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Effects of straw returning and water-nitrogen management on nitrogen
utilization of rice and soil physicochemical properties

SUN Yuanyuan'?3, ZHANG Qiao™?, SUN Yongjian*?", YIN Yaozhu'?, LIU Fangyan?, MA Peng"?, MA Jun'?

(1.Rice Research Institute of Sichuan Agricultural University, Wenjiang, Sichuan 611130, China; 2.Crop Ecophysiology
and Cultivation Key Laboratory of Sichuan Province, Wenjiang, Sichuan 611130, China; 3.Institute of Plateau
Meteorology, China Meteorological Administration, Chengdu, Sichuan 610072, China)

Abstract: This study aimed to investigate the effects of straw returning and water-nitrogen management on nitrogen

utilization of rice and soil physicochemical properties. Three factors split plot experiment was set up in the typical sandy
loam area of rice-rape rotation in the Western Sichuan Plain: the main plot were two straw returning ways(composted
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straw and direct straw returning); the split plot were two ways of irrigation(flooded irrigation and aerobic irrigation); and
the split-split plot were four N application rates(0, 75, 150, 225 kg/hm?). The results showed that straw returning and
water and N management had significant interaction on N accumulation in rice at main growth stage, N translocation and
utilization at filling stage(heading and maturity stage), rice yield and urease activity, mass fractions of ammonium and
nitrate N of surface soil(0-20 cm) at maturity stage. The effects of composted straw returning on N utilization, yield of
rice and soil physicochemical properties were significantly higher than those of direct straw returning. Under the same
water-nitrogen management, compared with direct straw returning treatments, the N accumulation of plants and grains
increased by 9.7%-32.9% and 7.5%-45.3%, respectively, the yields of rice increased by 7.3%-18.5%, and the average soil
urease activities increased by 4.8%-9.7% of each growth period in composted straw returning treatments. Under the same
straw returning and N application rate treatments, aerobic irrigation could increase the yields and N apparent use
efficiency to different degrees, and increase the N agronomic use efficiency, soil ammonium and nitrate N mass fractions
and urease activities of most treatments compared with flooded irrigation treatments. Within the same straw returning and
irrigation methods, with the increase of N application rates, the N apparent and agronomic use efficiencies, yield, N
accumulations of each organ(except for mature spike in 2017) and plant of rice, and the rice stem- sheath N translocation
amount and efficiency, contribution rate, soil urease activity and nitrate N mass fraction from heading to maturation stages of
rice increased first, these indexes were the highest when the N application rate was 150 kg/hm?, and then these indexes
decreased over the N application rate increase. Under the conditions of this study, the combined management mode of
composted rape straw returning, aerobic irrigation and combined application of 150 kg/hm? N fertilizer could effectively
enhance soil urease activity, N accumulation and N translocation amount and efficiency of stem-sheath during filling
stage, which promoted the simultaneous improvement of high yield and N use efficiency.

Keywords: rice; rice-rape rotation; straw returning; water and N management; N utilization; soil physicochemical properties
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Table 1 Physicochemical properties of soil in the experiments of different years

" SERENE YRR AR TR A (mg kg ™)
) - . PH
(9-kg™) (9-kg™) N P K
2017 1.17+0.9 19.3+1.7 91.3+5.0 31.3+x1.1 86.3+3.8 6.40+0.2
2018 1.81+1.2 24.8+1.2 112.5+7.0 22.8+0.9 107.14+6.2 5.90+0.2
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Table 2 The rice yield, N utilization and soil physicochemical properties with straw returning and water and N management patterns
b I E R AREEE Rk hm?) e REUGRE BEFRARE RIERW bEaAsE AR TUREEE

i Ex ] A (kg-hm?)  1E8U%  FeRIkg-kg™) FIHZE%  (mg-kg™) (mg-kg™) (mg-g™d™)
Ay 17.71a 36.44a 9575.0a 71.70a 60.10b 43.77a 11.18a 22.41a 3.11a
A, 14.03b 35.56b 8581.0b 70.04b 63.64a 42.42b 11.01b 21.91b 2.84b
W, 14.70b 34.09b 8923.6b 70.34b 62.56a 41.97b 11.08b 21.81b 2.89b
W, 17.04a 37.91a 9232.4a 71.40a 61.18b 44.22a 11.18a 22.51a 3.05a
No 8.15d 23.84c 7635.5d 72.95a 72.93a 10.16¢ 19.00b 1.92¢
N; 12.59c¢ 33.54b 8753.3c 72.80a 61.58b 49.48a 10.88b 21.57b 2.89b
N, 23.71a 44,59 10 313.0a 68.18b 57.28¢c 50.33a 11.34b 25.77a 3.61la
N; 19.03b 42.04a 9610.2b 69.55b 55.70d 29.48b 12.14a 22.30ab 3.47a
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Table 3 Analysis result of variance for rice yield, N utilization and soil physicochemical properties with straw returning and water and

