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Plant diversity and soil physical-chemical properties in karst rocky desertification

ecosystem of Guizhou, China
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Abstract; Karst rocky desertification has been an important ecological issue hindering the economy and society development
of South China Karst region, and the control of rocky desertification has been clearly listed in the national projects of
economy and society development.. But there are highly short of plant diversity and soil science researches in karst rocky
desertification ecosystem, and the successions of plant diversity and soil physical-chemical properties are still unclear in the
process of rocky desertification, all which hardly hinders the control of rocky desertification well work.

Based on these problems, in this study, firstly, three typical rocky desertification regions, that is, Yachi,
Hongfenghu, and Huajiang of Guizhou Province, representing three different typical karst landforms of plateau mountain,
plateau basin, and plateau gorge, respectively, were selected as experiment areas, and 45 sample plots with area of 20 m x
20 m, respectively, were set up for the 5 typical degrees of rocky desertification surrounding, that is, nil, potential, low,
middle, and high, in these three experiment areas. Then, the plant diversity and soil physical-chemical properties were

surveyed and analyzed by methods of ecological survey, chemical determination, and mathematical statistics. Results show
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that 1) the vegetation is very simple with extreme low richness in rocky desertification surroundings, and with the increased
degree of rocky desertification, the plant diversity appear remarkable change, for example, species is more few, importance
value of dominant species is more high, and structure of plant community and ecological niche is more confusion. 2) There
are significance differences of soil physical-chemical properties between different degrees of rocky desertification, and there
is remarkable correlation between soil physical-chemical properties and plant diversity in rocky desertification ecosystem. 3)
Principal component analysis show that the evenness index of plant diversity together with its correlative soil physical-
chemical factors can represent the degradation degree of karst ecosystem. Results have important values in the protection of

karst forest ecosystem and the control of rocky desertification.
Key Words; Karst; rocky desertification; plant diversity; soil physical-chemical properties; succession
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Fig.1 Location and basic information of experiment sites in this study
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Table 1 Basic information of experiment sites and sample plots set in the study
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Table 3 Plant diversity indices of different degrees of rocky desertification surroundings

S AL A
T Sy L LI St ;
desertification ’ Evenness index Richness index Shannon-Wiener index Dominance index
JE Nil 2.34+0.35a 12.65+0.63a 2.26+0.63ab 0.28+0.09b
VTE Potential 1.33+0.26b 6.53+0.35b 1.82+0.52a 0.58+0.15a
2B Low 0.38+0.12¢ 12.17+0.28a 2.48+0.67ab 0.32+0.08b %
1 EE Middle 0.42+0.11c¢ 10.75+£1.02ab 2.91+0.57bc 0.17+0.05b
SR High 0.75+0.13¢ 9.26+0.67ab 3.28+0.74c 0.13+0.05b

HAMRATFRFRR TR FE 2SR, TR TR AAREER

x4 ARUFMERRFTLEBAERREY SRR KEE)

Table 4 Comparisons of plant diversity and physical-chemical properties of rocky desertification surroundings between summer ( August) and

winter (January) (¢ test)

