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Effect of Meteorological Condition during Ripening
on the Grain Shattering of Rice Plant
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ABSTRACT

Environmental factors are known in general to influence much on the development of abscission layer and
thereby on shedding of plant parts. The present study was carried out to determine the effect of meterological
condition during ripening on the grain shatterability of rice plants at harvest. Different meteorological conditions
were obtained by shifting transplanting timing of 40 days old rice seedlings 4 times with a 15 days-interval.

Grain shatterability was measured as tensile strength of rice grains: it varied within a range of 214g. to
251g. in a practically non-shattering Japonica variety ‘Jinheung’ and 127.5g. to 204g. in an easy shattering
Indica x Japonica progeny variety ‘Taeback’. In view of field loss of rice, the variation in tensile strength with
time of transplanting and harvest did not matter in Jinheung, but was an important factor in Taeback. In
Taeback the tensile strength was significantly correlated positively with mean, maximum and minimum air
temperature and relative humidity during a certain period of grain ripening, especially during 30 days period
before harvest, but diurnal range of air temperature showed a significant, negative correlation with it. The
tensile strength seemed to be more closely related with min. air temperature than max. air temperature, and
it was not significantly correlated with radiation amount during any period of pre-harvest. Meteorological
effect on grain shatterability may vary with variety, but temperature regime during ripening appears to play
major role among the meteorological factors in easy shattering and more thermophilic Indica x Japonica varie-

ties: lower the temperature, greater the shatterability.

200kg of grain per hectare in binder harvest.

INTRODUCTION

Considerable attention has been paid to the shat-
tering of rice grains since the introduction of Indica
x Japonica progeny varieties with easy shattering
characteristic.?) In our previous studies®-7-8) an
easy shattering Indica x Japonica variety °‘Mil-

Yang 23’ has shown a field loss of approximately
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The average threshold tensile strength for zero
field loss of rice was estimated to be 174g. on
average in binder harvest®). The degree of shattering
was determined mainly by variety, but also the
variation in the degree of shattering within a variety
tended to differ somewhat with variety and harvest-
ing time and year.6’7'8) These variations may be

related much to the influence of climatic variation
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on the grain shattering of rice. Addicott and
Lyonsl) reported that abscission process was sen-
sitive in cotton and other crops to climatic factor
which include light factors related to photosynthesis
and photoperiod, temperature, rainfall, humidity
and wind. However, little information is available
on the climatic effects on the shattering of rice
plants.

In Korea the transplanting time covers from the
beginning of May to the end of June. This wide
range of transplanting time may expose the rice
plants to varied climatic conditions during ripening
period as the heading is delayed or expedited with
shifted transplanting time. The air temperature
begins getting lower rapidly, begining mid August
which falls under ripening period of most rice varie-
ties and also the day length decreases. Therefore,
the present study was aimed to investigate how the
meteorological factors during ripening modified
by transplanting and harvesting time influence the

grain shattering of rice.
MATERIALS AND METHODS

Field trial was conducted in 1981, a year of
normal meteorological condition, as shown in the
appendix table in Suweon, Korea. Taeback, an
Indica x Japonica progeny variety, and Jinheung,
a Japonica variety, were chosen for this study.
They have average tensile strength of about 170g
and 230g, respectively.®) The two varieties were
transplanted on May 11, May 26, June 10 and
June 25 so as to be subjected to different climatic
conditions during ripening period. Taeback was
headed on July 31, August 3, August 9 and August
24, and Jinheung, August 5, August 11 August 20,
and September 1 with their transplanting times,
respectively. Tensile strength to estimate grain
shedding was measured two times at 40 days after
heading (DAH) and 55 DAH by the method des-
cribed in the previous report.a)

Data analysis was performed with split plot
design method where main plots were two harvest-
ing times and subplots, four transplanting dates.

To elucidate the effect of meteorological factors
during each period of grain filling correlation
coefficients were calculated between tensile strength
and meteorological factors such as average, maxi-
mum, and minimum air temperature, amount of
radiation, relative humidity during various periods
of ripening: from 10 days before harvest (DBH) to
harvest time, from 20 DBH to 10 DBH, from
30 DBH to 20 DBH, from 40 DBH to 30 DBH,
from 20 DBH to harvest, from 30 DBH to harvest
and from 40 DBH to harvest.

