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Effect of plastic film mulching on soil water and nitrogen balance in dryland
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Abstract; Soil moisture and nitrogen are two major factors that limit wheat yield in northern China. Previous studies have
investigated the effects of different film mulching methods on soil water, nitrogen balance, and yield in dryland wheat fields.
The present study consisted of four treatments, including farmer mode (no film mulching) , a control treatment (no film
mulching) , and two film mulching methods, either ridge film furrow sowing or flat film dibbling. We aimed to identify a
suitable film mulching method for Loess Dryland Plateau and to establish a theoretical basis for producing high—yield and
high—quality wheat in southern Shanxi, as well as in other areas in China. The results indicated that ridge film furrow
sowing and flat film dibbling increased winter wheat yield and that the effect of flat film dibbling was greater. Compared with
the control treatment, the grain and biological yields of the flat film dibbling treatment increased by 22.71 and 25.45%,
respectively, and grain yield was also positively correlated with spikes per hectare ( correlation coefficient = 0.838),
indicating its importance in increasing grain production. The water consumption of ridge film furrow sowing and flat film
dibbling treatments were higher than the other treatments during the whole growth period, whereas their water use efficiency
was slightly lower, although not significantly. Interestingly, compared to the farmer and control treatments, film—mulched
winter wheat absorbed more water from deep soil (100—200cm ). More specifically, the deep soil water that was consumed

by the ridge film furrow sowing wheat accounted for 48.88% of the total soil water storage, whereas that of the control
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treatment only accounted for 35.75%. Plastic film mulching also increased the rainfall production and leisure efficiencies of
wheat fields by 9.46—30.16% and 9.95—39.22%, respectively. Plastic film mulching promotes the mineralization of
nitrogen, which can promote the absorption and utilization of nitrogen by wheat, reduce the residual nitrogen of soil, and
increase the yield of winter wheat. Overall, both ridge film furrow sowing and flat film dibbling effectively improved the
uptake and utilization of soil water and nitrogen by winter wheat, thereby increasing the yield of winter wheat. The
observation that film mulching promotes the utilization of deep soil water by winter wheat should be investigated further, so

as to better evaluate characteristics of soil moisture consumption in different soil layers.

Key Words:; dryland wheat; yield; plastic film mulching treatment; water use efficiency; nitrogen balance
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1 ZNZEFHKETE/mm
Table 1 The rainfall during the growth period of Winter Wheat /mm

10 11 121 1A 2 A 34 4H 51 Bt
October November December January February March April May Total
10.90 6.20 0.00 4.20 3.30 0.50 38.60 32.20 95.90

PR R AS A K S, B gt pH S 7.59, 82 R ML S O 14.35¢/ke, AN
0.75g/kg , TS AN 12.25mg/ kg, A 5N 12.61mg/ kg, A 3480 N 235.66mg/kg, CEC 4 31.17cmol/kg,0—20 .
20—40 ,40—60 .60—80cm +IEZH /TN 1.36.1.32 1.45 1.39g/cm* ,80—200cm +JZHILL 1.48g/cm’ L,
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Table 2 The experiment design

43 F B/ (kg/hm? R B . e
e TR (/i AR BE R st
Treatments utrient input Cover in summer Tillage methods Patterns
N-P,05-K,0 fallow period
A PR e 750 IRFBE VR IERTAE W L AF, 3% A R e BF I
Farmer mode 150—60—0 FiAT R 30cm B3 1Kk 13em, AR #E R, 4785 20cm
B2y
IR 51—83—53 Al 1 Al I Al 1
Measurement-control treatment
I N | AR SE AR AR 28 LRI 36 A RN 3% b, FE A 2
o . [Fi) P-4 it 2 LRI W NFEAT R RERUHE 1 CRE 1 AT, AT R 20em, 28 98 35em, 14
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#t 30cm 7 5 i 30cm
Lo Tl JE 8 A T
T NEWGR R, dk S PR 0.5—1lem 7cfi, 4% Fh IR 3—
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ARV RE T 2 /N ZE R R i AR e RSO AR B 25 SR LI 1, F BT 1 AT, A5 b B/ INZ (R R
FEE A W e 2 BIAE 4350.19—5662.15kg/hm® 1 9633.07—12823.33kg/hm? 22 [A] , H 4% 7 JIF kb 3R A AN B 5 AL
BRI ASTRIRR BE A i R e ST S R 2 R 7 4 Ak 3855 R [ 9t S 5 198 AN 7 S A BEL A L, o 7
S BN 22.71% ( P<0.01) 1 9.46% ( P<0.05) , A=) 7=1m 43 i3 i 25.45% ( P<0.01) 1 13.22% ( P<0.01) ,iX
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1 AEAZBBRAXT/NERFR=E Y= EMBERIEE
Fig.1 Grain yield, biomass and harvest index of wheat under different film mulching methods

