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HRMREEREEHFARRP X, B E
FIR % 107°37' ~108°18", 4t 4 25°07" ~25°39' {if
FHRMEEERAE, vRMNEESERER T
BT, HOAR AN B R0 A 0 DA it RIS A TR
LR 758 m, FEFHKIE 18.3C,=10CH
RS 768°C, BEFHMEAKER 1320 mm, EFHEH
SHF4~10 A, B8P ERFEXEHEIE, 7N
R AR AKX 2 B ATt R b R 4 B i X R A
TRE— R A E T AR X R B RA
EBRY, AR E B 20 000 hm® , BA B %
sk AR, AEXRIHFEEREENFE
BHETHBEZREBARE, TERNMA . PER
4 ( Distylium chinensrs) . 7 B #; ( Cvclobalanvpsis
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(Uimus castaneifolra) . # i& K ( Prstacia chrnensrs) .
% i+ K ( Handeliadendron bodrnieri ) . ¥ 3 #& ¥
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il RBEATHES R E , EB N BASFIX A HE.
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R ES, A MR A NH,OAc B - EDTA
WER ARHMERARETFRES A EERE, L
A RACR BRI (FIRE) €, -8Bk
HRRAR S LETERE",
1.4 HiEeE

STE B R ) DPS 34 31T 5030 o



6 ¥ X1

FE BHRRRESREN/NER R 05 R

1057

2 HR5iHe

2.1 BEBHFERESREPMNERXEEH TSR
BRHTH
BEHERAEESALERE, FTAREZH

SUHFHALE EARBEERE B

T O 57 58 B MK B /D AR B A T R 3 Sy R RS o

P, 52 AHE R R TR E SRR A

WEARKKEEIYE, K FEARAEE R, A

RIMEBAESBAN RERE, KSR ER T

FRAREITHABKNES, EMNNHED .

AR CREFRHAEEWAR, 8 R YRk

Sy B HARR R AR R BN SR . R/ADESE SR

MESHBS = HEROZE, MMEKRL

FUHMBREIBRHAEZR, BN L RAEZS H L

M B B AR, AIRBARE TR, EK
LCERMASENEY  HYRRD A&, U
AORER I E HBERES, BHELEREMRK,
BEEAHE, A THR EX, BEEE, LER
W, B BTREKBRZELRLEHHE
Y EYRERES BEDES, LA RAER
MBHEA S E, RBEERBER, FHABNEHE,
THBETHR. RS, EEHRE LEREE, A
Wl B, EKREZEHEBAREY, UED
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Table 1 Variation of soil landscape with the micro-habitat in the karst forest ecosystem
NS Bk wB HEM Ex: U3 +ik + 4k
Habitat Rock body Vegetation Litter fall Soil distribution Soil body Seil water
wma 0 - AOREX +HERHE e 7 B 7 K
FH 100em mgm TFH10-30 O AHER REARNE RTABUAEALNE, BRIRR LK TR U
5 Bl gy COAHAK DA% 8 EHEEEE W EREE—EN10-30 cn BER KKK D
tt‘&;%"‘l;); HEAME EE1-2cm REEFHRE  20% ~40%,+4N A-CRE -
15% ~10% 45 im MR Fi
HEREHX, ML MK
HERE 100~ BB 20~50 WA EF—~ +WEEENW REIBULSARANEEANE. & REEWE:
AikE 300 em, MEKE om, FARER BN 3 ~5 RABAELE RIRBYNERY, LEEE—-KN BK, UK S
Crevice F1-~3m’, 58 Rk, B om L9EY HEBRMK 50~150 cm, BHER 10% ~30%,+4k FTBEHH
5% ~15% A, HE2~ BZE e 1 A-B-C .A-C-R & ¥, B E B
S5m ) 2
FAR WA . BT B W A
- ;"fj‘;’if;@ BRES N & EE K ;*’g@‘fﬁg REABUREANE, BENRE REEWEE
o " , W2-8m A hS-8om, U RN 2050 om BRE R EK, MK S
ully f;;'"ﬂ;fmj BARBR EammE o7 EEPR sn 100 iy ACARACRE M8 E 3 %
B B E 231
N EMER R ﬁggﬁ;g
Fm 100 om mpE ERESH ZEE—K FARSAE ALIBURECKET BEYER LT
b S5 sw g MO-ISm, HS-Bom, MEEARM o, £ R —830 ~60 om BT R 0 T
' oo S HEK Y EARYE WEAKFRE 1% ~5% 2K A-A-R AR H :
.8 5% ~10% - e FRE, WS
KAHtaR
, M. 2 Wk
o EEELEE g;iﬁ:‘ R g;ﬁfﬁi; RESBULERAABRANE B RAERYEE
oy HREEE JETTT m3o6em, 0Ny PNARS TREE-MN0 - Ek LK
ﬂa:‘hmd 0-30m BEe oY Tk T 80 cm, BRG & 10% ~30% ,+ N Ay FTBREH ¥
#120% ~30% ﬁ%‘ L&A e A-C.A-C-R® *,WEEHE,
BEZTR
DX S
& ;ﬁfixﬁ gﬁg;i B B Bk, LEME USHRK EEWARENEIERNE BEASES
Rooky  Jio s 2 s omw oy WAL om BWRAAGE BEHEL, L EEE S ~10 cm, B Bk, BEHTF
flatland W 10% ~30% S ~20 om EE ELHERmB N AEREBEAL, THENARR %R EE
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BRHEL

