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1 #MEEFZE

1.1 HAREER
MARMTEEAFE AT S HAFEN,
FH AR AR A (23°27'58"N,103°24'35"E) , #83K N 1 800~
2400 m, EFEH KR 13. 6 T, FEHFEKE 900~
1000 mm, B FHABHMEMNTEBEARE., Lt
50 AR, R KB DT KA A BR AR T B, A T Ak (] R
BAmEH,REEAREAMKX, HEK, EAEMLL
HWHTTHESBE RIEYFE LKA ES L
BIRES IR R BA 2/ LR W

Hb, ASBFIELEEE L H 4 Fh LAY 4 b B AY (B Hh AR
ERMFN KT RHOEAN TR, HARXEH A
BHAMXHETEREEZENNERAE, MRY 7
hm? , 2K #b | 2k J 5 b 55 0K b 43 50 16 50 . K
T FR%) 10 hm® , Ff A8 A% W, ol A8 ok 72 O 06 fin AE K5 £
KHE AL 2 000 m®, FAEAEFR N 2 4£,N.P, Os M
K,O H4ERE &N 90 kg « hm™%; k Jp 5 b g A2
254 000 m®, W& K 5 F, BEMM 25 000 kg -
hm R4 B, HPELR 3.2¢g- kg, 28
2.5g kg™, &2H 1.6 g~ kg™, FINEMESE,
N.P,O; 5§ K, O 43 %13t 150,300 5 75 kg » hm™ 2,

VO Fob - 3t 0 - S R O A KM IR
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Fig.1 Outline of the study region and land use types
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1.2 TRESKRE

F20l6F9 ARELEER, ENE . HFE
BRI ke R 5 R 3 MR AR
hEEEE,F—-LB L 3 45 R EE EEYE
i 150 m,ERELIEHEER 12 4, EBITERBER
20 m ZbREVLERR S 1~ 1 m* MHEF , RAERScm B
THREO~15cm WMEREBLE,HIBRARMEDR
A AEFHELRYORGAR -1 L EHER, I 2
mm L HEREF 4 CKANRE. REREE
SrBEZRTAT,F2mm 50.25 mm i, BT
RS ERMIE , B S HIFHWEE 3 4N F
TR, AR IEN 8 25 RO 1k
1.3 tWMFEHAE

TSR ERRAERS T ESRE ]
F.pH RAEMBECKLEE 2.5« DWE; HHLKR
FRELRE —RBRELENE; L R2ERAEME
IR ERENE; L2 B%RH HCIO, — H. SO, 8
Z.HBTLAENE ARBRAMAK LAENE;
28R NaOH H &, KGN ER W ; E K H
1 mol* L"'NH,O0Ac B (pH=7) R, KIGXE
HME; LB .2 5E XA EDTABEERN
EsERE G EMBENAERSSERA DTPA R
#, R FRBOLIEENE .
1.4 HiEshE

¥ F Microsoft Office Excel 2007 k{4 # 47 12

T+ 3 3E - B R B P, [ Fl SPSS(Statistic Programs
for Social) 22 47 R IR BUIE IR EAL AL IR . E RS 5
WERIEIW.

2 BREFH

2.1 THMFHSE

ERSFERERE D, T RANKTENT
18.45~51. 02; LML A . 2H R EHEE RN 0. 92~
4,47,0.59~1.76 } 7.75~9. 86; T A M B 5E MK
HEBTAEESFN 0.53~56.20 5 143, 85~
1114.83; LM R LEFE D 5K 3. 63~10. 69
K 3.99~6.68; LBMAMMR AHE . AHERER
BHEBWEBAEES B R 1. 01~2. 99,5, 26 ~
13.49,41.17~96.11.,0.92~5. 09,

FHEXTHFETHERER(Co R 0. 14~
L76,ERRABM RN BIFHSHHEBRE, —
AT RA=EAEE FERELF (Cv<0.10), PHR
EER O I0<Cv<1L.OOOERERELZR(Cv>
1.0, AEXLIBEBHITLUEN, L EEHHAHR S ER
HHESRAESPN1.76 51.02, B F 1. 00,8
FERETR:;HRA IOMIEASNTRREYE
0.10~1.00, BFHFERETR WHAREX AR L
WRARGET LB FFKFERAER,

1 ARUEIMIHFAATLRERENER

Table 1 Soil physical and chemical properties under four kinds of land use in karst regions

