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Abstract: [Objective] In order to lay a scientific basis for high yield and high water and nitrogen use efficiencies in rice
production, we estimated the effects of the interaction between the alternate wetting and drying (AWD) regime and
different nitrogen rates on grain yield, water and nitrogen use efficiencies. [Method] The field experiments were
conducted with two irrigation regimes, AWD and conventional irrigation (CI) and three N rates, 80 (low amount, LN),
160 (medium amount, MN) and 240 kg/hm?” (high amount, HN) in Fuyang, Zhejiang Province in 2015 and 2016. The
local high-yielding rice cultivar Tianyouhuazhan (three-line indica hybrid combination) was used as experimental
material. [Result] There was an obvious interaction between irrigation regimes and N rates. When compared with CI
regime, AWD could reduce redundant vegetative growth and control the number of rice tillers, improve the percentage of
productive tillers by 8.1%—10.7%; increase the leaf area duration (LAD) and crop growth rate (CGR) from heading to
maturity; increase root dry weight at a depth of 10-20 cm at heading by 24.4%—32.3%, and the root oxidation activity
(ROA) during the re-watering period after heading; AWD could promote the remobilization of non-structural
carbohydrates (NSC) in culms and sheaths for grain filling. The grain yield, water and nitrogen use efficiencies were the
highest in the combination of AWD and MN due to the improved population quality and grain filling, and the
combination of AWD and MN was the best water-nitrogen management model in this study. [Conclusion] The aim of
high grain yield and high water and nitrogen use efficiencies could be achieved through integrating AWD with the
medium amount of nitrogen application in rice production.

Key words: rice; yield; water use efficiency; nitrogen use efficiency; interaction between nitrogen rates and irrigation
regimes
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Fig. 1. Effects of the interaction between irrigation regimes and nitrogen rates on diurnal changes in leaf water potentials of

rice.



516

rf E 7K R A} 24(Chin J Rice Sci) 8 31 4555 5 #2017 4E 9 H)

x1 BEREASRIAEXE(ERXKE~EREMBRER
Table 1. Effects of interaction between irrigation regimes and nitrogen rates on grain its and its components.
RS AR s LR DATIRAY: Y3 AR E EERIES T
Year and treatment Grain yield/(tthm?)  No.of panicles/(x10* hm?)  Spikelets per panicle Seed setting rate/% 1000-grain weight/g
2015
CIH+LN 7.34+0.22 d 245.4£39b 143.242.5d 82.5£1.0 b 25.4+0.3 a
CI+MN 8.53+0.23 b 284.2+5.5a 150.8+1.8 ¢ 78.9+12 ¢ 25.2+0.2 ab
CI+HN 8.1240.15 ¢ 286.4+£5.3 a 156.242.3 b 72.51.3d 251402 b
AWD+LN 8.06£0.20 ¢ 243.5+4.1b 146.3+2.1d 89.1£1.5a 255+02a
AWD+MN 9.20£0.26 a 279.9+5.5 a 154.9+3.1b 83.5+£1.0b 254402 a
AWD-+HN 9.03£0.28 a 282.5+4.9 a 162.4+2.6 a 78.1+1.8 ¢ 25.3+0.2 ab
2016
CIH+LN 7.18+0.12 ¢ 224.4+3.8b 150.3£2.2d 84.8+1.0 be 252404 a
CI+MN 8.83+0.20 b 274.2+4.8 a 155.242.7 ¢ 82.8+0.8 ¢ 25.140.2 a
CI+HN 8.40+0.18 ¢ 272.9£52 a 162.343.7 ab 75.4+1.5d 25.2+0.1 a
AWD+LN 7.78+0.24 d 2253+4.2b 153.8+4.2 ¢ 88.7+0.9 a 253+02a
AWD+MN 9.38+0.21 a 270.8£3.5a 160.2+1.6 b 85.8+1.1b 252403 a
AWD+HN 9.27+0.29 a 270.5+4.4 a 164.242.1 a 83.1x14 ¢ 25.240.2 2

Cl—H U :; AWD— TR B :; LN—KE:; MN—H4E;

CI, Conventional irrigation; AWD, Alternate wetting and drying; LN, Low amount of nitrogen; MN, Medium amount of nitrogen; HN, High amount of

nitrogen. Different letters within the same column at the same year mean significant difference at the 0.05 level. The same as below.
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Fig. 2. Effects of interaction between irrigation regimes and nitrogen rates on the amount of irrigated water (A—B) and
water use efficiency(C—D).
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Effects of interaction between irrigation regimes and nitrogen rates on nitrogen use efficiency of rice.

