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A0 SN g P T i 5 M A TR, A R
BRIR 5 A R VI OG, A B = R 5 L 1
A R PR B B A R A T, A AR I B R
BSANTERIG AR, SR, R Ek = AR
1 R G A BRI BR IR L A B R LA
22 [] (R AR B A P Xk v e IX = SBESE 1 F AT

B MAEGE B A T B B 5 H Y
YRR, FEAN R 58 & B B, AN[R] 32 MR g 2 1 0t
T e PR A E R, — 2 R A SR
R A A B0 T W) S, R R R AR
SR BR, AR A LR R A Y B R R
FUR, )2 8 AR DA e S0l X R e S Ay
BAL R () T 2 R AR AT, 7ERE TR M X
0~40 cm L2, ARIBRAR T A AT | HIPE R
SHORHEL A R A S 5 0 A1 77 A B T B BF 54T i AL
HH . P, ASCLAS TR X A K KB H =
A HTE 3 FERIRER A H Y 0~40 om R T8N
WFFERS G, e AN RIAE B Y | R T % R
Xk e S R B A AR 7 A B R TR, AR T ST
DORRIAB B A5 T R BRI L A R B LSRR
G3 AR SO R R 2R, U S 2 i Bk R AR A A X
FHERUE | MR PR MR RE | Bl v R X
AR A RORDLR IS %

1 HREXER

I8 XA T B A Bt PR T AR X v o ] ] Y
PO St R 5 km® BUTERIN . R X8
T AT = XU, AR R 14.9 °C, AR K &=
41229 mm( B FRK L), % XA 20 fiE 22
80 AEAXHT T #EA T 3 LLE AR, (5 B T A Sk 52 e T 3 B
P RAGFAEESR . XBEHEA -S4 THE-F
IR R R A A K BEIRE AR S R
W K EE 2 R T 1 2 SR b IR R A S 7, R o
A ST AN [] B % - g s ), BERR I IX A
WAV R MR A KA BREH A
JRIZ KT = 3 Pl £k 5 A 2580, 7E LRl 1,
TR 3~4 i B 270 22 S A R 1) - S8 A T X LU
WF 58 X B i AR R B 3 2R M R (Cupressus
funebris) , Hii&W)ZE 0.5 cm; £ FETRASRAFIA £k
H(Quercus) A F, W& PIZIR 2.0 cm; A MM LLER
f¥ (Myrsine africana) N F, &Y )Z)E 1.5 cm; H I

VISR (Stipa bungeana) TV A ( Cynodon dactylon)
hE, Wi YRR 0.5 em.

2 MIRAXE

21 HmXE&E

T HERE AL T 2014 4F 3 A 21 HREE, FEALIE KR
IR ILE (A RKCH) &8 13 14y 3 P a2 AL O
SR 5 0 AR ERBR . TEHE) SRAE 18 ANFE S, 1
M b A 3 PR, RIAEIE L | AP+ A A £
AR BB R ILE KA A K8 11
53 3 FIAEBE SR (S i ) bR . Bk L A TR AS
MO HERAE 18 AMFE S, I T A Fhi | bt
2 T Bh - AR B HE A 4 FhISHY; AE SN K 2F
X B RF A (H A &8 B3 o 4 Mgk
RYCEFIERR, iRl | B TR S AR [ /INTRpR) ek
46 24 RES, IR TSRO R 1 | B | AbigE
+ | WL R A R A 6 35, A Fb
FEHEIEA T k48 3 (AR =), HHERER N
FRUE T, SR IR M SR A X — B 7R A HORE
JLFE R A2 UK 0~20 cm Al 20~40 em 43 B BUFG 1~ H
ff FIEGHHFERITE N, L=k EERS, K245 1kg).
W i B 2% RS =, KT
22 HmabiE

MR AT AT 20 Pk A B AR ZE R A Rl A
TRAR ARG, B 1B 43838 T 2 mm A0, 4
() - BE RN A0 A B S AR, DAL A R
SR FH DU 4312 22 W 4 BCEL 30 40 BRI 5 B AR RE i 0, AR
Jo FBFER B8 40, 43R5 0.25 mm A0 . B &l
i 1 - FEIR A 450 I 43 BT EOR, LA +
HEPE AR O 2 2 o
2.3 TEHRNE

