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Figurel . Effect of culture mediums on K-—releasing ability of five ectomycorrhizal fungi.
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WL AL/SIVK/SE iR LGP 3 45 5 B 0.72 A
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Figure 2. Release of K, Al, Si from muscovite by C.

geophilum during 21 -day leaching.

2.2.2 HYENIEEERMENT U AT H
e B DR R R AR i 3 2 T AR O -
12 d BB INA 0.25 g, JG WAMS AT i 1 B . il 44
PN e sl A Sl ol 7 - A S T N RS B e
FH R T8 980 v 1) ) 4% ] 2 W 3 A0E B DL FR) 3 RE AR O

FE0 =12 d P, 0 40 Bl 10T FE AR S 2 Mt dh, LY
117 g/d {8 FE2 0 B BRI T o DL HE ST, A
B LAE S 13 R FEIR R, MAE S 15 R UUJA
PRE A

—F—biomass —&— remaining glucose

0.30 118
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HE R 2 PR A T L dh 2
Figure 3. Biomass and remaining glucose in culture medium during

21-day leaching of muscovite by C. geophilum.

2.2.3 B pHEMNSFENBENTL %
PR A 2 R P A N G LR M AT R TR
CIRHLRAM DR FER. X 1 frox, 4£0-94d
W B HLRAE K B h BB, AE 9 -15 d Y
TR TH s B e IA B 464, 68mg /L, I XA G
WD B 21 R B PR 2 11,34 mg/L. +
A 7 A BRI AR R R B U T B R O e R
Fa, 1] et P BV AT R R DA K B R 15 d 5 %K
ANLER P PR FE M FE 2R K . REEM pH T
1) 6.05 NEEA 4.48 5 2812 0+ 4 4.99. ¥ pH
MR AT AR 225 T 4 B o i HT ST 7R P R A
FI A HUBR M 0 FC 7K A B TR 6 10 2 o 4 T 45

Z1LtAETHRERNEzEEES pH ESANBRHKEER

Table 1. pH values and organic acid amounts in culture medium during 21-day leaching of muscovite by C. geophilum

¢ (Organic acid) / (mg/L)

Incubation time /d pH Oxalic acid Citric acid Acetic acid Lactic acid Total

0 6. 05 0. 00 188. 39 0. 00 0. 00 188. 39
3 4.96 0.15 0. 00 22.21 28.74 51.10
6 4.91 0. 40 0. 00 45.88 53.20 99. 48
9 4.73 0.59 36.23 33.86 13.99 84. 67
12 4.52 0.83 83. 14 125.35 11.98 221.30
15 4.48 0.35 55.74 357.02 51.57 464. 68
18 4.95 0.22 34,07 213.00 37.80 285. 08
21 4.99 0.05 11.29 0. 00 0. 00 11. 34
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2.2.4 IREERIME WL 2 s, 5 15 d A
AT A3 35 22 B 5 1086.49 mg /L, K TR
B HPLC A9 21 (1 8% 25 CRYE T 22 2R 3 l) 141
G (921.73 mg/L) , i3t W3 4= A 2% [ 1 B A7 40 3 e
ANEZHEIES 1o iR 21 d 5, AN EREE B 3R S v 2
B (AR B ) 2 B R AP IR BE I 1,95 5. K
N TANIRAEAEE 24 W) OB AR UL AR

2. t4ETHAREBBE®15d521d
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AL 10 5 G2 J8E o o, AT R R B 89 5 2 15 R I Ak
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19.58 mg/L Fl 8.32 mg/L, Ifj 75 W ¥4 35 0 4 51 4
60. 65 mg/L Fl1 85. 53 mg/L, % I K 75 21| 45 £ B 5l R
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Table 2. Comparison of polysaccharide concentrations and organic acid concentrations between in external environment

and in micro-environment after 15-day and 21-day leaching of muscovite by C. geophilum

Incubation ¢ (Polysaccharide) /

¢ (Organic acid) / (mg/L)

Environment

time /d (mg/L) Oxalic acid Citric acid Acetic acid Lactic acid Total
15 External environment 1086. 49 0.34 36. 69 11.93 0.00 48.95
Micro-environment 1259. 01 0.41 85. 66 544. 61 62. 16 692. 84
21 External environment 207.95 0.00 11.09 0. 00 0.00 11.09
Micro-environment 405.90 0.37 11.35 14.28 1.99 27.99
Oexternal environment O micro-environment I T e LW I AR R, 34 4 B Bl ) B 11 5 i ik A
(A) 80 . STRNTEN e
T PURER ORI A BRI 36 B b R4 2
I N 29 - 30] . EN
S 60t % R RALE 7 1 e g > 7% o A Sz i6 bR [\ B 7
e ; ; S e e
£ sof IS ) T R B0 it B ) 4% A A0 AR pH (E B
@ or A HA R HLAM B or = 0,926, 7 20,9717,
< 30 ) ; e
< ol T = r=-0.930", N =8, B &5 A4 5 iR 2 W
ol K 28 T T 5 0 24 X052 Lo 2 0 9 98 5000
0 1 1 1
K Al Si I BHESETAREBXESH
Released elements . .
(B) 100 Table 3. Correlation between K release amount and
_I_ other experimental factors
~ 80
B P Sig.
_OED 60 b Experimental factor carson ®
= correlation (2-tailed)
=
2‘ 40 F Remaining glucose -0.926™ 0.001 8
&’ Biomass 0.9717 0. 000 8
el i
pH value -0.930™ 0.001 8
0 1 1 ] . .
K Al Qi Organic acid 0.284 0. 496 8
Released elements ** Correlation is significant at the 0. 01 level (2-tailed) .
B4 +4E=FAREZMATE 15 d(A) 521 d(B) FIMR

