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An experiment was conducted with four wheat varieties i.e. Halna,
HD2733, Raj3765 and K9006 to evaluate heat stress traits in wheat and
consequently development of high yielding heat tolerant wheat varieties.
Heat stress treatment was given by delayed sowing under field condition.
Parameter related to growth and yield attributing traits were observed under
control and heat stress regimes. Wheat varieties Halna and Raj3765 showed
less reduction in plant height, tiller numbers, chlorophyll content (SPAD
value), membrane stability index, grains/spike, test weight and grain yield
under heat regimes comparatively HD2733 and K9006. Though HD2733
and K9006 showed high yield under control condition but its yield
significantly reduced under heat stress at reproductive stage.

Introduction
Abiotic stress factors such as heat, cold,
drought, salinity, and nutrient stress have a
huge impact on world agriculture, and it has
been suggested that they reduce average
yields by >50% for most major crop plants
(Wang et al., 2003). Wheat is also no
exception to this. Among abiotic stresses heat
stress is one of important abiotic stress which
wheat faces today. The average global
temperature is reported to be increasing at a
rate of 0.18°C every decade (Hansen et al.,
2012; Annual Climate Summary, 2010).
Though, heat stress affects the metabolic
pathways at every stage of life of wheat

finally leading to yield reduction, the effect of
high temperature is particularly severe during
grain filling; these losses may be up to 40%
under severe stress (Wollenweber et al., 2003,
Hays et al., 2007). Other effects of high
temperatures are decreased grain weight,
early senescence, shriveled grains, reduced
starch accumulation, altered starch-lipid
composition in grains, lower seed germination
and loss of vigor (Balla et al., 2012)
Future climates will also be affected by
greater variability in temperature and
increased frequency of hot days (Pittock,
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2003). To adapt new crop varieties to the
future climate, we need to understand how
crops respond to elevated temperatures and
how tolerance to heat can be improved
(Halford, 2009).
Materials and Methods
A field experiment was conducted with four
wheat varieties namely Halna, Raj 3765, HD
2733 and K 9006 for characterization of its
physiological traits for heat stress tolerance in
wheat. Wheat varieties were exposed to
severe heat stress by 60 days delayed from
normal sowing (15 November) so that
temperature rise to 35-40oC at grain filling
stage of wheat varieties could experience
severe heat stress condition. General
agronomic practices were done as per needs
of the crop. Heat stress at dough stage of
grain filling ranged between 37 and 39oC.
Plant height was recorded from ground
surface of stem to the tip of stem at grain
filling stage.
Leaf chlorophyll content was estimated by the
chlorophyll meter (SPAD). Membrane
Stability Index (MSI) was determined by
recording the electrical conductivity of leaf
leachate in double distilled water at 40oC and
100oC (Sadalla et al., 1980). Leaf sample
(0.1g) were cut into uniform small size and
taken in test tubes containing 10 ml of double
distilled water in two sets for samples. One
set was kept at 40oC for 30 minutes and
another set at 100oC in boiling water bath for
15 minutes and their respective electrical
conductivities as C1 and C2 were measured by
conductivity meter [EC-TDS analysis ELICO
(CM-183).
Membrane stability index (MSI) was recorded
at reproductive stage of all four wheat
varieties and calculated as percent injury.
Membrane stability index (% injury) was
determined by the given formula,

Results and Discussion
The membrane stability index varied from
variety to variety under control and stress
condition (Fig. 1). The maximum membrane
stability index values were recorded in Halna
(69) and Raj 3765 (63) under control
condition. The maximum reduction in
membrane stability index was recorded in HD
2733 (37.73 %) while minimum in Halna
(17.39 %).
Cell membrane stability, a measure of
electrolyte diffusion resulting from heatinduced cell membrane leakage, has been
used to screen and evaluate different wheat
genotypes for thermal tolerance (Blum and
Ebercon, 1981; Saadalla et al., 1990).
Electrical conductivity has been used as an
index of membrane stability to identify heattolerant genotypes in wheat (Blum and
Ebercon, 1981) and for screening of heattolerant genotypes in different crops (Blum,
1988). When tissues are subjected to high
temperature, electrical conductivity increases
due to damage to the cell membrane and
consequent solute leakage.
The chlorophyll content varied from variety
to variety under control and stress condition
(Fig. 2). The high SPAD values were
recorded in K9006 (65) and HD2733 (63)
under control condition. The heat stress
reduced stay green duration of wheat
varieties. The maximum reduction in
chlorophyll content was recorded in HD 2733
(26.33%) while minimum in Halna (11.46%).
Tolerant wheat varieties like Halna and Raj
3765 remained stay green for long duration at
reproductive stage in comparison to heat
sensitive HD2733 and K9006 wheat varieties.
Chlorophyll synthetic enzymes are heat
sensitive and less functional during severe
heat stress. It needs optimum temperature for
proper function. When temperature increases
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the heat sensitive enzymes denatured and
chlorophyll synthesis process decreases.
The formations of chlorophyll less affected in
heat tolerance varieties as it specific proteins
protect the integrity of heat sensitive enzymes
and remain functional even under heat stress
condition (Vierling, 1991; Zaharieva et al.,
2001).
Wheat varieties showed the genetic diversity
in plant height (Fig. 3). The maximum plant
height was recorded in K9006 (90.84 cm)

