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Biological Yielding Potential of Rice in Association
with Climatic Factors in Yeongnam Region

Soon Chul Kim, Seo Kwan Lee and Geun Sik Chung*

ABSTRACT

Meteorological year variations for rice crop from 1973 to 1984 were compared by using air temperature and
sunshine hour for nursery period, cooling index for reproductive stage and meteorological yield productivity
index for ripening period.

The most optimum transplanting date and heading date for crop yield based on real transplanting date-grain
yield relationship or heading date-grain yield relationship, meteorological yield productivity index and actual
results showed good agreement each other. Around May 26 for transplanting and August 10 for heading were
the most optimum date in Indica/Japonica hybrid cultivars while these were about June 8 and August 23 for
Japonica cultivars, respectively, On the other hand, theoretical late limiting heading date for safe ripening
were August 20 for Indica/Japonica hybrid cultivars and August 30 for Japonica cultivars, respectively, for both
methods, cumulative temperature method during ripening with 80% believable frequency and meteorological
yield productive index method having 1000(kg/10a) yielding potential.

Based on the yield forecast trial, the highest values of photosynthetic efficiency, 2.5%, and crop growth rate,
23g/m? /day, were recorded during 30 days before rice heading. Considering the photosynthetic efficiency and
solar radijation, the potential crop growth rate was more or less 30g/m2 /day and the biological grain yielding
potential in a existing cultural practices was approximately 900-1000(kg/10a) in Milyang weather condition.
To increase further yielding potential, either photosynthetic efficiency or harvest index or both should be
improved by manipulating appropriate canopy architecture, plant spacing, fertilizer, chemical, etc.
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KEE BRI 1973F %8 1984 FE7= &2
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B33t st

gfoz WR RRAEENS Sty AL
1984 £ B HEEHRABE N A BT 4B FRE
Bl EHE =B RENE BI%EHEUA 158
#B%, 57 258 BH) BEREGA 58 EHE,
68 208 BEOo = ol AR BRI WHEEH
S YoshidaFi1:(1981)1 V¢ o3 HH etk KR
oA FEHE ARe i g3, et AT U KR

BH #EE EEKEFEFARRD % (Gomes,
729 ol wgrh

RIZRBHE AL, in Tsuboy 717
Y=5{414-0.13(T-t)?%}
Y= REZRR (kg 108
S=HE% 4080 BRERB
T=BAEBE(BXRR=214C, $KE=2300C)
t =% 4087 BEHREE

Cooling index(Uchijima, *76)%
Q=1(20~6,)N (degree-day)
Q=Cooling index
20~ critical low temperature limit(°C)
o= weighted daily mean temperature(°C)
N=rnumber of days when 8,<<20

Weighted daily mean temperature( Yoshida, '81)1®

=D'tD+N’tN
24

Go=weighted daily mean temperature(°C)

bo

D =daytime in hours

tp =temperature during daytime

N = nighttime in hours

tn= temperature during nighttime

Photosynthetic efficeney (Yoshida, ’83)'"
+4 -
Eﬂz(l%)_*_r‘{wvx 1074
Ex = photosynthetic efficiency (%)
K =heat of combustion(3750cal /g)
4W=dry matter increase(g/m?)
5 = average daily incident solar radiation
(cal /cm?®/day)
T =number of days

Crop growth rate (CGR)(Yoshida, *83)!»

Eux§

CGR(g/m?/day) = x 1074

Harvest index (Donald and Hamblin, '76)?

Economic yield
Total biological yield

Harvest index=
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Table 1. Year variations of meteorological values in various rice growth stages in Milyang.

Nursery stage Reproductive

Ripening stage (Aug.1—Oct.20)

Y apr.1 May 300 i hug. 200 Mean Tapouica  Tadica/Jap. el [ndex
1984 103 108 81 81 80 97
1983 99 91 90 83 97 93
1982 99 92 98 103 93 96
1981 101 91 89 97 81 94
1980 96 91 77 87 66 88
1979 101 108 103 105 101 104
1978 107 108 101 95 106 105
1977 99 101 121 120 121 107
1976 96 108 100 105 95 101
1975 99 108 111 93 128 106
1974 103 91 118 121 115 104
1973 99 108 114 110 118 107
Mean 100 100 100 100 100 100
* Used Temperature, Cooling index, Temperature
parameter, Sunshine hour, Frequency, Sunshine hour
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Fig. 1. Year variations of cooling index during

rice reproductive stage in Milyang.
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Meteorological values for rice yield (kg./ 10a)

1-56-1011-1516~-2021-2526-311-56-10

August September

Fig.2. Year variations of meteorological values
for rice yield during ripening stage in

association with cultivar type in Milyang.
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Table 2. Year variations of heading date in
association with various cumulative
ripening temperature during 40 days
after rice heading in Milyang.

