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Abstract

Water deficit caused reduction productivity attributes for faba bean crop. So, seven faba bean genotypes
were evaluated as parents with their F; crosses under normal and water dificit at the Experimental Farm, Faculty
of Agriculture, Benha University, Egypt, during the 2021 /2022 and 2022/2023 winter growing seasons to study
heterosis, combining ability and genotype behavior under different irrigation treatments. With the exception of
the number of branches plant-1, very significant differential mean squares attributable to genotypes, parents,
crosses, parent vs. crosses, GCA, and SCA were found for all attributes in both and across trials. Water deficit
caused reductions in plant height, number of branches plant™®, number of pods plant™, weight of pods plant™,
number of seeds pod-1, 100-seed weight, and seed yield plant® by 6.05, 9.86, 15.24, 11.06, 1.03, 4.77
and10.59%, respectively. GCA/SCA ratio values which exceeding largely the unity were detected for number of
branches plant™, number of pod-1 and seed yield plant™, in both and across irrigation treatment, revealing that
additive and additive x additive gene effects account for the majority of overall genetic variability. The cross
P1xPs recorded the highest significant and positive heterosis relative to mid and better parent being 40.65% and
40.27% for seed yield plant™, respectively . Ps (Sakha 4) and Ps (Sakha 4)xPg (Wadi 1) exhibited the best
general combiner and best specific effects for seed yield per plant, respectively. Based on stress indices TO L
and SSI, the crosses PsxPg and P4xPs were the most tolerant genotypes based on (RSI) index. In this study P,
and P3, also the cross 3x6 had desirable values for M P ,G M P, H M, STI and Yi indices. The mention
genotypes might be employed in faba bean breeding programmes under water stress.

Keywords: Field bean, Water stress, Genotypes, drought, stress indices , Combining ability.

identify prospective germplasm with drought
tolerance genotypic variations. Faba bean breeders'
major objective is to produce genotypes that use less

Introduction

Field bean (Vicia faba L.) in Egypt is most

important winter leguminous crop, used as a source
of food protein and certain essential amino acids in
human diets (Mansour et al., 2021a). Faba bean is
not only nutritious, but it also plays a significant role
in decreasing nitrogen (N) fertilizer inputs to
agricultural production systems by symbiotic fixation
of atmospheric N2 (Liu et al., 2019).

Annual production supplies less than half of
Egypt's total consumption (FAO, 2021). To fulfil
national need, either the area or yield per unit area
should be raised. Thus, increasing yield of this crop
is the ultimate goal of plant breeders (El-Abssi et al.
2019).

Drought tolerance in crops is a primary goal of
most crop breeding programmes, particularly in new
agricultural lands. Plant breeding research is critical
for developing new faba bean cultivars with excellent
drought resistance (Ullah et al., 2019). Plant
breeders must boost production potential while also
increasing drought tolerance. The first approach is to

water and are more drought resistant in order to close
the gap between national output and consumption.
Basic information about the breeding material must
be supplied for effective development of drought-
tolerant faba bean genotypes.

Drought tolerance is a complicated trait with
low inheritance; consequently, it is critical for plant
breeders to employ physiological variables linked
with seed yield to exploit them in enhancing seed
yield in water-limited situations. Using physiological
characteristics to evaluate different genotypes under
abiotic stress were critical for understanding the
relationship between physiological processes and
drought resistance (Mansour et al., 2021b).

Crop improvement relied heavily on combining
abilities. It has the potential to assess the amount and
nature of genetic impacts that govern yield qualities,
as well as to prepare promising parents for use in
generating genetic variability for ultimate application
in variety enhancement. In terms of general and
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specialized combining abilities, parallel analysis was
an excellent tool for learning about different parents
and parental combinations (GCA and SCA)
(Griffing, 1956).

Furthermore, evaluating parental genotypes is
critical for enveloping superior hybrids. The
estimations of combining ability impacts provide
significant penetration into the choice of parents that
may result in superior hybrids following crossing.
Furthermore, understanding the type and extent of
gene effects is critical for producing high vyielding
faba bean cultivars (Beyene, 2016).

Drought is a significant environmental
constraint limiting faba bean output. Global water
screening for drought-tolerant genotypes identifies
and selects plant varieties with enhanced drought
tolerance, using various methods and steps:
Tolerance index (TOL) (Rosielle and Hamblin, 1981),
mean productivity (MP) (Rosielle and Hamblin,
1981), geometric mean productivity (GMP)
(Fernandez, 1992),harmonic mean (HM) (Bidinger
and Mahalakshmi, 1987),stress susceptibility index
(SSI)(Fischer and Maurer, 1978), stress tolerance
index (STI) (Fernandez, 1992), yield index (YI)
(Gavuzzi et al., 1997), yield stability index (YSI)
(Bouslam and Schapaugh (1984) and relative stress
index ( RSI) (Bouslam and Schapaugh, 1984).

This study aimed to evaluate the performance
of seven different faba bean genotypes through
diallel crosses under both normal irrigation and
drought stress conditions. Additionally, to estimate
various stress tolerance indices to identify faba bean
genotypes that are tolerant to water stress and have
high yield potential.

Materials and Methods

The field trials were carried out in the
Agricultural Research and Experimental Centre,

Faculty of  Agriculture, Moshtohor, Benha
University, for two seasons of 2021-2022 and 2022-
2023. Seven field bean genotypes representing a
wide range of variability namely; Linel38 a new
variety developed by Dr A.A. El Hosary (Py),
Var.Giza 716 (P,), Var. Sakha 2 (P3), Var. Giza 843
(P4), Var. Sakha 4 (Ps), Var. Wadi 1 (Ps), and Var.
Nubariab (P;) obtained from Agriculture Research
Center, Egypt

The aforementioned genotypes were crossed in
diallel scheme without reciprocals in the first winter
growing season, 2021- 2022, producing a total of 21
F, crosses. In the second season, parents and F;
hybrids were planted on October 15, 2022, in two
adjacent trials. The first experiment was watered just
with planting irrigation (E1), while the second was
usually irrigated three times (E2). Each experiment
was grown in a three-replication randomized
complete block design (RCBD). Each F; and parents
were represented by a single 6-meter-long ridge
having 30 plants in each replication. Ridge-to-ridge
and plant-to-plant spacing remained constant at 60
and 20 cm, respectively. In both trial, the dry way of
planting was adopted, and the rest of the cultural
practices were followed as indicated for regular field
beans in the location. Observations were made on 10
randomly selected plants from each genotype plot.
The following variables were recorded and scored for
each plant: Plant height (cm), Number of branches
plant-1, Number of pods plant-1, Weight of pods per
plant (g), Number of seeds per pod-1, 100-seed
weight (g), Seed yield per plant (g).

