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Abstract

Abdel-Ghani, A. H., Al-Dalain, S. A., Thaher, N. H., Owais, S. J., Sarayrh, S. 1., Mayta, R. & Duwayri, M. A.
(2020). The response of durum wheat varieties from semi-arid environment to drought stress on germination and at
the seedling stage. Bulg. J. Agric. Sci., 26 (2), 299-308

Early drought is a major constraint for cultivating wheat crop in the semi-arid region resulted in poor emergence and weak
seedlings and might lead to a complete crop failure under severe drought. The response of eight wheat varieties to simulated os-
motic stress was assessed using 10% and 15% polyethylene glycol (PEG-6000), in addition to the control treatment (no stress).
Water stress during germination had no effect on the final germination percentages, but it delayed germination with signifi-
cant differences among genotypes. Results showed that severe osmotic stress (15% PEG) substantially delayed germination;
however, mild osmotic stress (10% PEG) had a little effect on germination rate. Furthermore, the results of this study showed
that the fastest germinating varieties regardless of osmotic stress level were Acsad 65, Cham I and Ammon. Assessment of
coleoptiles and seminal roots demonstrated that HoraniNawawi and Omgqais varieties had the longest coleoptiles while Acsad
65 and BaniSuef 6 had the longest seminal roots. The pattern of response of wheat genotypes to osmotic water stress showed
substantial differences at the early stage of plant development. Genotypes with a fast germination and a more vigorous root
system are very desirable for the rapid establishment of seedlings and their early vigor in the dry areas.
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Introduction 2008)we estimated the outcrossing rate of 12 barley land-

races (Hordeum vulgare ssp. vulgare, in short H. vulgare.

Durum (Triticum durum L.) is a major cultivated field
crop in West Asia and North Africa (WANA) and semi-arid
areas with more than 300 mm rainfall. Drought caused by
low and irregular rainfall in the growing seasons is a major
constraint, facing small grain winter cereals in this region
(Lakew et al., 1997; Abdel-Ghani et al., 2004; Parzies et al.,

In the semi-arid regions, seedlings that are exposed to early
drought can result in poor emergence and growth (Grando &
Ceccarelli, 1995; Al-Karaki, 1998; Sahnoune et al., 2004).
In addition, severe drought with a high evaporation rate at
early growth stages may cause a complete failure of seed-
lings and therefore a total loss of the crop (Al-Karaki, 1998;
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Abdel-Ghani et al., 2012). Selection of genotypes with a fast
and high percentage of germination is desirable for a rapid
establishment of seedlings and their strong early vigor in the
dry areas (Haddadin et al., 2013; Abdel-Ghani et al., 2014b).
As well as selection of vigorous roots is critical for the eval-
uation of drought-tolerance (Sahnoune et al., 2004; Kumar et
al., 2012; Abdel-Ghani et al., 2013; Haddadin et al., 2013).
The early embryonic roots in wheat are called seminal roots.
Indirect selection of traits for long and high number of sem-
inal roots can potentially be useful to enhance the growth of
wheat seedling under the drought stress conditions (Grando
& Ceccarelli, 1995; Kumar et al., 2012; Abdel-Ghani et al.,
2013).

Although a considerable variation exists in the root archi-
tecture (Wang et al. 2006; Kumar et al., 2012; Abdel-Ghani
et al., 2013), root traits are not often studied by plant breed-
ers for yield improvement in such crops (Tuberosa et al.,
2003; Kumar et al., 2012; Abdel-Ghani et al., 2013). This is
mainly due to the difficulties to access roots that are hidden
in the soil. Recently, Abdel-Ghani et al. (2015) reported an
extensive genetic variation in the barley root morphology us-
ing 233 genotypes of barley from the barley core collection
(BCC), and recommended selection for seminal root as a po-
tential selection criterion under drought.

Selection for drought tolerance and/or high nutrient use
efficiency can be performed by either assessing grain yield
per se or identifying of secondary traits associated with grain
yield that positively enhances grain yield under drought. In
the recent past, many studies revealed positive correlations
between vigorous seedling roots, tolerance to water stress
and the efficiency in absorbing nutrients (Soto-Cerda &
Cloutier, 2012; Abdel-Ghani et al., 2013). Evaluation of the
variation in root traits as selection criteria could open the op-
portunity for using this technique to improve wheat perfor-
mance under drought stress and in soils with deficient nutri-
ents. The objectives of the current study were to (i) evaluate
the effect of induced drought stress in eight wheat varieties
using polyethylene glycol (PEG) on germination, germina-
tion rate and seedling traits, and (ii) set recommendations for

plant breeders to use genotypes that can tolerate drought at
least at early stages of seedling development.

