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Response of Yield and Quality in Major Domestic Rice (Oryza sativa L.) Varieties
according to the Nitrogen Application Levels

Jong-Seo Choi', Jinseok Lee®', Shingu Kang®, Dae-Woo Lee®, Woonho Yang?, Seuk-Ki Lee?, Su-Hyeon Sin%, and
Min-Tae Kim®

ABSTRACT In order to evaluate the effect of nitrogen application levels on yield and quality of rice varieties, a field experiment
was conducted at National Institute of Crop Science of Korea from 2018 to 2020. Five levels (0, 3, 5, 7, and 9 kg/10a) of nitrogen
fertilizer were treated to 21 Korean rice varieties. Yield, yield component, appearance quality, and protein content in rice were
analyzed. The average head rice yield for 3 years decreased by 28%, 22%, 11%, and 8%, respectively, when cultivated with 0, 3,
5, and 7 kg/10a nitrogen application compared to cultivation with a standard nitrogen application amount, 9 kg/10a. The number
of panicles per hill increased as the amount of nitrogen application increased, but there was no significant change in the number
of grains per panicle and 1000-grains weight, and the number of panicles per hill showed relatively small annual variation
compared to other yield components. There was no significant difference in the head rice ratio according to the nitrogen
application amount, the broken rice ratio slightly decreased, and the floury rice ratio increased. The protein content of rice
decreased with increasing nitrogen application in 2018 and 2019, and was the lowest at 7 kg/10a of nitrogen application, and
showed a tendency to increase again at 9 kg/10a. In the case of 2020, as the amount of nitrogen application increased, the protein
content showed a tendency to continuously increase. In terms of varieties, 13 varieties, including Chilbo, seemed to be capable of
low-nitrogen cultivation because loss of the head rice yield was less and the protein content could be lowered to 6% or less
according to 7 kg/10a nitrogen application.
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Table 1. The head rice yield by variety according to nitrogen application levels from 2018 to 2020.

The head rice yield (kg/10a)

Variety Year Nitrogen application level (kg/10a)
0 3 5 7 9

2018 213 ¢ 232 ¢ 361 b 398 ab 424 a
Haedam 2019 327 b 345 b 415 a 425 a 405 a
2020 404 a 427 a 438 a 409 a 418 a
2018 155 ¢ 261 b 301 ab 260 b 348 a
Odae 2019 232 b 283 b 371 a 372 a 387 a
2020 304 b 373 a 387 a 400 a 409 a
2018 251 ab 173 b 302 a 191 b 310 a
Unkwang 2019 266 ¢ 285 ¢ 354 b 374 ab 403 a
2020 391 ab 414 ab 428 ab 376 b 443 a
2018 296 b 294 b 329 b 415 a 438 a
Cheongpum 2019 280 ¢ 351b 341 b 365 b 445 a
2020 359 ¢ 410 b 437 ab 430 ab 454 a
2018 319 b 306 b 432 a 443 a 477 a
Daebo 2019 326 ¢ 385 be 430 ab 411 b 492 a
2020 397 a 424 a 418 a 400 a 439 a
2018 314 d 402 ¢ 470 b 483 b 560 a
Gopum 2019 325 b 372 b 438 a 422 a 466 a
2020 348 ¢ 398 b 430 ab 433 ab 460 a
2018 296 b 288 b 355 b 475 a 477 a
Haepum 2019 308 ¢ 333 ¢ 397 b 419 b 483 a
2020 372 ¢ 384 be 411 ab 391 be 427 a
2018 329 e 415 d 461 c 510 b 567 a
Samkwang 2019 339 ¢ 384 be 468 a 435 ab 464 a
2020 382 ¢ 441 b 445 ab 464 ab 491 a
2018 293 ¢ 365 b 464 a 464 a 492 a
Haiami 2019 289 b 289 b 423 a 424 a 470 a
2020 383 ¢ 390 be 424 ab 423 ab 443 a
2018 318 b 375 b 356 b 514 a 546 a
Jinsumi 2019 321 b 330 b 428 a 432 a 460 a
2020 398 b 422 b 436 ab 465 a 464 a
2018 315 b 282 b 282 b 422 a 440 a
Sukwang 2019 295 d 341 ¢ 410 b 423 b 513 a
2020 342 ¢ 390 b 390 b 426 ab 464 a
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Table 1. The head rice yield by variety according to nitrogen application levels from 2018 to 2020 (Continued).

