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ABSTRACT

An experiment was conducted during the three successive growing seasons,
2017/2018, 2018/2019 and 2019/2020 at EI-Gemmeiza, Agricultural Research Station,
Agricultural Research Center, Egypt, to study the relative merits of pedigree selection
under favorable and low input conditions (low nitrogen and water). Three cycles of
pedigree selection for high grain yield were achieved under both conditions. The base
population was the Fz-population of the cross Sakha 94x Sids13. In the Fs generation,
the selected families under favorable and low input conditions were evaluated at both
environments. The phenotypic of variability for grain yield/plant in the F2 generation was
very high and accounted to 39.48% with a range of 10.18 to 58.13 % under favorable
conditions, while under low input conditions reached to 30.53% with a range from 10.01
to 44.76%. The genotypic variance was slightly less than the phenotypic variance under
both conditions and generally decreased from the base population (F2) to Fs-generation.
Broad- sense heritability estimates for grain yield plant under favorable and low inputs
conditions were A7, 1"and 7Y, ¢.% after three cycles of selection, respectively. Realized
heritability under favorable conditions was (43.41, 54.69 and 72.32%) compared to
(41.58, 48.73 and 60.45%) under low input conditions for cycles 1, 2 and 3, respectively.
The average observed gain from selection under favorable conditions, that was evaluated
under both conditions, showed significant increase in grain yield from the bulk sample
by 21.89 and 43.37%, and from the better parent by 32.20 and 46.82 %, respectively.
Selected families for grain yield under low input conditions that was evaluated under
both conditions showed a significant increase in grain yield from the bulk sample by
16.12 and 32.21 % and from the better parent by 19.27 and 33.66 %, under favorable and
low input conditions, respectively. Results revealed that the antagonistic selection
reduced sensitivity to low input stress, and synergistic selection increased it. Moreover,
selection for grain yield/plant under low input stress was better than under favorable
conditions.
Key words: Wheat (Triticum aestivum L.), Pedigree selection, Low input stress, Grain

yield, Stress susceptibility index (SSI), Stress tolerance index ( SSI).

INTRODUCTION

Wheat (Triticum aestivum L.) is one of the essential cereal crop
contributing basic calories for 85 % of the world population (Chaves et al
2013). Wheat is the staple food in more than 40 countries of the world
(Sharma et al 2019). In Egypt, the cultivated wheat area was about 1.4
million ha. In 2020, the average of annual local production was about 6.42
tons/ha (MALR 2021). However, there is still a gap between consumption
and production. Determining situations for closing yield gaps is important
for setting right the efforts dedicated to enhance genetic material and



agronomic practices (Marianne and Mark 2001). Stated differently, wheat
improving advantage not only large and high-input farmers but also
smallholder farmers who do not use limited amounts of fertilizer and other
inputs (Muurinen et al 2006). Therefore, breeding for the development of
high yielding varieties under low input conditions (irrigation and
fertilization), is needed in order to reach suitable genotypes grown under
regions expanding in the new lands. Nitrogen (N) is a key element for plant
nutrition (Zhou et al 2018). Applying N fertilizers increased the yield of
wheat but in some cases accompanied by adverse effects due to severely
limiting irrigation. Therefore, an attempt has been made to evaluate the
effect of irrigation regimes and N levels and the best combination on the
wheat yield and yield components. The combination of N and water stress
has been recently reported (Islam et al 2021) and may be useful to identify
genotypes that are more able to maintain nitrogen use efficiency (NUE )
performance under water shortage . Pedigree selection method has become
the most popular procedures of selection in the segregating generations.
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 along with the plant breeding
work (Kheiralla et al 2004, Ahmed a, 2006), Mohiy 2015 and (Salous 2017)
who noted a highly significant differences among families, satisfactory
genotypic coefficient of variability and large magnitude of broad sense
heritability for all studied traits. The aims of the present work were to study;
(1) Response to selection from F3 to Fs for grain yield under favorable and
low input conditions. (2) Estimate phenotypic (PVC%) and genotypic
(GVC%) coefficients of variability , heritability under both conditions .(3)
Stress susceptibility index (SSI) to environmental conditions and Stress
tolerance index (STI).

MATERIALS AND METHODS
Site description
The experiments were carried out during the three successive
seasons, viz., 2017/2018, 2018/2019 and 2019/2020 at EI-Gemmeiza Agric.
Res. Stat., (ARC), Ministry of Agric, Egypt.



Plant Materials and Field experimental design

Three cycles of pedigree selection were practiced in F2 and F3 and
F4 families under normal and low input conditions and evaluated under both
environments in Fs generation. The breeding materials used in this study
were 100 Fs families traced back to random 500 F» plants. The base
population was the F> generation of the cross Sids13 x Sakha94.

Table 1. Pedigree, history and origin of the parents involved in bread
wheat population.

Parental name Pedigree & History Origin
Sa(l;hla;94 OPATA/RAYON//KAUZ.

