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Abstract Irrigation methods have both direct effect and remote effect (through straw decomposition and nitrogen release
especially when integrated with nitrogen management) on rice growth. A field experiment was conducted to evaluate the effect
of irrigation methods and optimal straw mulch-nitrogen management pattern on root growth, nitrogen accumulation at main
growth stages and grain yield of hybrid rice. Also straw decomposition and nitrogen release mechanisms were probed to clarify
the effects of the interaction of straw decomposition and nitrogen release on rice growth. The results showed that flooding
irrigation (W,) and alternate wetting and drying irrigation (W;) methods generally coordinated aboveground growth with
underground growth, promoted nitrogen accumulation and increased grain yield compared with drought farming (W,).
However, the water productivity in W, treatment was the highest among all treatments, followed by W;. For wheat and rape
straw decomposition and nitrogen release, the peak values occurred 30 days after transplanting (30 DAT). However, the degree
of decomposition and nitrogen release were influenced by both irrigation methods and straw types. The rape straw under W,
treatment had larger degree of decomposition, while wheat straw under W; led to more nitrogen release. For straw
mulch-nitrogen management patterns, wheat straw combined with optimal nitrogen management (S;N;) under W, and W,
treatments efficiently coordinated the growth, promoted nitrogen absorption and eventually increased grain yield. However,
rape straw combined with optimal nitrogen management (S,N;) had a slight inhibitory effect on the whole growth. Under
drought irrigation, S;N; and S,N; had positive and remarkable effects on growth. Correlation coefficients showed that the
effect of the degree of straw decomposition on the 30DAT was significantly negatively correlated with yield and nitrogen
accumulation (r = —0.27" to —0.29"). Also the effect of the degree of nitrogen release at heading and ripening stages was
strongly positively correlated with yield and nitrogen absorption (+ = 0.31" to —0.59™"). Also the effects of the degrees of straw
decomposition and nitrogen release on root and shoot growth was strong, especially for the heading stage (r = —0.27" to
—0.42""). The results suggested that it was important for high grain yield and high efficiency of rice production to coordinate
the straw decomposition and nitrogen release at different growth stages of rice, especially at 30 days after transplanting.

Keywords Rice; Straw mulch; Nitrogen management; Irrigation method; Straw decomposition; Straw nitrogen release;
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Table 1 Irrigation methods and straw mulch-nitrogen management patterns of different treatments
Straw mulch-nitrogen Nitrogen application rate at main growth stages
o management pattern (kghm™®) Total Irrigation
Treatment Irrigation nitrogen water
method -2 3.2
Straw mulch Nit-roge-n Bésfll Til.li.ng Pal}if:le (kgrhm ) (mehon )
application fertilizer fertilizer fertilizer
WoSoNp Wy So Ny 0 0 0 0 39315
WoSoN; Wy So N, 40.5 40.5 54 135 39315
WS Ny Wy N Ny 0 0 0 0 39315
WoSiN; Wo S Ny 40.5 40.5 54 135 39315
WoS2No Wo S, No 0 0 0 0 3931.5
WoS2N; Wy S, N, 40.5 40.5 54 135 3931.5
W,SoNp W, So Ny 0 0 0 0 2243.1
W SoN; W, So N, 40.5 40.5 54 135 2243.1
W, SNy W, N Ny 0 0 0 0 2243.1
WiSiN; Wi Sy Ny 40.5 40.5 54 135 2243.1
WiS:Ny W, S, No 0 0 0 0 2243.1
WiS:N; W, S, N, 40.5 40.5 54 135 2243.1
W,SoNp W, So Ny 0 0 0 0 360
W1SoN; W, So N, 40.5 40.5 54 135 360
W>S Ny W, N Ny 0 0 0 0 360
WS N W, Sy Ny 40.5 40.5 54 135 360
W1S:Ny W, S, No 0 0 0 0 360
W2S,N; W, S, N, 40.5 40.5 54 135 360
Wo: s Wit ; W 5 So: 5 S1: 5000 kg~hm’2 5 S,: 7000 kg‘hm’2 5 No: 5 Ni:

Wo: flooding irrigation; W, : alternate wetting and drying irrigation; Ws: drought irrigation; So: no straw mulch; S;: 5 000 kg-hm™ wheat

straw mulch; S,: 7 000 kg-hm ™ rape straw mulch. No: no nitrogen fertilizer; N, : nitrogen fertilizer application. The same below.

