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Uncertain heat shock by a rapid increase in temperature particularly at the critical growth stage
affects plant productivity. The study aimed to assess qualitative changes in wheat grains when plant
exposed to high temperature shock (HTS) at starting anthesis for limited durations (48, 72 and 96h).
Selected wheat cultivars (Pirsabak-2005, Pakhtunkhwa-2015, Pakistan-2013, DN-84, P-2, P-12 and
P-18) were exposed to extending HTS effective from anthesis in the field covering plants within
plastic tents for a limited duration. The experiment was conducted in 2017-18 and 2018-19 at the
Research Farm, the University of Agriculture Peshawar, Pakistan in a randomized complete block
design, in three replications. Temperatures inside and outside plastic tents were manually noted.
Two years mean data showed significant effects of HTS on the wheat grain quality. Imposed HTS
for 48, 72 and 96h resulted in a reduction on grain amylose by 23, 39 and 48% and wet gluten by
16, 25 and 36%, respectively when compared with the control (i.e. no HTS). Contrary to this, as
compared to the control treatment an increase noted in the grain amylopectin by 7, 11 & 17% and
in the grain N-content by 13, 28 & 41% with imposing HTS extending to a duration of 48, 72 and
96h, respectively. The study concluded adverse effects of HTS at the anthesis stage on wheat grain
quality disturbing amylose and amylopectin ratios, which latter on brought changes in floor
structure and gluten elasticity. However, cultivar did differ to respond to the changes but have the

option to choose the best one.
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Introduction
Wheat is an important staple food crop

(Arystanbekkyze et al., 2019; Kumar et al., 2021). Its
demand is higher in the developing countries due to high
consumption as poor’s food (Giraldo et al., 2019). Being a
rich source of energy and carbohydrates, it provides
components essential for the human health i.e. protein,
vitamins, fibers and phyto-chemicals (FAOSTAT, 2018).
Out of 7.34 billion populations on the earth, 1.83 billion
lives in the South Asia and consume wheat as a major food
item (FAOSTAT, 2015). Wheat crop is annually grown on
around 40% of the total cropped area in Pakistan (FAO,
2013). Its production is reported around 2800 kg ha?, with
1800 kg ha' in the province Khyber Pakhtunkhwa
(MNSF&R, 2019). China ranked first in wheat production
with an annual production of 120.4 Mt and is harvesting on
average 9000 kg ha* and other countries around 5000 to
6000 kg ha (Tao et al., 2014). In developing countries,
releasing new cultivars is the more successful practice for
higher production (Tomar et al., 2014).

Climate change is a new emerging threat to the existing
wheat crop (Bajwa et al., 2020), which has affected both
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the yield and quality of wheat grains (Awan et al., 2017,
Iftikhar et al., 2010). Yield and quality for good food are
regulated by the prevailing climate of area during the crop
growth and development (Abdullah et al., 2012; Parent et
al., 2010). It has been observed that the climate of the world
is changing since an increase in industrialization (IPCC,
2013). This increase has been documented to raise 1.5°C
temperature from 2000 to 2015 on average and is expected
to raise further 4°C by 2050 (Khan et al., 2013). In
Pakistan, it was also observed that temperature of Khyber
Pakhtunkhwa (KP) has raised by 1°C from 2005 to 2015
and is expected to rise 2°C by the year 2035 (Hanif and Ali,
2014). These changes in climate have shown an adverse
effect on wheat production close to its maturity stage
(Nutall et al., 2018). Temperature shocks at the critical
stages of a crop growth e.g. anthesis in wheat significantly
affect fertilization and grain development (Fan et al.,
2018). The little shock of temperature fluctuation at the
anthesis stage of the crops may harm productivity and grain
quality (Farooq et al., 2011; Awan et al., 2017) by lowering
down photosynthesis and oxidation of chloroplasts, which
negatively affected grain quality (Farooq et al., 2011).

2179


http://creativecommons.org/licenses/by-nc/4.0/

Goher and Akmal / Turkish Journal of Agriculture - Food Science and Technology, 9(12): 2179-2188, 2021

Attention to extreme events, such as the high temperature
shocks, is under consideration of the researchers in the
changing climate (Teixeira et al., 2013) focusing grain
quality (Liu et al., 2014). Crop responses to the high
temperature  shocks  are  reported  differently
(Nezhadahmadi et al., 2013).

