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Studies on the Effect of Temperature During the Reduction
Division and the Grain Filling Stage in Rice Plants
II. Effect of Air Temperature at the Grain Filling Stage

in Indica~Japonica Crosses
Kim, Kyu Chin*

kiEe RSB W BRAN UM EEREN S HFE
# 2% K Indicax Japonica &S] BAMIP sloiq el BRERG
&« = =m

ABSTRACT

The effects of air temperature on the grain filling stage of indica-japonica crosses were studied in artificial
temperature<ontrolled cabinets, using Indica-Japonica crosses (Suweon 264, Suweon 258 and Milyang 29),
Indica (JR 36 and Lengkwang) and a Japonica rice (Jinheung).

The optimum temperature to achieve maximum grain weight during the grain-filling stage was 26/18°C
for all varieties. Within the temperature range of 13 to 28°C, the grain filling period was shorter as the tem-
perature was increased.

At the highest temperature (32/24°) the upper-position grains (“special spikelets”) of IR 36 required 13
days after flowering to reach the maximum weight, in Jinheung 23 days, in indica-japonica varieties (Suweon
264, Suweon 258, and Milyang 29) 18 days, and in Lengkwang, 23 days.

In the case of Lengkwang, at 32/24, 29/21°C and 26/18°C temperature range the upper-position grain also
required same 23 days after flowering to reach the maximum weight.

At the lowest temperature range of 17/9°C, Jinheung required 68 days and Lengkwang 53 days after
flowering to reach maximum grain weight.

The whole panicle took 10 to 15 days later than the special spikelets to reach the maximum weight. At
iower-than-optimum temperature range (17/9°C and 20/12°C), all IR 36 plant died within 15 days after
flowering. In the case of indica-japonica varieties all plants died within 15 days only at 17/9°C.

There were more chalky grains when the temperature was higher and lower than optimum. The highest
and lowest temperature range produced dead rice (black and dark red rice).

Lower than optimum temperature ranges (17/9°C and 20/12°C) affected grain quality (length, width and
depth) at these temperature ranges, grains were shorter, narrower, and thinner than grains at the optimum
temperature of 26/18°C.

With regared and the effects of temperature on frequency of grain weight at grain filling stage of indica
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variety IR 36, the highest (32/24°C) and lowest (23/15°) temperature ranges matched the frequency of grain
weight curves. In Japonica variety Jinheung, at the three temperature ranges, that is, lowest (17/9°C) highest
(32/24°C) and optimum (26/18°C), the frequency of grain weight curve showed very different patterns,
In the case of indicaj-aponica variety Suweon 258, the frequency of grain weight curve was miQway bet-

ween that of [R 36 and Jinheung.

INTRODUCTION

Air temperature is a very important ecological
factor which may have a profound influence on the
quality of rice grain and grain yield.

In rice, within the optimum temperature range
(from 15°C-18°C to 30-33°C), higher temperatures,
in general, favour the growth and development of
the rice plant (Nishiyama 1974). The rice plant
during this period carries on morphological dif-
ferentiation as well as increasing dry matter. Grain
yield is essentially determined through two pro-
cesses, spikelet formation before heading and grain
ripening after heading. Consequently, many studies
have been done on the functional relationship be-
tween the related main factor and the reproduc-
tive growth of rice. In temperate zones, the rice
crop is normally harvested before temperature
drops below 13°C (YOSHIDA, 1978). In recent
study, it was observed that the ripening grade,
as expressed by grain yield per spikelet number,
was mainly governed by the climatic factors at
the two stage of 20 days before heading and 20 days
after heading (MUNAKATA, 1974). The effect of
solar radiation was positive through the reproduc-
tive stage, while the effect of temperature was not
simple. The negative effect of low temperature on
ripening grade was most severe at 20 days before
heading stage, followed by that at 10 days after
heading stage. Also, a negative effect of high tem-
perature was observed around heading time. The
optimum temperature for ripening grade was 26°C
at heading, followed by 23°C at (-20) stage and
22°C at (+20) stage under normal solar radiation.
In temperate zones, the crop is normally harvested

before temperature drops below 13°C (Yoshida

1978). After flowering, temperature becomes the

dominant factor affecting duration of the ripening
period. Thus temperature dominate for about 30
days from flowering to maturity in the tropics.
But for 65 days in South wales, Australia, and Hok-
kaido, Japan (Tanaka and vergara 1967). Variety
slightly influences the duration of the ripening
period; varieties with greater grain size require
longer time to mature (Yoshida 1977).

In studies on Indica-Japonica variety “Tongil”
at the ripening stage, it was found that as tem-
perature decreased translocation of assimilate to
grains was retarded more rapidly in Tongil com-
pared to Jinheung (Heu 1978). There are many
reports on Japonica varieties of rice in Japan which
yielded evidence that the optimum air temperature
for the ripening of rice is about 20° to 22°C and
that higher or lower temperature than this optimum
may impair the grain yield (Aimi et al, 1959;
Matsushima et al, 1957; Murakai; 1973). Most
studies an the effects of temperature at the grain
ripening period have been done on Japonica and
Indica varieties. But there is no report of detailed
data on the effects of air temperature on the Indica-
Japonica crosses at grain-filling stage. The objec-
tive of this study is to find out the effects of air
temperature on the Indica-Japonica varieties at the
grain-filling stage.

