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. e T E A X A SIS B R M T R AR, 2008 3 a WAL, E2EV9 5L/ (ridge film mulching
and furrow planting, RFMF) FI{&4:FAE (flat planting, FP) 2 P 7 N E 6 Mii%E: 0. 60. 120, 180. 240
300 kg/hm® (AN i, FFED, 231304 NO. N60. N120. N180. N240 F1 N300, HF 5t/ [F A 5 00 it & Bxet 432
FERAKERI AR IR . 255838, 5 FP AHLL, RFMF A8 2 & 42 5 2 iR ORI ¥t _E 38 F4 i & (aboveground dry
matter, ADMD. & RIWINE . AR~ & KOFIHZE (water use efficiency, WUE) FIEHERAE = )7 (nitrogen partial
factor productivity, NPFP), & EFLHFE/KE (evapotranspiration, ET). AH[F ET F, RFMF J5z N & HSEHIFRL
M WUE & T FP. REMF 50T, # 0~240 kg/hm? EETEHE N, K32 ADM. RE BRMICE . Frhr= g
WUE ) 5 it 02 (1 38 0 i S5 35 38 n, 83 240 kg/hm?, ADM FIR BRURICE AN &350k, 11 ET S8, FHhir
2 WUE REFK. 2 FfE 0T, LS AIRR ¥ FIHZ (nitrogen agronomic efficiency, NAE). AEFEF|H 2
(nitrogen physiological efficiency, NPE) FWLILFIFZ (nitrogen recovery efficiency, NRE) it % & (I35,
SedlJE g, HIEATE N180 Ab¥R i K, A Th3E 1) NPFP Bt & & i3 i PRIk . RFMF J730F, N240 484732 1) NAE.
NPE. NRE Fll NPFP 5 N180 AbH TG & 3 2 5 H. N240 B AR (kPR B A s B, 3a P44 3 002 kg/hm? Al
9538 yi/hm?*s FP 730 R, N180 AbFR AR (kPR = AP G, 3 a T34 2 291 kg/hm® il 7 498 Ji/hm?; 2 Fliff
77 R R BRI, REMF o] 4351325 31.0%H1 27.2%. 4% b, 7EpidbihX REMF a] B F 432 45,
& i RN 240 kg/hm?s
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X, XA 25%~30%F R AERISCRI A, T 70%~
75% % M DA 28 R AR i k. ek, R
L BER AR R E KSR, A IX AN
AT AKIFEIRAC, SEARYERFCE 1 500~3 000 kg/hm®
(/NFE) F12 500~3 500 kg/hm® (FK) B30, Rk, w5
WAl fER B T RGE R PR T A 70, IR G A
PRI, KT 5 mm FITCRE G oA BT, %t
fRR AL X K BRI = . PRIERRIH 22 A A 2R .
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ZE VGBI AR R 45 A TR E R E R R R
IS TE H B2V . ZETA . T NFIREIEY), SEBL
B TR E 2 T [ 74 PRV 1 B TR SR K RO e AR . 7R 2B VA 4
MWRHE 2R, B A AR S N RN TS
I, ATECKE/NT 5 mm (10850 F T AR R RS I AT
Herp sl L S5OV P 2R v A I AR R T 2R R B G R
FIF/NT 5 mm MIERFEN, HENBEKEIER 87%AL
o WEAER, A RZEVGHEW FiE 7 P )R E
Wz, FEH AR, SE5TEMEL, ZIERFA
R B KRR 82%~49.9%, F¥I/KERE
9.5%~13.2%, T AKRAZEERS 13.9%~16.9%, XK
477 22.7%~41.4%, KRR 32.5%~56.0%-
Qin %Wk, ZWENMEEREIBRET R
36.3%~86.8%, K7 FIFZZ 65.8%~83.9%. Chen 2L
WEFETE . ZEVE 48 URMR RE 70 Sl 32 i & /N2 = ALK
FIH R 35%F0 25%, FRIEFEKE 8%. BT, EHNIME
B FEEST RO D B NP g U i
1T T REM BN R, (H 2BV W R E 7 20
TR SR 3 FH A TR AR 2D

MR R B M R M EY, R EE A
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MM RE, M 2001 3] 2014 4, BEFHREE
1260 /3 t A, L4k, hEmsE S EES
RIFANAE T FAM S R . 3R BAR M35 A E REUGE

I3R!, JERE JCHR TEA BRI AR — A
EHEEZNBEAE . R HRER LY, Rk

18, SRR 60 kg LA MIRE, A REAE 1t s
FU Bk, AR R, RREEAS A KR
FUE, FEEIEFHRCEIRG, 10 HIEE A5 G
THT SR 5 e 3 AT A5 o 1) 3 it U e S B0 SR
FERRIER, ZEAT TR ST R,  RORIG o ot =i 81 8] R T ik
PR AR R, B A F e AR, xR
SERNEA R L SCBLih SR o™ LA BRARIA 5215 e
FEHHEIF L.

JHT SRR i PR i 2R AR BRI R, AR K

o B SRR Y. 2RV A R A B 08 50 K
ﬁﬁmﬁ,ﬁﬁ%mﬁ%%£ﬁﬂﬁwm,ﬁ%l¥m
PR 2 R TR I SR SRR WA L, HE TS 7 . A S
ﬁ&ﬂm%ﬂ%ﬁn%ﬁﬁmﬂﬁﬁ%%$ﬁﬁﬁﬁﬁ
M TR R BR R PR ADKEA
FIRCR M, PR 2 Rl 7 T M B R, DA
315 14 b i [X A% ol S 0 AR 55 R it 5 SR s B it BE AR
WA

1 RS

1.1 RIE bt

3a (2014 4F 9 H—2017 4F 5 H) H A5 T BRits4
Fre X P AL AR B K 2 5 X A0l K -+ TR 0E 0 H p
SIS SRR H (108°24'E, 34°17'N, ##k 521 m) #HT.
Z ORI ZERCERIE SR, 24 PSR BKE
MZEREDHN12.9 C. 550~600 mm (EH7E 7. 8
9 A) 11 500 mm. REGHEFMOAE L, FHYTE
FON 1.40 g/em®, HI[AIFRFKRFEZERED A 24%H0
8.5% (FiEAH0D. 0~20 cm + 2R HIEHAL IR . H
MU 13.20 g/kg, 4% 0.93 g/kg, ToMRA 76.27 mg/kg, &
Wtk 25.38 mg/kg, A 131.97 mg/kg, pH {HN 8.12.

