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Abstract: The application of panicle nitrogen fertilizer is an important management measure to increase rice yield, but its effect
and mechanism of application rates on the yield increase of super rice varieties with different panicle sizes are still unclear. In this
study, three super rice varieties with large differences in panicle sizes (indicated by the spikelet number per panicle) of Nanjing
9108 (small panicle size), Yangliangyou 6 (medium panicle size), and Yongyou 1540 (large panicle size) were selected as materi-
als. Under the condition of the same amount of base-tiller fertilizer (162 kg N hm™>), the effects of five panicle nitrogen fertilizer
rates (PNR) of 0, 54, 108, 162, and 216 kg hm™ on the yield of the above rice varieties were studied. And its regulatory effects on
the differentiation and degeneration of spikelets and related morphophysiological indices after heading were observed. The results
were as follows: (1) In the PNR range of 0-216 kg hm™, the spikelet number per panicle gradually increased but the seed-setting
rate and 1000-grain weight gradually decreased with the increase of PNR. And the higher the PNR, the more obvious the decrease
of seed-setting rate and 1000-grain weight. Three rice varieties, Nanjing 9108, Yangliangyou 6, and Yongyou 1540, had the high-
est yields in the PNR of 162-216, 108—162, and 54—108 kg hm™, respectively. According to the curve equation of grain yield and
PNR, the optimal PNR for high yields of the above three varieties were calculated to be 177.6-182.0, 134.3-136.3, and
109.9-125.7 kg hm™, respectively. (2) In general, rice varieties with large panicle sizes had higher yields, while rice varieties with
small panicle sizes had greater yield-increasing effects of PNR. The number of differentiated and surviving secondary spikelets in
rice varieties with small panicle size increased greatly after application of panicle nitrogen fertilizer, which was the main reason
that the yield-increasing effect was higher than that of rice varieties with medium and large panicle size. (3) Under the condition
of high-yield PNR, high effective leaf area ratio, grain-leaf ratio (spikelet/leaf area, filled grain/leaf area, and grain weight/leaf
area), non-structural carbohydrate (NSC) translocation amount, sugar-spikelet ratio, root oxidation activity, activity root of
spikelet and zeatin (Z) + zeatin riboside (ZR) content in grains and roots from 0-40 day(s) after heading of three rice varieties
were high. Correlation analysis showed that the yields of super rice varieties with different panicle sizes and the above indicators
basically had a significant or extremely significant positive correlation. These results indicated that the PNR should be adjusted
according to the panicle size. The appropriate PNR was beneficial to maintain a high effective leaf area ratio, grain-leaf ratio, NSC
translocation amount, sugar-spikelet ratio, root oxidation activity, activity root of spikelet, and Z + ZR content in grains and roots
after heading under the premise of higher total spikelets. This helped to maintain a high seed-setting rate and grain weight, thereby
ultimately increasing the grain yield.
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Table 1
varieties with different panicle sizes

Analysis of variance of panicle nitrogen fertilizer rate on grain yield and main morphophysiological indices of super rice

Source of variation Degree of freedom  Grain yield Spikelc.ets Sugar-sPikelet Activi.ty root of

per panicle ratio spikelet
Year (Y) 1 ns ns ns ns

Panicle nitrogen fertilizer rate (P) 4 66.8" 12.37 10.9” 260.5"

Variety (V) 2 405.9" 233.2" 16.6™ 18.4™
X Y x P 4 ns ns ns ns
X Y xV 2 ns ns ns ns
x PxV 8 43" ns ns ns
X x YxPxV 8 ns ns ns ns

0.05  0.01 , ns (P> 0.05)

" and ” mean significant differences at the 0.05 and 0.01 probability levels, respectively. ns: not significant at P > 0.05.
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Table 2 Effects of panicle nitrogen fertilizer rate on grain yield and its components of super rice varieties with different panicle sizes

Panicle nitrogen . . . . .
Panicle number Spikelets per Total spikelets  Seed-setting ~ 1000-grain

