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Global warming and soil salinity drastically reduced the productivity of cereals including
wheat which is the most important food crop next to rice. A laboratory experiment was
conducted with three replications to screen forty six winter wheat (Triticum aestivum L.)
genotypes for individual salinity and high temperature stress and their combined effect at
germination and early seedling growth stage. The seeds were subjected to two levels of
salinity stress i.e. 4 and 8 dSm-1 with salt combination of NaCl:CaCl2:Na2SO4 in a ratio of
7:2:1. The high temperature treatment was given by transferring the seeding in the
incubator at temperature 37± 2°C. The physiological parameters i.e. germination
percentage, root length, shoot length, seedling length, root/shoot length ratio, vigour index
I and SPAD value were measured in 10 days old seedling. The result indicated that
germination percentage; root/shoot length ratio, root/shoot fresh weight Ratio, root/shoot
dry weight Ratio and SPAD unit value were decreased most severely under combined
second salinity level and high temperature stress when compared to ambient condition.
However, root/shoot length ratio sowed an irregular pattern i.e. at individual and combined
lower salinity level and high temperature stress more wheat genotypes showed increase in
root/shoot length ratio, while rest showed decrease in the same. However, under individual
and combined higher salinity level and high temperature stress more genotype showed
reduction in the same parameter. Based on the physiological parameters, the genotype
KRL-1-4, KRL-19 and HD-2733 was found to be most tolerant and HI-1563, HD 2329
and HT-8 were the most susceptible to salinity at germination stage and early seedling
stage. In conclusion, there is genetic variability among winter wheat genotypes that can be
used in breeding programs to improve winter wheat yield under combined high
temperature and salinity stress conditions.

Introduction
In the field, crops are normally exposed to a
combination of one or two or multiple abiotic

stresses. Critical abiotic stresses that crops are
commonly exposed to include drought, high
temperature, salinity, and lack of nutrients.
These abiotic stresses are often interrelated,
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either individually or in combination, they
cause
morphological,
physiological,
biochemical, and molecular changes that
adversely affect plant growth and productivity,
and ultimately yield. Although salt stress and
heat shock have been extensively studied but
little is known about their combined effects on
plants. Many studies have described the
response mechanisms of plants to salinity and
heat applied individually, recent studies
revealed that the response of plants to a
combination of two different stresses is
specific and cannot be deduced from the
stresses applied individually (Rivero et al.,
2014). Salinity and high temperatures are the
major environmental factors that limit wheat
productivity. Climate change model forecast
that in the future inland salinity and short or
long episodes of high temperature can
decrease the crop productivity. As a cool
season crop, wheat grows best when
temperatures are in a range of 21 to 25 °C;
however, it requires different temperatures at
different stages of plant growth and
development. At a temperature below or
above the optimum temperature, germination
of the seed decreases (Bowden et al., 2008). A
temperature increase of 3–4°C could cause
crop yields to fall by 15–35% in Africa and
Asia (Ortiz et al., 2008). Heat stress is thus a
common problem in many wheat-growing
regions worldwide. Soil salinity is a global
eco-threat to sustainable agriculture and is also
increasing over the time. Seed germination,
one of the most critical phases in plant life, is
greatly affected by salinity (Abo-Kassem,
2007), which either induces a state of
dormancy at low levels or completely inhibits
germination at higher levels (Iqbal et al.,
2006). It may cause decrease in some
physiological aspects of wheat during
germination such as speed of germination, the
length, fresh and dry weight of the root and
shoot, chlorophyll and carotenoids contents
(Turkyilmaz,
2012).
To
cope
with
environmental stresses, plants can develop

adaptation strategies. There are two distinct
strategies used by plants to deal with different
abiotic stresses. The first strategy is stress
avoidance, which allows the plant to avoid the
exposure of plant systems to the stress factors
by excluding those factors or their effects
from plant systems. The second strategy is
stress tolerance, which is the ability of the
plant to sustain plant function with the
presence of stressed conditions (Touchette et
al., 2007).