Materials and Methods

Plant materials and germination test

Seven durum wheat varieties (HoraniNawawi, DairAlla
6, Cham 1, Omqais, Acsad 65, BaniSuef 4, BaniSuef 6) and
one bread wheat variety (Ammon) were obtained from the
National Agricultural Research Centre nurseries in Jordan
and used in this study (Table 1). The eight varieties of wheat
were exposed to different polyethylene glycol (PEG-6000)
treatments to assess the influence of different osmotic poten-
tial on the final germination percentage, germination rate and
root and shoot traits at seven days old seedlings germinating
in the dark under controlled conditions. Briefly, germination
tests were carried out in a germination chamber following
the International Seed Testing Association (ISTA) rules for
germination of wheat seeds (ISTA, 2015). Ten seeds of each
variety of wheat were sown in 13 cm diameter Petri dishes
above what mangemination paper, using five Petri dishes per
genotype. Seeds were exposed to drought using PEG-6000.
Two concentrations of PEG-6000 (10% and 15% w/v) were
prepared for this assessment. Following treatments, Petri
dishes were placed in a growth chamber for seven days at a
constant temperature of 20°C and at 80% relative humidity
(RH). Treated Petri dishes with sterile distilled water were
included as a control. The experimental design was a ran-
domized complete block design (RCBD) with five replicates
arranged in split plots, where the main plots were water
stress treatments, and the sub-plots were the wheat varieties.

The effect of induced drought stress using PEG

Germinated seeds were counted at eight hours inter-
vals for seven days. Seeds with 2 mm radicle lengths were
considered germinated. The collected data then were used
to determine the final germination percentage (FGP), mean
germination time (MGT) and the time required to reach 10%
(t,,) and 50% (t,) germination as follows:

Table 1. The names, types, pedigrees, sources and year of release of the eighth wheat varieties used in the study

No. |Name Type Pedigree Source Year of release
1 Horani Nawawi Durum Landrace Jordan 1976

2 Dair Alla 6 Durum Yemen X Cr’s’X PLc’s’/’Gto’s CM 18687-D85-D11 Jordan 1974

3 Cham 1 Durum ‘Waha = plc’s’-ruff’s’X gta’s’-rtte ICARDA 1988

4 Omgqais Durum Um Rabi 6 ICARDA 2004

5 Acsad 65 Durum Stork CM470-1M-2Y-CM x GDAV2 469-AA’S” STORK’S CIMMYT 1988

6 Ammon Bread Tsi/Vee’s’ ICARDA 2004

7 Bani Suef 4 Durum IANZENI Egypt 2008

8 Bani Suef 6 Durum Egypt
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1. FGP was calculated by dividing the total number of
germinated seeds by the total number of seeds exist in the
Petri dish (in this case 10):

Sn

FGP = y
nt

where 7 is the number of germinated seeds in each Petri dish
after seven days, and nt is the total number of seeds exist in
the Petri dish.

2. MGT was calculated according to Lafond & Baker
(1986):

Snxx
no
where 7 is the number of newly germinated seeds at each time
point (8, 16, 24 h...etc.) and x is the time point of counting.
2.t,,: the time takes for 10% of the seeds to germinate,
4. t,: the time takes for 50% of the seeds to germinate.
The following root traits were recorded on seven days
of seedlings: the maximum seminal root length (MSRL),
the number of seminal roots (NSR), the total seminal root
length (TSRL) and the seminal root dry weight (SRDW).
Moreover, the following shoot traits were recorded at the
same time point: coleoptile length (CL), shoot length (SL)
and shoot dry weight (SDW). The ratio between root and
shoot dry weights were used to estimate the ratio of root to
shoot (RSR).

MGT =

Data analysis

Data were assessed using a mixed model analysis of vari-
ance with PROC MIXED in SAS 9.1. Differences are signif-
icant at P = 0.05 unless otherwise stated. RCBD design with
split arrangement was analyzed using the following linear
model:

-)/jki:/’l+Bk(t)+T:'+vU+ V;+ Vj}i+8jki’

where y,. represents the individual observation of the Jki™
experimental unit (i.e. Petri dish), u is the grand mean, 7 is
the effect of i stress treatment, B, is the effect of £ block
nested in i” stress treatment, V, is the effect of k” variety,
VT is the interaction effect of the i"treatment with £” variety,
and v, and € are main plots and sublopts errors, respective-
ly. The phenotypic variance ( was estimated according to the
following formula:

s gy Cwe O
c=0"+—0+—
roos n nxr

where (szg is the variance due to genotype, sz is the genotype
X treatment variance, is the residual variance component, 7 is

the number of replicates and n is the stress treatments. The
broad-sense heritability (/%) estimates were calculated on plot
basis by dividingon (Hallauer & Miranda, 1981). Phenotypic
correlations (rg) between different traits were estimated using
variance and covariance for the two traits according to Mode
& Robinson (1959). Significant differences among the mean
values were compared by LSD test (P = 0.05).

Phenotypic and genetic correlation coefficients were cal-
culated to assess any possible relationships amongst differ-
ent parameters of germination rate and seedling related traits
over different parameters of osmotic potential. Coefficients
of phenotypic (r,) and genetic correlation (r,) were estimat-
ed according to the standard procedure of Mode and Robin-
son (1959), analysis of variance and covariance for different
pairs of traits (i.e. parameters) were analyzed in this study.
The significance of . was considered when the standard er-
rors of the coefficients greater than the standard error by one
(+) or two times (Baker, 1986).

