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Effects of Planting Date on Yield, Yield
Components, and Chemical Compositions in Rice
Plants'

Jin-Chuan Tsai’, Huey-Ing Liu’, Kung-Shy Chi* and Ming-Hwi Yao’

ABSTRACT: Rice cultivars, Tainung 67 (TNG 67) (Japonica) and Taichung Sen 10 (TCS 10)
(Indica), were grown in six different times under natural conditions at the experimental farm of
the Taiwan Agricultural Research Institute (TARI) at Wufeng, Taichung to investigate the
relationships among climatic factors (air temperature, relative humidity, solar radiation and
precipitation.), yield and chemical compositions (amylose, free sugar, crude protein and ash),
and to establish the forecasting model for rice production. The climatic factors from the second
crop season of 1997 to the first crop season of 1998 were investigated in Taichung area. The
results indicated the trends of changes in temperature, solar radiation and precipitation were
from high to low in the second crop season while from low to high was found in the first crop
season. The relative humidity ranged between 80% and 96% for both crop seasons. In the
second crop season, the late transplanted TNG 67 had higher yield (6,182.8 and 6,013.7 kgha™)
and higher chemical composition contents (amylose and sugar) while the early transplanted
TCS 10 had higher yield (6,208.8 and 6,136.5 kgha") and lower chemical compositions. In the
first crop season, TNG 67 and TCS 10 had higher yield of 6386.5 Kgha' and 6328.7 kgha'
under early transplanting condition. Both cultivars transplanted in later dates produced higher
chemical composition contents of crude proteins and ash (P, Ca, Fe, etc.). The chemical
compositions of TCS 10 are higher than those of TNG 67 except the free sugar in the first and
the second crop seasons. There were significant differences among transplanting dates and
cultivars for yield, yield components and chemical compositions. In the first and the second
crop seasons, the yield and the amylose of both cultivars showed highly correlated with the
following climatic factors: X, (accumulated temperature), X, (mean temperature), Xs (solar
radiation) and X, (mean precipitation). The following equations of Y, = 60.15 + 0.42 * X, and
Y, = 55.76 + 0.57 * X, were derived to express the relationship between the yield (kgha") and
the climatic factors during the tillering period in the first crop season for TNG 67 and TCS 10
respectively. The relationship between the yield and the climatic factors during the tillering
period in the second crop season for TNG 67 and TCS 10 can be expressed as Y, = 32.72 —
091 ** X, and Y, = 54.62 + 0.81 ** X,, respectively. The relationship between the amylose
content (Y,: %) and the climatic factors during the grain filling period in the first crop season
of 1998 for TNG 67 and TCS 10 can be represented as Y,= 78.26 — 0.93 ** X, and Y,= 12.68
—8.81 * X,, respectively. The relationship between the amylose content and the climatic
factors during the grain filling period in the second crop season of 1997 can be expressed as Y,
=10.32 —0.85 ** X, and Y, = 6.26 — 0.65 * X, respectively.
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INTRODUCTION

Rice is one of the most important food crops in Taiwan. The participation of Taiwan into the World Trade
Organization (WTO) may cause a significant impact on the crop production. The majority of the rice farmers
will be suffered from the impact of WTO on the rice industry. The government would have not only to protect
rice industry but also to adjust the policy of rice related research project to solve the rice production
(quantitative and qualitative) in Taiwan. In this report, the rice production is presented by the yield, yield
component, and chemical compositions (amylose, free sugar, crude protein, ash etc.) in relation to climatic
factors. We have to understand how rice plant responding to climatic factors before changing any policy.
Asghari and Hanson (1984) reported that crop yield depends on the climatic factors that play significant roles
in enhancing yield potential. In addition, Resurreccion et al. (1977) indicated that the climatic factors could
affect the grain quality of rice. For the past years, the study of rice production in Taiwan was concentrated on
variety improvement, physiology and cultivation studies. However, there have been few researches on the
effect of the climatic factors on the rice production and the yield-forecast test. Nonetheless, the yield forecast
test always used various varieties and experimental methods during the experimental process. Therefore, no
consistent data have shown the rice production-climate system in Taiwan.

