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Effects of Straw Returning on Soil Labile Organic Carbon and Enzyme Activity in Semi-arid Areas of South—
ern Ningxia, China

LU Wen-tao'?, JIA Zhi-kuan'?*", ZHANG Peng'?, WANG Wei'?, HOU Xian—qing'?, YANG Bao—ping'? LI Yong-ping"®

(1.The Chinese Institute of Water—saving Agriculture, Northwest A&F University, Yangling 712100, China; 2.Key Laboratory of Crop Pro—
duction and Ecology, Minister of Agriculture, Northwest A&F University, Yangling 712100, China; 3.Guyuan Institute of Agricultural Sci—
ences, Guyuan 756000, China)

Abstract: The effects of straw returning treatments on soil labile organic carbon and enzyme activities was studied in semi—arid areas of
Southern Ningxia for providing a scientific basis of crop production and soil fertilizing system. The different straw returning treatments were
3000 kg'hm‘z(L),6 000 kg'hm‘z(M) and 9 000 kg-hm=(H) of millet straw and 4 500 kg*hm=(L),9 000 kg*hm2(M) and 13 500 kg+hm™
(H) of corn straw, the CK had no straw returning. The results of three years field experiment showed that in the third experiment year(2009),
soil total organic carbon, labile organic carbon and soil enzyme activities decreased with deeper layer; different straw returning treatments had
different effects on the contents of soil organic carbon and enzyme activities of 0~60 cm soil layer, follow the order from high to low:middle
and high straw returning treatments>low straw returning treatments>CK; straw returning treatment was not only increased the content of soil
labile organic carbon, but also improved the proportion of the labile organic carbon accounting for the total organic carbon content. Correla—
tion analysis revealed that soil labile organic carbon and carbon management index may be a better indicator than soil organic matter used to
reflect the changes of soil enzyme activities and soil nutrients. In semi—arid areas of Southern Ningxia, the content of soil labile organic car—
bon and enzyme activities could be improved efficiently by using of straw returning technology.
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T P S0F - S8 0 P Lk e TR A4 A0 52 0 v A DL
HRARRGE AU, T 2007—2009 4E7E TR R X B TRE
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AT X T R AR AR R A BB B BT R Y
SR, TREE E 2 A - AR S R B E RS AT B,
AR DA AL 7 B R B R S 4RI S

1 #HEFTTE

1.1 RIEHhHER

R F 2007—2009 FAE T E HK HIE X H A
B AR X AT o X MR 1 800 m, M AR
B4 SRR b R, TN A 1, X
X AR K B 430 mm 245, Hod 70% ) R S 4
e 79 H o A5 X B MR IR KRR S A%, 4571
SiE 6~8.5 °C, H BEATEL 2 200~2 700 h, BEHNEK K
BEK, K 650~850 mm, THEE (=0 CHZERE )N

¢  F O OB FE X 523
1.21~1.99, TLFE A 140~160 d,iXToHE 0~40 cm +2 1
BFAPRBLANER 1,
1.2 R58i& it

FEFRA HE B 4 NP, 2 5 FR5FF3% 3 000
kg-hm? (L).6 000 kg-hm? (M).9 000 kg-hm?(H).0
kg-hm? (CK) ¥y#ik H; FARFEFHE 4 500 kg-hm™
(L).9 000 kg-hm>(M) .13 500 kg-hm>(H) .0 kg*hm™
(CK)By ik H . B0 3 RER , FEVLIX 4 HE
H1, /N TR 18 m*, FEFFBAR BN TR 5 cm Z2
HR/NE, N TSR E AR /N 25 em £4
REMLE,

2007 SFHA TR FTIE H & TR AT A7 8 Bl
H,4 H 28 HilFh £k, S g 16, % 525 77
Pi-hm?,10 A 11 HYGR, FARBOGREHRAR I EE
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
Jikk-hm?,10 A 13 HER . 2007—2009 4 AL 7K
T BT T A= B — & (N=17% ,P,0s=
45% ,K,0 R 0) N EENE , #EFpEt—IEHE A, &5 A B/ X
FENE AR, 5t A& 225 kg-hm, ZEAEY A KA EA
HATIBAE,

