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ABSTRACT

Independent culling is useful when aimed to selecting for multiple traits. Thus,
the present work aims to study the efficiency of selection by independent culling levels
(ICL) for the three traits, No. of spikes/plant, 100-kernel weight and spike length under
normal and late planting dates and to estimate observed and expected response to
selection and genetic parameters after two cycles of phenotypic selection in the F2
population. The Fs selected families under normal and late planting were evaluated
under both conditions. The genotypic variance was slightly less than the phenotypic one
under both planting dates and generally decreased from the base population (Fz) to the
Fs-generation. After the second cycle, heritability estimates were high, and reached
90.14, 81.22 and 85.71% under normal planting date, and 75.00, 78.97 and 85.71%
under heat stress for No. of spikes/plant, 100-kernel weight and spike length,
respectively. After the second cycles in the Fs-generation, evaluation under normal
planting date showed observed gain of 0.57, 3.97 and 2.19% was achieved for the normal
planting group, and 0.90, 22.21 and 4.85% for the late planting group, from the bulk
sample, for number of spikes/plant, 100-kernel weight and spike length respectively,
however, the observed gain was significant (P<0.01) increase for number of spikes/plant,
100-kernel weight and spike length under normal and late planting conditions from the
better parent. Evaluation under late planting date, showed that the observed gain from
the bulk sample was 1.69, 6.18 and 2.38% for normal group, and 7.55, 11.12 and 4.04%
for the late planting conditions, for the same respective traits, respectively. The relative
merits of selection under late planting to selection under normal planting conditions in
changing the mean number of spikes/plant indicated that antagonistic selection was
better than synergetic selection.
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INTRODUCTION

Crop breeding seeks to develop improved cultivars. Beside high
yield levels, a successful cultivar in many crops must meet minimal
standards for several other traits that are economically important, such as
pest and disease resistance and product quality. Traits are often unfavorably
correlated with each other. When traits are antagonistically correlated,
selection for one trait causes an undesired economic response in the other
trait (Bernardo 2010). This makes simultaneously breeding to improve
multiple traits complicated.

Independent culling and the use of a selection index are two
commonly used methods in plant breeding programs for selecting for
multiple traits. Independent culling involves establishing minimum
standards (i.e., culling levels) for each trait and selecting only individuals
that meet these minimum standards. The thresholds can be set according to a



specific selection intensity or a specific value, such as a value relative to an
agronomic check. The independent culling can be applied to multiple traits
simultaneously or to individual traits sequentially. The selection index
method involves selection for all traits simultaneously based on a linear or
nonlinear combination of individual traits weighted by their importance for
the breeding objective (Lorena 2021). Independent culling, where “a certain
level of merit is established for each trait, and all individuals below that
level are discarded, regardless of the superiority or inferiority of their other
traits (Hazel and Lush 1942). Heat sensitivity in grain crops could be
considered as the basis of predictions that yield will decrease by 10% to
25% in the late 21% century due to higher global temperatures
(Intergovernmental Panel on Climate Change 2014). Global average surface
temperatures are predicted to increase from +1 to +4 °C in a range of
climate change models by the end of the 21st century. Within a relatively
short time period, breeders must improve breeding populations with
adequate levels of heat stress tolerance (HST) to protect grain yield and
other economic traits from rising global temperatures.

The objectives of this study were to estimate: (1) selection efficiency
for independent culling levels including three traits, No. of spikes/plant,
100-kernel weight and spike length under normal and heat stress conditions,
(2) genotypic coefficient of variability (GCV), phenotypic coefficient of
variability (PVC) and heritability under both conditions and (3) heat
susceptibility index and sensitivity to environments.

MATERIALS AND METHODS

This investigation was carried out at EI-Mattana Agric. Res. Stn.,
(ARC), Ministry of Agric, Egypt, during the period from 2018/2019 to
2020/2021 growing seasons. The breeding material used in this study was
100 Fs-families traced back to random F plants from the cross: {Giza 168 x
Gemmeizall} Table 1. Figure 1 shows the average temperature of crop
duration for three growing seasons (2018/209, 2019/2020 and 2020/2021)
according to Luxor Airport Station.
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Table 1. The pedigree, selection history and origin of the two parents
used in this study.