CMBW90Y3180-0TOPM-3Y-010M-010M-010Y-10M-[EGYPT
015Y-0Y-0AP-0S.

Sids13 o -
(P2) KAUZ"S"/ITSI/SNB"S",

ICW94-0375-4AP-2AP-030AP-0APS-3AP-0APS- EGYPT
050AP-0AP-0SD.

Two field experiments were conducted to evaluate the 100 Fs
families selected from the F, population, in a randomized complete block
design with three replicates in 2017/2018 growing season. The first
experiment was conducted under normal conditions and irrigated five times
through the whole season. Nitrogen was added as the recommended dose of
(70 kg/fed.) Meanwhile, the other experiment expressed the low input
conditions, where one surface irrigation was given after the establishment
I.e. two irrigations were given through the whole growing season) and was
given one surface dose of N fertilizer (35 kg/fed) was given with the first
irrigation. Each experiment comprised 100 Fs families, the parents, Fs3
bulked random sample comprised of a mixture of equal number of seeds
from each plant to the whole F3 families. Each family was represented by a
single row 3 m long and 20 cm apart with 10 cm between grains within row.
Data were recorded on ten guarded plants from each family for, days to
heading, plant height, number of spikes/plant, number of kernels/spike, 100-
kernels weight, and grain yield/plant.




In the second season 2018/2019 The highest 20 - F3 families selected
for grain yield were planted along with the two parents and the bulk sample
in a randomized complete block design experiment with three replications.
Each family was represented by a single row of 3 m long, 20 cm apart and
10 cm between grains within row as previously practiced in the first season.
At the end of the season, the highest 10- yielding plants from each family
were saved to give the Fs lines.

In 2019/2020 growing season the ten highest yielding families (F4
families) selected were evaluated along with parents and the bulk sample
under both conditions in two separate experiments. Data were recorded for
the studied characters on ten guarded plants from each family, each parent,
and the bulk sample.

Statistical analysis

Data were subjected to proper statistical analysis according to Steel
et al (1997). Genotypes means were compared using Revised Least
Significant Differences test (RLSD) according to EI-Rawi and Khalafala
(1980). The phenotypic (a2p), genotypic (c?g) variances, and heritability in
broad sense (H) were calculated according to Walker (1960). Realized
heritability (h?) was calculated as; h?> = R/S Falconer (1989); Where R =
response to selection and S = selection differential. The phenotypic (PVC%)
and genotypic (GVC %) coefficients of variability were calculated as
outlined by Burton (1952).

Stress susceptibility index (SSI) was calculated according to the
method of Fischer and Maurer (1978) = [1-( Ys/Yp)] / [1-( Ys/Yp)]. Stress
tolerant index (STI) according Kristin et al. (1997) who proposed STI index
for identifying genotypes with high yield and stress tolerance. (STI) = (Yp *
Ys)/(Yp)2.

RESULTS AND DISCUSSION
Base population description (F2 generation)

The characteristics of the two parents and their F2 generation under
normal and low input conditions are presented in Table (2). Results revealed
that Sakha 94 (P1) recorded the highest values of plant height, number of
spikes plant™, number of kernels spike™, 100-kernel weight and grain yield
compared to Sids13 (P2) under normal and low input conditions.
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Table 2. Means, coefficient of variability (CV%), heritability in broad
sense (Hb) and expected genetic advance (AG) of the base
population (F2) estimated under favorable and low input
conditions for the studied characters.

Favorable conditions

Item DH PH siP KIS |100-KW| GY/P
: Mean £5E 102.84 11014 | 11.88 67.77 452 33.49
5 +0.19 +032 | +0.22 +0.59 +0.03 +0.59
E Max. 112 135 28 114 6.55 °8.13
3 Min. 92 85 2 34 264 10.18
g CV% 4.06 6.49 41.90 1953 13.64 39.48
N Hb% 76.35 85.03 | 8261 55.13 67.48 85.51
AG/mean% 6.39 1137 | 7130 2218 18.97 69.53
105.4 11500 | 9.80 70.80 4.87 25.38
S""(‘;q';‘g“ Mean +SE +0.51 +045 | +037 | +309 | #008 | +1.01

CV% 1.08 0.92 8.54 9.75 3.64 8.9
. 105.20 107.60 | 9.40 62.20 4.45 22.26
52‘;553 Mean +SE +0.37 +051 | 040 | +222 | %010 | 070
CV% 0.8 1.06 9.52 7.99 504 7.07

