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B UFMAZ GERRY ZHBEARAIANBEER A AR EARA RGP R AL AR L EHE
HAEWESAAF AN R AL AR BRI B AR BT E(CuFe Mn Zn)ABRARASGE, £28
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0.74~5,83 g+ kg ' 0.13~1.03 g kg HBAEREEEN FHE. AEXX L% CuFeMnF Zn %
HAEEHH N 1.09~3.51 mg « kg™ . 11.6~62.9 mg + kg™' .48, 3~173 mg « kg ' # 4. 17~37. 6
mgekg L REIEBELEFHAVSFNAAAANBELETARASCENR TFEBAT., Bt g
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MIRANBEERRBARF RN, BIL#HENR
fi&, 3SR 21,5 CLER/KE 1557 mm, £
BE86%, —FHTBESH, TMFEGB—4 AN
FEHRZE,5-10 A), W HEPR T LERKK
8511 A—RE 2 ANFHEZ,BWERD . BHR
MAKRE , SKEBERK, T AR AT R ER
AR, UEZXBR AR SE SRS, BIR

A& THRFBHIED, KEAGAKE LR E
T EERBEHZTRATHE, BB EER
K95 UL b, EER A EEMIE (Cleidion brevi-
petiolatum ) . X M A & K (Cleistanthus sumatra-
nus) JEHR (Sumbaviopsis albicans ) % M 8 (Lasio-
cocca comberi) ;iliFh (Celtis wighetii )%,

A MRBERRKRFERERTE 1

1 RESEXFR

Table 1 Basic information of samples

b5 WA E BR/m WE/S
EEARRIPX 25°12'52. 71"N,107°56'14. 57"E 759.0 65
BEUREE AT 21°43'58. 39"N,101°39'01. 39"E 790.0 60
BEMKRPKX 21°54'43. 39"N,101°16'53. 54"E 634.5 55
BN AR X 19°00'17. 18"N,109°03'11. 60"E 330.0 45

2 MEEFE

2.1 THEE&SXRE

201649 A AKX RELEHL ES
A REERX B 3 A HUTY R 3 B AR X — B R A
SEEE, SRR 1 000 m, EEBIHFH]
HiE 20 mX10 m M 5 P58 B A R BT, %
MAER A% . AVMLEE 4 FRERSHNEARE
0~15 cmM R+, B A R AR R, B8
TEBEAEYSHAR—THER. EREZRETXT 2
2 mm M 0. 25 mm FfF, FH 0 & £ 598 38 40 ¥ B K 4
(Cw Bk (Fe) (M) HZn2BENEHESEE,
2.2 TEEAERMERTENESE

RSB RAE M SN TS
e, £ CuFe.Mn M1 Zn ARS S EXRH
DTPA B, HFRYOEHEE" L EBE TR LR
Fe 05 TH R DR R R
2.3 TEAGERTEEUMEN

MEBEILEAERMEIENSE LEESRITRIFH
S R BIREB(EH) MZ A B (ED
MG, RHTESTREARERE BRAYITIRE
HBEEAERERES . HEARX N,

G ol JASY
E=g E= [y 2.F

AP.CATEMETE | S BMTNME;S ALK
METE SENEREn IHMBETEME,

2.4 WEEARBUX
THEAYESHELREES LS BNE IR
Z R BICEEER, BT LR B 4 5 608
TERMBER KR,
2.5 HiELE
% A Microsoft Office Excel 2007 2 ¢ #4718
BB, SAS 8. 1 Git AT SR 5 LI B AT A .

