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ABSTRACT: Drought stress severely limits wheat crop production and adversely affects grain quality. The
effect is more severe when the grain filling stage of crop coincidence with drought. The nutritional
complement of stressed grains is significantly decreased which will contribute to malnutrition to the
consumers whose staple food is wheat. The present study aims to evaluate some quality attributes to assess
the extent of effect caused in wheat grains and the data obtained would be used for the development of better
drought-tolerant wheat varieties. Two wheat varieties viz. WH 1105 and WH 1025 were grown in the field
under drought stress and irrigated conditions, grains were selected after harvest of the crop and evaluated
for quality traits. Some quality attributes such as grain appearance score, hectoliter weight, grain hardness,
crude protein content, wet and dry gluten were evaluated in two wheat varieties viz. WH 1105 and WH 1025.
Grain appearance score of 5.9 was observed in WH 1105 in both irrigated and drought conditions while in
WH 1025 the score was decreased from 6.1 to 5.9 under drought compared to irrigated conditions. Hectolitre
weight and grain hardness were decreased in both wheat varieties under drought conditions. The crude
protein content was increased with a percent increase of 5.97 and 1.56 in WH 1105 and WH 1025 respectively
under drought conditions. Wet and dry gluten showed consistent enhancements under drought, however, the
percent increase was lower in WH 1025 than WH 1105. These results suggest that the quality of wheat grains
was affected under drought stress conditions.
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INTRODUCTION

Wheat (Triticum aestivum L.) is one of the major food
crops in India that is severely affected by environmental
factors due to changing precipitation patterns caused by
climate change. Among the cereals, it stands second in
terms of production and acreage and serving nutritional
requirements to the majority of the population across
the globe (Mehmet et al., 2018). Wheat is a key staple
crop for global food security, providing about 20
percent of the total dietary calories and protein (Ninai et
al., 2019). The combination of high temperature and
water deficit is common in dry and semi-dry regions
worldwide and claims extensive yield losses
(Yashavanthakumar et al., 2021). Drought stress
reduced yields of spring wheat more than winter wheat
(Jian et al., 2017). Severe droughts are expected in near
future in arid and semi-arid zones due to the rise in

global temperature (Imran et al., 2020). Drought stress
at the grain filling stage not only limits crop yields but
also grain quality. Grain quality is expressed through a
complex of indices including its physical condition,
chemical composition, and biochemical characteristics
(Ivanova et al., 2013). Among grain quality traits, grain
hardness, flour color, polyphenol oxidase, protein
content, protein quality, and starch pasting properties
have been shown to affect the quality attributes of
wheat (Liu et al., 2003). Drought stress significantly
affects common wheat yield and quality, especially the
composition of seed storage proteins that form during
the grain filling stage (Ozturk & Aydin, 2004). Under
drought stress, the protein content, SDS-sedimentation
value, and wet gluten of winter wheat have been
demonstrated to increase from germination to
maturation. Drought stress at the grain filling period
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dramatically reduces grain yield (Nezar, 2005; Farzad
et al., 2012). Wheat grain yield and yield components
such as productive tillers, grains per spike, kernel
weight, biological yield, and harvest index are
adversely affected by soil moisture stress (Ghulam et
al., 2011; Hafiz et al., 2012). The overall moisture
deficit-induced reduction in yield was primarily due to
a reduction in kernel weight and the number of kernels
per spike (Benjamin & Nielsen, 2006; Prabha et al.,
2009). Hui et al., (2007) had reported that grain filling
rate increased slightly initially, but decreased
significantly during late grain filling under high
temperature indicating the alterations to various
phenological parameters influenced by stress. In spite
of several reports on the effect of drought stress on
quality attributes in wheat, work on WH 1105 and WH
1025 wheat varieties is limited. Therefore, in the
present investigation, two wheat varieties were selected
for studying grain quality parameters affected by
drought stress.

