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1 #HEEFZE

1.1 HREEHER
MRXUFRMNEBEZEXBRRPRA, &
BRI RN B R K2 107°52'10" ~108°45'40", 4
# 25°09'20" ~25°20"50"; MK B FFEWRE 18. 3
C,=210 CHRIEBHR S5 767.9 C, LB/ N 283 d, 4F
HRETER 1 320.5 mm,RBEEETELI—10 A, BHR
BT RHEEXNERESR . FREXBRLEERE
BERAZHRKEMREKE  RRRAT A . EEH
BEA6SN~85N, T MEBIAKL, IRXKA
FEANMEERE S HPRERTARGE
5~12m, EARBHE—BREOS~15m, BEEXRM
gL, BEE 0.65~0.80, “WEN"FTRERE
3~8m . EAEEE M 5~2 m, EXZH AR
L EABHRERE, BEE 0. 75~0. 85, i “H
AN BEGAFRAR EARE -BH1~2m, B
FRMEEL, BEE 0.45~0.75, “BWENHEK
HELOBREAZESNG . EARRE M 0.5~1.5

m, & & 0.35~0.65,

RN EES 6 M/NAEE Y Kb p
BALFERBANERXE, T ¥R T ER T
BMYSBEREE 0%U L), BREFRT4 M HKX
B aWAIRRWNF2HEME BEWEEGE
50%~70%) B HAR—; [ HKFERE KA AR
BT BRI B S 5 90 % UL B YRR
AHW R M, EERS 40%~60%; AERN
HRERMEANBIBMBER EEFLE LI,
45 10%~20%.

MBI ABSEREITUEL, AER/MERERE
K, R SRR 67.50% ~84. 45% , T - /M E
R R T LAY 11, 84% ~27. 08%, A MW /NAEIE
g 2.93%~6.03%, , R F AW (0. 44%~1. 42)0),
AYL(0.12% ~0. 39%) F A 5 (0. 11% ~0. 30%),
A E/NEE TR S T RA UM
EAA 91.81% ~96. 32% . fb i1t B EE b N EE 43
A MESE, H e, SRR X A AN E
B LRHETITN BB EA LR THRE B L EE
AR,

®1 BHERNEFERRELG(n=3)

Table 1 Area and proportion of each type of microhabitat in the plot (n=3)

A WA AR RN
INEF R
ANEEER/m? WB/Y MEEER /m2 KA /Y% DMESER /m® H /% AERER /m? /%
am 202. 50 67.50 222, 87 74,29 219.18 73.06 253, 35 84. 45
+@E 81.23 27.08 53. 24 17.75 59.77 19. 92 35.53 11.84
ail 12. 65 4.22 17.58 5.86 18.08 6.03 8.78 2.93
A 1.97 0. 66 4.25 1.42 2.15 0.72 1.33 0. 44
A 114 0.38 1.18 0.39 0.35 0.12 0.70 0.23
¥ay- 4 0.51 0.17 0.89 0.30 0. 47 0.16 0.33 0.11
¥ EER 300. 00 100. 00 300. 00 100. 00 300. 00 100. 00 300, 00 100. 00
1.2 BAESRH#E Fifh /MR R, 7B A [ H Y R BR R T 2

Wy 37 45 AR AR AR R AL IR R 50 < JRAE AR RUERD
WA EARR-EEN, ERHEY KT AR
R, BB 315 mX20 m MBBEHFR L+ 6/
INEB AR (SRR A LK E TR,
RERIE 3 MR TE S5E 1 69— Bk TR
REMEEIFRGEHEXHORFETE REBELEMGHE

HBETRRERGBOBENER BEILRE 3 MR
BO~15 cm) LB AL, BTREHMIEEE
B HBESMEZ ST BBATMADY ., RENWESR
BRBFETRFED, RREELRZ, K2R L HET
BFA S, — 84T 2 mm B RET ¢ CWKIES
HF NHf —N.NO; —N, L FE 4 & - 5 rF % 5a
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BRAETE - W3 1 L X AR R AL B P B S PR BB AL R R4 641

