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Regulations of controlled irrigations and increased densities on yield formation
of hybrid indica rice under nitrogen-reduction conditions

LI Min*, LUO De-Qiang*, JIANG Xue-Hai, JIANG Ming-Jin, JI Guang-Mei, LI Li-Jiang, and ZHOU Wei-Jia

Rice Research Institute, Guizhou Academy of Agricultural Sciences, Guiyang 550006, Guizhou, China

Abstract: Rice is one of the most important staple food crops of the world, both water management and plant density are crucial
factors for the growth and development of rice. However, little information has been known about the combined effects of water
management and plant density on grain yield under nitrogen-reduction conditions in rice. Field experiments were conducted in the
farm of Rice Research Institute of Guizhou Agricultural Sciences Academy in 2017 and 2018. The hybrid indica rice cultivar
Chengyou 981 was selected as the material, and the conventional high-yielding cultivation model as the control (CK), of which
the nitrogen application rate (Np) was 187.5 kg hm 2, the water management (W) was wet irrigation, and the plant density (Dg)
was 20.0x10*hm™. Three models with increased density (W,D;: a density increased by 20%, WoD,: a density increased by 40%,
and WyDs: a density increased by 60%) and nine combined models of controlled irrigation and increased density (W;D;, W{D,,
W,Ds;, W,Dy, W,D,, W,D3, W;3Dy, W3D,, and W3D;) were set to study the yield and its formation of rice under two nitro-
gen-reduction conditions. W, alternate wetting and light drying irrigation with —10 kPa of the minimum soil water potential; W5,
alternate wetting and moderate drying irrigation with —20 kPa of the minimum soil water potential; and W3, alternate wetting and
heavy drying irrigation with =30 kPa of the minimum soil water potential. The results were as follows: (1) When the nitrogen
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application was reduced by 10%, compared with CK, the grain yields of three increased density treatments were significantly
decreased except WyD;, which had a slightly increased dry matter accumulation at maturity. Among the nine combined models of
controlled water and increased density, the grain yields of WD, and W,D; were 3.70% and 1.19% higher than that of CK, respec-
tively. The effective panicle numbers of WD, and W,D; were equivalent to that of CK, while the spikelet numbers per panicle
decreased by 3.50% and 2.79%, seed-setting rates increased by 3.04% and 2.37%, and 1000-grain weights increased by 0.71%
and 0.35%, respectively. Compared with CK, the higher grain yields of W;D; and W,D; were attributed to 3.88% and 5.54%
higher percentage of productive tillers, 2.77% and 0.59% higher highly effective leaf area index at heading, 3.87% and 1.78%
higher dry matter accumulation in panicles, 5.50% and 6.24% higher percentage of dry matter accumulation in panicles, 5.53%
and 5.93% higher harvest index, and the equivalent total dry matter accumulation at maturity, respectively. (2) When the nitrogen
application was reduced by 30%, the grain yields of nine combined models of controlled water and increased density were sig-
nificantly decreased by 15.44%-30.85% as compared with CK. W,D, and WD, had the smallest yield reductions. Therefore, the
reasonable combined model of controlled water and increased density under a small amount of nitrogen-reduction could improve
the growth characteristics of rice plants and increase grain yield, while the regulatory effects of controlled water and increased
density became weaker and resulted in significantly lower grain yield under the excessive nitrogen-reduction.

Keywords: hybrid indica rice; nitrogen-reduction; controlled irrigation; increased density; regulation
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Table 1 Analysis of variance for the key growth traits influencing grain yield from 2017 to 2018 under the same cultivation model (F-

values)
Analysis of variance Grain yield Percer.uagff of High.ly effective I?af area AbO\{e ground Harvest index
productive tillers index at heading biomass
Year (Y) 4437 2.56 ns 3.12 ns 4437 1.28 ns
X Y xcultivation model 1.49 ns 1.21 ns 0.87 ns 1.49 ns 0.25 ns
0.01 ; ns: 0.05
" significant at the 0.01 probability level; ns: not significant at the 0.05 probability level.
x2 KEFERRHAESF
Table 2 Analysis of variance for yield traits in rice
F
Trait Source of variation df Sum of square Mean squares  F-test  Significance
2017 CM 26 64,855.21 2494.43 28.02 <0.01
Effective panicle number Residual 52 4628.72 89.01
Total 80 74,751.38
CM 26 5941.52 228.52 24.32 <0.01
Spikelets per panicle Residual 52 488.6 9.4
Total 80 6738.84
CM 26 1596.92 61.42 65.32 <0.01
Seed-setting rate Residual 52 48.9 0.94

Total 80 1669.74
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F
Trait Source of variation df Sum of square Mean squares  F-test  Significance
CM 26 16.02 0.62 37.94 <0.01
1000-grain weight Residual 52 0.84 0.02
Total 80 17.14
CM 26 116.92 4.5 83.38 <0.01
Grain yield Residual 52 2.8 0.05
Total 80 122.7
2018 CM 26 46,008.26 1769.55 25.58 <0.01
Effective panicle number Residual 52 3597.48 69.18
Total 80 51,346.7
CM 26 4424.28 170.16 6.54 <0.01
Spikelets per panicle Residual 52 1353.34 26.03
Total 80 5974.32
CM 26 1339.77 51.53 36.97 <0.01
Seed-setting rate Residual 52 72.47 1.39
Total 80 1482.09
CM 26 13.66 0.53 17.85 <0.01
1000-grain weight Residual 52 1.53 0.03
Total 80 15.7
CM 26 91.41 3.52 19.77 <0.01
Grain yield Residual 52 9.25 0.18
Total 80 102.23

CM: cultivation model.

