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ABSTRACT

To improve grain yield/plant, two cycles of pedigree selection were achieved
in a segregating population of wheat (Tnticum aestivum L.) in the F o F5 and F‘5

generations under normal and drought stressed environments. Significant differences
(p<0.01) among the selected families for the selection criterion; grain yield/plant were
observed in all the studied traits under the two environments in F4 and Fe-generations.
After two cycles of pedigree selection for grain yield/plant the values of gcv and pcv
were decreased from Fj4 to Fs-generation in all traits under both environments and
were very close to each other, resulted in very high estimates of heritability in broad
sense which calculated from the .expected mean squares. The average direct gain in
grain yield/plant was 90.20, 70.14 and 37.64, 52.46% from the bulk sample and the
better parent under normal irrigation and drought stress; respectively. Under irrigation,
the best five families, N0.127, No.146, No.273, No.377 and No.452 outyielded the
better parent Giza 168 by 38.87, 46.57, 42.63, 56.75 and 64.96%; respectively. The
family No.452 was like Giza 186 in earliness. Under drought stress, selection for grain
yield/plant delayed maturity by 8.59% from the. better parent, but, not from the bulk
sample. The best families in grain yield; No.202, N0.296, N0.379, No.389, No.395 and
No.397 showed significant delay in maturity than the earlier parent. The best two
families No. 92 and No.306 were early as the earlier parent Sisd4 and showed
significant (p<0.01) grain yield/plant from the better parent Giza 168 of 26.46 and
59.72%; respectively. In the Fs-generation under both environments all the traits which
showed positive genotypic correlation with grain yield, days to heading, plant height,
biological yield/plant and number of spikes/plant showed negative correlations with
grain weight/spike, number of grains/spike, and 100-garin weight.

INTRODUCTION

Wheat (Triticum aestivum L.) is the strategic cereal crop not only in
Egypt, but also all over the world. In Egypt, wheat consumption 17.7 M tons,
production about 8.7 M tons and wheat imports about 8.5 M tons (USDA
2014). Increasing wheat production both vertically and horizontally is an
important target to meet the gap between production and consumption.
These targets could be realized through expanding the wheat cultivated area
partially in new reclaimed lands using drought tolerant wheat cultivars in the
North Sea coast. Pedigree selection method has become the most popular
plant breeding procedure. Most of the Egyptian wheat cultivars were
produced through this method. It is preferred by plant breeders because it is
versatile, relatively rapid and makes possible conducting of genetic studies
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along with the plant breeding work (Mahdy, 2012c). Pedigree selection for
grain yield/plant needs to evaluate selections under different environments
such as different planting dates and different water stress (Zakaria, 2008; Ali,
2011a and b; Ali and Abo-El-Wafa 2006; Golabadi et al., 2006 and El-
Morshidy et al.,2010). Many workers indicated that pedigree selection was
effective in improving grain yield (Eissa, 1996; Ismail et al., 1996; Ismail,
2001; Ahmed, 2006 and Mahdy, 2012b). Abd Ei-Kader (2011) found that the
genotypic coefficient of variability decreased rabidly after two cycles of
selection for grain yield/plant from 28.60 to 3.80% in the F; and Fs-
generations; respectively. Abdel El-Kareem and El-Saidy (2011) found high
estimates of pcv, gcv and broad sense heritability under irrigation and
drought stress. Abd El-Shafi (2014) suggested that the directional selection
appears to reduce the range and variability in grain yield/plant after selection
in the F4, and reported high values of broad sense heritability for the two
crosses in the F, generation. Mahdy et al. (2012a) after two cycles of
selection for grain yield/plant, found that average grain yield/plant of ten
selected families from two populations was significant (P<0.01) outyielded
both of the higher yielding parent and the bulk sample. Ali (2011a and b)
increased grain yield/plant by 25.00 and 25.54% over the bulk samples for
normal and drought stressed environments; respectively after two cycles of
pedigree seiection. The increase in grain yield/plant was accompanied by late
in heading date under both environments. Nouri-Ganbalani et al. ( 2009)
estimated the average yield loss of 17 to 70% in grain yield due to drought
stress. They observed no significant correlation between grain yield and
other morphological characters under normal irrigation, but under the drought
stress conditions there were positive highly significant correlations between
the grain yield and 1000-grain weight and number of tillers per plant.
However, the effect of selection for grain yield/plant on weight and number of
grains increased in the negative direction. Ferdous et al. (2010) found
significant positive correlation between harvest index and grain yield/plant.
Otherwise, the genotypic correlation between grain yield/plant and weight and
number of grains changed by selection from positive to negative selection.
The objectives of this study was aimed to estimate the efficiency of pedigree
selection for grain yield in a segregating population (Giza 168 x Sids 4)
(Triticum aestivum L.) under normal irrigation and drought stressed
environments.

MATERIALS AND METHODS

This investigation was carried out during the period of 2011/2012 —
2013/2014 at Fac. Agric. Edu. Farm, Minia University, Egypt. The basic
materials consisted of, 240 families in the Fj;-generation derived from the
segregating population (Giza 168 x Sids 4).The families were planted in two
separated experiments under normat irrigation and drought conditions. The
recommended cultural practices for wheat production were adopted
throughout the growing seasons except irrigation which was applied as
follows:
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1- First experiment (normal irrigation); the experiment was irrigated six
times.

2- Second experiment (drought); the experiment was irrigated only two
times (planting irrigation and another one three weeks later).

