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ABSTRACT

Direct and indirect selection for grain yield through 1000grain weight, spikelet fertility and spike density
were achieved in bread wheat at the Exper. Farm Fac. Agric., Minia Univ. Egypt during the three successive seasons
of 2016/17 to 2018/19. After two cycles of pedigree selection phenotypic variation of grain yield/plant, 1000grain
weight, spikelet fertility and spike density decreased rapidly from F2 base population to F4. Indirect selection
through high 1000 grain weight resulted in the highest grain yield/plant (23.62g) followed by direct selection for
grain yield/plant (20.66 g). Average direct gain for the ten selected families of direct selection for grain yield showed
highly significant increase in percentage of the bulk sample of 62.95% and the better parent of 39.25%. Pedigree
selection was effective in detecting the high yielding families. Family No. 145 gave significant (P<0.01) grain yield
in percentage of the better parent and bulk sample by 77.09 and 107.23%, respectively. Average direct response in
percentage of the bulk sample was significant and reached 21.08% for 1000 grain weight, 31.12% for spikelet
fertility and 7.27% for spike density. Three families; No. 15, No. 72 and No. 153 surpassed significantly the bulk
sample by 33.83, 43.01 and 29.28%, respectively, when selection practiced for 1000 grain weight. Family No. 145
considered to be a promising line in grain yield and spikelet fertility. High strong positive genotypic correlation was
found between grain yield with each of weight of spikes/plant (0.81), no. of grains/spike(0.71), weight of
grains/spike (0.91), 1000grain weight(0.92) and spikelet fertility(0.70).

Keywords: fertility; spike density; pedigree selection; genotypic correlation.

INTRODUCTION

In Egypt, wheat is the most important grain crop.
Wheat constitutes nearly 10% of agricultural production and
approximately 20% of all agricultural imports McGill et al.
(2015).In spite of a lack share of cereals as a source of food
energy, wheat still the main food as energy source from
daily calories intake in the Egyptian diet. Globally, Egypt is
the biggest importer of wheat. So, it’s necessary to increase
wheat production to decrease the imports. One of the means
of increasing unit area productivity is the breeding for high-
yielding varieties through pedigree selection method.
Khames et al. (2017) revealed that the direct pedigree
selection for grain yield/plant in wheat was an effective tool
for improving the grain yield and could be effective to
isolate high yielding lines. EI-Hosary et al. (2020) found that
pedigree method is considered the best breeding method for
grain yield/plant, spikes/plant, grains/spike and 1000- grain
weight. Meier et al. (2019) noted that the heritability of the
spike weight, no. of grains/spike, and grain yield/plant may
result in greater direct selection gains. El-Hosary et al.
(2011) evaluated the high selected lines for grain yield/plant
and 1000-grain weight, and indicated that indirect selection
for 1000-grain weight was more efficient in breeding for
superior yielding Fs lines. Cantrell and Haro-Arias (1986)
pointed to the effect of indirect selection for spikelet fertility
on grain yield. They found that the group selected for high
spikelet fertility exhibited significantly higher number of
grains/spikelet and grains/spike than the random group and
the groups selected for low fertility. Selection for spikelet
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fertility resulted in low significant of 1000 grain weight and
grains weight/spike in the groups of families selected for
high spikelet fertility. Iftikhar et al. (2012) reported that
spike characteristics like spike length, spikelets/spike,
grains/spike and 1000 grain weight had significantly
positive association with improved grain yield in wheat.
Yousaf et al. (2017) reported that thousand grain weight
could be used as selection criteria for selecting high yielding
genotypes for future use in hybridization programs. Guo et
al. (2017) noted that the morphology of the spike is crucial
in determining grain yield. The components of the spike
affect each other. The number and structure of these spike
components involve spike length, spike weight,
grains/spike, grain weight/spike, and spikelets/spike, that all
share to last grain yield/spike. Guo et al. (2018) reported that
the traits identified affect spike morphology i.e. spikelet
fertility, spikelet density can be used to improve grain yield.
This study aimed to compare the efficiency of indirect
selection for yield via spike traits compared to direct
selection for grain yield in bread wheat, and their effects on
phenotypic and genotypic correlations

MATERIALS AND METHODS

The field experiments were carried out at the Exper.
Farm of Fac. Agric., Minia Univ., Egypt during three
successive seasons i.e., 2016-2019. F, segregating
population derived from the cross Emaral x Nielain
(Triticum aestivum L.) was used.
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Tablel. The pedigree of the parents.

Parental cultivars

Pedigree

Emaral
Nielain

Kindly provided from Prof. Dr. Ezzat Mahdy — Prof. of plant breeding in Agronomy Dept. — Fac. of Agriculture. Assiut Univ.
S948.A1/7*SANTA ELENA (CMH72A.390-0SDN)

In 2016/2017 season, 600 F; individual plants from
the population were grown in 3 non-replicated plots. Each
plot consisted of 10 rows, 2 m long and 30 cm apart. Grains
were sown on November 20", 2016 and spaced 10 cm
within a row to give average 20 individual plants/row. The
two parents were grown in separate plots. Data were
recorded on 200 plants chosen randomly from the
population. Pedigree selection was practiced as follows: 1-
Direct selection for grain yield (The highest 20 plants in
grain yield). 2-Indirect selection for each of the highest 20
plants in 1000 grain weight, the highest 20 plants in spike
density and the highest 20 plants in spikelet fertility. An
equal number of 2 grains from each plant (600 plants) were
bulked to give F, random bulk sample for the population.

In 2017/2018 season: the eighty selected plants (Fs-
generation) from the population along with the parents and
the bulk sample were sown in rows on November 20", 2017
in a randomized complete block design of three replications.
The plot size was one row, 1.5 m long, 30 cm apart and 5
cm between grains within a row. The recommended cultural
practices for wheat production were adopted throughout the
growing seasons. At the end of the season, the best plant
from each of the best 10 families was saved to give 40
selected plants; 10 plants for each selection criterion.

In 2018/2019 season: the forty selected plants (F-
generation) from the population along with the parents and
the bulk sample were sown on November 20", 2018 in a
randomized complete block design of three replications.
The same procedures of the previous season were followed.
The following characteristics were measured on the basis of
ten guarded plants per row from each row, hence the mean
of the ten plants was calculated. Plant height [PH, cm],
Spike length [SL, cm], No. of spikes/plant [NS/P], No. of
spikelets/spike [NST/S], No. of grains/spike [NG/S],
Weight of grains/spike [WG/S, g], Grain yield/plant [GY/P,
g], 1000-grain weight [1000-GW, g], Spike density SD =
[NST/SL], Spikelet fertility SF = [NG/S] / [NST/S]. Data
were statistically analyzed according to Steel and Torrie
(1980). Means of genotypes were compared using Revised
LSD test at 5% and 1% level of probability, according to El-
Rawi and Khalafala (1980).