Kk Rk PERL] £F(1H) [
Properties Factors Summer ( August) Winter (January)
THY AR 5] EEFEEL Evenness index 1.23+£0.17 1.23+£0.17 0.01
Indexes of plant diversity F & EHEEL Richness index 9.45+0.95 10.25+1.04 -0.58
ZAHEPEFE B Shannon-Wiener index 2.35+0.16 2.39+0.16 -0.20
L3 JE $5 %0 Dominance index 0.35+0.05 0.35+0.05 -0.04
T e R T Bulk density /(g/cm®) 1.16+0.03 1.24£0.02 -1.96
Soil physical properties EAEFLBE Capillary porosity /% 39.70+1.23 33.88+0.72 4.09 **
LB FLBRE Non—capillary porosity /% 17.27£1.38 19.52+0.88 -1.38
SFLBRSE Total porosity /% 57.24+0.98 53.30+0.82 3.09*
H #& £ 7K & Natural moisture content /% 23.48+1.41 28.48+1.23 -2.68 "%
HH [H] % 7K 2 Field moisture content /% 31.86x1.13 29.37+1.06 1.61
FEHF /KA Capillary moisture content /% 40.13+1.19 35.95+1.41 2.26"
iﬁfﬁﬂf ffxﬁ’s)mm saturated 10.85:1.57 10.75+1.34 0.05
=1 Bi%E %R Lower strata saturated
;E;?bﬂ;?if/?rin/mim) 6.81£1.39 6.72+1.30 0.05
A B R pH f# pH value 6.99£0.15 6.99+0.16 0.01
Soil chemical properties F HLUFE Organic matter content/ ( mg/kg) 43.08+3.25 46.21+3.12 -0.69
4% Total nitrogen content/ ( g/kg) 2.52+0.20 2.63+0.20 -0.38
41 Total phosphorus content/ ( g/kg) 0.74+0.05 0.72+0.04 0.26
4= Total potassium content/ (g/kg) 1.69+0.16 2.51+£0.27 -2.55%
7K fi% &, Hydrolysis nitrogen content/ (mg/g) 174.39+15.99 167.33+13.67 0.33
%W Available phosphorus content/ ( mg/kg) 3.94+0.52 5.77+0.69 -0.08 "
HALHR Available potassium content/ ( mg/kg) 95.41£3.75 107.45+5.34 -1.85

% % JPHIFRIRTE o = 0.05 A1 0.01 AKF 14

2.2 ANESEGA B IR R A
221 HEYEYER

S EE RFW (R 5) , LA E BESLWE SALBRE  HEoKE  BEROKESE 5 Iy v B e
PRAEAN R S A AL RS 3 BT B 3 22 . (OW 76 A AL PR BT - B 45 T I 28 K v B RN 3 4 ik
IEBf A A AL S RGN, - 4975 T S ISR I 0 N AR AR e W AR AL 4 S LB BN
B A AL, TS AR B LB B B /N T om B A Ak FLBE % A fb SF g, 38 AL B B A B A AL
PR B S IS N5 B A S Ak A DTS TE A Ak Y 1 [R5 /K i /N Tk B A AL e R A
BAL B &K /N TR B A AL HE A A AL A G I, 38 1 [R] 4K i A0 B A R /Kt 2 5 /s
JE A AR BFFTSE R R T W8 AR A VA PR - S B o O AN 2 Bl Ay Ak AR B i — R
b, i — iR S AR Lt 7
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Table 5 Comparisons of soil physical properties among different degrees of rocky desertification surroundings

A AL Faxi BELBE EBEBE LB ARG K
Degrees of rocky Bulk density/ Capillary Non-capillary Total Natural moisture
desertification (g/em®) porosity/ % porosity/ % porosity/ % content/ %
JE Nil 1.16+0.11ab 38.13+0.78ab 18.67+0.31a 56.81+2.11ab 28.57+1.11a
WEE Potential 1.28+0.12a 33.71+0.91a 18.92+0.24a 52.56+1.71a 23.90+0.61a
B Low 1.18+0.12ab 36.35+1.11ab 18.84+0.67a 55.18+2.01ab 24.55+0.87a
HHE Middle 1.15+0.13b 38.96+0.88ab 17.69+0.54a 57.48+1.31b 27.25+1.08a
S High 1.13+0.10b 40.63x1.12b 16.40+0.51a 56.78+1.21ab 26.04+0.71a

v farey I =) 1 =) LF@(}%’ S —Fﬁ'{é}ﬁ’ %
L FET Kt EE ki 2B BT

. . . . Upper strata saturated Lower strata saturated
Degrees of rocky Field moisture Capillary moisture o . F
- permeability/ permeability/
desertification content/ % content/ % . .
(' mm/mim) (mm/mim)
JE Nil 33.17x1.13ab 38.94+1.31ab 11.00+1.81a 3.74+0.41a ® ok
WEE Potential 28.12+0.91a 35.09+1.52a 8.91+0.79a 6.96+0.78a
B2BE Low 29.10+0.78ab 36.96+1.41a 8.36+1.23a 10.33+1.23a
1 EE Middle 30.65+1.32ab 39.09+1.76ab 15.67+1.31a 8.80+0.71a
R High 34.42+1.25b 45.06+2.01b 12.34+0.91a 5.33+0.86a
222 IR
WA RN (R 6) , 138 pH {H AP KM E AR 55 LI AE 6 Fh 1Ak A M e AR Te

