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Abstraéﬂt: The aim of this study was lo explore the carbon storage potential of karst forest soils in the Lijiang River Basin, reveal the spatial pattern of soil organic carbon (SOC),
investigate the contributions and pathways of each driving factor to the spatial distribution of soil organic carbon, and provide a scientific basis for assessing the carbon cycle function of
karst forests in the region. We employed structural equation modeling (SEM) and correlation analysis to investigate the spatial distribution characteristics of forest soil organic carbon
in different basin sections (upper, middle, and lower reaches) and soil layers at different depths of the Lijiang River. Additionally, the direct and indirect ratios of each factor were
quantified. The results showed that the overall soil layer of karst forest soils in the Lijiang River Basin was shallow, and soil organic carbon was phenoconcentric. The distribution of
soil organic carbon content in different watershed sections was upstream > downstream > midstream , and the distribution of readily oxidizable carbon (ROC) and dissolved organic
carhon (DOC) was consistent, whereas the distribution of microbial biomass carbon (MBC) was upstream > midstream > downstream. The contribution of various biotic and abiotic
factors to the spatial distribution of soil organic carbon in karst forests in the watershed was different, and their contributions were ranked in descending order as: soil physicochemical
factors > soil organic carbon active fraction > sample elevation > sample species diversity, with the total effects of 1. 148, 0. 574, 0.284, and -0. 013, respectively. Among them,
the sample site elevation had only an indirect effect on soil organic carbon, and the soil organic carbon active fraction had only a direct effect on soil organic carbon. Among the driving
factors, total soil nitrogen, soil oxidizable organic carbon, sample site species richness, and soil soluble organic carbon could be used as important predictors of soil organic carbon
content in karst forests in the Lijiang River Basin. Therefore, it is necessary to establish an effective eco-environmental protection mechanism covering the whole Lijiang River Basin,
to reduce and control the impact of anthropogenic disturbances (especially in the middle urhan section of the Lijiang River Basin) , and to enhance and protect the species diversity of
karst forests in the basin in order to improve soil physicochemical properties, improve and enhance the content of the soil organic carbon active fraction, and enhance the soil organic
carbon stocks of karst forests in the Lijiang River Basin through other effective ways, as well as to promote the enhancement of the regional forest carbon sink function.

