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Abstract

Temperature is a primary factor that affects the rate
of plant development and has great impacts on plant
growth, metabolism, and yield. A study was conducted
to analyze the effects of elevated temperature on rice
morphological and the physiological growth. The
research was arranged in a nested randomized block
design consisting of two factors, temperatures and
rice varieties. Elevated temperatures were provided
through the uses of different materials of plastic
roof and walls to have an average and maximum
temperature of 27.6 °C and 41.6 °C (T1); 28.1°C
and 43.8 °C (T2), and 29.5°C and 47.1 C (T3),
respectively. The study used three varieties of rice,
“Ciasem”, “Ciherang”, and “IR64”. All rice varieties
showed significant increases in tiller number per
hill and shoot dry weight, but had a decrease in
the stomatal conductance, transpiration rate, and
SPAD values at grain filling stage with the increasing
temperatures. The number of tiller per hill increased
when temperature was elevated from 27.6 to 28.1
and 29.5°C by about 29.9 and 21.3%, respectively.

Keywords: Oryza sativa, high temperatures, dry
weight, stomatal conductance

Introduction

Global warming represents another challenge for crop
and yield of the plant under abiotic stress (Hedhly et
al.,, 2009). Rising concentrations of CO, and other
greenhouse gases is likely to affect crop production
thus human food supplies (Chakrabarti et al., 2013).
The concentration of carbon dioxide (CO,) increases
from 340 to 400 ppm (IPCC, 2014) with global mean
surface temperature projected to rise by 1.0-3.7 °C
by the end of the century (IPCC, 2014). In addition
to a consistent increase in background global mean

temperatures, plants will also experience heat stress
via increased frequency, intensity, and duration of
heat waves (IPCC, 2014). Barlow et al. (2015) and
Prasad et al. (2011) stated in his review for recent
years on the effect of temperature extremes that
rice crops exposed to excessive heat had a reduced
grain number and reduced duration of the grain filling
period. Temperature is a major factor affecting plant
development. Warmer temperatures as expected with
climate change and the potential for more extreme
temperature events will have negative impacts on
crop productivity (Hatfield and Prueger, 2015).

Rice (Oryza sativa L.) is one of the most important
food crops that supply carbohydrates for half of the
population worldwide, especially in Asia (Teixeira et
al., 2013). Rice is becoming increasingly exposed to
adverse climatic conditions such as heat and water
deficit stress, resulting in significant yield losses. In
recent years, abiotic stress recorded in growing
season of rice has been mapped in South East Asia
(Wassmann et al., 2009). High-temperature stress is
defined as the rise in temperature beyond a critical
threshold for a period of time sufficient to cause
irreversible damage to plant growth and development
(Wahid et al., 2007).

High-temperature stress is one of the limiting factors
in the environment that could damage growth,
metabolism, and yield of a plant, especially those
that are very sensitive to high temperature. Plant
responses to high temperature vary with the degree
and duration of high temperature and the plant type
(Hazanuzzaman et al., 2013). The major impact of
warmer temperatures was during the reproductive
stage of development and in all cases, grain yield in
maize was significantly reduced by as much as 80-
90% from a normal temperature regime (Hatfield and
Prueger, 2015).
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Responses to high temperature in rice differ according
to the developmental stage, with the highest sensitivity
recorded at the reproductive stage (Endo et al., 2009).
The timing and duration of developmental phases,
including flowering is determined by temperature
(Bahuguna and Jagadish, 2015).

High percentage of flower sterility in rice has been
shown to be a result of high temperature; temperatures
of >35°C for more than one hour at anthesis induced
the sterility of female reproductive organ (Jagadish
et al., 2008). High-temperature stress could reduce
the effective duration of pollens to reach the stigma,
hence may lead to the flower sterility in rice. Both the
male and female organs of the flower are especially
sensitive to temperature fluctuations, both during
their development before pollination and during the
post-pollination stage (Hedly, 2011). The unfavorable
influence of high temperature on cereal crop yields
result in the negative impact on the development of
morphological units that contribute to harvest index
(HI) (Barnabas et al., 2008). Increasing temperatures
from 24 to 32°C resulted in reductions in tiller numbers
but had no impact on axillary branch numbers per
tiller (Harsant et al., 2013). Hence, the aim of this
research was to analyze the effects of elevated
temperature conditions on growth, morphology and
the physiological growth of rice.

