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1 MRS5FE

1.1 HAREER

AR BHRABMYTRFEEIR, FHERR
17 ~18C, = 10°CFRIE 7E 5800 ~ 6130°C , FREFHE H
1200 mm Zc 45 5 ¥ 3R 25 46 36 B 7E 800 ~ 1470 m, A+
BRIERAZRKA REKERLY, HKEAH
ZEREY , T AR FERBAARKL BEAK
T+ HRXHNFHREBEZERRE 5%, K0 # XA 5%
RO, /B0 40 Hy DX oK A A g B R, ML T 5 R MR
KEERBRERBRAFHGEEBEATEALEMNE
ME L EBRMBETHE)NS0% ~80%, LR
RKPIHEREDISHER S LBERNE S
E)N10% ~50% ; NEBEERRE , BHRERFTFA
BEALRX, AP0 R A AT, R .
EEUREH(HzRKEMAKE)HN—HT,
BEHEARREN M ARGEAR) # R ENE
B (= 12)HTHEMLRRE,
1.2 iH#RREMAUEFZE

HA4AZES AFTHEEM I RREN, £
HEANER S ~8 MEL, REFHIPEEXRE + 1%
(0~15em)BAEHEMIFMELERAE RNKEES
REEMEIZ T EHE, LS 10 cm 5 EWE L
BANERUATEREL, SEEEWN 3 RK). 118
HGRTE, FBE T 1 mm HHL, L% 504
Wro WMEMBA LEABEE . pHE. AR .BE
A EHHE ERE SEEEMEURSNEE, K
A B KA Olsen 3 EBH K ABERMERE- X
BHES KRS MERABREBER-EDTA B
SEHIRE , HoAt R B A skl e 1),
1.3 HRBHAERE

FE 2 YRR B AR (FF KR ) Hiy . 3 K bk b | 7 B 3
b EEREE - E, RAXARR/PRERE
RRERS) R R e RER&ET (%
MERN 20 ~30 mmh ") HITHRBRHEDHRE,
FER GV ERMKVMBE, ERE 1 d NIRENSE
AHETBHMAKE(XRIHBNRTBBEK—

BE1~2d AWR), ERBTRIEKE, ZHE
B 500 ml 2 WK E T 0.45 pm I8 B, Xt 5 38 A9 K BF
AT KAES BN E, METHA pHE B3
DA% 10 % B F 3K & (HCO; SO~ .Ca®* Mg’ K",
NO; .Cl~ \Na* .NH; .PO; ), Hth NH, R/ &
Fofa 3k NO; RSN R E PO RART
B AE B — 40 1% LE £5 B \HCO; K A A (30 8 18 35 . SO%
3% Rl EDTA [G]#:0 & B .Ca®* Fl M * 5k FIEDTAR &
P K* A Na* RAKMEEE R (Cl- R AR R E
B,

2 RS0

2.1 BENAEAIEPEANEEAS

R N AR A A, AR A B
RETHEHENFTIREABNThA . BEAR
. DX IR R W Fh 3 B B4 ( Toona sinensis) 5 1A
( Sapium rotundifolium ) . % M B ( Lindera communis )
% £ W ( Rapanea neriifolia ) . W & ( Liquidambar
formosana) . ¥+ W ( Celtis  sinensis ) . R U FE
( Platycarya longipes) % ; B A B AL K SR #1819 £
EEIEH( Zanthoxylum bungeanum maxim. ) . KB
R
papyrifera) ./ 5 # B ( Rosa cymosa) . A A & (ltea
ilicifolia ) B 5 F (Rubus sp. V&R E A EA XL
RBAEY F B A A (Miscanthus floridulus ) 1 31 5F
( Heteropogon contortus ) \ ¥ 3 #8 ( Cynodon dactylon) .
B ( Cyperus sp.) %, BEABRLREREM, FF A
HEBLETRAEARE BERENEARE, B
FEEMEYRNAHBE THE BEEEFHHE
Ze o) R B RR R, BE VR S5 F 7 O T R MU ARUE L B
HHDIREL B BB, B BB E A EAAN X,
REZEMEGHEY, HEE SEIRRUER—
MEWR. M B AR KRS L ERE
BT B OBk, MO Ok B SR EEY
EARBIOTRTHESE SRR TR ASR
GeEmE— S LM AGRL, M T AEMAS
K&,

