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system of oilseed rape-rice rotation in the Yangtze River, this paper provided a scientific basis for farmland soil phosphorus
management. [Method] The experiment was conducted at Huazhong Agricultural University in Wuhan, Hubei Province during the
period of 2015-2018. Three treatments in the positioning experiment were selected as followed: (1) phosphorus was not applied (NK);
(2) phosphorus application (NPK); (3) phosphorus application and straw returning (NPK+S). By measuring crop yield, phosphorus
content and soil Olsen-P, the phosphorus use efficiency of crops was analyzed, and the response of soil Olsen-P to P apparent balance
was discussed.[ Result]1The average yield of oilseed rape and rice under NPK treatment increased by 530.3% and 35.9%, respectively,
and the P,05 accumulation increased by 495.3% and 98.5%, respectively, compared with NK treatment. The average yield of oilseed
rape and rice under NPK+S treatment increased by 19.1% and 11.0%, respectively, and the P,Os accumulation increased by 20.6%
and 11.7%, respectively, compared with NPK treatment. The response of oilseed rape yield and P,Os accumulation to phosphorus
fertilizer and straw was better than that of rice. Under the condition of straw returning, the average agronomic efficiency of oilseed
rape and rice increased by 6.8% and 33.9%, respectively, and the accumulative phosphorus use efficiency of oilseed rape, rice and
anniversary increased by 8.6%, 17.0% and 19.8%, respectively. The effect of straw returning on phosphorus use efficiency and
agricultural efficiency of rice was more significant. After four years of oilseed rape-rice rotation, the accumulated deficit of
phosphorus in soil was 110.2 kg P,Oshm™ under NK treatment, and the Olsen-P was 1.9 mg-kg™. The accumulated phosphorus
surplus of soil under NPK treatment was 210.9 kg P,Os-hm™, and the Olsen-P (4.3 mg-kg™) was 126.3% higher than that under NK
treatment. NPK+S treatment increased the accumulated phosphorus surplus (222.1 kg P205-hm'2) by 5.3%, and the Olsen-P (5.1
mg-kg") increased by 18.6% compared with NPK treatment. Straw returning significantly increased the soil Olsen-P, but the soil
phosphorus surplus did not increase significantly. Under the condition of continuous straw returning and chemical phosphorus
fertilizer application, for every 100 kg-hm™ P surplus of paddy soil, soil Olsen-P under NPK and NPKS treatment increased by 1.8
and 2.0 mgkg', respectively. Straw returning promoted soil phosphorus availability. [ Conclusion] Phosphorus application
significantly increased the yield and P,O5 accumulation of oilseed rape and rice, and increased the P surplus and the soil Olsen-P. On
the basis of phosphorus application, straw returning further increased the yield and P,Os accumulation of oilseed rape and rice, and
improved the use efficiency of phosphorus and agricultural efficiency of crops, especially for rice. At the same time, it could increase
the soil Olsen-P while avoiding the excessive accumulation of soil phosphorus.

Key words: oilseed rape-rice rotation; straw returning; crop yield; P,Os accumulation; phosphorus efficiency; P apparent

balance; Olsen-P
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KhEH 1522 Oilseed rape JKFEZ¥ Rice

Treatment fBJIE Chemical fertilizer FEFT Straw {LJE Chemical fertilizer FEFT Straw
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Fig. 1 Yield and biomass of oilseed rape-rice rotation system under different P treatments during the period of 2015-2018

2.2 1EMIHIESE

EHIE 2 W, Jtms it TR R, H
NPK+S 4bF & 2 5 T NPK Al NK ALFE  NK 4B (13
KK IEEAR REVUZ=EE 0 3.1 F1 25.0 kg
P,0s-hm™. NPK AbHH 1) 3t 32 A1 7K Rl AR 22 0 DU 244 4
43504 18.2 F149.5 kg P,Oshm™, % NK AbFE/) 54
11 495.3%1 98.5%, ISR B AR B 1 0] ol NEL 7y o KT