Grain yield

Year Variety fertilizer rate (x10* hm?) panicle (x10° hm %) rate (%) weight(g)  (thm?)
(kg hm™)
2018 9108 0 268.8 a 116.5d 313.2d 91.5a 259 a 7.42d
Nanjing 9108 54 2714 a 132.7¢ 360.1 ¢ 90.2 ab 25.6a 832¢c
108 2733 a 144.8 b 395.7b 88.8 ab 25.3 ab 8.89b
162 274.7 a 155.5a 4272 a 86.4b 25.2 ab 9.30a
216 276.2 a 162.1a 4477 a 82.7¢ 24.7b 9.15 ab
Mean 272.9 142.3 388.8 87.9 253 8.61
6 0 205.5a 184.6d 379.4d 84.8a 29.1a 9.36¢
Yangliangyou 6 54 206.7 a 205.5¢ 4248 ¢ 82.9 ab 28.8a 10.14 b
108 207.8 a 22340 464.2 b 81.2 ab 28.5 ab 10.74 a
162 208.7 a 234.7 ab 489.8 a 78.1b 28.3 ab 10.83 a
216 2089 a 244.1a 509.9 a 71.6 ¢ 279 b 10.19b
Mean 207.5 218.5 453.6 79.7 28.5 10.25
1540 0 1923 a 261.3d 502.5d 832a 24.1a 10.08 ¢
Yongyou 1540 54 193.6 a 279.8 ¢ 541.7 ¢ 82.5a 240 a 10.73 ab
108 1942 a 303.9b 590.2 b 80.3 ab 23.8 ab 11.28 a
162 195.5a 314.3 ab 614.5 ab 76.9 b 23.6 ab 11.15a
216 196.8 a 3219 a 633.5a 71.7¢ 233 b 10.58 be
Mean 194.5 296.2 576.5 78.9 23.8 10.76
2019 9108 0 2659 a 117.4d 312.2d 923 a 26.0 a 7.49d
Nanjing 9108 54 270.7 a 1329 ¢ 359.8 ¢ 90.6 ab 257 a 8.38 ¢
108 272.1a 144.6 b 393.5b 89.1 ab 25.4 ab 890b
162 273.6 a 156.8 a 429.0a 86.7b 25.2 ab 937a
216 2742 a 163.4 a 448.0 a 822¢c 24.8 b 9.13 ab
Mean 271.3 143.0 388.5 88.2 25.4 8.66
6 0 2042 a 183.2d 374.1d 854 a 292 a 933 ¢
Yangliangyou 6 54 207.8 a 203.8 ¢ 4235¢ 83.2 ab 289a 10.18 b
108 208.4 a 219.4b 4572 b 81.4 ab 28.6 ab 10.64 a
162 210.5a 231.9 ab 488.1a 78.7b 28.3 ab 10.87 a
216 2127 a 240.5a 511.5a 71.8 ¢ 27.8 b 10.21b
Mean 208.7 215.8 450.9 80.1 28.6 10.25
1540 0 191.5a 263.6d 504.8d 83.8a 242 a 10.24 ¢
Yongyou 1540 54 193.1a 287.4c 555.0c¢c 82.6a 24.1a 11.05 ab
108 193.7 a 305.7b 592.1b 80.6 b 23.7 ab 11.31a
162 194.1a 312.5ab 606.6 ab 75.1b 23.6 ab 10.75b
216 196.3 a 319.1a 626.4 a 713 ¢ 23.4b 10.45 be
Mean 193.7 297.7 577.0 78.7 23.8 10.76
0.05 s
Different lowercase letters within the same column indicate significance differences at the P = 0.05 within the same variety.
s 9108
s 22.4%~64.3%  25.0%~
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57.6%, ( 6 ) 1540 ( )
1540) ( 4 « / / /)
2.4 LAI 162~216 108~162 108 kg hm™
0~216 kg hm™ , 6 1540 , 9108
, LAI , 5.69%~
LAI 9108 ( ) 6 ( 14.00%  8.34%~23.00% (  5)

