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2rsREEXARRHREERTIRES HFHERE RN
E ="

e g 1,2 > 1,2 W 1,2% 12 3 e 1,2 - 3 112
WERY, RFE, RV, B BEY, &Y, HER
(1 Jeatplk Rk EARARFABE, dbat 1000835 2 IhPG T BARMA A RS0 E AR EFAMRLA A5 36, dbst 100083)

M OE: NIRAT RN SRR AR, EERCHE i SR R X SRR AR, S . LA RN IR TR RS
R0~ 100 cm HHEHBIFENT S, DIRIREH XTI, 325 220001 . TUR T ABENLARMREAE )k, BT 4 i i e X
RGBS REA MU . ToHL . k& A MAE RN R . 450K . OWFR XS AT E 20 & 5 1.685 ~ 1.898
g/kg, VIR PRSI (0.368 g/kg)>HiHh(0.299 g/kg)>Vhiii(0.250 g/kg)>TMAA(0.233 g/kg)>MFA LI AR AZ(0.209 g/kg), T34+
HETCAIL & i A 38 £ HER DL & Y 5.6 1% QFTrE IR HIEIR)Z(60 ~ 100 em) TALIK & I TE R E 2T BRIIMAE %2
(0 ~ 20 cm) HHEE PR & LB EH T HA )2 (P<0.05); @Yk BB W, HHORTZON . REEEOKRE . R AR
PR RILAERE T 78%. 24% M1 77% (A HUAK . JCOLBA SRk SR8 fh, Forbimsk . S A e S K B AT X 4 e mk & s fh i
T H R (P<0.05), FETE = BRI S 1L B e W 7053 FE T R R - 3RO e o5 %o - J i & R A AR RS I . AT SR 485 SR ]
R IE PG A TMR B it B A Sl R R s Rl 2%

KER: HAERE; AR R STRRHE; R

RESHES: S714.2 CHRARERD: A

Distribution of Soil Carbon and Its Driving Factors Under Typical Restored Vegetation in

Hilly Areas of Loess Plateau

SHA Guoliangl’z, CHEN Yuxuan'?, WEI Tianxingl’z*, REN Kangl’z, GUO Xin'?, FU Yanchao'*

(1 School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China; 2 Jixian National Forest
Ecosystem Observation and Research Station, CFERN/CNERN, Beijing 100083, China)

Abstract: To understand the impact of vegetation restoration on soil carbon in the Loess Plateau in China, soil samples (0—-100 cm)
were collected from grass land, Pinus tabuliformis, Armeniaca sibirica, A. sibirica and P. tabuliformis mixed plantations and Hippophae
rhamnoides in Wuqi County, and then the distribution characteristics of soil carbon (SOC, SIC and TC) contents and their influencing
factors were analyzed through random forest model and other methods. The results show that the average TC is ranged from 1.685 to
1.898 g/kg, average SOC content is in the order of A. sibirica (0.368 g/kg) > grass land (0.299 g/kg) > H. rhamnoides (0.250 g/kg) > P.
tabuliformi (0.233 g/kg) > A. sibirica and P. tabuliformis mixed plantations (0.209 g/kg), and average SIC content is 5.6 times higher than
that of SOC. SIC is not significantly different in all restored vegetation in 60—100 cm soil layer, SOC in 0-20 cm soil layer is significantly
higher (P<0.05) than that in 20-100 c¢m soil layer in all plant communities except for P. tabuliformis. Slope aspect and gradient, elevation,
land use type, soil moisture and the contents of soil clays, available phosphorus and nitrogen can explain a total of 78%, 24% and 77% of the
variation in SOC, SIC and TC respectively. The elevation, slope aspect and soil moisture are the main factors influencing soil carbon
content in the study area (P<0.05). In general, the influence of topographic factors and soil physiochemical properties should be fully
considered in the process of vegetation restoration on the Loess Plateau. This study can provide basic data and scientific references for
the accurate assessment of soil carbon stocks in plantation forests and their ecological benefits.