R FH A 7500 2 38 pHL, B G 8 U S £33
SR (TN) | Bl i 1 39 m / (AN | B PR 40
2B T HL (0 I 5 + AT R (AP) | EAR TR
BRAMIMFAEI E AP (SOM) o 12 H L E ik
W5E - EHURALA, BH5 0.25~2CHLIBRL) L 0.2~0.25,
0.02~0.2., 0.002~0.02 F1<0.002 mm( 4t ks ) )", i@
R RS AR B A BR A R (SLC) . Horp
EFRAMAR T A =m0 UL R 2 2 Ik
HA, HABFS AR I 528 3 R, A (A B9 2 ik 3|
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1E SPSS24 % {f 32 ] Shapiro-Wilk £ 5 X} #7
RAETRBE | AR A | B A S A o A i 2 s 3k 17
TEBVER S, £ 7E 22 20 80 AS [l B D IE 285 5345 4
i sk, P 2H 18] Fb 3% R F Mann-Whitney U ¥ 5%, £
21 [A] H %% R H] Kruskal-Wallis H /& 5 ( £ 8 H %5 .
Bonferroni ¥ ) . #F R i 5 4 (R version 4.0.3) H1i
A “rcompanion” 4, {#i A Scheirer-Ray-Hare £ 46 5%
SEIATATRE RS AY | BRI R e
P 28 EAE FH A2 A 06T - RO A - AT 0 7 AR T 2
W, A3 Mg RS 2 h IR A B 2 I R 4K
i, o3 A HIEACES 5 FloRiAR Uk 25 B 1) 1 IR
CEF R AR 2t , B EARRE 17 % fUE
(0.02~0.2 mm, FFREMHK) . 5T R F A, 361
“vegan” fil, iz '8 #: £ 50 5 2253 T (PERMANOVA)
KWk = ARz 2R FEREES, &
e A5 50 Bk 999; P “vegan” | “ggrepel” F
“geplot2” 1, iz FHAE i & £ 4k & (NMDS) 43 # 0~
20 cm 1 20~40 cm 2 AN [F] HA 2R k7 A
BESAE 148 45; T “vegan” . “ggrepel” . “plyr” Fll
“egplot2” A1, iz FHIUAY 53 AT (RDA) BRI A 4 S A |
FEE IR 4 )2 YO 3k B ARk By s e . St
TR PR A 7 Ak 3, G v V{1 0 v - i
MR CHEARMR 2, FEPE 3. Rk 4. FHRATR SR 5.

MNTEAR 6, EF AR 7, EFITAK 8 FISiE FE3E 95 IAE
AKAE 1 KFEH T 5 2 A=A 35 BAE 0~20 cm
1, WE 20~40 cm 4 2,

3 HRENM

3.1 AREHTAKREM LR

TE 0~20 cm T2, H 4R P I AR . E AR AR TN
e N A KA RE HHER AP 225 B, Hidheli 4
) AP & 2 B I = T VE R AR 485 4E 20~40 cm +-
B, WK AR AT T A KA KT
HIER) pH 25 5 W3, TedE T R0 pH = TR ARTE
i fE AR 133 (P<0.05) (£ 1), 0~20 cm HIEJZ A
R 50 2 = T 20~40 cm 2 3, 1M 0~20 cm 13
JZ g kL E 4 b B IR T 20~40 om )2 £
(P<0.05)(F 1), £ 0~40 cm )2, fi KA K H 1
i) SLC(H= 5.60, P=0.02) . # ik (H= 4.03, P=0.04)
FIAHORL L (H= 5.48, P=0.02) i35 3% 3| + 32 R 1Y
s+ HERY pH( H= 9.20, P=0.01) . AP(H = 9.34,
P=0.01) . TN(H= 6.63, P=0.04) & & [ & % 2l 2
I 52 ( Scheirer-Ray-Hare, P<0.05) .