The phenotypic (PCV %) and genotypic (GCV %)
coefficients of variability were calculated as outlined by
Burton (1952).

Estimates of broad sense heritability (H) in Fo-
generation:

6’E=(c’P1+ 0’ P2) /2,
Where P, and P; are the two parents. 6°G = 6F; - ¢°E, H= 6°G/6?F;

Estimates of the expected genetic advance (AG) in
F2-generation AG = i op H, where i=selection intensity, op
is the phenotypic standard deviation and H is the heritability
of the trait.

Estimates of in heritability broad sense Fs-generation
were calculated from variance components according to
Walker (1960).

Realized heritability h? = R “response to selection” /
S “selection differential” as mentioned by Falconer, 1989.

The significance of the 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.

LSD Family =t.

better parent and the bulk sample.

LSD Average = t.JMse/r + Mse/fr to compare
average of the families with the better parent and the bulk
sample.

RESULTS AND DISCUSSION

1- Description of the base population.

Means and variances of the F,-generation are
presented in Table 2. Comparing the population mean of plant
height (106.87cm) and NST/S (23.40) with mean of the two
parents indicates dominance towards the lower parent Nielain
which gave 106.52cm for plant height and 24.13 for NST/S.
However, mean spike length (15.21cm) showed nearly no-
dominance, where the parental mean was 16.99 cm.
Population mean in no. of spikes/plant (12.44), weight of
spikes/plant (39.30g) and grain yield/plant (22.14g) showed
over dominance with regard to the two parents.

Concerning days to heading, no. of grains/spike,
weight of grains/spike, spike density and spikelet fertility
showed nearly no dominance in which the population mean
was close to the parental mean. Yadav and Singh (2011)
found that knowledge of nature of gene action, correlation
among traits, heritability and genetic advance help the
breeders in determine the most appropriate breeding
procedure to enhance the genetic potentialities and to make
breakthrough in the productivity of crop.

The coefficient of variation in grain yield was very
high (66.42%) ranging from 1.65 to 70.01 g indicating
possibility selection for grain yield in Fp-generation. The
coefficient of variability for spike characteristics, 1000-
grain weight, spike density and spikelet fertility were 22.95,
23.17 and 32.96%. This enhanced chance of selection for
spike characteristics. High values of heritability in broad
sense were estimated for all traits and ranged from 74.93 for
spike density to 99.81% for weight of spikes/plant. Similar
results were reported by Mahdy et al. (2012), Rasha, Mahdy
etal. (2012), Hamam (2014) and Khames et al. (2017).

High genetic variance for the studied traits resulted
in high heritability in broad sense and high values of
expected genetic advance under selection of the highest
10% plants, /from the base population. Expected genetic
advance from selection as percentage of population mean
reached 54.00% for grains/spike, 57.00% for spikelet
fertility, 98% for spikes/plant, 118% for weight of
spikes/plant and 112% for grain yield/plant. These high
estimates could be the result of high level of heterozygosity
in F2-generation, dominance and over dominance effects.

/ZMﬁ to compare families with the
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Table 2. Description of base population and the two parents in Fz-generation (2016/2017 growing season).

DH PHcm SLecm NS/P  WS/Pg NST/S NG/S WG/Sg 1000-GW,g GY/P,g SD SF
Mean 87.75+ 106.87+ 1521+ 1244+ 3930+ 2340+ 5889+ 238+ 4133+ 2214+ 158+ 253+
+SE. 0.50 1.57 0.18 0.49 1.87 0.25 134 0.06 0.67 1.04 0.03 0.06
F2-Variance 49.67 490.22 6.50 48.74 70196 1254 36037 0.76 89.99 21628 013 0.69
CV% 803 2072 1676 5612 6742 1516 3224 36.62 22.95 66.42 2317 32.96
Min. 7200 48.00 6.00 2.00 5.00 1600 1400 057 18.50 1.65 0.77 050
Max. 103.00 14500 2200 4100 15400 29.00 109.00 4.98 94.44 70.01 350 5.06
Emaral P1 99.89 12578 23.40 2.98 1382 2748 78.64  3.68 54.86 1172 118 286
Nielain P2 93.01 106.52 10.58 4.39 1084 2413 4654 190 50.90 1052 230 193
32 P1 8.61 13.46 2.18 0.09 0.91 0.93 1944  0.02 6.43 5.25 0.01 0.02
32 P2 1563 13.70 0.81 0.29 1.70 0.99 1165 015 30.07 1284 006 0.02
H% 7560 9723 77.03 9961 99.81 9234 9569  88.62 79.72 9582 7493 9743
GA 938  37.89 3.46 1224 4654 5.76 31.97 1.36 13.31 2480 048 143
AGA/mean% 11.00 3500 23.00 98,00 118.00 25.00 54.00 57.00 32.00 112,00 31.00 57.00

8= variance, H%= heritability in broad sense, GA= expected genetic advance.

2. Evaluation of the 2" cycle of pedigree selection, Fa-
generation; season 2018/2019

1. Variability and heritability estimates
Mean squares showed significant differences
(p<0.01) among the selected families of the studied traits for
each selection criterion in Fs-generation as presented in
Table 3. This refers to presence enough variation for further
cycles of selection for these traits. Similar results were
obtained by Mahdy et al. (2015) and Khames et al. (2017).
After two cycles of pedigree selection for grain
yield/plant, 1000 grain weight, spikelet fertility and spike
density, the PCVV% decreased rapidly to 23.87, 12.94, 14.80
and 14.25%, respectively in F4 (Table 3) compared to 66.42,
22.95, 32.96 and 23.17%, respectively in F, base population

(Table 2). The variability was estimated as CV % in the F-
generation and as PCV % in the Fs-generation. Phenotypic
coefficient of variability (PCV%) was slightly larger than
genotypic one (GCV%) for each selection criterion and the
other correlated traits. The same trend for the other correlated
traits of each selection criterion was observed. Mahdy et al.
(2012), Salous et al. (2014) and Abd El-Rady (2017) found
that the genotypic variance was slightly less than the
phenotypic variance and generally decreased from the base
population (F3) to the Fs-generation.

The four selection criteria recorded high estimates of
broad sense heritability; 92.76% for grain yield/plant, 87.62
for spikelet fertility and 96.16 for spike density, while 1000
grain weight showed moderate heritability 65.74%..

