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(LBALEHHERFETRETRERYBFEFL, RUBEYETESESERAFRERE, K H3% 712100;
2.TFRRMNHERREYIHR, TXE Bl 750105)

W OE:200-2008 FETAHFFTERECEAEIXRBHRETIATRARAA %2(0.0.45.0.9.1.35
Fkg/h )R B AN T ABRAAERAL AP REFRASMAREGLH, AELARREY FARLHA
EERALIRLARYNFESTH EABER 09 ky/hm’ HERAE , EEXKANNADT B AW, R0~ 40 cm
TERIREARAEFRR(P<0.05), RARLEAKL S RRMT 14.2%; KA XA X435 1.35F kg/hm’ 8,
IREARTAREE NN, 0.9~1.35F kb’ BERAERABHFEF(P<0.01),BHEE16.9%; EXk K4
FRARBERARHEMT 4.3~5.6kg/(mm-hm®) , ZEHTHEFKF(P<0.01),

XA EFIARFEER ;LR GAR AL AAKE

HHEES: S152.7°5

ERERIK, KA REYFERRNIER
HERZ—-  FRASEFNEXAAREZHR R
WAEFERKNEERE, TEEBLREKRED,
SEBETHR ZL2BN ZXRIVAFRAKEERES
RIEK BERYBERNARB LK, HEURH
MEPHREMER, BER-—HHTENEKRERRL
B EFRAARESH) HPREAEERIEER
R PBEESR AL X TFRFBSEBRER,
EWNIMFEERFEET RENARLHE. RER
B, B 3 T A A B, BB I ] £ K S R K
R EFEYHASF AR EHEEE LR
~30cem T HEEKBUEAHERL~-54FH
B8, BARRERAN, eHBRAFESENG
GHERTREELIBUKED , BKSFARERE
o

NTRABEBEFEMTIN, B0 R EAEKR
ROGEMEEAATHRAESL/PENTIREHO,
6 000 kg/hm’ #5 #F 0 25 A9 =3 R 3 H19.3% ; IE
REEFLAMERRA ZH Y, HE 4 500
ke/hm BEFF R PELAEEPRATHORETES
BRI EKRZEREZAY FEFE 10 000 kg/hm? H fi
EXMEE19.1%; FXBERMNERRRF R
B BN BEErRRTFAES, BRENEY
ERAE;DEHAAERAASHER TXRRR S

XRIRIREG: A

1z 3 B %9 : 2009-01-02

X W RF : 1000-7601 (2009)04-0196-07

R BYEAREREEMERRENERK, 8K
E KRB KPR RRER

AR AAKEESERGFABENERER
BRHAEEEARMEAREA SR, HTFETF
BERBEAHTHHEERENKSRERERE
HERFESBENEATR BATHXIRBRERD,
BRI BRI A EARER, W, AXETHET
EXREAREAESRLE LW EXF LMK
FREBRREYKASFARAFATEATR, N
REXTRREABEEREEURYKAEHSES
EARMAFTRERICKERBEARER.
1 MHREF%
1.1 REEHEER

HETF 2007 ~2008 FHETHEEFLUREZERELE
KEHAL#ET, ZBXRLTHEELRE, LB AHE
+;0~200cm L HVHEEHE1.27 g/’ , BREF
1770 m, SEX TR 413.9 mm, BKER/FHRY,
IEEPHE~IA . HLERKEN 75.4% 1
HER1454.0 mm, FH[E 6.8C, FHEHREK
2518 h, = 10°CEHE 2 690.4C, ELEM 145 d,

2007 ~ 2008 SFRERM (R 1), FEEXRE
BHFEKSHA 273.2 mm,267.1 mm, 8 55 4E 7 )
4> 120.8 mm.114.5 mm, & 2007 £ 4~ 6 A HHEK

ELWE: T —ERFX XMW E R B EHRAXBEARTF"(2006BAD29B03) ; “ ¥ 7k 3£ 45 $ R BF 5T ”(2007BADSSBI0)
HEEMME KQO975—), B . TREANA  BLH A AFRRRYFH . E-mail: wxin200312@ 163. com,