The meteorological data of the experimental
site was collected from Mostohor meteorological
station during evaluated season of 2022/2023 is
presented in Table 1. Also, the Physical and chemical
analysis of soil at the experimental site in 2022/2023
seasons are presented in Table 2.

Table 1. Climatic data of the cultivated site (Moshtohor — Qalubia) in 2022/2023 winter season.

Month —— ATC —— RH % Rainfall (mm)
October 2022 331 18.2 50.3 0.2
November 2022 30.2 155 52.6 0.3
December 2022 23.2 9.6 55.7 0.8
January 2023 22.8 8.4 56.8 1.3
February 2023 25.2 9.3 47.2 0.5
March 2023 30.5 12.2 38.3 0.2
April 2023 31.2 13.6 39.9 0.1
May 2023 36.7 19.1 33.1

AT: Actual Temperature RH: Relative Humidity
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Table 2. Soil physical and chemical studies at the experimental location in 2022/2023 season.

Soil Properties 2022/2023
Mechanical analysis

Sand 25.7
Silt 325
Clay 48.6
Water holding capacity % 30.23
Wilting moisture % 14.09
Chemical analysis

PH(1:2.5,s0il: water suspension 8.24
EC (soil past, ds m™) 2.61
Na* 11.23
K* 0.86
Ca™ 8.65
Mg** 5.89
COs” 0.0
HCO3 5.32
CL 8.70
SO~ 12.6
CaCo3% 115.3
OM(gkg™) 52.6

Soil Electrical Conductivity (EC) and soluble ions
were determined in sutured soil before extract

The analysis of variance for combining
ability and assessment of genetic influences were
done using Griffing's (1956) techniques for method 2

Table 3. Drought Tolerance Indices and how calculate

model 1. Heterosis in F; plants is reported as a
percentage variation from the mean performance of
the mid and better parent. Table 3 shows the Drought
Tolerance Indices that were computed to identify
drought-tolerant genotypes:

abbreviation Drought tolerance indices Calculation According to

TOL Tolerance index Yp-Ys Rosielle and Hamblin, 1981

MP Mean productivity (Ys+Yp)2 Rosielle and Hamblin, 1981

GMP Geometric mean productivity [Ys x Yp Fernandez, 1992

HM Harmonic mean 2(YsxYp)/Ys+Yp Bidinger and Mahalakshmi,

1987

SSI Stress susceptibility index [(1-(Ys/Yp)] / 1- Fischer and Maurer, 1978
(Ys/Yp)]

STI Stress tolerance index (Y, x Yp)/(Yp)2 Fernandez, 1992

YI Yield index Ys/Ys Gavuzzi et al., 1997

YSI Yield stability index Ys/Yp Bouslam and Schapaugh, 1984

RSI Relative stress index NN N el N s Bouslam and Schapaugh,1984

However, because they are calculated at the yielding
stage, these indices are time-consuming and sensitive
to environmental factors. Mohamed et al. (2022).
where Ys is the seed yield of genotypes under stress
conditions, Yp is the seed yield of genotypes under
normal conditions, s and p are the mean yields of all
genotypes under stress and normal conditions,
respectively, and s and p are the mean yields of All
genotypes under stress and normal conditions,
respectively.

Results and Discussion

Table 4 displays the results of the ordinary analysis
of variance and diallel analysis performed on both

and across irrigation trials using the Griffing (1956)
method 2 method 1 for all analyzed characteristics.
ANOVA demonstrated significant mean squares for
all sources of variation (genotypes, parents, crosses,
parent vs crosses (heterosis), and all types of
combining ability in both and across trial, except,
Number of branches plant™. The studied materials
had sufficient amount of genetic variability adequate
for further biometrical assessment. Significant
differences among faba bean genotypes for yield and
its components traits in different sets of material
were reported by Darwish et al. (2005), Alghamdi
(2009, Hazem, et al. (2013), Abdalla et al. (2015),
Abdalla et al. (2017), Bishnoi et al. (2018) and El
Hosary (2020).

Annals of Agric. Sci., Moshtohor, Vol. 61 (3) 2023
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Table 4. Ordinary analysis of variance (ANOVA) and combining ability analysis for all analyzed features in

each and across irrigation treatments.

S.0.V. Df Plant number of Number  weightof number 100-seed seed yield
height ~ branches  of pods |a$39$( ) ofseeds  weight(g) plant™ (g)
(cm) plant® plant? P ¢ pod™