BS5MIAET K ALSI iR E R ELE
Figure 4. Comparison of K, Al, Si concentrations between in external
environment and in micro-environment after 15-day (A) and 21-day

(B) leaching of muscovite by C. geophilum.
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RE T W22 5 R 25 B “W A7 ol ) il 2
B A T BE AL I 2 R e VAR T I R
22 AACH™ 1) 1) d L UE WY 7 A LA AT RE 2 R
22 A HUBRASE A A7 LR 1A )6 ok B A A
PR A o

—30pm —

Bs. tE=AERHNAZEREIFERE SEM A RIEE

Figure 5. SEM photographs of muscovite sheet surface before and after leaching by C. geophilum. A photo of original muscovite

(1000 x ) ; B and C: photos of muscovite after leaching by C. geophilum (1000 x for B, 3000 x for C ) ; D: photos of calcined

muscovite after leaching by C. geophilum (5000 x ) .
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W52 B S AR R AR L BR 4y WA A 2 B IR A 2 B
L2 —l, e A S RER T B T A 5. ik, 3
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H AR PRI T X s o A T Fe U R — o R b
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BRL W e mItE TR R E M
(15 =21 d) , G LR & Bi ok ff 41 &G ir TR (3R 1,
Bl 2) o X 75 T AT A DR 85 % i R s ) B 3 B
h Gy s I % R0 S B 7 v RS TS0 A S A
B 25 R, T 5% 5% 5 SR T A 5 52 () A4 R T £ 08
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i) K A 4, 5 30 4 2 BRI W 4 45 1 i AR AN T
WOMERIN AR 6 T T g HBE SR Mg 5 2 1A
K" IR AZ e, A1 4 25 48 77 A2 T 3 Ve AR . 2B HE
T s A 2 B B R 2 BE RS TR AR O PT3430
JEHETN G AF I Cln A AL R A 1A 0 % i B 10
BH 25 7 3080 07 25 2R S AT AT BT B R A R TP
108 15 il S A7 5 T ASE e B 1) 386 1) @R AT 5 R T80 B T
RE 305 73 £ FOH [l B4 9 DT 2 BRI AR

KR B o SR, 4ok 24 858 vh K9 B2 7 5 28 3
(B 4) 5 Z 55 R0 AT HLTR AE 40 25 555 R B0 3R 5 ) B A7 £
BRI BE 22, ml LA K B 22 0 1) sk A 55 e % A7 3K
B E AR, ek T AN 5 2 0 T 22 5 1 P [H
RALATE FH 5 I W B RS TR0 IR B, A LA A e v P2 A2 T
B E

AT 22 A B DL TR 22 5 0 1) 10 00 B 4 f T Ak
AW A4 TS R [ FE AT A 2% 2 R AR A o X R e A
BADESBEHEZMEZENHLEKR (K3 G
BRAR A WL 1 2 W B BT R, S R
W) AH ELAE D RE A A B AR A AR ) TR B i T
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22 [ 5 DR 0] R 2 WA R T 2R W AR 1 g ) o
PERIL . SEM W22 45 R B, + A4 % BB w22 A
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B (I 5) o BA 22 - 4 4 3 42 ok ) DA F A R
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SR R W T 0 o B 22 5 T TR Ak, AT )
BEZER W R0 1 T A2 W e, 55 1A Mg B T 22 0 )
(2R | R e ol il DG = I S < A W A
FEIMRETRL .
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T80T I AT T A A R AR L A AT 15 D R
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K-release and weathering of muscovite by Cenococcum geophilum

Yunxiang Peng, Miao Song, Israel Pedruzzi, Ping Li , Jianguo Yu
State Key Laboratory of Chemical Engineering, East China University of Science and Technology, Shanghai 200237,
China

Abstract: [Objective] To use efficiently the insoluble K-bearing minerals in forest soil as nutrients for plant growth, we
studied the weathering mechanism of muscovite by ectomycorrhizal fungi. [Methods] Cenococcum geophilum,
Paxillus involutus, Laccaria bicolor, Pisolithus tinctorius, and Suillus tomentosus were used to dissolve muscovite in three
culture mediums. Furthermore, K release from muscovite, biomass, remaining glucose, pH value andorganic acids were
measured during the 21-day incubation of C. geophilum in Modified Melin-Norkrans (MMN) culture medium. We also
compared K release amounts, organic acids and polysaccharides in external environment with those in micro-environment
after 15-day and 21-day bioleaching. The weathering phenomenon on muscovite surface was observed by Scanning Electron
Microscope (SEM). [Results] Among five ectomycorrhizal fungi, C. geophilum showed the best K-releasing ability in
MMN culture medium. Fungal biomass, remaining glucose and pH value had significantly effects on K release. With the
aid of exopolysaccharides, the hypha adhered to the mineral surface forming the micro-environment. In the micro-
environment, organic acids were concentrated to promote K-release from muscovite, and obvious weathering marks on
muscovite surface were found by SEM image. [Conclusion] Ectomycorrhizal fungi could weather muscovite to provide K—
solubilizing microbial resource for plant growth, and the synergism action of hyphae, organic acids and polysaccharides
would accelerate K mobilization.

Keywords: ectomycorrhizal fungi, K-bearing silicate mineral, muscovite, K-elease, weathering, Cenococcum geophilum
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