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Analysis of the Dry Matter Production Process and Yield Formation of the High-Yielding Rice Cultivar
Takanari, from 1991 to 1994 : Yin-Fa XU, Taiichiro OOKAWA and Kuni ISHIHARA (Faculty of Agriculture,
Tokyo University of Agriculture and Technology, 3-5-8 Saiwai-cho, Fuchu, Tokyo 183, Japan)

Abstract : To clarify the physiological and ecological characteristics directly responsible for high yields in rice
plants, the yield and yield components, the process of dry matter production and the light-intercepting character-
istics were compared between the cultivar Takanari, a high-yielding variety bred in 1990, and the cultivar
Nipponbare, a standard Japanese variety. The Takanari yield of 528~642 kg/10 a was about 100 kg/10 a higher
than the yields for Nipponbare in 1991 and 1993, poor harvest years. The Takanari yield of 817~888 kg/10 a
was about 230 kg/10 a higher in 1992 and 1994, good harvest years, owing to higher dry matter productivity and
harvest index for Takanari. In spite of a great number of spikelets per square-meter for Takanari, due to the large
number of spikelets per panicle with more secondary rachis-branches, the percentages of ripened grains were
almost the same as those of Nipponbare. Crop growth rates were higher owing to the higher net assimilation rate
after heading in 1991, and owing to both higher net assimilation rate and larger mean leaf area index after the
maximum tiller number stage in 1994. The net assimilation rate for Takanari was higher due to better light-
intercepting characteristics considering the arrangement of leaves and position of panicles in the canopy. The
higher harvest index for Takanari mainly resulted from a higher amount of assimilates translocated to the panicle
from the culm and leaf sheath after heading.

Key words : Dry matter production, Growth analysis, High-yielding variety, Light-intercepting characteristics,
Rice, Yield, Yield component.
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Table 1. Comparison of yield and yield components between Nipponbare and Takanari over four years.

No. of No. of No. of Percentage 1000-kernel Brown rice Unit area  Harvest
Year Variety panicles spikelets spikelets of ripened -weight yield  sampling yield index
/m? /panicle X1000/m? grains (g) (kg/10a) (kg/10a) (%)

1991 Nipponbare 349:37*** 109£8*** 38£3**  75£10** 19.0%£0.8** 53775*** 428+44*** 38***

Takanari 229+23  203*15 46+6 71+£5 19.3£0.3  634+89 528+84 48
1992 Nipponbare 376£20*** 90x6*** 34£3*** 92+2** 19.9%0.5** 623+£55*** 591x£7***  38**
Takanari 237+20  201x15 47+£3 88+4 19.9+£0.4  823+44 817+3 46
1993 Nipponbare 422+31*** 84+8*** 35%2* 83+4** 18.2+0.8*** 528+33* 530+19**  40**
Takanari 260+23  149%10 39=%2 807 19.8+0.7 618%73 642+13 46
1994 Nipponbare 433+29*** 8544*** 37+3*** 85+7*  21.2£0.6** 666+36*** 656+45*** 36***
Takanari 286440  214+£25 6144 79%3 19.9+0.1 95765 888+33 44

Values represent mean=*standard deviation. 1000-kernel-weight and grain yield were indicated as 14.5%
water content. *, ** and *** indicate significant differences between Nipponbare and Takanari at 0.05, 0.01 and
0.001 level (T-test), respectively.

Table 2. Comparison of number of spikelets, percentage of ripened grains and 1000-kernal-weight in
different order of rachis-branches between Nipponbare and Takanari (1992).

Rachis-branch

Variety No. of spikelets/rachis-branch Percentage of ripened grains 1000-kernel-weight (g)
I II I I 11 I I II I
Nipponbare 4943*** 415> 95+2*** 89+4 — 20+1 18+1* —
PP (54) (46)
. 72+t4 117+1 8+3 91+£3 874 6112 20+0 19+1 17+3
Takanari

(37) (59) (4)

Values represent mean=+standard deviation. I, II, and III indicate the first, secondary and third rachis-
branches, respectively. Values in parenthesis show percentage of number of spikelet on each rachis-branch per
total number in the panicle. *, ** and *** indicate significant differences between Nipponbare and Takanari at
0.05, 0.01 and 0.001 level (T-test), respectively.
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Fig. 2. Change in dry weight of the whole plant

and panicle in 1991 (open symbols and dot-
ted lines) and in 1994 (solid symbols and
lines).
BB (-[]: Takanari, @—@ O--O: Nippon-
bare. *, ** and *** indicate significant differ-
ences between Nipponbare and Takanari at
the 0.05, 0.01 and 0.001 level (T-test),
respectively.

Table 3. Comparison of total dry weight increase (4W), panicle dry weight increase (JE) and (culm+
leaf sheath-+leaf blade) dry weight decrease (—4S) and reincrease (+4S) during the ripening

period between Takanari and Nipponbare.

Dry weight increase

(culm+leaf sheath+leaf blade) dry weight

Year Variety Total Panicle decrease reincrease — A4S/ JE*
AW (g/m?) AE(g/m?) — A4S (g/m?) +4S(g/m?) (%)

1991 Nipponbare 605.3 605.5 64.2 64.0 10.6
Takanari 725.8 816.3 89.5 0 11.0

1994 Nipponbare 568 .4 752.6 221.9 37.6 29.5
Takanari 712.7 1114.0 401.3 0 36.0

— A4S indicates the difference between the (culm-leaf sheath+leaf blade) dry weight at heading and the
minimum dry weight during the ripening period. +4S indicates the difference between the minimum (culm+
leaf sheath+leaf blade) dry weight during the ripening period and the dry weight at harvest. * The percentage
of dry matter weight translocated to the panicle from the (culm-+leaf sheath+leaf blade) per panicle dry

weight increase.
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Fig. 3. Changes in crop grwoth rate (CGR) (A), net assimilation rate (NAR) (B) and mean leaf area

index (LAI) (C) in Nipponbare (open bars) and Takanari (solid bars) in 1991 and 1994.
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Comparison of canopy structure and relative light intensity between Nipponbare and Takanari at

the panicle development (A), the early heading (B) and the early ripening (C) stages (1991) .
'Open, oblique line, dotted and solid parts indicate the dry weight of the leaf, culm and leaf sheath, panicle

and dead leaf, respectively.

2Abbreviations : LAI, leaf area index ; K, light extinction coefficient.

8Solid curve indicates relative light intensity.
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Table 4. Comparison of leaf area, leaf inclination angle and the position of the panicle in the canopy

between Nipponbare and Takanari (1994).

Leaf area Leaf inclination angle Distance between the top of the panicle
. (from horizontal plane) : .
Variety Total  15th+16th* 15th+16th ¢ ) and the panicle and the .ﬂag leaf
/Total neck node auricle
(m?/m?)  (m2%/m?) (%) 16th 15th 14th (cm) (cm)
Nipponbare 6.4+0.1 3.0£0.2 46.5 61+13 65+12 52%15 20.5%0.8 29.0+1.2
Takanari 7.3%£0.3 3.6%0.3 49.6 84+4 762 80*3 29.8£1.3 23.9+3.3

Values represent mean=standard deviation. *indicates the leaf position from the bottom ; 16th leaf is flag

leaf.
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