Drought environment
Rep. 2 3.46 6.04 6.19 2.27 0.53 0.92 0.53
Genotypes 27 8.01 1.24 13.637  89.53"  247.43" 54.02" 247437
Parent 6 3.97 1.74 12587 49767  220.00 55.41" 220.00"
Cross 20 9.04 1.15 13.947  96.887  268.01" 53.80"" 268.01"
Par.vs.cr. 1 11.57* 0.01 13.607  181.36" 0.42 49.97" 0.42
Error 54 2.71 1.7 3.01 1.93 1.92 0.75 1.92
GCA 6 232" 0.76 246 22.40" 120.35" 11.12" 120.35"
SCA 21 2777 0.32 5.14™ 31.977 71.66" 19.97" 71.66"
Error 54 0.9 0.57 1.00 0.64 0.64 0.25 0.64
GCA/SCA 0.84 - 0.48 0.7 1.68 0.56 1.68
Normal irrigation
Rep 2 8.73 5.24 1.02 0.26 2.59 0.4 2.59
Genotypes 27  10.95* 0.97 16.317 101477  353.83" 62.41" 353.83"
Parent 6 5.63 0.67 23.54* 31977  330.68" 59.79" 330.68"
Cross 20 1290 1.1 14.897  119.147  378.44" 60.05" 378.44"
Par.vs.cr. 1 3.81 0.11 1.12 165.09™ 0.53 125.25™ 0.53
Error 54 2.42 1.48 2.34 1.9 1.71 0.71 1.71
GCA 6 6.17" 0.73 9.61" 16.05"  171.43" 16.917 171.43"
SCA 21 2.93" 0.21 424 38.907  102.66 21.917 102.66
Error 54 0.81 0.49 0.78 0.63 0.57 0.24 0.57
GCA/SCA 2.11 - 2.27 0.41 1.67 0.77 1.67
Combined analysis
Env. 1 146727 25.46" 290.85  1631.43" 1359.11°  823.18" 1359.11"
Rep/E 4 6.1 5.64 3.61 1.27 1.56 0.66 1.56
Genotypes 27  16.06* 1.77 24577 177727 584.27 97.21" 584.27"
Parent 6 8.89 1.65 30.42" 73.817  538.12" 105.78™ 538.12""
Cross 20 18.97" 1.89 23487 200467  627.33" 91.16" 627.33"
Par.vs.cr. 1 1.05 0.03 11277 346.26™ 0 166.73" 0
GXxE 27 2.89 0.44 5.37* 13.29" 16.98" 19.21" 16.98"
par./ E 6 0.71 0.76 5L70* 7.92% 1256 9.42” 1256
Cr. xE 20 2.97 0.36 5.36* 15.56" 19.117 22.69" 19.117
Par.vs.cr.Vs.E 1 14.34* 0.09 3.46 0.19 0.95 8.50" 0.95
Error 108 2.56 1.59 2.67 1.92 1.81 0.73 1.81
GCA 6 7577 1.14 9.32" 31.88"  288.01" 24.33" 288.01"
SCA 21 472" 0.43 7.877 67.05°  168.11" 34,717 168.11°
GCAXE 6 0.93 0.35 275" 6.57" 3.76™ 3717 3.76™
SCAXE 21 0.98 0.09 1.51 3.82" 6.20" 7177 6.20"
Error 108 0.85 0.53 0.89 0.64 0.6 0.24 0.6
GCA/SCA 1.6 - 1.19 0.48 1.71 0.7 1.71
GCA = 5 5 0.21 0.01 0.15 0.01
XE/GCA
SCA xE - - - 0.06 0.04 0.21 0.04
ISCA

*and  refer to significant if p> 0.05 and p> 0.01, respectively.

The mean squares of both forms of
combining ability (GCA and SCA) were very
significant for all examined traits in both and across
irrigation treatments. To establish an effective

hybridization programme and choose the best
method of selection, the relative relevance of
additive and non-additive gene activity must be
determined. The GCA/SCA ratio was calculated to

Annals of Agric. Sci., Moshtohor, Vol. 61 (3) 2023
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discover the most important genetic impacts. In the
drought environment, values exceeding largely the
unity were detected for, number of pod™ and seed
yield plant®, and plant height number of branches
plant™, number of pods plant™, number of pods plant
! in normal irrigation, and the combined across
irrigation treatment, indicating that the majority of
the total genetic variability was due to additive and
additive xadditive.

The importance of additive genetic action in
controlling these traits was previously mentioned by
Abdelmula (2006), EL-Harty (2006), Ibrahim (2010),
, Farag and Afiah (2012), El-Banna et al., (2014),
EL-Harty (2016), and Bishnoi et al., (2018). On the
other hand, the non-additive genetic variance was
previously reported to be the most prevalent for seed
yield plant™ by Obiadalla et al., (2013), El-Harty et
al., (2016) and El-Abssi et al  (2019) No. of
branches plant™ by Sattar et al., (2012); and Ashrei et
al (2014) ; For 100-seed weight by Abd-Elrahman et
al., (2012) and Farag and Afiah (2012).

The interaction between GCA and irrigation
treatments significantly influenced the number of
pods per plant, weight of pods per plant, number of
seeds per plant, seed yield per plant, and weight of
100-seeds. This suggests that the effects of additive
and additive x additive gene actions varied in
different environments. In contrast, there was no
significant interaction between GCA and water
treatments for plant height and number of branches
per plant, indicating that these traits were more stable
in terms of their additive and additive x additive gene
actions.

The interaction between SCA and
environment was significant for plant height, number
of pods plant™, weight of pods plant™®, number of
seeds plant™, seed yield per plant, and weight of 100-
seed, showing that non additive kinds of gene
activation differed across irrigation treatments.

The ratio between SCA/SCA Xx irrigation
treatments was much higher than that of GCA/GCA
x irrigation treatments for all traits, except plant
height, number of branches plant™, number of pods
plant™® and weight of pods plant™, indicating, that non
additive effects were much more influenced by
environments than additive genetic one. Such results
are in harmony with those obtained by Omar et al.,
(2004). For the exceptional cases, the ratio between
GCAJ/GCA [/ irrigation treatments was much higher
that of SCA/SCA x environments indicating that non
additive type of gene action behaved the same under
different environments.

Mean values for all traits under both and
across environments are presented in Tables 5, 6 and
7. Regarding plant height (Table 5), P, (Super 200)
in both and P; x P in stress condition and P, X Ps in
non-stress and combined analysis expressed the
tallest plants for plant height, While Ps under water
stress and combined analysis exhibited the lowest
values for this trait, Wadi 1(P¢) gave the lowest value

for this trait in non-stress conditions and P, X P; in
both and across environments expressed the shortest
values.

The highest value for number of
branches/plants was detected for the parent Line 1
(P1) in both and across irrigation treatments, P1 x P4
under drought stress, P3 x P7 in normal irrigation
treatment and combined analysis.

Regarding number of pod plant-1, parent
Sakha 1 (P3), P1 x P5, P3 x P5, P4 x P5 and P4 x P6
expressed the highest value under both and across
irrigation treatments (Table 5).

As shown in Table 6, Wadi-1 (P6) for
weight of pods plant-1, Giza 843 (P4) for number of
seeds pod-1, cross P1xP5 expressed the highest value
under both and across irrigation treatments in the
first trait, cross P1xP7 at drought stress, and
combined analysis, P4xP5 under normal irrigation
treatment gave the highest values. Parent Sakha-4
(P5) indicated the greatest value for the weight of
100 seeds when under stress and when data were
merged. The greatest values for this feature are
provided by the crosses P2xP6, P4xP7, and P2xP6, at
E1, E2 and combined data, respectively.