The objectives of this research are: 1) To examine the effect of climatic factors on the yield, the yield
components, the chemical composition and then to determine the rice production-climate system (cropping
system) in the Taichung area performed under current climatic conditions. 2) To develop a set of models using

available climatic data to avoid weather damage and predict rice production.

MATERIAL AND METHODS

Field experiments were conducted at the experimental farm of the Taiwan Agricultural Research Institute
(24°02’N. 120°40’E. elevation 85 m) from the second crop season of 1997 to the first crop season of 1998 to
investigate the relationships between the climatic factors (air temperature, relative humidity, solar radiation and
precipitation.), and the yield, the yield component and the chemical compositions (amylose, free sugar, crude
protein, and ash) of rice grain. Rice varieties Tainung 67 (Japonica) and Taichung Sen 10 (Indica) were grown
at six different times in every crop season under natural conditions. Every crop season was scheduled to
transplant 6 times at approximately 5-10 day interval. The six transplanting dates were July 22, July 28,
August 2, August 7, August 13 and August 19 in the second crop season while those for the first crop season
were January 26, February 5, February 12, February 18, February 24 and March 2, respectively.

The experiment was a randomized complete block design in a split-plot treatment arrangement with four
replicates. Planting dates and cultivars were main and subplot factors, respectively. Statistical analysis consists
of the testing for planting date effects on the yield, yield component, and chemical compositions calculating
least significant difference at P = 0.05. Kuo and Tsai (2000) indicated that the climatic factors showed
significant effect on the yield and the yield component at four major rice growth stages (tillering, panicle
formation, booting and ripening stage). In general, the chemical composition of milled rice such as amylose,
free sugar, crude protein and mineral nutrients (Ca, Fe, P etc.) were significantly influenced by the climatic
factors (air temperature, solar radiation, etc.) during the grain filling period (Resurrection et al. 1997, Asaoka
et al., 1985 a, b). We postulated the equations to express the relationship among the yield, the amylose and the
climatic factors in the four major rice growth stages (tillering, panicle formation, booting and ripening stage).

We also proposed the equations to show the relationship among the chemical composition and the climatic
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factors during the grain filling period, therefore, we were able to obtain a prediction equation for the effect of
climatic elements on the rice production. Climatic factors were recorded daily. The rice grain was milled. Its
amylose (Jualino et al. 1981), free sugar, crude proteins and ash content were analyzed (A. O. A. C. 1984). The
free sugar was extracted with 80% alcohol and then determined by phone-sulfuric acid (Dubois et al., 1956).
The protein content was calculated by N% x 5.95. The Ca, Fe and P content were analyzed by using Induced
Coupled Plasma (ICP) analyzer.

RESULTS AND DISCUSSION

Changes of Climatic Factors during the Experimental Period

An investigation of the climatic factors in the Taichung area from the second crop season of 1997 to the
first crop season of 1998 indicated that the trend of changes in monthly mean meteorological factors (air
temperature, relative humidity, solar radiation, and precipitation) were varying from high to low in the second
crop season and from low to high in the first crop season (Fig. 1).

