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ABSTRACT
Increased evidences have shown that agricultural crop production to be constrained by
heat stress that can significantly reduce crop growth and development as well as
nutrients uptake. Nitrogen and potassium are two macro-essential nutrients that
influence a number of biochemical and physiological processes that involve in crop
production, and also contribute to the survival of crop exposed to high temperature
tension. Therefore, the current glasshouse experiment was conducted to explore the
effect of nitrogen and potassium fertilizers application on the resistance of rice against
heat stress. The highest decrease in morphological and physiological characteristics
were observed in aborted spikelets per panicle about 2 time, chlorophyll content by
4.23% and plant height by 2.43% over control, meanwhile the fertile spikelets per
panicle by 38.5%, grain yield by 25.25%, the numbers of tillers per hill by 10.76% and
effective tillers per hill by 9.1% decreased in heat stress pots. In case of macronutrients
uptake, the highest decreased in N uptake was observed in straw by 12.45% and
followed by total (12.21%) and grain (11.68%), meanwhile K uptake was decrease in
order of grain(28.96%)> total (18.26%)>straw (13.43%) (P<0.05). The highest rate of
single N application in both sources remediated the morphological characters between
15 to 63%, meanwhile the single K application increased them about 2%. Also, the
fertilizers management remediated the negative effect of heat stress in order of: yield
(<2 times), fertile spikelets (< 2 times), effective tillers (57.6%) and 1000 grains weight
(about 4%) compare to control in applied heat treatments. With respect to single
application of N and K that increased the N and K uptake (grain, total and straw)
averagely about 2.2 and 1.2 times more than control at heat stress pots, respectively, the
highest levels of urea and applied K, increased all uptake parameters averagely about 23 times.

