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Growth Response to Nitrogen in Japonica and Indica Rice Varieties II. Differences in the rate of
increase in culm length and leaf area due to nitrogen fertilization : Sachio MARUYAMA and Koichi TAJIMA
(National Institute of Agrobiological Resources, Tsukuba, Ibaraki 305, Japan)

Abstract : Field experiments on the growth response to nitrogen were conducted for three years (1983-1985)
using 49 rice varieties including japonica, indica and japonica-indica hybrid.

Rates of increase in culm length and lower internodes as a result of nitrogen fertilization to japonica,
Jjaponica-indica hybrid and semidwarf indica were large, intermediate and small, respectively. The rate of decrease
in dry weight of the leaf sheath and culm per unit culm length was larger in japonica than that in japonica-indica
hybrid and semidwarf indica. The ratio of leaf area to the spikelet number was obviously smaller in japonica-
indica hybrid and semidwarf indica compared to that in japonica. However, the ratio of the rate of increase in
leaf area to that in the spikelet number due to nitrogen fertilization was larger in these groups than that in
Japonica. Furthermore, the rate of increase in single leaf area and specific leaf area of japonica-indica hybrid and
semidwarf indica were larger than those of japonica.

The obtained results suggested that one of the reasons of higher lodging resistance of japonica-indica hybrid
and semidwarf indica was ascribed to a little changes in the culm length due to nitrogen fertilization compared
to that of japonica. It was also suggested that these groups had a tendency of over-luxuriant growth due to
nitrogen fertilization compared to japonica. This characteristic should be improved for breeding high-yielding
varieties by using japonica-indica hybrid or semidwarf indica as genetic resources.

Key words : Culm length, Japonica rice, Japonica-indica hybrid rice, Leaf area, Nitrogen response, Number of
spikelet, Over-luxuriant growth, Semidwarf indica rice.
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Table 2. Time and amounts of nitrogen applied.

Top dressin
Basal g
Treatments dressing (ll)(g/IOa)
(kg/10a) 1 2
No nitrogen (O) 0 0 0
Medium nitrogen(M) 7 1.5 1.5
Large nitrogen (L) 14 3 3

Note. Basal dressing was applied before trans-
planting, and top dressings were applied
middle in July (1) at the most active tiller-
ing stage, and early in August (2) at the
spikelet differentiation stage.

Table 1. Varieties used in the experiment.

Japonica, native

Ginbouzu, Sen-ichi, Sekitori, Tamanishiki, Kokuryoumiyako, Takenari, Araki, Kameji,

Fusaku Shirazu, Asahi

Japonica, improved

Kinmaze, Nakate Shin Senbon, Manryou, Kusabue, Nipponbare, Mangetsu Mochi, Reihou, Tsukushibare,

Akinishiki, Kochihibiki

Japonica-indica hybrid

Tongil, Yeongnamjosaeng, Yushin, Raekyung, Milyang 21, Milyang 22, Milyang 23, Milyang 30,
Milyang 44, Suweon 258, Suweon 262, Akenohoshi

Indica, semidwarf

Chen-chu-ai, Nanjing 11, Ai-chiao-nan-teh, Dee-geo-woo-gen, Lu-tou, Gue-chao 2, Taichung-xian 10,

BG 34-8, RP 9-3, Bae-md-3-3, IR 2061

Indica

Yin-nian, Guan-yin-xian, Gai-liang-dong-wan-bai, Yan-jian-ke, Boro I, Basilanon
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Table 3. Changes in the mean leaf blade length and the mean culm length due to nitrogen fertilization

(1983) .

No.of Leaf blade length(cm) Culm length(cm)

variety O M L M/O L/M 0 M L M/O L/M
Japonica, native 10 40.0*  45.1* 52.5* 12.9* 16.78  77.6° 92.1> 97.7@ 18.7% 6.4°
Japonica, improved 10 34.8>  38.7%% 45.5°  11.4> 17.8*  60.6¢ 72.6° 82.9° 19.9° 14.22
Japonica-indica hybrid 12 33.00  37.1¢  44.6> 12.9° 20.3* 55.0¢ 63.6¢ 67.4¢ 15.7% 6.0°
Indica, semidwarf 11 33.0°  40.3¢  47.3>  22.2* 17.7°  60.3° 67.9%¢ 67.8° 12.7° —2.4°
Indica 6 42.2*  53.1¢ — 27.0° — 95.3 115.3* — 21.78 -

Note. O, M, L 1 0, 10, 20 kg nitrogen per 10 a, respectively. M/O, L/M ! rate of increase due to nitrogen
fertilization(%). Values are expressed as mean of varieties in each group.
Figures followed by a different letter are significantly different at the 5% level.

Table 4. Rate of increase in internode length due to nitrogen fertilization (1983) .

Rate of increase(%)
No. of Length of upper Length of lower
variety internodes( I +1I) internodes(Ill+IV+ V)
M/O L/M M/0O L/M
Japonica, native 10 13.4® —7.4° 45.4° 37.3
Japonica, improved 10 7.12 5.8 72.9° 34.2°°
Japonica-indica hybrid 12 6.9° 2.8 50.32 19.5%¢
Indica, semidwarf 11 6.02 —6.3° 49 .62 16.3¢
Indica 6 3.2° - 67.12 —

Note. See note in Table 3. Internode I is the top one, and I1-V are the second-fifth, successively.

