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‘Statistical Analysis of Yield-Limiting Factors of Paddy
Rice in Each Cultivation Season in Kochi Prefecture

Yoshinori YamamMoTo and Masami MATSUURA
Experimental Farm, Faculty of Agriculture

Abstract :Statistical analysis was undertaken to clarify which yield component caused
the marked regional difference of paddy rice yield of Japan in recent years, and more-
over, to clarify the low-yielding factors of paddy rice in each cultivation season in
Kochi Prefecture, one of the representative low-yielding prefectures in Japan be-
fore and after the World War I, through yield components and discuss the effects
of climatic conditions on the determination of each yield component. The results ob-
tained were summerized as follows: S :

1. The avarage brown rice yield from 1972 to 1981 in Tohoku, Hokuriku and Hok-
kaido regions are above the. total average of Japan (469kg.10a), on the other hand,
those of warmer southern regions are below the total average. This difference of yield
by the regions is caused by total number of spikelets per square meter, mainly through
the difference of number of panicles per square meter. And also, there is a regional
difference in the relative weight of each yield component to yield, i.e., percentage
of ripened grains and number of panicles per square meter most contribute to yield in
cooler northern and warmer southern region, respectively. 2. In Kochi Prefecture,
the earlier the rice cultivation season, the higher i1s the yield, but each of them 1is
below the total average yield of Japan (10 years average from 1972 to 1981). Among
the yield components, number of spikelets per square meter, percentage of ripened grains
and 1000-kernel-weight in both of early and normal season cultures; which are the two
main rice cultivation seasons in Kochi Prefecture, are below the total average of
Japan. The few number of spikelets per square meter results from the few number of
spikelets per panicle and pancicles per hill in the early and normal season rice plants,
respectivély, because the young panicle formation stage in the eary season culture or
tillering stage in the normal season culture passes during the rainy season. Moreover,
the low percentage of ripened grains and 1000-kernel-weight are caused by the high tem-
perature during the ripening period in both of the cultivation seasons.
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Fig. 1. Changes of planted area, yield and production of paddy rice from 1882
to 1981 in Japan. ' .
Source @ Crop Statistics, Statistics and Information Department, Ministry
of Agriculture, Forestry and Fisheries '
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Fig. 2. Changes of paddy rice yield of some representative prefectures from 1926
to 1981.
Source : Crop Statistics, Statistics and Information Department, Ministry

of Agriculture, Forestry and Fisheries

KENTRINS 2B—ECCHERBEROEI-USIE L LTHES T O TVWEDATSH
D*) DhWd ‘7 LLTOREETHY, ‘i’ L LTOENOBELNIEL,

APRTE, TOXIGKRERRD “LEmEER" ORRE%E. W% £ OMRZERICHE LTI
BOBIARLOHOMCTAZ EEEHNE LT, $HLBHOBNEORETHIGHELLES
BWVIFEEHIDEINETH 5 1R * B X UVBHIOEINBETH SAEE & O NRMRERE LK
THLERLE-T, NABKRERZRL D AHIIBEOBHMBICE G B ENHERECFASLICL, TS5
3IRIC 1 B RREM & INRMRER & OBFRIC DO TRET L7,

*2) BAMLIM (P5) OB TRRFRGENRATH 505 TEKMBUHOHB AL L L 2710~750m &
<Y, REERORBR Y LARIMRIGEV O TL CTR—IGERD SR L7,
*3) WRO RF47E ~56F D107 Fic B 1 BKFIO UG 556kg TRET 161 TH B,



104 BHMAFZERMARSE $3BH (1984) 1 %
BB EIUAE

ABFRICHC IR BMOKEES [1EMSE) L UBHNEGEIHTRBEFRERICL -, T1
HH, NI CNEMRERORT R, & L THEITE (19726F) ~564F (19814F) D104
FICONT, FFREDRBIEMIFINCITEC, KOTHMEDEMBIIKTE (RIS L SaMHE)
DRF B & CIREHRE S & SETHUTICRAROFNE L LTOILFE S LU SINE &
LTOEREAD 2% BRI L, Uk, AMRTRINASRERBRE O - T, BT
RuOOME, 18 (2) B, BASE, TKTHED 4 BERESTH, &5 ICHATERYS Y O
RBULBRICGUT, HAEREY O OBREE 1 540 BB L, 372 BTSN O DRI E 1
HRMORMERAEATE O D (£) MHE L, FEAMLDEESS VRIBICK > TR,