Low input conditions
Item

DH PH siP KIS | 100-kW | GY/P
Mean £SE 85.95 92.38 6.81 46.92 419 23.75
c +0.28 +036 | +0.11 +0.47 +0.04 +0.32
S Max. 105 109 13 68 6.55 44.76
< Min. 70 66 2.0 20 122 10.1
5 Reduction% 16.42 16.12 42.68 30.77 7.30 29.08
a CV% 7.19 8.70 37.39 2246 23.96 30.53
w Hb% 76.67 8266 | 67.12 77.37 7754 78.72
AG/mean% 11.36 1481 | 51.70 35.8 38.27 4951
Mean +SE 90.00 99.20 8.20 52.20 458 2152
Sakha94 +0.71 +058 | +037 +1.11 +0.14 +0.85
(P1)  |[Reduction%|  14.61 8.99 16.33 26.27 5.95 1501
CV% 1.76 131 10.2 477 6.7 8.79
_ Mo +SE 99.20 94.80 7.20 50.20 4.04 19.67
Sids13 +0.58 +0.66 | +0.37 +1.02 +0.06 +0.53
(P2) Reduction% 5.7 11.9 23.4 19.29 9.21 11.64
CV% 131 156 1162 454 357 6.07

AG = expected genetic advance from selecting the best 100/500 plants under
favorable and Low input conditions. Hb = heritability in broad sense, DH=
days to heading, PH = plant height, S/P = spikes/plant, K/S = kernels/spike,
100- KW= 100- kernel weight and GY/P = grain yield/plant.
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The data of F. generation, conclude that sowing under low input
conditions decreased days to heading, plant height, number of spikes plant,
number of kernels spike, 100-kernel weight and grain yield plant by 16.42,
16.12, 42.68, 3077, 7.30 and 29.08%, respectively, These results are in
agreement with those of (EI-Morshidy et al 2010), (Soliman et al 2014) and
(Salous 2017). Mahdy (2007) who reported an average reduction caused by
drought stress of 14.21 and 6.30% for plant height and spike length
respectively, across two seasons of evaluation of twenty varieties.

The coefficient of variability was appropriate for selection and
ranged from 4.06 to 41.90% and from 7.19 to 37.39% for days to heading
and number of spikes plant under normal and low input conditions,
respectively. Similar results were found by (Amin 2003), (Zakaria et al
2008), (Mahdy 2012) and (Salous et al 2014).

Estimates of broad sense heritability in the F, generation under
normal conditions were 76.35, 85.03, 82.61, 55.13, 67.48 and 85.51% for
days to heading, plant height, number of spikes plant?, number of kernels
spike™, 100-kernel weight and grain yield plant?, while, under low input
conditions they were 76.67, 82.66, 67.12, 77.37, 77.54 and 78.72 for the
same characters, respectively Table (2). In the context Shabana et al. (1980)
reported higher h? in perfect environments rather than in stressed one which
partially coincides with our results. The expected genetic advance under
selection was high and ranged from 6.39 to 71.30% under favorable
conditions, and from 11.36 to 51.70% under low input conditions for days to
heading and number of spikes plant™, respectively. These results are in
agreement with those of Cheema et al. (2006), Khan et al (2007), Assefa
and Lemma (2009), Mahdy et al (2012) and Soliman et al (2014).

Grain yield/plant (g) selection
Mean squares, phenotypic, genotypic coefficients of variability and
heritability estimates

The family’s mean squares due to families for all the studied
characters were highly significant for the three generations under favorable
and low input conditions (Table 3). This indicates the presence of genetic
variability among families for further selection.



Table 3. Mean squares of the selected families F3, F4 and Fs generations
for all the studied characters under favorable and low input

conditions.
Mean Squares
Generation|Environment| SOV |Heading| Plant | No. of No. of k%e??llal Grain
date | height spikes/plantkernels/spike| "“. " lyield/plant]
weight
Rep | 119 | 507 | 26.76 14.43 002 | 3305
Ejr:’glrt?(?r'g Families| 16.51%* | 5.84** |  1.38* 8.41%* [13.33** g8.25%*
. Error | 1.17 | 4049 | 086 10.26 004 | 6.03
’ _ Rep | 16 | 914 | 7.963 7.00 001 | 0403
'C-;’r“"c’“'t’}ggg Families| 22.21%* | 3.53*% | 2.22%* 5.84* | 54xx | g79%
Error | 1.135 | 6.16 0.35 15.69 003 | 359
Rep | 281 |2501| 1295 511 0012 | 208
E::girt?é’rﬁ Families| 16.29%* | 20.3%* | 2.23** | 157.00%* |0.77**| 20.79**
. Error | 1.99 | 5.92 0.61 12.03 003 | 594
) _ Rep | 035 | 126 | 221 561 | 0022 112
gg‘é"d'irt‘i%‘r‘]ts Families| 67.22%* | 55.1%* |  1.87* 165.89** |0.35%*| 7.7*
Error 1.1 7.95 0.39 21.56 0.05 2.75
Rep | 603 |2743| 653 0.633 001 | 174
CFj‘r‘]’glrt?é’r'é Families| 35.36** [18.23** 2.62** | 141.17** | 0.9%* | 36.38**
. Error | 525 | 3.47 0.57 1278 | 0022 | 806
° Rep | 003 | 1.23 16 2123 | 001 | 002
low input 1= e TTg1 85+ [50.58%%| 2.47%% | 155.73%% | 0.21* | 10.21%*
conditions Ines ’ ’ ’ ’ ’ ’
Error | 099 |7011| 0.48 26.15 005 | 332

*, ** Significant at 5% and 1% probability level, respectively.

