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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 McIntosh) 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 o 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
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Table 2 Basic plots conditions of Bajiaxiantang in the slope position gradient
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temperature / C moisture /% ( ms/cm)
YK Pit bottom 1946.5 103°33740.7" 25°47°6.4" 18.56+1.26a 39.7+0.65a 0.06+0.06b 6.35+0.21¢
T3 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
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337 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
B Pit 2034.5 103°33736.0" 25°47°11.9" 20.68+0.88b 28.5+0.76¢ 0.09+0.06b 7.92+0.26a
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Table 3 Soil microbial community diversity index
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Table 4 Diversity indices for soil microbial community

ehi Fw A MR AL W RETREL
Slope Position Shannon-Wiener Index( H) Simpson Index( D) Meclntosh Index( U)
i Pit 2.56=0.12¢ 0.90+0.004d 3.64+0.78d
347 Uphill 2.64+0.03d 0.91+0.01d 4.14+0.47cd
g fi; Mid-slope 2.80+0.06bc 0.93+0.009be 5.14£0.87¢

T 3457 Downhill 3.01+0.05a 0.94+0.004ab 7.1620.63a
HiJi Pit bottom 2.92+0.06ab 0.94+0.003a 6.90+0.34ab

B LAV (E bR E2E R AR TR s AN R Bz 18] 22 57 i 25 ( P<0.05) 5 AR T B3R 22 57 AN 35 ( P>0.05)

3 itig

3.1 G A b PREE RS A L R ) SR S )

H ) ZEREVE VS TR 5 JEE 1) A8 A 2 300 AT S0 A 0 22 BV IR 9 90 B 58 ) B, B0 2 B W 0 b 2 R A0 A A%
R E R 2 2 — IR A Y E RS RIS ™ o AWIE B SRR B R I,
YU B FURAS B SREVEFE RO I K, 453 (o ] ) o 200 122 S5 DK, 33K U0 ) R A7 Ay — T o A5 ) b 0 2 5,
PSR S B IS B0 40 SR A e B R RV (0 A B A 7 25 5, FL b R S ARG B 22 Sl R, Rk
B REN . R R A B BT 25 Sk SR ER B R RE R A5 A M PR, X SR 4 S - S A W TR
SREPEDY o B Sell R T Y DR T, R R 0 1 A 8 P % S TR . E SR R R
() S oA 2 e R 4323 o T R AR I R TRV Y T 2 0 B S 1) SRRSO, B 032 1 1T, i
Y L3RS S R WRRAR ™ W RSE AL R BT A S T, Bl L AR R TR L T D R LS
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A I REVE SR R A2 2 ZREME s o ARBITSE S B S I REVE D RE S R IR R o £ >
B> 3 A5 B A HE RN o 05 A s VA AR X b T R X b Y e
HE W REVE 2 REVE RSO A0 A ML — 5K

HOI 25 K A BB AL XA PR RN S E R & . Gordon 25 ™ I Xiang 25 g
G —BONR B 1 300K 5 T B B e e . RV A Ak R R, N RS K R R T
HLI( P<0.05) o 470100 Ay ST 0w 5 e R B A BT 7 o, K 2 8 i A HILIT R 2 L S0 ik
WA AR, R TITATE 10 B S D B V4 2RV e T ST A5 U < b TG S 99 T 3R 4 R B K 40, gt ( e
VA)) AL B R I K TR, B B 8 S e L S E MRV RS 5

S5 A By A 2 i A P R T S L S MR 2R, VIR TR BB K
B3R AE 70 AEAQLATT TR B BEAT AR 30, [ =2 5 A TSR A A — 2 10 1 SRR 5, (L[] ) A 0 2 i 4
S5 N R TR, E SR BRSO A . AR h B TR IS E TR T AR 5
RE B HA RN T, ot F AR BT W 0 A A RV BB TSR S Ao B s ) +
HECEVIREE ZREEDY
3.2 U AR £ RN B W R (R B T

R TR 2 TS MRS S RE R A 2 SR R 22— IR [R5 17 B9 7K A A 2 R A A i 25
25 [ I B - SR B 1S s e B VR R T R G A ECE  o AE S RGP AR B VR T o 5 L
BRAS R Sk BN pH (EEREN T UM E MRS SR M Z R A AT
WIRES AR B ZRE TR A Waid 257 AN UM WU REVE AR MRS AL SRR | Bh ML 4 %
YIS Z . FIRESE DY D50k UM ARG 2 REPE S 1 MU W R VR R 5 B AR G, AT 5 X b B A
JEREH ZREVERS R B, FUR Y Simpson $540R Margalef 35434 8 35 5 F- U011 ( P<0.05) o B LM BEVS 3236
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DX 3 R T A8 S T L R R 2R . 458 BEASAE I 2 REVES BT , O B A ML) 22 REEHE L
KA AR LN b o R3] 25 5 .35 ( P<0.05) o AT 1F B4R "t A o 9k 1T b TF PR A= 335
2 SR ARAJZ R A5 R0 0 o WO o s, U AL R 25 S B 3, U — 2 Y L4k
"o HCASHI T b UM IR D B 2 R HE BRI RE & R R A R R R 7 L 45 S R IR T 3> v
3> BT, 3T ARt TAE A AT Y 2 REE 2 AR B RS I, T 3045 5 B AR A R AB 4 2 Bt 7T 1)
1 T Z A PR TE P RIAR 2R IR A4S 1 A AR R MRS SR . MU R SR
(9 2, A S IR ZREL , HHAE S RGERIAE - I eI I T FR R DR VS 5 & RIS