The head rice yield (kg/10a)

Variety Year Nitrogen application level (kg/10a)
0 3 5 7 9

2018 385 cd 337 d 420 be 455 ab 503 a
Shindongjin 2019 309 d 399 ¢ 461 b 491 ab 511 a
2020 407 ¢ 428 be 468 ab 436 abc 479 a
2018 352 b 354 b 373 b 465 a 479 a
Chilbo 2019 289 b 328 b 379 a 391 a 399 a
2020 354 ¢ 399 b 419 b 467 a 471 a
2018 290 ¢ 304 ¢ 385 b 489 a 536 a
Hopum 2019 321 d 376 ¢ 456 b 430 be 525 a
2020 367 d 422 ¢ 456 be 468 ab 501 a
2018 327 d 434 ¢ 394 be 470 ab 513 a
Saeilmi 2019 331 b 349 b 430 a 475 a 464 a
2020 396 d 434 cd 445 be 480 ab 505 a
2018 335.d 450 ¢ 456 ¢ 507 b 552 a
Hopyung 2019 327 ¢ 408 b 487 a 473 a 517 a
2020 390 d 437 ¢ 493 b 508 ab 540 a
2018 376 b 375 b 422 b 425 b 548 a
Hyunpum 2019 344 b 448 a 486 a 428 ab 485 a
2020 379 d 438 ¢ 482 b 489 b 541 a
2018 342 ¢ 373 ¢ 404 be 440 b 513 a
Ilpum 2019 340 ¢ 344 ¢ 462 ab 432 b 495 a
2020 392 b 419 b 467 a 484 a 482 a
2018 438 b 433 b 424 b 428 b 546 a
Saenuri 2019 454 be 420 ¢ 499 ab 494 ab 527 a
2020 466 b 466 b 515 a 533 a 546 a
2018 372 d 385 cd 440 be 455 b 537 a
Younghojinmi 2019 465 ab 429 b 518 a 474 ab 500 a
2020 448 b 449 b 488 a 493 a 494 a
2018 404 b 375 b 400 b 443 ab 504 a
Mipum 2019 391 b 475 ab 523 a 467 ab 497 a
2020 425 b 420 b 489 a 472 ab 515 a

"Each alphabet shows a group by least significant difference test (p < 0.05), and the same alphabet means the same group
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Fig. 1. Correlation matrix between head rice yield, head rice ratio, and milled rice yield from 2018 to 2020.
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Fig. 3. Changes in the yield component according to the amount of nitrogen application from 2018 to 2020. The error bar
indicates the average value of the standard error of each variety. A: Number of panicles per hill, B: Number of grains
per panicle, C: Grain filling rate, D: 1000-grain weight.
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Table 2. The average standardized index value based on the standard nitrogen application amount (9 kg/10a) for the change
of the yield component by variety according to the nitrogen application amount from 2018 to 2020.

Variety Nitrogen application Number of panicles = Number of grains  Grain filling rate 1000-grain weight

level (kg/10a) per hill per panicle (%) (2)