Results

Effect of different treatments of osmotic potential on
final germination percentage and germination rate

Final germination percentage was not significantly af-
fected by the treatments of PEG osmotic stress, varieties and
their interaction (Table 2). Full germination percentage was
recorded in all wheat varieties at different levels of osmotic
water stress, whereas a delay in initiation (t, ) and the time
required to reach 50% germination (t,,) were observed. The
final germination percentage of the control and PEG treat-
ments (10% and 15% PEG) reached 100%for all varieties
(Table 2). The parameters of germination rate showed that
the seeds germinated faster under control than under osmot-
ic stress (10% and 15% PEG) treatments. Severe osmotic
stress (15%) delayed germination to a greater extent than
mild osmotic stress treatment (10%). Under 10% PEG and
15% PEG as compared to control, MGT was delayed by 4.78
and 8.99 h, t, by 2.65 and 7.14 h and t, by 4.56 and 8.83 h,
respectively.

There was a substantial variation in germination rate
among varieties as shown in Table 2, even though all vari-
eties reached 100% in the final germination percentage. The
result showed that the fastest germinating varieties over dif-
ferent treatments of osmotic stress were Acsad 65 followed
by Cham I and Ammon, while BaniSuef 6 and Omgqais va-
rieties were the slowest in germination. For example, the
values of germination rate for Acsad 65 were 18.89, 13.73
and 18.40 h for MGT, t , and t, while the corresponding
values for BaniSuef 6 were 24.28, 17.76 and 23.57 h. Variet-
ies that displayed lowest values for MGT, t, and t,, could be
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Table 2. Main effects of varieties and osmotic stress on
final germination percentage, mean germination time
(day), the time (day) required to reach 10% and 50%

germination (t,, and t,, respectively)

Treatment | FGP% | MGT | to t,
Variety (V)

Horani Nawawi 100 21.39¢ | 13.39b | 20.43c
Dair Alla 6 100 |22.18bc| 15.01b | 21.37bc
Cham 1 100 [20.72bc| 14.26b | 20.00cd
Omgqais 100 23.94a | 19.07a | 23.19a
Acsad 65 100 18.89d | 13.73b | 18.40d
Ammon 100 21.32¢ | 14.17b | 20.56¢
Bani Suef 4 100 [23.50ab| 15.45b | 22.76ab
Bani Suef 6 100 24.28a | 17.76a | 23.57a
LSD (0.05) - 1.66 1.85 1.63
Osmotic treatment (OT)

Control 100 17.44c | 12.16¢c | 16.82c
10%PEG 100 | 22.22b | 14.81b | 21.38b
15%PEG 100 26.43a | 19.30a | 25.65a
LSD (0.05) - 1.03 1.55 1.07
VxOT ns ns ns ns

Mean values within a column followed by the same letter do not differ

based on Least Significant Difference test at P = 0.05

suggested as tolerant varieties because they could germinate
faster under water stress.

There was a slight increase in CL when varieties exposed
to PEG stress (Table 3). This increase was about 0.1 and 0.2 cm
under 10% and 15% PEG, respectively. There were no signifi-
cant differences in MRL between control (13.36 cm) and 10%
PEG (13.80 cm), while the MRL was significantly decreased
to 12.10cm when exposed to 15% PEG (Table 3). There was
not any change in the NSR under all treatments. The root dry
weight decreased by increasing PEG stress (Table 3). The root
dry weight decreased from 7.25 mg/seedling to 7.10 and 6.64
mg/seedling under 10% and 15% PEG, respectively.

There was a high variation in seedling traits (Table 3). The
longest coleoptile averaged over all treatments was observed
in HoraniNawawi (7.43 cm), followed by Omgqais (6.5 cm).
However, the coleoptile lengths ranged from 4.54 to 5.22 cm
in all other varieties. The longest seminal roots were observed
in Acsad 65 (15.45 cm), followed by BaniSuef 6 (14.96 cm),
while MRL ranged in other varieties from 9.90 to 14.71 cm. The
variation in NSR was narrow and ranged from 4.71 in BaniSuef
610 5.48 in DairAlla6. In regard to the RDW, the heaviest roots
were observed in DairAlla 6 (8.20 mg/seedling), followed by
Ammon (7.41 mg/seedling), Acsad65 (7.38 mg/seedling) and
BaniSuef6 (7.13 mg/seedling), while other varieties showed
values ranged from 6.10 to 6.93 mg/seedling (Table 3).

Table 3. Main effects of varieties and osmotic potentials on coleoptiles length (CL), maximum root length (MRL), num-
ber of seminal roots (NSR) and root dry weight (RDW)

Varieties and osmotic potentials on coleoptiles length (CL), maximum root length CL MRL NSR RDW
(MRL), number of seminal roots (NSR) and root dry weight (RDW).Treatment

Variety (V)

HoraniNawawi 743 a 14.71 cd 4.92b 6.93 dcb
DairAlla 6 5.10cd 13.61 cd 548 a 820a
Cham 1 454 ¢ 12.90d 4.30d 6.23 dc
Omgqais 6.50b 9.90 f 5.01b 6.54 dcb
Acsad 65 4.90d 1545 a 5.01b 7.38 ab
Ammon 4.92d 11.73 ¢ 492b 7.41 ab
BaniSuef 4 520¢ 11.70 ¢ 490b 6.10d
BaniSuef 6 522¢ 14.95 ab 471 ¢ 7.13 cb
LSD (0.05) 0.102 0.96 0.126 0.58
Osmotic treatment (OT)