Key words: Loess Plateau; Organic carbon; Inorganic carbon; Distribution characteristics; Influencing factors
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TSR B A S RGO, ek sh A&
(BFE . o0t . BRI RS 42 foks T 30 1 98 55 <)
e £ 1) FL R U, WA RS ASAb F e I P12
TR X MOCHIE R, KBRS Mo + 4
PEEA E MR, AEEE X AOT 3k e 114 B4 5
HRB AT, BIHAR KR F TR
PR R . B AN+ e I 45 [ SRS K]
FE A AT AN R A A6 4 i R D BB A AR, 32 T 25 S Bk i
NG AR AL SR A TE B 35 22 500 W 1 1 S
JCHEAN I B /K B 55 25 5 AN 23 52 0 ZRARY) e 4 B
TR, S m H IR, TRl m
IR . ISR AN BEOTR M AR R T
T8 VARG VR FH RN R W o ik, DT 2 ) - 4
BRABLRT, B, T AN IR R B 0 o3 A R AR S
S DR 20 TE A DAl e i R 1 A ol ot A 25 R SR
PRI E 2R S

A 1999 4RI T RMBGE B,
RIIAE K S (A5 3R R A T B R L, ANIE]
BN B R DA [ R A B e AR T
JET AR, WSk B8 AR ORTE A VLT AR
BRI 2R G VD AR T B e A1 5 XIEE 0 1 2k +
e A () R 1 2 B v - SRR o P AAE 0 ~
40 cm; kI AEE ORI BETE LU TGRS
TERR &7 E A PR SR, — 7 T+ g i 1 3
T A KETHLR(SIC), S IEMFRE T Tl
Bk (SOC)H 2 fI Aty i by A= 725 28 498 114 [41 e 580 i 1k V1
Thaes i —Jyim, A IR IR S A REAE 1
SN R R AT THRRDY, (A AT AR
T R A P P 0 S 53 AT 5 M P AFDX B

ST, AR SCRRIBCET A I e B AR AR b T A AR
(Pinus tabuliformis) . WA MK(Armeniaca sibirica). 11
T IMPNIRAEIR(A. sibirica and P. tabuliformis)FIVP g
M (Hippophae rhamnoides) W FERT G, KR E HAE N
YRR, a4 SOC., SIC e B AMAHHE, IR B

PURRAMTT i1 5 25 IABE R T RO BB, IR T 30058
PR L SEmR A VR FBIL , U O IE SR PTAG L TAR L
Sttt SO AR 5 i S fE B MR RN B2 2%

1 MRS

1.1 HREEER

W 5% X AL T B PG 4 4 22 T 5k L (107°39 ~
108°33'E, 36°33.5" ~ 37°24.5'N), =& & m
3791.5 km®, HbAbEE 4 @ JE AR, Mgk i R
BEIER, Wk 1235~1744 m, THEZ KM+, +
JERIE, B, R R TR X, R KR
PHEERAMERE, FTREKE 483.4 mm, FHHE
7.8 °C, 4EH WA %L 24357 h, =10 CHLUE 2883 C,
ToFE 146 do [ 1999 4 RAMBLRBHEMRLIAE, 45
IEHRA R RLL 243.19 FTREI(15 B =1 hm?), BT
PAUDE . s . LA . IBE(Robinia pseudoacacia) .
¥y 2k (Caragana korshinskii)=5 1 F B9 N TALBERETS
1.2 HEmRESHH

T 2020 4 9 HAERFFEIX Y AR 4R #FK 52 A 4 50
AT REE, HEH 20 mx20 m AY KARFHI(GL)
THFAMRPT) . IAHRAS) . (LTINS AR(A-P) . V0
ARHR MM, FFHTHF GPS IR AL
VR, REHBIEARME BN 1| s, Abas Al g KT
1 kmo FEHLPIERRAEGRE R 100 em, KK (AP 20 cm
TR IERE S, 2 L2 EE R 3K, FZIREY
S ladtde, et 75 A LIERES . RIS ER TR A
JROIR A, HETR IR AR, AR e T
RS KR BRSNS BS , i 2 mm
LBRERA FAE AR, A S TN BE S, (R ROk R
A3 BTSN A 3P 3 4 A B S DU s
A, BT I A o . A AR A
Fingk 2 iR, SOC & it i AT AL 0.25 mm i
J&, FHES RSN E kA a4 A sh
A2 o A AN E 3 4Bk (TC) & it 5 SIC & F ARl
SIC=TC-SOC %15,

