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ABSTRACT

The most crucial factors that reduce developments of plants are the Abiotic stresses. Among abiotic stresses, high
temperature is the imperative factor that causes a reduction in crop growth and effect yield. Nowadays, the temperature
of Pakistan has raised with approximately <500C, affecting the wheat crop from anthesis stage till maturity and hence,
limiting the productivity of wheat. This study focuses on examining the effects of high temperature on wheat genotypes
when planted with different sowing date viz. 10*» November and 20t December of the year 2017-18, using Randomize
Complete Bloch Design (RCBD). Product yield from both sowing dates (early and late) were observed with significant
difference in all types of genotypes; for days 75% maturity, 1000-grains yield, grain yield (kg/ha1), biological yield
(kg/ha) and in some physiological characters such as area (cm?) of flag leaf, relative percent of water content ( %) and
chlorophyll content % at the probability level P<0.01 and probability level P<0.05. The early and late planting revealed
significant different recorded in RWC (%) and Leaf Area. The late sowing date, the trait RWC (%) shown non-significant
result. The maximum reduction recorded in HYT 10 advance line for grain yield kg/hal, leaf area and RWC and in HYT
09 more reduction of chlorophyll content was observed. Hence, it was due to delayed planting effect and heat stress.

Keywords: Wheat, Heat Tolerant, Sowing Time, Physiological traits.

INTRODUCTION

The second-largest staple food crop in the world after
rice is Wheat (Triticum aestivum L.). It accounts for
almost 30% of global cereal production, covered about
two hundred twenty million hectares with an average
production of 3, 2 tons ha-! (FAO, 2015). Approximately
95 % of the world's wheat grown is hexaploid
2n=6x=42). It is produced in huge areas of the world
under favourable weather conditions. It provides less
source of calories, protein, and carbohydrates in human
nutrition (Singh et al.,, 2016). In Pakistan, it covers a
large cultivated area of about 37% of the total crop
(Farooq et al., 2008). It is the leading food crop covering
the most extended area under a single plant in Pakistan.
It has a major share in the country’s GDP of 2.1% and
contribution to agriculture is 10% (Farooq et al., 2007).

103

The growing of wheat reduced due to elongated winter
season and unprecedented rainfall in April and May,
which damaged grain during harvest (GOP, 2014-2015).
Wheat crops have been affected by various abiotic
stresses such as high-temperature, soil moisture
deficits, low light intensity. high-temperature is
considered to be the main factor in reducing the wheat
yield among the different stresses (Modarresi et al.,
2010). Unexpectedly weather change for a few days is
not a problem but become challenging to deal with
agriculture Both are
interconnected processes and take place on a global
scale. Recently, the average global temperature is
projected to rise about 2°C over the next 50 years,

and weather conditions.

assembly of many kinds of cereal growing regions less
suitable, based on predicted temperature (Wrigley et al.,
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2006). It is a long-day crop that is physiologically
sensitive and requires the collection of units of high-
temperature above the threshold or base temperature
(before growth) to improve physiologically from sowing
to development. It is an abiotic factor restricting the
yield impacting decreased wheat and development,
leading to low production in numerous countries of the
world (Modarresi et al., 2010). It is a vital determinant
of physiological and morphological progress affecting
harvest growth and yield. From the primary stage of
wheat development, heat stress harms wheat crops.
Wheat seedlings exposure to heat for a short time lead
to decrease root and cause short length, dry weight,
chlorophyll content and membrane stability index, that
measures the high-temperature cell membrane
tolerance (Gupta et al., 2013). The effects of temperature
on plants, higher than the optimal temperature, are
considered as heat stress (Kumar et al., 2015).
High-temperature is depending on heat intensity, which
is a measure of an increase in temperature over the
natural warmth, the length of the presentation to high-
temperature, rate of temperature rises and plant reaction
to high-temperature at various stages of formation. The
warmth stretches recognized as a critical point for the
end-use of wheat. It is also observed that temperature is
strongly related to sedimentation estimates, dissolvable
and insoluble proteins and mixotrophic tallness, which is
the expansion of the heat, increase these qualities and the
other way around while the flour yield, mixing time and
mixing resistance of the batter were observed to be
altogether diminished because of fast-drying up amid
maturing (Tahir et al,, 2005). The protein content also
found to increase significantly due to exposure to heat
stress after anthesis, however, on the other hand, the
glutenin/gliadin ratio, which determines a quality of the
flour, followed an opposite trend, which reduced its value
in response to heat stress (Ashraf, 2014).
Physiologically yield of a crop depends on the
ability
photosynthetic for its growth, and high-temperature has
many adverse impacts on both these processes.
Photosynthesis is adversely affected, reducing the
various physiological
concentration under