Key words: karst forest; soil organic carbon; organic carbon active fraction the Lijiang River Basin; structural equation modeling(SEM)
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1 320 2.96+0.715 3.99+0938 5.06+0.581 0.25+0.116 0.79 £0.119 62 I 45 ( Ficus benjamina L.)
TR [ Machilus nanmu (Oliver) Hemsley |
2 160  3.40 +0.201 4.35+1.249 5.805+0.466 0.24 +0.026 0.74 +0.024 37 AR (Rub nhoei H )
ubus swinhoei Hance
i 3 160 4.12+0.360 4.05+0.748 6.23 +0.492 0.31 +0.024 0.73 +0.097 61 Ay ‘E'/E"(blymx odoratisstimus Champ. )
12 A [Cunninghamia lanceolata (Lamb.)
4 160 2.77+0.373 1.50+0.472 577 +0.581 0.29+0.021 1.21+0.011 19 Hook. ]l it %5 #17 ( Liquidambar
acalycina Chang)
5 160 1.63 +0.386 1.05+0.423 5.78+0.356 0.16 +0.029 1.12 +0.146 30 W48 ( Machilus nanmu (Oliver) Hemsley )
Daphniphy alyct Benth.
6 160 143+0219 096+0215 6.07+0402 0.16+0.029 1.09+0.114 14 jﬂiggc“gl”f"hﬂ@"ﬁ‘“l’)”"”m enth.)
i (Celtis sinensis Pers.
¢ ( Brouss ; i |
7 540 1.70£0.295 0850390 5900423 0.17+0.086 1.12+0061 9 FIRS (Broussonetia papyrifera) H)II £
it (Cinnamomum wilsonii Gamble)
8 660 1.83+0.523 097 +0.534 488 +0.332 0.11 +0.058 1.25+0.199 12 EH:(Cinnamomum appelianum Schewe)
9 400 1.83+£0.395 0.89 +£0.322 5.15+0.594 0.17+0.035 1.19+0.123 14 KM ( Celtis sinensis Pers.)
b B A (Rhus chinensis Mill.) | ¥4
10 150 1.57+0.337 0.69+0202 526+0516 0.11+0.033 1.14+0.087 30 lj)‘:k( e ”l ”"eln”l; (‘L, >11 ;ﬁi .
astanopsis sclerophylla (Linc ’cho
- it A [Loropetalum c}e—maﬂs((fh Br?
11 150 3.40+0.639 3.08+0.922 6.12+0.617 0.24+0.031 0.89=0.054~ 25 | Oliver|FIN A ( (‘omq;.rzifmnmna
— { Wangerin) B
12150 3.03:0369 277:0.699 644 =0#73 0.28+0.026 0860069 | 33 BB (Cornus wdwnmna agerin)
{ ‘f ¢ | f *[Loropemlum chmense. . Br.) .‘; na'“
N 13 130 1.17+0.149 0.73 £0.135, 5.72#0.553 0.19+0.012 1.30 £ 0.105% 29| # i
T ' { & J S Oliver] ;~"".
...,..“'i' I Inl‘ v.l' | __. — I.'i . ¥ ) *1‘@7& Loropetalum chmense (R “31‘)
= 14 15.Q" 2.9\5l +0.379 2.69 + 0.507 i 6.37 i'.il'l_ 327, 0.90 i“q:ﬂtds_z ."_,':.3"-1 011\(*:"1’}%'1] H I_J[Cy(labalanopszs éfhupﬂ ey
F .-N. " _,."l || i L i ’ > ,."I .*Thunberg) Oersted] e "f(___,-*
= e | A | o= .
1 e £ ¢ A . e K[ Loropetalum chmen}e (R. Br) :
15 A50" 4.18 £ 1.551 6.36 +2.84 0.62 £0.1 22 " “r
L” & !4 * 3 .3 r # Z‘ﬂ | dhver VFIHLEE 28 (Mallotus phLllpp.g,nsis)
7 ¥ I ar
I o~ Ly J - >
N F% %} VR LN ) 0,096~ 1788 kg IO, 12~ 45,45 gokg . TR
] [ . .
P A4 _..:—j/ N
jﬁ p— T4 S0C. DOCHIROC (97 i AE A L2 2 8k
2.1 !ﬁﬁﬂﬁﬂﬁ BAM L HESOC BILIEEAL 2 W > FUF > B BLAE T - HE MBC f9 Bt 76 <
SIAFRAE 53 4 T ER AR B > thiE > T 7EAS [F
B U S R 0 R AR AR P AR R A BLAR 2 HE B, R4 SOC, DOC FIROC # £ B « #JZ (0 ~ 20

WA EAEZER (K 2). Ffk L soc. boc
A ROC Y 7 2 2B 0F > T UF > hifppy g A, m +
HEMBC &t FUHER B « B iE > il > g, £ 0
~20 em 2, H A PR FOLIE M AL 7 BUEANTE
Wy & & 2% 5% 8% (P <0.05), -5 S0C, MBC
ROC 1% 76 e Feodiie o e i AT i 22 i) 3416 6
EMEZE R, DOC K & BEAE TOlE AR UiE 2 ) JC 3
25 . 7E20 ~ 40 em )2, 112 SOC A ROC 1 75 & 7F
b N2 B TC B E R 25 S5 O MBC TE B FFL T
W EHEREE(P<0.05),DOCH & B FIFS
AR 2 ) 22 57 3 (P < 0. 05).

I L O B T R AR O [ 4 )2 TR B - A Lk
K HE A & B3R .0 ~40em HJ2, + 1
w(SOC) . w(MBC) . w(DOC) Hl w(ROC) 72 4k 35 FHl 43
B & 14,58 ~ 125.65 g-kg'\ 2. 13 ~ 203.39 mg-kg'.

em) > HJZ (20 ~ 40 em). ARl 4 )2 #Y 1 3E SocC & &=
TE LU A i 0y 25 5 3 RN TR )2 B DOC & &= 7R
e 25 5 B R TR 2 09 ROC & &7 e AT Ui
25 0 3% . MBC & 576 A [R] i B (9 AN ) £ )2 [R) 22
SSCSENTE

SRS 3 W T VLU B ST e AR RO R TR B 2 1
ALK S A 4378 Sk R B (6 2) . ROC YR 7 28
KF L EBHERR, HRERE S RO 11 ~
0.91 Z[8], J th 4578 S . Hop, 43 SOC, DOC #l
ROCHJJ& 0 ~ 20 em 1 )2 1948 7 R EUN T 20 ~ 40 em.
HAEMBCH AR RZEE0 ~ 20 em KT 20 ~ 40 em.
TIESOCHE B PUEEB A A ] o A B 20 ~
20 em > 20 ~ 40 em AL (&1 3) , I HAZ 5 &R B /2
0 ~20 cm > 20 ~ 40 em(F 2) ,ENIE T 1 SOC#E % 2
REE.
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Fig. 3 Organic carbon and its active fraction content at different depths in forest soils in different watershed sections of the Lijiang River Basin