Mean air temperature, solar radiation, and precipitation during the transplanting period (Jul. 22 ~ Aug. 19)
in the second rice crop season (Jul. 22 ~ Dec. 16) were generally high. As the mean air temperature was
between 28.1 ~ 29.5°C, the maximum temperature was ranged between 32.6 and 34.4°C, the minimum
temperature was between 24.2 and 25.3 °C, the solar radiation was ranging from 12.3 ~ 13.8 MJm” and the
precipitation reading was from 5.6 ~ 11.1 mm, respectively. These climatic factors (temperature, solar
radiation, and precipitation) were decreased through the tillering, panicle formation, booting, heading stage and
grain filling period to the maturity stage (Nov. 8 ~ Dec. 10). The daily mean temperature was between 22.3 and
19.1°C, the daily maximum temperature was from 23.8 to 33.5°C, the daily minimum temperature was from
13.9 to 18.5°C, the solar radiation was from 7.4 to 10.6 MJIm®day” and there was no precipitation during the
season. In the transplanting period of the first crop season (Jan. 26 ~ Mar. 2), the mean temperature, the solar
radiation and the precipitation were low. As the mean temperature is between 19.6 °C and 21.8 °C with the
maximum in the range of 23.3°C ~ 26.6°C and the minimum in the range of 12.4 °C to 16.4°C. The solar
radiation was between 1.22 and 8.20 MJm“day ' and the precipitation was ranged from 0 to 46.0 mm. After the
tillering stage, the climatic factors in temperature, solar radiation and precipitation were increased with the
highest reading at the maturity stage (mean: 28.5 ~ 29.3 °C, max: 31.4 ~ 32.7°C, min: 23.2 ~ 24.7°C, mean:
11.4 ~ 12.3 MJ"day", 4.8 ~ 17.5 mmday™) for the growing period of the two varieties TNG 67 and TCS 10.

Heavy rainfall due to the storm was recorded at the seedling stage in July and the tillering stage in August
in the second crop season that reduced the panicle number, decreased the percentage of the ripened grains and
the 1000-grain weight. Also, the cold front at seedling stage in February and the Baiu front during the grain
filling period decreased the grain yield in the first crop season.

Effect of Transplanting Date on the Yield Characteristics

The effect of transplanting date on the yield components of TNG 67 and TCS 10 are shown in Table 1 and
Table 2. In the second crop season, the later transplanted TNG 67 showed higher yield than the earlier one
(6013.7 and 6182.8 kgha). The earlier transplanted TCS 10 also showed higher yield (6136.5 and 6208.8
kgha'). There is significant difference for grain yield transplanted on different dates. At the tillering stage and
the grain filling period, the later transplanted TNG 67 received both lower air temperature (mean 25.8 ~ 26.8
and 21.3 ~ 25.6 °C) and lower solar radiation (7.2 ~ 9.10 MIm’day’ and 6.7 ~ 8.4 MJm” day™). The lower air
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Fig 1. Change of monthly air temperature, relative humidity, solar radiation and precipitation in Taichung area.
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Table 1. Effect of transplanting date on the yield and yield components of rice in the second crop of 1997

Transplanting date )

filztlé ](JHE) .'.II;*)‘“’"’S‘ (k??lr?a) Panicles /hill  Spikelets / panicle R“""’E‘fg)gram 1’000'gr(agi;“we‘gh‘
(month/day)

Tainung 67

D, (7/22) - H, (11/11) 5235.2e 14.35d 101.43ab 76.57c 23.66¢
D, (7/28) - H, (11/18) 5488.5d 14.40d 99.58b 77.21c 25.15b
D; (8/2) - H, (11/22) 5774.3¢c 14.84d 104.69a 77.84bc 24.15¢
D. (8/7) - H, (11/28) 5952.1b 15.79¢ 92.31c 79.76ab 25.70a
D; (8/13) - Hs (12/6) 6182.8a 16.63b 88.46d 81.72a 25.33ab
D; (8/19) - Hq (12/13) 6013.7b 17.26a 94.72¢ 80.47a 24.03¢
Taichung Sen 10

D, (7/22) - H, (11/11) 6208.8a 17.89a 90.41d 81.32a 24.55a
D, (7/28) - H, (11/18) 6136.5a 17.23b 93.79¢ 80.23a 23.69b
Ds (8/2) - Hs (11/24) 5979.0b 15.94¢ 98.65b 78.45b 23.84ab
D, (8/7) - H, (11/30) 5651.6¢ 15.56¢ 100.53b 77.69b 23.22b
D; (8/13) - Hs (12/8) 5328.0d 14.72d 106.27a 75.35¢ 22.43c
Ds (8/19) - Hs (12/16) 5125.4e 13.90e 108.74a 73.73c 21.74c

Means followed by the same letter within each column were not significant different (p = 0.05) by Duncan's MRT.