0 79.7 b' 95.7 93.2 99.5

3 774 b 89.5 95.7 101.6

Haedam 5 88.7 ab 94.8 101.5 100.0
7 84.6 b 102.6 99.2 100.4

9 100.0 a 100.0 100.0 100.0

0 722 ¢ 81.7 ¢ 107.7 a 97.0

3 78.2 be 91.8 b 108.7 a 100.5

Odae 5 93.7 a 94.1 ab 105.4 ab 99.1
7 89.5 ab 100.1 a 103.7 ab 99.2

9 100.0 a 100.0 a 100.0 b 100.0

0 78.8 b 102.7 107.8 100.1

3 86.2 ab 94.6 102.1 100.3

Unkwang 5 91.3 ab 102.3 102.6 98.6
7 943 a 103.8 96.0 99.4

9 100.0 a 100.0 100.0 100.0

0 825 b 93.0 98.8 97.8

3 87.8 ab 102.4 100.4 99.4

Cheongpum 5 95.4 ab 95.5 98.5 100.1
7 96.7 a 104.2 99.0 101.4

9 100.0 a 100.0 100.0 100.0

0 78.1 ¢ 95.9 103.3 97.6

3 84.7 be 97.5 102.2 97.9

Daebo 5 91.9 abc 103.1 100.7 97.6
7 92.6 ab 101.2 101.4 98.7

9 100.0 a 100.0 100.0 100.0

0 73.0 ¢ 87.5 102.7 100.0

3 83.3 bc 95.7 103.3 99.7

Gopum 5 92.0 abc 93.8 101.5 99.3
7 90.1 ab 93.9 100.4 102.7

9 100.0 a 100.0 100.0 100.0

0 803 b 95.5 98.7 100.6

3 782 b 97.2 101.6 100.2

Haepum 5 95.1 a 91.9 100.6 98.0
7 95.7 a 99.8 98.7 100.2

9 100.0 a 100.0 100.0 100.0

0 75.8 d 99.7 101.5 99.3

3 833 ¢ 93.7 101.1 99.5

Samkwang 5 95.3 ab 90.2 101.3 98.7
7 91.6 b 103.5 99.8 100.0

9 100.0 a 100.0 100.0 100.0
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Table 2. The average standardized index value based on the standard nitrogen application amount (9 kg/10a) for the change
of the yield component by variety according to the nitrogen application amount from 2018 to 2020 (Continued).

Variety Nitrogen application Number of panicles = Number of grains  Grain filling rate 1000-grain weight

level (kg/10a) per hill per panicle (%) (2)
0 83.0 ¢ 87.8 ¢ 97.1 97.5
3 85.9 be 91.1 be 101.6 99.3
Haiami 5 95.6 ab 96.3 ab 98.7 98.3
7 91.1 abc 101.8 a 97.8 99.8
9 100.0 a 100.0 a 100.0 100.0
0 813 ¢ 93.5 96.3 99.3
3 81.0 ¢ 98.4 99.9 99.2
Jinsumi 5 87.4 be 100.5 100.0 99.1
7 98.6 ab 98.2 101.4 100.3
9 100.0 a 100.0 100.0 100.0
0 78.8 ¢ 96.6 96.6 100.1
3 80.5 ¢ 96.9 97.7 99.1
Sukwang 5 87.6 bc 90.2 97.4 99.2
7 91.7 ab 104.9 98.2 99.2
9 100.0 a 100.0 100.0 100.0
0 79.0 b 100.0 102.2 100.5
3 79.1 b 88.7 101.4 99.1
Shindongjin 5 89.9 ab 100.0 101.8 100.1
7 95.7 a 104.4 100.8 99.9
9 100.0 a 100.0 100.0 100.0
0 72.8 b 95.0 102.6 101.1
3 782 b 98.8 102.8 99.2
Chilbo 5 92.7 a 88.7 102.1 99.9
7 92.7 a 99.5 100.4 100.7
9 100.0 a 100.0 100.0 100.0
0 729 ¢ 86.8 ¢ 96.9 100.7
3 78.6 ¢ 89.8 be 100.4 100.4
Hopum 5 92.0 b 872 ¢ 97.5 99.3
7 899 b 97.1 ab 101.1 100.2
9 100.0 a 100.0 a 100.0 100.0
0 79.6 ¢ 92.0 100.3 100.4
3 84.4 be 101.3 101.2 100.0
Saeilmi 5 96.2 ab 90.4 102.4 101.6
7 100.2 a 102.1 101.5 99.7
9 100.0 a 100.0 100.0 100.0
0 68.2 d 84.3 103.3 102.9 a
3 77.5 cd 98.2 102.7 103.1 a
Hopyung 5 87.5 be 96.2 102.3 102.3 ab
7 91.4 ab 103.4 100.4 101.0 ab
9 100.0 a 100.0 100.0 100.0 b
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Table 2. The average standardized index value based on the standard nitrogen application amount (9 kg/10a) for the change
of the yield component by variety according to the nitrogen application amount from 2018 to 2020 (Continued).