( , N 46%) 135 kghm?, (40 cm),
3:3:4 , 2014 (4—9 )
74d , 4 (
1) ( ) P,0s 1.2
90 kg'hm™, ( ) KO 150 kghm™,  1.2.1
,3 , 15.6 m?,
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Fig. 1 Rainfall and temperature in rice season in the experiment site in 2014 and averages of 2006-2012
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Table 2 Effects of irrigation methods and straw mulch-nitrogen management patterns on straw decomposition and nitrogen

release amount

kg hm™

Decomposition amount

Nitrogen release amount

30 d— — 30 d— —
Treatment 20—30d Total 20—30d
decomposition Total N release
20-30 DAT 30 DAT-HS HS-RS accumulation  20-30DAT 30 DAT-HS  HS-RS
Wo SN, 148.65+45.21e 895.27+32.14b 82.21+£42.57¢ 2 084.97+24.53h  8.55+0.21b  3.03+0.02b  0.41+0.08def 15.37+0.13b
SiN; 330.89+57.98bcde 684.08+29.53cd 275.34+79.18cd 2 310.14+50.27g  6.91+0.34d  6.37+£0.07a  0.62+0.14de 17.10+0.38a
S)No 463.13+62.57abc  830.31+56.43bc  175.51+63.12de 3 325.02+65.32d  5.76+0.32¢  1.39+0.21cd 0.67+0.07de 11.14+0.24f
SoN; 408.19+83.95bcd  804.61+91.78bc  381.39+54.25bc 3 608.22+80.09¢  7.77+0.56¢c  0.89+0.87d 0.77+0.05cde 12.48+0.59de
337.71 803.57 228.61 2 832.09 7.25 2.92 0.62 14.02
Average
Wi SNy 151.36+32.54¢ 607.93+60.55de 293.70+62.37cd 2 121.71£55.36h 10.19+0.26a  0.32+0.52d 0.05+0.08f 14.44+0.11¢
SIN; 307.52+58.43cde  462.54+54.84ef 614.11£97.45a 2 486.88+47.87f  6.33+1.00de 1.30+0.40cd 1.45+£0.30a  17.45+0.17a
SoNg 279.47+43.15de 678.08+51.17cd  403.17+38.52bc 3 182.56+48.61le  6.90+0.33d  2.24+0.21bc 1.80+0.09bc 11.81+0.31ef
SoN; 411.06+57.77bcd = 544.22+50.40def 490.83+63.25ab 3 434.47+£50.69d  6.93+0.69d  5.57+0.60a 1.17+0.18ab  12.54+0.60d
287.35 573.19 450.45 2 806.41 7.59 2.36 1.12 14.06
Average
W2 SNy 595.94+41.02a 412.27438.33f  351.63+£39.54bc 2 051.03+71.36h  7.90+0.11bc 2.64+0.09b 0.35+0.15ef 13.85+0.24c
S|N; 404.06+24.48bcd 520.39+16.15ef 570.72+36.45a 2 453.89+52.88f  7.72+0.17¢  6.18+0.27a 0.88+0.05cd 17.54+0.41a
SoNg 496.24+41.39ab 1 089.16+£37.12a  498.75+50.37ab 3 778.96+£39.55b  7.85+0.43bc 1.36+0.23cd 0.51+0.15def 12.15+0.31de
SoN; 638.39+£35.78a 1 065.90+£89.18a  624.67+59.35a 4 023.65+£74.14a  6.85+0.83d  5.33+£0.54a 1.68+0.16a  15.94+0.25b
533.66 771.93 511.44 3076.88 7.58 3.88 0.86 14.87
Average
w 15.10” 21.25" 29.56" 47.10" 2.09 14.09™ 8.86" 13.457
SN 4.42" 21157 14.59" 949.76"" 39.237 77.63 17.32" 243.15"
WxSN 2.39 13.75" 0.88 19.30" 13.28" 10.23" 7.76" 19.08"
Ww: ; SN: 5% ;¥ Kk 0.05
0.01 ; W: irrigation method; SN: straw mulch-nitrogen management pattern; 20-30 DAT: 20 to 30 days after the transplanting;

