i

B ol ¥ I3 Vol.42 No. 6
2023 4E 12 A CARSOLOGICA SINICA Dec. 2023
BMZE, BRTTAR, 2% 5. 25 P Vs T oA 22 b AL 3 i U A~ T AR il (D). P R, 2023, 42(6): 1213-1223.

DOI: 10.11932/karst20230607

ZEE AR AMERES L IE
i BB FiT EFHE

Pk 2 R, B

5%

(1. PERAHRFR BRI/ AATRI., T REEDNFEE LT/ BHA AL EFRE A
R, ST AR 5410045 2. 7 - FREMF AL ZAAE RFIAEINA L, T % R 531406 )

B OE AR AR IR NS, B, AR S X AR A L K DR A RO
it o SCF SR S 1] 45 0 18] (9 5125, LA 25 199 480 1 P L 3V KT 3t 5 R AS Tl 35 B B (oK . A Tk
FOHL | FEARK . IR AR A TR £ )2 (0~10, 10~20 em) 19 42 R WF T XS 52, X LG 43 BT S [ AR B2 R RR
IR BE 6 F T 3 C(B) L NCRD |« POBE) & & e fb 2 i i L 22 5, B 7R SR WIWF 9 IX. 4 38 5% 73 3 1) 73
Ay Be A2 14 A R AR, S 12 3t DXORE w5 W O A7 B R e b 5 BRI T i B A AR Al o 45 SRR T R [
B BE . AR SR SR B AT AR RO 22 s B WO AR BRI, M SOC( A HLAK ) |

TN B E

O B AR 2 KB 3 H E R IAE 0~10 em SR )2 b, W TPORBE) & AP 7E 8, AR

B B AR A R 4% TER B B 0~10 cm + )2 19 SOC, TN & &= 80l E ¥ E & T 10~20 cm + 2, B
WM LA, A BB AR L Z20E TP S B %A B EES; £ 0~10cm +)Z I, /N, C/P, NP ¥

H+HESoCc FmERBFEME, CP.NPELETN
N/P TG & 25 AH G M s A Bl 2R B A + MR B

.

SEREBFIEME, LWETP&ES CON, C/PH

W WF 97 X+ 38 SOC, TN il TP & & K HiAk %3+ &

SR 2R T M RO SR 55 L2 I

FE 5 ZES:S153 XERFRIRAD: A
XEHS:1001—4810 (2023) 06—1213—11

0 35l

il

T [ DY B o T DR B b I T S SR AIR AR BRI
RN PCRE T o) 52 BIA & BEA A& 3 T4
BB FERAY . BEAZ XA R JIHER,
B JE S, i A - T B S BT AR
KEFR B S — R G AR AR R, 7
TR B Al A= 7 R SR AR SR 22 A R T R A
Jee T[] 74 e 2 1 DX TR 1 A 2 G 558 X, BB 2 Y

BERhI H : E A SR THRTEREE (2016 YFC0502501)

TR (TR AR %) #1748 (OSID ):

P AR AR ALK, PR B A2 2%, ST 5 53l ] 4,
AR X ASKE ME RN EZEX Y, KES5E
AR ALY AT ORRARCE SCE R, MR SR e 18 R
IR A 3 AR T, 2 il e 9 IXR A PR )
R

CUi) . NCA) . POBE) i 3 £ 200 8 SR o7,
BATTHY B RE S B i 3 B () A8 Ak, HoAk et
Bl 2 2 e+ TR AT R SR L 45 BB 0 1 AR AR
5 LB, £33 MLk (soil organic carbon, SOC), 4=

H—VEB A AL (1995—), B, Wi-LAF5EA: . EBENSF AW HIEMA YIS . E-mail: 907174427@qq.com,
WEMEE: 2 (1978 —), B, W, BTt . BB AR AR AW HERL220159Y . E-mail: glqiangli@163.com,

ks A #1: 2022—12—25


mailto:907174427@qq.com
mailto:glqiangli@163.com
https://doi.org/10.11932/karst20230607

1214

AR

2023 4E

A (total nitrogen, TN) Fll 4= # (total phosphorus, TP)
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BAEZEEN.

