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Cadmium Tolerance of Rhizosphere Fungi of Arabis alpina in Abandoned Lead-zinc
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Abstract
Yunnan, China were isolated with normal, Cd** and Pb** containing Martin’s media. Cd*" tolerance of those isolated fungi were

Culturable rhizosphere fungi of Arabis alpina in abandoned lead-zinc mining and non-mining area in Huize,

investigated with potato dextrose fluid media containing 0, 0.05, 0.5 and 5 mmol L' Cd?". The results showed that the growth of
rhizosphere fungi of Arenaria orbiculata in the abandoned lead-zinc mining and non-mining area was significantly suppressed
by Cd*". The mean and maximum lethal concentrations of 50% (EC,; value) of Cd*" to the rhizosphere fungi in the abandoned
lead-zinc mining area isolated by normal, Cd** and Pb*" containing media were obviously greater than those in the non-mining
area, which indicated that Cd** tolerance of the rhizosphere fungi in the abandoned lead-zinc mining area was greater than that

in the non-mining area. Among these fungi isolated by these 3 media, the rhizosphere fungi of 4. alpina in the abandoned lead-

zinc mining area isolated by Cd** containing medium were the most tolerant to Cd**. Tab 3, Ref 26
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1 MRS Tk
1.1 R

INFEFE ST (Arabis alpina Linn) , H 7 AER BT 8, Z4F
A A AR A, AR KAEL 600~3 000 miP LA T |, B AR
SRS, SMAAE R . BTN L DU A .

1.2 HmRESRIREEN S

fE 23 B g I S N 2O PY/Znl X (MR 9K 2 463~
2 516 m, 103°42'44 E, 26°38'58N) , HiE X 11 4 %0.5¢
kg'!, £W50.8 g kg!, 2 813.9 g kg, pH{H6.03, ©Pb 3 156.28
mg kg, 4x7n 45 308.21 mg kg', 4Cd 55.92 mg kg'. EH" X +
B4 705 g kg', 0508 g kg', 2#13.9 ¢ kg'!, pHIH7.01, 4=
Pb 56.28 mg kg', 4=Zn 175.21 mg kg', 4=Cd 1.92 mg kg. F#HL
MR T FE R /N B T R R 108, SRHACf 4L )
HRFS, PRI B AR TR L, A Il S0 %, 45 H.

TE AR SR 6 3% 19 5 AE /N AR i ST AL AR, R IR B B B 2Rk
ME7EAR R L3, IR B 108 MR R0 —FE 0, & TREA 100
mLICE K 0 = AT, PR35 15 min, FRAGEEER K AMAES X
P Az /INAE T T T AR B - 3R, FH T AR PR L TR 114 43 B 000,

R B B TR 3 B 1 R 75 56 5 T IR R 3R 3k SR &k
i (CdC1,2.5H,0) FIfiEERHY [Pb(CH,COO),3H,0]53#r 4k [ {4
R, B 100 mmol LAY CA* MIPL . T T a5 5%
FK TG HIFS0 CHE, INACA R A 1545 77 L 0 551
2.5 mmol L CA%, fEH & Cd> 55 FR 5 W nPo2 BRug i 15
R 24,10 mmol LPL>, 1ER &P b g 3L 00, SR H
T BPARk, AR PR ECE 1533 dJe, MK 38 BT 10 B 9 T 25 P
VARE, SR FIPDAKR: 3% 56 43 B3 alifb Fn R AT
1.3 Ca* 4B T/NERIFIRREEERKEMEC, ME

R A A A RS TR IR B CA i A,
£ CA W80, 0.05, 0.5, 5 mmol LAY 35, 50 mL=
PO 2E, B =AM A 20 mLIBGFR W, KEE#.