F1 HHEXER

Table 1 Basic information of sampling plots

H b Rt (2) 134K (m) Wi 1a) e (°) FEIM S (em)  CPEREm) AR B
GL - 1376.9 2R 33 - - 0.87
PT 20 1362.6 Y 20 13.8 9.8 0.69
AS 20 1459.7 FH 38 21 10.6 7.4 0.58
A-P 20 1373.4 4553 18 12.9 9.3 0.70
HR 20 1390.0 EEAY 6 3.6 4.2 0.75
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R2 MM IERERBAMR

Table 2 Basic soil physicochemical properties information of sampling plots

T HL F IR R (%) FHES K F (g/ke) + R E (g/em®) 3B (mg/kg) R A (mg/kg)
GL 6.05+0.55 271.4+103.9 1.8 +£0.02 1.36 £0.33 14.35+7.43
PT 5.17+0.43 371.9+86.3 1.78 £0.01 1.72 +£1.08 11.14 +4.18
AS 5.17+0.63 133.0 + 64.7 1.77 £ 0.02 1.31+£0.49 19.93 £ 10.56
A-P 42 +0.74 217.1 £105.0 1.75+£0.02 1.38 £ 0.49 13.43 £5.27
HR 4.88 £0.22 186.8 £ 55.0 1.77 £ 0.01 0.94+0.34 16.98 +7.33

1.3 HESZITHH

% JH IBM SPSS Statistics 25.0 #£17 K-S #5, 3
RS EAE ;s JA PR J5 2273 M1 (One-way ANOVA)
FE B TRV S A AR TR VR B ) 3 S b 22 535 &
J5 25 55 MR 50 J5 (5 P d5e /)N B 25 1 2 S vk (LSD) A T i
EHRR(P<0.05). MARTT R HE G B ST R
A, R 4.1.0 #1770 53T (RDA)FIAH M
SMTIFLE, TUAR T LL SOC, SIC 1 TC A i
A5, MR (Ele) . BEE(SG). B (SA) . Fhki &t
(Clay), 35K (SWC), &K H(BD), A RLH(AP).
A (AN)FI 4= H A 26 5 (Landuse) b il B 728 & o
FHHFH R4.1.0 Random forest {147 BEMLARAR 011
(ntree=500, mtry=3), fii FI347 MR 2254k LK 40 34
B A6 - e m  B  E EME  JR o B AL
1 000 YKPHAT T 5200 K 2 1 b 2 PEAG 55, Origin 2019 b
MR G ar mhil it #

2 HEREHSW

21 AREEETHLIERSE

i 3 AT, BFSEIX 0 ~ 100 em SOC i KAE
0.697 g/kg(HR), ff7& 0.087 g/kg(HR), “F SOC
S KRBTl AS(0.368 g/kg)>GL (0.299 g/kg)>
HR(0.250 g/kg)>PT(0.233 g/kg)>A-P (0.209 g/kg). A
PR HEHE T SOC 748 5 REITE 10% ~ 100%,
HAWERENZR, £ HR>A-P>PT>GL>AS,

F5E X SIC S Eyul#E 1.319 ~ 1.851 g/kg, Hefm
S BT AS(L851 whe) . kA% A A B E
PT(1.319 g/kg), V¥ SIC £k SOC FHE 1 5.6 1%,
F¥)SIC & i R EI/NHEF 8 HR(1.553 g/kg) >
A-P(1.551 g/kg)>AS(1.531 g/kg)>GL(1.501 g/kg)>PT
(1.452 g/kg). SMKEMPET SIC & i Lt 55748 4k
(CV<10%), FH N AS>PT>GL>HR>A-P,

WX TC e K& I IAE AS, N 2.182 g/kg;
/e R TE HR, M 1.603 g/kg, F3¥ TC & &

KEPNHERF N AS(1.898 g/kg)>HR(1.803 g/kg)>GL
(1.797 g/kg)>A-P(1.760 g/kg)>PT(1.685 g/kg)., &K=
W TC B85 FME(CV<10%), 285 R0 K F]
/NHEFF A HR>AS>A-P>GL>PT,

£33 TERREEHT LIERS EWIRFKIT(g/ke)
Table 3  Statistical characteristics of soil carbon contents under
different restored vegetation

