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Comparisons of nitrogen use efficiency between rice cv. Nipponbare and
Takanari at different fertilization levels

Kuniyuki Saitoh?, and Yusuke Danno”
(Course of Applied Plant Science)

The rice cultivar Nipponbare and the high-yielding cultivar Takanari were cultivated in field trials for
three years from 2003, and in pot trials (1/2,000a) for two years from 2004. In the field trials, the fol-
lowing three levels of fertilizer were applied : “0 N” without fertilizer, “1 N” with the standard
amount(8 kgN 10a-!), and “2 N” with twice the standard amount (16 kgN 10a-!). In the pot trial, three
levels of fertilizer were applied : “0 N” without fertilizer, “1.5 N” with 1.5 times the standard amount
(1.5 gN pot1), and “3 N” with three times the standard amount (3 gN pot-'). In the field trials, yields
were higher in Takanari (538 to 843 g m) than in Nihonbare (423 to 577 g m), and the increase in
yield with fertilizer application was also larger in Takanari. This was related to the larger sink capacity
of Takanari and the smaller decrease in the percentage of filled grain with larger sink capacity. The dry
matter weight and nitrogen uptake at the panicle initiation stage were higher in the plots with higher
fertilizer application, but the differences between the cultivars were small. Dry matter weight and
nitrogen uptake at harvest time were higher in Takanari, and nitrogen use efficiency and sink production
efficiency were also higher in Takanari, but the differences in nitrogen use efficiency between cultivars
became smaller with increasing fertilizer application. The nitrogen use efficiency for dry matter produc-
tion also decreased with increasing fertilizer application, and was higher in 2005 in Takanari. The leaf
photosynthetic rate of Takanari was higher than that of Nipponbare in the pot experiment. The difference
in leaf photosynthetic rate was related to the nitrogen use efficiency (photosynthetic rate / leaf nitrogen
content), and the difference in leaf nitrogen content between cultivars was small. The nitrogen use
efficiency for dry matter was highest in the “0 N” and decreased with increasing fertilizer application,
and was higher in Takanari than in Nipponbare. This was presumably related to the higher nitrogen use
efficiency of photosynthesis. It was found that fertilizer application decreased nitrogen use efficiency and
sink production efficiency, but yield increased with increasing sink capacity, and that differences in
nitrogen use efficiency among cultivars were related to the amount of nitrogen absorbed up to the
panicle initiation stage and sink production efficiency. In order to improve the efficiency of fertilizer
application, it is desirable to increase nitrogen absorption, which is expressed as multiplying the number
of days to panicle initiation and the rate of nitrogen absorption, and to select cultivars with higher sink
production efficiency.

Key words : High-yielding rice cultivar, Nitrogen use efficiency, Nitrogen uptake, Sink capacity,
Sink production efficiency
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Table 1 Yield and yield components of rice plants grown under different levels of nitrogen fertilizer (Field experiment)
Year Panicle  Spikelets  Spikelets  Filled 1000 gipg  Grain Totaldry  Nitrogen uptake gy prod GY N-use DM N-use
Cultivar ots no. no. no. spikelets grams capacity yield matter efficiency efficiency efficiency
weight (GY) (DM) at PI at FM
(m?)  (panicle’) (x10°m™®) (%) (g) gm?) (gm?) (gm?) (gm?) (gm? (ggN) (ggN) (ggN)
2003
Nipponbare 0N 259 822 213 831 229 488 423 1,194 48 115 1016 369 104.1
IN 355 90.0 319 785 218 696 526 1,481 105 156 66.3 337 950
2N 373 938 349 69.6 215 750 520 1,389 132 156 56.8 334 89.1
Takanari 0N 201 1554 31.2 86.7 196 611 538 1,181 58 117 1054 461 101.2
IN 230 1773 408 795 206 839 648 1,454 110 159 76.3 409 917
2N 249 1910 474 710 208 986 700 1,632 162 210 609 334 779
2004
Nipponbare 0N 313 840 238 838 221 580 442 1,205 69 126 84.1 350 956
IN 387 747 290 763 221 639 484 1,361 77 164 830 296 831
2N 399 720 292 786 218 625 500 1,544 138 169 453 29.7 916
Takanari 0N 289 1206 349 839 188 655 550 1,333 6.7 142 97.7 388 940
1IN 308 1316 406 839 190 772 637 1,520 96 202 804 316 75.3
2N 317 1397 464 782 195 861 708 1,736 133 24.0 647 295 72.3
2005
Nipponbare 0N 320 90.0 288 829 226 652 539 1,359 68 110 95.9 488 1231
IN 373 958 357 742 22.2 794 587 1,638 114 139 69.7 421 1176
2N 388 1092 425 63.7 214 909 577 1615 172 166 529 347 971
Takanari ON 282 169.2 477 817 198 928 758 1,625 69 100 1345 759 1626
1IN 292 1860 543 76.7 202 1,098 827 1715 106 148 1036 56.1 1163
2N 267 206.4 551 74.2 203 1117 828 1,783 155 178 721 466 1004
ANOVA  Year (A) ** o ox . ox ox ox - _ _ _ _ _
Cultivar (B)  ** . . , . . . . _ _ _ _ _
Plot (C)  ** s . . s . . s ~ ~ ~ ~ ~
(AxB) ** ‘e " ns . - - _ _ _ _ _
(AXC)  ** e x . o x s . _ _ _ _ _
(BxC) o o ns ns o ns * * - - - - -
(AXxBxC) ns ns * ns * * ns * - - - - -