32 AEEHTEZERNIES

TE 0~20 cm 382, B /NTRAR L B TR 28 hK
B MRAITE S T A A AR 13 pH A7 B 3%
25, Hooh s sl +4% pH B W& T4k Ak + 8

x1 AKREEETENBFRRIB SR
Table 1 Characteristics of particle and fertility of limestone-developed soil
+HEZE R /em TS pH AP/mg-kg '
0~20 e I b 6.75(6.44,6.92) 27.36(25.10,28.50)ab
HEAM 6.78(6.48,7.02) 9.80(9.23,10.36)b
B 7.01(6.88,7.15) 33.60(28.50,44.36)a
HiE 2.76(P=0.25) 6.88(P=0.03)
20~40 W ERVE I R AR 6.51(5.76,6.73)A 17.73(14.33,38.70)
AR 6.72(6.51,6.82)AB 21.70(14.33,33.60)
b4 7.01(6.98,7.02)B 41.53(29.63,73.83)
HIH 6.31(P=0.04) 3.29(P=0.19)
1R R /em SLC/% <0.002 mm/%
0~20 1.36(0.07,2.45) 28.54(17.29,36.73)
20~40 0.43(0.00,1.38) 35.47(25.83,51.65)
Ul 14.00(P=0.02) 67.00(P=0.02)

s B R N (B IME, ), 123 i Kruskal-Wallis Hal# Mann-Whitney U6 /778 135 25 R 4840, B E /KNP <0.05; [A]
— R EE N [l A SRR A [a) = B ME RO AS B PRI AR C SRR 22 57 0 38 (2RI R 3[R HE)
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(P<0.05) (% 2)., 7E 20~40 cm + 32w, FH /N
MRLEF TR EFIERATE R T s A A B
8 pH FUKH R 22 5 o 3, SR B - S0 pH RN 1
FH UL 35 35 T4 AR 13 (P<0.05) o 0~20 em +15
Er AP & 5K T 20~40 ecm 2 5, 1 0~20 em -
2 1 SOM & T 20~40 cm 2 H3(P<0.05)
(£2), 7£040cm +)2, Ha A LT 1N AP &
1 (H= 8.46, P=0.04) ' 3 32 | 1 2R A5 5 L1811
pH(H=16.03, P=0.001) . SLC(H= 10.81, P=0.01) #L i
B (H= 14.58, P=0.002) A1 41 i ki kb ( H= 9.21, P=
0.03) & 3 52 2 Hi 9 22 A B9 52 1 ( Scheirer-Ray-Hare,
P<0.05) .

33 AREHETKRBZERLHR

£ 0~20 cm )22, Gk IE M A bR FEBORIET
TR L) AN AP FIHLBUR: 22 5 0 3%, & IR
T L3R AN L AP 5 B TR T
BN M BURL L = TR Sk 9 iR Ak 1 4
(p<0.05) (5% 3). 1F 20~40 cm +3E 2 rh, H 475
bR, R R RRR SS AR T - 498 (4 R AR 0 41 50k
ZE 503, RO - OHLITURE HE R TR Sk e
AR T R - A UKL L BH AR TR kv
IV AR 1= 498 (P<0.05) (36 3) . ZEAR[R 210, 35
JRTC B E 2 5 (P>0.05) . 7E 0~40 cm 482, K)o