For seed yield per plant, the parents Wadi 1
(P6) gave the highest value under normal condition
and combined data, while parent Sakha 1 (P3)
expressed the highest value for the trait under water
stress (Table 7). The cross P3 x P5 gave the highest
values under stress condition and combined analysis
being 68.23 and 72.78 g, respectively. Moreover, the
cross P5 x P6 expressed the highest means value for
seed vyield per plant under normal irrigation
treatment.

It is clear that the studied crosses behaved
differently for yield and most of its components in
drought condition and normal irrigation treatment.
Moreover, the average seed yield was 47.88 g in
drought treatment as compared with normal
irrigation treatment which was 53.66g as an average
of all crosses. Such result reflects the effect of
drought on the performance of faba bean seed yield
over all studied crosses.

For seed yield per plant heterosis, nine, nine
and nine crosses exhibited significant and positive
mid parent heterosis under drought stress and normal
irrigation as well as combined analysis, respectively
(Table 7). The study found that under drought stress,
normal irrigation, and combined analyses, nine
crosses showed significant positive mid-parent
heterosis for seed yield per plant. However, the cross
P1xP5 had the most desirable heterotic effects, with
values of 36.817 and 40.65 under drought.
Significant and positive heterosis effects relative to
mid parent and better parent for seed yield per plant
were reported by EL-Harty (2006), Ibrahim (2010),
El-Banna et al., (2014), Abdalla et al., (2017), and
EL-Hosary (2020).

Annals of Agric. Sci., Moshtohor, Vol. 61 (3) 2023
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Table 5. Plant height, number of branches plant™, and number of pods plant™ mean performance of genotypes
under drought stress (D) and normal watering (N), as well as the combined across irrigation

treatments.
Traits Plant height (cm) Number of branches plant™ Number of pods plant™
Genotypes D N © D N © D N ©

Super 200 (P;)  115.00 122.33  118.67 8.40 8.67 8.53 1413  15.53 14.83
Giza 716 (Py) 114.00 121.33 117.67 7.47 7.60 7.53 14.2 18.53 16.37
Sakha 1 (P3) 105.00  120.00 112.50 6.13 8.40 7.27 18.13  20.53 19.33
Giza 843 (P,) 104.33  112.00 108.17 6.33 7.47 6.90 12.47  17.13 14.80
Sakha 4 (Ps) 100.33  109.53  104.93 7.27 7.87 7.57 12.07  14.13 13.10
Wadi 1 (Ps) 103.67  109.00 106.33 6.87 7.53 7.20 13.90  20.07 16.98
Nubaria5 (P7) 110.00  114.00 112.00 7.33 8.27 7.80 12.60  13.47 13.03

P.xP, 103.67 11500 109.33  7.60 800  7.80 1378 1620  14.99
P.xPs 108.67 11600 11233 673 840  7.57 1457 1747  16.02
P.xP, 11800 12267 12033 813 860 837 1600 1613  16.07
P.xPs 12500 13867 131.83 7.80 813  7.97 1820 1867 1843
P.xPs 117.33 12567 12150 7.03  7.87 745 1060 1527  12.93
P.xP; 107.67 119.00 11333  7.87 845 816 1333 1333  13.33
PoXPs 11533 12200 11867 600  7.93 697 1127 1347 1237
PoxP, 106.67 12133 11400 7.00 753  7.27 1493 1560 1527
PoxPs 99.33 10467 10200 620  6.67 643 1413 1610 1512
PoxPs 11533 11633 11583  7.67  7.80 773 1720 1733  17.27
PoxP; 91.00 9767 9433 655 670 663 1297 1507  14.02
PaxP, 117.33 12133 11933  7.33 833  7.83 1387 184 16.13
PoxPs 97.33 9800 9767 715 800 758 1680 20.33 1857
PoxPs 108.00 11400 111.00 652 685  6.68 1653 1877  17.65
PoxP; 12533 12867 127.00 7.87 893 840 1493  16.07 15,5
PXPs 111.00 11833 11467 747 833  7.90 1777 2100  19.38
PxPs 110.00 121.00 11550  7.07  7.67  7.37 1707 2100  19.03
P.xP; 111.67 11233 11200 687 830  7.58 1773 1777  17.75
PsxPs 11467 12167 11817 607 733 67 126 1773 1517
PsxP; 121.33 12400 12267 740  7.82 7.6l 1407 1783 1595
PexP; 119.67 12967 12467 753 800 777 1367 2027 1697

'\gae;r;nosf 107.48 11546 11147 711  7.97 754 1393 17.06  15.49
'\é'r%ir;e‘;f 111.63 11848 11506 714  7.89 751 1486 1732  16.09
G'\é'r?gt”yggs 11060 11772 11416 713 791 752 1463 1726 1594
LSD 5% 477 505 344 213 199 144 283 250 1.87
LSD 1% 6.34 671 456 283 265 191 377 332 2.48

Annals of Agric. Sci., Moshtohor, Vol. 61 (3) 2023
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Table 6. The genotypes' mean performance for weight of pods plant™, number of seeds pod™, and 100-seed
weight under drought stress (D) and normal irrigation (N), as well as the combined analysis.

Traits Weight of pods plant™ (g) Number of seeds pod™ 100-seed weight (g)
Genotypes D N C D N © D N C
Super 200 (Py) 4423 52.34 48.28 2.70 2.77 2.73 88.03 96.41 92.22
Giza 716 (Py) 49.43 56.66 53.05 2.97 2.73 2.85 87.73 91 89.37
Sakha 1 (P3) 44,06  50.05 47.06 2.67 3.03 2.85 81.74 83.93 82.84
Giza 843 (P,) 4792 55.61 51.77 3.03 3.17 3.10 81.93 86.36 84.15

Sakha 4 (Ps) 44.09 53 48.55 3.07 2.87 2.97 94.28 95.37 94.82
Wadi 1 (Ps) 55.33  58.88 57.11 2.30 2.70 2.50 85.97 90.7 88.34