NIF AR AT AL IS 135 B 3 4t 22 S - OTC A AL PR BT 12358 pH (B 35 /N TURTE B | o iR A 35
P AR5 BE A AT AT B AL — A, 138 pH B/ T 7, AR T 7, QT A BEAL IR B A HLIT 235 K Tl e
A, TSR | rp BRI B A A T 35 2 7 s TR A AL PREE K i S8 35/ T oA Ak R B
JEEAT AR s WA TR AR5 A 8 35 R T Je A TR A A 8 B A A T PR A A AL BRI b e 0 I 2R
TR PR AR A A s DTC A AL PR I O T R PR A A, RO BEE
AL SFE GG, W SRS A AL PR A2 P ORI o PR i A R — A JeiB AR s i s i A

®6 FRESERAEAFRELBUFMRILE

Table 6 Comparisons of soil chemical properties among different degrees of rocky desertification surroundings

AL -l KA o

B

Degrees of rocky pH {1 Organic matter Total nitrogen Hydrolysis nitrogen Total phosphorus
desertification pH value content /(mg/kg) content/ ( g/kg) content/ (mg/g) content/ ( g/kg)
JE Nil 6.18+0.15a 52.74%1.24a 2.90:0.35a 201.15+10.09c 0.64£0.02a
JTE Potential 7.19£0.23b 35.24+1.54b 2.100.24a 122.91+8.90h 0.76+0.04a
B Tow 7.49£0.27h 47.48+1.32ab 2.880.21a 191.33+8.29ab 0.82+0.02a
HrBE Middle 7.46+0.18b 46.48+1.89ah 2.65+0.56a 222.95+9.46¢ 0.74+0.03a
IR High 6.96+0.16b 45.44+1.67ab 2.600.34a 138.46211.12ah 0.71£0.03a
A AL AR Kl A R LR

Degrees of rocky Available phosphorus Total potassium Available potassium Soil respiration/ F
desertification content/ ( mg/kg) content/ ( g/kg) content/ ( mg/kg) (CO,mg g™ h™")

JE Nil 3.35+0.23a 3.07+0.45a 110.13+9.01a 0.31£0.03a -
VSTE Potential 6.76+0.21b 2.1120.46abh 106.12+7.98a 0.1220.02b

T Low 5.69+0.34ah 1.65£0.57b 92.03£10.01a 0.130.01b

B Middle 3.94+0.55ab 1.47+0.49h 96.03+6.98a 0.060.01b

IR High 3.430.34a 1.48+0.23h 90.81+9.07a 0.05+0.01b
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RGN (R 4)  EAFZEY (AR TR A BT HIE SR | B Rk R 2R
A RBEAEAE A 2 5 BEALBE MBS S /K EAAEN B E M2 S OF 20 + 1 SFLBE B ARk E
WENRTLATE,QE FN AW R EN/NTAR,OF M HIEREILRENR B ENRTA S
T 52 20 04 48 AR K el 3 /N T4 2R
2.3 WEHTRRA AL IR SRR Y 2R A I A A

WL LW (3R 7) , W WrEe A AL IR B ) 2 e 5 e A M o =2 [0 7 T S A AR DG 1 . DF &
RS AT BN D E T 5 RFLBRE RS KR B SRR DB ERE AV 2R e
KA R 3 R IR AR DG 5 pH (A AR R RTS8 Y IE A OC ; @ 2R MEFR S A E R A R E
A, 5 RFLIRE A Sk B Sk E pH (E A AL 42 ZURUK i AU S 0 2 3 0 1R A G , 57 550l A
SR B B S M IE AR O s @A) R E S pH (E I R00s S AR B B I A OC, 5 i 2 B A SC, S e R
Wt 2 Y IE ARG, 5 IR 5 b 2 ) IE AR G ; DL BEHR 505 B A LB A e 2 0 UM G, 5 )Rk
i pH (H 2% S RUK AR BN IAC, 5 F RS SR BN D EWIEMHS, SEBERERE
EHYIEAI S T UL W A TR S A R 7R A A S S R ) 22 R R BRI