Parents Pedigree and selection history Origin
Giza168 G106 BT v -OM-2Y-0B-0SH Egypt
Bow"'s"/Kz"'s"/[7Claeri 82/3/Giza
Gemmeizall [168/Sakha 61. Egypt
GM78922-GM-1GM-2GM-1GM-0GM.
40.00
35.00
30.00
25.00
20.00 \
15.00
10.00
5.00
0.00
November December January  February  March April May
) (018-2019  em—(019-2020 2020-2021

Fig. 1. Average temperature of crop duration for three growing seasons

2018/2019 season, (Fs generation): Two field experiments were
conducted to evaluate F3 families selected from an F> population in a
randomized complete block design of three replicates. The first experiment
sown at normal date, while the other experiment sown at a late planting
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date. Each experiment comprised 100 Fs families as well as the original
parents, Fs bulked random sample (a mixture of equal number of seeds from
each plant to represent the generation mean for each date). Twenty families
were selected on the basis of independent culling selection (No. of
spikes/plant, 100- kernel weight and spike length). An equal number of
grains composted from each Fs plant to gave F4 bulk progenies in addition to
the parents and the check.

2019/2020 season, (F4 generation): The 20-Fs-families selected via
independent culling levels, that included the three traits , No. of spike/plant,
100-kernel weight and spike length with the parents and Fz bulk sample
were grown using randomized complete block design with three
replications. Each family was a single row 3 m long, 30 cm apart and 10 cm
between grains within row between plants. Data were recorded on 10
guarded plants from each family in each replicate at both sowing dates. At
the end of the season, the best plant from each of the best 10 families' for
independent culling levels (ICL) was saved to give the Fs families.

2020/2021 season, (Fs generation): The best ten families selected by
ICL under each of normal, and late planting, the two parents and the bulk
sample were evaluated under both sowing dates. Data were recorded for the
aforementioned characters on ten guarded plants for each family.

Statistical analysis

Data were subjected to proper statistical analysis according to Steel
et al (1997). Genotypes means were compared using Revised Least
Significant Differences (RLSD) according to Gomez and Gomez (1984).
The phenotypic (c%p), genotypic (c°g) variances, and heritability in broad
sense (H) were calculated according to Walker (1960). Realized heritability
(h? = R / S) was calculated according to 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). Heat susceptibility index (HSI) was calculated
according to the method of Fischer and Maurer (1978). The sensitivity and
relative merits of a selected line were assessed as described by Falconer
(1990).
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RESULTS AND DISCUSSION

1- Description of the base population; season 2018/2019

The base population used in this study consisted of 100-Fz families
traced back to a random sample from F2 single plants originated from the
cross Giza 168 x Gemmeizall. The analysis of variance revealed highly
significant differences among Fs families under normal and late planting
dates, (Table 2). The average of characters was 84.05 and 74.22 for days to
heading, 106.98 and 101.48 cm for plant height, 13.13 and 10.95 for number
of spikes/plant, 69.23 and 67.97 for number of kernels/spike, 3.98 and 3.80
g for 100-kernel weight, 12.83 and 11.99 cm for spike length and 33.06 and
30.09 g for grain yield/plant under normal and late planting, respectively.

The GCV % was slightly less than PCV % under both environments,
and decreased from C1 to C3, which is normal due to increasing
homozygosity and decreasing heterozygosity of selected families. The high
estimates of phenotypic and genotypic variability resulted in very high
estimates of broad sense heritability in the two cycles of selection. These
findings are in line with those reported by Salous et al (2014) and Mohiy
(2015), who stated that selection reduces genotypic variance of the
following generation. Abdelkader (2018), reported that the characteristics of
the starting population have a significant effect on early generation
selection. The slight difference between (GCV) and (PCV) resulted in high
estimates of broad sense heritability for most studied characteristics.

Heritability estimates in broad sense were 94.06 and 95.67% for
days to heading, 90.93 and 89.89% for plant height, 92.59 and 92.42% for
number of spikes/plant, 95.23 and 92.41% for number of kernels/spike,
95.12 and 98.75% for 100-kernel weight, 91.67 and 92.28% for spike length
and 94.72 and 93.63% for grain yield/plant under normal and late planting
dates, respectively (Table 2). Similar results were found by Chander et al
(1993) who sstated that broad sense heritability varied from 79 to 88% for
grain yield/plant. Also, Zakaria (2004) reported that heritability values in
broad sense were 85.2%, 59.4% and 54.5% for F3 families (Co), first cycle
(Cy) and second cycle (C>), respectively.

