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Abstract: [Objective] It is very impontant to reveal the effects of straw returning and nitrogen fertilizer management on
nitrogen accumulation, transport, nitrogen use efficiency and grain yield of direct seeded hybrid rice under
wheat/rape-rice rotation. [Methods] A two-factor split zone design was adopted with Yixiangyou 2115, three-line hybrid
rice with high quality, as material. The experiment was carried out simultaneously in paddy fields with wheat or rape
stubble. The treatment was completely the same. The main area was wheat /rape straw returning to the field (M) and zero
straw returning(My), with sub-plot of four nitrogen fertilizer managements: zero nitrogen control(N,), basal fertilizer:
fertilizer for tillering: fertilizer for flower promotion: fertilizer for flower preservation=1:0:0:0(N;), 3:3:2:2(N,),
2:2:3:3(N3), respectively. The nitrogen accumulation of each organ of main growth stage of direct seeded hybrid rice were
measured, as well as grain yield. [Results] The results showed that under the two rotation methods, nitrogen fertilizer
management had significant or highly significant regulatory effects on nitrogen accumulation in main growth stage,
nitrogen transportation of stem, sheath, leaves after full heading and nitrogen use efficiency of direct seeded hybrid rice.
Straw returning significantly increased nitrogen accumulation, nitrogen transport of stem, sheath, leaves and nitrogen use
efficiency in the middle and late stages of hybrid rice with wheat /rape stubble manuring. The agronomic use efficiency,
partial productivity and apparent utilization efficiency of nitrogen fertilizer increased by 34.96%/28.76%, 2.52%/2.61%
and 31.91%/22.30%, respectively. Meanwhile. the nitrogen accumulation at various growth stage and yield of direct
seeded hybrid rice with rape straw returning were better than those of wheat straw returning, and the grain yield increased
by 481 kg/hm?(5.22%). It could effectively increase the rate of nitrogen accumulation in each stage of direct seeded
hybrid rice, promote the transportation of nitrogen from stem, sheath and leaves to panicle in productive stage and
nitrogen accumulation amount of rice plant at mature stage had obvious advantage and high nitrogen use efficiency
(nitrogen agronomic use efficiency, partial productivity and apparent nitrogen use efficiency in paddy field with wheat /
rape stubble returning reached 17.87 kg-kg/17.85 kg-kg™, 67.27 kg-kg™/71.28 kg-kg™, 74.93%/75.05%) under M;No,
MoN3. [Conclusion] Under M;N, the nitrogen absorption and utilization efficiency together with the grain yield were
effectively improved, rape straw returning in particular.

Key words: wheat /rape-rice rotation; direct seeded hybrid rice; straw returning to field; nitrogen fertilizer application;
nitrogen accumulation; nitrogen use efficiency; yield
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Table 1. Chemical properties of topsoil (0—20 cm) in the experimental field.

TS HHUR A TR T
Soil fertility Organic matter /(g kg™ Available N/(mg kg ™) Available P/(mg kg ™) Available K/(mg &g ™)
#7£ M Field with wheat stubble returning 31.36 92.39 16.74 187.43
JHI7E FH Field with rape stubble returning 39.49 102.59 17.47 226.76
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Fig. 1. Mean temperature and precipitation during rice

growth period in the experimental area.
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Table 2. Effects of straw returning and nitrogen fertilizer management under wheat/rape-rice rotation on nitrogen content,
yield and nitrogen harvest index of rice plants in main growing periods of hybrid rice.
R EME N accumulation/(kg hm?)
ISty — - PR B AEUGRE
BT S S