Control 540b 13.36a 498a 7.25a
10%PEG 5.60a 13.80 a 493a 7.10 ab
15%PEG 550 a 12.10b 4.80b 6.64b
LSD (0.05) 0.10 0.97 0.13 0.59
VxOT ns ns ns Ns

Mean values within a column followed by the same letter do not differ based on Least Significant Difference test at P = 0.05
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Correlations for different traits

Phenotypic genotypic correlation coefficients among dif-
ferent traits were estimated in this study and are presented in
Table 4. There were strong and highly significant positive cor-
relations amongst the parameters of seed germination (MGT,
t,, and t, ). The genetic correlation between MGT and both t,
and t,; were 0.84++ and 1.00++, respectively. The times re-
quired to reach t, and t,) were significantly and positively cor-
related (rg = 0.84++). The parameters of MGT, t, and t,, were
positively correlated with SL (rg =0.53+,0.47+ and 0.53+, re-
spectively), while they were negatively correlated with MRL
and RSR (rg =-0.57+, -0.60 and -0.57+ and -0.65++, -0.69++
and -0.70++, respectively). The SL was positively correlated
with CL and NSR (rg = 0.69++), while it was negatively cor-
related with RSR (rg = -0.54+). The CL showed positive cor-
relation with SFW, SDW and RFW (rg =0.57++, 0.66++ and
0.44+, respectively), while it was negatively correlated with
RSR on dry basis (rg = 0.68++). The SFW was positively cor-
related with NSR, RFW and RSR on fresh basis (rg = 0.34+,
0.97++ and 0.77++, respectively). The SDW was negatively
correlated with MRL (rg = -1.03++), RSRF (rg: -0.43+) and
RSRD (rg = -1.30++). The MRL and RSRF were positively
and significantly correlated with RSRD (rg = 0.800++ and
0.55+, respectively). The RFW was positively correlated with
RSRF (r, = 0.90++) (Table 4).

MGT, mean germination time; t, & t_, the time required
to reach 10% & 50% germination respectively; SL, seed-
ling length; CL, coleoptile length, SFW, shoot fresh weight;
SDW, shoot dry weight; MRL, maximum root length; NSR,
number of seminal roots; RFW, root fresh weight; RDW,
root dry weight; RSRF, root to shoot ratio on fresh basis;
RSRD, root to shoot ratio on dry basis.

Interactive effect of genotypes and water stress

The results of this study showed significant interactions
for all traits except for NSR, RFW, RSRF and SFW. The in-
teractive effect of water stress and varieties on MGT was
significant (P = 0.05) as shown in Table 5. Under different
treatments of osmotic, the fastest germination was observed
in Acsad65 (MGT = 14.6, 19.8 and 22.3 h under control,
10% PEG and 15% PEG, respectively), followed by Ammon
(MGT = 15.7, 22.0 and 26.1h, respectively), Chaml (MGT
= 16.1, 20.1 and 25.9 h, respectively) and Horani Nawawi
(MGT = 16.7, 21.9 and 25.6 h, respectively). Furthermore,
the germination for other varieties ranged from 17.1 to 22.7,
22.1to 25.3 hand 26.1 to 29.8 h. In general, genotypes with
low MGT and under different treatment of osmotic demon-
strated minimum values for t  and t. as shown in Table
5.Under the three treatments of osmotic stress, the longest
coleoptiles were observed in HoraniNawawi (CL = 7.7, 7.8

Table 4. Genetic correlation (below diagonal) and phenotypic correlation (below diagonal) coefficients among various

pairs of 13 recorded traits

1 2 3 4 5 6 7 8 9 10 11 12 13

1 MGT 0.80* | 1.00** | -0.07 -0.11 -0.24 0.03 -0.52 -0.1 -0.24 | -0.72% | -0.32 -0.51
2 t, 0.77++ 0.84** | -0.06 0.04 -0.3 0.53 -0.62 0.01 -0.29 -0.58 -0.31 -0.57
3 t, 1.01++ | 0.80++ -0.07 -0.11 -0.27 0.08 -0.54 -0 -0.26 -0.7 -0.32 -0.52
4 SL 0 0 0 0.98** | 0.21 0.43 0.01 0.22 0.37 0.33 | 1.00** | 0.94**
5 CL -0.96 -0.24 -0.79 1.34 0 0.47 -0.01 0.25 0.46 0.26 | 0.98** | 0.90**
6 SFW -0.36 | -0.38+ | -0.35 3.99 2.05 -0.27 0.22 0.29 | 0.96** | 0.02 0.28 0.28
7 SDW | -0.23 | 0.60+ | -0.11 -1.53 -0.45 0.43 -0.4 0.21 -0.23 0.01 0.38 0.23
8 MRL 0 0 0 0 0 0 0 0.37 0.38 0.77* 0.05 0.2
9 NSR -0.82 -0.39 -0.69 -3.09 -0.89 3.21 -2.17 0 0.31 0.16 0.22 0.11
10 | RFW | -0.37 -0.3 -0.34 1.17 0.70+ | 1.52++ | -0.58 0 1.28 0.26 0.44 0.48
11 | RDW [-1.32++ [-0.98++ | -1.20++ | 0.53 0.18 0.2 -0.93 0 -1 0.37 0.36 0.54
12 | RSRF | -0.44 -0.26 -0.39 0 0 0 0 0 0 0 0 0.96%*
13 | RSRD | -0.58+ | -0.66+ | -0.59+ | 0.91++ | 0.98++ | 2.63 -1.24 0 -2.7 1.02 0.93+ 0