Table1. The pedigree of the parents of the wheat population

Parental cultivars Pedigree
Giza 168 MIL/Buc//Seri CM93046-8M-04-0M-2Y-0B
Sids 4 Maya ‘' S'/Man ' S //ICMH 74A-592/3/Giza 157*2

In 2011/2012 season: The 240 F,-families were grown in Nov 28% in two
separated experiments (irrigation and drought conditions) along with the two
parents and the unselected bulk sample. The bulk sample consisted of a
mixture of equal number of grains from each family. A randomized compiete
block design of three replications was used. The plot size was one row, 1.5m
long, 30cm apart and 5cm between grains within the row. At the end of the
season, the highest 20 yielding plants from the highest 20 families were
saved.
In 2012/2013 season: The 20 selected plants (Fs-generation) along with the
two parents and bulk sample were sown on Nov.14%in two separate
experiments. The experimental design and plot size were as in the previous
season except for the distance between plants in a row was 10 cm. The 10
best plants in grain yield from each of the best 10 families were saved.
In 2013/2014 season: The 10 selected families (F¢-generation) were
evaluated and sown on Nov.20" in two separate experiments as in the
previous season. In the F,, F5; and F¢-generations data were recorded on ten
guarded plants from each plot; and the mean of the ten plants was
calculated. The studied traits were as follows: days to heading [DH], plant
height [PH] in cm, spike length [SL] in cm, number of spikes/plant (NS/P),
number of grains/spike (NG/S), weight of grains/spike in g (WG/S) , 100-grain
weight [100-GW] in g, biological yield/plant [BY/P] in g, grain yield/plant
[GY/P]in g, and harvest index% [HI].

Results were subjected to proper statistical analysis of RCBD
according to Steel and Torrie (1980) on plot mean basis.
Table 2. The form of analysis of variance, covariance and their

expectations.
S.0.V. df M. S. : E-M.S.
Variance Covariance
Replications r-1 M, o‘e+ga’r R
Genotypes g-1 M; dle+ro’g cov.e + r cov.g
Error (1) (g-1) My o’e cov.e

where: r and g are humber of replications and genotypes; respectively, o’ e and cov.e are
error variance and covariance; respectively, and A g and cov.g are genetic
variance and genetic covariance; respectively. Two analyses of variance were
done. The first, was for all entries (selected families + parents + bulk sample),
and the second one was for the selected families to calculate heritability,
genotypic and phenotxpic coefficients of variations. )
The phenotypic (o“p) and genotypic (o°g) variances were calculated

according to the following formula:

o” g = (Mz-My) /1. o’p =o®g+dlelr
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Heritability in broad sense (Hy=o*g/c°p accordmg to Walker (1960).
Realized heritability (h ) was caiculated as: h®=R/S (Falconer, 1989).
where R = response to selection and S = selection differential.

The phenotypic (pcv %) and genotypic (gcv %) coefficients of
variability were calculated as outlined by Burton (1952), as follows:

pcv % =op/ x.100. gev % =og!/ x.100.
where: op and og are the phenotypic and genotypic standard deviation of the
families mean,; respectively, and x is families mean for a given trait.

The calculation of the phenotypic covariance (cov.py;), and genotypic
covariance (cov.gy,) between pairs of traits (1 and 2) followed the same form
as variance analysis.

Genotypic correlation coefficient (rg,,) was calculated as outlined by
Walker (1960), as follows:  rg,, = covg,y / (0gx .0g,).

Mean comparisons were calculated by using revised L.S.D where,
L.S.D = least significant difference, at 0.05 and 0.01 level of probability,
according to El- Rawn and Khalafala (1980) and was calculated as:

RLSD Family = t' . (2MSE/r)"? to compare families with the better parent
and the bulk sample

RLSD Average = t'. (MSE/r+ MSE/rf)'? to compare average with the better
parent and the bulk sample.

The significance of observed direct and correlated response to
selection was measured as deviation percentage of families mean from the
bulk or the better parent using L.S.D. where, L.S.D = least significant
difference between mean of the selected families and the bulk or the better
parent, and was calculated as:

LSD Family = t . (2MSE/m)"? to compare families with the better parent and
LSD Average = t . (MSE/r+ MSE/rf)"? to compare average with the better
parent and the bulk sample. :

LSD % = (LSD value / the bulk or the better parent)*100

Where f. number of families, r: number of replicates and t'is the t value from "
minimum-average-risk t-table" at F-value of treatments, treatment
d.f. and experimental error d.f.

RESULTS AND DISCUSSION

1- Description of the base population, season 2011/2012:

Mean squares of all the studied traits in F4-generation (Tables 3.and
4) were significant (p<0.01) under two environments indicating the presence
of variability in the criteria of selection. Similar results were observed by El-
Morshidy et al. (2010), Mahdy et al. (2012b).

The F,-family'mean of grain yield / plant ranged from 10.42 to 30.68
with an average of 19.82 g., and from 8.01 to 30.03 with an average of 14.59
g. for irrigated and drought stressed environments; respectively. Mean grain
yield/plant significant (p<0.01) outyielded both of the parents and the
unselected bulk sample reflecting non-additive effects of heterozygosity
and/or transgressive segregation under both environments. The reduction in
grain yield/plant caused by drought stress was 26.39%.
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Table 3. Mean squares of the studied traits for the 240 families in F,-
generation under normal irrigation, family mean, the parents
and the bulk sample, phenotypic(pcv) and genotypic (gcv)
coefficients of variability, expected genetic advance (AG) and
heritability in broad sense (H).

ftems | df| DH | PH SL | Ns/P 1(;)&‘ NG/S |WGIS| BY/P | GYIP | HI%

MSRep | 2 1200 1242 | 014 | 293 | 0.70 | 663 [ 2.51 | 36.93 | 962 | 865

"\E"nsmes 242 {102.21191.93**| 7.15** | 2.98**| 0.32** |428.71**| 1.56** [202.41**] 37 64** {49.01**

MS Error| 484 | 143 | 4.93 [ 044 | 081 | 024 [ 1034 025 | 676 | 153 | 6.99

Mean + SE 87.30x| 92.07% |13.756%|6.67+ | 5.50 {67.92%| 3.77+ [51.13% | 19.82% |38.91%
037 | 051 ; 0.10 | 0.05 1001 | 0.76 [ 0.04 | 0.52 0.22 0.24