Table 2. Effect of transplanting date on the yield and yield components of rice in the first crop of 1998
Transplanting date -

harvest date (kYgl?llfa) Panicles / hill Spikelets / panicle Rlpelzt;zl)gram l,OOO—gr(agl ;l -weight
(month/day)
Tainung 67
D, (1/26) - H, (6/12) 6386.5a 17.52a 87.40d 81.92ab 25.61a
D. (2/5) - H, (6/17) 6263.2b 16.84b 91.36bc 82.20a 25.19a
D, (2/12) - H; (6/22) 5940.7¢ 16.20c 90.69cd 81.53ab 24.88a
D, (2/18) - H, (6/25) 5678.6¢ 15.76¢ 94.79b 79.81bc 23.76bc
D (2/24) - Hs (6/28) 5211.4e 13.65d 102.52a 78.30c 23.87b
Ds (3/2) - He (7/1) 4960.8f 12.88e 104.35a 77.95¢ 22.94c
Taichung Sen 10
D, (1/26) - H, (6/16) 6328.7a 16.84a 89.77¢ 81.85a 25.43a
D, (2/5) - H, (6/21) 6146.8b 16.23ab 91.78de 81.34ab 24.89ab
D; (2/12) - H; (6/25) 5887.5¢ 15.67b 94.49d 81.28ab 24.21b
D, (2/18) - H, (6/28) 5534.0d 14.89¢ 98.31c 79.89bc 23.40c
D; (2/24) - H; (6/30) 5258.3¢ 13.20d 106.74b 78.95¢ 22.70c
Ds (3/2) - Hs (7/2) 4887.4f 11.95¢e 109.97a 78.63c 22.87c

Means followed by the same letter within each column were not significant different (p = 0.05) by Duncan's MRT.

temperature and solar radiation were beneficial to the tillering and the grain filling, and subsequently resulted
in higher grain yield. Therefore, the panicles per hill, the percentage of the ripened grain and the 1000-gain

weight were higher and were almost significantly different from other yield components under different
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transplanting dates. The early transplanted TCS 10 received higher air temperature (mean: 26.7 ~ 28.6 'C) and
solar radiation (11.4 ~ 14.6 MJm”day") at the tillering stage, and also received higher temperature (26.9 ~
28.4°C) and solar radiation (11.2 ~ 13.4 MJm’day™) at the grain filling period. The hiéher air temperature and
solar radiation were considered to be beneficial to the tillering ability and number per hill, as well as yield
components (except spikelets per panicle) of the rice crop (Tsai, 1993).

In the first crop season, both TNG 67 and TCS 10 rice varieties receiving earlier transplanting treatment
showed higher yield of 6386.5 kgha' and 6328.7 kgha', respectively which was significantly different from
that of later transplanting treatments. The yield components in panicle hill’, the percentage of the ripened
grain and the 1000-grain weight were also higher than those from the later transplanting treatments. The later
transplanted rice produced lower yield due to the decrease in the percentage of the ripened grains and the 1000-
grain weight caused by the heavy rainfall of the Baiu ( 448.0mm ) and the lower solar radiation ( 4.8MJmday
"y during the grain filling period in June.

The spikelets per panicle were compensated by the panicles per hill, so it was difficult to evaluate the
responses of the spikelets and the panicle to the climatic factors.

The main effects of the transplanting dates and the cultivar were significantly different for all of the yield
characteristics (yield, yield components) except the percentage of the ripened grain in the first crop season
(Table 3). The interaction between the transplanting date and the cultivar was significantly different for all of
the yield characteristics in the second crop season, but it was not significant for any of the yield characteristics
in the first crop season.