4 it

A 3 X L SR B 8 v AR A R I 0 35 ) S M I IR 58 R B, BT ANTC 1 1) Sl A W K D e
FEVEAFAE A B 22 5 , U T HER A Wi A AR QOB 8 1 A Eh BE A% 45 20 ( Shannon $5%,  Simpson #5744 |
Meclntosh $8%50) 155 T4 1 o STHAR A IEHITN SN AT, H 4 SR Yiitevs Z R SYUR St H BA 5
AR AL T S A WD R P DI RE 2 REVE M 5 THUIE , W38 o T o B, 7E AT b 52 B0 0 T B A3 > g 4o >
YRR TR R EE MBI AR AE M AR R R R OF B2 B R BUER S B IR 4
TSRO KA KPR RENL THABKE M , B0 LA MU AR BT 2 10 A 250 o IR ORAEIR AL R L 7 A
PR, BN EE AR i A A ) 2 R R A R 3P B A

AAFFER HI Y Biolog SV b AR TAERCR R BRI, 802 0 T A i I REZ REVERIE 9T
TEZEAR BA —%E 1Y JR BRI HAESCBEAER ] Biolog SV AR h e IR B Gl A= 4 o 4 IR IF 5 SR FH o e e 00 ¢
A BERRIRIITR( PLFA) | 388 BT 22 25 050k X LU R BTN Ab e E W RE TS 22 5% IR ATR ST LIERUEY)
RERZEM B I REZ AR R0 5 - IRE FRIBIAOC B DY BE Gl A W e vis A, TR A7 R T e R AR o 28
Y Bk TR I — AR

22 37k ( References) :

(1] deRa, efli. b EWEITRERYT. hEET, 2006, 25(S1) : 7-24.

[2] Batori Z, Farkas T, Erdss L, Tolgyesi C, Kormoczi L, Vojtké A. A comparison of the vegetation of forested and non-forested solution dolines in
Hungary: a preliminary study. Biologia, 2014, 69( 10) : 1339-1348.

(3] Bifh, REMN, ERESC, JRIEZR, KE. DEEHHRFRYIBT ORI RS R, 34, 2015, 70(3) : 431-446.

(4] BB, B, ®i/VG, Bifh, SR, D0, TIFUR. < Ruas sh R AR TR A Y KO 23 [ 43 A RRAE. 2RS4, 2018, 38(22) :
8008-8021.

(5] @fcdm, 250, DV oM AR NSRRI ZREEREAE. L2441, 2007, 25(4) @ 438-447.

(6] B, WRBME, fi/C, VI, 8, 20577 WEres 5 AL R OUHL Y 0 25 IR R R iE—— LA = B W 25 KT B B AR S 4R
2018, 29( 6) : 1725-1735.

(7] B, BRBRM, @/, VIEE, LRose. Wi E R M DAY SR ERE—— A = Bk a5 RYUA A b a=4%, 2018, 36( 1) :
53-62.

(81 IRFTr, MEBRML, JURSFs, SOObHt, MOEREE. VU B RO B S 5540 5 2k, PEdU ¥4, 2016, 36( 11) : 2300-2306.

(9] XISFUL, TRk, Hidfh, WISRME, SR, DU)I SO/ INE S Tl XA Y RE TS WA 20 S AR PRI R. WG R, 2009, 38( 1) :
37-40.

[10] Sk, WAy, MaiE, L5, #XE, SME. hELEEEDA: RS RE. hEREBBET], 2017, 32(6) : 554-565.

[11] Bossio D A, Fleck J A, Scow K M, Fujii R. Alteration of soil microbial communities and water quality in restored wetlands. Soil Biology and

http: //www.ecologica.cn



5652 EF O 39 &

Biochemistry, 2006, 38( 6) : 1223-1233.

BRI, BO6HE, 2. Ml XARSEAR YR SRR TR BUE YIRS, A7, 2018, 38(9) = 3110-3117.

TR, XR, SN, 5 B LA [R] - b P2 7 S A M D e 2 RV RRAE. K AR FFIFSE , 2017, 24(5) = 14-20, 26-26.
KT, EERA, 2Rk, MR B, KA. =R DA [RIAR B R S R UM U RO R R S A ST SRR AR, 2005, 45(3) @ 420-425.
ZERAR, IR, 2RI, SRICAE, WIS, SRR b BRI A I AR A R R T RE SRR RS . AR AR, 2017,
37(16) : 5436-5443.

