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ZREHEBI~10C, 2 10CHAEHRBRR
3725.9C ,E AR 534.6 mm, WL EHESEX,
REMEHLNELET HIRTEDE 1,2007,2008 4

KRBT A~8 A)BRTEDH N 279.3 mm F
177.9 mm, REH HIBR Rkt

1 2007~2000 FENEEHHREFR (mm)
Table 1 Rainfall in the whole wheat growth period during 2007 ~ 2009

2R 3R 4A 5A 6 A 2t
Feb. Mar. Apr. Mar. Jun. Total

8.3 13 31.7 23.5 11.9 205.6
25.2 18.6 14.9 145.7 16.3 291.4

EH 9A 108 1A 128
Year Sept . Oct. Nov. Dec.
2007 ~ 2008 28.7 48.3 1.6 9.5
2008 ~ 2009 55.7 15 0 0
1.2 Ewiait

RRFEIANALE PIEBEHLIHEO

kg/hm?(CK) .6 000 kg/hm*(M1).9 000 kg/hm?(M2), -

AXEH13.2 m* (4.4 mx3 m),FEPLX HHEEF,3 K
BEE, i NERMHABERE 1, BFEIATHE
oA BEEEARESLSL N 150 kg/hm, P05 120
kg/hm® .K,0 90 kg/hn? , 22 4E 6 A AR, &pF
WK S AT B BB A o

1.3 AEMBEEAE

+3KSy  RABTFRAENEZEMT HEN.
BAR GEE R IR R R RROR S W E
0 ~200 cm T3k 5 B A AR, LA 20 cm K —4°
TERM A TRIERBENITEY, R3IMEL, 8
B8k o EmR 3 REMEE,

e =& . Boket , 8/ R B S m?, ATBUR,
JE B e AL E AR & (kg/hm®) o

T KEEARXR v=px hxw% x10,
AF v HEEKE (mm); o HHETW L RWAE
(em)sh HEBEE (em);w AL BAKSERE
2H(%),

THEEAKBNHE ETa=W1- W2+ P
AH,ETa HTBHEKE (mm); W1 BAiTLEKE
(mm); W2 WEKBEMEKE (mm); P A EHA R
KE(mm), RPLBECKEREKXEHLU 2m B
HEXKBEHE,

K5 FI % #(WUE) : WUE = Y/ETa,

A, WUE RYEY K2 F FIRE (kg/mm-hm?) ;Y K
e B AL 18 B 7= & (kg/hm®) o
BB R A SAS B #EFT o
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2.1 ZBMEFREEHEO~80cm TELRFK
RS
Xt 2007 ~ 2008 1 2008 ~ 2009 FEARFLBT 0~

80 cm 1 3K B B [B] F1 25 (6] 49 30 25 B AL BE 4T 40 ¥
FHE ), MELNELEFHBENES , SLEL
BEKESRKEETHRAES ., NENEBHIHE
BMMAM AEO~8 cm L EXKEYE FX
BLOE M EET ML A METERAES &
NEFHAERERKYE, BEK SRR, & BB
THUMEYEBIE, BBRENE SR KRN 0% LA
LU, AR BEA/NEEYRE, &M K
B AR REK BB 1 hn, {78 M2 R M1 b O
~80 cm R KB R WK T3 8, H M2 AL 7% 8
%F M1 23,

2007 ~ 2008 4, X /N EH ALK T (4 A 10
H),M2FI M1 23 0~80 ecm T EBKER BN
165.83 mm F 158.21 mm, 8 Xt B 4 515 21.04 mm
(P<0.05)f1 13.41 mm, A ERPHFT RS
46.5 mm, LK BEEMABKAIE, HERH
ELHEECKBEERAEE, WG, &40~
80 cm + E /K B B K F K : CK > M1 > M2, M2 7l
M1 43 58 % BE{K8.25 mm 1 3.54 mm, R H KX
FBEKFE,

