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ABSTRACT

The present study aimed to investigate the crossability differences among three tetraploid durum and
three hexaploid bread wheat genotypes and to study the chromosome number and meiotic behavior of their
pentaploid F1 hybrids and F2 plants. The parental genotypes and their F1 hybrids were also evaluated for
salinity tolerance at seedling stage under 0 and 100 mM NaCl concentrations. The results showed high
significant differences in the crossability (%) among the interspecific crosses as well as between direct and
reciprocal crosses. The crossability (%) was high when the tetraploid species were used as maternal parents
(direct crosses). The pentaploid F1 hybrids had a chromosome complement of 35 chromosomes and showed
abnormal meiotic behavior in different stages of meiosis. Cytogenetic analysis of F2 plants revealed high
variations in chromosome number within and among the tested F2 populations, however some plants with 2n
= 42 chromosomes were recorded. On the other hand, salinity stress affected durum wheat parents and their
tetraploid hybrids higher than its effect on hexaploid wheat parents and their hexaploid hybrids for all
studied traits. However, in general, pentaploid F1 hybrids showed moderate reductions for all studied traits
compared to their parents. Additionally, they were more tolerant to salinity as compared to their tetraploid
parents, suggesting that salinity tolerance genes of the bread wheat parents were transmitted to their
pentaploid F1 hybrids. Thereby, the pentaploid hybrid strategy used in the present study could be an effective

tool to transfer desirable genes and traits between tetraploid and hexaploid wheat species.
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INTRODUCTION

Tetraploid durum wheat (2n= 28, genomes AABB)
and hexaploid bread wheat (2n= 42, genomes AABBDD)
are cultivated in various regions of the world (Shimelis and
Spies 2011). Genetic differences between durum and bread
wheat are due to the presence of D genome in hexaploid
wheat and allelic differences at loci of the A and B genomes
between durum and bread wheat (Kalous et al., 2015). The
genetic variability combined from tetraploid and hexaploid
wheat in pentaploid hybrids has the potential to improve
disease resistance (Martin et al., 2013) and abiotic stresses
tolerance such as salinity (Han et al., 2014) and metal
toxicity (Han et al., 2016). Also it has the potential to
enhance different agronomic traits in wheat (Kalous et al.,
2015; Deng et al., 2018). And recently, a pentaploid crossing
strategy via interspecific hybridization between tetraploid
and hexaploid wheat is being increasingly considered as an
efficient tool for transferring desired genes and traits in either
direction (Deng et al., 2018; Padmanaban et al., 2018;
Othmeni et al., 2019).

Although the differences in ploidy levels between
durum and bread wheat lead to variable degrees of sterility
(Lanning et al., 2008), successful establishment of
interspecific hybrids has been long reported in wheat
(Sharma and Gill 1983; Jiang et al., 1993; Friebe et al.,
1996). However, the efficient production of pentaploid
wheat hybrids remains a major challenge to wheat breeders
(Bhagyalakshmi et al., 2008); it faces several barriers such
as low pollen compatibility, poor seed set and
establishment and frequent sterility in F1 hybrids
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(Padmanaban et al., 2017). In this regard, several studies
have been achieved to overcome these barriers by careful
selection of wheat cultivars (Hassan et al., 2016) or even
selection of paternal and maternal genotypes according to
their ploidy level (Bhagyalakshmi et al., 2008;
Naskidashvili et al., 2012) to be used for hybridization.

On the other hand, salinity is a serious problem in
arid and semi-arid areas worldwide including Egypt
affecting crops growth and productivity. Wheat is one of
the main crops in Egypt and other countries which facing
salinity problem and according to CIMMYT records, there
are about 8-10% of the wheat planted areas in Egypt,
Libya, Mexico, Iran, Pakistan, and India are affected by
salinity (Mujeeb-Kazi and Diaz de Leon 2002). Therefore,
genetic improvement for salt tolerance in wheat is required.
However, classical breeding methods for salt tolerance in
wheat have remained limited so far due to some factors
such as: 1) mechanism of salt tolerance is complex and not
fully understood, 2) differences in salinity tolerance in the
different growth stages and 3) there are many physiological
and morphological parameters that contribute to salt
tolerance lead to the low efficiency of selection using
multiple parameters (Ragab and Taha 2016). Alternatively,
considering the genetic differences between and within
durum and bread wheat cultivars (Munns et al., 2000;
Lindsay et al., 2004; EI-Hendawy et al., 2019; Al-Ashkar
et al., 2020; Bacu et al., 2020), it seems that screening
durum and bread wheat genotypes and their pentaploid
hybrids regard to their salinity tolerance could provide a
great potential to improve salt tolerance in wheat breeding
programs.
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The present study is a multipurpose study and
aimed to: 1) assess the crossability differences between
three tetraploid durum and three hexaploid bread wheat
genotypes in order to identify the best cross combination
and investigate the differences between direct and
reciprocal crosses; 2) establish pentaploid hybrids to be
used as intermediates for reciprocal introgression of useful
traits between tetraploid and hexaploid wheat 3) develop
monosomic lines for the D-genome of wheat to be used in
the future in wheat breeding programs; 4) study the effect
of salinity on three durum and three bread wheat genotypes
and their F1 hybrids at seedling stage.