MATERIALS AND METHODS

Varieties

The varieties used were Indica-Japonica crosses
(Suweon 264, Suweon 258, Milyang 29), Indica
(IR36, Lengkwang),:Japonica (Jinheung) rice.
Controlled environmental conditions

This experiment was conducted in the biocli-
matic laboratory of the IRRI at Los Banos, Phili-
pines. The plants were grown in the phytotron
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glasshouse room wuntil 3 days after flowering,
after which they were transferred to artificially
temperature controlled cabinets, Koitotron KG-106
SHL-D cabinets. The relative humidity of the
glasshouse room was maintained about 75 percent
while the temperature was kept at 29°C between
09:00 and 17:00 hr and 21°C during the night.
Daylength was according to natural conditions.
In the artificially lighted cabinets, light was pro-
vided by 11 x 400 W Toshiba Yoko lamps DR
400/T and 12 x 40 W Mitsubishi white fluorescent
lamps. The spectral composition of the radiation
is similar in the visible region to that of sunlight.
Daytime was from 06:00 to 18:00 hr. The relative
humidity in the artificially lighted cabinets was
maintained at 70 percent during daytime and 80
percent during the night.

Cultural methods

Each pot contained 3.5 kg Maahas clay soil
fertilized with 1 g N, 0.5 g P, 05, and 05gK,0 and
was put into a 4-liter plastic pot. For seed spacing,
20 sowing holes were made uniformly in size, depth
and interval, in a circle by pressing the soil surface
in pots. One pregerminated rice seed was placed in
each hole. The sown seeds were covered by fine
upland soil.

Temperature treatment

Each variety was subjected to air temperature
treatment at the grain filling stage (3 days after
heading to harvest).

The daily mean temperature varied from 13°C
to 28°C with a constant day-night temperature
difference of 8°C. Thus, at a daijly mean tempera-
ture of 13°C, the day temperature was 17°C and the
night temperature was 9°C; this is expressed as
20°/12°C. Thus, each temperature combination
(day/night) may be expressed as follows: 17°/9°C,
20/12°C, 23/15°C, 26/18°C, 29/21°C, 32/24°C.
Grain sample and measuring procedures

Grain samples were collected from the panicles
of the main culm at anthesis, 3 days later, and then
every five days. To measure the length of the
grain filling period, nine grains were sampled from

the 3rd, 4th and 5th position from the top on three
upper primary branches with the same flowering
date. It was replicated three times. The panicles
from which the nine grains were sampled were
allowed to ripen to maturity and were used for
measurement of yield components. The sampled
grains and panicles were weighed immediately
after harvest to record the fresh weight, then oven
dried for 3 days at 70°C, and finally weighed for
dry weight.

The grains were separated by hand into filled
and unfilled grains. Unfilled grains were further
divided by the iodine test into unfertilized and
partially filled grains.

Grain quality and measuring

At maturity, 15 selected panicles were harvested
for yield components and grain quality. In each of
300 randomly sampled grains the husk was removed
and examined visually for chalky grains, green grains
and dead grain (black rice).

Grain dimensions were determined as follows:

Grain length {mm): Longitudinal dimension
measured from 10 well-developed grains as the
distance from base to tip. A dial-type Vemnier
caliper was used.

Grain width (mm): diameter measured

Length

Depth

L} wigtn

Fig. 1. Grain dimensions

from 10 grains as the distance at the widest point
(Fig. 1). A dial-type Vernier caliper was used.

Grain depth (mm): Lateral diameter measured
from 10 grains as the largest distance between the
two lateral sides in the middle part of the caryposis.
A dial-type Vemier caliper was used.
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RESULTS

1. Growth condition (leaf activity) during
the temperature treatment.

At the lowest temperature 17/9°C, the leaves
turned light yellow 1 day after treatment in all
varieties. From 3-4 days after treatment, in IR36
and indica-japonica crosses the leaf tip (top part)
tumned light-red, and then 1 week after treatment
the leaf tip was slowly wilting, but in Jinheung and
Lengkwang, it only turned yellow. Only Jinheung
had small brown spots on the leaf surface. About 2
weeks after treatment, IR36 and indica-japonica
crosses died slowly, but in Jinheung and Lengkwang,
the leaves turned yellow green and grain filling was
very slow.

At 20/12°C, IR36 and indica-japonica varieties
also had leaf discoloration 3 days after treatment.
In Jinheung and Lengkwang, the leaves turned light
yellow. In IR36, 2 weeks after treatment the leaf
tip began to roll and then started dying. However,
in indica-japonica crosses the leaves remained green
and grain filling was much slower.

At 23/15°C, IR36 and indica-japonica crosses
had only slight leaf discoloration 1 week after
treatment. On the other hand, at the highest tem-

perature 32/24°C, eadier leaf senescence was

24

"

29/21°C

i2r

Grain weight (mg/grain)
-
T

26/18°C

observed in IR36 and indica-japonica crosses.

