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Variation characteristics and influencing factors of soil organic carbon storage

after returning farmland to forest on the Loess Plateau

YI Penghui, WU Huifeng, HU Baoan, WEN Xin, HAN Hairong, CHENG Xiaoqin "
School of Ecology and Conservation of Beijing Forestry University, Betjing 100083, China

Abstract: The carbon sequestration effect of soil organic carbon (SOC) and identification of the influencing factors are the
core and frontier issues of current research. However, the retention of SOC after returning farmland to forests and the
synergistic effect of various influencing factors are still unclear. The quantitative attribution based on climate, vegetation,
soil,, and other factors still needs to be strengthened. By collecting117 papers about the influence of vegetation restoration on
SOC storage after returning farmland to forests on the Loess Plateau from 1999 to 2022, 1140 pairs of valid data were

obtained, and the influence of vegetation restoration on SOC storage under different conditions ( climate factors, vegetation
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factors, and soil factors) were analyzed. At the same time, the main driving factors affecting SOC storage of different
vegetation restoration types and their interaction were identified and quantified through the modeling of geographic detector.
The results showed that vegetation restoration could significantly increase SOC storage on the Loess Plateau, and the effect
of forest land restoration on soil carbon sequestration was better than that of shrub land and grassland, which were
significantly increased by36.21% , 32.41%, and 15.57%, respectively. The effect of vegetation restoration on the SOC
storage increased with the increases of vegetation restoration age and vegetation coverage, but decreased with the increase of
soil depth. When soil bulk density was low (<lg/cm™), it was more likely to promote the increase of SOC storage. In
addition, when mean annual temperature (MAT) was 7—10°C and mean annual precipitation ( MAP) was 450—550 mm,
the restoration of forest land was more conducive to increasing SOC storage. When MAT was <7°C and MAP was 450—550
mm, the effect of shrub land on SOC storage was more significant, but it was limited by vegetation coverage. When MAT
was <7°C and MAP was >550 mm, the effect of grassland restoration on SOC storage increased significantly. The geographic
detector model showed that vegetation restoration age, vegetation coverage, and MAP were main driving factors for SOC
storage in forest land, shrub land, and grassland, respectively. In the aspect of increasing SOC storage, the interaction
between various factors was better than that of single factor. Specifically, the interaction between MAP and vegetation
restoration age made the most significant contribution to SOC storage of forest land, which was 33.46%. In shrub land, the
interaction between MAT and soil bulk density contributed the most to SOC storage (86.77% ). The interaction between
MAP and vegetation coverage contributed the most to SOC storage of grassland (60.59% ). It provides a reference for

selecting reasonable vegetation allocation under different restoration conditions.

Key Words: soil organic carbon; vegetation restoration; meta—analysis; driving factors; quantitative assessment
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FEAR FIAE K R AT BR A T AR BT SOC fifg 1t A3 80 1y 2 B0 A el e Mk 2 AT BB, SOC. it 1 i 344
TIN5 FABER B AR PR <30 a AR HFITEE A SOC i 9 8 i W 51K T A AR 55 AR B > 30 a (bR b Al
TEA D MK R AFEFR <10 a AU HEHE SOC % B A0 3 i 0 21K TR B K R AFFR > 10 a ARl A BE B 35 R <
60% I}, AR M FNE L SOC fifi 73 59 B Z 42 55 1 65.55% F1 19.83% , TN #E A Hb TG 5 25 78 Ak, 5 F W7 76 58> 60% 1T

http ; //www.ecologica.cn



10060 JAE = 43 4

SR A O] B S B SOC i &, /4R T 84.21% \54.13% 1 53.45% (& 3)

&l 3 s, b 2 AR, AR 2% SOC A 48 v=n 1) s B 22 BRI Py e 34, PRCHBLR &2 W) i 38 42
0—60 cm 4512 SOC fifg izt , VEA Hb AN FE MR &2 0] I 2 45 0—40 em #5 12 SOC fii it M #E 40—60 em + )2
G SR IO, AN R S 2T SOC At 1 i 1) e v (L 1 BRZEAIR H AR H (<1 g/em’) 51T, W3
T A E (1—1.3 g/em’ ) 250 I X SOC 3 sz (141 3) .

