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Characteristics of Dry Matter Production Process in High-Yield Rice Varieties VI. Comparisons
between new and old rice varieties : Kuniyuki SAITOH*, Hiroyuki SHIMODA and Kuni ISHIHARA (Faculty of
Agriculture, Tokyo University of Agriculture and Technology, Fuchu, Tokyo 183, Japan)

Abstract : Differences in yield, dry matter production, and harvest index between new (registered after 1955) and
old (before 1940) Japanese rice varieties were examined with reference to light-intercepting characteristics, single
-leaf photosynthesis, and dry matter accumulation in the panicle. The average yield of new varieties (586 g/m?)
was higher than that of old varieties (483 g/m?) owing to higher dry matter production during the ripening
period. This difference was caused by a smaller decline in the leaf photosynthetic rate and by the lower canopy
light extinction coefficient observed in the new varieties, as compared with the old varieties, during the ripening
period. The new varieties had a higher harvest index as compared with the old varieties, but there were no
differences in sink size between them. The higher dry matter production in the new varieties resulted in the
accumulation of assimilate in the culm at the late ripening stage. Clearly, the sink size was not enough in the new
varieties, i.e. the sink size should be enlarged by using the Indica or Indica/Japonica hybrid varieties (Nanjing
11, Milyang 23) in the breeding program.

Key words : Dry matter production, Harvest index, High-yield variety, Light extinction coefficient, New and old
varieties, Rice plant, Single-leaf photosynthesis.
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Table 1. Comparisons of yield and yield component between the new and the old rice varieties (1999, 1991*) .
Heading  Culm No. of No. of No. of % of 1000 Sink
Variety date length  panicles spikelets spikelets ripend grains size Yield
(1990) (cm) /m? /panicle /m?x10° grains weight(g) (g/m?)  (g/m?
New variety (Japonica)
Akihikari Aug. 6 83(89)* 347(327)  91.1(105) 31.6(34.3) 90.2(87.7) 20.0(20.3) 632(696) 571(611)
Kosihikari Aug. 12 100(108) 349(362) 96.4(105) 33.6(37.9) 79.8(77.6) 21.0(19.4) 706(735) 561(571)
Nipponbare Aug. 22 89(94)  423(364) 82.2(100) 34.7(36.5) 80.3(61.3) 21.1(19.2) 732(701) 587(429)
Musasikogane Aug.19 75(79)  412(348)  84.4(97) 34.8(33.7) 93.4(88.8) 19.6(19.5) 682(657) 600(585)
Akinisiki Aug. 22 88 371 85.2 31.6 88.9 20.9 660 588
Tukinohikari Aug. 22 84 320 94.3 30.2 92.4 21.7 655 606
Old variety (Japonica)
Aikoku Aug. 16 102(102) 314(325) 112.9(117) 35.4(38.0) 69.0(60.0) 20.4(19.2) 722(730) 496(439)
Kamenoo Aug.19 116(118) 339(341) 104.3(109) 35.4(37.2) 72.5(49.9) 18.5(17.8) 655(662) 475(330)
Asahi Sept. 1 118(112) 349(320) 102.8(119) 35.9(38.0) 62.6(42.5) 21.0(20.1) 754(763) 469(324)
Ginbouzu Aug. 23 113(117) 326(320) 110.7(127) 36.1(40.6) 68.7(46.7) 18.7(17.6) 675(714) 460(333)
Sen-iti Aug. 20 115 420 109.1 45.6 67.1 16.5 752 501
Norin 8 Aug.22 110 359 99.7 35.8 73.4 19.2 687 499
Indica and Indica/Japonica hybrid semidwarf variety
Nanjing 11 Aug. 12 71(75) 253(241) 159.3(182) 40.4(43.8) 79.1(63.0) 18.7(21.2) 755(929) 595(584)
Milyang 23 Aug. 20 72(79)  259(247) 156.1(173) 40.4(42.6) 81.3(63.3) 21.1(22.8) 852(971) 692(615)
Mean value
New variety 87(93)  370(350) 88.9(102) 32.8(35.6) 87.5(78.9) 20.7(19.6) 678(697) 586(549)
Old variety 112(112) 351(327) 106.6(118) 37.4(38.5) 68.9(49.8) 19.1(18.7) 708(717) 483(357)
Difference *% (k%) NS (k%) *% (k%) *% (Hk) *% (%) *% (NS)  NS(NS) *% (k%)

Each figure in the table is an average of 16 hills.
*: Values in the parentheses were obtained in 1991.
**% and NS indicate the difference at 1% level of significance and not significant, respectively.
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Table 2.