2. Effects of temperature on grain filling

The grain filling period was shorter within the
daily mean temperature range of 13 to 28°C, the
higher the temperature for all varieties (Fig. 2- 7).
There is very high correlation between the day
and night temperature and the grain weight in grain
filling stage. The duration of the grain filling period
is defined as the number of days required to reach
the maximum weight (‘‘special spikelets).

In indica variety IR36 the duration was 13 days
at 32/24°C, 18 days at 29/21°C, 32 days at 26/
18°C and 33 days at 23/15°C (Fig. 2).

In japonica variety Jinheung, it was 23 days at
32/24°C, 28 days at 29/21°C and 26/18°C, 38
days at 20/12°C and 68 days at 17/9°C (Fig. 3).

Indica-japonica varieties had grain filling periods
as follows: Suweon 264, 18 days at 32/24°C and
29/21°C, 23 days at 26/18°C, 28 days at 23/15°C,
and 38 days at 20/12°C (Fig. 4); Suweon 258, 18
days at 32/24°C, 23 days at 29/21°C and 26/18°C,
28 days at 23/15°C, 33 days at 20/12°C (Fig. 5);
Milyang 29 also 18 days at 32/24°C, 23 days at
29/21°C, and 26/18°C, 28 days at 23/15°C, and 43
days at 20/12°C (Fig. 6). In indica variety Lang-

kwang, a variety with high resistance to low tem-

al 23/15°C

9l ® ¥=4.50+1.50886X-0.03267X* (32/24°Q)r* = 0.73*
° ¥=5.30+1.22076X-0.02219X*  (29/21°C)r? =0.79**
A ¥=3.80+1.22149X-0.02039X*  (26/18°C) r* = 0.94**
6 4 ¥=4.80+0.99391X-0.01512X'  (23/15°C) 7 =0.97**
L A b 1 1 1 —l i3 —r 'R 1
3 8 13 18 23 28 33 38 43 . 48

Days after flowering

Fig. 2. Effects of temperature on grain filling in IR36.
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Grain weight (mg/grain)

26/18°C

23/15°C

20/12°C

o ¥=2.60+1.42693X-0.02267X>  (32/24°C) P = 0.93%*

° ¥=3.80+1.22830X-0.017393X* (29/21°C) ¢ =0.93**

L \Z=3.50+1.31387x-o.o1824x’ (26/18°C)* = 0.96**

4 Y=4,20+1.0730X-0.01323X* (23/15°C) P = 0.95**

® ¥=4.60+7.77758X-0.007272 % (20/12°C) P = 0.98%*

8 ¥=3.80+4.28080X-0.002075X? (17/9°C)r? = 0.96%*
1 1 i 1 1 1 1 1 1 1 i ol 1 1 1
3 8 13 18 23 28 33 38 43 48 53 58 63 68 73

Days after flowering

Fig. 3. Effects of temperature on grain filling in Jinheung.

24 L
26/18°C
21F
£
g 18p 20/12°C
% o
H 23/15°C
= 15
=
(2]
2
£ 12r
g . z=4.9o+1.1s:asvx-o.ozovsx2 (32/24°C) P =0.82**
ok © Y=6.20+0.94756X-0.01456X'  (29/21°C) P =0.76**
A ¥=3.50+1.08745X-0.01630X*  (26/18°C)F =0.88%*
- a Y=3.60+1.00265X-0.01450X  (23/15°C) @ = 0.93**
6 ® ¥=1.90+7.96623X-0.008611X* (20/12°C) ¢ =0.94**
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3 8 13 18 23 28 33 38 43 as s3 58 63

Days after flowering

Fig. 4. Effects of temperature on grain ﬁliing in Suweon 264,

perature the duration was 23 days at 3 ranges of
temperature (32/24°C, 29/21°C and 26/18°C),
28 days at 23/15°C, 33 days at 20/12°C, and 58
days at 17/9°C (Fig. 7).

In all varieties, the length of the grain filling
period was very different at different temperature

ranges.

In general, in IR36 and indica-japonica crosses
the influence of air temperature on the grain filling
stage was very similar. On the other hand japonica
variety Jinheung at all the temperature ranges took
more than 10 days later than IR36 and indica-
japonica crosses after flowering to reach the maxi-

mum grain weight.
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— i 1

e ¥=1,00+1.65076X-0.02980%
© Y=1.00+1.62485X-0.02867X*
& ¥=2.20+1.35100X-0.02003 %
& ¥=0.80+1.25249X-0.01645X*
B ¥-0.80+0.89817X-0.00971 X

-]
/23/15 C

20/12°C

(32/24°C) 7 = 0.94%*
(29/21°C) ? =0.95**
(26/18°C) P = 0.90**
(23/15°C) P =0.95°*
(20/12°C) 2 =0.94%*

1 1 A 1 I

3 8 13 18 23 28

33 38 43 48 53

Days after flowering

Fig. 5. Effects of temperature on grain filling in Suweon 258.
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© ¥=1.30+1.81376X-0.03069X>  (29/21°C) ¢ =0.97°*
ot & ¥-0.50+1.4484X-0.020257X*  (26/18°C) P = 0.93%*
8 ¥=0.3+1.35250X-0.01822X* (2315°C) P# =0.97**
B ¥=0.30+1.03813-0.01129X° (20/12°C) 2 =0.96**
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Fig. 6. Effects of temperature on grain filling in Milyang 29.