WA : HER E-mail: zhikuan@ tom. com,
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109.1 mm, B FAE A B K 68.1%;7 ~ 9 A B HEK
164.1 mm, X FiEE R BB A9 60.9% ;2008 4F 4 ~ 6 A
FE7K 25.3 mm, T ERBIR 15.4% ;7 ~9 A &K
241.8 mm, HFERBIH 95.6%, 0 9 ARERiLS

126.4 mm, 3y 2008 4F =4 F&F B9 36.2% ;2007.2008
£ <5 mm TR FEKRESH 17 K15 K, EPEXR
EEMEEREREE 11 KR.I0K,AHEFES
#124 14.2 om.13.6 mm,

1 THEE2007~2008 FEKELETNBEEAR
Table 1 The precipitation at different growth stages of maize in 2007 ~ 2008 in southern Ningxia semiarid area

cn Rk # (mm) Precipitation 6% 9 (mm)
Year R ~REY BB ~ K asf KW\ O8 - A AR~ BRP n’“"“’l
Sowing ~ jointing Jointing ~ large bugle stage = Large bugle ~ milk stag Milk stag ~ maturity precipitation
2007 58.5 ) 77.9 56.4 80.6 273.2
2008 % 51.3 52.5 139.2 267.1
1.2 REigit KEFAFFE,ZEKRRTHHERED, FEES

BRERAZERS (B, R4 1M BEELAHE,
BP1.35 77 kg/hm?(A).0.9 7 kg/hm*(B).0.45 77
kg/hm?(C) F1 0 5 kg/hm’® (CK); 5K Fi i HL IX 4
B 3RESE, NKEROm*(5mx6m), FEXAR
FP ML 16, B H 5.25 T hk/h, BRTHAEH
HEEYLE 1.2 7 kg/hm?, R E (& N=46%)150
kg/hm?, JEBE B — % (& N=17%, P,05 = 45% ) 525
kg/hm?; FEH T4 B AALEESEE, X
Y IE MEBEM — 8 150 kg/hn?, JR & 150 kg/hm?,9
A 27 Bk,

1.3 MEHBESAE

TEKAMERABRTHER EEXFEL
F ot BAXT R RIALEE 0~ 200 em + B #45 T WA
YN, L 20 cm H—L BB,

EERBRHH. A OH ABS (25 21
)RS FIBEE S Bk, F 105SCHRSFTRF L h,
REUDCHEEENETYERR, 8 /XH
i, 8 eom K, UEGREKEFNERACERE
HORBPEIER 108, AU BEERERKE
R ERE,FTEXKELETE,

TEEKENHE FKE (mm) = EF AL
0~200 cm E/K B + BRFETNE - R LHO~
200 cm /KB EXRE AT W B H EFEKE (mm) =
AL FH BRI 0~ 200 cm fEKE + ZAEF R BFEK
B-FEEHBREKO0~200 cm BKE; K2F K
RHHENAMERFRES2EFTHAKEYLE
(kg/(mm-bm?) ;B AEFH B AKIHARER =& 4
EHRAMNERTYRRRR/ FEFHBREKE,

2 BRSO

2.1 FRAEAEERMNIMIEIKRHEW
EXRFELFHEARAEZRLE T HHES

HELH, T RAKASEERARRASHLESR
KL R PEREARESRLE L RNE S KR
AAEANE L)  AABSELE 0~40 cm B
EABESFEK,M60~200cm BEHBEER, &
FHEZER0.457 kg/hw’(C),0~40 cm L EWE L
BASFHLREKBRIHNNK9.4%.9.3%, 5%
BERFEE ; BAEZEH0.97kg/hm’ BT ,0 ~ 40
em TR REKBEHEHT 10.7%, BERFX
HB(P<0.01);FHEERIBME1.35 7 kg/hm® &
#10.9%,8 097 kg/h’ WERLBHEFEE
’HE.