®2 HEEXETENBREEN4SS
Table 2 Characteristics of particles and fertility of dolomite-developed soil
THE I /em THPER pH 0.25~2 mm/%
0~20 @ I /NFE A 6.88(6.87,7.05)ab 0.48(0.21,4.60)
£ Rl K 6.93(6.86,7.50)ab 2.77(1.60,3.94)
AR 5.08(4.03,6.60)a 0.95(0.37,1.55)
B8 7.46(7.15,7.60)b 29.30(2.82,33.75)
HIE 8.23(P=0.04) 6.18(P=0.10)
20~40 (RN AN 6.54(6.41,7.01)AB 1.49(0.56,5.88)AB
B R A 7.17(6.35,7.25)AB 1.47(1.43,1.50)AB
B AR 5.14(4.25,6.75)A 0.13(0.11,0.67)A
T 7.39(7.26,7.71)B 20.18(18.12,24.76)B
HIH 7.82(P=0.05) 8.69(P=0.03)
TIZE R /em AP/mg-kg”' SOM/g-kg™
0~20 4.98(1.30,9.80) 40.95(26.43,111.59)
20~40 7.53(3.53,193.40) 28.66(11.34,61.29)
UMl 110.50(P=0.03) 33.00(P=0.02)
*3 KRAZEETTENTHRENESR
Table 3 Characteristics of particle and fertility of soil developed from limy dolomite
82K /em il mg-kg mg-kg .25~2 mm/% <0.002 mm/%
TR TR AN/mg-kg™ AP/mg-kg’ 0.25~2 mm/% 0.002 mm/%
X 23.03 15.46 1.59 39.74
0~20 B LRV I AR
" (19.16,26.81)ab (8.10,26.23)ab (0.80,2.01)a (34.76,39.96)
0 16.53 5.83 13.52 18.45
(14.71,16.98)a (5.83,5.83)a (4.92,14.64)b (14.45,20.63)
SRR A 33.25 26.80 4.06 17.80
(25.39,37.76)b (20.00,52.30)b (2.94,4.70)ab (15.54,20.66)
HIE 6.49(P=0.04) 6.71(P=0.04) 7.20(P=0.03) 5.43(P=0.07)
. 20.02 10.36 0.65 39.22
20~40 R I R AR
(18.38,32.54) (9.23,20.56) (0.54,1.27)A (35.00,42.87)A
o 15.17 14.90 16.48 12.98
(11.67,17.04) (4.70,37.00) (13.81,17.91)B (4.22,16.51)B
SRS 26.42 10.36 3.76 21.85
(22.18,38.15) (6.96,18.30) (3.56,5.22)AB (13.13,30.07)AB
HiH 5.96(P=0.051) 0.16(P=0.93) 7.20(P=0.03) 6.49(P=0.04)
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A kB 28 2R A A K, 132 5]
R B AL Ik, 3 ANCH= 12.78, P=0.002)
SOM( H= 12.32, P=0.002) ¥ & . #1580k ( H= 14.75,
P=0.001) Fl 40 Bk b (H= 12.32, P=0.002) i 2 37 5|
R ZE A {1520 (Scheirer-Ray-Hare, P<0.05) .
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1E 0~20, 20~40 Fi1 0~40 cm )2, KA = &
KH 4 pH M1 SLC ¥ = T A KA K E L4
(P<0.05) ., 0~20 cm L2 A KA K E 11 AN &
HHE®TH A L, A KAERE 145 0.2~
0.25 mm PR LB T RS B, A KA kE L+
% SOM Erith AN T KA =8 A oA 115,
H A & A 1 AP & & Ml 0.002~0.02 mm Fik: kb
HEMRTFAKEMKEARA TR A5 K8+
BTN & ®EW R & T KA A (P<0.05) . 20~
40cm LEHFHAAEKE LI AN SEARIKTA
KEMKBE A=A TIE, Ana A8 LIEAP &
10.002~0.02 mm 5047 b BH I AIG T ik 1338, 1fii
AR E TN e RS T A KA . KR
HzaA KB L SOM B & FAKAEMA S
I, KA A T HE 0.2~0.25 mm ok FC I B S
FA KA £HE(P<0.05) (55 4).

TE 0~40 cm LI, Ao K E L AN, AP %
HEF10.002~0.02 mm UKL b BH A T K A R R
HantE MAsAREHE TN SEHESTA
W FK R A 2 A 38 (P<0.05) . A KA K H 1
SOM % iz 1 0.2~0.25mm ks H B AKX F 1 = 5
KR H = A AT 8. 14 0.02~0.2 mm R H
(H=9.37, P=0.01) &} 3& 3 3| +- 32 R (K52 5 1380
pH(H=18.19, P=0.000 1), SLC(H=18.14, P=0.000 1),
AP(H = 22.60, P<0.000) . AN( H= 49.18, P<0.000) .
TN( H= 23.58, P<0.000) ., SOM % #& ( H= 39.32, P<
0.000), L1 K2 0.2~0.25 mm(H=14.77, P=0.001) £1 0.002~
0.02 mm kL b (H= 22.93, P<0.000) i 2 3| 3 526
1§52 (Scheirer-Ray-Hare, P<0.05) .