Table 3. Mean square values of main effects and interactions for yield and yield component of rice plants during the 2nd crop of
1997 and the 1st crop of 1998

Yield Panicles/hill Spikelets/panicle Ripened grain 1000-grain weight

Effect df  (kg/ha) (%) ®
2nd crop, 1997
Transplanting date (D) 5 88210.36%:** 0.94** 56.17%%* 3.82% 2.82%%%
Rep within D 3 6942.26 0.05 2.13 2.10 0.18
Rep XD 15 4719.73 0.19 2.30 1.53 0.29
Cultivar (C) 1 13575.38 1.25* 97.87%** 17.23%** 26.17%%**
D XC 5 102564.20%** 15.13%** 285.24%** 47.51%%* 7.15%**
1st crop, 1998
Transplanting date (D) 5 16572.41%** 27.46%** 342.46%** 25.46%%* 9.14%%*
Rep within D 3 226.41 0.24 1.39 0.25 0.08
Rep XD 15 2089.39 0.29* 6.48 2.10 0.22
Cultivar (C) 1 44158.14 6.26 142.45** 0.06 3.28*
D XC 5 7642.38 0.07 5.20 0.47 0.24

* %k k% % % Significant at the 0.05, 0.01 and 0.001 probability levels, respectively.

The Effect of the Transplanting Date on the Chemical Compositions
In the second crop season, the two rice varieties with later transplanted treatment had higher chemical
compositions in amylose and sugar while the earlier ones had higher crude protein and ash contents (Table 4).

Resurreccion et al. (1977) showed that the amylose contents of the rice grains was negatively correlated with
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Table 4. Effect of transplanting date on the chemical compostion of rice in the second crop of 1997
Transplanting date (D,, D.....Dy) -

Amylose Free sugar Crude protein Ash (%)
(};“g‘r’i}sﬁ:y“; (H, Hx...Ho) (3710) (%)g (92) (Ca, Fe, P, etc.,)
Tainung 67
D, (7/22) - H, (11/11) 15.36b 0.71c 7.72a 0.52a
D, (7/28) - H, (11/18) 16.40ab 0.81bc 7.49ab 0.45ab
Ds (8/2) - H; (11/22) 16.21ab 0.79bc 7.43ab 0.42b
D, (8/7) - H, (11/28) 16.58ab 0.83b 7.45ab 0.40b
D5 (8/13) - Hs (12/6) 17.19ab 0.86ab 7.20b 0.41b
Ds (8/19) - He (12/13) 17.85a 0.92a 6.76¢ 0.28¢c
Taichung Sen 10
D, (7/22) - H, (11/11) 16.72¢ 0.65¢ 8.59a 0.59a
D, (7/28) - H, (11/18) 17.87bc 0.70c 8.24ab 0.58a
D, (8/2) - H; (11/24) 17.99bc 0.77b 7.76bc 0.55ab
D. (8/7) - H, (11/30) 18.74ab 0.75b 7.55¢ 0.48b
Ds (8/13) - Hs (12/8) R 18.81ab 0.83a 7.32cd 0.37¢
Ds (8/19) - Hq (12/16) 19.85a 0.86a 7.00d 0.39¢

Means followed by the same letter within each column were not significantly different (p = 0.05) by Duncan's MRT.

the air temperature (r = -0.871**) during the 40-day period after heading. An increase in the amylose content
of the rice grains with the later transplanting date treatment (Ds) was probably due to the lower temperature
(20.4 ~ 23.6 °C) thus increased the accumulation of the amylose contents (TNG 67: 17.85%, TCS 10: 19.85%)
in the grain filling period in the second crop season. On the other way, an increase in the crude protein content
in the rice with the early transplanting treatment (D,, D,) might be caused by the warmer temperature (24.2 ~
26.4 °C) during the grain filling period. Kataoka (1975) also indicated that the protein of rice grain increased
under the higher temperature condition during the grain filling period. There were significant differences
between D, and Ds in two cultivars (Tainung 67, Taichung Sen 10) for amylose (Di: 15.36%, 16.72%,
Dy:17.85%, 19.85%), free sugar (D,: 0.71%, 0.65%, Ds: 0.92%, 0.86%), crude protein (D;: 7.72%, 8.59%, Ds:
6.76%, 7.00%) and ash (D;: 0.52%, 0.59%, De: 0.28%, 0.39%). The chemical compositions of the TCS 10
were higher than those of the TNG 67 except the free sugar. There were significant differences among
transplanting dates and cultivars for chemical compositions. But the date (D) X cultivar (C) interaction was not
significant for any of the evaluated chemical compositions (Table 6).