photosynthesis and of grains to utilize

traits and intercellular CO?2

high-temperature condition.
Physiological and yield parameters determine the heat
tolerance in wheat (Balla et al.,, 2014). Photosynthesis is a
critical physiological process in plants that involves

various enzymatic reaction, thus making this process
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very susceptible to heat stress.

Sowing time can be manipulated to prevent the hot and
desiccating wind during grain filling period that
ultimately determines the yield of the crop. The optimum
seed time for wheat crops in India is the first two weeks
of November. The seed was a delay until the first two
weeks of January, mainly due to late paddy harvest,
delays in field operations, climate change. Growth sown
in mid-November is the better and maximum height of
plant followed by late November sowing, as reported by
(Mukherjee et al., 2012; Singh et al., 2008), and also stated
the same results. These results exposed to the fact that
the increase in temperature that causes the Cultivation to
enter the next stage without much development for the
next step. The crop sown on 20 November was reported
to have produced a significantly higher index of leaf area
(4.4) than the crop planted on 20 December (3.9)
(Khichar et al.,, 2007). Also, the delay in sowing reported
reducing the LAI (Ram, et al., 2012). The experiment also
concluded that on 15 December the LAI was considerably
higher in seeding than on 1 January at 50 and 90 DAS.
Brushes and leaves, sunburns on leaves, stalks and
branches, leaf senescence and abscission caused by the
high-temperature stress are the leading cause of lower
leafarea index in Late crop sown. The accumulation of dry
matter with the timely sown crop (879,9 gm-2) was also
significantly higher than the late crop (662,6 gm-2),
whereas the height of the plant, the accumulation of dry
matter and the tillers per meter line length were
considerably good. Hence, the crop sown early was good
in comparison to late sown in a various set of parameters
(Jat et al.,, 2013). The crop planted on 10th Nov showed
significant height, dry-matter accumulation plant-1 and
number of tillers than the rest of the seed dates had
achieved. The collection of dry matter decreased with a
Sowing delay from timely (21 November) to very late 7
January (Shivani et al., 2003).

MATERIALS AND METHODS

High-temperature is critical caused day after day less
production. The purpose of this experiment to screening
Ten advance wheat genotypes/lines developed through
different breeding techniques evaluated for terminal heat
stress conducted in RCBD and sown at early planting
(20th November,) and late planting (10th December
2015), with four replications during Rabi season, 2017-
18. Each genotype was sown in four rows (2.7cm row to
row distance) 5-meter long row length planted to assess
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the response of wheat genotypes for heat tolerance. In
this context, the experimental materials evaluated in two
sowing dates, considered as usual and heat stress
conditions, respectively. Data on various morphological
and physiological characters were recorded to study the
outcomes of high-temperature on these yields and yield
contributing traits. Temperature data was also recorded
at the experimental station during the cropping season to
evaluate heat-stress effects during grain filling (terminal
heat shocks) and the genotype response to these shocks
due to late sowing. Temperatures as minimum and
maximum were daily recorded during entire cropping
season at the experimental site from SAU, Tandojam.

Relative Water Content %

Relative Weight content (RWC) is calculated by collecting
samples of flag leaves in polyethylene bags and making it
reach at the laboratory as fast as possible in order to
reduce the effect of evaporation. First, the fresh weight
(FW) of samples is also taken immediately, then 2 cm size
sliced sections are floated for 4 hours on distilled water.
The leaf discs are blotted quickly to remove extra water
from the surface and weighed to observe turgid weight.
Later, these are kept in an oven at 60°C for 24 hours to
dry and weight again (DW). RWC is calculated using a
reported method (Barrs et al., 1968). A mathematical
formula:

RWC (%) = [(FW-DW) / (TW-DW)] x 100

Heat Susceptibility Index (HSI)

(HSI) Is used for evaluating the effect of high-temperature
for the thousand-grain weight (TGW). The formula used
for HSI calculation, taken from Paliwal et al. (2012) is
given below:

HSI of X=[(1- X-heat stress/ X control) /D]

Meteorological Data

Minimum and maximum temperatures on a daily basis
were recorded during the entire cropping season at the
experimental site from SAU, Tandojam.