R3 ERKEENKEHERREREMMRIFIE2017)

Table 3 The effects of controlled water management and increased density on yield and yield components under nitrogen reductions

of rice in 2017

Cultivation model

Effective panicle Spikelets per  Total spikelets Seed- 1000.-grain Grain yield
Nitrogen Water and density nuinberiz panicle (x10* hm™®) sefiing rate weight (thm™)
reduction treatment (10" bm™) o) &)

No WoDg (CK) 276.2+10.6 200.3+5.7 55,287+1066 82.6+0.4 28.3+0.2 12.02+0.35
N-io% WoD, 255.1+6.7 189.2+4.0 48,256+1143 83.2+0.7 28.5+0.1 11.04+0.32
N-10% WD, 288.4+17.2 183.6+5.9 52,883+1540 83.2+0.7 28.1£0.1 11.81+0.28
N-100 WD, 307.3£7.1 175.3£2.6 53,862+997 75.1+0.7 27.6+0.2 11.10+0.35
N-100 W,Ds 327.7£16.1 165.9+3.8 54,347+2421 69.6+2.3 27.1+0.1 9.52+0.37
N-io% WD, 279.3+7.2 189.5+2.8 52,927+1541 85.1+0.5 28.5+0.2 12.49+0.51
N-io% W,D, 295.7+£14.9 183.1£1.9 54,124+2181 77.6+0.3 28.1+0.2 11.24+0.38
N-10% W,D; 322.8+13.8 175.24£3.4 56,540+2161 70.3+0.5 27.1+0.1 9.68+0.49
N-10% WD, 267.2+12.3 196.4+4.5 52,442+1179 84.5+0.7 28.4+0.2 12.20+0.62
N-100 WD, 279.349.6 196.3+3.8 54,802+826 79.3+0.5 28.1+0.1 11.31+0.26
N-100 W,Ds 298.8+20.4 188.8+5.0 56,346+2365 73.1+0.5 27.5+0.1 10.50+0.36
AT WD, 256.9+4.9 201.3+1.8 51,715+£1160 79.1+0.2 28.1£0.1 10.63+0.15
N-10% WsD, 268.8+6.9 197.2£2.0 52,998+839 77.2+0.9 27.8+0.2 10.28+0.19
N-io% W3Ds 288.4+9.6 187.8+2.1 54,148+1230 72.3+1.7 27.6+0.0 9.84+0.12
N-30% WDy 231.2+4.9 180.1+£3.6 41,637+1099 83.8+2.4 28.6+0.1 9.05+0.15
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(&L P))

Cultivation model Effective panicle . . Seed- 1000-grain L

Spikelets per  Total spikelets . . Grain yield
Nitrogen Water and density nuznber ) panicle (x10* hm?) setting rate weight (thm™)
reduction treatment (10" hat™) ) )

N_30% WoD; 237.5£19.3 182.2+6.4 43,191£2007 81.2+1.3 27.5+0.0 8.91+0.36
Nos00 WoD, 263.3£11.4 176.3£2.0 46,410+1742 80.6+2.3 27.3+0.2 9.12+0.28
N300 WoDs 283.6+12.2 170.7£2.3 48,414+2285 73.9+£2.1 27.240.1 8.69+0.32
N 300 WD, 229.7+£18.7 188.1+7.4 43,166+3171 82.3+1.7 28.0+0.1 9.07+0.16
N 300 WD, 253.9£22.8 186.3+3.1 47,260+3572 81.1+0.6 27.8+0.1 9.87+0.41
N-30% W,D; 274.8+20.4 179.5+4.4 49,283+2929 74.4%1.1 27.2+0.1 9.18+0.16
Nos00 WD, 222.2£11.7 191.3+£2.3 42,489+1722 82.1+0.5 28.0+0.2 8.78+0.30
Nos00 WD, 249.2+3.3 190.4+3.3 47,450+1179 80.5+0.9 27.7+0.1 10.07+0.25
N300 W,D;5 267.3£19.1 182.6+3.7 48,778+2899 74.5+1.1 27.3+0.0 9.17+0.20
N 300 WsD; 214.7£12.1 191.0+£3.4 40,995+2055 78.5£0.5 28.0+0.1 8.22+0.37
N 300 WsD, 241.6£15.5 189.3+£2.0 45,743+3163 77.0£0.7 27.8+0.4 8.95+0.22
N-30% WsD; 258.3£6.1 186.7£3.0 48,216+847 73.1+0.3 27.4+0.2 8.79+0.26