Materials and Methods
The present study was done in laboratory
condition, to identify the contrasting set of
wheat genotypes among the forty six wheat
genotypes i.e. HT-150, KRL-19, KRL-213,
KRL210, KRL1-4, HD-2888, DBW-16,
DBW-14, CSW 16, C-306, HW-2045, HI1563, BRW-934, PBW-373, HD-2985, WR544, HD-2643, K-68, HD-3059, PBW-65,
KACHU#1, HT-142, HT-138, HD-2733, HD2329, HT-140, RAJ-4120, HP-1939, HTEM,
HT-20, BRW-8708, HT-147, HT-22, GS2027, GS-2021, HT-8, GS-2008, GS-1010,
GS-1001, HT-114, GS-2028, HD-2967,
BAAZ, K-8027, GS-1020 and GS-2007, based
on changes in physiological traits under study,
subjected to individual and combined salinity
and high temperature stress. Three replications
of 20 wheat seeds were sown in each sterilized
petri plate lined with three layers of filter
paper for germination. For salt stress
treatments, saline solution of composition
Nacl:CaCl2:Na2SO4 (7:2:1) and concentration
4 (salinity level 1, S1) and 8 ds/m (salinity
level 2, S2) were used as irrigation solution.
For high temperature treatment the petri dishes
were kept in incubator at temperature 37 ±
2°C and for combined salinity and high
temperature stress, salinity stressed plant
(induced by application of saline solution of
EC 4 and 8 ds/m) was shifted to elevated
temperature (37 ± 2°C) in incubator. Control
plants were grown under ambient/ unstressed
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conditions (25 ± 2 °C). The physiological
parameters recorded were germination
percentage (%), Root length (cm), Shoot
length (cm), Seedling length (cm), Root /shoot
length ratio and SPAD value were recorded on
10th day after germination. Vigour index- I
was also recorded at 10th day after germination
as per procedure prescribed by Abdul-Baki
and Anderson (1973). Data analysis was
performed using the software “DSAASTAT”
statistical software (Version 1.101). Mean
separations were performed by Duncan’s
Multiple Range Test (DMRT) at 1 % and 5%
level.
Results and Discussion
Germination percentage
Considering the effect of high temperature
(T), salinity level 1 (S1), combined salinity
level 1 and high temperature (S1T), salinity
level 2 (S2) and combined salinity level 2 and
high temperature (S2T) stress, it was observed
that germination percentage decreased
remarkably with the different stress treatments
and it was at the tune of 7.4, 14.7, 18.9, 28.4
and 32% respectively, compared with control
and when averaged across genotypes. Under
control condition the genotype KRL-1-4
showed highest germination percentage
however genotype HT-20 showed poorest
germination percentage. High temperature
overall had a significant negative effect on
germination percentage in all wheat genotypes
with maximum decrease in genotypes, HI1563, HD2985 and HT-8 however, high
temperature showed no effect on the given
parameter in genotypes KRL-19 and HD-2733
and a minimum reduction in genotype KRL-14, compared to control. Essemine et al.,
(2007) also showed similar result that low
temperature reduced germination capacity and
delayed germination percentage. Similar result
was given by Nyachiro et al., (2002) in wheat.