Min 5267} 73.67 ] 10.00 | 448 | 464 | 44.55 | 247 | 29.21 | 10.42 | 25.78
Max 109.00)| 117.33:118.00 [ 11.36 | 6.96 |113.74| 6.66 | 74.47 | 30.68 | 48.73
g.c.v% 6.42 | 8.58 | 10.88 {12.30] 3.12 | 17.42 |17.56| 15.58 | 17.28 | 9.69

.cv% 6.47 | 869 |11.23 114.59{ 6.03 | 17.64 [ 19.17 | 15.85 | 17.65 | 10.43
H% 98.49) 97.46 }93.84 171.05126.78} 97.60 {83.91| 96.58 | 95.85 | 86.17
AG 10.23] 1435 | 267 | 127 | 016 12152 | 1.12 | 1440 [ 6.17 6.44
AG/mean% 11.72] 1559 | 19.39 119.08] 2.97 | 31.68 1 29.61| 28.17 | 31.14 | 1655
Giza 168 86.00( 94.00 | 15.11 | 5.06 | 5.38 | 59.34 | 2.97 | 37.44 | 13.08 | 35.25
Sids 4 65.001 79.78 | 16.00 { 3.80 | 571 {70.75 | 403 | 35.54 | 14.03 | 39.49
Bulk 75.67| 86.83 | 12.92 | 4.71 | 5.17 | 53.57 | 2.91 | 36.59 | 14.07 | 38.55

RLSD Aver0.05 1191 2.26 070 {110 | 076 | 3.20 | 055 | 265 126 | 289

RLSD Aver0.01 156 | 297 | 092 | 137 ) 1.54 | 419 | 0.72 | 3.47 165 | 3.81°
*,** significant at 0.05 and 0.01 levels of probability; respectively.
AG = expected genetic advance from selection the superior 8.33% of the families.
RLSD. Aver. = to compare families mean with the bulk sample or the better parent.

The pcv and gev estimates were high and reached 17.65 and 17.28%
under irrigation and 25.68 and 25.38% under stress environments,
respectively. The close estimates of phenotypic and genotypic variability
resulted in very high estimates of heritability under irrigation (95.85%): and
drought stress (97.61%). Similar results were found by Abdel El-Kareem and
El-Saidy (2011). The high estimates of genetic variability coupled with high
heritability gave unreliable estimates of expected genefic advance under
irrigation (31.14%) and under drought stress (46.14%). Similar results were
found by Ei-Morshidy et al. (2010).

Genotypic correlation.

In the base population (F4) grain yield/plant showed weak genotypic
correlation with DH (0.02) and negative correlation with the other traits
ranged from -0.12 (PH) to -0.81(BY) (Table 5) under normal irrigation.
Otherwise, under drought stress it showed weak negative correlation with DH
(-0.09) and positive with the other traits ranged from 0.24 (PH) to 0.87 for
BY/P indicating different gene associations among traits under both

environments. The results are in agreement with Abdel El-Kareem and El-
Saidy (2011).
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Table 4. Mean squares of the studied traits for the 240 families in F4~géneration under drought stress, family mean,
the parents and the bulk sample, phenotypic(pcv) and genotypic (gcv) coefficients of variability, expected
genetic advance (AG) and heritabllity In broad sense (H). where,

tems d.f DH PH; ¢m SL; cm NS/P 100GW; g NG/S WG/S; g | BY/P; g |GYIP; gl HI%
S Rep 2 1.35 42.60 12.20 0.73 0.84 52.88 1.47 63.68 20.90 [20.57
MS Entries 242 81.42"* 152.11** 7.27* 3.73* 0.36" 340.96™ 0.70** 264.90* | 42.97** |60 40*
MS Error 484 1.42 5.26 0.51 0.74 0.22 9.56 0.23 6.34 1.01 |8.62
Mean + SE 86.941 83.17x 12.20¢ 5.50¢ 5114 60.17¢ 2.87% 38.01% 14.59+ |38.69¢
- 0.33 0.45 0.10 0.06 0.01 0.67 0.03 0.60 0.24 0.27

eduction% 0.41 9.67 11.27 17.54 7.09 11.41 23.87 25.66 26.39 |0.56
in 66.00 64.67 8.00 3.44 3.69 34.12 2.15 22.30 8.01 [18.73
Max 107.00 107.67 16.33 9.50 5.95 88.79 5.30 73.20 30.03 [48.71
vV 5.63 8.44 12.28 17.99 4.16 17.43 13.86 24.23 25.38 |10.74
cV 5.69 8.59 12.74 20.15 . 6.76 17.68 16.90 24.53 25.68 |11.€0
Hb% 98.06 96.56 92,98 79.70 37.80 97.21 67.26 97.55 97.61 185.75
o IBG 8.93 12.69 2.66 1.62 0.24 19.04 0.60 16.74 6.73 [7.08
S AG/mean% 10.27 15.26 21.80 29.55 4.70 31.64 20.92 44.05 46.14 [18.31
Giza 168 83.33 81.89 14.22 3.88 4.48 42.20 2.34 24.47 7.60 |31.13
eduction% 3.10 12.88 5.88 23.04 16.63 28.89 20.97 34.64 41,96 [11.69
ISids 4 63.00 79.89 14.44 3.58 5.31 53.96 3.06 24,95 9.59 [38.41
Reduction% 3.08 -0.14 9.72 5.69 6.85 23.73 24.24 29.80 31.64 |2.74
Bulk 75.00 75.08 11.83 3.85 4.74 50.64 2.38 22.66 8.58 [37.87
RLSD Aver 0.05 1.19 2.34 0.75 0.94 0.73 3.08 0.58 2.51 1.00 {3.21
RLSD Aver 0.01 1.55 3.07 0.98 1.31 1.48 4.03 0.69 3.37 134 14.23

*** significant at 0.05 and 0.01 levels of probability; respectively.

AG = expected genetic advance from selection the superior 8.33% of the families.
RLSD. Aver. = to compare families mean with the butk sample or with the better parent.
Re ductiorn®e = (Xi — Xs)/ Xi* 100

where, Xi - mean under normal irrigation and X% =mean under drought stress.
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Table 5. Genotypic correlation under irrigation (above diagonal) and

drought (below diagonal) among traits in the Fs;-generation.