Heat stress reduced days to heading, plant height, no. of spikes/plant,
no. of kernels/spike, 100-kernel weight, spike length and grain yield/plant
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by 11.69, 5.14, 16.60, 1.82, 4.52, 6.78 and 8.98, respectively, compared
with the normal planting date, (Table 2). On the context, Poonam et al
(2006) indicated that all their cultivars showed a decrease in yield due to
late sowing and the loss was estimated by 30-40% compared with normal
sowing. Besides, Tawfelis et al (2010) in Egypt, estimated the reduction by
36.2 %.

Table 2. Means, mean squares, phenotypic (PCV) and genotypic (GCV)
coefficients of variability and heritability (h%s) values for all
studied traits of the F3 generation.

Heading | Plant | No.of | No. of k%a?g-el Spike (;ire?('jr}
Date Item date height | spikes/ | kernels/ weight length plant
(day) (cm) plant spike @ (cm) )

o P1 84.05 111.67 | 12.67 66.00 3.76 11.00 23.12

_cgf P2 82.33 100.00 | 12.33 67.00 3.58 12.33 26.53

=2 Fs families | 84.05 106.98 | 13.13 69.23 3.98 12.83 33.06

= Rep. 1.10 86.58 1.26 1.86 0.018 1.32 8.55
© Families 7.41** | 271.66** | 5.71** | 201.95** | 1.08** | 2.18** | 114.21**

‘_QU' Error 0.44 24.63 0.42 9.62 0.05 0.18 4,26

g PCV% 1.87 8.89 10.51 11.85 15.12 | 6.65 18.50

g GCV% 1.81 8.48 10.11 11.57 14,75 | 6.37 18.00

h?, 94.06 90.93 92.59 95.23 95.12 | 91.67 94.72

P1 76.67 105.00 9.33 65.33 3.75 10.33 22.36

P2 77.67 98.33 8.33 67.00 3.67 11.67 23.61

% Fs families | 74.22 101.48 | 10.95 67.97 3.80 11.99 30.09

S5 Rep. 0.96 78.52 0.14 511 0.01 0.97 14.23
8 § Families | 11.67** |364.19** | 3.92** | 119.03**| 1.16** | 2.20** | 83.58**

% :‘Z’ Error 0.51 36.80 0.30 9.03 0.01 0.20 4.30

=3 PCV% 2.66 10.86 10.44 9.27 16.35 | 6.97 17.32

% < GCV% 2.60 10.29 10.03 8.91 16.10 | 6.70 16.76

— h?, 95.67 89.89 92.42 92.41 98.75 | 92.28 93.63

Redfj/z“on 11.69 | 514 | 1660 | 1.82 | 452 | 678 | 898

Reduction% = [(mean value of normal planting date - mean value of late
planting date) x 100] /mean value of normal planting date ** = highly
significant
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2- Response to direct selection using independent culling levels
2-1-Phenotypic and genotypic coefficients of variability and heritability
estimates

The analysis of variances for the selection criterion and the other
correlated traits revealed highly significant differences among genotypes in
the F4 and Fs-generation under normal and late planting dates as shown in
Table (3). This indicated the presence of genetic variability for further
cycles of selection by independent culling levels. The effect of selection for
two cycles on the variability and heritability estimates for the selection
criterion is presented in Table (4).

Table 3. Mean squares for all studied traits in F4 and Fs generations for
ICL selection method under normal (N) and heat stress (S)

condition.
Mean Squares
Selection criterion Correlated traits
Generation|Dates| SOV .
100- . No. of | Grain
No. of kernel Spike Days to| Plant kernels/| yield

spikes/plant] lengthlheading| height

weight spike | /plant

Rep 4.87 0.07 | 3.02 | 13.82 | 48.75 | 26.25 | 82.88
N [Families| 1.86** |0.95%*|1.24**| 3.63** |166.91**|69.73**|17.11**
Error 0.13 002|018 | 106 | 2244 | 862 | 2.70

F Rep 361 | 060|072 362 | 2541 | 452 | 75.11
S |Families] 2.03** [0.33**[1.67**11.48%*| 56.67** |77.41**[30.48**

