Lo FREERIEH 2011,30(12):2518-2525

Journal of Agro-Environment Science

EFTHWNTFEER T EFGNRESER
T IERRT LB RS M

Kom2 E e, RAR L E OB, B K & EE

(LVGIL MBS KR EBEX KRR, B Bk 7121002 8RR A 7= 5ESE SRS, B %
712100)

& E T HRUIRFE X TR R X A LR R S A, A AR A 7 R - SRR AR A B RS T 4
a(2007—2010 4F)FEFFIE HEALRE , B A FFSFHE HEAL I, & FF5FH% 3 000 kg hm (% 1) .6 000 kg*hm=( 5 M).9 000 kg-
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Effects of Straw Returning on Soil Organic Carbon and Carbon Mineralization in Semi—arid Areas of South-

ern Ningxia, China
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(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)

Abstract: A field experiment was conducted to determine the effects of straw returning systems on soil organic carbon and carbon mineraliza—
tion of millet or corn under different straw returning supplies. In order to provide a basic theoretical to establish the fertilization system and
crop management for semi—arid areas of southern Ningxia, we studied the effects of straw returning , taking no straw returning as the control,
on soil organic carbon, mineralization rate, mineralization amount and the correlation with different kinds of soil carbon under different straw
returning treatments [3 000 kg *hm=(L), 6 000 kg*hm=(M) and 9 000 kg*hm=(H) of millet straw and 4 500 kg*hm=(L), 9 000 kg*hm™
(M) and 13 500 kg*hm™(H) of corn straw] for four years(2007—2010). After the millet harvest(2010), the results of four years field exper—
iment showed that soil total organic carbon and labile organic carbon decreased with deeper layer; compared with CK, with the reduction of
straw returning in 0~60 cm soil layer, the soil organic carbon increased 24.2%, 20.8%, 9.5% (P<0.05), and soil labile organic carbon in—
creased 50.3% ,46.6% ,34.8%( P<0.05); straw returning treatment improved the proportion of the labile organic carbon , which accounts for
21.1%~23.1%(P<0.05) of the total organic carbon content in 0~20 cm soil layer. Different straw returning treatments had different effects on
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the contents of soil carbon mineralization rate and mineralization amount of 0~60 cm soil layer, follow the order from high to low H>M>L>CK;

the straw returning had significant difference with CK. The soil carbon mineralization amount had extremely significant correlation with other

kinds of soil carbon. The content of soil organic carbon and carbon mineralization could be improved efficiently by using of straw returning

technology in semi—arid areas of Southern Ningxia.

Keywords: straw returning; semi—arid areas of southern Ningxia; soil organic carbon; carbon mineralization
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1 #EFTE

1.1 B R

RIEF 2007—2010 FE T E FKE HIG X ZHE
BAM RIS X ST . % XK 1 800 m, HiFHE AR
B 5 R AR 51 B b b X AR R K & 430
mm Ze4 , HH 70% 1R ETTE 7—9 H . iR XJE
HLAY BT R Bl B S, AR RR 6.1 °C, Y
HREET %L 2 518.2 he HENFZEKER K, H 17532
mm, THRE (=0 CHZEKE)H 1.21~1.99 mm, TFF
# 140~160 d, H3ETH A B4R 1 KK 0~40 cm 1
2R RBLANER 1.
1.2 Rt

AR HEWE 4 MEH, RFFRFF 3 000 kg-
hm2(L).6 000 kg*hm2(M).9 000 kg *hm2(H).0 kg*

£ 1 R 0~40 cm TETEEF SRR

Table 1 Nutrient status of 0~40 cm soil layer

+)2 Soil layer/  FHHLEE Organic  BRMEHE Hydro-N/  #5KB% Available P/ B34 Available K/ 2% Total N/ 28§ Total P/ 24F Total K/
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 0.50 592
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hm2( CK) B3R B ; FARFEFFE 4 500 kg-hm2(L) .
9 000 kg*hm2(M )13 500 kg*hm>(H).0 kg*hm2(CK)
WA H o B0 3 IRER, FENLIX RS, /X
HRK 18 m? FEFFRR BEHLITIERAL 5 cm A4 B9/
B, AT H5 B E AR F/NX 25 em ZZAHER
+Z