LSDy 05 22.16 6.29 3263.90 1.90 0.24 0.53

No: 187.5 kg hm™%; N_jgo;: 168.75 kg hm™; N_300;: 131.25 kg hm™%; W, ;W s W

; Wi ; Dot 20.0x10* hm™; Dy: 24.0x10* hm™; Dy: 28.0x10* hm™; Ds: 32.0x10* hm™

No: N application was 187.5 kg hm?; N_45: N application was 168.75 kg hm™2; N_3os,: N application was 131.25 kg hm%; W,: conventional
irrigation; W;: alternate wetting and light drying irrigation; W,: alternate wetting and moderate drying irrigation; W;: alternate wetting and
severe drying irrigation; Dy: density was 20.0x10* hm?; D,: density was 24.0x10* hm%; D,: density was 28.0x10* hm%; Ds: density was
32.0x10* hm™.

x4 RKEEKBRAEEREHM A FE2018)
Table 4 The effects of controlled water management and increased density on yield and yield components under nitrogen reductions
of rice in 2018

Cultivation model

Effective panicle 1000-grain

Spikelets per  Total spikelets ~ Seed-setting . Grain yield
Nitrogen Water-density nuinberz panicle (x10* hm?) rate (%) weight (t hm?)
reduction treatment (<10" hm™) (8)

No WDo(CK) 264.1+4.7 198.4+3.4 52,388+351 82.1+1.8 28.2+0.2 11.43+0.23
N-ioo WDy 255.0£5.7 193.245.1 49,250+734 82.8+1.2 28.3+0.1 10.51+0.18
N-i0% WoD; 263.8+9.2 192.6+3.1 50,795+1352 82.3+0.7 28.2+0.0 11.32£0.26
N-i0% WoD, 279.4+6.9 187.7+1.8 52,436+911 78.6+1.3 27.8+0.1 10.71£0.34
N-i0% WoD; 303.5£16.3 173.9£2.0 52,779+2937 68.9+1.7 27.0+0.4 9.09+0.17
N-iov WD, 258.9+8.3 195.2+1.9 50,528+1196 84.6£1.0 28.4+0.2 11.63+0.24
Noio% WD, 275.3+11.8 190.6+4.4 52,494+3145 79.3£1.7 28.0+0.3 10.98+0.48
N-ioo W,D; 298.2+9.4 175.242.1 52,232+1075 70.1£3.0 27.1+0.1 9.17£0.15
N-i0% W,D, 256.2+9.1 191.2+2.4 48,974+1313 84.1+1.5 28.3+0.2 11.48+0.07
N-i0% W.D, 269.1£10.7 186.8+3.8 50,253+1698 80.1+1.5 28.0+0.3 11.05£0.39
N-i0% W,D; 282.6+5.1 175.1£3.1 49,479+912 73.8+1.6 27.6+0.3 9.47+0.31
Noi0% WsD, 232.846.2 190.7+3.5 44,385+886 82.2+1.4 28.0+0.3 9.78+0.10
Noio% WsD, 245.9+9.4 187.4+4.3 46,099+2598 80.2+1.6 27.6+0.3 9.66+0.42
N-ioo W;D; 255.8+€12.9 181.2+2.4 46,346+2299 75.9+1.3 27.3+£0.2 9.03+0.22
N 300 WoDo 228.2+8.4 185.6+1.0 42,349+1378 83.6+0.6 28.6+0.0 9.29+0.12
N 300 WoD; 222.7+8.9 182.6+1.8 40,661+1544 82.9+2.0 28.1£0.1 9.11£0.29

N-s0% WoD, 239.5+10.9 180.1£1.9 43,142+2263 80.5+0.4 28.0+0.2 9.40+0.26
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Cultivation model
Effective panicle Spikelets per  Total spikelets ~ Seed-setting IOOOTgrain Grain yield
Nitrogen Water-density nuinberJ panicle (x10* hm™2) rate (%) weight (t hm?)
reduction treatment (<10 hm™) (8)
Nos0 WoD; 247.9+£10.4 175.3£16.9  43,552+5699 78.4+0.8 27.5+0.1 8.61+1.28
N300 WD, 219.8+8.2 185.7£3.6 40,816£1692 84.6+2.5 28.5+0.1 9.324+0.20
N300 WD, 236.4£7.3 182.4£2.0 43,118+1326 83.1+0.4 28.2+0.2 9.58+0.20
N 3% W,D; 245.6+13.1 172.1£6.9 42,299+3394 80.6+1.6 27.7+0.2 8.73+0.50
N_30% W.D; 216.8+£10.8 182.6+11.2  39,526+1644 83.5+3.2 28.3+0.2 8.84+0.58
N_30% W.D, 236.0+15.1 183.2+6.8 43,292+4217 83.9+2.1 28.2+0.3 9.76+0.75
Nos0 W.D; 242.7+£5.2 172.2+4.0 41,795+1435 80.4=1.1 27.7+0.2 8.85+0.74
N300 WD, 210.3£16.6 179.2+0.9 37,676+2769 82.1£1.2 28.0+0.2 7.99+0.57
N300 W;D, 222.9+3.4 176.9£8.1 39,423+1616 81.3%1.1 27.7+0.0 8.42+0.42
N 300 WsD; 234.9+8.7 174.2+3.5 40,939+2319 75.6+1.9 27.4+0.3 8.02+0.41
LSDg.0s 16.28 8.77 3712.90 2.66 0.32 0.73
3 Abbreviations are the same as those given in Table 3.
2.3 WD, WyD, W;D; W,D; W;Ds
5 )
(NoWDo, CK) ) 10% (N-10%) 30% (N-30%) WDy
WDy ( 6 , WoD,y
6.80% 5.47% 7.64% ( 6) WoD, CK 14.01%
(WoD,, WyD,, W(D3) , 4.67%, WoDs 2.68% , CK
4.42% 11.26% , WiD; WD W;3D, )
18.65% ,  CK , WD, W,D, WD,
W,D, 3.19%  8.84%, 11.22% 7.96%  8.92%,
CK , 2.02%, W3D, W,D;
3.88% 5.54%, , W3D;, W,D; CK ,
7.55%, 6.99% , W3D;
K5 KESEUERMAESN
Table 5 Analysis of variance for tillering traits in rice
F
Trait Source of variation df Sum of square Mean squares F-value Significance
CM 26 166,840.3 6416.94 64.03 <0.01
Tillers at elongation Residual 52 5211.16 100.21
Total 80 176,864.6
CM 26 73,586.9 2830.3 20.38 <0.01
Tillers at heading Residual 52 7497.9 138.8
Total 80 81,084.7
CM 26 64,855.2 2494.4 13.61 <0.01
Tillers at maturity Residual 54 9896.2 1833
Total 80 74,751.4
CM 26 370.87 14.26 1.01 ns
Percentage of Residual 52 730.94 14.06
productive tillers Total 30 114171