MGT, mean germination time; t,) & t;,

the time required to reach 10% & 50% germination respectively; SL, seedling length; CL, coleoptile length, SFW,

shoot fresh weight; SDW, shoot dry weight; MRL, maximum root length; NSR, number of seminal roots; RFW, root fresh weight; RDW, root dry weight;

RSREF, root to shoot ratio on fresh basis; RSRD, root to shoot ratio on dry basis
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Table 5. The interactive effect of genotype and water
stress (PEG) on mean germination time (MGT), the time

(t,) and (t,)

Table 6. The interactive effect of genotype and water
stress (PEG) on coleoptile length (CL), maximum roots
length (MRL) and shoot length (SL)

Treatments | Variety MGT ty t, Treatments | Variety CL MRL SL
Control HoraniNawawi | 16.71 bc 9.40d 15.60 ¢ Control HoraniNawawi 7.71 a 13.7 be 1144 a
DairAlla 6 17.23bc | 11.12cd | 16.50bc DairAlla 6 4.81 cd 12.23 ¢ 9.81b
Cham 1 16.10c | Il.11cd | 15.58¢ Cham 1 4.63d 12.99 ¢ 8.26 ¢
Omgqais 19.20b | 14.83ab | 18.72b Omgais 6.40b 9.99d 11a
Acsad 65 14.60 ¢ 12.80bc 1490 ¢ Acsad 65 4.59d 15.30 ab 9.78 b
Ammon 15.70 ¢ 10.60cd | 1522¢ Ammon 4.75 cd 13.10 ¢ 9.52b
BaniSuef 4 17.13bc | 10.25¢d | 16.13 be BaniSuef 4 S5.14c¢ 13.15¢ 10.04 b
BaniSuef 6 22.70 a 1220 a 2198 a BaniSuef 6 4.98 cd 1642 a 9.97b
LSD (0.05) 2.88 3.21 2.83 LSD (0.05) 0.40 1.64 0.86
10% PEG | HoraniNawawi | 21.92 bed | 13.80bc | 20.95 be 10% PEG | HoraniNawawi 7.78 a 15.88 ab 9.90 a
DairAlla 6 22.12bcd | 13.70bc | 21.10bc DairAlla 6 530¢ 14.30bc 10.10 a
Cham 1 20.10cd | 12.80¢c 1921 ¢ Cham 1 4.60 ¢ 14.14 ¢ 7.30d
Omgqais 22.80bc | 17.62a | 22.15ab Omgqais 6.62b 10.90d | 9.70 ab
Acsad 65 19.80d 1240 ¢ 18.77 ¢ Acsad 65 475¢ 1730 a 9.03 bc
Ammon 22.03bed | 14.15bc | 21.14 be Ammon 4.81 de 10.48 d 873 ¢
BaniSuef 4 2530a | 16.43ab | 24.73a BaniSuef 4 5.17 cd 11.28d | 9.51 abc
BaniSuef 6 23.70ab | 17.70a | 23.02 ab BaniSuef 6 544 ¢ 15.80ab | 10.10a
LSD (0.05) 2.88 3.21 2.83 LSD (0.05) 0.40 1.64 0.86
15% PEG |HoraniNawawi | 25.60 b 18.60bc 24.74 b 15% PEG | HoraniNawawi 6.80 a 13.57 ab | 7.97 abc
DairAlla 6 27.20ab | 20.30b | 26.58 ab DairAlla 6 5.12b 14.30a | 7.81 abc
Cham 1 2598b | 18.90bc | 25.22b Cham 1 444 ¢ 11.58 cd 6.15d
Omagqais 29.83 a 24.80 a 28.71 a Omgqais 6.45a 8.80 ¢ 7.26 ¢
Acsad 65 22.30¢ 16.03 ¢ 21.54 ¢ Acsad 65 5.24b 13.80ab | 8.13 ab
Ammon 26.10 b 17.80bc 25.31 Ammon 520D 11.56 cd 6.22d
BaniSuef 4 28.04ab | 19.70b | 27.40 ab BaniSuef 4 533b 10.54 d 8.67 a
BaniSuef 6 26.50b | 1842bc | 25.71b BaniSuef 6 5.24b 12.66 bc | 7.70bc
LSD (0.05) 2.88 3.21 2.83 LSD (0.05) 0.40 1.64 0.86

Mean values within a column followed by the same letter do not differ
based on Least Significant Difference test at P = 0.05

and 6.8 cm under control, 10% PEG and 15% PEG, respec-
tively), followed by Omqais (Cl = 6.4, 6.6 and 6.5 cm, re-
spectively). Furthermore, the coleoptile length for other va-
rieties ranged from 4.6 to 5.1 cm, 4.6 to 5.4 cmand 4.4 to 5.1
cm, respectively as shown in Table 6.