Error | 021 | 005 |021| 156 | 17.52 | 12.32 | 3.46

Rep 130 | 1.08 | 040 | 3.33 | 32.50 | 10.30 | 29.90

N [Families] 1.54** |0.98**[0.73*% 2.83%* | 23.70%* |12.21%*| 5,55+

. Error | 015 | 008|010 | 074 | 565 | 149 | 1.04

Rep 0.70 138 | 093 | 143 0.83 | 20.63 | 86.96

S |Families| 0.73** |0.48%*|0.83**| 0.77** | 21.85** |10.46**|10.19**
Error 0.18 0.10 | 0.12 | 0.17 5.46 1.71 | 115
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Table 4. Phenotypic (6° p), Genotypic (6 g) variance and corresponding
coefficients of variability for ICL in Fs3 before and after two
cycles of selection under normal (N) and heat stress (S)

conditions.
2 2 20,
Selection | Selection o p o9 PCV GCV h*es%
cycle criterion Nls|InIs N s N s N s
No. of S/P [1.90[1.30(1.76|1.21 [10.51|10.44|10.11|10.03|92.59|92.42
Fs ':(fé”;”ies 100-KW |0.36/0.33(0.34[0.32|15.12|14.61 |14.75|14.50 |95.12 | 98.00
0
SL  |0.73]/0.70|0.67|0.65| 6.65 | 6.97 | 6.37 | 6.70 |91.67|92.28
No. of S/P [0.68|0.62(0.58|0.61| 6.57 |25.72 6.34 |24.33|93.01|89.51
Faselected | 400 kw [0.33]0.11]0.30]0.00 |15.71[14.17|15.08 | 13.04|92.05| 84.64
families (Cy)
SL  |0.56|0.41|0.49|0.36| 5.16 | 8.88 | 4.77 | 8.31 |85.62|87.52
No. of S/P |0.24|0.51|0.46|0.18 | 5.78 | 4.73 | 5.49 | 4.10 [90.14|75.00
Fs selected | 140 k\w |0.16/0.020.12|0.01| 3.84 |10.33| 3.46 | 9.18 |81.22|78.97
families (C2)
SL  |0.27/0.29]/0.23|0.25| 3.90 | 491 | 3.61 | 459 |85.71|87.14

h%,s = Heritability in broad sense.

The phenotypic (c%ph) and genotypic variances (cg) were generally
larger under normal planting date than under heat stress condition in Co, C:
and C,. The PCV % of No. of spike/plant decreased from 10.51% in the
base population to 5.78% after two cycles, and from 15.12 to 3.84% for
100-kernel weight, and from 6.65 to 3.90% for spike length, under normal
planting date. The same trend of decrease in GCV % was also observed
under both of normal and late planting date. Results indicated that small
differences between PCV. % and GCV% for all generations were observed,
indicating the importance of the genetic effects in controlling the inheritance
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for traits studied. The GCV % was slightly less than PCV % under both
environments, and decreased from Co to Co.

The close estimates of phenotypic and genotypic variability resulted
in a high estimate of broad sense heritability in the two cycles of selection.
Estimates of heritability in broad sense after two cycles of selection were
high for No. of spikes/plant (90.14 and 75.0%), 100 kernel weight (81.22
and 78.97%) and spike length (85.71 and 87.14%) under normal and late
planting, respectively. Another cause of high estimates of broad sense
heritability which was calculated from the expected mean squares through
the evaluation of the selected families at one site for one season. This in turn
inflates families' mean squares by the confounding effects of the interactions
of families, years and dates. normal and heat stress conditions, respectively.
Similar results were reported in Assuit, Egypt by Kheiralla (1993), Najafian
et al (2011) and also in Assuit, Egypt Ahmed et al (2014). Indirect selection
based upon one or more of yield components, i.e., NS and SW might be
more effective than direct selection for GY itself (Smith 1976). Mahdy et al
(1996) found significant differences among selected lines in the Fs-Fs lines,
they also reported in Assuit, Egypt high estimates of phenotypic and
genotypic coefficients of variability, and high broad sense heritability.

2-2- Means and observed gain under normal planting date

The two groups of families selected via selection criteria for two
cycles, either under normal or heat stress evaluated in the Fs-generation
under normal planting date are presented in Table (5). The first group
selected under normal planting for ICL selection showed that No. of
spikes/plant ranged from 11.33 to 13.33 with an average of 12.40
spikes/plant. Likewise, No. of spikes/plant in the second group, ranged from
10.00 to 12.00 with an average 10.70 spikes/plant, but the second trait
included in the ICL, 100-kernel weight, under normal group ranged from
3.89 to 4.36 g with an average 4.06 g. Likewise, 100-kernel weight, of the
late planting date ranged from 3.24 to 4.60 g with an average of 4.00 g. The
third trait incorporated in the ICL, spike length in the normal group ranged
from 12.00 to 13.33 with an average of 12.60 cm, while, spike length of the
late planting group, ranged from 10.67 to 12.33 with an average of 11.53
cm.