In Jinheung and Lengkwang, at lower tempera-
ture range (17/9°C and 20/12°C) the grain growth
curve was characterized by a long lag-phase follow-

ing a linear phase.

3. Effect of temperature on the grain filling
period for the whole panicle.

The duration of grain filling period for the whole

panicle, defined as number of days required to
reach the maximum weight, in IR36 was 23 days
at 32/24°C, 28 days at 29/21°C, 33 days at 26/
18°C, and 38 days at 23/15°C (Fig. 8). In Jin-
heung, it was33 days at 32/24°C, 38 days at 29/
21°C, 43 days at 26/18°C and 23/15°C, S8 days at
20/12°C, and 68 days at 17/9°C (Fig. 9).,

In Suweon 264, it was 33 days at 32/24°C and
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(32/24°C) ° =0.94**
(29/21°C) P =0.94**
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Fig. 7. Effects of temperature on grain filling in Lengkwang.
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Fig. 11. Effects of temperature on grain filling in
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Fig. 12. Effects of temperature on grain filling in
Milyang 29.
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Fig. 13. Effects of temperature on grain filling in
Lengkwang

29/21°C, 38 days at 26/18°C to 23/15°C, and 43
days at 20/12°C (Fig. 10). In Suweon 258, it took
28 days at 32/24°C and 29/18°C, 33 days at 26/
18°C, 38 days at 23/15°C, and 43 days at 20/12°C
(Fig. 11).

In Milyang 29, it took 28 days at 32/24°C, 33
days at 29/21°C, 38 days at 26/18°C to 23/15°C,
and 43 days at 20/12°C (Fig. 12).

In Lengkwang, it was 28 days at 32/24°C and
29/21°C, 33 days at 26/18°C, 43 days at 20/15°C,
and 53 days at 17/9°C (Fig. 13).

These results show that the grain filling period

for the whole panicle was 10 to 15 days longer than
that for each grain (*‘special spikelets). However, in
Jinheung and Lengkwang, at the lower temperature
ranges (17/9°C and 20/12°C), the grain and the
whole panicle required the same number of days

to reach maximum grain weight.

4. Influence of different temperature ranges

on grain filling rate.
Table
perature ranges on grain filling rate (mg/day) after

1 indicates the effects of different tem-

temperature treatment to reach maximum grain
weight. In all varieties, the grain filling rate was
high during the first 2 weeks after flowering at high
temperature ranges.

At the optimum temperature range, the grain
filling rate was high up to 4 weeks after flowering
in Jinheung, and up to 3 weeks after flowering
in indica-japonica crosses and IR36.

In the case of low temperature ranges, in Jin-
heung and Lengkwang at 17/9°C, the gnin filling
rate was lowest during the first 3 weeks after
flowering, then increased slowly 4 to 5 weeks after
flowering.

In indica-japonica varieties, at the low tempera-
ture range of 20/12°C, the grain filling rate increas-
ed slowly 2 to 4 weeks after flowering.

5. Influence of temperature on grain weight
and grain quality

At the lower temperature ranges, the grain
weight was almost the same after reaching the
maximum grain weight, but at higher temperature
ranges, the grain weight tended to decline after
reaching the maximum grain weight (Fig. 2-7).

At each day-and-night temperature grade, the
higher weights per grain were observed as follows
(Table 12): inIR36,26/18°C > 29/21°C > 32/24°C
> 23/15°C; in Jinheung and Lengkwang, 26/18°C
> 23/15°C = 20/12°C > 29/21°C >31/24°C > 17/
9°C; in indica-japonica varieties, 29/21°C = 26/18°C
> 23/15°C >32/24°C >20/12°C.

The optimum day and night temperature for

maximum weight per grain appeared to range
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Table 1. Influence of different temperature on grain filling rate (mg/day)
after temperature treatment to reach maximum grain weight.
Temp. 8 days
€O after 13 18 23 28 33 38 43 48 53 s8 63 68 7
day/ flower-
night  ing
_IR36
17/9 -
20/12
23115 0.92 0.76 0.46 0.14 0.18 0.16 -
(209
26/18 1.02 1.26 0.34 0.72 -
(21.2)
29/21 1.60 1.02 0.36
(21.6)
32/24 1.92 1.02 -
1.4
Jinheung
1719 0.40 0.12 0.01 0.32 0.64 0.06 0.01 0.20 0.28 0.24 0.50 0.01 0.22 -
21.3)
20/12 1.02 0.72 0.62 0.34 0.24 0.12 0.01 0.20 0.16 - ¢
25.6)
2315 1.70 0.50 0.65 0.62 0.14 0.67 ((2).613 -
-2)
26/18 1.64 1.04 0.64 0.08 0.78 -
(26.5)
29/21 1.48 1.22 0.32 0.34 0.06 -
5.7
32/24 1.32 1.52 0.30 0.62 -
(24.4)
Suweon 264
17/9 -
20/12 018 0.30 0.62 0.14 080  0.40 0.32 -
20.7)
23015 012 0.96 0.66 0.16 0.14 -
(20.9)
26/18  0.76 1.26 0.80 0.24
(21.3)
29/21 1.64 0.78 0.66
(21.4)
32/24 1.76 0.56 0.80
(21.8)
Suweon 258
1719 -
20/i% 044 0.38 0.40 0.80 0.66 g.zo -
(21.4)
23/15 0.70 0.78 1.60 0.38 0.26
(23.6)
26/18 096 1.56 0.30 0.38 -
(23.4)
29/21 1.28 1.56 0.54 0.16 -
(20.5)
32/24 1.36 1.44 0.76
(22.8)
Milyang 29
17/19 -
20/12 030 0.52 0.16 1.02 0.48 0.12 0.28 g;)g -
(23.5)
23118 120 0.50 1.42 0.72 0.22 -
(24.5)
26/18 1.38 0.62 1.46 0.82 -
(25.2)
32/24 1.78 1.66 0.52 -
24.0)
Lengkwang
17/9 0.06 0.58 0.36 0.16 0.49 0.46 0.01 0.18 0.40 (gbsg)
20/12 028 1.16 0.20 1.30 0.62 0.62 - ’
(23.6)
23/15  0.66 1.42 0.96 0.90 0.20 -
(23.4)
26/18 0.52 1.74 1.00 0.74 -
(22.8)
29/21 0.62 1.82 1.16 0.34 -
- (23.2)
32/24 064 2.00 1.02 0.42 -
(22.8)
* | ) : Maximum grain weight (mg)