3 BR59m

3.1 FEERHEEERKTEELER

% 2 i 4 DR BT ERR K.
HEAVBAE A SR SNES] 32.6~144 g-kg AN
2.37~16.5 g + kg™, B LR 2 b X & K, MR BT I X
BEK, 1 EANKRS2EAFEEREEMRR =
0.98,P<0.01), +HEEBMAMBSREUNERS,
ARk F] 4.82 g kg ' M 69.2 mg kg, EEHTH
fb 3 ALK AR IE AR, UR IR R /b, LT R
AR 2 MK B (R, IR 3. 44 g kg W EEMRXTHE 3
ALK BB BE AR, BT (13, 3 g - kg™ ') AR B4 (11, 3
g kg DWW ;M 4 MK +HEARH SR (181384
mgekg DEBEER. . THRFEHALESLSY
B4bF 8.96 g kg RIFI)~17.9 g-kg ' (BJIT),
MeEEEENT4.34 g kg ' (FAEM ~9.00 gkg !
BB, aNFIRHRZ B L P EEEREE,
EEEE .49 g-kg ), ARBIEHIXH 63.3 5. 4
X +3% pH TR EZEER AT 6.95~7.38 ZJH.
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%2 ERRINFEARBHBIREXBLIER
Table 2 Physical and chemical properties of soil samples from four natural forests in karst region
5% xR Fo.pm gOM %
HHLBR /g« kg™! 144412, 4A 68.3+21.3B 46.1+6, 18BC 32.6%4.35C
EHR /g kg! 16.5+3.32A 7.19%2.42B 5.4140. 48BC 2.3740.63C
£B/g kg 0.72+0.30B 4.8213,15A 1,270, 25B 0.56+0, 508
£ /g e kg™! 3.44%3.01C 13.3:£1. 44A 8.63+1.38B 11.3+1. 27AB
L /o kg! 15.9+1.77AB 17.946. 86A 10.0+1. 99B 8.96=0. 468
28/g k! 6.30+0.87AB 5.84+1.06AB 4.34+1.15B 9.00+2. 82A
LM/g e kg™! 9.49+0.62A 0.15%0. 14D 3.2440.08B 1.210. 10C
R /mg > kg! 13.0+3.13B 69. 24 54. 8A 5.37+1.568 2.43%2.75B
EHH /mg « kg™! 223+24.5A 384+ 199A 181+24. 2A 206£70.6A
pH & 7.13+0.55A 7.3840.15A 7.29+40. 20A 6.95+0. 25A

E.RPR—-TARKEFSFRAAFRE K L W& TSR E R ERE (P<0.05).

3.2 TRABREERHANMIARBTRER.EXR
HRENE

IR IR L HEH . 2% . 2RMLHE
BAMA T 0.03~0.08 g+ kg™'.35 6~57. 4
g kg '.0.74~5.83 g+ kg 'F0.13~1.03 g+ kg ',

Bt eE+EEBETRLEERENTHE. 2K
KB, HEXRAAM T IE M f1 Zn BB B KR = [
SEEERERSH N 80. 9% M 2. 2% . BEET
Cu(40.0%) M Fe(26.2%), 4 1~#iX +3# Cu.Fe
Mn £ BUSRARBXER,Zn UK ZHXER.

£33 TRABRERAHLIENBIELBREVSEIRUARTELATRE

Table 3 Total content of trace elements in soils from four natural forests in karst

region and the national background value of total trace elements

HH Cu/g > kg™’ Fe/g+ kg™! Mn/g -« kg™! Zn/g » kg™!
B 0.0340.01B 46.01+15. 7AB 0.98+0. 35C 1.03+0.01A
iz 0.05+0.01B 35.614.50B 3.25+1.44B 0.19+0.11C
> FEE 0.0840.02A 57.414.45A 5.8310, 84A 0.45%0.01B
1R 0.04+0.01B 38,0%4,31B 0.74+0.11C 0.13+0.05C
FIE 0. 0520, 02 44,3111 6 2.57-2.08 0.45+0. 37
FREAN 40.0% 26.2% 80.9% 82.2%
0.33X1073~0, 27 12.0~125 1.00X 1073 ~5. 89 2.60X1073~0.59
2ELT%
(0. 02a) (29. 4a) (0. 58a) (0.07a)

. RFA-FARAETEXRRAAMMR L EEBHEREE(P<0.05), TH;. 2E L RHBTRERIHE.