On the other side phenotypic variance (c?p) and the genotypic
variance (c?g) generally were smaller under favorable conditions than under
low input conditions in the cycles C1, C2 and C3 (Table 4). The phenotypic
variance (o?p) generally was smaller under normal irrigation than under low
input conditions in C1, C2 and C3 Table (4). The genotypic variance; (c%g)
was also smaller under normal condition than under drought stress in CO,
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C1, C2 and C3. The phenotypic coefficient of variability (PCV) under
normal condition was 30.52 % for grain yield/plant in the F2 generation,
and decreased to 12.74, 8.49 and 6.82% after C1, C2 and C3, respectively.
Likewise, the PCV % under drought stress was slightly more than that under
normal irrigation and showed the same trend, this could be due to higher
mean grain yield under normal irrigation than under drought stress.

Table 4. Coefficients of variability, heritability and realized heritability
of grain yield/plant as affected by three cycles of selection
under favorable and low input conditions.

) - Realized
2 2 0, 0, 0,
Selection cycle | Treatment | ¢°p | 6°g |PCV% | GCV% |Heritability% heritability%
Favorable
F, population | conditions 7453 | 47.69 | 30.52 | 24.00 85.51
(Co) low input | 5 5q | 3949 | 3944 | 3374 78.72
conditions
Favorable | 559 | 3121 | 1274 | 1235 93.94 43.81
- conditions
F3 families (C1) low input
conditions 21.07 | 19.87 | 13.54 13.15 94.31 41.58
Favorable | ¢ o5 | 495 | ga9 | 763 71.43 54.69
- conditions
F4 families (Cz) low input
conditions 3.08 1.95 491 4.15 73.28 48.73
Favorable | o) | 500 | 682 | 6.33 86.13 72.32
. conditions
Fs lines (Ca) low inout
np 341 | 229 | 447 | 3.67 67.50 60.45
conditions

The high estimates of broad sense heritability estimated from the
expected mean squares generated from the evaluation of the selected
families at one site in one season, which inflates family’s mean squares by
the confounding effects of the interactions of families, years and locations.
However, the realized heritability of grain yield/plant was 43.81, 54.69 and
72.32% under normal condition, and 41.58, 48.73 and 60.45% under stress
condition after C1, C2 and C3, respectively. These results are comparable
with the work of (Talbert et al 2001), (Ahmed 2006), (Ali 2011), (Mahdy
2012), (Salous et al 2014), (Soliman et al 2014), (Mohiy 2015) and (Salous




2017) found a reduction in GCV% when they practiced selection for grain
yield from Fs to Fs generation.
Means and observed gains under favorable conditions

Data in (Table 5) showed the selected ten lines for grain yield/plant
of the three cycles of selection, either under favorable conditions or low
input conditions when they were evaluated in the Fs generation under non
stressed and stressed environments.

Average mean of the group of ten lines which were selected under
favorable conditions was 54.38 g/plant and ranged from 44.57 to 56.33
g/plant for line No.1 and line No.27, respectively, which slightly surpassed
both bulk samples and the parental genotypes. The observed gain for all the
selected families was highly significant observed gain from the better parent
and ranged from 8.34 to 36.94% for line No.1 and line No.27, respectively,
with an average 32.20% .The same trend was recorded for the bulk sample
under optimal conditions with values ranged from -0.11% for line No.1 to
26.26% for family No.27 with an average of 21.89%.

The grain yield of the group of lines which were selected under
favorable conditions and evaluated under stress conditions were ranged
from 37.00 to 43.07g/plant for line No.25 and family No.14, respectively,
with an average of 41.25 g/plant. Nine of the selected families showed
highly significant observed gain from the bulk sample and better parent. The
mean observed gain AG% and expected AG% was 19.97 and 16.12% when
compared to both bulk and better parent, respectively.

Means and observed gains under low input conditions:

The results in Table (5) also revealed that the group of families
which were selected for maximum grain yield/plant after three cycles of
selection under low input conditions and evaluated under favorable
conditions ranged from 34.25 for family No.1 to 48.00 for line No.15 with
an average of 43.34 g/plant. Average of observed gain under favorable
conditions was 43.37 and 46.82% from the bulk sample and the better
parent, respectively. All the selected lines had a significantly observed gain
from the bulk sample and better parent except for family No.7 under both
conditions. The highest AG% bulk sample and AG% better parent values
were recorded for lines No.1 and 99.



Table 5. Mean grain yield/plant and observed gain from the bulk
sample (AG% Bulk) and from the better parent (AG% B.P)
for the selected families after three cycles of selection under
favorable and low input conditions.