Nubaria5 (P;) ~ 47.69 50.65  49.17 2.73 3.10 292 8841 8988  89.15
P.xP, 4497 5393 4945 270 3.27 298 8913 9275  90.94
P.xPs 5244 599 5617  3.40 2.63 302 9413  97.07 956
P.XP, 56.42 6295 59.69  3.37 2.93 315 8399 9191  87.95
PoxPs 6207 6999 66.03 3.3 2.70 287 8737 9631 9184
P.xPs 4630 524 4935 287 273 2.80 911 9148  91.29
P.xP; 4626 5128 4877  3.50 3.03 327 9397 96 94.98
P,xPs 4654 5149  49.02  2.83 2.97 290 9379 9749 9564
P,xP, 4951 5718 5335 247 3.07 277 8723 8847  87.85
P,xPs 4638 543 5034 267 3.10 288 8428 9463  89.46
P,xPs 4930 5033  49.82 2.67 2.90 278 9677 972 96.98
P,xP; 4198 507 4634 287 2.80 283 8513 8535 8524
PoxP, 4321 4953  46.37 2.50 2.60 255 8647 9403  90.25
PoxPs 50.40 5818 5429 263 2.60 2.62 822 839  83.05
PoxPs 5182 5641 5412 2.73 2.80 277 8385 8987  86.86
PoxP; 5460 652  59.9 2.80 3.03 292 8643 9136 889
PxPs 5855 6218  60.37  3.00 3.27 313 9393 9544  94.69
PxPs 5239 5355 5297 257 2.63 260 9058 9832  94.45
PxP; 58.42 5842 5842  3.40 2.6 300  87.85 9947  93.66
PoxPs 4576 4919  47.48  3.33 3.03 318 8568 97.88 9178
PoxP; 5331 6665 5998  2.82 3.03 293 9274 9482 9378
PexP; 58.88 6579 6234  2.83 3 292 8507 864 8574

'\F’)';g;]g 4754 5388  50.71 278 2.91 285 8687 9052  88.70
'\C"r‘;asge‘;f 5093 57.12  54.03 2.90 2.89 290 8865  93.34 01
G'\é'rfgt”yggs 50.08 5631 532 2.87 2.90 288 8821 9263  90.42
LSD 5% 302 225 158 0.63 0.54 0.41 141 138 098
LSD 1% 2.10 3 2.10 0.84 0.72 0.55 188 184 130
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Table 7. Mean genotype performance for seed yield plant™ and heterosis compared to mid- and better parent
under drought stress (D) and normal irrigation (N), as well as the combined analysis.

Seed yield plant™ (g)

Genotype Mean performance
D N C
Super200 (P,) 42.87 4333  43.10
Giza716 (P,) 54.00 62.73 58.37 Heterosis % relative to
Sakhal(P;)  58.30 63.67  60.98
Giza843 (P) 36.67 41.67  39.17
Sakha4 (Ps)  40.67  46.00  43.33
Wadi 1 (Ps) 57.33  66.33 61.83 Mid Parent (M.P) Better Parent ( B.P)
Nubaria5 (P;)  46.50 50.60 48.55 D N © D N ©
P.xP, 46.33 5453  50.43 -4.34 2.83 -0.59 214207 -13.07 -13.59™
PixPg 4520 5097 48.08 -10.64" = -4.74* 7617 22477 -19.957 -21.15"
P.XP, 4407 4833 4620 10.81°  13.737 12.32" 2.8 11.54 7197
PixPs 58.63 6293  60.78  40.38" 40907 4065 = 36.78" 36.81" 40.27"
P.XPs 37.97 43.00 4048 -24.22" -2158"  -22.84"  -33.78" -35.18" -34.53"
P.xP; 5153 58.07 54.80 15337  23.63" 19.59" 10.82" 14.76™ 12.87"
P,XP3 38.80 41.60 4020 -30.90°  -34.18"  -32.64  -33.45 -34.66" -34.08"
PoxP, 3590 4353 39.72 -20.817 -16.60°  -1856  -33.52°  -30.617  -31.95
P,XxPs 63.57 68.80 66.18 3430 2655 3015 @ 17.72 9.67" 13.39"
P,xPs 4493 5167 4830 -19.287  -19.947  -19.637 -21.637  -22.117 -21.89"
P,xP; 4727 50.67  48.97 -5.94*  -10597 -840  -12.47 -19.23" -16.11"
PaxP, 4373 5133 4753  -7.90" -2.53 -5.08"  -24997  -19.377  -22.06"
PsXxPs 68.23  77.33 7278  37.89°  41.03" 39.54" 17.04™ 21.46" 19.35°
PaxPs 60.27 62.00 61.13 4.24* 462" -0.45 3.37 -6.53" -1.13
PsxP; 4010 46.00 43.05 -2347° -19.49°  -21.39°  -31.22" 27757 -29.41"
P.xPs 4710 4820 4765 21.817 9.96™ 15.52" 15.82" 4.78* 9.96™
P,XPs 4060 43.00 41.80 -13.62° -20.37°  -17.237  -29.19" -35.18" -32.40"
P.xP; 46.03 51.73 4888 10707  12.147 11.46" il 2.24 0.69
PsxPs 63.20 80.87 72.03 2898 4398 3699 = 10.23" 21.917 16.50"
PsxP; 4450 5258  48.54 2.1 8.87" 5.66 -4.3 3.92 -0.02
PexP; 3760 39.70 3865 -27.58  -32.100  -29.97  -34.42"  -40.15  -37.49"
Meanof 4505 5348 5076 - : : : : :
parents
Meanof 4743 5366 5077 . . . . . .
Crosses
Meanof 793 5361 5077 - - - - - -
Genotypes
LSD 5% 2.26 2.14 1.54 - - - - - -
LSD 1% 3.01 2.84 2.04 - - - - - -

*and " refer to significant if p> 0.05 and p> 0.01, respectively.

Estimations of GCA (&) and SCA (8ij)
effects for individual parental genotypes and crosses
for each trait in drought stress and normal irrigation
as well as their combined analysis are presented in
Tables 8 and 9.

Parent variety P1 showed the highest
significant effects for GCA for plant height, weight
of 100-seed, number of branches/plant, and number
of seeds/pods under drought stress conditions and
combined data. This parent was also the best general
combiner for plant height and weight of 100-seed. P2
displayed significant and positive (i) effects for seed
yield/plant and weight of 100-seed under drought
stress and normal irrigation conditions. P3 had the
highest significant effects on GCA for the number of
pods/plant under drought-stress conditions. It also
ranked as the second-best general combiner for seed

yield/plant, showing significant and positive effects
for this trait in all environments. P4 exhibited
significant and positive effects for the number of
seeds/pods, as well as weight of pods/plant under
drought and normal irrigation conditions. It also
ranked as the second-best general combiner for the
weight of pods/plant under drought stress. p5 was the
top combiner for seed yield/plant, with significant
and positive gi effects of 4.8, 5.98”, and 5.39™ in
the drought treatment, normal irrigation, and
combined analysis, respectively. Additionally, p5
showed the highest significant and positive gi effects
for weight of pods/plant under normal irrigation and
combined data. It also ranked as the second-best for
general combining effects for the weight of 100-seed
in all environments. These findings highlight P5 as
the best general combiner for seed yield/plant. P6
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exhibited the highest significant and positive gi
effects for number of pods/plant under normal
irrigation and weight of pods/plant under drought
conditions (1.617). It also showed significant and
positive gi effects for seed yield/plant under all
environments in the study. P7 expressed significant
and positive (8i) effects for plant height under
drought stress and weight of pods/plant under
drought stress, normal irrigation, and combined
analysis.