MATERIALS AND METHODS

Plant materials

The initial plant material which used as parents in
the present study included three tetraploid durum (Triticum
turgidum L. var. durum) wheat genotypes viz. Sohag-3,
BeniSuef-5 and Svevo and three hexaploid bread (T.
aestivum L.) wheat genotypes viz. Sakha-8, Line-6 and
Misr-2 (Table 1). The experiments were carried out at
Genetics Department and the experimental farm of Faculty
of Agriculture, Assiut University, Egypt.

Table 1. Names, genomes, pedigree and origin of
durum and bread wheat genotypes.

No. Name Genome Pedigree Origin
MEXICALI/MAGHREBI

P1 Sohag-3 AABB 72//51792DURUM#6 VPt

P2 BeniSuef5 AABB DIPPER-2/ BUCHEN-3  Egypt

Ps Svevo AABB Cimmyt's Line/Zenit Italy

Ps Sakha-8 AABBDD CNOG67//SN64/KLRE/3/8156 Egypt
Ps Line-6 AABBDD Advanced long-spike inbred line Egypt
Ps Misr-2 AABBDD SKAUZ/BAV 92 Egypt

Field experiments

In the 2014/2015 winter season, the parental
genotypes were sown in the field at two sowing dates with
two weeks interval (25" November and 10" December) in
order to synchronize the flowering for crossing purposes. The
parental genotypes were crossed in all possible combinations
to produce three tetraploid, three hexaploid and eighteen
interspecific pentaploid F1 hybrids; the pentaploid hybrids
consist of nine pentaploid hybrids from direct crosses (using
tetraploid genotypes as females) and nine pentaploid hybrids
from reciprocal crosses (using hexaploid genotypes as
females).

In the 2015/2016 winter season, seeds of the
parents and their F; hybrids were sown in the field and
their pollen mother cells were examined cytogenetically in
order to confirm their chromosome number and to study
their meiotic behavior. In the meantime, pentaploid F;
progenies were also allowed to self-pollinate to produce F,
populations.

In 2016/2017 winter season, the parental genotypes
and six F»'s populations derived from the pentaploid
hybrids (Sohag-3 x Sakha-8, BeniSuef-5 x Sakha-8, Svevo
x Sakha-8, Sohag-3 x Misr-2, BeniSuef-5 x Misr-2 and
Svevo x Line-6) were field evaluated at optimum sowing
date (24™ November) in a randomized complete block
design (RCBD) with three replications. The parents and
their six F2 populations were represented in each block by
two and ten or twelve rows, respectively. Rows were three
meters long, spaced 30 cm apart with seeds spaced 30 cm
from each other. Measurements of plant height (cm) and
spike length (cm) were recorded on individual plants basis.
The percentages of germination and fertility in F, plants

were also recorded; the plants which failed to produce
seeds were considered sterile.

In 2017/2018 winter season, the parents were sown
in the field at two sowing dates with two weeks interval
(25" November and 10" December) and were crossed to
produce three tetraploid, three hexaploid and nine
pentaploid F1 hybrids which were produced from the direct
crosses to be used for evaluating their salinity tolerance.
Additionally, the progeny of F, population with 29 and 30
chromosomes (which were confirmed by cytogenetic
analysis) were sown in the field at optimum sowing date
(25" November) and were allowed to self-pollinate in
order to develop monosomic and disomic lines for the D-
genome of wheat to be used for further genetic analysis
and also in the future wheat breeding programs (data not
shown).

Cytological analysis

The cytogenetical examination of pollen mother
cells of the tested parents and their progenies (F1
pentaploids and F;) were achieved according to
Bhagyalakshmi et al., (2008) in order to confirm their
chromosome number and to study their meiotic behavior.
Mean number of lost chromosomes in F, gametes were
calculated according to Wang et al., (2005).

Evaluating wheat genotypes for salinity tolerance

The tested parents and their Fi hybrids (21
genotypes) were subjected to a laboratory experiment in
order to evaluate their salinity tolerance. Seeds taken from
the tested genotypes were disinfected by immersion in
sodium hypochlorite solution (5 %) for five minutes, then
washed three times with distilled water, and allowed to
germinate in plastic dishes on filter papers soaked with
distilled water for control and 100 mM NaCl solution for
salinity stress (Datta et al., 2009). The experiment was
conducted with three replications in a growth chamber with
259C under dark conditions for the first three days. Each
replication of the two treatments (0 and 100 mM NaCl)
contains 20 seeds for each genotype. Seedlings were
harvested on the 12 day and separated from the remaining
seeds. Germination percentage (%) and growth parameters
at seedling stage including root length (cm), shoot length
(cm), seedling fresh weight (g) and seedling dry weight (g)
were then measured for each genotype.