BT AERREP/NERNY S 1%
WHEHERELETHBMEL ANE2FH, AR/NE
BT WK (2 ~0.02 mm), # 4 (0.02 ~
0. 002 mm) FIFEHL( <0. 002 mm) & 5 #9728 4k 7 Bl 7o
ik 23.4% ~ 64.8% .24.7% ~ 61.3% .9.4% -~
35.3% ;AT EDHSR\ST TAER A% . AH
MEEM L%, AL EFR SR ENRTLE . A
WHAZTE ARTEFRTEHBRTLIEMA
gL, AR/PMESZETHED >5 0m 5 ~2 mm 2 ~
lmm fl <1 mm AREHEVTABERZHE
9.3% ~70.6% .14.6% ~ 39.6% .5.6% ~ 15.3% 1

9.1% ~52.4% ; AR TE >S5 mm AREBREEES
FaU A% AWHLEH TR, <1 mm B REHK
BRUWABETAS A% ABEMNLEN LR, AR
THEARGHEE S AR L EESFHER, AW L5 <1
mm KHARKHEN L TLHMALNLE, R
RAAMAASETFTLREEFEMTLERN 091 ~
1.42 g om ™, £ 58 B 7L B FGE SCFL B IO AR 4k
VR 428 HR37.7% ~53.4% ,4.6% ~25.3% ; &/
A EFERERT AN A% ABRMIEHL
BLEEBSALEENAENT AR A% . A8
MEmi g, MARLENS AR EHER A
W oAEMTETEZEMAEEMBEIILERER
HABERER,
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Table 2 Variation of the soil physical properties with the micro-habitat in the karst forest ecosystem

B 424> fi Size distribution

I B : : FLBAE Porosity (% ) FE
Habitat + $i Mineral particle ( % ) 3 & Aggregates (% ) Bulk density
2~0.02mm 0.02~0.002mm <0.002mm >Smm S~2mm 2~lmm <lmm EHEALE® @sLRO (gom™?)
HR® 51.6+10.2a 34.9+7.6a 13.5+4.2a 58.7%9.7a 19.8+5.2a 84x1.9a 13.1x13.7a 44.0+2.2ab 7.5+2.7a 1.30x0.08a
L@ 319135 40.3+5.3a  27.922.1b 26.8+4.1bd 32.9+5.1b 10.6+1.9bc 29.6 +1.5b 46.0+3.5ab 12.3+3.4b 1.17 £0.13b
Fi® 294139 48.5+2.4b  22.0%1.9c 21.7+4.5b 30.1+4.5bc 10.4£1.6bc 37.8 +8.0c 45.4+4.2ab 14.0x3.1b 1.10+0.09b
EH® 31.2+2.4b 540+4.3b 14.8+3.5a 13.1+3.1c 26.0+2.6ac 12.4+2.8c 48.5:2.9d 47.9x4.6a 21.1+3.1c 0.97 £0.07c
+H® 34.352b 38.4+2.0a 27.3+58b 29.4+3.4d 30.2+6.1bc 9.8+1.7bc 30.6+2.3b 41.8+4.2b 14.915.8b 1.18 £0.06b

DRAPTFHFYE + R, FRHAIZBERH(SSRER, A5 hFHRRMLEZ FXT p 7 0.05 4 8 F#/KFE Mean £ SD, and
different letters in the same column mean significance in difference at p <0. 05 level based on multiple comparisons by SSR. (DStone cavern ;@) Crevice;
@Rocky gully; @Stone pit; ®Earthy flatland ; @ Capillary porosity ; D Aeration porosity
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Table 3 Variation of soil chemical properties with the micro-habitat in the karst forest ecosystem

