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Abstract: The Grain for Green Programme ( GGP) was launched in Loess Plateau, China in 1999. The implementation of a
large number of ecological restoration projects may inevitably affect the soil carbon pool, creating a need to evaluate the soil
carbon sink benefits of ecological restoration. This study determined the effects of three ecological restoration patterns
(natural secondary forest, artificial ecological forest, and artificial economic forest) on the soil organic carbon (SOC)
content of a cropland site in the gullies of Loess Plateau. The SOC and particle size were measured across 12 types of land
use/cover at 20 depths representing 0—400 cm. The results revealed that (a) the SOC storage of natural secondary forests
was (166.40+42.90) t/hm’, which was significantly higher in the natural secondary forest than that in cropland in the
slope ((58.73+4.73) t/hm’) by 107.67 t/hm’. An increase in SOC storage of 89.54% and 78.11% in the artificial
ecological forest ( (111.32+13.30) t/hm’) and the artificial economic forest ( (104.60+7.10) t/hm’) , respectively. (b)
We found increases in the 0—60 cm SOC content from (11.03+7.51 to (2.40+£0.93) g/kg (P<0.05), which showed a
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certain degree of surface aggregation. There were small vertical changes in mean SOC content of (1.81+0.88) ¢/kg below
60 cm. (c¢) The higher SOC storages in the three restoration patterns than that in cropland by 109.43% , 76.43% , and 65.
06% in 1—4 m layers, respectively. Additionally, the deep SOC storage of natural secondary forest ((77.81+8.40) t/
hm®) , artificial ecology forest ((65.55+7.71) t/hm’) , and artificial economic forest ( (61.32+3.16) t/hm”) accounted
for 46.76% , 58.89% , and 58.62% of the 4 m organic carbon storage, respectively. These results suggest the importance of
deep SOC content in the soil carbon pool, and highlight that ecological restoration affect the carbon sink capacity. The

natural secondary forest and artificial mixed forest may help to mitigate C emissions in the gullies of the Loess Plateau.

Key Words: Loess Plateau; deep soil; organic carbon; ecological restoration; vegetation type
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BRAG EA )47 5 3345 HLIK ( Soil Organic Carbon, SOC) X J& TI3EFF IR FEALBIZ O, SR B T3 i )
BRI, 1 Y AT ERBRAG PRI A AR PSR AR AL BRAG RS B, A HERR I i 2 1 A8 1k 32 3] T MOk
2RI,

W2 AP (1 m LUT ) 2 8k PR B2 ) 5 . 2 BREEZE SOC R AEAR 1) 1734 i bl ik
1 m HHE 50% , 76+ 5em 2 i LB R 8 200 FE 8 i R &R IX , 1—2 m +J29 SOC fifiid di 2 m £
JEERRY 37.2% ) B IX, N T RIBEAR F7 5k LR PE T VR )2 3 (1—2 m) IO HLER 5 2 m £
JZ SOC % 1Y HL AT 35 35%—40% "7 NSt HLIX , TR AR MRAIE AR 3 m SOC i (1) S0% 6 477E 1 m LR
HJR® AR HIZ SOC T A SRR MR LT I H 2 KRB T AR 1,

A DU SRR IR SR R AR A R, AT S DRk g 2R R AR A
HETF B S 300 IR 1 i 2k = Bl 55—78 G {EAR B B AT ARG i SOC &R Jackson £
e A ARSI SOC (i AR 5% 2 SOC ASfb Y B RSN 7, 38 H W25 BiF 5 2 B, 4 dtb SOC 5
AR AN A AR R TR L AR TR SRR R SR YR AR E AR B iMIG 30.96% ,27.97% ,48.05% ,69.56% ; 1E
0—20 cm )2, Gao %5 K BIRHF 30 47 A4 5 b AT el A HLAR 5 5 10 3% 5 TACHIL(P<0.05)  #h 30 55 AR T
FRH R 0—100 em )2 B & BLRSR A MR SOC Ho N TR 42%—82% , 5% FHAS[A] Al A # 2R 78 25 52 )
SOC F s A& e | TR i - S A BT 3k 25

HEMFZE R 24P T 2 m DA 3002 i T i+ @ R 2, UNSRIR 2 SOC M, Tt ik
AR R D AR R G A P B JFAR ARA MRGE TR ST 20 4EOk, KR 1 A SR 2
TR T DX S s B S Akt AR P A R, R B )2 B AR A R BRA AR L
BERRIC R, %% EIRZ SOC, Rk 1 m +)231H SOC it SRAG IR HRA Mos 5 TR MBI ALES .