Heading Date

Yer TgE0C  840C  800C  760C
1984  Aug. 19 Aug.24 Aug.28 Aug.31
1983 Aug. 27 Aug.31 Sep. 4 Sep. 10
1982 Aug. 17 Aug. 21 Aug.27 Sep. 2
1981 Aug. 9 Aug. 15 Aug.21 Aug.25
1980 Aug. 2 Aug.15 Aug.20 Aug.26
1979  Aug.17 Aug. 23 Aug.28 Sep. 3
1978  Aug.23 Aug.27 Sep. 1 Sep. 5

1977 Aug.21 Aug.30 Sep. 3 Sep. 7
1976  Aug. 14 Aug. 19 Aug.23 Aug.29
1975 Aug.31 Aug. 5 Sep. 9 Sep. 14
1974 Aug. 16  Aug. 21 Aug.27 Sep. 1
1973  Aug.20 Aug. 25 Aug.29 Sep. 2

50 Aug.18 Aug.23 Aug.29 Sep. 3

80 Aug.14 Aug.19 Aug.23 Aug.29

Frequency (%)

100 Aug. 2 Aug. 15 Aug.20 Aug.26
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Fig.3. Meteorological values for rice yield
during ripening stage of normal
year(1973—'84) in Milyang.
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Fig. 4. Relationship between rice yield and
transplanting date in two cultivar types
in Yeongnam region(1965—1983).
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Table 3. Heading date, total dry weight, harvest index and grain yield of two leading cultivars in

different transplanting date in Milyang.

Trans- Dry weight

Grain yield Plant spacing

planting Cultivar  Heading date (g/m?) Harvest index (kg/ 10a) Sowing date (em)
Samgangbyeo Aug. 3 1470 0.47 809 Apr. 15 30%x 15
May 25
Nakdongbyeo Aug. 11 1216 0.47 669 Apr. 15 30 X 15
Samgangbyeo Aug.13 1216 0.52 741 May 5 30%X12
June20
Nakdongbyeo Aug. 22 1279 0.47 696 May 5 30x12

- Table 4. Crop Growth Rate and Photosynthetic
Efficiency in various rice growth stages
in Milyang.

M= 58 258 BHE =& B % 10H
Eolzizn, KEe =ZMHalAE 60kelEHE Holze

> v, BEHE o358 9 30kg BMmE At KEd

ot T e g Tromaoing | BHES FEOK BERe BAGM FRR TR
Stage Item Semze. Nekdon- Samgen Nakdon o #hRel 9T Zeolden, e MR Iﬁ%ﬁa‘?
e oo payen ohyeo el TE R XAR M (B U WHE 8w

Nursery (CGR)= % 49 zrl FellA B upg} zHo] &4
0-25DAS CGR 7.7 7.4 4.3 6.5 R el 2o A2 EYE BmES g £ol
Ex 08% 08% 05% 0.7% Sl AR $Ee Zae fac KEdaA &

26—45DAS CGR 3.6 44 16.6 10.1 2, RBANAE & gt ol 713 e M
Ba 04% 05% 18 1% g nmel g wx, 5H 25H BRESD 6/
Transplanted 208 BREAA g4 oA FE RBLH B
0-30DATCGR 45 4.9 - - Fell kT Aold, REAH 2= BHE wot =fy

_ Ee 05%  05% - - A Estth v 5H 258 BREY £x= 4
31_h""d‘“gCEGR wr e Tz Mol A BRES oslel ZEMED o A
Whole CCfR 15:0 12:1 18.9 16.2 wergtEel, olA-e ExtE MGl okbx KR
season Ex 16% 1.3% 20% 17% TEA ERENt Ao s Y& =EN A}
* CGR=Crop growth rate(g./m?/day), PP EHO 2L ) giEer vk F 490
Ex=Photosynthetic efficiency (%) A 2l uie} o] BAR HEN HHE  wINEe

Table 5. Required CGR(g/m’/day) in association with grain yield and rice growth stage in case of
Samgangbyeo.

