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Abstract: The Shennongjia Forestry District has been widely concerned with species diversity, with a large number of
natural forests of rich species types and significant differences in vegetation types along the altitudinal gradient. This study
focused on understanding the distribution characteristics of soil organic carbon content in natural secondary forests in the
Shennongjia Forestry District. Using stepwise regression and structural equation modeling ( SEM ), we explored the

multivariate relationships between soil organic carbon content and climate, elevation, soil properties, and stand structure.
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The soil organic carbon content was closely related to altitude, with significantly higher content at high altitudes compared to
low altitudes. The average soil organic carbon content in the three altitudinal ranges was 27.37 g/kg (2000—2500 m) ,
21.56 g/kg (1600—2000 m) , and 17.45 g/kg (1200—1600 m) , respectively. The soil organic carbon content in the 0—
20 cm, 20—40 cm, and 40—60 cm soil layers was 30.5 g/kg, 21.7 g/kg, and 13.73 g/kg, respectively. The contents
decreased gradually with increasing soil depth, and there were significant differences among different soil layers ( P<0.05).
Altitude, soil bulk, pH, and tree species diversity all showed a strong linear relationship with soil organic carbon content in
all soil layers. Altitude indirectly affected soil organic carbon content by regulating soil bulk and pH, and this relationship
remained consistent across all soil layers. The tree species diversity in the 20—40 cm and 40—60 cm soil layers indirectly
contributed to soil organic carbon content by regulating soil bulk. The positive effect of tree species diversity on soil organic
carbon content was strongly dependent on soil depth, especially in the deep soil layer (40—60 cm). Maintaining high tree

species diversity can promote the carbon sink capacity of forest soils.

Key Words: soil organic carbon ;natural secondary forest; distribution characteristics; tree species diversity; Shennongjia
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0, B AR 3253 km® , BRI 35K H1k 86% , MK ZAE 800—3000 m, M JE W AT = KU, PR ZEARIX R
KA SRR KRN 1170 mm AP B)SE 11.0—12.2°C, TCR B2 K 200 d, HIXREE K 75% ,F
BI4EZE & i 500—800 mm , 424 H HRINFAL 1900h, AR ZEARIX BRAR -3 ) - B LA BRI ol 32,

PR SRR DX Bl e G e e MARRER A 2 i TR, ARSI 2R T o o ¢ ) P | % ot o P v o) 1 R TR
TLRET BRIV, S A IR SR I ELA2 A AE 900—1500 m, 3 HEHR RS 57 31 B} ( Fagaceae ) 17K 75 X
J& ( Fagus) FIER)E ( Quercus) MEARFEL(Betulaceae Gray) BIRSH-MIJ&E ( Carpinus) , IR F M 15 R} ( Lauraceae ) By
T JE ( Phoebe) NJ& ( Cinnamomum ) %5 . %M FEMAR 2 FL4 A 4E 1500—2000 m , 5075 AL, E AR Ky
BUN MR ( Quercus aliena var. acutiserrata)) e 1L ( Pinus armandii ) FIZIME ( Betula albosinensis ) %5, B ILIE 2
(Abies fargesii) J& 2000—2600 m F T 1Y B ERERD  IAF KR 10 AR IR
1.2 M SikA

AR X R IR T B LI AR 32, 22 B A bR X5 T LAY AR BB AR, i TR AR IX R bk
A e S % € o o o L N A e T 2 R A R o N 9 P A e B L N
F B BA AR TR AT B ( Carpinus viminea) VU BB AE ( Cornus kousa subsp. chinensis) K0 7K T X ( Fagus
engleriana) AN MLHE ( Quercus serrata Murray var. brevipetiolata ) . ¥& B2 Bk ( Quercus variabilis ) . 75 ¥ W ( Acer
davidii subsp) M ( Tilia tuan) MFE ( Castanea mollissima ) BEF %Mk ( Juglans cathayensis var. formosana) 55 59
Tofr s St BRSSO T 2 B A8 LA | FR ARE EA B0 I MR | D0 IR AE | Z0HE KL KT X AR LA ( Crataegus
wilsonii) K& KR LRI (Salix heterochroma) FEM ( Toxicodendron vernicifluum) 55 36 Bt ; K5 £ A i 32 22k 12
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A E 42 20 mx20 m BUREHL, O SRAEHNIEEIR JRE B 1E) , PR AR D SRS ARZ R AL, SRR R TS em
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Table 1 Main features of sampling sites

B TR

Btk ok 4% i WO

Forest type Broad-leaved forest (Jonlferou's and‘ broad- Dark coniferous forests
leaved mixed forest