A AR R 2 N R = 0 A B AT AR
HBRb2F o0 X G ARIA, hfg e B R G
3SR 56 IR ) BB AL TR T, FERIE ST R
O8RS T AL AT 2 R N (L, 2 S
AR S S 22— Ak, E SRS
gt R EEE PR R R S
JE e T 3R] 11 3t X A S 2 s R R A S [
P R B B T AR D W R gt g,
e oy KA A 2E T B 6 AN [R) A 4 K AR 25 B 1) i)
INE T AN WA o Sy ) DS T I e s A ] e R B B
13 C. N. PIOCE & & M fb2s it it LR E, A5
K FH 25 T4 Bsf ) 09 5 3, 364 = g 0 P8 B /NS
Wit B 28t 1) =35 2 5 AN [ A B8 e B B (e oK
TR FEORMR . N TCRRARD JELGR AR ) L Y AE B TR
HBEFEXT G, S Hr T ORI E A B B - CONL P
T BRI R RRE AR O, DL — 2P
A A T A R R R A 1 BRI RN R 43 1 AR AR
A, R L DA AR O 4 3 R - b B 5 A 5 R A
FHARBER 2= 4R35

1 RS

1.1 HAREXEFR

MRXNTamBVF S =S, b Ra
103°46 '13 "— 103°57 20 ", 4t 4 24°21 '03 " —
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1.3 MEFZE

- 3 P AL I 2 R R R AR 2 E A T T
PO SOC F R H i T A N 45 R A AR Tk i
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Table 1 Basic information of sample plots

R HTB ZFE(E) ZHEE(N) TR B /m F LY
PN i 103.850° 24.508° 2314.6 PIAKE K (Alnus cremastogyne) i £
Tk 103.851° 24.508° 2291.0 PUEARNVEY) (Zea mays L) K+
A K (Pyracantha fortuneana (Maxim.) Li), £13(Stipa capillata
F b, 103.850° 24.508° 2332.8 Linn.). % 5 4R (Cynodon dactylon (L.) Pers.), Bk

(Pteridophyta)?

i o o HHEAR (Loropetalum chinense(R. Br.) Oliver), /NE %1% (Rosa

AR 103.853 24.508 22922 cymosa Tratt.), KJ(Pyracantha fortuneana (Maxim.) Li)%¢

LA M 103.894° 24.508° 53415 B = FN(Pinus yunnanensis), /MR 1% (Rosa cymosa Tratt.), ‘K

P(Pyracantha fortuneana (Maxim.)Li)%
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1.4 BUEeE HE SOC & 12 75 JF b AR s By B e 5, M 57.56x10°, 1

K Excel 2019 F1 SPSS 25.0 #E17 504 48 i3
B, KRR 3 5 2243 M2 (One-way ANOVA) #E47
J5 225381, 38 XS5 H A 21 (LSD) X A [R] 8 R
B B 54l AT 25 5 0 2 PR RS (0=0.05), H Pearson
ORI AT HEAR 2 AR AR R A DG, 0L FH XA
Z 7 20T (Two-Way ANOVA) #F5T 381 )3 FlAl
P RIXT 3 SOC., TN, TP & & K iHa Ak 5%
Wi, BT AT BE S R 3 R A

2 HZERAM
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Fig. 1

TR KA T KRB B (P<0.05), AT
P +3E SOC & it e flX, 2 28.85%10°7°; £33 TN &
ARG EIN 2.63x107°~5.47x107°, I 4 A T Hk<
T A b < b <[5 G AR <BE AR T 1€ TP AR E
Kbt s, A 1.1x10°, B R T AT SRR
BB (P<0.05), oK i 5 AMR 1 48 TP % i 25 5%
ANEFE (P>0.05), N TH L1 TP & 5 /MK, 4 0.61x
107, BRI S, MERAIKE g M, X2
(0~10 cm) +-35€ SOC H1 TN 7 1t 3 B 34 fin i 4%, 1
38 TP & AR AN B BRI AE I B0

£ 10~20 cm IR + )2, 13 SOC Al TN &%
TR A VEE AR>S PR > R K >R > A TRR, #E 4 DL
Ao YR 30 198 E A BRI D e bk e 3 v 3 i A
) E KM, REHRT N TARBT B . 5 0~10 em IR 145

TN /g kg™
O —= N W A O

M HEAM SRR

1444, Aa Aab
124 Ab Aab Abc Bab Aa

C/N
[oe]

NTH EAK 5

HEARAR

JELRR

N/P

S =N Wh w2
—_

NTH FoK
A5 M 0~10 cm M 10~20 cm
B 1 ARFEEMELTIE CN.P FERLMFITEFIFE
1z a. b. c. PRI FEE BB a5 )2 13 SOC, TN Al TP &8, d. e. £ 43 AR BB 122 C/NL C/P Al N/P HUH, ANRIKE S 1138 [F] —tE B[R]
TR +HE SOC, TN, TP S Ak i1t 1Y i 3 22 7 (P<0.05) , A [l /NE 528 2R [/ — W BE A R M 8% + 58 SOC., TN, TP R oAb 2 it 1L i 3 2
F(P<0.05).

