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Cultivar differences in nitrogen use efficiency of rice

Kuniyuki Saitoh?, Yoshifumi Iwame®), Masahiko Maekawa®, and Kazuyoshi Takeda®
(Course of Applied Plant Science)

We investigated the effects of fertilizer-free and fertilizer-applied cultivation on growth, yield and
nitrogen (N) utilization of rice cultivars in our Kurashiki paddy fields (Institute of Plant Science and
Resources, Okayama Univ.), which have been cultivated without fertilizer since 1970, and also in our
Okayama paddy fields, which are conventionally cultivated. In 2001, the cultivars Nipponbare (NIP) and
Nourin 18 (N18) were cultivated in the Kurashiki fields, with a “0 N plot” (no fertilizer application), a
“1 N plot” (standard fertilizer application), and a “2 N plot” (double fertilizer application). In 2002, five
cultivars were grown without fertilizer in the Kurashiki fields, and 51 cultivars were tested in 0 N and
1 N plots in the Okayama fields. Yield (2001) in the Kurashiki fields was higher in the 0 N plot for N18
(379 g m™), which had a higher number of spikelets per m?, than NIP (300 g m2), while in the 1 N and
2 N plots it was higher for NIP, which had a higher percentage of ripening, and N18 had high yield
potential even without fertilizer application, but low fertilizer tolerance. The differences in yield were
related to N-uptake (NU), and the differences in N use efficiency (NUE, yield/NU) between cultivars were
small. The pot experiment showed that the yield of 0 N plot was higher for N18 than NIP grown in
Kurashiki soil because of the higher number of spikelets per hill, and the yield in the Okayama soil was
higher than that in the Kurashiki soil. Long-term non-fertilized soils are of poor soil fertility, which also
decreases the NUE, and the NUE of N18 is higher than that of NIP under isolated conditions. The dif-
ference in yields is closely related to sink capacity (SC). In 2002, yields in the Kurashiki fields were
highest in Takanari (TAK, 494 g m) and lowest in NIP (350 g m~), and differences in yields were closely
related to SC. NUE was highest in TAK (68.6) and lowest in Akebono (48.1). TAK had high NUE and
high sink production efficiency (SPE, SC/NU), while N18 had low NUE but high SC due to higher NU,
ensuring high yield even under unfertilized cultivation. Yields in the 0 N and 1 N plots cultivated in 2002
varied between 244-631 g m2 and 199-769 g m, respectively. A close positive correlation was observed
between yield and SC, and between NU and SC, suggesting that the SC through NU is involved in
determining yield. A positive correlation was also observed between NUE and yield. It was found that
yield increased with an increase in NUE, and that NUE decreased although yield increased with fertilizer
application. Through selection of cultivars with high SPE, it is expected that it will be possible to breed
low-input, high-yielding cultivars with high NUE in the future.
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Sink production efficiency, Unfertilized paddy field
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Table 1 Yield and yield components of rice plants grown under different levels of nitrogen fertilizer (Exp. |, 2001)
Panicle Spikelets  Spikelets Filled  1000-grains Sink Filled brown Nitrogen Sink prod. N-use
Cultivar Plots no. no. no. spikelets weight capacity  rice yield uptake efficiency efficiency
(m?)  (panicle’) (x 10° m?) (%) (g) (g m?) (g m™) (gm?® (g gN) (ggN?)
Nipponbare 0N 235 63.0 148 88.3 22.8 338 300 3.07 464 411
1IN 363 783 285 86.3 232 660 567 9.6 42.0 36.0
2N 385 81.6 314 81.0 22.8 717 580 127 43.1 34.8
Nourin 18 0N 216 86.2 18.6 879 231 431 379 6.03 485 426
1IN 347 85.9 29.8 75.7 22.6 674 510 125 46.8 354
2N 357 931 332 70.1 22.8 756 530 14.0 52.1 36.5
ANOVA  Cultivar (A) = o ns i ns ns * - - -
Plot (B) . x ok *x ns ok x _ _ _
(AxB) ns - . - . . ” ) i )

* and **, significant at 0.05 and 0.01 level ;

ns, not significant by ANOVA.

Sink capacity = Spikelet no. m? X One grain weight. Sink production efficiency = Sink capacity / Nitrogen uptake.