Materials and Methods
Experimental Site

This research was conducted from September 2017
until January 2018 in the Cikabayan experimental
field at the Bogor Agriculture University, Bogor
(106.717575; -6.548433). Plant physiological
observations were conducted in the Postharvest
Laboratory, Department of Agronomy and Horticulture,
Faculty of Agriculture, Bogor Agricultural University.

Figure 1. Rice growing structures T1 (polyethylene roof with insect screen walls, A); T2 (polyethylene roof and

Experimental Design

This experiment used a nested randomized complete
block design (RCBD) with two factors, i.e. growing
temperature and rice varieties. The experimental unit
was replicated three times, nested in the main factors.
The present study used three levels of elevated
temperatures, (T1) with the maximum and average air
temperature of 41.6/27.6°C, (T2) with the maximum
and average air temperature of 43.8/28.1°C, and
(T3) with the maximum and average air temperature
of 47.1/29.5°C. The three rice varieties used were
“Ciasem”, “Ciherang”, and “IR64".

Fertilizer Application

The fertilizer application was based on the standard
dosage for rice which is 300 kg Urea ha™, 120 kg
SP36 ha”, and 120 kg KCI ha', and applied at 2 g
Urea, 0.8 g SP36, and 0.8 g KClI per plant.

Temperature Treatments

Rice was grown in polybags and maintained under a
lowland system where the water level was kept at 20
mm above the soil surface. The elevated temperature
treatment was created through the use of different
types of growing structures, i.e. polyethylene roof
with insect screen walls with ventilation (T1; Figure
1 A); polyethylene roof and half of the walls are
from polyethylene with ventilation (T2; Figure 1 B);
roof and walls are fully covered with polyethylene,
without ventilation (T3; Figure 1 C). The different
materials used for the growing structures elevated
the temperature inside the structure. Rice crops were
exposed at 14 days after sowing until harvesting. The
air temperature inside the plastic house during the
rice growing season was periodically recorded using
a thermal recorder (TR-71U, T and D, Japan). The
rice crops inside the T1, T2, and T3 plastic houses
were exposed to high temperatures daily from
10:00 to 14:00, 09:30 to 14:00, and 09:00 to 14:00,
respectively.

half of the walls from polyethylene; B) and T3 (roof and walls are fully covered with polyethylene; C)
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The measurement of rice growth is described below:  great impact on the number of tillers as compared to

1. Tiller number per hill was measured at the the normal ambient temperature. Rice tillers started to

maximum vegetative stage or about 55 days develop within 30 days after transplanting (Makarim

after sowing and Suhartatik, 2009). The formation of tillers for all

2. Number of productive tiller was measured rice varieties in this current study increased under

at the generative phase, or around 65 days elevated temperature during the 3 and 4" weeks

after sowing and all varieties seem to have the similar responses.
The dry weight of rice shoots at harvest

4. SPAD value of the flag leaf was measured at  There was no significant interaction between elevated

anthesis using a SPAD-502 plus. temperature and rice varieties in affecting the tiller

5. Photosynthesis rate, stomatal conductance, numbers at maximum vegetative phase. The number

and transpiration of the flag leaf were oftillers per hill at the maximum vegetative phase was

measured from five plants per rice variety significantly affected by the elevated temperature at

at generative phase using a Portable 28.1 and 29.5°C, where there was an increase by

Photosynthesis (Li-Cor 6400XT). about 29.9 and 21.3%, respectively, when compared

to 27.6 °C (Figure 3 a).