L HEAM LA

C, N and P contents in soil and stoichiometric characteristics at different successional stages

Note: a., b. and c. are the respective contents of SOC, TN and TP of each soil layer in different successional stages. d. e. and f. are the respective ratios of C/N, C/P

and N/P of each soil layer in different successional stages. Capital letters represent the significant difference of SOC, TN and TP and stoichiometric ratios of the

same vegetation in different soil depths (P<0.05). Lowercase letters represent the significant difference of SOC, TN and TP and stoichiometric ratios of different

vegetation in the same soil depth (P<0.05).
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AL, 10~20 em IR TP ) 20 & R I HEAR
MK b 5 25 T AR R AR AR AR B (P<
0.05), H7E 2518 B o B Il L 3R 80 i 30 3 iy A 00

AN L 2 AR R S AR 22 5, N TRk, R
THE ACOMRORI 5 s R b % J22 2398 (0~10 em) SOC., TN 7%
B ERT T2 (10~20 cm)(P<0.05), £ K Hpi
1 )Z[E] SOC F1 TN % & H A UL 22 55, (H4(E -
R AR, R, AR EORFEE B R )2
(0~10 cm) £ 3 SOC Fl TN 7 & f =y H. B + )2 hn i
A BEA . 143 TP & i AU AE J I bR His B B £ )22 1]
FIH B FE 2R (P<0.05), Bk, AT AR, HHb
FEARMAE £ )2 10] 14 TP & =22 53 A 2 (P>0.05),
AN[F A JZ 0] TP & W o A B 34 4), L2 R & 5%
AR, IEAh, 13 SOC, TN, TP & #3238 T Mk
25 RVRN A B TR B M H A2 HOAE Y B 3 R (P<
0.001)(5& 2).

22 AEEEMBEITER. R . BESEFITER
$H1E

A 1(d. e. £) ATAL, B R B & 2 T 3
C/N. C/P Fil N/P, 7£ 0~10 cm + 2 I, A6 & Hr

Bf C/N Y7L TE R K 9.98~11.86, C/P (A8 AL T8 Bl
26.95~70.34, N/P AR A0 [l hy 2.71~5.93, b A1
A MM C/N, C/P A N/P G I 3 22 5% (P>0.05), 5 A
AR HEAMRFN FOKHAAAE 2 35 225 57 (P<0.05)

FE 10~20 cm 4 )2, AN [A]3E B BL C/N 22 163
14 9.64~11.40, C/P Y AS L IEFI R 31.00~55.94, N/P
H AR AT R 3.11~4.92, JF UG AR C/N 55 52 b AT
ARbR2E 5BV (P>0.05), 5 N TAHNF K 25 5788
K (P<0.05), A HH C/P A1 N/P 5 AT AR, oK
AR EAT 1 225 % (P<0.05).

FEAN [A] A )2 ], AN [ 8 2 B B 1238 C/N, C/P Fl
N/P AR 1 33 TR 185 3 hin LA sk e #4y 32, Horp
F K HE C/N, C/P Fl N/P LA Fifi 38R B2 A 38 R 3=
BB BEAN, 2 AT LR Y, AR AR
VR R HL AR B X 2R i i L A R B
i) (P<0.001), JH o e 5 780 A+ 8 R B 1 22 BLAE
X C/N TG fi 3 52

23 ITEFSEESUFTELEXE

ANFFE R 4 N, P A i 5 AE SR
T O Z [ OGP A an ke 3 . IRk AU &

F2 IEREEEEEE1ESOC.TN.TP FERELFITELLHNNEZFESH
Table 2 Two-way ANOVA on the effects of soil depth and vegetation type on SOC, TN and

TP contents in soil and their stoichiometric ratios

F
ISEN ff
SOC N TP C/N C/P N/P
A 33.087H*x* 21.185%** 28.055%** 9.114%%x* 61.569%** 37.542%%*
B 64.180%** 29.680%** 5.266* 7.229% 67.388%** 38.581#**
AxB 6.052%* 3.622%* 1.076 1.298 7.482%* 6.274%*

TE: ARTRHBERAL, BFOR HHEREE, AxBFR I E L AR, *FRP<0.051 I F /K1, #*F/RP<0.01AY 1 E 7K, #*+*F7RP<0.001 ) i /K ¥
Note: A represents vegetation type; B represents soil depth; AxB represents interaction between the two; *represents significant level of P<0.05; **represents

significant level of P<0.01; ***represents significant level of P<0.001.

