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Effect of Exogenous Heavy Metals on Growth and Development of Pleurotus eryngii

HU Qing—xiu, YANG Xin, YANG Xiao—hong, CAO Feng—ming

(Institute of Agro—Resources and Regional Planning, Chinese Academy of Agricultural Sciences,Beijing 100081,China)

Abstract: Pleurotus eryngii is widely cultivated in China and other Asia countries, the growth and quality of P. eryngii can be affected by
heavy metals in culture medium. The paper mainly studied the inhibited effects, tolerance index, growth and development of exogenous heavy
metals on P. eryngii by the way to mixed different concentrations of As, Pb, Hg and Cd with culture medium during cultivated period. The re—
sults indicated that mycelium growth of P. eryngii was inhibited by the addition of exogenous Pb.Hg and Cd in medium, and the minimum
mycelium growth speeds under the treatments were 24.0% .31.0% .18.7% lower than that of the control in the predetermined concentration
range. However, the addition of As at the concentration of 5~50 mg-kg™ accelerated the mycelium growth and advanced the fruiting time. The
tolerance of P. eryngii to the heavy metals was As>Cd>Pb>Hg. Addition of the heavy metals could cause the changes of cell ultrastructure of
P. eryngii, including cytomorphosis, cell wall lysis, and formation of large amouts of black granular crystals in cytoplasm. Consequently, it was
essential to control the concentrations of heavy metals in culture medium of P. eryngii.
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1 #REFZE

1.1 E#h

750 75 (Pleurotus eryngii) AR , 95 R 1206, 3
J5F v E LR By E RS Rl X R 5E &
MRS KL
1.2 X

Fﬁ m%[Pb(Nos)z]\ E%%:W[A&Oﬂ\iiﬁ%
[HeCL]. @A RICACL] 3 Hr s 4% GB/T 602—2002
(A 2 B FAREE RS A 28 ) TP ik
il
1.3 HiEFHE
1.3.1 B3RPy

WS 90% , 25k 9% , F IR 1%, Va5 ¥ 3 R
pH {ER 7.0; KB ECEIKE 1:1.2), F7K & 65%.

WINARES RO AT, R 1.6 1,
EFEFREL 4 MELS B WL R, S RE, 45
A :Pb 2k 0.1 mg-kg™,As<0.01 mg-kg™,Hg<0.000 15
mg-kg?,Cd & 0.11 mg-kg™,,
1.3.2 #kEEh

PN PR R T N S = ST o I |
ANRIVEEE Y Pb.As Hg .Cd W TRk, (HHGE
FFAN A FRAHR BE (LIBT3
JAEAK 33 em FE 15em JE 0.04 em EEER L
JRaerh AT R 0.25 kg, ANRIACTR R FE LR TE
WG BKE R S, R R
AR 10 KL,25 CT R, KRMBOICREZERKE
MRS TR R 2 A RKEE; BB S — 2
R, IR AR A KRS & TR A FRE.
it 5
L4 RWg it

RIBHESER 4 MARWKELRE, it 17
MEFE(R 1), B MEEER 1548,
1.5 HExiEtRiTERE

W22AERKEE (mm-d?)=—E XRBENHZLEKE
(mm)/AERK K (d)

W FRR (%o ) =F AR EE R () 3G BT E ()
x100

it 4 (% )= & J@ b B T - SC AR 5 (g )/%F
R F-SC /A 2 (g ) x100
1.6 ExRBEENNE

SRR A i SR 2 P T AR RS T
5| [ 5% bF # :GB/T 5009.12—2003 .GB/T 5009.11—

F1 EEBHRMIRE

Table 1 Concentration of different treatments

JhHH Treatment HaHRME USIN¥EE Concentration/
Heavy metal mg-kg?