Treatment Grain yield/(kg hm?) N harvest index/%
Jointing Full heading Maturity

#-fE%eAE Wheat-rice rotation system

MoN, 31.943.02 ¢ 74.7143.22 d 91.468.45 d 7790419456 b 74.2040.39 a
MoN; 64.9445.11 a 110.1743.16 ¢ 127.0245.21 ¢ 93094224.33 a 69.2041.31 b
MoN, 45.6842.23 b 144.2248.23 b 164.00:1.88 b 9 6414255.94 a 70.76+1.56 b
MoNs 42.58+4.40 b 161.0548.44 a 183.7249.85 a 97614335.64 a 67.4441.23 ¢
Y9{H Average 46.28+1.18 122.54+1.85 141.5545.68 91254213.92 70.4040.23
M;No 21.9542.37 d 70.646.53 d 85.92:1.30 d 7 4094292.20 ¢ 75.4040.96 a
M;N; 49.2642.94 a 125.3144.15 ¢ 143.2945.30 ¢ 9 4894307.61 b 68.4341.22 b
M;N, 40.4146.82 b 170.87411.52 a 198.32410.10 a 10 090+472.87 a 68.7941.14 b
M;Ns 31.594 44 ¢ 155.8846.69 b 179.0244.90 b 9 8554256.02 ab 70.2320.82 b
Y9fH Average 35.842.29 130.685.08 151.644.66 921145275 70.7140.13
F & Fvalue M 27.32" 4.14 2.85 0.31 19.78"
N 59.44" 212.74" 509.66™ 7557 29.84"
MXN 171 7.70" 23.54" 1.99 4.03"

WHISZ-TEE1E Rape-rice rotation system

MoNo 32.3041.05 ¢ 85.9943.10 ¢ 101.65+10.80 ¢ 8 2534289.03 71.8740.92a
MoN; 60.2242.61 a 117.9241.25b 137.6447.71 b 9 3314390.09 b 69.2443.87 a
MoN, 54.5649.61 a 165.4647.71a 186.94420.61 a 10 227446131 a 69.03+15.03 a
MoN; 43.2542.8 b 175.4048.41 a 197.48+11.80 a 10411#109.19 a 67.8442.76 a
Y9fH Average 47.5843.79 a 136.1940.46 b 155.93+2.84 a 9 5554256556 69.4942.76
M; N, 35.9049.77 b 90.6842.40 ¢ 102.7942.13 ¢ 8 0154286.33 ¢ 70.6141.69 a
M;N; 54.7448.55 a 140.5249.99 b 158.76214.04 b 9588460.12 b 67.61412.13a
M;N, 53.9947.31 a 182.7645.54 a 215.3647.50 a 10 6934275.95 a 67.6744.04 a
M;Ng 48.9841.73 a 176.66+10.91 a 199.7945.20 a 10 473+168.37 a 67.0941.32a
)M Average 48.40+4.32 147.6642.94 169.170.95 9 692+106.85 68.2441.35
F 1t Fvalue M 0.09 62.95" 13.73 0.52 1.59
N 19.44™ 173.79" 86.47" 78.60" 1.47
MXN 1.10 2.56 1.82 1.46 0.02
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£ 0.05 1 0.01 K°F EZR R (LSD falk). TR

Mo, No straw returning; M, Straw returning to the field in full amount; No, Zero nitrogen application; N;, All forbasal fertilizer; N,, Basal fertilizer :
tillering fertilizer : fertilizer for flower promotion : fertilizer for flower preservation 3 : 3 : 2 I 2; N3, Basal fertilizer : tillering fertilizer : fertilizer for flower
promotion : fertilizer for flower preservation 2 : 2 : 3 : 3; The amount of nitrogen fertilizer is 150 kg/hm?. Mean =Standard error (n=24). Different lowercase
letters indicate significant difference at 0.05 level; “and ™ indicate significant difference at 0.05 and 0.01 level, respectively (LSD test). The same as below.
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Table 3. Effects of straw returning and nitrogen fertilizer management under wheat/rape-rice rotation on nitrogen
accumulation amount and rate in main growth stages of hybrid rice.

FE PR N accumulation amount/(kg hm?)

B N accumulation rate/(kg hm 2d ™)

