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ABSTRACT: This experiment was conducted to know
the characteristics of kernel growth as affected by various
temperature regimes during grain filling using the variet-
ies Hwaseongbyeo, Ilpumbyeo and Chucheongbyeo. The
rice plants tested were grown in the natural condition at 1/
5000a Wagner pots until flowering, After flowering, the
rice plants were moved to controlled temperature condi-
tions in a phytotron. The minimum/maximum daily tem-
perature in the phytotron was controlled by 12/18, 15/21,
18/24, 21/27, and 24/30°C, respectively. The grain weights
were measured every three days after treatment. The
mean daily kernel growth rate during active grain filling
period showed different responses among varieties under
various temperature regimes. The kernel growth rate of
Chucheongbyeo was seriously reduced as temperature
regimes were decreased. However, that of Ilpumbyeo was
not influenced so critically. Ilpumbyeo showed some
advantages in grain filling under low temperature regimes
compared to Chucheongbyeo. The lag phase in grain fill-
ing of Chucheongbyeo was the longest among tested vari-
eties, followed by Hwaseongbyeo under daily mean
temperature regime of 15°C. Kernel weight of Ilpumbyeo
increased fast in early grain filling phase under low tem-
perature. This characteristic may be favorable for grain
filling in temperate zone where the daily mean tempera-
ture is drastically dropped during grain filling period.
Regression analysis with kernel growth rate and tempera-
ture showed the estimated critical low temperature for
grain filling among varieties were 9°C, 12°C, 13°C in
Ilpumbyeo, Hwaseongbyeo and Chucheongbyeo, respec-
tively. Under moderate temperature the duration of grain
filling of Ilpumbyeo was longer than that of Chucheong-
byeo. However, Under low temperature that of lpumbyeo
was more favorable than Chucheongbyeo.
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haracteristics of grain or spikelets filling of rice is one
of important factors determining grain yield and qual-
ity. In temperate region, especially in Korea, low tempera-
ture gives a severe damage on the growth and yield of rice,
occasionally. Low temperature induces impeding of the
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growth, resulting in the delay of heading. Starch granules
start to accumulate in the caryopsis 3 days after pollination
and the most fast accumulation is attained from 5 to 9 days
after pollination, and the accumulation is finished at about
20 days after pollination(Rangie and Juliano, 1977). In this
period of grain filling, many factors such as tempera-
ture(Zakaria et al., 2002; Huang & Sheng, 2000), sunshine
hours(Kobata et al., 2000), plant nutrition and soil moisture
regime(Jianchang et al., 2002, 2001), and genetical back-
ground(Lee et al., 1996; Seo & Chamura, 1980) affect the
yield determination and grain quality. Among these factors
temperature controls the duration of grain filling of rice. The
process of grain growth can be quantified by the increase in
dry weight and the decrease in water content. The rate of
grain growth is faster and the grain filling period is shorter at
higher temperature. Low temperature in late fall reduces the
grain filling speed as well as grain weight, while moderate
low temperature induces slow grain filling which has good
effect on carbohydrates accumulation and grain quality.
High temperature also influence grain filling adversely, and
induce the immatured grain to increase. Rice grains matured
under 32~40°C conditions can be characterized as imma-
tured and white cored grains. Zakaria et al.(2002) reported
the genetic diversities in the response of grain filling charac-
teristics to high temperature. The high temperature in night
more severely affects grain filling than the day time temper-
ature(Morita, et al., 2002). The optimum temperature for
grain filling in japonica cultivars are 25°C in day and 20°C
in night and 30/20°C in indica cultivars(Huang & Sheng,
2000). There are various reports on the optimum tempera-
ture for grain filling around 20~22°C (Matsushima, 1957 ;
Murata, 1964; Lee & Oh, 1996). The final grain weights
attained at both high and low temperatures are about the
same for IR20, a indica cultivar, suggesting that IR20 is well
adapted to high temperature during ripening. However, in
some japonica cultivars, the final grain weight at 28°C is
about 15% less than that at 16°C. The temperature appears
to have some detrimental effect on japonica cultivars
(Yoshida, 1981).

The adverse environments for grain filling, especially
temperature conditions during grain filling, would be of det-
riment to be worse rice quality. This study aimed to clarify
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the temperature response of grain filling of typical cultivars
and to find out the basic criterion of characteristics for rice
quality determining factors.