3 a AVH SRR B R) A5 H ) B K S AT SR A A 1
Fizm. B 2015 4E 9 —2016 4 5 A8 1 H W& P
FEARSIRIARSS, 3 a &% HWRE S faHEER

2014 49 H—2015 45 A. 2015 % 9 H—2016 4 5 H
12016 4F 9 H—2017 4 5 AR FEKE 508 264.3,
183.9 f1379.5 mm; 2014 5F 9 H—2015 £ 5 H BF/K 44
SEIATH (R EE 11 AR A (2 AYIE 2 A
B EM 3 AYIZEGED B2, A 178.7 mm
FeoKEELE 3. 4 A1 5 H; 2015 4 9 —2016 £ 5 A%
HBEKESE D 2016 42 9 H—2017 45 5 A FE/K 2ILHT
WA Z . HIRRU b AmES, Hh 186.6 mm [
KEEFAE9 A 10 H, 1693 mm HEHAE 3. 4515 H.

1.2 AT R FE

BRI BT FH () A S S F ol “ Bl 107 575 B FH I
. B RTEI I 4> O IR R (N=46%) . I IR 45
(P0s=16%) KM HBERH (K,0=51%) FAab
(B=11.5%); ﬁﬁﬁﬁﬂﬁﬂ%ﬁ R O m e (D,
%% 0.8m, /& 0.008 mm.
RIS 7 AR 2 PR, ik 7 20551
A BV APAE (ridge film mulching and furrow planting
pattern, RFMF, [& 2a) FI*F{EMHE (flat planting pattern,
FP, & 2b), . FP N s MR E 720 AR FE 7
KT 6 Mt &E: 0. 60 120, 180, 240 1 300 kg/hm®
(BANiF, FED, 403888 NO. N60. N120. N180.
N240 F1 N300, REGHE 12 NEEE, A ES 3K,
FNX BN EEACE ), AN 4 mxS m, 5EAFEHLHES .
FEFET 1 RieHh, Ro/DX, /DX iggiEsEE. 90
kg/hm?* (A P,Os i1+ 120 kg/hm? (B K,0 ) #1 15 kg/hm?
(LA B D) 5340, 5, i 2a s ZE I (1
M1 28). 4rmlF 201449 B 21 H. 201549 A 16 H
12016 49 H 10 H%A4TEE 50 cm. #REEZ) 13 cm AT
FEAMEE, K 3 A M 53 B 12 JiRk/ hm? ﬁmm
B B, HABEAAE A Y S S AR . 4
T 201545 A 23 H. 2016 45 A 20 HA12017 £ 5 H
23 HGRAMSE, B, 3 a &/NX 3 T0HEK.
1.3 MEMBS5AHZE
1D ZmEth BT R SRS, RN
XIEHL 5 MRARTIEM MR, FHBylE, I,
R0 SR TF, 2R RS RN HEAE S 105 'C & 30 min,
WET 15 CHTRERES, HBFRPFRTRE

[ MoK Rainfall  —o—f#54C3F Maximum air temperature —@— S35 Mean air temperature —A— B fIK I Minimum air temperature
150 - 30 150 - 30 150 130
L4125 o o425 Q Ol250
E120 1O, / g g120 1 AN o7 g 120 f o Ei
& o\ /0 .-205 & e / o]0 § E L] /o-zog
A = A " AN\ QO &
€ 90| \\ S 1155 %90-\.\ /O/' 158 Eol /‘ 115 &
2 \\\ g R - o S 0E B o /g//QAIOB
M 60 \°\ / ls & oo &X\O\O/ / A/ 1s % 1 60 W 5 %
¥ = ] Ry ®. v i)
S8 \o / 1o B & o/ ~e |
il i [] o K
0 ~10 0 .—..—|.—|l_||_| ~10 |_||—|.—.l—| —10
0 11 12 1 2 3 4 5 9 101112 1 2 3 4 5 9 101112 1 2 3 4 5
4} Month A # Month

Af M
a. 2014494 —201 5$5H
a. September 2014-May 2015

b. 2015459 H—20164E5H
b. September 2015-May 2016

B 1 X3k 2014—2017 SFAhEAFHE A ik

c. 20164F9 4 —20174E5 A
c. September 2016-May 2017

KEFaiRE

Fig.1 Monthly rainfall and temperature during winter oilseed rape growth season in each year of 2014-2017 at experimental site
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R Plastic film

a. BV AR FIAIAE
a. Ridge film mulching and furrow planting pattern

/

NN N
A

/777777777 777777
50 cm 50 cm 50 cm

b. AR
b. Flat planiting pattern

B2 AR 2y Xr&h
Fig.2 Schematic diagram of two planting
patterns for winter oilseed rape

2) iRt FIEER BARE: KAMSRSERERT
FER I, i 0.5 mm i, H H,SO,-H,0, VH &, HAEMRH
BN EN T (AA3, 18 Bran+tLuebbe A ll
ERAE AT R,

HRWEREABE (kghm?) =K B ELESEX4H
B o R X PR

H B ER BAE (kg/hm?) =% 88 E R E BHEZ M,

3)FFRLPE B $ERTAE S/ N X A R E 1 m? B0~ X,
B BRI, W25 5% Ja I e AR B

4) ZMSEFEKERIK RIS FERE R R AR
JEE 0~200 em HIERSKE, HLASEETIEATH 2
PRMSRIAIE L (2B, REAS/DX 3 AN AL, IR [n 3RS
10 em B 1 ASEAE, NGRS, FEMAE T e e g
BIKE,

FEATASE I E P KR (mm) =10X R E
(gem®) X LEEE (em) X BIEEKE (%),

ZMEEFEKE (mm) = #EKE (mm) + fF/KE (mm)
SRR E (mm) - REBRE (mm) + JEET LR
K (mm) — W5 HIEKE (mm); AT ToRERE
A, WA e K R A, HhAFE, H&/NXid

14000 [ o p 140007
5012000-:|FP , 2 s -?Dlzooo-
@gloooo- c . B Be @%10000
5E sooof, . [l = § so00f d
EEE’ 6000 [[F € %E’ 60005 £
a‘jg 4000 Q% 4000 i
E;”2000 ?2000
< <

0 60 120 180 240 300
Jifi& & Nitrogen application rate/(kg-hm)
a. 20144E9 H—2015485
a. September 2014-May 2015

60

0
0 120 180 240 300 0 60 120
% & Nitrogen application rate/(kg-hm)
b. 2015429 H—20164E5 5
b. September 2015-May 2016

SRR bR, nHRAAIE R 05 PR NBIREE AR
i 2m, ATHLREBREN 0.