I B A6 mmiyFTFLAE, R1FE 377 dif/NER TR
PR EL A B A, 1920 mLES SR IEFN LR AR N6 mmi 5, 28
CHEREFE7 dJF, HEZES0 CHET 24 hig Tk 4tid u, 531

ECTA 22, TR R 4C A 22K T80 CHtT24 hiE, BUH
PR, ZEI AT E, Mnifs 2] 2 L. T EZEN
$i 2R /NAE B TR B B TR AR ) i S0% s T X5 7 1) Cd 2 ik
., BICaX/INME R ST bR B I EC, fH.
1.4 BT

K HGEHHAEDPS6.55, Duncanfi &M% 24 1 0 Mr 8y 448
XANE B X /INE RS T AR Bre 2L B A9 AR R Cd 2k i 4k B ) A= )
W2 SR (N=3), It B Cd> SRR L AEY f 2 (4]
Y AH O AL

2 ZER 50
2.1 EMEFRESBENEEY XFAIEY X/NEEITIR

PR EE R E

MHLEEIEAS, WD T IOE 5= 3 L BRI 1754
YRR XA 64 JE B X /NTE B ST AR s TR TR Pk . B SR
Oy B SASEREDT IX/INTE T T AR B T TR B, AR B SR M Cd
He FE0.5 mmol LHF, 40 MRAK 835 T Cd> ik ES
mmol LB, SANFEMEA KI5 8 25 N AYEr D X/ NE R AR
P BT A AR I BE A B CA> vk B TR R T R, A SR
X /INAE R T AR B 2 B R S 2 B A A G cdr R
SEREYEEET DX /N AE B ST AR B EC 9P EC, fH240.61 mmol
L, Horr, 2BREYRERT X /AL ST AR BR 41 B Y EC, 16 K T°1.00
mmol L, iz KEC, {64121 mmol L' (1)

64 H LB FEBL B AR X /INAE I TR PR BB T AR
TER TR Cd2 MR ¥ 250.05 mmol L, 1N E Mk AE K B8 T
[%; CA> ¥R H0.5 15 mmol LN, 6B b2k K 34 18 35 T %
AL, Cd2 ¥k BE 15 50.5 mmol L, W ZMHED X /NMERT ST
MRPR BB A K, AR PR LT A A B I A B Cd2 e B 1 T+
I TR, Cd* SR X /INE S IF R PR L B 2R S 22 B 2 i
1 ZE UM OC. Cd> X 6k /INAE 1 I AL B 20 TR 9 -3 EC B R
0.37 mmol L', fiz KEC, fH’40.54 mmol L' (£1) .

22 BCAEFENBNEEY XFET XN EFETT

RBR B E AR 1

M CA Ty T GBS 38 3k E RIS R A7 10 885 X
FN3A AR X /NG IT AR R EC TR B RE. 101 7 Cd2 5 57 3 43

%1 CAETETRIERED BN EN XA X/ ERTTRIFERENEKRKE. EC BEMHEXRE
Table 1 Comparison of biomass, EC, value and correlation coefficient of 4. alpine isolated by Martin’s media between lead-zinc
mining area and non-mining area under Cd*" treatment

) Bi v
Pl il A B JBlomass (m/mg) y ; EC,, *H?Q%?&ﬁ(
Sampling site Strain JCd* 0.05 mmol L 0.5 mmol L 5 mmol L (c/mmol L") COTTC]aFIOH
No Cd* Cd> Cd2 Cd> coefficient
KXF-1 737+253 a 70.94+10.9 a 48.2+11.6 ab 8.7+33b 1.21 -0.74"
WX KXF-2 195.2+519a 112.9+10.3 ab 83.6+13.8 be 0c 0.27 -0.74"
Lead-zinc mining KXF-3 137.5+78a 113.6+18.5a 28.74+6.6 b 8.0+2.0¢ 0.36 -0.80"
area KXEF-5 156.9+17.2 a 113.6+18.5a 39.0+12.1b 31.1£219b 0.20 -0.60"
KXF-7 137.5+209 a 97.4+16.0 ab 76.2419.9 be 30.4+9.0 ¢ 1.00 -0.73"
FXF-1 102.6+15.0 a 92.5+7.0a 4274103 b 34.0+9.2b 0.39 -0.64"
FXF-2 135.2+13.7 a 78.5+18.1b 43.5+10.6 ¢ 24.9+10.0 ¢ 0.14 -0.60"
X FXF-5 138.3+179a 133.5+87a 66.0+10.6 b 50.5+19.7b 0.47 -0.66"
Non-mining area FXF-7 143.7+38.4 a 106.3+11.4 ab 54.9+3.4 be 177437 ¢ 0.32 -0.70"
FXF-8 140.3+21.6 a 116.2+7.5 ab 71.2+17.5b 12.3+2.2¢ 0.54 -0.83"
FXF-9 70.7+8.8 a 55.8+57a 273+52b 0c 0.34 -0.83"