KRt EXi i HEEM EREH/Co
pH 5.91%0. 46be 5.49%0. 44c 6.33%0.27b 7.2240. 23a 0.12
TOC/g * kg™! 18. 4820, 70c 10. 463, 92¢ 39.1743.97b 51,026, 95a 0.58
TN/g  kg™! 1.90+0. 10¢ 0.92+0. 54d 3.39+0. 32b 4.471£0. 49a 0.55
TP/g » kg™! 1.7610.43a 0.59%0. 01b 0.59+0. 12b 0.82%0. 10b 0.57
TK/g * kg™! 8.7110. 79a 8.30+0. 522 7.75%0.17a 9.8742.00a 0.14
BB /mg + kg™!? 56. 20425, 29a 0.53+0. 23b 1.90+0. 61b 2.60£1. 15b 1.76
A/ mg + kg™! 1114, 83+ 30a 147. 95+ 10b 143+£26.03b 310, 37146, 61b 1.02
Ca/g * kg~! 5.2340.57b 3.63£0.69b 6.45%0. 54b 10, 6912, 84a 0.46
Mg/g * kg™! 3.99£0,17¢ 4,320, 20¢ 5.30+0. 89b 6.681£0. 31a 0.23
Cu/mg + kg™! 2.9910, 60a 1.01%0,57¢ 1.95+0. 38b 1.9940. 21b 0.42
Fe/mg + kg™! 11.66%1. 68a 5.26+1.82b 13.49+2,57a 6.701£0.53b 0.42
Mn/mg + kg~! 96. 11435, 93a 57.73114. 86ab 88.72£25, 64a 41.17+£11. 65b 0.44
Zn/mg » kg™! 5.04%£1. 30a 0.92+0. 36d 3.25%0. 74¢ 5.09+0. 86a 0. 54

ERPA-TARFEBRRAFAAMBEY T MO EMF S8 2 RIEEE(P<0.05),
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2.2 IEWRGWERS SR

R+ IR ALK R E , F IS bR B —
TR, REERY L EF 2B RN AFEE
B, NAERS T EERE RO L RATERAS
A THEAHRBGEEEER. SatkEinZi
Bt s, 3 H BB K BRI IR IR iR ) KR A 5 B

R A SUER LA UK 22 20 20 A B
HHA 25 . 258 AR AR ARELARE
312 B+ R R EAT ER A 24T . HEERE
BEHNSHBRHE R, FIETEERNERE S £
P, X B AT AR HE A AL 2], R B 3 & SR A 18 A
ZEEHRERE (R 2),

K2 IMFESEFAXRBER

Table 2 Soil nutrient correlation coefficient matrix

TOC TN TP TK AEBE  ERE Ca Mg Cu Fe Mn Zn
TOC 1 0.99"* —0.22 0.44 —0.33 —0.26 0.91** 0.86"" 0. 17 0. 14 —0.27 0.54
TN 1 —0.14 0.43 —0.26 —0.18 0.90"* 0.84"" 0.23 0.17 —0.19  0.59"
TP 1 0.28  0.87 0.99** —0.03 —0.35 0.81° 0. 34 0.52 0. 62
TK 1 0.10 0.21 0.76 0.33 0.19 —0.27 —0.36 0. 44
AHP 1 0.84° —0.18 —0.47 0.77% 0.36 0. 37 0.52
HE K 1 —0.07 —0.41 0.78* 0. 34 0.53 0.58
Ca 1 0.77 0.19 —0.07 —0.39  0.59
Mg 1 0.01 —0.15  —0.33 0. 33
Cu 1 0.61 0.52 0,79
Fe 1 0.70" 0.35
Mn 1 0.11
Zn 1

B+ BRBEHEP<0.05), » *» KRk BEFHEXP<0.01),

KB MBS NI ESFIER &, T B R TE
BEHRMRSBHEFAMEB(FE I, BBFTEEKTF 1
# 3 N ER 4 PC1.PC2.PC3, & F B4 07 2 TT ik WIS 90. 69U BHIER .