2007 A FREFFE H &2 T80 17k B a
H,4 A 28 HislFpEK, AL e 16, BE 52577
FR-hm?,10 A 11 BBGE, FRBGREHIRG I EE
SRUEAT T OKFEFFIE H 52008 4F 4 A 28 HikFHMEY R
AF, MK 10 5, % 30 Tk -hm2,10 A 17
Hikk, WkIEHA TRFTE HE TR S H ;
2009 4F 4 H 22 HAWEXK, S RILE 16, % 5.25
Ji#k-hm2,10 A 13 BGK, WOR)E# EKFEFEH
EUTHEH ;2010 4F 4 A 21 HFAS T, SFpA
R 2008 4F—3,10 A 23 HYIK,2007—2010 4
FEAEAKF: B TA =B — 8 (N=17%,
P,05=45% ,K,0 } 0) AFEAE , FERIET —FF A , &40
/)N DXt A A ), Bt FH B 225 kg - hm?, TEAEYI A K
BIRIAHATIBAL
1.3 ARF*E
1.3.1 REEH

2010 4F 10 AAFUWORES 2 d 7B, A+
ERTE AR T /NX R R R E 53518 0~20.20~40
cm 1 40~60 cm ) HIBVE G TH4E , B H0/NX FE
MUREE 5 s, AZIRAER | KEE , B4
B3 EE , FERIEE , BB A SR shia P 5k k<%
ZefifE T, B4R, 33 1 mm A1 0.25 mm F45 F o
1.3.2 PET

T3 BA VRN E R ARSI SMIN;

THEE A VLRI E KX CMI TR : SRA 33.167
mmol * L' A1 333 mmol * L' KMnO, £ AL 43310 2 +
R L R EE A MUK A A ML ATE A ALk
TR, L IRANE RS I R EE B R
a8 (CMD AR RS BRI R SR kTR

CMITHE B R :

BREEFR B (CPD) =FE b BB LK & & (g kg)/B
AR R (g kg?)

T AR AT E T BB PRI B (L) =R A rh 190
AR (LOC)FEARF HAETE A PR (NLOC)

B 2 B XA M i) s e BV B4R B0 (LD =
AT EME (L) ST BT ENE(LO)

FTF U ESHOT LIS 26k RS A8 CMI=CPIx

LIx100

3T AR B RE < SR A R IR IR IR
e R A HLAR B AL & o 45 H (1B el Ay e+ (<
2 mm)MAGE EZE /KRG AT, 72 (281 ) CHYTE IR S
FEAENTUIESE 2 A LIRE H a0
BIFRBA S FRF £ 50 g 2RSS 3 47, BT 1000
mL FFEHF (B 1), AT KRS EEHERKER
75%0 ¥4 25 mL 0.01 mol* L™ NaOH & 50 mL
WBORR/IN O B TR RGN 3 2% 1, 78 25
CHE IR BE A N BESR , 7858 2.7.14.21.28.35.42.
49 d U RO, MR T A = AT,
JMA 1 mol *L™ BaCl, %% 2 mL X 2 TH B BKIE AR5,
AR ERT & = A6, ARBYE co, BRI BB RI N

TIAER AGH LR,

KL CO, Y NaOH
The vial with NaOH traps

F#¥ Soil sample

b.25 HSEHR
The bottle without soil

aJR R SE TR
The bottle with soil sample
sample for blank test

B 1 B4 Co, MIEFmREE
Figure 1 The diagram of bottles for absorbing CO, released by

mineralization of SOC

1.3.3 HdEASHT

¥ Excel 2003 #HATHHRAL IR . 22K, SPSS
13.0 G143 B kA4 7 B R 28 75 22 (One—Way ANO-
VA) BT AR R4 4T, AR BEZ 7] £ 3 HL R
Duncan FTEWE T, RGLET + B (P<0.05) 0