Table 3. Mean squares, Heritability in broad sense (H%), Realized heritability (h?), Genotypic (GCV%) and
phenotypic (PCV%) coefficients of variation of the studied traits in selected families for each selection

criterion in F4-generation (season 2018/19).

Sel. Grain
criterion yield/Plant
SV df DH PH SL NS/P  WS/P NST/S NG/S WG/S 1000-GW GY/P_ SF sD
Reps 2 19.92 7172 062 152 51.67 1.99 24.89 0.34 129.2 736 001 O
Families 12 120.36** 938.95** 26.71** 2.87** 176.15** 7.98** 508.93** 2.50** 119.07* 72.98** 0.52** 0.21**
Error 24 1184 66.86 067 0.82 10.28 0.5 3365 0.32 53.9 528 004 0.01
H% - - - - - - - - - - 92.76 - -
GCV% - 566 12.48 1759 1487 2448 5.95 1644 2253 9.58 2299 1387 16.3
PCV% - 596 12.94 1781 1758 25.23 6.15 1701 2411 12.95 2387 1445 16.55
h? - - - - - - - - - - 71.54 - -
1000 grain weight
Reps 2 13 27.87 1.03 097 3.64 0.86 2131 0.16 9.77 562 007 O
Families 12 129.08** 1081.88** 23.89** 4.39** 184.77** 10.95** 511.35** 1.48** 132.86* 132.04**0.73** 0.22**
Error 24 1742 65.65 075 0.64 15.95 0.7 26,63 0.16 45.52 521 004 0.01
H% - - - - - - - - - 65.74 - - -
GCV% - 575 12.59 16.78 184 225 7.08 1747  18.01 10.49 2753 17.19 16.75
PCV% - 6.8 12.99 1705 199 23.54 7.32 1795 19.05 12.94 2809 17.65 17.04
h? - - - - - - - - - 45.38 - - -
Spikelet fertility
Reps 2 7172 28 009 129 41.8 1.64 438 0.53 2215 6.13 0 0
Families 12 116.75** 1025.56** 24.01** 2.72** 135.74** 6.68** 503.75** 2.34** 128.53* 59.57** 0.54** 0.21**
Error 24 1477 76.06 048 047 8.77 0.46 50.59 0.27 47.23 456 0.07 0.01
H % - - - - - - - - - - - 8762 -
GCV% - 554 13.19 1695 1645 22.85 5.52 16.39 2177 10.63 2169 13.85 16.42
PCV% - 592 13.71 1712 18.07 2362 5.72 1728 2313 13.37 2257 148 1664
h? - - - - - - - - - - - 3425 -
Spike density
Reps 2 16.69 13 145  0.89 29.01 3.01 27.09 0.08 15.25 18 004 O
Families 12 132.49** 913.12** 21.17** 6.34** 137.72** 9.49** 400.87** 0.84** 110.99* 118.20**0.61** 0.19**
Error 24 12 50.22 048 091 11.74 0.8 4756  0.13 50.33 545 0.09 0.01
H % - - - - - - - - - - - - 96.16
GCV% - 59 12.22 1861 2187 2383 6.86 1621  14.63 9.32 3042 1545 13.98
PCV% - 625 12.57 1882 2364 2491 7.17 17.27 1594 12.61 31.15 16.68 14.25
h? - - - - - - - - - - - - 70.00

*and **; significant at 0.05 and 0.01 level of probability, respectively

The realized heritability of criteria grain yield/plant,
1000 grain weight, spikelet fertility and spike density were
71.54, 45.38, 34.25 and 70.00%, respectively (Table 3).

These values were lower than heritability in broad sense
those calculated form variance components. The high values
of broad sense heritability in Fs-generation calculated from

243



Fouad, H. M. et al.

the expected mean squares could be attributed to evaluation
the selected families in one location for one season. Other
than if the evaluation was done in different years and
locations. Furthermore, high values of heritability might be
resulted from the effects of dominance and gene
interactions. Meier et al. (2019) found significant genetic
differences in days to flowering, spike weight, spike length,
no. of spikelets, kernel weight and no. of kernels in different
wheat genotypes. The wheat lines showed a high ability for
improving these traits via selection. The wheat lines
presented high phenotypic variance for the plant height PH,
no. of tillers and no. of kernels, which was mostly attributed
to the lower environmental variation. The higher heritability
values for SW and KW were more than 70%. The
heritability of the spike weight, no. of kernels, and kernel
weight reveals that selection of these traits may result in
greater direct selection gains.
2. Means of the studied traits of each selection criteria
Selection for 1000 grain weight resulted in the
highest grain yield per plant (23.62 g.), followed by direct
selection for grain yield per plant (20.66 g.). Selection for
spikelet fertility recorded the lowest grain yield (19.74 g.)
(Table 4). El-Hosary et al. (2020) considered that pedigree
method is the best method to improve grain yield/plant,
spikes/plant, grains/spike and 1000-grain weight.

Regarding the effect of selection criteria on the other
correlated traits; selection for 1000 grain weight gave the
highest 1000 grain weight 51.42 g., followed by selection
for high spikelet fertility 48.97 g. Selection for high grain
yield and spikelet fertility almost gave the same value of
spikelet fertility (2.88) followed by selection for 1000 grain
weight (2.79). Moreover, selection for spike density
recorded the lowest spikelet fertility (2.70). Concerning,
spike density, results of selection indicated that selection
high for spike density gave the highest spike density 1.77,
followed by the three other selection criteria (Table 4).

Regarding effect of selection criteria on correlated
traits; selection for grain yield gave the highest values of
spike length 16.75 cm, no. of spikelets/spike 26.52 and no.
of grains/spike 76.55. Selection for 1000 grain weight gave
the tallest plant (146.17 cm) and the highest weight of
spikes/plant (33.33 g). Also, selection for spikelet fertility
gave the highest grains weight/spike (3.82 g). The highest
spikes/plant (6.15) recorded from selection for spike density
(Table 4). El-Hosary et al. (2011) estimated the response to
individual plant selection in early generation through direct
and indirect selection to increase grain yield. The results
indicated that indirect selection was more efficient in
breeding forward superior yielding Fs lines.

