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Effects of Straw Mulching and Planting Green Manure on Soil Water, Nutrient and Winter Wheat Yield on
Weibei Plateau, China

LI Fu—cui, ZHAO Hu-bing, WANG Zhao—hui", XUE Cheng, DAI Jian, MENG Xiao—yu,GAO Ya—jun

(College of Resources and Environmental Science, Northwest Agricultural and Forestry University, Yangling 712100, China )

Abstract: Effects of straw mulching and planting leguminous green manure on soil water and nutrient on Weibei Plateau is recognized to be of
great significance for the high crop yield in dryland area. With bare fallow in summer as control, field experiments were carried out to study
influences of wheat straw mulching, green manure planting and their mixture under no—tillage on the winter wheat yield, and the contents of
soil water, nitrate—N, ammonium—N, available phosphorus(P) and potassium(K) at pre—seeding, flowering and post—harvest on dryland of
Weibei Plateau. Obtained Results showed that straw mulching and green manure planting had no effect on the winter wheat yield and biomass.
Planting green manure and straw+green manure in summer fallow period decreased water storage in 60~160 cm soil layers in stages of pre—
seeding and flowering. Compared with the control, planting green manure significantly increased soil nitrate—N in 0~20 cm soil layer by 10.7
kg+hm™ at pre—seeding and 18.4 kg-hm™ at harvest. At flowering stage, planting green manure enhanced the amount of available P in surface
soil by 43.4 kg-hm™ and 24.4 kg+-hm™ at harvest. However, straw mulching and planting green manure had no significant effect on soil am—
monium—N and available K. Consequently, one—year straw mulching and green manure planting had no obvious effect on the winter wheat
yield, planting green manure decreased the soil water storage but increased amounts of soil nitrate—N and available P in the 0~20 cm soil lay—
ers, and different cultivation methods had no effect on soil ammonium—N and available K contents.
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BERFERX, KOEZ HENENSHRAY,
A [#7K 550 mm f) 60% Lk FEEHFTE 7—9 AY; [FIET +
A AVUR S BL, 2009 4EiRA R, £E&H
THER PRI R 22.97 g-kg P, T 3 + R IR P R
FE AL RIRAHR 114 g-kg? P, I AE T4 E F 3K
S AR KR, AR AE I 22 B T 42X /)N
ZErE SRR RS, R TREEYR, T
EAE R it R LR R A TE , th S B
IS A KRR I ER R L EREMHT
Ko FEIEI =25 B b Y 8 2 & BR, 0~400 cm fR H
+ 3% NO;-N 5B 88 &3k 1 000 kg-hm2 L) | ,50%
Ph_ B3R TE 200~400 em {12 B, 325 AR
FRAERE Sy, B9 +IEEKIEKEE N RELHELE
JE R AR P SRR MOk . RS AT IR LA HEAE
B UM SR SRR E K AR e 0%
YEF ;s GBSy, BERBAC B, S RB e £, BRI,
R E R R R, THRRSFHE EA
FIFELRAEXT T K 3 RSB, XS 7843 R A R
F7K SRR BEHE 5, f R P b X 5 55 g ]
B, R AR E Y B A EEE X,

TEVIREFT& A REMA VLR A B A FMET
R, REZEMNAEYVILEY, 5 100 kg ZHEMEEREN
+ 3 2 it & (N)0.64 kg B (P,05)0.20 kg, # (K,0)
1.07 kg A ALK 81.2 kg FIE & MMEITER™, & 100
kg REEIA H AT A R HEAY4 A 24 T 3.8 kg KCI 9 AE
B, FEFFIA B4R e - 3R i, E T 0 R R,
T 5 | - R B0 — R BV AR, ZEBIIL AT
& BRFERT IR H A 498 ML & xR 1.79 g-
kg™, W iEAF 8.3%, LR, TEAFHLIX HEATH) 100
£ 5 a LB E AR B, FEFFIE H 3 7=
12.8% , (HYE R EFE R A6 A & /N R 5, 7 3538 H
4 500 kg hm™ FEFFH A =08, R FEFT A H RE B
FE I SRR RER RN, SRHRIEREK
W) I — R AAE A M TR LB 55 43, AR Ml L 0
METRE, A LLES A ER, BERKEAR R
WA G TEIMERERBEFAR T, 1 hm BH}