1.3 AR AE
1.3.1 Rk

2009 4F 10 A FRWOGRESS 2 d #A7HUE . i+
TR T /N X R - B IR EE 43 3R 0~20 cm 20~
40 cm F1 40~60 cm [ HIEVERALK A, KT/
XBEPLRSE 5 MRS FRIRE BN L RER, 1
ARFRER 3 RER TR EE , HIBRA R A ShiE Y 5%
REEZ R AT, B4, 2 1 mm F1 0.25 mm 45 o
1.3.2 MEH B

TEAERAVRM T ERYNE. HEEER
MLBK R FH B S8 BR PR AN 5 IRTER T B B i L 2
BRI BRRR T R FABE IR R — A L A k0 i R AL SRR
FHEE SRR k0% REWERESR F 3, 5- Sk R
LR,

%= 1 R0 0~40 cm TEHEF MR

Table 1 Nutrient status of 0~40 cm soil layer

+2 B YLk Organic  Bif#A, Hydro-N/ B35 Available P/ #3548 Available K/ 2% Total N/ 4§ Total P/ £%¥ Total K/
Soil layer/cm matter/g kg™ mg-kg™ mg-kg™ mg-kg™ g kg g kg g kg

0~20 8.95 44.42 6.15 136.26 0.59 0.53 6.85

20~40 8.37 34.07 3.04 88.34 0.42 0.50 5.92
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I TE A LRI R B Bk P AR H(CMT ) T
B, FH 33.167.333 mmol - L KMnO, A4 5
FE I3 R R TE A LK L TP IE A ML ATE
PlBk & & o DAXT RO 2B Bk PEAE B Sk
EIARBFE XA RS AR R F I T BRI E
CMIHETT A

BREEFE B (CP=FE J B A DLk & & (g kg7 )/Z
FHREAYIRTE (g k) s IEBRAOATRENE, B
Bk P B (L) = A v B9E A AILBR (LOC)/FEAS iy
FETE A DL (NLOC ) ; B 2% B HoXoh e R P 4 52 i
PG BEFR B (LD RN  LI=FEAS B AR FR 8 M (L)% R
AIARTIEME(LO) s B2 F LA E ST LUTE 2 : CMI=CPIx
LIx100
1.3.3 HdEsatr

% F Excel #1 DPS7.05 #4443 Hr 3% , R A
SPSS17.0 BRAAFHEATAHIRAE ST

2 HRESH

2.1 FEFHE HEX HIRA Y AR E T RIS AR

A FIFEFFIE B X T R AR 3 3 FORTH
FEREROTE A ALK | A LB B B P o BEEE B R B9
MESRIN TR 2, ATLES, 1P 3 FRRRE

FE A ML AL B HLBR & B 2R B BAA B B
FEE, BRI BEE )2 TR B3 i s ; FEFF
i H AR 7 + R AR A s LA EH &, 7E
0~20 cm 12, F45hr LFEFTIA HANEE CK B2 E
FME2 5 (P<0.05), & T EMEZE 40~60 cm, F5FF
i H A FE CK 7E IR B VRS & DR E %
F(P<0.05) , HAtFE iR T B E 2R

T3 S AR (TOC) R R AR B (CMI) 52 7%
FFE H B0 8 2%, RHAE 0~20 em 2, FEFEFFE
H & & 21K, TOC F1 CMI 43 5% CK B E 475
6.96%.22.97%.12.41%(P<0.05) F135.61%.45.45%.
35.45%( P<0.05) ; 7£ 20~40 cm F1 40~60 cm + 23
BUH A B . FEFFIA X TS A HLaR (LOC)
KBt R B 78 0~20 cm )2, KRS FFHA H & H
B K ,LOC & B4y Al CK B 2 #5 29.30% .
40.76%7#11 30.57%(P<0.05) ; F5FFA H AL HTE M VLK
AW S BT N 20.85%~22.02% , B &5 FCK
AbFE(18.21% ), LBAFEATIA AU N T + 35
Blsk &, [FaHRighin 7 H 5 S A S EMHE 5
TEMEA VLA L, =& M ALk (HLOC) Filh G A
Mlidk (MLOC) & &EAEXHAK,0~20 cm 1-JZ HLOC F
MLOC & R FfEFF i H R SRR, 75048 CK B3