CM: cultivation model.
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Table 6 Effects of controlled water management and increased density on tillering characteristics under nitrogen reductions in rice

Cultivation model Tillers per unit area (x10* hm?)

Percentage of
Water-density

Nitrogen reduction treatment Elongation stage Heading stage Maturity stage productive tillers (%)

No WDy (CK) 373.5£10.5 294.1+5.8 276.2+10.6 73.9+1.4
N-10% W,Do 348.1+9.8 278.0+6.1 255.1+£6.7 73.3+£0.5
N0 WD 387.2+13.8 298.2+19.5 288.4+17.2 74.5+2.7
N-oio% WoD, 416.8+13.5 327.5+8.4 307.3+7.1 73.8+1.6
N-oio% WoDs 459.9420.0 359.6+8.8 327.7+16.1 71.3£3.5
N-10% WD, 361.6+8.2 292.5+6.3 279.3+£7.2 77.2+0.7
N-10% WD, 394.5+14.1 312.2+13.7 295.7+14.9 74.9£1.2
N-109 W,Ds 448.4+16.9 352.6+11.5 322.8+13.8 72.0+1.4
N0 WD, 340.5+12.7 283.5+11.2 267.2+12.3 78.5¢1.5
N-oio% W,D, 370.5+12.7 316.7+17.8 279.3+9.6 75.4+3.2
N-oio% W,D5 408.2+8.9 334.5+13.8 298.8+20.4 73.2+£5.0
N-10% W;D, 321.3+£14.7 270.2+8.9 256.9+4.9 80.1+3.4
N-10% W;D, 350.9+15.1 292.5+6.3 268.8+6.9 76.6x1.3
N-109 W;Ds 389.849.5 310.6+12.1 288.4+9.6 74.0£1.9
No30u WD, 307.5+26.9 267.1+£7.7 231.2+4.9 75.7£7.9
Nos0% WoD, 315.9+14.9 265.7+10.6 237.5£19.3 75.1£3.6
Nos0% WoD, 357.4+18.3 287.3+6.9 263.3+11.4 73.843.6
Nos0% WoDs 389.2424.4 311.6+10.3 283.6£12.2 73.2+7.4
N 309 WD, 297.0+6.7 249.2+11.4 229.7+18.7 77.3£5.0
N 309 WD, 336.2+7.4 272.9+17.3 253.9+22.8 75.5+£6.8
N304 W,D; 373.5+5.7 298.5+6.5 274.8+20.4 73.5+4.4
Nos0% W,D, 286.4+6.2 241.6+13.7 222.2+11.7 77.6£3.7
Nos0% WD, 327.0+5.8 268.5£10.2 249.2+3.3 76.2+1.0
Nos0% W;,Ds 358.5+11.1 294.2+22.7 267.3£19.1 74.6+6.2
N 309 W;D, 268.7+9.2 234.0+10.2 214.7+12.1 79.9+3.1
N 309 W;D, 316.4+12.6 267.1£12.5 241.6+15.5 76.3£2.4
N300 W;D; 345.5+10.1 285.4+5.6 258.3+6.1 74.8+1.2

LSDy.s 22.30 19.29 22.16 6.19

3 Abbreviations are the same as those given in Table 3.

2.4 , WD,  W,D,
CK ,
7 CK
(NoWDy) , 10% (N_j05) 30% (N-30%) WoDo
WoDg ( 3 cx)y
5.75% 5.35% ( 8) (WoD; W¢D, WoD3)
(WoDy, WD,, W,D3) , 9.34% 4.60%  0.64%,