RGNS 2 BB EROBMI LY 4 b UXB~DEER, EHOAEX) d, HBAI
L BMEEE D ICE ORI, AR, COMMIY x4 b OEHBICIIERERERFHESR D Sh
05, ERELECOMIEHEDERBHTNEL, 0.1~02%BETHS L EHBBMESATHL
%5,

w N
@
< 8 — 6
2, 0[' W g 00[
22 I RN Fa B IR
< 8 60} |’ g 400 , —
oy OF =
z &
S £ 200t
7 - Q}o
8 400t - — a2
£ | ol
e 200} .
sE T 2r —
s [ Ew | e H
z8& oL £ " L |
i g% ¢
] =z ot
2 22+ N
2 . ] k2 80 = —
8__ 20t — | | %a - —
BE S 3
S = o8 60
suf| | ||| [HTTT) 2B
o ¢ X100
22r nl g 320 §
=2 2 — -
£ 20F M ! 280 i
“6 : h w “-NE :
S5 °
Z & 18} , «l S 5 240
ot Z & ol
0 123456789 0 123456789
Agricultural regions® Agncultura! regions*®

Fig. 3. Paddy rice yield and yield components of each agricultural region and
total avarage of Japan (avarage of 10 years from 1972 to 1981).
* 0 : Total avarage of Japan, 1: Hokkaido, 2: Tohoku, 3: Hokuriku,
4 Kanto-Toéan, 5: Tokai, 6: Kinki, '7: Chugoku, 8: Shikoku,
9 Kyushu
Source . Crop Statistics, Statistics and Informatlon Department, Ministry
of Agyiculture, Forestry and Fisheries
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Fig. 4. Correlations between paddy rice yield and number of spikelets per:
squere meter, percentage of ripened grains or 1000 - kernel-weight of each
agricultural region (avarage of 10 years from 1972 to 1981).

Note 1) Numerals in the figure refer to fig. 3.
Note 2) * *Significant at 1 96 level.
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Fig. 5. Correlations between number of spikelets per square meter and number of
panicles per square meter or number of spikelets per panicle of each agri-
cultural region (avarage of 10 years from 1972 to 1981).

Note 1) Numerals in the figure refer to fig. 3.
Note 2) * *Significant at 1 96 level.
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Table 1. Regional and prefectural difference of relative weight of each yield
component to yield

Agricultural Yield components
Region or No. of panicles No. of spikelets Percentage of 1000-kernel-
Prefecture per square meter per panicle ripened grains  weight
Hokkaido 33.4% 21.4 % ° 33.2% 12.0 96
Tohoku 24.6 20.5 ' . 45.0 9.8
Hokuriku 32.3 22.4 - 31.7 13.5
Kanto-Tosan 21.5 19.7 42.9 15.9
Tokai 45.9 18.7 21.5 13.9
Kinki 35.8 2.5 . 315 7.3
Chugoku 37.2 18.5 32.5 11.8
Shikoku 40.2 24.8 27.1 7.9
Kyushu 38.0 187 . 2.3 14.1
Yamagata Pref. - 37.4 23.0 " 28.4 1.1
Kochi Pref. .
Early season 33.0 20.8 29.2 17.0
Normal season 33.6 17.2- 39.8 9.4
Saga Pref. 29.6 22.9 34.6 12.9
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DD 21.5~32.5%61C  5XTEFH L, BIE - BILWLIBOHIRTHE f MDD o £ 1 + 53358~
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Fig. 6. Changes of planted area, yield and production of paddy rice of the
first and second seasons from 1926 to 1982 in Kochi Prefecture.
Source : Data supplied by kochi Statistics and Information Office
Ministry of Anriculture, Forestry and Fisheries
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Fig. 7. Changes of planted area, yield and production of paddy rice in each
cultivation season from 1972 to 1981. ’
Source @ Data supplied by Kochi Statistics and Information Office,
Ministry of Agriculture, Forestry and Fisheries

LD, TRERRTRERER (BMPE L LKTHE) DBEROERE LTHF 5Nk,
UFERD of % 0 263 #33,800K TH D, AEDRYIFED#927,3008%, B-&EMFE D #923,300414C



INRSRER & 0 % 1 BHBOEMSIKRE OB O ER

T A )