In conclusion, the parent P, was the best
general combiners for plant height and weight of
100-seed in drought treatment, normal irrigation and
combined analysis. However, the parent variety P5
was the best general combiner for seed yield per
plant.

Specific combining ability effects (§ij):

Specific combining effects for, plant height,
number of branches plant™, number of pods plant™,
weight of pods plant™, number of seeds pod™, seed
yield plant® and weight of 100-seed in drought
treatment, normal irrigation and combined data are
presented in Table 8 and 9.

For plant height, ten, seven and twelve cross
combinations expressed significant and positive §ij
effects in drought condition, normal irrigation and
combined analysis, respectively. Moreover, the cross
P, x Ps gave the most desirable §ij effects for plant
height in normal irrigation (18.44) and combined
data (15.86"). However, the cross combination P3 x
P, gave significant and positive §ij effects for plant
height in drought stress (13.72").

For number of pods/ plant, five, five and
seven crosses expressed significant and positive $§ij
effects in drought stress, normal irrigation and
combined analysis, respectively. However, the best
Sij effects were detected for the cross P; x Ps in
drought treatment (3.75") and combined analysis
(3.037), and P4 x P5 (2.86") in normal irrigation.

Regarding weight of pods/ plant, nine, nine
and eleven cross combinations expressed significant
and positive 8ij effects in drought stress, normal
irrigation and combined data, respectively. The cross
P, x Ps gave the most desirable §ij effects for weight
of pods/ plant in drought treatment, normal irrigation
and combined analysis being 11.96™, 11.39" and
11.67"", respectively.

Four, one and two crosses expressed
significant and positive 8ij effects for number of
seeds/ pod in stress, non-stress condition and
combined data, respectively. However, the cross Ps
X Pg gave the best 8ij effects in stress condition and
combined analysis being 054~ and 0.36,
respectively. Also, the cross P; x P, (0.36*) was the
only cross which expressed the significant and
negative §ij effects for this trait in the normal
irrigation treatment (Table 9).

Significant and positive $ij effects for seed
yield per plant were detected in nine, nine and nine

crosses in drought stress, normal irrigation and
combined analysis, respectively. However, the cross
combination Ps x Pg recorded the best §ij effects in
normal irrigation and combined analysis, Also the
best sij effects were detected for the cross Ps X Ps in
drought treatment (12.23™)

For weight of 100-seed, nine, twelve and ten
crosses exhibited significant and positive §ij effects
in stress and non-stress environment as well as
combined analysis, respectively. However, the best
8ij effects were detected for the cross P, x Pg (7.95"),
P, x P (7.797") and P, x P3 (6.99) in drought stress,
normal  irrigation and combined  analysis,
respectively (Table 9).

From such results it could be concluded that
the best crosses for specific combining ability were
P, x Ps for plant height, number of pods plant™ and
weight of pods plant™, Ps x Pg for number of seeds
pod®™ and seed vyield plant®. Therefore, these
combinations would be of prime importance in faba
bean breeding program to drought tolerant varieties
using traditional breeding procedures.

Mean seed yield / plant under normal (Yp) and
drought stress (Ys) and different drought
tolerance indices for 28 faba bean genotypes:

Several drought tolerance indices were
investigated for screening of faba bean genotypes
under both normal and drought conditions. Seed
yield of genotypes under both conditions were
measured for calculating different sensitivity and
tolerance indices (Table 10). Genotypes with high
values of mean productivity (MD), geometric mean
productivity (GMP) harmonic mean productivity
(HM) and stress tolerance index (STI) can be
selected as tolerant genotypes to water stress.

Data showed that STI index ranged from
0.52 to 1.84 the higher values of up to 1 indicate high
stress tolerance. Data in Table 10 revealed that the
highest values of these indices were found with
theP,, P3, Pg, crosses Pix Ps, PixP7, PoxPs, P3xPs,
PsxPg and PsxP;, which had the highest yield under
both conditions, they might be the best promising
tolerant, While, genotypes, such as parental P4, and
the crosses P.xPg, P,xP5; an P,xP, were identified as
susceptible genotypes, because of their low values
for Mp , GMP , HM and STI indices .

Data showed that STI index ranged from
0.52 to 1.84 the higher values of up to 1 indicate high
stress tolerance. Data in Table 10 revealed that the
highest values of these indices were found with
theP,, P3, Pg, crosses Pix Ps, PixP7, PoxPs, P3xPs,
PsxPs and PsxP;, which had the highest yield under
both conditions, they might be the best promising
tolerant, While, genotypes, such as parental P,, and
the crosses P,xPg, P,xP5; an P,xP, were identified as
susceptible genotypes, because of their low values
for Mp, GMP, HM and STI indices.
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Table 8. Estimate of general and specific combining ability under both and across environments

Traits Plant height (cm) Number of pods plant™ weight of pods plant™ (g)
Genotype D N C D N © D N ©

