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Growth tolerance and accumulation characteristics of the mycelia of two
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Abstract: Remediating soil contaminated with heavy metals using macrofungi is a novel approach in studying environmental
remediation. The key issue in bring this approach into large-scale practical application lies in the success of screening out a
series of ideal hyperaccumulators of heavy metals.

Plate cultivation was adopted to evaluate the mycelial growth tolerance and the accumulation characteristics to heavy
metals Cr, Pb and Mn respectively in two species of macrofungi, Pleurotus pulmonarius and Panus giganteus, in terms of
colony diameter, mycelial dry weight and heavy metal content in mycelia. The results showed that the Cr tolerance in the
two species were similar. The diameter of the colonies and the dry weight of the mycelia in the two species showed an initial
increase with the increase in Cr concentration in the substrate in a small range of low Cr concentrations, but followed by a
steady decrease when the Cr concentration was progressively increased. The threshold Cr concentration for 50% growth
inhibition was 200 mg/L for both species. The maximal tolerant concentrations (MTC) of Cr for them were all 500 mg/L.
P. pulmonarius was very sensitive to Pb and the mycelial growth could be significantly inhibited, with the 50% growth
inhibition appearing at a Pb concentration of 100 mg/L (P<0.01). In contrast, P. giganteus showed a very high tolerance

to Pb, being able to grow normally in substrate containing Pb of up to 500 mg/L in concentration. In terms of colony
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diameter and mycelial dry weight, no significant difference (P>0.05) was seen between the group treated with 500 mg/L
Pb and the control group, with the 50% growth inhibition occurring at a Pb concentration of 700 mg/L. The Pb MTCs were
1000 mg/L and 2000 mg/L for P. pulmonarius and P. giganteus, respectively. It is therefore concluded that P. giganteus
has a higher tolerance to Pb than P. pulmonarius. Mn showed increasing inhibition effects on the growth of P. giganteus
with increasing Mn concentrations, and the 50% growth reduction was observed at a Mn concentration of 1000 mg/L in the
growth substrate. The MTC of P. giganteus for Mn was 6000 mg/L. P. pulmonarius exhibited a lower tolerance to Mn. Cr
and Pb were not able to be hyperaccumulated by P. pulmonarius, while Cr and Mn were not able to be hyperaccumulated by
P. giganteus. On the other hand, P. giganteus could hyperaccumulate Pb up to 1125. 56 mg/kg (dry weight) in its
mycelia, having approached the level of hyperaccumulation.

Some wild macrofungi bioaccumulating heavy metals effectively could not be artificially cultivated, which limited their
application in environmental remediation. So the potential application of artificial or semi-artificial cultivating macrofungi for
environmental remediation was suggested. If large-scale screening of macofungi for heavy metal hyperaccumulator through
normal cultivation is conducted for that application, the workload will be too heavy, time consuming and low yielding. On
the contrary, plate cultivation can reduce most of the workload, for the method is simple and rapid in detecting the mycelial
growth tolerance and accumulation characteristics to heavy metals, making the screening of macrofungi with
hyperaccumulation ability to heavy metals more effective, thus paved the way for potential large-scale application. Our
results that P. giganteus selected via plate cultivation could survive Pb concentrations up to 500 mg/L and could

hyperaccumulate Pb up to 1125.56 mg/kg in its mycelia have verified this point.

Key Words: macrofungi; Pleurotus pulmonarius; Panus giganteus; plate cultivation; tolerance to heavy metals;