Similarly, salinity level 1 and salinity level 2
significantly reduced germination percentage

in all wheat genotypes, however, maximum
reduction in germination percentage was
observed in genotypes, HI-1563, HT-8 and
HD2985 and no effect was observed in
genotypes KRL-19, HD-2733 and KRL-1-4,
compared to control. Also the severity of
reduction was more under S2 level The result
was in agreement with Biabani et al., (2013)
in wheat. Similar result was reported by
Akbarimoghaddam et al., (2011) and Datta et
al., (2009) in wheat and Fuller et al., (2012) in
rye. Combined salinity level1 and high
temperature stress also, drastically decreased
germination percentage with maximum
decrease in genotypes HI-1563, HT-8 and
HD2985 and minimum decrease in genotypes
KRL-19, HD-2733 and KRL-1-4 when
compared to optimum condition. This result
was in agreement with Kamkar et al., 2002 in
millet. However, combined salinity level 2 and
high temperature stress also significantly
decreased germination percentage and it was
more pronounced then all other stress
treatments. Among genotypes the reduction in
germination percentage due to the given
combined stress was highest in genotypes HD2985, HT-8 and HI-1563 and least reduction
in genotypes KRL-19, HD-2733 and KRL-14. Hokmalipour (2015) showed similar result
in cumin and fennel. Based on the result it was
concluded that wheat genotypes KRL-19, HD2733 and KRL-1-4 were able to tolerate to
some extent, the negative effect of individual
and combined salinity and high temperature
stress and was considered as tolerant however
genotypes HD-2985, HT-8 and HI-1563 as
susceptible. This may be due to the reason that
under different stress condition there may be
lack of optimum temperature require for
proper germination, slow rate of water
imbibitions, ionic toxicity, oxidative damage
etc.
Root/shoot length ratio
Combination of different stress treatments i.e.
T, S1, S1T, S2 and S2T exhibited an irregular
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pattern of increase and decrease in root/shoot
length ratio and it was at the tune of 0.8, 0.6,
0.6, 2 and 6% respectively, compared with
optimum condition and when averaged across
genotypes. Under control condition genotype
KRL- 19 showed largest root/shoot length
ratio however, genotype GS-2008 showed
smallest root/shoot length ratio. High
temperature stress showed an irregular pattern
of result i.e. in some genotypes the stress
induced the parameter with the largest
root/shoot length ratio was exhibited by KRL213 while, decrease the root/shoot length ratio
in some other genotypes with lowest
root/shoot length ratio was exhibited by HT20. High temperature caused negative effects
on shoot and root growth (Du and Tachibana,
1994; Gur et al., 1972; Lyons et al., 2007; Xu
and Huang, 2000a). Also Arai-Sanoh et al.,
(2010) studied similar effects of temperature
on growth and root function in rice. A little
reduction in root/shoot length ratio was
observed in genotypes KRL-1-4, KRL-19 and
HD-2733 for treatment S1 and S2. While,
genotypes HT-8, HI1563 and HD-2985
showed a little increase in the root/shoot
length ratio for treatment S1 while decrease in
the same under treatment S2 with a percentage
decrease of 1.8, 1 and 0.103% respectively.
Hameed et al., (2008) also reported similar
effects of NaCl salinity on the growth
parameters (root and shoot length, root/shoot
length ratio, root and shoot fresh and dry
weight and root and shoot fresh and dry
weight ratios). Treatments under combined
stress (S1Tand S2T) severely decreased shoot
length with maximum decrease in genotypes
HI-1563, HT-8 and HD-2985 and minimum
decrease in genotypes KRL-19, HD-2733 and
KRL-1-4 for treatment S1T and S2T when
compared to control. However, reduction in
the shoot length was more pronounced in
treatment S2T then other stress treatments. The
result reveled that, wheat genotypes KRL-19,
HD-2733 and KRL-1-4 were considered as
tolerant as they were able to maintain least

reduction in the given parameters under
different stress applied either individually and
in combinations. However, genotypes HD2985, HT-8 and HI-1563 were considered as
susceptible.
