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Abstract

Salinity is an important environmental constraint for agricultural crops including wheat. This experiment was
performed to examine salinity tolerance in synthetic hexaploid wheats as compared to three commercial wheat varieties
(Zarghoon-79, Kharchia and Shorawaki). All genotypes were grown at various salinity levels (0 mM, 50 mM, 100 mM, 150
mM and 200 mM) and then screened based on seed germination rate, length of root and shoot and fresh and dry weight of
root and shoot. Biochemical parameters including photosynthetic pigments (chlorophyll a, chlorophyll b, carotenoids), ionic
content (Na*, K*, Ca"), antioxidant enzymes; superoxide dismutase (SOD), peroxidase (POD), catalase (CAT), total soluble
protein (TSP) and total soluble sugar (TSS) were also conducted on these genotypes. The result of analysis of variance
showed that for most traits, there were highly significant differences among salt concentrations, varieties and their
interaction. The synthetic lines (genotypes 1 to 10) showed significant tolerance to different levels of salt (Sodium Chloride;
NaCl) as compared to commercial wheat cultivars (Zarghoon-79, Kharchia and Shorawaki). Two synthetic lines; genotypes
2 and 4 performed the best under stress condition. It has also been observed that wheat seedlings performed better at 50 mM
concentration of NaCl as compared to control (0 mM NaCl) and other levels of salt (100 mM, 150 mM, 200 mM).
Correlation analysis revealed that the increase of germination percentage, shoot and root length, fresh weight, dry weight,
chlorophyll a, chlorophyll b, carotenoids and potassium were significantly correlated with the decrease in germination rate,

sodium, calcium, SOD, POD, CAT, TSP and TSS.
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Introduction

The significance of wheat (Triticum aestivum) cannot
be neglected for being a member of “Big-Three Cereal
Crops” (Shewry, 2009). Apart from its daily global
consumption, its nutritional value also contributes a lot to
human needs. According to Food and Agriculture
Organization (FAO), total wheat consumption for the year
2014/15 as per 2" April 2015 was 710.9 million tons,
whereas the total production was 728.2 million tons
(Anon., 2015). It is established that wheat is consumed as
staple food and one-fifth of the calories utilized globally by
humans in a year is achieved from wheat (Waines &
Ehdaie, 2007). A wheat grain contains high quantities of
important nutrients like 60-70% starch (carbohydrates), and
8-15% proteins (such as glutenin and gliadin) (Shewry et
al, 1995; D’Ovidio & Masci, 2004; Slade et al, 2012).
The 65% of the total wheat grain produced worldwide is
utilized as a part of daily diet by man while the remaining
35% is spread among; 8% as seed material, 21% as
livestock feed and 6% as raw material to industries to be
used as fermentation substrate for making vitamins and
antibiotics, paper production and adhesives in various
products (Shewry & Jones, 2005).

In the last 50 years, wheat yields have been increased
to 41 kg per hectare due to technological advancement
and research (Ewert et al., 2005). With an increase in
world’s population at an exorbitant pace (Godfray ef al.,
2010), the projected world’s population will be 9-10
billion by the year 2025 (DeLong et al., 2010), which, in
turn, be challenging to fulfill the needs of food and energy
resources (Ray et al., 2013). Mathematically, the required

rate of increment in wheat production should be doubled
by 2050 (Tilman et al, 2001). The determined yield of
wheat in 2005 was 2.5 tons per hectare, while the
expected yield is to get 4.0 tons/ha by 2020 (Rajaram,
2005). As a matter of fact, just 3 billion hectares of land
out of 13.4 billion is accessible for cultivation purposes
(Smith et al., 2010). The answer to overcome world's
nutritional demands is to make the uncultivable land
arable (Gregory et al., 2002). It has been evaluated that by
using just 20% of aggregate uncultivated soil, we can
proliferate crop yield up to 67% (Bruinsma, 2003, 2009).
Unfortunately, per capita arable land is consistently
diminishing due to  housing, industrialization,
deforestation and various other environmental issues
(Gregory and George, 2011). The environmental issues
account for 50-80% yield loss in crop plants (Lobell ef al.,
2009). Many scientific groups are trying to reduce the gap
between potential and actual yields (Jaggard et al., 2010)
by addressing various biotic and abiotic stresses (like
drought, salinity and heat) (Atkinson & Urwin, 2012).
One of these abiotic stresses is higher concentration of
salt in soil known as salt stress or salinity stress.