Nitrogen use efficiency = Filled brown rice yield / Nitrogen uptake.

Table 2 Yield and yield components of rice plants grown in pots under different levels of nitrogen (Exp. I, 2001)

Panicle Spiklets Spiklets Filled 1000-grains Sink Filled brown  Nitrogen  Sink prod. N-use
Cultivar Soil N level no. no. no. spikelets weight capacity rice yield uptake efficiency efficiency
(hill ™) (panicle ") (hill ™) (%) (g) (g hill") (g hill") (ghill)  (ggNY) (g gN?)
Nipponbare Okayama soil 0N 105 64.7 674 79.7 231 156 124 0.32 481 383
1IN 145 66.0 953 81.6 232 221 19.3 052 42.1 368
2N 215 65.2 1,391 80.8 226 314 254 0.71 440 356
Kurashiki soil ~ ON 9.3 543 493 69.6 220 108 75 028 392 212
1IN 130 57.0 737 68.3 228 168 115 0.39 427 292
2N 22.3 479 1,053 709 216 227 16.1 053 431 305
Nourin 18 Okayama soil ON 9.3 90.0 832 88.0 224 186 164 037 50.3 443
1N 130 824 1,063 92.1 222 236 218 0.56 423 39.0
2N 19.0 742 1,406 93.1 222 312 29.1 0.80 39.1 364
Kurashiki soil 0N 78 67.8 522 85.6 221 115 9.8 027 433 369
1N 11.3 60.2 682 83.1 217 148 12.3 039 377 320
2N 143 649 953 787 220 21.0 165 052 406 342
ANOVA Cultivar (A) > o ns * * ns * - - -
Soil (B) *x o *x o x o x _ _ _
N level (C) * * o ns * o * - - -
A x B ns ns - ns * o ns - - -
AxC > ns * ns * * ns - - -
BxC ns ns * ns ns o > - - -
AXBXxC ns * ns ns ns ns ns - - -

* and **, significant at 0.05 and 0.01 level ; ns, not significant by ANOVA. Sink capacity = Spikelet no. m™® X One grain weight.
Sink production efficiency = Sink capacity / Nitrogen uptake. Nitrogen use efficiensy = Filled brown rice yield / Nitrogen uptake.
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Table 3 Yield and yield component of rice plants in unfertilized paddy field (Exp. II, 2002)

Panicle Spikelets Spikelets Filled 1000-grains Sink Filled brown Nitrogen Sink prod. N-use
Cultivar no. no. no. spikelets weight capacity rice yield uptake efficiency efficiency
(m?) (panicle™) (x10° m™) (%) (g) (g m?) (g m?) (g m?) (g gN'?) (g gN')
Nipponbare 242 a 712 ¢ 173 b 887 ¢ 229 ¢ 395 b 350 ¢ 554 714 633
Takanari 235 ab 1426 a 335 a 776 d 190 d 637 a 494 a 721 884 68.6
Nourin 18 211 b 881 b 185 b 914 b 234 b 434 b 397 b 6.40 67.8 62.0
Akebono 232 ab 748 ¢ 174 b 933 a 240 a 417 b 389 be 810 515 481
ANOVA - - -

* and **, significant at 0.05 and 0.01 level; ns, not significant by ANOVA. Values followed by same letter are not significantly different at the 0.05 probability level by Tukey’s test. Sink

capacity = Spikelet no. m™ X One grain weight.

Sink production efficiency = Sink capacity / Nitrogen uptake. Nitrogen use efficiency = brown rice yield / Nitrogen uptake.
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Table 4 Yield, yield components and N-use efficiency of rice cultivars without fertilization (Exp. IV, 2002)
Panicle Spikelets Spikelets Filled 1000-grains Sink Filled brown Nitrogen Sionk prod. N-use

No. Cultivars no. no. no. spikelets weight capacity rice yield uptake efficiency efficiency