A HNH 40.16% .37, 26 % LA Jk 13, 27% , RV FT ik
ik 90.69%,F WA E M4 PCL.PC2,PC3 B+

£3 HTHINBEENTRE

Table 3 Eigen values and variance contribution rates of principal components

HAEE B E RS MR IE R
EMR 4 PC
2it HEFARE/% BEFERARE/N Bt FERMR/% BRFETRME/X
1 4.82 40, 16 40,16 4. 82 40. 16 40. 16
2 4. 47 37,26 77.42 4,47 37. 26 77.42
3 1.59 13. 27 90. 69 1.59 13.27 90. 69
4 0.45 3.77 94. 45
5 0.36 3. 00 97.45
6 0.16 1.34 98.79
7 0. 07 0. 54 99. 33
8 0. 04 0.37 99.70
9 0.03 0.24 99, 93
10 0.01 0.07 100. 00
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HFEA R BT B F X3R5 8 5F K/
(RO ZFEKRFoRTEREERSEAT MM
BB —ER2EMHXXF:ZENMFoONEAETES
ERAMERATHER BB _ELERMEXLER. NE
ATER.E 1 ERSPClL IEHZETLAH AN
B EME ARENER NN ETEGRES S

$ 0.86.0.86.0.87 1 0.70;% 2 EM4H PC2 £ EL:
ETHIK. 28 . 2B5NAERENELS NN EF
BERHSRH0.79.0.82.0.85.F10.90;7E% 3 £
B4y PC3 %, B FRATEE K H{UNH B, X 5
HFRERE2HH0.72,

R4 IMESEATFREER

Table 4 Factor loading matrix of soil nutrients

TOC TN TP TK BAHP

#EH K Ca Mg Cu Fe Mn Zn

PC1 —0.56 —0.49 0,86 —0.18 0.86

PC2 0.79 0. 82 0.42 0.63 0.26

—0.48 —0.68 0.68 0.51 0.70 0.29

0.85 0. 60 0.67 0.29 0.01 0.90

PC3 0.24 0. 26 —0.26 —0.62 —0.24 —0.24 —0.14 0.18 0.13 0.72 0.56 —0.05
E.RPAFENE>.7 AEEER.
x5 EXNINTOREN
Table 5 Eigen vector coefficients of principal components
TOC TN TP TK AMP HEHK Ca Mg Cu Fe Mn Zn
PC1 —0.26 —0.22 0. 39 —0.08 0. 39 —0.22 —0.31 0. 31 0.23 0.32 0.13

PC2 0. 37 0.39 0. 20 0. 30 0.12

PC3 0.19 0.20 —0.20 —0.50 —0.19

—0.19

0. 40 0.28 0.32 0.14 0.00 0.42

—0.11 0.14 0.11 0.57 0. 44 —0.04

TR ERS B 12 T WS, U
fiE 18] & RBOIINB R A S TR, B L EFE R
ZAERB., SERFPOEFREA RBBR AN E
B AT FRAE (B B9 S 7 AR, BT LA SE & 2 B 43 BT % LAY 4
EMERB(GES . BEERSTELR, TLET 3
M ERS SR 12 B HEF S EROREA ST .
PCl1=—0.26X,—0.22X,+0.39X;—0. 08X, -

+0. 31X, +0. 23X,,+0. 32X,; +0. 13X,
PC2=0, 37X, +0. 39X, +0. 20X; +0. 30X, -+

+0. 32X, +0.14X,,+0. 42X,
PC3=0.19X, +0. 20X, —0. 20X; —0. 50X, -+

+0.11X,+0.57X,,+0. 44X,, —0. 04X,

¥ & bR e 4k B 1 58 5% o BUE A PC1—PC3
HEAKXD,ATLIET 4 HABERE IS ERST L
#4845, BIRHE PC=2b, XPC,, KP b, ¥ n 1 E
A B £ REkE, B 3 PC=0. 401 61PC, +
0. 372 58PC, +0. 132 68PC;,itBEAR LA HT B
ERSTHGEERT.

ETHHREFZANTAR 4 AR FABAERT

EFRAWERGRE ., NR6TLEH . E4 L
FIABATF,PCl FE N —2.13~3.35, AlkER N
KR > EXRBSHEFT L #; PC2 BIE N
—2.93~2.26, HX/PMRFRANHT L 1> KR
> bR > E K b PC3 BB A+ F —0.82~1. 82, H
bk PCS BIER A, N 1. 82, kK B2 . HF L
BEX#H PC3MEERAK, 45K —0.42.—0. 60
E—0.82 BEEHERNERZH,. AR LA AH
A XF PC1,PC2.PC3 MR Wil B3 , b - A Ay
A xF PCl1 M WRBRE R K (F=37.37,P<<0.01),HK
b PC2(F=16.72,P=0. 001<0. 01),PC3 3 + 1 % H
FRE B/ (F=8.70,P=0.007<0.01),

mEk 6 iR, LMEBRFTWEEH/ T PCAH
F—1.46~1. 54, R E L H A F XX PC ik b
BE(F=17.25,P=0.00<0.01), %4184 PCH
KBNHERF ok I R (1. 54) > FRHb (0. 02) > HE
BH(—0.09)>FE KM (—1.46), U8 Kk fp b + 1%
AABREFMEARE AL EHETEHLERZ,. E
K+ AL SR E .
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R6 BEMMABIBRINERSIBIREFTEIN