*3 TEBREREAMASRS-ENMNERERE
Table 3 Panicle nitrogen fertilizer rate of super rice varieties with different panicle sizes with maximum grain yield

(x, kg N hm™) (. kg hm™)

Year Variety Equation betweiezrl panicleinitr.ogen fertilizerﬁzrate 2 x, kgx;];lhm’z) (kgy:rl;’z)
(x, kg N hm ) and grain yield (y, kg hm™)
2018 9108 Nanjing 9108 y =—0.0555x*+20.2x+7404.7 0.996 182.0 9242.7
6 Yangliangyou 6 y =—0.0823x*+22.1x+9304.8 0.978 134.3 10788.4
1540 Yongyou 1540 y =—0.0764x*+19.2x+10029.0 0.977 125.7 112353
2019 9108 Nanjing 9108 y =—0.0566x>+20.1x+7469.9 0.989 177.6 9254.4
6 Yangliangyou 6 y =—0.0800x*+21.8x+9290.7 0.976 136.3 10775.8
1540 Yongyou 1540 y =—0.0746x*+16.4x+10298.0 0.879 109.9 11199.3
Xopt: > Ymax:

Xopi: the optimal panicle nitrogen fertilizer rate for maximum grain yield; yma: maximum grain yield.

x4 BREFRENAEBRBRERM—. RFESUFRLHZE
Table 4 Effects of panicle nitrogen fertilizer rate on primary and secondary spikelet differentiation and degeneration of super rice
varieties with different panicle sizes

Primary spikelets per panicle Secondary spikelets per panicle
Panicle nitrogen
Variety fertilizer rate  pjfferentiated Degenerated Surviving Degeneration Differentiated Degenerated Surviving Degeneration
(kg hm'®) number number number rate (%) number number number rate (%)
9108 0 68.9c¢c 0.76 d 68.1¢c 1.10 ¢ 74.6 ¢ 143 e 60.4d 19.2b
Nanjing 9108 54 71.4 be 0.88 ¢ 70.5 be 1.23b 91.3d 15.8d 755¢ 173 ¢
108 7490 0.98 b 739b 131a 105.4 ¢ 193¢ 86.1b 18.3 be
162 76.7 ab 1.04 a 75.7 ab 1.36 a 116.1b 22.7b 934a 19.6 b
216 79.4 a 1.09 a 783 a 1.37 a 122.6 a 274 a 952 a 223 a
6 0 68.6 ¢ 098¢ 67.6 ¢ 143 ¢ 168.5d 34.8d 133.7¢ 20.7d
Yangliangyou 6 54 72.8 b 1.34d 71.5b 1.84d 1843 ¢ 36.6d 147.7b 19.9d
108 753 b 1.58 ¢ 73.7 ab 2.10¢ 231.6b 547 ¢ 176.9 a 236¢
162 77.6 ab 1.83b 75.8 a 2.36b 250.8 a 64.2b 186.6 a 25.6 b
216 79.5a 2.13a 774 a 2.68a 259.5a 712 a 188.3 a 274 a
1540 0 87.8d 0.40e 87.4c 0.46 ¢ 239.5d 52.8d 186.6 d 22.0c¢
Yongyou 1540 54 933¢ 0.95d 92.4b 1.02d 2543 ¢ 54.4d 199.8 ¢ 214c¢
108 99.6 b 1.85¢ 97.8 a 1.86 ¢ 282.7b 622 ¢ 220.5b 22.0c¢
162 103.8 ab 3.25b 100.6 a 3.13b 307.8 a 71.7b 230.1 ab 252b
216 106.2 a 3.82a 102.4 a 3.60a 322.0a 88.1a 2339 a 274 a

0.05 R
Different lowercase letters within the same column indicate significant differences at the P = 0.05 within the same variety.
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Table 5 Effects of panicle nitrogen fertilizer rate on leaf area index (LAI) and grain-leaf ratio at heading stage of super rice varieties
with different panicle sizes