hyperaccumulation
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AR LA T 4 4 R 15 Y A R IR BB E 098 b — TR i AE B E HR Y R &
HEE LR 0, S EORYAH L, KA E AR AR SR Cd He A1 Pb FE 48, FL7E 20 4l 70
AR & PR 15 (Agaricus ) BLE AT RBUE LAY Cd, 302 KR BB X R 4 R A ) s AR A AR
ZJEIE , V2 RIS EU U AR A BT 1 e 8 8 B sl B o SRR A R R R B A s R R
(141 Hg,Cd ,Pb As Cu Cr Mn Ni Fl Ag) fRE 0100 24 i 55 SR AR i K R L1 KL B 25 (Agaricus
bitorquis ) Pb B & 535 2. 35 mg/ kg, FE A4 U 2240 ( Hypholoma fasciulare) Pb (A& B 751K 7. 00 mg/kg'® . 76+
B2 de S T, K 4 (Russula delica) T2 R 4% 14 115. 929 mg/ kg FEI . FE Ph i) MR
LR BRI E R Pb S lEH R, 15 100—300 mg/kg TP 7E8 SRR IR INE 4 )8, — S & T R
VR A BT TR AR WS A AR W FE R IR R S Y i, B 4k (Lentinula edodes) | A H-
(Auricularia auricula-judae) %} Pb ) K ZFUEATIA 150—200 mg/ ke, T ALALEE 75 % Ph 1) 2 & Al 4 30 mg/
kg BRIBEPRI AN, KA ETH 1) N LE R 22, Q01 B8 22 (RN 7 SCAR ) L 22540 BEFRAT WL BE T AR K R B R
TEASFFAF S0 0T AR i HC 2 4 T R, DK R L ) T 4 O B R LA R R S 1 Miichelord
T RO A, R B 4 LR Cu (Cd  Ag A B 58 A4 2 I 5 T ARbR 7 A YA T U D S 1 8 4R
Cr Mg As Fil Pb (%, [RIFR AN R Bk ) 4 Jm 1) o SERR B RIS it S 22 50

FIF R B B HEAT 3 T G e Vs A8 5 B AR KR L TR 1 i B 2 OGS A% L o BV KON P LA 00
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( Sarcosphaera coronaria) %} AsP LR AN RS E T (Amanita strobiliformis ) F1Ff 8% 11 %S5 16 ( Amanita solitaria)
Xt Ag!® BAT AR RE T I HGE

ARG T Cr,Pb Fl Mn Xt 55 2 %% ( Pleurotus pulmonarius ( Fr.) Quél. ) A1 It %45 ( Panus giganteus
(Berk. ) Corner) £ ARA KA FEMA T TR RR 24 A T R 33 10 R0 TR R, Bk 3 75 &) | 58 345 1o Pk TN 2% g
9, LR WAL X SRR R S BR T TAE MBS BT S5 F . PSS 33 A 0 K Y L 7R X B R 1 T 52
SRR TR G, PR TR RO e, A1 W0 S e R S ) T 2 AR K Y BB R T 22 A S
G IRWEET] e T — AR B A AN R W A BRI | itk DR KA L S A A R AR
i1 e g TR L A 2 SRR
1 #REFZE
1.1 bk

F5214 (P, pulmonarius) PpLD1 &4 (P, giganteus) PgLD1 Y4 M& 7R K22 1% B H K,
1.2 {575k
1.2.1 RFhiEfe

TETCH T B4 AR T PDA RHETRTFRIE 1,25 CHOEHFR 7 d, MALIAK RN 4 CIRTF, %
FH o B AR IR 0 484 B AR e b TR A TE P ke 25 C G SR 5—6 d, 22 K Fb 4 CIRA7, &1,
1.2.2  HE&JE BRI

SRS TFREL 19.219 g CrCly6H,0 .3.073 ¢ MnSO,H,0 3. 198 ¢ Ph(NO,), % T 50 mL Z 8 F/K (£i%
FIBR AT | 43 AR R EE 75 .20 40 o/ L &R E &8 B, = KT 4 CIRAE & H
1.2.3  Cr.Pb 1 Mn XJ B 22 A K2R I

F A PDA B5 3R BERAL Y2203 60 °C , FINAGE 12 (19 2% 51 46 J& BV, 1311 H , 45 21 & A [ ok B 1 42 )& (Cre
0.20.40 .60 .80 .,100,200,300 350,400,500 ,600 mg/L;Pb.0.50,100,200 300,400 ,500,550,600 700,800
10001200 ,1500 ,2000 ,3000 mg/L;Mn:0 200,400 600,800 1000 2000 30003500 ,4000 mg/L) A [ {AF 4z ,
TEVAR A — 2 K AR, A TALA TP AR S A A AT AR N 9 mm YRR T 22 8k HERh B & & R
8 AP AR T e B VR BE EE AT 3 1R, 25°C  BEHE IR g KE I MU T 2 A KBS, 2 A K U Fe b
A — AT AR R Ik BR85S I A T VR ) ELAR T TR 9 A I L A 2 Ok, O S EAE N T VR Y B
Bl BUF BB AL A B 22 B Tk vk S UE , F 105 CHLE MR, iD M 240k T,
1.2.4 Refohig)m S ailE