N management patterns

F1{E

by EX s 2 SEWE  EEEE A ™
WREREE WARR L RRIGE MERR SRR L w8
Hin i Yin g R TR FIFR TR it

FEFFA HI(A) 34.56* 3.60% 153.42%* 667.35%*  386.93** 4.62* 25.61*%*  53,01** 6.60*
WEBETTN(W)  263.80**  100.68**  66.16** 4.95* 13.16* 3.84* 31.15**  31.06** 4.60*
it A (N) 1150.10%*  938.90* 520.95%* 45.10**  115.94**  6591**  1536**  0947.79%*  129.39**
AxW 124.89** 1.73 0.34 4.16* 0.77 11.18* 79.29%* 7.05* 3.10*
AxN 3.50* 52.68**  19.38** 26.48**  14.74%* 4.95% 19.44%* 0.44 2.47
WxN 25.72%* 15.13**  6.70* 3.32% 2.45* 2.92* 50.30%*  24.22%* 3.58*
AxWxN 28.31%* 51.77**  9.70* 8.23** 3.55% 2.67* 96.21**  21.66** 3.89*
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Table4 The N accumulation at different growth stages of rice under straw returning and water and N management in 2017 kg/hm?

e AR ER AR R
P i R P i8] G
AW;N, (15.9+0.6)d (25.6+0.8)d (17.1+0.9)d (28.7+1.3)d (36.4+2.0)d (13.8+0.6)d
AW;N, (23.0£0.9)c (35.7+1.0)c (21.4+0.5)c (47.4+2.5)c (53.6+2.3)c (19.3+0.9)c
AW;N, (31.4+1.5)a (48.4+3.2)a (25.7+3.8)a (62.4+3.1)a (70.6+3.0)a (29.7+1.4)a
AW;N; (28.5£0.9)b (43.1+3.7)b (25.0+2.2)b (55.2+2.5)b (61.3+3.3)b (22.4+1.2)b
A;W,N, (18.7+0.5)c (27.7+1.6)d (17.7+0.9)d (35.6+2.0)d (32.5+2.0)d (13.5:0.8)d
AW,N, (27.2+1.4)b (37.2+2.3)c (22.5+1.1)¢c (57.2+2.4)c (55.4+2.7)c (18.4+0.8)c
AW,N, (34.9+1.8)a (54.2+1.8)a (30.1+1.6)a (70.4+3.7)a (78.9+3.3)a (32.1+1.6)a
AW;N; (34.3+1.9)a (45.5+2.1)b (27.3+1.3)b (66.9+3.3)b (72.0+2.9)b (23.1+1.5)b
AW;No (9.9+1.0)d (20.5+1.2)d (15.3+0.8)c (25.0+1.5)d (32.6+1.8)d (10.5+0.5)d
AN, (18.5+1.3)c (30.4+1.7)c (19.3+0.9)b (42.9+2.4)c (40.8+1.9)c (16.620.9)c
AW:N, (28.3+2.1)a (40.7+2.1)a (23.5+1.2)a (56.8+2.6)a (65.9+3.2)a (22.2+1.1)a