INAE IS pH S0C HA TN TP N P K Ca Mg Cu Zn
Habitat (H,0) (gkg™) (mg kg™ ')
oy 7.61 56.4 ¢ 27.3 % 3.73 ¢ 0.98 + 228 + 0.8+ 76 + 458 £ 348 + 0.63 + 22.8 ¢
0.19a 21.5a 6.6a 1.17a 0.12a 106a 0.2a 25a 77a 109ac 0.25a 8.6a
F® 7.30x  69.0x 40.1=z 6.28 + 1.30 + 466 + 3.5+ 118 = 578 + 208 + 1.49 + 23.7 +
0. 24ab 25.3a 8.6b 2.03h 0. 13b 70b 2.2ab 2la 123ab 81b 0.61ab 6.0a
Ew® 7.13+ 136.7+ 75.0x 11.27x 1.26=% 700 + 5.4 165 + 747 + 288 + 2.05 ¢ 31.6
0.29bc 22.7b 6.2¢ 1. 56¢ 0.07b 112¢d 3.1b 58b 76be 102ab 0. 83b 9.3a
F5® 6.91+ 183.3:+ 102.0x 15.8% 1.45 = 733 ¢ 12.6 233 & 825.6+ 435% 2.99 & 55.2 ¢
0.37¢ 26. 1¢ 16. 4d 1.45d 0.18b 1724 4.5¢ 19¢ 226¢ 122¢ 0.92¢ 25.4b
- 7.41+ 100.6x 49.2+ 7.96= 1.27 = 564 + 5.6 180 = 757 + 177 = 1.33 + 27.1+

0.27ab 9.7d 5.1b 0.92b 0. 16b 92be 3.0b 36b 94bc 33b 0. 49ab 4.4a

1)S0C: A YLBE Soil organic carbon; HA: fERM Humic acid; TN; £ & Total N; TP: 28 Total P; BHIF R FIMH + d5ME s , T8 P
ZEEE(SSRYGHR , Bl —FIhFBRREMNAIRZ B XE p R0.05 H 8 FM/KF . Mean = SD, and different letters in the same column mean signif-
icance at p <0. 05 level based on multiple comparisons by SSR. (DStone cavern;@Crevice ; @Rocky gully; @Stone pit; ®Earthy flatland

HIR 3 WH, R RRAES RE P ARR N E
BT L8 pH WM E K 6.29 ~7.81, AT L 1%
PHHIR/ T H% L. AR+ E, AR pH

BESTAR AWK LE, LEAIRMEH
BMEEMTHERESHED 29.4 ~ 229.3 g kg™
fM18.1~127.8 gkg™' , T ELAERBHTIIER
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KF)2.48 ~17.9 g kg ', il C/N LA ILTEE N
9.97~17.53, 1 A BHEENTHEEN 0.84 ~
1.52 gkg s ARIMNEBEH+EARE SN ERE
BB B 8 A 1L, 3 B A R AL Y BT 109 ~
868 mg kg, A A BE A X H A AR kY B 4 Bl A
0.6 ~18.0 mg kg '#1 50 ~ 264 mg kg™', H 45 .
BRI FE N 365 ~ 1 104 mg kg ™' 1 134 ~
556 mg kg ™', A AR A BB A AL TEBITE 0. 25 ~
4.25 mgkg 'A112.2~99.3 mg kg ;A LA
VLB B 2R AR ANE A AR
BHESEVBESTAM. A& AWM LEN L
B.AWTEBER. 28 .28 ARANSER
ERTER A . AWM LEN LT, ABEHN
BUBHER . 2ANSEHES TIEMGEN L
oA TEANBR ABRANSERERT L
. AT,