SAEAT A E A (N)75~150 kg, B (P,05)21 kg 48
(K,0)90 kg FIA L 2 400 kg™, BRPEIEALFIH S FH
BRI & I, 50N Rl R HE O 0 (ff o
7 2 360 kg hm) X} T Z& L oK 53 FI/NE = B HEA
FEAR I {H 2008 E7ER R E AR R, 7ERE
KED IKFWEARBOZMAET, T 79 AWERET
P SRR, BARRE N T LA VLR 25 AU
FEHE, HHTREHFETEERK, BIRT /NER
R HIEOK , S5 R85 2N 7 B B AR

YT VGILEE 4 5 SR T b ) T D T AR R S
W5, B RAE S R BIHFE R =K AT f5 2=
INEZ PR, RS FHIA F 7 2 22 7T LAY/ + K 7378
BWR, BAGOKEER . B8 A RRAER ] 2 78
BHL IR AR WARIE . R, 4B 5T LAH FL A B AR
PRPR A% B, BF9Y T B PR bk ok (4 T 8 2/ N RS AP R
TR SRR NE LA B — 38 456 % 8 L i JR 5 b 33K
I3 FRor RANEF BT, RS E LS R
B th i) S NE 0 A A 7= e S SRR BT R

1 #RExR*E

1.1 X5t

RIS AT+ m R KRR E T
FEA BN, JCREBE AR IR T R bR 1200 m,
EYSIR 9.1 °C, TEFER 171 d, 4EHE/K 580 mm 72
H,60%0) FEPTE 79 A, FHZE AR 1500 mm,
KIAFMEA /R . TR TP 22 3 1 . 2008
RIS T R AT AL IR T 2R 1. DA 2009 4 7
A% 20104 6 A, A X FEKELE 1,
1.2 Reeigit

2009 4= 6 A 23 H/NEWERES, ¥4 0FEXF
B RS FRAE H PP AR ARE FEFFE H+ R ESRIE (R 2),
M4E 9 A 23 HEEY Bk S AL MFSFr R A L
B, ERBNFES T E IR (N)0.62% B (P,05)0.07% .
B (Ky0)2.13% , ¢ BE 9 3% 43 & B R (N)2.89% . B
(P,05)0.69% 48 (K,0)1.59%, 10 A 2 HiE&Fp/N3E,
m AP 521, B A E N 150 kg-hm ™, Hi/NX K

&1l R

Table 1 Basic nutrient status in the plough layer of the experiment field

T2 AE AHLC <) BB PSR ¥ JFi%/ Mineral N

Soil layer/cm Bulk density/gem™® Organic C/g-kg” Total N/g-kg” Available P/mg-kg” Available K/mg-kg™ p NO;-N/mg-kg” NHi-N/mg-kg™
0~10 1.22 8.73 0.81 54 139.9 8.18 13.0 29
10~20 1.49 8.32 0.73 3.6 1194 8.17 13.2 22
20~40 1.32 6.28 0.58 1.6 122.0 8.24 8.6 1.8
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The previous average precipitation during summer fallow period in the investigated region from July to September is 313 mm.
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Figure 1 The precipitation of the experiment area from July 2009 to June 2010
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Table 2 Field experimental design