(m?) (panicle™) (x10° m?) (%) () (g m?) (g m?) (g m?) (g gN™) (g gN?)
1 Kitahikari 396 305 12.1 821 247 298 245 718 415 34.1
2 Akage 259 70.6 183 70.7 189 346 245 791 437 309
3 Toyohatamochi 207 88.1 182 746 227 413 308 728 56.8 423
4 Nourin 1 322 770 248 86.6 186 461 399 843 54.7 474
5 Akihikari 215 88.2 189 936 215 406 380 768 529 495
6 Hananomai 239 882 210 89.8 214 450 404 753 59.7 536
7 Akitakomachi 235 88.3 20.7 914 218 451 413 788 57.3 524
8 Ginbouzu 252 1035 26.0 831 218 568 472 743 764 635
9 Dular 241 96.2 23.1 96.6 204 472 456 767 61.5 594
10 Sasanishiki 287 91.2 26.2 922 205 537 495 949 56.6 521
11 Romeo 135 95.8 129 82.8 314 405 336 774 524 434
12 Hitomebore 259 725 188 86.6 215 404 350 8.33 485 420
13 Kinuhikari 233 875 204 911 216 440 401 883 49.8 454
14 Labelle 196 1325 26.0 92.1 16.1 420 386 754 55.6 512
15 Koshihikari 274 91.8 251 90.7 204 513 466 9.90 51.8 470
16 Kochihibiki 283 66.7 189 925 231 437 404 9.04 483 447
17 Nanjing 11 248 1271 315 90.9 211 666 606 9.95 67.0 60.9
18 North Rose 200 1075 215 857 211 453 388 894 50.6 434
19 Hokuriku 130 209 67.7 142 46.6 36.7 520 242 841 61.8 288
20 Habataki 222 157.3 350 787 180 630 496 9.87 638 50.2
21 Hourei 285 68.9 19.6 714 204 400 309 9.70 412 319
22 Musashikogane 250 736 184 934 212 390 364 9.90 394 368
23 Milyang 23 207 129.1 26.7 819 212 567 464 10.24 554 453
24 Jaguary 159 76.9 122 56.0 303 371 208 556 66.7 374
25 Kahei 185 100.6 186 86.2 26.1 485 418 6.89 704 60.7
26 Akinishiki 268 74.7 20.0 922 214 428 394 878 487 449
27 Takanari 224 156.8 351 89.9 188 660 593 9.79 674 60.6
28 Nipponbare 239 96.5 230 90.8 226 521 473 867 60.1 546
29 Nourin 8 253 837 21.2 88.0 196 416 366 991 420 369
30 IR58 200 97.0 194 89.6 222 429 385 8.05 53.3 478
31 Asominori 320 62.5 20.0 919 252 504 464 8.20 61.5 56.5
32 Guizhao 2 224 1544 346 832 220 759 631 9.22 823 685
33 Suweon 258 231 1284 29.7 76.0 204 607 461 742 817 62.1
34 Tadukan 407 95.6 389 649 170 662 430 9.99 66.2 430
35 Taichungnative 1 302 1014 30.6 847 20.1 616 522 9.59 64.2 544
36 Nourin 22 242 824 20.0 914 214 428 391 741 57.7 527
37 Kinmaze 298 85.1 25.3 914 224 568 519 8.78 64.7 59.1
38 Nakateshinsenbon 274 738 20.2 92.1 225 454 418 812 55.9 515
39 Akenohoshi 198 1470 291 889 211 614 545 7.29 842 749
40 Koganemasari 242 86.3 209 912 220 459 419 818 56.2 51.3
41 NPT 179 1315 236 826 242 570 471 844 67.6 558
42 1R24 242 156.3 379 582 204 771 449 11.62 66.4 386
43  Hinohikari 266 795 21.2 850 213 451 383 821 549 46.7
44 Kameji 178 1216 216 884 215 465 411 8.84 52.6 46.5
45 Shinrei 257 739 190 849 175 332 282 850 39.1 332
46 Reihou 257 742 19.1 871 199 380 331 820 46.3 404
47 Asahi (new) 235 95.7 22.5 884 222 498 440 854 583 515
48 Asahi (old) 215 94.2 20.2 92.1 243 491 452 879 55.8 514
49 Akebono 255 92.4 236 91.2 229 539 492 863 62.5 570
50 Nourin 18 252 109.8 276 90.2 230 636 574 949 67.0 60.4
51 Kougyoku 294 844 248 945 224 556 525 867 64.1 60.6

Sink capacity = Spikelet no. m? X One grain weight. Sink production efficiency = Sink capacity / Nitrogen uptake.
Nitrogen use efficiency = Filled brown rice yield / Nitrogen uptake.
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