&3 TiESOC.TN.TP SESHMAFITELLHMEXY

Table 3 Pearson correlation among SOC, TN and TP contents in soil and their stoichiometric ratios

+HER A /em 4y C/N C/P N/P
SOC 0.449* 0.736%* 0.778%**
0~10 TN 0.201 0.562* 0.646%*
TP -0.529 —0.485 -0.439
SOC 0.338 0.441 0.411
10~20 N 0.063 0.263 0.306
TP -0.105 -0.355 -0.375

T *FIRP<0.051 i F /KT, **FRRP<0.0111 i K-

Note: *represents significant level of P<0.05; **represents significant level of P<0.01.
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SO0 i WA S e 2 BRI 0~10 em )2 I,
FH N+ HE SOC &k C/N, C/P, N/P & i Z 1E A
x, +HETN S C/P. N/P 2B FIEMX, TNS ON
A2 M B . (P>0.05), +3E TP & & 5 C/N. C/P,
N/P 2R I 2 A OC R (P>0.05)

£ 10~20 cm + 2 7, + 5 SOC I TN & & 5

C/N, C/P, NP ZIEMHR KR, L TP &5 CON,

C/P, N/P 2 MAHIIKZR, HAPEYA B3 (P>0.05).
3 i it

3.1 EEWEBNTERARBHSENZIT

8 C. N, PR EIER R EE TR, BTN E
ARG R 3 A 7 T i (RN T A R
5T XA [ FE B 25 (0~10 em) 33 SOC, TN & &
1E 28.85x10°~57.56x 10 Fll 2.63x10°~5.47x10" iz il
W, & T 3E (0~10 cm) £ 1 SOC F1 TN F 1 & &
(24.56x10°, 1.88x107)*?" N[a] )2 6] + 3 TP &
HAE 0.59%10°~1.1x 10" W Fl N, I T 4Bk -4 TP 1Y
SR (2.8x107°), B B AR R IRR, A
Hi X A 38 e m R P, AN 5T 45 SRS HAR 2.
1E 0~10 cm £ 10~20 cm +J2 b, A THRAI T K +
1 SOC 5 # B I TV AR J5t 4 Mt + 338, 3 =
B W T A LR S R PR AR SR A VR )RR
FRERARNY), S hE AR AR AR IR SZ NI Bt 2D, Ak
P& 5, N TARTE SR AR R 43 U Vi ) ke
FRER A YA 11T 3, ARHA FLTAS A 2 K A
AN TR FECEHE SOC i PR FEENP, &
Kb PR A BV fof A5 A 38 P R AR e v, 398 HILJTR
() P B AR AP 2 38 B IR, 3 LR B A T )
YR 43, (3145 133 SOC & B AR, ithah, £k
M HI G, b B A b TR RS, FEAN AL F
TES R E kg . R ORI . e R
FEAIRSE — R B Dl & A, ik 2 (R R I A 2 IR+
ek AR SR, R N RS R IR T 1 e
Vs oy i 5 G A DL, O H - R R K —

EFEE g HHE SOC &, AW 13 soc,

TN %5 [ AR AL AT R AB 1, A5 5 iR DC o 45
RATFE] TR IE, X d T R YA
fife 98] v D RE T SR o0 B R AR R, B SRR A LY
0 56 1 R IR, (8 45 A 5 00 5 o ik I [ 25 R Tk
A R TR B R A BT 41