w

Results and Discussion According to Jumiatun et al. (2016) the increasing
of tiller numbers is an adaptation mechanism of
Rice Growth plants to decrease temperature. The variable number

of productive tillers (Figure 3 B) did not show a
There was a significant interaction between elevated ~ Significant effect on elevated temperature and
temperature and rice varieties in affecting the tiller ~ Varieties. The productive number of tiller at 27.6, 28.1,

numbers on the 34 and 4% weeks (Figure 2) The and 29.5 °C were 151, 165, and 16.3 reSpeCtiVely
increasing temperature of the environment had a (Figure 3 B) and there were no significant differences
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Figure 3. The effects of elevated temperatures on the number of tillers (a) and number of productive tillers
per hill (b) at the maximum vegetative phase

Evaluation of Growth and Physiological Responses of Three Rice (Oryza satival.) .......... 19



Journal of Tropical Crop Science Vol. 6 No. 1, February 2019

www.j-tropical-crops.com

between rice varieties in response to the elevated
temperatures. Thus, the more tillers produced at
elevated temperature treatment did not lead to
more productive tillers. The increase in the number
of tillers per hill in this study did not have significant
correlations with the increase of shoot dry weight in
all varieties.

The rice shoot dry weight at 29.5°C increased by
24.8 and 15.1% when compared to 27.6 and 28.1°C,
respectively (Figure 4). The results in this present
study was in line with Oh-e et al. (2007), which
showed that the dry weight increased by 12.8-16.4%
at high temperature (30.9°C) compared to the optimal
temperature (control). The increase of hill dry weight
under temperature stress had resulted in a change
in the assimilate partitioning; assimilates for seed
production was diverted into vegetative components
or biomass. Suwa et al. (2010) reported that with high
temperature (35/27°C) there was an increase in the
vegetative biomass and a decrease in yield of corn.
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Figure 4. The effects of elevated temperatures on rice
shoot dry weight
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Correlation test between dry weight and percentage
of filled grain showed a significant difference and
has a negative value with the coefficient correlation
(r = -0.5%), which means the increase in dry weight
may lead to decrease in the percentage of filled
grain (Kurniawan, 2018). The assimilation from
photosynthesis which should be translocated to the
sink, namely grain, is inhibited due to the influence of
the temperature which causes disruption of enzyme
activity. Enzymes play important roles in the life
cycle of plants to provide energy from the process
of catalyzing carbohydrates into simple sugars such
as hexose invertase enzymes. Cheikh and Jones
(1995) reported that heat stress that occurs causes a
decrease in the activity of vacuolar invertase enzyme
(VIN) in converting sucrose to hexose causing a
decrease in starch formation in seeds. According to

Ruan et al. (2010) invertase enzymes and sugars
play significant roles in regulating the crop responses
to drought and heat stress, which in turn affects
the formation of grains. Correlation test between
photosynthesis rate and canopy dry weight showed
significant results with a correlation coefficient of r =
0.4 (Kurniawan, 2018). These results showed that
the assimilates produced from photosynthesis was
collected in the vegetative organs, hence increased
plant biomass. The reduced the rice crop harvest
index under high temperatures was due to the greater
weight of biomass compared to the yield.

Photosynthesis Rate, Stomatal Conductance and
Transpiration Rate

SPAD values/chlorophyll content of the rice flag leaf
is presented in Table 1. The interaction between
temperature and varieties shows no significant
differences in affecting the photosynthesis rate,
stomatal conductance and transpiration rate (Table
1). Variations in the SPAD values during the grain
filling phase indicated the existence of tangible results
from the influence of the ambient temperature that
decreases the SPAD value at increased temperature
environment. The highest SPAD value was at 27.6°C,
which has a higher SPAD value around 19.9 and
16.8% when compared with temperature treatment
of 28.1 and 29.5°C. The highest SPAD value was
in the “Ciasem” variety. SPAD value scoring was
aimed at measuring the chlorophyll content in the
leaves, and these values are affected by light (Xie et
al, 2011). Correlation test in the study of Xie et al.
(2011) reported that there was a strong correlation
between the chlorophyll content and the rice leaf
SPAD values. Leaves exposed to excessive heat at
certain times can cause changes in the chlorophyll
content (Shaheen et al., 2015). The results for the
scoring of the SPAD values indicate the ability of
the leaves to continue producing assimilates during
an exposure to an increase in ambient temperature.
The SPAD values in this study, however, did not
show correlation with physiological characters of rice
varieties, including photosynthesis rate, stomatal
conductance, and transpiration rate.