FAFRANHERLIE CuoFHETENT
1.09~3.51 mg * kg™, BEHRKXZEHEEEER;
THFe ARSTRUKERF(62.9 mg ~ kg™,
FAMKEIL(11.6 mg « kg™'), 5 Hhim fK 5T 15 ik
FIEELER; B Mn ARSERBUKARRR (173
mg e kg ") RSB (48. 3 mg kg™, HH 5K
EHMBEAFBEER LR In AUETRURZR
K(37.6 mg-kg D, BFEHFHITA3. 3 mg-kg™ ).

FAMA4. 2 mg kg DFURTR (417 mg kg™ '), 4
MEECEARNSSETFHMEEXRIDHF R Mo
(110 mg » kg™’ ). Fe (37. 8 mg » kg™' ), Zn(17. 3
mg+kg™).Cu(2. 41 mg kg ). EREZKHFHN Zn
(90. 2%)>> Cu(52. 7%)> Fe(51. 3%0) >Mn(44. 7%),

GARAMEAMRSBETH, B BEXEREHM
+3 Cu.Fe . Mn Ml Zn EUSEEHETHAE, B
b FER K F



B3E HIM

B REARKESR L RMBILR S B 5H RIS

F4 FAREBREFEHRFRLIREBTEERE
Table 4 Available content of trace elements in soils from four natural forests in karst region
B Cu/mg * kg™! Fe/mg « kg™! Mn/mg * kg™ ! Zn/mg * kg™!
3= 2.56+1.55A 62.9%1.18A 104424, 4B 37.6+16. 8A
i 3.514+1.31A 35.1+4, 30B 116£10. 3B 13.3%7.62B
A% 2.4941, 14A 11. 643, 46C 173+29.6A 14.2+8.45B
W U 10940, 35A 41,745,328 48,3+9.61C 4.17+2,36B
FiyE 2.41%1.27 37.8419.4 110£49. 2 17.3%15.6
TREN 52.7% 51.3% 44.7% 90.2%
x5 ITENESEUSTRITEMRAEY
Table 5 Evaluation standard for available trace elements in soil
WAL 1% w = ¥ e FECS)
HHH/mg - kg ! <0.10 0.10~0. 20 0.21~1. 00 1.10~1. 80 >1.80 0.20
AR/ mg kg™! <C5.00 5.00~7.00 7.10~10.0 10.1~15.0 >15.0 7.00
HHAEED /mg + kg™ <5.00 5.00~10.0 10, 0~20.0 20,0~30.0 >30.,0 10.0
A B/ mg « kg™! <0. 50 0.50~1. 00 1.10~2. 00 2.10~5.00 >5.,00 1. 00

H.DF1H 198 FHEEMEBICERE THESIER,1989. Data from microelements fertilizer meeting in Nanjing, 1989,
2)51 A 1985 £ L H AN MEBITERS TESUER,1985. Data from microelements fertilizer meeting in Xian, 1985.

M6 4,4 i XAkt + 3% Cu.Fe.Mn
M Zn A RMRE(ED WEMKKR N 5. 46 ~17. 6,
1.66~8.98.4.83~17.2 Ml 4. 17~37. 6, FH{H i /)
B K HEFH Fe(5. 40)<<Mn(11, 0)<<Cu(12.1)<Zn

(17.3), 4 X Bt L IEMBE T EBERMESE
AEBEH)DNK2L QL O>EAaK(12. ) ~FiE
(12. H>E KL (5. 15),

6 TREBRXERAIBHETEFTNMHER(E ) NESHER(E)
Table 6 Availability index (E;) and integrated availability index of trace elements

(E.) in soils from four natural forests in karst region

=3 E(Cuw) Ei(Fe) E; (Mn) E(Zn) E,
S 12.8+5.74A 8.9810.17A 10. 42, 43B 37.6%16.8A 21.0
iz 17.6+6.53A 5.0240. 61B 11.6+1.03B 13.3+7.62B 12.7
FAMK 12.4£5,.72A 1. 66+0. 49C 17.2£2.96A 14.2£8.45B 12.8
e 5.46+1.77A 5.95+0.76B 4,83%0,96C 4.17+2.36B 5.15
T H{E 12.136.37 5.40+2, 77 11.044. 92 17.3+15.6 12.9