297



Table 5. Mean and observed gain from the bulk sample (OG%”Bulk”)
and from the better parent (OG% ”BP”) of the selected families
for ICL method after two cycles of selection under normal
planting date.

Evaluation under normal planting date
Mean 0G%(Bulk) OG%(Bp)
Item |Fam. No. - ; -
No. of 100 Spike | No. of 100 Spike | No. of 100 Spike
. kernel : kernel : kernel

spikes| . length|spikes/| . length |spikes/| . length

/plant weight (cm) | plant weight (cm) | plant weight (cm)

(9) (9) (9)

8 13.33| 4.00 |12.00|8.11**| 2.56 | 2.68 |[17.65**|17.30**| 2.83

14 11.67| 4.21 [12.00| 5.35* |7.95**| 2.68 | 3.00 |23.46** 2.83
© 22 [13.00[ 3.89 |13.00] 5.43* | 0.26 [ 5.43* [14.74**[14.08**[11.40**
0 23 12.00] 3.99 [12.67] 2.68 | 231 | 2.76 | 5.91* |17.01** 8.57**
5 30 12.67| 4.08 [12.67| 2.76 | 4.62* | 2.76 |11.83**19.65** 8.57**
S 33 12.67| 4.36 [13.33] 2.76 |11.79**8.11** |11.83**|27.86**|14.22**
= 35 11.33| 3.94 [13.00[8.11**| 1.03 | 5.43* | 0.00 |15.54**|11.40**
£ 37 12.33| 3.93 [13.00] 0.00 | 0.77 | 5.43* |8.83** |15.25**|11.40**
S 40 11.67| 421 [12.33] 5.35* |7.95%*| 0.00 | 3.00 |23.46**| 5.66*
77 13.33| 3.94 |12.00| 5.43* | 3.85 | 4.30 [14.74**9.97**| 1.11
Average [12.40| 4.06 [12.60| 0.57 | 3.97 | 2.19 |9.44**|18.91** 7.97**

6 10.33| 3.24 [10.67] 3.19 | -3.28 | -3.00 |10.72** 0.00 | 0.00
31 10.33| 4.42 [11.67] 3.19 |31.94** 6.09* |10.72**36.42**| 9.37**

37 10.33| 353 [11.33] 3.19 | 537 | 3.00 |10.72** 8.95**| 6.19*
2 50 10.00| 4.04 [12.00]| 6.28* |20.60** 9.09** | 7.18* |24.69**|12.46**
2 57 11.00| 4.44 [10.67| 3.09 |32.54** 3.00 |17.90**37.04** 0.00
ko 60 10.67| 4.27 [11.33| 0.00 |27.46** 3.00 |14.36**31.79**| 6.19*
& 73 11.00] 4.10 [11.67] 3.09 |22.39** 6.09** |17.90**]26.54**| 9.37**
§ 80 12.00| 4.20 [12.33|12.46**|25.37**|12.09**|28.62**|29.63**|15.56**
T 81 10.67| 4.10 [12.33| 0.00 |22.39**12.09**|14.36**|26.54**|15.56**
82 11.33| 4.60 [11.33] 6.19* |37.31**| 3.00 |21.44**41.98**| 6.19*
Average [10.70| 4.00 [11.53| 0.90 [22.21**| 4.85* |15.39**26.36**| 8.09**

R.LSDo.os 066 | 019 | 055 | ---

R.LSDo.o1 091 027 | 075 | --- e

---- = None significant, *= Significant and **= Highly significant.
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The average observed gain in percentage from the bulk sample and
the best parent for the selected families in ICL method under normal or heat
stress and were evaluated under normal planting date, are presented in Table
(5). The observed gain under normal planting group reached 0.57, 3.97 and
2.19%. Likewise, under heat stress it reached 0.90, 22.21 and 4.85% from
the bulk sample for no of spikes/plant, 100-kernel weight and spike length
respectively. On the other hand, the observed gain under normal planting
group from the better parent was significant (9.44, 18.91 and 7.97%).
Likewise, under heat stress was significant (15.39, 26.36 and 8.09%,
respectively) for the same above mentioned traits.

2.3- Means and observed gains under late planting date

The two groups of families selected for selection criteria for two
cycles either under normal or under heat stress evaluated in the Fs-
generation under heat stress conditions are presented in Table (6).