BRI WEAEY VIIE M ME ARfEZE AR
socC GL 0.299 0.628 0.172 0.145  0.484
PT 0.233 0.562  0.098 0.115  0.493

AS 0.368 0.690 0.197 0.146  0.396

A-P 0.209 0.444 0.117 0.107  0.510

HR 0.250 0.697 0.087 0.182  0.727

SIC GL 1.501 1.601 1.367 0.073  0.049
PT 1.452 1.575 1.319 0.076  0.053

AS 1.531 1.851 1.326 0.128  0.084

A-P 1.551 1.630 1.469 0.051 0.032

HR 1.553 1.654 1.475 0.052  0.033

TC GL 1.797 1.995 1.728 0.080  0.045
PT 1.685 1.881 1.608 0.074  0.044

AS 1.898 2.182 1.695 0.170  0.089

A-P 1.760 2.025 1.606 0.116  0.066

HR 1.803 2.173 1.603 0.178  0.099

22 AREETTEREES AT

mE 1R, REKEAS SOC Tk Ak
FEAEZS, GL 5 HR 19 SOC Fifi -+ 478 1 5 184 fi1 528 ¥ ek
/b, HR I/ 52, 0 ~ 20 em )2 SOC # &
ZJJ% 80 ~ 100 cm [ 5.2 1. AS 5 A-P H1#) SOC I
TR R IR el D IS 38 i 3 4 . Bk PT 4b,
0 ~ 40 cm H&PKEHIHE SOC it SOC i
SR 50%, SR E R 0 ~ 20 cm 13 SOC &7 i
TR 1(P<0.05), PT & 12 SOC & #%A i
EER . FWE LAFKE R SOC &t A-P¥E
Z/NT PT. AS. HR(I% 60 ~ 80 cm), AS 5 GL 7£4%
WE I SOC S B E 2R,
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K

B1 ARREEHTERSEINTSH

Fig. 1

0~20cm, GL Y SIC & &t i 2 /N H AR 52 A
B (P<0.05), TEEHETJZ(60 ~ 100 cm), A[EKEHE
B SIC it E2 R FFKE M SIC & it
Bifi - TR B B AR AN B

KR EAEDE TC & EIITE 0 ~ 20 ecm KR K AH,
RETREERG N TC & S Wb . 724 SR PT 1Y TC
AN HABKE Y, AS Y TC SFEWET
HAbMK G D, HR 5 AP TC S ELEELER.
23 TEmFMEZE

RDA 38188 — ZHEw o Bl e 17 210
51.9% F 17.5%, AR EERLE P<0.05, HAL
A (F=24.02, P<0.001), 3% (F=66.78, P<0.001),
+ IS K (F=31.71, P<0.001)FI&RL &5 (F=31.71,
P=0.002)F EZLAEEH F, 20l T 49.69% .
13.97%. 15.90% F1 12.74% FIBFSE X+ 35800k & A8
o TURHTRIA G HT I EE 3R], soC 5+
SERLRL AR . BRI RN R IEAROG, SEAA R
W R 3 IEAH I (P<0.001), AHIEHE R/ NI A AL = >
SO>I [ >3 > - R T SOC 5 b A
P R IR R S K R P B A

Vertical distributions of SOC, SIC and TC under different restored vegetation

KKFR(P<0.05), Hh 35 KES SOC XM
K., SIC 5 SOC £ AN ; SIC 5FREE A A ek
B8, RRAZNAREGARL, (5EREIEAX,
SR RO 5 B 3 TEAH G (P<0.05), TC 5 SOC Fil SIC
EIEAHG(E 2. E 3),

BEALARAR B 25 SR AN R 4 BR800 )i e 1
78%. 24%. 77% HJ+3E SOC. SIC. TC &A1k,
AR . IR AR A E
KA B ORI A R 4 SOC 5 F 2R )
K, FEPERT =0 7000 s/ . BHOKS
w5 AR A i, EEE RIHA RN -4 SoC &
ARSI 56.79%(F 4A) THERRL S & . 1 EKE .
VPR RIS ) R0 - 43 SIC & B i F B I IR 1 (1
4B); HHEEUKE . VR M. BOE . B+
75 F RN A M R AR E 48 TC & b SR
(Kl 4C). AR AR, e . WA 5K
YR ERI T SOC, SIC Al TC(P<0.05), =#F M
7 SOC Wi ZPEIRF] 38.07%, SIC HEZMEILEF]
41.64%, TC HEZMERF] 36.41%.
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RDA2 (17.5%)