T VT 3 v M A AR AR O ~ 20 ¢m 1120 ~ 40 em +

2.
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Tt ok B R AR L SOC B HIE PR A 0y Al

JZ A HURR S R B LR > R > PR LA
(E4). s - A AL % B AR 20 ~ 20 em > 20
~ 40 cm P RLAEE . A2 VT LU A i AR AR M, 0 ~
20 em )2 120 ~ 40 em + )2 A VLR % E 2 [0 A
2R (P <0.01). MifE FFE, AR )2 E A
BLIR S TG o 25 5

(1) 3K 3 K - 43 At

{18 L T R AR - S WL B L R 2 Sy
55 UK A ] A A DGR 43 B an 38 3 i s . H 0
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Table 2 Coefficient of variation in soil organic carbon

and its active fraction content at different depths

R LI /em 3 1 bREE SRR
0~20 36.31 26.19 0.72
soc
20 ~ 40 25.87 21.12 0.82
0~20 53.20 46.70 0.88
MBC
20 ~ 40 47.32 41.23 0.87
0~20 0.60 0.48 0.79
DoC
20 ~ 40 0.48 0.43 0.89
0~20 7.62 8.69 1.14
ROC
20 ~ 40 3.96 6.04 1.53

1) SOC ., DOC F1 ROC V- {H (1 ¥ 057 g g- kg™, MBC - 24 {4 /Y B3

mg- kg5 bR ifE 22 F7E S AR RO AN
16
’ LR
= 0~20 cm
= 20~40 cm a
14 =
a
12
o 10
g
2
=
e
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= g T
% )

i

0 1 1 1
8] M D

UKo B3, MR 7R e, D s Rl s ARG 7 B
FR ] — MBS LR AR 0. 05 /KF B2 5 W 2%
B4 BIARRBRTEGVNHREE

Fig. 4 Soil organic carbon density in different watershed

sections of Lijiang River
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Table 3 Correlation of soil organic carbon and its active fraction with its drivers

socC MBC DOC ROC TN g Swce
socC 1
MBC 0.234" 1
DOC 0.805"" 0.383" 1
ROC 0.830"" 0.182 0.685""
TN 0.936™" 0.170 0.774"" 0.863"" 1
TP 0.801"" 0.207" 0.726™" 0.708"" 0.887"" 1
SWC 0.414™" 0.055 0.419"" 0.223" 0.439"" 0.516™" 1
BD -0.746"" -0.095 -0.656"" -0.592"" -0.787"" -0.728""" -0.577""
pH -0.100 -0.226" -0.043 -0.162 -0.124 0.028 0.210°
0.442"" 0.230° 0.674"" 0.385"" 0.433"" 0.412"" 0.383""
H' 0.282" -0.178 -0.046 0.258™ 0.396"" 0.353™ 0.199°
D 0.261" -0.124 -0.049 0.256™ 0.370"" 0.305"" 0.102
ASL -0.228" 0.160 -0.278" -0.137 -0.282" -0.280" -0.374™"
BD pH R ! D ASL
BD 1 _
pH -0.101" I g =
R -0.492"" 0.053 1 [
H' -0.368"" -0.041 —0.185‘" ' | = \
D ~0.273" ~0.212° -0. 196*-.‘55:" 0934 fu R ;
ASL 0.328™ -0.326™ . —0.350"" -0.124 0056 -~ o1
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Table 4 Direct and indirect effects of various drivers on soil organic carbon and ranking of the total effect of various

drivers on soil organic carbon across the basin

B gl PR ¥ 2 SAT SR Hey
HFR 5 [i) 2% 5 i)
TN 0.479 0.600
P -0.075 -0.094
+HEFEAL A T SWC 0.004 0.011 1.148 1
BD -0.004 -0.076
pH -0.018 0.022
MBC -0.023 0
A LRI A DOC 0.264 0 0.574 2
ROC 0.298 0
(ARG ASL 0 -0.200 0.284 3
-0.065 0.575
FEH W) Rl Z2 R P H' -0.039 0.349 -0.013 4
-0.009 0.079

RDA2(8.26%)

-0.8 , ) MBC

RDAI1 (88.36%)

WELFRIR « 1A Bk B TG VR 2H 0y 5 R RR KB I T
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Fig. 6 RDA ranking diagram of the correlation between soil organic

carbon and its active fraction with other drivers across the basin
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