2.3 ZPHEX SOC fitt i B STk S sg BAE

T 3 b PRI AR I 3BT T4 P X SOC figg st A STk (18] 4) o AR AR AR BR X Ak SOC fifg 2t 119
TUERF IR (21.44%) , HoR G MAT (20.95%) . 4% B 2 X HE K b SOC fiff £ 1) BT ik R ¢ WL 4y il o 7 2 %
(59.93%)> MAT(53.44%) > MAP (49.72%) > 1 5 45 5 (42.66% ) >t # VK 52 4 R (42.46%) > T IR
(10.94%) ., MAP X} H#iHb SOC fif 2 14 5Tk % 5 K (32.63%) , FHiAx I 43 91 h o A 5 7 35 %8 (18.18% ) >MAT
(15.67% ) >TEHBEMK T T PR (8.62% ) > H AT (5.15% ) > IR (0.19%)

H IR SR B A BAE FH R A4 SRR B, MAP SR 9Pk A2 A7 B 14 58 H A FH X PR i SOC i f2: X 38 Jm 3k
N K (33.46%) . MAT 5+ 3E 25 8 (1938 HAE HIXHE A HL SOC fifh 2 (1 G Inss e K (86.77% ) . MAP 5
T 25 RN 28 HAE A R SOC i 12t 38 s B K (60.59% ) (& 4)

SD | kit

BD

VA 0.027 0.161 0.066
VRA
MAP

MAT

0.146 0.162 0.063

MAT MAP VRA VA BD SD

| — ]

0.02 0.09 0.15 021 027 034
q

SD | #EAH SD | Hiih 0.002
BD BD 0.052 0.165
VA VA 0.182 0.284 0.24
VRA 0.425
MAP 0.497 0.501

MAT
MAT MAP VRA VA BD SD MAT MAP VRA VA BD SD
| |
0.11 026 041 056 0.72 0.87 0 0.12 024 036 049 061
q q

4 SOCREEXMERMEHERLZEIER
Fig.4 Contribution rate and interaction of influencing factors of SOC storage
MAT ; 4F- 455 I Mean annual temperature ; MAP ; 43 ¥JB# R & Mean annual precipitation ; VRA A B % & 4R Vegetation restoration age; VC : #i
WG Vegetation coverage;SD;i%‘rﬂ—éfE_ Soil depth;BD;i%ﬁE Soil bulk density

3 e

3.1 SAEZEXT SOC fif = 52 i g AT
L TR A6 TR e S M) SOC. (3177801 i %) i 5 PR R 2 AE B e St DX W 3 ) % ) A0 A AR AE 3 3 '

http ; //www.ecologica.cn



24 4 AWML A o v It DGR R AR A HLe i A8 AL RPAE S i PR 3R 10061

BAEFIF= A B G A 77 SRR A3 AT A TR 7 AR i SOC it 2 1 1 T 431 256 it 13 07 0V R A v 114
X, R Be 2 R0 ER T At A AL i 2 R M AN B b SOC fi i 7E MAT<7°C 54 B3 i e K, T AR b
SOC fiff it 7E MAT &y 7—10°C A 5548 F 3G it e K, F R AU AR S 30 1 SOC 114 R A i 232 | Mt 1) e J2 By 6
B E—ERRE TR Tkt SOC [IAF BT I Y SOC it 1 AE Ak 3 B ph A 4 Bk i A R R
Yoy i R VR B2 SOC 1H A A2, R SOC it i il MAT T3 1 FA AR A8 BR 42 ] LA 5 4 0 o i A\
S EL, A W o A R TR A e 17 B KO A A ) BT LAAE MAT > 10°C 45 4F F SOC. it 2 A 388 sk 1z 552708
P T A 0 94 R R | R P v T e, - 8 200 8 R TR R 7 I v o - R i TR A R
AR BRI P E AT R A, T RE R T #0H SOC it (14 [ A7

R T 2 B0 D DX K A3 i) PR R 2R D T 8K 535 SOC Z M AU G 22 o A Al B K
32 ZEARITE MAP 5544 AN [R) A i 1 AT U PR 1 AS [RAR 0 P o i) M I DA S EAT T 3K o S5 A AR ) =2 T) 52 %
B E AR R TS X BT AR (MAP <450 mm ) I 42 181 52 5975 22 FH T 38 i = AR Wit i A 2 SoC
fit 5 T AE 3 9 488 0 FE 30 1 b X ( MAP >550 mm) , i T SOC (8™ 4k, 5 SOH [F A7 8 A XK T MAP 4
450—550 mm FHLIX Y (HECHIAE MAP>550 mm £ T B B BRRLN F64F , 5 Deng 4512 S AR X — 22 5
A fig 5 R b AT B 7 55 R A 2 BAE AT OG . BRI TR 2t T B 23 R T 08% 0 A BILAA 5 1S o s 0 2 i a2 A7
BUZ A RR AR R (H 53 78 55 2 O T R LT 22 (1035 5 3, I AR A 30 2 B0 B i Ah s S i g e 7
MAP J2& 5 b SOC fif 538 fin sk iy i 2 B3R 3h R 2R, [ RN 1 10 22 S M B sk Ml B 1 SoC fige ™
3.2 FHBR RN SOC fifh 2 15 fg b

WS R AR R S AR BB KT SOC Aifh 2 3 IR N R K, B h SOC fif it SR 5 M R R A=)
IR MBI Z I (<10 a) [EBRAE 1555 , 10 A LR S5 300 PN Bl % TR bR, AT 5 A i B AR
LA R A ) R BOAR R B RRE I iR K R, ARt SOC RGP LR B /e YK B
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