Brown rice yield

Jl Il 'l 1 L L 1 A o | 'y 1 : A
(kg /10a) 300 350 "~\ 400 \ 450 500 4 _..550
. .. b SR —_’,(_. o -
1000 -kernel - X 1 ) 2 N Lo | L i
weight (g) 17 19_ [ | R
.- ' ! |
Percentage of ripened L Lot g - VAL U I PR WL Y
grains (%) 68 \ 72 N
. A EAN ’ he .~ '
No. of splkelets — L\ PN W e LTt
per m? 220 T~50260° _-1 300 - -7 340
. ~acl ] .- ,
No. of spikelets L — - "_)«" 1 L
per panicle 64 T T—-—68 /T o 7 6._ .
No. of panigles N e P S
per m? Pt
S . . ~. gy - . s
- No. of panicles P TR i S S SRR T A1/ L VY
per hill 12 ) 16~. -2_9/ . 24
No. of hills 1 A 1 ] 1 1 Il 1~\'r /\n\ 1\‘\ A 1 1 1
per m? 12 - 16 20 24

Total average of Japan,

— - — Early season cultu'relin Kochi Pref.,
-—=~~— Normal seasonculture in Kochi Pref.

Yamagatei Pref.
Saga Pref.

Fig. 8. Compari_,so'r-) of yield and yield components of early ar'id.,_normal season

paddy rice .in Kochi

Prefecture with those of total

avarage of 'Japan,

Yamagata and Saga Prefectures (avarage of 10. years from 1972 to 1981).

Source : Crop Statistics,

Staiti

istics

and

Information

Department and

Data supplied by Kochi Statistics and JInformation Offlce Ministry

of Agrlculture, Forestry and Fisheries “.-

{ 5-XT7,000~10, ooo*lzwc bhhb »)@“ ’*EM%
TVWBLERBERTRETHD, BUAIK, Hﬁinwﬁf»b43E$T®20$FEHC:bto’Cﬁﬂa%ﬁﬁfi&
DI T bNI [HKIERE—] iﬁ’ﬁ%&%U%gﬂmuaﬁciﬁaﬁasﬁwﬂﬁm K (Bkmg)
D 1,052.2kg THO, ZDOMPMBEDOILFAK (FFE,
%% (FLE, 1,014.6ke) 75 1,000ks LI LA EHLTHD, {—@wmﬁﬁzﬁi%*%wmc

“Table 28 &R L7,

109:.

, BRTFHEOWTFO OGP AR EHRL

1,032.9kg) ¥ & FEEFN30ED | %

YLeld and yLeld components of the highest rice yLeld contest of Japan

Table 2.
practiced from 1949 to 1968 8)
X g _
ltems Hills per m? anc'les Pamcl;zs Splkelets Spikelets P}ercentage %)l' . 1009 kernel Yield
per hill per m per panicle per m? ripened grains weight
Avarage of 20 cases 219 21.8 . 452 99 45000 91.8 9 22.59 908 ‘k¢/10a
The First Record 21.8 - '20‘5._ . 447 108 48000 87.0. . "o 11052
The Second Record '19,'76" o280 549 83, 46000 “93.3° 22.2 1024
The Third Record 8.2 28.2 513 94 48000 94.7 — 1015
Total f
otal avarage of Japan 18.5 17.1 316 79 25000 7.1 21.6 397

" from 1954 to 1968
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Table 3. Main growth phase and period of paddy rice in Yamagata, Kochi and Saga

Prefectures
. Transplanting to young Young panicle {romation Heading to Total field . !
Prefecture panicle formation * to heading ) maturity period Leading variety
Calendar day d;;ys Calendar day days Calendar day days days

Yamagata May 20-Jul. 9 51 Jul. 10-Aug. 8 30 Aug. 9-Oct. 1 54 135 Sasanishiki
Kochi . : . .