Temperature treatment: 3 days after fiowering.
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Table 2. Influence of temperature on grain weight and grain quality in different varieties
Temper-  Daily Grain . Partially.  Unfertil- Grain quality
ature mean . Filled . .,

o) temper- weight grains ﬁll.ed 1zec'i Chalky Green Dead
day/ ature (m*?/ (%) grains grains grains grains grains
night)  (°c) &m0 (%) (%) (%) (%) (%)

IR 36
16/ 9 13 - - — - - - -
20/12 16 ~ - - - - - -
23/15 19 20.1 76.8 15.4 12.3 8.1 9.6 6.7
26/18 22 22.1 82.8 8.7 8.4 4.5 4.0 1.8
29/21 25 21.7 78.9 11.2 9.9 10.3 34 2.7
32/24 28 214 81.0 11.5 1.5 14.9 1.5 1.1
Jinheung

17/ 9 13 233 526 27.7 19.7 7.8 23.8 27.7
20/12 16 253 79.5 8.3 16.1 3.2 8.9 1.1
23/15 19 25.2 84.9 3.4 11.6 2.1 1.3 0.9
26/18 22 25.7 85.7 2.2 12.9 2.5 1.0 -
29/21 25 24.1 89.8 1.5 8.3 5.9 - -
32/24 28 23.8 88.6 2.1 9.3 16.6 - -

Suweon 264

17/ 9 13 - - - - - - -
20/12 16 19.7 731 11.0 15.9 9.4 10.8 2.9
23/15 19 20.6 80.4 10.6 8.9 5.5 4.3 -
26/18 22 20.3 82.3 10.5 7.2 5.4 23 -
29/21 25 20.5 81.8 9.7 8.4 4.6 2.7 -
32/24 28 194 81.7 10.2 8.1 13.4 2.3 -

Suweon 258 )

17/ 9 13 - - - - - - -
20/12 16 214 71.6 16.9 15.5 10.5 13.4 22
23/15 19 22.1 78.5 10.9 10.5 4.9 8.0 1.1
26/18 22 225 81.2 10.3 8.5 5.0 3.8 -
29/21 25 226 79.6 113 9.0 6.7 2.6 -
32/24 28 217 80.3 109 8.8 14.5 3.0 1.2

Milyang 29

17/ 9 13 - - - - - - -
20/12 16 22.8 70.5 16.4 13.1 115 14.3 2.6
23/15 19 24,1 78.7 9.8 11.4 5.3 9.0 1.2
26/18 22 25.1 81.1 7.5 11.0° 4.2 4.5 -
29/21 25 238 80.4 10.6 8.9 2.3 34 0.8
32/24 28 23.3 76.4 12,6 11.0 32.1 3.7 3.5

Lengkwang

17/ 9 13 20.5 58.3 25.2 16.5 14.2 30.5 12.2
20/12 16 225 77.3 13.2 11.5 5.6 24.8 -
23/15 19 23.8 86.7 7.1 6.2 2.0 14.7 -
26/18 22 23.3 87.6 6.0 6.4 —- 4.5 -
29/21 25 23.1 88.1 7.9 6.0 4.0 3.3 1.9
32/24 28 22.8 86.8 8.0 5.2 18.3 3.5 1.0

* Chalky grain
Dead grain

White belly and white center grain
Black and dark red grain

_67_



between 26/18°C and 29/21°C for IR36 and
indica-japonica varieties and 26/18°C to 23/15°Cin
Jinheung and Lengkwang. IR36 and indica-japonica
varieties appeared to be sensitive to low temperature
range compared to japonica variety Jinheung.

The percentage of chalky grains for all varieties
was higher in high temperature ranges than in lower
temperature ranges (Table 2). At 32/24°C Milyang
29 had 32.1%; Lengkwang, 18.3%; Jinheung 16.6%;
IR36 and Suweon 258, 14.5%; and Suweon 264,
13.4%.