while minimum in HD 2733 (70.76) under
control condition. Heat stress significantly
reduced the plant height. The maximum %
reduction in plant height was recorded in HD
2733 (30.75%) and K9006 (24.15%) while
low in Raj 3765 (11.87%) and Halna
(17.25%) under the heat stress condition.
The reduction in plant height is due to fast
phasic change and due to this, vegetative
phase become short and reproductive come
early (Vollen Weider and Gunthardt Goerg,
2005).

Fig.1 Effect of heat stress on MSI value of wheat varieties at reproductive stage

Fig.2 Effect of heat stress on SPAD value of wheat varieties at reproductive stage
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Fig.3 Effect of heat stress on plant height (cm) of wheat varieties at reproductive stage

Fig.4 Effect of heat stress on tiller number of wheat varieties at reproductive stage

Fig.5 Effect of heat stress on test weight (g) of wheat varieties
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Fig.6 Effect of heat stress on grain yield (cm) of wheat varieties

The maximum number of tiller per plant was
recorded in K9006 (10.8%) while minimum
in Halna (8.4%) under control condition (Fig.
4). Heat stress significantly reduced the
number of tillers per plant. The high reduction
in number of tillers per plant was recorded in
K 9006 (68.52 %) and Halna (65.31 %) while
low in HD 2733 (40 %) and Halna (53 %)
under the heat stress condition.
Heat stress during early growth stages
adversely affects formation of first node i.e.
responsible for tiller numbers and resultantly,
it also affects the number of spikelet per plant,
resulting in reduced sink capacity and future
source capability of the plants (Sharma, et al.,
2001).
The test weight varied among wheat varieties
in control and heat stress condition (Fig. 5).
Raj 3765 (44.5 g) showed maximum test
weight followed by HD2733 (42.5 g), K 9006
(42 g) and Halna (38.6 g) in control condition.
Halna (17.14 %) and Raj 3765 (17.98 %)
showed minimum % reduction in test weight
while HD 2733 (48.28 %) and K 9006 (34.12
%) under heat stress condition.
Late sowing markedly reduced 1000 grain
and grain yield per plant by 8.7 and 22%
respectively
(Kheiralland
and
Sherif,

1992).Increasing mean daily air temperature
caused decrease of 2.8mg per degree
centigrade (Weigand and Cuellar, 1981).
The grain yield varied among wheat varieties
in normal and heat stress condition (Fig. 6).
HD2733 showed maximum grain yield (15.07
g) followed by K 9006 (14.98 g) Raj 3765
(13.38 g) and minimum in Halna (10.9 g) in
control condition. Under heat stress condition,
less reduction was recorded in Halna and Raj
3765 comparatively HD 2733, HD 2733 and
K 9006.
According to (Ruwali and Bhawsar, 1998)
grain yield reduced by 5 to 10% per 1oC
increase in maximum/ minimum temperature
due to reduction in biomass, productive
tillers, flowering period, grain number and
1000 grain weight. Heat stress decreases the
yield due to affecting growth and
development processes, lowering the yield
component potential and affecting the activity
of key enzymes that contribute a lot during
grain filling and development (Wahid et al.,
2007).
Heat stress at reproductive stage is major
problem in North-Western part of India. It
significantly reduced the growth, number of
tillers per plant, chlorophyll content, and yield
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of wheat varieties. High percent reduction in
these parameters was recorded in HD 2733
and K9006 in comparison to Halna and Raj
3765. The wheat varieties that had high
membrane stability stay green duration
showed less reduction in growth and yield.
These parameters can be taken as screening
criteria for selection of heat tolerance wheat
varieties.
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