RTFRAMHUEBCRNFELREARKE
BOHZREXMEEZW, 4 4K G AR 1%
Cu.Fe.Mn fl Zn WL EBAKIK A 2. 73% ~8.61% .
0.02% ~0.15%.3. 26% ~ 11. 6% 1 3. 11% ~

6.87% , AT L, + 3 Fe iHL L, 4 MR £
HECuFe I MnEABEUR LR E KX, Zn HLE
AGh e b K Bk,
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Table 7 Average activation ratios of trace elements in soils from four natural forests in karst region

HE Cu/% Fe/% Mn/ % In/%

mE 8.6114.08A 0.153:0. 07A 11.6%5.51A 3.66+1.67A
i 7.3940. 69AB 0.10+0.01A 4,101, 77B 6.8741.97A
®AK 3.1740. 80B 0.02+0.01B 3,260, 58B 3,111, 74A
5 4 2.73+0.708 0.1110.01A 6.5410.33AB 3,11+ 1. 12A
FHE 5.48+3. 24 0.10%0. 06 6.44+4.29 4,19+2.16

HEMMEHE,FRX Cufl Mn HIEARY S
AHBMEAEREEMR Fe iR pHER
ERMX InEARSERBFMAREERE A E
HX., RFr. 28 FRK ARBNE H52
AMAVKER EEFEMX.

%8 ITMEAHRENBEARBAEAXMESH
Table 8 Correlation analysis between the physical and chemical

properties of soil and theaverage activation ratios of trace elements

ELR
Cu Fe Mn Zn
A HLBk 0.68" 0.52 0.63" 0.08
- 0.68 0.38 0.67 0.10
B 0.39 0.11 —0.24 0.78**
B 0. 41 0.03 —0.28 0.80°"
pHE 0.31 —0.58" 0.12 0.47

. x7£0.05 KB EAEMEEE(n=4); x x £ 0,01 KF LHXH
BE,FR.

x99 AMGBVBRERETENGSH
EY(E)EXERH
Table 9 Correlation analysis of total nitrogen, organic carbon

with trace elements and integrated availability index

£z e R E.
£t 0.89" " 0. 64 * 0.82°* 0.74* "
ALK 0.89** 0.71%* 0.79" " 0.71**
4 it &

INERXBEMAB L ESE 2% . 25T
BE BRI TF 0.03~0.08 mg » kg ' .35.6~57.4
mg + kg '.0.74~5,83 mg « kg™' M 0.13~1.03
mg- kg  HETFLELEHETEERNTEYME,

FHABRXELHA B L ELSR 2% . 2EMLELL
FREAE, T EHELREERBETRLSE,H
SRNG5S AEFURL BRELERT RO KE
T HHEBTESBEY RS THE UEAEKEN
TR, HEMBIRETRARHKINEFFIKEK
FAEE(82.2%) 24 (80.9%) . &47(40.0%) . &%
(26.2%) , XA B R FE M + RE NP RARK
RS, TEMEBEAENERSAEAEN
Mgt R S EERERY R ER LR
MIFELRERAMERY, IAKERBRO K
TEEAIHRETNNBESSKERERABRARE
., BIRER ARKBRAFE AESHFERKIIRSE
ERATHEMBTENTEAAEENERHD,