RS A B TR R & FERIR R & Eerillikies R A g PR EISCE
Year and Treatment N uptake of plants/(kg-hm?) N uptake of grains/(kg-hm?) IEn/(kg-kg™) PFPy/(kg-kg™) HIN/%
2015
CI+LN 106.2+4.5 ¢ 66.742.2d 69.5£2.5b 91.8+3.2b 63.1+1.1b
CI+MN 134.843.2 b 82.0+1.8b 63.243.3 ¢ 53.3+1.8d 60.8+0.8 ¢
CI+HN 140.844.7 a 76.1+3.0 ¢ 57.4+1.8d 338+1.9f 53.840.5d
AWD+LN 109.3+5.1 ¢ 73.782.4 ¢ 73.842.3 a 100.8+2.1 a 67.5+0.9 a
AWD+MN 132.443.0b 86.0£1.9 a 69.7+3.0 b 57.5+2.5¢ 65.1+0.9 ab
AWD+HN 140.243.3 a 86.3t1.5a 64.5£2.8 ¢ 37.6t1.5¢ 61.7£1.3 be
2016
CI+LN 108.4+4.2 ¢ 66.1+3.2 d 66.7+2.4 be 89.8+1.8 b 61.8+1.2 be
CI+MN 136.943.4b 79.4+1.8 b 64.5+2.1 ¢ 55.242.2d 58.0+1.0 ¢
CI+HN 138.742.9 ab 73.1+1.7 ¢ 60.5t1.4d 35.0+1.6 f 52.6+0.8d
AWD+LN 1104433 ¢ 75.042.3 be 70.9+1.7 a 97.242.4 a 68.4+0.8 a
AWD+MN 140.24+4.8 ab 88.0+2.4 a 67.2£2.1b 58.6x1.4 ¢ 63.1£0.9 b
AWD+HN 1443435 a 87.4+19a 63.5£2.3 ¢ 38.6t1.3¢ 60.8+0.7 ¢

*3 BEREASHAEXREERXMKEIERSHERBROEMN

Table 3. Effects of interaction between irrigation regimes an
productive tillers of rice.

d nitrogen rates on number of tillers and percentage of

i s S}BES Number of tillers per m? _ pe—
Year and Treatment B R il Percentage of productive tillers/%
Jointing stage Heading time Maturity

2015
CI+LN 289.3+4.8 ¢ 198.4£3.2 b 195.3+2.7b 67.5+1.0d
CI+MN 356.2£6.6 b 236.4+2.8 a 2342436 a 65.8+1.3d
CI+HN 387.8+6.6 a 237.844.2 a 235.843.1a 60.9£3.5¢
AWD+LN 247.3+£5.1 f 195.242.6 b 192.8+2.4 b 78.242.0 a
AWD+MN 310.4+7.7d 234.842.0 a 230.0+3.2a 74.1+£1.6 b
AWD-+HN 331.845.2 ¢ 236.4+33 a 231.7£2.2 a 69.8+1.2 ¢

2016
CI+LN 248. 7454 ¢ 176.9£2.7b 1742432 b 69.8+0.9 b
CI+MN 348.2+6.2 b 2278433 a 224.1+1.8 a 64.3£1.9¢
CI+HN 376.844.6 a 2273441 a 2234422 a 59.1+1.8 d
AWD+LN 225.4+6.4 f 180.4+£3.5b 175.2+2.0 b 77.9+1.4 a
AWD+MN 294.0+£7.3d 224.8+2.8 a 220.8+1.9a 75.1£2.1 a
AWD-+HN 306.6+5.3 ¢ 2243+4.1a 219.742.4 a 71.7+£1.6 b
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Table 4. Effects of interaction between irrigation regimes and nitrogen rates on LAI of rice.