Early season Apr. 15-Jun. 15 62 Jun. 16-Jul. 15 30 Jul. 16-Aug.16 32 124 Koshihikari

Normal season May 30-Jul. 24 56  Jul. 25-Aug.23 30 Aug.24-Oct. 1 39 125 Koganenishiki

Second season Aug. 12-Aug. 29 18 Aug. 30-Sep. 28 30 , Sep. 29-Nov.24 57 105 Tamahimemochi
Saga Jun 19-Aug. 6 49  Aug. 7-Sep. 5 30 Sep. 6-Oct. 29 54 133 Reiho

* 30 days before heading v .
Source: Crop Statistics, Statistics and Information Department and Data supplied by

Kochi Statistics and Informatlon Office, Ministry of Agrlculture Forestry and
“Fisheries

Table 4. Climatic conditions during each growth period of paddy rice in Yamagata,

Kochi and Saga Prefectures

Transplanting to young  Young panicle formation Heading to

Prefecture panicle formation * to heading maturity Total field period
Summation Mean Summation Mean Summation  Mean Summation Mean
{Max. Temp., *C) ) .
Yamagata 1251.3 (100) 24.5 - 891.6 (100) 29.7 1456.8 (100) 27.0 3599.7 (100) 26.7
Kochi
Early season . 1470.1 (117) 23.7 837.2 ( 94) 21.9 1000.6 ( 69) 31.5 33137 ( 92) 26.7
Normal season 1549.9 (124) 21.7 950.4 (107) 31.7 1138.8 ( 78) 29.2 3639.1 (101) 29.1
Second season 565.8 ( 45) 31.4 873.0 ( 98) 29.1 1276.3 ( 88) 22.4 2715.1 ( 75) 25.9
Saga_ 1478.8 (118) 30.2 958.2 (107) 31.9 1391.8 ( 96) 25.8 3828.8 (106) 28.8
(Min. Temp., *C)
Yamagata R " 709.0 (100) 13.9 597.8 (100) 19.9 ©925.7 (100) 17.1 -2232.5 (100) 16.5
Kochi
Early season . 886.5 (125) 14.3 ©629.3 (105) 21.0 746.0 ( 81) 23.3 2261.8 (101) 18.2
Normal season . 11271 (159) 20.1 699.8 (117) 23.3 800.8 ( 87) 20.5 2627.7 (118) 21.2
Second season 414.7 ( 58) 23.0 . 613.6 (103) 20.5 656.0 ( 71) 1L.5 1684.3 ( 75) 16.0
Saga . 1117.0 (158) 22.8 700.2 (117) 23.3 857.4 ( 93) 15.9 2674.6 (120) 20.1
(Sunshine hrs.) - ) ' .
Yamagata 303.7 (100) 65.95 186.4 (100) 6.2] 204.4 (100) 5.45 784.5 (100) 5.81
Kochi : : . ’
Early season ’ 383.6 (126) 6.19 145.3 ( 718) 4.84 235.4 ( 80) ,7.36 764.3 ( 97) 6.16
Normal season 306.5 (101) 65.47 224.3 (121) 17.49 2335 ( 79) 599 764.8 ( 97) 6.12
Second season 128.6 ( 42) 7.14 175.8 ( 94) 5.86 346.8 (118) 6.08 651.2 ( 83) 6.20
Saga 306.9 (101) 6.26 " 216.9 (116) 17.23 335.4 (114) 6.2} 859.2 (110) 6.46
(Precipitation, mm) - .
Yamagata . 179 (100) 3.37 160.3 (100) 5.34 221.8 (100) 4.1 554.0 (100) 4.10
Kochi :
Early season 605.6 (352) 9.77 390.8 (244) 13.03 316.3 (143) 9.8  1312.7 (237) 10.59
Normal season 680.5 (3% ) 12.15 304.3 (190 10.14 442.9 (200) 11.36  1427.7 (258) 11.42
Second season 220.0 (128) 12.22 3539 (221) 11.80 282.7 (127) '4.96  .856.6 (155) 8.16
Saga . 516.6 (301) 10.54 196.2 (122) 6.54 265.2 (120) 4.91 978.0 (177) 17.35
(Humidity, %) - - . - :
Yamagata — (—) 149 — (=) 79.4 — (=) 794" - (=) 77
Kochi o : ’ :
Early seéason —~ (—) 7.4 — (—) 85.4 — (=) 824 — (—) 80.1
Normal season = ( —) 8.6 — {(—=) 89 - ~ (=) 80.1 — (=) 821
Second season — ( —) 8.9 — (=) 80.1 . - - 7372 — (=) 7.7
Saga ) — (—) 80.9 — (=) 718 - (=) 75.8 — (—) 783

. * 30 days before heading .
Source: Climatic Table of Japan (Part 5), The Japan Meteorological Agency, 1973
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Fig.. 10. Changes of the ratio of damaged quantity to normal production from 1972
to 1981.
Source : Crow statistics, Statistics and Information Department, Ministry
of Agriculture, Forestry and Fisheries
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