* P<0.05, **P<0.01. R[] The same below
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B RERT X /INE B T AR B B B AR, TERR SR M C A MR
0.05 mmol LA}, 3NFRRA: K B2 TR Cd2 ¥k 4 0.5 mmol
LB, 7B AE K B3 T R Ca> MRS mmol LA, 1045
MRAEK W2 TR, I mREA AR, AT, & Cd> R 97 3
A3 B A RE T IX /N T T R PR L R AR BE A B CdP ik
FETHRN T R, Cd* 59N MR A K i R o ul i S A
He. CA N & Cd> R FRIE 0B 0 LORR Y AF 0 X /N AE B JFAR B
HLEIFEEC, [ 1.22 mmol L, i, 6MkHYEH" X /ME
P AR PR 40 B A EC, [ K T°1.00 mmol L, 28R B EEH” X /NE
FA T AR PR 4H R Y EC, K T°2.00 mmol L, i KEC, fH 42.37
mmol L1 (5£2) .

134 F Cd> K5 77 3 43 B 1 A0 IX/INAE e I AR s B TR P
Bk, FERE IR I CA> R JEE 4 0.05 mmol LB, 34 F A K 3%
TRE; CAIREN0.5 mmol LA, 74N AR A B3 T B
Cd* ¥R FES mmol LB, 134 Rk I W8 N R, 34 FbRE
BAK. AT, f CA R R B AR X /INME B AR bR B
H A BE I Ca2 v BE T R R, Cd> 5 1A B R AR K
R B E R B E A OG. AP & Cd2 RS 3R L4 B 1 130k
B X /NE B ST AR PR B 19 P2 EC, B 0.62 mmol L, 24k
BYRFE™ DX /INAE B ITAR PR 40 B EC, (H K T71.00 mmol L, i
j(ECSOfﬁjEIlAZ mmol L' (F£2) .
2.3 SPIEFESBRREY XY X/ EETTIR

FR B B A SR

ME PO T T GG FR 56 1 BBk UR R A7 10 Y B2 X
FEHED X /NE RS IF AR PR LR B AR . 101 15 Po> 8% 372 3L 43 B 1)
YRR X /INE RS IF AR R BT B bR, 7EHR IR I CA> VR E 4 0.05
mmol LH, 3Bk A K 32 T % Cd* iR E 40.5 mmol L

F, 8 TA AR A W2 R Cd> RS mmol LA, 10~ p bk
R EE TR, 2 R AEAR. AT, & Cd> i 3755y
AT RE T X /INTE i T AR B B B4 AR R B IR Cd ik
ThEr T R, Ca* 59 bk AR K B A I 25 ol i 3 ke oG
Cd> % E P> 1% 75 3 /3 25 I 1ORR A B 1™ X /NAE TG JFAR B L 1
1 FH4EC, (6 40.76 mmol L, 4%k 8 B IX /N AL 7 I AR B 24
HIMYEC, (H KX T1.00 mmol L, fiz KEC, {H41.84 mmol L' (£
3).