Evaluation under favorable Evaluation under low input
Item |Family. No. conditions conditions
Mean AG% Bulk | AG% B.P | Mean | AG% Bulk | AG% B.P
1 44.57 -0.11 8.34 42.46 23.50** 19.54**
10 55.02 23.32** 33.76** | 41.85 21.73** 17.82**
® 14 54.77 22.76** 33.15** | 43.07 25.28** 21.26**
% 21 56.07 25.67** 36.30** | 42.34 23.15** 19.20**
§ 25 55.80 25.07** 35.65** | 37.00 7.62 4.17
&2 27 56.33 26.26** 36.94** | 41.62 21.06** 17.17**
% 8 49 55.00 23.26** 33.69** | 39.83 15.85* 12.13*
5 g 56 55.35 24.05** 34.55** | 43.06 25.25** 21.23**
g ° 96 55.47 24.33** 34.85** | 40.71 18.41** 14.61**
b= 99 55.44 24.26** 34.77** | 40.52 17.86** 14.08**
ﬁ Average 54.38 21.89 32.20 41.25 19.97 16.12
Sakha94 41.14 35.52
Sids13 38.51 33.33
Bulk 44,62 34.38
R.LSD 0.05 4.85 3.11
R.LSD 0.01 6.63 4.26
7 34.25 13.30 16.02 33.23 24.27* 25.63*
10 44.33 46.64** 50.17** | 32.42 21.24* 22.57*
- 13 41.80 38.27** 41.60** | 35.24 31.79** 33.23**
gz 15 48.00 58.78** 62.60** | 34.67 29.66** 31.08**
; 16 45.56 50.71** 54.34** | 39.24 46.75** 48.36**
og 35 44.05 45.72** 49.22** | 37.69 40.95** 42.50**
g ;8 36 44.45 47.04** 50.58** | 38.76 44.95** 46.54**
5 g 42 43.01 42.28** 45.70** | 34.67 29.66** 31.08**
s 3 43 40.95 35.46** 38.72** | 32.96 23.26* 24.61*
g 99 47.02 55.54** 59.28** | 34.65 29.58** 31.00**
% Average 43.34 43.37 46.82 35.35 32.21 33.66
Sakha94 29.52 26.45
Sids13 27.33 24.33
Bulk 30.23 26.74
R.LSD 0.05 2.66 5.92
R.LSD 0.01 3.64 8.10

* and ** significant at 0.05 and 0.01 levels of probability, respectively.
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On the other hand, means of the group of families which were
selected for superior grain yield/plant under low input conditions and
evaluated under stress for the three cycles of selection, ranged from 21.24
for the family No.10 to 46.75 g/plant for the line No.16 with an average of
35.35 g/plant. The average observed gain under low input stress was 32.21
and 33.66% when compared to the bulk sample and the better parent
(29.52), respectively. All the selected lines had a significant observed gain
from the bulk sample and better parent .The family No.10 gave the lowest
value being 21.24 and 22.57 while family No.16 gave the highest value
being 46.75 and 48.36, respectively.

In general we can assure that selection for maximum grain yield
plant? after three cycles under favorable conditions in this instance was
useful than selection under low input stress. These results are in agreement
with those of Ismail (1995), who mentioned that the observed gains in grain
yield over the bulk sample and the better parent was 8.47% and 4.86% in
the population and 6.96 and 6.41%, respectively. Kheiralla et al (2006)
reported that the genetic gain for grain yield after two cycles of selection
was 20.21 and 7.62%, respectively from the bulk sample and the better
parent. In that respect, Mahdy et al (2012) and Soliman et al (2014), noted
that the observed gains for grain yield after two cycles of selection reached
45.00 and 61.53% over the bulk sample and the better parent, respectively,
which is coincide with our results.

Stress susceptibility index for grain yield/plant after three cycles of
selection

Stress susceptibility index (SSI) for favorable and stress conditions
of the selected lines for maximum grain yield/plant is presented in Table (6).
The results of the highest selected lines under favorable conditions after
three cycles of selection when evaluated under both conditions revealed that
four lines; No; 1, 10, 14 and 56 showed stress susceptibility index (SSI) of
0.20, 0.99, 0.88 and 0.92, respectively and could be considered to be
tolerant to stress conditions, while the other lines had (SSI) more than one
and consequently had a good performance under favorable conditions.
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Table 6. Stress susceptibility index (SSI) and Stress tolerant index (STI)
for grain yield/plant after three cycles of selection.