AWFFEIA T RIRRAER N T AN TEBMEE 3 A S E R 4 m TR E85ER] 71 SOC & &
e ELMARRAE , PPAG T 3 Al AR SRS MBI RLRR T AT T OR [RIAR R B) - e aE i 25 5, TROT AR
Shy T U XA - SRR 5K 2 G BT L B A Sk S A TR Aol 1 e B S P AR AR 2 Bl

1 HE5F®

1.1 W5 IXHENL

BRI (36°14'—36°18'N, 110°40'—110°48" K ) i T 1L P4 45 8% 4 i Ji 75 g 0 o B 58 4, 3 T £139.33
km? | FVGER S 12.15 km, R WK —ZL S0, IO 2 PU A6 1], il 3 V8 18 B A SO H AR A K, 2850011
TN SR [ 8 AR SRR SR, A R ARG VAR E 0.8 km/km®, JLIEIETE 900—1586
m Z[A]  AHXT R 22 700 m 24T IR 1172 me, Jiislt)m ey OBt 2 KA AR 340 10.2 °C DG IR
$2563.8 h, TCFE 172 K, ZAEFHZE LM 1650.8 mm, KU & 2= 2 P50 XL, HiAy = Z 2 dg X, 4R 2 XUy
2.0 nv/'s APPIREK N 575.9 mm, FERAERR ALK, FZAETTE 6—9 H 4y, 20 i 24FERE K 51 80.6%
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BRI 1.6 J1 AT oK 1 SRR I 7 M, AN AR AR A S R G RAR R AE AR N AR HE B SR
AR EIAE 35 4E LA b 09 A8 Bl RS W] I 300 09 AR RAR W AR AR A e i el i, 32 AL 4 5RI 2% ( Vitex
negundo) L A5 ( Quercus wutaishanica) 11145 ( Populus davidiana) %51 7 ( Syringa reticulata ) 5 N T4 5K
FEE B 22 R B9 B BF A AR T AR AN 1990 48 LA 19 b H B ] H AR & 4F 50 B B Bk A8 59 Hil 82 ( Robinia
pseudoacacia) MK ( Platycladus orientalis) JM¥A ( Pinus tabuliformis) 55, J3s N LA £ 55 R 49 hm” | 5 7038
TR 1.25% , J& 43 BB R IR, G 3R (Malus pumila) BL( Pyrus spp) %, A& E 52 F K (Zea mays)
F/NZZ ( Triticum aestivum ) o HER EBH BEHET ( Ostryopsis davidiana ) | il BT ( Rosa xanthina ) , V5 Jil
( Hippophae rhamnoides) FTMI( Periploca sepium) AR T ( Lespedeza bicolor) %3 ( Forsythia suspensa) . 554% %
(Spiraea salicifolia) 55 o FEF)NIIAE Ry L P 5 B ARARAE 25 3R ¢ [ B AR 27 LI AF 5 ity = 8 0L itk , 3%
Y UE X A A LAY AR SR S AR R R B 2R JF R KM UL il PRt , SR G S T 5
B g SR I AR X AN [) A 2K R AR 0 1 SRR 2 AT BRI 52 i) 1) 248 AR 9 1
1.2 W55k
1.2.1 FEACREE