AFEKREG FhEFRRZE TN EE (P<0.01) /NG FREFR R 25 1.3 (P<0.05)
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ARV T 3T 52 b /N2 0 OB RS R B30 b7 B P 0 2 25 3 DL 3, R 3 3 TP, 45 A BN AN
TR BRI Tk 43 HIHE 525.00—662.60 (10* ~/hm?*) ,23.60—25.60 (/~/7# ) 1 41.30—43.80 ( g/1000 ki) 22
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Table 3 Spikes per hectare, grain number and thousand grain weight of wheat under different film mulching methods

AL T AR (1044/hm?)
Treatments Spikes per hectare
RIS Farmer mode 525.00Bb
Wi AE Measurement—control treatment 547.70Bb
BV Ridge film furrow sowing 641.30Aa

PR HE Flat film dibble 662.60Aa

FRIEL (4B TF-HiE/ (/1000 Ki)
Grain number Thousand grain weight
23.70Aa 41.30Ab
23.60Aa 41.80Ab
24.30Aa 42.10Aab
25.60Aa 43.80Aa

ARKRE TR R ZER TR (P<0.01) /NG THRRIE R B3 (P<0.05)

R 4 N/ NARPRLP S AR L ) AR O S T R TR /N kAR 6 5 2% BRSSO T
HZ [A] R 0R AR S | T2 VU RSS kA e 2 [ A R S P i s (RO AR K r 09 0.838 ™), B W 23 LTk
RN B o /N =i R/ NI P I BN R 2 —

R4 DEFHFESFTEMBBEXES T

Table 4 Correlation analysis between grain yield and yield components of wheat

i e ot STt
equation coefficient critical value of r
iffrfjn%d%fif&numba y = 0.001x+16.56 0.548 16 roos = 0.497
o FoR M B EHIIE(P<0.01) |, * FoR B EM K (P<0.05)

2.2 AR A H KO s - o RPRERERNT —e— R PRI
221 REBEBT RN 0—200em + 2 HHOKEK L U<tk S <L

gm0 weo TR ——— PRERIR R

L3k
ARV RS 5 N & /N2 P TS 0—200em + 2 Soil water storage/mm
Pk BRI 2 3, B 2 P 3 AT, 45 b E e 2 > - i
WSROt 7K 5 4 BT AH L, YA SRR B (R AR, B 20 ¢
W& 125.57—192.98mm,, [7] isf, WAk f 7 i 7 Ak 2t 40 +
) 2m 2K R AN B A AR R BRI, A 60
R A B ) AN BB A BRI 11.96%—15.06% (P< 8 80
0.01) B A4e PSR HEAIR 12.62%—15.70% (P<0.01), 5 100}
AR T2 ) AT B AT T N £ T 5 10}
IKAYBASAE AL T T B W5, 45 SR W, 78 /N 22 i A 0] b 140
FEAE 56 25 1 T 1 B K X 5 T g b 53 IR T FIK 160 |
7] 40—60cm - )2 D - 7 A B A A B K 180
T3, 76 2 FEI | 78 A PR AR AN 78 B A B 200 -
SATIRE T RE A /N AN EFRA K AMABARBGEXY ®2 FRBEAXTFLNEET KRS 0—200cm + 21 kS
IR R BT R B K o 1 B T R e BER
Fig.2 Changes of soil water storage of 0—200cm soil profile

