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Abstract; Large-scale reclamation in arid land over North-western China during the past 50 years has converted the natural
desert landscape into anthropogenic oasis, particularly in the lower part of watersheds. Drastic human activities may have
caused the change in soil organic carbon (SOC) in anthropogenic oasis. Fubei farm, a typical anthropogenic oasis at the
lower part of Sangong river watershed reclaimed 50 years ago, is selected as the representative area to assess the dynamics of
SOC before and after the land reclamation and to analyse the effect of different management practices on soil carbon pools.
Based on field investigation, history of crop rotations, and past farm practices in Fubei farm, land management practices
were divided into five categories, corresponding five periods, 0 — 1958, 1959 — 1984, 1985 — 1992, 1993 — 1998 and
1999 —2008. This study employs the CENTURY model to investigate the effects of land reclamation and management
practices in oasis agriculture on the dynamic of SOC at different periods. CENTURY model ( Version 4.0) was run based
on a monthly time step, and simulated three conceptual SOC pools, namely active, slow, and passive pools, represented
fast, medium, and slow rates of turnover of carbon in the soil profile, respectively. The model successfully simulated the

soil total organic carbon (TOC) dynamics of the top layer soil (0 —20 cm) in the different periods in the study area. The
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model was run for 1950a to reach steady state which assumes the land was a natural desert shrub with low-intensity grazing.
In the equilibrium state, the proportions of active, slow, and passive organic carbon pools in soil TOC were 3.78% , 61.
41% , and 34.81% , respectively, indicating that soil TOC in the study area was dominated by the slow and passive carbon
pools. Model simulation showed that soil TOC increased rapidly in the first 2 years of oasis agriculture when the natural
desert shrubland with its weak nutrient recycling was replaced by annual crops with better nutrient recycling. Over the 50
years’ cultivation (1959 —2008) , the mean change in soil TOC exhibited complex ways. TOC increased rapidly in the first
2 years (1959 —1960) after shrubland reclamation, and declined slowly during the period 1961 —1984 and then decreased
rapidly from 1985 to 1992. Between 1993 and 1998, it remained relatively stable, and climbed rapidly again during 1999 —
2008. The trend in soil TOC showed “N” shape, i.e. , increase, decrease, then increase. Soil TOC is greater (7.74% )
in 2008 than in 1958 under the natural desert shrub. The improvements of land management practices such as ploughing
being replaced with no tillage, straw being crushed before returning it to soil, and reasonable application of fertilizers,
played a key role in the change in soil TOC. Especially, soil carbon sequestration was obviously increased since protective
management practices were implemented in 1993. The results were different from the conclusions that loss of soil organic
carbon would happen due to reclamation and continuous farming in tropical forests, semi-arid grasslands of northern China

and Nigerian semiarid Savannah.
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Fig.1 The sketch map of the Sangong river watershed and the study area
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Fig.2 The original landscape (a natural desert shrub) before land reclamation
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Table 1 Soil characteristics and climatic parameters used as inputs for the CENTURY model

2% Parameter {& Value
FHAFAE Soil characteristics (0—20cm)
JEH Texture (sand, silt, clay)/% 44.1, 43.2, 12.7
%57 Bulk Density /(g/cm’) 1.2
pH {8 Value 8.7
WIlE 3 A P Initial Soil TOC/ (g/m?) 2173.7
S 42% Climate data
A B 5K IR Minimum mean monthly temperature/C -0.23
A ¥15 SR Maximum mean monthly temperature/°C 11.20
H #Jf%7K & Mean monthly precipitation /mm 13.88

WRIETTE X LT 5 P 2 e N T AR A B 07 ek, IRBLRE I ST X 200 5 MRAU A B (Block )
Bt 1 2 0—1958 4F Mg RN R UG HE A S , U BEt RARRY S P PR IS AR , 25 BF IS X SRR T 5
MR AL AR NN TARRY, B 2—5 9 N TAR GRS , B BEXT R AR R R VB B AME R
(K 2) o
2 HZR55H
2.1 BRAES PR R SR YR i

CENTURY AU T B 52 X -4 TOC K ¥ i@ A A HLaR 2 M AR R 2R P PR S K 3h 542
o, RS ST - AR BT R O 18] O 1950a( 8 3) o B -3 HLBRAE fho iy £k (s 2 ] 241, -3 TOC g i
YU EAE BT 1002 REERIEH R, 2 )5 REERBONZAE B PEA PR EATER I 302 BiEA K
TR (B 3) s TitE A PR R R — H B2, 2 1500a i REEREAE TRE, EHREEIE

http : //www. ecologica. cn



14 4

W3R % 5T CENTURY BAEBTR T 2 X A TG IT &5 8 B R xR 3h 25 K=

3711

FPPARARAS I, 15 M AR PERIE PR A VLR 251 o5 B A DLBREK 3. 78% (61. 41% 71 34. 81% , B3¢ X 13 TOC
LM PSR LB E I . A 3 w3 MUBR I BOR 0 A L AT 7, 3% TOC 8 P HLAR & ) 4R B
ARAARRTBOR , & A AL B —RE WA FRASAL , Tt P HUBR PR AR P (LA /N (B 3) X EBRZ R