AW;N; (22.8+2.8)b (35.9+2.2)b (23.3+1.1)a (54.0+2.2)b (57.8+2.7)b (18.3+0.6)b
AW,N, (12.1+0.4)d (22.8+1.4)d (16.5+0.9)d (29.7+2.7)d (40.2+1.9)d (12.3+0.6)d
AW,N; (21.2+0.9)c (32.7+1.9)c (20.3+1.2)c (44.0+2.3)c (54.3+2.8)c (19.0+0.5)c
AN, (32.0+1.5)a (48.4+2.5)a (23.3+1.1)a (63.3+3.5)a (69.3+3.7)a (23.6+1.2)a
AW;N; (27.2+1.7)b (42.5+2.3)b (22.6+1.3)b (50.2+2.2)b (60.5+3.0)b (20.3+1.1)b
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AW;N, (12.7+0.5)d (79.0£3.9)c (44.5+2.1)d (74.7+3.4)d (109.9+4.8)d
AWiN; (23.5£1.2)c (107.7+4.9)b (70.4£3.3)c (112.945.5)c (148.4+6.9)c
AWN; (30.0£1.5)a (120.0£5.8)a (93.8+4.6)a (149.0£6.9)a (175.3%8.7)a
AW;N; (26.7+1.3)b (117.546.6)a (83.8+4.3)b (131.245.8)b (164.9+9.2)b
AW,N, (13.5£0.7)d (86.64.5)c (54.4+2.9)d (73.8+3.9)d (117.845.7)c
AW,N; (28.5£1.5)c (134.8+6.4)a (84.4+4.4)c (121.1#5.2)c (175.6£9.9)b
AN, (32.621.3)a (126.8+5.3)b (105.3+4.9)a (165.7+6.4)a (189.0+7.7)a
AW,N; (29.4+1.6)b (126.8+4.9)b (101.245.2)b (146.9+6.7)b (177.2+8.6)b
AW;No (10.70.3)d (62.1+3.3)c (35.0+1.5)d (63.9+3.4)d (87.8%5.1)c
AN, (18.8£0.6)c (88.624.1)b (61.4£3.0)c (90.0£5.5)c (124.5£5.9)b
AN, (26.6£1.1)a (104.946.2)a (85.2+4.3)a (133.146.7)a (150.6£7.0)a
AW;N; (24.4+1.2)b (103.2¢5.5)a (76.84.0)b (118.0+6.0)b (144.8+7.4)a
AW,N, (11.420.6)d (69.5£3.7)c (41.8+2.2)d (74.3£3.5)d (98.3%5.5)c
AMSN;, (19.2+1.0)c (92.845.1)b (65.1£2.9)c (106.246.0)c (132.1£6.3)b
AMSN; (31.1%1.2)a (108.745.4)a (95.3+4.7)a (148.9+6.9)a (155.646.7)a
AN, (24.0+1.3)b (102.7+4.9)a (77.4+4.0)b (126.9£5.8)b (150.7+7.7)a
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Table5 The N accumulation at different growth stages of rice under straw returning and water and N management in 2018  kg/hm?

