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Abstract
A field experiment was conducted with four wheat varieties Raj4134, HD2733, NW 1014 and K9006 for characterization of heat
stress tolerance traits under heat stress condition. Heat stress was induced by delayed sowing of 35 days from normal date
of sowing so that grain filling stage of wheat could experience severe heat stress. Data related to plant height, chlorophyll
content, starch content and protein profile were done at dough stage of grain filling in both control and heat stress condition.
High yielding wheat varieties HD2733 and K9006 severely affected by drastic reduction in plant height, chlorophyll content,
starch content and yield. Raj4134 and NW1014 remained long stay green at late reproductive stage and also showed peculiar
novel protein band that not appeared under normal condition. Appearance new protein bands might be heat shock protein
that protect heat sensitive enzymes like granule bound starch synthase, soluble starch synthase etc. under heat stress that
play key role in grain starch synthesis consequently less percent reduction in yield. Therefore, appearance of novel protein
bands during heat stress and less percent reduction in growth, chlorophyll content, starch content and ultimately yield might
be taken as screening criteria in wheat breeding programme for developing heat stress tolerance varieties in wheat.
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Introduction
Heat stress due to global warming is one of the major

environmental yield constraints for the world wheat
production. The wheat crop faces heat stress at grain
filling stage in the northern part of India. The severity of
heat stress depends upon its intensity, duration and stage
of the crop (Wahid et al., 2007). The occurrence of heat
stress at reproductive stage is more harmful than
vegetative stage as it causes direct effects on grain
number, size of grain, dry weight and finally yield of the
crops (Wollen et al., 2003).

Heat stress reduces the stay green duration by
increasing senescence process (Al Khatib and Paulson,
1984). Early leaf senescence reduces the photosynthesis
process at vegetative stage and limits reseved
photosynthates for future growth. The early senescence
is more critical at reproductive stage, photosynthesis
greatly reduce due to loss of chlorophyll and activity of
heat sensitive enzymes. Thus, plants cope up heat stress

with limited reserves resources at reproductive
development.

Starch synthesis and deposition are affected by
inefficiency of heat sensitive enzymes under heat stress
(Jenner et al., 2003). Thus, heat stress at reproductive
stage reduces the grain yield and quality of wheat (Gooding
et al., 2003).

There is genetic variability in wheat varieties for heat
stress tolerance. The heat sensitive varieties show more
reduction in yield and yield attributing traits as compared
to heat tolerance. The selection of heat tolerance wheat
varieties by physio-molecular approaches for developing
high yielding heat tolerance wheat varieties through wheat
breeding programme is major concerned of this paper.

Materials and Methods
A field experiment was conducted with four wheat

varieties for characterization of its physio bio molecular
traits for heat stress tolerance in wheat. Wheat varieties
were exposed to severe heat stress by 40 days delayed
from normal sowing (15 November) so that grain filling*Author for correspondence : Email: shambhoop@hotmail.com
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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 37-390C. 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). Starch
content (Yemm and Welles, 1954), protein content (Lowry
et al., ), protein profiling (Laemili et al., 1970) and grain
yield were estimated at dough stage of developing wheat
grain under control and heat stress condition.

Results and Discussion
Wheat varieties showed the genetic diversity in plant

height (fig. 1). The maximum plant height was recorded
in K9006 (91.20 cm) while minimum in HD 2733 (64.72)
under control condition. Heat stress significantly reduced
the plant height. The high reduction in plant height was
recorded in HD 2733 (33.25%) and K9006 (25.43%)
while low in Raj 4134 (15.94%) and NW1014 (21.85%)
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 (VollenWeider and Gunthardt Goerg, 2005).

functional during severe heat stress. It needs optimum
temperature for proper function. When temperature
increases 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 and Zaharieva et al., 2001).

Series 1=Control; Series 2=Heat stress and Series 3= Percent reduction over control

Fig. 1 : Effect of heat stress on plant height (cm) of wheat
varieties.

The chlorophyll content varied from variety to variety
under control and stress condition (fig. 2). The high SPAD
values were recorded in K9006 (56) and HD2733 (54)
under control condition. The heat stress reduced stay
green duration of wheat varieties. The maximum reduction
in chlorophyll content was recorded in HD 2733 (29.63%)
while minimum in NW 1014 (9.62%). Tolerant wheat
varieties like NW 1014 and Raj 4134 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

Series 1=Control; Series 2=Heat stress and Series 3= Percent reduction over control

Fig. 2 :Effect of heat stress on total chlorophyll content (SPAD)
in leaves of wheat varieties under heat stress at
reproductive stage.

The banding pattern of dough stage of wheat varieties
significantly differed in normal and heat stress condition
(fig. 3). Many expressed protein bands of HD 2733 and
K9006 disappeared in heat stress condition whereas loss
of bands in Raj 4134 and NW 1014 were very less and it
also showed some new protein bands that were not
showed in HD 2733 and K9006. The grain shape and
size of Raj 4134 and NW 1014 were less affected due to
heat stress in comparison to HD 2733 and K9006. The
appearance of new band under heat stress might be an
indication of heat stress proteins that protect the
configuration of rate limiting enzymes for starch synthesis
(Rampino et el., 2009).

   Raj4134      HD2733     NW1014       K9006
   C        T      C         T     C          T       C      T

Fig. 3 : Variation in expression of wheat protein at dough stage
of wheat varieties under heat stress condition.

C = Control,            T= Heat treatment
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The heat stress significantly reduced the starch
content in wheat varieties (fig. 3). The high starch content
was noted in HD2733 (280.34 mgg-1) and K9006 (269.67
mgg-1) under control condition. But under heat stress,
the HD2733 also showed maximum percent reduction
(40.20%) in comparison to Raj 4134 (26.43%) and
NW1014 (26.88%). The reduction in starch content in
heat susceptible varieties might be due to less efficiency
of granule bound starch synthase activity under heat
stress (Jenner, 1994 and Morell et al., 2001), while heat
tolerance heat varieties forms heat shock protein and
keep pace of rate limiting enzymes for starch synthesis
and showed comparatively less reduction in starch content
under heat stress condition (Rampino et al., 2009).

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).

Conclusion
Heat stress significantly reduced growth, chlorophyll,

starch content and yield of wheat varieties. But the
percent reduction was very high in HD 2733 and K9006
in comparesion to Raj 4134 and NW 1014. Heat tolerant
varieties Raj 4134 and NW 1014 also showed some new
protein bands in dough stage of seeds under heat stress
condition while such banding pattern were not observed
in heat sensitive varieties HD 2733 and K9006. The new
bands might be heat shock proteins that protect enzymes
and protein configuration under heat stress and resulting
less loss in yield and yield supporting component.
Therefore, stay green duration, stability in starch content,
less reduction in growth and appearance of novel protein
bands might be taken as screening criteria for selection
of heat tolerance wheat varieties in wheat breeding
programme.
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