INTRODUCTION1

T

emperature acts as a main driving force of
plant growth and development from
emerging to ripening. An on-going
temperature prediction survey of international
panel on climate change indicated that the average
of earth’s surface temperature has increased by
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about of 2–4 °C at the end of 21th century (IPCC
2007), as a result of both natural and progressing
anthropogenic elements (Eitzinger et al. 2010). But
high temperature as a part of heat stress will
changes the optimum growth conditions and
adversely affects plant growth and yield in all crop
production sites, especially in tropics and
subtropics (Poli et al. 2013) where by the end of the
21st century are predicted to exceed the most
extreme seasonal temperatures (Battisti and Naylor
2009).
Rice (Oryza sativa and Oryza glaberrima) is
one of the important cereals crop grown across the
world paddy fields (Nagai and Makino 2009).
Almost all rice varieties are currently grown in
close to optimum mean temperatures’ regions for
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rice production. Despite of heavily outweigh effect
of temperature increasing in cool weather, but by
any further increasing and/or supra-optimal
temperatures in short period of sensitive stages,
may cause considerable reduction in its grains yield
by 41% by the end of the 21st Century (Ceccarelli
et al. 2010). For wheat, maize and barley, there is a
clearly negative response of global yields to
increased temperatures. Based on these sensitivities
and observed climate trends, we estimate that
warming since 1981 has resulted in annual
combined losses of these three crops representing
roughly 40 Mt or $5 billion per year, as of 2002
(Lobell and Field 2007). High temperature (degree
in combination of high light intensity) stress can
cause serious problems on plant anatomy (Zhang et
al. 2005), morphology and (Giaveno and Ferrero
2003), as well as physiological and biochemical
processes in crop, such as water relations
(Cabañero et al. 2004; Morales et al. 2003; SimõesAraújo et al. 2003), hormonal activities (Maestri et
al. 2002), compatible osmolytes compounds
accumulation (Hare et al. 1998; Sakamoto and
Murata 2002), cell membrane thermostability and
permeability (Martineau et al. 1979a; Martineau et
al. 1979b; Somerville 1991), and photosynthesis
mechanism (Mittler 2002; Posmyk and Janas 2007;
Sharkova 2001; Wise et al. 2004) through
membrane disruptions, metabolic alterations and
generation of oxidative stress (Mittler 2002;
Posmyk and Janas 2007). In rice, high temperatures
(>35°C) induces spikelet sterility (Jagadish et al.
2007; Matsui et al. 1997a), reduction of the number
of germinating pollen grains on the stigma
(Jagadish et al. 2007; Matsui et al. 1997a; Matsui et
al. 1997b; Matsui et al. 2000; 2001a; b), yield
reduction in experimental paddy fields (Oh-e et al.
2007), significant losses in seed set at flowering
(Tian et al. 2007), decreased anther dehiscence,
poor shedding of pollen, poor germination of pollen
grains on the stigma and decreased elongation of
pollen tubes (Prasad et al. 2006a; Prasad et al.
2008; Prasad et al. 2006b) . Analysis of the
temperature and rice yield during 1992–2003 at
International Rice Research Institute (IRRI)
showed that rice grain yield declined by 10% for
each 1 0C increase in minimum temperature of
growing season (Peng et al. 2004).
Mineral nutrition of plants plays a critical role
in increasing plant resistance to environmental
stresses (Marschner 1995). Also, better plant
nutrition can effectively alleviate the adverse
effects of temperature stress by a number of
mechanisms. Temperature stress (high and low)
results in increased generation of the reactive
oxygen species (ROS) due to energy accumulation
in stressed plants which increases the photooxidative effect and damage the chloroplast
membrane. Application of nutrients like N, K, Ca
and Mg reduce the toxicity of ROS by increasing
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the concentration of antioxidants like superoxide
dismutase (SOD); Catalase (CAT) and peroxidise
(POD) in the plant cells (Huang et al. 2004).
Nitrogen as a first essential element (in
amount), among the mineral nutrients, is crucial to
survive agricultural crop against the biotic and
abiotic stresses, especially in temperature stress
tolerance. Of the mineral nutrients, nitrogen due to
its vital responsibility in utilization of absorbed
light energy and photosynthetic carbon metabolism
can justified stresses negative effect on plant
growth (Kato et al. 2003; Huang et al. 2004). This
is severely occurs in N-deficient leaves, where it
leads to a high risk of photo-oxidative damage.
When rice crop exposed to high light intensity, N
deficiency is associated with enhanced lipid
peroxidation (Huang et al. 2004). Kato et al.
(2003), reported that plants grown under highintensity light with a high N supply had greater
tolerance to photo-oxidative damage and higher
photosynthesis capacity than those grown under
similar high light with a low N supply.
Potassium is a macronutrient required in large
quantities by plants and is the most abundant cation
in plant cells. Compared to other macro nutrients,
potassium is not metabolized or incorporated into
other macromolecules. The concentration of K in
the cytoplasm has consistently been found between
100 and 200 mM (Shabala and Pottosin 2010), and
apoplastic K concentration may vary between 10 to
200 or even reach up to 500 mM (White and Karley
2010). K plays essential roles in enzyme activation,
protein synthesis, photosynthesis, osmo-regulation,
stomatal movement, energy transfer, phloem
transport, cation-anion balance and stress resistance
(Marschner 1995). Numerous studies have shown
that the application of K fertilizer mitigates the
adverse effects of drought on plant growth
(Andersen et al. 1992; Sangakkara et al. 2001). It
was also found that potassium fertilization under
water stress conditions at the reproductive stage
could minimize drought stress effects such as
reduction in net photosynthesis, stomatal
conductance and transpiration rate (Fukai and
Cooper 1995). Heat stress can affect many of the
processes involved in the inhibitions of growth,
enzyme activities, photosynthesis, and acceleration
of leaf senescence (Huang et al. 2004). In addition,
heat stress may also lead to direct inhibitions of
nutrient uptake or even to the change of contents of
basic nutrients such as N, K and P in plant tissues
(Huang et al. 2001), thus it is important to
understand how heat stress may be alleviated by the
supply of macronutrients. In spite of accepted
positive effect of heat stress (improve the crop
establishment of rice) in some rice cropping areas,
especially in cool weather (Nakagawa et al. 2003),
but its negative effects heavily outweigh the
positive (Rosenzweig and Parry 1994). Therefore,
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some of the easy access strategies (nutrient
application) that will be targeted by researchers to
mitigate of higher plant against heat stress. Due to
lack of results in tropical rice, the current works
was done to explore the influence of types and rates
of N and K fertilizers on the morphological and
physiological characters of rice in tropics.