A high percentage of dead grains (black and dark
red grain) was found at the lowest temperature
regime (17/9°C) in Jinheung and Lengkwang
(Table 2).

~
h
T

»
o
T

(X=19.1 mg)

Frequency of grain weight (%)

Higher percentages of green grains were found
at the low temperature ranges than those at high
temperature ranges. At the lowest temperature,
the percentage of green grain was in IR36, 9.6% at
23/15°C; in Jinheung, 23.8% and Lengkwang,
30.5% at 17/9°C; in indica-japonica crosses Suweon
264, 10.8% Suweon 258, 13.4%; and Milyang 29,
14.3% at 20/12°C.

6. Effects of temperature on frequency of
grain weight
The day and night temperature was found to be
the most meaningful expression for describing the
effect of temperature on grain filling,

In this study, the weight of grains was lowest

Suweong 258

Jinheung
(X=23.4 mg)

(X=27.2 mg)
154
10
s+
i i i - e i 1 L L 1 —r i A A 1 L
15.1 160  17.1 181 19.1 201 211 22.1 231 241 251 261 27.1 281 29.1 30.1
160 17.0 180 19.0 20.0 21.0 220 230 24.0 25.0 26.0 27.0 28.0 29.0 30.0 31.0
Grain weight (mg/grain)
Fig. 14. Effect of temperature (26/18°C) on frequency of grain weight at grain filling stage in different
varieties.
IR36 when the day and night temperature was at lower
o
25 ranges, in Jinheung and Lengkwang at 17/9°C,
in indica-japonica crosses at 20/12°C and in IR36
20

-
i

-
[~

Frequency of grain weight (%)

7]

32/24°C

Grain weight (mg/grain)

Fig. 15. Effects of temperature on frequency of

grain weight at grain filling stage in IR36.

at 23/15°C.

At higher temperature ranges the grain weight
was lower than the optimum temperature of 26/
18°C (Fig. 15-17). Figure 14 shows the effect of
temperature on frequency of grain weight at grain
filling stage in different varieties. This figure shows
that only at optimum temperature ranges, all
varieties followed an almost normal distribution

curve on the grain weight in different grain weight
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Fig. 17, Effects of temperature on frequency of grain weight at grain filling stage in Jinheung.

ranges.

Therefore, a comparison of grain weight distri-
bution among the three temperature ranges (lowest,
highest and optimum temperature) shows a very
different pattern in each variety.

In indica variety IR36, the highest (32/24°C) and
lowest (23/15°C) temperature ranges matched
the frequency of grain weight curves (Fig. 15). In
japonica variety Jinheung, at the three temperature
ranges, that is, lowest (17/9°C), highest (32/24°C),
and optimum (26/18°C), the frequency of grain
weight curve showed very different patterns (Fig.

17). But in indica-japonica crosses Suweon 258, the

frequency of grain weight curve was in (medium
area) between that of IR36 and Jinheung variety
(Fig. 16).

7. Influence of temperature on grain length,
width and depth.

The lower-than-optimum temperature ranges
(17/9°C and 20/12°C) affected grain length,
width and depth. At these temperature ranges,
grains were shorter, narrower, and thinner than
grains at the optimum temperature of 26/18°(‘
(Table 3).

At the lowest temperature, the effect on gram
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Table 3.

Influence of temperature on grain length, width and depth in different varieties.

Grain Temperature (day/night °C)
Varieties growth 17/9 20/12 23/15 26/18 29/21 32/34
(mm)
Jinheung Length 5.26 5.35 5.33 5.33 5.30 5.27
Width 2.77 2.99 3.00 3.0] 2.96 2.94
Depth 2.09 2.14 2.12 2.13 2.15 2.14
IR36 Length - - 6.19 6.36 6.29 6.31
Width - - 2.06 2.15 2.18 2.15
Depth - - 1.39 1.52 1.55 1.57
Suweon 264 Lenggh - 5.32 5.37 5.42 5.36 5.35
Width - 2.49 2.59 2.61 2.60 2.57
Depth - 1.64 1.67 1.69 1.66 1.67
Suweon 258 Length - 5.18 5.31 5.32 5.30 5.31
Width - 2.63 2.717 2.82 2.79 2.83
Depth - 1.81 1.83 1.92 1.89 1.91
Milyang 29  Length - 6.31 6.43 6.37 6.38 6.30
Width — 2.57 2.61 2.65 2.64 2.61
Depth - 1.85 1.89 1.88 1.87 1.85
Lengkwang  Length 5.40 5.52 5.49 5.58 5.57 5.58
Width 243 2.49 2.60 2.61 2.56 2.54
Depth 1.85 1.89 1.92 1.90 1.91 1.90

length, width and depth was very clear. On the
other hand, the highest temperature (32/24°C)
seemed to have little effect on grain length, width
and depth, although

among the varieties.

it progressed differences

DISCUSSION

The reproductive growth of a rice plant goes on
for a lengthy period of about 60 days from initia-
tion of panicle formation to grain maturity (Muna-
kata, 1974). The rice plant during this period carries
on morphological differentiation as well as increas-
ing dry matter. Grain yield is essentially determined
through two processes, spikelet formation before
heading and grain ripening after heading. Conse-
quently, many studies have been done on the
functional relationship between the related main
factor and the reproductive growth of rice. Air
temperature is a very important ecological factor

which many have a profound influence on the

quality of rice grain and grain yield.