®7 ARUREIEBELERFEEVSHEZ BREXYE

Table 7 Correlation of plant diversity and soil physical-chemical factors in rocky desertification surroundings

AN T FHBETEEL ZHEPETREL BSR4 R
Soil physical-chemical factors Richness index ~ Shannon-Wiener index  Evenness index Dominance index
%5 H Bulk density/ (g/cm®) -0.454 "% -0.408 ** -0.013 0.174
EEFLBEE Capillary porosity /% 0.157 0.211 -0.114 -0.335""
BB FLBRE Non—capillary porosity /% 0.136 0.043 0.134 0.251*
BFLBREE Total porosity /% 0.346"" 0.311*" 0.009 -0.104

A 4K % 7K & Natural moisture content /% 0.179 -0.014 0.152 0.052
FH[R] % 7K 4t Field moisture content /% 0.518* 0.516*" 0.170 -0.266 *
EAE %7K Capillary moisture content /% 0.499 " 0.532*" -0.001 -0.193
ﬁ:mli;fiii)@ %5 % Upper strata saturated permeability/ 0.365** 0.214 ~0.063 0.170
Tmé;fifmu){%% % %R Lower strata saturated permeability/ 0.223 ~0.008 —0.171 0.359**
pH {& pH value 0.248 0.398 ** -0.541*" -0.284"
A HLBT Organic matter content( mg/kg) 0.635"" 0.349"" 0.143 -0.092
4= Total nitrogen content/ ( g/kg) 0.719** 0.572"* -0.088 -0.262"
4T Total phosphorus content/ ( g/kg) 0.306 " 0.213 -0.340" -0.240"
44! Total potassium content/ ( g/kg) -0.018 -0.199 0.396 " 0.175

7K fi# % Hydrolysis nitrogen content/ ( mg/g) 0.759 " 0.385"" -0.011 -0.226"
F %W Available phosphorus content/ ( mg/kg) 0.092 0.247" -0.309 ** -0.085
HERLER Available potassium content/ ( mg/kg) 0.260 " 0.253 " 0.127 0.015
4T Soil respiration/ ( CO,mg ™' h™!) 0.405* -0.107 0.327* -0.029

2.4 FETAY ZREVER S BRAPE FR AY A BEAL 32 A o b

ST R Z R R AL M 0T 22 SR AR Y A AL A BT R B (3R 8) , EALAY 1 BTk R R
60. 40% , 853 2 B TTHERCR K 20.89% , RITTTHkFR L Ik 81.29% , FEA IR T 22 MHEFRIEN A BLALRRAE (1)
YRR E I, IR IGX 2 A FRME W PR A AR 32 000 o0 B AR . 805 1 v A HLEE 355
B AR R 2R KA B R RGE RBER K, BT T 0.900, R s 1 EE R B EA LR
AR PR EY) 2R S FEFR B 2R R AE v TR a4 BRI (5 B . B 2 b, pH (B, B
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FLBE ARBELBUE RS B AR A R RO, R T 2 TR T 1 pH LB A1
EVERALE TR A BRI R R
®8 ETEYSHEN LU ROEIE L RS

Table 8 Principal component analysis of rocky desertification based on plant diversity and soil physical-chemical properties