Triim HAn-$ -5l 5 A P FERb-4R AT - R
SS-JS JS-FHS FHS-MS SS-1S JS-FHS FHS-MS
#-Fafe 1 Wheat-rice rotation system
MoNo 31.9043.02 ¢ 42.8142.01 ¢ 16.7446.05 a 0.60+0.06 ¢ 1.0740.05 ¢ 0.4240.15 ¢
MoN; 64.94+45.11 a 45.2347.75 ¢ 16.86+2.87 a 1.23#0.10a 1.1340.19 ¢ 0.4240.07 be
MoN, 45.68+2.23 b 98.54+10.38 b 19.78+.54 a 0.860.04 b 2.4640.26 b 0.49+40.20 ab
MoN; 42.58+4.45 b 118.47412.79 a 22.6745.05 a 0.800.08 b 2.9640.32 a 0.5740.13a
IfH Average 46.28+1.18 76.262.01 19.01+4.98 0.8740.02 1.9140.05 0.5240.12
M;No 21.9542.37 d 48.7045.99 ¢ 15.2745.96 ¢ 0.410.04d 1.2240.15¢ 0.3840.15 ¢
M;N, 49.2642.94 a 76.0546.15 b 17.98+4.15 be 0.9340.06 a 1.9040.15b 0.4540.10 ¢
M;iN, 40.4146.82 b 130.46412.49 a 27.4543.12 a 0.760.13 b 3.2640.31a 0.690.21 a
M;N; 31.50+.44 ¢ 124.2947.20 a 23.1447.29 ab 0.600.03 ¢ 311#0.18a 0.5840.18 b
Y9fH Average 35.80+2.29 94.8745.13 20.9644.19 0.68+0.04 2.3740.13 0.4840.10
F{E Fvalue M 27.32" 20.42" 0.57 27.32" 20.41" 0.57
N 59.44" 104.77" 5.66" 59.45™ 104.77" 566"
MxN 1.71 395 1.52 1.71 395 1.52
H3E-FEEeAE Rape-rice rotation system
MoNo 32.301.05 ¢ 53.682.12 ¢ 15.67+.03a 0.610.02 ¢ 1.3420.05 ¢ 0.3940.19 b
MoN; 60.2242.61 a 57.70+.37 ¢ 19.7246.46 a 1.1420.05a 1.4440.03 ¢ 0.4940.16 a
MoN, 54.5649.61 a 110.90415.93 b 21.48+3.00 a 1.030.18 a 2.7740.4 b 0.540.35a
MoN; 43.2542.80 b 132.15+10.48 a 22.0843.40 a 0.820.05 b 3.3040.26 a 0.5520.09 a
)M Average 47.5843.79 88.6146.28 19.7442.42 a 0.90+0.07 2.2240.16 0.49+0.06
M;No 35.9049.77 b 54,77+11.05 ¢ 12.1140.47 b 0.6820.18 b 1.3740.28 ¢ 0.3020.01d
M;N; 54.74+48.55 a 85.78+10.40 b 18.2446.45 b 1.030.16 a 2.1440.26 b 0.4640.16 ¢
M;N, 53.9947.31a 128.78+11.40 a 32.605.64 a 1.0240.14 a 3.2240.28a 0.81#0.14a
M;N; 48.98+1.73a 127.68+10.30 a 23.1346.12 ab 0.9240.03 a 3.1940.26 a 0.5840.15 b
Y9fE Average 48.40+4.32 99.25460.00 21.5243.59 0.9140.08 2.48+40.15 0.5420.09
F 1t Fvalue M 0.09 3.66 0.58 0.09 3.66 0.58
N 19.44™ 90.38" 8.55" 19.44™ 90.38" 8.55™
MxN 1.10 3.79" 341 1.10 3.79" 3.41

SS-JS, Sowing stage—jointing stage; JS-FHS, Jointing stage—heading stage; FHS-MS, Heading stage—maturity stage. The same as below.
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Table 4. Effects of straw returning and nitrogen fertilizer management under wheat/rape-rice rotation on nitrogen