In rice, within the optimal temperature range
(from 15-18° to 30-33°C), higher temperatures, in
general, favour the growth and development of the
rice plant (Nishiyama, 1974). In temperate zones,
the rice crop is normally harvested before tempera-
ture drops below 13°C (Yoshida, 1978).

In recent study, it was observed that the ripening
grade, as expressed by grain yield per spikelet
number, was mainly governed by the climatic
factors at the two stages of 20 days before heading
and 20 days after heading (Munakata, 1974). The
effect of solar radiation was positive through the
reproductive stages, while the effect of temperature
was not simple. The negative effect of low tempera-
ture on ripening grade was most severe at 20 days
before heading stage, followed by that at 10 days
after heading stage. Also, a negative effect of high
temperature was observed around heading time.
The optimum temperature for ripening grade was
26°C at heading, followed by 23°C at (-20) stage



and 22°C at (+20) stage under normal solar radia-
tion.

The critical temperature for seed ripening is in
a range from 12°C to 18°C (Kondo er al, 1948;
Tanaka, 1962; Toriyama, 1962; Sinitsyna and
Chan, 1972). High air temperatures averaging
approximately 30eC are not favorable for ripening
(Nagato et al., 1961 ; Matsushima et al., 1964).

Matsushima er al.,(1974) reported that in low-
land rice, during the period from just before the
heading stage to the early ripening stage and the
most active ripening stage, only air temperature
has a remarkable effect, while water tempera-
ture has no effect on yield, an air-temperature
of 21°C having the most favourable effect on yield.
At the time from just before the heading stage
to the early ripening stage a remarkable detrimental
effect of a high temperature of 36°C as well as that
of a low temperature of 16°C is found on yield
but at the most active ripening stage temperature
as low as 16°C has a beneficial effect on yield and
high temperatures such as 36°C and 31°C have
remarkable detrimental effect on yield.

Nagato and Chaudhry(1969) studied that in the
preliminary developmental stages of the kernel, the
multiplication of endosperm cells is quicker in
indicas than in japonicas.

Filling of starch grains is also faster. These two
factors influence the ripening, in a way, that the
total length, breadth, thickness and weight of kernel
were achieved earlier and consequently maturity
was also reached earlier in indicas.

Indica and japonica varieties gained 30-40
percent and 25-30 percent weight, respectively, till
the time of translucency at center of kernel was
reached. Similarly, 80 percent and 70 percent
weight was achieved by indicas and japonicas,
respectively, till the time of translucency at apical
portion.

Aimi et al.,(1959) reported that while the grain
filling of a japonica rice was completed in about
25 days after anthesis at a daily mean temperature
of 25°C, it took much longer when the daily mean

temperature was 21°C, and was not complete

even after 75 days from anthesis when the daily
mean temperature was 17°C. Yamakawa (1962)
planted 12 rice vareties in the field in Japan
at different times so that these rice crop would
be exposed to different daily mean temperatures
during the ripening period, he showed that japonica
rice ripened over 30 days when the daily mean
temperature was about 29°C, while ripening took
53 days when the daily mean temperature was
18°C.

In this study, the optimum temperature to
achieve maximum weight per grain during the
grain filling stage was 26/18°C for all varieties. At
the highest temperature (32/24°C), the upper
position grains (‘“special” spikelets) of IR36 re-
quired 13 days after flowering to reach the maxi-
mum weight; those of Jinheung and Lengkwang, 23
days, and those of indica-japonica crosses (Suweon
265, Suweon 258, Milyang 29), 18 days.

At the lowest temperature range of 17/9°C,
Jinheung required 68 days and Lengkwang 53
days after flowering to reach the maximum grain
weight. Yoshida and Hara(1977) reported that the
optimum daily mean temperature range to achieve
maximum weight per grain was 19 to 25°C for
IR20 and 16° to 22°C for Fujisaka 5. At 28°C, the
upper grains of IR20 took 13 days to reach the
maximum weight, whereas those of Fujisaka §
took 18 days. These data are in partial agreement
with those of the present study. Similar results
were obtained by Nagato er al.,(1961), Matsushima
et al.,(1974), and Aimi et al., (1959).

Table 1 shows the influence of different tempera-
ture on grain filling rate Img/day) after temperature
treatment to reach maximum grain weight. At the
optimum temperature range, the grain filling rate
was high up to 4 weeks after flowering in japonica
variety Jinheung, and up to 3 weeks after flower-
ing in indica-japonica crosses and indica variety
IR36. At high temperature ranges, the grain filling
rate was high during the first 2 weeks after flower-
ing. However, at the low temperature range of
17/9°C, the grain filling rate of Jinheung and

Lengkwang was lowest during the first 3 weeks after
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flowering, then increased slowly 4 to 5 weeks after
flowering. At 20/12°C, the grain filling rate of
indica-japonica varieties increased slowly 2 to 4
weeks after flowering. In general, the grain filling
rate of indica-japonica was faster than that of
japonica variety. Similar tendency was found by
Nagato et al.,(1969).