Wheat being a major staple food crop is of more
importance (e.g. food and feed) in Pakistan. This study
aimed to quantify the effect of limited durations of HTS
effective from the anthesis stage of the crop growth on
selected wheat cultivars and quantify its effects addressing
the grain quality parameters.

Materials and Methods

Site Description

Field experiments were conducted at Agronomy
Research Farm of the University of Agriculture, Peshawar
Pakistan, during winter 2017-18 and 2018-19. The location
of the experimental site was at 34° 1°13.50 “N” and 71°
28°53.02 “E”, 350m above sea level. Climate is
subtropical, received 500-700 mm annual precipitation,
with daily mean temperature varying from 24 + 6.24°C to
40.7 £ 6.29°C during the wheat crop growth (i.e. Nov. to
May). The soil of the experimental site is silt loam having
pH > 7.6, organic matter less than 1%. Sand (18.13%) silt
(71.23%) and clay (10.64%), and classified as Ustocrept
based on USDA classification (Anonymous, 2007). The
nutrient status of the soil is usually deficient with and P
but K is moderate to sufficient (Perveen et al., 2010) Data
regarding seasonal temperature (Max. and Min.) and
rainfall of the crop growth period obtained from local Met.
Department (PMD) are shown (Figure 1). The seasonal
rainfall distribution for wheat crop is almost sufficient to
meet the crop seasonal water requirements during the
active growth period. However, temperature rise from
February to April was a bit faster that terminated the crop
vegetative growth to reproductive.

Experimental Treatments and Design

Experiments were conducted in a randomized complete
block design (RCBD) in three replications. Treatments of
the experiment were seven wheat cultivars (Pirsabak-2005,
Pakhtunkhwa-2015, Pakistan-2013 and DN-84, P-2, P-12
and P-18) exposed to three high temperature shock (HTS)
by raising the temperature for three durations (i.e. 48, 72
and 96 h) effective from the crop anthesis stage of
development. One control treatment with normal growth
(i.e. no HTS) was also included. The selection of cultivars
was based on their performance in field in the agro-climate
as well as preference of growers for grain quality. Details
of the cultivars status, year of release and preferences for
cultivation are shown in Table 1. Seeds were planted on
Nov. 30, 2017 and Nov. 10, 2018 at the Agronomy
Research Farm, the University of Agriculture Peshawar.
Recommended seed rate (100 kg ha*) was used for all
cultivars. Sowing was done in rows, using a hand drill, at
30 cm distances with 6 rows per experimental unit of 5 m
length. The field was prepared as recommended for the
wheat crop. Nutrients were added during seedbed
preparation (N 120, P 80 and K 50 kg ha™) from urea,
Single Super Phosphate and Murate of Potash sources,
respectively. Nitrogen was applied in two equal splits at
sowing and 50 days after sowing (DAS) with irrigation.

High Temperature Shock (HTS) Imposition

Five cultivars (i.e. Pirsabak-2005, Pakhtunkhwa-2015,
Pakistan-2013, DN-84 and P-12) were uniform in anthesis
and maturity, whereas, two (P-2 and P-18) were late in
anthesis and maturity. Cultivars were subjected to artificial
High temperature shock by raising growth temperature
(HTS) effective from the anthesis stage of the crop growth.
Two rows of the limited length in an experimental unit were
protected through plastic tents developed on steel rods for
rising inside temperature. An auto measuring temperature
clock (Humidity/Clock HTC-01) was also installed within
and outside the tents for measuring temperatures. On
completion of HTS for defined durations, plastic tents were
uncovered, and crop was allowed to grow normally. Control
plots remained without HTS for the entire growth.
Temperatures inside and outside the tents were recorded
periodically and averaged for a mean reading. Mean of 10,
15, and 20 readings of the HTS for 48, 72 and 96h,
respectively were 3.08, 4.04 and 4.41°C in year 1 and 2.42,
3.18 and 3.53°C in year 2 for early anthesis cultivars
(Pirsabak-2005, Pukhtunkhuwa-2015, Pakistan-2013, DN
84, & P-12) and 7.16, 7.23 and 7.37 for year 1 and 5.47,5.91
and 6.25°C for the year 2 in late anthesis cultivars (P-2 and
P-18).

