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Abstract: The negative topographic slopes in a degraded karst tiankeng play an important role in protecting plant diversity.
Studying the functional diversity of soil microbial communities on slopes aids in clarifying the ecological characteristics and
spatial distribution of soil, to explore the relationship between soil microorganisms and plant diversity, and to assess the
biodiversity of degraded karst tiankengs. The degraded tiankeng “Bajiaxiantang” of Zhanyi county in Yunnan Province was
selected as the study site. A Biolog MicroPlate was used to analyze the functional diversity of the soil microbial community in

the slope environment and how soil microbial community functional diversity varied with gradient ( pit, uphill, mid-slope,
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downhill, and pit bottom) . The results showed that the functional diversity indices ( Shannon, Simpson, and Mclntosh) and
the carbon source utilization degree of the soil microbial communities at the pit bottom were slightly higher than those at the
pit level and were significantly higher than those at the mid-slope level, showing a trend of downhill>mid-slope>uphill. The
main sources of carbon used by soil microbial community on slope are sugars and amino acids.. The two principal
components account for 31.9% and 28.7% of all variance and can distinguish the carbon source utilization of soil microbial
communities in different slope positions. The a diversity index of herbaceous plants inside and outside the pit was
significantly different. The diversity index of woody plants on the slope was significantly different (P < 0.05), and the
diversity index of the woody plants was highest downhill. The B diversity index showed that the habitats of the different
slopes are different and that the habitats of the downhill area are the most diverse. The study found that the unique negative
topography and soil environment of the degraded karst tiankeng talus slopes led to to higher plant diversity and higher
functional diversity of soil microbial communities, and that the spatial distribution of the two is consistent. Thus, special

attention should be paid to the value of underground forest resources on the talus slopes.
Key Words: karst Tiankeng; talus slope; soil microorganism; functional diversity; distribution characteristics
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Fig.1 Location of Zhanyi Karst tiankeng groups in Yunnan Province
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Table 1 Degradation classification of karst tiankeng

BILLEH Degeneration grade

??t FEE iR A W B
Light-degraded Moderate-degraded Heavy-degraded Extremely heavy-degraded

R % b The ratio of depth to width (0.45,1] (0.35,0.45] (0.1,0.35] (0,0.1]

GUBERIFABAR E Pit wall area damage degree 0—20% 21%—50% 51%—80% >81%

BB AIEL Talus slope surface number <1 1—2 3 >4 (BRIAAR AR )

JE AR Trap degree I By B %

HUHIEAS Pit morphology PR Ob A A HLI AR AHLIN Z 3 IE TEAL TR AL T 2}

1.2 FEHH A
ARSI, 35 RITHEE P ) L FE S AR 4, VR BT SN 2013.5 m, KA215 240.0 m, AN
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197.7 m, AT O BIHTR B I8 70 m, TE5E LN 0.353 , UBERER L /NT 20 %, ARPEEL KBTAYER S HL Y kE
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¥ Arthraxon hispidus ¥ % 5 Agrimonia pilosa S5 BHAERIAEY) . BT T IR HEAR B BT SE 5200 | A 428 8T 1
JE B — {04 Fe 2 Arisaema erubescens )| PEBEEFR Dryopterisrosthornii 55 A AE Y, U3 ) = 22 R ZRMREEVE , 1
BTHEZE T A = Pinus yunnanensts . e Kz Bk Quercus variabilis | W42 Keteleeria Sfortunei | 5 B K Pistacia
weinmanniifolia %5 YUY EARZE FEE— U A 7 & Arisaema erubescens 2525 >~ Eupatorium adenophorum |
JIPE 5B R Dryopteris rosthornii -3 Pinellia ternata 55 . {11 ¥AR)Z F 2 R —H0AF &2 Arisaema erubescens M
R Pachysandra axillaris 55, #3AAEMLE S NFR 2 PR Bolehe i BN & 2 s . 7 506 3 e A7 152
R R T L TYUR, 70 A5t H Sl (B3R AR L) MR 5 A BN ALAT B 5 A 1
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Table 2 Basic plots conditions of Bajiaxiantang in the slope position gradient

A b IR
. o Geographic coordinate Soil physical and chemical properties
e ik O LHOKS L
Sampling point Altitude/m 238 adicy S {.] > S ?] Soil ’%%im _X/ pH {f
. . 01 01 o1l salinity,
L de/E Latitude/N H val
ongitude atitude temperature/°C moisture/ % (ms/cm) P vatue