1 CK 0

2 Pb 0.1

3 Pb 1

4 Pb 10

3 Pb 100
6 As 0.05
7 As 0.5

8 As 5

9 As 50
10 Hg 0.01
1 Hg 0.1
12 Hg 1

13 Hg 10
14 cd 0.02
15 cd 02
16 cd 9

17 cd 20

2003..GB/T 5009.17—2003 ,GB/T 5009.15—2003 Hf)
MR Pb.As Hg.Cdo
1.7 iR

R AT B (CK) I 4 FhE £ )8 Pb.As Hg.Cd 43
24 100,50,10,20 mg-kg™ ¥ AT (RHRAK B B (9 5
TR ) A R BB e T SE AR (B35 AR ), 400 B e o
ALER B YD R G AR, A R B e
A s R P A TE RS o PR TE P B AR 2B
AR I T AT BT = SE

2 HRE5SH

21 FRESEAENSHTERZE KM

N[ E 4 J 4% vk JBE A B A i 7 7 22 A K I B
W25 RUNZE 2 Fi7m o

MR 2ATLUER: 3SR asin P vk BEE
7 0.1~100 mg-kg™ B, TRZZ B A K3 BT X B]
(CK), HHr, ik BE 0.1 mg-kg™ #1 1 mg-kg™ 4bF
555 B ) 22 AR 5.2 (P<0.01) {HES VR Bk 10,100
mg-kg™ B, B 224 K 55 BR A 22 R B &, 53X
B Pb XA IR 2B KA — e B EEA, ERIE
TEBORRY P WREET , AV BEE TR 22 Pb 73R 1 i 8058
W 32 RE ST s % As T & , 4% &4 0.05~50 mg-kg™
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Bt B2 RKREEERARRE, MWKEN 5~50 mg-
ke MIAs ATRES R 24K 7 Hg /¥R, 7
0.01~10 mg-kg™ VR FEVE I N 22 E K EZ BB
Wl , BR 0.01 mg-kg™ AYALERAN , HoAth 45 M B A 7 0
Ab 38 34 5 25 0 ) 22 Al B 3 (P<0.01), 32 B Hg
XoF A s o AR R EIEA; A Cd B L
B, S IINELI T g w2 A KEERK TSR
Yt B, HBR 0.2 mg kg™ U MALERS) , HoAl 45 Ab B 35 5
SRR FEEE B E LR (P<0.05), JHE 20 mg:
kg™ AOADER T A 0T B 22 A K B R KA 0 BE, T
8] 22 AR B (P<0.01),, UL BE SRR P RS i — 2 vk
JERY Cd X A gl o 22 AL K = AR MEIVE R TE R R
T B 22 A K A I E
22 ARES BB HTEF ARSI

I REFERLH RN Pb As \Hg .Cd SRR FIES
J& G , A TS AT Z B B, i3 3 FiR.
FTUAEH, SX R, 25 4030 T 25 S 1 SR i 1
W35 B AR ARG R [FIRR B B8N , T8 o T35

HARA BT T SRR K=, Pb.Cd 4R 2E S
Xt RRAFTE P=0.0S /KB EMESR, DAIREET
31.3%.37.5%; B E BRS8N T 35.3%.9.8% .
31.4%.13.7% , (B 2 50 IR I, A E BB E T ;
M 4 P SR ALBIUR B o AP LA S0 U i
EMEEF(P<0.05), 33 TRET 26.1%.,18.5%.30.4% .
39.1%. AN, TSR iR kB, £ EEm AL
BT Rz SR —EzR (WF4),
BRI (] A9 22 5 3R - A5 I As Hg (Cd Ji5 , BUEF IRHR]
XA B 5225 (P<0.05), BAEBIE ], 2= E 0 B
20 H PR SRR DA AR, gl U B 1~2
PRETR A A FAb A AL PRS0 BRAR LL , H B0 RS
BLEMAN, BEE 2 TR RERE_E, LA
FERHP AN As IRAR TSR B, HERPE BH—FELE
HZERFE Y 63 d, HA—FEH RS HUES
Pb B4 BR, g E] 65 d, 5528 0 R H 28 et 1] A
7l s 53R RSN He A1 Cd AYAL T H 25 5 8], BE TR
Pi# 5~8 d, H5% A7 B3 2257 (P<0.05 ),

R2 FRAREESCRLEELEK

Table 2 Effect of different heavy metal concentrations on the mycelium growth

HERB HeE Concentration/ 224K Growth speed of mycelium/ B KH 25+ B Significance levels

Heavy metal mg-kg™ mm-d™ Growth potential P Pt
Pb CK 3.41+0.099 +++ a A
0.1 2.59+0.128 ++ c C