XA TH 7K 73 BAT BRI RE JT , 16/ N A K o3 5
WA I A K 73 DLBE R /N A2 WSR2k
INEERE X G A WIS R REAA L

before sowing and after harvest of winter wheat under different

film mulching methods
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34.56% (P<0.01) ; 28 JIE 6 4% Ab B 5 U 78 JE 1 00 42 it M R e P 485 =X B, 20 0l 3 87 19.06% 1 23.74% (P <
0.05) . HIE 4 tonl 1, W h 7 R Ak B A A 78 AL B 1% 7K 20 01 FE R BB A T IR RRAIR , (H 22 RN 3%
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B3 FAEEBEBRAXTZNERRE 2m LEPKSETUER

Fig.3 Total amount of soil water storage of 2m soil profile under

H4 FREEESXFRHERm tERKERASFHAES
LiER

different film mulching methods after harvest of wheat . . .
Fig.4 Changes of WUE and water consumed of 2m soil profile in

dry wheat land under different film mulching methods
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— 3, X EEE PN R R AR LR L 2m, A
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=3
(=}
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S
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5
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R ot:.{/bv) STg X1
Change of soil water storage/mm
I
S

90% HIM RMRIALE i AE 1m LJZRLE, WA S du] §¢ BEf 2:f¢  EZ
A - I R AL B 100—200em - J2 97K k1 Eif R E:
SR IEAER B4 o R 39.509% Fil 48.889% , T2 1t s : P E
AR P A R A BAE 100—2000m 22 43 ) i ik £ g =

35.75%1 30.84% , i W 2 FELARE HE 1 /N2 X2 380K

padiopl
Zadil] ﬂﬁﬁoﬂ — . AR EEOKSHEREER
2.2.3 ngﬂﬁﬁ}hxﬂ‘*i}mi B}]F%jj(/_:lzfi: &iﬁﬂ]ﬁ( PFJ Fig.5 Consumed of soil water storage of 0—100cm and 100—

ESA ] 200¢m soil profile before sowing and after harvest of winter wheat
ANREE T 20T b 22 W R K A Pe b R ) 8 4 under different film mulching methods
WS, 2 S A, AL BE AR K A PR AN
FE AL FRAA A 2 4 R, HL DAY B R Ab BRARCR e, L e~ B R Ak 3L 5 90 7 it S R e P 8 R L 45 e
ORI 2R & IFNAE ) 223 I3 55 22.719% (P<0.01) F1 30.16% ( P<0.01) ; 22 E 48 Ak PR BERAL B4R 5
9.46%—16.11% (P<0.05) , UtFHZEMEREA A& K LRI, DI £ 55 572 1 22 FH R R K AR =80

B5 AEBEARXRTLZ/NEMERE 0—100cm 5 100—200cm
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Table 5 Changes of rainfall production efficiency of 2m soil profile in dry wheat land under different film mulching methods

PRI IREK AT BIFIK GRS
‘ EPRCK APEE APERE
PRI A R , - :
e . i AF T Production Production Production
g R T 6% ) . - - -
L . . Rainfall of year efficiency efficiency efficiency
Treatments Rainfall of leisure Rainfall of growth . L S .
od/ Y /mm of precipitation in  of precipitation in of annual
pertoc/mm stage/mm leisure period / growth stage / precipitation/
(kghm™? mm™) (kghm? mm™) (kghm™ mm™)
A 413.30 95.90 509.20 10.53Cc 45.36Cc 8.54Cc
Farmer mode
NIEAS
WEREE 413.30 95.90 509.20 11.16BCc 48.11BCc 9.06BCc
Measurement-control treatment
ey
iﬂﬁ(@jﬁ . 413.30 95.90 509.20 12.22Bb 52.60 Bb 9.92Bb
Ridge film furrow sowing
LR 413.30 95.90 509.20 13.70Aa 59.04Aa 11.12Aa

Flat film dibble

ANV 7 20T 5 M A2 AR PR SR A 2 45 SR W26 6, il 2 6 R0, P i 8 JIES Ak T 45 R B0 TS L | PR PRI
SR NI R B )4 /R, L AT B 7 8 A B 1 Rd 3 e A, A [ 0 42 it A S %) A 7 R Ak 3L 55 23.22% , 8%
A FIBECHE R 39.22% , ZB IR VA 4 ALk B I 4 it A AR P A 20 Sl B R 9.95% 1 24.22% , B RR T, B IR Ak
FRAEAE /N R R S50 /K PR3, AT /N2 2B K R B 3R A R A /K o 451

®6 ARBEAXTEREMER 2m LERANEZLIER

Table 6 Changes of leisure efficiency of 2m soil profile in dry wheat land under different film mulching methods

R K AT K PRI B 7K PRY S5 2 T -

G OB W AJe i Ik FERTIE K NGEIES J(%. WI—]@F% Tt W RCR
Water storage Water storage Water storage of Rainfall of leisure . ..