Another crop response that should be considered as
aresult of the increase in ambient temperature is the
rate of photosynthesis, which affects the production
of assimilates to be translocated to all parts of the
plant. The change in temperature did not affect
photosynthesis rate in this study, and rice varieties
showed similar rates of photosynthesis at all elevated
temperatures. Photosynthesis rate was determined
by the temperature of the plant organ (leaves) when
the ambient temperature reached + 32.5°C at the time
of measurement). The rice crops have the ability to
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Table 1. The photosynthesis rate, stomatal conductance and transpiration rate of rice varieties at elevated

temperatures
; Stomatal _
Treatment SPAD values Pho(tsrsnf;_tgjssli )rate conductan(fe (m-lr-rzzlnapga.:;g.nsﬂ
(mmol.m2.s") 2
Temperature
27.6°C 39.86a 22.45 0.4668 9.15
28.1°C 31.93b 24.80 0.4601 9.59
29.5°C 33.18b 22.84 0.3688 7.82
P-value 0.04 0.63 0.08 0.08
Rice varieties
“Ciasem” 36.50a 23.63 0.4204 8.83
“Ciherang” 34.29b 24.35 0.4615 8.09
“IR64” 34.18b 22.11 0.4138 8.64
P-value 0.04 0.12 0.52 0.83
Temperature x rice varieties ns ns ns ns

Note: values followed by different letters within one column show significant difference according to Least Significant

Difference (LSD) test at P <0.05.

reduce the internal temperature (flag leaf) to + 25.5°C.
This indicates the rate of photosynthesis remains
high even in conditions of increasing environmental
temperature. According to Yan et al. (2008) there is
a 3.61 = 0.54°C temperature differences between
the internal temperature of the plants and the
environment. Therefore the crop can still maintain
their photosynthetic rate at high temperatures.

The rate of photosynthesis is also determined by
the ability of the leaves to maintain the exchange of
CO, in the elevated environmental temperature. The
increase in elevated temperature in this study tends to
reduce stomatal conductance. Stomatal conductance
of the rice crops at 29.5 °C decreased by 26.6 and
24.8% when compared with 27.6 and 28.1°C. The
results in this study were in line with Chakrabarti et
al. (2013), showing that stomatal conductance in
leaves decreased at higher temperature conditions.
The decrease in stomatal conductance has a close
relationship with the rate of transpiration in this
study. Based on the correlation test carried out
between stomatal conductance and transpiration
rate has a strong correlation with the correlation
coefficient (r = 0.7**), which means a decrease
in stomatal conductance may lead to a decrease
in the transpiration rate. The results of this study
supports the findings by Greer and Weedon (2012)
who reported that at high temperature stomatal
conductance and CO, concentrations in cells tend to
decrease and affect the water status in cells. Higher
temperature can cause the stomata to close to
maintain water balance in the plant cells.

The rate of transpiration tends to decrease due at
high environmental temperatures. The transpiration
rate at 29.5°C decreased by 17.0 % compared to
27.6 °C, and by 22.6% when compared to 28.1°C
(Table 1). The lower transpiration rate at 29.5°C
was likely due to the stomatal closure to avoid
excessive water loss at high temperatures, which is
one of the mechanisms of plant adaptation to reduce
transpiration rate and maintaining water levels in
the plant cells, and to stabilize metabolic processes
under stressful conditions.

Conclusion

Environmental temperature of 29.5°C increased
rice tiller number by 21.3 to 29.9% and shoot
dry weight by 15.1 to 24.8 % compared to 27.6
°C. Stomatal conductance and transpiration rate
decreased at 29.5°C, but had no significant effects
on photosynthesis rates of rice “Ciherang”, “Ciasem”
and “IR64".
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