Statistical Analysis
Statistical analysis for each genotype sample was done
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using the collected data from various parameters. The
analysis of variance technique applied to determine the
significant difference among the means.

The analysis of variance for all the traits carried out
separately as reported in (Gomez and Gomez 1984) to
generate significance among various bread wheat
genotypes planted under non-stress and heat stress
conditions with the following statistical formula.

Where:

QUOTE o?e = Environmental variance, QUOTE o%g =
Genetic variance and

QUOTE 0%t = Treatment variance

Temperature during the experimental period

The temperature during the whole period of the wheat
season found to be variable and huge differences
observed for all the traits under both sowing dates. The
meteorological data on daily basis for minimum and
maximum temperatures measured during entire
cropping season (2017-2018) at experimental site are
given in (fig 1.) the high-temperature was noticed during
the sowing of an experiment in November, however, the
temperatures decreased in December and January. From
February to May, the temperature rises about by 5 °C
averagely for each month. At the time of grain filling
period during March, the temperature reached at 35 °C
which exceeded up to 40 9C at 1st week of April 2018. This
situation of temperature is above from the threshold
value (25 °C) of cereals crops. Consequently, late planted
of wheat crop faced terminal heat stress.
High-temperature of 40°C persisted on 27th November
and the last week of November. The temperatures from
December till March were relatively favorable for wheat
crop planted in normal condition while low and HT
during anthesis and grain formation stage were not
suitable as crop planted in late. (Fig. 1) During the 2rd
week of February (15 days after anthesis) moderately
HTs were recorded (30 °C -37 °C) till 4th week of
February. The temperature increased in March till the (39
0C). Disastrous temperature was observed in the end of
March and month of April (> 40 °C). Consequently, HT
range prevailed from 31 °C to 45 9C from the month of
March till the second week of April.
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Figure 1. Maximum and minimum temperature of wheat
season 2017-2018.

RESULTS

Analysis of variance show significance of combined mean
squares of variance for two different plantings (early and
late) which were significant for days to maturity 75 %,
1000-grain weight, grain yield (kg/ha1), biological yield
(kg ha'1), flag leaf area (cm?), relative water content%,
chlorophyll content%. The considerable differences

Figure 2. Maximum and minimum temperatures of the
wheat crop at 20th February to 20th March, at SAU,
Tandojam.

found among the all genotypes yielded and their
physiological traits at probability level P<0.05. The mean
squares found from analysis of variance for genotype x
treatment interaction were also significant at probability
level P<0.01 for all the traits. The significance of genotype
X treatment showed that genotypes
performed variably over the stress conditions.

interactions

Table 1. Mean squares from analysis of variance for various morpho-physiological traits of advance wheat lines grown

under normal and late sowing dates.

Traits Replication Genotype (G)  Treatment (T) GxT Error
(D.F.=3) (D.F.=09) (D.F.=1) (D.F=09) (D.F.=57)

Days to 75 % maturity 4.18 23.61* 1174.20* 12.87* 1.56
1000-grains weight (g) 10.40 10.46* 476.58* 5.74* 3.61
Grain yield (kg/ha') 46605 53162* 1556541* 31394* 13931
Biological yield (kg/ha1) 417737 388345* 762256* 263803* 102363
Leaf area (cm?) 14.51 7.18* 195.50* 2.87* 5.80
Relative water content % 57.07 102.04* 1471.30* 24.67* 19.84
Chlorophyll content % 1.10 1.03* 22.57* 1.06* 0.42

Days 75% Maturity.

Wheat genotypes/lines showed a significant difference in
different sowing dates, maximum reduction observed in
HYT 07 (8.49%) under stress condition. The exceptional
performance recorded by HYT-01 with a minimum
relative decrease of (2.08%) with less decline in heat
stress condition. In non-stress, days, 75% maturity
observed in HYT 07 and HYT 08 (125.50, 124.90).
Whereas, HYT 01 (116.58) significantly showed lesser
days as when sown in 20th November, which revealed
earliness for maturity Almost all the advance lines
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revealed to be statistically similar for this trait. However,
HYT 08 and HYT 10 matured earlier sown on December
20, This difference was due to a Heat Tolerant (Nahar et
al, 2010).

