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Abstract; In order to study, the distribution characteristics and internal links of soil enzyme activities, nutrient content
and woody plant diversity in negative topographic habitats of tiankeng, the tiankeng forests of the Dashiwei tiankeng
group in Guangxi were selected as the object, and the relationship between species diversity and soil factors of woody
plants was explored by correlation analysis and redundancy analysis methods, based on the community diversity survey
and soil habitat survey along the inner area-top area-outer area of tiankeng. The results were as follows: (1) There were
21 species, 31 genera and 20 families of woody plants in the inside area of tiankeng, 91 species, 58 genera and 58
families of woody plants in the top area of tiankeng, and 47 species, 30 genera and 30 families of woody plants in the
outside area of tiankeng. The Margalef index and Patrick index in the inside areas of tiankeng were significantly lower
than those in the top and outside areas of tiankeng, indicating that the individuals of species increased, but the species
distribution was steady. (2) The total soil nitrogen content in the outside areas of tiankeng was significantly higher than
those in the top and outside areas of tiankeng. The soil total magnesium content, soil phosphorus content and soil
available phosphorus content in the inside area of tiankeng were significantly higher than those in the top and outside area
of tiankeng. The soil alkaline phosphatase content and soil urease activities in the outside area of tiankeng were
significantly higher than those in the top and inside area of tiankeng. The soil phosphorus content in the tiankeng was
higher, but the soil enzyme activities were lower. (3) The species diversity was strongly correlated with soil nutrients
and soil enzyme activities. In conclusion, it can be seen that the habitats of the tiankeng have a great influence on the
species diversity, soil enzyme activity and soil nutrient content distribution characteristics, and the soil available
phosphorus content, soil alkaline phosphatase activity, soil moisture content, soil urease activity, soil total magnesium
content and soil total phosphorus content are the key factors affecting the species diversity of woody plants in the tiankeng

forest. The results provide a theoretical basis for the protection and reconstruction of plant resources in karst areas.

Key words: plant diversity, soil nutrients, soil enzyme activities, Tiankeng forest, soil phosphorus content
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Table 1 Basic information in three habitats
e b I P4 B "
N . QX/ = b =g = g5
A HEHL BUFE L ’IZFE /i?}i B I ) Canopy %:‘HE*IE
. . . Latitude and Altitute Slope h Interference
Habitat Plot Sampling location . o Aspect density
longitude (m) (°) level
(%)
LN Q1 NP 106°30'49.35" E 1150 45 S 70 U=y
Inside of tiankeng Dacao Tiankeng 24°47'21.07" N Light
02 PN PN 106°30'49.24" E | 1145 40 WS 75
Dacao Tiankeng 24°47'20.17" N
Q3 N BN 106°30'50.81" E . 1135 35 WS 79
Dacao Tiankeng 24°47'21.02" N
Q4 KW RIL 106°30'50.89" E 1130 43 S 76
Dacao Tiankeng 24°47'22.07" N
o Q5 IR R 106°27'23.67" E | 1 368 25 E 75 =35
Top of tiankeng Sujia Tiankeng 24°48'17.71" N Light
Q6 HERYL 106°27'25.16" E 1 366 22 E 80
Sujia Tiankeng 24°48'19.14" N
Q7 PR K 106°27'59.77" E | 1 296 37 EN 80
Shenmu Tiankeng 24°48'42.92" N
Q8 A R It 106°27'59.97" E | 1276 39 EN 60
Shenmu Tiankeng 24°48'42.62" N
Yigh Q9 W e B 106°27'22.64" E | 1322 31 S 72 i
Outside of tiankeng Landianyao forest 24°48'30.48" N Middle
Q10 W e PR 106°27'22.73" E | 1321 32 WS 75
Landianyao forest 24°48'31.31" N
Q11 W I 106°2705.70" E | 1390 40 S 70
Landianyao forest 24°48'05.79" N
Q12 e TR 106°27'05.32" E 1391 41 S 60

Landianyao forest

24°48'06.19" N

2020 AT, 7E SPSS 26.0 1, R FH B R 4 T 4
A B/ N E2E 51 (LSD) A Rt 3 Fh A B ACA
TPy h 22 B 1 A S M P 3R 0 B 0 A 2E SR
FHEH] Pearson AHOCHE 3 B b 2L 5 4 HERG G
PE R NAE R R, 7E R 4.0.0 W, fE
“rdacca.hp” £ 52 B TUAY 43 T (redundancy analysis,
RDA) } )2 K43 EIFEIE (Lai et al., 2022), 3454
“MASS” 40, 1 {4 3 A5 01 U5 73 B, 07 36 52 ey KA Rl
KRYTHEARAR D P b Z REVE ) T2 SN 1, By
HEFEYIH R 4.0.0 Al Origin 2021 #EF72:4 .