-‘ Trait DH PH | SL | NS/P {100GW| NG {WG/S|BY/P|GY/P| HI
,l DH - -022 (0141 0.00 | 008 | 0.18 | 0.09 {-0.01}0.02}0.06
-~ PH 0.00 - 004021} 006 | 005 { 007 {-0.20)-0.12}0.09
B SL -0.06 | 0.11 - 0.07 | -0.32 | 063 | -0.40 | -0.37 |-0.26 0.10
11 INS/P 0.03 | 0.27 | 0.20 - -0.11 | 0.19 | 0.17 [-0.49 [-0.57]-0.21
i 100GW | -0.34 | 0.30 | 0.16 | 0.13 - -0.23 | -0.34 {-0.19 |-0.17 | -0.01
| NG/S -0.05 | 0.06 {066 | 0.30 | -0.03 - -0.70 | -0.26 | -0.26 [ -0.04
WG/S -0.11 1012 {043} 0.12 | 041 0.55 - -0.22 |-0.24}-0.07
q BY/P 004 026 (037077 { 009 | 044 | 0.33 - 1-0.8110.14
g GY/P -0.09 { 024 {039} 084 | 025 § 048 | 0.37 | 0.87 - 1-0.46
HI 012 {004 {006) 018 | 036 | 0.12 | 0.12 |-020|0.29| -

2- Pedigree selection for grain yield/plant.
Variability and heritability estimates.
Mean squares (Table 6) of the selected families for grain yield/plant
and correlated traits was significant (p<0.01) under both environments after
two cycles of pedigree selection. Similar results are obtained by Mahdy et al.

(2012a).

Table 6. Mean squares, heritability estimates, genotypic (g.c.v%) and

phenotypic (p.c.v%) coefficients of variability of selected
families for grain Yyield/plant under normal
conditions in Fg-generation.

and stress

° iﬁ:f:::: Correlated traits
E S.V. |d.f.
w GY PH; | SL; | NS |100GW; WG BY
P9 DH cm, cn’l P g NGIS 1S;g | IP;g HI%
Reps | 2 0.07 129 | 145 | 258 | 094 | 008 | 225 | 025 | 877 | 191
Entries | 12 | 143.68** [270.94*387.92** 9.65** [11.18"| 0.91* [274.5~| 147~ la95.05*{8g.15*
_ Emor (24| 189 137 | 949 | 042 {023 | o010 | 776 | o010 | 650 | 212
£ hev% 1201 | 1015 | 12.66 | 13.06 | 19.68 | 9.93 | 1239 | 1597 | 12.12 | 5.36
2 pevsh 1229 | 10.18 | 12.81 | 13.34 | 19.99 | 10.51 | 12.54 | 16.57 | 12.25 | 5.79
T H% 9563 | 99.31 | 97.59 | 95.94 | 96.93 | 89.32 | 97.53 | 92.87 { 97.90 | 85.88
L2 c1| 89.15
c2| 9429
GY PH; { SL; | NS 100 NG WG BY
S-V. |df P; g DH cm {cm | /P |GW;g| /S | IS;g | IP;g Hi%e
Reps | 2 1.47 642 | 376 | 073 | 018 | 001 | 814 | 008 | 1.31 | 329
Entries | 12 | 100.89* |193.22367.79* 5.62* [13.99* 1.41~ |g72.69" 2.93* [362.27~|53.73*
?5, Error | 24| 157 086 | 781 | 069 [ 02a | 007 | 752 | 030 | 760 | 363
- g gev 16.76 9.4 | 12.81 | 879 {3352 11.57 | 23.45 | 20.64 | 12.56 | 6.71
p.cv% 17.05 9.96 | 12.96 | 9.39 | 3378 | 11.86 | 23.54 | 22.24 | 12.84 | 7.31
% 9660 | 99.44 | 97.69 | 87.64 | 98.43 | 9520 | 99.27 | 86.12 | 95.73 | 84.24
2 C1| 57.9
c2| 79.06

After two cycles of pedigree selection for grain yield / plant the gcv
and pcv were 12.01 and 12.27 compared to 17.28 and 17.65% in the F4-
generation under irrigation, and 16.76 and 17.05 compared to 25.38 sand
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25.68% in the F,-generation under drought stress; respectively. it could be
noticed that the retained genetic variability after two cycles of selection was
sufficient for further cycles of selection. In addition, the variability under
drought was larger than that under normal irrigation. Abd El-Kader (2011)
found that gcv decreased rabidly after two cycles of selection for grain
yield/plant from 28.60 to 3.80%.
Table 7. Mean of the studied traits of the selected families for grain yield
after two cycles of selection under normal irrigation.