YLK Pit bottom 1946.5 103°33'40.7" 25°47'6.4" 18.56+1.26a 39.7+£0.65a 0.06+0.06b 6.35+£0.21¢
TH47 Downhill 1951.1 103°33'37.1" 25°47'6.5" 19.12+0.75¢ 37.1+0.39ab 0.19+0.03a 6.95+0.39b
ffi7 Mid-slope 1995.6 103°33'37.0" 25°47'6.4" 19.38+0.68¢c 35.6+0.21b 0.10£0.07b 6.92+0.52bc
L3 Uphill 2006.2 103°33'37.5" 25°47'5.5" 19.71+0.70¢ 34.9+0.56ab 0.19+0.02a 7.01+0.16b
YA Pit 2034.5 103°33'36.0" 25°47'11.9" 20.68+0.88b 28.5£0.76¢ 0.09+0.06b 7.92+0.26a
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Fig.2 Plant community survey at slope gradient in Bajiaxiantang
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Table 3 Soil microbial community diversity index
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Diversity index Formula Use Calculation method

R i S pmr) B LD SR e P ots  L HAI  F
Shannon-Wiener index( H) i i EU:Z ’ - A A X 82 SR A I Y b %

W T PGS B LA LS5 BE
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Simpson index (D) ‘ P SR REPEN BT RIAE TP PR WA X I O £ 5 R Y L 2R
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Fig.3 Herb-layer plant « diversity index on slope gradient
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Fig.6 AWCD of different slope soil microbial community with time gone
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Fig.7 The utilization degree of soil microbial community on 6 carbon sources in different slope soil

AR F: R AN RN ] 22 57 1 25 (P<0.05) 5 M [F] - BE 7R 22 5 AN 1 25 (P>0.05)

FEPE AH OC 1Y 3 B 43, 43 51 A PCL (31.9%) Fl PC2
(28.7%) , Wi Rt 5Tk R 60.6% , i1 T H A AL 43 51
BRI USR] PCL A PC2 SR AE + A W
VERRIRCIMR AR, I 8 MIAT, AR RIS A - S f A W
TEAE PC ol Bt R A 22 5 0 S[R3 4 R G A= W
V&R P A B 2 Y 43 SR AR | X SR B AN R %
SR RIS (R IR R A BRI sg R R S
HI7E PC1 1 PC2 IE Y-l i 28 far (B i e, 3 18 LIS A9
L TR A AR S i T A, BEAR K
F 5T PCL F PC2 194550 AT 31 Fl B — B I ASCHH
KA, Hoh 5 PC1 MG BRIE A 14 Fh, 22220
H(D-2FFUBHIR v-INHE . D, L-o-BEERH ) FIER R
(NEFRH B . D-PZLRIRERR . o THIRR) , 5 PC2 M
RN A 12 F ool 26 (D- KB/ R . N-&
ME-D #i i) , @AM (L- A NER . L-22%R) F
REWH (o-A=UWKE . R X PC2 STlRER . Hitt
AT LUE Y ZE B3 2R R 2 iR T e 5 | Al 19
h A R T T B R, BRI A2
2.5 HEERUEYIRHIE IR

2.0 - o BN
o b
151 a & rhgfr
o FH#AfL
~ o Bk
X 1.0}
=
oo
Q
S 05
&
% o
2 0
H
a
_0.5 —
o
<
-1.0 |-
L L 1 1 L Il
-1.0 -0.5 0 0.5 1.0 1.5 2.0

FR 41 PC1 (31.9%)

B8 THEMEMBEEENSSF
Fig.8 Principal component analysis ( PCA) of soil microbial

community

AR IR [ UL T BB 4 i Y - S B 05
YIEE .

H R REYE ZREPEFE B0 H Simpson $5%%( D) . Shannon-Wiener $5 %% ( H) 1 McIntosh 840 ( U) SR RALE , 2 0F

FOH IR R SEE | RET = 5 B A S BE IO EE A b

Vo R RANZE 4 FTon , R 7Y Shannon-Wiener 45 %505

i, AN RIS 8] 22 57 .25 (P<0.05) R 3 Ar i) TR Wi AR 2 A48 2] . UK Simpson $55U7EST
JEEFNT Y o2 W v T A7, BR300 A B3 22 S o 38 A ORI (6 189 22 53 .35 (P<0.05) , BEBHTE BT IE A

AL R SR WA B AR E R B

B . )R ) Mclntosh $8 B7E 45 3% 47 25 7 18 3% ( P<O.