KMEIK DRI RE (kg/(hm? mm)) =FFRL = &/4
THRFEK & .

5) KR AR AR

BAEA ZF) 2 (nitrogen agronomic efficiency ,
NAE) . ZJEA: 2 B % (nitrogen physiological efficiency,
NPE) . ZHEMRUSCHIF % (nitrogen recovery efficiency,
NRE) FIZEPEMRAF=77 (nitrogen partial factor productivity,
NPFP) HJitSHAKXUT:

NAE (kg/kg) = Gt 80X b L™ B—AN it 0 XF L™
B /X I A

NPE (kg/kg) = O 80X KT R B —ANJih S0 X R
#7) / GEAXEARBZPE-AEEAX AR R ;

NRE (%) = i X AR RHE-ATHAX AR R
) /it AKX it X 100%;

NPFP (kg/kg) = it 8 DXFFRL™ f/ it 2
1.4 HIELEBS S

Excel 2010 #fFAb B35 44l ; PASW Statistics 18.0
BAEHAT T Z 0, 2 Em BRI B % Rk

( least-significant difference, LSD), & & ME/K-F N

0=0.05; /|l AutoCAD 2007 £zl & 2, H 42 % B H OriginPro
8.5 £l

2 ZER5HHh
2.1 HEFYRE

b R it 20 e A T SE b T R S
2% (B3, FP F, fE£0~180 kg/hm’ jiti Z =7 FH P,
by 5840 0 e it 2R P 0 T R R N, M A
L 180 kg/hm? JiF, b b 40 ot 2 AN T e L 1
E7F. RFMF F, Z%7GHN 0~240 kg/hm’.

FEAR %0 R, REMF A0 PR A0 22 (1 b b 358 T4 5
EHEEKT FP A, 5 FP ACHEAHEL, RFMF AbEA&
MR E 3BT i =GR IA 14.2%~61.5% (P<0.05).
7E % B 180 kg/hm? K, 3 a RFMF b & i SE#F- 1 s
TR EL FP BN 28.9% (P<0.05); 7% &
240 kg/hm® F, 341§k 38.5% (P<0.05).

14 000
=~ 12000+

o
0
1—N
=
hnr

10 000
8000}
6000}

b EFT R
Aboveground dry matter/(kg

N s
e <
[ ==
(=T =)

180 240 300
Jifi& & Nitrogen application rate/(kg-hm)
c. 20164E9 H—20174E5
c. September 2016-May 2017

7E: RFMF M FP 73 AR ZBVA S A A TR T 30 A EARVNG FREOR AR B E 6=0.05 KTV ZER B TH.

Note: RFMF and FP denote ridge film mulching and furrow planting pattern and flat planting pattern, respectively. Different lowercase letters on the columns mean

significant difference at a=0.05 level among treatments. The same as below.

B3 ARG XAk E

EESCES NS S X7V s 5 E 0]

Fig.3 Effects of different planting patterns and nitrogen application rates on aboveground dry matter of winter oilseed rape
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2.2 REZRVMKE

AN [ FporE 7 SRt 260 T AR I Bl R A
W= 4 Fos. EARRIFE R, &SRR
A R BRI ) S B it R S I G N, /E RFMF
J7 T 240 kg/hm?® 5LE FP 73X Rl 180 kg/hm®
J&, Hb EEE R RAURISCE AR E . REMF T, %
S BB AR BRI R RV B 27.2~
116.3 kg/hm?, i FP A 18.2~82.6 kg /hm’.

TEAHF U T, REMF R &M R &R BRIIL
BHEF KT FP. 5 FP HItL, RFMF &3 3%
R AR EIIEL 17.4%~61.3% (P<0.05). fEjti%
180 kg/hm® T, 2014 4 9 H—20154E 5 H. 201549
H—2016 4 5 A F12016 4 9 H—2017 4£ 5  RFMF
MR I R B E S S B FP BN 22.9%.
25.5%H125.9% (P<0.05); {EHi% R 240 kg/hm’ F, 3 a
RN 40.0% 61.3%F1 45.8% (P<0.05).
2.3 IFRIEE

REMF F, 7 0~240 kg/hm® i & B IEH N, K

120

0
Jti%&( & Nitrogen application rate/(kg-hm=)
b. 201549 A —20164FE5 5
b. September 2015-May 2016

7= e o i B PR B I T R G, B S B RAK (2016
9 H—2017E 5 HERAN (B 5); 3 aff) N240 AbFEF
P PE R HIEE NOL N60. N120. N180 1 N300 4bFH 5
ZH0N 141.3%- 91.1%- 41.2%- 8.4%F1 8.8% (P<0.05).
FP T, 3a [ NI180 AL MM =R e, BEmT
NO. N60 F1N120 43, {HL5 N240 FI N300 4bHE % F A
B (P>0.05), 3 a ffI N180 AbHE P17 &4 5t NO.
N60 Fl N120 &2 101 124.3%.80.4%41 29.5%(P<0.05)
RFMF  N240 4bFE {7357 54 3 002 kg/hm?, FP T N180
AEFR P57 B 2 291 kg/hm?. 2 A7 2R (e 77 A
tt, RFMF 77 1R 31.0% (P<0.05).

EMFEEEE T, 3 af REMF P28 FP B &4
15.5%~43.5%. A% EE 0~60 kg/hm’ JElH N, REMF
A FP J7 30 R &SR M7= B I4ERF(E 1 062~1 579 kg/hm®
A 889~1458 kg/hm®, IEIN 15.5%~37.7% V1
22.9%); Yt B E W E 240 kg/hm? I}, RFMF Al FP /7=
TR B DR 2 606~3202 kg/hm® AT 2007 ~
2498 kg/hm?, IR TTIE 28.2%~43.5% (F1 33.7%).