, , CK , WiD; W,D,
W;D, WD, W,D, W;D,
8.95% 5.24% 1.79% 11.89% 8.82% 4.86%,
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Table 7 Analysis of variance for leaf area traits in rice
F
Trait Source of variation df Sum of square Mean squares F-value Significance
CM 26 20.52 0.79 22.97 <0.01
Leaf area index Residual 52 1.79 0.03
Total 80 23.75
CM 26 3.99 0.15 3.49 <0.01
Highly effective leaf area index Residual 52 2.29 0.04
Total 80 7.04
CM 26 459.69 17.68 1.93 <0.05
Percentage of highly effective Residual 52 477.00 9.17
leaffarea index Total 80 940.60

CM: cultivation model.
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Table 8 The effects of controlled water management and increased density on leaf area index under nitrogen reductions in rice

Cultivation model

Leaf area index

Highly effective leaf area

Percentage of highly effective

Nitrogen reduction ~ Water-density treatment index leaf area index (%)

No WDy (CK) 7.82+0.10 5.05+0.07 64.58+0.57
N-100 WDy 7.37+0.10 4.78+0.18 64.85+1.92
N-io% WD, 7.85+0.14 5.01+£0.24 63.82+2.77
N-io% WoD, 8.12+0.14 5.08+0.37 62.58+4.83
N-io% WoDj3 8.29+0.34 4.89+0.11 59.02+1.41
N-10% WD, 7.83+0.34 5.19+0.19 66.40+4.53
N-100 WD, 8.08+0.21 5.12+0.20 63.36+1.41
N-100 WDs 8.22+0.18 5.03£0.12 61.21+2.03
N-io% WD, 7.71£0.18 5.08+0.07 65.92+2.19
N-io% W,D, 7.96+0.24 5.03+0.19 63.27+4.19
N-io% W,Dj3 8.11£0.11 4.97+0.28 61.27+3.11
N-10% W;D, 7.69+0.25 4.87+0.09 63.35+1.17
N-100 W;D, 7.82+0.28 4.78+0.23 61.11+0.94
N-100 W;Ds 7.89+0.27 4.75+0.20 60.22+2.34
N30 WDy 6.72+0.13 4.43+0.28 65.89+3.05
N-30% WoD, 7.09+0.36 4.56+0.35 64.46+6.60
N-30% WD, 7.46+0.31 4.77+0.44 63.85+3.38
N-30% W,Ds 7.77+0.43 4.91+0.42 63.17+3.30
N300 WD, 7.12+£0.21 4.71+0.08 66.19+2.17
N300 WD, 7.41£0.26 4.88+0.26 65.86+2.94
N30 W,Ds 7.68+0.11 4.86+0.07 63.29+1.12
N300 W,D, 6.89+0.24 4.72+0.12 68.55+2.58
N-30% WD, 7.13+0.19 4.65+0.14 65.23+1.84
N-30% W,Ds 7.44+0.22 4.61+0.45 61.88+4.13
N300 W;D, 6.33£0.18 4.39+0.20 69.39+3.54
N300 W;D, 6.66+0.44 4.44+0.28 66.69+1.89
N30 W;Ds 7.14£0.15 4.57+0.12 64.02+2.05

LSDy.0s 0.40 0.40 4.89

3 Abbreviations are the same as those given in Table 3.
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2.5 W;D; CK
0.88% 1.33% 7.96% 6.64%, W,D; W,D;
9 3.10% 1.33%,
(NoW,D,, CK) , 10% 30% (N-30%) WoDy
(N-10%) WDy ( 10 (WqDy,
6.61% 7.82%  6.98%, WoD,, W(D;) CK
( 10) , WD, 25.66% 15.37% 12.83%,
CK , 2.07%, , CK , WD, W,D, W,D;
WoD,  W,D; CK 13.72%~26.11%, WD,
2.22%  5.31%, 9.42% , WoD; WyD, W,Ds
24.86% ,W,D; W,D; W3D, 14.16%~26.99%, W,D,  W,D,
CK 1.77% 4.42% CK ,W3D; WD, W;D,
16.81%, ,W,D, W,D, WsD, 15.49%~30.97%,
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Table 9 Analysis of variance for dry matter accumulation and harvest index of rice

F
Trait Source of variation df Sum of square Mean squares F-value Significance
CM 26 26.54 1.02 66.23 <0.01
Dry matter at elongation Residual 52 0.80 0.02
Total 80 27.64
CM 26 170.36 6.55 111.45 <0.01
Dry matter at heading Residual 52 3.06 0.06
Total 80 175.72
CM 26 454.03 17.46 60.68 <0.01
Dry matter at maturity Residual 52 14.96 0.29
Total 80 484.13
CM 26 0.15 0.01 23.55 <0.01
Harvest index Residual 52 0.01 0
Total 80 0.16

CM: cultivation model.
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Table 10 Effects of controlled water management and increased density on dry matter accumulation under nitrogen reductions in rice

Cultivation model Dry matter accumulation (t hm?)
Harvest index
Nitrogen reduction Water-density treatment Elongation stage Heading stage Maturity stage