Under control, the longest seminal roots (MRL) were
observed in Bani Suef6 (16.4 cm), followed by Acsad 56
(15.3 cm), while other varieties ranged from 12.2 to 13.7 cm.
Under 10% PEG, the longest seminal roots were observed
in Acsad 65 (17.3 cm), followed by HoraniNawawi (15.9
cm) and BaniSuef 6 (15.8 cm), while other varieties ranged
from 10.5 to 14.1cmas shown in Table 7. Under 15% PEG,
the maximum seminal root length was observed in DairAlla
6 (14.3 cm), followed by Acsad 56 (13.8 cm) and Horani-
Nawawi (13.6 cm), while other varieties ranged from 8.8 to
12.7 cm.

Mean values within a column followed by the same letter do not differ
based on Least Significant Difference test at P = 0.05

The interactive effect of water stress and varieties on SL
were significant (P < 0.001) (Table 6). Under control, the lon-
gest shoots were observed in HoraniNawawi (11.4 cm) fol-
lowed by Omgqais (11 cm), while other varieties ranged from
8.3 to 10.0 cm. Under 10% PEG, the longest shoots were ob-
served in BaniSuef 6 and DairAlla 6 (10.1 cm), followed by
HoraniNawawi (9.9 cm), while other varieties ranged from
7.3 t0 9.7 cm. Under 15% PEG, the longest shoots were ob-
served in BaniSuef4 (8.7 cm), followed by Acsad 56 (8.1 cm),
while other varieties ranged from 6.2 to 8.0 cm.

The interactive effect of water stress and varieties on
RDW were significant (P < 0.001; Table 7). The heaviest
roots were observed in Ammon (13.2 mg), followed by
Omaqais (7.3 mg) under control treatments. Other varieties
ranged from 5.3 to 7.0 mg. DairAlla 6 (9.0 mg), followed by
HoraniNawawi (8.0 mg) showed the heaviest roots, while
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Table 7. The interactive effect of genotype and water stress
(PEG) on root dry weight (RDW), shoot dry weight (SDW;
mg/seedling) and root to shoot ratio on a dry basis (RSRD)

Treat- Variety RDW SDW RSRD

ments

Control HoraniNawawi 6.98 b 9.24b 0.80abc
DairAlla 6 6.65 bc 6.81b 097 a
Cham 1 533¢ 7.40b 0.72 bed
Omgqais 7.30b 13.72 a 0.53d
Acsad 65 5.91 be 6.94b 0.90abc
Ammon 13.20 a 1430 a 0.92 ab
BaniSuef 4 6.90bc 8.74b 0.81 abc
BaniSuef 6 5.80bc 8.40b 0.70 cd
LSD (0.05) 1.64 2.70 0.22

10% PEG |HoraniNawawi | 7.99 ab 1220 a 0.70 ¢
DairAlla 6 9.04 a 8.60bcd 1.10 ab
Cham 1 7.18 bed | 9.13 bed 1.30 a
Omgqais 6.22 cd 11.13 ab 0.60 c
Acsad 65 7.97 ab 8.32 cd 0.95b
Ammon 426¢ 10.20abc 0.50 ¢
BaniSuef 4 5.95d 10.96 abc 0.60 ¢
BaniSuef 6 7.80abc 6.80d 1.20 a
LSD (0.05) 1.65 2.70 0.22

15% PEG | HoraniNawawi 5.84 ¢ 7.20bc 0.80 ¢
DairAlla 6 8.80 a 7.30bc 1.22 ab
Cham 1 6.18 bc 4.60 ¢ 140 a
Omgqais 6.12 ¢ 1524 a 0.40d
Acsad 65 826a 8.01b 1.04b
Ammon 4.68 ¢ 7.30bc 0.64 ¢
BaniSuef 4 5.50 ¢ 7.20bc 0.80 ¢
BaniSuef 6 7.80 ab 6.80bc 1.20 ab
LSD (0.05) 1.65 2.70 0.22

Mean values within a column followed by the same letter do not differ
based on Least Significant Difference test at P = 0.05

other varieties ranged from 4.3 to 8.0 mg. Under 15% PEG,
the heaviest roots were observed in DairAlla 6 (8.8 mg), fol-
lowed by Acsad 65 (8.3 mg), while other varieties ranged
from 4.7 to 7.8 mg.

The interactive effect of water treatments and variet-
ies on SDW were significant, (P < 0.001; Table 7). Under
control, the heaviest shoots were observed in Ammon (14.3
mg), followed by Omgqais (13.7 mg), while other varieties
ranged from 6.8 to 9.2 mg. Under, 10% PEG, the heaviest
shoots were observed in HoraniNawawi (12.2mg), followed
by Omgqais (11.1 mg), while other varieties ranged from 6.8
to 11.0 mg. Under 15% PEG, the heaviest shoots were ob-
served in Omgqais (15.2 mg), followed by Acsad 65 (8.0 mg),
while other varieties ranged from 4.6 to 7.3 mg.