GCA effect
gl super200 2847 4437 3647  -025 -1.107 -0.687  -0.41 0.52* 0.05
g2 G716 -283" 246" 264 -048 080 -064 257 214 235"
g3 Sakhal -0.31 -0.2 -0.25  0.80* 0.83 082" -150"  -1.08 -1.29”
g4 G843 -0.16 -0.09 -0.12 059  068* 063 1.52 0.50*  1.01
g5 Sakha4 -1.717 1937 1827 0.08 0.21 0.14 0.44 1.787 1117
g6 Wadil 0.84 0.51 067  -017 138" 0617 161  -056* 052"
g7 Nubaria5 1.32* -0.27 053*  -057 -1.207 -088" 0917 098" 095"
L.S.D gi 0.05 1.04 11 0.45 0.62 0.54 0.25 0.5 0.49 0.21
L.S.D gi 0.01 1.38 1.46 0.62 0.82 0.72 0.34 0.66 0.65 0.28
L.S.D gi-gj 0.05 1.59 1.68 0.8 0.94 0.83 0.44 0.76 0.75 0.37
L.S.D gi-gj 0.01 2.11 2.24 1.09 1.26 1.11 0.59 1.01 1 0.5
SCA effects
P,xP, -6.947 -4707 5827 011 085 037 -2137  -0.76 -1.45
P1xP3 -446° 596 5217  -061 048  -0.07 428 415 = 421"
P,xP, 472" 0.6 2.66* 1.04 -0.7 0.17 5247 5627 5437
P,XPs 13287 18.44° 1586 375 230 303  11.96 1139 1167
P1xPs 3.06* 3.01 3.037  -3607 2277 -2947 -498" -3.86°  -4.427
P,xP; -7.097  -288 499"  -047 -162* -105 -431° -653 542"
P,XP; 7877 6937 740" -368 -382° 375 053 -1.61*  -0.54
PoxP, 094 615 2.60* 0.2 -1.53  -0.67 0.47 2517 1497
PXPs 672" -867° -7.70° -009  -056 -0.33  -158* -165%* -161"
P,XPs 6.72" 0.56 3647 3237  -05 1.36* 0.18 -3.287  -1.55
PXP; -18.097 -17.337 -17.717  -061 019  -04 6447  -446° 545
P3xP, 7200 389 555  -215% -0.37 -1.26* -6.89°  -6.21°  -6.55
PxPs -11.247  -17.597 -14.427 129  2.03* 166 137 1.17 1.27*
P3xPs -3.13*  -403* -358° 128 -071  0.28 1.63* 1.73*  1.68"
PaxP; 13.727 11417 12577 007 -083 -038 5117 898"  7.05"
P,XPs 2.28 2.63 2.45% 248" 286 267 650 358 504
PxPs -1.28 2.86 0.79 2.02* 168* 185 -082  -2707 -176"
P.XP, -0.09  -5.037  -256* 3.09° 103 206 591" 0.62 3.26"
PxPs 4947 5377 516  -1.93* -111 -152* -637°  -834°  -7.35
PsxP; 11137 848" 980 -007 157 0.75 1.88* 7577 472"
PexP; 6.917 11717 9317  -022 2837 1.30* 628" 906 767
LSD5%(sij) 3.03 3.2 2.16 1.8 1.58 1.17 1.44 1.43 0.99
LSD1%(sij) 4.03 4.26 2.93 2.39 2.11 1.59 1.91 1.9 1.35
LSD5%(sij-sik) 4.5 4.76 3.21 2.67 2.35 1.74 2.14 2.12 1.48
LSD19%(sij-sik) 5.98 6.33 4.35 3.55 3.13 2.37 2.84 2.83 2
LSD5%(sij-skl) 4.21 4.45 1.13 2.5 2.2 0.62 2 1.99 0.52
LSD19%(sij-skl) 5.6 5.92 1.54 3.32 2.93 0.84 2.66 2.64 0.71

*and  refer to significant if p> 0.05 and p> 0.01, respectively.
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Table 9. Estimate of general and specific combining ability under both and across environments

Traits number of seeds pod™ 100-seed weight (g) seed yield plant™ (g)
Genotypes D N © D N © D N ©
GCA effects . . . . . .

gl 0.14*  -0.04  0.05 1.12 1.92 1.52 -1.55 271 -2.13
92 009 004 -003 068"  -0.36* 0.16* 0.16 0.82" 0.49”
g3 008 -0.05 -0.07* -1.707 -217" -1.93" 328" 3.077 3.18"
g4 0.04 0.03 004 -1.307 -008 -069" 585"  -6.60"  -6.23"
g5 0.07 0.03 0.05 1.017 1407 1217 4807 5.98" 5.397
g6 -0.15*  -0.07 -0.117  -0.07 0.16 0.04 1.76" 2.67" 2217
g7 008 006 007 026 -0.8" -0317 -2607 -3227 2017
L.S.D gi 0.05 0.14 0.12 0.05 0.31 0.3 0.13 0.49 0.47 0.2
L.S.D gi 0.0 0.18 0.16 0.07 0.41 0.4 0.18 0.66 0.62 0.28
L.S.D gi-gj 0.05 0.21 0.18 0.1 0.47 0.46 0.23 0.75 0.71 0.36
L.S.D gi-gj 0.01 0.28 0.24 0.13 0.63 0.61 0.31 1.00 0.95 0.49
SCA effects

P1xP2 022 036  0.07 088 -1457 -1.16" -0.2 2.817 1.31*
P1xP3 0.47*  -0.17 0.15 6.50° 468" 5597  -446 -3.017 3737
P1xP4 0.31 0.05 018  -4.047 256" -3.30° 3547 4.04" 3.797
P1xP5 005 -019 -012 2977 036 -1317 746" 6.05" 6.76"
P1xP6 001  -005 -0.02 1847 3247 -0.70+ -10.177 -1057" -10.37"
P1xP7 0.41* 012  026* 4377 233" 335" 7757 10387  9.077
P2xP3 0.14 0.08 0.11 6607 7377 6997 -1256" -15.907 -14.23"
P2xP4 -0.35 0.1 -0.13 -035 -3.737 2047 6337 4297 5317
P2xP5 018 013  -003 -5.62° 095 -2347 1069 839" 9.54"
P2xP6 0.04 0.03 0.04 7957 4757 635 4917 5437 5177
P2xP7 0.01 -0.2 -0.09 4027 -6.05  -5.047  1.78* -0.55 0.62
P3xP4 033 -027 -0.30* 126" 365 246  -1.63* 1.25 -0.19
P3xP5 023 -028 -025 -5327 -7.98" 665 12237 1467 1345
P3xP6 0.1 0.03 006 -2597 076 -1.67°  7.30" 2.65" 497"
P3xP7 -0.07 013 0.03 034 1777 072 8517 7477 -7.997
P4xP5 0.01 0.31 0.16 6.02° 148" 375" 0.23 4797 2287
P4xP6 019 -022 -021 375" 5607 467 -3247 667  -496"
P4xP7 0.41* -0.38*  0.01 0.69 7797 4247 6557 7.94” 7.257
P5xP6 054 018 0367 -346" 3.68" 0.11 8.72" 18617 1366
P5xP7 0.2 005 -008 326 166 246 -5637 -3.797 4717
P6XP7 0.04 0.12 008  -3.327 5527 4427 9497 -13.36°  -11.42"7
LSD5%(sij) 0.4 0.34 0.26 0.89 0.88 0.61 1.43 1.36 0.97
LSD1%(sij) 0.53 0.46 0.35 1.19 1.17 0.83 1.91 1.8 1.31
LSD5%(sij-sik) 0.6 0.51 0.38 1.33 1.3 0.91 2.13 2.02 1.44
LSD1%(sij-sik) 0.79 0.68 0.52 1.77 1.73 1.24 2.83 2.68 1.95
LSD5%(sij-skl) 0.56 0.48 0.14 1.24 1.22 0.32 1.99 1.88 0.51
LSD1%(sij-skl) 0.74 0.63 0.18 1.65 1.62 0.44 2.65 2.51 0.69