EXRFAKXMUNDHM (7 A 24 B), B HEBEM
ZHi M AR EBIEREXKFSHKEZHM
KIS, REERAEZEO0~40 cm LB LA K
BERBA(H 2),40 ~ 200 cm + B £ B 3/ ;2007
££0.45.0.9.1.35 FF kg/hm* BE R E 0~ 40 cm
TEERFHEKESHNH9.1%-.9.5%F9.8%,
BRETAEZ(CK), HERZBBEKF(P<
0.05), 2008 SEX X 0.45 T kg BEFH EE B
HEO~40cm LR+ EFHFEKEHTHER.4%
PATF,0.9.1.35 F kg/h’ BE B LBHZLE L8
FHEKBEED 9.8 UL BEHTFHERK 0.45
T kg/hm’ HEBE(P<0.01),

EEXAEM,0~20cm T EHME X R A M
FTHEKBER,MO0~120cm LET RS KEH
HEEREERM MmN BE(E 3),0.9.1.35
Tk BHEERAEEZLIEFH L REK
BETMHE10.1%9.9.9%, EERFHBER0.45F
kg/h” BB E B HE (P <0.05),

FERERENM AR EEEELE0~80 cm
TELBKG BT, ABFERFHE(E4);E
FALFEB0~160 cm LR L MEHEKEHFETRE
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10.6% AT (2008), EEHEBAENIREKER oitBELREHEKBRHFINBEEES(CK)THET
REE,0.9.1.35 77 kg/hed REFF S BALTE 80~ 140 14.2%F1 13.9% , BERF X (P <0.05),

7K 4 & R Water content(%) K 5 & & Water content(%)
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H1 2007~2008 FAERHABERNERZV M LM KROER
Fig.1 Influence of different straw mulching quantity on soil water at jointing stage of maize in 2007 ~ 2008
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Fig.2 Influence of different straw muiching quantity on soil water at large bugle stage of maize in 2007 ~ 2008
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B3 2007~2008 EFRFRAALERMERARMLIMSAKROER
Fig.3 Influence of different straw mulching quantity on soil water at milk stage of maize in 2007 ~ 2008
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7K 43 % # Water content(%)
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Fig.4 Influence of different straw mulching quantity on soil water at maturity of maize in 2007 ~ 2008

2.2 FAAEARERYMNEXRETHELMASH
E:3:0p A1
% 2 B78,2007.2008 FAEEMN ~ RN B (4
A23H~6H15H),0.9.1.35 7 kg/hm* W B4t
BAHMERETRALOEK 14.9~19.7 mm #1119~
17.4 mm; K5 F R R R 1.9~2.51,0.45
Fkg/hm® EEBAHEBERR P, B CK LY L#E
7K 3.2 mm,KAF AR BB CK B (REBBEK
o MERFE A6 H16H~7A 23
B), EXELBMHEKBEAMY, HERNEX
SFIFRE0.45 FF ke/hm W BALER CK#Y 1.1
~1.245, %3 BEKFE(P<0.05),0.9 7 kg/hm®
WERGBERCKE1.3~1.71, 5 CKHKZEE
BEEKFE(P<0.01), BERME 1.35 77 kg/hn’
- B, HAR KR R K SR FE M 0.9 7 kg/hm’ B
EEABHEBREHERER,
LEKRFAEHAERKNH(TA24BE8A27
B),&0BEeEKEE MK, KoFAREOHER
H. REEH EEMNEAEERELEFINEY
B, XK EERE, AR EELEEE
KEABEBTFEAME(CK),0.9 75 kg/bm’ BER
AbEE KRB B CK B¥K 17.2~22.5 mm, K
EEMEMME] 1.35 7 kg/hm® 6, BEKIRERA
B EENRBRMERE0.45 7 ke/bm EE B AL
BAKSF AR, B 1.357 kg’ BER
REKE R EKFE(P<0.05),
MALBHBRAMBE(BA2HAEIA2TH),
B4E0.45.0.9.1.35 F ky/hm WERNBELES
(CKMBRKBERAK;B0.9~1.35 7 kg/hn’
ExELBAKSMARERCKK1.2~1.34.5