05) , FHALERK, HKBUR , R T 49 L IERUEY R0, B2 R, 28 bl MTE R e R po 4

e b ANTRI A B AR W v D RE 2 R AT A8 2 57
S IR LR AT

http ; // www.

,HHEC T & TR AR e i) AR B vy, B S i

ecologica.cn



15 VLHE 45 VY g SRR IR A KT 0 M (84 i 4 - SR A= W 93 A1 R AIE 9

R4 TEREMEESHEER

Table 4 Diversity indices for soil microbial community

e Fm AL PRFBEHE R Yo EERR AL
Slope Position Shannon-Wiener Index(H) Simpson Index(D) Meclntosh Index(U)
Yo Pit 2.560.12¢ 0.90+0.004d 3.64+0.78d
34 Uphill 2.64+0.03d 0.91+0.01d 4.14£0.47cd
FR3 A Mid-slope 2.80+0.06bc 0.93+0.009hc 5.14+0.87¢
T332 Downhill 3.01+0.05a 0.94+0.004ab 7.16+0.63a
I Pit bottom 2.92+0.06ab 0.94+0.003a 6.90+0.34ab

Bl LIS S b 22 7R ANl B R AR 7] 22 53 {25 (P<0.05) 5 FH Al FRERIR 22 AN .35 (P>0.05)

3 e

3.1 SO PR X L SR Y AR R R R

A2 W) Z A T R AR  J3E 1) AR A T AR A W) 2 AR AR T 50 1) o S )T, PR B8 2 B T W o A 1 O A s
e MR R 22— ISR R AR R B ATRE I B SRR B R I,
L BIGTRAS B 2 REVEAR BB T K, 25 7 8] W) b 2 22 5 K X U6 W R BT S — Mot Ry ) M B A 35 B
PWAMESEEA B W1 70 5, T AN RS0 A A B A e 22 52, o B3R AU AY 22 5wk, 3z 2
e VE I, AR AR SR AT 22 S P A0 SRR il B K 70 S AR MU ER A K SR 2 R SRR WU RE
ZREHER SR MY R R L 1 A Y B A LI E MR . DR R SR 2
{14 - A AR W FSR 2 o T M SR AR R R VT T B s W ) S B, RIVRSEAS7 19 1T, - A A
Yy A LTRSS R W TR AL RTS8 SR TRk | T SRR RS
B HS, PR S SRS A T Y SRR A ML S e, S ORLERAR | A P e,
A YIRETR SR S B 2, SRR R P AR R I L U YRR e 2 R RN T > o
P> 3, A5 IR0 FERRALN 3 B e DA e v AR DX T RS A b DX A s T Yy - 3 R
H MR 2R AR A M — B

HR YA 255 R HHOK A X2 S B AN sh W EZ 2, Gordon 452V Al Xiang % (1 B
TS0 B 9 LK v B SRR I R A SR B, A RS KR R T
HUH (P<0.05) i H o S A e e i SRR 5, A A 5, PRk PR 22 | 1 A PLBOAL G, 52 i 3 el A
WA AT RS, DT ATE 10 1) SR W A 2 R i T o 30 s <1 b 12 D 98 T 2R R oKk, et (e
) WHRABGR AT R I RE , B4 H SR8 A v 2 R T

f i A By A St B SRR A BT R 0 L S A e AR BV A TR RIE K
BEdAE 70 ARARLART R & HEA TR BN 3, g 1 2 J5 b TR A — i 1 SRR S, (L [ I A 7 3 J3E i 44
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KB RAF By o 5 ek SR R TR P A A7 A SRR, TR T 35 AT HA B 9 1
HER A W REE Z R
3.2 GBI AR OO TR ) 2 RV RY S e

FELRE VRO IR S SR WUV I REZ R Y 32 I 3R 22— BN [R)A57 A K PR 2o M AR
257, RIS LT, (A b R AEE A R RGUAH OGRS ARG D AR REVE T A S Y
BRAE T AR EAME R pH EASR M LIERE VIR ZRE DY bR 2R o A T R
PIRETE AR S ZREMEIE L, Waid 5507 DO L3R WIS 2 RE VA AL S A S A | B R 2 A
DIDCR, JARESES o0 Rk It E A 2R S I MRS 2R B IEAR DG, AT i 0 A
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