No WDy (CK) 4.8+£0.2 12.6+0.4 22.6+0.9 0.532+0.005
N-io% WDy 4.2+0.2 11.6+0.4 21.0+1.2 0.526+0.015
N-io% WD, 4.7+£0.2 13.1+£0.5 22.7£1.2 0.521+0.016
N-10% WoD, 5.0+0.2 13.4+0.4 23.1+0.9 0.481+0.005
N-10% W,Ds 5.240.1 13.9+0.1 23.8+0.9 0.400+0.011
N-10% WD, 4.3+0.1 12.3+£0.2 22.2+1.0 0.563+0.001
N-100 WD, 4.6£0.2 12.7+£0.2 22.4+1.2 0.502+0.013
N-io% W,Ds 4.9+0.2 13.0+0.2 23.3+0.6 0.416+0.022
N-io% WD, 4.2+0.1 12.1+£0.3 21.6+0.8 0.565+0.020

N-io% W,D, 4.4=0.1 12.3£0.2 22.3£0.9 0.507+0.011
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Cultivation model Dry matter accumulation (t hm?)
Harvest index
Nitrogen reduction Water-density treatment Elongation stage Heading stage Maturity stage
N-io% W,Ds 4.7+0.1 12.7+£0.2 22.9+0.7 0.459+0.011
N-io% W;D, 3.8+0.1 11.8+0.3 18.8+0.9 0.567+0.035
N-io% W;D, 4.2+0.2 12.2+0.2 20.8+1.1 0.495+0.017
N-io% W;Dj3 4.4+0.1 12.6+0.2 21.1+0.4 0.467+0.014
N-30% WoDg 3.6+0.1 9.140.3 16.6£1.0 0.54740.041
N-30% WoD, 3.840.1 9.9+0.2 16.8+0.5 0.530+0.010
N-so% WoD> 4.0+0.2 10.7+0.3 18.9+0.4 0.482+0.007
N-so% WoDs 4.5+0.2 11.5+0.4 19.7+0.2 0.441+0.016
N300 WD, 3.4+0.0 9.4+0.4 16.7+0.7 0.544+0.013
No30% WD, 3.7+0.2 10.2+0.3 18.8+0.6 0.525+0.006
N300 W,Ds 4.3+0.1 11.0+0.6 19.5+0.3 0.471+0.002
N300 W,D, 3.240.1 9.540.3 16.5+0.3 0.532+0.010
N-30% W,D, 3.6+0.1 10.0+0.3 19.0+0.2 0.530+0.011
N-30% W,Dj3 3.9+0.2 10.3£0.4 19.4+0.3 0.473+0.005
N300 W;D, 3.0+0.1 9.1+£0.4 15.6+0.3 0.527+0.016
No30% W;D, 3.340.3 9.4+0.3 18.5+0.1 0.484+0.014
N300 W;Ds 3.6+0.1 9.9+0.4 19.1+0.3 0.460+0.008
LSDy o5 0.23 0.52 1.22 0.026

3 Abbreviations are the same as those given in Table 3.

2.6 WD, W,D, W,D;
W2Ds » W3
11
(NoWoDy, CK) , CK ) 30% (N-30%) WoDo
10% (N-10%) WDy
( 12), (WD, 2576% 31.84% 24.64% ( 12)
WoD,, W(D3) R CK , WD W,D;, W3D,
, CK
, WD,  W;D, 33.44% 24.50% 30.44%,W,D, W,D, W3D,
11.16% 14.10%, 27.19% 21.55% 10.74%, W,D; W,D;
CK , W;D; 18.18% 20.43% 10.42%
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Table 11  Analysis of variance for period dry matter accumulation in rice

F
Trait Soufce‘ of df Sum of square  Mean squares F-value Significance
variation
CM 26 26.54 1.02 66.23 <0.01
Dry matter before elongation stage Residual 52 0.80 0.02
Total 80 27.64
CM 26 70.70 2.72 38.73 <0.01
Dry matter from elongation stage to Residual 52 3.65 0.07
heading stage Total 80 75.30
CM 26 99.90 3.84 12.47 <0.01
Dry matter from heading stage to Residual 52 16.02 0.31

maturity stage Total 80 122.46
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F
Trait Sou.rc<? of df Sum of square  Mean squares F-value Significance
variation
CM 26 113.02 4.35 8.1 <0.01
Rate of dry matter before elongation Residual 52 27.90 0.54
stage Total 80 145.11
CM 26 378.76 14.57 4.99 <0.01
Rate of dry matter from elongation Residual 52 151.77 2.92
stage to heading stage Total 30 538.52
CM 26 517.65 19.91 5.83 <0.01
Rate of dry matter from heading Residual 52 177.73 3.42
stage to maturity stage Total 30 719.18

CM: cultivation model.