BRMNE: B —HBAEZERTAT . HFEL 2 mm
0.25 mm i, A F LB ROWE .
1.3 MEFE

TEmAE R AT - pH AIKBR -
firgk; TEAHEOM) RFHELRBA MM, B
BHB(THARERRWERE - ERRHE, &
AR ACO ARERAELE; 28 (TN HELK
FEARE.MEEAVN)H FeSO, —Zn AR —WEY
B, NHY -N RSB E L EE,NO; -NRARZ
BB EENE; 2B (TP BARR - SEmEE —
T A, EUBAVP) ABRRENRIE—HELL
s, KEWE (SPRKRR - HELAE, Z8H
(SAVK) #1422 48 — KO Ja % B iH i, 3 A4
(AVK) BB IR 4R — KB BT it s St 45/ 8
(ExCa/ExMg)Hl EDTA & & e T BE M.
5 81 .8 (AvFe . Mn,Cu,Zn) fi DTPA B — & F
o R B 1A AR (AvS) B B EE — A Ak
FEIRB — BB Lk ; IR BUR A R % 5 e E I
B, RS T KB VS (URE) A&
B b R 1 W 50t B AL S EETE E (CAT) A KMnO, %
EEME ; BB MM ISt (ALP) AR E I
S B B EIE M (PRO) B =B L @ W 0
MR IE M (SUCO R 3,5— R KM L@k,
+HIPR IR (SRR) R ATRAHEN CO. %M,
1.4 HiEsE

K F SPSS 22 M &Rt T EA ST BH
EHENH .Duncan ERBEHRE.HF 4 H
(FA) R E 243 #1 (CA); A Canoco 4. 5 # 17 W X
R 48T (CCA) s H Origin Pro2015 Z{EH,
1.5 THRABREATEMHN

% CCA HEF 5o € W18 47 , I 7E SPSS 22
211 z-score ¥ HEAL )G, HFT KMO # 3 #1 Bartlett
BRAERR; BEE FABIMAREER HFIEAR
RRE NTFREESEMAETFESREER, HAR
(D BEEEHLRMT +HFEFNHHED,

SFQAV = D a2, )

AP, SFQAV H LIS R BTN ME ;0 W EEF
M ETBRE 2, AR FBRS 2 =2Dwx,vw; A i
ANEREE MTRAFLAMNEFEIRE 2, HF A
BEES ] NEFRMIRELE,

2 HEREHSH

2.1 HEHBUTEPLIRERHTH

PR ANEE L BRI EERRA(R 2, &
FAK-EENBSRP, DEERBR ARE A
M OKEHRE BN HAEMEREETRER
HE, HREESE AR SR TE ALK,
IR 2R AREAHHRAE. SEEKRML, K
AR EAKNEEATE TR POEIE.BBHE
BROEHEIR. 22 BER EXH . E5AETE
AEBL, BXTEBEERKF. B, TEERE .M
MR E A A LR RRE AR R ER
TH:EALEIEAEH . EEMEES A —-ER
FERE I KRS RO LI T B M, ™
W& 2 U BA 5B [ I, 1 398 5 b 1) Ak B Ak T 1] HE
FHhELmEEL ERE L TMRRE, TR, &
IR R A AGR LR . L3R RAEYEERS
REHE TR,

2.2 THERTEHRERAZR

M REE R EF N ERE LIETE TN
X, T NG SHE CCAaER,. AR
FH B IEBUEN 48 5 R R IES . A SRR A
CCA HEF #ATHRER . SR 0E 1, ZHEERLRY
mi &4 1 3 #5 4% &, pH. SUC, Clay, AvFe, NH/-N,
AvMn. AvP. SRR, AvCu, AvZn. Sand. PRO, URE,
ALPE UM ERZFEWMER R, HKE ExCa,
ExMg.CAT.AvK,AvS.NO; -N, SP, THA. AOC,
OM.TN,AvN % 12 4~#8#5, i SAvK,TP.Silt X 3
MeERZE RN, HP,AWN.OM. TN =H 2 A
MET kAR, UH=ZFEEIEMHX, AATHE & L
BRRETERENRESZREL FEATH,
Sand £ME T PRO.SP,THA,NO; -N § K #4757
{58, T AvP 7 LL#1E SRR.AvCu B K E 472 B 15
B, A, Sand #1 Clay KEE 180°k A, &
TlhEHT2MR, 7 &K —. H,SAVK,. TP,
Silt X 3 M ERET LA, WA SRR Z EX LD
B ERB/N NG EAE FREE AKX, R
A LATER TR B F 0 2B LA 4845,