Table 6 Principal component scores and their variances of soil nutrients in each land type

PC1

pC2

PC3 PC

KR 4,
EX
it
HERN
F
RERP

3.35+1.18a
—0.6640. 15b
—0.5510.27b
—2.13%0.53¢
37.37

0.000" "

0.68%1.19ab
—2.93£0.74d
—0.01+£0. 6lc

2.26+1.03a

16.72

0.001" "

—0.42+0. 46b 1.5440.91a

—0.82%0.49b —1.46%0. 35¢
1.82+0. 69a 0.02+0. 30b
—0.60%1.10b —0.09+0. 08b
8,70 17. 26

0.007* " 0,001 "

ERTR—FIARETERRAR AR T RR0ZTAER LS £ R4 B E(P<0.05)

3 i i

3.1 FEAAMARTITERIRAER
THFAHRBARAA RS AXBEIHEERANE
AR, LEESRA S LA HyXEWHEX, &
PR, FEXLIERTHERZHN T 0. 14~
L76, AR HFAFT T L EFRFSFER KRB
5., A HF R LB RE KR mALH T
SEHRAREMAATXT, HERE & EAE
KRE AEDEERHAEARMANTHREE
AE . BEEEWE L EFRSYRAEA SR L, AT
FIRAEFAREEEAREY ., EEARS T . H
LA TR ET KA EEERW I IEOKRE
A5, BT LUGE S A% Y BAR R B B K B % 5%
AU AR AEHEEEREEEMN LA AT T, +
BMEABFOEIRE ., ERLE=ES R, A
R A L aB (R B A VUERET 1k, B
A BERSTEEEELTETRERE, MRRXT
EYHEREIX 2SR EERSHTERR , Mz
FUEEARAE ERRELERFISEXEET
Fe, 75h, LREFABIRZEIFE—E XM
(R2), +JP—-FFRoBIFHTATESTIE M
EZZM LB ERRERE., TR, 1 ERFE
BENTELZHESSERANER B BBk
T A R 5 BRI ERNLE LT
BERITEABRANPR.

TSR RE R BT L IR AR R A R,
BHETIERZ IS BNERES, AXE
FERS ST H L RBRBER I ZTEER 90.69%
B 3 A~ EMAS PC1.PC2.PC3 BURRA 12 T + 3%
e, WEAR M T RF SRR ER . A

Kb, UKL ERINERSTEEBS
(POHEZ A KT b > MRt > 5 E H > T Kb,
BHEEMHE LA K LIBENFREVHEETE
K bR BT B R G Y, B AR L T8
A A BRIFRFR RO, — A B BT B E
ET R e, 15 LB R T E AR T E
o ERE TR, W Ekb 5 34
FRABHALIEH, E X1+ PC1.PC2 & PC3
BRGECHR 2 ALUEH, N LA LR, E
K& RS T EL TRCHKKFE  FHERLE
AERENTEFSRA, X5 LREENTRE R
B, R 5HEFEEMETRPERA LR
MEA WEEED=MNOEE MEREERL L
REEMFHRE, B IMERRIEE LIRREREHA
AR LKW, REFFHNE BRI, —
ERE LB T A S E R4 T E M4
WK FEMBSHTEMKN L BFSEBEERRT
EBRABEPHRORE., KBRS THA A
THEHEEREMFSRE AR T 34
FHEASEBAAUEH, K ERBTIEPCl HER T
Hih AR, e 2 B, ke R H A
BESERASREE, XTEE S TEAREMET
BRmTAREIEGREF L HER., LEH
U BT & B 4+ SRR WL A B 60 3% hn ik FR 4K 1+ S
BEHARK L CATRES I EFURSENENEE,
HFEEYFES RPN ERE VLS B TR
TEES Bt EERVEF IR EERL.
3.2 AERAEURKLIERSES