There is no direct method and/or parameter for
calculation of tolerance potential of a plant living in stress
condition; rather, comparative physiological, biochemical
and molecular analysis can be performed. Each of these
categories contains many cited protocols that are
commonly utilized for evaluation of a plant’s potential of
stress tolerance. Some of these protocols in physiological
observations include plant morphology like dry and fresh
weights of shoots and roots, and lengths of roots and
shoots (Khan et al, 2017; Jamil et al, 2012). The
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biochemical protocols include determination of ionic
contents (Awan & Salim, 1997), antioxidants (Nasim et
al.,, 2017; Zhou & Leul, 1999; Zhang et al., 2008; Aebi,
1984) and other cellular components like proteins
(Bradford, 1976) and sugars (Qayyum et al., 2011).

Salinity is one of the significant limitations to
harvest high yield globally (Flowers & Yeo, 1995).
Saline soils are prevalent in parched and semiarid
districts particularly in the regions where overwhelming
water system or over preparation is practiced (Reynolds
et al., 2005). Tt is assessed that 800-930 million hectares
(7%) of world's aggregate arable land is impacted by salt
stress (Shannon, 1997; Szabolcs, 1994) whereas 230
million hectares of flooded land is affected by salinity
(Oldeman et al., 1991). To fulfill nutritional requirement
of mankind, it is vital to combat salinity stress. As the
soil management practices are labor extensive, time-
consuming and costly, biotechnological approaches such
as development of salt resistant varieties provide the
more productive way forward.

Synthetic hexaploid wheats provide a mean of
bringing alien genes from wild relatives to help increase
the genetic diversity of bread wheat cultivars (Yanga et
al., 2014). The identified tolerance in synthetic wheats
can be introduced into local wheat -cultivars by
recombination breeding. This study is designed to assess
the salt tolerance potential of synthetic hexaploid wheats.

Materials and Methods

The seeds of three commercial varieties (Zarghoon-
79, Kharchia and Shorawaki) and ten synthetic wheat
lines were obtained from Wheat Wide Crosses, National
Agricultural Research Centre (NARC), Islamabad,
Pakistan. The synthetic wheat lines are labeled as
genotypes 1-10 and three commercial varieties are
labeled as genotypes 11-13. The pedigree of all these
genotypes is listed in Table 1.

Using method of Jamil et al., 2012, healthy seeds
were sorted manually and surface sterilized with 3.5%
sodium hypochlorite followed by three rinses with
distilled water. Five replicates, each of 10 seeds were
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then inoculated at four different NaCl salt
concentrations in distilled water (50 mM, 100 mM, 150
mM and 200 mM) along with control on doubled folds
of filter paper in petri-plates. The plates were kept in
growth chamber in dark for two days at 25°C followed
by 16-hour photoperiod for five days. Morphological
parameters like germination reading, total germination
percentage and germination rate (Tso) were calculated
followed by measuring root and shoot length as well as
fresh and dry weight of root and shoot (Hussain ef al,
2013). The final number of seeds germinated in a petri
plate (or a single treatment) after 7 days of seed
inoculation divided by total number of seeds planted
(10) followed by multiplication with 100 yielded the
germination percentage.

For biochemical analysis, seeds were again grown on
petri-plates with the same procedure as above except the
application of salt concentrations. After a week of growth
in petri-plates, the seedlings were transferred to
hydroponic trays containing Hoagland’s media (Hoagland
& Arnon, 1950) without the application of salts. After
growing in hydroponics for one week, wheat seedlings
were treated with different concentrations of salt in
Hoagland’s media for one week. Then the leaves of
seedlings were harvested in two forms; (1) fresh material
taken from fresh leaves and ground in liquid nitrogen
using pestle and mortar, and (2) dry material obtained
after drying fresh leaves for two days at 80°C. The fresh
material was subjected to the analysis of photosynthetic
pigments (Lichtentaler & Wellburn, 1985), ionic content
(Awan & Salim, 1997), determination of antioxidants
including peroxidase (POD) (Zhou & Leul, 1999),
superoxide dismutase (SOD) (Zhang et al., 2008),
catalase (CAT) (Aebi, 1984), total soluble protein
(Bradford, 1976) and total soluble sugar (Qayyum et al.,
2011). The dry material was used to analyze ionic content
like sodium, potassium and calcium ion.