4 M EE R R A+ 38 Cu.Fe . Mn 1 Zn B
ASESHH1.09~3.51 mg » kg ', 11. 6~62.9
mg * kg™'.48. 3~ 173 mg + kg™'.4. 17~37. 6
mg- kg, RI\ELEHETREARANITNIFHE, &
BXEEAM L Cu.Fe Mn Ml Zn AREREY
A TFEE K, X SR BHER G EEX LR UE
TEARSSEREHEA -8, LEHMETEANK
BEBTEZ LR RHAGMERESR., —MKiIkF, pH
RYMMBTEGLANERERED, AHKLH,
+ ) Cu.Fe.Mn Ml Zn A% S EFE pH A& ™
BERMDY, ZEEIIAXTX LT pH A F 6. 95~
7.38, B EmM pH & T . AKELEF MBS 5K
BETEERIEMRKUETENELR, BEL
WRPABXFEEAL L% Cu.Fe . Mn #l Zn PU#
MEBTEMNIELEDSA N 5. 48%.0.10% .6, 44 5 F
4.19% S EEMREGE R, B Fe 5b, HAth 3
MHBETENEARIFARM, Mo fl Zn EEL T
BEHKE., MEREATEAET 4 MIREBEREX,
EERE MEESXSHREDWMARR BAX
FRIIMABEN. ABRARECHREAAELHE
BKHE—EREREESR I HPRETENA RN
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REAR B TE R 5 A 08 KGR ZU A 7 v Ve R A e 1+ 43
TEMBRN, #MES T ETREAUNSSE. BE
W PR BIEL T X~ R, Wi, &%
METERARE SERXMET RN A H/ER T 6
2RFERELEARSTELTRE AL,

Bk Fe B VEHE BN, R 5 4 X + 38 Cu.Mn
MZIn WERERBEK, FORECEARBKES
BEEDBUEBEREM. E HEFEXCQLO>&
FAARQ2. 8)~Fm (12, 7) >K B IL (5. 15), H X4
WERW.E SLERIBASEASEEEEFHEX,
R T AN LA SERYWRE TEARIE
BWEERF., s PRERUEZAARAGFPX -3
AN 2ASERS MBERTLEREIXKE
K, MBTFH225.6 CHUD KRB FIP KR ER
B8 24,5 CMY, BREHET, LIEAVFE S
AR I BERS SRR EEIBAZAY
B, LEAENBRAMEAS R TR BT &M
BEIXENGES, AT E TS0 2T G,

5 & i

FHREREN 4 MR XREEAE T B2 &
% eHENEgSE Ve T2ELEHECETR
W HIME , SR T &K ; 138 Cu.Fe.Mn Fl Zn
ARAREERE L EHB TERRUSIEMIRAE, B
FEBEAKFE; +3E Cu.Mn M Zn TEMAKFES, Fe
TEBRE AP T EBECRAMESESIERE)
M2 2L O>EAMAL &) ~Fhm (12. 1) >H BTk
5.1, B2+ BRIV BAMLATENEZNEE.
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Contents and availability of trace elements in soils
of natural forests in karst region

YANG Lin', YANG Cheng®, ZHU Tongbin®, XIE Yincai’. QIN Xinghua®,
LLUO Liuling® , ZHU Zihong®, MENG Llei', HE Qiuxiang'
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Abstract Soil under undisturbed natural forests were sampled to investigate total and available contents of
four trace elements (Cu, Fe, Mn and Zn) from four nature reserves including Maolan in Guizhou, Mengyuan
and Green Stone Forest in Yunnan, and Exianling in Hainan, all of which were characterized by typical karst
landform. The results showed total content of Cu, Fe, Mn and Zn reached to 0. 03~0. 08g * kg™', 35.6~
57.4g+kg™ ', 0.74~5.83 g+ kg' and 0. 13~1. 03g « kg™', respectively, which were significantly higher
the average national background values . The available content of Cu, Fe, Mn and Zn in study areas were 1.
09~3.51 mg kg ', 11.6~62. 9 mg+ kg™', 48.3~173 mg « kg™ ' and 4. 17~37.6 mg +» kg™ ', respective-
ly. According to the evaluation standard for trace elements in soil, available contents of all four elements
were at relatively high level. The average activation ratios of Cu, Fe, Mn and Zn in soils under the natural
forest were 5.48%, 0.10%, 6.44% and 4.19%, respectively, indicating high supply level for Cu, Mn and
Zn but low supply level for Fe. Total availability index of trace element (Et) in soil was ranked as Maolan
(21.0) >>Green Stone Forest (12, 8) &Mengyuan (12. 7) >>Exianling (5. 15). In addition, Et was signifi-
cantly positively correlated with total N and organic carbon contents.
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