2 HEREAH

2.1 RRARERE T SHEMESE

AHIFFE T I A B R A R A 128 Fh 56
J& 55 B, Ho  RITGTNA 21 #P 31 )8 20 B, Kt
HiH A 91 Fh 58 J& 58 BE, KETHLAMA 47 Fh 30 )&

30 Bl, MR 2 WA, 3 AR NE B KA Y 2 RE
PEZRIL Jy | 50 9 A2 85 9 Margalef 38 3% 1 Patrick 32
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Table 2  Species diversity index of different habitats

FaRy i ey} Yroh
H Inside of  Top of Outside of
Index . . .
tiankeng  tiankeng  tiankeng
Pielou’ s Y5 B e % 0.89+ 0.86+ 0.85+
Pielou’ s evenness index (J) 0.21a 0.02a 0.01a
Simpson £ FE 8L 0.78+ 0.91+ 0.92+
Simpson diversity index (D) 0.13a 0.02a 0.01a
Shannon-Wiener ZFE M $5 5k 2.55+ 2.98+ 2.86+
Shannon-Wiener diversity index (H) 0.51a 0.12a 0.07a
Margalef 3= & B 45 4L 3.51+  6.33% 5.36+
Margalef richness index (M) 0.34b 1.01a 0.36a
Patrick & BE T8 4L 18.00+  32.25x  28.75=
Patrick richness index (S) 2.45b 3.10a 1.71a

T WFIA R /NG F 8RR [/ A B8 22 7 1 3% (P<0.05) .
T,

Note: Different lowercase letters in the same column indicate
significant differences in different habitats (P<0.05). The same

below.

£3 FRAEETEFRSSEHMT
Table 3  Characteristics of soil nutrient content

in different habitats

ok A B 8| ST
R Inside of Top of Outside of
Index . . .
tiankeng tiankeng tiankeng
AP 225.10+ 126.22+ 269.22+
SOM(g - kg™) 9.50a 1.84a 11.68a
pH {H 6.80+ 7.02+ 6.75+
pH value 0.51a 0.11a 0.22a
+HEE KR 0.24% 0.28+ 0.25+
SWC(%) 0.02a 0.07a 0.11a
25 1.10+ 091+ 3.63%
TN(g - kg™) 0.52b 0.39b 1.46a
24 5.35+ 3.91% 3.89%
TCa(g - kg™) 6.35a 1.39a 1.55a
Eoe2 3 4.59+ 3.20+ 3.34%
TMg(g - kg") 0.31a 0.49b 0.14b
B 1.72+ 0.79+ 1.02=
TP(g - kg) 0.38a 0.25b 0.28b
T 1.1+ 3.11% 7.90+
AP(mg - kg") 0.11a 0.19¢ 0.05b
TR 182.86+ 197.20% 171.46+
AK(mg « kg) 34.24a 7.34a 28.24a

ARE LR R, SR RN A
SEHEBEE S MR R AR B SR MR T 2
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23 TIEMARSIRFATHXER

Pearson FHCHE T 45 R (R 4) R, LR
O3 A SR G VEAEAE B oE A G, Hob, -t
ARG PR S K a2 A B R e iR
it RN W TR T 5 0 A RS W A OG 1
IR P54 85 T8 B 4 3 B0 AH OC A DR 8k AR 1 1
MR 5 4 Wl 5t 10 2 TR DG OC & 3R B A Fl R bt
HE A A 2R 00 A B2 2 410 ] 3B I X - 3 5% 03 19 40
il , A2 ML DX A 398 3 43 R A S8 il 0 e () A OG M
55 Ho A 3 DXAN ], HA B S i 25 ) S ok
24 PSS LERSEEENXR

RDA 73t 45 3R (K 2) Bon M 2t S +
eIy (WS PEAH OGRS . MR 2 AR R AL+
B DA T e H P B A0 A R R 2 Bl O 99. 61%
0.28% . Pielou B2 FE 4540 5 LA HLT o H Ak
N A A B R A OC, 5 A A4 B 1R A
* Margalef F 5 BT Shannon-Wiener 25 F£E M+
£ Simpson Z FFPE 45 %L Patrick + 5 I8 +
BERERE R pH & K & DK B o R M A I A
X, 1M Shannon-Wiener Z £ 855 2 H 2 i F
1J:z\”l‘ﬁ?‘é;Simpson AR RS A B
1% it 522 1EAH G

WIABALEE IR (] 3) R W], R 57 | G
T R R AT [ RS A A HE W 1 Vi 22 6 1 1Y) i R
JEE AR B /INHR YR Sy 338 2550 88 > i A 1l TR Tl > % 7K o >
JUR B > 456 >4 % > 1 AL S L BRI >pH > 2 A >
AL BT, H v S | me M W R I O ) A R T
75.5% 10.5% B 22 AL, Je 52 Wi ) o 22 B 1 Y O i
R 3 7% B 3 5% 20 X 7 1 P 22 1 1 %) o ik
FRIEK T A B i 5 M 6 A ) ) b 22 v TR R
BN,