2 HBRESM

2.1 AERBFIEHEN TIEEHBRNBKESIEIRH
sp-A|

8 3 RS ERR B A TE A HLAR LR HLAKR
TRAEER EEA RN, RIS )=
TREE BN jg /D s RS FFIA H AL AR 32 + R TR
AR R L ECHH B, 7E 0~20 em H)2, B 4545 B 7
ik H AL FEE CK 2 B EH2Z T (P<0.05),Fi%E 1
EIEZE 40~60 cm, FEFF A HANFEEY CK e HERA
MBS & F B E 2R (P<0.05), At ir 8 L 8
EMER(E2),
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T3 SR (TOC) Filk R E AR E(CMI) 5275
FFi8 H RS2 83, LHAE 0~20 cm LB, FEETEFF
i H & R MG, ToC F1 eI 43 B8 CK BERE
24.2%.20.8%.9.5%( P<0.05) F1 57.4% .53.4% 42.0%
(P<0.05) ; 7E 20~40 cm 1 40~60 cm )2 R H A
] B 5 o FEFFIA X 380 1A AR (LOC) B2
BWEAE ,7E 0~20 cm 12, FEFEFHA H 2 i S 2, 38
CK B ERE 50.3%.46.6%7 34.8%(P<0.05); FHFF
it HANENE A AR 5 BB PR & 2 HLEH 21.8%~
22.2%, BE =T CK 43 (18.0% ) , Ut AT T8 HA
(U SR YRS &, ReT i 7 H 5 8a
MLk & R LU E ; SIE A PUBRAE L, =515 A Pk
(HLOC) FH & M A LA (MLOC ) & 2 A X 34K, 0~
20 em 1J2 HLOC 1 MLOC & 2 RS FHE H &
2L, A% CK BERE 76.2%.61.9%.33.3%(P<
0.01) #1 54.9% .51.0% .35.3% (P <0.05),HLOC #1
MLOC & & (5 TOC ¥ & A9 FL 3 43 7 i 2.4% 1
5.79%8EFEN T 2.9%~3.3%M 71.1%~11%0 B2 ,5EH
FEAFE HAL B R HoM 403, HAANm S &
3 FIEEA PR S 298 CK SR B EF R, RE
EHISR BR R AR AR R T A
MlbREcR , T Bk T HIEA VR R, ] T 1%
LR EHET"TTo

2.2 ARERFIEBEXT HEHRT LR

HHEEVIROT LSRR NS 5 T T
1), AR K IEEE SRR AN . 4SO T4
BHRT L =L B 7 TR AR RFSFFE AL
TR R X AR LS T T 4T,
2.2.1 ANFFSFHE H X A VURD L E 2 A 5

2010 FAFWIRE ,0~60 cm % T2 HHEAHLER
WAL ERA L R —5, 2 A B A By
BLSE—BBOR 0~14 d A£4 , BIZEREFRRII, CO, P24k
AR SET R R T R, AR ROR, e R
SR AR AR R BB BR 14 d EREFREW,
CO, FA R GNE , H FERE SR [A] 19 KA RS FFE
H 2 A 3R CO, F= A R EAET , I FE 43
BRUMBIFSERK (E 2),

AR B EEVRT LR 2 TR, A
FEFRHA],0~60 cm TR NS AEFE CO, 7= A F I BE
TR MR AR, T REIE B 60.5%~523.9%(P<
0.01). Fl—1Z& 43+ 3 O, A R B FEEFS
FFIE H & AR, X ZERE SRR (0~14 )R
TEREE , FEREFREE 7 d,0~60 cm TR B FEFFE H AL
A CK R B RS T 41.8%.28.3%F1 15.1% (P<
001), Hi A.MOAHEHK LAEEREE (P<
0.05), KA B M LHBEZ R, SR, AR

R 2 FEBFEHELE T LEGVBRMREEERERNTH

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

12 Soil layer/  4bFE

FIE A DL Highly labile  HIEHA DL Mid-labile  TEHEA BB Labile organic S HLEK Total organic BkFEEH

cm Treatments organic carbon(HLOC )/g-kg™ organic carbon(MLOC )/g*kg™ carbon(LOC)/g kg™ carbon(TOC)/g kg 5% CMI
0~20 H 0.37a 0.79a 242a 11.1a 157.4a
M 0.34ab 0.77a 2.36b 10.8a 153.43ab
L 0.28b 0.69b 2.17b 9.79b 141.96b
CK 0.21¢ 0.51¢ 1.61¢ 8.94¢ 100¢
20~40 H 0.26a 0.42a 1.52a 9.42a 133.52a
0.26a 0.38ab 1.47a 9.24a 129.01ab
L 0.22b 0.33b 1.3b 8.54b 112.74b
CK 0.17¢ 0.27¢ 1.15b 7.75¢ 100¢
40~60 H 0.12a 0.27a 1.09a 8.76a 116.83a
0.12a 0.26a 1.05a 891a 112.11a
L 0.1a 0.23ab 1.01a 7.24b 109.82a
CK 0.08a 0.2b 0.92a 6.56¢ 100b
SEF Average H 0.25a 0.49a 1.68a 9.76a 138.77a
0.24a 0.47a 1.63a 9.65a 134.23a
L 0.2ab 0.42ab 1.49b 8.52b 124.01b
CK 0.15b 0.32b 1.23¢ 7.75¢ 100c