accumulation in various organs during main growth period of hybrid rice. kg/hm?
s Z5#) Stem-sheath " Leaf 7 Panicle
Treatment AT Fr A B AT Fr R B Fr R B
Jointing Full heading Maturity Jointing Full heading Maturity Full heading Maturity
#-Fafe 1 Wheat-rice rotation system
MoN, 11534098 ¢ 23.1040.98d 12.9540.49d 20.38+250c 35104321c 10.65+1.95d 165140.28c  67.8646.21d
MoN; 20.0641.46a 38.3242.72c 22.414350c  44.88368a 50.9242.89b 16.7441.71c  20.924220b  87.87#43.0lc
MoN, 15.0041.46 b 44.944036b 26.49+156b 30.67+1.36b 71.03+18a 21.4843.71b  28.2543.70a 116.03+1.24b
MoNs 13.7942.62b 53.824563a 32.14+.71a 28.7942.05b 78.88+l.66a 27.6541.85a  28.34#1.52a 123.9347.51a
M Average 15.1041.00  40.0542.00 23.50+.14 31.1840.23  58.98+1.37  19.13+.42 23.5140.70 98.9243.86
M; N, 7.154.20¢ 21.8742.30d 11.61#0.32c  14.79#.44c 3441#4.23c  9.53#091c  14.37#060d  64.774.38d
M; N, 16.0041.01a 41.49+178c 2593+237b  33.2642.39a 63.1643.49b 19.2742.45b  20.6640.93c  98.0945.39 ¢
M;N, 14.4842.77a 58.144331a 33.140.80a 2593#4.08b 77.10+229a 28.1642.47a  356241.98a 136.4948.98a
M;Ng 9.6641.04b 51.39+1.69b 27.37+.12b 21.9342.18b 7520#4.85a 25.93+1.09a  29.29+1.99b 125.7343.67 b
Y9fH Average 11.8240.68  43.224065 24.5130.70 23.9840.63 62474504  20.7240.50 24.9940.78  106.2743.52
F{& Fvalue M 11.56 11.73 1.38 47.69" 1.69 2.44 3.14 2.98
N 29.12" 157.55" 133.76" 64.46™ 52.94" 71.56™ 79.21" 247337
MXN 1.74 10.14™ 12.60" 1.92 1.78 471" 597" 8.03"
H3E-FEEeAE Rape-rice rotation system
MoN, 12.5544.05b 27.834259¢c 16.044270c  19.7643.97c 39.1543.20c 12.5040.56c  19.0042.23¢  73.1248.54¢C
MoN; 18.89+1.34a 38.2044.09b 24.8940.68b 41.33+1.78a 57.74+4.69b 17.5642.23b  21.9941.52b  95.1945.00 b
MoN, 18.6443.14a 61.38+l.44a 33674377a 359146.48a 73.6749.29a 26.0742.68a  30.1342.02a 127.20416.74a
MoNs 15.3040.57 ab 63.2543.52a 34.9942.42a 27.9542.24b 82.0248.0la 28.4542.82a  30.40+1.10a 134.04+11.28a
)M Average 16.3442.19  47.6642.26  27.4040.69 31244168  63.1542.71  21.1430.46 25384011  107.3923.91
M; N, 12.6145.01b 26.6643.89c 16.3620.47c  23.30#4.80b 449143.68c 13.8842.66c  19.10#2.79c  72.5526.67 C
M;N, 18.1942.91a 49.6544.93b 28.370.79b  36.55#6.47a 67.69+4.32h 23.94#3.00b  23.1842.21b 106.45#12.25b
M;N, 18.7942.34a 64.7640.84a 40.43+246a 351945.08a 83.7843.89a 29.39#3.2la  34.23#2.63a 14554#4.45a
M;Ng 16.2840.93a 63.334559a 37.20+1.89a 32.7040.91a 8159+7.14a 28.5943.98a  31.74#1.53a 134.0047.85a
Y9MH Average 16.474.17 51104210  30.5940.64 31944321  69.4943.99  23.9541.79 27.0641.01  114.63+1.93
F{& Fvalue M 0.01 17.42" 17.48" 0.18 21.80° 9.59 8.24 11.24
N 6.88" 148.62" 98.32" 19.73" 63.66" 37617 49.09" 54,67
MXN 0.10 3.99" 1.90 1.62 1.17 1.36 0.73 1.27

TR By R RS S AR 2R R L R 2R
FRREH EE N, Wi B LRSS
HHZERY . R RS A S B E IR R
TG B A B I o RS AT I AN I H AR
TEAERHETANZEE. AR ERRE, HEg
A R 22 () 2 R ST R A R AU S B B R R
. HFFER PR ZEE. . BB H
F215 7.92%. 5.92%. 6.30%(7.22%. 10.04%. 6.62%)
H14.30%. 8.31%. 7.43%(11.64%. 13.29%. 6.74%).
MERBFEEFNHEBREERRSEN S T
g, HrppGHAZER . b BREERS AT AN L AR
H R F e R 16.60%. 10.51%. 8.56%.
24.81%. 15.59%. 7.87. MiEJEEHTF, AFEFE
RO T 22, WA BB RS S S E AR S
B HBNERRKZER. WP EARSSERER

o B AL L e R e g, RS AT ANE
HALEEAHFEE, TH N SREARSTELEE
Zr. FTAEHARNAIHZE . TE BRI ERE
BERTEBEB I, TREFEHRIA N3>N>Ng,
FEFFIE R 9 No>Ng>Nyo
24 FIH-FBRETHEMCHSAREEN EBR
R EERAREREENE