Treatments ) . . . . Leisure efficiency/ %

after harvest/mm before sowing/mm  leisure period/mm period/ mm

A P Farmer mode 214.66Aa 332.97Aa 118.30Aa 413.30 28.62Aa

NIEZY

W AR 206.48Aa 340.14Aa 133.66Aa 413.30 32.34Aa

Measurement-control treatment

ZE VR

J—Hﬁm:}% . 212.62Aa 359.58Aa 146.96Aa 413.30 35.56Aa

Ridge film furrow sowing

TS CHE Flat film dibble 212.52Aa 377.22Aa 164.70Aa 413.30 39.85Aa

2.3 AFEEBEIT RN 2m )2 IR E P 5

ARV R /N2 E W 2m HRMAR ARG LR 7, 018, A A = s R
B A& A TE LR A A, A R 3 B e AR AR A it RUIE RN R A T i B ML, 2
S A 1Y 38.68% F1 45.78% ; Hoax 3 Kb B 3 DIRE HT - 4 rh TR = A AL EUE O AU AR IR AR,
A3 R R Y 47.94%—50.62% F1 34.11%—37.44%

TP AR TS A VLA A YRS, o R A S TR AT B R A A AR T AR
FESZ A WA B S AR G . F e 7 W mT i, PR FEE A B 9 B Ak B34 v TS B A 3 e e P B A ey
96.71%—119.16% ( P<0.01 ) ; FAH [0 4 it JE 50 () AS 68 RS Ak 3 B AR 22 S R il 3 (R4 8 1.12%—12.66%
Ui B AT LA 38008 5 4 T I A SO 5%, A R TR e 1k

R R A B VY RS 58 B TR R UG & AR W IsHs b R N R
B IR AR R B AR ORI T P AR 0 — 2 U R s AR R AR AR . R T AT, P R R RN
ZE RS A B ) /N W R S 2 R TN AR B B it M 55 9.98%—19.72% ( P<0.05) , Ak P =42
15 43.58%—56.29% ( P<0.01) . 6B 7 B ] L& BEIE Y 3K S A R TS 6k A AW oA
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KT TRBEARTENELETH 2m TEFNEEFE

Table 7 Nitrogen balance across the whole growing season of winter wheat under different film mulching methods in 2m soil layers

KbFE Treatments
Farmer mode control treatment furrow sowing Flat film dibble

A it R 150.00 51.56 51.56 51.56
N input/ (kg/hm?) i il 177.54Aa 158.79Aa 174.33Aa 169.05Aa
T LA 60.24Bb 117.19Aa 118.51Aa 132.03Aa

SEA 387.78 327.55 344.40 352.64
H FEH s 102.43Cc 133.73Bb 147.07ABa 160.10Aa
N output/ ( kg/hm?) 54 186.48Aa 185.02Aa 183.21Aa 177.17Aa
EIU RPN 98.87Aa 8.80Bb 14.11Bb 15.38Bb

RBL 285.35 193.82 197.32 192.55

REAEIRIR R W LR R R Sl TG Yo i E B S el 2 —, faR 7 il %, 7 s ab
PR R IR S AL B e 22 57 R B3 (AP S B — 2 B R AR R 34, B AR IR 5 58 1.75%—4.99% , Tfi
R e 7 Ak LA R FOURABE A i B 1 T A R 4t A ) S 7 RS AL B (25 RO R B . MAORE , AR
-+t A T A SRR AR R R B Ay, R A T TS e PR ARl AR S R B 1) B LR e