WA, A4, RAAR. PR W RYTHISE A VA SOWARE ST A, 13 S5 A5 SR, 2004, 20(4) : 80-83, 96-96.

Waltham T. KRFpH8E Y. K¥E, 7. P EAE, 2006, 25(S1) @ 3542,

/M, BUAG, A, ERTEE, PR, VIER, WTUR. HER AR KT s M R S A MRV R E M —— L m i AR IR AR
YU, AR, 2018, 38( 13) ¢ 4704-4714.

/K, B, BRBHE, TLEE, WIS, EAiEE, MR = pg b ER AL m R KRR A R VE DR DG R . R AR S 2R, 2018,
29(2) : 492-500.

WG, A, XVEAE, BENE, SR 8 R AR X R R E M i zs A . K R ORISR, 2000, 23(3) @ 148-152.
BB, R, S K TR L O Rl 07 M A W A 0 e RS M (9 0 AR AIE . K R ORFRBIESE, 2010, 17(5) @ 148-153.

e, RS, b IR RE A IR Y . BREUER, 2017, 12(6) ¢ 54-56.

PREBE, BiAE, Mg, SR REUFIIPN R SHEPr R ZAUE. DU B4, 2009, 29( S1) : 28-34.

Legendre P. Studying beta diversity: ecological variation partitioning by multiple regression and canonical analysis. Journal of Plant Ecology, 2008,
1(1): 3-8.

skiede, Rgkte, SO0, R T, WAENE, Ahe, ZIRE, R, BoRIC, ARV, KBIGIE. K06 EE T BRI AR ) 1 v 2 R
PERHAE. ZEZS%4R, 2017, 37( 14) : 4627-4635.

WAL B S T . TRRD MU BRI A S R T L HGER L 2011, 42( 1) 51-55.

Gaston K J. Global patterns in biodiversity. Nature, 2000, 405( 6783) : 220-227.

He XY, Su YR, Liang Y M, Chen X B, Zhu H H, Wang K L. Land reclamation and short - term cultivation change soil microbial communities
and bacterial metabolic profiles. Journal of the Science of Food and Agriculture, 2012, 92(5): 1103-1111.

XV, sk, EFObk, BRIUEHS, &7 e, 507 B v AL m R I DA b 3R )2 - SR 2 I 8 2 SR RRAE. AR AEAR, 2011, 31( 1) :
3036-3043.

Sessitsch A, Weilharter A, Gerzabek M H, Kirchmann H, Kandeler E. Microbial population structures in soil particle size fractions of a long-term
fertilizer field experiment. Applied and Environmental Microbiology, 2001, 67(9) : 4215-4224.

SRR, ATPNE, BT, D, Rk, MBI, 25, BRSO LAY E X LR MUE YR AR . R ORI, 2011, 25
(5): 94-98, 185-185.

Gordon H, Haygarth P M, Bardgett R D. Drying and rewetting effects on soil microbial community composition and nutrient leaching. Soil Biology
and Biochemistry, 2008, 40( 2) : 302-311.

Xiang S R, Doyle A, Holden P A, Schimel J P. Drying and rewetting effects on C and N mineralization and microbial activity in surface and
subsurface California grassland soils. Soil Biology and Biochemistry, 2008, 40( 9) : 2281-2289.

Lin Y, Hong M, Han G D, Zhao M L, Bai Y F, Chang S X. Grazing intensity affected spatial patterns of vegetation and soil fertility in a desert
steppe. Agriculture, Ecosystems & Environment, 2010, 138(3/4) : 282-292.

BV, BRAZTE, RMEEE, XDEHE, Bt skl #83E LR RS2 SR U MR SR 22 . B0k, 2015, 24(6) @ 75-84.

Liu Z F, Fu B J, Zheng X X, Liu G H. Plant biomass, soil water content and soil N: P ratio regulating soil microbial functional diversity in a
temperate steppe: a regional scale study. Soil Biology and Biochemistry, 2010, 42( 3) : 445-450.

Waid J S. Does soil biodiversity depend upon metabiotic activity and influences? Applied Soil Ecology, 1999, 13(2): 151-158.

JElkG, AL TIERUE Y 2R R R RS R R IR . AR AR, 2007, 15(3) @ 306-311.

Callaway R M, Brooker R W, Choler P, Kikvidze Z, Lortie C J. Michalet R, Paolini L, Pugnaire F I, Newingham B, Aschehoug E T, Armas C.
Kikodze D, Cook B J. Positive interactions among alpine plants increase with stress. Nature, 2002, 417( 6891) : 844-848.

Rasi na S, Pugpure I, Gusti na L. Diversity patterns in transitional grassland areas in floodplain landscapes with different heterogeneity. Tuexenia,
2013, 33( 1) : 347-369.

TEIERE, RUERE, dkmawy, Dk, BIEA Pt + DI 33 e AR 25 [l 43 A0 i 520 . Mol BF24RF5E, 2016, 29(3) @ 389-394.

http: //www.ecologica.cn