HEH B Ff Dominant tree specie BURMAR JEARAAR AR EAR AR 2O Az

4K Elevation/m 1196—2206 1889—2313 1722—2495

5B Slope/ (°) 3.44—36.49 18.78—44.69 6.23—26.59

4 155 Tree height/m 13.1+2.4 11.9+1.8 13.7+2.5

7% Diameter at breast height/cm 11.6+2.7 10.97+1.6 11.9+1.9

MG Tree density/ (Fk/hm?) 1253+451 1366+599 1547677

YIBh=E 5 & species richness 73 7£2 5+2

HHEHA Soil type PO AR g Ny 3 FOARIE IR

FeHb Plots 26 6 10

TERR RPN K AR SR T R 75 )\ FEASFI RS 58 o B, 4% S P2 AT 152 A 1 SRAE w0, SR FHUARUBURE 15
RAEZA I (0—10,10—20,20—40 . 40—60 cm) (IRESE K 5 R FE S H—Z0 ERER &35 KR
B HERE A EANAT, T R R, R A T R R RE 45T A3 5] 0—20 em 2040 cm
40—60 cm IEFIEEAG . TR (MAT) AFFHI K& (MAP) )N ERAS H X84 rp4 i s B
Hurh S RO RRE P S5 A IR R L L 2,

1.3 EHERER ST

S FEH A - IEREA AT [ SC 50 = AT 3 PR A B il o, 4 RE S 2 mm G, 6 pH 3HAE

1:2.5 (T A48 J B oK) (9 R v Pl £ 358 pH B, I T S 4 R 0 AL A A B 5 1 336 ML %
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RHFRTT(100 em®) WO, HE3RE ity B i i L 3% B2 (BD) 77

®2 WREEFHERGITHIE

Table 2 Descriptive statistics of each factors of environmental

25 A F B FHE PRt i
Category Variable Unit Mean SD Skewness

MRIFFFAE Baipen)i Ty / 0.66 0.15 -0.90

Stand characteristics ZREHEREEL / 0.99 0.56 -0.15

YR / 6 3 0.69

G35 B F/hm? 1343 583 0.58

SR m 13.18 2.63 0.15

Wt cm 11.33 2.49 1.20

SA% Climate AR C/a 11.14 0.49 0.93

AEHREIK M/ a 1132.46 24.59 -1.93

H1JE Topography TR m 1769.38 423.27 -0.69

e (°) 21.56 7.94 0.01

+SEPET Soil properties  0—20 em + s g/cm’ 0.96 0.19 0.40

pH / 5.60 0.41 -0.37

20—40 cm TR g/cm’ 1.07 0.21 -0.02

pH / 5.58 0.40 -0.42

40—60 cm TR g/cm’ 1.16 0.20 -0.35

pH / 5.62 0.37 -0.62

1.4 FRARRFhZHAE
ARWFFEE YR F 5 BE | Shannon Z2FE 1 $8 BRI &) FE 458 3 A5 F 48 20 & AR ARTT AR JZ B4 I Z A1
(Tree species diversity, TSD) , HAA 5 g n R 2
PrdhEREE(S)
S = IAERETT N BT A R L (1)
Shannon ZAEMEFEEL(H')

S
H =-Y PInP, (2)
i=1

Hrp, P 3OR— R PRI R RS EEEE L P TR AN P, = ny/N b, FORPIFR @ A
B, N 55— REE FE T Th A R A A A BB
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e
" InS
H S RE—ReE e £ 5 5, B ARG — 77 Shannon F8%4L
1.5 BdEabE 5500
N FH 22 T635 A [l AR A 6 22 2 1 PR PR A T B A 98 5 SR — IR MRS DPA T AR SC 7 5 - 46
BUB &t Z A1 OC 2R, I FH 45 44 5 FRABETRY (SEM ) 431 L% R SR YR 2B Ak A B 7 et 1) B 4 A TR) B2 52 i)
FETRUAG B0 FH A 7K 3 (P>0.05) | LA 850 ( CFI>0.90)  AnifiAb 77 # 5% 25 (SRMR <0.08 ) | 7t {75 2 i
WICAIC) ™ ) XFRERT 1 T (£ 2) , RAMEEL (LN) ST EE/NTF 1 H 7R R R 501k
(EXP) R FFAFIT IER G340 (R A . A4 HRZ5 40 7 FRARAL (SEM) B TG AUE R z-score HEATHRUEAL . FTH GEit
SIHTETE R.4.3 B/ B Bk ggplot2” | Car” | “lavaan” £,