GLR ARNMNERT HEERNLEREE
KRR HEAREK ANBKMAERFSTEE L
ML, XA S /N B G LER HEDRE
KA RAL Y B 52 o 28 Bl £ 22 S YA 6,
TR NERM R - T EEERZ W T EYE
WA, AR SR LB AN E KBRS,
BHEMEES, L E pH AR MBRE, BT ER
L ENRSERE HBARGKBENZRARTESS
BEREE THMNMNMENTE, ARERLEIEU
BERAR F, WERES, L5 pH B B,
PHEER, AVKNEARSE HMARKEE
MAERASEVABMTHMDEENLIE, AW,
G4 THEHMR T SEUEA RN EELY E,
BB LR ER, AWUYRERY E, KEBE
s, AV SEMMARGHRERES T LE.
GHMTE MAZUYEIEREN £, KBERX,
FIBAMARASTENENRTLE . AWHLIE,
A—FE, B NMNMEN SR TEYW LSS
MESE, EXBAREBEE(SE >5 mm [57~2 mm,
2~1 mmfl <1 mm FAREEBHHXERS R
-0.799.0.124.0.511.0.875,n = 25) . 4 3% i H
(S580h R B S B RE 5 R -0.599,
0.859.-0.187) M+ HWIALBE(SHERAR . EF
FLEREE B AH R R $ 43 5128 0.750,0. 310 ) 7 A 5
W) , ] B 522w ) - 3 ) MR R (A R R 0. 650)
MABHFESBRB(SARESHA B .8 .65 8.
BOEEREMMEEXERS SR 0.764.0.782.0.773
0.533.0.279.0. 804 0. 778 ) , M T 15 AR W8 H7 4% /M AE

B R AL
2.3 BRI RAOTREBE TR R
WEXTERE, T EATAERDIUARE,
ERT WAV RWEARE, EEH 7 b2 E AR
FEN, LES AR FBERE /DA RS EE
SHEm, KV ER L ERREENR G
PR2 P10 LEYBERESHANEKI P12 L5
B BAE RN bR, R A DPS SR 4 0 B3 # 47
oS, TEES AR (KRER) , RERE
RGBS HENAR/NERK TR (n =25) HATRE
GrAT, S5 R (T 1) 22 B W T A SO B ) + S R R W]
A4 EN~5 5N K HH AW EFEER;
6~105M22 5 +MAy—K, K225 HLELH
Ah, P A 4E B A ;1116121315 21,24 .25,
23 B3R —-KBR 16 S AN  Jh AW L
BEAD L T AR ;14,1817 .19 .20 S £ N — 3K,
Bk 14 S a0 L Res0 , AU AR) 7 E R
Frok LA (22,16 14 5 1 8F) T X 4 /MRS LK
R BB E EHATHRIT S AR K
IR FE TR BER LR (K 4) .
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Fig. 1 Cluster analysis of soil types in karst microrelieves
1~5:A 111 ~5 %5 Stone cavern soil NO. 1 ~5; 6 ~10. 7 4%
4526 ~10 B Swallet soil NO.6 ~10; 11 ~15; f{ ¥+ 11 ~15
£ Rocky ditch soil NO. 11 ~15 ; 16 ~20; A+ 16 ~20 &
Stone pit soil NO. 16 ~20; 21 ~25. 4+ 8 21 ~25 B Mill dust
soil NO. 21 ~25
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Table 4 Soil types and range of soil property indexes of the soils in karst micro-relieves

AE® maqn DERAC RS

2 wxw® o oM N N P K Ca 1 0.002
P - ~ ~ <1 mm <O0. mm
Category (gkg™") (mgkg™') (g em?) B (%)
(%) (%)
7.35~ 50.6~ 11.8~ 109~ 0.6~ S0~ 365~ 0.25~ 122~ 1.20~ 4.6~ 9.1~ 9.4~
FRBO 5 7.81  136.9 17.5 374 1.0 115 520 0.9 3.3 1.42 1.7 19.2  18.5
(1.61) (94.1) (14.4) (228) (0.8) (76) (458) (0.6) (22.8) (1.30) (7.5) (13.1) (13.5)
7.05~ 73.3~ 10.8~ 392~ 0.6~ 90~ 493~ 0.9~ 150~ 0.96~ 9.3~ 27.7~ 25.4-
nun® s 7.61 186.3 11.6 579 6.0 148 756 2.3 30.4 1.290 181 313  30.2
(7.30) (118.9) (10.9) (466) (3.5) (118) (578) (L.5) (22.8) (1.17) (12.3) (29.6) (21.9)
CEE 6.67~ 154.3~ 11.4~ 477~ 1~ 80~ 703~ 1.0~ 183~ 0.99~ 9.8~ 27.5~ 19.4-~
me 7.60 296.4 141 778 1.0 232 85 2.7  39.7 1.20 20.4 47.8  35.3
(7.26) (211.5) (12.6) (635) (4.9) (170) (782) (1.6) (29.6) (1.12) (15.9) (33.6) (25.2)
, 6.89~ 286.2~ 10.6~ 432~ 6~ 215~ 608~ 1.7~ 36.0~ 0.91~ 18.7~ 46.1~ 10.6~
Enm® 4 7.21 3954 12.8 868 18 264 1104 4.2 993 106 253 524  18.6
(7.07) (319.3) (11.6) (720) (13) (237) (758) (3.0) (56.6) (0.98) (21.5) (48.8) (15.3)