The interactive effect of water stress and varieties on
RSRD were significant (P < 0.001; Table 7). The RSRD were

observed in DairAlla6 (0.97) followed by Ammon (0.92) un-
der control treatments, and other varieties ranged from 0.53
to 0.9 under 10% PEG. The RSRD was observed in Cham1
(1.3), followed by BaniSuef6 (1.2), and other varieties ranged
from 0.5 to 1.1. Under 15% PEG, the RSRD were observed
in Chaml (1.4), followed by DairAlla6 (1.2), and BaniSuef6
(1.2) while other varieties ranged from 0.4 to 1.0.

Variance components and heritability estimates

Heritability estimates (/#°) and confidence interval of A’
for germination rate and seedling of the eight wheat varieties
combined across osmotic potential treatments are presented
in Table 8. Genetic variance was highly significant (P<0.01)
for the recorded parameters except for RDW which demon-
strated a non-significant genetic variation with high geno-
type by osmotic potential interaction. The effects of osmotic
potential treatments were highly significant (P = 0.01) for all
traits. Genotype X osmotic potential interaction was signifi-
cant (P < 0.01) for most traits. The results demonstrated that
heritability was extremely high ranging from 0.7 for SDW
to 1.0 RFW.

Discussion

Germination is an important stage for the formation
of wheat crop, which usually interacts with seedbed envi-
ronment (i.e. drought and other stresses) and kernel size
(Naylor, 1993; Khajeh-Hosseini et al., 2003; Toklu & Yag-
basanlar, 2007). Germination and seedling growth can be
delayed when seeds expose to drought conditions, however,
this depends on the severity of drought stress (Heikal et al.,
1982; Mensah et al., 2006). Germination and seedling stage
are the most weakest stage in the plant life cycle (Nevo et al.,
1984; Kigel, 1995). Therefore, selection for genotypes with
high germination percentage and fast germination rate is es-
sential to minimize the effect of drought on seedling growth.

The results of this study demonstrated that PEG simu-
lated drought stress has adverse effect on germination rate.
Genetic variation among wheat varieties was demonstrated
by the results of this study, more specifically, the germina-
tion rate related parameters (MGT, t  and t, ) displayed a
delay in germination and seedling traits were retarded when
they exposed to PEG stress. High PEG concentration (15%)
substantially delayed the germination with substantial dif-
ferences among the eighth genotypes of wheat. All varieties
reached t  and t, at different time points. PEG can simulate
drought by hampering water imbibition and decreasing wa-
ter uptake of seeds from surrounding environment. Conse-
quently, simulated drought stress using PEG is the main rea-
son for the delay in germination as reflected in higher values
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Table 8. Estimates of variance components, broad sense heritability #’andconfidence interval (CI) of A%in some agro-
nomical traits in the tested wheat

Trait Variance components W Confidence
Treatment (T) | Genotype (G) TxG Error interval C.1.(h%)

Mean germination time 19.98** 2.64%* 1.04* 1.05 0.79 4.06-93.83

t, 12.6%* 2.8% 1.9%* 1.3 0.73 -25.92-91.90
t, 19.2%* 2.44%* 1.2%* 1.009 0.77 -6.74-93.14
Shoots length 1.6%* 0.6%* 0.2%%* 0.1 0.86 36.79-95.94
Coleoptile length -0.002 0.9%%* 0.06%* 0.02 0.97 87.03-99.17
Shoot fresh weight 223.1%* 1517.9%* 21.45 78.8 0.98 90.1-99.36

Shoot dry weight 0.4 3.3% 2.96%* 0.92 0.72 -29.66-91.66
Maximum roots length 0.6* 3.1%* 1.2%%* 0.33 0.86 35.71-95.87
Number of seminal root 0.01+ 0.1%%* 0.006 0.02 0.93 68.80-97.99
Roots fresh weight 141.3%* 2080.8%* -24.3 50.5 0.99 98.07-99.88
Roots dry weight -0.5 -1.1 4.3%* 0.34 0.00 0.00-0.00

Root shoot ratio fresh 0.004** 0.03%%* 0.002 0.004 0.95 77.99-98.59
Root shoot ratio dry 0.0005 0.04* 0.03** 0.005 0.75 -15.22-92.59

**significant at P < 0.01; * significant at P < 0.05; ns, not significant. t & t,,
of MGT, t, and t, (Murillo-Amador et al., 2002; Sayar et al.,
2010b; Ghanifathi et al., 2011). Selection of genotypes under
drought conditions with a high germination percentages and
high values of MGT, t,  and t_ are critical to obtain a vigorous
seedling and coping early drought stress (Al-Karaki, 1998;
Abdel-ghani & Al-majali, 2013; Abdel-Ghani et al., 2014a).
In the current study, Cham I and Ammon germinated faster
with short MGR, ¢, and t, periods under PEG stress which
allows the use of these wheat varieties in arid areas that are
suffering from frequent early drought stress. Interestingly,
there was not any significant effect by the osmotic stress on
the FGP which indicates the high adaptability of these vari-
eties to water stress conditions. In contrast, previous studies
showed that PEG stress decreased FGP when it compared
to non-stress conditions (Almansouri et al., 2001; Jajarmi,
2009; Sayar et al., 2010a)especially drought stress, can play
an important role in the reduction of the plant growth stage,
specifically during germination in arid and semi arid regions
in Iran.. In order to study the effects of drought stress on
germination indices in wheat cultivars, an experiment was
conducted in factorial form, using a completely randomized
design of four replications. In this experiment, seven wheat
cultivars (azar, omid, dorom, tabaci, keraceharvand, arvand,
Gv 3-20.