LAI Grain-leaf ratio
Panicle nitrogen LAL LAI / / /
Variety fertilizer rate Total LAI Effective  High effective  Spikelet/leaf area Filled grain/leaf Grain weight/leaf
ota
(kg hm™) LAI leaf area rate (%) (cm?) area (cm ?) area (mg cm )
9108 0 6.33d 3.83d 60.5 ¢ 0.49d 045c¢ 12.8 ¢
Nanjing 9108 54 6.62 ¢ 424 ¢ 63.9b 0.54 ¢ 0.49 b 139b
108 6.87 be 4.56 b 66.3 ab 0.58 b 0.51 ab 14.6 a
162 7.02b 4.84a 68.9 a 0.61 a 0.53 a 153 a
216 7.53 a 5.02a 66.7 ab 0.59 ab 0.49 b 14.7 a
6 0 6.64d 4.15d 62.5b 0.57 ¢ 0.48 b 16.6 ¢
Yangliangyou 6 54 6.87 cd 445¢ 64.7 ab 0.62 b 0.5l a 17.8b
108 7.14 be 4.77b 66.8 a 0.65 ab 0.53 a 18.5 ab
162 7.43 b 4.97 ab 66.9 a 0.66 a 0.51a 18.7a
216 7.87 a 5.08a 64.5 ab 0.65 ab 0.46 b 18.1 ab
1540 0 6.98 ¢ 445¢ 63.8¢c 0.72 ¢ 0.60 b 173 ¢
Yongyou 1540 54 7.16 be 4.77b 66.5 bc 0.76 b 0.62 ab 18.1 be
108 7.32b 515a 70.4 a 0.81a 0.65a 192 a
162 7.78 a 529a 68.0 ab 0.79 ab 0.61b 18.6 ab
216 8.12a 533a 65.7 be 0.78 ab 0.56 ¢ 18.2b
0.05 s LAIL
Different lowercase letters within the same column indicate significant differences at the P = 0.05 within the same variety. LAI: leaf area
index.
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Fig. 1 Effects of panicle nitrogen fertilizer rate on NSC translocation amount, NSC remobilization, and sugar-spikelet ratio of super
rice varieties with different panicle sizes

ON 54N 108N 162N 216N 0 54 108 162 216kghm™ 0.05 ,

ON, 54N, 108N, 162N, and 216N represent the panicle nitrogen fertilizer rate of 0, 54, 108, 162, and 216 kg hm™2, respectively. Different
lowercase letters indicate significant differences at the P = 0.05 within the same variety. NSC: non-structural carbohydrate.
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Fig.5 Correlation between the main morphophysiological indices and grain yield of super rice varieties with different panicle sizes
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TLAI, ELAI ELAR, SLA, FLA, GLA, NSCT, NSCR, and SSR represent total LAI, effective LAI, high effective leaf area rate, spikelet/leaf
area, filled grain/leaf area, grain weight/leaf area, NSC translocation amount, NSC remobilization, and sugar-spikelet ratio at heading stage,
respectively. PZ.ZR0, PZ.ZR10, PZ.ZR20, PZ.ZR30, and PZ.ZR40 represent Z + ZR content in grains at 0, 10, 20, 30, and 40 days after
heading, respectively. ROAO, ROA10, ROA20, ROA30, and ROA40 represent root oxidation activity at 0, 10, 20, 30, and 40 days after
heading, respectively. RDW0, RDW10, RDW20, RDW30, and RDW40 represent root dry weight at 0, 10, 20, 30, and 40 days after heading,
respectively. AROS0O, AROS10, AROS 20, AROS 30, and AROS 40 represent activity root of spikelet at 0, 10, 20, 30, and 40 days after
heading, respectively. RZ.ZR0, RZ.ZR10, RZ.ZR20, RZ.ZR30, and RZ.ZR40 represent Z + ZR content in roots at 0, 10, 20, 30, and 40 days
after heading, respectively. NSC: non-structural carbohydrate.
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