JKHEG « NPKAS A3 (1l S5 A1 /K FE A B8 2 DU 35 (1 43
5ok 21.9 Fi1 55.4 kg-hm™, % NPK AL 43 51132 51 20.6%
U 11.7%, FEFFIE HILE S 3 KK T KR

DL 4 AN K RS VR FE SRR [ A BE Ay DR 2206) A 1 o
TR AT XN 28 7 2 53 WT » IR ) A0 Ak 315 9 35
IKFEAN A AR R BRI R A O (P<<0.001,

* 2 s HARHAEHSMEE. KRBAEERRRER



98

bk Al B

2

= 53 4%

KR A B FEAE (P<0.001) + LR FEHK
PERI R A eME (P<<0.05, £2) .
2.3 EMIHRFIAME

4 TSR ARIRE LY, EYE R PR
R R BRI R IA NPK+S b KT
NPK 4b# (& 3-A, 3-B) . 5 NPK 4b# A LL, NPK+S

Aab B (1 e S R0 K R 28 T I A R Ay R = 6.8%
1 33.9%; 5 NPK AbFEAALL, NPK+S AbEE 1)
KRR A1k 2% SRR 2893 AR 5y 8.6% 17.0%F1
19.8%. &5 HKW, TEREKFRARN T3 EIATFEFF
IEH, ] SRR A AR R - e 3 Rl
FIH

F2 FEFEHLEMNENTE. BREEURTIEGYHRENZEER
Table 2 Interaction of different years and P treatments on crop yields, P accumulation and soil Olsen-P
TiH e KA TSR R KGR 2 SRR B o AT R
Project Oilseed rape Rice yield P accumulation in P accumulation Annual P Soil Olsen-P
yield oilseed rape in rice accumulation
Fhr P<0.001 P<0.001 P<0.001 P<0.001 P<0.001 P<0.001
Year (146.4) (63.2) (169.5) (35.8) (86.7) (30.5)
posi P<0.001 P<<0.001 P<0.001 P<<0.001 P<0.001 P<<0.001
Treatment (604.3) (152.5) (401.7) (285.8) (494.4) (145.5)
SR X b B P<0.001 P<0.001 P<0.001 P=0.218 P=0.012 P<0.001
Year x Treatment (13.5) (10.9) (18.9) (1.5) (3.5) (7.3)
TS W Z B ZE0MN I3 F{H  The F value obtained by multivariate analysis of variance in parentheses
80 - .
[ JH5FF Stem |
“— V7 #115% Pod wall a !
g 70 - 14k Seed !
..*540 b :
= 60} ,
: : § a | =
g sof H _;_‘I‘ -I_ brE! o
g b = |
b= —I—_:[_ |
S s} B | M
g o I ! H
g 30} -I_‘I' < = F |
o b c | c
Q c ] a
9 b ' b
iy 20 a '
S b !
= a '
= 10 a Y 1
C
¢ of | =
0
MM MM MM MM MM MM MM MM MM MMOD
Zm+ Zm+ Zm+ Zm+ Zm+ ZQ"JF ZQ"JF ZQ"JF Zg_+ Zg_+
2E TzE TZE TZE TZE TZE TzE TzE TZE T2
Z Z Z Z Z Z Z Z Z Z
20150  2015R 20160 2016R 20170 2017R 20180 2018 R Average O Average R

2 2015-2018 E R EHERELIE THZE (0) -7kfE (R) BIEARRIEY R aY

Fig. 2 P,0s accumulation of oilseed rape-rice rotation system under different P treatments during the period of 2015-2018
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K A T AR b 78003, R e Rt R AR A A 1)
TEPERE AL