MATERIALS AND METHODS

The cultivars used in this study are all japonica varieties,
Chucheongbyeo, Hwaseongbyeo and Hpumbyeo. Chu-
cheongbyeo is an old cultivar which is adapted as a high
quality variety for long period and Hwaseongbyeo and
Ilpumbyeo are newly developed high quality varieties. Plant
materials were grown under natural conditions during sum-
mer season until heading stage and transferred to phytotron
where the temperatures were controlled precisely. Five
regimes were set, as 12 to 18°C, 15 to 21°C, 18 to 24°C, 21
to 27°C and 24 to 30°C, which were controlled daily by fol-
lowing sine curves where minimum and maximum tempera-
ture appeared at 05:00 and 14:00, respectively. Humidity
were controlled as 75% during day time and 80% night, and
light and day length condition were the same as the natural
condition during ripening season in 2002.

Soaked 16 seeds were sown on the surface of a 1/5000a
Wagner pot which suppressed to produce tiller formation.
Panicles from main culms were used for the evaluation of
grain filling in this experiment. Fertilizers were applied at
the rates of 0.44-0.28-0.32 g(N-P,0s-K,0) per pot. Nitrogen
was splitted 40% as basal, 30% at the active tillering stage
and 30% as top dressing at the panicle initiation stage. Phos-
phorous was incorporated in the pot soil as basal and potas-
sium was applied 70% as basal and 30% as top dressing at
panicle initiation stage with nitrogen.

At flowering stage of rice plant the flowering spikelets
were tagged and subjected to 5 different temperature
regimes until maturation and the tagged spikelets were sam-
pled at 7, 11, 14, 16, 19, 21, 26, 31, 41 and 51 days after
treatment of temperature and the spikelets weight measured.
Mature grain was identified as the brown rice which did not
contain chlorophyll on the surface.

RESULTS AND DISCUSSION

Fig. 1 shows the growth rate of grain during rapid filling
stage in relation to grain filling temperature conditions in the
three rice cultivars tested. Daily mean grain growth rate dur-
ing rapid grain filling stage of Hwaseongbyeo increased grad-
ually as increasing the grain filling temperature up to average
daily mean temperature of 27°C. Under the grain filling tem-
perature condition around 15°C, daily mean grain growth rate
was quite different among cultivars. The grain filling speed
was slowest in Chucheongbyeo among the three cultivars
tested, and Ilpumbyeo had some advantageous characteristics

of grain filling rate under low temperature. Under the high
temperature conditions, Chucheongbyeo showed typical char-
acteristics in grain growth rate. The grain filling rate was
rather reduced under the temperature higher than 24°C. This
implied that high temperature during grain filling period was
not favorable in Chucheongbyeo compared to the other ones.
It suggests that too early heading accompanied by early trans-
planting may have some disadvantage for grain filling in Chu-
cheongbyeo. Early transplanting accelerates the development
of rice growth rate and induces early heading date resulting
that grain filling is conducted under high temperature regime.
On the contrary, llpumbyeo had better advantageous charac-
teristics of rapid grain filling under low temperature and high
temperature than Chucheongbyeo. This indicates that llpum-
byeo has more adaptable characteristics under reversed condi-
tions than Chucheongbyeo.

It was reported that there were big differences in grain fill-
ing period among cutivars(Cho, et al., 1987, Sasahara, 1982,
Lee, et al, 1996). This results are in consistency with our
results that the daily mean grain growth rates showed differ-
ent responses among cultivars at the same grain filling tem-
perature and there were interactions between temperatures
and cultivars. Kim et al.(1988) reported that daily grain
growth rate was accelerated until temperature was going up
to 30 (Natago, 1952; Yoshida & Hara, 1977; Tanaka, 1962).
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Fig. 1. Relationship between grain filling rate influenced by tem-
perature in rice cultivars.

Table 1. Mean temperature during various ripening stage of daily
average temperature of normal year (1971-2000) in
Suwon according to heading date of rice.

Mean temperature according to

Days after heading date (°C)
heading date
Aug. 1 Aug. 10 Aug.20 Sep. 1
1~10 26.0 25.7 24.2 225

11~20 25.7 242 229 20.1
21~30 24.0 229 20.5 18.0
31~40 22.7 20.5 184 16.0
41~50 20.3 18.4 16.4 13.7
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This inconsistency with our results means that the responses
of grain filling rate to temperature are different among culti-
vars tested.

Table 1 shows the ripening temperature after the heading
date calculated with 30-year-normal meteorological data in
Suwon. Normally, rice plant shows rapid grain filling period
from 10 days after heading. The temperature condition during
the rapid grain filling period will greatly affect the grain qual-
ity. Normal heading date of Il]pumbyeo and Chucheongbyeo
is around the 20th August. In this case, grain filling rate of
Chucheongbyeo will be more rapid than that of Ilpumbyeo.
However, the grain filling rate of Chucheongbyeo was more
sensitive to low and high temperature regimes than Ilpum-
byeo. This implies that the more early heading date, the higher
temperature be subjected to grain filling period, resulting the
worse condition for grain filling in Chucheongbyeo. On the
other hand, since Ilpumbyeo is less sensitive to the tempera-
ture changes during grain filling the heading date would not
affect greatly on grain filling characteristics.