Comparisons of dry weight at one month after transplanting (I), heading time(II) and harvesting

time (III) ; dry weight increase in top (4 W) and in panicle (4E) from heading to harvesting time ; stem
and leaf weight decrease (— 4S) and reincrease(+ 4S) during ripening period ; harvest index ; carbo-
hydorate content in stem at heading time ; and light extinction coefficient at panicle development
(PDS) and early ripening (ERS) stages ; between the new and the old rice varieties (1990) .

Harvest  Carbo-

Dry weight Mean+S. D. Dry weight increase, Light extinc-
Varieth (g/hill) decrease and reincrease index hydrate tion coefficient
content ——
I 1I 111 AW  4dE —-4S +4S (%) (%) PDS ERS
New variety (Japonica)
Akihikari 12.940.7 41.1+3.1 71.0+2.4 29.8 29.4 6.4 6.9 49.7 26.4 0.34 0.78
Kosihikari 12.3+£0.7 45,725 75.1%x5.3 29.5 28.0 3.6 5.1 46.7 14.8 0.46 0.72
Nipponbare 12.7+0.5 55.4%x2.0 83.5+4.0 28.1 30.1 7.1 5.2 43.3 16.8 0.40 0.74
Musasikogane 10.7£0.4 54.2+3.2 82.5+9.7 28.3 29.0 4.8 4.0 42.3 21.0 0.46 0.59
Akihikari 10.2+0.7 49.0%x2.6 76.1+x1.4 27.1 29.1 3.5 1.5 45.4 15.0 0.55 0.62
Tukinohikari 11.8%0.5 53.3+2.8 84.3%£3.5 31.0 29.3 4.7 6.4 41.6 23.8 0.47 0.52
Old variety (Japonica)
Aikoku 12.8+0.6 46.5+3.2 65.8%2.0 19.3 24.0 4.7 0 45.8 9.5 0.45 77
Kamenoo 13.3+£0.5 57.4+3.3 80.5+2.8 23.1 25.7 2.6 0 39.3 14.2 0.42 0.77
Asahi 12.4+0.6 65.5+2.8 82.6+6.4 17.1 23.8 7.6 1.0 36.6 16.3 0.62 .25
Ginbouzu 10.9£0.4 55.5+2.4 76.4+7.2 20.9 23.9 3.6 0.7 39.4 17.0 0.43 0.86
Sen-iti 13.4+0.8 55.3+4.1 83.7+6.6 28.3 26.5 0.6 2.5 39.2 10.4 0.43 0.77
Norin 8 12.3+0.4 55.2+3.1 74.7+4.4 19.5 22.8 3.5 0.3 38.6 11.7 0.44 0.87
Indica and Indica/Japonica hybrid semidwarf variety
Nanjing 11 16.0+£1.1 49.5%x3.2 73.9t1.7 24.4 33. 10.4 1.2 56.3 27.2 0.42 0.64
Milyang 23 10.7+0.6 51.8+2.2 78.8+3.0 27.1 33.2 6.4 0.2 51.1 23.6 0.41 0.45
Mean value
New variety 11.8 49.8 78.8 29.0 29.2 5.0 4.9 44.8 19.6 0.45 0.66
0Old variety 12.5 55.9 77.3 21.4 24.5 3.8 0.8 39.8 13.2 0.47 0.88
Difference NS NS NS *% K%k NS Kk Kk *k NS %

Harvest index : Panicle dry weight/top dry weight.

Carbohydrate content : Total sugar and starch content (glucose equivalent).
#x and NS indicate the difference at 1% level of significance and not significant, respectively.
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Fig. 1. Relationships between crop growth rate and mean leaf area index (A), net assimila-
tion rate (B) and canopy light extinction coefficient at the early ripening stage (C) in the

new (O) and old (@) rice varieties (1990).