Weather data of Peshawar 2017-18
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Figure 1. Temperature and rainfall of the crop seasons shown
in separate windows for the experimental year (a) 2017-18 and
(b) 2018-19 with bars for rainfall (mm) and lines for
temperature minimum (T Min °C) and maximum (T Max °C).

All other cultural operations e.g. irrigation, fungicide,
weeding and nutrients etc. were kept uniform as
recommended by the researcher in Cereal Crop Research
Institute (CCRI) for the wheat crop. Harvesting was done
manually at maturity on May 4, 2018 for early maturing
and May 10, 2018 for late maturing cultivars in year 1 and
May 5, 2019 and May 13, 2019 for early and late maturing
cultivars, respectively in year 2 of the study.
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Table 1. Status of the cultivars used in the study.

S.No Cultivar’s name Year of release Releasing Authority Remarks
. National Agric. Res. Center Approved cultivar for
1 Pakistan 2013 (NARC), Islamabad & FSC&RD  Pakistan
Cereal Crops Res. Institute Approved cultivar for
2 Pakhtunkhwa 2015 (CCRI) Pirsabak Nowshera & Khyber Pakhtunkhwa rain-
Provincial Seed Council (PSC) fed & irrigated areas
3 Pirsabak 2005 -do-
) Agric. Res. Institute (ARI), Ratta ~ Approved for D.I. Khan &
4 DN-84 2017 Kulachi, D.I. Khan &PSC rainfed area
5 P i Facultative Line from Turkey Candidate line for late
under Res. at ARS Chitral maturity
Facultative Line from Turkey
6 P-12 i under Res. at ARS Chitral ~do-
Facultative Line from Turkey
! P-18 i under Res. at ARS Chitral -do-

Sampling and Measurements

Sample of 10 spikes was collected from each
experimental unit at the maturity stage of the crop and
stored in labeled bags. Spikes were properly dried in a
forced circulating hot air oven (70°C) for three days and
threshed. Grains were ground by passing through a 2mm
sieve on a lab grinding mill (Cyclone Mill Twister, 50/60
Hz, UK). Ground samples were preserved in labeled bags
for further lab analysis.

Calorimetric iodine method (Juliano, 1971) was used
for amylose and amylopectin (%) estimation in wheat
grain. Briefly, the ground sample (100mg) was collected in
a tube, added with 1.0ml (95%) ethanol and 9 ml NaOH
(1M). To gelatinize the starch, a tube was kept for 20 min
in a water-bath. Boiled mixture was transferred to a flask
and distilled water added to a final volume of 100ml, and
stationed for 23h at room temperature. For error correction
blank (without sample) was also prepared. After thorough
stirring, 5ml solution was pipetted in a 100ml flask, added
with Iml of glacial acetic acid (1M) and 2 ml iodine
solution, adjusted 900ml volume with distilled water. The
sample was thoroughly mixed and kept for 20 mins to
develop dark blue color. Spectrophotometer was calibrated
by running blank at 620nm spectrum and samples were run
on the same wavelength. Value of absorbance was
converted to amylose content using a standard calibration
curve developed for pure potato amylose (Figure 2).

Amylose Curve

A 12.5 mg amylose and amylopectin took in separate
tubes, added with 5ml (45%) per chloric acid and
completely dissolved. Bring final volume to 50ml adding
distilled water. Amylose stock (6.25ml) was taken from the
50ml solution, added with 18.75ml ultra-pure water
making 6.25mg ml' amylose solution, the repeated
procedure for the amylopectin solution. Using this stock
solutions standard solution of amylose and amylopectin
were prepared (0, 10, 20, 30, 40, 50 and 60%) to the final
volume of 5ml for the standard curve. Transfer 40ul of
each standard mixture to a micro-titer plate. Add with a
50ul of iodine solution (2g KI + 1 g I, in 900ml of ultra-
pure water) and mixed each sample including blank (per-
chloric acid) by pipetting. Read absorbance at 620nm
immediately at spectrophotometer and calculate amylose

ratio for the concentrations and developed the standard
calibration curve using these concentrations (Figure 2).