LbE e 5Eme B HER
Treatments Basal and topdressing fertilizer Cultivation and management
¥} H8 Control SR - AT R, /NIRRT /N WORIFSFT 2TRUGE , IR Rttt ikim, T/NEREHET 9 d,
39 104 kg N+-hm2,105 kg P,0s+hm™; BEEF 19k, BHER 40 cm,
BT 3 A 8 HiBAE 34 kg N-hm?,
FEFFR H Straw mulching AL INEBETEFF &R, W E R R HER 3 714 ke-
ho (BT ), T 2/NEREAT 9 d, BRI 1 0 BHEH 40 em,
FpAEZRAE Planting green manure Ak INEWUE A HEHEREZEREFhRNE (R, i i), 48 Fh & 75 kg-hm™,
TFE/NERERT 9 d, KBTS BUEA L, B 40 om, SRIEE
JE&H 5 881 kg-hm™(#£5 ),
FEFFIE -+ R AR AE Gl INEWUEFEFT 3B A ZER HREZEFARIE, FSFFE &R 3 714

Straw mulching+Planting green manure

kg hm?(HETE ), SRHERIER R 5 881 kg hm*(#EE ), FE/NEHEHT
9 d, KriRHESTRE)S BIHEA 38, BREN 40 em,

AT FTHER 20 em, /DX TETFR 6 mx22 m=132 m?,
HAEER 4 R, RAT2EIX AR, Z0E
FRARZE, & NJ46%; BElLRHELBERES, &
P05 K 46% . Z&/NEREN T HIAHEK 2010 4E 6 H
27 HIKER . YEYIHEFD 3 BRI 5 iRk P — 3K
1.3 BEmRESHIR

1E 2009 /N E WK )R (6 A 23 B ) /NERERT(9
H 29 H).2010 4EHBETTEH (5 A 19 H). Wk)E
(2009 ££ 6 H 29 H ) L4 (8L EHRZH 4 cm) 537
SRAE 0~300 cm B 1HHE, T2 0~40 cm DA 10 em 2 1
MNERREE ;40~300 cm PAF 20 ecm By 1 NRIRR
£ /PN RIERE 2 DA RERIR S BIREYR &
JEIRSINER SR

TE/NE WO AR EM Y E35r , /N X FEbLE
BAAN1m KRR, BB/ DEERGERK
T, THRELSABERAGR 1/MX 4 MEBIR
L AEHR LM

INAE R IR T =X, e X gk

1.4 MEBHERF*E
1.4.1 +3EK5)

PRt L4 20 g 245 CKE#R 2 0.01 g) A FRIFE
BB ET,7E 105 CHRATHT 24 h, L HEEEE
MTEZEZHE LK Ko EEUAS S TLE
BB 3R
1.4.2 HEMARMESE

Rt TR R B EEEE i 3 mm TS, FREL
5.00 g et +AE, A 200 mL $RFHH, A 50 mL 1
mol LT KCl ¥ (3 H 1:10), 7E 200 rmin TR
1 h, 3308 f5 A 22 3 30 2 B A I S iV A AR
(NO;-N) AR (NHI-N) . H3ER BSEUET R
TPl SR ZEREER
1.4.3 A%

FREGE 1 mm G A X T4 2.50 g, JIA 50 mL
0.5 mol - L' NaHCO; ¥, A 200 mL JRFHHH , I
lg ToETEESR , 200 remin™ T 30 min, FHTCHETE
Yt R e FESLR S A A SO E iE R P RS &, -
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AT R AR Z W EBER
1.4.4 - 3EE30

FREGE 1 mm G B9 X +AE 5.00 g, A 50 mL 1
mol L NH,OAc &%, 7E 200 r-min™ F#E¥ 30 min,
1 U JE R BTN R R T A S
B DT 5 L B 2= R R
L45 R4 B EYE

ZNEFRRANM, 2XBERTHERR &,
YRR 4 m RFTHRE BRI B S 7 B i
%
L5 gitFik

it B3R 3 3% ] Excel 2003 #1 DPS 7.05 # {4
HEATAE B

2 ER5H5H

2.1 BFEEMMEREMLSNEFERMBEES
B NE

AN WORBA R E (3R 3)R, &3 1a HEHK
I , AR N &/NERR - R R R E
Z5 ., (B HA R R A RS
TFESRAEEE Z FEG. W= BHREERE  BFFE
FE s 7= Rt v ) R R R 7 TR T B 7 TR AR
AR, PSR AL = B T Pt 3R R 7 F B0 T
FURREOAN TR0 B A A
2.2 FEFFEAFFE R IEX & /N ZE Z B 0~300 cm
T EEUKER R