Variety Nitrogen application Number of .panicles Number of. grains  Grain filling rate 1000-grain weight
level (kg/10a) per hill per panicle (%) (2)
0 759 d 92.3 105.1 101.7
3 80.3 cd 95.8 102.5 100.8
Hyunpum 5 90.4 b 95.9 102.0 99.0
7 88.3 be 97.1 101.6 98.7
9 100.0 a 100.0 100.0 100.0
0 84.4 ¢ 872 ¢ 103.3 1024 a
3 88.7 be 84.1 be 102.5 101.2 ab
Ilpum 5 95.0 ab 91.6 abc 103.6 101.4 ab
7 100.3 a 98.5 ab 101.7 100.6 ab
9 100.0 a 100.0 a 100.0 100.0 b
0 82.6 ¢ 92.7 ab 101.8 1029 a
3 80.4 ¢ 915 b 101.0 101.1 ab
Saenuri 5 87.5 be 97.3 ab 100.5 102.1 ab
7 92.6 ab 96.0 ab 100.6 999 b
9 100.0 a 100.0 a 100.0 100.0 b
0 774 b 103.0 101.3 105.7 a
3 809 b 100.8 101.4 102.9 ab
Younghojinmi 5 842 b 103.2 99.8 102.2 ab
7 86.0 b 105.7 101.9 101.0 b
9 100.0 a 100.0 100.0 100.0 b
0 80.4 b 95.6 101.3 104.8 a
3 89.7 ab 97.3 101.1 104.6 ab
Mipum 5 96.2 a 90.7 101.1 102.4 ab
7 925 a 92.5 101.6 100.9 ab
9 100.0 a 100.0 100.0 100.0 b

"Each alphabet shows a group by least significant difference test (p < 0.05), and the same alphabet means the same group.

Non-alphabetic parts are not statistically significant.

2 A= ch(Liu ef al., 2021). 2018¥ %= H
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Fig. 5. Changes in the white rice appearance according to the amount of nitrogen application from 2018 to 2020. The error
bar indicates the average value of the standard error of each variety. A: Head rice ratio, B: Broken rice ratio, C: Floury
rice ratio, D: The others ratio.
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Fig. 6. Changes in the white rice appearance according to the amount of nitrogen application in 2018. A: Head rice ratio, B:
Broken rice ratio, C: Floury rice ratio, D: The others ratio.
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Table 3. The average standardized index value based on the standard nitrogen application amount (9 kg/10a) for the average
appearance quality of rice by variety according to the nitrogen application amount from 2018 to 2020.

Nitrogen application

Head rice ratio

Broken rice ratio

Floury rice ratio

The others ratio

Variety level (kg/10a) (%) (%) (%) (%)
0 110.9 a' 105.9 27.0 b 105.1

3 105.9 ab 95.2 56.9 ab 116.0

Haedam 5 102.6 b 74.1 78.4 a 98.7
7 102.6 b 98.1 80.6 a 143.6

9 100.0 b 100.0 100.0 a 100.0

0 92.9 116.1 104.4 114.1

3 100.4 106.3 84.9 61.6

Odae 5 99.1 85.0 97.4 93.7
7 96.0 93.8 99.6 85.8

9 100.0 100.0 100.0 100.0

0 103.0 88.3 629 b 80.6

3 92.9 93.3 71.5 ab 147.7

Unkwang 5 100.2 92.6 90.8 ab 913
7 92.0 120.0 100.8 a 128.0

9 100.0 100.0 100.0 a 100.0

0 100.3 109.3 56.7 118.3

3 100.4 103.8 101.1 103.3

Cheongpum 5 100.7 92.6 75.0 98.3
7 100.4 84.9 150.0 87.8

9 100.0 100.0 100.0 100.0

0 100.5 144.3 37.0 b 200.0

3 100.6 131.0 454 b 183.3

Daebo 5 100.4 129.1 57.3 ab 150.0
7 100.2 111.3 79.2 ab 116.7

9 100.0 100.0 100.0 a 100.0

0 100.2 135.8 a 388 b 88.9

3 100.6 113.6 ab 49.0 b 72.2

Gopum 5 100.6 958 b 76.0 a 77.8
7 100.4 1024 b 85.7 a 100.0

9 100.0 100.0 b 100.0 a 100.0

0 100.4 106.6 244 ¢ 105.2

3 99.9 112.9 53.3 be 104.8

Haepum 5 100.1 132.7 556 b 93.6
7 99.6 112.5 97.8 a 113.3

9 100.0 100.0 100.0 a 100.0
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Table 3. The average standardized index value based on the standard nitrogen application amount (9 kg/10a) for the average
appearance quality of rice by variety according to the nitrogen application amount from 2018 to 2020 (Continued).