Table 4. Average of studied traits of the selected families in the four selection criteria, means of the two parents and

the bulk sample in Fs-generation, season 2018/19

Criteria DH PH;cm SL;cm NS/P  WS/P;g. NST/S NG/S WG/S;g. 1000GW;g. GY/P;g. SD SF
GY/P;qg. 10620 13667 16.75 556 30.37 26.52 76.55 3.79 48.65 2066 160 288
1000 GW;g. 106.10 146.17 1655 6.08 3333 26.12 72.75 3.69 51.42 2362 159 279
SF 10533 13483 1653 527 28.48 26.07 74.98 3.82 4897 1974 159 287
SD 106.30 13883 1411 6.15 27.20 24.80 66.94 332 48.24 2016 177 270
LSD 5% 218 445 040 049 163 042 350 0.26 ns 128 003 013
LSD 1% 2.89 5.92 053 0.66 217 056 465 0.34 ns 1.70 004 018
Emaral 110.33 167.00 21.83 3.74 28.03 29.37 7742 3.36 4855 1484 134 264
Nielain 98.33 12867 10.63 5.28 27.30 25.60 47,78 242 4737 1293 242 187
Bulk 98.33 137.00 15.77 493 29.59 25.90 56.58 242 4247 1268 165 219

3. Observed direct and correlated response of the
studied traits

Average direct observed genetic gain for the ten
selected families for direct selection criterion; grain yield
showed significant increase (P<0.01) in percentage of the
unselected bulk sample by 62.95% and the better parent
(Nielain) by 39.25% (Table 5). These results indicate that
pedigree selection was effective in detecting the high yield
families. These results agree with those reported by Salous et
al (2014), Mahdy et al. (2015), Abd El-Rady (2017) and
Khames et al. (2017). The average correlated genetic gains
showed significant increase over the bulk sample for no. of
grains/spike (35.31%), weight of grains/spike (56.23%),
spikelet fertility (31.71%) and days to heading (8.00%), and
significant decrease (P<0.01) for plant height (-18.16%),
spike length (-23.28), spikelets/spike (-9.69%) and spike
density (-33.94%).

Based on the individual families, seven families; No.
2, No. 58, No. 126, No. 137, No. 138, No. 143 and No. 145
significant out yielded (P<0.01) the bulk sample by 97.85,
46.88, 86.80, 93.56, 82.75, 46.86 and 107.23%, respectively.
From these families, five families; No. 2, No. 126, No. 137,
No. 138 and No. 145 significant out yielded (P<0.01) the
better parent by 69.07, 59.63, 65.40, 56.17 and 77.09%,
respectively. Family No. 145 gave the highest significant
(P<0.01) grain yield in percentage of the better parent and
bulk sample by 77.09 and 107.23%, respectively. Grain yield
of this family depended on significant increase (P<0.01) in

weight of spikes/plant, no. of grains/spike, weight of
grains/spike and spikelet fertility by (55.58 and 64.21%),
(68.50 and 23.13%), (129.40 and 65.34%) and (54.16 and
27.81%) in percentage the bulk and better parent,
respectively. Moreover, this family No. 145 recorded
significant (P<0.01) decrease in spike density -14.89 and -
42.11% in percentage the bulk sample and the better parent,
respectively. Family No. 2 recorded second high yielding
family by 97.85 and 69.07% in percentage bulk and better
parent, its high grain yield depended on the significant
(P<0.01) increase in number of spikes/plant (41.22 and
32.00%) and weight of spikes/plant (35.52 and 43.04%) in
percentage bulk and better parent, respectively (Table 5). In
addition to family No. 2 recorded highly significant increase
in no. of grains/spike (30.76%), weight of grains/spike
(57.78%), 1000-grain weight (29.75%) and spikelet fertility
(33.05%) compared to the bulk sample. Family No. 137
recorded third high vyielding family compared to bulk
(93.56%) and better parent (65.40%). Family No. 137 gave
positive significant in weight of spikes/plant (27.11 and
20.43%) compared better parent and bulk, respectively.
Furthermore, it showed significant increase compared to bulk
sample in plant height (11.92%), number of grains/spike
(21.18%), spikelet fertility (20.65%), and highly significant
increase in days to heading (15.93%) and weight of
grains/spike (59.67%). However, it recorded negative
significant (P<0.01) decrease in spike length (-28.40%),
spikelets/spike (-11.58%) and spike density (-31.34%).
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Family No. 138 gave significant (P<0.01) increase in weight
of grains/spike (86.16%), spikelet fertility (39.21%), increase
(P<0.05) in spikelets/spike (6.18%) and 1000 grain weight
(32.89%) compared to bulk sample, and weight of
grains/spike (34.18%) and spikelet fertility (15.42%)
compared better parent. However, it showed significant
decrease compared to better parent of plant height (-15.17%),
spike length (-21.53%) and spikelets/spike (-6.36%).

The average direct genetic response to selection for
1000 grain weight (Table 6) in percentage of the bulk
sample was significant positive (21.08%) but was not
significant in percentage the better parent (5.90%). El-
Hosary et al. (2011) indicated that selection for grain
number, number of spikes/plant and 1000-grain weight was

The average correlated genetic grain of the ten
selected families for 1000 grain weight showed significant
increase (P<0.01) from the bulk sample in days to heading
(7.90%), no. of spikes/plant (23.20%), no. of grains/spike
(28.58%), weight of grains/spike (52.15%), grain yield/plant
(86.27%) and spikelet fertility (27.77%), significant increase
for in percentage the better parent in days to heading (7.90%),
weight of spikes/plant (18.91%) and grain yield/plant
(59.17%%). However significant (P<0.01) decrease in
percentage of better parent for plant height (-12.48%), spike
length (-24.20%), no. of spikelets/spike (-11.07%) and spike
density (-34.31%) (Table 6).

efficient in isolating superior yielding Fs lines.

Table 5. Observed direct and correlated genetic response to selection for grain yield/plant in percentage of the bulk
sample and better parent of the studied traits of the selected families in the Fs-generation (season 2018/19)