XA B B - K B i R B (B 2) - Fpfig
BB/ T 3E R FFFAE S 60~160 em + 277K, Xt
0~60 cm _FEF1 160~300 cm T2 HEERYI K EEA
WERW, TE 2009 £ /NEBRET,0~300 cm 1 )2
IR E R 392.1 mm, 233 79 HRWE KA,
R /NEIEHT 0~300 cm +JZ K B HH B30, it
HR RSP H R AESRAE RS FFIE H -+ SR AR b 2 A4

0~300 cm 12 KR53 HEF] T 517.5.516.1,
501.5 mm F1 500.3 mm, H.7K 4B in = Z R AE 0~
160 cm + 2, {HFpFESAEE 60~160 cm +EEI /K 1
TR RE /N, 27k &8 He X BEZD 17.1 mm, FEFFE H -+
LRAE Xt BR /D 15.4 mm, AR FFIE HE 25 5 X BT
BEXER,

ME/NEFFENFFIERT, 3K 5B B A, 4
A4 P 0~300 em + 2 /9 £ 38K 4 43 5l Sk 487.9.
484.3.481.5 mm 1 449.1 mm, KAHIREAK EERH
£ 0~160 cm + )2, HLFEHTFEAK 51.9.55.0.41.9 mm F
49.7 mm, FLig 2 0~300 cm HIEF K B &, B2 0~160
em 2K TR, AFRAHEES LA B 2R #2010
E/NEWORIA , 3K 53— AR, 4 b PR 0~300
cm 2/ K 53537k 413.9.402.4,408.9 mm Al
406.2 mm, 7K 43 A REMRAEVR ] T 0~160 cm + 2, HLH%
AITFAAE 113.4.121.8.102.6 mm 1 106.1 mm, H 2009
AEWARIARENN 11.8.5.5.5.6 mm Fl 4.8 mm, /N [F]AbH[a]
R E2ER
2.3 TEFHE BFRERET & /N E K BHE 0~300 cm
TEHERNEI

Xof IR AR E R (B 3) MR SRS FT
I o - SRS AR R M 22k A 7E 200 em LA A
+E. M 2009 4 6 A/hEWERE] 9 AT /NI
H) B K R ,0~300 em 3 BRI S A B
e, Herp ok B ) EAE 83.8 kg hm 2, 5 FTIE H 4L
ok 127.8 kg-hm?, FPREERAEALEE K 122.3 kg hm?,
FEFFAE H + R A SR IE AL 38 79.9 kg-hm2, 43 Bl 4K
2009 /NIRRT B 24.4.68.4.62.9 kg+-hm? F1 20.5
kg hm FEFFIA H AN AR SR AE TN Ab B A S A R 3 m
R % ,0~200 cm HIEMEIASR S HIE N 65.9 kg-
hm? F1 60.5 kg+hm?, 2 0~20 cm FEFFE H FfEsk
REFNFEFFA H + RSk IR AN FE + e A R A 2 4 5 R
18.4.25.8 kg-hm™ F1 23.9 kg-hm™2, &%} F & 3.3.10.7

®3 BFEHNMERESETENETERAREER

Table 3 Yield and components of winter wheat under straw mulching and planting green manure treatments

FERIr= Yield/ A& Biomass/ WHRFEEL Harvesting BN I FRAE%Y Spike TR

FhiEE 1 000-kernel

AE3/ Treatments kg+hm™ kg-hm™ index/% numbers/x10*-hm™  Kernels per spike weight/g