MATERIALS AND METHODS
The current glass house study was laid out at
glass houses complex of Universiti Putra Malaysia
during 2012 (latitude 02°59’ N, longitude 101°43
E’ and altitude 64 m above the sea level). The
selected soil (Selangor soil series) was silt clay
loam, with pH of 5.5, 0.55% total nitrogen, 131 mg
L-1 available phosphorus, 0.32 mg g-1 potassium.
Four factors factorial experiment was conducted in
split plot design experiment, using Randomized
Complete Block Design (RCBD) with three
replications. The main plot was heat stress that
contributed normal growing temperature (32oC±2)
and heat stress (38oC±2) during the day with same
temperature at night (22oC±2) at two growth
chambers separately. The subplots were nitrogen
with two sources (Meister-20 (polymer coated
urea) (a new N fertilizer) and Urea, both, in three
rates (0, 120, 160, 120 and 160 kg ha-1), and
potassium in three rates (0, 60 and 90 kg ha-1).
The seeds of MR219 rice variety (the most
common rice variety in Malaysia) were grown in
the plastic basket (40 cm length, 30 cm width and
10 cm diameter). The three 20 days old seedlings
transplanted in pots containing 10 kg well puddle
soil. About 3-4 cm water level was maintained until
the physiological maturity. The P was applied at 60
kg ha-1. The whole P, K in form of Single Super
Phosphate and Muriate of potash were applied
during the soil paddling. Urea was applied as a N
fertilizer in three splits (40% at the transplantingbasal application), 30% at the active tillering (top
dressing) and 30% in the early reproductive stage
(top dressing)), but the whole Meister-20 was
applied at the transplanting time due to its slow
release behavior. Data observation was done by
using the Standard Evaluation System for rice (SES
2002) during maturity stage (Lack et al. 2012). The
number of effective tillers was determined from the
average of three hills in each experimental pot.
Same plants were selected to count panicles per
plant. Fertile, unfertile and aborted spikelets were
counted from ten randomly selected panicles in
each pot. The thousand grain weight was
determined by digital balance. Plants were
harvested when 85 % of grain changed to yellow
color (end of ripening stage) and threshed manually
to determine grain yield per pot at 14% moisture
content. For soil and plant N content were
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measurement by CNS device (Jones 2001). The
SAS program was used to explore the analysis of
variance (ANOVA) of all data at 5% confidence
level and mean comparison was done through
Duncan’s test at 5% probability level.

RESULTS AND DISCUSSION
Effect of Heat stress and Role of Nitrogen on
Morphological Traits of Rice
The
morphological
characteristics
as
influenced by heat stress, N fertilizers and their
interaction are presented in table 1 and figure 1,
respectively. The mean comparison analysis (Table
1) revealed that plant height and chlorophyll
content positively and number of tillers hill
negatively significantly affected by heat stress
treatment alone (P≤0.05). Furthermore, the flag leaf
length just numerically (not significantly) is
influenced by heat stress at 5% confidence level.
The
maximum
percentage
increase
in
morphological characteristics was observed in
chlorophyll content (4.23%) and plant height
(2.43%), meanwhile the numbers of tillers per hill
decreased about 10.76% in presence of heat stress
(38±2 ºC).
Crop architectural adaptation, such as plant
height variability, plays a positive significant role
in their heat stress resistance. The more height the
more leaves and panicles, therefore crops can
tolerate heat stress due to transpiration cooling
effect of leaves which reduces the water
evaporation from anthers and thereby increases
anther dehiscence (Shah et al. 2007). Increase in
plant height by increasing the transpiration
processes can help the crops to avoid from heat
stress through cooling effect. This mechanism was
observed in mung bean (Kumar et al. 2011), wheat
(Hasanuzzaman and Fujita 2013), and N22 rice
varieties and its mutant NH219 (more in the
mutant) (Poli et al. 2013).
Exposure of crops to high temperature resulted
in their reduction and consequently thermosensitive genotypes loss more (Zhou et al. 2012)
compared to more tolerate genotypes (NH219) can
increase their chlorophyll content (Poli et al. 2013).
An increase in the daytime temperature from 25 to
35 °C (but not more than 40°C) enhanced the leaf
chlorophyll content of three selected rice
cultivars(Castilla et al. 2010; Sánchez-Reinoso et
al. 2014; Yun-Ying et al. 2009; Yun-Ying et al.
2008). Conversely, temperatures higher than the
optimum (heat stress) induce numbers of tillers per
hill (Yoshida 1978) and consequently, is the major
character contributing to the yield loss (Shah et al.
2011). Poli et al. (2013) indicated that by exposing
the rice varieties to high temperature the 30 %
reduction of tiller number was observed.
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The rice growth morphological characters and
the chlorophyll content were positively increased
by increase in application rate of both nitrogen
fertilizers, significantly (Figure 1). The maximum
percentage
increase
in
morphological
characteristics was occurred in the number of
tillers, panicle exertion, flag leaf length, and the
chlorophyll content at the highest rate of N
application for both of applied N sources about for
63%, 46%, 27.2%, and 22.7% , respectively.
Approximately two observed characters (plant
height and chlorophyll content) showed
considerable difference with N fertilizer types.
Urea compared to M20 at the rate of 160 kg.ha-1
provides higher plant height (2%) and more
chlorophyll content (4%).