. PH, | SL; [ NS/ | 100 | NG/ | WG/ | BYi | GYI N
pamMo. |l em |em | P |GW.g| S | Sig | Pig | Pig | P
33 |7667]77.17.|14.50/ 640 | 563 [98.29| 4.95 | 6742 | 2526 |37.47
66 | 7400]87.00 |1650| 598 | 6.82 |92.75]| 6.01 | 8323 {2832 [34.04
127 19033{111.00{14.00] 8.95 | 593 |78.91| 461 | 88.21 | 32.32|36.63
146 ~  l19267| 8667 |13.17| 652 | 560 |68.74| 3.82 | 99.50 [34.11 [34.27
P73 - 18267| 9750 {17.33| 748 | 597 |78.08| 429 | 86.07 | 33.19 [38.56
872 . 896 | 467 |6850] 3.22 | 85.78 | 31.55 | 36.77
377 9.89 | 595 |78.66| 4.48 |101.39] 36.48 | 35.9¢
S 8.65 | 497 |89.98]| 4.47 | 8825 [28.36 [32.1
432 6.81 | 582 [94.40| 525 | 8327 [323438.82
452 1062| 534 [84.82( 4.69 |104.79| 38.39 | 36.67
Average 8.02 | 567 |8331| 458 | 88.79 | 32.03|36.14
pulk 481 | 538 |76.20| 4.26 | 72.74 | 16.84 [23.19
Sids4 418 | 594 (87.11| 496 | 60.72 [16.24 | 26.70
Giza168 19917 665 | 511 |7560| 3.89 | 79.23 | 23.27 [29.38
R.L.S.00.05Fam | 1.71 069 | 050 | 407 | 048 | 3.73 | 2.01 | 213
R.L.SD0.01Fa 092 067 | 541 ]| 064 | 496 | 267 | 2.83

R1.S.D0.05Aver| 1.27 | 3.34 | 072 | 051 | 0.37 {302 | 036 | 276 | 1.49 | 1.58
R.L.S.D0.01Aver| 168 | 444 [ 096|068 | 050 [4.01] 048 | 3.68 | 1.98 | 2.10

R.L.S.D (Fam.), to compare families with the better parent and the bulk sample.
R.L.S.D {Aver.), to compare average with the better parent and the bulk sample.

Respect to the pcv and gcv in the correlated traits, harvest index
showed low variability under both environments. The variability was moderate
for the 100-grain weight under normail irrigation, and days to heading and
spike length under drought stress. The other traits showed high genetic
variability under both environments. The pcv and gcv in all traits under both
environments were very close to each other, resulted in very high estimates
of heritability in broad sense which calculated from the expected mean
squares. These high estimates of heritability could be attributed to two main
causes. First; the evaluation of the selected families at one site for one year
inflated the families mean squares by the confound effects of the interactions
of families with locations and years in familes mean squares. In
consequence; large estimates of genotypic variance were obtained. Second;
the small error variance (Table 6) caused the phenotypic variance to be very
close to genotypic one. The realized heritability estimates were 94.29 and
89.15% under normal irrigation and 79.06 and 57.96% under drought stress
in the second compared to the first cycle; respectively.

Means and direct observed gain for grain yield/plant.

Mean grain yield/plant after two cycles of selection ranged from 25.26
to 38.39 with an average of 32.03g under normal irrigation, and from 15.76 to
30.63 with an average of 24.12g under drought stress environment(Tables 7
and 10). All the ten selected families under normal irrigation and nine under
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drought stress and their average were significant (p<0.01) out yielded the

bulk sample and both parents. Mahdy et al. (2012a) found similar results.

Table 8. Observed direct and correlated responses to pedigree selection
for grain yield after two cycle of selection (F;) in percentage of
the bulk sample under normal irrigation conditions; season

2013/2014.
. f;i;ﬁ';;: Correfated traits
am. No. GV | ppy | PR | SL | NST [ 100 [ nars | WO | BY | o
P; g cm cm P GW; g S;g9 | P;
33 49.99" | -8.61"|18.88™ 5.81 |33.09| 4.52 [28.99"| 16.20" | -7.32" |61.61"
66 68.15™ |-11.79"| -8.54™ |20.41**| 24.36™ | 2663 |21 .72 |41.11** | 14.42"*|46.80"*
127 91.90" | 7.68* |16.69*| 2.16 |86.13"|10.22"| 3.56 | 8.38 |21.27""|57.99"
. has 102.54[10.46""| -8.89"* | -3.92 |35.56™| 4.02 |-9.79"| -10.34 |36.79"*|47.80"*
k73 97.09~| -1.46 | 2.5 |26.49°%|5568|10.96"| 2.48 | 0.7 |18.33"|66.29"
372 87.34" [12.85"*|18.09"* |13.65"86.28" | -13.31° |- 10 10"-24 43| 17.94"| 58.56
377 116617 -0.26 }10.12"|14.32""|105.61"| 10.59%| 3.23 | 5.17 |39.39"|55.20"
) 68.40" |-5.83" 10.47"] -1.12 |79.84"| -7.74 |18.09"| 509 |21.33"|38.77"
432 92.02- [14.44~| 3.03 |20.417|41.68™| 8.11 |23.89°|23.26"|14.48""|67.43"
452 127.95" [18.417| 11,00 | 12.43"120.88"| -0.8 |11.34°]-10.26 |44.07|58.13=
Average 90.20" | 3.59" | 0.55 | 5.85 |66.91°*] 532 | 9.34" | 7.56 |22.07*|55.86"
L.5.00.05 Fam%| 13.78 | 2.35 | 5.46 | 8.03 | 16.64 | 10.03 | 6.15 | 12.22 | 5.91 | 10.57
L 5.00.01Fam %| 18.65 | 3.18 | 7.40 | 10.87 | 22.46 | 13.75 | 8.35 | 16.68 | 8.00 | 14.32
L S.00.05Aver %] 1021 | 1.74 | 4.05 | 5.91 |12.27 | 743 | 457 | 916 | 4.39 | 7.85
L S.00.01Aver %] 13.84 | 2.36 | 5.49 | 8.03 | 16.64 | 10.22 | 6.19 | 12.22 | 5.94 | 10.61

L.S.D (Fam.), to compare families with the better parent and the bulk sample.
L.S.D (Aver.), to compare average with the better parent and the bulk sample.
*, ** , significant at 0.05 and 0.01 level of probability; respectively.

The average direct gain in" grain yield/plant after two cycles of
selection under normal irrigation was 90.20 and 37.64%, and 70.41 and
52.46% under drought stress from the bulk sample and the better parent;
respectively. Ali (2011a) by pedigree selection for the two cycles noted
increase in grain yield/plant of 25.00 and 25.54% from the bulk samples

- under hormal and drought stress conditions; respectively.