104> 2 Po> 15 35 36 43 B8 M AR 17 IX/INAE B I AR B L 1R R
B, 785 35 W Cd> W 250.05 mmol LA, 34NB bk AR K i 35
TR CA¥HeJE 0.5 mmol L', 64 BfRAE K 35 T %
Cd* ¥ JE£5 mmol LB, 104 F R AE K 3 38 NI, 34 FIRk I
FHER AU, & CA> 5 IR 40 2 AR DT IX/INAE FE ST AR PR EC B
I AEAC B B9 Cd2 R B T M T B, Cd> 510 kA K
S B U G CA2 N & P2 RS SR L 4 B K 10RR
W X/NE RIS AR PR LT -2 EC, {4 0.60 mmol L, 28k Y
BERT X /INAE ST AR B 4 T A EC, fH K T°1.00 mmol L, K
EC, fH 41.13 mmol L' (3£3) .
24 AEEFESBHHEY XEYT X/ EETTIR

FREER R L

CA¥ X H M, FrCd> ., T Pb™ Y 5 T Q8% 2 58 70 B 1 A B
DX /NG ST AR PR LT I EC, (574443 515 0.61, 1.22, 0.76
mmol L, R KEC, fH 435I H1.21, 2.37, 1.84 mmol L, XJ
X /NEFE ST AR PR B Y EC, P2 {1 4371 2 0.37, 0.62 0.60
mmol L, fiz KEC, {EH/3°40.54, 1.42, 1.13 mmol L, £H]
YRR X /NAE B ST AR R L B X Caz R B T AR X, ST
BEDT DX/ INTE T ST AR PR A7 6 4 T 1 7 1% A

R2 CAETECH ST REFRESENHEFEN XY R/ANEBEFRIEEFENERKE. EC, EMBEXRY
Table 2 Comparison of biomass, EC, value and correlation coefficient of A. alpine isolated by Martin’s media with Cd** between lead-
zinc mining area and non-mining area under Cd*" treatment

- — . i -lBlomass (m/mg) . . B, *ﬁ;@lﬁq\%ﬂ
Sampling site Strain JECd 0.05 mmol L 0.5 mmol L 5mmol L (¢/mmol L) Corre a'tlon
No Cd* Cd* Cd* Cd> coefficient
KCF-1 56.4+7.7a 54.1+15.0a 30.6+2.2 ab 19.948.3 b 1.35 -0.62°
KCF-2 147.5£2.0a 114.0+8.8 b 104.9+£5.0b 27.9£10.0 ¢ 1.70 -0.93"
KCF-3 109.0+5.3 a 108.4+6.8 a 46.1+22.5b 40.6+4.8 b 0.41 -0.61"
KCF-4 145.1+4.6 a 137.8+39.3 a 101.4%7.1 ab 46.5£5.6b 2.04 -0.76™
i KCF-5 122.1£15.8 a 87.7+8.5b 48.0+9.0 ¢ 0d 0.32 -0.82™
Lead-zinc mining
area KCF-6 82.1%+21.7a 50.3+11.9 ab 33.7+5.8b 26.5£6.2b 0.28 -0.49
KCF-7 121.1£13.4a 97.0+124a 79.8+ 219a 30.44+8.9b 1.78 -0.79
KCF-8 84.7+6.4 a 82.0£10.0a 52.3+8.6b 20.0£10.4 ¢ 1.49 -0.82™
KCF-9 169.8+7.5a 151.24+6.2 ab 1249493 b 49.5+173 ¢ 2.37 -0.91™
KCF-10 154.8+14.0a 119.1£11.9b 76.8+9.0 b 8.6+4.8¢ 0.49 -0.87"
FCF-1 97.1+36.3 a 90.6+12.7 a 4277+54a 36.9+144a 0.42 -0.48
FCF-2 130.0+£19.0 a 105.0+25.6 a 66.2+14.2 ab 26.1+£13.9b 0.59 -0.72
FCF-3 39.5+4.7a 23.9+8.2 ab 19.3+13.3 ab 0b 0.46 -0.68"
FCF-4 91.1+£8.6 a 82.8+154a 60.6+15.6a 10.6+4.4b 1.24 -0.85™
FCF-5 126.5+189 a 78.1%13.5 ab 76.7£16.6 ab 13.24+1.0b 1.42 -0.70™
. FCF-6 107.2+38.5a 74.3110.5 ab 60.016.1 ab 10.2£3.7b 0.79 -0.70"
A FCF-7 18594213 a 126.9+12.4b 97.6+£17.7b 277%13.1¢ 0.67 -0.80"
Non-mining area e e D T : :
FCF-9 107.9+46.6 a 60.61+9.5 ab 48.3+8.0 ab 18.4+2.7b 0.28 -0.53
FCF-10 16241227 a 128.049.1 ab 86.6+12.6b 36.319.0¢ 0.83 -0.80"
FCF-11 88.6+27.6a 69.5+12.4 ab 27.1%£11.2 be Oc 0.26 -0.69™
FCF-12 70.0+39a 38.5+6.3b 27.24+6.2b Oc 0.17 -0.79™
FCF-13 63.8+16.6a 57.8%£10.7 a 36.9+10.5a 0b 0.31 -0.80"
FCF-14 130.2+77 a 93.9+35.1a 24.6+53b 0b 0.17 -0.67"
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Table 3 Comparison of biomass, EC_ value and correlation coefficient of 4. alpine isolated by Martin’s media with Pb** between lead-
zinc mining area and non-mining area under Cd*" treatment