—_ —_
f=a) o [\ W
=3 (=3 (=3 (=3
%
1)
e}

w
(=3
-

Nitrogen accumulation amount/(kg-hm2)

180 240 300 0 60 120 180 240 300
Jiti%&( & Nitrogen application rate/(kg-hm)
c. 20164E9 H—20174E5 7

c. September 2016-May 2017

R AL X Aok BT A0 3 LR A F BB T h

Fig.4 Effects of different planting patterns and nitrogen application rates on nitrogen accumulation
amount in aboveground of winter oilseed rape

& &
g 150--RFMF EISO-
s | . 2 B
$ 120} . S120}
g .
®E gl ¢ ¢ B E gl
B o d B o
® .2 e ®.e
®2 ool f #®E gl
® g g g & g e
15 h f f
g 30 8 30l
bt g
X )
£ 2
z 060 120 180 240 300 z 60
JE & & Nitrogen application rate/(kg-hm?)
a. 20144E9 4 —20154E5 7
a. September 2014-May 2015
B 4
@3500--RFMF . a ,\3500-
D o
E3000 L_1FP b 3000
& d ¢ $ Pled &
£ 2500 22500}
o e =)
5,2 000 £ .“s” 2000}
B g 8 b
@ 1500 Ly 3 1500¢
ﬂﬁj 1000 ﬂlﬂi‘ 1 000
g 500 g 500

0 60
Jiti & & Nitrogen application rate/(kg-hm2)
a. 20144E9 H—20154E5 1
a. September 2014-May 2015

120 180 240 300

0 60
Hi%&( & Nitrogen application rate/(kg-hm)
b. 20154E9 H—20164E5H
b. September 2015-May 2016

A s

120

3500
& 3000}

—
(=S}
(==
S O

HPhi= 8 Seed yield/(kg-hm
g

o

180 240 300 0

60

Jifi%&( & Nitrogen application rate/(kg-hm2)
c. 20164E9 H—20174E5H

c. September 2016-May 2017

120 180 240 300

AR AP AR Ty XAeie RE AT &b A - 209 %R

Fig.5 Effects of different planting patterns and nitrogen application rates on yield of winter oilseed rape

2.4 FEKEFKSFAME

ARl 77 R R R SR R =R 1 BT
INe TE[R—FAE 7 20T, FEK i it 20 1 186 o o 2
Wi, S5ARE (N0) MEk, RFMF Al FP T jii & Ab P 1)
FEK RS> BB N 7.0%~33.7%H1 5.3%~24.9%(P<0.05).
RFMF F, [ 2016—2017 “E4F, N240 AbFEFIFEKELS

N180 AbH T 235 2 . fEAHFIEAE T, RFMF AbHfY
FOKEHEZERNT FP, BEIRA 3.4%~9.9% (P<0.05).
Tl 7 R i o A Vi S 7K 4 R FH 258 1 )
F (R D. EHFAMEEE T, REMF &35 mEm
KA FIFHZE, REMF AbFEAHEE /K R 2R 5 FP
MIELIE T 25.5%~69.6%. 4% &EAE 0~60 kg/hm® 7
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M, REMF 1 FP 75 20 232 (1 7K 73 R 00 il R
7 3.1~5.6 kg/(hm* mm)#F1 2.2~4.2 kg/(hm* mm), &g
33.3%~42.3% CF¥)37.6%); MR E 240 kg/hm®
i), REMF 1 FP 75 3 T (197K 73 R R0 55 B4 51 7.8~
9.5 kg/(hm*mm) Al 4.6~ 6.7 kg/(hm*>mm), 34 15 Al ik
37.9%~69.6% (V14 48.0%). {EAHFFE TR, Ko
I FH 28505 It i S PR 38 I S 3 0 5 FRAIS, b RFMIF 78
N240 4bF K, 1 FP #E N180 Ab#if K. E REMF T,
N240 Kb ¥ 7K 43 R 250 % 8 25 K T 3o Ath it 40 b 22
(2016—2017 4£ N240 FIN180 LR ZEFER); EFP F,
N180 4bFH & 2 KT NO. N60. N120 1 N300 43, {H5
N240 W BT R & 2 5

F1 TRAETEBENFEKE
(ET) FAKSFAME (WUE)
Table 1 Evapotranspiration (ET) and water use efficiency (WUE)
of winter oilseed rape under different treatments

it 2 e Wk e il
" P30 Nitrogen kB FEWE  PKE FEAk FRER

e e S o, Fm WU,
/(kg'hmfz) sowing/mm harvest/mm mm™)
0 5343 2643 5083  2903h  5.0f
60 5343 2643 4879  310.7g  5.6ef
reve 120 5343 2643 4751  3235f  7.3d
180 5343 2643 4659 3327¢  9.0b
2014 240 5343 2643 4602 3384c  9.5a
- 300 5343 2643 4501 3485d  82¢
2015 0 5343 2643 4795  319.1f  3.7h
S5 60 5343 2643 4538 3448de 4.2g
P 120 5343 2643 4456  353.0cd  5.6ef
180 5343 2643 4393  3593c  7.0d
240 5343 2643 4278 3708b  6.7de
300 5343 2643 4186 380.0a  6.le
0 559.3 183.9 4687 2745f  45d
60 559.3 183.9 4423  3009¢  5.2cd
120 559.3 183.9 4284 31484  59c
RFMF
180 5593 1839 4234  319.8cd  7.5b
2015 240 559.3 1839 4161 327.1c  8.0a
- 300 559.3 1839 4082  335.0bc 7.Ib
2016 0 5593 1839 4449  2983e  3.3e
* 60 559.3 183.9 4292  3140d  3.7¢
Ep 120 559.3 183.9 4158 327.4c  4.7d
180 5593 1839  403.6 339.6b  5.9¢
240 5593 1839 3952  3480a  5.8¢c
300 559.3 1839 3870 3562a  5.2cd
0 4740 3795 5562  2973h  3.1f
60 4740 3795 5151  3384fg 3.7
120 4740 3795 507.6  3459f  5.6c
RFMF
180 4740 3795 4934  360.le  7.4ab
2016 240 4740 3795 4769 376.6cd 7.8a
- 300 4740 3795 4561  3974b  7.1b
2017 0 4740 3795 5243  3292g  22g
¥ 60 4740 3795 5037 349.8f  2.6fg
ep 120 4740 3795 4861 3674d  4.0¢
180 4740 3795 4678 3857c  5.0d
240 4740 3795 4564  397.1b  4.6de
300 4740  379.5 4422  4113a 43

e ARG FRER IR AL B R 0=0.05 %R R3%: TFHE.
Note: Different lower letters mean significant differences at a= 0.05 level
within a growing season. The same as below.

RFMF il FP R 422 FE /K & 5 H = 8 K 7 F
MR 2 WK 6 Fim. REMF T &SRtk & 5 H
TRIK 4> R R e MR R RN 4 BN 18.540 Al
0.026, T FP F4r514 14.011 F1 0.017. X568 76 #EK
BEAHFEMPEO T, RFMF 4335 1) 7= 8 7K 50 R H 2%
¥ T FP.