1000-Grains weight

1000-grains weight it also yields contributing traits while
terminal heat stress is the primary environmental factor
which reduces the size and boldness of grain, the
reduction in the grain-filling period. On average, heat
stress caused a reduction of 30.63% in 1000-grain weight
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under the late sowing date. The highest 1000-grain
weight was weighed in genotype HYT-5 (49.06 g) and the
lowest in HYT-2 (44.06 g) under early sowing, while in
late sowing, the maximum 1000-grain weight observed in
genotype HYT-6 (43.74 g) and minimum (40.28g) in HYT-
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Figure 3. Mean performance of Days to 75% Maturity of
bread wheat genotypes different sowing dates.

Grains yield (kg/ha1)

Higher grain yield is the primary goal of all the plant
breeders. The mean performance of all the genotypes at
early sowing was (2785.0 g). However, at late sowing it
was (2506.0 g). On an average, 10.02 % loss in grain yield
(kg/hal) occurred due to late sowing. The highest
performance observed in HYT-6, with minimum
reduction (3.42 %) and the highest relative decrease %
shown by HYT-8 (15.23 %) under late sowing. The
maximum grain yield (kg/ha-1) obtained by HYT-8
(2953.5 Ka/ha-1) and the minimum by HYT-9 (2563.0
kg/ha-1) in early sowing, while in late sowing the highest
grain yield (kg/ha-1) was also shown by HYT-6 (2665.0
kg/ha-1) and the lowest by HYT-3 (2387.5 kg/ha-1)
Hossain et al. (2015).

Biological Yield (Kg/ha1)

The most important reason of low yield and low dry
matter production in wheat is Heat Stress [24]. An
averagely 13.42 % reduction caused by late sowing. The
lowest decrease percentage, however, was recorded by
HYT-4 (0.49 %), respectively, under the late sowing. The
maximum loss has seen in HYT-7 with decrease
percentage of (25.86 %). The higher biological yield
exhibited by genotype HYT-7 was (5914.3 kg/ha-1) and
lowest by HYT-2 (5336.3 kg/ha-1) in early sowing, while
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4. The minimum relative decrease of 0.97 % shown by
genotype HYT-1, respectively, under late sowing, yet the
highest decrease percentage was exhibited by HYT-4
(14.79%) under late sowing (Hamam et al.,, 2015).
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Figure 4. Mean performance of 1000-Grains weight of
bread wheat genotypes different sowing dates.

in late sowing, the greater biological yield obtained from
HYT-4 (6010.0 kg/ha-1) and the less (4827.5 kg/ha-1) by
HYT-10. and Alam et al. (2014) stated that falls in
biological yield of among all genotypes planted under
heat stress conditions in their experiments. Their results
also support our findings.

Flag Leaf Area (Cm?)

In this figure the significant difference for flag leaf area of
the advance line of wheat genotype at various planting
times. the average of Reduction of heat stress caused
(16.99 %) decline. The highest loss in flag leaf area
observed in HYT-2 (27.22 %) under heat stress
conditions. The lowest decline was noted in HYT-9
(11.72%) in heat stress condition. respectively, the
maximum flag leaf area found in HYT-2 (21.60 cm2) and
minimum in HYT-6 (16.83 cm2) under non-stress
conditions. Maximum flag leaf area noted in HYT-1 (16.34
cm2) and the lowest also in HYT-6 (14.10 cm2) due to
heat stress conditions (Blum et al., 2001) suggested that
a small leaf area under heat stress is beneficial because it
is dehydrated.

Relative Water Content % (RWC)
The experiment observed a highly significant difference
in the advance line of wheat genotype. The mean
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performance of all the genotypes grown under early
sowing was (63.33 %), while in late planting, it was
(54.75 %). Heat stress caused a decline of (13.55 %) on
an average, over the genotypes. The best performance for
(RWC) under the heat stress condition was given by
genotype HYT-8 with the lowest decrement % age of
(5.08 %) The maximum reduction (15.28 %) however
was recorded in HYT-10 in terminal heat stress condition.

Grain Yield (Kg/ha)
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Figure 5. Mean performance of Grain yield (kg/ha-1)
of bread wheat genotypes different sowing dates.