In the first crop season, the earlier transplanted (D,, D,) rice of both varieties had higher chemical
compositions. For example, the rice transplanted on Jan. 26 (D) contained amylose and free sugar for TNG 67
and TCS 10 were 18.35, 19.64, 0.51 and 0.41, respectively. While the later transplanted treatment (Ds, De)
produced higher crude protein (Ds: Tainung 67, 7.95%, Taichung Sen 10, 8.35%) and ash (Ds: Tainung 67,
0.48%, Taichung Sen 10, 0.49%)(Table 5). The grain filling period was lower (mean 24.9 °C) for the earlier
transplanted rice and was beneficial to the increase of the amylose and free sugar contents. The later
transplanted rice had higher content of crude proteins and ash that were caused by higher air temperature
(mean 27.5°C) during the grain filling period. The result is consistent with Resurreccion et al. (1977) and
Katooka (1975) for amylose and protein content in response to the air temperature in the grain filling period.

Consequently all the chemical compositions of the Taichung Sen 10 were higher than those of the Tainung 67
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Table 5. Effect of transplanting date on the chemical compostion of rice in the first crop of 1998
Transplanting date (D,, D,....Ds) -

Harvest date (H,, H....H,) An(1()7/ol;)se Freﬁ qil)]gar Crudf(: é;otem (CaAFs: (p%gtc )
(month/day) T
Tainung 67

D, (1/26) - H, (6/12) 18.35a 0.51a 6.48ab 0.39ab
D, (2/5) - H, (6/17) 18.38a 0.45b 7.05ab 0.39b

D; (2/12) - H; (6/22) 17.75ab 0.42bc 7.31bc 0.41ab
D, (2/18) - H, (6/25) 17.70ab 0.43bc 7.61c 0.41b

D;s (2/24) - H; (6/28) 17.28ab 0.41bc 7.64ab 0.43ab
Ds (3/2) - Hq (7/1) 16.62b 0.39¢ 7.95a 0.48a
Taichung Sen 10

D, (1/26) - H, (6/16) 19.64a 0.41ab 7.67b 0.43a

D, (2/5) - H, (6/21) 19.48a 0.33ab 7.64b 0.45a

D, (2/12) - H; (6/25) 19.50a 0.33a 7.43b 0.44a

D, (2/18) - H, (6/28) 19.38a 0.32ab 6.67c 0.45a

D; (2/24) - H; (6/30) 19.23a 0.26b 7.68b 0.46a

Ds (3/2) - He (7/2) 19.13a 0.29b 8.35a 0.49a

Means followed by the same letter within each column were not significantly different (p = 0.05) by Duncan's MRT.

Table 6. Mean square values of main effects and interactions for chemical composition of rice grain during the 2nd crop of 1997
and the st crop of 1998

Effect df Amylose (%) Free sugar (%) Crude protein (%)  Ash (%)(Ca, Fe, Petc.,)
2nd crop, 1997
Transplanting date (D) 5 8.62%** 0.06%** 1.85%%* 0.08##:*
Rep within D 3 1.21 0.04 0.06 0.05
Rep XD 15 1.15 0.05 0.07 0.08
Cultivar (C) 1 38.62%** 0.08%#** 1.84%%* 0.11%%*
DXC 5 0.21 0.04 0.25 0.04
1st crop, 1998
Transplanting date (D) 5 9.51%** 0.05%* 2.18*** 0.09*
Rep within D 3 0.07 0.03 0.15 0.05
Rep X D 15 0.21 0.04 0.12 0.04
Cultivar (C) 1 2.62% 0.26%*** 0.71* 0.05**
DXC 5 0.32 0.05 0.07 0.03

* ,% % % % % Significant at the 0.05, 0.01 and 0.001 probability levels, respectively.

except the free sugar. The transplanting date (D) and the cultivar (C) treatments showed significant difference
on all the chemical compositions (Table 6).