The vigor index (VI) of each genotype was
calculated following Abdul-Baki and Anderson (1973).
Salt tolerance index (STI) of each genotype was calculated
for seed germination (%) and seedling traits by the formula
described by Goudarzi and Pakniyat (2008). However,
based on mean STI values, the tested parents and their F;
hybrids (21 genotypes) were classified into four
categories, namely: 1) Highly salt tolerant (HST), STI= 80
to 100%, 2) Salt tolerant (ST), STI= 70 to < 80 %, 3)
Moderately salt tolerant (MST), STI=60 to < 70 % and 4)
Salt sensitive (SS), STI= 50 to < 60 %. The genotypes
were then ranked according to their mean STI following
Ahmad et al., (2013).

Statistical analyses

The crossability of each interspecific cross
combination between durum and bread wheat genotypes
was expressed as the percentage of pollinated florets giving
embryo-containing caryopses. The data of the crossability
of wheat genotypes were subjected to an analysis of
variance (ANOVA) to test the significance of the
difference between direct and reciprocal crosses of each
interspecific cross combination. The differences between
means were tested by Fisher's Least Significant
Difference (LSD) at 0.05 and 0.01 probability levels. To
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test for the significance of differences among the
genotypes (G), environments (E) and the significance of
GXE interaction for seed germination and seedling traits,
data of the parents and their Fi's were analyzed using a
combined ANOVA across two environments (0 and 100
mM NaCl). The broad-sense heritability (h%) of each trait
was then calculated by using the expected value of
variance and the formula described by Nyquist (1991).

RESULTS AND DISCUSSION

Interspecific hybridization and crossability

In the present study both of direct and reciprocal
crosses between three hexaploid and three tetraploid wheat
genotypes were made to produce eighteen F1 pentaploid
hybrids. All crosses successfully produced enough number
of F1 seeds irrespective of the cross direction. ANOVA for
the crossability (%) between durum and bread wheat
genotypes (Table 2) revealed high significant differences
(P<0.01) among the interspecific crosses and between
direct and reciprocal crosses. On average, the direct crosses
significantly (P<0.01) showed higher crossability than
reciprocal crosses (72.5 and 51.1%, respectively) (Table 3
and Figure 1). These differences in crossability were
dependent on the parental genotypes and cross direction.
Accordingly, when the tetraploid genotypes were used as
maternal parents (direct crosses) the crossability ranged
from 46.7 (P3 % Ps) to 96.3 % (P1 x Ps), however when the
hexaploid genotypes were used as maternal parents
(reciprocal crosses) the crossability ranged from 33.3 (Ps x
Ps) to 64.5% (P1 x Pg). On average, using of tetraploid
genotypes as maternal parents increased the crossability by
419 % as compared to using hexapoid genotypes as
maternal parent. These findings are in accordance with
other reports that the rate of crossability is high if tetraploid
species are pollinated with the pollen grains of a
hexaperloid species (Bhagyalakshmi et al., 2008;
Naskidashvili et al., 2012).

Table 2. ANOVA for the crossability (%) between
durum and bread wheat genotypes.

Source of variation d.f SS MS F
Replicates 2 651.19 32559  4.67*
Interspecific Crosses 17  14024.88 824.99 11.84**
Direct Crosses 8 4892.07 61151 8.77**
Reciprocal Crosses 8 2865.57 35820 5.14**
Direct vs Reciprocal 1 6267.24 6267.24 89.91**
Error 34 2369.91 69.70

* and **:significant differences at 0.05 and 0.01 level of probability,
respectively.

Table 3. Mean crossability (%) and differences between
direct and reciprocal crosses.

Cross Crossability (%0) .
combination Direct  Reciprocal Mean Difference
P1x Ps 66.2 46.6 56.4 19.6 **
P1x Ps 96.3 54.5 75.4 41.8 **
P1x Ps 76.3 64.5 70.4 11.8Ns
P2x Ps 7.7 56.4 67.1 21.3**
P2 x P5 76.4 40.3 58.4 36.1 **
P2 x Ps 61.5 452 53.4 16.3*
P3 x Ps 86.4 33.3 59.9 53.1**
P3 x Ps 46.7 55.0 50.9 8.3N\s
P3 X Pg 64.7 63.8 64.3 0.9Ns
Average 725 51.1 618 214**
LSD (005=13.9 , LSD ooy =18.6

Direct cross: tetraploidas a female parent; Reciprocal cross:

hexaploid as a female parent.* and **: significant differences between
direct and reciprocal crosses at 0.05 and 0.01level of
probability, respectively.NS: nonsignificant differences.

B Direct Reciprocal

100 4 *k

Crossability (%)

Cross combination

Fig. 1. The crossability (%0) of direct and reciprocal crosses.
Direct cross: tetraploidas a female parent;
Reciprocal cross: hexaploid as a female parent.*
and **: significant differences between direct and
reciprocal crosses according to LSD test at 0.05
and 001level of probability, respectively.NS:
nonsignificant differences.

Meiotic behavior of pentaploid F1 hybrids

All pentaploid plants for each cross were
morphologically similar and successfully produced seeds.