35 THEMFRMIFEEZERESH

1 3t V7 A7 pR B T e NMIDS 43 B HE 4 8 Y
A B, I BB < 0.2 B e AT L, B HE
A3 0~20( & 1a) F1 20~40 cm( &l 1b) 1 J2 B R
J1eREE S W 0.12 F10.17, BMETF 0.2 Il FHE,
NMDS 43 H7 HE A5 R4 B, NMDS X 4 36 i (1) 43

PrR i I A K . KA B A A s A RE
A T3 FNRSURL ) 22 5, R 22 B0 L (R B 28 78 T
HRE I A AP X I (] 1a, B 1b) . B ZITTH
Z T R 0~20 ecm + 2B A KA 5K A = A
(R’=0.55, P=0.001) . JKJii 1= 4 5 H = (R=0.21,
P=0.001) . £ K455 H = A (R=0.53, P=0.001) 5
KB R ) FUEUR AR i 2 22 R (P<0.001) .
TE 20~40 cm 1 )2, A KA K i H = %5 (R*=0.49,
P=0.001) . A K4 HH = 45 (R*=0.37, P=0.001) (P<
0.001) . JKJFi 1z 5l = (R*=0.15, P=0.02) (P<
0.05) W & & LA Bk 2R 8%, |
0~20 1 20~40 cm + )2 Z [f], £ K # (R*=0.12, P=
0.08) . JKJ& H = A (R=-0.01, P=0.998) Fl 1 = &
(R>=0.07, P=0.13) & & B + 3 JC i 3% 2 57 (P>0.05),
AL UL A 3RO R A A AR K

3.6 HEW. . EELERXN LEERBRMm

RDA HEFP I 7R 3k i Y 33.8% REME WAt B
A FEA TR 2 AT B TR RE, S — .
I RIRRET 30.39%. 3.41% AR5 E (8 2) . 18
0~40 cm )22, FEA AT | AR B AR 8582 O
Sy R0 UKL 43 A 1 R R i 22 R B 3 (F=7.73,
P=0.001) (P<0.001), AJ 4532 BRI PRl X 4= Bk BT 119
ff R, 45 R 3 2R (R’=0.63, P=0.001) Al
R 2RI (R™=0.50, P=0.001) &k 2 5 0 + 33 22 v 1438
JE 3 FEURE 73 A (P<<0.001) , 1B 382 ot + 34 iR
FIRURL A JC B &R (R°=0.07, P=0.13)(P>0.05).

RDA HEJ7 AN i Sk B e £ e e 1= 4981 o 5
FEBE ST | B JEARN 82 R AR B AH G K/, H
H e f ok 0°~90°1}, W AN A8 i 5 OE AH C; Je ol
90°~180°HF, 35 S FAAHIC; Je i ol 90°, P& JoAH K
K FRZM . R R AR 1) B e K, LR A B2
L, EATT R 0~40 em 3 57 43 UKL 25 [8] 70 A5
1) FEHE, PEERS 14 SOM, 0.2~0.25 mm ki |
SLC £ HIEA I, 5 AN, AP EF A, 32
5 14 AP, 0.25~2 mm PR 2B IEA K, 5 45
SOM I AAHIK(E 2),

4 it #

41 AEHEHMTARERTHES
1E 0~20 cm + )2, Fii i IR AP SEHE ST
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Fig. 1 Non-Metric Multidimensional Scaling (NMDS) analysis of soil properties developed from different bedrock types
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Fig. 2 Ordination diagram of redundancy analysis (RDA) of

vegetation, bedrock, soil layers and soil properties
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Soil properties of carbonate rocks under different vegetation types

LUO Mei"?, ZHOU Yunchao', TANG F enghual
(1. Research Center for Forest Resources and Environment of Guizhou Province, Guizhou University/Key Laboratory of Forest
Cultivation in Plateau Mountain of Guizhou Province/College of Forestry, Guiyang, Guizhou 550001, China;
2. Guizhou University of Finance and Economics, Guiyang, Guizhou 550001, China )

Abstract  Guizhou Province is located in the largest continuous karst area in the world. The karst landform accounts
for 73.8% of the province's land area where 88% of its rural population live. The exposed area of carbonate rocks
developed in karst reaches 130,000 km’, accounting for 73% of land area in this province. Soil erosion leads to the
exposure of carbonate rocks on the surface, aggravates the process of karst rocky desertification, and causes a series of
ecological and environmental problems, all of which seriously affect the development of local economy and people's
life. The research on the comprehensive prevention and control of karst rocky desertification has become a scientific
problem that needs to be solved urgently. In addition, bedrock and vegetation play a prominent role in soil
development and formation. In different soil development stages, bedrock and vegetation types have an important
impact on the soil physical and chemical properties. However, the current research on karst soils mainly focuses on the
soil properties of limestone-formed soils. There is still a lack of research on the characteristics of soil developed by
carbonate rock and the effects of their interactions on soil in karst areas from the perspective of vegetation-soil-bedrock
system.