BRI AR G AR AR N TAE AR N TR B AR A 3 B, TSk 1 il B3 22 S AR IR
AR WFFER AR T IR AR LI AR RIIL AR 3 AN 5 v it b T AR 25K 2 20 A X, WF S A 1 I
FURRIRASHR JIREAR JMASAR OURIARSE 4 DR LSRN AL 2 Fh T2 BeARFE s A S rh il e b A i 1
AR BEAE 1, I X0 ) A AR R TP S R AT T A (3R 1) o WFR SRS 12 RS A B 4 A
FAT = BREHAGT 3 10 mx 10 m FE 5 BRIIRETEMCRAE R 3 4, HAB AL Iy &A1 2 > 4 m T35 TR AE
B EHNARN S em (94, 4% 20 em [IFGRAE 0—400 em +HEREN 25 A 4 m BURE S LR K 500 4~
PHAAEH 1 m A IR, T 100 om® PR TI7E R 2R AR JFOIR 05 UG 6 DA e e,

R1 MR
Table 1 Information of the investigated plots
s - ) i WE e wwwms
AR ik el B HERAFR Density/ Diameter Cano| Litter
Vegetation type Altitude/m ~ Aspect  Slope/(°) Age/a yz at breast ,py
(#k/hm?) . density depth/em
height/cm
FISR M Vitex negundo 1020 259°W 30 20 — — 0.89 —
11E 72/ NE SN 9.4+1.6
1100 313°NW 24 30 2900 ’ 0.85 2.1£1.5
Populus davidiana 7.7+£3.3 *
T AR BRI A bR
LiFH—U\q:M\ . 1150 280°W 35 21 1000 10.5+5.6 0.73 5.8+2.1
Quercus wutaishanica
AT ot
Robinia pseudoacacia & 1110 121°SE 26 25 1000 10'0:2'3 ’ 0.88 4.8+2.1
Pinus tabuliformis T
A
A AFEH%MK . 1140 134°SE 25 25 550 11.1+4.0 0.95 2.3+1.4
Robinia pseudoacacia
I
ATJFM/A*)F . 1180 123°SE 21 25 1400 11.5+1.9 0.98 5.5+1.3
Pinus tabuliformis
“Am

AT . . 1130 119°SE 28 22 1250 4.5+1.8 0.53 1.4x1.4
Platycladus orientalis
FLL MR Pyrus spp 1190 72°W 28 20 500 10.5+2.1 0.60 0.7+0.9
SRV Malus pumila 1150 123°SE 26 20 833 — 0.67 —
Yerhfests Cropland 950 121°SE 5 10 — — 0.84 —
PBIE R

41°NE 24 — — . _
Abandoned the grass 890 6 0.78
\‘u PN 3
AR 940 130°SE 0 5 — — 0.98 —

Valley of farmland
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1.2.2 BB

SRAE 2 RN i AR TR K & R B TR i 4 E K i PR D R AR TR S
A FARAT AP APk At AR R - 5T M S A% A5 T U 43 1 G it R AR EE RO 43 B AR N 2 mm
F10.25 mm (4 + 30 FIRIINE SOC & & M T 3ekife, RITE KR IMIFGEDNE SOC & &, TRifAR
FHBOCATS I (B R SCROGRURL 73 A MS-2000) W22 . -804 53 G 5 5 [ i 1 398 S5t b 43 9 b e, RV
(d<0.002 mm) Ak (0.002 mm<d<0.05 mm) FIHFKL(0.05 mm<d<2 mm) , T #6235 5H,
1.2.3  Fdlkb s

B Ak 3 K VR ] Microsoft Excel 2016 #5445 Fi SPSS 20.0 #5417 ANOVA Z3#7, LSD %047 22 55 W 1k
KL 3 SR FH 2 A0 2t 1A AT A5 31 IR J 0153 pR B, 1A HILBR %5 (SOCD) 13143

SOCD =SOC xp x H x (1 -8, /100) x 107"

2mm

K, SOCD K HHEH WKL (v/hm®) ;SOC A HIEF UK & i (g/ke) 50 W HIEAEE (g/em’) ,H AL EE
BE (em) 38, MR K FAET 2 mm MBRAERBUE &, B T8 - XEA & SRk, 2 E 28 A0,

T 1 m DUF RS T SMIE B R, PR IHCR ] A T A3 R AU SR 2 S, KR R+
HEZE FER T SOC SR Y TR AR AR 14 RO R HER FL 0 RBER S SOC ek
TR DIAHOE . ARWFFELL 60 A 1 m 511 19 398 25 J SIE M PR AR & R | R4S AN SOC 5 & B
Ap gt i3 A E M B UH AT, 15 3 - A EE AL R (12 = 0.609, P<0.01) .