M20 at both heat and no stress pots. The fertilizers
management remediated the negative effect of heat
stress in order of: tiller per hill (61.2%), panicle
exertion (48.65%), chlorophyll content (26.8%) and
plant height (15.5%) compare to control in applied
heat treatments.
Nitrogen fertilizers’ type, rate and application time
have vital effect on optimum rice growth factors
such as rice plant height, tiller number and leaf size
(Dobermann 2005). The plant height increasing
through better crop response to high soluble N
fertilizer (Urea) application compare to slow
release one is probably due to more enhancement
of N availability which promote better plant growth
resulting in higher photo assimilates and
consequently more dry matter accumulation and
higher plant height (Chaturvedi 2005). A number of
research indicated the positively significantly
increase in plant growth and other morphological
and physiological characters (Islam et al. 2007;
Salman et al. 2012). Nitrogen plays a vital role in
plant to mitigate the negative influences of abiotic
stresses, especially temperature stress (Waraich et
al. 2012; Waraich et al. 2011). The higher
temperatures, the higher light intensity, therefore, it
adversely affects crop nutrients uptake and
consequently plant growth and development. Of the
macro-nutrients, N is a key factor in absorbed light
energy utilization and photosynthetic carbon
metabolism (Huang et al. 2004; Kato et al. 2003).
Across the heat treatments, the individual effect of
N at both types and rates were positively significant
on rice growth morphological characters and the
chlorophyll content. Furthermore, as noted earlier
approximately all observed characters value were
higher in Urea compare to M20 treatment. Thus,
the maximum percentage increase was recorded in
the number of tillers per hill, panicle exertion, flag
leaf length, and the chlorophyll content in the heat
stress condition (38±oC) receiving 160 kg N ha-1 in
the form of common urea about for 60%, 40%,
27.2%, and 21.% , respectively, over control. N
supplying can help crops to avoid and/or tolerate
heat stress through some physiological mechanism
such as, scavenging the reactive oxygen species
(ROS) by acting as an antioxidant (Wendehenne et
al. 2001), as a signal in inducement of thermo-

In contrast to N, the individual effect of K
application on heat stress showed three distinct
patterns among morphological characters. Whereas
flag leaf width, flag leaf length and panicle exertion
neither at normal nor at heat stress conditions have
not affected by K application, tillers per hills
(numerically), and plant height and chlorophyll
content (positively significantly) increased due to
applied K, particularly at the rate of 60 kg ha-1
(P≤0.05). The maximum percentage increase was
occurred in the plant height, and the chlorophyll
content at the 60 kg K ha-1 application rate about
for 2%. Similar to individual effects of N and K
fertilizers on recorded morphological and
physiological characters, the interaction impact of
them showed three different performances at
current experiment. As seen in figure 1 where N
and K application levels were plotted, there were
no significant treatments (applied heat, N and K)
effects on flag leaf width and length (pattern 1), but
plant height and chlorophyll content positively
significantly increased even if at heat stress
compare to normal pots (p≤0.05) (pattern 2).
Furthermore, although, tillers per hill and panicle
exertion positively significantly increased at both
heat and no stress conditions (p≤0.05), but the plant
cannot recover the heat stress damage fully. The
maximum increase for all characters were observed
in the highest level of applied K and N. In case of
N fertilizers variation, urea was more effective than

Table 1. Morphological characteristics under heat stress treatments
Heat stress
Tillers
Plant
Chlorophyll
per
Height
Content
hill
(cm)
(SPAD)
Normal
(32±2 ºC)
Heat
(38±2 ºC)
LSD (%)

Flag leaf width
(cm)

Flag leaf
length (cm)

Panicle
exertion
(cm)