I FFIAR L EA NG TR A R B E 22 5+ B3 (P<0.05) o

Note: Different small letters indicate significant difference at 0. 05 level with the same soil layer in the same column.
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;9 = 5 ﬂlﬁ ‘g 1500
X .5 o i
2 eof B2
w2 = 3
KRS 40 E%; g 1000
> 40F ¢ 3
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G 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1
0 7 14 21 28 35 42 49 0 7 14 21 28 35 42 49
FEFEIHA] Ieubation time/d 5 F£B18] Icubation time/d
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35328t ] Tcubation time/d
5 O Al XX
2 AEIREFHEEEALTE T COo, FERRMFEETU
Figure 2 Dynamics of CO, production rate under different straw

returning treatment

FHid H b FE - A AR LR e B 3 co, P AR
BRI E A T AR AL, P R R R AT B T4
R, AR TN «
y=57.223e9**( R?=0.907 6,n=8 )
Ny WAL H AL A PR L 2B CO,
FEAE R (CO,, mL kg d™) ,x AIEFRRE(D),
2.2.2 AFFEFHE H &N+ AP bR 50
WK 3 s, SRR , 20 LR, &
T EEAIA R Z T R 2 RS RE, 5
KBS 7EREFE 49dJ5,0~60 cm & HEARR
FEFFIE H AL 12 o, I RBRHBU R R R/NIF Y

FEFEE}E] Icubation time/d
5 OF AK XX
3 AEFBFTHEAETE co, MERHINE

Figure 3 CO, cumulative emission amounts under different straw

returning treatment

A H>M>L>CK, & REFFi8 HANFRES CK B &3 T
68.0%.40.0%7F11 20.3%( P<0.05) , /B FEZE + 2RI, %
Ab3E O, BRBHERZWIE/ N, 7E 40~60 cm, H ALFEY
CO, 2B E I 0~20 cm M9 1 968.06 g-kg™ FREF
818.46 g kg, M NEIE 140.5% , HLAYE AhFHF [ g B 43
I 126.9%.160.1%F1 197.9%(P<0.01). XF1E5EH[A]
CO, BRI B TRIE T ZB, HIExTEh
BEAI[)=299.35In(x )-150.24]RETR AT HA A AR Rl b ¥
b BRI ey, HARMEEF(R=0.9922)
23 TEENBT HESARBRES ZEMHEXE
MR R 3 co, BRHN R S5 R FIkR
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B ZRERERI(F 3),3 FiEtA YLK 5%
BRI CMI ¥15 CO, RBHB BN B &M
et UL S A MUK S HURE LR R D) 03 FhiE
PRI Z FR B R, H S B A YR 2R 2 &AW
K CMI 5 3 FEHA RN R TES B
PLER AR o X UEHITE A MU BE X 51 F A Pl
N5 BAYIER R EHE, & LS A PR —ER 70

3 itig

3.1 BT EX HEFHBRNZN
3.1.1 FEFFE X 138 S AR A2

FEFFIE W] AR R S A M R AR, 38>
TIE R A5 , 38 0 3G WLk & &2, A
AR H A RS, CO, B IL” BFEFFE HXT £
BAYR ) EAMIER 2/, RARGE HEBRENE
MLER Y R Z 7 T A VUIRA 5 32 3] 385
SR AR DL SRR R SR R B, S 8E
RIS TR GRS A — . BERP RIS
MR £, HireREr e 251 HEA YIRS
' WAREHE HEA YO RE MR F+, 5K
PRICSHRIE , CK LA VRFE B FEW L 045 -
kg, AR FE AR 0.12 g kgt AN
253 4 2 MFEFFE HIRE, HEAIRES R BIE
=, UHAE 0~20 cm 12, HREFFEHAA TOC & &
B CK BERE H A M AR APk
G R HEHRA EB R, X AT R TR H &
T, R O/N H A, TR AR RS FF 18
AR
3.1.2 FEFFIE BT 387 T MR B2 TR

TR YRR TR E SRR St
A R R AR SRR B B E Y
HREB > MUKk , FEFe 7~ 3 B A 40 T i AR fh A
LB LR R A, BB v | TE SCRR M S Bk 1 S A