MNR1EHH THYBHENEST, LEAHEL
HEBRAETL, EARMEGRLESN R, %
L RN E AR EEARELAZR, /D
F0.01 mm FI/pF 0.001 mm ¥R HE LEAFEN
RANIGFF R BE T > FEAR MM > M Ak Hth, 16

( Pyracantha  floruneana )N ( Broussonetia
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EILEBLEE A AL AR S A VLR R R A
BEE B R/NBUF R R AR > AR > EAE
b, B AR EARM L IRERF IR TEAE
o BZEEBRSGRRY EAFHS E M AR Z F]
AR BHEA SR LRAEHRHABESE

B2 5, B HE 5 I AR 2 1R] OURS BE 3 B B
BEEMESR, TR, WO RAEER, LRE
W B, DIRBEILRE TR, RBUKST AR,
BRI EUREY XK 8RR Z &R, AT
R R-EY RGP KT HE SRR,

F1 BEBSAEAEARAMEHEENRIREEEAHR

Table 1 Physical and chemical properties of the soils under various vegetations in Karst rocky desertification area ( n =4)

HEBBERX pH (& AHLE AR AR HBE T BHE TEEH BE EELFE <0.0l mm <0.001 mm
Ecological pH Organic Avail- Avail- Avail- Avail- Avail- Bulk Capillary ¥ 6L g
pattern value matter able N able P able K able Ca able Mg density Porosity Clay Clay
(gkg™") (mgkg™') (mgkg™') (mgkg™') (mgkg™') (mgkg™') (gem™®) (vwv, %) (%) (%)

] - Ak

Broad-leaved 7.49 ¢ 128.9 410 8.2+ 131.7+ 623 157 + 1.13 % 50.6 + 48.9 ¢ 26.2 +
forest land 0.21 a 49.7 a 102 a 3.7a 29.4 a 95 a 55 a 0.10 a 1.5a 4.7 a 2.8a
AN 7.26 + 91.2x 308 = 6.6+ 133.2+ 502 + 102 + 1.17+ 43.8+ 67.1% 40.0+
Brush forest land 0.34 a 20.1 a 61 a 0.7 a 41.8 a 59 a 20 a 0.03 a 6.1 ab 3.1b 6.8b
b NN 7.23+ 45.9+ 175+ 5.0+ 90.2 + 503 + 137 ¢ 1.31¢ 39.41 70.9 + 45.2 +
Brush-grass land  0.53 a 19.0 b 44 b 2.0a 24.3 a 71 a 34 a 0.02 b 5.8b 2.5b 6.0b

- RPBFIFHE L REE, FEIZERE (SRR, A FEREKNLEZBXE p % 0.05 B8 F % KF Mean + SD, and

different letters in the same column mean significance at p < 0.05 level based on multiple comparisons by SSR

22 BHEFARAIBRFIRASHZAESR
THKGEERFSFEYERR T NRTEERG
BT, R AE S RGP HKD RN RERTRE T
BEEEMERET I ERKEN, LR -HEPR
SRR NS AR 3B biacs -GN E Al X
BREKBES ., NR2 BN, 7EES 12 d RFEMK
ZUT At A 0~20cm EEATEEKEHE
BT EARBAENT M, MEARNE BT T
FENE i R AR 20 ~30 em L2 LEBEKE
R TEARKBENE M, X5 AR, R
NHEERGEMER BEES, MHARENHE

YE BB TEMNERBE, FRELESK
BRFERSKE MY AAMKIBES 55
ETENNH ANERREZETREERERHNEK
2, MEBRLT TELRRASKHNERS5HES R, &
BTTREXIRAKSHER, AHNTRERETEN
MYAEKWBEE. MAREARESOENER,E
RKEMZBES A HEBEEERK, I LEFREHEYD
B, tHEHNERBRER,0~10cm.10~20 cm £ EH
T3 S K B L AR 64.9% i 48.4% ,3F H
XTI B K,20 ~30 cm T EF KRB 26.1%,
Y RT F R B K o JE b B XE W R A Y3 K B