MATERIALS AND METHODS

Seeds of two varieties of wheat viz. WH1105 (Drought
sensitive) and WH 1025 (Drought tolerant) were
obtained from the Wheat and Barley Section,
Department of Genetics and Plant Breeding, College of
Agriculture, CCSHAU, Hisar. Seeds were sown in
micro plots on the university farm. Drought stress was
created by giving pre-sown irrigation only for the micro
plots designated for this purpose. Normal agronomical
recommended irrigations were given for other micro
plots. Wheat grains were selected after the harvest of
the crop for quality assessments.

A. Quality parameters
Grain appearance. Grain samples were initially taken
into clean Petri plates, arranged in an array of rows on
clean filter paper laid on the laboratory workbench,
expert of wheat evaluated the series of samples by
visual observation considering grain size, shape,
soundness, color, and luster then scores were awarded
to each sample on a 10-point scale. The scores so
obtained were recorded.
Hectolitre weight. Hectolitre weight was estimated by
the method of Marshall et al., (1986), where samples of
grains were filled in iron made a medium-sized cylinder
of hectolitre weight instrument and closed the slider a
top to shutdown it to ensure that the taken volumes of
seeds were intact in a cylinder. Then the slider was
opened in a funnel of the instrument to make sure that
they fell in a beaker and the weight of the grains was
recorded on electronic weighing balance.
Grain hardness. Grain hardness was determined by the
method of Richard et al., (2008), where it was
measured by pressing ten average-sized well-fitted
grains in grain hardness tester-189, HICON E 2086
(Manufactured by Kiya Seisakusho Ltd., Japan). The
force was applied to crush the grains with a hand where

there was a concomitant turning of the indicator needle
on its scale which corresponds to the force applied. The
force (kg) displayed on dial per grain at the time of
crushing was recorded.
Crude protein content was estimated by the micro-
Kjeldahl method (AOAC, 2000).

B. Procedure
Digestion. A sample of 0.2 g was taken in the micro-
Kjeldahl flask. 10 ml of conc. H2SO4 and 2 g digestion
mixture (K2SO4 and CuSO4 at 9:1 ratio) was added to it.
The flasks were placed on a digestion bench and heated
till the solution became clear blue. The flasks were
removed, cooled, and volume was made to 100 ml with
distilled water.
Distillation. An aliquot of 10 ml was transferred to
micro-Kjeldahl assembly and 10 ml of 40 percent
NaOH was added to it. 10 ml of N/100 H2SO4 was
taken in a conical flask to that 2-3 drops of methyl red
indicator were added. This conical flask was set under a
condenser. The distillation was carried for 10-15 min.
till the solution turned blue.
Titration. The conical flask was removed after washing
the tip of the condenser with distilled water into the
flask. The content of the flask was titrated against
N/100 NaOH till the endpoint reached (red to pink).
The volume of alkali used for neutralization of H2SO4

was recorded. The amount of nitrogen and hence protein
in the sample was calculated using the following
relationship:
1 ml N/100 H2SO4 = 0.00014 g N
Where,
V=Volume of N/100 H2SO4 taken - Volume of N/100
NaOH used for titration
D= Dilution factor (Volume made in volumetric flask)
W= Weight (g) of the sample
A= Aliquot taken for distillation
Estimation of wet and dry gluten. Wet and dry gluten
was estimated by employing the standard method of
analysis (AOAC, 2000) where the sample material of
10 g wheat grain flour was transferred to a beaker, to
that 7 ml of water was added; the contents were mixed
with the help of a glass rod and made into a small ball
of dough. Immersed dough ball into a beaker containing
50 ml of water, allowed for 30 min. and washed with
hands under running tap water until free from starch. To
check the presence of starch if any, KI was added to the
last extract and the absence of violet color indicated
complete removal of starch. Squeezed out the adhered
water from the extracted gluten and weighed which
represented the wet gluten which was later kept in a hot
air oven at 105oC for 6 hours and weighed again which
represented the dry gluten. The amounts of wet and dry
gluten were calculated from the following formula:
W1 = Weight of sample taken
W2 = Weight of moist gluten
W3 = Weight of
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RESULTS