The correlated gains under normal irrigation.

The average correlated gains (Tables 8 and 9) were significant
(p<0.01) from the bulk sample for days to heading (3.59%), biological
yield/plant (22.07%), harvest index (55.86%), number of spikes/plant
(66.91%) and number of grains/spike (9.34%). Likewise, significant (p<0.01)
average correlated gain in biological yield/plant, harvest index, number of
spikes/plant of 12.07, 23.01 and 20.67% from the better parent were
obtained. Otherwise, adverse effects measured from the better parent were
significant (p<0.01) for days to heading (20.69%), spike length (-11.07%),
grain weight/spike (-7.69%), number of grains/spike (4.36%) and 100-grain
weight (-4.55%). It could be observed that all the selected families were
significant delayed in days to heading respect the earlier parent Sids4. These
results are in line with Ali (2011a and b). It could be concluded that two cycles
of selection for grain yield/plant succeeded to isolate higher yielding families
over the better parent Giza 168, but, it failed to isolate high yielding families
earlier than or similar the earlier parent Sids4. However, family No. 452
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outyielded the better parent Giza 168 by 64.96% and like it in earliness. Also,
families No. 377, No. 146, No. 273 and No. 127 outyielded the better parent
by 56.75, 46.57, 42.63 and 38.87%; respectively, and significantly earlier than
Giza 168 and later than Sids4. All the above families their grain yield/plant
depended on number of spikes/plant. One family No. 66 outyielded the better
parent Giza 168 by 21.68%, and its yield depended in its superiority in
number of grains/spike, grain weight/spike and 100-grain weight. In other
words, this family has long spike of many heavy grains as Sids4. Therefore,
multiple trait selection using selection index could be recommended to
overcome the drawbacks of single trait selection.

Table 9. Observed direct and correlated responses to pedigree selection -

for grain yield after two cycle of selection (Fg) in percentage of
the better-parent under normal irrigation conditions; season

2013/2014.

Selection Correlated traits '
Fam. No. criterion s

GY/P;g| DH |PH; cm|SL; cm| NS/P “’f’jw NGIS wc;/s, BY/P; g HI%
33 854 | 648 | 2566~ | 1110+| -3.79| 5.27 [12.83] 0.2 |-14.91~|27.55"
6 21.68" | 2.78" | -16.227] 1.6 |-10.1 |14.76"| 6.47° |21.10~] 5.04 |15.86™
127 38.87 |25.46"| -6.9" |-1416|3.56=] 0.11 |-9.41"] -6.99 |11.33" |24.69"
146 46 57 |28.70"| 16,54 49.27°| -1.99 | 5.72 |21.09"|-23.05+125.58" 18 64
b73 42637 |14.81"| 61 | 627 |12.55° 0.56 |-10.36"|-13.58"| 8.63" at.oa~
1372 35.57** |31.48**| 8.18* |-27.45"*(34.67**[-21.44™|-21.36**]-35.15**| 8.27™" |25.14**
377 56.75" |16.207| 17.66 ] -3.94 |48.65 022 |-9.70"| -9.74 |27.96" |22.45"
389 21.87° | 9.72" |17 98| 16.92|30.0116.39"] 33 | -0.81 |11.38"] 9.52*
432 38.96™ |33.337] 562 | 116 | 242 | 202 | 837 | 578 | 51 |a2.14~
52 64.96" |37.96"| 1.76 |26.43~|59.68~]-10.10"| -2.63 | -5.38 |32.26""|24.80~
Average 37.64" |20.69"| 8.9 | 11.07"]20.67| 4.55" | 4.36™ | 7.60** |12.07" |23.01~
L SD00sFamw | 997 | 2.74 | 6.28 | 6.74 |12.03] 9.09 | 538 | 1048 | 543 | 8.34
50001 Fam% | 13.49 | 3.71 | 8.52 | 9.14 |16.24] 12.46 | 7.30 | 14.31 | 7.35 [11.30
L 50005 Aver% | 7.39 | 2.03 ] 466 | 497 | 887 | 673 | 398 | 7.86 | 403 | 6.19
50001 Aver% | 10.01 | 2.75 | 6.32 | 6.74 |12.03] 9.26 | 5.42 [10.48 | 5.45 | 8.37

L.S.D (Fam.), to compare families with the better parent and the buik sample.
L.S.D (Aver.), to compare average with the better parent and the bulk sample.
*, **, significant at 0.05 and 0.01 level of probability; respectively.

The correlated gain under drought stress.

The average correlated gain (Tables 11 and 12) as measured from
the bulk sample was significant (p<0.01) for spike length (11.58%), biological
yield/plant (30.42%), harvest index (29.99%), number of spikes/plant
(59.70%), grain weight/spike (36.63%), number of grains/spike (23.49%) and
100-grain weight (14.87%). The average correlated gains as measured from
the better parent were positive and significant, and ranged from 8.59 for days
to heading to 25.85% for grain weight/spike. It could be noticed that selection

for grain yield/plant delayed maturity by 8.59% from the better parent, but, not.

from the bulk sample. The only family; No. 74 which showed significant
(p<0.01) negative (earlier) days to heading from the earlier parent Sids4 was
lower in grain yield/plant, biological yield/plant and number of spikes/plant.
The best families in grain yield; No. 202, No.296, No. 379, No. 389, No. 395

and No. 397 showed significant delay in maturity than the earlier parent. The

best two families which were early as the earlier parent Sisd4 and showed
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significant (p<0.01) grain yield/plant from the better parent Giza 168 of 26.46
and 59.72% were family No. 92 and No. 306; respectively. The first family

(No. 92) its grain yield/plant depended mainly upon its superiority in grain

weight/spike, number of grains/spike and 100-grain weight over the better
parent by 55.71, 44.56 and 11.75%; respectively. The second family (No.
306) its grain yield/plant depended mainly upon number of spikes/plant.