Root/shoot fresh weight ratio
Stress treatments i.e. T, S1, S1T, S2 and S2T
exhibited progressive decrease in root/shoot
fresh weight ratio and it was at the tune of 7.6,
13, 16.1, 19.8, and 26.8% respectively,
compared with optimum condition and when
averaged across genotypes. Under control
condition
genotype
HD-2733
showed
root/shoot fresh weight ratio however,
genotype GS-2007 showed smallest root/shoot
fresh weight ratio. High temperature stress
showed a gradual decrease in the root/shoot
fresh weight ratio while intensity of reduction
was less in genotypes KRL-1-4, KRL-19 and
HD-2733 while more in genotypes HI-1563,
HD-2985 and HT-8. In the same way the
negative effect of temperature on seedling
growth of psyllium, marshmallow and fennel
flower with regards to germination behavior
and seedling growth characteristics (seedling
length, fresh weight dry weight and there
ratios) is well documented in Saba et al.,
(2014). For treatment S1 and S2, genotypes
KRL-1-4, KRL-19 and HD-2733 showed least
reduction in the parameter while, genotypes
HT-8, HI-1563 and HD-2985 showed a
highest reduction compared to optimum
condition. Similarly, Moud and Maghsoudi
(2008) observed that salt stress inhibited
coleoptiles root/shoot fresh weight ratio.
Similarly, treatments under combined stress
(S1Tand S2T) severely decreased shoot length
with maximum decrease in genotypes HI1563, HT-8 and HD-2985 and minimum
decrease in genotypes KRL-19, HD-2733 and
KRL-1-4 for treatment S1T and S2T when
compared to control. However, reduction in
the shoot length was more pronounced in
treatment S2T then other stress treatments. The
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result reveled that, wheat genotypes KRL-19,
HD-2733 and KRL-1-4 were considered as
tolerant as they were able to maintain least
reduction in the given parameters under
different stress applied either individually and
in combinations. However, genotypes HD2985, HT-8 and HI-1563 were considered as
susceptible.
Root/shoot dry weight ratio
Stress treatments i.e. T, S1, S1T, S2 and S2T
exhibited progressive decrease in root/shoot
dry weight ratio and it was at the tune of 6.9,
12.2, 19.8, 21, and 29.1% respectively,
compared with optimum condition and when
averaged across genotypes. Under control
condition
genotype
KRL-19
showed
root/shoot fresh weight ratio however,
genotype HI-1536 showed smallest root/shoot
dry weight ratio. High temperature stress
showed a gradual decrease in the root/shoot
fresh weight ratio while intensity of reduction
was less in genotypes KRL-1-4, KRL-19 and
HD-2733 while more in genotypes HI-1563,
HD-2985 and HT-8. In the same way the
negative effect of temperature on seedling
growth of psyllium, marshmallow and fennel
flower with regards to germination behavior
and seedling growth characteristics (seedling
length, fresh weight dry weight and there
ratios) is well documented in Saba et al.,
(2014). For treatment S1 and S2, genotypes
KRL-1-4, KRL-19 and HD-2733 showed least
reduction in the parameter while, genotypes
HT-8, HI-1563 and HD-2985 showed a
highest reduction compared to optimum
condition. Hameed et al., (2008) also reported
similar effects of NaCl salinity on the growth
parameters (root and shoot length, root/shoot
length ratio, root and shoot fresh and dry
weight and root and shoot fresh and dry
weight ratios). Similarly, treatments under
combined stress (S1Tand S2T) severely
decreased shoot length with maximum
decrease in genotypes HI-1563, HT-8 and

HD-2985 and minimum decrease in genotypes
KRL-19, HD-2733 and KRL-1-4 for treatment
S1T and S2T when compared to control.
However, reduction in the shoot length was
more pronounced in treatment S2T then other
stress treatments. The result reveled that,
wheat genotypes KRL-19, HD-2733 and
KRL-1-4 were considered as tolerant as they
were able to maintain least reduction in the
given parameters under different stress applied
either individually and in combinations.
However, genotypes HD-2985, HT-8 and HI1563 were considered as susceptible.