SR PR - e SR (3490 20l Wik AR B E A 58 1K, 48 & it F GBC932-AA JEL T Uk
Sy IR E
1.2.5 Hdlsrir

I KM 52 1 B ( Maximal tolerant concentration , MTC ) 8 B& 2244 %t 35 8 4 i 1) R A2 I 3 B, BVE e K
ZURPES | B 2R A W TR BE I AR R o ]

AR AR = (v B A B PR 22 PR T X IR PR 22K T 5 ) /% IR B 22 4R T HE x 100%

K H SigmaPlot BAEHEATEE 04T, IR EHEII LA Mean+SD (n=3) &/, R H Student t-test 535 % 2 [H]
B AT BT, LA+ P<0.05 AHZERBE, « = P<0.01 N,
2 HR
2.1 PR ORI BT TR 22 AR R 4% T 52 B e ARk

ME 1A F1Z 1 T LUE ), HFEE R 2 R4 52 Cr e AR K, Bl A B B 0 T i, TR % ELAR R TRT 2244+
ISR G, 0—40 mg/L 19 Cr {2k 7 HEw w22 A K, SR IRA L, Cr BN 40 mg/L I &%
HARMIEINER 6.77% , WLAR T HIGMAE R 7.27% (A2 FHREE, BI Cr X FHE a8 3 22 e i 4 KAE
AW, 4 Cr WRBEE =60 mg/L I, FEE T 22 (0 A K 2 B, % B LK T B/, 5xFAE T,
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Cr ¥R EEH 80 mg/L B P 22 /R T35 2 8 25 PR, 100 me/ L B £ 34K b 7K T 5 T DA ¥4 LA S5 0 IR L, Cr VR 32
7 80 mg/L 1100 mg/L B ¥ 70 0 25 5%, ELE Cr ¥RE K 200 me/L B, Ak 322 5, IR PR 24k T 5
PRz Wi AR AN, R SR K B K FEENEEREELZANHEEAG LD, Y Cr WEH 80 mg/L il 100
mg/L B, BAR AT EAR PR W (AT 22 K 3 R R VR Y BUR PR RE T R B | 3 350 22 AR 1 o S A1
I, R 22 AR T Bk iy b o 22 R A KA Y, Cr WP 2450 200 mg/L B, Al 0] 55 22 45 1 224K 50% 1A K
500 mg/L I 7515 22K T AN HI R K 95.98% , i 600 mg/L Y Cr W5 £4MH T H 2 EH KA K, Kk,
75 48 TR 22 AR B 1 e KT 32 Wk B2 24 500 mg/ L,

E1 #mMAREEREEKHOTZD
Fig. 1 Effect of Cr on the mycelial growth of two macrofungi species

A FEBT P. pulmonarius; B JENIE P. giganteus; FIHFAR T I TR R R Cr (M IE (mg/L)

R1 BUBFLHEALAERPNVNEELERRNSE

Table 1 Effect of Cr on the mycelial growth and Cr content in the mycelia of P. pulmonarius

Higr S B IR I/ (mg/ L) WiY% AR/ mm W2ZETH/ mg W22 IR RN F 4/ (mg/kg)
Concentration of Cr in substrate Colony diameter Dry weight of mycelia Cr content in mycelia
0 76.17£1.76 34.80+3.44 —
20 79.33x1.26 36.27£3.12 42.33+8.62
40 81.33%3.21 37.33+1.32 64.67+7.51
60 76.83+1.53 32.27+3.62 85.67+5.51
80 75.67£3.69 25.71+3.82°* 101.33+21.22
100 73.67+3.55 20.27+2.20** 156.00+16. 82
200 69.50+1.50 16.87+0.45 ** 320.00+42.93
300 65.33£2.84 " 13.43+0.96 " 507.62+55.37
350 54.83+3.21** 5.73£0.97** —
400 34.67+3.33** 3.77£0.35** —
500 12.17£0.76 ** 1.40£0.53 " —
600 9.00£0.00 ** — —

5%} B H#E, LA Student t-test LT 225041, * P<0.05, % % P<0.01 (n=3)