Grain Wet Gluten Content

To determine seed gluten (%), the hand wash method
was used (AACC, 2004). From seeds of the ground sample
(20g) were taken and added with 14ml water to form a wet
dough. After about 1h dough was kept untouched, all
soluble matters and starches were removed by washing in
flowing water in a plastic tub. The resultant gluten-ball was
kept in a tarred, flat-bottomed dish and weighed as wet
gluten. For estimation of dry gluten, the gluten-ball was
dried in a forced air circulating oven at 100°C. Gluten (%)
was determined as a ratio of glutted boll and sample
weight, expressed in percentage.

Grain N-Content

Grain N-content (%) was measured on grounds samples
from selected spikes in each treatment. Kjelflex-K360
(Buchi, Switzerland) was used for N-determination
following the protocol of Kjeldahl (Jones, 1991). Briefly,
0.2g sample along with 1.3g digestion mixture (20g CuSO4
+ 100g K;SOs4 + 0.2g Se) was digested with 3ml
concentrated H,SO. in digestion tube on digestion
assembly till clearness of the sample and changing the
colors to light green. The digest was filtered and distilled
water was added to make volume 100ml. 100ml solution
added to sample tube of Kjelfelx-K360 and distilled with
40% NaOH (prepared by adding 400 g of NaOH in 1L of
distilled water), collected in receiving flask having 4%
H3BOs (prepared by adding 40g of HsBOg in 1L of distilled
water), and titrated against 0.1 N HCL (100ml of 1 N
standard ampule added to 1L distilled water) with 877
titrino plus. The reading for total N in a sample was
adjusted with blanks and recorded. For crude protein, N-
content multiplied with 6.25.

Statistical analysis of data collected during the study
was statistically analyzed as per procedure explained by
Fishers Analysis of Variance Technique using
Randomized Completely Block Design (RCBD) on the
computer software “Statistix”. Means found significant
were separated using the least significant difference (LSD)
test at probably 5% (Steel et al., 1997).
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Figure 2. Amylose standard curve developed for amylose
contents (%) of wheat grains solid dot shows actual value
against the regressed line

Results and Discussion

Grain Amylose Content (%)

Among the qualitative characters, grain amylose
content is most important to study, which were found
significant (P<0.05) for given treatments (Table 2). The
high temperature shock (HTS) imposed on wheat cultivars
at the anthesis stage showed significant changes in the
grain amylose content. Higher grain amylose content was
noticed for cultivar (C) Pakhtunkhwa-2015, followed by
Pakistan-2013, P-12 the lowest was noted in P-2.
Differences in amylose content were found among

cultivars due to their seed sizes, shapes and structures of
the outer layers that are strongly affected and varied with
HTS during development (Cheng et al., 2000).
Furthermore, magnitudes of changes (pitting and fissures)
on the grain surface depend on the acuteness and duration
of the HTS faced by grains during their growth and
development (Balla et al., 2018). Liu et al. (2011) reported
that HTS causes variation in starch granule (i.e. structure,
shape and size) which depends on the index and duration
of stress. Unexpected changes were observed in starch
granule “A”, when a stress was imposed at the anthesis
stage to wheat (Hurkman et al., 2003). Nonetheless, “A”
granules increases in response to the “B” granules under
increasing HTS and hence their ratio disturbed, which
caused the difference in grains amylose content of different
wheat cultivars under the same HTS (Liu et al., 2011)
leading to the poor texture of final product (food and non-
food) due to reduction in the viscosity of starch (Soh et al.,
2006). Amylose content decreased a in linear fashion with
increasing HTS from 48 to 72 and thereafter to 96h for all
cultivars. Increasing HTS has adversely affected the
performance of starch synthesizing enzymes i.e. AGPase
and soluble starch synthase, which could be the solid
reason for the reduction in the amylose contents in wheat
grain (Hurkman et al.,, 2003). Higher amylose was
observed in the 2" year (Y), which could be due to
differences in temperature for HTS as already seen in the
Figure 1.