1158 N EFE R T E Values in parentheses are average. DCavern soil; @Crevice soil; @ Gully-earthy flatland soil ; @Pit soil ; ®Sample num-

ber; ®Bulk density ; @ Aeration porosity ; @ Aggregate ; @Clay content

REFRBHHEG T IEBRBRRQIFER, &
LB RABEMBBAARES, VL ERHRE
PO B AT A KDL 4 26

(1) AWAE, LIEARAHERRY N ERBAE
HESRENTE, T HEAFERHERESE RN
EFRAAF, LEEE—MRTE 20 ~50 cm, ;&
S —M A-C-R,MBERS . TRBE, %A
SEES, RRY, L EREL  AIETFHER
IF100 g kg™ IRALHER, RFATERE, AKX
AFHEER 200 mg kg™, MABBANTEHEE
S HI/NF 1 F1100 mg kg ™', XK+ HWAMEEL,

(2) AR, DIAARIERBEBRY MRy
BEAFAHEHKEEMERESSREZN L5, 1%
SHAENEAERKRHETE, LtERE-RE
50 ~150 cm, H {458 — %8 A-B-C 8% A-C-R, + 5
BEER WMBEREX, LN SHERAKEEA
AR ABEEMTEB, LEMBREZPH,R
WIRFEFRASEES, L EEHL, L EAHIR
FEHEEIA 100 g kg BRALK, KIS EES,
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EHEK, +EMBREEPH, ROSEZAEX,
BB, TEBRHEN, T EAEIE RS REE
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ERES, MmN, A S BE, WA,
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gk BRALRK,FLOEER, AREABRETY
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W, 7E 72 W 5 W b SCFF 7E SO 5% W 3 R B R R
XEREEZWENMEHAHR LI ERRENRETER
E, A, TFREHFURERE AERFREREE
B, EE RS RANBL, EARELNE
H.E25EBEXNPHELEEN TR . ZSREBE/PM
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FPEASER AYBENELBEIRELDL,X
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MICRO-HABITATS IN KARST FOREST ECOSYSTEM AND VARIABILITY OF SOILS

Liu Fang'® Wang Shijie’ Luo Haibo' Liu Yuansheng' Liu Hongyan’
(1 Institute of Environment and Resource,Guizhou University , Guiyang 550025, China)
(2 State Key Laboratory of Environmental Geochemistry , Geochemistry Institute of Chinese Academy of Sciences,Guiyang 550002, China )
(3 The Key Laboratory of Karst Environment and Geological Disaster Prevention of Education Ministry,Guiyang 550003, China )

Abstract Diversity of the soils and variability of the soil properties of karst microrelieves were explored through
survey and sampling analysis of the soils in micro-habitats of the karst forest ecosystem of Maolan, South Guizhou. Results
show that soil distribution and soil properties varied sharply spatially with the micro-habitats, like pit, gully, crevice, cavern
and flat land. Cavern was obviously higher than pit, gully, crevice and flat land in sand content, >5 mm aggregate content
and bulk density of the soil, but lower in <1 mm aggregate content, aeration porosity, humic acid, total nitrogen, total
phosphorus and available N; Pit was higher than the others in <1 mm aggregate content, aeration porosity , organic carbon,
humic acid, total nitrogen,available P,available K, available Cu and Zn,but lower in clay content, >5 mm aggregate con-
tent,and bulk density than earthy flat land, gully,and crevice. Gully was markedly lower than flatland and crevice in clay
content, but higher in 1 mm aggregate content, organic carbon, humic acid and total N. Crevice was obviously lower than
earthy flatland, and gully in organic carbon and available K. Therefore , the soils in microrelieves of the karst region can pri-
marily be divided into four types,i. e. cavern soil , crevice soil , earthy-flatland-gully soil , and pit soil , of which flatland-gully
soil is most extensively distributed and followed by crevice soil.

Key words Karst; Forest ecosystem; Micro-habitats; Soil properties; Variability