Favorable conditions low input conditions
Low Low
ilv| Favorable | . i Favorable | .
Family input | ssi | sT1 | L€ input | ss| | STI
No. . No. .
conditions | stress conditions | stress
1 44 57 42.46 | 0.20 | 0.64 7 34.25 33.23 | 0.16 0.61

10 55.02 41.85 | 0.99 | 0.78 10 44.33 3242 | 1.46 0.77
14 54.77 43.07 | 0.88 | 0.80 13 41.80 35.24 | 0.85 0.78
21 56.07 42,34 | 1.01 | 0.80 15 48.00 34.67 | 1.51 0.89
25 55.80 37.00 | 1.40 | 0.70 16 45.56 39.24 | 0.75 0.95
27 56.33 4162 | 1.08 | 0.79 | 35 44.05 37.69 | 0.78 0.88
49 55.00 39.83 | 1.14 | 0.74| 36 44.45 38.76 | 0.69 0.92
56 55.35 43.06 | 092 | 0.81 | 42 43.01 34.67 | 1.05 0.79
96 55.47 40.71 | 1.10 | 0.76 | 43 40.95 32.96 | 1.06 0.72
99 55.44 4052 | 1.11 | 0.76 | 99 47.02 34.65 | 1.43 0.87
Mean 54.38 41.25 | 1.00 | 0.76 | Mean 43.34 35.35 | 1.00 0.82
(P1) | 41.14667 | 35.52 | 0.57 | 0.49 | (P1) 29.52 26.45 | 0.56 0.42
(P2) | 38.51667 | 33.33 | 0.56 | 0.43 | (P2) 27.33 24.33 | 0.60 0.35
Bulk | 44.62667 | 34.38 | 0.95 | 0.52 | Bulk 30.23 26.74 | 0.63 0.43

On the other side, low input stress group of lines which were
evaluated under both environments showed that the lines No; 7, 13, 16, 35
and 36 gave stress susceptibility index values of 0.16, 0.85, 0.75, 0.78 and
0.69 in the same respective order indicating to be tolerance under low input
stress.

Rosielle and Hamblin (1981) mentioned that, selection under stress
environment where genetic variance is generally low, will result in a
decreased mean yield in non-stress environments, while selection for
productivity will generally raise mean yield in both stress and non-stress
environments. Kheiralla et al (2006) indicated that antagonistic selection
decreased susceptibility index of the lines and increased synergistic impacts.
They also added that the cultivar Misrl gave value less than one (0.63)
compared to the cultivar Gemmeiza9 and the bulk sample which gave
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values more than one (1.17 and 1.23), respectively. High magnitude of
Stress Tolerance Index (STI) shows an intensive tolerance and the best
advantage. Therefore, selection based on STI will result in high-yielding
tolerant genotypes (Fernandez 1992) indicated that stress tolerance index
(STI) can be used to identify genotypes that have high yield under both
stress and non-stress conditions. Results in Table 6 showed that family No.
14 and 56 had the highest STI value being 0.80 and 0.81 under favorable
conditions followed by family No. 16 and 36 which recorded (0.95 and
0.92), respectively under stress conditions which agrees with SSI values
under both environments. Sanjari (2000) considered that drought stress
tolerance index (STI) is appropriate to select the high yielding and drought
tolerant wheat genotypes which agree with our finding. In addition, Aghaei
et al (2004) detected that, when giving out with a large number of
genotypes, it is better to screen them in two stages. First, genotypes with
high values of STI should be choosed. Second, genotypes from previous
phase should be screened for SSI and those with low values should be
selected. This case leads to high-yielding genotypes in both stress and non-
stress conditions (Ramirez and Kelly 1998).

In conclusion, the families No. 14 and 56 which were selected under
both environments gave the highest grain yield. Meanwhile, the two
families 16 and 36 which were selected under stress gave the highest grain
yield under both environments by both SSI and STI values. Thus these lines
were more tolerant under stress conditions as well as were good yielders
under favorable conditions.

13



REFERENCES

Aghaei, M., R. Mohammadi, R. Haghparast and R. Rajabi (2004). Evaluation of
advanced lines of bread wheat for drought tolerance in Kermanshah. The 8™ Iranian
Congress of Crop Sci., 13-15.

Ahmad, T.A. (2006). Efficiency of late and early selection for grain yield under different
selection criteria and DNA marker polymorphism in wheat (Triticum aestivum L.).
Assiut J. of Agric. Sci., 37 (2): 3-16.

Ali, M.A. (2011). Pedigree selection for grain yield in spring wheat (Triticum aestivum L.)
under drought stress conditions. Asian J. Crop Sci.,3:158-168.

Amin, 1.A. (2003). Selection for drought tolerance in wheat. Ph.D. Thesis, Agron. Dep.
Fac. Agric., Minia Univ., Egypt.

Assefa, M. and T. Lemma (2009). Genetic analysis of wheat varieties for yield and its
components. Annals of Biology. 25(1): 31-34.

Burton, G.W. (1952). Quantitative inheritance in grasses. 6" Int. Grassland Cong. Proc., 1:
227-283.

Chaves, M.S., J.A. Martinelli, C. Wesp-Guterres, F.A.S. Graichen, S.P. Brammer,
S.M. Scagliusi and A.L.S., Chaves (2013) The importance for food security of
maintaining rust resistance in wheat. Food Secur., 5: 157-176. DOI:
10.1007/s12571013-0248-x.

Cheema, N.M., M.A. Mian, M. lhsan, G. Rabbani and A. Mahmood (2006). Studies on
variability and some genetic parameters in spring wheat. Pak. J. of Agric. Sci., 43:
32-35.