1 2.83+0.061 ++ b B

10 3.29+0.150 +++ a A

100 3.24+0.067 +++ a A

As CK 3.41+0.099 +++ a A
0.05 3.80+0.234 ++++ a A

0.5 3.09+0.612 +++ a A

5 3.70+0.488 ++++ a A

50 3.66+0.235 ++++ a A

Hg CK 3.41+0.099 +++ a A
0.01 3.24+0.134 +++ a AB

0.1 2.98+0.145 ++ b BC

1 2.70+0.030 ++ c C

10 2.35+0.207 ++ d D

Cd CK 3.41+0.099 +++ a A
0.02 3.22+0.037 +++ b A

0.2 3.23+0.087 +++ ab A

2 3.18+0.187 +++ b A

20 2.77+0.048 ++ c B

T et KPR, 223588 DR+ o0 KRBT, 235 + O KRB — i LB .

Note: ++++ means prosperous growth; +++ means normal growth; ++ means slow growth.
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Table 3 Effect of different treatments on the fruit body morphology

BER L Concontration/  FIRFRIKE AT B HE PRI FIHPEIR Character of
Heavy metal mg-kg™ Stem length/cm Diameter of stem/mm Diameter of pileus/mm fruit body
CK 0 16+2 b 51522 a 9.2¢1.4 b ZEERBIE K R
Pb 1.0 112 a 3.3+1.6 a 6.8+0.8 ab W, 514
As 0.5 1243 ab 4.6£14 a 7.5+2.0 ab  WE,EELK, HEER
Hg 0.1 1443 ab 3.5+1.8 a 6.412.1 ab Wi, 54
Cd 0.2 10+3 a 4.4x1.1 a 5.6+1.4 a W, BMEERE, R IESC

T ARFEFRRES BEE(P=0.05), TR,

Note ; Different letter means significance levels(P=0.05 ). The same below.

R4 TEMIEHE | HEFF0 R E]

Table 4 Time for flower bud, producing mushroom and harvesting by different treatments
H4 B Heavy metal ¥ Concentration/mg-kg™  FUEFH}IE] pinhead phase/d  HZEMA] Fruit-body shape/d 45—FERE R AstIE] Harvest time/d

CK 0 47 b 65 a HEEE 5~7
Pb 1.0 48 b 65 a HEE)E 5~7
As 0.5 45 a 63 a WG 5~7
Hg 0.1 52 c 70 b g 5~7
Cd 0.2 54 d 71 b W) 5~7

23 AREERLEEERETFRETE EMFH WU ESEYFRCROBAME S P, Sx M
IS b, AESE SRR AN Pb Hg  Cd, AV 855 T SL (8- B
TEANFIWE Pb As Hg . Cd AbBER, AF8ZE T2 AYAARBBEERTEAx g, H53 A B E 77

K5 FRAREESROETLETE EMFRENTIEREY

Table 5 Effect of different heavy metal concentrations on the yield, biological efficiency and tolerance index

T4 )R Heavy metal i35 Concen_tlration/ SF:E:‘J?’:E % 5 B Significance levels ‘ EE%%%I@ m‘ﬁ?ﬁ‘ﬁ
mg-kg Average yield/g Poss Poon Biological efficiency/% Tolerance index/%