Equations to predict the yield and the Amylose Rate of the Tainung 67 and Taichung
Sen 10 by using the Climatic Factors

The equations for predicting the rice yield (Y) and the amylose rate (A) related to the climatic factors in
the second crop season of 1997 and the first crop season of 1998 were listed in Table 7 and Table 8,
respectively. The growing period was divided into three stages: namely the tillering stage, the panicle
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Table 7. Equation to express the rice yield (Y,: kgha") and amylose rate (Y,: %) relating to the climatic factors in the second crop
of 1997
Tainung 67

Tillering stage
Y, =32.72-091 **X, R*=0.91
Panicle formation stage
Y, =180.61 - 0.86 ** X, R’=0.86
Grain filling period (Heading ~ Dough stage)
Y, =17843-047*X, R’ =094
Y.=10.32-0.85** X, . R*=0.83
Tainung Sen 10
Tillering stage

Y, =54.62 +0.81 ** X, R*=0.90
Panicle formation stage

Y, =18.42 +0.86 ** X, R*=0.86
Grain filling period (Heading ~ Dough stage)

Y, =18.65+0.62 * X, R*=0.73

Y,=6.26-0.65*X, R’=0.78

X,: accumulated temperature ('C) * X,: mean temperature (C).
* and ** are significaut at 5 % and 1 % level, respectively.

Table 8. Equation to express the rice yield (Y,: kgha") and amylose rate (Y.: %) relating to the climatic factors in the first crop of
1998
Tainung 67

Tillering stage
Y, =60.15+0.42* X, R*=0.91
Panicle formation stage
Y, =15.85-7.45**X, R*=0.92
Grain filling period (Heading ~ Dough stage)
Y, =80.34- 091 ** X, R*=0.88
Y,=78.26-0.93 ** X, R’=0.92
Tainung Sen 10
Tillering stage

Y, =55.76+0.57 * X, R’=0.75
Panicle formation stage

Y, =227 +048*X, R*=0.71
Grain filling period (Heading ~ Dough stage)

Y, =54.32+047 *X; R’=0.74

Y,=12.68-8.81 *X, R’ =091

X,: accumulated temperature ('C) * X,: mean temperature ('C), X: solar radiation (MJm’day™) » X;: precipitation (mmday ).
* and ** are significaut at 5 % and 1 % level, respectively.
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formation stage and the grain filling stage. For the two crop seasons, the yield of both cultivars can be
expressed by using one of the following climatic factors: X, (accumulated temperature), X, (mean
temperature), X, (relative humidity), X; (solar radiation) and X, (precipitation). The following equations were
derived to express the relationship between the yield (Y kgha') and one of the climatic factors during one of
tillering stage, the panicle formation stage or the grain filling stage in the second crop season of 1997.

For the TNG 67 cultivar,

Y, =32.72 — 0.91**X, (tillering stage) (@)
or Y, =180.61 — 0.86**X, (panicle formation stage) 2)
or Y, =178.43 — 0.47*X, (grain filling stage) : 3)

Where Y, denotes the yield (kgha') of TNG 67 and X, represents the mean temperature ('C) in the
corresponding stage.
For the TCS 10 cultivar,

Y. =54.62 1+ 0.81#*X, (tillering stage) 4)
Y, = 18.42 4 0.86**X, (panicle formation stage) (&)
Y, =18.65 + 0.62*X, (grain filling stage) (6)

Where Y, denotes the yield (kgha') of TCS 10 and X, represents the mean temperature ('C) in the
corresponding stage.
While the relationship between the yield and the climatic factors during the tillering stage, the panicle

formation stage or the grain filling stage in the first crop season of 1998 can be represented as follows:

For Tainung 67,
Y, =60.15 4+ 0.42*X, (tillering stage) @)
Y, =15.85 — 7.45%*X, (panicle formation stage) ' ®)
Y, =80.34 — 0.91**X, (grain filling stage) )

Where Y, denotes the yield (kgha') of TNG 67 while X, and X, represents the mean temperature and the
precipitation in the corresponding stage of the first crop season in 1998.
For the TCS 10 variety,

Y, =55.76 + 0.57*X, (tillering stage) (10)
Y, =2.27 + 0.48*X, (panicle formation stage) (11)
Y, =54.32 + 0.47*X; (grain filling stage) (12)