IR FEK SF BRI AR AR P2 S R I

R2 HEBRRNERIEE

Table 2 Blocks set up in the model: years, crops, and management practices
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B T RALRIGTT Bl 3 B 9 R B O SR R
AR, T 1982 4F HERAE P& AL T RAUKR TSN
FRILHEAPRHL A 10 - RAE L, B AR 10 - RAF R
HEA IR E BIBIE 2173.7 o/m* D BALR G I R
I BEVE AR ARt +3% TOC BySZI{E ., CENTURY A
BATE B PR S B TOC & &2 2169. 7 ¢/m’ (F
1950—1958 444 {8 &% A48 100 - #pIR 25 F 19 12 3% TOC
18) , 55MME 2173.7 ¢/m’ [a] iR 22165 /), BIARY 5|
RPARRZS I 2R A HLBR 5 AT 58 X S 3
PR & BB A —2, Yl CENTURY #EBY AR T BF
FEIX B AEBORES T 1 HIA VIR SIS S
2.2 MEAIEAUME 5SS IR I UL

Bt 13 TOC LRI A S 1, 703 h B
eI & i (B 5 4R HE A AR i 1 35 A HLAR BdE ,
1982 4 BV AR 75 41 BB 37 18 A bl SR AR R 13 HL Bk
PHEARE) 1982 42,1999 4 .2003 4E7F1 2004 4E , ¥ H 5
A A HE 5353 5 CENTURY AR D15 2] ) B8
FTECEL, S5 R B s 138 TOC BE3UUE 5 S2 B B A B4
LA KR REBFN T 0.87 (& 4) o Mt FixtHE S ¢
#6565 ( Paired-Sample T Test) 51, {HZE T 0. 63, }EK:
TR P {HST 0.57( >0.001) , AR AIDHE 55 500
{ELH] 22 574 B3 , U] CENTURY #ELE & T 347
FX ARSI, B B R 2K,

2.3 1EYRAE B ERAZR AT LA VIR Sh S 1 5
Wil 53+ #r
A2 BT A B 3 T R AR = T ST B B AR

3000 -
E 2500 |- AT AL

- #%WMW |
1500 |/ PR

WMM

i

0 ‘ T i T T T T 1 f
0 200 400 600 800 1000 1200 1400 1600 1800
It ] Time/a

43R Soil carbon/(g/

B3 CENTURY #HRE +BEENBFERESHIE
Fig. 3 The process of establishing equilibrium conditions using
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Table 3 Descriptive statistical of soil TOC change under the different blocks in study area
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SiH Item i Bt Blocks
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Fig. 6 Variation in active, slow, and passive carbon pools and soil TOC under different simulation periods
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T B 5 541 JLAE T 338 DR G i 4516 2408 TR RIS L, BARAZEIS SRR LG H
— 3 (B Z STMEHE IR TE . I, A5 BEAN R AR IR IR, LIS ERT 5T X 4 Hb T B ) B A B AR R 45 SR
K
3.3 Zyifp B BB N IRk S A R R

W XN TGN R S5 H) 50a, TR VRS T 218 TR 2RI T R BIRE AN (ES) ,iX
FERZURXAEMFAE R B BHE T X ER A EARZ 0 o FF58 X Tl B AR 2 W]
LAV = A7 - — A E AR B /978 4k, Bl By B2 3| B4 BELMY 1 SR AEAEW #5480 BS B B B4R AEAE
Yy ; —RAEWREFR 7 MBS , WERE X AR RS A 5 1 B 7 =X B SI R A S R R % 28 o J5 A Ry iR iR
H , HA 7 R B 38, X A AR = T A AR I 40k o B A0 A WL & B BE = Rt iE 7y X A8
Ak, BIF5E DX it AT J7 =Xt B - B0 30t FE A LS B 2% 28 Sy it FE TG LR AE , 20 22 90 SRR FF IR H#EAT RS +
Fe R AEE AR , B Fi AR B AR 2 K o Bk, A R B RS s Ve 6 B FEFF A A FEAE =\ 7 Hi%A
PUBR I ShAAE AL, UHAERE T 24 EWRE G, S0 T Rt =, 138 TOC FFtad s 3 in, Uil 5
X T4 FESEAT AR R E RS I (CAnRS AP ARSI E FE 5 M AR 58) )5 , LB RSO AR # BB, iR
XEGRAP R ERE T AR 7 T 2 X 15 Bl 2 i 1, K HIRpOL S T E R, X TR X L RIE IS
TR E S IR AR R E S R A EEE
4 Zig

HEELTREXRBAESRE —EZ B NKESNR R , N T & KAl 8 #a 28 b i
BHERERAE T BEA L, CENTURY BRI R BIR: (1) CENTURY ARALE & FifT TR X S LA
BRI, ARG BE s IR B3R 5 (2) M ARUAL I ) - A B B3R B AR A e, FO0E 1 08 1 A 1 Pk
FEA 5 5 BB WL 3. 78% 61. 41% 1 34. 81% , P FARF 5T X 1 48Rk P = 2 LIS MRS M DL E R 325 (3)

NN
=
=3
S

T

LA AR
2
T

Mean of soil TOC/(g/m?)

I RBER IR R 22
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A [ e BERIVE P8 A i BE AT A A AL 77 kg T BF 58 IX L3 LBk 1 3h 5722 1k, IF 7 KN & M 0T
RIGH 50a, TIAPIRET T 548 TR 2RI T DR EIRE ETT K24, 3 3 TOC 25555 Y
Y N” B AL RS (H iR A 4 TOC i T i ah B A0S T /9 TOC, T H 2008 48 TOC LR i B AR fn
7.74% GBI ST IX SR B SRR “ Bl %, THAEDTIE X SEHE T S bF RS AT R e B B2 0 + i 75
TR SF GRAP PR ERE )5 , 3R BN AR H B, X 58 @A [R] TR ZRbk | b LRI T 5 5 R AR N
Savanna TSR FFT B OBk LS TR DL “ BRI B H

Bl BOASEE D B 22 RSE ) R B A R S R A R L e R X A SCE AR R B
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