L RIERERRE. SRS RN, 7%k &
pH, ExCa, SUC, Clay, ExMg, AvFe, CAT, NH{ -N,
AvMn,AvK ,AvP,AvS,AOC,AvN,URE fI ALP 16 4
Tohm . X 4 PSRRI + R B TS TR
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Table 2 Soil physical and chemical properties and soil enzyme activity in different communities
T iE Al
HEir
B WA HEAK B A WA A BE N
OM/g/kg 113.304+23.99 a 79.3345.86 b 67.794+5.93 b 62.17+14.79 b 124,1345.91 a 111.15+1.94 a 93.31+12.10b 88.28+10.31 b
THA/g/kg 31.6945.07 a 23.601£0.48 b 22.31%2.13b 18.86+£3.89 b 46.531%22.47 a 28.621+0.67 a 27.77%2.83 a 24.82%£2.04 a
AQOC/g/keg 18.39f2.26 a 11.75%£0.36 b 9.4941.44 be 8.09+£1.02 ¢ 21.36k£1.42 a 16.02£1.78 b 14.61+1.68 b 13.79%£1.28 b
TN/g/kg 5.771+0.42 a 3.88+0.13 b 3.86+0.58 b 3.61X0,75 b 7.05+0.87 a 5.15+0.57 b 5.0710.76 b 4.95+0.51b
TP/g/kg 0.691+0.11 a 0.45+0.17 a 0.55%0.18 a 0,58+0.14 a 0.76+0,04 a 0.6810.29 a 0.631%0.15a 0.621+0.05 a
SAvK/mg/kg 209.33+61.49 a 153.331£34.95a 182.67%30.02 a 206.67+41.63 a 253.331+50.33 a 166.67£23.09 b  203,33+40.41 ab 198.67+37.17 ab
AvN/mg/kg 456.70+32.24 a 344,59+38.64 b 325.66+£31.65 b 291.204£59.16 b 521.25+34,33a 446.84114.15ab  402.834+79.08 b 392.131+36.14 b
AvP/mg/kg 8.37+1.36 a 3.41£1.29b 2.811+0.41 b 2.33%0.44 b 11.53%+1.93 a 5.57+£1.30 b 3.6810.49 be 1.794£0.71 ¢
AvK/mg/kg 86,67+28.87 a 51.67£7.64b 56.671+£10.41 ab 43.33%5.77 b 105.00%£30.41 a 70.83+11. 27 ab 63.33%£15,28 b 53.33%5.77 b
NH: - N/mg/Kg 27.21+0.8% a 22.1741.01 b 22.67+2.75b 18.254+2.60 ¢ 17.42+1,61 a 13.75+£2.41 b 11.75+1.52 b 7.46+£1.37 ¢
N(); ~ N/mg/Kg 133.23%x72.31 a 66.57412.76 ab 46.711+22,60 b 52.07%x10.96 b 146.80%+47.63 a 113,80%23.59 ab 61.16+26,.63 b 77.60%£27.05b
SP/mg/kg 0.814+0.41 a 0.241+0.15a 0.17£0.10 a 0.38%£0.49 a 1.82%0.55 a 0.461+0.33 b 0.4440.15b 0.26+0.09 b
ExCa/g/kg 3.144+0.46 a 2.87%+0.23 a 2.954+0.76 a 2.97%£0.70 a 3.093%0.21 a 3,36+0.42 a 3.8210.48 a 3.7910.83 a
Ex Mg/g/kg 0,90%0.14 a 0.80+0.30 a 1.43+0.88 a 1.16+0.98 a 1.16+0.12 a 1.0440.40 a 1.1240.58 a 1.42--0.88 a
AvFe/mg/kg 55.17%5.48 ¢ 66.17+4, 01 be 91,33+18.76 ab 110.33+27. 41 a 52.50+18. 82 ab 43.50+13.44 b 70.13+22.18 ab 81.50%£19.94 a
AvMn/mg/kg 196.174+4.73 a 179.00%£11.30 a 172.50%13.08 a 128.334+34.89 b 220.331%25.81 a 181,831+18.25 ab  157.00£30.01 b  149,67+15.04 b
AvCu/mg/kg 13.50+3.50 b 7.67%1,61b 5,001 1. 00 be 3.00£0.50 ¢ 15.47£2.00 a 6.33+1.44 b 7.17+0.29 b 6.17£2.52 b
AvZn/mg/kg 16.331£6.43 a 15.33+6.01 a 12.83+2.84 a 3.00+1.32b 22.67+11,12 a 14.67+3.75 b 13.531+3.27 ab 7.33X0.76 b
AvS/mg/kg 36.501+9.85a 19.004+5.77 b 20.00%+2.29 b 17.17+3.33 b 45.17%7.75 a 25.33+3.40b 24.631+4.05b 22,00%£3.97 b
URE (NH-N mg/kg » 37°C » 3h) 560.67+213.84 a 185.33:£29.67 b 170.67£36.95 b 138.67448.34 b 935, 671+45.76 a 720,67%£110.75 b 352, 673+56,04 ¢ 272,004+32,.92 ¢
CAT (0. Imol/L. KMnQOy mL/g * h) 1.35%+0.20 a 1.25:40.16 a 1.4240.21 a 1.5340.06 a 1.2040,14 a 1.3240.21 a 1.27%0.26 a 1.26+0.14 a
ALP (ArOH g/kg = 37°C - 24h) 1.514+0.05 a 1.46+0.18 a 0.83+0.36b 0.77+0.37 b 1.79+0.23 a 1.8140.07 a 1.49%£0.22 ab 1.294£0.20 b
PRO (NH mg/kg * 50°C « 2h) 102.86+11.57 a 58.044+4.82b 50.127.16 be 34.27%+14.21 ¢ 115.65%5.60 a 73.681+18.19 b 77.21%+9.96 b 57.83£5.60 b
SUC (CsH 306 g/kg « 37°C « 24h) 7.00£0.72 ¢ 13.47%+2,20 b 16. 4042, 80 ab 18.67+0.64 a 8.93+1.94 b 15,2714, 50 ab 13.9013. 48 ab 15.934£3.23 a
SRR (COz;mg/kg * 28°C « 24h) 822.82%55.02 a 486.461+30.53 b 440.50+95.87 b 468.594+52.20 b 844.82+115.70 a 710.86+148.71 ab 510.17£55.44 bec 402.364+106. 74 ¢
0. 002mm Clay/% 13.37+£3.07b 16.674+0.58 b 26.331x4.73 a 29.001+3.46 a 7.00£2.00 . 14,37Xx1.52 ¢ 21.67%+2.08 b 28.00+1.00 a
0. 002~0. 02mm Silt/ % 40.30%x3.24 a 37.00%£5.57 a 38,00%£1.00 a 40.87%0.23 a 35.67%3.21a 38,30+£3.46 a 37.33%+2.08a 35.17£2.02 a
0.02~2mm Sand/ % 46,33+0.58 a 46.33+5.13 a 35.671+4.62 b 30.13+3.35b 57.33%£5.13 a 47.33£4.16 b 41,004 3. 00 be 36,83+1.04 ¢