A. Effect of drought stress on quality parameters
Grain appearance score. The performance of wheat
varieties for grain appearance score (maximum score
10.0) under irrigated and drought stress conditions is
shown in Table 1. The grain appearance score of WH
1105 was 5.9 and remained the same under irrigated
and drought condition while in WH 1025 the score was
6.1 and 5.9 under irrigated and drought conditions
respectively and it was observed that the score was
slightly decreased under drought stress conditions.
Hectolitre weight. The hectolitre weight (kg/hl) of both
the wheat varieties under irrigated and drought stress

conditions are given in Table 1. Hectolitre weight
decreased under drought stress conditions. In WH 1105
it decreased from 77.6 to 75.7 and in WH 1025 from
79.7 to 76.6 under irrigated and drought conditions
respectively.
Grain hardness. Grain hardness (kg/seed) decreased
under drought stress (Table 1). The values recorded for
WH 1105 were 9.3 and 8.7 and for WH 1025, 10.5 and
10.0 under irrigated and drought stress conditions
respectively. The percent reduction in grain hardness
was more in WH 1105 (6.45) compared to WH 1025
(4.76).

Table 1: Effect of drought stress on grain appearance, hectolitre weight, and grain hardness of wheat.

Sr.No. Variety
Grain Appearance Score Hectolitre weight Grain hardness

(Maximum score 10.0) (kg/hl) (Kg/seed)
1. WH 1105- Irrigated 5.9 77.6 9.3
2. WH 1105 -Drought 5.9 75.7 8.7
3. WH 1025- Irrigated 6.1 79.7 10.5
4. WH 1025-Drought 5.9 76.6 10.0

CD at 5%
G= 0.1, E= 0.1,

GXE= 0.1
G= 0.9, E= 0.9,

GXE= NS
G= 0.6, E= NS,

GXE=NS

Crude protein content: Effect of drought stress on
protein content is depicted in Table 2. Protein content
increased under drought stress conditions in both the
wheat varieties. The protein content observed was 12.6
and 13.4 percent under irrigated and drought conditions
respectively with a percent increase of 5.97 in WH
1105. While in WH 1025 the value observed was 12.6
and 12.8 percent under irrigated and drought stress
conditions respectively with a percent increase of 1.56
which was a minimum enhancement compared to WH
1105.
Wet gluten: Wet gluten content (%) of both the wheat
varieties under irrigated and drought stress conditions is
shown in Table 2. Consistent enhancement in wet
gluten content was observed under drought stress over
the irrigated conditions.

WH 1105 showed 26.3 and 28.8 percent and WH 1025
showed 26.0 and 27.2 percent wet gluten content under
irrigated and drought stress conditions respectively. The
percent increase was lower (4.41) in WH 1025
compared to WH 1105 (8.60).
Dry gluten: Dry gluten content (%) of both the wheat
varieties under irrigated and drought stress conditions is
shown in Table 2. The dry gluten content followed a
similar pattern to that of wet gluten content, where
consistent enhancement in dry gluten content was
observed under drought stress conditions over the
irrigated conditions in both the wheat varieties. In WH
1105 the dry gluten content was 9.2 and 9.8 percent,
while in WH 1025 it was 9.1 and 9.3 percent under
irrigated and drought stress conditions respectively.
WH 1105 showed a maximum increase (6.12 percent)
than WH 1025 (2.15 percent).

Table 2: Effect of drought stress on crude protein, wet gluten, and dry gluten of wheat.

Sr. No. Variety Crude Protein (%) Wet Gluten (%) Dry Gluten (%)
1. WH 1105- Irrigated 12.6 26.3 9.2
2. WH 1105 -Drought 13.4 28.8 9.8
3. WH 1025- Irrigated 12.6 26.0 9.1
4. WH 1025-Drought 12.8 27.2 9.3

CD at 5% G= NS, E= NS,
GXE= NS

G = NS, E = 0.8,
GXE=NS

G = NS, E= 0.3,
GXE=NS

DISCUSSION

Grain quality is expressed through a complex of indices
including its physical condition, chemical composition,
and biochemical characteristics which are very specific.
Quality is susceptible to prevailing environmental
conditions of which drought stress is one such factor.