Pb CK 161.02 a A 64 -
0.1 87.09 b B 35 54

1 93.10 b B 37 58

10 85.28 b B 34 53

100 78.36 b B 31 49

As CK 161.02 a A 64 -
0.05 124.63 ab A 50 71

0.5 122.21 ab A 49 76

5 98.77 b A 40 61

50 99.76 b A 40 62

Hg CK 161.02 a A 64 -
0.01 96.71 b B 39 60

0.1 89.54 b B 36 56

1 82.62 b B 33 51

10 66.13 b B 26 41

Cd CK 161.02 a A 64 -
0.02 100.92 b B 40 63

0.2 101.62 b B 41 63

2 101.50 b B 41 63

20 72.59 b B 29 45
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R BEZF(P<0.01), WX FARMARMKER As
QLB , 24 As #EE>5.00 mg kg™, TSLA B AIA )%
2R H o} BRI 2 PR (P<0.05 ), (H 7k B (0.05 mg-
kg M1 0.50 mg-kg ) AbH T, FEAF RS BER
AR WEYZMEE TE 4 FEES BRI
JERNFET f A PR H REAR A B BRI, AR
% Pb 51.6%, As 37.5% , Hg 59.3%F1 Cd 54.6%, M
BT A HIEE TR , S EA R AT T
FRELL As By, Cd HIKR , Hg 5 fi%, T Pb A9 15 %K
fvF Cd 5 Hg ZIA), WitEHe SR A st /e =
SRR T A 22 BT E , T4 B S
Bk R E SR WA A — S MEEEA N 4
MELBENENE, FEEESERINWEE I,
HEIRBOR WL, T EE ARG
24 BHETEEPHNESESES RSN
AT ACRYWUR , E Tkt 4 FESR
LR & &, FF5 GB 7096—2003 (& W DA
#E) NY/T 5095—2006{ /A E R B2 TinE
HEATEOXS, XA ogs 7 LR B 2 2T, 45
R 6,

EIREVR VL EZ N, Tk Pb BT
ERARER PR R ZR , B2 H) IR As TN
WEIAF] 50 mg-kg” B, FIARHH As SR T
2 WbRER PR ERLE 1Y 2.54 %, 3530k Y Hg B
WERTFEHET 1 mg-kg" B, FRAEPHTRARNE
Fr(0.1 mg-kg™) , B RAMUEE 10 mg-kg™ B}, 5Lk
o Hg S8R 12 . LR/ Cd & BREREF
BHRESINE) Cd AV B A 3G T 3G, 235528 Cd
B E =2 mg kg™ B}, FELAHH Cd SRELH D
FREFAE (0.2 mg-kg™) , B BN IR 20 mg-kg™ B,
FELkA Cd & B MR E S 15.9 £,

DI ESERUH, B ESR SRR,
SERFEEPESE S BB, ITEAF IR
W N AR R SRR P M E SR 15 YL
2.5 BESEMMEX A HIEMRE MM

A 3 T SR B 3 A0 BT A3 G i L 25 R
W 1 BR800 . CK 4@ B AR,
YRR BRI B . 55 CK Lb%, As 038 T 40
ATY , Y N RE AR, VR R IR TR R AR 14 P
Hg Ab¥E N AuMahridc, 40, 4Bt b Bam

Ro6 FLUETEERSESZEITH

Table 6 Content in fruit body and safety assessment

vaf ﬁtal iz i?gn ¢ ]:;l.tfaﬁon/ %gg{:l:npﬁ@gﬁ;gczgim infruitbody/ 5 70062003 NY/T 5095—2006 . afefﬁz’:nem

Pb CK <0.01 <1.0 mg-kg* <1.0 mg-kg* Vv
0.1 <0.01 v

1 <0.01 v

10 <0.01 v

100 0.024:0.008 %

As CK <0.01 <0.5 mg-kg* <0.5 mg-kg* Vv
0.05 <0.01 %

0.5 <0.01 v

5 0.1830.069 v

50 1.270+0.246 !

Hg CK 0.001 <0.1 mg-kg* <0.1 mg-kg* Vv
0.01 0.0050.001 %

0.1 0.066+0.025 %

1 0.3070.021 1

10 1.193£0.302 !

cd CK 0.065 <0.2 mg-kg* <0.2 mg-kg* Vv
0.02 0.025+0.003 %

0.2 0.066:+0.003 %

2 0.660+0.130 !

20 3.187+0.514 1

WV REE ) hilhR.

Note:V means safe; | means exceeding.
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B—As(50.00 mg-kg™)

C—Pb(100.00 mg-kg™)
D—Hg(10.00 mg-kg™)

E—Cd(20.00 mg-kg™)

B 1 EEFTRESENTHEE SN
Figure 1 Cells of pileus under different heavy metal treatments
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E—Cd(20.00 mg-kg™)

s G i
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Figure 2 Cells of stipe under different heavy metal treatments
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4R (E 2 Hh Hg kb3 ) REBA S8 W52 3| 41 B I 50kE
R BEAFY,
3 g
3.1 AREEEAENEMIEEKEZTHNRIN