ERABEABERFYELIRES (0=3), BTN EFBRRE —/D A8 R 2% 5 % % 2 % (Duncan, P<0. 05),

¢¥9

45 9102
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Table 4 The component matrix and the component score coefficient matrix

AT 8BaEE EHRBSRBUER
THETF
RBT¥1 BF2 B¥s3 HF 4 H¥1 HF2 BH¥s3 ¥ 4
pH 0. 856 * 0.353 —0.052 —0.272 —0.020 0. 247 0.136 —0.174
AOC 0.935 * 0.119 0.148 0. 089 0.133 —0.052 0.101 0.039
AvN 0. 897 % 0.198 0.235 0.061 0.130 —0.071 0.165 0.001
AvP 0.913 * —0.279 0.030 0. 105 0. 146 —0.073 —=0.101 0.034
AvK 0.786 * —0.103 0. 256 0.273 0, 201 —0.235 0.044 0.134
NH{-N 0. 066 —0.941 * —0. 009 0.086 0.102 —0. 200 —0.383 —0.053
ExCa 0. 088 0. 641 % 0.648 % 0.101 0.092 —0.248 0.486 —0.021
Ex Mg —0.094 0.412 —0.432 0.774 0. 084 —0.061 —0.018 0. 840
AvFe —0.788 —0. 206 0.291 0,143 0.022 —0.279 0.014 0. 013
AvMn 0.784 % —0.193 —0. 257 0.233 0.112 0.021 —0.174 0. 241
AvS 0. 869 * —0.083 0.084 0.192 0.158 —0.106 —0.007 0.118
URE 0.930 % 0.071 0.037 —0. 005 0. 093 0.035 0.046 —0.013
CAT —0.397 —0.248 0,692 % 0.184 0.143 —0.488 0.140 —0.081
ALP 0. 856 * 0.219 —0.104 —0. 263 —0.016 0. 244 0.063 —0.168
SucC —0.819 0.427 —0.138 0. 020 —0.135 0.102 0.117 0.123
Clay —0.900 * 0.170 0.063 0. 083 —0.072 —0.076 0.084 0.082