~3300r g 20142015 48
§ 0 20152016 4 *
—53 000 & 201620174 *
% 2500}
]
272000 -
3
m"m’ﬂ 1500 R
L1 000 .\ y=18.540x — 3 864.645
g I R=0.597"
500 1 1 1 1 1 1 n I L )
240 260 280 300 320 340 360 380 400 420 440
#E7K i Evapotranspiration (ET)/mm
a. RFMF = RAFEK B R

a. Relationship between yield and ET under RFMF
3500
E3000}
o0
-
S2500f
)
212000
3
m?a 1500}
i 4 y=14.011x -3 158.654
g 1000} . K= 0580"

500 L ! L 1 1 ! 1 1 1 )
240 260 280 300 320 340 360 380 400 420 440
#E/K & Evapotranspiration (ET)/mm
b. FP T = RAFEK R R
b. Relationship between yield and ET under FP

—_—
(=3

A

r N y=0.026x - 1.891
F R*=0.242"

KA R
Water use efficiency

(WUE)/(kg-hm2-mm-")

N W A L N D 0 O
T

240 260 280 300 320 340 360 380 400 420 440
7K & Evapotranspiration (ET)/mm

c. REMF TR FI 88 FIFEK R R
c. Relationship between WUE and ET under RFMF

10
9,
>~ 8L
%58
&8 Tt "
H_E'EEEG, oo " AA
wgk "
§§4> o y=0.017x - 1.288
A
<3t ° R R=0212"
2 1

240 260 280 300 320 340 360 380 400 420 440
#E7K & Evapotranspiration (ET)/mm
d. FPR/KAMFIFIRCE FIFBK R R

d. Relationship between WUE and ET under FP
T * e i3 5IFRIRTE 0=0.05 Al a=0.01 KT L& EHIG. T,
Note: * and ** denote significant correlation at ¢=0.05 and a=0.01 levels,
respectively. The same as below.

B6 RRAHA XN FHKEE L4
P E R KA ZFE G K A
Fig.6 Relationship between evapotranspiration and
seed yield, water use efficiency of winter oilseed rape
under ridge film mulching and furrow planting pattern
(RFMF) and flat planting pattern (FP)
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2.5 FBEAAME

AN TR b T QA e X AT SR BRI F R B
ERmW (R 2). fEMFEFMIETEN, NAE. NPE 1 NRE
Yo it SR A BG IN S G 0 fS BRI, NPFP it 0 = 1) 384
M. £ REMF F, N180 4P/ NAE. NPE 1 NRE
FEARBI NI, B 2016—2017 45 NAE 535 5T N240 4b
AN, HANE 5 N240 ALBEGC R Z 5 N240 5 N180 4t
FEfY) NPFP AAERE R . /£ FP T, N180 AP
NAE. NPE 1 NRE F:A K, H N180 Ab# 3 a (1)
NAE 8.3 KT N240 43, NPE A1 NRE 5 N240 4bPH5)
TREZES (B 2016—2017 4 NRE &% KT N240 kb#
Ah); N180 4bHER NPFP 5 N120 A LEZEZR,
2015—2016 F1 2016—2017 4 & 3 KT N240 4b #
(P<0.05).

EARWEFH, KA REMF 1 FP R &UAEAR 2= F %
A B F R R SCOR FE SRR ], WOAR I TR
&I A2 7= 17 Ee i REME Al FP A3 ) UIEF) 30K
25, EME-ZE T, RFMF 4P A 0 &I
s HERF FP, 3 a ) RFMF K N300 &b (1) &0 A
A NIRRT FP, ~FIW N 30.8%; 2015—2016
F12016—2017 £ RFMF F N240 403 (1) &I i 4= 7= 112
WE KT FP, ~FHnT3Ein 39.0%.

RFMF il FP T &5 5 471 52 1 BUEAR 22 H 2%
B R R AR R R R IE KRR, 5
BIEMRAE D R2EM LR (B 7. hE 7 AT,
TEAFIFEZE T, REMF 4321 SR AR 24 R F 20%
W AR FH 2R AN IR 2E 72 15 R KT FP. it T &R
AR MR, MR RN T 244.8 kg/hm® i, RFMF X
T FP; M E KT 244.8 kg/hm’ I, FP KT REMF.
2.6 ZFWEHESH

% 3 4 2014—2015 €£.2015—2016 £F1 2016—2017
SERF AL EE R AR A5 a8 AT o ZEAH R R 75 =X
T BRI A 2o I A T R 3 o 3 S ek
., E REMF 30T, N240 AFR s sk, 3 afd
NP5 3038 (9 538 J6/hm?®) 20 HIEE NO. N60.
N120. N180 1 N300 4b¥E = 8 428 Ji. 6 885 Ji. 4 202
JG~ 1070 JGAT 1308 JG. 7E FP J730F, N180 Ab3 1%
RERER, 3 a FAUFAE 3R (7 498 J6/hm?) 435
EL NO. N60. N120. N240 F1 N300 4-3 5 6 078 T 4 925
TG~ 2520 JG. 322 G 1070 7G. 2 Fl7 s e i Ak ok
ALL, RFMF P42 27.2%.

TEAR AR T, 2 FhfhaE 77 20T &3S 1% 2% a0 T
LA 60 kg/hm? 534 2 M BL. 78 NO Al N60 Jiti ZALHE T,
RFMF 77 20 & 32 i 3iaa T FP 730 (2015—2016
A N60 Jiti BACFERR AN ); 7 N120. N180. N240 i1 N300
JEEAE T, REMF J5 0N &S 3as KT FP ke
REMF A1 FP J5 20 N A& I3 3 a8 2 ZE7E NOWN60N120,
N180. N240 F1 N300 jiti BALFE /51 —-560~—115 F0/hm>.
—490~735 76/hm?. 165~485 Jt/hm?. 480~ 1 435 JG/hm?.
1570~3 420 jo/hm?> F1 1 165~3 055 jo/hm’. A W,, 1E
N240 jiti & AL T REMF Al FP J7 3 N &M 425 2
K.