FEAR—F, B L rp 2375 (SOC., TN %) & & i
Rt e | N 1 S e L e o =
SOC A1 TN & & SA T 5 b v & i 2 2 L i 3%,
F 42 (0~10 cm) Jo R At 3 B BT 1 G R
PR s — 7 1, Bl R () R AT, AR V5 0 AR R
W RN, PR T 3 SOC M TN (AR ZR, B —JF
T, EORE AR A A [ s T 4 SRR
(e Y, R R R AR — R L GE T
HERE Sy o AEHR/NRE B, AT . BEVE 5 X REHL
PEDR 2 R R 2 (A48 S 0 =, i R B
R UR N Uy = oy L PSS S NS S/ S
g+ 2 1 TP & =i = T AN AR, FEHUR R bG
MU A AR AR A B RN Tt A A5 Bt AL DR 28 S L
TP S £ LAk, B R, SR
VIR L R A A SRS AR 2 B i 3] 4 P G T
2w R 1 SoC, TN M TP & i 5
4 [l [] A A 28 R IX I ) 22 57 0T BB S5 0 98 X Rk 1Y)
HIRAE . FIERFREER R A L.

32 WA TEBRABUFITEZFHERN R

5T LA R AR IEXT T T L 48
N ISR AT R AR B AR R A LTS
R A7 B R Wi R e, i R R A
T2 S B G A W 0 PR, A 22 IR AR R
HE A FE 45 S 22 B, A HILJ0T o0 it ol 68 5, C/N i
K, A WF5E ., 0~10 cm ¥R FF 3 SOC % & &
C/N 5 1 3% 1F M 56 (36 3), # W 1+ 1 SOC & = %
C/N [y 38 in BA 2 VR R A5 6 1 A0 98 B AEE
0~10 cm IR ¥ + 4 SOC & &5 N/P, TN &5 C/P
Z AT 3 A R OC AR (3R 3), X Al B 5 3 C,
N Z M 28k — A . 581X 0~10 cm 14 C/N
6 FEITE 9.98~11.89 2 1], 10~20 cm 13 C/N 7E 9.64~
11.40 22 [a], {3 C/N BEAK T [ - 3E5F 44
C/N(10~12) {i ™, # I B9 O/N LB 32 I A AL
WAL fe J1 RN HLT o e BT, AR T A P
R 3 C/P R RAF w0 RE M E -
b - 198 AR5 P v 7 R AR ARBIgE R, S
FHAE B ZERIT 0~10. 10~20 cm ¥R J¥ 13 C/P /3 HIAE
26.95~70.34 1 31.00~55.94 34 [ 4, $1<200, 2 1 i
G X A F TR W 0 A BILIT, 1S I 3% o R ik
o R T HIEBE AR, RN P R
KR U FR I, N/P 23743 BR i A A 25 il
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BHR, BFFE XA R 38 B B 0~10 cm 1 N/P 4y
T 2.71~5.93 Z [, 10~20 cm 4% N/P /T 3.11~4.92
Z[a], AT ARG, 2 398 N/P ELf <10 A, X dsiAE
Bl K T2 8] N R RGN, B R AR 5
s, AT N SRS, B P A A X R
%, MW A K i o2 3] P A BRHI AR N FRHI, %
W X A AR K2 8 T N P ARG SEE BR 0 HE P
Ay R A

CA MR R U], A AL E 2 L CONL P
it L i B R AR AT A 2 A
+ 3 C/N, C/P FI N/P LA =4 T W 5w (55 2).
v, A v R R A DAL IR AR 0~10 1 10~20 cm
UREE 138 CO/N LU E I B 2 TN TR, K|l (4] 1
(d. e. D), M +HE C/N () FEHFE & SOC & &, ¢
0~10 em YR L0 M (3 3), iX 5 JF iR AR b A 1
55 B, AR R, TR o3 A T R
SRR T )2 13 soc & Ak, [+
1 SOC & f 3G N & T TN, {15 C/N HfEH K,
AT R AR B 55 S O/N HU (AR
FIFAH KN, LE 0~10 A1 10~20 cm R JE + )2 |, C/P
FIN/P HOAE 78 JF IR Mo B K, % 28 5 [ iR kb
A E Y SOC I TN F i %, & 3 LR H
3 C/P A1 N/P 5 3 ) SOC F TN & & 2 1EAH
KRR, TE 0~10 cm R )2 FIC W, R0 115
SOC F1 TN 43 5%+ C/P A1 N/P A 34 e 2] 112
PEFEF o ] e 10 A5 A AF 5% 45 L R T, ot 2 A o T
B EAT, 13 C/N, C/P FI N/P FU AR A7 7E 14 #i 48 K
TGN . ABFgEHh, AIR)E BT Beiy C/N, C/P il N/P

