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Effects of Straw Returning on Soil Water and Crop Productivity in the Rainfed Area of Southern Ningxia,

China
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Abstract: Research on effects of straw returning treatments on soil water and crop productivity was conducted in the semi-arid areas of South—

ern Ningxia for providing a theoretical basis of expanding soil water storage capacity and improving crop water use efficiency. The different
straw returning treatments were 3 000, 6 000, 9 000 kg +hm™ of millet straw and 4 500, 9 000, 13 500 kg-hm™ of corn straw, the CK had no
straw returning. The results of three years field experiment showed that in the third experiment year(2009), follow the amount of straw return—
ing from high to low, compared with CK, soil water storages(depth 0~200 cm) increased 8.8%, 9.9% and 6.8% respectively at the sowing

stage of corn; Soil water storages(depth 0~200 cm) increased 14.8%, 13.9% and 12.8% respectively at the maturity stage of corn; Grain yield
of corn increased 30.7%, 29.2% and 12.5% (P<0.05) respectively; The water use efficiency increased 41.1%, 35.9% and 21.3%(P<0.01 )re—
spectively. In the semi—arid areas of Southern Ningxia, the use of straw returning technology could play an active role in the preservation of soil
moisture, expand soil water storage capacity, and increase crop yield and crop water use efficiency significantly.
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RRMEHARIXEE,

S AR 244 i T A s K A 7
FRES . RBIA TR BT A , A3
SO BT B, RS A e AL
AT R R R B, AR AT RS F OB
SR , E R SRR | MR
SR S P T, JF IS T — St
R I FEL X 5 2B+ K A0 AL R4 R B
KosfaEke s, HIBIEOH AR R AR R . Wik, T
2007—2000 446 TR R K BT E LIRS, BARE
RIR RS FFAE HR, B9 I BIRERTA L 46 4 0 -
IR BN A= 1 (T, 4R35 3 B 24 e 7 A
S ROE RS FEE BB, R 7 M
PARBTIS I

1 T %

1.1 iR

I T 2007—2009 F4E T B K A 6 X
A BRI IAR X 17T, ZX R 1800 m, #iFHE
RRE R0 b b X ARk
B 430 mm £ 4, K EESGEFEREYERNE
B, SREFMAIE, RKRBRH T KA M.
Pk BB PR HARAR R MENARR R (R 1), 538
BRRBMWE, P4 70%8 R EF7E 7—9 A
iy, ZLARNN X5 X R T H R A KRS
16, A58 6~8.5 °C, H BBETECH 2 200~2 700 h,
RHNEER KRR K, N 650~850 mm, THEEE (=0 C
FIZE R & )R 1.21~1.99, TTFEH 140~160 d, +3ESR
oA EA L AR A YRS & 10.62 g
kg™, TIELAFE 0.96 g-kg!, TIEHH TR 98 mg-

kg, TR B 2.49 mg-kg!, T A S & 56.63
mg-kg™;
1.2 Reeigit

AR HER 4 ME3E, B 7R 3 000 kg-
hm2(L).6 000 kg+hm2(M).9 000 kg+hm2(H).0 kg
hm™(CK) By i ik H ; FKRFEFF# 4 500 kg-hm>(L)
9 000 kg*hm?(M )13 500 kg-hm?(H) .0 kg*hm?(CK)
Wik H o bR 3 IRER , LK A HEF, /X
RN 18 ms, FEFFHOM LTI 5 om 224 1/
B, N TS RIS EARFRAAHE/NX 25 em ZEARER
+=.

2007 4E3E A TR AL H & TR A0S AT B L
H,4 H 28 HilFh £k, S g 16, % 525 77
Fk-hm?,10 A 11 HBGR, FRWIKEHIRE & B2
KT EKFEFFIL H 52008 4 4 H 28 HiXFEY N
AF, Ao KE 10 5, %5 30 T #k-hm?,10 H 17
HR, WOk G A FR e HE#F TR ;
2009 4 4 H 22 HFpEK, P ATk 16, % B 5.25
F#k-hm>,10 A 13 HYfedK, 2007—2009 4t AE K
o DB TAHBER _a (N=17%,P,0s=
45% ,K,0 R 0) N EENE , #EFpEt—IEHE A, &5 A B/ X
FENE AR, iR 225 kg hm™  ZEVEW A K
[ AFATIEAE
1.3 MEBMB 5Ai%

T EKER AT, MSEEY R R RTRI
RELETIWE, WERE 0~200 cm, 4 20 cm —
2 HERAE SOk T & AL B S (kg - hm™?)

