | 033 024 018  0.44 1.36 1.40
X~ 6453 65.60 69.40 66.99 63.79 60.36| 6007 6430 6850 6107 57.87  58.48
4 S2 1019 6.87 14.32155.20105.87127.69| 496 642 316 139.65 110.82 107.06
S% 034 023 048 052 141 170| 017 021 041 047 1.48 1.43
X~ 322 247 411 384 304 290 | 296 211 329  2.89 296 245
1 S? 004 003 005 074 055 055| 005 001 005 0.74 055 055
S%  0.001 0.001 0.002 0.002 0.007 0.007| 0002 00003 0002 0002 0007  0.007
X~ 328 339 406 361 331 335| 266 301 362 282 2.41 3.07
2 S? 002 006 001 100 087 079 | 006 004 004  0.74 050  0.54
grains weight/ S2-  0.001 0.0020.0005 0.003 0.012 0.011| 0002 0001 0001 0002 0007  0.007
spike f
A X 303 260 348 287 332 289 | 284 257 301 268 248 272
3 S? 003 004 005 069 046 049 | 004 006 005 051 035  0.39
S%  0.001 0.001 0.002 0.002 0.006 0.007| 0001 0002 0002 0002 0005 0.005
X~ 372 353 421 394 309 294 | 289 279 331 308 252 259
4 Ss? 003 005 005 091 050 070 | 006 003 003 102 0.71 055
S%  0.001 0.002 0.002 0.003 0.007 0.009| 0002 0001 0001 0003 0009  0.007
X~ 476 446 573 516 482 484 | 462 409 500  4.89 475 426
1 S? 005 003 005 147 106 094 | 005 002 002  0.79 052 058
S%  0.002 0.001 0.002 0.005 0.014 0013| 0002 0001 0001 0003 0007  0.008
X~ 503 491 632 547 519 561 | 458 467 541  4.86 437 442
_ 2 $? 005 005 008 106 101 082 | 006 005 007 102 0.50 1.42
wgiéggf'" S%c  0.002 0.002 0.003 0.004 0.014 0.011| 0.002 0002 0002 0003 0007 0.019
© X 486 460 606 521 511 462 W59 450 421  3.88 407 374
3 S2 006 008 003 127 091 093 po4 004 002 095 073 086
S% 0,002 0.003 0.001 0.004 0.012 0012 0001 0001 0001 0003 0010  0.011
X~ 521 510 586 534 474 508 | 473 454 537 495 435 455
4 S2 008 005 005 117 100 098 | 007 002 005  1.12 094 072
S% 0,003 0.002 0.002 0.004 0.013 0013| 0002 0001 0002 0004 0012  0.010

Cross 1 (Giza 126 x Giza 129), Cross2 (Giza 126 x Giza 131), Cross 3 (Giza 131 x Giza 129) and cross 4

(CC89 x Giza)
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Table (4-e ): Mean (X7), variance (s2) and variance of mean (S2-) of P4, P2, F4, F2, BCy and
BC. populations of four crosses for biological yield/ plant and grain yield
Iplant under normal and water stress conditions.

Statistical Normal stress
Traits Crosses
Parameter Py P2 Fi F2 BC4 BC:> Py P2 Fi F2 BC1 BC:>
X~ 7039 6833 77.33 7211 7308 6656|6925 6767 70.74 6811 66.75 61.98
1 s2 461 890 610 8687 6633 5560|560 763 769 80.75 57.01 5887
S 015 030 020 029 08 074|019 025 026 027 076 078
X~ 8293 8383 8522 8126 7871 8021|7987 7501 8098 77.79 7230 73.96
2 s2 586 7.72 701 8329 5245 6601|688 717 977 8170 7038 5950
yiimgpi;ar:t S 020 026 023 028 070 088 023 024 033 027 094 079
© X 8527 6894 8640 7657 8220 6339|8008 6531 8147 7035 7740 6025
3 s2 636 828 625 7508 5922 5694 | 713 579 715 7844 6197 5954
SR’y 021 028 021 025 079 076|024 019 024 026 083 0.79
X~ 7037 8027 88.70 7926 76.76 7588 | 6564 7864 8293 7057 7243 62.37
4 s? 742 858 659 7595 5098 5437|791 623 837 80.74 5530 57.75
S 025 029 022 025 068 072|026 021 028 027 074 077
X~ 2270 2395 3538 1538 2583 1911|1956 1660 2890 2045 1569 17.72
1 s? 141 325 230 6707 6298 4538|315 521 572 8582 6519 62.66
S 005 011 008 022 084 061|010 017 019 029 087 084
X~ 3096 27.97 3414 2501 2672 24.70 | 2537 21.74 2973 2351 2257 20.00
2 s2 378 390 654 7654 6402 5064 | 431 532 765 8416 6545 66.20
Gfa’i)’;ayrif'd/ S 013 013 022 026 085 068 [ 014 018 026 028 087 088
© X 2965 1994 3325 2471 3344 2095|3408 12.38 1230 1863 1839 17.66
3 s2 467 441 385 7778 6637 5437|335 357 683 7925 6742 4591
S 016 015 013 026 08 072|011 012 023 026 090 061
X~ 23.80 2639 3278 2883 2439 2328|2038 2208 3008 2550 2140 19.69
4 s? 350 490 687 7962 6331 5841|411 551 840 9331 6431 67.92
S 012 016 023 027 084 078 |014 018 028 031 086 091