AR ISR, Fia R A RN T
BRI (3R 5) 0 BB HEX PR A4S VR AR 5K
NEBERREN ., AR ISR, e,
PESOESRTE Y ATE S A LICE X TES E i
BRZCBRAL), FEFFALIE 23 S0 42 20 R 2580 L A
MR R LB AR RN, EEERBNH
RRRIE . AT 220 5 R e is AR 1 0 =
A 0 B35 AR RN o RS AT IE H R 22 i 7 2K
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Table 5. Effects of straw returning and nitrogen fertilizer management under wheat/rape-rice rotation on nitrogen transport
from stem sheath (leaf) during full heading-mature stage of hybrid rice.

Z5#Y Stem-sheath i Leaf
- T G o
b REfER RERIEHHE pil& REREE  AREHE Tk ) )
Treatment Transfer amount  Transfer rate Contribution Transfer amount ~ Transfer rate Contribution Penicle N |nf2ement
of N/(kg-hm?) of N/% rate/% of N/(kg-hm?) of N/% rate/% Alghm™y
#-Fafe1E Wheat-rice rotation system
MoNo 10.15H.41¢c  43.84#1.82a  1510+.99b 2445#1.25¢  69.83#0.80a  36.12#.77¢ 51.3540.78 d
MoN; 15914228 b  41.6443.08a  18.08+1.23a 34.1841.42b  67.3142.31b  38.96+L.67b 66.95+1.97 ¢
MoN, 1845+1.54ab 41.052.44a  1590+1.31ab  49.55+l.47a  69.08+1.90ab 42.72+2.36a 87.7843.04 b
MoNs 21.68+2.23a  40.0543.39a  17.44%255a 51.2440.84a  64.97+.71c  41.47#.15a 95.5945.03 a
M Average 16.5540.67 41.65:1.31 16.6340.75 39.8540.40 67.80+1.39 39.82+40.92 75.4240.99
M;No 10.2542.35¢  46.45+.11a  15.82+1.36 b 2488+1.91¢c  72.1242.34a  38.39+1.85b 50.4140.64 ¢
M;N; 1557#.75b  37.37£.70b  16.01+1.13b 43.8942.02b  69.30#1.45a  44.61#1.77a 77.4342.65b
M;N, 25.00H.70a  42.93+2.36a  1846+l48ab  48.41+247a  62.1842.68c  35.2942.66 C 100.87+.74 a
M;N; 24.0242.11a  46.70#2.98a  19.15%2.20a 4928#1.52a  65.49#1.02b  39.24#152b 96.4442.18 a
Y9MH Average 18.7140.34 43.36+1.18 17.360.56 41.610.90 67.2741.15 30.38+1.22 81.29:1.09
F 1 Fvalue M 128.48™ 88.54" 8.27 7.41 0.16 227 24.07"
N 43.68" 5.61" 2.40 269.54" 16.85" 6.93" 358.01"
M>N 3.18 5.03" 1.79 14.00™ 11.04™ 14.92™ 9.54™
H3E-FEEeAE Rape-rice rotation system
MoNo 11.7941.87b  42.10#1.40b  16.642.08b 26.6640.92d  67.99+2.17ab  36.59+1.50 ¢ 54.1142.49 d
MoN; 13.3142.08b  34.290#348c  14.1742.34b 40.1740.77c  69.57#0.92a 42202323 a 73.2042.47 ¢
MoN, 27.7140.79a  4517#06la  22.21+2.15a 47.6023.09b  64.1742.38c  38.4422.77 bc 96.8043.48 b
MoNs 2826+1.22a  44.70#0.98a  21.13#0.89a 535740.93a  65.23+2.00bc  39.95:+1.69 ab 103.9145.48 a
YIMH Average 20.2741.26 41.5720.77 18.540.38 42.00+1.05 66.7420.64 39.2920.42 53.4543.10
M; N, 10.3142.08c  38.01#050b  14.22#4.76 b 31.03#2.71¢c  69.19+248a  42.75#l.71a 53.4543.10 d
M; N, 20.9520.37b  4255#1.8la  20.2431.66a 43754320b  64.37#2.61b  41.97+1.38a 83.2741.66 ¢
M;N, 26.13#1.51a  37.55#041b  16.73%21lab  54.39#4.1la  64.90+1.95b  37.4241.06 b 111.3142.09 a
M;N; 2433£2.47a  40.80l.74a  19.15#.18a 53.00+.18a  65.03+2.59b  39.5440.90 ab 102.26+1.66 b
Y9ME Average 20.430.36 30.7340.48 17.58+1.46 45.5441.43 65.87+1.14 40.4240.52 87.57+1.00
F i Fvalue M 0.08 6.44 1.90 30.55 0.71 7.55 376.42"
N 132.37" 6.52" 4.48" 125.85" 3.83" 372 312917
M>N 14.37" 23.07" 5.87" 2.40 2.45 3.63" 8.76"
B, AR RFZE SRR ERAEH 25 FA-BRETEICHSRIREE E R