e WA ER HHAEHER
P i A A P i A a8
A;W:No (14.4+0.5)d (28.2+1.1)c (17.7+0.9)c (37.4+2.0)c (36.4+1.9)d (13.8+0.7)d
AW;N, (25.0+1.3)c (38.4+1.7)b (23.9+1.1)b (57.8+3.4)b (53.6+2.6)c (20.1+1.0)c
AW;N, (35.3+1.8)a (57.2+2.4)a (30.9+1.6)a (76.0+3.5)a (70.6+3.4)a (33.8+1.5)a
A;W;N; (30.5+1.7)b (52.5+2.5)a (29.7+1.4)a (70.9+2.9)a (61.3+2.9)b (30.3+1.7)b
AW,N, (19.8+1.0)c (29.2+1.3)d (19.0+1.1)d (35.4+2.9)d (32.5+1.7)d (15.1+0.6)d
AW,N; (28.0+1.6)b (39.1+2.0)c (25.6+1.3)c (59.8+3.2)c (55.4+2.6)c (22.8+1.2)c
AW,N, (38.1+2.1)a (66.1+3.1)a (33.6+1.7)a (84.1+4.4)a (78.9+4.0)a (34.7+1.8)a
A;W,N; (36.9+2.0)a (53.6+2.6)b (31.2+1.5)b (74.3+3.8)b (72.0+3.1)b (30.9+1.4)b
AW;N, (11.4+0.5)d (23.0+1.2)d (17.3+1.0)c (35.8+1.8)d (32.6+1.9)d (10.2+0.6)d
AN, (19.4+1.1)c (33.5+1.5)c (23.6+1.1)b (46.952.2)c (40.8+1.8)c (19.5+1.0)c
AW:N, (33.4+1.4)a (48.2+2.3)a (28.8+1.3)a (71.2+3.4)a (65.9+2.7)a (27.8+1.3)a
AW;N; (23.1+1.3)b (41.6+2.2)b (25.4+1.4)b (63.6+2.7)b (57.8+3.0)b (25.1+1.4)b
AN, (13.2+0.8)d (26.3+1.4)c (17.5+0.9)d (44.2+2.5)d (40.2+1.8)d (14.9+0.8)c
AN, (24.1+1.0)c (34.7+1.3)b (24.5+1.2)c (57.4+3.0)c (54.3+2.4)c (22.2+1.4)b
AW,N, (35.7+1.8)a (52.5+2.5)a (30.1+1.4)a (79.7+3.7)a (69.3+3.2)a (29.7+1.2)a
AW,N; (30.4+1.4)b (49.1+2.6)a (27.0+1.2)b (69.3+3.5)b (60.5+3.5)b (28.5+1.7)a
nhg HARHREE HRARR R
i e8] P i8] A
AW;N, (14.2+1.9)d (84.1x3.8)c (49.5+2.1)d (79.9+3.8)d (115.6+6.2)c
AW;N; (24.5+1.1)c (114.7455)b (77.5:3.3)c (120.745.9)c (158.6+8.8)b
AW;N, (38.2+2.3)a (134.1+7.0)a (103.5+4.8)a (171.3+9.0)a (198.8+10.2)a
AW;N; (35.1+1.9)b (128.9+7.1)a (92.55.0)b (158.58.1)b (189.0+9.9)a
AW;N, (17.2+1.5)d (87.5¢4.4)c (57.5+2.9)d (81.8+3.8)d (121.6+7.1)c
AW,N; (29.9+1.7)c (116.0+4.9)b (91.1x4.4)c (128.9+5.9)c (164.4+7.9)b
AW;N, (42.6+2.0)a (141.86.5)a (115.75.2)a (192.9+9.4)a (210.0+11.2)a
AW;N; (37.3+1.8)b (138.6+6.9)a (102.645.3)b (165.1+7.8)b (200.6+12.3)a
AW;N, (11.40.6)d (68.9+4.5)c (38.6+2.0)d (70.2+4.6)d (96.4+5.0)c
AW;N; (19.8+1.1)c (90.05.6)b (68.6+3.3)c (100.2+5.8)c (133.2+7.4)b
AMW;N, (33.2+1.6)a (124.7+6.0)a (94.3+4.1)a (152.6+8.1)a (181.3+9.5)a
AMW;N; (30.0+1.4)b (119.1+6.4)a (82.3+4.0)b (135.2+6.9)b (169.6+9.1)a
AW;N, (15.4+0.9)d (75.8+4.5)b (44.7+2.7yd (85.8+5.3)d (108.2+4.8)c
AW,N; (21.0+1.0)c (87.2+5.1)b (75.0+3.5)c (113.1+6.2)c (133.96.6)b
AN, (40.0+2.1)a (125.2+5.5)a (98.95.5)a (172.1+6.0)a (185.0+9.9)a
AW,N; (30.8+1.6)b (123.745.6)a (91.2+4.8)b (149.2+6.9)b (179.2+10.2)a