F12 EKBEMKERERTHORMEAZ2R LG
Table 12 The effects of controlled water management and increased density on dry matter accumulation during different growth
periods under nitrogen reductions in rice

Cultivation model

Dry matter accumulation (t hm™)

Dry matter accumulation rate (%)

. . Sowing to Elongation Heading stage . . .
Nitrogen Water-density . . Sowing to Elongation stage Heading stage to
reduction treatment clongation stége 0 to maturity elongation stage to heading stage  maturity stage

stage heading stage stage
No WDy (CK) 4.8+0.2 7.8+0.3 10.0+0.5 21.2+0.5 34.5+0.5 44.2+1.0

N-i0% WoDo 4.2+0.2 7.4+0.3 9.4+0.9 20.0+0.4 35.3£1.8 44.7+2.0

N-10% WD, 4.7+0.2 8.4+0.4 9.6+0.8 20.7+0.5 37.0+0.8 42.3+1.3

N-iox WoD, 5.0+0.2 8.4+0.2 9.7+0.6 21.7+0.2 36.4x1.0 42.0+1.2

N-iox WoDs 5.2+0.1 8.7+0.1 9.9+0.8 21.9+0.7 36.6+1.2 41.6+1.8

N-10% WD, 4.3+0.1 8.0+0.1 9.9+0.9 19.4+0.5 36.1£1.6 44.5+2.1

N-10% WD, 4.6+0.2 8.1£0.1 9.7+1.0 20.6+0.4 36.2+1.9 43.242.2

N-10% W,Ds 4.9+0.2 8.1+0.4 10.3+0.6 21.0+0.8 34.8+1.8 44.2+1.7

N-10% W,D,; 4.2+0.1 7.9+£0.3 9.5+0.5 19.5+0.8 36.6+0.8 44.0+0.9

N-i0% WD, 4.4+0.1 7.9£0.1 10.0+0.8 19.7+0.5 35.5¢1.1 44.8+1.6

N-10% W,D; 4.7+0.1 8.0+0.1 10.2+0.5 20.5+0.3 35.0+0.7 44.5+1.0

N-iox W;D, 3.840.1 8.0+0.2 7.0+0.9 20.2+0.6 42.6+2.3 37.2+£2.9

N-iox W3D, 4.2+0.2 8.0+0.0 8.6x1.1 20.2+1.1 38.5+2.1 41.2+2.9

N-10% W;Ds 4.4+0.1 8.2+0.2 8.5+0.5 20.9+0.4 38.9+1.5 40.3+1.8

N-30% WDy 3.6+0.1 5.5+0.4 7.5+1.0 21.8+1.8 33.242.3 45.1£3.4

N-30% WD, 3.8+0.1 6.1£0.2 6.9+0.3 22.6+0.7 36.3+0.5 41.1+0.6

N-30% WD, 4.0+0.2 6.7+0.4 8.2+0.4 21.2+1.0 35.542.3 43.4x1.6

N-sov W,D; 4.5+0.2 7.0+0.2 8.2+0.3 22.8+0.8 35.5£0.8 41.6x1.5

N-sov WD, 3.4+0.0 6.0+0.4 7.3+0.8 20.4+0.8 36.0£3.0 43.7+£3.4

N-30% WD, 3.7+0.2 6.5+0.4 8.6+0.5 19.7+0.7 34.6+£2.3 45.7+1.6

N-30% W,Ds 4.3%0.1 6.7+0.5 8.5+0.5 22.1+0.2 34.4+2.7 43.6+2.7

N-30% W,D,; 3.2+0.1 6.3£0.2 7.0+0.1 19.4+0.4 38.2+0.5 42.4+0.8

N-30% W,D, 3.6+0.1 6.4+0.2 9.0+0.3 19.0+0.5 33.7£1.0 47.4+1.4

N-30% W,Ds 3.9+0.2 6.4+0.6 9.1+0.2 20.1+1.0 33.0£2.5 46.9+1.6

N-30% W;D, 3.0+0.1 6.1+0.4 6.5+0.4 19.2+0.9 39.1+2.7 41.7+2.4

N-sov W;D, 3.310.3 6.1+0.0 9.1+0.3 17.8£1.5 33.0+0.2 49.2+1.5

N-sov W;D; 3.6+0.1 6.3+0.4 9.2+0.2 18.9+0.4 33.0£1.5 48.2+1.4

LSDg.os 0.23 0.48 1.06 1.27 2.82 3.17

3 Abbreviations are the same as those given in Table 3.
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2.7 2.83%, 5.87%,
13 CK ) 30% (N-30%) WoDy
(NoW¢Dy, CK) , 10% 27.18%
(N 10%) WD 28.34%  25.50% ( 14), :
5.41% 6.37%  7.99%, )
, (WoDy, WoD,, WoD3) , ,
( 14 W.D; W,D;  W3D,
, WiD;y  W,D,
, 2 20.77% 37.74%  29.24%, W, D, W,D, W3D,
CK 7.08% 14.76% 10.69% 17.69%  20.15%, W D3 W;D;
4.33%  12.26%, W;D; 9.69% 3.42% 25.01%
x13 KETHRSEMFEDH
Table 13  Analysis of variance for dry matter allocation in rice
F
Trait Source of variation df Sum of square  Mean squares F-value Significance
CM 26 52.70 2.03 14.03 <0.01
Dry matter allocation in stem and sheath Residual 52 751 0.14
Total 80 61.20
CM 26 69.44 2.67 173.65 <0.01
Dry matter allocation in leaf Residual 52 0.80 0.02
Total 80 70.56
CM 26 130.98 5.04 13.34 <0.01
Dry matter allocation in panicle Residual 52 19.63 0.38
Total 80 158.31
CM 26 284.86 10.96 2.67 <0.01
Dry matter allocation rate in stem and sheath Residual 52 213.76 4.11
Total 80 520.57
CM 26 779.72 29.99 59.74 <0.01
Dry matter allocation rate in leaf Residual ) 26.10 0.5
Total 80 805.86
CM 26 1482.41 57.02 11.34 <0.01
Dry matter allocation rate in panicle Residual 52 261.48 5.03
Total 80 1767.02

CM: cultivation model.