FAE A7 AU s 0 AR A e 3, X ml B 5 4 7 - 1
SERE S, & RE SR SOC Hl TN & BAFTEE S A
Ko HEAM, FXF C/PLN/P T, 3 O/N AT REE,
ANTRIFE B 2B TA] C/N LG ARL % sl 3 /DN, R R A T
C. NICERMEN LM MRS, B A, HIHFE .
TR o B A A AR X [ 2 B FU AL, T 3 ) A g S AR AR
AR i 1 55 A — 350

33 TERETANIEREABISERELEITE
4R ERI IR

IR R 1 SOC, TN, TP &4 K HiAk 1t
AR R 3R 2 —1 e B L, K2 L
JEARMR R . R BT AR A MY, BRSO [
B B B - e R A i AR B )2 R RS n i ek

FIZE (0~10 cm) BEH TIUZ L (10~20 cm), HJF
H F 2R T 3R)Z RN A PR R R EN
+ 2, T2 L HEE SR R AF, A Y AR P 4
i BE 158, Wi TE D) A IR IR R EE R TER)R,
TE 57 B WK B R AR B, £ 5382 37 00 1 IR )2 1T
R 8, Rl AR (BN, SR s . ILAh,
B - J2 R BE BN, AR FR X LA B IR, TR R S )
2 4 R4 0 EE R RN, B e 38 SOC, TN
BRZEEMNSE ., 5+ SOC 1 TN M kb, TP %+
TR B AR Ak 14 e O S AN (B 1a, by o), JRIET
= — P UTRRE ), AR TR, 2 A2 3
Hb . VR AE K AR R AHEgE 4 e
TP &AM XA, C/P. N/P 1% 2 3| + 1 SOC 1§
TN SR, FI 2R KN ES . BE0NE,
B K HLLLAN, AR A9 A + 3 C/NL C/P. N/P fH
47 i - M VR B 8 9 D, 2 HAUE S X -4 O/N
C/P. N/P HA T HiB k. E KHL C/N, C/P. N/P
YT - SR 1) 38 0 2 3 in g, X nT BE S TR
VE TG ol 3 0 B0 AR T 8% I 6 £3E O/NL C/P,
N/P R 68 71, A48 £ 48 C/N. C/P. N/P B+
SR AR SR 2R AR AR LS AR, £
8 SOC, TN F1 TP M & & Z FIAH W S AY | IR
R HAZ HAE IR 8355200 (% 2), R #RAL, 1
BRSSP R

4 % it

T X A BT 2 e P BT W A A 5 AN
[Fi) A % 38 B BE 0~10 em, 10~20 ecm B4~ 43 1 )2 1
13 SOC. TN, TP & & M H AL 1 i 2 Fr 1k, 45
W

(1) Bifi 5 8 B AR BRI G 1, 5 AR ZRBU A 9+
HESOC, TN & & Mk 2 LI, ZZERUAE
0~10 cm + 2 |, + 3¢ TP & 78 & 1 B [y B Al A7 A4
RS, FRWBEIE XA 3 — e B Lk
=L

(2)7E3E A1) I, 13 SOC, TN & i EZ4E
FE2E )2 (0~10 em), Fifl = HEUR B 3G 52 80 0 /D
P, 5 TP MBS

(3) - HEAb 2 o 2 R A I R A A A e 3
2R, BRE KM LLSE, AR 45 B Be C/N.L C/P
FIN/P Bl RPN 0~10 em +ZE T 10~20 cm
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+Z;

(4)FFFE XA A B2 B H N P Ay St
[F] PRS2 P BBR

S
1] W%, IR, LR, SRR, 2T, 2K LI
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Stoichiometric characteristics of soil carbon, nitrogen and phosphorus in different
stages of vegetation succession at karst graben basin of Yunnan Province, China

HU Lin'an'?, QIU Jiangmeil’z, LI Qiangl‘2
( 1. Institute of Karst Geology, CAGS/Key Laboratory of Karst Dynamics, MNR & GZAR/International Research Center on Karst under the
Auspices of UNESCO, Guilin, Guangxi 541004, China; 2. Pingguo Guangxi, Karst Ecosystem,
National Observation and Research Station, Pingguo, Guangxi 531406, China )