Variety Nitrogen application Head rice ratio Broken rice ratio Floury rice ratio The others ratio
level (kg/10a) (%) (%) (%) (%)
0 99.0 190.6 a 63.0 ab 76.7
3 100.1 131.3 be 594 b 83.3
Samkwang 5 99.6 143.0 b 89.3 ab 80.0
7 99.7 130.7 be 1043 a 118.9
9 100.0 100.0 ¢ 100.0 ab 100.0
0 100.2 99.0 56.5 b 138.0
3 101.2 78.6 45.1 b 71.9
Haiami 5 100.0 109.3 77.3 ab 117.3
7 100.0 86.0 136.6 a 105.4
9 100.0 100.0 100.0 ab 100.0
0 100.0 114.8 63.3 161.1
3 99.7 103.7 93.3 188.9
Jinsumi 5 99.8 102.1 146.7 133.3
7 100.5 79.9 126.7 111.1
9 100.0 100.0 100.0 100.0
0 98.6 3124 43.8 be 100.0
3 100.5 127.7 39.2 ¢ 111.1
Sukwang 5 100.7 116.5 258 ¢ 77.8
7 99.4 170.1 89.2 ab 88.9
9 100.0 100.0 100.0 a 100.0
0 96.9 193.9 264 ¢ 144.4
3 101.0 113.2 322 ¢ 194.4
Shindongjin 5 101.0 100.7 51.9 be 116.7
7 100.4 98.8 73.1 ab 116.7
9 100.0 100.0 100.0 a 100.0
0 99.4 1582 a 48.4 116.7
3 99.9 119.7 ab 61.4 88.9
Chilbo 5 100.3 110.6 ab 56.5 138.9
7 100.7 879 b 41.8 133.3
9 100.0 100.0 b 100.0 100.0
0 99.9 126.6 519 b 250.0
3 100.7 114.9 46.2 b 233.3
Hopum 5 100.3 120.6 589 b 183.3
7 99.4 126.9 96.2 a 83.3
9 100.0 100.0 100.0 a 100.0
0 99.9 194.4 100.8 97.2
3 100.1 132.8 139.7 44.4
Saeilmi 5 100.3 101.1 92.9 55.6
7 99.6 142.2 205.6 94.4
9 100.0 100.0 100.0 100.0
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Table 3. The average standardized index value based on the standard nitrogen application amount (9 kg/10a) for the average
appearance quality of rice by variety according to the nitrogen application amount from 2018 to 2020 (Continued).

Variety Nitrogen application Head rice ratio Broken rice ratio Floury rice ratio The others ratio
level (kg/10a) (%) (%) (%) (%)
0 98.3 210.8 a 272 ¢ 94.4
3 99.1 165.1 a 303 ¢ 83.3
Hopyung 5 100.3 1033 a 6283 b 91.7
7 100.1 109.0 a 63.1 b 100.0
9 100.0 100.0 a 100.0 a 100.0
0 98.8 172.0 a 56.7 b 205.6
3 99.4 132.0 ab 82.6 ab 94.4
Hyunpum 5 99.4 114.1 b 120.7 a 138.9
7 99.3 127.3 ab 103.1 a 133.3
9 100.0 100.0 b 100.0 ab 100.0
0 100.7 107.9 556 ¢ 147.2
3 100.8 72.9 73.1 be 136.7
Ilpum 5 101.0 80.7 609 ¢ 115.0
7 100.2 79.2 113.8 a 123.3
9 100.0 100.0 100.0 ab 100.0
0 100.5 136.0 26.7 ¢ 31.0 b
3 100.5 105.2 56.1 be 524 b
Saenuri 5 99.8 134.9 78.0 ab 66.7 ab
7 100.2 101.9 98.7 a 47.6 b
9 100.0 100.0 100.0 a 100.0 a
0 98.7 115.8 244 .4 180.0
3 100.0 97.3 126.7 1333
Younghojinmi 5 99.6 109.9 130.0 118.3
7 99.6 108.3 150.0 100.0
9 100.0 100.0 100.0 100.0
0 100.1 100.5 83.3 70.0
3 99.6 118.6 150.0 93.3
Mipum 5 100.1 104.6 166.7 71.1
7 98.7 168.7 83.3 82.2
9 100.0 100.0 100.0 100.0

"Each alphabet shows a group by least significant difference test (p < 0.05), and the same alphabet means the same group.
Non-alphabetic parts are not statistically significant.