.+ BFREEXE > 0.60.

RIE 16 METHRIRBERGR OMERTE

HTEREESELESH 0.35~1. 05 RE FEH

PRUEIL S B (z-score FRMEAL) . TT BB H SRR A
G AEFHIES, FRXRN AR T E
TERRBTIMBCR A, B SHEEHE TN T EMANE
TEFEEAENSEGEK S EPILUER, L@
TEERBEAEMEN—1.27~1.05, M A WL
ZATAMEIN N —0. 63~1. 35, 4 T I 4 H ok A 25
EHEERBEAWLER., BHHFRAEMKBLE, £

—1.27~—0.06,M-A WL REEESTENENH 1. 06
~1.35 B8 T —0.63~0. 49, BB F B
AW EZHBR TN, B, RIE
XEMNER L RERTNE. EER1IPLIEMA
WHEA/DM:EM IR E RS TMBGTE , 715 3 8F
RENESHEP AR SHNESIEME.

x5 EHUXINEFESRESITEME
Table 5 Factor scores of soil quality assessment in different communities

TEAEFES THSE LHRET/S algs  BEE

s e B¥1 HW¥z @F¥3 BEF4+ W¥HME EF1 EF2 BEF3 BF«4 WHME  ¥HE
1 B 1.93 —1.33 —0.26 —0.01 1.05 .90 —0.32 0.04  0.41 1.25 1.08
2 JF A 0.92 —1.02 —0.79 —0.32 0.35 1.91 0.32 0.13 0.2 1.35 0.48
3 JR A K 0.70  0.72 —1.37 —0.61  0.39 .38  1.28 —0.66 0.13 1.06 0.48
4 WM —0.8 1.04 —1.05 —0.15 —0.53 0.28 .76 0.09  0.31 0.49 —0. 28
5 WHEH —-0.39 0.04 —0.89 —0.69 —0.40 0.30 0.17 0.8 —1.24 0.23 —0.24
6 WA —0.45 0.65 —0.80 —1.10 —0.36 0.10 0.75 0.8 —0.31  0.25 —0.21
7 A 0.11 —1.75 0,10 1,83 —0.06 —0.48 1.10 0.49 0.75  —0.04  —0.05
8 A —0.78 —0.72 —1.14 1.45 —0.64 0.28 —1.19 1.75 —1.26  0.09 —0.47
9 A —0.93 —0.12 —1.41 —0.93 —0.85 —0.61 115 0.93 —0.16 —0.14 —0.69
10 HEEM —0.90 —0.43 —0.70 1.92 —0.60 —0.87 0.92 0.75 1.37 —0.26 —0.53
11 BWEM —0.8 —1.35 0.77 —1.29 —0.82 —0.33 —0.07 2,29 1.24 0.10 —0. 64
12 N —1.38 —1.51 —0.87 —0.37 —1.27 —0.93 —0.10 0.93 —1.22 —0.63 —1.15
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Table 6 The ranges of the main soils indexes in different degradation stage
i I BrBt(n=6) I B (n=6) M BB (n=12)
(RA~BER)FHE (BPA~BX)F#HE (BRDA~BROFHE

pH (6.63~7.29)7.03 aA (6,16~7.24)6, 84 abA (5.91~7.54)6.53 bA
AOC/g/kg (17.09~22.78)19. 88 aA (11,04~17.80>13.17 bB (7.41~16.38)11.49 bB
AvN/mg/kg {433, 85~559, 10)488. 97 aA (307, 22~458. 18379, 41 bB (224, 22~451, 36)357. 44 bB
AvP/mg/kg (7.06~13.66)9.95 aA (2.01~6.98)4,21 bB (0.71~3.98)2.41 ¢cB
AvK/mg/kg (70. 00~140. 00)95. 83 aA (45, 00~82. 50359, 69 bB (40. 00~80. 00)54. 00 bB