RS AR PO Eilipe] el
Year and Treatment Jointing Heading Maturity
2015
CI+LN 4.2340.15d 6.1240.13 d 0.75£0.11
CI+MN 5.7240.13 b 7.4440.27 be 1.69+0.08 ¢
CI+HN 6.1240.19 a 8.05+0.28 a 1.31£0.09 d
AWD+LN 3.9840.24 ¢ 6.04+0.17 d 1.05+0.10 e
AWD+MN 5.1440.15¢ 7.2540.15 ¢ 1.9440.05 b
AWD+HN 5.84+0.28 ab 7.64+0.20 b 2.16+0.06 a
2016
CI+LN 4.45+0.19 ¢ 6.31+0.21d 0.84+0.15 ¢
CI+MN 5.514£0.32 b 7.61£0.12 b 1.52+0.06 ¢
CI+HN 6.27+0.28 a 7.94+0.22 a 1.21£0.09 d
AWD+LN 4.09+0.17 d 6.1940.17 d 1.04+0.11 de
AWD+MN 4.64+0.35 ¢ 7.1740.23 ¢ 1.85+£0.10 b
AWD+HN 5.69+0.26 b 7.6840.14 b 2.04+0.08 a
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Fig. 3. Effects of interaction between irrigation regimes and nitrogen rates on leaf area duration.
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Table 5.
heading in rice.

Effects of interaction between irrigation regimes and nitrogen rates on shoot dry weight and root dry weight at

RS b ER

b |- #F 45 & Shoot dry weight/(t-hm™)

AR 5 & Root dry weight at heading/(g-m™)

HAI FHhREY] JA I 0~10 cm {2 10~20 cm /2
Year and Treatment
Jointing Heading Maturity 0—10 cm soil layer 10-20 cm soil layer
2015
CIH+LN 3.58+0.12 ¢ 8.27+0.38 d 12.840.2 ¢ 66.0+2.9 b 28.3£1.1b
CI+MN 4.02+0.13 b 9.54+0.22 b 155403 a 76.4+2.5a 31.242.1b
CI+HN 4.51+0.08 a 10.10£0.31 a 15.5+0.3 a 753432 a 31.01.4b
AWD+LN 3.43+0.09 ¢ 8.02+0.21d 13.2+0.3 b 67.4+2.5b 36.3+0.9 ab
AWD+MN 3.97+0.15b 8.95+0.32 ¢ 15.4+0.2 a 80.0+1.6 a 39.3+2.0a
AWD+HN 4.42+0.11a 9.46+0.25 b 15.5+0.4 a 79.4+2.2 a 39.1+1.5a
2016
CI+LN 3.34+0.09 ¢ 8.45+0.26 d 12.440.2 ¢ 60.7+1.2 ¢ 26.0+1.3 ¢
CI+MN 4.26+0.07b 9.85£0.29 b 159404 a 72.142.7 a 29.8+1.7b
CI+HN 4.52+0.11a 10.20+0.16 a 15.740.2 a 73.8429 a 30.4+2.0b
AWD+LN 3.2840.14 ¢ 7.86+0.31 ¢ 13.0+0.2 b 64.0£1.9b 34.4+1.6 ab
AWD+MN 4.12+0.07 b 9.01+0.25 ¢ 15.7+0.3 a 753+2.1a 37.1+0.9 a
AWD+HN 4.65+0.15a 9.75+0.20 b 15.8£0.3 a 751432 a 38.7+1.4a
25 L o 2015 . = LN | » 2016 .
= Jointing to heading MN Jointing to heading
= B
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g 20| I L
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Fig. 4. Effects of interaction between irrigation regimes and nitrogen rates on crop growth rate.
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Table 6. Effects of interaction between irrigation regimes and nitrogen rates on photosynthetic rate of the flag leaf and root
oxidation activity of rice during grain filling.
EJE S AR B4 %  Leaf photosynthetic rate/(umol-m? s™) HRZ AL ) Root oxidation activity/(ug-g” h™)
Year and Treatment D, W, D, W, D, W, D, W,
2015
CIHLN 17.440.5 b 16.9+0.5 ¢ 13.9+0.6 ¢ 13.6+0.7 408.7+22.5b  4143£19.5d 261.7+16.6¢c  254.3+21.9d
CIH+MN 21.5+0.5a 21.040.5b 17.1205a 16.6+0.6 ¢ 5952426.5a 587.3+14.6b 39241752  379.8£155b
CI+HN 21.9+0.7 a 217404 b 15.1£0.5b 15.0£0.5d 611.0427.4a 599.7+27.8b 354.3£169b  336.8+17.6¢
AWDHLN 16.9+0.5b 217404 b 13.6£0.7 ¢ 183£0.8 b 398.8£312b  547.3x182c¢ 270.3+23.5c¢  358.7+25.5bc
AWD+MN 20.7+0.5 a 25.240.6a 16.8+0.7 a 21.5+0.6a 589.7+19.4a 650.3£16.5a 403.8t13.4a 4543+24.8a
AWD+HN 21.5+0.5a 253+0.6a 17.9405a 22.6+05a 600.4+16.4a  665.7x13.4a 406.7+24.8a  486.8£19.7a
2016
CIH+LN 16.6£0.6 b 17.1£0.5 ¢ 14.2+0.5 ¢ 13.8£0.6 ¢ 436.24222b  4203x169d 270.3+16.8c  251.8+25.5d
CIH+MN 19.940.8 a 20.240.6 b 17.4+05a 17.3+0.7 ¢ 625.5+23.1a  608.3+19.5b 393.8425.1a  388.7+21.3b
CI+HN 20.7+0.6 a 21.3+0.8 b 16.3+0.8 b 15.120.8 d 6163+24.8a 624.4+155b 342.0+21.5b  348.4+15.1¢
AWDHLN 16.1£0.5b 20.6£0.4 b 13.8£0.8 ¢ 18.2+0.8 b 4183+24.5b  568.7+22.4c¢  260.3+24.6¢  390.5+22.7b
AWD+MN 19.4+0.7 a 245+0.6a 17.3+0.6 a 2124052 607.8+11.5a 658.7+12.8a 389.0+31.8a  454.2+27.9a
AWD+HN 20.240.5 a 2354052 18.3+0.8 a 227407 a 6253£19.8a  670.3£20.5a 403.8+22.7a  488.5£272a