FRHEZE 0 43 Components

Factors 1 2
HHLBT Organic matter content 0.985 -0.112
¥J5)E Evenness index 0.964 0.239
4= Total nitrogen content 0.958 -0.181
4 Total potassium content 0.957 0.242
Z A Shannon-Wiener index 0.950 -0.223
JKf# % Hydrolysis nitrogen content 0.946 -0.324
T Available potassium content 0.938 0.252
FEJE Richness index 0.893 0.191
FH [8] 7K £ Field moisture content 0.892 0.341
+ I Soil respiration 0.862 0.194
A #X £ 7k it Natural moisture content 0.832 -0.315
41 Total phosphorus content 0.851 -0.144
B &K Capillary moisture content 0.794 -0.343
JZ A B R Upper strata saturated permeability 0.696 0.382
ZXH Bulk density -0.641 -0.230
TIZMABER Lower strata saturated permeability -0.641 -0.716
4 %W Available phosphorus content 0.592 0.601
P Dominance index -0.555 0.606
BESLBE Capillary porosity 0.545 -0.817
B FLIE Non-capillary porosity -0.435 0.720
BFLBRE Total porosity -0.169 -0.606
pH {fi pH value -0.130 0.904
FEHEAR Eigenvalue 13.289 4.617
THRR Percent /% 60.406 20.987
ZRTIHAE Cumulative /% 60.406 81.392

PASE — RO E R ARAR 35— BME N AR H 22 AR 5 il i 28 25 20 4 Al A I 14 (
2) o GERER AHY ZRENE AR S RERR RO W B RS A A | LR ANE AR I AR R A
SR - NI A ARG, D SRR T A B R E N 1 A 2 RS AR R I pH (B AR LB
VA PRI AT AL G R B A SRR RS A B ALBR RN T R AR NS B R 5 o A RS R
B e AR 2R AT RS KR KRR B R A 5, D SR A 1A Y
SIS

3 WiRESR

31 A AR AR o A A e

SRR AP MY BEBRAE N TR R R B O B A R Y R AT SR AN W e AR R
20 AE—ERRBE b AT R A L ) VORI R IR RUR R RE AN T A B T AR A B R 11
1) R R SRR AR I AR BT R AN S A A R R 2 AR S AL I TR
W 25 5% | W A ARG IR BRIRER P A R . TR I 5 A S R AR IR A DL ZU A AT
SHBRE Sy LA B F T I A AR 7 R A | L BRI SO R A I R A A
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Fig.2 Scatter diagram of principal component analysis for karst rocky desertification (x: axis is value of component 1 and y; axis, component 2)

KIFLISK , AATT— BV R A B R REN , + JER AL FE B A B 39, 56 B8 A1 AL RBE A4 - BB 1
B T AR WSS SRR W TR A VA PR b AN A B S S A A T YRR B A S
HAEACEG T — BB AL, e —NMEIB S Bk A R SR 3N R A AL BRI K
TN ER R A A1 IR RABOIL I E AR . B £ BUACRR BERE I, 85 SR AR 2 A ke o, 4
SINASE I, MR A SRR AN, w2k A SR K A U e A PSS, AN -SSR A3 R R, X P
P 3[R 1 R A ) 2 5 210G

AHISEEE R W, A BRI e A i fe v, R LE R A AR ACIR B AR R O T
PRI, A7 5 P A e SR B A g 7 I 2 R — i e« 24 JE A B PR I AR AL BRI
SR K AR IG5 3G, n 2 A B P 0 LB s A/ | A BN /U Ak e | £ R
o BEA A1 BAC SRS W I, #1585 a0 SRS B A e T AE R RDURETR 0 MUE =4, 3 1 5 L
YIFI R R B | ) BEE A AR B4, AT 2k ) - BR3P Ok sy, L3 SR i ok
R RR A | B R M BV RE B TS B TG
3.2 WEHTRAA AR 22 R R S H A

TR A AL A A R SRR I T 0, i B A B IR BT AR Y IV WA 2 A 8 B 12 J8 13 Fh KRR
HA 10813 J& 13 Ffr, ERZHCH 1B 18 1 A, 5 BEARAR , 2w ke 0 AL 3R 5 0 o A i ) HoAT (2
G, X SR O B A R R, R, R DT TR R A AR SR G I A R A T
MCINSEAR ) B 2T A1 A B A PRI S 5 1, SO AT ik i st O AR 28 4 REFLAR A AR 1, BF 5845
HoR BB R ARARE B AR SR A R IR O BB AR Z R 2R, R
SO X A1 AL PRIE Y HAT B0 R L | R A PRI A DR 7 T A= b R L3R 5 e A, T AL, e
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WA AL R BT R B VR S5 A A ) T A PR A3 A R AU AR R 2 S R AN, 1 LIS A AR TR T B
Fofr S5 AR AT 30 T LA L2 BRI BHE SRR 0 A LR

