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ABSTRACT

A split plot experiment was conducted during kharif 2012 and 2013 in pots using rice variety PR 118.
The main plots consisted of five heat stress treatments (control, heat stress during tillering, panicle
emergence, anthesis and grain development phase). The sub plots consisted of two treatments (control
and spray of 50 ppm salicylic acid in rice nursery 5 days before transplanting). Heat stress was applied
by placing the pots inside a polyhouse constructed for this purpose. Results suggested that the most
susceptible stages to high temperature (heat stress) in rice were anthesis and grain development.
Maximum reduction (37.0 and 31.5% during 2012 and 2013, respectively) in grain yield was recorded
in pots subjected to heat stress during anthesis stage, and not sprayed with salicylic acid. Next adversely
affected stage was grain development stage without application of salicylic acid, and yield reduction
(17.1 and 17.3% during 2012 and 2013, respectively) due to heat stress during this stage was significant.
Adverse effects of heat stress can be reduced by foliar application of 50 ppm salicylic acid to rice
nursery 5 days before transplanting.
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Plants grow better under a range of abiotic
factors and any deviations from these optimum
ranges leads to changes in physiological processes
in the plant and they may experience stress. Under
changing climatic scenario, extreme of
temperatures and rainfall events are expected.
Some of the significant changes observed in
climate of Punjab were reported by Prabhjyot-
Kaur et al. (2016). These changes may increase
plant stresses. In rice, high temperature at all
stages of development may affect rice
productivity and particularly during flowering,
when it causes spikelet sterility. High temperature
also increases plant respiration, affects
photosynthesis and shortens the grain-filling
duration, combined effect of these leads to lower
productivity (Peng et al., 2004). Many studies
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Introduction

Rice (Oryza sativa L.) is one of the most
important crops globally, and also in India and
Punjab. It is grown over 162 million ha area and
contributes to 34% of global food grain
production (Raj et al., 2016), and is also a staple
food for more than 50% of owrld's population.
On an average, an Indian consumes 83 kg rice
per year. According to Agricultural Policy Vision
2020 of ICAR, India will need 112.4 million
tonnes of rice in the year 2020. Sustainability of
food and nutritional security of India and many
other countries depends upon rice.
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(Peng et al., 2004; Lobell, 2007; Sandhu et al.,
2016) related to effect of change in temperature
on crop productivity are available. Sandhu et al.
(2012) reported that the daily maximum
temperature during 2010 at anthesis (during and
after heading) remained higher than the optimum
(30–33°C) for anthesis (Yoshida, 1978) for 7
consecutive days might have resulted in increased
spikelet sterility and thus reduced grain yield.
Sandhu et al. (2013) highlighted that the
maximum temperature during entire rice season
and vegetative stage was significantly (p=0.10)
and positively correlated with its grain yield.
Samui (1999) observed that in India the rice
productivity is more if rainfall ranged between
100-115 cm, sunshine hours between 250-350 h
for photo-insensitive varieties, maximum and
minimum temperature ranged between 29-32oC
and 23-25 oC, respectively. These parameters vary
annually and intra and inter-seasonal variations
play a pivotal role in determining the final crop
yields.

Studies related to management of rice crop
under high temperature are rarely available in
literature. Some of the studies have shown that
salicylic acid can be helpful in protecting the
crops from harmful effects of high temperature.
Khan et al. (2003) reported that salicylic acid
improved the photosynthetic efficiency, plant
growth and yield. Another study by Iqbal et al.
(2013) found that salicylic acid reduced the loss
of chlorophyll, rubisco activity and showed
maximum protection from heat stress by lowering
ethylene formation through the decrease in ACS
(1-aminocyclopropane carboxylic acid synthase)
activity. Giraudat et al. (1994) reported that
salicylic acid induces tolerance to abiotic stresses
such as temperature, drought and salinity in crops.
These studies highlighted the potential of salicylic
acid to maintain crop productivity under elevated
temperature conditions.