- — - E7/Ey ]Biomass (m/mg) ] , BC, *H;‘Q,%?ﬁ(
Sampling site Strain JCd? 0.05 mmol L- 0.5 mmol L- 5 mmol L- (c/mmol L) Correla'tlon
No Cd* Cd* Cd* Cd* coefficient
KPF-1 129.8+7.1a 117.6+28.3 a 557£13.8b 9.8+4.1b 0.41 -0.78"
KPF-2 149.2+7.2 a 96.0+4.2b 98.6£5.4b 223%73¢ 1.34 -0.89"
KPF-3 123.8499a 131.9%11.1a 83.2+7.6b 6.9+47 ¢ 1.03 -0.93"
WX KPF-4 174.1%14.7 a 126.7£10.4 b 86.8+6.4 ¢ 10.3£3.7d 0.50 -0.87"
Lead-zine mining KPF-6 87.0+149a 52.0£4.7b 283+£69b Oc 0.18 —0‘75:
area KPF-8 105.6+4.5a 78.6+18.5a 26.2%7.1b 0b 0.21 -0.74
KPF-9 170.9+£28.2 a 141.1+17.8 a 109.3£17.1 a 17.0£5.7b 1.10 -0.89™
KPF-10 61.0+26.6 a 337£19a 29.3+32a 14.5+37a 0.37 -0.48
KPF-11 130.4+8.7a 90.8£15.9 ab 774%+10.2 b 43.5+21.3 ¢ 1.84 -0.68"
KPF-13 91.4%16.5a 78.8£10.9 ab 46.9+13.1 be 21.4+43b 0.65 -0.73"
FPF-1 129.5+4.1a 90.2+10.4b 74.8+12.7b 26.7+57 ¢ 1.13 -0.87"
FPF-2 88.5+239a 87.6+32.6a 48.24+19.1 ab 104+29b 0.75 -0.65°
FPF-3 5744+9.1a 37.2+12.5 ab 32.5+17.3 ab 11.8+9.5b 1.05 -0.57
FPF-5 1455+53a 82.3£12.2b 56.5£11.3b Oc 0.20 -0.80™
EIRINES FPF-6 11524109 a 90.4+14.1a 29.5+9.1b 0b 0.23 -0.76"
Non-mining area FPF-7 94.8+4.4a 60.7+4.8 b 40.9110.9 be 17.2+79 ¢ 0.33 -0.74™
FPF-8 90.7+374 a 69.5+17.2 ab 23.4+4.5 ab 0b 0.23 -0.62°
FPF-11 114.8+23.0a 80.8+12.2 ab 61.3+12.8 be 24.0%8.1¢ 0.82 -0.72"
FPF-12 104.7£29.6 a 70.7+4.8 a 62.0£8.8 ab 12.8+3.5b 0.98 -0.75"
FPF-13 949+21.2a 57.5+12.1 ab 37.748.7 be 11.1£19¢ 0.26 -0.68"