The factorial experiment was conducted using a
completely randomized design with five replications. All
data is reported as mean + SE. The data was analyzed
using Proc GLM of Statistical Analysis Software Version
9.4 (SAS Institute Inc., Cary, North Carolina, USA).

Table 1. Pedigree information of synthetic wheat varieties selected for this study.

Genotype # Varieties Pedigree

Genotype-1 SH-Salt-01 68.111/RGB-U//WARD RESEL/3/STIL/4/Ae. tauschii (781)
Genotype-2 SH-Salt-02 68.111/RGB-U//WARD/3/FGO/4/RABI/5/Ae. tauschii (882)
Genotype-3 SH-Salt-03 68.111/WARD//AE.SQ (369)

Genotype-4 SH-Salt-04 ALTAR 84/AE.SQ (224)

Genotype-5 SH-Salt-06 ALTAR 84/AE.SQ (220)

Genotype-6 SH-Salt-07 ALTAR 84/AE.SQ (211)

Genotype-7 SH-Salt-08 ALTAR 84/AE.SQ (J BANGOR)

Genotype-8 SH-Salt-09 CETA/AE.SQ (1027)

Genotype-9 SH-Salt-12 D67.2/P66.270//AE.SQ(220)

Genotype-10 SH-Salt-13 D67.2/P66.270//AE.SQ(213)

Genotype-11 Zarghoon-79 (CC/INIA/3/TOB/CTFN//BB/4/7C)

Genotype-12 Kharchia Land race from Rajasthan, INDIA

Genotype-13 Shorawaki Land race from Baluchistan, PAKISTAN
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Results

The result of analysis of variance (Table 2) reveals
significant differences (p<0.01) in wheat varieties for all
traits except sodium and soluble sugars. There are also
highly significant differences (p<0.01) in different
concentrations of salt for all investigated traits. In
addition, interaction effects of variety x salinity (Table 3)
are significant for investigated traits except root dry
weight, sodium, potassium, calcium and soluble sugars
which indicate different response of wvarieties under
different concentrations of salt.

Germination percentage: Among all wheat varieties,
synthetic lines showed 100% germination under various
concentrations of salt (NaCl) whereas other varieties
showed deviating results, as shown in Figure 1A. The
increase in salt (NaCl) concentration showed no impact
on germination of synthetic lines (genotypes 1-10),
however, the germination pattern of three cultivars
(genotypes 11-13) varied. The germination percentages of
these three cultivars tend to decrease with the increase in
salt concentration. The lowest germination percentages
observed were 57.14%, 42.85% and 28.57% at highest
salt concentration (200 mM NaCl) in genotypes 11, 12
and 13, respectively.

Germination rate (Ts) days): Although most inoculated
seeds germinated, the time to reach half percent
germination (Tsy days) varied from cultivar to cultivar as
shown in Figure 1B. Our study showed that wheat seed
took an average of two days (48 hours approximately) to
germinate (radical reaches 2 mm in length) under
controlled (0 mM NaCl) condition. Ten synthetic wheat
lines (genotypes 1-10) showed minor difference in
germination rate at different salt concentrations. The
germination rates of these varieties lie within the range of
2.0 to 2.5 days at all concentrations of NaCl. Among the
synthetic wheat lines, the minimum time taken for
germination was 1.89 days by genotype 4 at 0 mM NacCl
whereas the maximum time taken for germination was 2.69
days by genotype 5 at 200 mM NaCl concentration. The
three check cultivars germinated in about two days under
controlled conditions but took more time as compared to
synthetic lines with the increase in NaCl concentration. At
200 mM NaCl concentration, genotypes 11, 12 and 13 took
3.35, 3.47 and 3.64 days to germinate, respectively.