Keeping in mind the facts mentioned above,
the present study was conducted to analyze the
effects of elevated temperature on performance
of rice and to evaluate the efficacy of salicylic
acid in reducing the harmful effects of high
temperature in rice.

Materials and Methods

The experiment on rice during kharif 2012
and 2013 was conducted in pots using PR 118
variety in a split plot design. The main plots
consisted of five heat stress treatments (control,
heat stress during tillering, panicle emergence,
anthesis and grain development phase). The sub
plots consisted of two treatments (control and
spray of 50 ppm salicylic acid in rice nursery 5
days before transplanting). The experiment was
replicated three times. The pots were filled with
10 kg of soil. Before filling the pots the soil was
passed through a sieve and was mixed with hands
to make in homogeneous. Thirty-day old six
seedlings were transplanted on 13th and 12th July
during 2012 and 2013, respectively, and finally
only two seedlings were retained on 10 days after
transplanting. Fertilizers were applied @ 0.75 g
urea, 1.50 g single super phosphate, 0.40 g
muriate of potash and 0.50 g zinc sulphate pot-1

at the time of transplanting. Two more doses of
urea @ 0.75 g pot-1 were applied at 3 and 6 weeks
after transplanting. Weeds were controlled
manually and the pots were irrigated daily with
equal quantity of water. The heat stress was
applied by placing the pots inside (Table 1, for
the period when pots were inside poly house). A
poly house constructed for this purpose. To avoid
excessively high temperature inside the poly
house, its western side was kept open during the
day time; however, during the night all sides were
kept closed. Daily maximum and minimum
temperatures (Table 1) were recorded from inside
and outside polyhouse with maximum and
minimum thermometers, placed on top of the pots.

Results and Discussion

Plant height

The plant height of rice at harvest was
influenced by the heat stress as well as by
salicylic acid (Table 2). Maximum plant height
was observed in pots subjected to heat stress
during tillering stage and plant height in these
pots was higher than control. Similar to the results
of the present study, Oh-e et al. (2007) also found
increase in plant height of rice under high
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temperature than under ambient temperature
condition. Application of salicylic acid
significantly increased plant height by 8.6 and
13.5% cent during 2012 and 2013, respectively,
compared to control. The increase in plant height
with application of salicylic acid might have been
due to improvement in photosysthetic efficiency
and plant growth as reported by Khan et al.
(2003).

Panicle length

The application of heat stress and salicylic
acid non significantly influenced the panicle
length of rice. However, salicylic acid increased
the panicle length by 6.9 and 3.2% during 2012
and 2013, respectively.

Number of panicles per plant

Heat stress at various stages failed to
influence the number of panicles plant-1 of rice
(Table 2). However during 2012, application of
salicylic acid increased (7.8%) the number of
panicles plant-1 of rice but failed to have any
impact during 2013.

Number of grains per panicle

The number of grains panicle-1 of rice (Table
2) was influenced by the heat stress as well as by
the salicylic acid. Heat stress during anthesis
caused a reduction in number of grains panicle-1

only during 2012. Reduction in number of grain
panicle-1 due to heat stress during anthesis was
12.6 and 12.7% during 2012 and 2013,
respectively. Average maximum temperature in
heat stressed pots during anthesis was 37.4 and
38.9 oC during 2012 and 2013, respectively (Table
1). These high temperatures might have adversely
affected anthesis stage as these were higher than
the optimum temperature (30-33oC; Yoshida,
1978). Earlier studies (Tian et al., 2007; Xie et
al., 2009) had reported that high temperatures at
flowering and grain-filling phase caused spikelet
sterility and shortened the grain-filling duration.
It has also been reported that the young
microspore stage shows sensitivity to high
temperature (Satake and Yoshida, 1978).