Table 2. Grain amylose and amylopectin (%) of selected wheat cultivars affected with imposing high temperature shock
(HTS) with raising temperature effective from the anthesis stage of growth.

. Grain amylose content (%) Grain amylopectin content (%)
Cultivars (C) 2017-18 __ 2018-19 Mean 2017-18 _ 2018-19 Mean
Pirsabak-2005 14.60 15.82 15.21+0.16° 85.40 84.18 84.79+0.00°
Pakhtunkhwa-2015 16.72 19.18 17.95+0.232 83.28 80.82 82.05+0.01f
Pakistan-2013 15.53 19.36 17.45+0.14° 84.47 80.64 82.55+0.01°
DN-84 13.91 16.76 15.34+0.14% 86.09 83.24 84.66+0.01°
P-2 (Line) 10.74 12.26 11.50+0.21° 89.26 87.74 88.50+0.012
P-12 (Line) 16.08 16.74 16.41+0.22° 83.92 83.27 83.59+0.01¢
P-18 (Line) 15.19 16.18 15.68+0.09¢ 84.82 83.82 84.32+0.01°¢
LSD (0.05) for C 0.59 0.76 0.47 0.59 0.76 0.47
High temperature shock (HTS)
Control 21.57 23.45 22.51+0.222 78.43 76.55 77.49£0.012
48 h 15.78 18.56 17.17+0.42b 84.23 81.44 82.83+0.01°
72h 12.9 14.44 13.67+0.34¢ 87.11 85.56 86.33+0.02¢
96 h 8.48 10.01 9.24+0.22d 91.52 89.99 90.76+0.02¢
LSD (0.05) for HTS 0.45 0.57 0.36 0.45 0.57 0.36
Year mean 14.68+0.50 16.61£0.90  15.65+0.17 85.32+0.02 83.39+0.09 84.35+0.17
Source of Variance Grain amylose content Grain amylopectin content
df MS F-Value MS F-Value
Year (Y) 1 157.195 113.086 157.19 113.09
Replications within year 4 1.39 1.39
High temperature shock (HTS) 3 1320.79 1925.949 1320.79 1925.95
Cultivars (C) 6 106.432 155.197 106.43 155.2
HTS x C 18 14.82 21.610 14.82 21.61
Y x HTS 3 3.671 5.352 3.67 5.35
Y xC 6 7.912 11.537 7.91 11.54
Y xHTS xC 18 1.48 2.158 1.48 2.16
Error 108 0.686 - 0.69
Total 167 CV =5.29 CV =10.98

Means followed by different letters within a category of treatment are statistically different using the least significant difference (LSD) test; * (P<0.05),

** (0.01) and NS == Non-significant.
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The interaction (HTSxY) also exhibited higher
amylose in control in year 2 (Figure 3a), which was due to
changes in the mean daily temperatures in the crop growing
season. Literature also confirmed that as compared to
normal conditions, crops exposed to HTS at anthesis
showed lower starch content (Liu et al., 2011). The
temperature at the crop anthesis stage was higher than 30°C
and hence has shown marked differences in amylose
content by extending the HTS duration. Treatment
interaction (CxHTS) also exhibited a stable reduction in
amylose content of cultivars exposed to HTS, but with
varying rates (Figure 3b). Pakistan-2013 showed relative
resistance to HTS for decreasing the amylose content.
Sangu (2018) reported that HTS at the post-anthesis stage
of the wheat crop varies the starch granules and hence