The changes in the condition of rapid grain filling period
largely affect the appearance of white belly and core, unma-
tured grain etc. due to competition of carbohydrates among
grains(Kim ez al., 1988; Natago, 1952; Zakaria et al., 2002).
If the heading date of Ilpumbyeo is on 20th Aug., the tem-
perature regime during 40 days after heading is 18.24°C. In
this temperature regime the grain filling rate of [lpumbyeo
changed a little compared to that of Hwaseongbyeo and
Chucheongbyeo.

Fig. 2 shows the trends of grain filling under low tempera-
ture after flowering. There are reports showing that the grain
filling proceeds below 15 conditions(Tanaka, 1962; Sato &
Takahashi, 1971; Sasahara et al., 1982) and the grain filling

rates under the low temperature have some varietal differ-
ences(Cho et al., 1987). There were big differences in grain
filling pattern among the three cultivars tested. The grain
weight of brown rice of Ilpumbyeo increased fast at early
phase of grain filling and maintained certain amount of
increment after the fast increasing until 50 days after head-
ing. In Hwaseongbyeo, rapid filling of grain maintained
from 25 days after flowering to 40 days after flowering, but
it stopped after 45 days after flowering. The leg phase of
grain filling in Chucheongbyeo was extremely prolonged
under 15 condition. Rapid grain filling started from 30 days
after flowering and maintained continuously after 50 days
after flowering.

Table 2 represents the relationship between kernel weight
at 31 days after flowering and the grain filling temperatures
for 31 days from flowering. Daily mean temperature during
grain filling were 15, 18, 21, 24 and 27°C. Quadratic equa-
tion was fitted on each cultivar and extrapolation of the
equations was used to estimate the threshold low tempera-
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Fig. 2. Time course changes in brown rice weight under daily mean
temperature of 15°C.

Table 2. Relationship between kernel weight at 31 days(y) after flowering and temperature(x) and extrapolation of threshold temperature

for grain filling.
Cultivar Regression equation R? Threshold temp. for ripening (°C)
Tlpumbyeo y=-0.0866x*+4.0893x-28.557 0.942 9
Chucheongbyeo y=-0.1803x%+8.3978x-78.461 0.995 13
Hwaseongbyeo y=-0.1429%%+6.9261x-62.495 0.974 12
llpumbyeo Chucheongbyeo
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Fig. 3. Matured grain ratio at various grain filling periods under different temperature regimes during grain filling in rice plant.
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ture under which no more dry matter accumulation in grain
occurred. The estimated critical temperature for grain filling
were 9, 12 and 13°C in llpumbyeo, Hwaseongbyeo and
Chucheongbyeo, respectively. The optimum temperatures
for grain filling calculated by the regression equations were
23.6, 23.3 and 24.2°C in Ilpumbyeo, Hwaseongbyeo and
Chucheongbyeo, respectively. Chucheongbyeo showed a bit
high temperature for optimum grain filling compared to
Ilpumbyeo and Hwaseongbyeo.

Takekawa & Shimazaki(1973) reported grain filling pro-
cess had continued for 3 weeks at the grain filling tempera-
ture of 10°C and Tanaka(1962) reported the grain filling
process ceased completely by frost.

Fig. 3 shows the varietal differences in the completely
matured grain ratio during certain period of grain filling from
flowering under different temperature regimes. At the 31
days after flowering Chucheongbyeo had more completely
matured grains than Ilpumbyeo at 24 and 27°C. Because
Chucheongbyeo has smaller grain than llpumbyeo, matured
grain ratio was higher than Ilpumbyeo at high temperature
regimes. However, Ilpumbyeo had more matured grain ratio
at low temperatures of 21, 18 and 15°C. This implies that
Hpumbyeo have more favorable property of dry matter accu-
mulation in grain under low temperature regimes.

Rice quality is determined by various factors during grain
filling. In Korea, grain filling conditions are largely changed
year by year depending on the heading date and cultivars to
be grown. Especially, temperature condition during grain
filling period drastically changed year by year, site by site.
Temperature plays an important role for grain filling prop-
erty. The responses of ripening properties of grain to temper-
ature were investigated using three cultivars, Ilpumbyeo,
Hwaseongbyeo, and Chucheongbyeo. Clear differences in
the responses of grain filling rate to temperature among
tested cultivars were observed. Ilpumbyeo has a good prop-
erty of grain filling rate under low temperature regimes, 15,
18 and 21°C. However, Chucheongbyeo is favorable for the
grain filling in relatively high temperature conditions. The
property of Ilpumbyeo would be advantageous in autumn
climate conditions in Korea.
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