F2 FEFVAALESHEATIRIT RS S E(gkg™ ') HEHR

Table 2 Moisture contents in the soils different in vegetation during dry seasons (n =4)

0~ 10 cm 10 ~ 20 cm 20~ 30 cm
A SBX
. ¥i Bl FE THAEK ¥ B FHE  ERAEK ¥i Bl T E TR A
Ecological pattern
Range Mean C.V. Range Mean C.V. Range Mean C.V,
) b
75 ~ 148 118.0 a 21.23 215 ~ 302 261.9 a 10.94 352 ~ 405 382.8 a 5.03
Broad-leaved forest land
AN
58 ~ 121 74.9b 24.93 193 ~ 260 220.8 b 10.43 267 ~ 355 310.2 b 8.12
Brush forest land
AT
29 ~ 61 41.8 ¢ 25.81 91 ~ 188 135.1 ¢ 22.80 215 ~ 338 282.7b 13.56

Brush-grass land

B XY FRISELR(SSRIE R, B —FIFFFARERLEBEZEXE p 4 0.05 B8 3 ¥ K F Different letters in the same column mean

significance at p < 0.05 level based on multiple comparisons by SSR
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TR EYEKRBEREE . TR, BEE %R
[EACEE RS, £ R B MR EBE AR
PHAERER TR ENBENTEAERERE. LT
MARBEZHMA, LRTEREHR, LERZ
MR EKZE RS KBERA, & REY KB K
VBREORERE T MEE, XM ELRET -
- HYRRPKRIRRNE EEH, FRH LR
RIFEHIMAL BoEIBMZA, RS2 TS

R AR AR AE B R BRI K SCRFE
23 BMESARAIEPIR-EWREELN
RERAKLFEEKIRME

MR- R P KA F R AL, o] B A S R
F KRR LAY T8 R AFAE , 42 i R MR T E
AESRRZEERES B G BEH, HACFE R %
— T EZREKFHROEEE R, - ES
BRKINEEIBEVHL, FRESRAES

B EAFAER ELAHEYRNEFRYEAS, T
VLB S0 T Y B R AT T DA REZE WA B R WX
TEYME, EMKNEHRATEEREN K
MERYRW IR, MEHEGHEZE TR RS
ZEHEL . HEYREEERE R, WM TREREX -
BEHEEER IHARRMENBE 48L&
FHEBRE IR, MET L EYEMER, ERL
B BUR RN O] 2R IR A K B I B8, WA T BA 3 3%
TERMBM T ERSNERE NKIEL, &
KARBETNE(20~30 mm h " HMHBE KRG T, EErEF
WRERWEDSBEANEFERPRFHENE
H > BEARIHD > BRI AR, B R A\ B b it R AR
RORYESEMESELIEE RN, FHEL
NrEEABEAG BT E-HYRENABEL,
BUAE T K 5 R 3 i (] 0 2 1] DL BB SR R
R B, MR B R AR A K A2 4 R

£33 FTRAIM-EVRETHRERKELFARNEL

Table 3 Chemical compositions of surface runoffs from soils different in vegetation ( n = 4)

KALFEZ W Water quality parameter

YR

BB
) HCO;  SO3° cl- NO; PO} - Ca?* Mg K* NH/ Na* EC Clay and

Ecological

ttern pH (mg (mg (mg (mg (mg (mg (mg (mg (mg (mg (uS sandy content
patte R

kg_l) kg_l) kg_l) kg'l) kg") kg_l) kg") kg_l) kg") kg_l) em™') (gL D)

FE] I K
7.32+ 47.3x 47.6x 3.14:x 2.82+ 0.0029: 13.7+ 5.8% 3.0x 0354+ 0.79x 87 + 0.216 +