*and  refer to significant if p> 0.05 and p> 0.01, respectively.
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Table 10 . Estimation of sensitivity rate of 28 faba bean genotypes by different drought tolerance indices under

normal and stressed conditions

Genotype

Drought tolerance indices

SSi TOL MP
Yp Ys

P1 43.33 42.87 0.1 0.47 43.1

P2 62.73 54 1.31 8.73  58.37

P3 63.67 58.3 0.79 537  60.98

P4 41.67 36.67 1.13 5 39.17

P5 46 40.67 1.09 533 4333

P6 66.33 57.33 1.28 9 61.83

P7 50.6 46.5 0.76 4.1 48.55

1x2 54.53 46.33 1.42 8.2 50.43
1x3 50.97 45.2 1.07 577  48.08
1x4 48.33 44.07 0.83 4.27 46.2
1x5 62.93 58.63 0.64 4.3 60.78
1x6 43  37.97 1.1 5.03 40.48
1x7 58.07 51.53 1.06 6.53 54.8
2x3 41.6 38.8 0.63 2.8 40.2
2x4 43.53 35.9 1.65 763  39.72
2x5 68.8 63.57 0.72 523 66.18
2x6 51.67 44.93 1.23 6.73 48.3
2x7 50.67 47.27 0.63 3.4 48.97
3x4 51.33 43.73 1.4 7.6 47.53
3x5 77.33 68.23 1.11 9.1 72.78
3x6 62 60.27 0.26 1.73 6113
3x7 46 40.1 1.21 5.9 43.05
4x5 48.2 47.1 0.22 1.1 47.65
4x6 43 40.6 0.53 2.4 41.8
4x7 51.73  46.03 1.04 5.7 48.88
5x6 80.87 63.2 2.06 17.67 72.03
5x7 52.58 44.5 1.45 8.08 4854
6Xx7 39.7 37.6 0.5 2.1 38.65
mean 53.61 47.93 0.97 5.69  50.77

GMP  STI Yl YSI HARM RDI
431 065 089 0.99 431 111
582 118 113 0.86 58.04 0.96
60.92 129 122 0.92 60.87 1.02
39.09 053 077 0.88 39.01 0.98
4325 0.65 0.85 0.88 43.17 0.99
6167 132 12 0.86 61.51 0.97
4851 082 097 092 48.46 1.03
50.27 0.88 097 0.85 50.1 0.95
48 08 094 0.89 47.91 0.99
46.15 074 092 091 46.1 1.02
60.75 128 122 093 60.71 1.04
4041 057 0.79 0.88 40.33 0.99
547 104 1.08 0.89 54.61 0.99
40.18 056 081 0.93 40.15 1.04
3953 054 075 0.82 39.35 0.92
66.13 152 133 0.92 66.08 1.03
48.18 081 094 0.87 48.07 0.97
48.94 083 099 0.93 48.91 1.04
4738 078 091 0.85 47.23 0.95
72.64 184 142 0.88 72,5 0.99
61.13 13 126 097 61.12 1.09
4295 0.64 084 0.87 42.85 0.98
4765 079 098 0.98 47.64 1.09
4178 0.61 085 0.94 41.77 1.06
488 083 096 0.89 48.72 1
7149 178 132 0.78 70.95 0.87
4837 081 093 0.85 48.21 0.95
38.64 052 0.78 0.95 38.62 1.06
50.67 0.93 1 0.9 50.57 1

Where : Yp & Ys; Seed yield under normal and stress irrigation, TOL, Tolerance index; MP, mean productivity; GMP,
geometric mean productivity;; HM, harmonic mean; SSI, stress susceptibility index ST, stress tolerance index; Y1, yield index;

YS], yield stability index; RSI, Relative Stress Index

Genotypes having a low tolerance index
(TOL) would be more drought resistant.
Furthermore, the stress sensitivity index (SSI)
estimates the rate of change in yield between normal
and drought conditions for each genotype compared
to the mean change for all genotypes. (SSI) values
less than one indicate low drought susceptibility
(high yield stability), whereas values greater than one
indicate high drought sensitivity (low yield stability).
Data in Table 10 showed that the lowest values of
these indices (TOL and SSI) were P; and the crosses
P3xPg, P4xPs reached 0.47 and 0.10, 1.73 and 0.26,
and 1.10 and 0.22 for TOL and SSI, respectively and
could identify as the promising tolerant genotypes.

Yield index (Y1), the genotypes with high values of
(YD) will be suitable for drought stress condition
(tolerant genotypes). So the parental genotypes P,
P3, Ps, also the crosses P1xPs, P,xPs, P3xPg, PsxP5 and
PsxPg were identified as drought tolerant genotypes,
and can be selected as tolerant genotypes to water
dificit. With respect to yield stability index (YSI), the
genotypes with high (YSI) values can be selected
regarded as stable genotypes under normal and
drought conditions. Data in table 10 revealed that P1
and the crosses PsxPg and P4xPs and PgxP; with high
values of this index (YSI) can be selected as tolerant
genotypes to water stress. Regarding relative stress
index (RDI), the crosses PsxPg and P,xPs were the
most tolerant genotypes based on (RDI) index. In this
study P, and Ps, also the cross P;xPg had desirable
values for M P, G M P, H M, STI and Yi indices.
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