Also, they had 35 chromosomes consisting of 14 bivalents

(A and B genomes) and 7 univalents (a single dose from D

genome) at metaphase-l stage. However abnormal

chromosomes behavior was observed in the later stages of
meiosis due to the irregular segregation of D genome
univalents. The chromatin bridges were observed in
anaphase-l1 stage and lagging chromosomes were
observed in telophase-l and telophase-Il stages which
leading to form the micronuclei structures in the tetrad
stages in some cases (Figure 2).

(A)

Fig. 2. Abnormal meiotic behavior in pentaploid F1 hybrids:
(A) diakinesis having 7 bivalents (genomes A and B)
and 7 univalents (genome D); (B) some of D genome
univalents are dispersed around the cell equatorial
line at metaphase-1 stage; (C) chromatin bridge at

anaphase-l stage; (D) laggard chromosomes at
telophase-1 stage; (E) laggard chromosomes at
telophase-11 stage an micronuclei structure at the

tetrads stage.
Cytogenetic analysis and Morphology of F2 plants
Cytogenetic analysis of F, plants revealed high
variations in the percentages of plants with specific
chromosome number within and among the F» populations
tested (Table 4 and Figure 3). On average, the F»
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populations had chromosome number ranged from 2n =
31.96 (P3xP4) to 2n = 33.71 (P3xPs), indicating that each
gamete lost 5.02 to 4.15 chromosomes at meiosis of the F;
pentaploid plants, respectively. Notably, four crosses could
produce at least one plant for each with 42 chromosomes,
while no plants with 28 chromosomes were observed in
any cross tested. Also, the Plants with chromosome
numbers of 35, 37, 38, 40 and 41 were not recorded in
some crosses. Generally, the plants with chromosomes
number lower than 35 were more frequent than those with
chromosomes number higher than 35. In these regards,
there are several studies investigated the variation in
frequency of chromosome number in the F, plants derived
from F: pentaploid (Kihara, 1982; Wang et al., 2005;
Eberhard et al., 2010; Martin et al., 2011; Padmanaban et
al., 2018). In accordance with our results, they found that
each F, population derived from F; pentaploid has its
unique pattern regard to frequency distribution of plants
with specific chromosomes number; however, they

suggested that the retention of D chromosomes in the F,
plants is depending on the parents of the original cross.
Moreover, It appears that some gametes with specific
chromosome number may are superior and have higher
chance for fertilization than others depending on their
genetic background. Interestingly, the self-pollination of
the derived F, plants with 42 chromosomes in the present
study which having all wheat A, B and D chromosomes
would produce stable bread wheat lines exploiting some
genes from the durum wheat which can be used to improve
bread wheat in the future. In addition, if these plants were
backcrossed with the hexaploid parent, this could be very
efficient for improving bread wheat via rapid introgression
of desired genes from durum wheat. Furthermore, the other
lines with lower chromosomes number can be used to
improve the durum wheat via self-pollination or
backcrossing with the tetraploid parent followed by
selection of lines with 2n = 28 chromosomes which allow
to exploit desirable genes from the bread wheat.

Table 4. Frequency (%) of chromosomes distribution in F2 populations.

Chromosome number

Fepopulations  — =331~ 33 3, 35 36 37 3 30 40 4 42 C M
PLxPs 976 122 1707 488 1707 976 244 122 732 244 244 244 0 0 331 445
P2 x Py 0 18 16 16 8 6 6 10 4 0 2 2 0 2 3266 467
Psx Py 2041 1429 2041 816 1429 102 O 408 408 O 204 0 0 204 3196 502
P1x Ps 1228 2105 1053 1053 193 1053 175 702 0 351 175 0 0 175 3235 482
P x Ps 1591 1364 909 1136 1591 1364 0 682 455 455 455 0 0 0 3268 466
P x Ps 1120 1129 968 129 968 806 161 129 323 806 484 323 161 161 3371 415
Average 1327 1508 138 1064 1404 97 295 884 463 464 294 255 161 185 3274 463

C: Mean chromosome number in all F, plants, M: Mean number of lost chromosomes in gametes.

(A)

(B)

Fig. 3. Pollen mother cells (PMC) at anaphase-1 stage in
F2 plants re_]E)fresenting unequal segregations in
cells with different chromosomes numbers: (A)
2n=29; (B) 2n=31;(C) 2n= 32; (D) 2n=34; (E) 2n=
38 and (F) 2n = 39.