TIEF K B ATTHE . W=hxaxbx10/100
KW R HIEFKE , mm;h K+ EHE, cm;a 1
BRAE, g om™;b A HEESKE, TR,

TIEFEKEM I  ETa=W ,-W 1+P
K :ETa Jy - EEFEK B, mm; W, HHEHET LK
&, mm; W, HBORE LK E, mm; P A TS
AEK &, mm, S R OKE RFKEHLL 2 m 1

& 1 KX 2007—2009 & ARE/KES &£ ¥ A REKE(1970—2009)
Table 1 Monthly rainfall(mm) in 2007—2009 compared with long—term average

IiH 1A 2 A 3A 47 51 61 TH 8 A 9H 107 1A 127 FRKE
Item Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sept. Oct. Nov. Dec. Annual
2007 4.8 29 72.0 2.7 74 98.8 35.0 41.7 89.6 67.2 0.9 1.7 424.7
2008 18.1 4.7 4.6 155 9.2 352 78.0 80.3 117.3 26.5 1.5 0.0 390.9
2009 1.4 14.8 12.1 10.7 33.8 33.1 51.6 1234 232 224 5.2 35 335.2
LAY Average 4.0 3.6 11.6 26.3 494 63.1 82.6 824 60.3 40.5 5.1 1.5 4304
ARRECVI% 1061 85.9 125.5 71.6 81.3 534 36.4 40.7 55.6 51.7 72.1 85.6 11.1
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BEkEHE,

KRR WUE= Y/ETa
A : WUE H7K 53 I RZE kg mm™ - hm ;Y AAEY)
R & kg hm™,
1.4 gitAiE

FH DPS6.55 Ab FRER A TAE A T 22 53 #fr S Dun—
can’s FIERZRL

2 ER5H5H

2.1 0~200 cm + & 3K HIKFBhETHL

AR RIRSFT AR X 3K A IR I K (H Y
AR BN G A BAE RGO, T H 5 MRk E
(FERAFTIREK) FHABCHE VIR HE 1AL
Fi: FERFFEHSE 3 FRENERKBER V FH5
HMBERT, EREATHEAENEKEHNE V
FRIGR , FERE R IR S BRSO
BB X5 FORME R BB RS B S 1 B K 4514
AIRRKR . SRR E KRR, ARG A
TR EE S, FEVEW AT R R R
T AR ST R A EE R AR RO
BRVE R KG9, e 10 H & = 2IE, 58
7K B4y A8 CK [Fl—BHARS N T 10.04~26.02 mm,
3.83~15.09 mm, 223 2 BN K A
Kb PR K B WA, A HAES CK
[i) Fy - 3K R 22 S 2 PR AR i e B, KR
BHIN, BERSFTIE H & B R 2, 0~200 em )RR 1
B K & 437 % CK 3Em T 20.60.13.93.,20.42 mm,
ARFFIEHELEE CK 257 53E (P<0.05),{H4

2.2 0~200 cm T ETEAKSWEETH
2.2.1 FKFEFp-mI O BB

Kl 2 B IS 2009 458 FOKFE RN -B W O BBt
0~200 cm + 2K, BB LIR KM
BRERNE T, BRI, 25T, L3RR
58, FERRAR R ERHS , REAKAINT R /D, HEAR TR K 40 F2 22
FERE R HORIEME Frih BB HEE K FREE
KEFEKEAEENEMN B K2R T)Z
TEEKERTREMKZNIS  FEFREFE H & H
BEEME, H 0~200 cm +2E A TSR RS BIE
CK BE#E 11.9%.11.7%.8.2%( P<0.05 ) , B & F5FT
WHAER TR EES . B 0~200 cm 12 -5V
¥E K4 CK B F 8 5 10.0% .10.2% .8.2%
(P<0.05); ¥R 0~200 cm + )2 HHEFH5 K B4
B CK 35 13.2%.10.3%.5.4%; W\ OH 0~200
em 12 VPG KE S HIB CK 5 8.7% .
6.9%.2.9% H. M ZbFEF1 CK [A] 225 5 2 (P<0.05) .
FERTZEWIV O, B4 T 0~60 cm 12 3P B8k
B/ 43%~45.4% ,60~120 cm + 2 HHEFEH &K E
{0 10.4%~15.5% , I JZIK 53 ZBA0E N
2.2.2 Tkt 22— R B

El 3 B KSR 2009 F5F TR 22— BB B 0~
200 cm + 2 HIFK BB . ABrEHEA Y H
W, R, TR TR B, AT A KA
B FEIKEREERCR . BEFSFTIE H & = 2K, nh 2
0~200 cm + 2 +HEF ¥ EK &4 78 CK &5
10.6%.9.3%.5.9% ,H .M Zb 3l CK | F 8% (P<
0.05) ; BESZ I 0~200 cm + )2 HIEFH K B85