A R BT 45 R (% 5) R, Y Fh ZFe e+
B5 1 ESR oy e R 2 R AT R
HWIHCHKR, Patrick F & ERBZIZHFHE
M), B A P O R % K R %) 3 L R il
I 2 REPEFE B K Margalef 32 5 i 45 B RE 5%
Tl 485 19 14 0 7 98 /)N 5 Shannon-Wiener 22 Ff 4 45
# Simpson 22 FF PR 15 £ 4 Bl 4 BE 4 B 00 1
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] b al L
Ci S = .
g > st : ﬁ o
Y a
=g #E 2
E 10 % ) :
P 5l 2N e
1 1 1 0 1 1 L
B s Hish YN N ish
Inside of tiankeng Top of tiankeng Outside of tiankeng Inside of tiankeng Top of tiankeng Outside of tiankeng
70 a 6.0
~ ~ 5.5 a
T 60F ab z
g b & £ 50
T os0b
g 1 ®oASE
# E 4ol = 5 o4ob T
= o ¥ g —
= 30} R Z 35T
< =
3 3.0f
20F 2.5k ——
10 ' - . 2.0 . : :
LA A Hish i o Hish

Inside of tiankeng Top of tiankeng Outside of tiankeng

AR/NEZRFRRAR AR 25 B3 (P<0.05),

Inside of tiankeng Top of tiankeng Outside of tiankeng

Different lowercase letters indicate significant differences in different habitats (P<0.05).

E1
Fig. 1

T4 TEFHITERSEFHYEH Pearson AKX REL
Table 4 Pearson correlation coefficient between soil

nutrient contents and soil enzyme activities

i B W Wbtmmm LR
Index URE SAC ALP CAT
AHHLFE SOM  0.283 0.037 0.223 -0.244
pH {& pH 0.191 0.196 0.027 -0.166
FKE SWC -0.279 -0.405 -0.433 -0.809 #*
2% TN 0.613% 0.273 0.578* -0.009
4245 TCa 0.238 0.507 0.207 0.179
48E TMg  —0.599% -0.362 -0.487 -0.151
L TP -0.6427% -0.55 -0.658%* -0.455
W AP -0.065 0.080 0.014 0.153
A AK - -0.079 0.050 -0.183 -0.398

I PR BEMR(P<0.05) , #FRMREMI(P<0.01),
Note: * indicates significant correlation (P<0.05), ** indicates

extremely significant correlation ( P<0.01).

(10 Fre o A o, R R Bl g 0 Ry K BT I ) B 2
ERER RIS <17

AR &R L BT MR

Characteristics of soil enzyme activity in different habitats

RS RNHRMBEDMSHEES TE
FHYR & @3 53 47
Table 5 Stepwise regression analysis between community

species diversity and soil factors in Tiankeng

2 [l | r o ] L
LRI WERE gy wt
Stepwise regression Determination s e

. S F value  Significance
equation coefficient
S§=18.546-14.878SAP+ 0.936 41.195 P<0.01
0.529ALP+40.460SWC—-
0.976 URE
M =9.726 - 2. 050SAP - 0.861 35.146 P<0.01
0.849TMg
H=3.943-0.308TMg 0.386 7.927 P<0.05
D=1.021-0.128STP 0.352 6.963 P<0.05

3w

3 RABEBEARKREY Y SIFEIEH, L8
BEERFEINESR

HhRE T A U R B JRy S DX B B 2 A M TR
S B 0 R 5 i ( Markus et al., 2018) , A WF
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2 RDA2 0.28%

0.6

1.0 i1 RDA1 99.61% 1.0

J. WEERREG H ZFEEIEEG M. FEEREG S FE
JERRH D. ZREMEFREG SOM. HHEAT LR ; CAT. 5t/
R ; AP, HAHE; TMg. 2286; TCa. £45; TN. &%
ALP. T 1 % B2 &% ; URE. JIf ff}; SWC. L 3¢ & K #;
pH. pH {H; SAC. FEMERE; O. Ji; A. btH; O ik,
J. Pielou’s index; H. Shannon-Wiener index; M. Margalef index;
S. Patrick index; D. Simpson index; SOM. Soil organic matter;
CAT. Catalase; AP. Available phosphorus; TMg. Total
magnesium; TCa. Total calcium; TN. Total nitrogen; ALP.
Alkaline phosphatase; URE. Urease; SWC. Soil moisture
content; pH. pH value; SAC. Sucrase; O. Inside area; A. Top

area; <. Outside area.

B2 #imzEts TEETH RDA 54
FIG. 2 RDA analysis of species diversity and soil factors

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
E AP HALP SWC URE ®TMg SCAT ®TN ®pH ETCa HESAC ®ESOM

Fig. 3 Contribution rate of soil factors on community

species diversity of karst tiankeng

FAER R, UTE RYUht N—bt O —3AhE S Y
A4k BUANYT R ALY Margalef =F & FE 48 BUHI
Patrick & E I8 803 B & & TN A5, 5 &
JET R 5 R 5T N AR B A T A O
DO I 0 ) e B REAS B 4 T N Dy A, B AR B
S HUAMEARE AR R N 3, HiAh A
SR PR N SEBERl o S o B T IR (A
15,2014 5% T, 2015 RAEFL4E, 2018) , AT 5+
HYFECR N 2, KA Simpson Z 118
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