% #& Control 3055a 6763 a 451 a 233 a 33a 396 a
FEFTHE H Straw mulching 3145 a 6879 a 457 a 235 a 34 a 39.7 a
FPHESEAE Planting green manure 2973 a 6678 a 445 a 231 a 33a 39.2 a
FEFTE H+FPAESRAE Straw 3067 a 6774 a 453 a 245 a 32a 392 a

mulching+ Planting green manure

I FFIERE A R/NE F830R LSD MH7E 0.05 KF LERBE,

Note : Small letters following numbers show significant difference at 0.05 level(Duncan).
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Figure 2 The distribution of moisture in 0~300 cm soil profiles under straw mulching and planting green manure treatments

kg-hm? fll 8.8 kg-hm?, H A FELEAL ST BB
RBE.
HF/NEBMET AR LERAM L EG VAT
LR, M 2009 4F 9 AREFHIE] 2010 4E/hE 1L
B, HIEERREAS R ARSI, X IR FEFTIE B R AR L%
B FEFFIE H +FPAEERAE 4 403 0~300 cm 12 AR
A BFN 164.6.131.2.99.5 kg -hm2 F1 101.3 kg -
hm2, # 2009 4E/NAE W kat 43 35 105.2,71.8.40.1
kg hm? 1 41.9 kg-hm?, HAHASEIE N EZRIAAE
0~60 cm + 2, 34 ME S 5K 64.2.24.4.33.7 kg+hm™
1 18.9 kg hm™?; FFAEHIRE 0~20 cm FEFFIE H  FifE
SEHEFIREFFIA H +FiAE SR AR AL BE 3R A R R 20
$7 52.4.61.0 kg-hm™ 1 44.5 kg+hm™, &%} BEAK 36.7.
28.1 kg-hm™ F1 44.56 kg hm?, Z 7K 8| 5 E K, A
FEIEBNMOR IR A A L B>, 4 Ak 3 0~300
em HEHESA RS AR 120.0.125.4,146.8 kg -
hm2 #1 127.8 kg-hm=2, %; 2009 4F /N3 W3k B 3 i
60.6.66.0.87.4 kg+hm™ F1 68.4 kg-hm?, HIhnd 3
B IALE 0~60 cm + )2, HINME 51K 12.0.23.5,

39.8 kg-hm™ F1 13.1 kg-hm™; AR BFEFF ik H FiAE
SRR FFEFT AL H + R SR HEAL HE 0~20 cm 3R)ZE 1+ HERH
BABED K 34.3.48.0 kg-hm™? F1 36.3 kg+hm?,
BNt IR 4.7.18.4 kg-hm™ F1 6.7 kg-hm2, BApfifiig
SAE IR HERAEE,
24 FEFEBAMFEREXE/NE S 0~300 cm
TERSERNHN

ANEEH M E(F 4)FRH, SHEAEME, -
BEARHERMK, &0 0~300 cm HH i B
B{UNT 14.6~48.9 kg-hm 2 Ji] , B+ )2 IR B hn s
TCEA B AR Y. o B RHA RIS FHE H sl R pb ar AR X 1 ek
DEBETREL W, BRE/NEERBEE, 1385
BAKBEAV B, 5 2009 4 6 AWML, &
T H BRI 0~300 cm + 2 MBS R A FTHEIN, X
FEFFIRH . FESRIE RIS FTHA H+ PSR AL P Y £
AN 40.9.46.1.48.9 kg-hm™> F1 47.6 kg-hm™2,
B 6 AUy RE N T 15.6.20.8,23.6 kg -hm2 F
223 kg+hm™, 55X AL, FEFFE H+ RS 2
RJZE 0~20 om TIEEAFH W, BT 2.7 kg-
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Figure 3 The distribution of nitrate N in 0~300 cm soil profile under straw mulching and planting green manure treatments