HRAERT A BB, JE b P W EE Y As Hg,
Cd #R XA Ui ol 22 A K = AE MV E R, skt
H ) P 2 RIS S5 PR 22 A K AR IR 25 SR 3R
BFeR R as i — e MY Hg Cd 2300 A7 8 2 ) TR 22
ARPEAEMBWER, W2ARKEEWRTEAMNE,
XS5 R G EERRE R . ARZALET,
As 7E 5~50 mg-kg™ FIHR BE XA 7 o 22 A KR PR AR
MHIER, B ZRIBM 24K AN As FAL3E HL A
b3 7 B o3 b LR DR AT BB R P A A gk B A A
], NFE R E—FE AR W AR A F .
AWGIE R, N Pb As Hg .Cd 4 MESEIG, &
i gs AR ARSI K E R ER
W P ERSFE —EBE N, BRI
XFIX 4 FEE 4B A RAF T 24, BV I vk BE Ay
HIFERAE IEH AR R T , X 5EFFARFOX A
HEAE Cd FEp R g REA B, HFERET,
Fl—Fa A BEARES R, I EXARFE
WEERAARNMZE. A2, RN —RE
Xof A P R R R T (R E R RO
Flo
32 ARAESEAENSHETFLETEE £ E
RN

AR, FEFEE Pb As Hg Cd X776
o F LR BRI RCR R S A, 52 JX
MR LB A I T o X — 25 5 5 i B A R 45 SR8
UM, B SE IR R BE Y As Hg Cd # 4 BRI
AW, (AU INEY Pb ¥REELE 0.1~100 mg-kg™ (Y
JLRRIN, ZA#gs = B A Y R I AR Rl S R
Pb ¥k FE RGN 4205, TEAS K S 100 mg-kg™
W, PR TR T T 51.3%, X —%5 B 5 g4
PR RA B, 7T REJE DR [F] 4 7 S s B
Xf R —FiEE 48 Pb MIRIBAEEE R, 4 ESER
TnAbFE R AN As BIALER T SLR PR B A P12
Rim, X5 WK A8 £WF8E
WEEESBERINKENASEHEL, X415
AR ERGFAE—EZ R, AT REE RS
A0 T {8 P A A B DR R B SRR R A
FERRLGEERA X, EATFH—PUEE,

At , N e T B B SR 40 4
MIRE , AP, BB 15 Y A 87 T 5Lk ) 24
ML= A T —E IR, LG A AR TE A0 M RV A
S o (B HIA TR B S A AR LB, X R BB S AV
T B IR AR T S O TR0 RS\ R
b B AR R R, X LB TR SR T RE R
AR MLBE b AOTE TR (NS RE REF)EES
JRE T KA BAL S RO (IR 732 e (L 45 B
A5 ) 7 A 5 B R Y B I B BOR REHLYTRE T
K E SRS IPTIRTE A S 4 HEE b 41 s 2 A
e F R N B 4 L e I L B A B BE R A A 5, 4N
240 O BE FF) 25 AL AE AR R M AL 2 BL LR TR A0 ISR T
B THERE TS MESRTRAE
BRI R R LRBRE TR, EfS4&
BT AREESRRZAGEES] . SYIMIEE EAXEEEE &
SORBIEANNS, B4R B 1A Rl ok S A A0 R
IS SCBR: AOAILAR I T P T 0B A AR Y —
S mEmES

4 ZEig

IRBR B TSR N, s E Pb Hg Cd
) Ak FER Ko} A it e T 2 AR A B P AR IR L IR Y
As T RES R 224 K, 2 I A st B h 2

7S Pb.As Hg.Cd 4 MEL B, A#High 7L
TRMER S BRI A S AR R B 25 1
HREWA —ERENNE, BT KEMERE
BARFERERRE/D, Wl ERNA TR,
REX RS, AFEEEEER,

—EWENES BT, A LA r=8 &
HWCR B RGBT A P LA ES R
R BN = BMRHES A As>Cd>Pb>Hg,

N — € ¥R B B B 4 R T 5 BOA #7440 e AR
T N RE S A, A0 TR PO B R B 2R ORI &
MY

SAEULER ERETESBRELSR, &7
HAMEEARKREAR, R TR, R TP E
LR BRI IS AR AR A T I B
JR , BRI AE P v o AR A B SR B S B 5
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