reflects changes in the amyloplast number in grains.
Hawker and Jenner, (1993) confirmed that starch synthase
was reduced by exposing spike to HTS for single day. It s,
therefore, obvious if the HTS duration is extended, then a
significant change in amylose content is supposed to be
expected in wheat grains. Interaction (CxY) showed
significantly higher amylose for year 2 in all cultivars with
a marked increase in Pakhtunkhwa-2015, Pakistan-2013
and DN-84 (Figure 3c). Interaction (CxHTSxY) also
showed a significant reduction in amylose content by
increasing HTS in both years (Figure 3d). Pakhtunkhwa-
2015 and Pakistan-2013 exhibited relative resistance to
HTS and P-2 susceptibility. Similar findings were also
reported by earlier researchers (Beckles and Thitisaksakul,
2014).
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Figure 3. Interaction of (a) high temperature shocks x year, (b) cultivars x heat shock, (c) cultivars x year, and (d)
cultivars x high temperature shocks x year effects on wheat grain amylose content (%) of the selected cultivars exposed
to high temperature shocks at anthesis. LSD values of the mean are shown in vertical bars.
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Grain Amylopectin Content

Amylopectin content in wheat grains was found
significant (P<0.05) for cultivars, HTS their interactions
(Table 2). Two years’ averages, revealed greater (P<0.05)
amylopectin in wheat cultivar P-2, followed by Pirashak-
2005, which was statistically similar with DN-84 while, the
lowest in Pakistan-2013. Grain undergoes HTS during
growth shows variation in compositions of starch granules
(e.g. differences in structure, shape and size) as compared
to normal conditions of growth (Zhang et al., 2006). The
ellipsoidal shape and fissures appearance of the grain has
shown variation to HTS with differences in the different
cultivars. The changes observed in amylopectin might be
due to changes in starch composition, concentration and
viscosity, which have caused changes in the amylopectin
content of cultivars (Schirmer et al., 2013). Amylopectin
increased with increasing HTS. Increasing HTS durations
brought a difference in the amount of total starch in wheat
grains and ratios of amylose to amylopectin. Branlard et al.
(2015) reported that the starch accumulation severely
affected in developing grains under HTS at the anthesis
stage due to changes in the distribution starch granule sizes.
In starch amylose and amylopectin are the two major
classes of polymer consist of straight and branch chained
molecules. The ratio of amylose to amylopectin increases
under HTS (>30°C) which reduced the elasticity of dough
(Hurkman et al., 2003). Amylopectin was higher in year 1,
which was due to changes in the seasonal temperature.
However, changes in amylopectin of cultivars associated

with their starch composition in grain that responded
differently to HTS.

Interaction (HTSxY) showed a higher (P<0.05)
amylopectin in the year 1 for the control and rest of
treatments (Figure 4a). It is evident from the literature that
temperature differed within years. This resulted in changes
for HTS with varying indices. Changes in amylopectin
content were observed accordingly with changes in HTS of
years (Patindol et al., 2014). The differences in ambient
temperature as well as stress index when crop faced HTS
at anthesis stage resulted in higher amylopectin content.
Interaction (CxHTS) reflected an increasing trend in
amylopectin of cultivars with increase HTS from control to
every next day shock (Figure 4b). The highest amylopectin
was observed in P-2. Extending HTS significantly
(P<0.05) reduced the ratio of types “A” and “B” starch
granules and caused variations in cultivars with HTS and
its durations. In literature, the ratio of starch granules (e.g.
A-type) was significantly (P<0.05) increased with
increasing HTS at wheat grain development (Beckles and
Thitisaksakul, 2013). Interaction (CxY) also showed
similar a trend with higher amylopectin in all cultivars for
year 1 (Figure 4c). The HTS had negative effects on starch
formation in grains and year 1 differed in HTS than the
year 2, and hence recorded higher amylopectin for year 2
when the crop was entered in the reproductive stage of
growth. Interaction (CxHTSxY) also showed a higher
amylopectin content for both years with increasing HTS
(Figure 4d).

Table 3. Grain gluten and N-content (%) of selected wheat cultivars affected by high temperature shocks (HTS) with
raising temperatures effective from the anthesis stage of growth.