Broad-leaved
0.39a 30.8a 27.4a 1.3da 1.34a 0.0004a 7.6a 2.8a 0.8a 0.153a 0.60a 48 a 0.107 a

forest land
A H 7.55+ 58.5+ 55.3:x 3.34x 3.10x 0.0148x 157+ 6.9% 2.5+ 0.572:x 131+ 119x 0.548 +
Brush 0.20ab 13.7 a 9.4a 069a 1.13ab 0.0085b 8.1b 3.1a 2.7a 0.427a 0.75ab 19 ab 0.327b

forest land
HMNEH 7.75+ 77.3x 63.3x 4.52:x 5.10x 0.0345:+ 27.7% 56+ 53+ 0515+ 220+ 175+ 0.924 +
Brush-grass 0.09b 18.9a 40a 0.84a 1.29b 00049c¢c 83b 3.1a 2.5a 0.236a 0.61b 69 b 0.070 ¢

land

HRPRFATPHE L HFREE FERFLZERLLR SRR, FA-FIPFEREMGLEZEED p K 0.05 19 8 F¥EKF Mean z SD,

and different letters in the same column mean significance at p < 0.05 level based on multiple comparisons by SSR

GG RFRH (R, BHFHRERPEF
WM K/NEER 8 HCO; > S0%2™ > Ca?* > Mg?* >
K* .NO;y .Cl~ >Na* > NH; > PO}, &2 H H M
BTEEN C T MP  HEREMNTATEE SN
6.1~36.0mg L™'.2.5~10.0 mg L™',Ca’* Mg* ¥
HERANSEETFLRBOMBFZIA)IMNG6.64% .
2.28% ;BB ¥ EE H HCO; .SO; ™, Kk kil
B4 34 16.5 ~96.2 mg L™'.20.2~67.3 mg L',
HCO; SO}~ FHEEBAHEEFLREM 21.81%.
20.18%. VLEH MR I E I R R W K L = X & LY
HCO,-Ca B 5 £, /% i B HCO;-Ca - Mg B I

HCO,:S0,-Ca®l, 5 iz #b X 19 ¥ 3 /K 4k 2 5% ik 48
W, BEHBREEREY (K 3), M A AR
WHENEMMBRLT S POy~ MIKEHHIABE
MER, AR ERTR P C WE S5 #EAK
HWOENFEHERE ENER, B AR T
NO;y Na' WEEERNEHFEREENER. @
R EERREAEABEMNEN BRER P
PO; ™ -P K% & 93 B A3 i, HK & Ca’* \NOs -N,
XBAFESHBME—FTEHERTERFKEHT
MEEMEYMESEK, Z—FE, wRXER P
Ca®* ML K, & MAZER K pH K L F, [ 6t 38 fn sk
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BB LB, T PO}~ -P.NO; -N #AZHKIEG ,EH
BEPUKREALRH A, A K0 E ek
Bk B, BT LA K AR & B IRl , AT 5 me 7K 2R
BEE. NRI1OED BHRTEARMNLE LE
FRESHABENEEREUATR FHINRERAD
BT GHABRERABNEL IR, 2L
EESBUNIEEREZ —, R A+ 528 mKE&E
BB BERFINEERE. B, B
BAEAEEEMY R, KX ESHFENEmb
KKWER.
24 BB AEASEDTIE-HEYRETAX

b T 42 i 7K 52 48 BX 19 % i

WA AL R, BB R E R R
EHREERKBRAANBMES EESREPHK
WE WMEDE L EEBRHOWK, Bid T BIE#H
AB AR, BB TR, 30 &% AL B BARA
HAHNBRPBRE RE R TRAABIRES
B EREA —EREMFEENREEBK(XE
SHBHEBRK—BAITEUERETHERK) . ¥
FHHERESRET . AXHEIRRAS{URIK L
B EKAsr R AR ACE A B P, R IR R Ea
REHTRAKBEBK, XHEBEWZSHEH

*4

BRI TR EYRN N, BT T 42 5K
AHNFERGERENNEEAS HREHR KM E
R.LEKHAA  REFMESERNA AR METY
fER L LT R K KRR p et B &K, BE#EZ
BImEREIRG , R E B 5 LA R RS,
HALE -HYREHKEB D, TBHARAH
BRAg /K BAN /D, W TR E /D HAREE M
A E 4%  HY AT UM AN KSR HERKZE
FEEMEmR AT EHBERAKEERT. BE
4EH,AEXAB TR KB SRTIATER
176 ~336 pS em ™', HAI M S BA B R FHAREZ
WL BAM TR WA MIERAKR. WKL FEHR
E,KAFLETIGLL HCO-Ca BIH £, FEH Ca*
Mg * \HCO; \SO;” BF e TEMBEFHR SR
ERESEMEME-EBFHRESHERRREFE
HEMZER, TR P HCO; (Ca®* MZ S E
ST RR R, HWKE R TEE R 89.2 ~
186.2 mg L™'.18.5~39.5 mg L™ ' M 6.6 ~15.3 mg L™';
HYEHEREAHHBRRER S 114.9% .50.6%
84.7% ;T K* \NH, WEBKTHRER, HREZL
TEES R 0.1 ~3.7 mg L' #10.020~0.134 mg L™},
HPHE RS 5t R AE R 55.6% 85.8% o