WFFE LS o, AN S Ak R B A e T A A7 A B B 25 5 W oA Ak VB e A0 Ak B 8 A T
b AL A AL TR RS R AR S BT AR AL, Rh ISR St A AR PR R SRR A L A5
WD A T R0 B — Ak O S ) FE A L Rk A 1 B L 1 R 1 AR LAY LA P
SIATHOATRAL IESE T AN Y™ B BEIR T R 2E 18 T 42 5 WA 0 B T R O R A T RS 4
AR N R G A B I YRI5 00 5 5 B AR A 2 FE PR ORI L 35 B 48 B A 1 5 A Ak A5 9
T ARG R R ARG S TIAE R S5 3, Bon ASRIRE L NG sh B e AR 1) A SR 27
BT, B ERBUS L 5 A B TR R A I WA A OC R B A B S, B 5 R R R I T %
WO R A A B | R AT 2 B 2 50 B 1 B0 1 T 8 T e A DA A P B ) E B
3.3 EHTRRA AR AE S RS R B

W TR A B A 2N R GUA R I T R = B ARG, W8 B e A AL PR B X R ) 3 A B A 2 | g
Wrke A WAL IR BT P RE B A A S s RN R A R, SO AR T st AR 2R A REFLAR A A
X5 RO A AR S R G R A ER R L, R SR RARL 2 AR RikR e
AEACASE R A A 28 28, W S eI A7 WA PR 1 EL A ik A 38 1 M, R A AT BT B 0 & 4
ARBH el iikseiefdt T m8 2% Hrh S PHEYTERTE BRE A BRI B A B2 Mg 1 oA,
T 50 35 A AL PRI R 40 A7 1) S 5t BH S T %, s Ay AL PRS00 o7 P ) P A () S5 Ay T AL PR 1 3
PEEA B2 5 B, AR A Ak I JHA B 18 52 SRR AN ) B o AN (B 0 BB 1 I A AL IR BE 1A i
7 RN [ A8 0 A A0 BB 0 08 385 O PR S W R, 7 RE IR B4 AR IR BEAE B R U HAw . W& e 55 A 2
ARG RIS LR ZI NS TN SRS ) LI 08 g R DA A= 7= TR A AR T | DA B2 T i Ak
SO FRE AR A i A BB R B 2R AN MR AR, RRE v s N, X T e T A R AR
PR AR B I R R BRI B 4R % R s B 32 T30 R A B AR A R B0, I 0 7 0 5 30 00 A AR, e 1)
B SE TR R B TR AR AR X B YA T BT |, R 5 B B A T I S T e I P &2
FIMRAR A P A 1 (2 SE A 2 o A i R 345, 2R ) & 3K, SR R 95 1 THU R A ST 1

NAT— B AW TR A A A 25 R G0 R AL A AR B 1 in i 35 | 560 4 AL A 05 + 1R L d5 ™
WA W W R A AR A R G R A R AR I AR Ak 1 B A AL AR B e
IRAb G e 1 — AN A R A A AN T A W - A R I B 4 o S A AR IR | WA R A Ak
IS AR R TR R 250 6 A BARTA BRI, K IR, AT — B Ay 3 A Y b e Pk B2 4 it S g
B E M, N T AR A T RE R By L 2 R AE — S by o A I BIURE Hh e R R B A AR
M, A S8 485 SR SR — WA, 5 B A A ISR L T I TE - A B, S8 2 W G N T e e A
WAk, HeAh, o A AL IR R AR 52T 55 ( Pennisetum hydridum) 45346 ( Lonicera Japonica ) 55 Xf 7K NEA 8
TR B — BLAFAEAR I 1L, B0 W A5 DA Ay e B8 A VAL A58 AN ] 8 S S Se Wy b 9 26 K T A I 98 285
S BN O A AL IR S nT DA S BAT R S RAL SRR R, I HLIX I8 Wi 20 A Bk iR A
oL AT
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