R 2l TR 2 AR TR Cr AR BRR AR KDL AN 1B FIR 2, BlAL BRYR B 1 TH iy, TRV LA R TT 224K
TEAURIEI R, TN, 2 Cr N 0—20 me/L i e gt 1% g s 22 AR 9 AR 1 . S5 X IRAH L, 20 me/LL
f Cr o] {fi 7% ELARKE N 1. 70% , B 22 R T B340 6. 57% (B 25 5 e b AR K AR AR I e, 24
Cr ¥R =40 mg/L I S a8 22 AR TT AR Z M ] . Cr #RBEZIH 200 mg/ L I, FT 00 0 58 i 4 147 22 14k 509
A 5500 mgy/ L B4 228 B 22 R B %35 96. 41% , 1M 600 me/L 14 Cr W 5¢ 4 F ) T 44 FH- 2 B 7 19 A=
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R, RIS, 248 - 20 A7 22 (A0 45 ) e TR 32 9 BEHL 2 500 mg/ L

F2 HEWEHBEERLEERNEMRELEHEHESE
Table 2 Effect of Cr on the mycelial growth and Cr content in the mycelia of P. giganteus

E B R Y/ (mg/L) W B4R/ mm BT H/ mg WA &t/ (me/kg)
Concentration of Cr in substrate Colony diameter Dry weight of mycelia Cr content in mycelia
0 88.17+2.75 165.37+18.11 —
20 89.67+0.58 176.23+17.98 44.22+12.01
40 82.17+3.01 154.80+8.33 58.89+2.52
60 81.67+3.55 140.37+16.38 89.33+4.37
80 78.83+2.84" 117.03+7.94 " 101.56+19.43
100 78.50+2.78 " 108.60+13.87 " 131.11+25.68
200 75.33+2.93 " 70.40+3.47 ** 274.00+31.11
300 71.33+2.08 ** 60.60+3.99 ** 485.00+77.87
350 59.33+4.51 " 30.10+5.86 " 716.33+35.22
400 54.17+2.52** 22.20+3.48 " 960.50+53. 03
500 37.00+6.95 " 5.93+1.50 " -
600 9.00+£0.00 ** - -

5%F RS, I LA Student t-test 3T I 2290481, = P<0.05, = * P<0.01 (n=3)

R KT L 4 W R A BIIG A i, LRI EE IR 550N 5 A2 KT 38 31 At A e 5 4 R
LA 100 5 A ERRBI ' FHEH RS 2 A Cr 95 B3 BE Cr ALFRY R A9 w3 1,
#2), WAERRZYBIVHIE, FEEE Cr i K E =N 85. 67 mg/kg, Mt Cr i K& #2074 89. 33 mg/
kg, PR T Cr B 5 AERIP L E 35 2 (I P BEARTE 1000 me/kg™™ W15 5 X AR R AU LT R 2 Cr
BERRIER
2.2 PR ORHY BT TE 22 AR R BT 52 M B B ek

A 4 A R T HEAE UL A AR R TR NS 3 A, AR K R — HHERCE) H AR A
AR IIAATE B S T R A S N TSR,

B " : _
] 'f ‘
~

OQ"QQ“Q
@D ®(2)e

B2 #XMAMAREEEEEERKNIN
Fig.2 Effect of Pb on the mycelial growth of two macrofungi species

A. FE2LEP. pulmonarius;B;%H‘fﬁﬁ P. giganteus; [ F AR R T BB R B e 3k Pb PR R mg/L)

FE kTR 22 ARFH Pb ALk BE (RSN, TR I AR R 22 A& T 8 — B/ (181 2A, 3 3) ,100 mg/L (% Pb BJ
AR R EE AN R 2 00K, TR 500 me/L BUMERE | 25 T 22 (R i A= KRR A2 520, T 7% BT AR AN
W 22 AR B S 0 BT W 2 5 | TR 24 A 508 AR A S5 0 BRI (181 2B, 3R 4) o 2 Pb YK =600 me/L B, %
JH ST 22 AR B LR TR 2 M), B Ph MR BE RO TH 57 , T 7 AR T 22 1K T B Wiy, 34 5 0] B B A (25 22
S 2B,%4),
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K3 BNBFRHERLEERNIMEELERENSE

Table 3 Effect of Pb on the mycelial growth and Pb content in the mycelia of P. pulmonarius