Table 10. Means of the studied traits of the selected fam8ilies for grain

yield after two cycles of selection under drought conditions.
100

PH; | SL; | NS/ NG/ | WG/ | BYI | GYI |,
Fam. No. DH | . | om P G\;v S sig | Pig | P:g HI%
13 75.00| 85.50 [17.17] 505 | 531 [119.81] 6.18 | 66.58 | 24.74 [37.20
74 68.67] 89.33 {17.33] 274 | 6.83 [87.04 | 5.45 | 50.16 | 15.76 |31.39
52 7267|7767 {16.67] 398 | 561 [100.37| 5.45 | 60.26 | 20.01 |33.16
202 78.33108.33[15.50| 6.10 | 6.13 [ 67.05 | 4.74 | 69.17 | 24.25 [35.08
096 92.67[114.17[14.17] 9.39 | 4.77 | 6462 | 3.76 | 75.15 | 26.42 [35.16
- 306 7167] 91.50 [13.50] 659 | 546 [ 71.26 | 3.94 | 66.90 | 25.27 {37.85
379 85.33] 78.00 [1433] 920 | 4.54 | 77.32 | 3.67 [ 77.98 | 30.63 {39.28
389 77.33] 88.83 [1550| 565 | 598 [ 6848 | 3.70 | 64.44 | 2210 [34.34
395 74.00] 91.50 [17.17] 768 | 550 [ 75.68 | 3.83 | 76.35 | 27.58 [36.11
397 ‘ 88.00] 85.50 [14.17] 7.92 | 535 [59.07 | 3.33 | 76.89 | 24.44 |31.81
Average " 178.37[ 91.03 [15.55] 6.43 | 555 | 79.07 | 4.40 | 68.39 | 24.12 [35.14
bulk 79.22191.83 {13.94] 403 | 483 [64.03 | 3.22 | 52.44 | 14.15 [27.03
Sids4 7217 81.72 {16.39] 323 | 502 [69.43 | 3.07 | 47.18 [ 11.64 [24.66
Giza168 92.17]102.53[15.26| 559 | 4.37 | 66.37 | 3.50 | 51.87 [15.82 [30.49
R.LSDO5Fam% | 136 | 408 [ 135077 | 041 | 401 | 0.86 | 403 [ 1.83 j2.97
R.L.S.DO1Fam% | 181 | 543 {173 [ 102 ] 054 [ 533 | 115 ] 636 | 2.43 |3.97
R.L.S.D05Aver %] 1.01 | 3.03 {100} 057 | 030 | 297 | 064 | 299 [ 1.36 |2.20
R.L.S.DO1Aver%| 134 | 403 [ 128 076 | 040 | 395 | 0.85 { 3.97 | 1.80 {2.94

R.L.S.D.(Fam.), to compare families with the better parent and the bulk sample.
R.L.S.D.{(Fam.), to compare average with the better parent and the bulk sample.
***_ Significant at 0.05 and 0.01 level of probability; respectively.

The effect of selection for grain yield/plant on genotypic correlation.

Under normal irrigation in the F4 (base population), the correlation
between grain yield and other traits were negative except with days to
heading which was weak and positive. Therefore, it is expected that selection
for high yielding families could cause lateness flowering, in other words
increase vegetative period, and plant height under favorable environment,
which affect biological yield and harvest index. So, the correlation between
grain yield (Table13) and the other traits changed from 0.02 to 0.71 for days
to heading, -0.12 to 0.48 for plant height, -0.57 to 0.67 for number of
spikes/plant, -0.81 to 0.91 for biological yieid/plant and from -0.46 to 0.17 for
harvest index, from F, to Fe-generation; respectively. Nouri-Ganbalani et al.
(2009) observed'no significant correiation between the grain yield and other
morphological characters under normal irrigation, but under the drought
stress conditions there were positive highly significant correlations between
the grain yield and the 1000-grain weight and number of tillers per plant.
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Table 11. Observed direct and correlated responses to pedigree selection for grain in yield after two cycle of
selection (F;) percentage of bulk sample under drought conditions; season 2013/2014.
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Selection Correlated traits

Fam. No. criterion

GY/ PH; SL; 100 NG/ WG/ BY/ o

Pig DH em cm NS/P GW; g ) S;g Pig. Hi%
13 74.83** -6.33* -6.89* 23.18* 25.45* 10.01* 87.11** 91.80** 26.97** 37.63**
74 11.36 -13.32** -2.72 2437 -32.01* 41,34 35.94** 69.17* -4.34 16.13*
92 | 41.35* -8.27** -15.42** 19.59* -1.11 16.15** 56.75*" 69.06"* 14.92™ 22.67*
202 71.34* -1.12 17.97+ 11.22* 51.62** 26.98** 4.72 47.09* 31.91* 29.77**
296 86.66** 16.97* 24.33% 1.65 133.22" -1.24 0.92 16.73** 43.31™ 30.07**
306 78.53* -9.54** -0.36 -3.13 63.72" 13.144* 11.29** 22.08 27.58* 40.02**
379 116.39** 771 -15.06** 2.85 128.41** -6 20.76** 13.75 48.72* 45.30**
389 56.15* -2.38* -3.26 11.22* 40.33" 23.81* 6.95 14.64 22.89™* 27.03*
395 94.84** -6.59*" -0.36 23.18* 90.77** 13.87 18.19** 18.65 45.60** 33.58*
397 7267 11.08** -6.89** 1.65 96.63** 10.70* -7.75* 3.36 46.64** 17.67*
lAverage 70.41** -1.08 -0.87 11.58™ 59.70* 14.87* 23.49™ 36.63* 30.42* 29.99*
L.S.D0.05 Fam % 14.91 1.98 5.13 10.05 22.11 9.52 722 | 2885 8.85 11.88
L.S.D0.01 Fam % 20.21 2.68 6.95 13.56 29.80 12.84 9.78 39.08 12.00 16.09
L.S.D0.05 Aver % 11.02 1.46 3.80 7.46 16.39 7.04 5.36 2140 6.56 8.80
L.S.D0.01 Aver % 14.98 1.98 5.15 10.05 221 9.52 7.25 28.85 8.91 11.95
L.S.D.(Fam.), to compare families with the better parent and the bulk sample.
L.S.D.(Fam.), to compare average with the better parent and the bulk sample.
*.**, Significant at 0.05 and 0.01 level of probability; respectively.
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Table 12. Observed direct and correlated responses to pedigree selection for grain yield after two cycle of
selection (F;) in percentage of the better-parent under drought conditions; season 2013/2014.