HAl, AEAAE I ERRE ILE K YR HE
SRR, AXBHFRP, KR 5 A+ A
FHE A+ B A F AR SR, R PR R A
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SXBRMEMAELE L MESREWEALE
BROER, BEFRLRES Y ENERR, 6
FHAEEAGREES, Yt S RERUATHR
15000, SR TRT B 2 PR B A 0 P A 36 S B S IR
B AR, B R ATER I . (1) A AL 34 30 A
B E BB R, R Al TR S
ERBAFRBRAENEANBELEFREEE,
(OEBBEABEIRS, TULIIABEN LS
W, A BCE R I X B+ S AR, FE B S
SRESHERIL ERUNRBEFE, B, EH
BORAEL R R, R 2 R T RO AR, B
A TR ARAE 1 S 00 35 40 45, L3RS S a0 £t AR
gEh.

4+ @ipSitie

4.1 & ®

(DHARXLBPERIERNERREN T
0.14~1.76 . B ERELRREBELTR . RHFR L+
wHAFRT, LERSTRAEBERHER. PEY
AR IE B 2 B ) R R R i B X+ 3 5% 4
RAELEHEEFRH,

OONERD AT RE,. 12 AFHERALEHR 3
MNERS, FHFETRBRE R 90. 69%, T LB R KI5 BF
REXYLEFRSFLE, RPFE—-FHHF(PCHEE
ZETAH AU EHRPNERENEE:E =X
BAr(PCOHOEBZETANK .28 . 2FBMNA M
BZERMS(PCHFEREMTAMBK .

T BERNERFIEEBIRAN . AER
H>HHh > 5 B> Tk, RPN EAR AR
RSB ARARE AR L EHRESRA.
HatBEX A EEE, N Y RATEBABRORNEHEA
HESE T U R EEEY SRR B E
HHEEE, MBRERNTEFESIRR, ZE KR
KAEAEESRESMESHL EREMERT .
4.2 it it

EXEFEELS W GA 12 WL BWRES1EIR,
HWEREFEAELS X AR a0 F R T 835
ARAER, RRT LEFMHLE—HFESER KL
BAESREOFEYE., BEEFAXNARTPOEES
—RE, B -EERORETEPR, RNRLT
EKRMEARRBBERD=EBRFEFSERY
BERR  BEXEAER S ITEEEHBRAS =R
BT EXRINE RN IEFESREEL, X B

BRIESRHRESHREPMAERNEE. HK,
AEOBEAR RS E R R, A SR ESE
REER R HBTREN FFREBTENZEEY
X,BHERXESTHBCESLR LEFHTRAS
TR EMYRBEREES FEERNEQHET
RETR.
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Characteristics of soil nutrient in karst rocky regions with heavy
desertification under different land-use patterns

ZHU Zihong', YANG Cheng?, XIE Yincai®, WANG Qun*, ZHU Tongbin®
(1. China University of Geosciences, Beijing 100083, China;
2. Geological Survey of Jiangsu Province, Nanjing 210018, China;
3. Institute o f Karst Geology , Chinese Academy of Geological Sciences /| Karst Dynamics
Laboratory, MNR & GZAR, Guilin, Guangzi 541004, China;
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Conservancy Commission, MWR, Tianjin 300170, China)

Abstract This study used the principal component analysis(PCA) method to analyze the variation character-
istics of soil nutrient under different land uses in the karst rocky desertification regions of Bisezhai village,
Mengzi City, Yunnan Province. The results show that, (1) the variation coefficient of nutrient content in soil
is between 0. 14 and 1. 76, indicating the relatively great differences in soil nutrients among different land u-
ses; (2) Twelve soil nutrient indexes could be reduced to three principal components, which provide infor-
mation accounting for 90. 69% of the total. Among them, PC1 contains total P, effective P, rapidly effective
K and available Mn. PC2 includes total organic carbon, total N, total Ca and available Zn. The contribution
of available Fe to PC3 is the greatest;(3) The comprehensive score of principal components of soil nutrients
in different land uses are ranked as follows, Pitaya >> Plantation > undisturbed grass > Corn. The ranking
result shows that forestation and Pitaya plantation can effectively improve soil nutrient status in rocky deser-
tification areas. Collectively, the rocky desertification control in the study area should be on the premise of
forestation to ecological restoration. We suggest that planting pitaya or eucalyputs is conducted to improve
the soil conditions in the sampled area , thus gradually forming the integrated management system of rocky
desertification, which is beneficial to the coordinated development of the ecological environment and social e-
conomy.
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