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Fig.1 Geographic location of the study area and distribution of sampling plots
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Fig.2 Litter accumulation and soil physicochemical properties under different restoration years
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Fig.4 Regression analysis of soil organic carbon storage and its influencing factors

0.96,P<0.001) , & BH Jir i P51~ AT fif B HLAI i £ 78
F196% VL b HHEfA T RARIE RIS R S R
DA K 8 6 0 R o A LB i 38 2 mk,
HE T 18 T8 B 43 311 R 30.06% (P<0.001) . 27.09% (P<
0.001) .13.64%(P<0.05) . Hrp, - 8Efb F it mfeE
(AR 6T B iR 6 JF Al PRI, R s A AL i et ) e
BT AL 5

BT i e /N 3 B AR AR (PLS-PM) i AT A L
e it e R 2 ) IR R L &5 R R AR SR A
B A BE AL B (GOF=0.86) , Xf + 3845 MLk i 728
SRR R RERE ) o MR E X LA
AR W B Y OE 1) B 3K S AR (8=0.79, P<
0.001) , 1] ii 1 $& T - 8 UK, [ 42 1E [ i ik
T A LR A A R (8=0.42, P<0.05) . [F]IF, 7%
P& U S 4 S0 o L R R A
FRIE, 525 9K 3l + HEA MLk i i 19 32 7 (8=0.40, P<
0.05), ¥/~ T Fr 45 EVP MK E T A ML R 29

B L2 AR L
3 1Tt

3.1 TEAVEBMEERRNEN S FHHE

5 A B R AN AR A A R a0 R 1
e AL B A o A, T Ll T R R B B [ A T
I3 R S A R AR AL AL Y R AR AR
WFFE R I Ay 2k [ VD MR A 0 35 A 1 b S L
fiff 1k B B2 T, JX 5 Li 9 TR B A L VD EE A T 5 —
Bl XU PEsE TR E SR E R R THA
DB A e R SCBER I o SR, S b o 9 B2 T
AR ERF L, AP (SOC) B FH d R
I B SE I AR A LG AR AL A e I FEA K
S SAAERA RIS . X —45RERW], SOC R Rk
RPN, 52 B AR S R GE K A Bir Be R B R
BELGRE T B



54 VFIESREE : #77%(Caragana korshinskii) & U PP 20 7 v 22 2 304 ML AR AE S LBR S il 349

A
10F
0.5
£ 00
Q
a
S os}
[=M
E o0y
10 L AlSy .
. W28y
| e54y
ALSE A [ ey,
2 1 0 1 2
PC1(87.20%)

R*=0.79

GOF=0.86

SWC I

B

RY T

TN
LA
SSR |
0.00 025 0.50 0.75
BRNAE

LA JHIE Y E R TN B S G CN R AL ;€ Py SRR B LU s N P BB LU s RY R AF PR 5 SSR: b2 L
GOF AL . *, %+ B ARAE P <0.05 1P <0.001 B &M T EAS A2 X,
E5  HHEEHLRAE m SR P S HT

Fig.5 Mechanistic analysis of soil organic carbon storage accumulation
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Accumulation characteristics and driving mechanisms of topsoil
organic carbon during the restoration of Caragana
korshinskii sand-fixing shrublands

Xu Zhenggiang', Wang Xingdong®, Wan Zhongwu’, Wang Ruixia’, Yang Xuelong’
(1.Lanzhou Botanic Garden, Lanzhou 730070, China; 2.Ningxia Lingwu Baijitan National Nature Reserve Management

Bureau / Ningxia Baijitan Forest Ecological Positioning Observation and Research Station, Lingwu 750400, Ningxia,
China)

Abstract: Vegetation restoration is a critical strategy for enhancing soil carbon sequestration in desertified re-
gions; however, the patterns of soil organic carbon (SOC) accumulation and their underlying driving mecha-
nisms remain insufficiently understood. In this study, a restoration chronosequence (0, 15, 28, 54, and 70
years) of artificial Caragana korshinskii sand-fixing shrublands on the southwestern margin of the Mu Us Sandy
Land was selected using a space-for-time substitution approach. We systematically investigated the dynamics of
litter accumulation, soil physicochemical properties, ecological stoichiometric characteristics, and SOC storage
along the restoration gradient. Multiple linear regression and partial least squares path modeling (PLS-PM) were
employed to elucidate the mechanisms driving SOC accumulation during vegetation restoration. The results
showed that litter accumulation, soil moisture content (SMC) , pH, and total nitrogen (TN) increased signifi-
cantly with restoration age (P < 0.05). Among these variables, litter accumulation and SMC exhibited the largest
increases, reaching levels 6.12-fold and 17.92-fold higher, respectively, in the 70-year restoration stage than in
the active sand dune (0-year) stage. Soil total phosphorus (TP) exhibited a unimodal pattern, peaking at 28
years of restoration. Both SOC content and SOC storage increased significantly along the restoration chronose-
quence (P < 0.05), with the 70-year stage showing 14.56-fold and 14.97-fold increases, respectively, compared
with the active sand dune stage. The accumulation rate of SOC storage also followed a unimodal pattern and
reached a maximum of 0.0061 kg-m™-yr' at 54 years. Soil stoichiometric ratios (C: N, C: P, and N:P) in-
creased significantly with restoration age (P < 0.05). Linear regression analyses revealed significant positive rela-
tionships between SOC storage and litter accumulation, SMC, pH, TN, and soil stoichiometric ratios (P<0.05).
Multiple regression analysis further indicated that the combined effects of soil C:N, C:P, and N:P ratios, TN,
and litter accumulation explained 30.06%, 20.09%, and 13.64% of the variation in SOC storage, respectively.
PLS-PM demonstrated that vegetation restoration directly increased TN content and indirectly promoted SOC ac-
cumulation by regulating soil stoichiometric characteristics through the synergistic effects of TN and litter accu-
mulation. In conclusion, long-term restoration of Caragana korshinskii sand-fixing vegetation substantially en-
hanced the soil carbon sink capacity of sandy ecosystems. SOC accumulation exhibited clear stage-specific pat-
terns and was jointly regulated by nutrient enrichment and shifts in soil C-N-P stoichiometry. These findings pro-
vide new insights into the mechanisms of long-term carbon sequestration in arid sandy ecosystems and offer a the-
oretical basis for optimizing vegetation restoration and carbon management strategies in desertified regions.

Key words: vegetation restoration; soil organic carbon storage; ecological stoichiometry; Caragana korshin-

skii shrubland; Mu Us Sandy Land