HKEREEERKF(P<0.01),
MNEXRLEFTPXRE, SLBRKBRERTK,
BASFHABERERE K, 0.9 7 kg/hm*(B)E 3
& 4b 3 2007 £E H CK Z#E7K 9.6 mm,2008 4F FEK
7.8 mm,2007.2008 K4+ F KK 29.8 ~31.9
kg/(mm-hm?) , 8 CK #® T 13.9% ~20.2% (P <
0.01); FERAMAEEI.35F kg/hm?>(A), KB
AHREEL BRI ARELFERA, FESHE
3|7 33.3.30.4 kg/(mm-hm®) , 3 CK X B HKR BEF K
F(P<0.01);0.45 7 ke/hm*(C)B £ B I CK B4
LHEK2.5~4.1 mm, KA FAMER CKEMT
1.2%~1.8%,EAAHAB(KRLBEEKE). &
BiE,EETRIX0.9~1.35  kg/hm’ WE R E
MEERFTED KT FHRKE,0~0.45 Fkg/hn B
EEMRKMBREKIAANENERAIAR,
2.3 FRABFEEZANEX>~RHEME
WELREHA(RI), BREEBELHE (0.9
1.3577 kg/hm?*) L T H 25 (CK) BRI £ 31.1~47.1
BL,ARER1.58~2.62 g, X ERBEKF(P<
0.01);BEH 0.45 77 ke/hm?(C) b B ERR S
BB CKEIEN 3.5%.5.8%, XBBEKFE(P<
0.05), BEERES CKERAHE, EFEEHR
£,1.35 77 ke/hm® (A) % 35 B 40 B A9 2007.2008 £
PR R 45 512.1 kg/hm® .4 848.1 kg/hm?, 4} B [F]
W EE % (CK)#H7™13.9% .23.8% , X BH B EK
3(P<0.01);0.9 J kg/hm’ (B) B 35 B 4L 3 2007,
2008 £ B 43 51 2495 449.6 kg/hm® .4 895.4 kg/hm’,
B CKH™12.6%.25.1% , £F BB EEKFE(P
<0.01),H51.357 k(A BE B LB Z L
HEER. 0.45 77 kg/hm® (C) HH 3% B 4 3 2007,
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2008 4Ej= &4y §1 %74 855.1 kg/hm® .3 974.5 kg/hm®, S CKHBRARBEER,
®2 AEAKFAAERIXARFAEWNHEANKIFANR
Table 2 Water use efficiency with different straw mulching quantity in various growing stages of maize
1.35x 10°kg/hm* 0.9 x 10'kg/hm”®  0.45 x 10°kg/hn 0 x 10*kg/hm?
EHH oA (A) (B) (© (CK)
Growing stage Items
2007 2008 2007 2008 2007 2008 2007 2008
g:ifiﬂ::z on 8.4 2.9 0.7 35.9 649  43.7 68.1 418
B~ RY P :
04-23~06-15 BB Y & R B (kg/hm?)
Soving ~ jointing sisge  Siage bi don 683.4  402.5 643.8  428.8  402.5  315.0  381.5  294.0
Apr.23 ~ June 15
KARARE e/ (mmebe)) 1 oe e pgee gpgtt 6.2 7.2 5.6 6.2
Water use efficiency
BB /K B (mm)
S - KMICS  Field water consumption 66.9 57.2 68.2 58.9 73.4 61.5 74.1 63.1
06 - 16 ~ 07 - 23 .
Jointing stage ~ ?&gw!xﬁ(wi@) 2051.4 1513.7 1955.7 1417.5 1913.6 1038.6 1817.3  887.3