-3 ) -1 0 1
RDAI (51.9%)

(AP, AN, SA. SG. Clay, BD, SWC, Landuse. Ele Zl{t#
AR . HOAAE . Y. OE . REEFRRS R, HHERE. B
ToKE . LR HZEEURNER, TR
2 TIEMANIMEREF RDA ZHHF

Fig. 2 Redundancy analysis assessing relationships of SOC, SIC
and TC with influential variables
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Yy ke ANEA DL A 285 3 Yo it e, 1
T 2 HHER SOC ik, Mo, THIEY) Xt SOC
W HA FHER, AFREZEANREY C/N 225500
TH MR, BA RN C/N)RRE IR Y
ook, Hit, AT AS 1) SOC & F PT. {H
PR, MO RIATEEIRE 51, £ R
Fst SOC A7 BT RAs 23 A asd ] i A A

B+ ZREERN, SOC &gl L, &R
Fi#E SOC 7E 20 ~ 100 cm + /2 LB # 2 57, 1% 5 Fang
U T 25 R — 20 BEVRBERS N, 3B R
AR R ARAE , (R H R IE AR PSS , V% P A\ i)
FEYIRR R W, e PERRAIG, #4538 SOC
SR B AR IS . ARFSE T AS ) SOC ZE SR
FHw/h, £ 12 SOC i ¥y T HAhMK &2 A bk
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Fig. 3 Correlation between soil carbon and environmental factors
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Fig. 4 Relative importance of environmental factors to soil carbon content

AR SEAF 5T 3 B 1L A aE MW R IR 2 K AT B
TP RS R L - e TR K R e T LA S ke
BRI . oAb, ARWFFESE R IESSARLE BAE SOC
IR, SR ARFR R, soC Z
TR SE M, AN [RIVR A Ak e e 5 R
A RPEPERY A AR 5SS 3R A FhR
22, BRI TR A KRR E R, LA L
A ERE T A T AR A MGE B A K FE P, B
] e g L W IR HEAE T, S350 T SRR Y A A R
2, dEmEm SOC Fra, X —a g LUl TR
S A A PR B FE 40 A A A B [ 1 R X
PERE .

SOC 5 SIC HAMAHK IR , AW 5T rh E L SIC
Bt SR P B 0 St b T B, — Ty T - 4 T b AR
4, FEKMERSR, AR T A SOC Bk,
HEMTRE T SIC, 75—y T W M b A e 7 o v, ok
BN SR EEEY, 3 SOC T/t f b= AR i
CO, FAR T e rb Az etk Ca™ A%k, Ny T iR £h
B, IFERZE BRI, Bz, AR
SIC Fifi +HERBEEIG AR, SIKEHEAE 60 ~
100 cm )2 I SIC &R HFER.
32 FMIEEWNHRSENESE

IR 23 () REE TR 520 SOC & = Bk v I 2R
], /NI AR AR KA TR K, I SOC

TR ZESTIHE T A ISR T T
FIEFR O EIBE R R BEHLARMRGS LW, B9
X 44 0 ~ 100 cm SOC 22 + Hb A IR B M 45 /)N
X R BFFEARFFRO (H A HAh b X A B 5T o
T ZAULEE, W Rabbi 45 AP FE b A R S
BARRBET 1.4% B SOC ZZ4k., X AIRERTET 5.
FFRX, SOC [MIEZE 48 337 8] + 3K 5 &
PR, A 1 MR AT SOC 1ys#nm 24 v
TEHERIZ