Families GY/P DH PH SL NS/P WS/P

Bulk B.P Bulk B.P Bulk B.P Bulk B.P Bulk B.P Bulk B.P
2 97.85%* 69.07** 712  7.12* 827  -1118%* -296 -29.92%* 4122* 3200* 3552** 43.04**
3 271.28 876  10.51** 10.51** 706  -1218* -106 -2855** -22.97 -28 -21.14*  -16.77
58 46.88** 2551 1051** 10.51** -2457** -38.12** 021 -27.63** 3423* 2547 -2858** -24.61*
75 25.08 6.89 5.08 5.08 219  -16.17** -16.91%* -4000** 2297 1495 -27.00** -22.95*
126 86.80** 59.63** 19.66** 19.66** 11.92* -818 26.64** -855** 1351 611  2155* 28.30**
137 9356** 6540** 1593 1593** 11.92* -8.18 -085 -2840** 2297 1495 2043* 27.11%*
138 82.75%* 56.17**  3.05 3.05 341  -1517%* 867 -2153** 0.68 -5.89 522 11.06
143 46.86** 255 203 203 -511  -2216** 13.74** -1786** -608 -1221 -1021  -523
145 107.23** 77.09**  -1.02 -1.02 341  -1517** 2833** -7.33* 2.7 -4 55.58** 64.21**
160 15.19 -1.57 712 712  -2092** -3513** 655 -2305** 1858 1084 -24.86** -20.69*
Average 62.95%* 39.25** 800** 8.00** 024 -1816** 624 -2328** 1278 542 2.65 8.35
LSD5%Fam  30.55 26.1 59 5.9 10.06 8.25 8.73 6.3 3088 2886  18.26 19.27
LSD1%Fam 414 35.37 7.99 7.99 13.63 1118  11.83 854 4184 3911 2475 2612
LSDS%Avg  22.65 19.36 437 4.37 7.46 6.12 6.47 4.68 229 214 1354 1429
LSD1%Avg 307 26.23 593 5.93 10.11 8.29 8.77 6.34 3103 2901 1835 19.37
Families NST/S NG/S WG/S 1000-Gw SF SD

Bulk B.P Bulk B.P Bulk B.P Bulk B.P Bulk B.P Bulk B.P
2 -18  -1339** 30.76** -445  57.78** 1372 29.75* 1349 3305 1031 101 -31.30**
3 064  -1124* 5203** 1109 59.80** 1517 2049 539 50.72** 2496 163 -30.88**
58 -206  -13.62** 27.57** -6.78 17.65 -15.2 -832  -1981 2980** 7.62 -248  -33.67**
75 -721** -18.16** 1306 -17.38**  7.28 -22.68 0.55 -1205 2168** 089  11.52*%* -24.15**
126 14.16** 068 50.38** 9.89 7158 2367 2316 772 3184 93 -9.73*  -38.60**
137 026  -1158** 21.18* -1145 59.67** 1509 2425 869  20.65* 0.3 094  -31.34**
138 6.18*  -6.36** 4789** 807 86.16**  34.18* 3289* 1624 3921 1542* -238 -33.60**
143 142 -10.56** 2842** -6.16 52.21* 9.7 15.23 079 2628 469 -1097* -30.45**
145 9.27** -363  6850** 23.13** 12940** 65.34** 22.76 738  5416* 27.81** -14.89** -42.11**
160 3.09 -908** 1325 -17.24** 208 -1294  -1523 -25.85*  9.75 -9.01 -344  -34.32**
Average 2.39 -969** 3531** -113  56.23** 126 1455 02 31717 92 -288  -33.94**
LSD5%Fam  4.59 4.05 1728 12,63 39.12 2819 2013 2548 1564 1297 8.23 5.6
LSD1%Fam  6.22 549 2342 1711 53.01 3821 3948 3453 212 1758 1115 7.59
LSD5%Avyg 34 3 12.81 9.36 29.01 2091 2161 18.9 11.6 9.62 6.1 415
LSD1%Avg  4.61 4.07 1737 1269 39.31 2833 2928 2561 1572  13.03 8.27 5.63

*and ** significant at 0.05 and 0.01 level of probability.

Based on the individual families, three families; No.

15, No. 72 and No. 153 surpassed significantly the bulk
sample in 1000-grain weight by 33.83, 43.01 and 29.28%,
respectively. Family No. 15 recorded significant (P<0.01)
increase over the bulk sample in plant height (14.36%),
spikes/plant (39.19%), weight of spikes/plant (40.26%), no.
of grains/spike (24.75%), weight of grains/spike (64.51%),
grain yield/plant (105.24%) and spikelet fertility (21.97%).
Family No. 72 showed significant increase of 1000-grain
weight (25.09%) in percentage better parent. All families
except No. 111 showed significant or insignificant increase
in 1000-grain weight, also showed significant (P<0.01)
increase in grain yield/plant compared to the bulk sample.
The same results were found based on the better parent with
exception families No. 96 and No. 111.

Average direct gain from two cycles of selection for
spikelet fertility showed significant increase of (31.12%) in
percentage the bulk sample but compared to the better parent

the ten families recorded insignificant increase (8.71%)
(Table 7).

The average genetic gain for the correlated traits
showed significant (P<0.01) increase in percentage the bulk
sample in days to heading (7.12%), number of grains per
spike (32.53%), weight of grains/spike (57.54%) and grain
yield/plant (55.67%). The average correlated gain in
percentage the better parent showed highly (P<0.01)
significant decrease in plant height (-19.26%), spike length (-
24.31%), spikelets/spike (-11.21%) and spike density (-
34.30%), with exception the days to heading which recorded
increase (7.12%). All the selected families except No. 3 and
No. 160 surpassed the bulk sample in spikelet fertility and
grain yield. Two selected families No. 3 and No. 145 showed
significant (P<0.01) increase in percentage the better parent.
Al selected families exceeded bulk sample in spikelet fertility
except families No. 44 and No. 160.
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Table 6. Observed direct and correlated genetic response to selection for 1000 grain weight in percentage of the bulk
sample and better parent of the studied traits of selected families 1000 grain weight in Fs-generation (season

2018/19).

Families 1000 Grain Weight DH PH SL NS/P WS/P

Bulk B.P Bulk B.P Bulk B.P Bulk B.P Bulk B.P Bulk B.P
15 33.83* 17.06 6.1 6.1 14.36**  -6.19 148  -26.72** 39.19** 30.11* 40.26** 48.04**
38 22.45 711 2.03 2.03 706 -1218* -338 -30.23** 223 1432 2077 2747
72 4301  2509* 1254** 1254* 13.14* -7.19 -486 -31.30** 2635 1811 13.89 20.21
79 25.82 10.06 034  -034 706 -1218* 211  -26.26** 4527** 3579** 33.38** 40.78**
90 20.64 553 4.75 475 1436 -6.19 042 -2748** 2297 1495 -19.23 -14.74
96 8.79 -4.84 712 712 462  -14177* 127 -26.87** 51.35%* 4147 30.00* 37.22**
111 -18.68 -28.87* 542 542  -31.87*%* -4411** -296 -29.92** -31.48* -35.95** -5516** -52.68**
126 23.16 772 1966* 19.66** 11.92* -818* 2664** -855* 1351 6.1 2155  28.30*
153 29.28* 13.08 3.73 3.73 584 -1317** 106 -27.02** 1351 6.11 7.02 12.96
198 22.45 711 17.97* 17.97%* 2044* 12 2791 -763* 29.05* 20.63 34.06** 4150**
Average 21.08* 59 790 7.90** 6.69 -1248** 497 -24.20** 23.20* 15.16 12.65 18.91*
LSD5% Fam  26.77 2342 7.15 7.15 9.97 8.18 9.26 669 2725 2548 2275 24.01
LSD1% Fam  36.28 31.74 9.69 9.69 1351 11.08 12.55 9.06 3693 3452 30.83 3254
LSD5% Avg  19.86 17.37 53 53 7.39 6.06 6.87 496 2021 1889 16.87 17.81
LSD1% Avg  26.91 23.54 7.19 7.19 10.02 8.22 9.31 6.72 27.39 25.6 22.86 24.13
Families NST/S NG/S WG/S GY/P SF SD