large bugle stage tage biomass accumulation
June 16 ~ July 23 ﬂiﬁ}ﬂfﬁx—’ﬁ[ks/(mm-hm’)] 0.7°° 26.5°° 28.7° 24.1°° 26.1° 16.9* 2%.5 14.1
Water use efficiency
Br B K & (mm)
KMY I8 ~ LM Field water consumption 94.1 80.6 92.5 78.6 71.4 64.9 69.8 61.4
07-24-08-26  yor s 4y BB (kg b
Large bugle stage ~ . A (kg/har’) 5030.5 4539.3 4923.7 4423.0 4189.4 39843 4125.8 3879.4
milk stage Stage biomass accumulation
Tuly 24 ~ Aug 26 KAHAERE g (mmebe)) o 5 63 532 63 587t 614" 5900 63.2°
Water use efficiency
ﬁ’fﬁﬂ”‘“’ ion 63.7 81.8 66.4 79.3 64.5 8.9 6.2  88.2
AW ~ B P
08 -27~09-28 B 824 ¥y B R B (kg/hm?)
Milk stage ~ maturty  Stage bi on 1337.7  1230.7 1334.6 1268.3 1210.3  1063.3 1190.1 1129.4
Aug.27 ~ Sep.28
ﬂcé}ﬁlm&%(w(m-hm’)] 20.0°° 15.0°° 2.1°* 16.0°° 17.2 2.5 16.2 12.3
Water use efficiency
ﬁﬂcl(m) . 273.1 2525  277.8  252.7  264.2  255.0  268.2  260.5
Field water consumption
£EHH B 8 Yy B R (kg/hm?)
The whole growth period  Stage bi P 9103.0 7686.2 8857.8 7537.6 7715.8 6401.2 7514.7  6190.1
ARFIARE g/ (on-ha)) 33 jee 5y 4ee 3190 29.8°0 292 2501 2.0 2.8
Water use efficiency
H:« RREBBEKF(P<0.05); * » RREBBRBEKFE(P<0.01),
Note: * Statistical significance at P <0.05 level; * * Statistical significance at P <0.01 level.
%3 2007~2008 FAEWMERLREXMBHERS~RAR
Table 3 Ear characters and yield components of maize with different straw mulching quantity in 2007 ~ 2008
Py b i3:: ] £ xR b 2384 BHE i
Y Treatments Spike length Bald needle Grain number 100-grain Yield
oar (10* kg/hm?) (em) (cem) per spike(BL) weight (g) (kg/hm?)
1.35(A) 18.1"* 1.36 441.5°° 33.34°° 5512.1°*
2007 0.9(B) 18.71* 1.82 432.9"° 33.78* " 5449.6" *
0.45(C) 17.17 2.16° 413.9° 31.33 4855.1
0(CK) 16.25 2.74 " 401.8 31.16 4839.2
1.35(A) 18.02 1.61 426.9°° 30.33°* 4848.1"
2008 0.9(B) 18.31" 1.63 425.4"° 30.73° " 4895.4°°
0.45(C) 16.27 2.13*" 401.7° 28.07 3974.5
0(CK) 18.26 2.01° 379.6 28.75 3915.6