Shoot and root lengths: All wheat seeds grown under
five salinity treatments (0 mM, 50 mM, 100 mM, 150
mM and 200 mM) resulted in different seedling lengths.
The 7-day old seedlings showing the impact of different
levels of NaCl stress on root and shoot lengths are
presented in Figure 2. The individual length of shoots and
roots of 7-days old seedlings is presented in Figures 1C
and D. A general pattern was observed with the increase
in salinity levels i.e., the length of roots as well as shoots
decreased. However, wide variation in shoot and root
length existed among the tested genotypes. The maximum
shoot and root length was observed in genotype 4
followed by genotype 2. Genotype 2 showed a lower
deviation (22.88, 22.27, 21.91, 21.35 and 20.66 cm shoot)
as compared to genotype 4 (23.90, 22.88, 21.58, 20.62
and 19.14 cm shoot) with the increase in salt levels
(Control, 50 mM, 100 mM, 150 mM and 200 mM),
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respectively. Similarly, the remaining salt synthetic lines
performed well in terms of shoot and root lengths.
Overall, the synthetic lines showed less deviating results
as compared to commercial cultivars (susceptible checks).
The commercial cultivars (genotypes 11-13) showed
comparable results under control (0 mM NaCl) condition.
However, with the increase in salinity levels, shoot as
well as root lengths of these cultivars decreased. The
minimum lengths of roots (4.72c¢m) and shoots (4.38cm)
are recorded in genotype 13 (Shorawaki) at 200 mM NaCl
followed by genotypes 11 and 12.

Fresh and dry biomass: Both fresh and dry biomass
decreased with the increase in NaCl concentration. This
pattern was found in all varieties as shown in Figure 3A
and B for fresh weight of shoots, fresh weight of roots and
Figure 3C and D for dry weight of shoots and dry weight
of roots, respectively. The fresh and dry weights of all
wheat varieties decreased with the increase in salt stress
but genotypes 2 and 4 performed comparatively better
than other varieties. The best performance as shown by
genotype 4 was 1.093 mg, 0.666 mg, 0.491 mg and 0.277
mg for fresh weight of shoot, fresh weight of root, dry
weight of shoot and dry weight of root, respectively. On
the other hand, genotype 13 (Shorawaki) underperformed
at all concentrations.

Biochemical analysis: The photosynthetic pigment
concentration of chlorophyll-a, chlorophyll-b and total
carotenoids decreased under different salt concentrations in
all genotypes (Fig. 4A, B and C). There was an increase in
concentration of photosynthetic pigments in all tested
genotypes, but the values were comparatively higher in
genotypes 2 and 4. These genotypes were unique in a way
because the concentration of photosynthetic pigments was
higher at 50 mM as compared to control (0 mM NacCl).
Although salt stress influenced all photosynthetic pigments
including chlorophyll a, chlorophyll b and carotenoids but
very small differences were observed at 0 mM and 50 mM
of NaCl in all genotypes. Even in some cases, the
concentration of chlorophyll a, chlorophyll b and
carotenoids was higher at 50 mM than 0 mM of NaCl
(genotypes 1, 2, 4 and 5). However, in check cultivars
(genotypes 11 to 13; Zarghoon-79, Kharchia and
Shorawaki), no such pattern was visible. In their case, the
concentration of all photosynthetic pigments decreased
with the increase in salt concentration.

In case of ionic content in shoot samples, sodium and
calcium ion content increased with the increase in salt
concentration (Fig. 4D and F). In contrast, potassium ion
concentrations decreased with the increase in salt
concentration in all genotypes (Fig. 4E). The highest
concentration of sodium and calcium ions was found in
genotypes 11 to 13 (check cultivars) whereas genotypes 2
and 4 (synthetic wheats) showed the lowest sodium ion
content. In contrast, genotypes 11-13 showed the lowest
potassium ion concentrations whereas genotypes 2 and 4
showed minimum variations at different levels of NaCl.
The synthetic wheat lines performed well and maintained
sodium, potassium and calcium ion concentration with a
little variation whereas more variation was observed in
commercial cultivars.
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Fig. 1. (A) Percent germinated seeds, (B) germination rate (Ts, Days), (C) Length of shoots and (D) roots of wheat varieties in

response to varying NaCl concentration.