Taking the soil developed by carbonate rock (limestone, calcareous dolomite and dolomite) as the research
object, this study aims to explore the distribution characteristics and influencing factors of the soil developed by
carbonate rock under different vegetation conditions in karst areas, and analyze the effects of different vegetation
types, bedrock types and soil layers on soil properties. The study area is located in Huaxi district, Guiyang City,
Guizhou Province. It has a subtropical monsoon climate with an average annual temperature of 14.9 °C and an average
annual precipitation of 1,229 mm. Three representative plots in Huaxi district were selected, including Huaxi

Reservoir, Huaxi TV Tower, and the area near the southern Guizhou University, and a total of 60 soil samples were
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collected from these three sample plots of different carbonate rock types. The main tree species in the study area are
Cupressus funebris, Quercus, and Myrsine Africana, and grass species are Stipa bungeana and Cynodon dactylon. The
soil physicochemical properties were determined by potentiometric method, Kjeldahl method, alkaline hydrolysis
diffusion method, molybdenum antimony anti-colorimetric method (sodium bicarbonate extraction), and potassium
dichromate oxidation with an external heating method. The particle size distribution of soil was determined by the
hydrometer method. In SPSS24 software, Shapiro-Wilk test was used to test the normality of the data. Mann-Whitney
U test and Kruskal-Wallis H test (multiple comparison, Bonferroni method) were used to test the difference of soil
properties with different sampling depths, vegetation types and bedrock types. Scheirer-Ray-Hare test was used to
determine whether vegetation type, bedrock type, soil layer, and their interactions had a significant effect on soil
particles and fertility. Permutation multivariate analysis of variance (PERMANOVA) was used to analyze whether
there were significant differences between two or three groups of data. Non-metric multi-dimensional (NMDS) was
used to analyze the particle and fertility indexes of the soil developed by different bedrock types in the 0-20 and 20-40
cm soil layers. Redundancy analysis (RDA) was used to analyze the effects of vegetation type, bedrock type, and soil
layer on changes in soil properties. These analyses were performed in the R version 4.0.3.

The bedrock and vegetation types are the main factors affecting the development of carbonate rocks into soil,
followed by soil layers. In 0-20 and 20-40 cm soil layers, the fertility and particles of the soil developed by limestone,
limy dolomite and dolomite are significantly different. However, between the 0-20 and 20-40 cm soil layers, there is no
significant difference in the nature of the soil developed from the same bedrock except the differences between gravel
content (SLC) and fine particle ratio (<0.002 mm) of limestone-developed soil and the differences between available
phosphorus (AP) and organic matter (SOM) content of dolomite-developed soil. In the 0-40 cm soil layer, the bedrock
type significantly affects the distribution of soil pH, AP, SLC, AN, total nitrogen (TN), SOM, and 0.2-0.25 mm and
0.002-0.02 mm particles. Vegetation type significantly affects the pH value, AP, TN content of limestone-developed
soil, pH, SLC, coarse particles (0.25-2 mm) and fine particles of dolomite-developed soil, and available nitrogen (AN),
SOM, coarse and fine particles of soil developed by limestone dolomite. The soil layer significantly affects the
distribution of SLC, coarse and fine particles in limestone-developed soil and AP in dolomite-developed soil.

At present, the soil under the abandoned grassland slope and grass cover and the limestone-developed soil in the
study area are likely being damaged by erosion. Therefore, according to the lithology of the parent rock, moderately
changing the planting structure of vegetation on soil has a positive effect on improving soil nutrients and soil particle
composition, and enhancing soil erosion resistance. Besides, the interaction of bedrock-vegetation-soil system and

human activities should be comprehensively considered in the prevention and control of soil erosion in karst areas.

Key words Kkarst, vegetation type, carbonate parent rock, soil properties, Huaxi district
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