BD = 0.453 + 0.146/SOC + 0.074(%Silt) + 0.063In(depth) + 0.008(%Sand)

A, BD IR (g/em’) ;SOC N HIHEA PR & it (g/kg) ;depth A )JZIREE (em) ;Silt HERF 1R (%) 5
Sand MHVKL B (%), M 3825 0 A5 16 PREIT A9 L A A THE S L ME ) & B Rl Y iR 2= H
6.7% , Pl FH TATEIR 2 LA

2 #R

2.1 HHEA MR

TN SOC & HE7E 0—60 em B FE MK ,60—400 em SOC AHXEESE (K1) . A PR S ETE 0—60 cm N FE
REEPUE R [% (P<0.05) , )20 (11.03+7.51) o/kg 18/ 5] (2.40+0.93) o/kg, REIE A F] 78.22% , 60 cm LA
TR SOC ZH AR EH & REKAL,L(1.81+0.88) ¢/kg, WM 4 m SOC fifi i 4 (129.21£47.59) t/hm’,
M EHAEA S SOC F AR —3, R 2 Pk S 22 5 REE 38%—68% 2 1], J& T a5 A8 5
2.2 AEASIRE RO A P A= iR

BRI 3 Fp AR Ak S AR X T DI S o A WL, AR AR X SOC 7 12 5 3 v AR iR B T
BEhnCE 2) o 3 R E IR E R RIRUEAK 0—400 em - 3ERR I 80a B 13 (P<0.05) , bbb A b3 i
T 196.23% , RIRKAEM AN TS A TEEM 0—20 em £)Z SOC & HH AR T3 )2 13 ((4.60+0.32)
g/kg) IR ES T 400.88% 112.13% 62.77% ;100—300 em 12 W, 3 AR AR B SOC & E 1N (P<
0.05) ;100—200 cm + 2 A TLFMA SOC & i T A TS, (R B3 78 300—400 ecm + 2, A T45F
RIBBAC AL 25 AN P59 1 (P<0.05)
2.3 HEWEEHOGT A HLIK A= AR

£ 0—400 cm £ 1 JZ P AR AE] Y SOC F i AAAE & 25 (R 3) . FJZ 20 em SOC & it LG =
(29.93+6.58) g/kg(P<0.05) , S PR iR ( (4.28+0.45) g/kg) , I HIZE 5.99 15 ; 7E 20—40 em J& 40—
100 em +JZ JAZHEARM SOC 51 ((8.36+0.38) g/kg, (3.790.48) g/kg) W3 i THAb 11 Rl (P<
0.05),

TS HUHF K Y8 3R B s b k2 K PR VP IR, SOC & 45 o I AR 3 7 M A7 AR I 3
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A4 HL SOC 7E 0—80 em 5 H AR 1 2 7 [FIAF 2 R H 76 100 em LR SOC & &8 in, If-& T HAth
RS (P<0.05) ;7 200—300 cm 835 = T HoAl 11 R ol 28 A HLER & & ( P<0.05) , 7£ 300—400 cm
SOC & i b 3 T K (P<0.05) , {HAT b 3 /& T HAbAF 9% 2574 ( P<0.05)

7] —2E AR RO R AR T 3R AR AP 22 5 (3R 2) . RIRIR A MRS A Bl 2R R0 MR 5 i ¢
T AL FRARARCN (2.36£0.58) o/kg, I0 55HK K (3.42+0.55) g/kg, LUK M (3.53£1.01) g/kg, HEREF AL
F 5 N TR AR A (5] P AT TR 75 k22 S0, T A TR S8 M ALk 5 it die i, R (3.08+0.39) g/kg ( P<
0.05) , @& TIMFAMK( (1.70£0.17) g/kg) AR ( (1.30£0.19) g/kg) . HASHIMLIRASHRAGA HLEK & 5
FARUAE IR 1 LLAZ AR FR MR AL RS B R, =B 2 AR g 25 5%