BRI B AGHE/ (mg/L) H AL/ mm LR T T/ mg LIRS i/ (mg/kg)
Concentration of Pb in substrate Colony diameter Dry weight of mycelia Pb content in mycelia
0 89.67+1.26 26.70+2.36 4.16+0.41
50 86.50+1.00" 21.40+1.00" 172.22+15.67
100 83.67+1.61"" 14.73+1.01 ™" 321.44+5.68
200 76.83+2.25"" 10.33+0.06 ** 754.88+89.05
300 76.00£3.91 7" 8.13+0.45"" 818.67+120.95
400 74.50£1.327F 7.30+1.42 " 1238.67+76.06
500 70.33£2.08 " 4.47+0.78 " -
550 68.17+1.15™" 3.43+1.407 -
600 67.83+1.15™" 3.10£0.62 7" -
700 66.50+3.61 " 2.83+0.15"" -
800 53.00+1.32"" 1.53£0.68 " -
1000 37.67+0.76 " 1.13£0.12™" -
1200 9.58+0.38"" - -

53R LLER , FF LA Student t-test AT/ 225387, * P<0.05, # * P<0.01 (n=3)

75 B4l RV T2 T 22 AR AR AR 3258 50% B 1Y Ph ¥ BE 435124 100 mg/L 1 700 mg/L, 1000 mg/L it 75
B 22K T B 255 95. 77% , 11 1200 mg/L Y Ph U524 T HBHH KRR B 22145} Pb
P B KT 32 € B R 1000 mg/ L, 2000 mg/ L B4 JH 268 TR 22 44 T FE 41 i 3% 98. 09% , Tfii 3000 mg/L 4 Pb NI 52
ST T DA A 00 AR J T TR 22 AR X P A SR KT 32 Wk B R 2000 mg/ L, Z5 1 Tk, J& i % Pb Y
i 5% fE 71 L 5 2 ik,

75 2 F I TR 22 AR b Ph (9 5 m 4R Ph ARIEVR BE B3 I n (3R 3,4) o B 22 AR 32 B R A
B, 3 2 B 2214 Ph e K & 2050 1125. 56 mg/kg, = T Pb M & SEA Y AL E 15 3 09 I A & S AR 1 1000 mg/
kg™ WM G2 Ph R AR KR AR, HE G A% Ph UK, W N 50 mg/L I, B221K Pb i
A 3K 172.22 mg/kg, T BLHE O 28 B E I B 22 A R 0252 522 4 AN 2 Ph M & SR KRR ECH

x4 AWMBEHFRLZEERKOZWRALEPHRNSE
Table 4 Effect of Pb on the mycelial growth and Pb content in the mycelia of P. giganteus

BRFRHE R/ (mg/L) B4 HAE/ mm AT/ mg RS L (mg/kg)
Concentration of Pb in substrate Colony diameter Dry weight of mycelia Pb content in mycelia
0 82.67+0.58 83.60+6.16 3.67+0.72
50 83.17+2.25 84.30+3.15 154.22+31.00
100 83.67+0.76 84.97+6.42 400.67+20.67
200 83.83+2.57 85.47+6.95 495.11+55.96
300 82.17+2.84 83.27+3.26 686.67+95.39
400 80.67+1.76 78.67x1.42 820.00+£110.50
500 78.17+3.40 75.97+4.52 1125.56+102.22
600 74.67£1.26"" 60.75£0.15"" 1903.33+28.28
700 68.67+2.84 " 41.53+4.13*" 2778.89+138.42
800 66.67+1.89 " 38.90+3.91 " 3026.67+215.95
1000 64.17+3.62 " 34.40+5.41"" 3213.33£239.54
1200 57.17+3.82"" 29.33£1.20"" 4700.00+498. 82
1500 49.33+2.02*" 9.13+1.07*" 8040.00£790. 19
2000 34.50+3.61 " 1.60+0.20 ** -
3000 15.00+0.87 ** - -

5XFHR LA, L) Student t-test IEHEAT T 224307, * P<0.05, * * P<0.01 (n=3)
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3 ENFMABEREEERKNZN
Fig.3 Effect of Mn on the mycelial growth of two macrofungi species

A: FEAE P. pulmonarius ;B 3G TE P, giganteus; W TR 7 BB Fm B 523 Mn AOHRE (mg/L)