Biological Yield (Kg/ha) —El:l;n‘lll
- =RD%
OO0 - - EA00 30
- 0 | oy
5500 - 2400 i
5700 - et
S000 1
5500
4200 10
5500 =
400
£400 4 Ls
4400
5300 - o
Lt

H.'l'll' ] H'I'I'I: H.'i'll'.\ ﬂ'l'.l 4 I'I.II 3 I!’l'lll- H'i'l'l'! I!’I'I -3 H'l'll'il'r'll L
Génstypes

Figure 6. Mean performance of Biological Yield (kg/ha-1)

of bread wheat genotypes different sowing dates.

Chlorophyll Content (%)

This study recorded chlorophyll content (%) to the average
of heat stress caused (1.50 %) decline. The highest loss in
chlorophyll content was observed in HYT-9 (3.97 %)
closely followed by HYT-6 (2.21 %) under heat stress
conditions. The lowest decline was noted in HYT-10 (0.43
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In early sowing, the highest value noted in genotype HYT-
1 (72.96 %) and the lowest value was expressed by HYT-
7 (59.44 %), while in late planting, the higher % age of
decline recorded in HYT-1 (61.81 %) and the lowest in
HYT-10 (48.74 %). Proposed that (Sairam and Saxena
2000) suggested that (RWC) a more meaningful indicator
of water status than the water potential of wheat under
drought conditions.
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Figure 7. Mean performance of Flag Leaf Area (cm)

of bread wheat genotypes different sowing dates.
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Figure 8. Mean performance of Relative Water Content

(%) of bread wheat genotypes different sowing dates.

%) in heat stress condition, respectively. The maximum
chlorophyll content found in HYT-9 (71.75 %) and
minimum in HYT-2 (70.17%) under early sowing. The
maximum chlorophyll content was noted in HYT-4 (70.35
%) and the lowest also in HYT-3 (68.87 %) due to late
planting. Wheat Planting exposure to high-temperature for
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a short time can also lead to a significant reduction in root
and shoot length, chlorophyll content, and membrane
stability index, which is a measure of cell membrane
tolerance at high-temperature (Gupta et al.,, 2013).

Heat Susceptibility Index (HSI)

It shows heat susceptibility index (HSI) measures the
yield stability based on minimization of yield loss under
stress, compared to non-stress condition (Chandra et al.,
2014). The advanced lines differentiated into moderate
heat tolerant (HSI<1) and comparatively heat susceptible
(HSI>1) groups for each trait. HYT 01 revealed the most
heat tolerant genotype having HIS value below the unity
for among all of the traits except for, 1000 grain weight
and RWC %. Moreover, HYT 03 advance line was heat
tolerant for the traits days to 75% maturity, grain yield
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Figure 9. Mean performance of Chlorophyll Content (%)
of bread wheat genotypes different sowing dates.

DISCUSSION

In abiotic stresses, high temperature is the main factor
influencing in reduce wheat development, consequently
providing low yield (Modarresi et al., 2010). The current
need is to introduce new varieties of wheat that have a
high yield, using innovative ideas, incorporating new
technologies, to identify the genotypes that could resist
environmental changes and potentially produce high
grain yield. (Riazuddin et al., 2010). In Pakistan, 80% of
the wheat crop is sown late, only 20% planted on normal
time (Kalra et al., 2008). Hence, to maintain the crop yield
various genotypes have to be build up, So that in a specific
area the sowing date improving will yield high wheat
crop, The effect of high temperature and sowing date has
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plant-1, biological yield plant -1, flag leaf area (cm2) and
chlorophyll content%. Whereas, for the remaining traits
1000 grain weight and RWC% was relatively found to
heat susceptible as the HSI value was above the unity.
HYT 05 was also categorized as heat-tolerant genotype as
most of the traits were below the unity of the HSI value
except for few traits as days to 75% maturity, 1000 grain
weight, grain yield, biological yield plant-1, flag leaf area
(cm) and chlorophyll content %. Accordingly, HYT 06 also
revealed to be heat tolerant for all the traits except
biological yield and flag leaf area (cm). HYT 10 was
observed to heat susceptible genotype for most of the
traits except for few traits. Subsequently, genotypes
tolerant to heat alongside and other contributing
qualities could be used as selection criteria in the
breeding program.