Cross 1 (Giza 126 x Giza 129), Cross2 (Giza 126 x Giza 131),

(CC89 x Giza131)

For plant height, the data presented
in Table 5-a indicated that, the second
and the third crosses exposed highly
significant mid and better parental
heterosis due to over-dominance (PR >
+1) under both conditions, while the first
and the fourth crosses revealed highly

significant mid and better parental
heterosis under water stress condition
and significant or highly significant over
mid parent heterosis under normal
condition a result of over-dominance in
all cases.

The data in Table 5-a and Table 5-b
pointed out that, the first, the second, the
third and the fourth crosses revealed highly
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Cross 3 (Giza 131 x Giza 129) and cross 4

significant mid and better parental heterosis
for spike length, peduncle length and no.of
grains and weight per spike under both
conditions due to over — dominance,in all
crosses for the traits in consideration, with
few exceptions i.e, mid parental heterosis
under normal condition; better parent
heterosis at stress condition in the first cross
and better parent heterosis in the fourth
cross under stress condition for peduncle
length, where this values were only
significant. Moreover, in the case of better
parent heterosis at normal condition for no.of
grains/spike where the heterotic effect didnt
reach to the level of significant.
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Table (5-a) : Heterosis, potence ratio and inbreeding depression in four crosses for days

to heading, days to maturity, filling period, filling rate, plant height, spike
length, peduncle length, number of tillers/ plant and number of spike/ plant,
under normal and water stress conditions.

Normal Stress
Traits c Heterosis Heterosis Heterosis Hetrosis
rosses —— —— —— —
MP PR BP ID% MP PR BP ID%
1 1.95% 254  2.74* 0.56 338~ 204  512¢ 3.40*
Days to 2 272 329 .91 0.95** 0.81* 433 1.00** 372
heading 3 310" -1060 -2.82** -0.75* 0.49* 033  1.99* 1.87**
4 414> 583  -3.46* 0.40 297 276 -1.92* 527
1 3.81*  1.89 5.94* 2.80** 061 035 115 0.91*
Days to 2 288" 262 4.03* 3.05** 0.30* 037 1.42% 1.51*
maturity 3 097 058  0.70** -0.98* -0.68* -044  0.88** -0.39*
4 -1.69% 264  -1.06* -0.82* 135 246  -0.81* 1140
1 500 044  18.38* 7.51% -10.10*  -1.03 032 -4.36*
2 7.94* 250  11.48* 7.40** 123 043 1.69* 1.05
Grain filling
period 3 547 -058  410* -6.09* 3.02% 037 552 -1.05
4 934 194 474 0.03 865 247  -535% -3.45*
1 4179 311 2500* 51 58* 7736 4100 7407 46.81*
2 4487 3500  43.04* 38.94* 28.13* 6.00  22.39* 40.24*
Grain filling
rate 3 13.48* 046  -1217* 26.73* | -4328* -1.07 -5057* -52.63*
4 27.03* 133 5.62* 9.57* 2222 150 6.45* 2727
1 159 123 0.29 1.78* 202% 333 1.4% 0.33
Plant height 2 6.26* 3.32 4.20% 1.51* 8.92** 1573  831* 1.38*
3 3.69* 1850  3.49** 2.45* 234 575 1.92* 1.24
4 0.92* 271 0.58 1.08 493* 1386  4.56* 1.39
1 2019% 522 2235 7.50** 38.69* 757 3194 26.11*
2 17.31*  1.40 4.36* 18.25** 4058 933 3472 16.60**
Spike length
3 8.92** 4750  8.72** 15.34* 11.15* 1235  1021* 9.17*
4 28.21* 1.90 11.65** 18.61** 25.88* 200  11.46** 17.01**
Peduncle 1 30.97* 1047  27.20* 26.90** 1408 1.32 3.07* 4.94*
Length 2 16.67**  4.80 12.75* 467 12.08* -6.40  10.00* 10.51**
3 20.33** 582 16.27** 15.39** 19.82** 750  16.74* 15.33*
4 1465* -3.24 9.69** 5.27* 9.16* 135 224 6.72**
1 16.38* 3.19 10.70** 12.44* 3455 117 3.93* 36.24*
Number of 2 34.03* 354 2227 13.41* 15.25* 409  11.11* 1.35
tillers / plant 3 19.71**  1.29 3.80* 2516 | -10.28* -1.14 A7.71* 18.89**
4 9.33* 150 293 9.34* 1873 6500 18.39* 11.89**
1 2025 591 16.27** 10.47** 30.04* 118 357 6.69**
Number of 2 19.09* 536 15.00** 10.49** 19.10* 300 11.97* 12.64**
spikes / plant 3 41.92* 373  2759* 24 56* 3247 417 22.89* 15.74*
4 2476" 1100  2201* 13.87** 2205 187  9.49** 3.20