3 FwErig

RIS A S R SEL O %) 1 SR A VR P, A 2 R A P /N 4R R BRI B0 R
K FE A P M AR B, TS BB = VR (A g e I ™) 7 /N3 A K i 300 st S 56 T LAS I VE e
K 3 S K AR (B RTEAZK 2 13 BETEAE , M2 FEUNE TR G S8 a7, i B & S 8UNE A K G
391 - K A3 25 A (RSB AR , AN TE R K BT B s b 7T E , - 5650 T v R MR R T R IR, 1 AR I
TEF= IR 2% S M Ve G AR R A= BT R, S BUNZE P R, RIS AR A R B, 7E K AR BTk
A ANREAE R/ INZE A 7= R B ] DR, DRI ok b P 56 1 PR K 3 7= B R X DA SIS 5 FE RS 1 5 (0 A4y, b st 3348 o
b M S T VSR A [ e 2 PR /NI W L AR TR A AR S R R AR S50mm , AR IR B4R
Py BIAERE R 12 509mm , 7K 34K TH I FR ) 5 b 22 EH s P e R 22 IR 1, DR AR AR R0 25 21 1 S Rl 28
FEE VA 405 A0 AR TH 2 00 R A 384 P 2R | AR ™ i B AN 7 RS A P bl 242 55 9.46%—22.71% .,

P WA N2 A8 H A e P BB 9 & PR, 4% 78 S A B A AR 8 B MK T R B IR AL B 3 5 AR AR 9 45 SR —
B, 3% FE IR OB AR T /AN A K04, FEUT T A PR RO IR SR O S A AR R AR 8 2Rk g N
AR TG, NP IR 28 0 T B Ak o & e =i, R R R/ N = B W SR 48, Mayer %617 58 4
BR, B KRR BORN -7 25 M 4 /N2 B 77 ) 2 B 2 AU B0 7 e A R /N AR Y
WFFE BB BEICAE P i A B — B R P AR G T D B K, R B 1) R BRI 9 3R X S ARG 45 SR 2L, PR R
FHAA B0 R 315 it A B 25 /N2 () 4 B SRR3R | DA T [ e 2 EOURRLSC , Xof /N2 348 7 ke 2 e s Mk AR

M WA N AR 20090—2010 AFEHEFT T A7 S B BT A /N2 /K 4 R RS i 7 Tl A 9, &5 SR A, 45 7
HE Ty S B i T R A T AR B AEK 431 FH 238 DRAF 003 1T 5, 7 2010 4F 78 5 LY 5 1l 25 4% AL RIS 4.40% . fE:
PN BT R AT FAE O R 2 S 5 /N RE K B, (EL G JES 30 e, 4 A 7 S0 I 4 v K
ORI LR S, ZERURAE N RIS 45 Al e Y, b 7 35 b 38 180 /N 22 (B K i (HC R K 43
FIFHZCER SR T A REAL A0 25 R 51T N EEAS AR, 5 R T B2 7 R R AR X 8 oo R R ™ i R A )
Feae, R K A B BT ARE , TR AR T XK A3 B R R, (Bl g R W e A 8 KR
W AN A WA FRE K, DT e HOK A R R

LW WI ) A AR AR TR 2 1 43 (100—200em ) H17K 43 ) FJ2 448 (0—100em ) (5575, AT

http ; //www.ecologica.cn



53 BRIGEZR A5 < 7 BT Ml 2 T b SR o S R R B R ) 9

FEAF I T AU Z5E , I AT REAT LR W5 T 2 — BN 1K 1 R — R (SPAC) 1B
Bt NI BPR 2 13 /K A R g 5 55— BB T/ NAAR R I T LIRS, T2 T /N SR 2 K 43
AR

IS5 2 B gy W) i i R T ML R (b R 7 U A P8 T2 PR, S A B A
GRS , HARHT AL AR AR Tl 5 R A T 1 LG B it R A i R R X S5 AR AT
GUREEAR—E, BHRRR MRS T OIS SR YR B 59 RAC PRI , (HA 5) 1 v i R A /K B R
WEAY A T R AR S o S R RS A PR T2 2 207 DACTRT X P35 3 P — 5 ) Vs A U, 8 J T
DA SR e VR 7 dat ) PR BRI - b S UM SR B2 7 L He S50 RS 601, st B 55 mT LA 0410 o) 7
Wb T 3K 2 0 ARPERE A /N S = A IR, R T 2m RS RAYSR B SHK . ABFTEL R K,
BB FREE FREAR T RS AR B A AT REAR UL 26 | 33 5 R /NET 45 N I 45 SR AR B,
X A] e I R S AR R R ARG A