(vl A i BRI 7 20 RIS J5 AR [ 5 Bl AR TR AR BRI 0.05 7K1 L i 22 S A e i3 3o
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Table 6 The N translocation from heading to maturity stages of rice under straw returning and water and N management in 2017

e HE iR (kg-hm™) REHHZRI% AR TURAE%
EX | s EX s EX | s

AW;N, (8.5+0.8)d (22.6+0.6)d (33.3+1.8)d (62.245.6)b (10.8+1.4)d (28.6+0.9)c
AW;N; (14.320.3)c (34.3+1.7)¢c (40.1+2.2)c (64.0+8.5)a (13.3+0.9)c (31.9+4.9)b
AW;N, (22.7+0.1)a (41.0+3.2)a (46.9+0.3)a (58.0+16.1)c (18.91.6)a (34.2+10.2)a
AW;N; (18.1+1.0)b (38.9+4.4)b (42.0£2.7)b (63.5+17.8)a (15.543.2)b (33.249.7)ab
AW;N, (10.0+0.5)d (19.1+1.2)d (36.0£3.1)c (58.5+4.2)b (11.5+0.8)c (22.0+1.6)c
AW,N; (14.7+0.9)c (37.120.8)c (39.6+3.5)b (66.845.8)a (10.9+1.4)d (27.65.3)b
AW,N, (24.1+1.2)a (46.8+1.9)b (44.4+7 4)a (59.3+9.2)b (19.0+6.4)a (36.9+12.4)a
AW,N; (18.2+2.1)b (48.9+3.0)a (40.0+7.2)b (67.9+13.9)a (14.445.9)b (38.6+14.0)a
AW;N, (5.3+0.2)d (22.2+0.9)d (25.6+6.8)c (67.9+8.3)a (8.520.2)c (35.7+4.3)b
AW;N; (11.120.6)c (24.2+2.4)c (36.4+5.0)b (59.4+7.4)b (12.3+1.6)b (27.4+2.2)c
AW;N, (17.2+1.2)a (43.6+4.1)a (42.2+11.0)a (66.2+16.0)a (16.4+7.3)a (41.6+7.3)a
AW;N; (12.6+0.9)b (39.5+4.7)b (34.9+10.0)b (68.4+19.6)a (12.546.0)b (38.6+11.0)ab
AW,No (6.2+0.5)d (27.9+1.2)d (27.3+2.3)d (64.96.6)b (13.41.2)c (40.1%5.8)ab
AW,N; (12.420.7)c (35.3+2.9)c (37.9+8.2)c (66.4+9.0)b (9.0+2.2)d (38.0+3.4)b
AW,N, (25.2+2.2)a (40.2+0.8)b (52.0+10.9)a (65.9+11.8)b (23.2+4.7)a (42.1+12.3)a
AW,N; (19.8+2.3)b (45.7+4.8)a (46.7+13.7)b (69.4+16.9)a (18.4+2.8)b (37.4%6.0)b

(i) — T AT R 8 75 =X N ()5 B s A [l = B AN [l it R A BRI 7R 0.05 /K ERYZE A Geit2A 8 3
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Table 7 The N translocation from heading to maturity stages of rice under straw returning and water and N management in 2018

e HEFB R (kg-hm™) HEHHE R % AR TURAE%
EX | D EX D EX | s

AW;N, (10.520.4)b (23.7+1.2)b (37.3x2.1)b (63.1+2.9)a (12.50.6)b (28.1+1.2)b
AW;N; (14.620.5)b (37.7+2.2)a (37.922.0)b (65.2+3.3)a (12.7+0.5)b (32.91.6)a
AW;N, (26.3+1.3)a (42.2+2.5)a (45.3+2.4)a (55.3+2.8)b (19.420.8)a (31.3+1.6)ab
A;W;N; (22.8+1.2)a (40.6+2.8)a (42.6+2.6)a (57.2+2.8)b (17.4+0.5)a (31.7£1.7)ab
A1W,N, (10.2+0.5)c (20.3+1.3)c (36.9+2.0)b 59.4+3.0 (11.6+0.6)b (26.2+1.3)b
AW,N; (13.50.7)c (37.0£2.3)b (36.5+1.9)b 63.8+3.3 (11.620.5)b (31.9+1.6)a
AW;N, (32.5+2.3)a (49.5+2.7)a (49.622.6)a 59.8+3.4 (22.7+1.1)a (35.2+2.0)a
AW,N; (22.4+1.4)b (43.4%2.4)ab (41.7+2.1)ab 59.3+3.0 (15.9+1.2)b (31.5+1.1)a
AW;N, (5.7£0.2)b (25.621.6)b (24.5+1.1)b (71.3+3.5)a (10.3+0.2)b 37.2+1.7
AW;N, (9.9£0.4)b (27.421.4)b (29.4+1.7)ab (58.4+2.8)b (11.0£0.5)ab 30.4+1.6
AWiN, (19.4+1.2)a (43.4+2.4)a (39.4+2.3)a (60.8+3.4)b (15.2+0.7)a 35.7+1.5
AW;Ng (16.240.7)a (38.5+2.1)a (37.3+2.3)a (60.423.5)b (14.120.8)a 33.4£1.9
AW;N, (8.820.4)b (29.3+1.3)c (33.2+1.9)bc (69.03.8)a (11.60.7)b 38.6+2.0
AW,N; (10.20.5)b (35.3+1.7)b (29.4+1.6)c (62.422.4)b (11.8+0.6)b 40.742.3
AW,N, (22.3+1.2)a (50.0+2.6)a (44.2+2.3)a (62.5+3.1)ab (17.9£0.8)a 40.5+2.2
AW,N; (22.1%1.1)a (40.81.9)b (42.4+2.0)ab (59.6+2.5)b (17.520.6)a 33.3+1.8
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Table 8 The yields and N utilization characteristics of rice under straw returning and water and N management

b (Rl BEWGE AR TYEA™ ARFAE”  AERN A
(kg-hm™) T8BU% BERI(kg-kg™)  BEERI(kgkgh)  FIHZERM  FIHZERI(kg-kg™?)