371~ AERFERRPETMABHIE, B
2008 ~ 2009 4E#EMAET(9 B 14 B),M2 f1 M1 428 0
~ 80 cm 12 + WK B 43 e %t BB 23.29 mm F
15.39 mm, M HAEF HHAAFEEE L. NEHH
BEEH(A A 24 8), 84H0~80 cm LR K E
B 6 BP0 - M2 > M1 > CK, M2 #1 M1 4b 3 88
60 ~80 cm B KEHESF]% 171.88 mm
166.66 mm, 4 5| B ¥ B E 15.96 mm( P < 0.05) Fl
10.74 mm, B ERHE TR MEEKH T HKIR
W, BEMGAHTH)M2FIMI ALEO0~80cm + B
Rk B4 1483.97 mm F187.21 mm, $e %t FK 9.39
mm 1 3.24 mm, M2 5xf BEE R KB B EKE(P
<0.05), WS (6 B 11 H)M2 f1 M1 b E 5 51 R
172.20 mm F1 178.28 mm, 4} % 8 %f B K 14.33 mm
1 6.08 mm,M2 5%} B H] £ R X B BEKF.
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Fig.1 Dynamics of soil water storage at 0 ~ 80 cm profile at different growth stages
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Fig.2 Dynamics of soil water storage at 80 ~ 200 cm profile at different growth stages

2007 ~ 2008 4 M 4% F 2| 38 3% 3 45 40 72 80 ~ 200
em + Z oK B B B BT A M2 > M1 > CK, iUER
BELHETKEOHIMEIMFEN CK>M2> M1, ¥
MEBEHALERERYERBIBELKE,

2008 ~ 2009 £E# T M2 1 M1 4 BE 80 ~ 200 cm
F+E R K& 5% 203.55 mm 1 189,22 mm, & %t
HRH 32.59 mm # 18.62 mm, £ R Bk % 8 E KT
(P<0.01), NIBRTZIBHBEHI (4 B 24 B)M1 403
Xt R & EAARA M2 M1 FIXE 58 ik 1 ) 80 ~
200 em + 21K BF-HE 551K 211.71 mm,197.51
mm F1 196.59 mm, M2 A BB HBE 15.11 mm, EH
BREEKTFE(P<0.01), i Ml EXHRERTE
E. AT, S4HE 80~200 cm L EF KR
BEGR/D, M2 5 M1 RXTHEERZHE /N, B M2
ZERTF M1 R R, BEBGA7H)S48E
KB B AEWE R ML > CK> M2, KRG (6 A

11 B)M2. Mt FIxf B K &5 5] h 158.68 mm,
171.39 mm #4 180.48 mm, M2 F1 M1 4> 31 bt %F B 1R
21.80 mm 1 9.09 mm, ZR B KB BEKFE(P<
0.05), XE5RHHAEHLEFEPERLBEENE
MAARE LRI H K, 2008 ~2009 FEHEME
5 2k 8 ) P B 3K 162 mm, fE R BR U &AL B 0 ~ 80
emtT BB KBERERIEMMT 88.36 mm; i
RN 0~200cm tEELHEHEKEEHEN
170.78 mm, W AR5 N 170. 18 mm, {LAH % 0.6 mm,
L8 0~ 100 cm + B H K5 & 5 K18 B KR 7 1T
BIKE MER LR ERKERDHERT,
THASTREBABEENHT, LBEKHKE
BERK,
23 BHEAXNO~200cm T ETRPAXERERA
Pegi:ak A
ARAEFLEHEO~200cm T ET W KE
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Fig.3 0~ 200 cm soil water storage profile distribution in the whole growth period

2008 ~ 2009 4E & 4L 38 0 ~ 200 cm +ENW K EFE
FLENTH BARETHRAES, BTHREER/N,
0~40.80~120cm +EELAHEBIZRBANHUE, B
B EMEIRE % M2 > M1 > CK, M2 428 0 ~ 40 71 80 ~
120 cem + EX KBS H BT BE 7.17 mm #19.28
mm,M1 £bFREL 3T B 4.86 mm F1 6.62 mm;40 ~ 60
em LA M ERFAEE140~200em E M2 5
MRERAAL, ZFH 5 ML & 7.64 mm
7.48 mm,

2.4 BAZAMENESRRKSFRZHEM

ZERFH (3 2),2007 ~ 2008 4 M2 M1 FIRf B
K43 F R R4 9k 11.17.10.51 #1981 kg/(hm?+
mm) , M2 F1 M1 53 B8 B 0 13.77% 71 7.05%,
ERYEBBEKE(P<0.05); M2 BB KN
B M1 A5 11.02%/M7.01% BS5 =&
ERKBEKFE(P<0.05) M 5XBELERAE
EALBERKBEERAFEE, 2008 ~ 2009 £ M2
AbEE = BRI RE K 8 4 B 8 % B KM 24. 43% A
21.62%, %7 H¥3A BEKF (P <0.05) ;M1 L™
BRI 10.84% (P <0.05) , A HFEKE 5t
BESREE; KSLBEASFHARELRFRE,
FEFE R BIR, M2 40 B 7= 8 #EK & A1 K 5 7
PR Bl x B 15.70% .5.66% 1 8.9%,
ERMFPEEKF(P<0.05) ;M1 bEF=RBEN
RN 6.22% ,{EL 88 M2 kb B /0> 8.93% , £ 7 3K