Grain hardness and grain appearance score account for
the physical appearance of the grains (Devinder & Raj,
2015). Grain appearance score (GAS) was a subjective
test to collectively rate size, shape, soundness, color,
and texture out a total score of 10. As per the
observations of the present study parameters like grain
appearance, hectolitre weight and grain hardness
slightly decreased or remained unchanged under
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drought stress conditions over irrigated conditions
(Table 1). Liu et al., (2003) reported the grain
appearance score of 8.5/10 in wheat. The results of the
present study are at par with the previous results of
Mithat & Gluden (2012) who reported that the
hectolitre weight of grains was not significantly
affected by the nitrogen application and drought stress.
Tosun et al., (2006) found a slight but not significant
increase in the hectolitre weight of wheat under drought
stress. Muhammad et al., (2019) were significantly
recorded a high grain appearance score and hectolitre
weight in H1 1544 wheat varieties. Improved grain
appearance score had also been reported by Mohan et
al., (2017). Grain hardness is an important factor that
improves the end-use quality of wheat. It has been
reported that drought stress increases grain hardness
(Weightman et al. 2008). Gamila et al., (2021) were
also reported that the grain hardness was increased
under drought stress due to less accumulation of starch
content. In contrast, the present study clearly indicated
that drought stress has less effect on grain hardness.
Similar results are also reported by Faryad et al. (2011).

Grain protein and gluten quality are two important
parameters that are affected by drought stress. Variation
in protein content and composition significantly modify
flour quality for bread making (Weegels et al. 1996;
Branlard et al. 2001). Thus, high grain crude protein
content is privileged since there is a linear relationship
between flour protein content and bread-making
quality. The results presented in Table 2 show that
crude protein content slightly increased under drought
stress conditions. The results are consistent with that of
Francois et al. (1986) in durum wheat. Darvey et al.
(2000) similarly showed that salinity significantly
influences protein content and caused an increase in
protein content. An increase in grain protein percentage
in the present study due to drought stress may be
attributed to reduced starch accumulation. Similarly,
other workers (Guittieri et al. 2005; Krisztina et al.,
2011; Maryam & Ahmad 2013) reported increased
protein content under drought stress. On par with our
results were also reported by Abdul et al., (2020),
where they showed an increase of grain protein content
under drought stress conditions. In contrast, Pierre,
(2008) observed decreased value for grain protein in
wheat grown under drought stress. Hasan & Tacettin,
(2010) also reported that drought stress conditions
increased protein content in wheat as compared to well-
watered conditions.
The results of wet gluten content are given in Table 2.
Drought stress increased wet gluten content in both the
wheat varieties. However, a higher increase was
observed in WH 1025 than WH 1105. Jahangir et al.,
(2013) reported wet gluten content of 29.91 percent in
drought tolerant Tijaban 10 wheat cultivar. The results
pertinent to dry gluten are given in Table 2. Drought
stress increased dry gluten content in both the wheat
varieties however, more percent increase was observed

in WH 1025 as compared to WH 1105 indicating that
dry gluten content was substantially affected in this
variety. Katerji et al., (2005) observed that the gluten
content of salt-sensitive and tolerant durum wheat
varieties was not affected by salinity. Maryam &
Ahmad (2013) reported that salt stress caused an
increase in dry gluten content of the wheat genotypes.
A positive correlation of grain protein content with dry
and wet gluten content was reported by Haji et al.,
(2020).

CONCLUSIONS

— Grain appearance score of WH 1105 is unchanged
under irrigated and drought conditions while the score
is slightly decreased in WH 1025 under drought stress
condition.
— Hectolitre weight decreased under drought stress
with more decrease was observed in WH 1025 as
compared to WH 1105.
— Grain hardness decreased under drought with more
decrease in WH 1105 than WH 1025.
— Crude protein and gluten content increased under
drought stress with more increase was observed in WH
1105 than WH 1025.

FUTURE SCOPE

Further experiments are needed to completely evaluate
other quality parameters of wheat grains affected by
drought stress in WH 1105 and WH 1025 and the
obtained data can be used as traits for different plant
breeding programs to develop better drought-tolerant
varieties.
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