The activity of antioxidant enzymes plays a defensive
role in plants and tends to increase when plants survive
under stress conditions. The activity of superoxide
dismutase (SOD), peroxidase (POD) and catalase (CAT) in
wheat seedlings grown under different salt concentrations
are shown in Figure 4G, H and I, respectively. At 0 mM
NaCl concentration, minimum a of SOD, POD and CAT
was observed, which remarkably increased with the
increase in salinity levels. Comparatively, activity of all
enzymes, SOD, POD and CAT was found higher in
commercial cultivars as compared to synthetic wheat lines.
The lowest activity of SOD, POD and CAT was recorded
in genotypes 2 and genotype 4 whereas the highest activity
of all these enzymes was found in genotypes 11, 12 and 13.

In response to increase in salt levels, the amount of
total soluble proteins (TSP) increased as shown in Figure
5A. However, the accumulation of TSP was lower in
synthetic wheat lines as compared to check cultivars
(genotypes 11, 12 and 13). The lowest TSP accumulation
was recorded in genotypes 2 and 4. The amount of total
soluble sugar (TSS) also increased with the increase in salt
stress as shown in Figure 5B. In comparison, levels of TSS
were higher in salt sensitive varieties whereas lower TSS
was recorded in salt resistant varieties. The lowest recorded
TSS was found in genotypes 2 and 4. The highest rate of
accumulation of TSS was found in all three commercial
cultivars (genotypes 11-13).

Based on the result of correlation analysis, traits are
separated into two groups. The first group includes
germination percentage, shoot and root length, fresh
weight, dry weight, chlorophyll a, chlorophyll b,
carotenoids and potassium, which showed significant
positive correlation with each other. The second group
consists of germination rate, sodium, calcium, SOD,
peroxidase, catalase, soluble proteins and soluble sugars,
which also showed significantly positive correlation with
each other but significantly negative correlation with the
traits in the first group.

Discussion

Biotic and abiotic stresses are the major factors that
cause severe damage to plant health leading to
significant yield losses. Among abiotic stresses, salt
stress or salinity is one of the serious concerns to plant
growth and development. Initial results from our
experiment revealed reduced germination of wheat seeds
at higher concentration of NaCl. The average
germination percentage decreased with the increase in
salinity (NaCl) stress. The minimum germination was
noted at the highest salinity treatment (i.e. 200 mM) as
compared to 150, 100, 50 and 0 mM NaCl
concentrations. Our findings are in full agreement with
Hussain et al. (2013), who also reported delayed
germination in wheat seeds under salinity stress.



SAMI ULLAH JAN ET AL.,

11 12 13

D

1 ; 5 67 8 9 10 11 12 13

Fig. 2. Ten-days old wheat seedlings grown in (A) controlled condition (0 mM NaCl concentration), (B) 50 mM NaCl concentration,
(C) 100 mM NaCl concentration, (D) 150 mM NaCl concentration, and (E) 200 mM NaCl concentration.




ANALYSIS OF SALINITY TOLERANCE POTENTIAL IN SYNTHETIC HEXAPLOID WHEAT 1275

H Genotype-1 Genotype-2 ® Genotype-3 Genotype-4 B Genotype-3 ® Genotype-1 Genotype-2 B Genotype-3 " Genotype-4 ¥ Genotype-5
¥ Genotype-6 ¥ Genotype-7 Genotype-8 ® Genotype-9 Genotype-10 = Genotype-6 ® Genotype-7 Genotype-8 = Genotype-9 Genotype-10
H Genotype-11 B Genotype-12 H Genotype-13 ® Genotype-11 ® Genotype-12 ® Genotype-13

14 0.6

A c
" | i [ {

0.4

1
‘ i II :
1 ' ) 03 J I
I o I I I | i
I o 1 i f [ I I -
1
| . LI

12

1

08
I
0.6 1
04
02
0

Fresh Weight of Shoots (mg)
Dry Weight of Shoots (mg)