The first group wase selected under normal planting for ICL
selection showed that No. of spikes/plant ranged from 11.00 to 12.67 with
an average of 11.87 spikes/plant. Likewise, No. of spikes/plant in the second
group, ranged from 9.67 to 11.00 with an average of 10.40 spikes/plant, but
for the second trait included in the ICL, 100-kernel weight, under normal
group ranged from 3.73 to 4.23 g with an average of 3.92 g. Likewise, 100-
kernel weight, in the late planting date ranged from 3.06 to 4.20 with an
average of 3.88 g. The third trait incorporated in the ICL, spike length in the
normal group ranged from 10.67 to 12.33 with an average of 11.60 cm,
while, spike length of the late planting group, ranged from 10.33 to 12.00
with an average of 11.10 cm.

The average observed gain in percentage from the bulk sample and
the better parent for the selected families in ICL method under normal or
heat stress evaluated under late planting date, and are presented in Table (6)
. The average observed gain under normal planting group reached 1.69, 6.18
and 2.38%. Likewise, under heat stress it reached 7.55, 11.12 and 4.04%
from the bulk sample for no of spikes/plant, 100-kernel weight and spike
length, respectively. On the other hand, the observed gain under normal
planting group from the better parent was significant (7.88, 22.44 and
5.45%).

299



Table 6. Mean and observed gain from the bulk sample (OG% ”Bulk”)
and from the better parent (OG% ”BP”) of the selected families
for ICL method after two cycles of selection under late planting
date.

Evaluation under late planting date

Mean 0G%(Bulk) 0G%(Bp)

Item |[Fam. No.|No. of| 100- Spike No. of | 100- Spike No. of | 100-
spikes| kernel Ieg th spikes/ | kernel Ieﬁ th spikes/ | kernel
/plant| weight g plant |weight g plant |weight

Spike
length

8 12.67| 3.87 |12.00|8.57**| 4.88 | 5.91* |15.18**|20.94**| 9.09**

14 11.67| 4.08 |[12.00| 0.00 [10.57** 5.91* | 6.09 |27.50**| 9.09**

22 12.33| 3.73 |11.67] 5.66* | 1.08 | 3.00 |12.09**16.56** 6.09*

S 23 |12.00| 3.87 [11.67| 2.83 | 4.88 | 3.00 |9.09** |20.94** 6.09*
j 30 |11.67| 3.81 [11.33]| 0.00 | 3.25 | 0.00 | 6.09 |19.06** 3.00
2 33 [12.00| 4.23 |12.00| 2.83 |14.63** 5.91* |9.09** |32.19**| 9.09**
£ 35 |11.00| 3.87 [12.33| 5.74* | 4.88 | 8.83* | 0.00 [20.94**|12.09**
§ 37 ]12.00| 3.87 [11.33| 2.83 | 4.88 | 0.00 |9.09** |20.94** 3.00
40 111.00| 4.12 |11.00| 5.74* |11.65** -2.91 | 0.00 [28.75** 0.00

77 |12.33| 3.73 |10.67| 5.66* | 1.08 | 5.83* |12.09**|16.56** -3.00
Average | 11.87| 3.92 [11.60| 169 | 6.18* | 2.38 | 7.88* |22.44**| 5.45*

6  [10.00| 3.06 [10.67| 3.41 |-12.32*| 0.00 |15.34**| -2.24 | 3.29

31 967 | 383 [11.67| 0.00 | 9.74 |9.37**|11.53**22.36**|12.97**

37 ]10.33| 3.27 [10.67| 6.83* | -6.30 | 0.00 |19.15** 4.47 | 3.29

g 50 110.00| 4.16 [11.00| 3.41 |19.20**| 3.09 |15.34**|32.91** 6.49*
B 57 |10.00| 4.08 [10.33| 3.41 |16.91*| -3.19 |15.34**|30.35** 0.00
3 60 10.67| 4.19 |11.00(10.34**[20.06** 3.09 |23.07**|33.87**| 6.49*
g 73 ]11.00| 3.84 |11.33[13.75** 10.03 | 6.19* |26.87**|22.68**| 9.68**
I 80 |11.00| 4.08 |11.67 |13.75**| 16.91* | 9.37** [26.87**|30.35**|12.97**