The F, progenies derived from the six interspecific
crosses tested were varied morphologically; and these
variations are due to their different chromosomes content.
Some F; plants in each cross could not produce seeds and

were considered as sterile. However, the percentage of
fertility in the F, populations ranged from 88.30 (Ps x Ps)
t0 98.41 % (P, x Ps) as shown in Table 5. Similar findings
were observed by Wang et al., (2005) as they reported that
this sterility is due to pollen grains sterility. Moreover, F»
seeds of the tested populations showed high variability in
the germination (%) in the field which ranged from 50 (P;
x Pg) t0 78.30 % (P3 % Ps) (Table 5). In this regard, Prazak
(2001) suggested that the low viability in some F; seeds
may due to bad interrelation of the embryo and endosperm
in developing seed; embryo development is interrelated
with growing endosperm in the early stages of germination
but later the embryo becomes self-sufficient. Interestingly,
significant positive correlations were observed between
chromosome number and plant height in F, populations of
the crosses PixPs (r= 0.37; P<0.05), PyxPg (r=0.48;
P<0.01) and P3xPs (r=0.42; P<0.01). Significant positive
correlations were also observed between chromosome
number and spike length in F, populations of the crosses
P1xP4 (r=0.39; P<0.05), P2xP4 (r=0.35; P<0.05) and P3xPs
(r=0.44; P<0.01). Overall F, populations, highly significant
(P<0.01) positive correlations were observed between
chromosome number with plant height (r=0.23) and spike
length (r=0.27) (Table 6). These findings are in accordance
with those observed by Wang et al., (2005). It seems that
the wheat D genome has a potential positive effect on plant
height and spike length, and these impacts might depend
on the source of the D chromosomes.

Table 5. Percentages of seed germination and plant fertility in F2 populations.

Cross  No. of Sown seeds No. of Germinated seeds Germination(%) No. of Fertile plants No. of Sterile plants Fertile plants(%o)
P1xPa 100 50 50.0 49 1 98.00
P2xP4 100 62 62.0 60 2 96.77
P3xPa 100 70 70.0 66 4 94.29
P1xPg 120 70 58.3 65 5 92.86
P2xPg 100 63 63.0 62 1 98.41
P3xPs 120 94 78.3 83 11 88.30
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Table 6. Chromosome number, plant height(cm) and spike length (cm) of parental genotypes and F2 plants, and the
correlation(r) between the chromosome number with plant height and spike length in six F2 populations.

Chromosome number

Plant height (cm) Spike Iength (cm)

Genotypes Min Max Mean Mean r Mean r
P1 28 28 28 93.0 85
@ P2 28 28 28 95.2 8.8
S P3 28 28 28 925 9.0
& P4 42 42 42 108.2 10.2
o Ps 42 42 42 1225 20.0
Ps 42 42 42 112.0 125
» P1XP4 29 40 331 100.2 0.37* 10.0 0.39%
5 PaxP4 29 42 32.7 94.8 0.15 10.1 0.35*
E P3xP4 29 42 31.9 98.6 -0.02 9.0 -0.12
g_ P1xPg 29 42 32.3 1145 0.14 11.0 0.16
g P2xPg 29 39 32.7 103.2 0.48** 10.3 0.16
P3xPs 29 42 33.7 102.7 0.42** 13.6 0.44**
L Overall 29 42 32.7 102.8 0.23** 11.2 0.27**

*and **: significant correlations at 0.05 and 0.01 level of probability, respectively.

Performance of genotypes under salinity stress

The combined ANOVA (Table 7) revealed high
significant differences (P<0.01) between control and
salinity stress treatments as well as among the tested wheat
genotypes for all studied traits. On average, salinity stress
of 100 mM NaCl reduced germination percentage (GP),
root length (RL), shoot length (SL), seedling fresh weight
(FW), seedling dry weight (DW) and vigor index (VI) by
25.1, 28.9, 39.0, 37.2, 37.7 and 50.5%, respectively (Table
8 and Table 9). In accordance to our results, the reduction
in germination percentage and different growth parameters
of wheat seedlings was observed at a concentration of 100
mM NaCl (Oyiga et al., 2016; Zou et al., 2016; Hussain et
al., 2019). Moreover, Datta et al., (2009) reported that the
effects of salinity on germination rate, RL, SL, FW and
DW of wheat seedlings are almost prominent from 100
mM NaCl onwards, and the effect of salinity was
completely inhibitory at concentrations of 125 and 150mM
NaCl. The reductions in seed germination and various
seedling traits in different wheat genotypes under different
levels of salinity have been widely reported in wheat
(Hussain et al., 2013; Kochak-Zadeh et al., 2013; Guo et

al., 2015; Alom et al, 2016; Bilkis et al., 2016;
Hasanuzzaman et al., 2017). It has been reported that
salinity stress is caused by the high accumulation of
soluble salt in the soil and water; especially NaCl (Hussain
et al.,, 2019). Consequently, the higher concentration of
soluble salts in the soil profile may cause physiological
drought to the plant and reduction in the water uptake due
to salt accumulation in the root zone (Munns, 2005).
Higher salinity causes high osmotic stress and ion toxicity
due to low water potential of the soil and excess Na*
accumulation within plant tissues which finally leading to
numerous morphological, physiological, and biochemical
deleterious effects on the plants (Hasanuzzaman et al.,
2017). The reduction in seed germination under salinity
stress condition may be due to the loss of viability at higher
salinity level, whereas the reduction in root and shoot
development and elongation may be caused by one or
more of the following factors: 1) toxic effects of the higher
level of NaCl concentration 2) unbalanced nutrient uptake
by the seedlings and 3) slowing down the water uptake of
the plant (Datta et al., 2009).