(*) and (**) significant at 0.05 and 0.01 levels probability, respectively.

Cross 1 (Giza 126 x Giza 129), Cross2 (Giza 126 x Giza 131), Cross 3 (Giza 131 x Giza 129) and cross
4 (CC89 x Giza131)
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Table (5-b) : Heterosis, potence ratio and inbreeding depression in four crosses for
number of grains/ plant, grains weight/ spike, 100- grains weight, biological

yield/ plant and grain yield/ plant under normal

and water stress

conditions.
Normal Stress
Traits - - - -
Crosses Heterosis Heterosis Heterosis Hetrosis
MP PR BP ID% MP PR BP ID%
1 12.57* 471 9.64** 3.21 12.45** 429 927 376
Number 2 2.20%* 1.76 0.93 2.28 7.72%* 237 431" 2.73
of grains /
spike 3 9.49** 2.54 5.55** 2.79 13.91* 506 10.86*  6.82
4 6.65** 8.13 579** 3.47 10.16** 299 653  10.85
1 4472 339 27.64* 657 | 2953 176 11.15** 12.16**
v%?éﬁ/ 2 21.92* 1327 1976  11.08* | 27.92* 451 2027 22.10**
spike 3 23.84* 305 1485 1753 | 1148 230 599 10.96*
4 1598 611 1317 641 | 1655* 940 1453* 665
1 2430  7.47 2038 995 | 16.74* 275 1017* 3.93**
100- 2 27.16* 2250 2565 1345 | 17.10* 1756 15.85** 10.17**
V%iaéﬂt 3 28.12* 1023 24.69* 14.03** | -747* 756 -828%  7.84**
4 14.90* 13.82 1248 887 | 1573 768 1353 7.82**
1 11.49* 774 9.86** 6.76** 3.33** 289  215*  372%
Biological 2 2.24** 4.09 1.66 465" | 457+ 1.46 1.39 3.94**
yield/plant 3 12.05*  1.14 1.33 11.38* | 12.08"  1.19 174  13.65*
4 17.76* 270  10.50* 10.64* | 14.96™ 166 546" 14.90*
1 51.68** 1929 47.72** 56.53* | 59.85*  7.31 47.75* 29.24*
S;i;n/ 2 15.85* 312  1027* 2674 | 2619 340 17.19* 20.92*
plant 3 34.07** 174 1214 2568 | -47.05 -1.01 -63.91* -5146*
4 30.60* 593 2421 1205 | 4169 1041 3623 1523

(*) and (**) significant at 0.05 and 0.01 levels probability, respectively.