RESULTS AND DISCUSSION

Variations in Tensile Strength When Exposed to
Different Meteorological Conditions during Ripen-
ing by Shifting Transplanting and Harvesting Time:

It was recognized in some studies’ 6. 8) that
the tensile strength varies with time of harvesting,
showing inconsistent variations with varieties. In
Jinheung the tensile strength was significantly
different between harvesting time, but not among
transplanting times (Table 1). However, Table 2
shows that the tensile strength of Jinheung varied
within a relatively narrow range of 214g to 251g
as the transplanting and harvesting time was chang-
ed. The 15-days delay of harvesting time increased
the tensile strength by about 20g, but the delayed
transplanting did not change the tensile strength
significantly. Taking into account of the fact that
the field loss of rice grain became negligible above
the tensile of 174g,% which was estimated by the
extrapolation method, this range of varation in
tensile strength of Jinheung practically does not
matter with field loss of graims. Table 3 also shov;'s
the analysis of variance for tensile strength in Tae-
back as affected by transplanting time and harvest-
ing time. Tensile strength changed significantly
with time of harvesting and transplanting and also
the interactive effect between them was found to
be significant. As shown in Table 4 the tensile
strength was significantly lower at 55 DAH than at
40 DAH when transplanted before May 25, but

thereafter no significant difference was found be-
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Table 1.

Analysis of variance for the tensile
strength as affected by transplanting
date and harvesting time in a Japonica

Table 3. Analysis of variance for the tensile
strength as affected by transplanting

variety ‘‘Jinheung”.

date and harvesting time in an [ x J
variety “Taeback’.

i;":::iame DF. §S. MS. F
Total 79  78630.0

Main plot 19 15420.0 811.6
Replication 9 4291.0 476.8
Harvesting time(A) 1 4188.0 4188.0

Error (1) 9 6941.0 771.2 5.18*
Transplanting date(B) 3 16152.0 1615.2 2.04
Interaction (AxB) 3 4343.0 14477 1.83
Error (2) 54  42715.0 791.0(

Error (2)

:;"f;ance DF. S5. MS. F
Total 79 85916.00

"Main plot 19 13259.00 697.84
Replication 9 5977.50 664.17
Harvesting time(A) 1 3364.00 3664.00 9.116*
Error (1) 9 3617.50 401.94
Transplanting date(B) 3 38656.50 3865.65 7.762*%*
Interaction (AxB) 3 7106.50 2368.83 4.756**

54  26894.00 498.04

Table 2. Effect of transplanting date and harvesting time on tensile strength(g) in a Japonica
variety “Jinheung”.

Harvesting Transplanting date A

time May 11 May 25 JTune 10 Tune 25 verage
40DAH* 214.5 222.7 240.5 239.8 2294

55DAH 233.6 257.2 250.6 250.9 248.1

Average 224.1 239.9 245.6 245.8

L.S.D.(0.05) to compare :
Harvesting time means
Transplanting date means

14.05
N.S.

*DAH: Days after heading,

Table 4. Effect of transplanting date and harvesting time on the tensile strength(g) in an
Indica x Japanica rice variety ‘‘Taeback”.

Harvesting Transplanting date

time May 11 May 25 June 10 June 25 Average
40DAH 195.6 204.2 160.2 127.5 171.9
55SDAH 167.0 168.3 164.9 132.9 158.3
Average 181.3 186.2 162.6 130.2

L.S.D. (0.05) to compare :

Harvesting time means 10.14

Transplanting date means 14.2

Any two values 20.1

tween both harvestings. At harvesting 40 DAH
the tensile strength was lowered drastically at
transplanting after June 10 and reached the lowest
value of 127.5g, while at harvesting 55 DAH it
dropped to 132.9g at transplanting of June 25
and remained unchanged with transplanting time
before June 10.

These results of Taeback imply that the varia-

tions of tensile strength with time of transplanting
and harvesting might have been predominated by
the internal factors of development at transplantings
before May 25, but at transplantings thereafter by
environmental factors. Addicot and Lyons’) also
pointed out the sensitivity of abscission prdcess
to climatic factors and Jin and Inouye") suggested
that in Japonica x Indica hybrid rice the temporal
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decrease in tensile strength during ripening was
related with its ripening process. In Taeback the ten-
sile strength was lowered below the threshold one,
174g by the 15-days delayed harvest and by delay-
ing the transplanting beyond June 10, suggesting
that the delayed harvesting and transplanting

beyond a critical period may bring about substantial
field loss of rice during harvesting operations due

to grain shattering.

Relationships between Tensile Strength and Meteo-
rological Factors during Ripening:

Table 5. Correlation coefficients between tensile strength and meteorological factors during various
periods before harvest in the Taeback.