Table 7. Mean squares of the combined ANOVA and broad-sense heritability (h2B) of germination
percentage (GP), root length (RL), shoot length (SL), seedling fresh weight (FW) and seedling dry

weight (DW) under control (0 mM NaCl) and salinity stress (100 mM NaCl) environments.

Source of df Mean square

variation ' GP RL SL FW DW
Environments (E) 1 11071.9%* 124.28%* 536.31%* 33636.3** 229.92%*
Replicates within E 4 154.12* 2.87* 2.81 475.36** 5.26**
Genotypes (G) 20 560.62** 10.77*%* 28.65** 2243.80** 28.59**
Durum parents (D) 2 38.89 0.14 0.77 361.88* 2.81
Bread parents (B) 2 17.01 0.81 4.86 353.08* 3.82*
F1 hybrids 14 535.99** 13.39** 23.43* 1528.38** 22.34**
Dvs.Bvs. F1 2 1798.30** 13.04** 116.94** 11024.4** 122.92
Dvs.B 1 2458 51** 8.51** 113.69** 5320.04** 4.82*
Parents vs. F1 1 1138.10** 17.57** 120.19** 16728.7** 241.02**
G x E interactions 20 152.92** 1.86* 2.36* 397.82** 22.34**
Pooled error 80 53.28 1.03 1.20 101.76 3.09
o’ 67.95 1.49 4.38 307.66 12.32
o‘e 53.28 1.03 1.20 101.76 2.90
0°GE 33.21 0.28 0.38 98.68 2.02
h“e) 0.44 0.53 0.73 0.61 0.71

* **: significant differences at 0.05 and 0.01 probability, respectively.h?

variance of genetic effect, 6%= the environmental variance and o%ce is the variance of G x E interactions.

= ¢°cla%, the phenotypic variance (6%,) = 6°c+ 6% + oce , Where ¢%c= the

Consistently, bread wheat genotypes showed higher
GP than durum wheat genotypes under control (0 mM
NaCl) and salinity stress (100 mM NaCl) treatments, with
an average of 86.1 and 80.6% under control and 72.5 and
45.0% under salinity stress, respectively. On average,
bread wheat genotypes had longer shoots and roots as well
as higher FW than durum wheat genotypes under control
and salinity stress treatments (Tables 8 and 9). However,
durum wheat genotypes had higher DW under control.
Distinctly, all bread wheat genotypes were more vigorous
than durum wheat under both treatments (Table 9).
Obviously, salinity stress affected parental durum wheat

genotypes and their tetraploid hybrids higher than its effect
on parental hexaploid wheat genotypes and their hexaploid
hybrids for all the studied traits. However, in general,
pentaploid F1 hybrids showed moderate reductions for all
the traits comparing to their respective tetraploid and
hexaploid parents (Table 8 and Table 9). It has been
reported that bread wheat is known to possess higher salt
tolerance compared with durum wheat (Munns et al., 2000;
Munns et al., 2006; Munns and Tester 2008). Higher
salinity tolerance in bread wheat has been mainly attributed
to the better ability of bread wheat to exclude Na* from
uptake (Colmer et al., 2006; Cuin et al., 2010, Munns et
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al., 2012; Wu et al.,, 2014). As a result, bread wheat regard the ability to maintain low Na* and high K* in

accumulates less Na* in the shoot, relative to durum wheat  leaves was found to be associated with salt tolerance within

(Wu et al., 2014), and thus maintains a higher K*/Na* ratio  cultivated wheat species (Munns and James 2003; Poustini

in leaves (Munns et al., 2003; Lindsay et al., 2004). In this  and Siosemardeh 2004; Colmer et al., 2006).

Table 8. Means of germination percentage (GP), root length (RL) and shoot length (SL) of parental wheat
genotypes and their tetraploid, hexaploid and pentaploid F1 hybrids under control (C) and salinity stress
(S) treatments.

GP (%) RL (cm) SL (cm)
Genotypes C S Red% C S  Red(%) C S Red(%)