TRIM-BYRETHTRERKCFHBRHEL

Table 4 Chemical compositions of groundwaters under different soil-vegetation systems (n = 4)

Kb EH Water quality parameter

Ecological HCO; S0%- Cl- NO5y PO;- Ca’* Mg’* K* NH; Na* EC
cologic
pattern pH (me (mg (mg (mg (mg (mg (mg (mg (mg (mg (pS.
kg™ kg ") kg™ 1) kg ") kg™ 1) kg™") kg™") kg™ kg™") kg ") em™')
R o R
Broad-leaved 7.87+ 154.5 + 39.3¢ 3.69+ 1.62+ 0.007+ 27.5% 14.5+ 1.5+ 0.041 £ 1.45¢ 302 +
forest land 0.24 a 31.7a 23.6a 0.32 a 0.89a 0.003a 9.0a 0.8a 1.4 a 0.015a 1.01 a 34 a
AN
Brush forest 7.72 ¢ 139.7 + 36.2+ 3.53« 2.68+ 0.017x 29.0% 10.6 + 1.4% 0.062 + 1.14 ¢ 240 +
land 0.16 a 19.9a 149a 0.45 a 1.50b 0.011 a 8.2a 3.1b 1.0a 0.042 ab 0.87 a 27 b
HEANE
Brush-grass 7.85¢ 99.4+ 55.3% 3.98+ 495+ 0.010x 29.5% 8.7+ 1.9 0.101 ¢ 1.50 £ 202 +
land 0.16 a 10.2a 22.6a 0.62 a 1.10b 0.005a 10.0a 2.1b 1.8a 0.033b 1.27a 26 b

E:RYTBFHPHE 5L, FRIARPERB (SRS R, A —FI P FHAFMLEZ BB p 5 0.05 ¥ B FHEKF Mean + SD,

and different letters in the same column mean significance at p < 0.05 level based on multiple comparisons by SSR

AFLE - EYAK TR TREATEERNS
BRAEZMK, WA S ® TEAKYE EAE
oy, RGBS A EARESR TR EMRIEA
B, ZEHBRERRPAGEI), At T &
W NO; Mg RS HEAMNM EAE AR
EFRESR, AR EAMM T 2R HCO, WRE

SEMNEHHAE ENES, B ARt T 254
NH MESENEZM AR ERNEZR. BT
L, R oAk e T A2 P HCO, M IEHHE R T
EAEM, BB ERERMARRSET S
EAGTR.AHARERBNAYES, LB
REFEREREN CO,, EBREPHEBEH AT E
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T BT A BB P HEEEE R MR RAKLEE R 31

FAR , K30 1 SRR BR , B R T 15 R R B BR R 40 5 1Y
%, RN EEERANERK, SRRBESBTFE
MEFRRE, BHESME RERE Co, ENE, 2
HTEBRERANEAE, EEELZGT,  HEMNEY
ERS  AYEIOES, LE™ 4N Co, KER
K, MEBFERAXS ZIHIRFR TN, BFHmE
FrExtsstk, EEMEFAA BB . AN, EAEAE
EREMEATED, Kb TEM+ NHS NO; HKE
4y 513k 0.068 ~ 0.134 mg L' .3.85 ~6.05 mg L',
NH, \NO; ¥REE B B & TRt Ak, ff TN FE
MEEFRERETARI MR T L EESREVR
HarmEE, RN T BRI TR, EL
BAKHMBIRP-FEFELBERASERD,
F—FE, BT T R P KEERERE, X
SESABT KRG, S T RKMRETA — &MY
W, ATEBHEWETHRKSILEKEKZELU
REWKEKBHERR, SR AR RILBFKE
HEBRRBEEFEAESHESKZ, FHBEHFHK
WTKEEGZREITYE, LI, B T % BriF
7K B R AL