Bulk B.P Bulk B.P Bulk B.P Bulk B.P Bulk B.P Bulk B.P
15 1.93 -10.10*%* 24.75%* -884 6451 1857 105.24** 75.39** 21.97** 113 025  -31.82**
38 -631*  -17.37*%* 30.21** -485 58.01** 1389 139.46** 104.63** 38.69** 14.99* -311 -34.10**
72 7.46%* -522* 1678 -1467* 6566** 194 100.60** 7142*>* 86 0996 12.78** -2329**
79 4.76 -760** 1854* -1338* 3559* -227 10565** 7574 1321 -6.14 248  -30.30**
90 232 -1385** -16.68* -39.12** 3331* -392 60.90** 37.49** -1469 -29.27** -283 -33.91**
96 -7.85** -18.73** 39.85** 22 5039 84  11105%* 80.35** 51.73** 2579** -911* -38.18**
111 -9.14*  -19.86** 31.16** -4.16 -413  -30.90** -2343  -3457* 44.42** 19.74* 632 -36.28**
126 14.16%* 068 50.38** 989  7158* 2367* 86.80** 59.63** 31.84** 93 -9.73* -38.60**
153 0 -11.80** 3137 -4 68.04** 21.11* 6755* 43.18% 31.13** 872 -1.21  -32.81**
198 566*  -681** 5047** 1653** 7850** 28.65** 108.84** 78.46™** 50.85** 2507** -17.43** -43.84**
Average 0.84 -11.07%* 2858** -604 5215 966  86.27** 59.17** 27.77** 59 -342  -34.31*%*
LSD5% Fam 545 481 1537 1123 2745 19.79 30.33 2592 1505 1247 8.72 5.93
LSD1% Fam  7.39 6.52 2083 1522 37.2 26.82 411 3513 2039 169 11.82 8.04
LSD5% Avg  4.05 357 114 833 20.36 14.68 2249 1922 1116 9.25 6.47 44
LSD1% Avg 548 4.83 1545 1129 27.59 19.89 30.48 2605 1512 1254 8.76 5.96

*and ** significant at 0.05 and 0.01 level of probability.

Table 7. Observed direct and correlated genetic response to selection for spikelet fertility in percentage of the bulk
sample and better parent of the studied traits of selected families in F4-generation (season 2018/19 ).

Families Spikelet fertility DH PH SL NS/P WS/P

Bulk B.P Bulk B.P Bulk B.P Bulk B.P Bulk  BP Bulk B.P
1 27.59**  5.78 1.36 1.36 -12.41*  -28.14**  8.67* -21.53** -20.95 -26.11* -11.45  -6.54
3 50.72** 24.96** 10.51** 10.51**  7.06  -12.18** -106 -2855** -22.97 -28.00* -21.14* -16.77
44 14 -5.48 17.63** 17.63**  9.49 -10.18* -18.82** -41.37** 854 146 -25.54** -21.40*
56 39.08** 1531  4.07 4.07 11.92* -8.18 275  -25.80** 30.18* 21.68  2.97 8.68
58 29.80** 7.62 10.51** 10.51** -24.57** -38.12** 021  -27.63** 34.23** 25.47* -28.58** -24.61**
137 20.65*  0.03 15.93** 15.93** 11.92* -8.18 -0.85  -2840** 2297 1495 2043* 27.11**
138 39.21** 1542  3.05 3.05 341  -15.17** 8.67* -21.53** 0.68 -589 522 11.06
143 26.28*  4.69 2.03 2.03 511 -22.16** 13.74** -17.86** -6.08 -12.21 -1021  -523
145 54.16** 27.81** -1.02 -1.02 341  -15.17** 2833** -7.33** 27 -4 5558** 64.21**
160 9.75 -9.01 712 712 -20.92** -3513** 655  -23.05** 1858 10.84 -24.86** -20.69*
Average 31.12** 871 7.12** 7.12*%* -1.58 -19.26 482 -2431** 679 -018 -3.76 1.58
LSD5% Fam  19.93 1652  6.59 6.59 10.73 8.8 7.38 5.33 2333 2181 16.87 17.81
LSD1% Fam 27 2239 893 8.93 14.54 11.93 10 7.22 31.62 2955 2286 @ 24.13
LSD5% Avg  14.78 1225 489 4.89 7.96 6.53 5.47 3.95 173 1617 1251 1321
LSD1% Avg  20.03 16.6 6.62 6.62 10.78 8.84 7.42 5.36 2345 2192 16.96 17.9
Families NST/S NG/S WG/S GY/P 1000-GW SD

Bulk B.P Bulk B.P Bulk B.P Bulk B.P Bulk  B.P Bulk B.P
1 0.64 -11.24** 2850* -6.1 77.43** 27.88*  28.86* 1011 39.95** 2242 -756 -37.13**
3 0.64 -11.24**5203** 11.09 59.80**  15.17 27.28 8.76 2049 5.39 163 -30.88**
44 -0.78** -20.43** 287 -24.83** 30.49 -5.95 33.16* 1379 1358 -0.65 10.92** -24.56**
56 -296  -14.42** 35.08** -1.29 41.81* 221 74.96** 4951** 761 -587 -574 -35.89**
58 -2.06  -13.62** 27.57* -6.78 17.65 -152  46.88** 2551* -832 -1981 -248 -33.67**
137 026 -11.58** 2118 -1145 59.67** 1509 9356** 6540** 2425 8.69 094 -31.34**
138 6.18** -6.36** 47.89** 8.07 86.16** 34.18* 82.75** 56.17** 32.89* 16.24 -2.38 -33.60**
143 142 -10.56** 28.42* -6.16  52.21** 9.7 46.86** 25.50* 1523 0.79 -10.97* -39.45**
145 9.27%*  -3.63 6850** 23.13** 120.40** 65.34** 107.23** 77.09** 2276 7.38 -14.89** -42.11**
160 3.09 -0.08** 1325 -17.24* 20.8 -12.94 15.19 -157  -1523 -25.85* -3.44 -34.32**
Average 0.67 -11.21** 3253** -316  57.54** 1355 55.67** 33.03** 1532 0.87 -34  -34.30**
LSD5% Fam 4.4 388 2119 1548 35.9 25.87 28.39 2426 2727 2386 7.58 5.16
LSD1% Fam  5.96 526 2871 20.98 48.65 35.06 38.47 3287 3696 3233 10.27 6.99
LSD5% Avg  3.26 288 1571 1148 26.62 19.19 21.05 1799 2023 1769 562 3.82
LSD1% Avg 442 3.9 21.29  15.56 36.08 26 28.53 2438 2741 2397 7.62 5.18