SR AL L 5 CA> & PO i T T G IR 2k 43 5] 3 5 11
CAd*fWEC, A K T1.00 mmol L4 4™ X /NE FE A+ AR B 2L
P2 OBk R4, R & Cd> R Po> i T T [ JR 4k 243
B Cd* EC, 6 K $1.00 mmol L AEH" X /INE B FF AR PR
FUBH 2Bk, TR ML 5 T [RHE 37 k43 B i AR 0 X/ NE R T
PR EL B CA* I EC, (/1 T1.00 mmol L, 4543 ik 3Fh
B IR 2L 23 B 09 /NE I ST AR BR B CA> I EC, B~ 24 fE A K
L, 7T DR 5 Cd>* 1 35t 3 15 3% 8 88 1 ) /NAE B T AR B
FUR T CA> AT YRR 5, I LT BT X 23 B 1) /NE R ST
HR R L B X C A2 T 4 e B

3 9f e

NCA2 5 e - HERE % 73 85 345 Cd> TR M AR 5 A9 EL 1, 4
Zafar®E 75 K FE L T B0 Cd> 5 Yl 1 4% FH 0 365 1) 22 0K 0 1 )
Cd*BIMICTH A #0.2~5 mg L' 0 f1& TN 1 L1
OB R — R E S B R, XFCdr B Pt AN
5 mmol L 13-4, Y 4, L5500 T 4 Jm w e A —— Kt
MEARNS BRI ESENTE . & RIE. AEES
FE WA 2 D) 56 2R B FL A0S, 3 B 0F 5% 6 W C.d> i 1 T 3
17650 ™ 595 e i A BT rh. AR B0 SR FH 5 Cd2 5 3R 3 40 s 3k
PRI EY R X /INE R AR B B Cd i PR i, i+ Cd>
R R bR, TR, P A R R AR
W, JEBRETRED X AR W A A7 B OB R0, B RE T XN
I KA K FCd 5 e ™ B A + 3 1, HAR PR E I
Cd> ™A T 1 .

T2 50 SR P I % S T I IR R 52 /NAE i I AR PR BB Y
CA>fiif Pk, Z ARG FRILH & T, HRER, EHARAER,
BT IZERESTARZOA Y, 5% 5 ncd>
JE AR 2 DUDE , ULUE A7 A i B I A Cd> 11 i T 358 i vy
2, eI X SL T TE T RE & B IR B N I AR A ML 5 Cd>TE A

THAA Y, T RE T R IR AR N CAP R AR T IR B
A2 W HE, A9 1 10 /1 26 P 7 R B 27 Ca* U EC, (1
SEBREC, (R . SR FIMMN 081 [ (9155 5 il 5 F5 BT
W G R, TS O SR 2 o WA, 2 B T B
APULE Y & /D, TERINE &8 &5, AR K
ULUE, B IR WM AT 20 T < Ji B 1 kR AT RE i A B
IMABIUTE . PRI, SR FH -G B SR U101 K 9K B 1 ik 2020
VA B G R I AT S A R . R R AR B R T
A 1 LT A A A < T A A A R, R R ECR
FHIR R B 5% e L SR FH 5 I % 73 ik 000 1% 1100 5L T o 4 Js T
R, AELSR FH IR R 5 3 i 00 0 L A ) 0 T 1) o <6 SR 12
TERE SRR — OO0 T, A5 AT LS A ) L T o 45 s i P 1
R
MNEE 4 J 7 TS YL Y B e s TR 5 A AR PR
B, JE R, AR PR T 0 AW R A | R
UUVE . A 50 SR, B B WIS, o E &R
B R, DT 4 e AB ) 18 5 kR 223, 53 AhT L B 4%
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