15.8 a

106.8 b

35.5 b

1.33 a

28.7 a

4.7 a

14.1 b

109.4 a

37.0 a

1.33 a

28.9 a

4.7 a

0.47

1.82

0.94

0.22

1.68

0.62

In each row, means followed by common letter are not significantly different at 5% probability level by LSD
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Table 2. The impact of heat stress on yield and yield components of rice.
Heat stress
Effective tillers
Fertile spikelets sterile spikelets
(ºC)
Per hill
per panicle
per panicle

Aborted
spikelets per
panicle

1000 grain
weight
(g)

Normal
14.3 a
131.4 a
58.9 b
3.5 b
22.7 a
(32±2 ºC)
Heat
13.0 b
80.8 b
87.3 a
7.3 a
22.0 b
(38±2 ºC)
LSD (%)
1.2
21.9
10.5
3.2
0.66
In each row, means followed by common letter are not significantly different at 5% probability level by LSD.

tolerance (Song et al. 2012) and by inducing
expression of gene encoding small heat shock
protein 26 (HSP26) (Uchida et al. 2002).

Grain yield
(g pot-1)
20.2 a
15.1 b
2.1

There are consistent results regarding the long
term responses of the rice varieties to N fertilizers
at any rate, source and application types (Timsina
et al., 2001) due to N key roles in crop growth and
development (Hirzel et al, 2011). Applied N
fertilizers in form of both Urea and M20 positively
significantly increased yield and yield components
at any rates, particularly 160 kg N ha-1, in the
normal growing conditions (32±o C). The maximum
percentage increase was found about 21 g per pot
and 22.7 g by receiving the highest application rate
for grain yield and 1000 grains weight.
Furthermore, the fertile spikelets per panicle,
effective tillers per hill, aborted spikelets per
panicle averagely increased about 80, 67 and 88%
over control, respectively, with no significant
difference between fertilizer types (Table 3).

grains weight, effective tillers number and fertile
spikletes per panicle was 108, 1.37,64 and 74.6%,
respectively. It was of interest that the number of
sterile
spikelets
and
aborted
spikelets,
unexpectedly, being higher in the heat stress than
normal growing condition. Cao et al. (2009) also
concluded that the relative high yield in heattolerant genotypes of rice is associated with high
levels of photosynthesis rate in leaves that it
significantly related to N suppling. Therefore,
although the effects of short-term high temperature
stress on photosynthesis and grain filling varied
among genotypes and the developmental stages of
plant when exposed to the stress (Restrepo-Diaz
and Garces-Varon, 2013.), the optimal application
of N fertilizers can help crop to survive under heat
stress condition.
In contrast to N, the effect of K application
(singly) on morphological and physiological
characters at heat stress condition indicated two
distinct patterns. Whereas effective tillers per hills
and 1000 grains weight neither at normal nor at
heat stress conditions have not affected by K
application, fertile spikelets per panicle and grain
yield (positively significantly), and sterile spikelets
per panicle and aborted spikelets per panicle
(negatively significantly) affected by applied K,
particularly at the rate of 60 and 90 kg ha-1,
respectively (P≤0.05) (Table 3). In the heat stress
condition, the maximum percentage increase was
occurred in the fertile spikelet per panicle and grain
yield at the 60 kg K ha-1 application rate about 21.5
and 56.7%, respectively, and also the highest
decrease in observed characters was occurred in
aborted spikelet per panicle about 34% at the 60 kg
K ha-1 application rate.

Despite the fact that exposure of high
temperature and N fertilizers application
(separately) during the rice growth stages had
contradictory trends, heat stress effects on crop
growth was significantly mitigated, avoid and/or
tolerate through a number of physiological
mechanism (Wendehenne et al., 2001; Song et al.,
2006; Uchida et al., 2002) when optimum N
nutritional status was considered. Although N
supply led to better growth factors performance
and, consequently, higher yield in both normal and
heat stress conditions compare to control. The
maximum percentage increase in grain yield, 1000

The process of grain filling, the accumulation of
reserve nutrients in the developing and maturing
grain, is also sensitive to environmental conditions
strongly affecting final yield quantitatively and
qualitatively as well (Yang and Zhang 2006).
Sufficient and balance macronutrients application
plays a vital role in increasing crop resistance
(Marschner 1995), and also effective alleviation of
the adverse effects abiotic stresses. Yield and yield
components as well as morphological and
physiological characters showed two various
patterns at current experiment not only by
individual supply of N and K fertilizers but also the