Abstract  The contradiction between humans and land is prominent in the karst area of Southwest China. Human
destruction of vegetation eventually leads to serious water loss and soil erosion, resulting in a large number of rocky
desertification. In order to control the expansion of rocky desertification, the Chinese government has carried out a
series of projects, such as returning farmland to forest, natural forest protection and Yangtze River shelterbelt projects,
which have caused corresponding changes in land use and vegetation cover. As one of the most important types of
rocky desertification control in China, karst graben basins are usually characterized by drastic changes in basin-
mountain topography, great climate contrast, severe soil flow/loss, poor vegetation site conditions, and the slow
recovery of community ecosystem. Therefore, the study on the comprehensive control of rocky desertification at the
karst graben basin became urgent. The ecological stoichiometry is a state-of-the-art science that analyzes the regional
circulation patterns of biogeochemical elements from the perspective of element metrology, which provides a new
insight to solve the problem of nutrient supply/demand and circulation in ecosystems. It has important application
value in the study of soil nutrient circulation and balance mechanism, and is one of the hot spots in current ecological
research. However, domestic studies on ecological stoichiometry mainly select desert steppe, Loess Plateau and
Minjiang River estuary as research areas in recent years. There is a paucity of systematic studies on soil metrology
characteristics in different stages of vegetation succession at karst graben basins, and the response of soil nutrients and
ecological stoichiometry to different types of vegetation restoration is still unclear.

In order to elucidate the content and stoichiometric ratios of C, N and P elements in the soils in different stages of
vegetation succession at karst graben basins, Santang, located in Xiaojiang karst basin, Luxi county, Yunnan Province,
was selected as a study area. This area is dominated by a subtropical monsoon climate, with the average annual
temperature of 15.2 °C, the average annual sunshine of 2,122 h, and the average annual precipitation of 1,000 mm. The
main tree species in the study area include Platycladus orientalis (L.) Franco, sticky alder, Yunnan pine, and so on. In
January 2018, by the "space for time" approach, the soils from 5 different stages of vegetation succession (corn land,
grassland, shrub land, planted forest and primary forest) were collected from different soil depths (0—10 cm and 10-20
cm) according to the sampling method of profile excavation. The soil organic carbon (SOC), total nitrogen (TN) and
total phosphorus (TP) contents were determined by potassium dichromate oxidation with an external heating method,
Kjeldahl method, and molybdenum antimony anti-colorimetric method. Excel 2019 software was used for data
statistics. One-Way ANOVA, Duncan's new multiple range test method (LSD), Pearson correlation and Two-way
ANOVA in SPSS 25.0 software were used to study the variance and correlations of soil ecological stoichiometric
characteristics. The study results are expected to further reveal nutrient restriction and nutrient change patterns in the
vegetation succession process, meanwhile, providing the scientific basis for vegetation restoration management and

rational use of land resources in karst graben basins.
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There were significant differences in soil nutrient contents in different succession stages, mainly manifested in
the 0—10 cm soil layer. SOC and TN contents showed an overall increasing trend with the increase of succession years,
while TP content fluctuated and showed no obvious change pattern. Soil C and N contents differed significantly among
soil layers. Specifically, SOC and TN contents in 0—10 cm soil layer were higher than those in 10-20 cm soil layer at
each succession stage. Compared with C and N contents, soil P content did not differ significantly among soil layers at
each succession stage, except for the content in the primary forest. In 0—10 cm soil layer, C/N, C/P and N/P showed
significantly positive correlations with SOC content; C/P and N/P indicated significantly positive correlations with TN
content; soil TP content was not significantly correlated with C/N, C/P and N/P. There was no significant correlation
between soil physicochemical properties and soil stoichiometric ratio in the 10-20 cm soil layer. In the present study,
the N/P ratios of 0—10 cm soil in different succession stages were between 2.71 and 5.93, and those of 10-20 cm soil
were between 3.11 and 4.92. Essentially, all of the N/P ratios of soil at different depths were lower than 10, indicating
that vegetation growth in the study area was more likely to be limited by N. However, given the fact that P content in
karst soil is relatively low, vegetation growth should be first limited by P rather than N. Moreover, vegetation types and
soil depths significantly affected SOC, TN and TP contents and their stoichiometric ratios in the study area. In
summary, soil nutrient and stoichiometric ratios at karst graben basins change significantly with vegetation restoration
chronosequence, and soil physicochemical properties have an important impact on soil stoichiometric ratios. These

results are of great significance for further research on soil nutrient balance and limiting factors in karst graben basins.

Key words karst graben basin, vegetation succession, soil nutrient, stoichiometry
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