Cross 1 (Giza 126 x Giza 129), Cross2 (Giza 126 x Giza 131), Cross 3 (Giza 131 x Giza 129) and cross 4

(CC89 x Giza131)

The data shown in Table 5-b illustrated
that, highly significant mid and better parent
heterosis in positive direction were obtained
in the crosses; 1, 2 and 4 for number of
tillers/plant under both conditions, as a result
of over- dominance in all cases, except in
the fourth cross under normal condition
where the heterotic effect over better parent
was not significant, as a result of over-
dominance in all cases. Mean while, the
third cross under normal condition had
significant mid and better parent heterosis,
as a result of over- dominance also.

For number of spikes/plant, all crosses
exhibited mid and better parental heterosis
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under both conditions due to over-
dominance (PR >+1), except in the first
cross at stress condition were better parent
heterosis was not significant.

The data shown in Table 5-b showed
that, highly significant mid and better parent
heterosis in positive direction were obtained
in the crosses; 1, 2 and 4 for 100-grain
weight and grain vyield/plant under both
conditions, , as a result of over- dominance
in all cases. While, the third cross under
normal condition had highly significant mid
and better parent heterosis, due to over-
dominance also.
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For biological yield/ plant, the first and
the fourth crosses exhibited significant mid
and better parental heterosis under both
conditions due to over-dominance (PR >+1),
while the second and the third crosses had
highly significant mid parental heterosis
under normal condition and better parental
heterosis for the third cross under water
stress condition. However, it could be
concluded that, the fourth cross (CC89 x
Giza 131) had highly significant better
parent heterosis-which considered as useful
heterosis from the breeders point of view-
under both conditions for all studied traits,
except for plant height and no.of tillers/plant
at normal condition; the first cross (Giza 126
x Giza 129) for grain filling rate, spike length,
peduncle length, number of ftillers/ plant,
number of grains/spike, grains weight/spike,
100- grain weight, biological yield/plant and
grain yield/plant under both conditions; the
second cross (Giza 126 x Giza 131) for grain
filing rate, plant height, spike length,
peduncle length, number of ftillers/ plant,
number of spikes/plant, grains weight/spike,
100- grain weight and grain yield/plant under
both conditions and the third cross (Giza 131
x Giza 129) for plant height, spike length,
peduncle length, number of spikes/plant,
number of grains/spike and grains
weight/spike under both conditions . These
crosses could be used in suitable breeding
programs aiming to improve barley either at
normal irrigation or stress condition.
Moreover, the heterotic effects in these
crosses mostly attributed to over-dominance
which helps the breeder to discover a
transgresive segregation in early
generations. EI-Shawy (2008), Khattab et al.
(2010) and EI-Akhdar (2011) obtained over-
dominance prevailing in most crosses.

Inbreeding depression were found to be
highly significant in positive direction for
no.of days to heading and maturity in the
second cross under both environmental
conditions which means that F2> population in
theses cases was more earlier than that of
F1,s. The same direction was observed for
days to heading at stress condition in the
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first and third crosses; and for days to
maturity and grain filling period in the first
cross at normal condition. However, the
presence in vigor in F2 could be arributed to
additive and epistatic gene action. Such
crosses for these traits are excepted to give
segregates superior to the better parent in
these traits, which may be handled through
pedigree method.

On the other hand, inbreeding
depression values were found to be
significant and/or highly significant in

positive direction for grain filling rate, spike
length, peduncle length, no.of tillers/ plant,
no.of spikes/plant, grains weight/spike, 100-
grain weight, biological yield/plant and grain
yield/plant in all crosses under both
environmental conditions, with some few
exceptions i.e., in the third and fourth
crosses at stress condition for grain filling
rate; the second cross no.of tillers/ plant; in
the fourth cross at stress condition for no.of
spikes/plant and the third cross at stress
condition for grain yield/plant, were the
values of inbreeding depression were highly
significant in  negative  direction or
insignificant values. However in the first
case the expression of heterosis in the F4
followed by a respectively reduction in F2
would be attributed to the direct effect of
homozygosity which was in harmony with
the results obtained by Mahmoud Badeaa
(2006), Abd-El-Haleem et al .(2010) in
cotton, Khattab ef al. (2010) and El-Akhdar
(2011). While in the excepted cases, low
inbreeding depression might suggests that,
increasing retention in vigor in F2 is
expected to be mainly due to accumulation
of favorable additive genes (Shukla and
Gautam (1990).
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