TR S M I P 73l i K AR BC i s2 . SOC
2SI A3 A6 . RS SOC A, X5 HFEE M
bR s S R — 8 Wk BT, SEURE TR,
TR, AR K2R, s B R, JRTEY
IR AZRL, SOC & F /. Wi S a0 A PHAR G5k
FE2S, R TR AT S AR A, AR,
P W T IR RUE MR TR s T A
AU AR, MIsZm T SOC. FRubJE N+
Ak, SOC 37 %) + 3P AL PE AN R FR B s,
TR TS SOC A B HYISENt, Wox R+ 5k
Kt S SOC 2 W IEARSER b il i
VAR A o s i e e b, > soC HEA
Fefl, HISSTHAEY AR, fR9 SOC, AT ik
PAF A A QR 0 R0 BT 75 8 Rk BE L AT R i SOC
MR B0, R R A R, AR g
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AN 5 SOC SIEM, FEM AR, 5% s A5
FIRFTEEE R —3 . N nZE e AR &, AR REY
BRI, gEmm SOCR ) s e, B
LM EB RS LT, SOC ABFHE, N BRHIR
AR C R, CHRCE AT R
ZBRI, K5 SOC Bk B

AWFFE R KRS SOC KIUA AR, X
5 Wang % APWEH + m FOR R 55 ERBFse
GEIR B e, RS SRR AR T R
FHLIRIGE Z, [FIESE T R Y e R
AR, T SOC #kPY, fEdEk - EHIX, K5y
SR E R BRI T IR RO AR R AE K
1 FZRTR . A DR RVLRPHEARAERG A S R G
WAL AR A TR 23 15 B2 3K A A = P71 TR e e
B R DA R A v S A 3 AN A A [ e i 5 5 R
IKBETI R .
33 FMIEXVNBRESENESE

5 SoC #tL, SIC Fl¥F 5 A F 3¢ B A 5if
(R*=0.24), +33m5 26 rh i JCH LR 3222 by 439 % A= e
FRER A AL, FE T ORIRER AR UIE RV B (A 1,
2), 5 B A ) ek 43 L Ca®' L CO,. HCO;
J& SIC ARfb iy 2 J R ARG v 35K it Bk
VPR RIS ()2 SIC S22 A1, 8 m R K & i
Edt SOC #™1k, #4m CO, 4y, fRAdi /v (2)In £
] CaCO; Il J5 M1 47, M SIC A7 AAHEC R .

2C0,|+2H,0 <>2HCO;+2H" €]

Ca>+2HCO; > CaCO; | +H,0+CO, 1 )

A SERIFIT 26 I 398 pH A 598 3 B 45 1 338 g Ml
SRR A TR RS, X R R B R E R
e A1 - 498 5 b 7 A R R (W T B Pt B A R AT 2
PEIVER o ASWF5E rh R SIC REZE MR 12.67%,
HY SIC A5, X5 Goddard % A\ Pfseas
—3, RO HEE A R T SIC AR, X SRR 14
JOT ]l JIT A A P L Bt R 325 1 5% T A A 40 3 P R ik
FRERMKIR IS A 5. BhmIfE SIC i h B 24k
FH, SBAMAHE, B3R SIC &EMX#HE, 5 Zhao
BNV IR A R — 0, X AT RESE R T BH b e
FOKERAL, WD TIRIRER I .

BFFHAMSE, # -+ 5)5 SOC fifi it i 3 n, {H
MR S5 19 SIC ARARATAEAE il 2 AR 9 4%
WA ARG SIC 253 AW, X5 Chang 5 A
TR, A HEBURBET 3.85% 11 SIC
Ak, 5 R HZEAA L, BRI Ak SIC
BFHEEENRR, HAEENE, Z20F 20% 1t

SRR AZ AL L AR R JCTL R, IR T 4 IR P
HOG AR AR R | Al PR A SR - SRR Bt
K o

4 ZEig

DA FELRBHR S k71 SOC & 0.209 ~
0.368 g/kg, V¥ SIC Frit 1.452 ~ 1.553 g/kg, F
TC %427 1.685 ~ 1.898 g/kg, T X 1) SIC 4k
SOC 1y 5.6 f. SOC IRZRE, b+ ZIREN
Jni b, SIC Bl A JZ TR EEG AR e AS 2

BFFEIX SOC 5 IERR & i . AR . AL
R BRI R SR OG, Silgdk . RIS E . 1
FOKEFAASC, SIC AU S . BRARIEMS, 5
BERIIRZS ArSEae il P

3)REMLARAREE LR, A5 X L ik 43 A1 FRAE 32
BZ WP 5 - AR BT e, MR L S A R
TSRS X A 8 B it A8 AL ) 3K Bl R 2R (P<0.05)
SOC Z I EEH Fiz s Zl, SIC 53 F 11 Bk
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