Heat Susceptibility Index
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Figure 10. Heat Susceptibility index (HSI) of bread wheat
genotypes for various morpho-physiological traits.

great relation with the yield of wheat crop and directly
with the development of the wheat crop. The delayed
sowing of wheat produces a yield reduction of 50 (Kg/ha-
1) d-1 probably after mid-November. (Khan et al.,, 2010).
Early spring has caused the temperature rise, which
results in harm to the crop (Mahmood et al,, 2010). On the
above situation, the present research study was based to
assess heat tolerance in newly developed wheat
genotypes/ lines in two different sowing dates. The
qualities measured at each sowing date were already
mentioned at the upper portion. whereas, in cold season
heat stress decrease the chlorophyll contents in cereal
species, causing physiological damage and most suffered
by leaf senescence. (Xu and Huang, 2009).
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The genetic character which is least effected by the
environment is the thousand-grain weight. The data was
shown a significant difference among the plant dates. The
result of 1000-grain weight was shown in (fig.1). High-
temperature affecting the grain maturity which resulted
in shrunk kernels. As reported by (Abdullah et al., 2007)
traits as 1000-grain weight is declined successively with
delay sowing, (Mondal et al.,2013) and (Hossain et al.,
2015) reported that terminal heat stress reduced the
seed index. A net effect of lower kernel reduces the grain
filling period during high temperatures.

Generally, it is known that heat stress shortens days to
75% maturity (Hossain et al., 2015).

The reduction in maturity days was also found in the
research of (Hossain et al., 2013) with the decrement of
06.26% under the late sowing dates. This work agrees
with (Ishaq et al., 2015) also observed that terminal heat
stress significantly affected the physiological maturity
and shortened from 10.46 to 12.67% maturity grown
under heat stress conditions. These results were shown
in (fig .2) it's also significantly affected planted at normal
sowing date as observed in advance line/variety. These
results are compatible with (Mumtaz et al,, 2015) who
reported significant variation among dates and genotypes
during days to maturity, anthesis and maturity.

The growth of all other characters provides a better
background to increase the grain yield (kg/hal).
According to (Hays et al., 2007), stress occurring after
anthesis often cause detrimental effects on wheat grain
yield by hastening maturity, shortening grain filling
duration and reducing 1000-grain weight. Heat stress
caused a decline of 10.02 % averagely under the late
sowing date (fig .4). (EI-Ameen et al,, 2012) reported that
delaying the sowing date resulted in a substantial
reduction in grain yield by 63.34%, while the genotypes
under favourable conditions performed well for grain
yield. Our results agree with (Abd-el-rahman et al. 2014)
and Alam et al. (2014) who also have reported that the
grain yield up to 40, 45 and 49.5% is reduced due to heat
stress, as similarly like the previous result biological yield
kg/hal also highly decreased caused by high-
temperature. According to article of (Laghari et al,, 2012)
and (Hossain et al, 2013) were suggested the heat stress
occurred at the anthesis stage of wheat genotypes under
the 2nd planting date because of this, a minor effect was
noticed on biological yield of 2nd sowing date and their
results are in agreement with our conclusions.

As morphological traits were affected at different sowing
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dates, traits also revealed
significant differences. The content of water in crop plant
is determined through RWC that tells about the amount

of required water in the plant to fully saturate. Terminal

similarly physiological

heat stress caused a reduction of averagely under the late
sowing date in (fig .6) (Ivanov et al., 2001) reported that
extreme temperature stresses (45°C) are closely related
to water-deficit due to reduced root water absorption and
disruption to stomata control of leaf transpiration
temperature, stressed plants suffered for water shortage
and reduced relative water content. Our results are in
agreement with the findings of the reduced relative water
content under the heat stress conditions respectively,
Terminal heat stress is a major constraint in the
development of flag leaf area. (Singh and Dwivedi 2015)
found that heat stress caused by late sowing significantly
decreased the flag leaf area The effect of heat stress
becomes more clear when we observe the findings of
different researchers like heat stress reduced the flag leaf
area up to 13.29 % and (Hamam et al., 2015) reported
12.89% decrease in flag leaf area under late sowing dates
with increased heat stress. moreover, chlorophyll content
% also caused by terminal heat stress as like shown in (fig
.8). This is same as reported by (Gautam et al., 2016) that
the amount of chlorophyll is reduced due to heat stress in
the durum wheat genotypes. (Khan et al, 2015) also
observed that heat
chlorophyll contents of wheat genotypes similar to that of
(Ahmed and Hassan 2011) and (Kumar et al,, 2012).

stress significantly reduced
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