KEBFFERI, & B Ak 2 W A B 2 i e
A LA P e 240 F 184 o 1 S A 22 A R AR i
AWFFCELE 4 EMEREAEFE (NPK. NPK+S) T3
R4, RS AT EAT 24.3—42.3 kg'hm? 2 [H],
T R B UGS 5 B4 R 3.0 AT 3.8 mgkg!, T
DL R BN T LA 2808 o+ e A i 0 HLAR e 1
WA MR . KITH B2 Sl sl s, K
A T A5 R AR B AR AE 6—44 kg'hm?
2R, AT AR Y B AR 1.0—1.5 mgkg!
)4, A 25l 25 R AR AR 0 T B 5 - R ) 6y
HAK, ARG, Vs -85 2 200y 1.2
mg-kg!, JE T E A R, it A TR e
B R R T — 8 RN VLI 5 H T Ad
TP S, R R B — e R B RIRES S
FLr M A A G RO, R e 2 i
FEE ST e fE IR E A, bR
PN NGy Rk AN E By = WA Sl AL e T
PR AL i A 260, I RS A 3 ] A 2kt st - 4
BRAG AR AU o AT A i P A K S Atk 10 AT RS
FREH, I3EREE AR E L W N, e Rl —
AR, G E R KR, B
2018 AFsRZIL B B 2 e, BB —, &k TILEER
NEAIREOR, R & — s S, JLFE R
N E AL E AR i Y 4.6%—16.0%. 55, AIfige
T KRS FRE B N K A AL R 13
AT S, HIEAHUT AT DRSS SRR,

AR ARG PR 22 5 SR LR, DRk, RS AR I i
A R B R i T R, [ G L
BRI R R
3.3 FEIICHN HIESEENLEENm

IR AT A R A AR AR S R, R
B R T ARAERE . B e R S T )
RF, KT AR 2255 0 BRI & B jta o 2 K
SHEN ZER) 0 3 25 15 4 R AR A A7 AE DA AR X
2, BRI SR IR R AR, AN
SRR 5 5, TANG S KR T 9115
o, PRI BT, BRI AN X A A A
100 kg-hm™ ) P, 34 2L 2.3—5.7 mgkg '
AR, A R AR S R R
SRR E A FIERE RS, AR A
PRFFF s LRl A Ak B RIAS AT 34 P TC a1 27 i A Ak
i E, KRG A4 100 kghm™ 1 P, I8 300 4y
SR 1.8 A1 2.0 mgkg o AEFTIA FHAEANIE B 1 49
FAREARIIGEO N — 8w T R, W
AR RE T AE0) T3 22 I ROBOR) U R AT e A
FEFFBRTEAG T R PEN, fRdE T ek A sk
WFFT W], RS FFE I a] 32 e E s e
Yr C. N P Al B0 i - e il A W $om 48 Jin Sk
— DR T AR BRI A N (K i o™, R
IPRAT WU ) TCH LR A g R, AT SEVEPIx G
PUBE PR o X DS TR 51 RS R I, R FF I H G
TR e T Cay-P. Fe-P S5iE LA AL &
i, PRIKT Cayo-P SHiE PERURI OIS & &, (kT
THCHUBEE A . R, REATIE AR R AED A e
A AL RE ) T A AR, e R
MFETH T EAK I B IE, FEFFE AR — D3 1
A SR SR P TR, T A 2880 e R JES P o e v
38 BRI PR R IR T RN IR B 5 e KRS o

4 i

4.1 FEFFIL HRE & 3w KRR IR = B A AR 5
H, 4 PR R IR R 19.1%F1 11.0%, T3
BRI 20.6%A1 11.7%. FEFFEH B2 T
IK R 25 AR 22 R RR 26

4.2 AR RERCARS, AL TR T
BORAS, AR S ST iR A B Il
FARES, AR BB A AL PR 5 126.3%; F
FRIE H AN T A B - 9 2 A B JC WA S 8, 3%
TR P B3 18.6%. SLEWEAEALEEAR L, F5FT
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A PP A 2% B AR AL B /K R 13 48 4% 100 kg-hm ™ 11
P, TIEATHE R IS A 13.4%, R AL T L
BRERABA.
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