AR HA A TR EZER CK B ERE 17.0%.14.8%.11.6%(P<0.05); KL

380r La ., 1140

[MH OMm EL BCK =¥ 4&=FHFEHE Growth stage rainfall a a T

E360F a a a T @ 1120 E
3 2 a e 1100 o, 3
% 3400 1 i "ﬂéﬁ =
% b 480 =
B 320} > 2 gz
= 300 160 jr g
”]‘_g* I a0 ¥ 2
&l 280} |l {20 3

260 s - - 0

FEFPY] Sowing T Seeding K7 Jointing U [VINmp:] nt 23] Spinning I Filling Y Maturity

Flare opening

AR FVINE FZhHE) 22 7 B 3 (P<0.05). Note: different small letters indicate significant difference at 0.05 level.

B 1 EX24EFHAREFEAHELET 0~200 cm 1 B HEM/KE T (2009.04.22—2009.10.13)

Figure 1 Water storage of 0~200 cm soil in the whole growing period of corn under different straw returning
treatments(2009.04.22—2009.10.13)
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Figure 2 Dynamic changes of soil moisture in the corn field during sowing from flare opening period
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Figure 3 Dynamic changes of soil moisture in the corn field during spinning from maturity period

0~200 cm + 2+ EKE S HIE CK BER
18.2%.15.9%.11.1%( P<0.05 ) , it 22 AR s , &4k
3 0~40 cm + )2+ EKEIE N 17.6%~29.7%,
40~120 cm + )2 HHEF &K BN 18.7%~29.3%,
120~200 cm + 2 HHEFH K BEABRA 2.
2.3 AEEFIE B ERIEY = 2R R KR AER

KGR FAEY P & FE R FEK Fith R
FRRZ I EIH KRR BRI, B2 A X
THK A BRI, H AL R RARR, W B BEK
SHEHEEARE LRENOKEE KR FEREM
BEEGEF RN 0), i H3 K EHEIHHE, WHE
YK 53 R RS TR S, AT LA T F#AS [ AL 380 1 48
TR 53 IR FPIRTE

M3 2 FH,7E 3 LS F75 8 H ALY
TEYI= BRI , T B IR T CK A 7ERE
TKAHXTEEZ 1Y) 2007 4571 2008 45, M PR 7= R
BT FET 50 2009 4, H A B 7= B RIBAT .

ERGFHE H & i 2, 2007 4 F K= /23 CK 435
L5 18.1%.18.9%F1 14.8% , YEMI/K 53 F FIR 45 CK
P25 18.0%.21.8%F1 19.9%, ZRWEE (P<0.01);
2008 FEA T B E CK 25 13.7%.20.0%F1 3.7% 4
YIK 43 RS CK #2155 16.4% 24.0%F1 3.0% , 2%
553 (P<0.05);2009 4E T KF=EE CK 25 30.7%,
29.2%FM 12.5% , £ 57 B3 (P<0.05) . YEH /K 5K F sk
T CK 125 41.1%.35.9%F1 21.3% , 2% 5l B2 (P<
0.01), MFEFFEH 3 a AR HKFE , H A EEAN
M Ab 387 = B FK 4 F FRCR 7 9% CK R
e B E 257 (P<0.01) (B EMZRIMNZEF AR EE,

3 1tig
ARG N  FEFFE H AL AR B B 1R EoRA A
BRI HEESKE. TR ERRERR,

A TELERZESR T —ERHT, BBk
A S TR R ER, AT LU S8 RS A 2 AR
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Table 2 Effect on crop yield and WUE under different straw returning treatments