Salicylic acid significantly increased number
of grains panicle-1 of rice by 13.1 and 11.3%
during 2012 and 2013, respectively. Supporting
the present results, Baohua et al. (2018) reported
that under heat stress, rice plants sprayed with
salicylic acid had higher pollen viability and seed
setting rate as compared to control.

Interaction among heat stress and salicylic
acid treatments was found to be significant in case
of number of grains panicle-1 of rice during the
year 2013 (Table 3). Minimum number of grains
panicle-1 (52.8) was observed in the pots subjected
to heat stress during anthesis stage and not spread
with salicylic acid, and it was significantly lower
than those observed under control conditions.

Test weight and grain yield

Heat stress and salicylic acid failed to have
any significant effect on the test weight of rice
(Table 2). The grain yield of rice was impacted
by heat stress only during 2012; however,
salicylic acid has infleunce it in both the years
(Table 3). Interaction among heat stress and
salicylic acid treatments was found to be
significant during both years. Maximum reduction
in grain yield of 37.0 and 31.5% during 2012 and
2013, respectively, compared to control (not
stressed and without salicylic acid) was observed
in pots subjected to heat stress during anthesis
stage and not sprayed with salicylic acid, and this
reduction was statistically significant. Next
adversely affected stage was grain development
stage without application of salicylic acid and
yield reduction (17.1 and 17.3% during 2012 and
2013, respectively) due to heat stress during this
stage was significant. It has been reported that
extremely high temperatures during the repro-
ductive stages of rice significantly decreases the
grain yield by more than 50 per cent (Zhang et
al., 2018; Fu et al., 2012). Male sterility induced
by heat stress is one of the main reasons that
cause reduction in grain yield of rice (Satake and
Yoshida, 1978).

During both years salicylic acid under
stressed conditions helped in maintaining the
grain yield statistically similar to that obtained
under control (not stressed and without salicylic
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acid) conditions. On an average, salicylic acid
helped to increase the grain yield significantly by
13.5 and 11.7% during 2012 and 2013,
respectively. Baohua et al. (2018) reported that
salicylic acid conferred heat resistance in rice
resulting in higher pollen viability and seed-
setting rates under heat stress. This could be a
reason for improvement in grain yield of rice with
the application of salicylic acid.

Conclusions

The most susceptible stages of rice to high
temperature (heat stress) are anthesis and grain
development. The adverse effects of heat stress
can be reduced by foliar application of 50 ppm
salicylic acid to rice nursery 5 days before
transplanting. However, these are the results of
experiments conducted in pots and needs to be
validated under field conditions.

References

Baohua, F., Zhang, C., Chen, T., Zhang, X., Tao, L.
and Fu, G. 2018. Salicylic acid reverses pollen
abortion of rice caused by heat stress. BMC Plant
Biology 18: 245.

Fu, G.F., Song, J., Xiong, J., Liao, X.Y., Zhang, X.F.,
Wang, X., Le, M.K. and Tao, L.X. 2012.
Thermal resistance of common rice maintainer
and restorer lines to high temperature during
flowering and early grain filling stages. Rice Sci.
9: 309-314.

Giraudat, J., Parcy, F., Bertauche, N., Gosti, F., Leug,
J., Morris, P.C., Bouvier-Durand, M. and
Vartanian, N. 1994. Current advances in abscisic
acid action and signaling. Plant Molecular
Biology 26: 1557-1577.

Kingra, P.K. and Kaur, H. 2017 Microclimatic
modifications to manage extreme weather
vulnerability and climatic risks in crop
production. Joirnal of Agricultural Physics 17:
1-15.

Iqbal, M., Khan, R., Iqbal, N., Masood, A., Per, T.S.
and Khan, A.N. 2013. Salicylic acid alleviates
adverse effects of heat stress on photosynthesis
through changes in proline production and
ethylene formation. Plant Signal Behaviour 8,
e26374.