Selection -
Fam. No. ] eriterion Corrf;lated traits
GY/P;g DPH PH;em | SL; cm NS/P |100GW;g | NGIS | WGIS;g | BY/P; g HI%
13 56.41* 3.92 | -16.61* 4.74 -9.64 5.84- 72.56** | 76.67™ | 28.36™ | 22.02**
74 -0.38 -4.85" | -12.87* 576 -|-51.03**| 35.99* | 25.37* | 55.82** -3.3 2.96
92 26.46™* 0.69 -24.25* 1.69 -28.77* | 11.756* 44.56* | 55.711* | 16.18* 8.78
202 53.28** 8.54* 5.66™ |---5.43 9.21 22.18** -3.43 35.49** | 33.35* | 15.05*
296 66.99** 28.40* | 11.35" | -13.57* | 67.98** -4.98 -6.93* 7.51 44.88** | 15.31*
306 59.72* -0.7 -10.76** | -17.63* | 17.92* 8.83 2,63 12.45 28.97* | 24.14*
379 93.59** 18.24* | -23.92** | -12.55** | 64.51** -9.56* 11.37* 4.77 50.35™ | 28.82**
389 39.70* 7.15* |-13.36" | -543 1.07 19.12%* -1.37 5.59 24,23 | 12.62*
395 74.31* 2.54* -10.76* 4.74 37.40~ 9.56* 9.00* 9.29 47.19™ | 18.43*
397 54.48™ 21.93" | -16.61* | -13.57** | 41.62** 6.51 -14.92* -4.8 48.24™ 4.33
verage 52.46** 8.59** |[-11.21* | -513 15.03* 10.52* | 13.88* | 25.85* | 31.85™ | 15.24*
.5.D0.05 Fam % 13.34 2.18 5.76 8.54 15.92 9.16 6.65 26.57 8.95 10.53
L.S.D0.01 Fam % 18.08 2.94 7.81 11,53 21.47 12.35 9.02 36.00 12.13 14.27
L.S.D0.05 Aver % 9.86 1.61 4.27 6.35 11.81 6.77 4.94 19.71 6.63 7.81
L.S.D0.01 Aver % 13.40 2.18 5.79 8.54 15.92 9.16 6.68 26.57 9.00 10.59

L.S.D.(Fam.), to compare families with the better parent and the bulk sample.
L.S.D.(Fam.), to compare average with the better parent and the bulk sample.
***. Significant at 0.05 and 0.01 level of probability; respectively.
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However, the effect of selection for grain yield/plant on weight and
number of grains increased in the negative direction. These results indicate
that the most effective component in grain yield would be number of
spikes/plant. This was confirmed by the obtained results of selection.

Under drought stress, the genetic correlation between grain
yield/plant and the other traits before selection was positive except for days to
heading which was negative and weak (-0.09). Selection for grain yield/plant
under drought stress, the genotypic correlations with grain yield increased
from 0.84 to 0.90 for number of spikes/plant, from 0.87 to 0.94 for biological
yield/plant, from 0.29 to 0.82 for harvest index and from -0.09 to 0.58 for days
to heading from the F, to the Fg-generation; respectively. Otherwise, the
genotypic correlation between grain yield/plant and weight and number of
grains changed by selection from positive to negative selection. Ferdous et
al. (2010) observed harvest index showed significant and positive correlation
with grain yield/plant.

In the Fg-generation under both environments all the traits which
showed positive genotypic correlation with grain yield, days to heading, plant
height, biological yield/plant and number of spikes/plant showed negative
correlations with grain weight, number of grains/spike, and 100-garin weight.
Similar results are obtained by Ferdous et al. (2010).

Table 13. Genotypic correlation for selected families for grain yield
under irrigation (above diagonal) and drought (below
diagonal) in F¢-generation.

Trait DH PH SL | NS/P |100GW | NG/S | WG/S |BY/P {GY/P| HI

DH - 0.72 | -0.51 | 0.46 -0.46 047 | 047 | 052 | 0.71 0.39
PH 0.36 - -0.38 | 0.50 -0.31 -047 | -038 | 028 | 048 | 042
SL -0.67 | -0.25 - -0.54 0.83 0.41 063 1-0331%-020| 0.31
INS/P 083 | 030 | -0.72 -0.50 -0.34 | -040 | 065 | 0.67 | 0.01

100GW | -0.72 | 0.05 | 0.58 | -0.85 -
NG/S -0.52 | -0.47 | 0.71 | -0.58 0.08 -
WG/S 064 | -0.21 | 0.77 | -0.82 0.42 0.96 -
BY/P 0.76 | 017 | -0.57 | 0.96 -0.84 046 | -0.71

0.36 084 |-011]-007| 0.08
0.85 | -0.58 | -0.56 | 0.06
-0.32 | -0.31 | -0.01

- 091 [-026
GY/P 058 | 009 | 054 | 0.90 | -0.90 | -0.27 | 058 | 0.94 [ - | 047
HI 011 | 0.05 | 037 ] 052 | 073 | 014 | -019 | 057 | 082 |
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