BB EKF(P<0.05), HEEKERMAKLDHHRE
5MMERABE, B—HFEL/NETE EKE
BAGWAARERBEHFAHBEN L WEL
B, BP B RS AT 74 H 00 55 I TR 3

FRRPMENTEMEKBERR K, FES
REANEREPEAFTHHERERARE X,
S 44 2007 ~ 2008 £ A F WM MK B 81 8T 2008
~ 2009, B fX 2007 ~ 2008 EE EFHIEH R RA 205.
6 mm, {62 M 2% /7 2138 7 49 (2008 - 04 - 10) , BEFI &
H 1447 mm, ARNEHFANEFERBE T KEH
K4 F TR B, 2008 ~ 2009 SEA E IR &
7 291.4 mm, {8 M 2008 - 11 - 01 ~ 2009 - 01 - 01, B&
TERIT; A (09.4.24) BIFEXKATH(09.5.7),
BHENhE MR EEEHERERMAH
KRR, BOKE W TEDBH SRR X,
BRAERK, BEMBRE B, MERE SR
BE AHTRERE, TRIFAEREH,—
ST TR HF R T R R AT AR PR B3 R K A
& BEEXEHAERTRAYOKRD TR, TinEx
M B R R RLE R R HERE R, TRE
I, T 2008 ~ 2009 EEF AL /NMREHK,
BAEEHRERERES AP TH, EFEIX 145.7
mm, R G PR, L JEE S 2008 ~ 2009
FEERTERERK,

HBHEHHE, BR 2008 ~2009 FFAE T+ 3
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RE,ELRABUKERE M, XX /& KR
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Table 2 Water consumption, yield and water use efficiency of winter wheat

#27K B (mm)
£y s | Soil water storage M Pk R LSRR S
Year Trea(m.em Rainfall Water Consumption Yield Water use efficiency
& &3 (mm) (mm) (kg/ho?)  (kg/(ho mm) )
Pre-sowing Post-harvest
CK 496.7 186.6 205.6 515.69 a 5061.76 b 9.81¢
2007 ~ 2008 M1 496.7 202.3 205.6 499.87 a 5251.14 b 10.51 b
M2 496.7 198.8 205.6 503.30 a 5619.36 a 11.17 a
CK 356.4 350.8 291.4 296.96 ¢ 2716.37 ¢ 9.18a
2008 ~ 2009 M1 364.8 327.0 291 .4 329.16 b 3010.75 b 9.15a
‘M2 378.6 314.7 291.4 355.33 a 3380.02 a 9.52a
FE T CK 426.5 268.7 248.5 406.33 b 3889.07 ¢ 9.50b
The average Mi 430.8 264.6 248.5 414.51 ab 4130.95 b 9.83 ab
of two years M2 437.7 256.7 248.5 429.32 a 4499.69 a 10.34 2

E:FANBBERR/NEF LR Duncan RRE0.05 KF ELMEREE,
Note: Small letters following numbers show significant difference at 0. 05 level (Duncan).

3 3 #
3.1 XTFHEATRSEYE AR

EAMBHFERERE RN HFEHN
BmT T REHE BT LEAE MMT £
B ALBRE LK MR ER, WET LHENY
Bk, BT IENYEERBAHE, LHAK,
BB ABLRF O THIE, BKEE MR, RIS
B MEENBEEEN TR AE, gk
REHENSHAREREN BHHLHERT +
BME KRGS, B HE 9000 kg/hm” 43 M 5
BT 28 0 ~ 80 1 80 ~ 200 cm T2y T HI K E
43 B4 %t B 15.96 mm( P <0.05) # 15.11 mm(P
<0.01);i% HE 6 000 kg/hm’ O ~ 80em T 2 ) +
Bk BB HRE 10.74 mm,