El-Morshidy, M.A., K.A. Kheiralla, M.A. Ali and A.A. Said (2010). Response to
selection for earliness and grain yield in wheat (Triticum aestivum L.) under normal
and water stress conditions. Assiut J. of Agric. Sci., 41: 1-23.

El-Rawi, K. and A.M. Khalafala (1980). Design and Analysis of Agricultural
Experiments. EI-Mousel Univ. ,Iraqg.

Falconer, D.S. (1989). Introduction to Quantitative Genetics.3" ed. Longman, Hong Kong.

Fischer, R.A. and R. Maurer (1978). Drought resistance in spring wheat cultivars. 1.
Grain yield response. Aust. J. Agric. Res., 29: 897-907.

Fernandez, G.C.J. (1992). Effective selection criteria for assessing plant stress tolerance.
In: Proceedings of The International Symposium on adaptation of vegetables and
other food crops in temperature and water stress, Chapter 25, Taiwan, 13-16 August,
p. 257-270.

Islam, S., J. Zhang, Y. Zhao, M. She and W. Ma (2021). Genetic regulation of the traits
contributing to wheat nitrogen use efficiency. Plant Sci., 303:110759.

Ismail, A.A. (1995). Pedigree selection for grain yield, grain weight and earliness in two
segregating populations of spring wheat.Assiut J. of Agric. Sci., 24: 59-72.

Khan, 1., I.H. Khalil and Nasir-ud-Din (2007). Genetic parameters for yield traits in
wheat under irrigated and rain fed environments.Sarhad J. Agric., 23: 973-979.

Kheiralla, K.A., M.A. EI-Morshidy, A.M. Tammam and M.M. Zakaria (2006). The

14



efficiency of selection and environmental sensitivity for grain yield in wheat.
Symposium: Status and Improvement Horizons of Field Crops in the Arab World.
30-31 October, Aleppo Univ., Syria.

Kheiralla, K.A.,, M.A. El-Morshidy, M.H. Motawea and A. A. Saeid (2004).
Performance and stability of some wheat genotypes under normal and water stress
conditions. Assiut.J.Agric.Sci., 35:74-94.

Kristin, A.S., R.R. Senra, F.l. Perez, B.C. Enrigez, J.A.A. Gallegos, P.R. Vallego, N.
Wassimi and J.D. Kelley.(1997). Improving common bean performance under
drought stress. Crop Sci., 37:43-50.

Mahdy, Rasha, E. (2007). Inheritance of yield, yield components and drought tolerance
traits in bread wheat (Triticum aestivum L.). M.Sc., Thesis, Agron. Dept. Fac. Agric.
Assiut Univ., Egypt.

Mahdy, E.E., A.E. El-Karamity, S.A. Mokadem and H.M. Fouad (2012). Selection for
grain yield and its components in two segregating populations. Minia Int. Conf.
Agric. Irrig. In the Nile Basin Coun., 26th-29th March : 595-604.

Marianne, Banziger and C. Mark (2001). Breeding for low input conditions and
consequences for participatory plant breeding: Examples from tropical maize and
wheat. Euphytica ,122: 503-519.

MALR, Ministry of Agriculture & Land Reclamation (2021). Bulletins of Food
Ballance Sheet (2000-2019); Ministry of Agriculture &Land Reclamation (MALR):
Cairo, Egypt, 2021.

Mohiy, M.M. (2015). Response to selection for grain yield under high temperature
conditions from F; to Fs generations in two bread wheat populations. Egypt. J. of
Appl. Sci. 30 (11): 476-497.

Muurinen, S., G.A. Slafer and P. Peltonen-Sainio (2006). Breeding effects on nitrogen
use efficiency of spring cereals under northern conditions. Crop Sci., 46, 561-568.

Ramirez, P. and J. Kelly. (1998) .Traits related to drought resistance in common bean.
Euphytica 99: 127-136.

Rosielle, A.A. and J. Hamblin (1981). Theoretical aspects of selection for yield in stress
and non-stress environments. Crop Sci., 21: 943-946.

Salous M.S. (2017). Response to selection for grain yield in bread wheat under drought
conditions in upper Egypt region. Egypt. J. Plant Breed., 21(6):971— 987.

Salous, M.SH., M.A. El-Morshidy, K.A. Kheiralla and M.Kh. Moshref (2014).
Selection for grain yield in bread wheat (Triticum aestivum L.) under normal and
heat stress conditions. Assiut J. Agric. Sci., 45 (2) 1-18 (Special Issue).

Sanjari, A.G.H. (2000). Evaluation of yield stability and source of drought tolerant in
wheat cultivars and lines in semi-arid of country Proc. Conf. 5th Congress of Agro.
Sci. and Plant Breeding. Kraj. pp165.

Shabana, R., T. Bailey and K.J. Frey (1980). Production traits of oat selected under low,
medium and high productivity. Crop Sci., Vol. 20:739-744.