hm?, FFFEH,0~300 cm + B S ASEBIERTE
1%, X B RS FTIE B R SR HE AR AT 34 H + AR 2R A
A3 0~300 cm + ZEEAREE 778 21.7.294,
15.5 kg -hm™2 F11 37.8 kg *hm?2, S5#EEIAH LR T
19.2.16.7.33.4 kg-hm2 F1 9.8 kg hm2, B4 /NE Wk
#1,0~300 cm T RS AEE 351 414.6.23.3.16.5
kg hm? Fl 26.4 kg-hm2, RFEILCIHAIEA BEER,
SIRATA L AR T 26.3.22.8.32.4 kg -hm™ il 21.2
kg+hm?, 5 2009 4F/NFE WK BAAE ot IR RS FTIE H
PP AEREAR T 10.7.2.0 kg-hm™ F1 8.8 kg -hm™, T
FEFTAE F+FAESRIER N T 1.1 kg-hm2, #4030 A 22
RABE,
2.5 FEFFE BFNFHE IR & /N E B BFHE 0~300 cm
T EEHBIT

BABTHIRI E R, LA R
0~60 cm )2, B+ 2R BN , B OBk B0 2 W
/b, #] 60 cm ik ,60~300 cm + )2, A RUHEEE M
A3 BRI, FEFFE H R s A v] LR
FRZE 0~20 em HEEAABEEE , PSR IE AR

H R E (B 5), TEL/NERFEFRT, St B R, HEA%
Witk 2009 4E W ER 5 B B 3, it BE RS AT IR H R
SRR AR FT A H+Fp A SR AEAL EE 0~300 cm &L 2435
7 114.2.82.5.95.60 kg+hm™ 1 74.4 kg-hm™, %% 2009
WG/ BIEN T 62.7.14.9.28.0 kg-hm™ F1 6.8
kg-hm?, X FEAL B IR A A 8 . BUFFIERA, X B A
FFAH ., FRLk B AR FA H+ RS IE AL 0~300
em SEAMHN 85.1.86.5.143.5 kg-hm™ 1 77.7 kg -
hm?2, 5HERTH EL , % BEAR FERRAR T 29.1 kg-hm2,
i 3 ASAEFRAY FIHEIN T 4.0.47.9 kg -hm F1 3.3 kg
hm?2, %088 B3 Nt £ ZR A 0~20 cm RZE T
B, FFHAH ., P SRAEFRSFR A H + R g SR AE b 32
0~20 cm A 3B B0 E 4 5 R 22.3.61.4 kg +hm2 il
19.6 kg-hm™, 5%} AL 0 B4R E T 4.3.43.4 kg~
hm™ 1 1.6 kg-hm™, Fia SR IE B E R T REHES
B R, BIA/NEWBERIA, X IR FEFHE H RSk
REFNFEFFIE H + FHAE LR AEALBE 0~300 cm S & 5514
77.3.113.5,122.7 kg-hm™? F1 91.7 kg-hm?, 5 2009 4
INZWCIRIAMEL, BT 9.7.45.9 \55.1 kg+hm™ Al
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Figure 4 The distribution of soil ammonium N in 0~300 cm soil profile under straw mulching and planting green manure

24.1 kg-hm, F5FFik H AR ACAL ] 0~20 cm )=
B BB = A 40.6 kg ~hm™2 Fil 52.6 kg -hm2, 5
R 16.2 kg-hm™ 1 24.4 kg hm™; F5 738 H +FE
LRHEALFE 0~20 cm A AR K 23.6 kg-hm™?, X}
MM TR 2R
2.6 FEFFIE AFIFEFIEXS & /N Z F B 0~300 cm
T EES R

AT AR E 270 F , 4 0~100 cm )2, B
+ 2R BRI TR, 100~240 em + 2B AR,
240 cm LA 23BN . FEFF 6 H AR SR
Xof AR g R TE B (B 6) (B RE/NE A
KA, TSR B E A P B2, 5 2009 4Filk
IRETHE L, 7E 7—9 A MR ZKINE 0~300 cm )23
AP B B S 3G, B RO B RS AT H R 4R
HEFNAS FF 38 H -+ R 2 HE AL B 4351 2 779.2 750,
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Figure 5 The distribution of available phosphorus in 0~300 c¢m soil profiles under straw mulching and planting green manure treatments
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Figure 6 The distribution of available potassium in 0~300 cm soil profiles under straw mulching and planting green manure treatments
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