Cultivars (C) Grain wet gluten content (%) Grain nitrogen content (%)

2017-18 2018-19 Mean 2017-18 2018-19 Mean
Pirsabak-2005 20.80 22.41 21.61+0.43°¢ 2.37 2.42 2.39+0.12°¢
Pakhtunkhwa-2015 20.22 22.51 21.37+0.87¢ 2.44 2.52 2.48+0.25b
Pakistan-2013 29.91 31.27 30.59+0.36° 2.34 2.42 2.38+0.39¢
DN-84 32.07 33.44 32.75+1.012 2.21 2.28 2.24+0.29¢
P-2 (Line) 15.38 17.41 16.39+0.54 2.47 2.58 2.52+0.152
P-12 (Line) 18.55 20.75 19.65+0.23¢ 2.48 2.57 2.52+0.072
P-18 (Line) 17.92 18.84 18.38+0.35° 2.50 2.58 2.54+0.102
LSD (0.05) for C 0.93 1.39 0.83 0.05 0.05 0.04

High temperature shocks (HTS)
Control 27.89 29.11 28.50+0.332 2.00 2.05 2.02+0.66a
48 h 22.78 25.14 23.96+0.49° 2.25 2.33 2.294+0.99b
72h 20.37 22.29 21.33+0.27°¢ 2.54 2.65 2.60+0.55¢
96 h 17.45 18.69 18.07+0.27¢ 2.81 2.90 2.86+0.54d
LSD (0.05) for HTS 0.7 1.05 0.63 0.04 0.04 0.027
Year mean 22.12+0.31 23.81+0.54 22.96+0.43 2.40+0.31 2.48+0.27  2.44+0.01
Source of Variance Grain wet gluten content (%) Grain nitrogen content (%)
df MS F-Value MS F Value

Year (Y) 1 119.25 519.26 0.27 39.36
Replications within year 4 0.23 0.01
Heat temperature shock (HTS) 3 816.29 389.58 5.53 1426.21
Cultivars (C) 6 933.97 445.75 0.28 73.26
HTSxC 18 174.29 83.18 0.08 20.38
YXHTS 3 3.22 1.54 0.01 1.55
YxC 6 1.56 0.74 0.00 0.56
YxHTSxC 18 0.88 0.42 0.00 0.32
Error 108 2.10 0.00
Total 167 CV = 6.30 CV = 255

Means followed by different letters within a category of treatment are statistically different using the least significant difference (LSD) test; * (P<0.05),

** (0.01) and NS == Non-significant.
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Grain development at HTS (>30°C) caused significant
changes in the composition of starch i.e. dough
characteristics which ultimately shows variations in
amylopectin (Hurkman et al. 2003). Cultivars responded
differently in starch content due to their resistance level at
the stage of growth and development to HTS and grain size
and its outer layer (Dias et al., 2008) primarily due to the
inactivation of key starch synthesizing enzymes (Sharma et
al., 2019). Results showed severity index lower in year 1,
resulted in higher amylopectin in wheat grains.

Grain Wet Gluten Content

Grains wet gluten content (%) in wheat grains were
significantly (P<0.05) varied for cultivars, HTS and their
interaction (Table 3). Two years averages, revealed higher
gluten in DN-84, followed by Pakistan-2013. However, the
cultivar Pirsabak-2005 was the same in gluten with
Pakhtunkhwa-2015 whereas, lowest in P-2. Gluten
differences in cultivars are associated with cultivar and
environment interaction. Slight changes in temperatures
have caused variations in the gluten of same cultivars for
the season due to changes in percent N. Gluten in wheat

grains are glutenin and gliadin and good backing of the
wheat grains associated with a fraction of the glutenin
(Laino et al., 2010). Plant subjected to HTS during grain
development, glutenin fraction of grain decreased and
gliadin increased, which disturbed their ratio and hence has
an adverse effect on grain quality (Laino et al., 2010). In
this study, a weak dough was the reason for low gluten in
cultivars treated with different HTS at anthesis. Gluten
showed a consistent reduction with an increase in high
temperature shock. Gooding et al. (2003) published that
dough strength and sedimentation index reduced in wheat
grain subjected to temperature shock (>30°C) when plant
changes from vegetative to reproductive stage. A reduction
in dough elasticity was seen when HTS duration extended
from control. Differences in gluten between years were
also due to changes in HTS for two seasons (ltani et al.,
2004). The HTS in year 1 was relatively mild than 2 (Figure
1).