254 Journal of Agricultural Physics [Vol. 17

Khan, N.M., Qasim, F., Ahmed, R., Khan, A.K. and
Khan, B. 2003. Effects of sowing date on yield
of maize under agro climatic condition of
Kaghan Valley. Asian Journal of Plant Science
1: 140-147.

Lobell, D.B. 2007. Changes in diurnal temperature
range and national cereal yields. Agricultural
and Forest Meteorology 145: 229-238.

Oh-e, I., Saitoh, K. and Kuroda, T. 2007. Effects of
high temperature on growth, yield and dry-matter
production of rice grown in the paddy field.
Plant Production Science 10: 412-422.

Peng, S., Huang, J., Sheehy, J.E., Laza, R.C., Visperas,
R.M., Zhong, X., Centeno, G.S., Khush, G.S.
and Cassman, K.G. 2004. Rice yields decline
with higher night temperature from global
warming. Proceedings of the National Academy
of Sciences U.S.A. 101: 9971-9975.

Prabhjyot-Kaur, Sandhu, S.S., Singh, H., Kaur, N.,
Singh, S. and Singh, A. 2016. Climatic features
and their variability in Punjab. Bulletin:
AICRPAM, School of Climate Change and
Agricultural Meteorology, PAU, Ludhiana.
Pages 88. doi 10.13140/RG.2.2.29571.91688.

Raj, A., Chakrabarti, B., Pathak, H, and Mina, U.
2016. Uptake of iron and zinc in rice crop as
affected by elevated atmospheric carbon dioxide
and nitrogen doses. Joirnal of Agricultural
Physics 16: 80-85.

Samui, R.P. 1999. A note on the weather and rice
yield relationship at some stations in India. Earth
Planet Sci. 108(4): 309-371.

Sandhu, S.S., Mahal, S.S., Vashist, K.K., Buttar, G.S.,
Brar, A.S. and Singh, M. 2012. Crop and water
productivity of bed transplanted rice as
influenced by various levels of nitrogen and

irrigation in northwest India. Agricultural Water
Management 104: 32-39.

Sandhu, S.S., Prabhjyot-Kaur, Gill, K.K. and Bala, A.
2013. Effect of inter & intra seasonal variability
in meteorological parameters on rice productivity
in central Punjab. Journal of Agrometeorology
15: 147-151.

Sandhu, S.S., Prabhjyot-Kaur, Tripathi, P., Patel, S.R.,
Prasad, S.R., Solanki, N.S., Kumar, R., Singh,
C.B., Dubey, A.P. and Rao, V.U.M. 2016. Effect
of rise in intra-seasonal temperature at major
wheat growing location in India: A study using
CERES-Wheat model. Journal of Agro-
meteorology 18: 222-233.

Satake, T. and Yoshida, S. 1978. High temperature-
induced sterility in Indica rices at flowering.
Japan J. Crop Sci. 47: 6-17.

Tian, X., Matsui, T., Li, S.H. and Lin, J.C. 2007. High
temperature stress on rice anthesis: Research
progress and prospects. Chinese Journal of
Applied Ecology 18: 2632-2636.

Xie, X.J., Li, B.B., Li, Y.X. and Shen, S.H. 2009.
High temperature harm at flowering in Yangtze
River basin in recent 55 years. Jiangsu Journal
of Agricultural Science 25: 28-32.

Yoshida, S. 1978. Tropical Climate and Its Influence
on Rice. I.R.R.I. Research Paper Series 20. IRRI,
Los Banos, Philippines.

Zhang, C.X., Feng, B.H., Chen, T.T., Fu, W.M., Li,
H.B., Li, G.Y., Jin, Q.Y., Tao, L.X. and Fu, G.F.
2018. Heat stress-reduced kernel weight in rice
at anthesis is associated with impaired source-
sink relationship and sugars allocation.
Environment and Experimental Botany 155, 718-
733.

Received: October 12, 2017; Accepted: November 28, 2017