R 2 FEBTEEHELE T LIREVBMNRESEERNEY

Table 2 The change of organic matter and soil carbon pool management index in soils treated with different straw returning

.:IZE 4hm Eﬁﬁﬁ mﬁﬁ Highly ':F'Elﬁﬁmﬁi‘ Mid-labile ?ﬁﬁﬁ HLB% Labile A HLER Total organic S

Soil layer/ Troatments labile organic carbon  organic carbon(MLOC)/  organic carbon(LOC )/ carbon(TOC)/ HEFEELC
cm (HLOC)/g-kg™ g kg g kg g-kg?! CMI

0~20 H 0.30a 0.68a 2.03b 9.22be 135.61a

M 0.28ab 0.69a 2.21a 10.61a 145.45a

L 0.23be 0.61b 2.05b 9.69b 135.45a

CK 0.19¢ 0.48¢ 1.57¢ 8.62¢ 100.00b

20~40 H 0.21ab 0.33ab 1.43a 8.89a 124.25a

0.25a 0.35a 1.39a 9.13a 119.54ab

L 0.19b 0.30bc 1.21b 8.09b 103.74ab

CK 0.17b 0.28¢ 1.16b 7.52b 100.00b

40~60 H 0.10a 0.23a 0.98a 8.07b 105.42a

0.11a 0.24a 1.01a 8.79a 107.84a

L 0.08a 0.21a 0.95a 7.10b 103.65a

CK 0.09a 0.21a 0.91a 6.50¢c 100.00a

S Average H 0.20a 041la 1.48a 8.73b 123.69a

0.21a 0.43a 1.54a 9.51a 12721a

L 0.17ab 0.37ab 1.40a 8.29b 117.23ab

CK 0.15b 0.32b 1.21b 7.55¢ 100.34b

T ARVNG TR AL BRI 22 57 B2 (P<0.05 )

Note : Different small letters indicate significant difference at P<0.05 level.
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5 57.89% \47.37% .21.05% (P<0.05) F1 41.67% .
43.75%.,27.08%( P<0.05) ,HLOC 1 MLOC 4 & 5 TOC
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b S TE M4 B CK B E R 5 6.12% .5.08%
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Figure 1 The change of enzyme activity in soils treated with different straw returning
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SR, X3 ORIV B R B AT AL
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iR R RS, CO, B I o ABFEFHE F X+
AW EASREEZD, RAREHEBEXA
MLER Y R Z 7 T A PVRA 5 32 3] - 385
S A D RCRAERT R SR R B, S8 E
RIS TR IRELE R A — ., PERGERFT R,
HER-ZRERR D, BIFSELH 2 a5, B LKA
JFSR G 4.23% T+ 4.53% ,4E39 E T} 0.30%, T %o B
A H TR 0.14% ; B bt EPBF 550 R, AL RS T
82 a0 H, 2B H 5 EEHYAILIK S EBX
B> BT 7.09%F1 5.87% ., WA TEFHE )G 84
HUBRFHARIG I A6 F , ansk IR VT=HRIE , 7 CK X 13
ARG 045 g-kg ', BGEFREFT X V- 255
AEP/ 0.12 g-kg™'s ABFRINR , 38 3 a WFEFTFIE H
BRI, TEAVR S EA R, LHE 0~20 cm £
=, BEFSFHE HEH & BUK, TOC & &4 7% CK i
ZAREL 6.96%.22.97%F1 12.41%(P<0.05), EEFEFF
i H A EFSFRE HAER S T A PLak & &7 It
WA RIS, X AT REH TR FFE H &5, S 3
38 C/N ZeAr, DA 5 M3 FE RS 014 OB AR o
3.1.2 FEFFA H N 35 a HLBR A B2
THEEHA YRS LR A SRR St
B o R R P SR A BN A R B E R
AR LR , eSS 7~ T3 B A 3R F1 AR Tk
Bt bb S A MLAR B R L, BB B MR | B SR S Bk
AR I A0 L R 3R B AR AL 56 T4 N FE AT IR H
REAR 4R & HIEE A PR I BREA — o 8 NIA KT
Fid HE R R A YR R (B RREE in +
B EHA YRR R E A RS & TR E 5 a