AW;No (7765.6+105.3)d (723:0.8)ab  (106.6+1.2)a  (68.9:0.7)a

AW,N; (8986.8+119.4)c (744:08)a  (100.1£0.7)b  (601+L0)b  (49.0+14)a  (16.3+0.9)b
AW,N, (10 866.1£97.2)a (67.9+3.1)c  (1026+15)ab  (58.132.4)b  (49.5+2.0)a  (20.7+0.7)a
AW,N; (9929.6+153.1)b (69.6:2.7)bc  (99.2+24)b  (56.0+1.8)c  (28.5+L5)b (9.6+1.2)c
AW,No (8047.7+77.3)d (727¢16)b  (1048+35)a  (67.2:0.4)a

AW,N; (9372.8+140.1)c (792427 (87.7+1.2)c  (592+13)b  (51.6:34)a  (17.7+0.5)b
AW,N, (11 396.1+201.2)a (67.3:09)c  (99.4+0.6)ab  (57.1+48)b  (532+45)a  (223tll)a
AW,N; (10 235.5+107.7)b (702:22)bc  (95.8+2.7)b  (542+L5)c  (30.842.1)b (9.7+1.4)c
AW:iN, (7240.3+56.7)c 71115  (122.6tl1)a  (78.6¢4.1)a

AW,N; (8189.7+120.3)b 60.8:10  (101.2¢14)b  (641+32)b  (47.7:l0)a  (12.7+0.6)a
AW,N, (9372.0+99.1)a 60.0:30  (100.8+25)b  (57.9+L2)c  (486:25)a  (14.2+0.3)a
AW,N; (9038.4+167.1)a 68.6+2.2 (98.7+09)b  (56.8+1.9)c  (285+2.7)b (8.0£0.7)b
AMW,No (7488.2+66.2)c (757+2.1)a  (1149+20)a  (77.0:0.7)a

AMW,N; (8463.9+97.0)b (67.8:0.9)b  (107.4+14)b  (62.9+10)b  (49.6+1.7)a  (13.0tL1)a
AMW,N, (9617.9+110.3)a (685:15)b  (104.9+36)b  (56.0+32)c  (50.0+2.4)a  (14.2+l4)a
AMW,N; (9237.4+142.2)a (69.8:23)b  (100.9+1.1)c  (55.8+36)c  (30.1#3.5)b (7.8+0.9)b
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Table 9 The soil urease activities of rice under straw returning and