F14 RKBEMNKEBRARTYRSEHTNI

Table 14 Effects of controlled water management and increased density on dry matter allocation under nitrogen reductions in rice

Cultivation model

Dry matter allocation (t hm?)

Dry matter allocation rate (%)

Nitrogen . Stem and . .
. Water-density treatment Leaf Panicle Stem and sheath Leaf Panicle
reduction sheath
No WDy(CK) 6.8+0.2 3.5+0.1 12.3+0.6 30.1+0.7 15.5+0.2 54.4+0.8
N-io% WD, 6.4+0.2 3.3+0.1 11.3+1.0 30.5£1.0 15.8+0.9 53.7+1.8
N-10% WoD; 7.1£0.1 3.540.0 12.141.2 31.3t1.4 15.5+0.8 53.242.3
N-10% WoD, 7.5+0.1 4.240.2 11.4£0.9 32.5+1.4 18.2+0.9 49.342.2
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Cultivation model Dry matter allocation (t hm?) Dry matter allocation rate (%)
Nitrogen . Stem and . .
reduction Water-density treatment sheath Leaf Panicle Stem and sheath Leaf Panicle
N-io% WoD; 8.1+0.2 5.9+0.3 9.8+0.5 34.1+0.7 24.8+0.4 41.2+0.5
N-io% WD, 6.4+0.4 3.1+0.1 12.7+0.6 28.8+0.6 14.0+0.7 57.2+0.3
N-10% WD, 7.1£0.2 3.8+0.1 11.5£1.0 31.7+1.3 17.0+0.7 51.3+1.8
N-10% W,Ds 7.8+0.2 5.5+0.3 10.0+0.4 33.5+0.3 23.6+1.1 42.9+1.4
N-100 WD, 6.2+0.2 2.9+0.0 12.5+0.6 28.7+0.2 13.4+0.5 57.9+0.7
N-io% W,D, 7.1£0.2 3.5+0.2 11.7+0.9 31.9+0.6 15.7+1.3 52.4+1.8
N-io% W,D; 7.240.3 4.8+0.1 10.9+0.4 31.4+0.3 21.0+0.3 47.6+0.1
N-io% W;D, 5.3+£0.3 2.5+0.2 11.0+0.7 28.2+1.6 13.3+0.2 58.5+1.4
N-10% W;D, 7.0+0.2 3.2+0.2 10.6+0.9 33.7+1.5 15.4+0.1 50.9+1.4
N-10% W;Ds 6.9+0.1 4.0+0.2 10.2+0.4 32.7+1.1 19.0+0.6 48.3+0.8
N300 W,Do 4.9+0.1 2.540.1 9.2+1.0 29.6+2.0 15.1+0.6 55.3+£2.5
N30 WD 5.5+0.3 2.4+0.1 8.9+0.7 32.842.0 14.3+0.9 52.942.8
N30 WD, 6.5+0.2 3.2+0.2 9.2+0.2 34.4+0.9 16.9+0.6 48.7+0.5
N-30% WoD; 6.8+0.2 4.1+0.2 8.8+0.1 34.5+0.8 21.0+0.8 44.5+0.1
N-30% WD, 5.4+0.1 2.3+0.1 9.0+0.7 32.4+1.7 13.8+0.6 53.8+2.2
N-30% WD, 6.0+0.1 2.8+0.1 10.0+0.7 32.0+1.5 14.9+0.8 53.242.1
N300 W,Ds 6.3£0.1 3.8+0.2 9.4+0.1 32.3+0.0 19.5+0.6 48.2+0.7
N-30% WD, 5.4+0.1 2.2+0.1 8.9+0.1 32.7+0.4 13.3+0.4 53.9+0.4
N-30% W,D, 5.9+0.4 2.8+0.1 10.3+0.4 31.1+2.0 14.7+0.4 54.242.1
N-30% W,D; 6.1£0.2 3.8+0.2 9.5+0.1 31.4+0.5 19.6+0.6 49.0+1.1
N-30% W;D, 5.240.1 2.0+0.1 8.4+0.4 33.4+1.1 12.8+0.7 53.8+1.4
N-30% W;D, 6.3£0.1 3.1+0.2 9.1+0.3 34.1+0.7 16.8+1.0 49.2+1.4
N300 W;Ds 6.9£0.1 3.3+0.1 8.9+0.1 36.1+0.2 17.3+0.4 46.7+0.2
LSDg.0s 0.31 0.24 1.04 1.86 1.13 2.47
3 Abbreviations are the same as those given in Table 3.
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