(Ahn & Kim, 1996; Cha et al., 1982; Choi, 1996; Kim et

al., 2012; Lee & Oh, 1991). oF=r+2|Hof| A= &-9] Thulz]

TF Ve e I o 6.0%0]5

‘2= 6.1~7.0%,
ol 71%010 R SR Qou, oA o= EAIsok
5H= AFERS oy thKorean Law Information Center, 2022).

o] ol ofg2 2018} 201913 9] A A AJu|RS

SIS st Aa AR T kg/10aol| A 71
& FHES UG, 9 ke/10ao]A] THA] Z7eks A
1ot 20201 9] z—;% A4 Av|Eo] 57}@01]

B=)
n
N
b
iy
o
U
o|N
N
&
1r
m{o
<
o M
=
e
—E
31
0a
:J



356

-e-2018

6.6

6.4

o
3

Protein content (%)

0 3

~4-2019 -8-2020

5

SHAX|(KOREAN J. CROP SCl.), 67(4), 2022

7

Amount of nitrogen application (kg-10a)

Fig. 7. Changes in the protein content according to the amount
of nitrogen application from 2018 to 2020. The error
bar indicates the average value of the standard error

of each variety.
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Table 4. Total nitrogen content of test field soil before testing from 2018 to 2020.

Total nitrogen content in soil before test (%)

Variety Year Nitrogen application level (kg/10a)
0 3 5 7 9

2018 0.187 b 0.199 b 0.223 a 0.219 a 0222 a
Haedam 2019 0.173 b 0.208 a 0.213 a 0.222 a 0.223 a
2020 0.177 a 0.192 a 0.203 a 0.191 a 0.182 a
2018 0.187 b 0.199 b 0.223 a 0.219 a 0.222 a
Odae 2019 0.164 b 0.203 a 0.218 a 0.230 a 0.224 a
2020 0.141 b 0.163 ab 0.185 a 0.179 a 0.178 a
2018 0.187 b 0.199 b 0.223 a 0.219 a 0222 a
Unkwang 2019 0.173 a 0.206 a 0.212 a 0.215 a 0.222 a
2020 0.149 ¢ 0.163 be 0.181 ab 0.177 abc 0.196 a
2018 0.187 b 0.199 b 0.223 a 0.219 a 0.222 a
Cheongpum 2019 0.171 b 0.201 a 0.203 a 0.215 a 0.229 a
2020 0.145 ¢ 0.158 be 0.181 a 0.175 ab 0.189 a
2018 0.187 b 0.199 b 0.223 a 0.219 a 0.222 a
Daebo 2019 0.183 a 0.194 a 0.215 a 0.210 a 0.227 a
2020 0.148 b 0.149 b 0.174 a 0.169 ab 0.191 a
2018 0.187 b 0.199 b 0.223 a 0.219 a 0222 a
Gopum 2019 0.174 b 0.211 ab 0.218 a 0.246 a 0.225 a
2020 0.184 a 0.183 a 0.206 a 0.20 a 0.195 a
2018 0.187 b 0.199 b 0.223 a 0.219 a 0.222 a
Haepum 2019 0.187 b 0.200 b 0.210 ab 0.217 ab 0.234 a
2020 0.148 ¢ 0.155 ¢ 0.181 ab 0.168 be 0.192 a
2018 0.187 b 0.199 b 0.223 a 0.219 a 0222 a
Samkwang 2019 0.182 ¢ 0.225 ab 0.215 be 0.256 a 0.235 ab
2020 0.149 b 0.167 b 0.198 a 0.214 a 0.222 a
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Table 4. Total nitrogen content of test field soil before testing from 2018 to 2020 (Continued).

Total nitrogen content in soil before test (%)