Effect of Heat stress on yield and yield
components
Although the optimum temperature (27 to 32
°C) is the major driving force of crop growth and
development, but the heat stress (high temperature)
negatively affected almost all the observed rice
reproductive characters, except sterile spikelets per
panicles and aborted spikelets per panicle (Table
2). The maximum percentage decrease was
recorded in Fertile spikelets per panicle, grain
yields and effective tillers per hill about 38.5, 25.25
and 9.1%, respectively, while the maximum
percentage increase was done in aborted spikelets
per panicle about 2 time over control.
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Table 3. The impact of different levels of nitrogen on yield components of rice.
Heat
K fertilizer
N fertilizer
Effective
Fertile
stress
(kg ha-1)
(kg ha-1)
tillers
spikelets per
(ºC)
Per
panicle
hill
0
0
9.3 h
81.0 1fgh
120(M20)
abc
15.7
130.0 c
a
160(M20)
16.2
146.3 ab
120(urea)
b-e
14.8
136.0 bc
160(urea)
Normal
(32±2 ºC)

60

90

0

Heat
(38±2 ºC)

60

1000 grain
weight
(g)

Grain yield
(g pot-1)

2.3 l
3.7 h-l
4.0 h- l

22.5 b-g
22.5 b-g
22.8 a-f

10.0 mn
19.3 fgh
24.3 abc

60.0 hij

4.0 h-l

22.8 a-f

20.9 def

137.0 bc

81.7 def

5.7 f-h

22.3 b-h

21.4 def

e-h

jkl

k-l

b-g

9.3
15.0 a-d
16.0 a

87.7
138.3 bc
160.3 a

47.3
53.0 i-l
51.7 i-l

2.7
2.0 l
2.0 l

22.5
22.3 b-h
22.7 a-f

11.6 m
19.8 efg
26.6 a

15.8 ab

141.7 bc

52.3 i-l

5.0 g-j

23.0 a-d

21.4 def

160(urea)

16.2 a

156.3 a

72.7 fgh

4.7 g-k

23.6 a

23.1 bcd

9.5
14.7 def
15.8 ab

e-h

85.3
128.3 c
156.7 a

kl

43.3
58.3 h-k
65.0 ghi

160(urea)

14.3 efg
15.8 ab

138.0 bc
148.3 ab

0
120(M20)
160(M20)

9.2 h
13.7 efg

120(urea)

0
120(M20)
160(M20)
120(urea)

160(urea)
0
120(M20)
160(M20)

h

h

2.0 l
3.3 i-l
3.0 j-l

c-h

22.1
22.5 a-g
22.9 a-e

11.5 m
19.3 fgh
25.3 ab

65.0 ghi
92.7 b-e

2.7 kl
5.0 g-j

23.0 abc
23.3 ab

22.1 cde
25.7 a

48.3 l
75.0 h

74.3 fgh
77.7 efg

5.0 g-j
5.3 f-i

22.0 c-h
21.9 e-h

6.7 o
15.7 kl

14.7 c-f

94.0 def

84.0 def

5.3 f-i

22.1 c-h

18.2 g-k

d-g

gh

ab

a-d

c-h

14.3
13.8 efg

78.0
97.7 de

102.7
100.3 abc

9.3
10.0 abc

22.1
21.9 d-h

16.0 kl
17.0 h-l

8.8 h
13.3 g

58.7 l
80.3 fgh

83.0 def
73.7 fgh

3.3 i-l
5.3 f-i

21.9 e-h
21.3 h

10.5 mn
16.6 i-l

14.5 d-g

99.0 de

81.0 d-g

7.3 def

22.1 c-h

19.2 f-i

d-g

gh

d-g

bcd

c-h

160(urea)

13.8
14.5 d-g

78.0
105.7 d

81.0
84.7 c-f

9.0
8.0 cde

22.1
22.6 a-f

15.8 kl
18.8 f-j

0
120(M20)
160(M20)

8.8 h
13.5 fg

57.3 i
76.0 h

74.0 fgh
88.00 b-f

4.7 g-k
6.3 efg

21.8 fgh
22.1 c-h

8.6 no
15.1 l

14.5 d-g

94.0 def

97.0 a-d

8.3 b-e

22.4 b-g

16.4 jkl

gh

a-d

ab

gh

15.8 kl
15.9 kl
2.4

120(urea)
160(urea)
LSD (%)

Aborted
spikelet per
panicle

0
120(M20)
160(M20)
120(urea)