R2 ARIAET LM RBKFFAENAE). RALEIEF
FAZ(NPE). FABIRUFI A=
(NRE)FAZUAE R 4 7= J1(NPFP)
Table 2 Nitrogen agronomic efficiency (NAE), N physiological
efficiency (NPE), N recovery efficiency (NRE),
and N partial factor productivity (NPFP) of winter oilseed
rape under different treatments

R 77 2 A&

R Planting Nitrogen application NA NPE NRE  NPFP
Lol ol o Lol
Year pattern rate/(kg-hm ) /(kg'kg) /kgkg) /%  Akgkg)
0 _ JE— JE— JE—
60 5.0de 19.5b  25.7b  29.0a
120 7.7 272a 28.3ab 19.7b
RFMF
180 8.6a 25.8a 33.2a 16.6bc
240 8.2ab 25.8a 31.7a 14.2¢
2014
_ 300 4.7d 182¢c  25.6b 9.5d
2015
0 J— J— J— J—
4
60 4.6d 17.2¢  27.0ab 24.3ab
120 6.8¢c 24.1a  28.2ab 16.6bc
FP
180 7.4b 254a  28.9ab 13.9¢
240 5.5d 23.6a  23.3bc 10.4cd
300 3.8¢e 21.3ab 17.8¢ 7.7e
0 J— J— J— J—
60 5.8b 232a 252b  26.3a
120 5.2bc 17.0b  30.8a 15.5bc
RFMF
180 6.5a 19.7ab  32.7a 13.3¢
240 6.2ab 19.9ab 31.0a 11.3¢
2015
_ 300 3.8d 16.0b  24.0b 7.9d
2016
0 J— J— J— J—
i
60 2.5¢ 14.8¢c 17.2¢ 19.1b
120 4.5¢ 16.0b  28.2ab 12.8c
FP
180 5.6b 20.lab 28.0ab 11.2¢
240 4.2cd 19.5ab  21.6bc 8.4d
300 2.9e 1796  16.1¢c 6.2¢
0 J— J— J— J—
60 5.5¢ 28.4ab 19.3cd 23.2a
120 9.1b 31.7a  28.8b 18.0b
RFMF
180 10.4a 32.5a  32.0a 16.3bc
240 8.9b 28.4ab 31.3a 13.3¢
2016
_ 300 6.6d 2576 25.8b 10.2d
2017
0 J— J— J— J—
i
60 5.3e 22.4¢  23.5bc  20.l1ab
120 7.4¢ 29.1ab 25.4b 14.8¢
FP
180 8.2bc 29.5ab  27.7b 13.1c
240 5.6e 25.8b  21.7¢ 9.3d
300 4.2f 25.5b  16.5d 7.2e

ZEA LU B M FR 3 3% 25, 3 a ) REMF J5 20 N240
WIS NI, FE4 5 1; RFMF J720F N180 Al N300
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ALPRA R aE AR, HEAL 2 803 fi7; T 3 a 9 RFMF #3 2014—2015. 20152016 F 2016—2017 £F
JiAR NO ACEER IR O AR, fRAER 120 W, RIS T iR A 258
£ REMF T, SiisE A beim e iizs, Mz Table 3 Economic return of winter oilseed rape under different

e s treatments in 2014-2015, 2015-2016 and 2016-2017
BEAEECKH REMF 73,

37 ! Outcome/(7G-hm )

o H e
10 - e p—
~ W RFMF Tl Eﬁf\‘i PN ik R Econo-
"_520 A FP Eh o R al ﬁ%:il Income T BEEL WicEk mic 4
% 8 —REMF Year Planting GF o /(G Establish gt JE - benefit Rank
g e Patlern o hm?) ) ment for gl est Ot 0T
g 6 cultivation hmfz)
{?{- p “ pattern
E 41 < \\‘ 0 7210 2400 462 750 1500 2098 12
& Veer= 1.240 + 0.080x — 2.24254x2
E R2=0.955° 60 8710 2400 552 750 1500 3508 10
X 2r Yep=0.800 + 0.069x — 2.004E—4x?
= R 0.843" 120 11820 2400 642 750 1500 6528 7
& RFMF
< 50 5 510 300 180 14935 2400 732 750 1500 9553 2
HiZ. & Nitrogen application rate/(kg-hm) 240 16010 2400 822 750 1500 10538 1
a NAEFIHERE X Z 2014
a. Relationship between NAE and nitrogen application rate — 300 14215 2400 912 750 1500 8653 3
8r 22;5 0 5900 975 462 750 1500 2213 11
B 60 7290 975 552 750 1500 3513 9
221 120 9970 975 642 750 1500 6103 8
S FP
& 180 12515 975 732 750 1500 8558 4
20 -
ﬁ y, 240 12490 975 822 750 1500 8443 5
% 6l %‘ZTOZQE“?“O +0.091x - 2.897E~4x* 300 11605 975 912 750 1500 7468 6
£ Yor a0+ 0.3 =334 0 6145 2400 462 750 1500 1033 12
® 12 . . . . . 60 7895 2400 552 750 1500 2693 9
0 60 120 180 240 300
&% Nitrogen application rate/(kg-hm2) REMF 120 9275 2400 642 750 1500 3983 7
b. NPEFIfi R RN L R
b. Relationship between NPE and nitrogen application rate 180 11955 2400 732750 1500 6573 2
36r 240 13030 2400 822 750 1500 7558 1
2015
£ 5l _ 300 11900 2400 912 750 1500 6338 3
; " 226 0 4975 975 462 750 1500 1288 11
’f‘é’ 60 5735 975 552 750 1500 1958 10
EX o 120 7685 975 642 750 1500 3818 8
= o0) Jeens = 12.020 + 02195 — 5.813E AN 180 10050 975 732 750 1500 6093 4
== o . N
Flel N vnasoroteer_saEar 240 10035 975 822 750 1500 5988 5
ep= 14 166x — 5.
0 R=0916° 300 9310 975 912 750 1500 5173 6
0 60 120 180 240 300 0 5310 2400 462 750 1500 198 12
#i%& & Nitrogen application rate/(kg-hm2)
c. NREFIGEE BRI LR 60 6960 2400 552 750 1500 1758 10
c. Relationship between NRE and nitrogen application rate
120 10790 2400 642 750 1500 5498 7
30 RFMF
T . 180 14660 2400 732 750 1500 9278 3
25t
o ol 240 15990 2400 822 750 1500 10518 1
6 A
£ 201 _ 300 15260 2400 912 750 1500 9698 2
=9
E 154 227 0 4445 975 462 750 1500 758 11
Lol \\\ 60 6025 975 552 750 1500 2248 9
ol Veenr=27.92 - 0.065x A~
= R2=0.900" e 120 8880 975 642 750 1500 5013 8
s 5r Yro=23.11 - 0.056x FP
= e 0037 180 11800 975 732 750 1500 7843 4
0 60 120 180 240 300 240 11145 975 822 750 1500 7098 5
Ji% & Nitrogen application rate/(kg-hm2)
o 300 10780 975 912 750 1500 6643 6
~ dNPFPFIBREHRR
d. Relationship between NPFP and nitrogen application rate e LW S Ttkg Lo R BT R A FE R 975 JG-hm 2. R
A7 RRAMEFTXTHAATELAHER 450 Jo-hm™ AW 975 Johm*; JRRMEHEIRE 15 Joke's BEAE