SPAD Value
The data indicated that SPAD value
progressively decreased under different stress
treatments i.e. T, S1, S1T, S2 and S2T, it was
observed that SPAD Value decreased
remarkably with the different stress treatments
and it was at the tune of 6, 10.1, 15.6, 20.6 and
24.4% respectively, compared with control
and when averaged across genotypes. Under
control condition the genotype KRL-1-4
showed highest SPAD Value however
genotype
HD-2985
showed
poorest
germination percentage. High temperature
overall had a significant negative effect on
SPAD Value in all wheat genotypes with
maximum decrease in genotypes, HI-1563,
HD-2985 and HT-8 however, high
temperature showed minimum effect on the
given parameter in genotypes KRL-19 and
HD-2733 and KRL-1-4 compared to control.
Similarly, Feng et al., (2014) showed that heat
stress caused a loss of pigment content in flag
leaves.
Heat
stress
reduces
plant
photosynthetic capacity through metabolic
limitations and oxidative damage to
chloroplasts and chlorophyll pigments (Farooq
et al., 2011). Similarly, salinity level 1 (S1)
significantly reduced SPAD Value in all wheat
genotypes, however, maximum reduction in
the same was observed in genotypes, HI-1563,
HT-8 and HD-2985 and a last reduction was
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observed in genotypes KRL-19, HD-2733 and
KRL-1-4 compared to control. In a similar
study on tolerance capacity of wheat and bean
cultivars to salinity salt stress Radi et al.,
(2013) reported a marked reduction in
photosynthetic pigments (chlorophyll and
carotenoids content) with gradual rise of salt
level. Shaddad et al., (2013) also reported
similar result in wheat. Combined salinity
level 1 and high temperature stress (S1T) also,
drastically decreased SPAD Value with
maximum decrease in genotypes HI-1563,
HT-8 and HD2985 and minimum decrease in
genotypes KRL-19, HD-2733 and KRL-1-4
when compared to optimum condition.
Combined stresses of high temperature and
salinity decreased the photosynthetic rate in
wheat due to decrease in pigmentation as
reported by Ehtaiwesh et al., (2016).
Similarly, greater reduction in SPAD Value
was observed with salinity level 2 (S2) in all
wheat genotypes, with maximum decrease in
same was observed in genotypes, HI-1563,
HT-8 and HD-2985 and least reduction in
genotypes KRL-19, HD-2733 and KRL-1-4
compared to control. Similarly, Turkyilmaz
(2012) revealed that salinity decreased
chlorophyll and carotenoids contents of wheat
under salinity stress condition. Combined
salinity level2 and high temperature (S2T)
stress also significantly decreased SPAD
Value and it was more pronounced then other
stress treatments. Among genotypes the
reduction in SPAD Value due to the given
combined stress was highest in genotypes
HD-2985, HT-8 and HI-1563 (41.8, 29.0 and
41.6 respectively) and least reduction in
genotypes KRL-19, HD-2733 and KRL-1-4
(13, 12.6 and 14.5% respectively). Becker et
al., 2017 also studied the effects of combined
soil salinity and high temperature on
photosynthesis and growth of quinoa plants
(Chenopodium
quinoa).
Thus
wheat
genotypes KRL-19, HD-2733 and KRL-1-4
were considered as tolerant as they were able
to tolerate the different stress interactions and

genotypes HD-2985, HT-8 and HI-1563 were
considered as susceptible. Such result may be
due to the increased activity of chlorophyllase
enzyme and reduced activity of Rubisco
enzyme.
In conclusion it was observed that soil salinity
and high temperatures are the major factors
limiting growth of wheat crop and the
intensity of the detrimental effect was more
pronounced under combined stress. There is a
genetic variability among the winter wheat
genotypes that can be used in breeding
programs to improve winter wheat yield
under combined high temperature and salinity
stress conditions. On the basis of result the
wheat genotypes KRL-19, HD-2733 and
KRL-1-4 were considered as tolerant as they
were able to tolerate the different stress
interactions and genotypes HD-2985, HT-8
and HI-1563 were considered as susceptible.
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