(3)
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2.1 RIRAEM A WL AR

AR AKX FAR AR R T 0—60 em +J2 SOC AR 1 iR, 1E 1200—2500 m 4K TE
Rl 3 A B & BE IR THR 2 s hn . 7E13K 1200—1600 m 4b SOC ZEALTE Fl iy 4.66—27.86 g/kg, ¥I{A
H17.45 o/kg, TEWEIR 1600—2000 m &b SOC 28 AL [l ol 11.89—40.98 o/ke, ¥I{H N 21.56 ¢/kg, TEIFEIA
2000—2500 m Ak SOC ZE{LIE Ik 15.87—52.14 ¢/kg, ¥IME N 27.37 g/kg, WPk 2000—2500 m Ab + 34 Pk
TR ERT 1200—1600 m,

P B IX TR A MR R ZR AT 0—60 em +)2 SOC 2R AR E (K 1), 0—60 em +2 T,
FEFAR T SOC ZELTE N 4.68—40.98 o/kg, FI{H M 20.48 o/kg; T IEIRAH T SOC ZELiEFI N 15.87—31.65
o/kg, BIME R 24.58 ¢/kg; BEEFHART SOC AEFLIE RN 17.09—52.14 ¢/kg, S5ME N 27.26 ¢/kg,

AR AR X R AIR R A MR [F] £ )2 SOC T B 40 A W&l 1 iR, 0—20 em )2 SOC 284k Il 6.55—
72.57 g/kg, ¥ME R 30.5 g/kg (R 1) ,FEFTA L2 A& . 20—40 em 1)Z SOC ZEALEFh 4.03—58.01 g/kg,
YIE N 21.7 g/kg, 40—60 em +JZ SOC ZELIE Ny 2.24—43.61 g/kg, ¥ N 13.73 g/kg, fEFA LEHF & &
Ak, E=AEH 2, S0C Bl + 2 TR BRI RS, H 25 5 53,

P=0035 P=0.089 100 | P<0.001
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I 1 I 1
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=
ﬁ § ° H %
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Fig.1 Distribution Characteristics of Soil Organic Carbon Content in Shennongjia forestry district

ns [RREEEARGE ; « % % s ow x5 oo % 405038 0.05.,0.01,0.001 F10.0001 K- 122 57 2

2.2 KRIRWAEMAFREE + )2 +HeA PR i R 2 4T

PR BARIX = 96 MILA 5 12 43 A TE IR IR B0 B AN 1 J2 R B AP A B 35 1 40 SRR AR (] 2503 28 [l 3 43 M
BT PR X0 4% )2 A LR & A REm (R 2) . S5 R RIREAHIE (4R | RIErER (+
g By | IR pH) FIBRSTREE (Pielou $45] BEFE ) 25 G ma fig B T AR £ )2 B3 MLk & 22 1k 42%—
45% (3 3) ., 1E0—60 em )2, THEA PR & &5 1% (P< 0.001, & 2) BLPEFRARE, R T2 4
PEIEAHDG(P<0.01, 8 2) . WM 8% A0 5 R ML S At X R B HRE H R R, +
3658 N - AT HILAIR P52 T 2R TR I VR FROGT AT BB 1) s Ml T KA, A LR 5 S Bl pHL (438 o i
BEAG, (R AR I AR 1B 25 (P>0.05, B12) , 384 HLER 5 pH P 5¢ R 1l i 32 8 24~ W 7 2L [ % i ,0—20 20—
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*3 BEERFEIEANHREENSTESEESHT
Table 3 Summary of stepwise regression analysis
WiH FE A YRy BEE 2
Item Major affecting factor Regression equation Significance
AT LR 0—20 ¢cm 3k % pH Y=0.342ELE+0.397pH-0.496BD < 0.001 0.454
Soil organic carbon  20—40 cm R I pH Y=0.418ELE+0.281pH-0.442BD < 0.001 0.441
40—60 cm Pielou Y5 BEFRER R, 3% pH Y=0.265E+0.339 ELE-0.633BD+0.377pH < 0.001 0.423

ELE. i Elevation; BD . 1% Soil bulk density; E;Pielou Y5188 Pielou evenness index

TIPS R In(SOC)

Soil organic carbon content/(g/kg)

0—20 cm+ 2 i 20—40 e+ R E 40—60 cm + R
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Fig.2 Relationship between environment variables and soil carbon content in the 0—60 cm layer with linear fits
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40 em 2 - HEA BB S BB ZAEME (Pielou ¥15) B850 I 0 B E L MR (B 2,P>0.05) , T 7 40—
60 cm 1 JZ I BEA TP 22 REPE RS S TG (& 2, P< 0.05) . BERTE , M BBk X AR K AE MR 2 AR E +
A ML i B RN, 22 A LR AR A A2 B Y A S AR TR R
BB 1 32 B MY | 3 TR 25 A I 255 5 T