£ LI ST AN B N5 % A B AT AUHR R A /NSRS K G AR BN RE T, AT B 55
T REER, fRe et T /N HLDAP IR Gl BERR 7 sUBCR B I, PR, i i e [y =X e e R )
28 ] Al A DCHE T (EE R BRI R AR — R B AR TE R RO 5 225 | Rk 1
THORIFEBR XA T TP

S 2 3 HR ( References)

[ 1] T2, 2%, 95k, A6, 2 R RASIR] B K 280 X R oK H 88 PR A0 5 + 38K S ik B B 5T, A 844k, 2009, 29
(4) : 2053-2066.

[ 2] XBHRME, SR, MR, T R 80 A0 X IR W WA B AR MBS, hERAE, 2003, 24(4) « 16-18, 22-22.

[ 3] Z=fk, 2, BUKIE, #igY, B0, BB, ARV 288 25 07 206 & /N2 + 3K 5y FOoK 3 R RISCR B2 . E A RRE ) 2011,

44(16) ; 3312-3322.

] E# CETRMXFERNENEERKET RN, TRXEESHEE, 1996, 10(3) : 56-62.

[5] HHEZ, T#. LRkl £5548, 2003, 23(5) : 1003-1011.

1 RSB MBI (LA . dER, bRl g B AR, 1994 33-36.

[7] ®MEM, 245, HEAERE R ——IV 30T P AR AR NO 5 -N——T 5 T3 AR A AR bR, T 5 AR5,
1993, 11(Sl) ; 74-82.

[ 8] WiHiFy, 2E55, $hilodts, T, REE, DOIGH. S+ S AR S A RBURIE L 5/NE P 6 R N HIZE 2441, 2014,
25(4); 1013-1021.

(9] XUHas, Ebss, Wiy, 258, =mid, XU, ARG R K TR 4N E TN A 2 m K R A5, A 35 5 IR 23R,
2010, 16(2) ; 296-303.

(101 =M, whr [, L, FReke, Bk, 2500, et RREE/KE T KRR IR 02 K+ R 2P, A8 g 5 e kL2
i, 2015, 21(4): 836-845.

[11] #%Ede, BEAKET, IRIAEZE, AR3C, B, R MIEZURBE AL FA /N - FORGEAVEIR R H 3R VA . A48 3 S 0k 4, 2013, 19
(1) 65-73.

[12] BEBE, X%, kaml. /N5 E TR IER R P RN R AR HsE. dEfbRE, 2002, 35(11) : 1361-1368.

[13]  FEON, s, 25053, BIRAR, A, TR0, Mneut. O R /NG P 5 UK s Mg m. ILTEARL AN, 2016, 44(12) .
1793-1795, 1869- 1869.

[14] DuY]J, LiZZ, Li W L. Effect of different water supply regimes on growth and size hierarchy in spring wheat populations under mulched with clear
plastic film. Agricultural Water Management, 2006, 79(3) ; 265-279.

[15] SRMRE, 30T, AR, SO/ N + HOK s ABATTE. VEIARMBI R K224 . AABIERR, 2001, 29(4) ; 70-73.

[16] METEAE. AR RIEL/NER R AR BOKAFIHRZM[D]. 5. FALRMEHE R, 2010.

[17] SR, RS, 2050, R0, i Ay, kIR, T, WK, WRIB4L, B %, P RN, RGN, MIEL/NERREUE 5T
[ 5370 B A AL A, MEE 3 S ACRL 24z, 2003, 9(2) : 214-219.

[18] HeZH, Xia X C, Peng S B, Lumpkin T A. Meeting demands for increased cereal production in China. Journal of Cereal Science, 2014, 59(3) :
235-244.

http ; //www.ecologica.cn



10 A E = 38 G
[19] MM, F#ME, 0T, sk, skalds, FG, Fok, FRI. 2R ik Gl R 5 AR X 4N = U B 9T . A BB 5T,

[20]

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]
[37]

[38]

[39]

2010, 31(6) : 746-749.