The correlation coefficients between new and old varieties were-0.726, -0.871* (A), 0.875*,
0.933** (B) and 0.017,-0.871* (C), respectively.
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Fig. 2. Comparisons of canopy structure at the early ripening stage between Nippon-

bare (A), Kamenoo (B) and Milyang 23 (C) in 1991.
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Table 3.

Comparisons of maximum single-leaf photosynthetic rates measured during the two

weeks after the full expansion and the rates at the mid ripening stage (MRS) measured for
10 days from 20 to 30 days sfter the heading time in the 1st (flag) and the 3rd leaf between

the new and the old rice variety (1990) .

Single-leaf photosynthetic rate (mgCO,dm2+h™!)

Variety Ist(flag) leaf I 3rd leaf III
Max. rate MRS Max. rate MRS

New variety (Japonica)

Akihikari 36.6+0.4 25.0+4.2 (31.6) 39.0£4.0 15.4+2.3 (60.6)

Kosthikari 36.5%3.2 24.4+4.8 (33.4) 29.1+3.0 13.9+3.8 (52.4)

Nipponbare 38.7t1.4 23.5+2.5 (39.2) 27.7+0.5 11.6+0.6 (58.1)

Musasikogane 35.7£1.9 26.3+0.5 (26.5) 27.3x20.5 13.4%+2.1 (51.1)

Akinisiki 37.2x1.0 23.7+4.5 (36.4) 30.4£3.7 11.5+3.0 (62.2)

Tukinohikari 37.1x1.8 25.1 .4 (32.3) 33.2+5.1 15.9+0.2 (52.3)
0ld variety (Japonica)

Aikoku 42.3+0.2 20.8+2.3 (50.9) 30.1+£3.7 11. 2.4 (60.9)

Kamenoo 36.2+3.5 15.8+2.3 (56.5) 28.7+3.7 10.2+1.0 (64.7)

Asahi 36.3+1.5 14.1+1.2 (61.1) 29.5+1.2 10.2+3.0 (65.4)

Ginbouzu 40.5+1.5 19.0+2.7 (53.1) 33.1£4.5 13.2+1.5 (60.0)

Sen-iti 38.3+2.8 23.7+0.6 (38.3) 29.7£1.0 11.0+2.3 (62.8)

Norin 8 39.4+1.7 20.7+1.9 (46.9) 28.1%+2.0 10.6+2.4 (62.2)
Indica and Indica/Japonica hybrid semidwarf variety

Nanjing 11 40.6+0.3 16.9+3.6 (58.4) 27.9+£2.5 8.0+2.2 (71.1)

Milyang 23 48.3+1.7 33.2+4.7 (31.3) 34.1+3. 18.0+2.1 (47.2)
Mean value

New variety 37.0+0.9 24.7%£0.9 (33.2) 31.1+x4.0 13.6+1.7 (56.1)

Old variety 38.8+2.2 19.0£3.2 (51.1) 29.9+1.6 11.2x1.1 (62.7)
Difference NS *k (k%) NS %k (k%)

Values indicate mean+S. D..

Numerales in the parentheses indicate the percentages of photosynthetic depression at the MRS.
*¥ and NS indicate the difference at 1% level of significance and not significant, respectively.

HEEREE L L TEE s TRIZAZIEE—IC
EEEP D220, GRTHEENEEOESY S
3 2 RBEN/NE L, o EZEYy, EEOKE
REZEHFET LI EBHRL T, BOMESHME
IR, EERELSEYGAL LD SESER LT
7z,
ZHEBOEE L 2 2 [EEREBROLREE, HFEFE
BRI X HTELTESLS 0,45, [HEAKESS 0.47 & B D
MEE 2ot BE2R), BBV S EH-1H
L HICBRHBRBIKRE L o ehs, KEL kD
BEIHSE (0.66) IZHENHSE (0.88) TEL
<, FEEICHEANIBREDZLER HRELGRE
RBBEOREWI Eitbhot, X862, @
B RE e CGR t0BfREA L (B1KCO),
WMEOMICIZEHRE CRIEE A O HBEE
(r=—0.871%) 2 b - 72538, FréLETIZEE 2 AEH 1L
otz (r=0.017), T7xbb, [HEETIEZHEE

BNBRHIAOEMEEICKE EEL THL3DIcxt
LT, #abl Tl EERERC A A B H B
BLTVEZEbrol, ZOHEHSERIIE L
RS 23 S ORNARE E A B L, TR I ET A
WHART/IE L, BRARBOEYEE KSR