Plant breeders and research scientists in the semi-arid ar-
eas attempt to improve wheat yields and develop new wheat
varieties that tolerate drought. Managing the risk of drought
is a very complex process that requires interactive effect of
many traits with biochemical processes and polygenic inher-
itance combined with a high genotype by environment inter-

the time required to reach 10% & 50% germination respectively

action (Ceccarelli, 1996; Zhu, 2002; Tuberosa & Salvi, 2007)
detoxification (i.e., damage control and repair. Susceptibility
to drought depends on its intensity and duration, as well as,
the growth stage of the crop at which the drought is imposed
(Szira et al., 2008; Haddadin et al., 2013)the physiological
and quantitative genetic bases of drought tolerance are still
poorly understood. The comparison of results obtained from
different sources is also complex, because different testing
methods may lead to controversial conclusions. This report
discusses various drought stress experiments (hydroponics
and in soil. The tolerance of genotypes at a particular growth
stages not necessarily correlated with the level of tolerance
at other growth stages (Szira et al., 2008; Nezhadahmadi
et al., 2013; Acufia-Galindo et al., 2015)the physiological
and quantitative genetic bases of drought tolerance are still
poorly understood. The comparison of results obtained from
different sources is also complex, because different testing
methods may lead to controversial conclusions. This report
discusses various drought stress experiments (hydroponics
and in soil. Plant breeders often aim to select high yielding
genotypes by either direct selection for grain yield per se or
indirect selection of traits that are related to drought. In this
study, the results demonstrate considerable variations among
seedling traits. Traits such as coleoptiles length and semi-
nal roots can be very useful in the indirect selection traits
to improve the adaptation to drought at the seedling stage.
For example, selection of long coleoptiles and a more vig-
orous root can improve adaptation under drought, this also
includes more vigorous seedlings, erect growth habit, long
coleoptiles, tallness and long peduncles, long and high num-
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ber of seminal roots and nodal roots with high volume and
density (Almansouri et al., 2001; Ceccarelli et al., 2004).
In the current study, there were high and significant genet-
ic differences in the length of coleoptiles and seminal roots
which indicate the possibility of improving wheat perfor-
mance (Grando & Ceccarelli, 1995; Haddadin et al., 2013;
Abdel-Ghani et al., 2014a).

In addition, selection of genotypes with vigorous roots
can enhance the grain yield. The results of previous studies
showed that a more vigorous root system in cereals was pos-
itively correlated with plant biomass (Pandey et al., 2000;
Kanbar et al., 2009; Chloupek et al., 2010; Sayed, 2011; Eh-
daie et al., 2012; Xie et al., 2017)maize was grown under
five irrigation treatments, providing deficit irrigation during
vegetative and reproductive periods at five N levels on a
Tropudalph clay loam soil. The purpose of this study was
to (i. Similarly, a recent study by Abdel-Ghani et al. (2014)
indicated that selection for a more vigorous root system can
improve barley performance under drought conditions.

The results of the current study indicate that the heritabil-
ity estimate was generally high for most traits ranged from
0.72 to 1.00 with significant interactions between genotype
x osmotic potential treatments. Furthermore, there was a
high and significant interaction between genotype x osmotic
potential on the RDW, which indicates that the genotypes
of wheat varieties responded differently to osmotic stress.
The high heritability combined with high and low genetic
x treatments interaction for both germination rate and seed-
ling traits indicates a high potential for using these traits as
indirect selection criteria to improve the yield of wheat crop.
This result supports previous reports (Ceccarelli, 1996; Ab-
del-Ghani et al., 2014a) which indicated indirect selection
for drought related trait might be an efficient approach to
enhance yield, especially, when such traits are positively cor-
related with yield and displayed high heritability estimates.

Conclusions

Osmotic stress had no effect on the final germination per-
centage. All varieties reached full germination under differ-
ent osmotic potentials which indicates the high potential of
these varieties under drought stress. Osmotic stress delayed
the initiation (t,)) and the time needed to reach 50% germi-
nation (t,,) with substantial variation among tested varieties.
The fastest germinating varieties over different osmotic po-
tential treatments were Acsad 65 followed by Cham I and
Ammon, while BaniSuef 6 and Omqais varieties were the
slowest in germination. Therefore, using varieties with fast
germination under drought would be advantageous to get
more vigorous seedlings and consequently might result in

high yield. Long coleoptiles and deep and vigorous seminal
roots are desirable traits under drought and can be exploited
further to enhance seedling vigorous. Horani Nawawi and
Omgqais displayed the longest coleoptiles, while the longest
seminal roots were observed in Acsad 65 and BaniSuef 6.
The variation in seminal roots was narrow. The heaviest roots
were observed in DairAlla 6, followed by Ammon, Acsad65
and BaniSuef6. The heritability estimate was generally high
for most traits ranged from 0.70 to 1.0, which might indicate
a high potential for using these traits as indirect selection
criteria to improve seedling growth and consequently wheat
yield.
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