Interaction (CxHTS) showed diversified responses
(Figure 5a). Both Pakistan-2013 and DN-84 showed an
increase in gluten content. It was confirmed that the
magnitude of change in gluten affects grain flour quality
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(Branlard et al., 2015). Both intensity and duration of the
HTS are important to be taken into consideration during
grain development to harvest good grain quality.
Temperature 30°C or above at the anthesis stage of wheat
crop and thereafter for grain development is important to
be taken into consideration for wheat used for bread
regarding protein and gluten (Stone, 2001). It has been also
confirmed in literatures that gluten content increased
(P<0.05) when the temperature exceeds 35°C during grain
development (Stone and Nicolas, 1995). We noticed a
considerable increase in gluten at 37°C in Pakistan-2013
and DN-84.

Grain Nitrogen Content

Grain N content (%) differed (P<0.05) for treatments
cultivars, HTS and their interaction (Table 3). Higher N in
grain was recorded in P-2, P-12 and P-18, which were
statistically at par (P<0.05), followed by Pirsabak-2005
and lowest in DN-84. Grain development is mainly
influenced by soil and environment during the crop growth;
nutrients and water do play a significant role in source-sink
assimilate distribution. Imposing HTS at post-anthesis has
also adversely affected grain and the grain N as dilution
factor with shrinking grain size and reducing it weight.
This has shown a reduction in grain size and an increase in
N content (Asim et al., 2012; Nuttall et al., 2017). Gain N
increased with extension in HTS duration from control (i.e.
no HTS) also agreed with findings of published literature

(Nuttall et al., 2018). A 6% higher grain N observed
extending HTS for 4 days, with further extension in HTS
duration had increased by 12% compared to the control
(Nuttall et al., 2018). We, therefore, observed differences
in grain N between seasons due to changes in the HTS for
years, which could be due to accelerated N synthesis
(Farooq et al., 2011).

Interaction (CxHTS) exhibited a similar increasing
trend in grain N for all cultivars with differences for HTS
durations (Figure 5b). Cultivars showed an almost similar
increase in grain N with HTS except for Pakistan-2013 and
DN-84 with a mild change. Cultivars response differed to
abiotic stresses, exposed plants to HTS at anthesis showed
an increment of grain-N by + 0.03% per degree rise in the
temperature during the early grain growth (Nuttall et al.,
2018). It has been proved that slow growth of grain filling
at mild temperatures has accumulated more starch and
protein, hence having good grains for better backing
quality (Farooq et al., 2011). Grain develops at a relatively
higher temperature exceeds faster towards maturity and
hence has a poor quality of the baked products (Nuttall et
al., 2017). It is confirmed through literature that longer
grain development duration with optimum temperature has
resulted in better yield and higher quality as compared to
when plants are subjected to stresses of temperature and/or
drought during the reproductive stage of growth (Tomas et
al., 2020).

. C onirol
507 3 148h
— m 72 h
= 40 T —1%h
B
S 30 A T
2 201
I | | i
U | |
E Control
3 48 h
[ R
R — 9%h
§ 30 = = = _ =
£ 251 _ _ah n = - =
g 20 A
an
£ 15 -
E 10 -
05 4
0.0 i i i i i
aﬁi‘(ﬂaﬂ ? ar’lﬁ"l& -a{‘t'ﬁﬁ A3 Dﬂ"ﬁ& 2 p-E PAD
?ﬁ'ﬁﬂn ?aﬂi‘-‘w pads
Cuttivars

Figure 5. Interactions (a) cultivars x heat shock on grain gluten content, (b) cultivars x high temperature shocks on grain
N-content of wheat cultivars exposed to heat stress at anthesis. LSD values of the mean are shown in vertical bars.
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Conclusions

Amylose and amylopectin, important constituents of
wheat grain for making bread, showed strong sensitivity to
high temperature shocks. In addition to year, significant
changes were observed for High temperature shock (HTS)
and durations on grain quality parameters. Cultivars did
differ (P<0.05) in amylose vs. amylopectin ratios, gluten-
and nitrogen-content of grains. Nonetheless, the best
cultivars selection for a location may wisely address the
adverse effects in grain quality of the staple-food e.g.
wheat in areas adversely affected by HTS in a changing
climate.
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