Sharma, D., R. Singh, R. Tiwari, R. Kumar and V. Gupta (2019). Wheat Responses and

15



Tolerance to Terminal Heat Stress: A Review. In M Hasanuzzaman, K Nahar & MA
Hossain (Eds.), Wheat Production in Changing Environments: Responses,
Adaptation and Tolerance (pp. 149-173). Springer. DOI: 10.1007/978-981-13-6883-
77

Soliman, G.M.M., M.A. El-Morshidy, K.A. Kheiralla and I.A. Amin (2014). Selection
efficiency under both normal irrigation and water deficit conditions in durum wheat.
The Fifth Field Crops Conference (Towards Food Security) 18-20 Nov. Egypt -
Egypt J. Agric. Res., 93, 2 (A): 335-351.

Steel, R.G.D, J.H. Torrie and D.A. Dickey (1997). Principle and Procedures of Statistics.
A Biometrical Approach 3rd Ed., McGraw-Hill Book Company, New York. U.S.A.

Talbert, L.E., S.P. Lanning, R.L. Murphy and J.M. Martin (2001). Grain fill duration
in twelve hard red spring wheat crosses: Genetic variation. Crop Sci., 41: 1390-
1395.

Walker, T.T. (1960). The use of a selection index technique in the analysis of progeny row
data. Emp. Cott. Rev., 37: 81-107.

Zakaria, M.M., M.A. El-Morshidy, K.A. Khieralla and A.M. Tammam (2008). Direct
selection for grain yield and correlated response in bread wheat under normal and
late sowing dates. Assiut J. of Agric. Sci., 39:1-16.

Zhou, B.W., M.D. Serret, J.B. Pie, S.S. Shah and Z.J. Li (2018). Relative contribution of
nitrogen absorption, remobilization, and partitioning to the ear during grain filling in
Chinese  winter wheat. Frontiers In Plant Science 10:3389 DOI
10.3389/pls.2018.01351.

SN Sl (e QRS A mad 8 Al e g Gigaal) Jgana dolaiu)
JAl) cliaall Cig s it (ualdd) Juall
Yola gl &Mw‘,ﬂk@\g‘wgﬁﬁ\uﬂm,’ﬁh\ﬁ)gﬁyﬂ\ s Lasdi

- 5all daals — el 3l A8 — Jpalad) s LY

Kol /Y S g PN/ FalA VAP Y DU do) ) 3l adpo JUS Lyjadl ode <y paf

el QST el 5 jpad] da ptl ¢ e ¢ Ll )i Cgadl) Spe o jpandly Lol i Sipad dbae
g b cad cgad Jpasad LylSil) of g0 D 1bD a7 S cllssd cigdip L g bl cad
A ualsd) ) AN s X9 £ S Cpagl! U sl o 5 e ] 5 i) LS i)
CLUSLY Jalea g . Cpiinl) LIS cigphi cnd JilIl cllisal cigbig Ao cig bl o J§ Cbisliia asdi
BoMNY AV e NN G star D19, EN flig Dl ledipe (AU Sl A S/ gl Jpanal s pgdiad

16



CBEENVT L Vo) e gt B0 ) Sy S clliadd) Cig i cad Ly o Ll cig BN cag
A A fal G ple JSdy il opiid) IS 5 g pgdiad opbil) e Wl S 400 bl olSs
chgbig Ll g bl cad clfcigad Jpasel gul gl vally Coypll da s Gty el Jiad
Cu sl GeldS CulSy A Ao QST o s Gl aey BV, 00 5 AT dad JI cllsas
3 EAYE 5 £0,04) — Ailia (BYT, Y 4 06,19 5 £ A0) Aol Cig Bl cad ledise gdaa
Al il ilSy Lol o AUNE g LAl o Aol LplSIl o jgslt S cllised gl cad (%70, %0
Salyj (S cllssall cigpliy Liad g bl Cad lgendi ot Al g) Ll g bl ciad QUSIL e ddisal)
Lis Juabll) Y e g« Bt 1Y 5 P1iAT L dranal Ll oo Clfeigind Jpara 6 digpina
Lsiiel) cllitel) gl cowi ) Ao S cllised Ciguliy Lia cig Bl cad %ETAY g FYr.
(S cllssd) cigpliy ALl g il cad lgendi ai A g) S cllised iyl cad cigad Jpasad
Loy Jbll Y e g B1F T 51060 ¥ Dusads dranal Ll o s/ gund) Jpuana (6 L gina 530
G o gl < pgdily s il Ao S cllias) Cigdip el cig Bl cad %1 TT g 196ty
et gl J g ST uSe o o JA cllised Cig b cad dgall] Dudead) o Ji el
cad Glifeigad Jparal GlEIU GlS ¢ i o Sglle S cllised ig b cad dgalll Ludduad

oLl g bl i S (e Juadf S clssel) g b

(Yerr) 1y =t ()07 cludl Ly il 4y pasd Uaal

17