30 DAT-HS: 30 days after the transplanting to the heading stage; HS—RS: the heading stage to the ripening stage. SN: nitrogen-straw mulch
management pattern. Values followed by different letters in a column are significantly different at 0.05 level. *, ** indicate significant difference at
0.05 and 0.01 probability levels, respectively. The same below.

» Wy W, ;
, W,
s W, 20d W, S W
, W, W, ,
, Wo W,y >
SiN; ,
, s SoN1 - SoN;y SoN; ,
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http://www.ecoagri.ac.cn



1440

2016

24

=3

ERARNEREAESMURREX M KBERTFERRE LR M0

Table 3 Effects of irrigation modes and straw mulch-nitrogen management patterns on root dry weight and root-shoot ratio of rice

Root dry weight (g-plant™)

Root-shoot ratio

Treatment 20d 30d 20d 30d
20 DAT 30 DAT Heading stage Ripening stage 20 DAT 30 DAT Heading stage  Ripening stage
Wo SNy 0.45£0.09¢f  1.17£0.12de  3.30£0.09h  2.17£0.13 fg  0.241%0.002b 0.252+0.014a  0.114+0.005bc  0.039+0.003bc
SoN;  0.67+0.16cd  1.59+0.31ab  6.00+0.13a  3.09+0.62bc  0.175+0.006ghij 0.121£0.025fgh 0.111+£0.003c  0.035+0.006cde
SNy 0.50£0.08def  0.99+0.19¢efg  3.68+0.08¢  2.19+0.09efg  0.230+0.008bc  0.194+0.011bc  0.118+0.006b  0.041+0.005ab
SN, 0.88+0.07a 1.51+0.28bc  5.21£0.05b  2.86+0.23bcd  0.208+0.035cde  0.125+0.022fgh  0.097+0.005¢fg  0.031+0.002def
S,Np  0.32+0.08fgh  0.81+0.18ghi  3.56+0.09efg 1.92+0.11gh  0.219+0.011bcd  0.201+£0.015b  0.108+0.003cd  0.035+0.002cde
SoN;  0.70£0.12bc  1.60+0.34ab  4.67+0.23d  2.710.14cde  0.227+0.020bed  0.139+£0.020ef  0.091+£0.005fgh 0.031:£0.001def
0.59 1.28 4.40 2.49 0.217 0.172 0.107 0.035
Average
Wi SNy 0.51£0.05de  0.67+0.11ij  3.55+0.11efg 1.48+0.09hi  0.311%0.012a 0.146£0.010def 0.119£0.009b  0.027+0.005fg
SeN;  0.85+0.07ab  1.68+0.45ab  4.58+0.17d  2.07+0.29fg  0.174+0.012hij  0.123+0.014fgh 0.085+0.002hi  0.023+0.004g