BN 7 13.05%/0.79% 4.42%/8.43% J%  7.78%l
6.78%. FEFFICHIEEERFEEHENERREKEZE L

Fassex, A MEEREE R Lotk A P M,
THAEREZEM . A IR BB A LU AN IE AT Py

FRAR, (HoTmkR BN, e R AR 2R
R IR RIS L OTERR A BTN, (B s
B R B, RS RIG N E AR RS AL K‘ﬂ_\ﬁﬁﬁi‘%
R 7.73%. 8.74%. BEFEALEL B4 =,

RORSCRE 2R WA R R e & i *IKE’JJIS\%EP“
INEAERTFTAE N RI Ng>N>Ng, iEH T
N N>Ng>Nyo 2. JHEEREZER. T AR RIZ

FMTTIRR AR R 2%, EARYE, N A1 N
VISENSORCESY SRINPAR RSV E

g e AU ES A
FUILE B B 2% SRR R AR A RCR &R

PA R B B R N, AT AL EE ) S R
BUIBAR R FH . 2R FH 22 R0 7 8 10 ZUAE R
BB (R A RBO LT MRIN) A 53 B 5% 5
), XFEERBIBRRTUAEHCR . BRI
FH 20 2 78 IR R FH 3 EAE N 2.3 (3 6).
FEATIE H AL PR AR AR BB A R R . FUEw A7 71
R 2 00 ) FH S AN I T AE 22 1 25 R 49 ) 38 n
34.96%/28.76%. 2.52%/2.61%H1 31.91%/ 22.30%,
R T 50 A 7= ORI G R RS A 77 28508 A et
FAAIG 3.60%/4.17%H11 5.14%/4.97% . 117 H 1% 222 15
1 7 7 T NE AR A= 77 20 R0 10 268 A0 ) FH 3R AE R AT
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Table 6. Effects of straw returning and nitrogen fertilizer management under wheat/rape-rice rotation on nitrogen utilization
rate of hybrid rice.