81 10.33| 4.07 |12.00| 6.83* |16.62* [12.46**|19.15**30.03**|16.17**

82 11.00| 4.20 |10.67[13.75**20.34**| 0.00 |26.87**34.19** 3.29

Average |10.40| 3.88 |11.10| 7.55* |11.12*| 4.04* [19.85**|23.90**| 7.46*

R.LSDoos |072| 054 [ 057 | - | — | — | — | — [ -

R.LSDoos | 0.99 | 0.74 | 0.79 | - U U [ [

---- = None significant, *= Significant and **= Highly significant.
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Likewise, under heat stress, it was reached 19.85, 23.90 and 7.46%
for the same above mentioned traits, respectively. Few researchers used
independent culling levels method. Mahdy (1988) in Assuit, Egypt indicated
that the ICL method of selection was inferior in improving grain yield/plant
to desired gain index, Smith-Hazel index, and direct selection for grain
yield/plant Per se. Ismail et al (1996) at Assuit, Egypt found that ICL
method gave intermediate increase in grain yield and most of the involved
traits. However, the genetic variance after using ICL method was larger than
after single trait selection. Also, Mahdy (2012) found that using independent
culling levels for three cycles to improve grain yield/plant under drought
stress in their materials, was better than selection under normal irrigation,
either evaluation conducted under drought stress or normal irrigation. Our
results are in line with those reported by many investigators of them, Amin
(2003) at Minia, Egypt and EI-Morshidy et al (2010) at Assuit, Egypt.
2.4-Average observed gain from selection using independent culling

levels

Means and observed gain from selection for three criteria
incorporated in the ICL method for the two cycles of selection are presented
in Table (7).

The observed gain from selection for no of spikes/plant under
normal planting date was 3.63 and 2.57%, 100-kernel weight reached 5.85
and 6.74% and spike length was 4.05 and 4.00% from the better parent in Co
and Ci, respectively. Likewise, from the bulk sample was (1.00 and -
2.92%), (-2.68 and 1.96%) and (1.26 and 1.22%) for the above mentioned
traits in Co and Cy, respectively. After two cycles of selection, the observed
gain for no of spikes/plant of families selected under normal and evaluated
under normal and heat stress was 9.44 and 14.68%, 100-kernel weight was
19.06 and 26.23% and spike length was 7.96 and 8.05% from the better
parent, respectively. Likewise, from the bulk sample it was (0.57 and
3.58%), (4.10 and 22.08%) and (12.18 and 4.81%) for the above mentioned
traits in Co, respectively. On the other hand, the observed gains in the three
selection criteria of families selected under late and evaluated under normal
and heat stress were highly significant difference from the bulk sample or
from the better parent.
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Table 7. Means and observed gain from selection for ICL method under
normal and heat stress from the bulk sample and the better

parent.
Evaluation under normal planting date| Evaluation under late planting date
Item No. of 100-kernel Spike No. of 100-kernel Spike
spikes/ weight len Fh (cm) spikes/ weight length
Plant (9) g Plant (9) (cm)
Cycle0:
2018/2019
Families mean 13.13 3.98 12.83 10.95 3.80 12.00
0G% (Bulk) 1.00 -2.68** 1.26* -16.17** -5.71** 2.82**
OGp"g"r(eEiﬁtter 363%* | 585 4055 | 17.36%* 1.33* 2.82%%
Cyclel:
2020/2021
Families mean 11.97 3.64 12.48 9.63 3.54 10.80
0OG% (Bulk) 2.92%* 1.96** 1.22%* -3.70** 3.20** -1.82**
OGpZOr(eE;ettter 2577 | 6.74% 400% | 7.00% | 16.06%* | 1.22%*
Fs-generation | N S N S N S N S N S N S
Cycle2:
2021/2022
Families mean [12.40{10.70| 4.06 | 4.09 |12.60|11.53|11.87|10.40| 3.92 | 3.88 |11.60(11.10
0.57 | 3.58 . 2208 (12181481 | 171|754 | 623 |11.17 o 403
OG% (BUIk) * **% 410 **% **% **% *% **% *% *% 238 **%
OG %(Better | 9.4 19.06| 26.23 | 796 |g.05*| 791 |11.46| 22.50 (23.96| 5.45 | 7.45
parent 4** ** ** ** * ** ** ** ** ** **

* and**, Significant at 0.05 and 0.01 levels of probability, respectively.
OG% (Bulk) = observed gain in percentage from the bulk sample.