Table 5. Changes in dry weight of the leaf sheath and culm per unit culm length due to nitrogen

fertilization (1983) .

Rate of increase in dry weight of

No. of the leaf sheath and culm (%)

variety M/O L/M
Japonica, native 10 —26.8% —24.0°
Japonica, improved 10 —25.07 —-31.6%
Japonica-indica hybrid 12 —11.9* —13.4¢
Indica, semidwarf 11 — 4.6° —15.1¢
Indica 6 —17.2%° —

Note. See note in Table 3.
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Table 6. Changes in leaf area, number of spikelet and the ratio of the number of spikelet to leaf area

per hill due to nitrogen fertilization (1983) .

No. of Leaf area(cm?) No. of spikelet Leaf area/Spikelet (cm?/)

varety = M L 0 M L 0 M L
Japonica, native 10 8682  2126%  3420? 805¢ 1437° 1640° 1.08%> 1.48%  2.14*
Japonica, improved 10 799*  2120*  3541° 718¢ 1340° 1814° 1.12# 1.592 1.982
Japonica-indica hybrid 12 698° 1849  3491° 988" 1729° 23700 0.71¢ 1.09° 1.50°
Indica, semidwarf 11 850*  2111*  3560° 11292 19180 2350* 0.76* 1.11° 1.54°
Indica 6 10128 2404 — 11552 18352 — 0.88> 1.31% —

Note. See note in Table 3.

Table 7. Ratio of the rate of increase in leaf area to that in the number of spikelet due to nitrogen

fretilization.

Rate of increase in leaf area/Rate of increase
in the number of spikelet ((cm?/cm?)/(/))

No. of
variety 1983 1984 1985
M/O L/M M/O L/M M/O L/M
Japonica, native 10 1.38¢  1.458  1.17¢ 1.09* 1.33* 1.19*
Japonica, improved 10 1.43* 1.25° 1.39%® 1.05* 1.37° 1.10%
Japonica-indica hybrid 12 1.548 1.392® 1.33* 1.13* 1.51* 1.18°
Indica, semidwarf 11 1.47*  1.39%> 1.48 1.08* 1.60* 1.21*°
Indica 6 1.502 — 1.298b¢ - 1.41%° —

Note. See note in Table 3.
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Table 8. Changes in the number of panicle and leaf area per individual shoot due to nitrogen fertiliza-

tion (1983) .

No.of No. of panicle Leaf area (cm?)

variety O M L M/O L/M @) M L M/O L/M
Japonica, native 10 6.8" 13.4> 17.4° 96.9* 31.5° 1292 160® 1982 25.4°¢ 23.9v¢
Japonica, improved 10 7.5¢ 16.0% 21.5° 114 .22 35.2¢ 107" 134° 165° 25.5° 24.5°
Japonica-indica hybrid 12 7.1% 13.6° 18.1° 93.2> 33.6% 100° 137° 1952 39.08>  42.22
Indica, semidwarf 11 8.0 13.9° 17.2° 74.3° 26.5% 108° 1552 2098 43 .5¢ 35.3¢8¢
Indica 6 10.1? 15.32 - 63.9¢ 110> 162¢ — 49.7° —

Note. See note in Table 3. Leaf area per individual shoot was calculated from leaf area per hill devided by

the number of panicle.
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Fig. 1. Relationship between the rate of
increase in single leaf area and that in leaf
area per individual shoot due to nitrogen
fertilization (1984, 1985, M/O, L/0O).
Note. AJaponica, native, Ojaponica, im-
proved, ®japonica-indica hybrid, ®indica,
semidwarf.
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Fig. 2. Relationship between the rate of
increase in leaf area per leaf length and
that in leaf length due to nitrogen fertiliza-
tion (1984, 1985, M/0, L/0O).

Note. See note in Fig.1.
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Fig. 3. Relationship between the mean dry

weight of the leaf blade and specific leaf
area (1985, M).

Note. AJaponica, native a: r=—0.34, O
japonica, improved b: r=-0.60%, O
japonica-indica hybrid c: r=-—0.63*, ®
indica, semidwarf d: r=—0.59*, Aindica
e: r=—0.77*. * Significant at the 5%
level.

Table 9. Changes in specific leaf area due to nitrogen fertilization (1985) .

No. of SLA'(cm?/g)

variety 0 M L M/O  L/M
Japonica, native 10 193¢ 220¢ 235° 14.1° 6.9°
Japonica, improved 10 191¢ 222¢ 231° 16.9° 3.88°
Japonica-indica hybrid 12 196°¢ 230° 236° 17.5¢% 2.3°
Indica, semidwarf 11 2062° 239°r 2542 16.1° 6.4°
Indica 6 219® 2428 — 10.9° —

Note. See note in Table 3. SLA’ : specific leaf area calculated by the following equation, SLA’=SLA— (—

0.169XLW), SLA : specific leaf area (cm?/g), LW : dry weight of leaf blade (mg/leaf).
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