Trens- ZOrESt  May. 28— Jun. 11— Jun.21~ Jul. 1= Jul. 11~ Jul.21- Avg. 1-Aug 11- DrRegd‘gt’fd
plant- A Jun. 10 Jun.20 Jun.30 Jul.10 Jul.20 Jul.31 Aug.10 Aug.20 Y er
ing  (kg/102) (kg”10a)
May25 1000 13 19 24 26 31 34 (HDAwg3) - 1720
(HI. 900 11 18 21 23 28 31 - 1550
0500 800 9 15 18 21 26 28 - - 1380
700 7 13 17 19 23 25 - - 1200
600 6 11 13 16 20 22 - - 1030
June20 800 - - 17 22 30 38 44 (HD Augl3) 1720
(HI. 700 - - 15 19 26 33 38 — 1500
0.40) 600 - - 13 16 22 29 32 - 1290
500 - - 11 13 19 24 26 - 1080

* HI =Harvest index *HD =Heading date  *Grain moisture content= 14 %
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Fig. 6. Crop growth rate during rice growing season in association with target yield and transplanting

date in Samgangbyeo.

Table 6. Required CGR(g/m?/day) in association with grain yield and rice growth stage in case of

Nakdongbyeo.
T Target . _ _ _ Required
rans- Yield May. 28— Jun. 11— Jun. 21— Jul. 1— dJul. 11— Jul.21— Aug. 1—Aug.ll Dry Matter
planting (kg 108 Jun. 10 Jun.20 Jun.30 Jul.10 Jul.20 Jul.31 Aug.10 Aug.20 (ke 108)
May 25 800 9 14 17 20 24 27 28 - 1530
(H1.050) 700 8 11 16 18 22 24 25 - 1340
600 6 9 13 15 19 21 22 - 1150
500 4 8 11 12 16 18 19 - 960
June 20 700 - - 13 15 22 26 28 33 1505
(HI1.0.40) 600 - - 11 13 18 22 25 30 1290
500 - - 8 10 14 18 21 27 1080
400 - - 5 8 12 14 17 22 860

*Hl=Harvest index *HD=Heading date
BEEfic 2% 25%8(EwS # 23g(CGR)AL Z&
e 4 ok Pk BRE 1E= =fiHel BEY
= ERsldS 4% BEKRY LBEY AT K
LYE Bn ghis 945 & den 2 HRe 29
6(=ZRN) 2 o’ 7TGEEH)F Zreh o] a#dlA
EAT WREEE BF RES B4 T FRA

o3 55 258 BMES =@i¥e 050, BEHE
0.45 22w 6H 208 BHEE F K8 iz

0402 BRI BHKRL KSR U%E &
Estgdoh el F ade fAsY BEKRA &%

*Grain moisture content=14%

E REG & £EERHY 08 gHE ke £
5(Z@i=)e} £ 608 AE )} Fol HlE 4 Atk

# 50lA B utel ol =@ E 58 2584
Bmstd BAEHE 1,000kg/10ag €271 sHA
TR 118~7H 208 Abolg #4% BIME(CCR)
30g/m?dayol dolof &l=m, =lisxz BE
HE 67 20B9 BEst 600kg/10a Llbes &
27l i 8H 11E~8A 208 Alole] ®miyE
BmE A4 30gel golok grhe Fo] Hop( &
6). 289 thfoe BMAELE MEKes: 49

BN
A
E-N
L=
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Table 7. Maximum CGR in association with solar radiation(8) and photosynthetic efficiency (Eg).