2007 ~ 2008 SFK G B4 0~ 80 cm LEH
JorK B B R R: CK > 6 000 kg/hm® > 9 000
kg/hm’ , 7 H & 9 000 kg/hm® 1 6 000 kg/hm’ &b H 0
~80 cm /B H9 MK & 4 518 % B AK 8.25 mm
3.5 mm, 213 7~9 ANESKEAYPRIBERA
¥ ,2008 ~ 2009 FEA/NELFRIH (B ~ BE), &
kb3 0 ~ 80 em + E R/ B e B BUKITUF K :9 000
kg/hm® > 6 000 kg/hm? > CK, #& BT 9 000 kg/hm* F
6 000 kg/hm* 4078 0 ~ 80 cm + 2 # + 8= /K & 43 51
Hixd BB # 23.29 mm i 15.39 mm, X ER TR F B
HEMRRE N EHBEER.

3.2 XTHAEHESEL"R

KBHFRIER ) P8 MR E X B

Y LRI =R 28, X P BN BE B RS AT R AR
WA ELETT M. EaFR=HE, AiRR#
— PR CHEREEN R, FHE
9 000 kg/h” A G HEERIEZ R B E (P <0.05), %
it B2 15.70% , i FH £ 6 000 kg/hm” 4b B 7= B4
XTERIE AN 6.22% , (B EE H & 9 000 kg/hm® 4 FRAE
8.93% , KA EE L HENEM, =B, BT
EBEZHUBEMEY =&, R FHFAF T HER
ErmymEeRAEn T EENESEY REL
BHEKRBEEN B RET LHKENAE
R BEETHKIBREED NTEREE= &,
R R, A E DL K0 KGR HR
FREWRE BRMENERED- RO BA
BERE.
33 XTFRAEASEHASFARERHEAR
BHAHBEBR T LB KFTREREKE. EY
R REFTEBINREE, TRFEKSLFF
SR T RV mR R, NTR S E8 K 4
MRS AW FER L R R, EH & 9 000
kg/hm? 40 FEAE 7K B K 43 F) FI 3% 39 55 % B () 3
FEE(P<0.05), KA F AR BRI BEH
5.66% , S5 TFREANERTERARLERHE—
B KRR R 8.9%, 5 IE MR
BRI E,RANEHECHLAEEL L E
M. EBTFRELSKIT REFREE, oI R IRIEY
WAREEB NTREEYKIAHRRE, BFE
HEsRE L EYBEERTAERBEE KD, ML
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Effects of wheat-residue application on soil water and
water use efficiency in the Weibei Loess Plateau

MA Xiao-li'"?, JIA Zhi-kuan', XIAO En-shi®, WANG Wen-yue', LIU Ting', LIU Yan-hong', CUI Rong-mei'
(1. Research Center of Agriculture in Arid and Semiarid Areas, Northwest A & F University , Yangling, Shaanxi 712100, China;
2. Technology promotion Center of Agriculture in Hanzhon city , Hanzhong , Sh i 72300, China;

3. College of agronomy , Northwest A & F University , Yangling, Shaanxi 712100, China)

Abstract: The purpose of this study was to investigate the effects of wheat-residue application on soil moisture, win-
ter wheat yield and water use efficiency. Experiments on application of wheat straw to soil in the Weibei Loess Plateau of
Shaanxi Province were conducted during 2008 ~ 2009 to study the effect of straw returning on soil moisture changes at dif-
ferent layers, crop yield and water use efficiency. The results showed that from sowing to heading stage, wheat-residue
application treatment of 9 000 kg/hm” made a significant difference compared to control, in the 0 ~ 80 cm soil layer, the
soil water storage was increased by 15.96 mm ( P <0.05), while in the 80 ~ 200 cm layer, it was increased by 15.11
mm (P <0.01). In the 0 ~ 80 cm soil layer, soil water storage with the treatment of 6 000 kg/ hm® was increased by
10.74 mm compared with control. Wheat-residue application treatment of 9 000 kg/hm” made a great contribution to the
improvement of winter wheat yield, water use efficiency and water consumption, all increased by 15.70% , 5.66% and
8.9% respectively compared with control. At the same time, straw returning treatment of 6 000 kg/hm’ increased winter
wheat yield by 6.22% (P <0.05) compared with control, while it was 8.93% (P <0.05) less than that with 9 000
kg/hn treatment, and there was no significant difference in water use efficiency and water consumption compared with
control. As a whole, application of wheat straw to soil is important for the improvement of soil water storage, and it can
significantly increase winter wheat yield, water use efficiency and water consumption.

Keywords: wheat residue incorporation; water storage; yield; water use efficiency