FIA YR R AR AL KT A RS FT IR 2
AEdR = HEE M LRI DR A — , A A YRS FF
T HE X R R A YA YRR (B RE R n + 3
A PR ETEEA VR & &, A A e
EFFIA FH REAEIE TN 13 P T 15 MILBRH 43, TR1 T B
BHEEAYRRT R . AP RM, FEFTIE H R85 &
B 0~20 em £)2 LOC & & , FEFS AT H 2 i = 2K,
BN LOC HEWE CK IR BE. X5/t 2
e MR — B, T S54RI ST 45 R
K—EK, vT BE-5 398 o RN Rl i B S TRIAE 5%
3.2 REFHEAX TR R

AHERD R H P EEN A F IR, B
KRB+ R4 TR MRS AN DA K 13 i &
HIRRET, I B R AE NS 5 T T, ZiE £
PR I AR ST 97 45 R s> VEYIREFTAE R 4h
VBN, 1 5 5 o CAnESS e ws IR %6 ) Fn
MR (AR R 25 A, KEIFFHE H
JERSFF R AT I PR IR, BAE A
B+ EAE Y BE, R IR URT R RS
T R A A A A R, AT X AT LR
7= BB

AFRERER, FERFEA 7d K LBEH0H
CO, PR R, 3 B &ML
AR —B, AR (R 14 d) & LB 03 13
ERF BRI R 49.29%~64.2%, % 28 d
it b 2] TR R 79.1%~90.1% , 3X 5 S 24 ZE 45
BB ST 45 R — 3 X R ORI 38 T 5 i 4
Sy P i, KBS B, SR T s ok
B LA SRR LR SR B R KRR, (B R
BESFRBT R E , + 58 5 43 Al 4 S A R I 58
J& , TR B R AL 53, B AL R 2 0825 , Tk
SyfR B TR, BEE 2 BN, CO, FoAE BRI
W feBk BB R T RS, & 43 R L& T g

3 1% Co, RRHMEBEERRBRESZ HHAXXR

Table 3 Relationships between CO, cumulative emission amounts and different soil carbon fractions

S987 Factors €O, %fﬂﬁﬁkﬁiﬁ EIEEAENE PEMEAVER EEEYLER AL TR PR B E
CO, cumulative emission amounts (HLOC) (MLOC ) (Loc) (TOC) CMI
A PR (HLOC) 0.93%* 1
shE A LR (MLOC ) 0.98%* 0.91%* 1
HHEA PR (LOC) 0.98%* 0.94%* 0.96** 1
SAPER(TOC) 0.93% 0.90% 0.88% 0.89% 1
TRIEE IR cMI 0.87+* 0.85%* 0.87+* 0.89% 0.84%x 1

2 * 7E 0.05 K LA B E (n=12) %+ 7£ 0.01 KF LHXHEEZE (r=12)

Note: * Correlation is significant at the 0.05 level(n=12) ; ** Correlation is significant at the 0.01 level(n=12).
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JEIR 54.6%~61.6% , X S5HT N I ZEE A0, AT REA
Sk HHER A RS B JTEMEAA LR 5 R
FTE, [/l— 2N, RS E H R AR,
R ZHT L EIF 8 H>SM>L>CK, &R
HARFEES CK 2R B35 (P<0.05), FEMRERFE b
FHEH G, A HIEPAERE T KRES SRR mES
BRI A A IR 2 195553, S BUSAE Y
TENEIZL

FIEEHFOR RN, LA IR L2 ENA
HUBRA 00 i 2 BRI , 3988 HLAR I M s 1Y
Ao G oA oy R R, RIBFER T e Bl
T s FRARELTNT )1 B i XN TR AR B 4% I AR 5T 4
BRI, AV 1L 5 A MUk e Bk
BEYIMR, X GAMRGER 3, Ui 3 FiEAE
Misg. HEBAVBRSER Ml SAYRD L ER
B2 EE VIR,

4 L5t

ARCLFAHVT T A FREFE H 2254 T 5 4%
B AR S BRI LRI, F0 0T T & Z (R A4
K, B H LIRSS

(1)F5FFE H BB 20 = 3 Pk & B iR E
BHFEH, HAE 0~20 cm T EREHE

(Q)FEFFIE HXT 3L B BB, B3
TR T 0~60 cm T2 HIFHRT- LB E M BT L&
(P<0.05) , & =2 B RS FTFE H B i 2/ 0T R o

()M TR, 3 MR B LK L EEE
PUBR & & I cMI 335 €O, BRHER B a2 &

(4)1F HASFF 09 JE MRAUR 32 ZFP R R 2R Al
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