RETUFEMNE ARBERESNE FIEAR SR % BB L= FNELEIFI I 5
Treatment NBPE/(kg kg ) NGPE/(kg g ") NAE/(kg kg ™) NPP/(kg kg ) NAUE/%
#-Fafe 1 Wheat-rice rotation system
MoNo 154.9+10.83 a 115.58+12.77 a
MoN; 126.76+1.24 b 105.99+3.48 b 10.1241.28 b 62.06+1.50 b 23.7143.69 ¢
MoN, 108.6240.36 ¢ 83.09+2.20 ¢ 12.3440.85 ab 64.2741.71 ab 48.3644.41 b
MoN; 99.49+40.47 d 79.06+7.47¢ 13144122 a 65.0742.24 a 61.51+.11a
M Average 122.4442.69 95.9346.3 11.8740.26 63.80+1.47 44.5342.19
M;No 156.93+4.34 a 114.39#4.57 a
M;N, 114.0943.65 b 97.017.88 b 13.8640.29 b 63.2642.05 b 38.2542.89 ¢
M;N, 98.052.48 ¢ 74.166.24 ¢ 17.8745.10 a 67.2743.15a 74.9347.42 a
M;N; 103.0540.55 ¢ 78.4342.82 ¢ 16.3142.95 ab 65.701.71 ab 62.0743.77 b
IMH Average 118.030.88 91.0043.45 16.0242.54 65.4140.71 58.42+42.20
F i Fvalue M 5.12 0.78 116.07™ 3.82 99.43"
N 183.22" 72.64" 5.54" 6.03" 1115.90"
MXN 5.04 1.22 0.73 0.79 150.09™
H3E-FEEeAE Rape-rice rotation system
MoNo 150.63+1.36 a 113.6429.79 a
MoN; 119.7345.64 b 98.07+.11 b 7.1920.69 b 62.2142.60 b 23.996.68 ¢
MoN, 98.70+14.82 ¢ 81.58+13.54 ¢ 13.1642.36 a 68.1843.08 a 56.8613.97 b
MoNs 95.0946.39 ¢ 78.0126.15 ¢ 14.3842.33 a 69.4040.73 a 63.89+14.44 a
YIMH Average 116.04+1.07 92.8242.51 11.58-1.08 66.60:£1.71 48.2547.71
M;No 144.97+.35a 110.49+4.65 a
M;N, 106.41413.50 b 90.6848.48 b 10.4941.21 b 63.9243.07 b 37.32410.78 ¢
M;N, 94.56+4.78 b 73.5243.26 ¢ 17.8543.56 a 71.2841.84 a 75.0543.73 a
M;N; 98.8742.31 b 78.1621.13 ¢ 16.3843.03 a 69.8241.12 a 64.6622.09 b
Y9MH Average 111.2041.50 88.21+1.33 14.9141.84 68.3440.56 59.0142.04
F{f Fvalue M 27.45 6.84 8.60" 70.22" 43.82"
N 42.23" 2457 34.58" 52.15" 729.76™
MXN 0.90 0.34 1.08 1.62 37117

NBPE, Nitrogen use efficiency for biomass production; NGPE, N use efficiency for grain production; NPP, Partial productivity of applied nitrogen; NAE, Nitrogen agronomic

efficiency; NAUE, Nitrogen apparent use efficiency.

WA H R X580 4.48%/4.39% . 1.01%/
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WM R R B ERT A AR 2578, &
FR R BRI EEF R S s, MR RN
0.737~0.947, MKW M EFHHEAEZHE G &, &
R RS B R 2 IEA 5, SRR
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F*7 RBATHSRREETZ/ MEEBAXRETELEEMBERENER, Ro5AZNEMNARTENHEXY
Table 7. Correlation of nitrogen accumulation in main growth stages, transport, nitrogen accumulation and utilization and
yield under wheat/oil rice-rotation hybrid rice under straw returning and nitrogen fertilizer management.

A EiEa EHY B g s AERR AR Tl eI EES
Treatment Index Growth stage Plant part Yield Total N accumulation N increase in panicle NAUE
KHH HAEM AR -4k SS-0S ##k Whole plant 0.48" 0.22 0.18 -0.78"
Paddy field with wheat N accumulation
stubble returning RAT-FFHEIS-FHS i Fk Whole plant 0.74 0.94 0.95 0.94
TR FHS-MS Hifk Whole plant 0.46" 0.59" 0.58™ 0.45
AEFEE FeAs- K FHS-MS 258 Stem-sheath 0.80" 0.89" 0.86™ 0.79”
N translocation
FE - FHS-MS I F Leaf 0.76™ 0.85" 0.88" 0.63"
i H HEM R -4k SS-0S #i#k Whole plant 0.50" 0.46" 0.41 -0.51"
Paddy field with N accumulation
rape stubble returning RAT-FFHEIS-FHS i Fk Whole plant 0.86 0.91 0.90 0.85
FAE-E A FHS-MS fE#k Whole plant 0.68" 0.71" 0.54" 0.63"
EExiom F R FHS-MS 258 Stem-sheath 0.80" 0.85" 0.75" 0.74™
N translocation
F Rl FHS-MS I H Leaf 0.89 0.92 0.78 0.73

FEER B Eh A2 A <0, 7E R KR &
JITH, AT FARFEANLGRE, BRI AT A
FRRWCR AR R TR, PO A2 BRI R )
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