Meteorological

variable* 1 2 3 4 5 6 7 8 9
Air temperature
Mean . 0.761 0.838** (0.846** 0.701 0.794**  0.895%* 0.864**  0.869** 0.842**
Maximum 0.635 0.656 0.734* 0.686 0.614 0.732* 0.818**  0.859** (0.833*
Minimum 0.759*  0.793* 0.821* 0.670 0.780* 0.866%* (0.863**  (.871** (.845**
Diurnal range 0.632 -0.609 -0.596 0.452 -0.707 0.754 0.792% 0.855%* -0.827*
Radiation 0.356 0.043 0.072 0.143 -0.063 0.188 -0.282 -0.001 0.136

Relative humidity 0.358 0.654 0.642 0.688 0.477 0.788* 0.776 0.619 0.592

**1. Avreage for 10days just before harvest.
2. "Average for 10days from 20days before harvest to 10days before harvest.
3. Average for 10days from 30days before harvest to 20days before harvest.
4. Average for 10days from 40daysl before harvest to 30days before harvest.
5. Average for 15days before harvest.
-6. Average for 20days before harvest.
7. Average for 25days before harvest.
8. Average for 30days before harvest.
9. Average for 40days before harvest.
Table 6.  Correlation coefficients between tensile strength and meteorological factors during various
periods before harvest in the Jinheung.
3‘;;:“:1‘:?3‘”1 1 2 3 4 5 6 7 8 9
Air temperature
Mean 0.627  0.748  -0.902%* £.781% 0711 0.776* -0.886** 0.843* 0837+
Maximum 0.559 0.330 -0.805* 0.877** -0.467 0.585  -0.755* 0.763* -0.809*
Minimum £0.530 0708 -0.860* -0.694 -0.675 -0.792%  0.912%* 0.856* -0.832%
Diurnat range £0.493 0.825* 0.765* 0.245 0.437 0.716 0.828* 0.915%* 0.855%*
Radiation 0.563 0.230  0.699 -0.328 -0.731 0.586 -0.270 0.091 -0.682
Relative humidity 0.341  -0.365 -0.878*%* -0.204 -0.146 0.144  -0.697 -0.940** -0.804*

*Denotation for various periods of ripening is the same as in the Table §.

The correlation coefficients between tensile
strength of Taeback and Jinheung and meteoro-
logical factors during 4 certain period of preharvest
were presented in Table 5 and 6, repectively. The
tensile strength was significantly positively corre-
lated with mean, maximum, and minimum air tem-

perature and relative humidity and negatively
with diurnal fluctuation of air temperature, but
no significant correlations were found with radia-
tion amount during any period throughout ripening.
The tensile strength was sifnificantly positively

correlated with minimum, maximum and mean air
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temperature during during 20-days period from 30
to 10 days before harvest and. minimum air tem-
perature during 10 days before harvest, but not
related to the temperature conditions during the
preharvest period from 40 to 30 days before har-
vest. For diurnal range of air temperature during
40-days period of preharvest the tensile strength
showed negative, significant correlations with
only its periods of 25- and 40-days before harvest.
And only the average relative humidity during 20
days before harvest showed significant, positive
correlation with tensile strength.

Just on the contrary to Taebackbyeo, in Jin-
heung tensile strength showed significant negative
correlations with air temperature, radiation amont
and relative humidity, but positive correlation with
diurnal range of air temperature during a certain
period of preharvest. But this result of Jinheung
is dubious as Table 1 and 2 indicate that the tensile
strength was not influenced much by the varied
environments by shifting the transplanting time.

The meaningful conclt;sion about the relation
between tensile strength and meteorological factors
cannot be elicited from the present results as these

are confined only to two specific varieties and as the
tensile strength tended to show inconsistent varia-

tions when subjected to different harvesting time
in previous studies.>¢8) The above may suggest
that rice varieties show different variations in
tensile strength one another when exposed to dif-
ferent environmental conditions. Therefore, to
clarify the effects of meteorological factors on the
tensile strength further extensive studies should
be conducted with more number of varieties under
controlled environment. However, it appears certain
that the temperature regime during ripening plays
a major role in determining shatterability of grains
in easy shattering and more thermophilic Indica x
Japonica varieties: lower the ripening temperature,

greater the shatterability of grains.
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Appendix. Metheorological condition during ripening of rice grains.