*and ** significant at 0.05 and 0.01 level of probability.
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One of the main goals of this study was develop high
yielding lines combined with high spikelet fertility from the
first parent Emaral (long spike) and the second parent
Nielain (short spike). Therefore, two families No. 138 and
No. 145 surpassed the bulk sample which represented the
base population (Emaral x Nielain) in spikelet fertility and
grain yield, the superior in grain yield for these families
depended on superiority in spike length (8.67 and 28.33%),
no. of spikelets/spike (6.18 and 9.27%), grains/spike (47.89
and 68.50%) and weight of grains/spike (86.16 and
129.40%) in percentage the bulk sample for families No.
138 and No. 145, respectively. Families No. 3 and No. 145
showed highly significant increase in spikelet fertility by
24.96 and 27.81% compared the better parent Emaral
(Table 7). Family No. 145 also gave the highest grain yield
77.09% over the better parent Emaral. This family
considered a promising in grain yield and spikelet fertility.

Average direct genetic response after two cycles of
selection for spike density resulted in significant (P<0.05)
increase in spike density over the bulk sample by 7.27% but
it decreased (P<0.01) compared to the better parent by -
27.04 (Table 8).

Selection for spike density significant (P<0.05)
increased of days to heading (8.10%), no. of spikes/plant
(24.64%), grains/spike (18.31%), weight of grains/spike
(36.99%), grain yield/plant (58.94%) and spikelet fertility
(23.62%), while spike length showed significant (P<0.05)
decrease by -10.49% compared to the bulk sample. Genetic
gain in percentage the better parent showed significant
(P<0.01) increase in days to heading (8.10%) and grain
yield/plant (35.82%). Furthermore, highly significant
(P<0.05) decrease was found for traits plant height (-
16.87%), spike length (-35.36%), spikelets/spike (-15.56%)
and no. of grains/spike (-13.54%). Four selected families
surpassed (P<0.05 or P<0.01) the bulk in spike density.
Family No. 37 gave the highest grain yield (161.76%)
compared to the bulk sample, its high grain yield resulted
from significant (P<0.01) increase of number of spikes/plant
(79.28%), weight of spikes/plant (51.18%), weight of
grains/spike (52.31%) and 1000-grain weight (46.47%)
compared to the unselected bulk sample. However, all the
selected families showed significant (P<0.01) decrease for
spike density compared to the better parent.

Table 8. Observed direct and correlated genetic response to selection for spike density in percentage of the bulk
sample and better parent of the studied traits of selected families in Fs-generation (season 2018/19 ).

Families Spike density DH PH SL NS/P WS/P

Bulk B.P Bulk B.P Bulk B.P Bulk B.P Bulk B.P Bulk B.P
37 12.81** -23.27** 9.15** 9.15** 7.06 -12.18** -13.11** -37.25** 79.28** 67.58** 51.18** 59.57**
44 10.92* -2456** 17.63** 17.63** 9.49* -10.18** -18.82** -41.37** 854 146  -2554* -21.40*
45 10.66* -24.74** 12.20** 12.20** 219 -16.17** -13.95** -37.86** 40.25* 31.10* -1157 -6.66
104 728 -27.04** 7.46*  7.46* 584 -13.17** -11.42** -36.03** 12.84 547  -26.21* -22.12*
106 -1.39  -32.93** 542 5.42 511 -22.16%* -444 -30.99** 473 -211 -1269  -7.85
156 6.06 -27.86** 9.15* 9.15** 949* -10.18** -275 -29.77** 3243 23.79 10.85 17
167 24.68** -15.20** 14.92** 14.92** -2.68 -20.16** -19.66** -41.98** 38.39* 2936 -1821 -13.67
169 -291  -33.96** 10.17** 10.17** 18.00** -3.19 3.38  -25.34** 4899** 39.26* 13.11 19.38
251 143 -31.01** 034 0.34  -20.44** -42.12** -17.12** -40.15** 7.34 0.33  -37.93** -34.48**
255 319 -29.81** -542 -5.42 -1.46 -19.16** -6.98 -32.82** -26.35 -31.16* -23.85* -19.62
Average 7.27* -27.04** 8.10** 8.10** 134 -16.87** -10.49** -35.36** 24.64* 16.51 -8.08 -2.98
LSD5% Fam 8.74 5.95 594 594 8.72 7.15 7.39 534 3264 3051 19.52 20.6
LSD1% Fam 11.85 8.06 8.04 8.04 1181 9.69 10.02 7.23 4424 4135 2645  27.92
LSD5% Avg  6.49 441 44 44 6.47 53 5.48 3.96 2421  22.63 14.47 15.28
LSD1% Avg  8.79 5.98 5.97 5.97 8.76 7.19 743 5.37 3281  30.67 19.61 20.7
Families NST/S NG/S WG/S GY/P 1000-GW SF