Variety Year Nitrogen application level (kg/10a)
0 3 5 7 9
2018 0.187 b 0.199 b 0.223 a 0.219 a 0.222 a
Haiami 2019 0.206 a 0.204 a 0.231 a 0.225 a 0.232 a
2020 0.166 a 0.187 a 0.194 a 0.193 a 0.191 a
2018 0.187 b 0.199 b 0223 a 0.219 a 0222 a
Jinsumi 2019 0.193 ¢ 0.207 be 0.242 a 0.235 ab 0.235 ab
2020 0.160 b 0.162 b 0.203 a 0.199 a 0.218 a
2018 0.187 b 0.199 b 0.223 a 0.219 a 0222 a
Sukwang 2019 0.181 b 0.225 a 0.230 a 0.245 a 0.236 a
2020 0.147 b 0.166 b 0.194 a 0.199 a 0.197 a
2018 0.187 b 0.199 b 0.223 a 0.219 a 0.222 a
Shindongjin 2019 0.187 ¢ 0.211 be 0.242 a 0.247 a 0.238 ab
2020 0.151 b 0.175 b 0.210 a 0.209 a 0.206 a
2018 0.187 b 0.199 b 0.223 a 0.219 a 0222 a
Chilbo 2019 0.172 b 0.225 a 0.237 a 0.244 a 0.244 a
2020 0.142 ¢ 0.164 be 0.190 ab 0.205 a 0.206 a
2018 0.187 b 0.199 b 0.223 a 0.219 a 0.222 a
Hopum 2019 0.162 b 0.231 a 0.229 a 0.222 a 0.233 a
2020 0.143 b 0.158 b 0.193 a 0.202 a 0.197 a
2018 0.187 b 0.199 b 0.223 a 0.219 a 0.222 a
Saeilmi 2019 0.190 ¢ 0.210 be 0.241 a 0.241 a 0.236 ab
2020 0.171 ¢ 0.177 be 0.223 a 0.204 ab 0.197 abc
2018 0.187 b 0.199 b 0.223 a 0.219 a 0.222 a
Hopyung 2019 0.164 ¢ 0.237 ab 0.227 b 0.250 a 0.235 ab
2020 0.145 ¢ 0.163 be 0.187 ab 0.190 ab 0.201 a
2018 0.187 b 0.199 b 0.223 a 0.219 a 0.222 a
Hyunpum 2019 0.163 b 0.235 a 0.221 a 0.230 a 0.228 a
2020 0.144 b 0.160 b 0.186 a 0.187 a 0.186 a
2018 0.187 b 0.199 b 0.223 a 0.219 a 0222 a
Ilpum 2019 0.191 ¢ 0.214 be 0.243 a 0.245 a 0.232 ab
2020 0.152 ¢ 0.169 be 0.201 a 0.197 a 0.186 ab
2018 0.187 b 0.199 b 0223 a 0.219 a 0222 a
Saenuri 2019 0.185 b 0.213 ab 0.240 a 0.227 a 0.216 ab
2020 0.158 ¢ 0.169 be 0.202 a 0.193 a 0.185 ab
2018 0.187 b 0.199 b 0.223 a 0.219 a 0222 a
Younghojinmi 2019 0.180 ¢ 0.198 bce 0.226 a 0.209 abc 0.211 ab
2020 0.180 b 0.191 b 0.213 a 0.186 b 0.185 b
2018 0.187 b 0.199 b 0.223 a 0.219 a 0222 a
Mipum 2019 0.148 ¢ 0.224 a 0.197 b 0.216 ab 0.207 ab
2020 0.150 a 0.152 a 0.171 a 0.175 a 0.178 a

"Each alphabet shows a group by least significant difference test (p < 0.05), and the same alphabet means the same group.
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Table 5. The protein content by variety according to nitrogen application levels from 2018 to 2020.
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]_ Qltta HhE] QI tH(Table 5).

Protein content in head rice (%)

Variety Year Nitrogen application level (kg/10a)
0 3 5 7 9

2018 6.84 a' 6.04 b 586 b 596 b 6.05 b
Haedam 2019 575 a 551 a 5.60 a 550 a 558 a
2020 6.05 a 5.76 a 6.12 a 6.12 a 634 a
2018 6.23 ab 590 ¢ 6.03 be 6.07 be 638 a
Odae 2019 6.11 a 591 a 5.96 a 594 a 6.02 a
2020 636 b 6.57 b 6.73 b 6.72 b 742 a

2018 7.08 a 6.85 ab 6.57 be 647 ¢ 6.58 be
Unkwang 2019 6.40 a 6.12 ab 6.10 b 588 b 6.08 b
2020 6.30 a 6.29 a 6.55 a 6.74 a 6.60 a
2018 6.57 a 6.11 b 5.89 be 5.86 bc 5.76 ¢
Cheongpum 2019 6.16 a 5.90 ¢ 6.05 ab 5.86 ¢ 6.0 be
2020 5.56 b 559 b 567 b 5.82 ab 599 a
2018 6.70 a 6.50 b 6.26 ¢ 592 d 5.90 d