NH#-N/mg/Kg (16.25~28,00)22.31 aA

ExCa/g/ke (2.66~3.57)3.11 aA
Ex Mg/g/ke (0.82~1.24)1.03 aA
AvFe/mg/kg (39.00~74.00)53. 83 bB
AvMn/mg/kg (192. 50~250, 00)208. 25 aA
AvS/mg/kg (28, 50~54., 00)40. 83 aA

URE (NH;-N mg/kg « 37°C * 3h)  (315.00~984.00)748. 17 aA

CAT (0. 1mol/L KMnO, mL/g * h) (1.05~1.55)1. 27 aA
ALP (ArOH g/kg » 37°C » 24h) (1.46~2.02)1.65 aA
SUC (CeH1206 g/kg + 37°C » 24h) (6. 40~10.60)7.97 bB

<C0. 002 mm Clay/ % (5.00~16. 00)11. 35 cC

(11.00~23. 25)17. 28 abA
(2.64~3.83)3.27 aA
(0.54~2.16)1.17 aA

(28.00~80.50)58.75 bB

(163.50~200.00)182. 19 bA
(13.50~28.00)22,63 bB
(163.00~842.00)399. 78 bB
(1.07~1.63)1.32 aA
(0. 77~1.87)1.51 aAB
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The evaluation of soil quality evolution in the process of vegetation
degradation in karst mountain area

CHEN Zuyong', LIU Fang', WANG Shijie’, LIU Yuansheng®, BU Tongda®, ZHU Jian!

(1. College of Resource and Environmental Engineering of Guizhou University ,Guiyang ,Guizhou 550025, China
2. State Key Laboratory of Environmental Geochemistry , Institute of Geochemistry, Chinese Academy of
Sciences, Guiyang ,Guizhou 550002, China; 3. Collage of Agriculture, Guizhou University , Guiyang, Guizhou 550025, China)

Abstract To evaluate karst mountain soil quality due to the degradation of vegetation, this paper selected
two representative microhabitat soils, i. e. the surface and rocky gully soils, as evaluation units for the con-
struction of karst mountain soil quality evaluation system. 16 indexes were selected from 29 indexes using
the canonical correspondence analysis, and the soil quality was discussed by using the comprehensive evalua-
tion method of factor analysis. The results showed that, in the process of vegetation degradation in karst for-
est, using weighting calculation with the areas of the said two microhabitats to obtain the soil quality synthe-
sis score can more accurately reflect the changes of soil quality due to the vegetation degradation at various
phases; and these changes can be specifically divided into 3 phases. During these phases, the concentrations
of soil active organic carbon, available N, available P, available K, available Mn, available S and urease all
significantly decreased, while the available Fe, sucrase and clay contents significantly increased. In Phase I
with vegetation represented by original-secondary forest, no significant difference was found in soil indicators
between the sample plots. In Phase Il (as represented by shrub wood). the contents of soil active organic
carbon, available N, available P, available K, available S and urease and the content of available Mn respec-
tively decreased by 33.73%, 22.41%, 57.66%, 37.72%, 44.59%, 46.57% and 12.52% in average, com-
pared to those of Phase I; and the sucrase activity and soil clay content respectively increased by 81. 38% and
47.69% in average. In Phase III (as scrub-grassland soil), the concentrations of soil available P, urease and
alkaline phosphatase and available Mn decreased by 42.82%, 44.42%, 28.45% and 20.55%, respectively,
compared to Phase II; the content of soil available Fe and clay content respectively increased by 56.40% and
57.49% in average. In this phase, the contents of soil available P and available K become very scarce, which
leads to significant decrease of the soil quality.

Key words karst mountain area, vegetation degradation, microhabitat, soil quality deterioration, canonical

correspondence analysis, factor analysis, evaluation

(&8 X430