In this study, at the lower-than-optimum tgm-
perature ranges (17/9°C and 20/21°C), all IR36
plants died within 15 days after flowering. How-
ever, all indica-japonica plants died within 15 days

. only at 17/9°C. This means that the resistance
of indica-japonica crosses to low-temperature
stress was better than that of IR36. These results
suggest that in the case of indica-japonica crosses,
in the low temperature ranges, the grain filling stage
is more stable at temperature above 23/1 5°C.

The optimal day-night temperature combinations
for various maturity traits were 15-20°C for grain
weight, 30-20°C for the percentage of fully matured
grains and 30-20°C for width of brown rice (Chen,
1974). Nagato et al,(1965) reported that high
temperatures throughout the ripening period
accelerated starch accumulation into -the kernels
and kernel development during the early phase of
the ripening period, but depressed them in the
later phase, thus the ripening period was remarkably
shortened and the weight of the matured kernel
was somewhat reduced.

Under high temperature, the rate of ripening
was found to be much higher at an eary ripening
period, but the inflow of assimilates into grain
ended earlier (2 to 3 weeks after flowering) result-
ing in lower 1000-kernel weight than that of normal
out-door temperature (Sato and Inaba, 1976).
Sato et al.,(1976) also observed that phosphorylase
activity reached a maximum on the 10th day and
then gradually decreased at high and normal tem-
perature, being lower at high temperature. Yellow-
ing of spikelet was first recognized at rachilla prote-
in and occurred earlier at high temperature. Succinic-
dehydrogenase activity at rachilla disappeared on
the 16th day and soon yellowing started. Kernel

enzyme activities seemed to decline earlier than

disappearance of succinic-dehydrogenase activity at
rachilla.

Aimi et al.,(1959) reported that the activity of
enzymes (amylase, phosphorylase, investase, and
hexokinase) in respect of each part of the plant
which ripened at the low temperature, was not so
much low on the after flowering, the dry weight
and the starch content of the ear were respectively
highest at 21°C and were almost equal between
25°C and 17°C were quite different from each
other.

At 25°C, the dry weight and the starch content
of the ear increased rapidly and then ceased ac-
cumulating at an early stage of ripening. On the
contrary, at 17°C it increased slowly but steadily
and it continued until the 75th day after flower-
ing.

In the present study, the optimum day and night
temperature for maximum weight per grain appear-
ed to range from 26/18°C to 29/21°C for indica-
japonica crosses and IR36, and from 26/18°C to
23/15°C for Jinheung and Lengkwang. These
results, also, indicate that indica-japonica varieties
appeared to be more sensitive to low temperature
range than japonica variety Jinheung.

Heu(1978) reported that at the ripening stage,
as temperature decreased translocation of assimi-
lates to grain was retarded more rapidly in Tongil
compared to Jinheung. In contrast, at a high tem-
perature of 35/24°C, translocation of assimilates
to grains was greater in Tongil than in Jinheung.
These results are similar to those in the present
study.

The percentage of chalky grains in all varieties
was higher in high temperature ranges than low
temperature ranges (Table 2). Especially, in Milyang
29, the percentage of chalky grains was very high
(32/1%) at grain fﬂhng stage at 32/24°C. This result
suggests that among indica-indica-japonica crosses,
high temperature adversely affects grain weight
and grain quality at the grain-filling period. It must
be considered that in Korea the heading stage of rice
occurs during a high-temperature period (late July

to early August), which is not favourable to grain
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weight and grain quality.

On the other hand, dead grains (black and dark
red grain) were observed at the lowest tempera-
ture regime (17/9°C) in Jinheung and Lengkwang
(Table 2). Green grain also appeared more at the
low temperature ranges than at high temperature
ranges. In many studies, high and low temperature
have been shown to have deleterious effect on
ripening of rice (Nagato er al., 1960; Matsushima
etal., 1957; Ebata, 1961).

In this study, figure 26-28 shows the effects of
temperature on frequency of grain weight at grain
filling stage. In indica variety I[R36, the highest
(32/24°C) and lowest (23/15°C) temperature range
matched the frequency of grain weight curves
(Fig. 16). In japonica variety Jinheung, at the
three temperature ranges, that is, lowest (17/9°C)
highest (32/24°C) and optimum (26/18°C), the
frequency of grain weight curve showed very differ-
ent patterns (Fig. 17). But in indica-japonica cross
Suweon 258, the frequency of grain weight curve
was in (medium area) between that of IR36 and
Jinheung (Fig. 16). These data also shows that the
weight of grain never increased beyond that at the
optimum temperature.

The ventral radius which grows in the early
period of ripening is lengthened and the dorsal
radius which grows until the late period is shortened
by high temperature, with the consequence that
the ratio of the.dorsal radius to the ventral radius
(dorso-ventral ratio caused by high temperature)
is greater in the varieties assumed to be less adapt-
able to high temperature than in the more adaptable
varieties (Nagato, 1965). In the present study, at
the lowest temperature, the effect on grain length,
width and depth was very clear. On the other hand,
the highest temperature (32/24°C) seemed to have
little effect on grain length, width and depth,
although it produced intervarietal differences
(Table 3). This results indicates that the effect of
temperature on the grain length, width and depth
is more serious in low temperature ranges than in

high temperatura ranges.
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