D, f1 Dy—3E7E T Wy Al Wo— K.
D, and Dy, Soil drying period; W, and W», Re-watering period.
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Table 7. Effects of interaction between irrigation regimes and nitrogen rates on remobilization of non-structural
carbohydrates(NSC) in culms and sheaths during grain filling.
R Ak iR NSC B NSC NSC ig#: % NSC X 7= 5Tk 2
Year and Treatment NSC at heading/(g-m™) NSC at maturity/(g-m?) Remobilized NSC/% NSC contributed to grain yield /%
2015
CIH+LN 202.3+4.41 ¢ 90.5+2.3d 553+1.4b 15.10.8 ¢
CI+MN 252.4£3.26 b 131+1.8 b 47.9£1.3d 14.0+0.5 ¢
CI+HN 257.1+3.83 b 1714£3.6 a 334427 10.5+£0.5d
AWD+LN 207.345.16 ¢ 80.7+3.2d 61.5+2.2a 16.1£0.3 b
AWD+MN 257.8£6.88 b 103+2.8 ¢ 60.2+3.0 a 16.9+0.3 a
AWD+HN 28434342 a 139+2.5b 51.2429¢ 15.940.4 b
2016
CIH+LN 204.3+4.25d 91.7+3.2d 55.2+1.3b 15.8£0.5b
CI+MN 254.3£3.19 ¢ 137+2.8 b 46.2£19 ¢ 13.5+0.6 ¢
CI+HN 251.7£5.28 ¢ 1754£3.6 a 30.3+2.0d 9.32+0.7d
AWD+LN 211.7+6.51d 81.1£5.2d 61.8+1.3a 16.8+0.6 a
AWD+MN 262.9+4.03 b 10742.8 ¢ 59.242.9a 16.6+0.5 a
AWD+HN 291.7+4.92 a 135+4.3 b 53.6£3.0b 16.9+0.6 a
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