LTwaEigEZonzhol,

5. BEXSHEEFE IR # - HEBEOHKEK
HEREE (BETTH®2EMOYYE) 1k, 2h
ZTNETHE (L) 5 37.0, 38.8mgCO,+dm~2-h"!,
BITEH31.1, 29.9mgCO, +dm2-h! Lt HE=
FED SNz, L L, HEEE 20~30 HD%
BEEEICIEEEYSH D, [HSE I~ RED
HEREERIEILE, BHIEZFNFNRTS.7, 2.4
mgCO, -dm=2-h ! K&z,

B, 2MEIZODLWTHELZSIE, S E
DIEZENEBEE DR = HFERRTERH TR L2
GE3R). BIBONSHEE ZF-IHREE bIE

NII-Electronic Library Service



7 B

KRB ISR O YA EERF OB (55 6 ) 515

R TERIZ/NS S, By & HFE% 10 HEIC K
Kezbh, ZOBRAKOKEALE - c@P L, 8
I FOXEREE E, B THEKIC ZAEHTE
B KED»-7H, HEOBBEEL L 4 ITBRLICET
L7z, #nFhOWEMBIIH - IHRERThR D E
BLCWwaY, BE3RTHED SN LD ICEHRT
% 2 AR E FT - [HEEOBEIEED YT Y + 131y
—THo7zDIt L, HFE20 HURRICIZFE 1 ZE, 5
NI EE & DT S s Frab A 12t IR S FE O B 5E 8
DYVNE L I BB S 0 5 Tz,
RRIGERISEEB 235O nTATHS,
11 53 EORANEBCGEE 3 H G It
TREVHOD, WEA L b ICBBPHIO N & B E
BIZETSRIC AT D/ s <, BEERYY L ERRC
ERED HERREDORPBENKE -2, &
723 5 3 L EORARAGHAE D 4 EH KA
T, EBIHIEL 7 FE 2 ) ICKROLTKRE L, BEHHA
DNEREE IMEEL & b i AR RAKTHD,
BEER'Y L ERRICIEE OB EE N & - 72,

% =

RFETIR, SHESER I TV 20EL 50
WEF NS LBERICITE S HAEO &)L E AR,
INE B L INEEROHEZT-7:, 205 OFRFR
EEBEELC, AEHEONRBREYEE TS &L
HIZ, THSREE Z A E TORFES 02 TR
TEBNEAREORR 115, BB 2350
HRETL TAIz,

¥ I BREONE S & USSR ¥ B fE
DB ZT - 12 fER» 5, SHER STV 25
BMOFHEE £ L TH L INEBRERE»SH D &,
VYRR - HEEHETIRIZEFEL , Bty
DEVI LI DHGEONENE» >/ (B
£), HYEERRELS AL &, FrabE A
NHFEHLE OBEEFE (AW) OFEWZ L2k
IV E - NS E VWA, AWy 7 0RB A
ZTRELWOT, HEBCHEREINLELEYE
DIHFREIC AR TR E o7, 3 - [HREOIE,
EYAES LU UCEEL 2 RNER, FEEXS
FOREICEE L THB L I RIERE < H 5, Fiih
EizBsnT, BRIAMOEYEE W I L3RR
I HIE I BV THE S Y, kY, KHEH S 12 L DR
2, FOERHERGHFHETIIZLEEOREE
L BRREANE W D b, BRROMEIELS
BERENFOVI EWCHDLIENHEHLMZEN T,

50 I
40} *
o .O
= 80p
(=]
E 20F °
T uf
EE 0 1 i 1 ]
~ s W
= O
E ° 5
- Ewppe
= O Krie
_g 20}- . F ‘u
10F
—T

Days after hesding

Fig. 3. Changes in photosynthetic rate of the Ist
(flag, I) and the 3rd (III) leaves with aging
in the new (O) and old (@) rice varieties
(1991).
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Fig. 4. Relation between culm length and carbo-

hydrate concentration in the stem (culm with
leaf sheath) at the heading time in the new
(), old (@) and Indica semidwarf (A) rice
varieties (1990).

The correlation coefficient was —0.774*.
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