R 3 T EANRSEBEERIENTENEXES N

Table 3 Correlation analysis between organic carbon and enzyme activity and crop yield

£ MREG  RIMEBERREE WJELERE REEE  RIEEER PEEENR EHEAVE SENBR REEE EwTUE
Factors Urease Phosphatase  Catalase  Invertase #LK HLOC MLOC LOC TOC FE¥L CMI Crop yield
JREE Urease 1
T EBERREE Phosphatase 0.795" 1
S E AL S Catalase  0.897™ 0.589 1
FEBHER Invertase 0.878"  0.898" 0.829" 1
EiE A YR HLOC  0.860™ 0.546 0.961* 0.833" 1
HIEHE DL MLOC  0.864™ 0.591 0.989" 0.859" 0.973" 1
EHAPERLOC 0863  0.644 0.952" 089"  0.979" 0.970" 1
JEAEHLEKR TOC 0.785" 0.579 0.818" 0.848™ 0.922" 0.869™ 0.895™ 1
TREEE IS CMI  0.808" 0.462 0.966™ 0.762" 0.973" 0.966™ 0.965™ 0.819" 1
YEIr= 1 Crop yield  0.763" 0.311 0.898" 0.559 0.812° 0.863" 0.742" 0.630 0.844" 1

% 7E 0.05 K EARKHE B (n=8) ;** 7E 0.01 KF EAIKMERE (n=8),

Note: * Correlation is significant at the 0.05 level(n=8 ) ; ** Correlation is significant at the 0.01 level (n=8)
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J5 , FHEEMEAA WA CMI 35 F [ thg AN Rz
FHIE H REAE3S I -3 rp A TE A HLER A 4, [RIET B S5
BEEAYRT R, ARG REN, BT HAEEE
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30.57%(P<0.05 ) , 3X 5Bk 3k 2B I 5T R — 3K
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3.2 REFFE A T IEEE AR
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T TE A TE R 2 B RN 516 — B TR TS AT
HERZ EEX R F TTRER . R 2 TR I 5
SER AT RS RE R A, B TR W B R
HIEBER NG, HEBREE B SR KL EE
FEICF RO A F Tl P 03 3 5 %58, S 30
T BEME REAR,

4 i

RILGABUT T A FEFRBFE HE 55T X 15
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(1)FSFFIE H BB 20 = 3 Pk & B iR E
EHIEH . THIE 0~20 cm )2, FEREFFA H /& 3]
%, TEAVIKE R 55 CK BERE 6.96% .
22.97%.12.41%(P<0.05); THEEEMA RS ES5]
i CK BB 29.30% .40.76%F1 30.57%(P<0.05);
CMI %y 3% CK 8 3% & & 35.61% .45.45% .35.45%
(P<0.05),

(2)F5FFIE H 23R T IR IRES B B AR A |
i EA S E R RS, IR SRR E R HE R

2/

(3)AHRAME TR, T3 TE MR WLAK B bk 2 &
RIS RS T IEERE M A BRSO R T A AL
B 5 HAE M, ULRH +EVE M LA A9 A R 26 43
CMI TE fE S e+ 38 o B N+ R AE SR B, J2PFA 1 358
EHH RATFHENR

(4)i& HFSFF B RAURZ 2R R 4
2y, 7€ BRI M2 b, hE B E HER S -
B WL & B RS O AR T B
P FI, AR X A EIE RS FHE H &R 9 000 kg
hm? 24 .

AR AL B HEXT VR B A R TR E 2 2
ERRON, [F—Ab 2 35 AR O fa B R S B S BR
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AR . B2, 767 R 5 X SChtiAs ARk H A Of
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