FEB Years b 725 Grain _yield/ ETa Water Wl{E/ ) Esy=gi] F%ﬂ(ﬁ Growth IS%?J(EEP:’EI$ Precipitat_ion )
Treatment kg+hm™ Consumption/mm kg mm™+hm? stage rainfall/mm  productive efficiency/kg*mm™+hm™
2007(EK) H 6352+£22aA 312.03+3.57aA 20.36+0.16cB 323.1 19.66 +0.32bB
M 6396+15aA 304.34+4.36bB 21.02+0.44aA 323.1 19.80+0.21aA
L 6172+19bB 298.37+2.54cC  20.69+0.48bAB 323.1 19.10+0.35¢C
CK 5377£13¢C 311.71+3.81aA 17.25+0.41dC 323.1 16.64+0.18dD
2008(#F) H 2321+9bB 292.07+2.08aA 7.95+0.32bB 3454 6.72 +0.33bB
2450£11aA 289.35+2.42aA 8.47+0.54aA 3454 7.09 +0.12aA
L 2117+5¢C 301.05+1.98aA 7.03+0.52¢C 3454 6.13+0.27¢C
CK 2042+7dC 299.11+3.72aA 6.83+0.18dC 3454 5.91+0.26dC
2009(EK) H 4744+19aA 261.31+4.33bB 18.16+0.38aA 289.1 16.41+0.19aA
4688+23aA 267.98+3.94bB 17.49+0.64bB 289.1 16.22+0.24aA
L 4083+15bB 261.49+1.79bB 15.61+0.37¢C 289.1 14.12+0.18bB
CK 3629+13¢C 281.91+4.11aA 12.87+0.16dD 289.1 12.55+0.15¢C
3 a H 4473£13aA 288.47+3.32bB 15.49+0.19aA 319.2 14.26+0.21aA
4511£17aA 287.23+3.57bB 15.66+0.16aA 319.2 14.37+0.16aA
L 4124+12bB 286.97+2.10bB 14.44+0.25aAB 319.2 13.12+0.17abA
CK 3682+11cC 297.58+3.88aA 12.32+0.28bB 319.2 11.7+0.250bA

B FIARRKE FRHAIZE S B 3 (P<0.01) , RR/NE PRI R B 3 (P<0.05).

Note : Different capital letters in the same column indicate significant differences at 0.01 level and different small letters indicate significant differences at

0.05 level.

BRI, W R B GFZE R R E 3K 43 AT LA
A G SR K ZHE S RS H Y B AE
FHU R 0~200 cm +)E M H &K E . FEFF
I H PRI K SRR 2 2/ 0T 5, ER E oK
FAETRH H A M Zb3E: LA CK AbEE R BB
SR ORI K AR, R BRI ORI B S FT I8 AT LASE
BRGNS A AL, B R s, (R ROk
FIEIRAE A, B8R 5K B BRI K BB 1,

WA IR, FEFFE B XF + K R B 5
B WEMY, RS F S R IR T R E K
a5 P SEWS T KBS BRI BRERE
FFi4 H PRI 7K BE 3858, A A ok LK 4R
LA LY K& BAR AT ER H R, R —
BRI TR AT AR, 7ER R SRR S A A
T R AT AR B AR FEAR ST R, B
17 3 TSR HENHRE:, Kk HFSFF e &
BRI, FmSEE T H#EAK R,

R AR FAEFIE HXEY ™= R M HEAT TR
BB, KB A RS FTIE H P LA SV E Y ™
S AT Y AR o Y B SR R AT RE R A AT A
A H B EER A LR A, B R E T AR Y
SRR R 2 R ECH B R TR, ARSI 3 4

FIFEFT IR o AR I 2R B , RS FF 4 H AR PEAS CK ¥I6E
5 HHOK A R I EY = & R T8
) 2009 4F , FEFFIA FH AL TR 3 P (R 58800 Bk B R«
REFEFFIE H & i = B, TORF=2 4 318 CK 3 m T
30.7%.29.2%F1 12.5% ,WEH)7K 43 B FARL R 43 %8¢ CK
BET 41.1%.35.9%F1 21.3%, X 7] R AR5 FFE
H AL FEESR & T S K B RIR S T R 3EMA Y
W%, 15 U E R I, R e s, +
e SR 4r M R A MU SRS 09 4 AR R R R, 3k
BORE T HERERK R BRSO, f5ED
FERSEIMAEYI K 53 R FRBCRIR &

TER—HERE KT, 2007 4EF0 2008 4F M AbFEfY
FER R, TAE 2009 48 H AR =B HI KT M 4
i, HREE AT AR : 2007 4EF)1 2008 4F , #5711k H A £/
B KA A T4 BB, KR L B FEFF Y
JEFEREE  TERT IR AT AR LT, I R AR
HFEFFAUNE I ED R R AR ER RS
2 £ P T RAEY, 5 R T
HEE WA FEY N R R TR AR ER =2,
FERSFT I Bk B, X 6 R Al 5 S 3 R A L
K8, NI FRARAER 7= & - BEE AL AR R AU E K, FEFF
T H PRI I /K AR Ay, A R A A 7K 43451
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T HFEFF B RBERZ ZMERNEEH Y,
BRI ER L, AR X A BE S H &
419 000 kg-hm™ 547 o AN [RIALBERE it X VR4 ) A
AEER A BN , W —A BT AR
HRER BB R EPRRCR, R SR 2R B30,
BRTHEMBRARBNME., B2, TR EX L0
FEFFIE H PRI O F5 7, BEA ) TR R E XA
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