Py Sohag3 800 400 500 82 40 516 09 55 495

P, BeniSuef.5 800 467 417 72 47 348 119 52 56.1

P3 Svevo 817 483 408 68 48 295 114 65 431

Mean 806 450 442 74 45 386 114 57 496

Ps Sakha-8 900 725 194 72 61 155 139 106 242

Ps Line-6 850 717 157 72 63 27 %7 112 242

Pe Misr-2 833 733 120 81 66 178 31 92 299

Mean 861 725 157 75 63 154 130 103 261

5 PXxP; 800 550  3L3 67 42 372 9.1 49 457

S pyxPs 783 483 383 70 39 453 111 52 53.4

g PxPs 850 483 431 73 34 540 113 51 550

& Mean  8L1 506 376 70 38 455 105 51 514

T PixPs 833 667 200 80 68 154 23 101 178

2 p,xPs 80 717 157 95 74 218 131 101 230

€ PsxPe  8L7 667 184 89 76 147 31 102 25

2 £ Mean 833 683 180 88 73 173 128 101 211

5 PixP; 650 400 385 67 45 32 100 51 487

2 PixPs 550 383 303 66 48 280 109 60 448

' PixPs 500 417 167 86 44 487 12 60 464

T PxPs 700 617 119 53 42 19.9 94 6.6 29.6

S pxPs 683 600 122 58 54 7.9 100 63 368

§  P,xPs 683 583 146 45 33 263 75 38 493

$  PsxPs 733 6L7 159 52 31 412 71 46 360

PsxPs 750 600 200 44 34 236 74 5.2 206

PsxPs 750 600 200 44 32 286 86 40 537

Mean 667 535 200 57 40 286 9.1 53 416

Overall Mean 759 567 251 68 48 289 108 67 390
LSD (005 71 8.2 - 10 10 - 15 17 .
LSD (o) 98 112 - 14 13 - 21 23 -
CV (%) 134 205 ] 214 293 ] 198 355 ]

Red (%): Reduction percentage resulting by salinity stress (100 mM NaCl).

Table 9. Means of seedling fresh weight (FW), seedling dry weight (DW), and vigor index (V1) of parental wheat
genotypes and their tetraploid, hexaploid and pentaploid F1 hybrids under control (C) and salinity stress
(S) treatments.

FW (mg) DW (mg) VI
Genotypes C S Red(%) C S Red(%) C S Red(%)
Py Sohag3 1076 440 59.1 173 114 35 1509 379 75.
P, BeniSuef.5 173 585 50.1 178 77 565 155 462 69.7
P3 Svevo %2 507 473 159 83 47.9 1484 544 633
Mean 1070 510 522 170 91 63 1513 462 69.4
Ps Sakha-8 1045 892 4.7 61 152 53 1905 1200 365
Ps Line-6 1190 1047 120 162 124 231 1861 1249 329
Pe Misr-2 177 80 277 152 107 292 1764 1160 342
Mean 137 930 181 158 128 192 1843 1206 346
5 P P; 1064 489 540 154 79 286 162 502 60.2
2 pxPs 972 426 56.2 165 78 525 1418 435 69.3
£ PyxPs 955 629 342 140 71 496 1585 409 74.2
2 Mean 997 514 481 153 76 50.2 1422 449 67.9
T PixPs 1007 8L4 191 146 105 278 1603 1126 335
S pyxPe %4 859 110 160 113 295 1918 1253 347
g PsxPs 85 727 26.2 149 104 300 1795 1182 342
g £ Mean 986  80.0 188 152 107 201 1802 1187 341
5 P Pa 648 525 190 56 48 140 1082 383 64.6
2 Py x Ps 848 517 390 82 50 387 %1 412 571
K Py x Pg 763 418 452 87 34 60.4 91 435 56.2
T PxPs 682 464 319 91 56 384 1005 667 349
S Pyxps 667 400 400 85 52 38.4 1081 701 352
£ PyxPe 742 300 596 83 48 423 87 414 493
S PixPs 600 347 422 66 44 333 905 470 481
P3x Ps 532 3041 435 54 33 394 883 513 419
P3 x Pg 704 357 493 75 36 515 98l 431 56.1
Mean 687 403 411 75 45 396 970 492 492
Overall Mean 893 566 372 3 77 377 1355 683 505
LSD (005 143 152 31 24 268 242
LSD (oo 196 209 42 33 368 33
CV (%) 227 382 356 443 281 503

Red (%): Reduction percentage resulting by salinity stress (100 mM NaCl).
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Moderate to high broad-sense heritability estimates
were found for GP (0.44), RL (0.53), SL (0.73), FW (0.61)
and DW (0.71), indicating the presence of considerable
genetic variances (Table 7). Similar results were observed
for seed germination and seedling traits under different
levels of salinity in wheat (Ali et al., 2007; Shahzad et al.,
2012; Al-Ashkar and El-Kafafi 2014; Oyiga et al., 2016;
Dadshani et al., 2019; Al-Ashkar et al., 2020).

Salt tolerance index (STI)

High variations of STI values measured based on
GP, RL, SL, FW and DW were observed between the
parents and their Fy hybrids (Table 10). The mean STI
ranged from 0.51 (P: and Pi1xP3) to 0.84 (Ps). Highly
significant (P<0.01) and strong positive correlations were
observed between mean STI with STI of GP (r=0.71), RL
(r=0.85), SL (r=0.92), FW (r=0.84) and DW (r=0.78).
Therefore, the genotypes were then ranked based on their
mean STI. Constantly, bread wheat genotypes and their
hexaploid hybrids had higher STI than durum wheat
genotypes and their tetraploid hybrids. However, moderate
estimates of mean STI were observed for pentaploid Fy
hybrids which ranged from 0.57 (P1xPe) to 0.74 (P2xPa).
Based on mean STI estimates, the tested genotypes were
divided into four categories (Table 10). As mentioned
earlier, the pentapoid hybrid strategy is an effective tool to
transfer desirable traits and genes from tetraploid wheat
into hexaploid wheat and vice versa. Transferring desirable
traits or genes became more easy and faster when the genes
of the concern are located on A and/or B genomes (Martin
et al., 2013); because these genomes are present in both of
tetraploid and hexaploid wheat. However, transferring
genes from D genome of the hexaploid wheat into durm
wheat became more difficult because the absence of D