Daebo 2019 6.12 a 578 ¢ 6.0 ab 5.69 ¢ 5.83 be
2020 6.11 a 6.03 a 6.10 a 6.21 a 6.06 a
2018 597 a 599 a 559 a 5.65 a 581 a
Gopum 2019 6.04 a 5.80 be 5.93 ab 5.69 ¢ 587 b
2020 5.56 ¢ 5.75 be 590 b 589 b 624 a
2018 6.56 a 627 b 598 ¢ 587 ¢ 5.86 ¢

Haepum 2019 6.46 a 5.95 be 6.14 b 5.76 ¢ 5.96 bc
2020 542 ¢ 555 ¢ 595 b 6.06 b 6.49 a
2018 5.58 ab 5.59 ab 535 ¢ 5.39 be 573 a
Samkwang 2019 5.67 a 5.76 a 5.56 a 540 a 5.58 a
2020 5.08 ¢ 520 ¢ 518 ¢ 536 b 577 a
2018 6.80 a 6.40 b 6.48 b 6.06 ¢ 6.15 ¢

Haiami 2019 641 a 5.80 ¢ 6.22 ab 5.97 be 6.07 abc
2020 562 ¢ 5.62 ¢ 588 b 6.04 b 644 a
2018 6.17 a 6.01 a 572 a 580 a 6.13 a
Jinsumi 2019 624 a 595 a 6.30 a 593 a 596 a
2020 495 b 5.66 a 5.65 a 590 a 6.16 a

BN
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Table 5. The protein content by variety according to nitrogen application levels from 2018 to 2020 (Continued).

359

Protein content in head rice (%)

Variety Year Nitrogen application level (kg/10a)

0 3 5 7 9
2018 7.41 a 628 b 595 b 592 b 6.00 b
Sukwang 2019 5.66 ab 588 a 5.66 ab 549 b 5.67 ab
2020 5.63 be 559 ¢ 562 ¢ 574 b 6.04 a
2018 6.30 a 6.0 ab 595 b 5.67 b 5.69 b
Shindongjin 2019 6.25 a 5.86 a 6.30 a 582 a 596 a
2020 548 d 551 d 5.67 ¢ 589 b 6.16 a
2018 5.86 a 553 a 540 a 5.60 a 553 a
Chilbo 2019 586 a 595 a 591 a 583 a 599 a
2020 5.16 d 552 ¢ 5.66 ¢ 592 b 634 a
2018 6.42 a 6.25 ab 6.07 b 577 ¢ 5.80 ¢
Hopum 2019 592 a 624 a 6.11 a 583 a 6.20 a
2020 5.42 be 533 ¢ 557 b 553 b 6.01 a
2018 6.05 be 6.03 be 585 ¢ 6.19 ab 637 a
Saeilmi 2019 6.79 a 6.23 be 6.75 ab 6.00 c 6.18 ¢
2020 583 ¢ 5.64 d 594 ¢ 622 b 6.49 a
2018 528 ¢ 5.86 ab 569 b 574 b 6.06 a
Hopyung 2019 6.11 a 6.50 a 6.40 a 594 a 6.53 a
2020 538 ¢ 533 ¢ 575 b 5.94 ab 6.29 a
2018 5.80 b 5.72 be 5.61 ¢ 577 b 6.06 a
Hyunpum 2019 691 a 7.02 a 6.75 a 6.11 a 6.51 a
2020 5.62 ¢ 5.62 ¢ 5.72 be 584 b 621 a
2018 6.17 a 6.11 a 6.09 a 591 b 6.20 a
Ilpum 2019 6.64 ab 638 b 6.80 a 6.05 ¢ 6.46 b
2020 577 ¢ 575 ¢ 5.84 be 6.09 ab 6.28 a
2018 581 a 589 a 6.14 a 6.02 a 6.10 a
Saenuri 2019 6.92 a 622 ¢ 6.68 ab 589 ¢ 6.26 be
2020 5.74 be 5.66 ¢ 5.82 be 5.94 ab 6.11 a
2018 578 a 5.69 a 5.56 a 563 a 5.64 a
Younghojinmi 2019 7.56 a 6.61 b 6.75 b 592 ¢ 6.28 be
2020 5.85 ab 571 b 5.85 ab 6.07 a 6.05 a
2018 582 a 583 a 5.66 a 584 a 6.04 a
Mipum 2019 7.39 a 7.50 a 749 a 6.52 b 6.96 ab
2020 6.07 a 637 a 6.41 a 6.52 a 6.60 a

"Each alphabet shows a group by least significant difference test (p < 0.05), and the same alphabet means the same group.
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