SNy 0.30£0.07gh  0.55+0.12j 3.71+0.11e  1.80+0.13ghi  0.215+0.008bcde 0.137+0.005¢fg  0.115+0.011bc  0.032+0.005def
SN, 0.87+0.1l1ab  1.774#0.19a  5.20+0.28bc  3.26+0.68b  0.181+0.012fghi 0.129+0.016fgh 0.098+0.008ef 0.035+0.008cde
SNy 0.37£0.07efgh 0.74+0.17hij  3.41£0.09gh 1.38+0.11i 0.201£0.009defg  0.136£0.011efg  0.102+0.007de  0.0230.003g
SNy 0.72+0.11abc  1.82+0.21a  4.98+0.16¢c  4.42+0.61a  0.160:£0.034ij 0.160£0.031de  0.090+0.010gh 0.047+0.006a
0.60 1.21 4.24 2.40 0.207 0.138 0.102 0.031
Average
W2 SNy 0.40+0.05efgh 0.92+0.11efgh 3.38+0.13gh  1.96+0.22gh  0.203£0.011def  0.168+0.003cd  0.128+0.012a  0.038+0.007bc
SeN;  0.39+0.02efgh 1.33+0.24cd  4.49+0.21d  3.29+0.57b  0.129+0.034k  0.131£0.007fg  0.093+0.005fg  0.040+0.007bc
SNy 0.31£0.06gh  0.93+0.09¢efgh 2.96+0.09i  2.06+0.15fg  0.189+0.009efgh 0.168+0.005cd  0.113+0.005bc  0.039+0.004bc
SIN; 0.55+0.0lcde  1.14+0.11def 5.34£0.21b  2.55+0.13def 0.152+0.009jk  0.103+0.026h  0.097+0.002¢fg 0.029+0.001ef
SNy 0.24+0.05h 0.90+£0.13fghi  3.62+0.10ef  1.92+021ghi 0.156£0.009ij  0.162+£0.012de  0.132+0.009a  0.035+0.007bcd
SoN;  0.46£0.10efg  1.1240.19def  4.51+0.19d  3.24+0.56bc  0.156+0.006ij  0.112+0.014gh  0.081£0.009i  0.036+0.006bcd
0.39 1.06 4.05 2.50 0.164 0.141 0.107 0.036
Average
w 24.58" 46.26" 364.147 37.07" 36.58" 28.92" 76.70" 5.55"
SN 22.08" 927" 31.02" 0.48 55.25™ 26.32" 8.24"™ 10.73™
WxSN 241 7.42" 26.39" 8.24™ 6.72" 936" 13.54" 9.77"
5 SZN] 5 W2 s
* *
SIN;  SpN; (=-0.28 -0.32)
, 20d 30d
) W] SlNl SZNI s SII\II
* *
(r=0.27 ~0.50"),
2
s WISINI
, 30 d
20—30d
2.4 N . *
(r=-0.27 -0.29 -0.28)
(9 "
* *
’ 0.30°~0.59"),
b
’ 3 Wi
3.1
* *
(r=—0.31  -0.32");
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Table 4 Effects of irrigation methods and straw mulch-nitrogen management patterns on N accumulation at different growth stages
and N use efficiency of rice

N accumulation (kg-hm™)