R2 TREHEEEANHBRSESRITE

Table 2 Statistical values of organic carbon content in different vegetation types

b 22

i P PR R T B
Vegetation type (e/ke) (e/ke) (e/ke) deviation/ coefficient Skewness Kurtosis
(¢/kg)
FIZRURAEMR Vitex negundo 1.45 17.25 3.42+0.55AB 3.45 100.77% 3.13 9.97
IIABR AR Populus davidiana 1.02 36.51 3.53+1.01AB 6.41 181.27% 4.47 20.52
TLZRMRRAEM Quercus wutaishanica 1.11 20.19 2.36+0.58B 3.69 156.40% 4.27 18.00
THIAL x 3l
g}i‘iﬁjgfﬁm & Pinus tabuliformis 1.45 16.07  3.08+0.39AB 2.46 79.92% 4.33 21.13
N THIMAK Robinia pseudoacacia 1.00 16.90 2.37+0.41B 2.59 109.43% 4.94 26.80
N TR Pinus tabuliformis 0.82 7.04 1.70+0.17BC 1.06 62.65% 3.72 16.79
NTAMFIMR Platycladus orientalis 0.66 6.19 1.30+0.19BC 1.18 90.54% 3.59 12.97
FLZ MR Pyrus spp 1.29 8.30 2.24+0.21B 1.32 59.12% 3.00 11.15
SERAVEM Malus pumila 0.71 10.55 1.77+0.19BC 1.48 83.69% 4.22 21.83
Wi s H Cropland 0.59 4.60 1.05+0.12C 0.78 74.20% 3.97 15.77
B H L Abandoned the grass 1.65 9.74 2.68+0.22AB 1.37 51.21% 3.88 18.48
M43 4H Valley of farmland 1.45 7.85  3.57+0.23A 1.43 40.14% 1.19 2.13

F PR AR S FREFOR A I PR R LA HLAK 5 i 22 5 .35 (P<0.05)

2.4 EBWKE X A LA R R

RARUAMR N T AR N T 2B SOC fiff Bk rh A b 4 1 2548 55 ( P<0.05) , AR SR A R i+
el sz W (3R 4) o RIRRAEM 4 m HIIH SOC fifi £ 4 (166.40+£42.90) t/hm*, Fb Ik R i 1) ( 58.73 £4.
73) v/hm® 3T 183.33% ; N TAEBMFAN T LT 4 m H1H SOC fif & 53514 (111.32+13.30) t/hm® F
(104.60+7.10) t/hm”, 4351 Fe Ik rh A Hh 55 89.54% 78.11% , SOC fiff 28 ¥ K AR A R T TR Sk
N T 25, B Ak i fe IR ( P<0.05) .

3 A SR A AR A IR ZE (1—4 m) SOC fifi i W A B W3, RARRAEM N TA S N L&A
HIVR)Z (1—4 m) SOC G435 4 (77.81£8.40) t/hm® (65.55+7.71) t/hm* ,(61.32+3.16) v/hm® &b b
HANT 109.43% 76.43% .65.06%

25 ANEURE A 1—4 m )2 SOC i 5 34 4 m SOC it Y 58.61%+9.15% , Ho ,2—4 m SOC fifi it 5 1%
JZ SOC EHE Y 66.13%+4.60% , RIRKAMKT R )ZA WLIKAE I ST W2 R i 2] 4 m FI Y 46.76% , A
TSN T TR TR)Z - A HLAR A 148 o5 21 178 IR 58% DL b (1 3) . RERRAEMANA
T A ARG PR S HLBR 5 HE 2 — |, 100—200 em A HLURR A% 295 200—400 em (19— AT
LMK 100—200 em A HLERAE A7 LR . ATRESE A T 2855 AR A HE Mo 48 it X 100—200 em A5 HLAR fiff & 7=

=%
=AU
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MRS, Restoration patterns
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Fig.3 The proportions of SOC storage in each layer of the three ecological restoration patterns
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