* and **, significant at 0.05 and 0.01 level : ns, not significsnt by ANOVA.

Sink capacity = Spikelet no. m™ X One grain weight. Sink production efficiency = Sink capacity / Nitrogen uptake at panicle initiation (PI).
GY Nitrogen use efficiency = Grain yield / Nitrogen uptake at full maturity (FM).
DM Nitrogen use efficiency = Total dry matter / Nitrogen uptake at full maturity (FM).
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Table 2 Yield and yield components of rice plants grown under different levels of nitrogen fertilizer (Pot experiment)

Year bl Pamicle  Spikelets Spikelets Filled 1000 g oran ol dw o Nitrogen uptake  gjng prog. GY N-use DM N-use
Cultivar ots no. no. no. spikelets grams capacity yleld matter efficiency efficiency efficiency
weight (GY) (DM) at PI at FM
(hill”)  (panicle™)  (hill") (%) (@ (ghill) (ghill") (ghill) (ghill") (ghill") (ggN") (gegN') (geN")
2004
Nipponbare ON 127 61.7 789 87.0 209 16.6 145 359 0.13 0.23 126.8 63.5 157.3
15N 23.7 75.1 1,778 87.6 224 39.8 349 97.3 057 0.94 69.9 370 103.1
3N 343 827 2,838 838 222 63.0 527 130.1 0.77 1.29 82.0 40.8 100.6
Takanari ON 12.7 859 1,079 816 18.1 195 159 357 0.14 0.21 1373 75.1 1684
15N 18.3 148.6 2,725 89.0 20.0 54.5 484 92.1 0.50 0.70 108.8 69.7 132.6
3N 247 1482 3,660 84.8 20.3 744 63.3 1215 0.96 1.30 774 485 93.1
2005

Nipponbare ON 10.3 64.8 670 86.3 224 15.0 129 315 0.11 0.20 139.2 65.0 159.0
15N 150 96.2 1432 83.1 240 345 29.0 97.3 0.35 0.80 99.8 36.2 1214
3N 273 92.3 2,528 85.8 228 57.6 497 130.1 0.63 1.32 92.1 376 98.3
Takanari 0N 10.0 1272 1,263 788 180 228 179 39.8 0.10 0.24 224.6 75.7 168.1
15N 13.7 222.7 3,039 781 194 59.0 46.1 88.3 0.32 0.69 184.2 66.6 1276
3N 17.7 241.3 4,270 89.2 199 85.1 76.1 136.0 0.62 1.28 1372 594 106.2

ANOVA Year (A) - o ns ns o ns ns ns - - - - -

Cultivar (B) o o e ns . e o ns - - - - -

Plot (C) ** o o s o o o . N _ _ N _

(AXB) ns o * ns o ns ns ns - - - - -

(AXC) ns * ns * ns ns ns ns - - - - -

(BxC)  ** o x s x x * s _ _ _ _ -

(AxBxC) ns * ns ns ns ns ns ns - - - - -

* and **, significant at 0.05 and 0.01 level; ns, not significsnt by ANOVA.

Sink capacity = Spikelet no. m™

2

GY Nitrogen use efficiency = Grain yield / Nitrogen uptake at full maturity (FM).
DM Nitrogen use efficiency = Total dry matter / Nitrogen uptake at full maturity (FM).
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x One grain weight. Sink production efficiency = Sink capacity / Nitrogen uptake at panicle initiation (PI).
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Fig.8 The relation between sink production efficiency and grain
vield N-use efficiency (Field experiment).
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