N utilization efficiency

T wea 00 o VTR Mmoo
(kg'kg™) (%) (kg'kg™)
Wo SN, 4.72+0.98f 49.75+1.42¢f  43.51+2.42abede  105.57+1.53fgh — — —
SN, 27.99+1.0labc  81.04£3.90c  52.01+5.88a 183.06£7.20bc  44.28+3.38bcd 57.40+2.98¢ 25.084+0.65bc
S1No 9.70+1.11ef 50.26+1.54ef 41.22+2.02bcde  106.75+3.11fg — — —
SN, 24.25+6.73bc  95.85+5.90b 41.91+6.44bcdef 185.25+6.41b 43.47+2.32bcd 58.15+3.12¢ 25.22+0.09ab
SHNo 7.3242.11ef 57.33+2.14de 29.91+1.42gh 100.99+2.27gh — — —
SNy 24.90+6.50bc 90.53+5.04b  45.94+6.61ab 177.67£9.43cd  40.89+1.38¢ 56.80+2.57c 23.2140.67de
Average 16.48 70.79 42.42 143.21 42.88 57.45 24.5
Wi SeNo 7.00+1.02¢f 51.40+0.87¢f 36.99+2.13cdefg  105.47+2.24fgh — — —
SN, 29.07+1.31ab 94.54+2.35b  45.83+7.35ab 187.19£8.77ab  42.70+3.44cd 60.54+2.59ab 25.75+1.51ab
S1No 8.04+2.14ef 63.42+1.34d  33.61x1.25fgh 109.95+3.13f — — —
SN, 33.82+4.72a 96.72+3.87b  44.94+3.71abc 192.37+8.12a 43.63+1.37bed 61.05+3.01a 26.69+1.14a
SHNo 7.81%1.11ef 60.33+2.11d  20.98+1.15i 99.90+2.05h — — —
SoN;  30.19+1.89ab 82.1144.22¢c  43.91£5.21abed  179.08+5.71c 42.37+1.84de 58.65+3.27bc 24.81+0.57bc
Average 19.32 74.75 37.71 145.66 42.9 60.08 25.75
W2 SeNp 7.94+0.79ef 46.842.01f  36.28+1.21defg 99.48+3.12h — — —
SoN;  19.9542.56cd  94.39+2.66b  38.43+6.72bcdefg 169.51+5.14e 44.07+1.76bcd 51.87+1.93d 22.84+0.56¢
S1No 6.99+1.35¢f 50.36:+1.24ef 34.82+1.05fgh 99.51+2.01h — — —
SN, 23.24+4.73bcd  95.72+4.80b  32.36+6.06gh 171.66+4.49de  44.39+1.58b 53.44+1.91d 23.71+0.30cde
SoNg  15.2542.23de  46.56+2.51f 34.92+1.12¢fgh  101.06+3.11gh — — —
SHN;  23.60+6.89bcd  105.86+3.69a  26.68+3.52hi 171.19+5.79% 46.99+1.64a 51.95+2.39d 24.34+0.41bcd
Average 16.16 73.29 33.92 135.40 45.15 52.42 23.63
w 1.94 2.72 12.49" 36.72" 3.04 9.54" 5.74
SN 31.827 165.32" 10.34" 1126.77" 0.65 1.21 3.017
W x SN 1.65 6.68" 4.02" 49.74™ 0.14 0.11 0.75
x5 KEENPEHABEHRELTEZBRNESREL. EERWFIAUEFE/RERES T

Table 5 Correlation coefficients between straw decomposition or nitrogen release accumulation and root-shoot ratio, nitrogen

uptake, utilization and grain yield of rice at different growth stages

Straw decomposition amount

Nitrogen release of straw

Treatment 20d 30d 20d 30d
20 DAT 30 DAT HS RS 20 DAT 30 DAT HS RS
Total nitrogen accumulation 0.17 0.15 0.07 0.22 -0.20 ~0.29 046"  0.57"
20—30d 0.25 0.13 0.11 0.21 -0.13 -0.28" 031" 0.40™
N uptake in various 20-30 DAT
growing stage 30 d— o o
0.11 0.13 0.05 0.19 -0.13 -0.21 0.47 0.59
30 DAT-HS
— HS-RS  —0.04 ~0.14 -0.19 -0.18 0.32" 0.21 0.30" 0.22
o ) ) -0.10 -0.20 -0.31" -0.32" 0.49™ -0.04 0.00  —0.02
N utilization efficiency N recovery efficiency
N physiological -0.14 -0.04 0.00 0.08 -0.21 —-0.10 0.32" 0.31°
efficiency
20 d 20 DAT —0.06 -0.20 -0.13 031" 0.52" 029"  -0.11 -0.21
Root-shoot ratio 30 d 30 DAT 0.05 0.02 0.08 ~0.09 0.22 0.09 ~0.40"  —0.50""
HS -0.31" 032" -0.21 -0.28" 027 042"  -—0.12  -0.27
RS 0.11 0.02 0.03 -0.02 -0.01 0.06 -0.02  -0.07
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