0.8 Jo-kg s AL 3 7o-kg ' FMIWIAE 2 Jo-kg s WFHE 750 Jo-hm Y ibAL M

feR 541 R A (NAE). 2241 254 (NPE) 3 HELEE IR R SRR s 1 500 TE-hm 2,

B F) B ﬁii(NRE)fWﬂ%i}i 7 (NPFP )élj *x % Note: Rapeseed is about 5 yuan~kg’1; establishment for REMF pattern included
Fig.7 Relationship between nitrogen application rate and nitrogen plough (975 yuan-hm™®), plastic film (450 yuan-hm®), and the form of RFMF

k5 - . O .
asronomic efficienc AE). phvsiological efficiency (NPE pattern (975 yuan-hm™); fertiliser included urea (1.5 yuan-kg ), calcium
g y (NAE), phy & y ( ), super-phosphate (0.8 yuan-kg™), potassium sulphate (3 yuan-kg™), and borax

recovery efficiency (NRE), and partial factor productivity (NPFP) (2 yuan-kg ); harvest is about 750 yuan-hm; other included sowing, weed and
of winter oilseed rape under different planting patterns pest control (1 500 yuan-hm?).
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3 W o
3.1 W EIFHMREMERZRANEE

KEMARY, BTZEENMRE T RIFRIK
WA, TEVIRIAR RAF RN 0, A 138 1K 7 R 5 45
5 S AEISORI R, b 540 R A et 120 ACHIE
Fi, ZEVHEENUME ISR, ot B A
RABMRE S AR T 142%~61.5%F 17.4% ~
61.3%. X522 7T 45 ) — 5.

AT, TE 2 FFE AT, &R AR R
P A S b _E A B E AR R RO, i
it AT SR b R R A A R R AR A
HREMN, HEF THRa%. X5AF RSP0
3. Xue Z5PI7E B R . Bu Z5P47E £ KM Kamiji 2578
AR E R TSR3
3.2 FFRmE. FAKEFKEFBHBE

2B VR S R R 2 S TR mE AR X I RS K
BEIMVEMIIR X 398K 20 (A RehEl 20, 4R s A =
B KR HBCRAE WA T, AT, ZEVH4%E
R iR B O 5 R e R TSR & 15.5%~43.5%, KA FIH
B 25.5%~69.6%, LA HERIFEKE 3.4%~9.9%,
ZERGHERTIM AR5 5 Qin %A1 Zhao
SRR R 28 A — B, X AT BE A F VR FE KR AR A AR
B A B A AN IS R . Qin 2R, 2B
RN F AR 7 SUREAS S 35 PR IK  40 58 A6 E 1T AT G A
KE, TSRS KEFKEHEE N, e
R AR 7 20T A S AN [F) A2 B B A R FE KRR R et —
2T

FAESKT T HE AR 7= B AR 5 B 2R AR H E
B, EANEOT, RMEERWENMESAET, EY
(7= A 7K 23 R FH RCR WARMR, 1% 2 B TR 1 it 2 =
IRAGE T AT, (ERVAEENTRE TR, i
REAE 0~60 kg/hm® U, MR EAK DRI
RYEFFAE 1 062~1 579 kg/hm?® F1 3.1~5.6 kg/(hm* mm), 1fij
LEEERIGINE 240 kg/hm® B, ZHSER = B ALK 5 FI
RCERIEINE 2 606~3 202 kg/hm® A1 7.8~9.5 kg/(hm*-mm).
ARHFFE A, I R I A SR R K R, X
52 B0 W 7045 F— 81O X a] e DR A it e
JE, YEVIRH AR A B N, B
FETE 2 (1 LK1,

Yang ZEPWE/INZFIFK IO FE R, BUEAR A
FHZR L A BRI 28 MR USRI F 2R R0 i AR = ) 350 i A it L
BRI I0 T B2 A . T Xue S5 2378 SRR (A 55 R TN,
B R N, R 1) S AE R AR P e Sl 38 i s B
IS, BB A7 77 I B BRI . ASHIE T 5 A4 Tl S AT 5
g B 5 Xue ZPIHE T 45 AR, 105 Yang 252 A 70
GERA . FRHER, PR SEMRE R 52K
HK,

2014—2015 £EA1 2016—2017 FEAM A& K7
I AN AR A2 7 J 13 B 8K T 2015—2016 4, 18
b 3 a K, £ KIN 2014—2015 SEH1 2016—

2017 4F 3. 4 A1 5 H K EZZE KT 2015—2016 4F,
M 34 A1 5 H IEAE A FE P b M XA TS 1 SR £ SR 30,
XA PR LT R TR X, RO PRI E K AR
KIS A AR A FA N
3.3 ZFMES

) B IR AU O B T K AR 7T b R B, 51658
SPAEFPREAR LG, 2870 5 W Fh R REAS 214 i I 4 BF RUaS
TEZSEDOE Xt A R A BIE 72 B A3 BUAR LA 45 51 . ZEAHIF
o, YR ERLE (0 B¢ 60 kg/hm®), RFMF J7 &
WA BT FP, MAKRET&EE (120~
300 kg/hm®), RFMF 5 A& R 4 B A i = T FP.
FRIJER, FEEREFANEMRER R T, REMF 77 204
SRR PR ROR R B i, T LR B AT (HL
MO TR F, FERERRELT, AEERH
RFMF 77 2R 49 3

s 1 72 DRI 77 26 B 2 T 2K (1 28 5 280 2 o it o PO 486
IR RS, e 150 kg/hm® (148357 3030 Fedif «
MEILZ (200 kg/hm?), AU T KA P2 R FEE, 10 H
REARL R ARG I, RN RG> (0. 50 Al
100 kg/hm®), A BARE, HEERMK, RSzt
RZ o ARWFFH, 2 PPl 77 KT &R &5 s 5 2
At o it 28 () 3G I a3 = BRI s s, (H 2 Rt
THRREF M MR = A A, RFMF J5307E N240
MR AL RO, T FP 5 3 7E N180 i ZAbEE i K. &
B2 (1) J5 [K J& REMF 7 20 N240 Jifi A0 B R A SR A 18 i 4
WSEF=REE ST, 1 FP J5307E N240 jila 002 T 1 43
KrE R H I AR PR
3.4 EHEAEMHE