2.3 RIRURAEMR A LR 53 A 1) B e R 3

P22 T A S AT B LAt 1 HERR X 5984 HLAR 7 B2 N 835 (0 T, PR B8 Pielou 45) R BUERAEAR
Sy PR F- BB Rl Z A (TSD) , PR EA VIR, 31 pH AN - 498285 8 ok R AF M5 b I | 3R EEA: R B I 7 % +
A BB T 25 G RE ], A AN [ 4R B 2 A ML B 1 1) S R T A RS 5 SRR 3 TR
ANELZ R E i ES R 3.32,2.38,2.11, ¥/NTF 5, SRMR {E43 %4 0.09,0.06,0.06, ¥4 /NF 0.1; GFI,
CFLEIRTF 0.9, ULBABLRIRS EE [ 47, 0T 2404 7 25 9K 8l PR (R 35007 i A%

PSS MR (SEM) |, M SE IR 743 BB T 0—20 em ,20—40 cm £ 40—60 em + )2 + 34 HLAR &
A 45.9% (48.4%F1 65.6% (K 3) , 1E=A> 12 W4k T 18% BEFN pH (B0 - 86 HLek & 11 %™ 4E
WERM(P<0.01) , WHEFM pH | 3% X A U S = A B IR0, 20—40 em )2 MR 2
P 3 Ao X - 9 P A T ek - 9 WL 75 2B T 1) RN, H B RO AN B 3 5 7E 40—60 em 12, WA
ZREPE R - A AR 75 i B A IE O, A Ao el AR - 9 R ()42 40 0 - 18 ML 5 = A 34, s o
L& %R 0.265,

3 i

3.1 RIRULEAR L HEA LB & B0 A

AR R IR UR AR - SEAT BB 5 i B JZ I R 3 v JEE A f2 3 TR, 3B PILaR Y 32 20k
TR F PR VE PR AR R, H A 0 R R A OG T AR OB I PR AR X R AR
YR AR ST HILBR S F BRI ) T TAT 0 YRR 14 P i P B TR 4 B T /K Fr 0 B 3 i AR AR
N RN B AT 2, AR LS S U R M R TR A b i A U S L
BRAFRFORAS T B LSRR M I, Y80S LA HLBR (¥ 32 e LSBT R (€1 3) IR Z 0 0 L2
A YIE A Y i/ N TR )2 DY | R R S SR T R LU R )Z BRI Ng

TESEA T RS T v RS S B pH 7 A W 2 00 ) RO [ R M - A L 5 fa (181 3) , TR
AR S EWVEE Y AT RE S AN IR - SRR S AR ] 1 PR 3R R R A A Ak T AR A
S o b R 81 3R A 2 S ) 22 S ) B AL 5 R AL, B A - S e AR | R R T ARG B
(AR M, 4 e R SRR AR AR IX o A M DX R K B R AR GBI 5 3R W 38 pH AU R BT,
I SRR R FURDE BTG RO 3K SR R 1 5 pH AR AL RT LA ) S R
PN SERRIE PR R, AR PR 5 DA TR AR G ZERAR AR DX, TRLIDE | 48 IR BA bt DX 3
ikt 5 pH IREE A Gl A DA LT AR A A AR, R TV TR ey VA e DX e R R - g T A
A PV A O I A WL T SIS , B L B LB I 5 d R R
32 BFPZAEERE IR N )Z LA LR = 2

MA IR DTRG0 BE AT WS O BRAR S TR | SR AR U A PR ol e B A v, T 3B JRE 22 A X TR
A AR o ZREPE R IR 2, W 2 R A LR R e B B 2R A e TE 0—
20.20—40 em 2 BCA LRI A 0S5 T2 L HEA HLB S AP AE IEASC (1] 2) 1 W B i
TR Z2 R S I T e A, R R R WO AR S R A RCR S I o i A 1 L e
BUBR i1 TR T2 I LU U Y8 i A 02, ) 7 4 O 0 0 S LB 55 S R B, 5 v o o ) )
T AIANTRE 21 o3 2 A e A M IR T 22 R P A v 1) A 2 R 0 PP R o U 7 ) L o1 v, e 00 )
FHASCREAR XA, (A P LR AL AR IR 0 TRTAMROA T R PR T 2 14 R L 2 B AR A A5 L B M 9 A 2K
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Fig.3 Structural equation modelling shows the connections of the selected environmental variables and soil carbon content ( SOC) in
Shennongjia forestry district
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