120(urea)
90

15.8 ab

sterile
spikelets
per
panicle
47.0 jkl
41.7 l
52.3 i-l

g

13.3
14.2 d-g
1.1

77.7
92.3 d-g
13.7

interaction impacts of them. It might be due to the
several mechanism involved in crop responses to
abiotic stress (Chaves et al. 2003). While there
were positive significant treatments (applied heat,
N and K interaction) effects on 1000 grains weight,
effective tiller, effective spikelets (pattern 1), but
the rest positively significantly (statistically but not
economically) increased at heat stress conditions
compare to normal pots (p≤0.05) (pattern 2). On
the other hand, although, the sterile and aborted
spikelets positively significantly increased at both
heat and no stress conditions (p≤0.05), but the plant
cannot recover the heat stress damage fully
(decrease the unfilled grains) through mineral
nutrition application. The maximum increase for all
characters were observed in the highest level of
applied K and N. In case of N fertilizers variation,
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97.0
111.0 a
14.7

10.3
11.3 a
2.1

21.5
22.8 a-f
0.99

urea was more effective than M20 at both heat and
no stress pots. The fertilizers management
remediated the negative effect of heat stress in
order of: yield (more than2 times), fertile spikelets
(more than 2 times), effective tillers (57.6%) and
1000 grains weight (about 4%) compare to control
in applied heat treatments (Table 3). Air
temperature higher than the optimal by inducing
the floret sterility can cause rice yield reduction
(Nakagawa et al. 2003), especially more than 35 °C
(Matsui et al. 1997b). The results of a glass house
indicated that the possible rice grain yields
reduction was found in both indica and japonica
rice varieties. Jagadish et al. (2007) reported that
the high temperature above 33.7 °C only by 1 hour
exposure was sufficient for sterility increasing
through reduction of pollen grains ability to swell,
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Table 4. Effect of heat stress and normal temperature K and N uptakes across all potassium and nitrogen treatments
K uptake (mg pot-1)

Heat stress (ºC)

N uptake (mg pot-1)

Straw

Grain

Total

Straw

Grain

Total

Normal (32±2 ºC)

389.785 a

175.94 a

565.72 a

189.6 a

101.9 a

291.6 a

Heat (38±2 ºC)

337.424 b

124.99 b

462.42 b

166.0 b

90.0 a

256.0 b

41.5

38.8

63.4

23.1

13.5

14.6

LSD (%)

In each row, means followed by common letter are not significantly different at 5% probability level by LSD.

Figure 1. Morphological characteristics and chlorophyll Content under different nitrogen, potassium and heat stress levels treatments.
In each row, means followed by common letter are not significantly different at 5% probability level by LSD; M20= Meister-20
(polymer coated urea), NU=Urea N source

resulting in poor thecae dehiscence (Matsui et al.
2000).
Effect of heat stress on Nitrogen and potassium
uptake
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At any physiological levels (the molecular or
cellular), the photosynthetic process of crop is
closely related to plant N content (Rizhsky et al.
2004). Nitrogen uptake and assimilation are
strongly associated to temperature and optimum N
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uptake and assimilation occur at the normal
temperature (Rizhsky et al. 2003).When the air
temperature is more than optimum for sufficient
period of growth cycle, the rate of N availability,
uptake, leaf N, and also N assimilation decrease
sharply due to blocking or reducing the N
assimilatory enzymes (Prasad et al. 2008). These
changes in enzyme activities could be a result of
changes in amino acid composition as altered by
drought, heat, or combination of drought and heat
(Rizhsky et al. 2004). Nitrate reductase activity, as
an N metabolism regulator, is decreased under heat
stress (Singh and Sawhney 1989). K is also
essential to the performance of multiple plant
enzyme functions, and it regulates the metabolite
pattern of higher plants, ultimately changing
metabolite concentrations (Marschner 2011). Plants
that are continuously exposed to abiotic stress, their
root growth and the rates of K+ diffusion in the soil
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were restricted. Therefore, K adsorption,
acquisition and uptake decrease (Wang et al. 2013).
The mean comparison analysis (Table 1) revealed
that N and K uptake (grain, straw and total)
negatively significantly affected by heat stress
treatment alone (P≤0.05). The maximum
percentage decrease in N uptake was observed in
straw (12.45%), total (12.21%) and grain (11.68%),
meanwhile K uptake was decrease in order of
grain(28.96%)> total (18.26%)>straw (13.43%) in
presence of applied heat stress (38±2 ºC). In case of
lesser N uptake in grain compare to straw, Tahir
and Nakata (2005) indicated that assimilated N
partitioning in various parts of plant is affected by
heat stress and (Ito et al. 2009) showed similar
results for rice where high temperature caused a
significant decrease in N transport from shoots to
ears through phloem pathway. Moreover, high
temperature stress adversely can influence the