3 &

ERIHRAEAMBEEN RS . AEHESE
MEMEL IS TR, HESHEL, L8R
AL, AVRESBRAR TR, T EEELRE TR,
FBUKSAE BRI BREETL, TERBEMK
RENEXKBRA, EBREY KA EK YR
HEBREEBEITMERE NN ELE-HY RS
H7K 43 2 B AR LA R R TR R AR AE B R AKX

BB RRRAPEFERENRNEFH
HCO; > SO0~ > Ca’* > Mg’* > K*,NO;y ,Cl™ >
Na* >NH; >PO}” ,FEBEFH Ca®* .Mg* (HCO; .
SO}~ M REFAKMFERELL HCO,-Ca BN £, Bl
ERMFARABENEM, BRERS PO;” M
W ES B, KN Ca®t NO;y X4 FH
AW — T R AL L IR A K F T B, Y
MEHEEK. F—FHE . BRERP C2 MK K,
BERERK pHER L, R M T KT LE,
il PO;~ \NO; M, MW ZH/KENFERE.
WTRMEFARS R SEHMHEM,E HCoy |
Ca* MZ" MERBTHRAERN, W K* \NH, M&

BERTHRER ; BHFAELRER HTRES
HCO; M WHEH BB, AR ERAES, B —F
I, T2 S NHS NO; ¥R 32 B 3%, o] LA R A%
WEKKEE., Bk, %875 A B8R EH iR
At HXAESKREWMMERABRKRES.

BT EAESZN LR SR EEFTHE
ERIEBEREDEN, A A% AEMKLT A
AILENER ESBEREHEUNEZHGT, A%.A
W AP LESKEVNSETHEMN TR, NS
BRSNS EBESERAFEENER, AT+
BKAZEEERFNEN ASREPHBESED
BuHATHER, XHTHENT LEKIES
MEDREF K S BOE =M, TARLERS
EEZMARGEFANGR HIEMRTEER
Gk &4 L BEEE R BT RE KE K4
TR 3 LA R K T 4R, S R M B K - R K -
EWKBKEEARFTRAE RN, ARRELET
T R AT A ALK X HF S AW AL
MEEREMESHENEWN,

XXM
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Abstract

basement rocks, drastic decrease in soil productivity, and appearance of a desert-like landscape. As it is a serious problem in

Karst rocky desertification is a land degradation process, involving serious soil erosion, extensive exposure of

Guizhou Province, studies were carried out on succession of the vegetations on lands under karst rocky desertification and its
impact on chemical composition of runoffs from the lands in this region through vegetation surveys and analysis of soil and runoff
samples. The resulis show that with development of karst rocky desertification, the soil was losing organic matter rapidly,
becoming clayey in texture, decreasing in soil capillary porosity and in water-holding capacity in the surface or subsurface soil
layers significantly during dry seasons, thus altering the law of water movement in karst ecological system. The analysis of
chemical composition of surface runoffs show that in terms of concentration, anions and cations in the surface runoffs were in the
order of HCO; > S0~ > Ca®* > Mg’* >K*, NO;, CI~ >Na* > NH; > PO.” . With karst rocky desertification going on,

a>* and NO; followed, thus leading to decrease in

the output of PO}~ in the surface runoff increased significantly, and that of C
soil fertility and affecting environmental quality of the recipient waterbodies. The variation of chemical composition of ground
runoff was similar to that of the surface runoff, but the concentrations of HCO; , Ca’*, and Mg?* were higher than that in the
surface runoff, respectively, while the concentrations of NH; and K* lower than that in the surface runoff. The concentrations of
HCO; and Mg®* were reduced obviously with karst rocky desertification proceeding on, thus weakening karstification, while the
concentrations of NH,” and NO; were increased significantly, thus affecting the quality of ground-water, to some extent.

Key words Karst; Rocky desertification; Plant-soil system; Runoff; Water chemistry
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