2.3 PR R B P 22 AR AT A2 2 e A e

WK 3 FiR, B2k A4S, 15 T 2 X 22 B0 0 AR G 45 i B T A2 B8 1. 24 Min W 200—600 mg/L
B, B 5 ELAR RN DA 22 AR T 51 S50 RGP I 22 55 (R D 22 K BRI B 7 1) 508 R BE R A 1K 9 Min TR BB R 800—
5000 mg/L B}, P& AR 500 B AR b 25 25 55 RIS Mn ¥R B =800 mg/L B, B 22 i A KAl i E 32 8 T
P s B AR B R 2000—5000 mg/L B, & TEARAFN R 22481k e b5 ™ (#13,365) . Mn IREEZSH
1000 mg/L B, ] 30088 45 T 2248 50% 14 4E K- ,6000 mg/L 19 Mn X% FH 45 6 22 R T B30 28 4 95. 96 % , I
I J P 208 TRT 22 A0 1Y) e KTt 32 66 1 R 6000 mg/LL,

W P2 B 22 A4 Min (9 2 s Min AL BRI BE BRGNS I (6 5) o R 224K AR 32 0 WA s, 5% ik 2 B
22K Mn Fe R & 2900 4443.33 mg/ke, /KT Mn #8 5 SE YIRS A B A I B2 BEARIE 10000 me/kg' ™), W14
T E SE I G5 A 2 Min B R R TR L

x5 EWNEHERLEERKNZNRALETFENEE
Table 5 Effect of Mn on the mycelial growth and Mn content in the mycelia of P. giganteus

S B E/ (m/L) H R i BT m BRI i (mg/kg)
Concentration of Mn in substrate Colony diameter Dry weight of mycelia Mn content in mycelia
0 83.50+4.00 154.23+17.67 4.56+0.21
200 80.67+3.75 150.70+19. 81 1608. 89+355.70
400 77.83+2.08 147.73+12.65 3093.56+189. 00
600 74.50+4.09 128.67+11.70 4443.33+509.91
800 64.50£1.73 ™" 104.17+6.33 " 5432.22+747.89
1000 58.50+1.00 " 78.20+£5.60 " 6401.11+1215.92
2000 46.67£1.61"" 33.30+2.31"" 17155.56+2866.99
3000 40.33£1.53 " 21.30+3.05 " 30380.00+2213.32
3500 35.67+4.65"" 14.03£4.22"" 35263.33+2451.25
4000 34.33£1.53"" 13.13£3.31 " 39623.33+4752.94
5000 31.17£2.02"" 10.03+1.80 " -
6000 29.83+1.53"" 6.23+0.90 ** -

5%F RS, I LA Student t-test 3EIEAT I 229081, = P<0.05, = % P<0.01 (n=3)

3 it
Sy, AR EEH T ESRAESBRE BRI H R ERMREL e 8
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FMAESKMZHE JF B E R B IBRE )1 ; KA E A T IIRRIE BAAXT B KA BB AR X AR A4 1) 1 )
e T EsFsk Yy ; o, A KR EE T E S B AESBE R 7RG Y, BT H 4R
.

A SE A KA BB AR S T AR AR 15, (HR B S I TR B BRI T A 3 4 SR BB 52 b (1 g
Mo B, X2 g N TEeE N TS S, 3355 R 25 5 H IS5 P 3 4 KR B R A T 128 , PR
SRR LT, A& R R I B R4 T 3 T 4 @ 5 Yo A WNME L W nl A TS . A SO 16 75 22 4 MURG 26 1E 2 1°F
G k&,

B SE AT AR R TR M 8 , AR, A AR T R . SR AR I IR R0 T 22 44
14 T 4 A T A2 B e AR AR T AT ARSI, T TR 22 1 5 2 BB T SR A A TR, A - SR i s AR AR g, vl e b
KRG TR, MR A W E SR & &, WP E HF 24X Cr il Pb JEH#EXT Cr Rl Mn 4304 15 31
WA (g X AT AZ B T AR5 , ELE 500 me/L AYMR B, #R AR M L R 22 AR A A K B 224k R P 1 i
ik 1125.56 mg/kg, AR MNEHER RARIEH , R 258, T — 485 & 400 H k£ 450% it 25 X5 Pb
e AR, IR AR AR I AL BRI B 0—500 mg/ L,
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