KEMARY, EEibEREEEREEDEL. 2
Ve s T i B RS e i T R,
mH, dEEEES T R— RS NS, . 15
F R AS IR SETS Je it KPR =AU N,O H R EHE
P, s PR R R RPN Rk, B ANIE
EVTEAFEARR TGS E AR R R EE . AR 28
VoS T PR AN A% G P R 7 20T A s B AU E
HHAT THFIC . fEARGTERIE 30T, %% 180 kg/hm?
RE D B P R AR O BT AR R
R B AR R R, HEEF FHACRBE A Z,
T 24t Z B 180 kg/hm? I, & JhSE A L3 T4k
B AR RPRICE AR A TR AR, K>
FEER 2R B2 AR L, EAE SRR E J5 50
N, ASE IS B AR 180 kg/hm?, 1X 578 L 450
ANAR U B RFF 7T 45 AR L

EZENEMAE AT, HiEEMET 240 kg/hm®
B, A BT i AR R AR R AR R
PR E A, K SRR AR B
Rltk, 7EZZENMR T, AMRMIEEEEN
240 kg/hm® . ZE7E SRR 7 20 &0 22 1038 B it 2 = L
FE G FVERE S 60 kg/hm?, X AT A AL R N 7E 2274 S F A
7T, AR X I A K R i, Aefe sk
EEF OOl
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ANSC XA A b 75 ORIt U T &l e
EAKEA BT THEIT,  mAS R R 5 s 4
N R A R A AR R I HE O A AR T

4 % g

1) 522V)4% MW (ridge film mulching and furrow
planting, RFMF) #ftt, %% F{E (flat planting, FP) Ff
77 F &S i B3 T4 i & (aboveground dry
matter, ADM) EEWIN 14.2%~61.5%. XA ER
N 17.4%~61.3%. FFRL ™ 521N 15.5%~43.5%
FK AR AR (water use efficiency, WUE) & E#E 5
25.5%~69.6%, [FII4-7H32 HI#E/K & (evapotranspiration,
ET) 2% [FMK 3.4%~9.9%.

2) RFMF AR, AR ADM. &R BRIk
. MR R WUE £ 0~240 kg/hm? i 2 &0 E A,
i i R 3 ) 2 R E I B, i ZE Fl S, ADM
ME R BRI EA KA BER, ET BN, Ff
BB WUE R E G, FP AT, S &IGHE N
0~ 180 kg/hm*. 2 Fifika 7 0, &S BUIEAR 27
F (NAE). EHF|IHZFE (NPE) FIRUCAIFHZE (NRE)
5 it 2B OB N S S T S B e, BEARIITE N180 AbER
KB KAl A TMSEI NPFP [ it %0 & 18 b i A

3) RFMF 30 F, N240 &b FE A S R kL F
s, 3 aF¥y 3 002 kg/hm?® F1 9 538 Jo/hm?; FP
J730T, N180 b Ay SE AR ™ B AP A s e i, 3 a
SFHIN 2 291 kg/hm?® Al 7 498 Jo/hm?s 2 Rk J7 201 &
PR A AR E, REMF 1] 23 53 5 31.0%H1 27.2%.
AL, 76 [ PE AL X SR FH 22V SR R PP A AR B B P M &
MR A7), HUIE H %R 240 kg/hm®.
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Effects of planting patterns and nitrogen application rates on yield, water
and nitrogen use efficiencies of winter oilseed rape (Brassica napusL.)

Gu Xiaobo, Li Yuannong™, Huang Peng, Du Yadan, Fang Heng, Chen Pengpeng

(College of Water Resources and Architectural Engineering, Key Laboratory of Agricultural Soil and Water Engineering in Arid and
Semiarid Areas of Ministry of Education, Northwest A&F University, Yangling 712100, China)

Abstract: Poor soil conditions and drought stress are 2 main factors restricting the agriculture production in arid and semiarid
areas of northwest China. The ridge film mulching and furrow planting (RFMF) cultivation pattern, which employs ridges
mulched with plastic film to serve as the runoff area and furrows used as the planting area, has been shown to have the ability
of improving soil water availability, yield and water use efficiency (WUE) of maize, wheat and potato. However, the RFMF
planting pattern has rarely been tested in oilseed rape (Brassica napus L.) for yield improvements in areas where soil
evaporation is high. A 3-year (2014-2017) field experiment was conducted to determine whether the RFEMF cultivation pattern
has the potential of improving winter oilseed rape productivity. The optimal nitrogen (N) application rate for the maximum
yield of winter oilseed rape under the RFMF cultivation pattern was also determined. Winter oilseed rape was planted in
RFMEF and flat planting (FP) patterns, both with 6 nitrogen (N) application rates: 0, 60, 120, 180, 240 and 300 kg/hm’, named
NO, N60, N120, N180, N240 and N300, respectively. The results showed that compared to FP, RFMF significantly increased
aboveground dry matter (ADM) by 14.2%-61.5%, nitrogen accumulation amount by 17.4%-61.3%, seed yield by
15.5%-43.5%, water use efficiency (WUE) by 25.5%-69.6%, nitrogen partial factor productivity (NPFP) by 15.4%-43.0%, and
significantly reduced evapotranspiration (ET) by 3.3%-9.9%. It was manifested by linear fitting that seed yield and WUE were
much higher in RFMF than in FP cultivation condition when the plants of winter rapeseed consumed same amount of water.
ADM, nitrogen accumulation amount, seed yield, and WUE of winter oilseed rape were significantly increased with the
increase of N application rates (in the range of 0-240 kg/hm?®) under RFMF cultivation condition. The ADM and nitrogen
accumulation amount did not vary significantly, while ET increased significantly, and seed yield and WUE reduced
significantly when N application rates exceeded 240 kg/hm’. Under both RFMF and FP cultivation conditions, N agronomic
efficiency (NAE), N physiological efficiency (NPE) and N recovery efficiency (NRE) of the winter oilseed rape were all firstly
increased and then decreased with the increase of N application rates, and reached the maximum at N180; while the NPFP was
consistently decreased with the increase of N application rates. No significant differences of NAE, NPE, NRE and NPFP were
found between N240 and N180 under RFMF cultivation condition (P>0.05). The highest yield and net benefits of winter
oilseed rape under RFMF and FP cultivation conditions were found in N240 and N180, with the average seed yield of 3 002
and 2 291 kg/hn?’, and average net benefits of 9 538 and 7 498 yuan/hm” across the 3 years, respectively. The highest yield and
net benefit in RFMF was improved by 31.0% and 27.2% in comparison to FP. Present study indicated that REMF cultivation
pattern has the potential of improving winter oilseed rape productivity in arid and semiarid regions of northwest China, with
the optimal N application rate of 240 kg/hm’.

Keywords: fertilizers; cultivation; planting pattern; nitrogen application rate; seed yield; water and nitrogen use efficiencies;
winter oilseed rape