i Eu(%)
§(cal /om?/day) 05 1.0 1.5 2.0 25 30
100 1.33 2.67 4.00 5.33 6.67 8.00
150 2.00 4.00 6.00 8.00 10.00 12.00
200 2.66 5.34 8.00 10.66 13.34 16.00
250 3.33 6.67 10.00 13.33 16.67 20.00
300 4.00 8.00 12.00 16.00 20.00 24.00
350 4.67 9.33 14.00 18.67 23.33 28.00
400 5.33 10.67 16.00 21.33 26.67 32.00
450 6.00 12.00 18.00 24.00 30.00 36.00
500 6.67 13.33 20.00 26.67 3333 40.00
550 7.33 14.67 22.00 29.33 36.67 44.00
600 8.00 16.00 24.00 32.00 40.00 48.00
650 8.67 17.33 26.00 34.67 4333 52.00
700 9.33 18.67 28.00 37.33 46.67 56.00
Eux8 "
* 2 . 200 N
COR(g/m'/day) = grans ey < 10
Table 8. Expected grain yield(kg,”10a) of rice in association with solar radiation(S) and
photosynthetic efficiency (Ex).
Solar rad’n
(cal/cm?/ day) Eulb5% En2.0% Ex25% Ex3.0% Ex35%
200 (349)* (465) (582) (698) (814)
436%* 581 727 872 1,017
250 (436) (581) (721 (872) (1,017
545 727 908 1,090 1,272
300 (523) (698) 872) (1,047 (1,221
654 872 1,090 1,308 1,526
350 (610) (814 1,011 1,221 (1,424)
763 1,017 1,272 1,526 1,781
400 (698) (930) (1,162) (1,395) (1,628)
872 1,163 1,453 1,744 2,035
450 (785) (1,047 (1,308) (1,570) (1,831)
981 1,308 1,635 1,962 2,289
500 (872) (1,163) (1,454) (1,744 (2,035)
1,090 1,453 1,817 2,180 2,544
550 (959) 1,279 (1,599) (1,919 (2,238)
1,199 1,599 1,999 2,398 2,798
600 (1,046) (1,395 (1,749 (2,093) (2,442)
1,308 1,744 2,180 2,616 3,052
650 (1,139 (1,512) (1,890) (2,267) (2,645)
1,417 1,890 2,362 2,834 3,307
700 1,221 (1.628) (2,035) (2,442) (2,849)
1,526 2,035 2,544 3,052 3,561
*Brown rice ** Rough rice
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Table 9. Expected grain yield(kg./10a) in association with dry matter production and harvest

index.
Dry Matter
(kg./10a)
Harvest 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700
Index
0.35 203 244 285 326 366 407 448 488 529 570 610 651 692
0.40 233 279 326 372 419 465 512 558 605 651 698 742 791
0.45 262 314 366 419 471 523 576 628 680 733 785 837 890
0.50 291 349 407 465 523 581 640 698 756 814 872 930 988
0.55 320 384 448 512 576 640 703 767 831 895 959 1023 1087
0.60 349 419 488 558 628 678 767 837 907 977 1047 1116 1186
0.65 378 453 529 605 680 756 831 907 983 1058 1134 1209 1285
0.70 407 488 570 651 733 814 895 977 1058 1140 1121 1302 1384
* Grain yield based on 14 % moisture.
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Fig.7. Crop growth rate during rice growing season in association with target yield and transplanting

date in Nakdongbyeo.
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Table 10. Required spikelet number(per m?) in association with target yield (brown rice) for several

leading cultivars.

. 600kg/ 10a
Cultivar (Brown rice) 700kg/10a 800kg./10a 900kg/ 10a 1000kg/ 10a
Panicle Spikelt |Panicle Spikelet | Panicle Spikelet | Panicle Spikelt | Panicle Spikelet

no./m? no./m?|no./m? no./m? | no./m? no./m [no./m? no./m?|mno./m? no./m

Milyang 23 251 30,864 293 36.008] 335 41,152 376 46.296 418 51,440
(24.3g) 11.4a 133 15.2 17.1 19.0
(123) 9.0b 106 12.1 135 15.1
7.5¢ 88 101 113 125

Gayabyeo 294 36,765 343 42,892 392 49,020 441 55,147 490 61,275
(20.4g) 132 : 154 17.6 19.8 22.1
(125) 106 124 14.1 15.9 176
88 10.3 11.8 132 147

Samgangbyeq 330 38.660 385 45,1031 441 51,546 496 57,990 551 64,433
(194> 149 173 198 223 248
(117) 119 13.9 15.9 17.9 19.8
9.9 116 132 149 16.5

Nakdongbyeq 409 33,937 477 39,593 | 545 45,249 613 50,905 681 56.561
(22.1g) 184 215 245 276 306
(83) 14.7 17.2 196 22.1 245
123 14.3 164 184 204

Dongjinbyeo| 368 33,482 429 39,063 | 491 44,643 552 50,223 613 55,804
(22.4g) 16.6 19.3 22.1 248 276
91) 133 15.4 177 19.9 22.1
11.0 12.9 14.7 16.6 184

( ): 1000brown rice weight

{ ) : spikelet number per panicle

spikelet number/m? included 20 % more number than actual requirement
abc : Number of panicle per hill at plant spacing in 30 X 15cm(22.2hill/m?), 30 X 12¢m(27.8),

and 25 % 12cm(33.3), respectively.
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