Where Y, denotes the yield (kg ha") of TCS 10 and X,, X,, X; represents the accumulated temperature, the
mean temperature and the solar radiation in the corresponding stage, respectively.
The relationship between the amylose content and the climatic factors during the grain filling period in the
second crop season of 1997 for TNG 67 and TCS 10 can be expressed as:
Y. =10.32 — 0.85%*X, (13)
Y. =6.26 — 0.65*%X, (14)
Where Y, denotes the amylose content of TNG 67 and TCS 10, respectively. And X, is the accumulated
temperature during the grain filling period.
The relationship between the amylose content and the climatic factors during the grain filling period in the
first crop season of 1998 for TNG 67 and TCS 10 can be expressed as:
Y. =78.26 — 0.93**X, (15)
Y, =12.68 — 8.81*X, (16)
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X, is the mean precipitation during the grain filling period.

From these derived equations, we conclude that the effects of climatic factors on the yield or the amylose
content are dominated by the air temperature which is the major factor for controlling the development of the
rice (Christiansen, 1986: Ehlig, 1986). Reddy ez al. (1986) also indicated that the temperature could be used to
predict the development and the growth of the grain yield.

CONCLUSION

Our experimental results have demonstrated the effect of climatic factors on the yield as well as the
chemical compositions of rice plants. It also described how the rice cropping (production-climate) system in
Taichung area performs under current climatic conditions. Based on the readily available data, we developed a
series of equations to avoid weather damage and to forecast rice production. These equations will be tested for
their reliability and suitability.
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KETBSENHAEET S EEEREEZ LA
ZHURIBE

ReN’” BB RER HEE

BE : RS —SEZR0MRER 67PN - FEAMERET — - —#
TER D STAEREEITHER - HIWERANRRRE FHER RVEHEK (EHBY - T8
REYESEEE) Zhfk - WEENBEEEFEIER - BAEER > RedEs
1997 F _HAFABRRALA E 1998 E—HAF » HERKE 281t HIEEER SRR - H
HERKWNE - M—IEZ8MLEFER - BERMESAEL - ZREEHEESM LT
BIZ > WAL ER(E 80 % £ 96% 2 - MRIEE 67 527 — WIER R E &
(6,182.8 » 6,013.7 kgha') ML EEHRL (EFHEL - HEES) WEEKS - RZEd
fill 1057 FAEAIR B (6,208.8 ° 6,136.5kgha’) BRIV & & » —HIFRFETE R
Mz T EER (ZB6797%6,386.5 kgha' » Zhfill 1095 6,328.7 kgha') » MERE
fEZ TILEHER (HEORKS) Z&RAIFER  8HaHF » —  ZHIERRE
(ZR675 - BHAI105%) 2T RBAHARIEE EEER S 2ER AR - & 2R
R AR REEAASHHREEEEZE - — « HIFRSEZESR « (L2E/kE
REEFEHSHHER > fREEFOX (BREEE) X, (FHEE) - X, (HEE)
KX, (FHWE) - —HFZE 67 REZ PRI 10 RENBENB R KA FHER 2
1% PRIEBY, (E&kgha') =60.15+0.42 %X, (3918) K Y, =5576+0.57*X, > i_
HAERIRE Y, = 32.72 - 0.91 ** X, B2 Y, = 54.62 + 0.81 ** X, - —HIFRKI A H A Z R
FRFHEBROTHRRE 10 RZEEBNE R (Y %) ZBHFXRE Y, = 78.26-0.93
#* X BLY, = 12.68 - 8.81 * X, o M _HHEZE 67K ZEFAI 109 ZBEXAHIB Y, =
10.32-0.85 ** X, B2 Y, = 6.26 - 0.65 * X, °

FREEEE - MR T ~ LERRHRL ~ KA - R -

L ATBbE R B & RSB ITIR Je R & 55 2067 5% -
2. AR TR RBIANER ~ BB RN - Y S0 FEH -
3. AFTRE(CERMMER - 2BE HPF FHEs -
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