: o | Amount of i : o] Amount of .
Month Day Air temperature( .C) radiation l::ﬁti:iety(%) Frost Month Day| Air temperature( AC) radiation Relat-w‘e Frost
Average |Max.| Min. (calfcm?- day) Average |Max.|Min. (caljcm?- day) humidity(%)
July 311} 27.4 [31.9{23.7 389 9 - Sept. 16| 16.5 |[23.81 9.0 350 76 -
August 1| 27.7 |29.5125.7 127 76 - 17| 18.5 |25.4(11.9 329 80 -
2] 27.2 {30.5(24.8 304 85 - 181 204 |25.6[16.1 277 83 -
3| 269 (29.2125.4 209 90 - 19 19.7 {25.8 (163 290 84 -
41262 [30.7]|22.0 398 70 - 20 20.6 [27.7(14.1 413 82 -
S| 229 [27.8{174; 504 64 - 21| 21.0 [28.3i13.8| 393 80 -
6| 22.7 [26.9|18.8 349 79 - 22| 108 28.4;14.2 356 79 -
71218 2451194} 207 85 - 23| 21.3 [29.5 144} 363 78 -
8| 24.7 |28.8{204 225 81 - 24| 18.8 |20.6:15.7 26 85 -
9t 255 (3001214 465 77 - 251 20.2 |24.8{15.5 309 70 -
10| 24.2 {27.0{20.9 193 85 - 261 180 (26.0}11.2 425 81 -
11} 23.7 |30.0]|21.2 492 78 - 271 189 [254:13.8 254 87 -
121 23.7 28.5{203 5t6 80 - 281 17.1 121.8:108 321 67 -
13 24.3 [30.1]19.2]| 434 80 - 29§ 16.5 [21.4]|125) 290 73 -
14 |. 26.1 [32.2{20.0 493 74 - 30§ 17.5 |22.2{143 224 79 -
15| 244 |31.1{17.5 551 64 - Oct. 1] 168 }23.3[12.0 346 78 -
16 | 24.8 [30.7[18.0 447 72 - 2| 157 [21.5] 9.2 431 76 -
17 | 24.6 25.9(23.6 37 88 - 31147 |23.5| 6.7 409 79 -
18| 25.1 [27.4]23.5 172 90 - 4] 140 |17.7] 86 86 78 -
19 | 25.7 [30.7|21.5 374 83 - S| 159 ]21.0)12.8 294 19 -
20| 246 ;27.8|21.6 172 88 - 61 153 [20.7(11.4 237 77 -
21| 23.5 [27.2]20.6 332 85 - 7] 161 12171118 233 79 -
22 | 22.7 128.0120.0 40.1 84 - 8] 162 [205(12.6 120 81 -
231227 |272.7111S 517 79 - 91 12.7 |16.3] 86 346 75 -
24 | 23.1 275175 359 81 - 10| 12.6 205 5.8 369 72 -
25 | 21.6 (23.3(19.3 33 93 - 11]13.2 [21.1] 63 314 83 -
26 | 21.6 {25.8}18.8 236 87 - 12| 144 (219 68 364 76 -
27.: 22.5 (2931179 464 18 - 13 ] 133 186 7.8 170 80 -
28 | 22.7 i30.0}16.5 443 71 - 14 9.8 16.5] 3.3 361 59 frost
29 1233 {28.9]17.0 323 7 ~ 15| 11.1 ;189 4.2 335 73 frost
30 | 23.7 [26.022.1 135 84 - 16 | 13.2 (204 6.8 264 82 -
31 | 197 [22.318.1 26 92 - 171151 12327 7.11 288 78 -
Sept. 1| 19.7 [20.6 [18.3 59 89 - 18 { 150 [193!10.9] 186 84 -
23.0 127.1(19.5 231 79 - 194 13.0 1180 7.9 161 17 -
31213 |22.4|188 77 82 - 20 [ 11.9 |18.8; 65 308 78 -
4| 201 253155 473 72 - 21| 154 {216 6.5 320 76 -
51199 [27.0}134 470 78 - 22108 (145 3.0 147 74 frost
6 | 204 (283 {146 464 76 - 23 33 6.5-1.3 230 76 frost
7121.2 ;27.8|14.8 427 72 - 24 7.0 {11.2] 3.7 293 78 frost
81212 12601174 275 78 - 25 7.0 j13.3}-1.0 281 18 frost
9|19.8 {23.816.1 | 389 79 - 26 74 (150 L7 321 75 frost
10 | 19.7 |25.6 |144 420 80 - 27 84 [159] 1.1 228 78 frost
11 } 19.1 [23.8 [15.0 430 76 - 28 93 |Ii1.7} 6.6 17 78 -
12 | 16.6 |21.1|11.5 455 76 - 29| 83 |14.8] 3.5 327 76 frost
13 {153 (221186 | 456 69 - 30} 103 |184) 3.7} 272 80 -
14 | 148 |218] 7.7 494 l 73 — 31 9.4 |13.5] 2.8 318 77 frost
15 | 152 (232|175 458 l 73 -
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