Figure 2. Effect of heat, N and K application on K and N uptake
In each row, means followed by common letter are not significantly different at 5% probability level by LSD; M20= Meister20 (polymer coated urea), NU=Urea N source
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photosynthetic capacity (Wise et al. 2004), and
consequently, nutrient uptake reduces through
decrease in straw and grain dry weight. The results
of this experiment are in line with the finding of
Khalatbari et al. (2015) that showed that dry weight
of straw and grain yield, and total K uptake were
decreased 18.8, 25.8 and 18.2 percent compared to
normal temperatures, respectively.
As efficient traditional methods, the
agronomic strategies, such as adequate NPK
fertilizers application, still is quick solutions to
improve rice growth and grain productivity.
Dupont and Altenbach (2003) indicated that the
post-anthesis application of N fertilizers decreased
the negative effect of heat stress on the storage
protein composition. Also the higher levels of
applied N not only increased leaf and grain N
concentration but also led to higher free NH4+
levels in leaves and in developing ears.
In case of individual effect of N fertilizers
(rates and types), the rice N and K uptake
positively significantly increased in all three types
of uptake (grain, straw and total) (P<0.05) by
increasing the N rates at both fertilizers types, but
urea was more effective than M20 due to its better
solubility (Figure. 2). The maximum percentage
increase in N uptake was occurred in the grain,
total and straw at the highest rate of N application
with urea sources about for 2.36, 2.21 and 2.17
times compare to control at heat stress pots,
respectively. Similar with N and lesser extent, the
individual effect of K application on heat stress
positive significant influence on K uptake (P≤0.05).
The maximum percentage increase was occurred in
the at the 60 kg K ha-1 application rate about 1.38,
1.17 and 1.10 times more than control at heat stress
pots at grain, total and straw at the highest rate of K
application, respectively.
Similar to individual effects of N and K fertilizers
on recorded uptake in rice tissues, the interaction
impact of them showed two different performances
at current experiment. As seen in figure 2 where N
and K application levels were plotted against
uptake, there were significant effects of fertilizer
rates and types on grain and straw by M20 highest
level+ highest level of K (pattern 1), but the rests
positively significantly increased even if at heat
stress compare to normal pots (p≤0.05) (pattern 2)
through highest levels of urea and applied K,
averagely about 2-3 times more than control. The
findings are in line with Khalatbari et al. (2015)
that in which the rate of increasing dry weight of
straw and grain yield were more in M20 fertilizer
related to urea fertilizer at high level of nitrogen
compared to check treatment. K uptake increased in
straw and grain with increasing of using N
fertilizer.
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CONCLUSION
Heat stress, either singly or in combination
with other abiotic stresses, may cause
morphological, physiological, biochemical, and
molecular alterations that adversely reduce crop
growth and productivity, and ultimately yield.
Producing an economically significant yield under
heat stress conditions depends on several
agricultural management strategies that contribute
to heat tolerance in the field condition, such as soil
amendments addition and/or adequate and balance
macro-essential nutrients application, both in right
amount and right types. Nitrogen and Potassium,
individually or in combination, in the current cropnutrition research positively significantly increased
the rice growth and productivity in presence of heat
stress as well as normal conditions. The fertilizers
management (combination application of 160 kg
ha-1 and 60 kg K ha-1) remediated the negative
effect of heat stress. With respect to fertilizers type,
applied N and K increased yield about 200%
compare to control. The positive significant effects
of applied adequate fertilizers caused the higher
grain yield by around 2 times, fertile spikelets
closed to 2 times, and effective tillers by 57.6%
compared to control. Furthermore, the highest
levels of N and K, increased their uptake
parameters averagely about 2-3 times. Despite the
clear and positive responses of rice to nutritional
treatments, the value of morphological and
physiological characters in heat stress compared to
normal pots are considerably low. Therefore,
investigating more details about the effect of other
macro and micro nutrient, the right time and
method of application, interaction of nutrient
elements and, soil and plant factors are necessary.
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