OG% (BP) = observed gain in percentage from the best parent.
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3- Heat susceptibility index, sensitivity to environment and correlation
coefficients

Heat susceptibility index, sensitivity to environment and correlation
coefficients in Fs-generations are presented in Table (8). The results of the
selected families for two cycles under normal planting date, and evaluated
under both environments indicated that the five families no. 8, 23, 30, 33
and 37 showed heat susceptibility index (HSI) values less than one.
Likewise, those selected under late planting date, and evaluated under both
environments indicated that families no. 6, 37, 50, 57, 60 and 73 gave heat
susceptibility index (HSI) values less than one. These families could be
considered less susceptible to heat, indicating high plasticity to high
temperature. The results obtained by Khanna-Chopra and Viswanath (1999)
suggested that the yield under heat stress relative to control or optimum
conditions is widely accepted as a gauge of heat-tolerance in wheat.
Genotypes having HSI < 0.500 were considered to be highly tolerant, HSI >
0.500 to < 1.000 moderately tolerant and those having HSI > 1.000 were
susceptible. Shenoda et al (2021) concluded that the smaller HIS values
(<1.00) indicate better thermal tolerance, the genotypes which showed the
lowest HSI values of GY/m?, such as Masr 2, Gizal71, Sids1 and line9, also
indicated the highest GY/m? and had the best performance under heat stress
conditions. In addition, this index may describe the stability in the yield
under heat stress. Jinks and Connolly (1973 and 1975) concluded that
environmental sensitivity was reduced if selection and environmental effects
were in opposite directions, sensitivity was increased if selection and
environmental effects were in the same direction.

A highly significant and positive correlation was observed between
the mean grain yield/plant under normal and the same trait under heat stress
(r = 0.93**). On the other hand, correlation coefficients between HSI and
grain yield/plant under normal and heat stress (table 8) were positive and
non-significant, r = 0.56 and r = 0.82, respectively. By contrast, under late
planting date the results showed that highly significant positive correlation
was observed between the grain yield/plant under normal and the same trait
under heat stress (r = 0.90*%*).
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Table 8. Means of grain yield/plant, heat susceptibility index (HSI) and
sensitivity under two dates after two cycles of selection in the

F5-generations and correlations between them.

under normal | under heat

Item Fam. No. date stress HSI Sensitivity
GY/P (g) GY/P (g)
8 36.33 35.43 0.39 0.33
° 14 32.96 30.10 1.36 1.04
s 22 34.44 30.89 1.62 1.29
o 23 33.45 31.54 0.90 0.69
= 30 32.70 30.71 0.96 0.72
s 33 35.81 33.65 0.95 0.79
i; 35 32.37 29.54 1.37 1.03
= 37 33.76 32.27 0.69 0.54
§ 40 33.58 31.09 1.16 0.91
77 35.35 33.84 0.67 0.55
Average 34.08 31.91 0.79
S GY/P (Normal) |  -—- 0.93** -0.56
3 GY/P N
% (heat stress) -0.82
o G ) T T uu [N (R ——
6 33.43 32.04 0.77 0.62
31 33.23 31.00 1.24 1.00
g 37 28.54 27.48 0.69 0.48
S = 50 29.65 28.33 0.83 0.59
= 57 29.52 30.33 0.51 -0.36
£ 60 33.21 31.58 0.91 0.73
=3 73 32.18 31.16 0.59 0.46
8 < 80 34.41 31.96 1.32 1.10
3 81 35.03 31.06 2.10 1.78
82 37.22 33.90 1.65 1.49
Average 32.64 30.88 0.79
5 GY/P (Normal) | - 0.90%* 0.74*
g
s GY/P (heat stress)| === |  —mmmm———e- 0.38
o
© HSl) | — | = | =

---- = None significant, *= Significant and **= Highly significant.
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Likewise, a positive correlation between HSI and grain yield/plant
under normal and heat stress was r = 0.74 and r = 0.38, respectively. This
would indicate that about 50% of the variation in heat susceptibility in this
set of genotypes could be ascribed to variation in yield potential. Therefore,
a stress tolerant genotype, as defined by (HSI), need not to have a high yield
since (HSI) provides a measure of tolerance based on minimization of yield
loss under stress, rather than no stress yield per se as pointed out by
Bruckner and Frohberg (1987). These results are in harmony with the results
of Salous et al (2014) who reported that a highly significant positive
correlation was observed between mean grain yield/plant under normal
planting and the heat susceptibility index (HSI) (r = 0.88**).
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