Bulk B.P Bulk B.P Bulk B.P Bulk B.P Bulk B.P Bulk B.P
37 -1.8  -13.39** 516 -23.16** 52.31** 9.78 161.76** 123.69** 46.47** 28.12*  7.07 -11.23
44 -9.78** -20.43** 287 -2483** 3049* 595 33.16* 13.79 1358  -0.65 14 -5.48
45 -4.63 -15.89** 13.01 -1742* 2104 -12.76 53.07** 30.80* 3.85 -9.17 18.43 -1.81
104 -476 -16.00** 14.06 -16.66* 2125 -1261 21.32 3.68 8.48 -5.12 20.2 -0.34
106 -5.66 -16.80** 58.90** 16.12* 53.44** 106 54.77** 32.25* 126  -1143 68.30** 39.53**
156 335 -885** 2349* 976 62.63** 1722 86.66** 59.51** 31.87* 15.35 19.21 -1.16
167 0.26 -11.58** 4.08 -23.95** 801 -22.15* 19.68 2.27 -8.79  -20.22 3.72 -14
169 0.64 -11.24** 2549*  -83  40.35** 116 124.61** 91.94** 17.27 2.57 2489* 354
251 -15.83** -25.77** -3 -29.12** 205 -1315 20.59 3.05 4.95 -8.2 15.17 -4.52
255 -438 -15.66** 39.07** 1.62 59.89** 1524 13.74 -2.8 17.03 237  4517%* 20.36*
Average -426 -1556** 18.31* -13.54* 36.99** -1.26 58.94** 3582** 1359 -0.64 23.62** 249
LSD5% Fam 5.84 515 2054  15.01 2528 1822  31.02 26.51 2815  24.63 22.65 18.78
LSD1% Fam 7.91 6.97 2784  20.34 34.26 24.7 42.04 35.93 3815 33.37 30.7 25.45
LSD5% Avg  4.33 3.82 1524 1113 1875 1351 23.01 19.66 20.88  18.26 16.8 13.93
LSD1% Avg  5.86 5.17 20.65 15.09 2541 1831 3118 26.64 28.3 24.75 22.77 18.88

*and ** significant at 0.05 and 0.01 level of probability.

4. Effect of selection on genotypic and phenotypic
correlation

After two cycles of pedigree selection for grain yield,

high strong positive genotypic correlation between grain yield

with each of weight of spikes/plant (0.81), no. of grains/spike
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(0.71), weight of grains/spike (0.91), 1000 grain weight (0.92)
and spikelet fertility (0.70). The same trend was found for
phenotypic correlation (Table 9). Grain yield showed weak
positive phenotypic and genotypic correlations with DH (0.23
and 0.29), PH (0.37 and 0.38), SL (0.37 and 0.38) and NST/S
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(0.26 and 0.33). Moderate positive genotypic 0.40 and
phenotypic 0.42 correlation was estimated between grain
yield and spikes/plant. Negative genotypic and phenotypic
correlations between GY and spike density -0.42 was
recorded. These results were confirmed by selection for grain
yield which indicated that average correlated gains of the ten
selected families showed significant increase over the bulk
sample for no. of grains/spike 35.31, weight of grains/spike
56.23 and spikelet fertility 31.71% (Table 5). The average
correlated gains in percentage of the better parent recorded
significant decrease (P<0.01) for plant height -18.16, spike
length -23.28, spikelets/spike -9.69 and spike density -33.94%
(Table 7). EL Ameen and Ebrahim (2017), Meier et al. (2019)
and Rahimi etal. (2017) found significant positive correlation
between grain yield with each of number of grains and 1000
grain weight.

Selection for 1000 grain weight resulted in positive
genotypic correlation between it and DH (0.44), PH (0.97),
NS/P (0.87), WS/P (0.90), NST/S (0.60), WG/S (0.91) and
grain yield (0.93). 1000 grain weight showed low negative
phenotypic and genotypic correlations with SF (-0.24) and
(-0.12), respectively and low positive with each of SL (0.13,
0.10) and SD (0.07, 0.11) (Table 9).

Table 9. Phenotypic (r p) and genotypic (r g) correlation
coefficients between selection criteria and other
traits in Fs-generation.

Criteria GY/P 1000-GW SF SD

R rp rg rp rg rp rg rp rg
DH 0.23 029 0.11 044 001 0.03 -0.03 -0.07
PH 0.37 038 0.74 097 016 0.26 -0.34 -0.33
SL 037 038 0.13 0.10 0.57 0.57 -0.89 -0.85
NS/P 042 04 054 087 -0.17 -0.13 0.27 0.32
WS/P 082 081 0.67 090 032 041 -0.02 0.01
NST/S 026 033 054 060 031 03 -02 -0.25
NG/S 068 071 0.01 0.14 100 095 -0.71 -0.68
WG/S 085 091 092 091 089 086 -05 -0.52
1000GW 074 092 - - 031 059 0.01 -0.12
GY/P - - 067 093 066 0.78 -0.14 -0.13
SD -042 -042 0.07 0.11 -0.66 -0.69 - -

SF 069 0.70 -0.24 -012 - - -0.63 -0.59

The average correlated grains of the ten selected
families for 1000 grain weight showed significant increase
(P<0.01) of the bulk sample in DH (7.90), NS/P (23.20),
NG/S (28.58), WG/S (52.15), GY/P (86.27) and SF
(27.77%). Moreover, significant increase for the percentage
of better parent in DH (7.90), WS/P (18.91) and GY/P
(59.17%). Moreover, highly significant decrease in
percentage better parent for PH -12.48, SL -24.20, NST/S -
11.07 and SD -34.31% (Table 6). Meier et al (2019) found a
positive and strong correlation for spike weight with grain
weight (0.958) and a moderate correlation with spikes/plant
(0.479).

Concerning the effect of selection for spikelet fertility
on the correlation among traits, high strong positive
phenotypic and genotypic correlations were found between
spikelet fertility and each of NG/S 1, 0.95 and WG/S 0.89 and
0.86, also positive correlation were stated between SF and the
remained other traits except negative phenotypic and
genotypic correlation with NS/P -0.17, -0.13 and SD -0.66, -
0.69 (Table 9). The average gain for correlated traits showed
significant increase in percentage the bulk sample in NG/S
32.53%, WG/S 57.54% and GY/P 55.67%. The average
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correlated gain in percentage of the better parent showed
highly significant decrease in spike density -34.30% (Table 7).

After two cycles of selection for spike density,
negative phenotypic and genotypic correlations were
observed between spike density and the most other
correlated traits with except weak positive correlations
between SD and no. of spikes/plant. Average correlated gain
was significant (P<0.05) decrease by -10.49% of spike
length compared to the bulk sample after two cycles of
selection for spike density (Table 8). Average correlated
gain in percentage the better parent showed highly
significant decrease for PH -16.87, SL -35.36, NST/S -15.56
and NG/S -13.54% (Table 8).

CONCLUSION

Pedigree selection was the most effective method in
detecting the high yield families. Average direct response in
percentage the bulk sample was significantly increased for
1000 grain weight, spikelet fertility and spike density. Three
families; No. 15, No. 72 and No. 153 surpassed significantly
the bulk sample in criteria 1000 grain weight. Family No.
145 considered to be a promising in grain yield and spikelet
fertility.
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