0.8 0.35 -
B D
0.7 I [ l 03 I
T e ]| 1] it E"o.zs | H i §
g 0.5 | I £ H
& | _ i 2 02
: o4 ! 2 ! !
%" - ® ols ! I -
= k1 P " j £ 1
E oo L £ 01 1
P L
0.1 l i l i 0.05 i
8| L " | |
Control S0mM 100mM 150mM 200mM Control 50mM 100mM 150mM 200mM
NaClConcentration NaCl Concentration
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Radi et al. (2013) studied salt tolerance in wheat and
bean varieties and established that non-tolerant varieties
cultivated at higher salinity levels lose survival rate
arbitrarily whereas tolerant varieties remained unaffected or
showed only a little deviation. Our findings (Fig. 1A)
corresponds to the reported results because of the
germination percentage of genotypes 11-13 (Zarghoon-79,
Kharchia and Shorawaki); our check cultivars, were affected
when grown at higher salinity levels whereas the potential
tolerant varieties; genotypes 1 to 10 stayed partially
unaffected. The possible reason behind this issue may
primarily lie in connection between the germination inducing
mechanism inside the seed and the level of salt stress. The
germination potential of seeds is usually achieved under
optimum environmental conditions. However, under salt
stress, the pathways and molecular players like transcription
factors and enzymes do not work efficiently. This leads to
minimal expression or inactivation of genes vital for seed
germination, which ultimately affects germination
percentage and germination rate negatively (Hu ef al,, 2015).
However, under the same level of salt stress, synthetic wheat
lines (genotype 1-10) showed differnt results. As shown in
Fig. 1A and B, no or little difference can be seen in the
germination percentage and germination rates respectively
under controlled and four different levels of salt stress. Our
results are in agreement with Radi ef al. (2013) who treated
seeds of wheat as well as bean with 80 mM and 160 mM of
NaCl and found that salt-tolerant cultivars not only were able
to germinate under salinity stress but also showed an optimal
germination percentage and germination rate. Their response
against salinity levels makes them salt-tolerant varieties;
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however, a thorough investigation is mandatory to prove this
statement. Likewise, salinity stress adversely affects
morphological attributes of plants (Shabala, 2013) including
length, fresh weight as well as dry weight of shoot and root.
Afzal et al. (2007) observed reduction in length of roots and
shoots under salt stress. Salt stress at germinating stage of
wheat causes reduction in final germination rate and the
length of radicle. In contrast, a salt-tolerant seedling remains
either unaffected or show higher root and shoot length as
compared to a non-tolerant variety.

In another study, Tammam ef al. (2008) compared the
weights of roots and shoots in wheat plants grown under
different salinity levels. It was noted that the weight tended
to decrease with the increase in salt level. In wheat seedlings
grown at 320 mM, the root and shoot weights were less than
those grown at lower salt concentrations (0 mM to 240 mM
with intervals of 60 mM). Our results also indicated
reduction in fresh and dry weight of root and shoot as salt
concentration increased. There was variation in fresh and dry
biomass of all varieties, both in roots and shoots. The
decrease in fresh and dry weight under salinity stress could
be due to disturbance in absorption of water and nutrients
from roots under salinity stress leading to ionic imbalances
ultimately leading to reduction in biomass.

When a plant is exposed to salinity stress, the rate of
photosynthesis slows down due to reduction in chlorophyll a
and chlorophyll b content. Din et al. (2008) also observed
reduction in chlorophyll pigment under salt stress and the
same results are also confirmed by our findings as shown in
Figure 4A, B, C. It most likely happens due to higher
oxidative stress in plants under salt stress. In this study,
genotypes 2 and 4 exhibited less reduction in photosynthetic
pigments thus greater tolerance to salinity stress than the
control. The photosynthetic pigments present in the shoots of
wheat seedlings are higher at 50 mM as compared to control
(0 mM NaCl). It could be because a small amount of salt is
required for germination, growth and photosynthesis in
plants although higher concentration poses serious stress.