Rehman S, Khalil S K, Rehman A, Amanullah, Khan A Z, Shah N H. Micro-watershed enhances rain water use efficiency, phenology and
productivity of wheat under rainfed condition. Soil and Tillage Research, 2009, 104(1) . 82-87.

ZRIESE, WOEGT, LM, AORTC, B, BET, IRV, TN EAC AN M R X S N i KoK AR . A AR,
2011, 31(1) . 212-220.

BB, BRH, £4R, 2, LR MRS ECE /N PR P ERRE, 2001, 34(3) : 330-333.

TR, EWE, AEAR, d, 0, B, WORIK, EAR, X, PO, W RS x BN R T R S A BRI .
E AL E, 2016, 49(9) : 1657-1671.

Zhou LM, Li F M, Jin S L, Song Y J. How two ridges and the furrow mulched with plastic film affect soil water, soil temperature and yield of
maize on the semiarid Loess Plateau of China. Field Crops Research, 2009, 113(1) : 41-47.

PR, SesP 2R, W, TR IR KON R 2O 4/ N H 0K AT L™ ERGSE . R4S, 2015, 35(8) : 2676-2685.
BRI, 58574, W, B, AR O AL N FERFHE SRRt (52 EAOLFL: , 2015, 48(4) : 661-671.
Mayer J, Gunst L, Méder P, Samson M F, Carcea M, Narducci V, Thomsen I K, Dubois D. Productivity, quality and sustainability of winter
wheat under long-term conventional and organic management in Switzerland. European Journal of Agronomy, 2015, 65. 27-39.

B, ZamI], PNEY, bk, S IRMEL AR /A 7 5 7 RN R AR SE R AR 0. PR A, 2011, 27(7) @ 42-45.
R, BB AR N K R R F A= e [ D] 22 . Hfalk ke, 2012.

FEAAS, 2, R, BFT, R, 2T A A R G I R A AL X B /N2 AR K o MoKk 7 R SR 2. P AL AR ARFR R
MR ARBIZART, 2003, 31(4): 1-5.

F i, PV, RRE, BB, B, BB, RNT. AN R K AR T S /N S S X A SO R RTRCR BRI o RO B2
2015, 48(18) : 3589-3599.

Qin S H, Zhang J L, Dai H L, Dai H L, Wang D, Li D M. Effect of ridge-furrow and plastic-mulching planting patterns on yield formation and
water movement of potato in a semi-arid area. Agricultural Water Management, 2014, 131 87-94.

Klg, FLL, BRAER, SKRGE . S 4 B - 7R A2 Vb B 5 VR RS /N 38 A3 A i i IR T HLBE. b [ AR 2Rl 2441, 2014, 22
(10): 1174-1181.

Gao Y H, Xie Y P, Jiang HY, Wu B, Niu J Y. Soil water status and root distribution across the rooting zone in maize with plastic film mulching.
Field Crops Research, 2014, 156. 40-47.

Liu CA, Zhou LM, JiaJ J, Wang L J, SiJ T, Li X, Pan C C, Siddque K H M, Li F M. Maize yield and water balance is affected by nitrogen
application in a film-mulching ridge-furrow system in a semiarid region of China. European Journal of Agronomy, 2014, 52, 103-111.

ete | VRS, INICHE, TRBA AR, BFRIKRF R AR A L BUR AR AN, TR, 2012, 49(3) : 544-551.

Liu J L, Zhan A, Chen H, Luo SS, BuL D, Chen X P, Li S Q. Response of nitrogen use efficiency and soil nitrate dynamics to soil mulching in
dryland maize (Zea mays L.) fields. Nutrient Cycling in Agroecosystems, 2015, 101(2) . 271-283.

He G, WangZ H, Li F C, Dai J, Ma X L, Li Q, Xue C, Cao HB, Wang S, Liu H, Luo L C, Huang M, Malhi S S. Soil nitrate-N residue, loss
and accumulation affected by soil surface management and precipitation in a winter wheat-summer fallow system on dryland. Nutrient Cycling in
Agroecosystems, 2016, 106(1) : 31-46.

BR/ANHT, 203, ERE, /AN, AT, 2T BRI AR T R0 78 K i R RUR A RS . A IR S AR AR
2007, 13(4) : 652-658.

http ; //www.ecologica.cn