water and N management mg/(g-d)
e JOR T
Sr B P EilIEE-Si] RUH

AWiN,  (1.81+0.3)c  (2.48+0.2)c  (2.25+0.2)d (2.01+0.2)c
AW;N;  (3.12#0.6)b  (3.63+0.3)b  (2.97+0.3)c (2.90+0.3)b
AW;N, (3.49+0.3)a (4.19+0.3)a (3.82+0.4)a (3.60+0.5)a
AW;N;  (3.54+0.4)a (4.26+0.5)a  (3.50+0.2)b (3.48+0.5)a
AW,N,  (1.74+0.4)c  (2.48+0.7)b  (2.46+0.2)c (1.96+0.3)c
AW;N;  (2.75+0.7)b  (3.46+£0.6)b  (3.37+0.4)b (3.22+0.4)b
AW,N, (3.48+0.5)a (3.94+0.5a  (3.96+0.3)a (3.90+0.2)a
AW,N;  (3.47£0.3)a (4.01+0.3)a  (3.89+0.3)a (3.80+0.2)a
AW;N,  (1.52#0.4)c  (2.18+0.3)c  (2.06+0.3)d (1.90+0.2)c
AW;N;  (2.72+0.8)b (3.19+0.5)b  (2.83+0.2)c (2.70+0.3)b
AW;N; (3.50+0.5)a (4.12+0.2)a (3.68+0.2)a (3.33+0.2)a
AW;N;  (3.52#0.4)a (4.13+0.3)a  (3.37+0.5)b (3.20+0.4)a
AW,oN,  (1.91#0.3)c  (2.36+0.3)c  (2.23+0.3)c (1.80+0.3)c
AW,N;  (2.66£0.5)b  (3.25+0.4)b  (3.15+0.5)b (2.75+0.4)b
AW,N,  (3.22#0.5)a (3.91+0.3)a  (3.70+0.4)a (3.60+0.4)a
AW,N;  (3.27#0.4)a  (3.98+0.5)a  (3.62+0.3)a (3.40+0.3)a
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Table 10  The mass fractions of soil NH,*-N and NOs™-N of rice under straw returning and water and N management mg/kg
e AR AR
IrEEREIY P EiligE ol i SYEEREI P EilllE S| AR
A1W;iNq (9.2+0.5)b  (11.1#0.3)d  (32.1+1.3)d (10.1#0.3)d (14.6x0.8)c  (24.0£15)c  (13.0+0.3)c  (17.8+1.2)c
AiW;N; (9.3+0.6)b  (12.0+0.6)c  (36.0+1.8)c  (10.8#0.3)c  (19.9+20)b  (26.1+0.3)b  (18.1+x0.4)b  (22.1x1.0)b
AWiN;  (10.4+0.7)a  (13.4+0.3)b  (38.8+2.2)b  (11.4+0.4)b (25.2#1.3)a (27.4+1.1)b (22.9+1.0)a (25.8+1.4)a
AWiN;  (10.7+0.4)a  (14.0+0.7)a  (44.0+3.2)a (12.2+0.5)a (26.1+0.9)a (29.2+2.0)a (18.7#1.2)b  (22.3+0.7)b
AiW;No (8.7£0.2)c  (10.2+0.4)d  (35.3+2.0)c  (10.2£0.3)c  (17.5+#1.0)c  (24.1+0.3)c  (16.2+0.6)d  (20.0+0.5)c
AW,N;  (10.1+x0.5)b  (12.5%0.2)c  (36.7#2.1)c  (11.1x0.2)b  (20.6£0.7)b  (27.0+0.6)b  (18.6£0.5)c  (22.2+0.6)b
AW,N,  (10.4+0.3)ab (13.8%0.6)b  (39.0+1.7)b  (11.5x0.2)b (24.7#2.1)a (27.8+0.5)b (23.7#0.7)a  (26.6+1.0)a
AW,N;  (10.9+0.4)a (14.8%0.2)a (42.6+2.0)a (12.3+x0.4)a (25.7#1.1)a (29.6x1.2)a (21.0+1.0)b  (22.4+0.6)b
A, WiNq (7.4£0.2)c (8.8+0.5)c  (31.6+2.3)c  (10.1+0.3)c  (14.4+0.5)c  (22.4+0.7)c  (12.1#0.4)c  (17.6+1.0)c
A WiN; (8.520.4)b  (10.9+0.5)b  (33.9+2.4)bc (10.7#1.0)b  (19.9+0.6)b  (25.6+1.4)b  (16.2+0.6)b  (21.2+0.5)b
AWiN, (8.9+0.3)b  (12.4+0.7)a  (36.0£2.2)b  (11.4+#0.7)a  (20.3+0.5)b  (25.7+1.6)b  (22.2+0.7)a  (25.0+0.6)a
A WiN3 (9.8+0.5)a (12.8+0.6)a  (40.7+2.0)a  (11.6+0.4)a (25.6+1.0)a (28.3+2.0)a  (16.2+0.5)b  (22.0+1.2)b
A W2Nq (7.7x0.4)c  (10.0£0.2)c  (32.4+2.4)c (9.940.2)c  (16.1+0.3)d  (23.1x1.0)d (12.4+#0.3)d (19.5+0.4)c
AW,N, (8.9+0.5)b  (10.9+0.5)b  (34.9+2.2)bc (10.8#0.4)b  (20.2+0.5)c  (25.6+2.2)c  (17.5+0.4)c  (21.6x1.3)b
AWoN,  (10.3+0.3)a  (13.3x0.5)a (36.1¥1.7)b  (11.7+0.6)a (22.6+1.1)b  (27.0+0.5b (22.2+1.0)a (26.2+0.4)a
AW,N;  (10.4+0.6)a  (13.4+0.6)a (40.4+2.0)a (12.1+0.5)a (25.2#1.2)a (28.2+0.3)a  (19.6+0.7)b  (22.1+1.1)b
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