genome in the durum wheat as in the case of salinity
tolerance (Han et al., 2014); the Knal gene that confers
salinity tolerance in hexaploid wheat is located on the long
arm of chromosome number 4 in D genome (Dubcovsky et
al., 1996). In this regard, Han et al., (2014) and Han et al.,
(2016) demonstrated the successful introgression of salt
and aluminum tolerance genes from D genome of bread
wheat into B genome in durum wheat using pairing
homeologous (phlc) mutation strategy; this strategy allow
generating recombination between chromosomes 4B and
4D. However, this method requires specific 4D (4B)
substitution line of durum wheat to start the breeding
program which makes it more complex. Surprisingly,
several reports informed the spontaneous introgression of
some D segments into A or B genomes in the progenies of
pentaploid hybrids (Eberhard et al., 2010; Deng et al.,
2018; Othmeni et al., 2019); the number and frequency of
the introgressed segments were dependent on the genetic
background of the hexaploid and tetraploid parents. In the
present study, most of the pentaploid F1 hybrids produced
were more salt tolerance than their tetraploid parents
suggesting that salinity tolerance genes of the bread wheat
genotypes tested were transmitted to their pentaploid F;
hybrids. Moreover, the degree of tolerance in the
pentaploid hybrids depended on the genetic background of
their hexaploid parents. Hence, introgression of some D
genome segments into durum wheat could be occurs.
Therefore, backcrossing of the superior pentaploid hybrids
which were created in the present study with their
tetraploid parents and evaluation of their subsequent
progenies for salt tolerance and chromosome content could
provide an effective tool to improve salt tolerance in durum
wheat.

Table 10. Stress tolerance index (ST1) estimates of parental genotypes and their F1 hybrids based on germination
percentage (GP), root length (RL), shoot length (SL), seedling fresh weight (FW) and seedling dry

weight (DW).
STI Mean
Genotypes GP RL SL W DW STI Rank Category
Py Sohag-3 0.50 048 051 041 0.66 051 17 SsS
P BeniSuef-5 058 0.65 0.44 0.50 0.44 052 16 ss
P Svevo 0.59 071 0.57 053 052 058 13 ss
Py Sakha-8 0.81 0.84 076 0.85 0.95 0.84 1 HST
Ps Line-6 0.84 0.87 0.76 0.88 077 0.82 2 HST
Ps Misr-2 0.88 0.82 0.70 0.72 071 077 5 ST
= P1x P2 0.69 063 0.54 0.46 051 057 14 ss
g P1 % P3 0.62 055 047 0.44 047 051 17 ss
- Py % P3 057 0.46 0.45 0.66 0.50 053 15 SS
=] Py % Ps 0.80 0.85 0.82 0.81 072 0.80 HST
g P4 % Pe 0.84 078 0.77 0.89 0.70 0.80 HST
8 I Ps x Pe 0.82 0.85 0.7 0.74 0.70 0.78 4 ST
s P1x Ps 0.62 067 051 0.81 0.86 0.69 8 MST
T P1 % Ps 0.70 072 055 0.61 061 0.64 10 MST
- P1 % Pe 0.83 051 0.54 055 0.40 057 14 ss
3 Py % Py 0.88 0.80 0.70 0.68 0.62 0.74 6 ST
g P2 % Ps 0.88 0.92 0.63 0.60 0.62 073 7 ST
5 P2 % Pe 0.85 074 051 0.40 058 0.62 11 MST
P3 x Py 0.84 059 0.64 058 067 0.66 9 MST
P3 X Ps 0.80 076 0.70 0.56 061 0.69 8 MST
P3 X Pe 0.80 071 0.46 051 0.48 0.59 12 ss

Ranking wheat genotypes was performed based on mean STI. HST: highly salt tolerant (ST1=0.80 to 1.0), ST: salt tolerant (ST1=0.70 to < 0.80),
MST: moderately salt tolerant (ST1= 0.60 to < 0.70), SS: salt sensitive (ST 1= 0.50 to < 0.60).
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CONCLUSION

The crossability percentage was high when the
tetraploid wheat species were used as maternal parents.
The concentration of 100 mM NaCl adversely affected on
seed germination and seedling growth parameters of
durum and bread wheat. Durum wheat and their tetraploid
hybrids were more sensitive to salinity stress as compared
to bread wheat and their hexaploid hybrids. However, in
general, pentaploid F; hybrids showed moderate sensitivity
to salinity comparing to their tetraploid and hexaploid
parents. The pentaploid hybrid strategy used in the present
study could be an effective tool to transfer desirable genes
and traits between tetraploid and hexaploid wheat species.
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