It is well-established that the mineral nutrition and
ionic assimilation and acquisition in wheat are strappingly
influenced under high salinity stress (Khan & Aziz, 2013).
Our present study showed that the accumulation of ions
under different salt concentrations differ from the control.
The concentration of K* ions (Chao et al., 2013) decreased
as the concentration of salt increased and alternatively Na”
ions (Maathuis, 2014) significantly increased as compared
to the control. Under normal conditions, Na" ions help in
maintaining membrane potential whereas K' ions keep
osmotic balance and are also used by many enzymes as a
co-factor (Din et al, 2008). However, under stress
conditions, the concentration of ions changes significantly,
which causes diffusion of ions according to density
gradients (Wu et al., 2015). Calcium ions play a significant
role as a messenger in various signaling pathways of plants
under salt stress. Tammam et al. (2008) stated that
concentration of Ca™ ions increases by increasing salt
available to the cytosol. The same pattern is also observed
in our study. It can be indicated that the increase in Ca"
signal might be responsible for salt stress signaling
pathway resulting in diffusion of more ions across the
membrane. Recent studies have shown that the existence of
higher absorption of macronutrients i.e. (Na", K" and Ca™)
in leaves tend to enhance the micronutrient level in wheat
cultivars as compared to the control.
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Salinity stress is responsible for the generation of
reactive oxygen species (ROS) such as superoxide,
hydroxyl-radicals and hydrogen peroxide in different parts
of plant (Bhutta, 2011). Plants under stress produce various
antioxidants to reduce deleterious effects of ROS. In our
study, ROS accumulation increased with the increase in
salinity stress, which indicates that the antioxidants
(superoxide dismutase (SOD), peroxidase (POD) and
catalase (CAT) enzymes) level in roots and shoots
increased as a defense response to stress in wheat because
this increase was not observed in control -cultivars
(susceptible checks). It can be implied that the elevated
POD, SOD and CAT enzyme activities increase the ability
of scavenging ROS thereby contributing to increased
tolerance of plant to high salinity stress. We observed
increase in SOD content in shoot at high salt levels as
compared to control. Our results are similar to the findings
of Bhutta, 2011, who also reported that progressive
increment in SOD content in the leaf of wheat is indicative
of better tolerance against salinity stress as compared to
control. We observed significant increase in salt
concentration of peroxidase (POD), superoxide dismutase
(SOD) and catalase (CAT) in shoot with the increase in salt
concentration. It may be because high salts act as strong
inducers leading to localized oxidative damage in leaf cells
resultantly disrupting metabolic function, causing loss of
cellular integrity thus encouraging senescence. Our results
also indicate that high salt concentration results in
significant increase in catalase activity in shoot. It may be
because catalase is one of the key enzymes involved in the
removal of toxic peroxides and is universally present in
plants as oxidoreductase to decompose ROS to water and
molecular oxygen.

Total soluble protein (TSP) plays a protective role
under salt stress in many plant species such as rice, wheat,
maize and various dicots and the level of soluble proteins
may increase or decrease depending on the response of salt
tolerant or salt sensitive genotypes (Ashraf & O’leary,
1999). In our findings, it was noted that total soluble
protein content increased in both shoot and root with the
increase in salt concentration. Perveen et al. (2011) also
found that soluble protein content increases in the shoots of
wheat seedlings under salt stress. They also reported that
salt tolerant wheat genotypes can generate more soluble
proteins than salt sensitive genotypes. It can be argued that
the increase in content of total soluble proteins has a
protective role against salt stress and the soluble protein
acts as a precursor in production of other metabolites in
defense pathways in salinity stress response.

Total soluble sugar (TSS) content also varies in
response to abiotic stresses. Production of osmo-protectants
like soluble sugar is essential because they initiate positive
responses in plants to tolerate various stresses including
high salt stress (Khan et al,, 2010). Our results indicate
increase in total soluble sugar in shoot and root with the
increase in salt concentration, which is supported by Khan
et al. (2010) who also reported increase in TSS like
fructose, glucose, raffinose and sucrose in wheat leaves
under salt stress. The increase in soluble sugar level
protects plant cells from the damage exerted by salinity
stress. They function as primary signal messengers in many
transduction pathways and the accumulation of sugar might
also play a vital role in plant defense mechanism of
osmoregulation and energy preservation.
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Conclusion

Among all 13 genotypes studied, 10 genotypes (1-10)
have shown comparatively better results against different
levels of salt (NaCl) as compared to genotypes 11-13.
However, two genotypes; 2 and 4 have tolerated salt
stress comparatively better than the rest. The check
cultivars (genotypes 11-13; Zarghoon-79, Kharchia and
Shorawaki) were more susceptible to higher concentration
of salt. It is also observed that wheat seedlings performed
better at 50 mM concentration of NaCl as compared to
control (0 mM NacCl) and higher levels of salt (100 mM,
150 mM, 200 mM).
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