B RRBHBEKRF(P<0.05); » » RREBRBEAF(P<0.01)0

Note: * statistical significance at P <0.05 level; * * atatistical significance at P <0.01 level.
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2.4 ENEERMNEXFRASMANENEN

FELBREXBKSAARRERAR
(B S5)s 1.357 kg/hn?(A).0.90 77 kg/hm’(B) W3
BABEMAKIEFREE 2 a RPN 19.6~
20.2.19.2~19.4 kg/(mm ' hm?)  BEEBRFEH =S
(CK), B % BEKFE(P<0.01);0.45 7 kg/hm’
CEEBUNBELEZ(CK)KAEFREERR
Ko H—BAHEH  AABHAEZRLESKS
FARER SBEL(ESG), AHEXXERER
BN FARRERENES UBA
MO IR 0.45 5 kg/hm® B 7K 43 ) F Rk 28 346 bR 482
AN EEEH 0.45 7 kg/hw® HMB 0.9 7 kg/hnt?,
ek M ABERBIN KA, AP 1.35 7 kg/hn’
5 B K R ERE BB

0.9%10*kg/hm’
O 0x10*kg/hm’

1.35X% 10" kg/hm’

25.00 @ 0.45X10'kg/hm’

20.00

%
9.

2

R

15.00 |
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K5I E
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Pedetetedole
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%
]

9,
£
350
05058

olo
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£ 4} Year

HS ARAEFIEAZRNREAERERKS
i FA 2% 1 ¥ M (2007 ~ 2008)
Fig.5 Influence of different straw mulching quantity on water
use efficiency of maize in 2007 ~ 2008
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Fig.6 Influence of straw mulching quantity on water use efficiency

3 Z5itis

RREW, THHEBETREXEYEN—EHR
HEZRABARIFHRKEE, X 5HM— L5
REMGER—BV-2, 0.45F kg/hm WE L H
BRI R AR, 0.9 7 key/hn” WEBLBERK
BREEBRTAEE, BRYEFTESXD1.357

KoFAKR
WUE (kg/(mm * hm’))

y=y.+al(1+exp(-(x-x,)/b))
R =0.958

k/h AEHERFESEZNRKBR. RE®
ERth— SR REREEEAR, ZRBIANEEN
WEXBEEEN 0.6 7 kg/hm® M H B IF R KE
mun,

AREHEERXN L HEKENERELESY
BREREZER, BEMETHHLHEESKEY R
B EEMEEZEO cm LEUK. BTFEEXK
A TR ERE/AD, LK HEEELREE
EhE, BELHETRIBFHEKER BEEXRMH
BEBAE K, DK AR S LR
I, EEABERO~W0Wem R HESKEBERIEHE
EEMIMBEKBR T ,60~120em TE LR
ABRBEFEESABE(E34), AEETBRER
EEBAEMEREKER BEYEBELHE
BREKEINFR. #FTRERE, —EBROEFE
EHE-—CRELREREARBRE LRI K
BY-M xS+ EMEE ARNHRERERE
FAR, BEBY REEHEDALEEN 30
cm, B 28 %A KR 50 cm,0 ~ 20 om MK ME Y
HEB., 2RREREY, - EREHEZEFYE
BRI EE 0~ em T EEKBABERR, &
EYEKEHT0~20cm T B REKBBEERK
RENHE,

BB FHEYKSFARRENEMEEKY
BHARTR. RREREZH, EXERKITHG A
BHAETABAERELENEKBER0IT
ke/hn? A EEE B A 1.23~1.42 5, KB O
BUB(TA24BE9A28H) EREZR0.9~
1.35 7 /bl ) BRI EXMBR TR RARH
FLEE, FEKRURTERESLHE, KD H
PR LE S (CK)HEIBEAT 19% ~30.4%,3% 5]
BREEKE(P<0.01); BEERE KA KR
BR_KERHHEXLRE, B BHMEMAER
HEYKAMARERENAL  EXTERES
B/358 1.35 7 kg/hn? BEY K FI AR ERAE
RE, BEMTEREEWANEREZY . EREER
(0.9~1.357 keg/bn? ) R R ERIF MR,
BEAEE(CK)MFREFHEE 17.6%, 53 TH
BEKFE(P<0.01),

t K4 3
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Effects of different straw mulching quantity on soil
water and WUE in semiarid region

WANG Xin''2, JIA Zhi-kuan', HAN Qing-fang', YANG Bao-ping', NIE Jun-feng'
( The Agriculture Research Center in Arid and Semiarid Areas of Northwest A & F University ,
Key Laboratory of Crop Production and Ecology of Agricultural Ministry, Yangling, Shaanxi 712100, China)

Abstract: The study on the effects of different straw mulching quantity (0, 4 500, 9000 and 13 500 kg/hm?) on
soil water and water use efficiency of spring maize was conducted in semiarid area of Ningxia from 2007 to 2008. The re-
sults showed that the effects of straw mulching treatments on soil water varied in different crop growth stages and soil lay-
ers. Straw mulching treatment of 9 000 kg/hm’ had significant effect on soil water content of 0 ~ 40 cm soil layer com-
pared with CK (P <0.05), and the soil water content increased by 14.2% . The treatment of 13 500 kg/hm? raised soil
water content insignificantly compared with treatment of 9 000 kg/hm”. 9 000 ~ 13 500 kg/hm? treatments could increase
the yield by 16.9% (P <0.01), water use efficiency of spring maize increased by 4.3 ~ 5.6 kg/(mm*hm*) compared
with CK (P <0.01).

Key words: spring maize; straw mulching quantity; soil water content; water use efficiency



