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Influence of Aluminum and Manganese on the Growth, Nutrient Uptake and the

Efflux by Ectomycorrhizal Fungi

LI Hua, HUANG Jian-guo, YUAN Ling

(College of Resources and Environment, Southwest University, Chongging 400716, China)

Abstract;: AI’* and Mn** limit forest growth and vegetation restoration in strongly acidic soils and mining areas of aluminum and
manganese. The knowledge on the influence of these two elements on ectomycorrhizal fungi can provide theoretical and technical
supports for the selection of powerful ectomycorrhizal fungal strains and the bioremediation of contaminated soil. Three ectomycorrhizal
fungal strains, namely Suillus luteus 13 (Sl 13), Cenococcum geophilum 04 ( Cg 04) and Pisolithus tinctorius 715 (Pt 715) , were
grown in liquid culture mediums with AI>* and Mn®* added alone and together to investigate fungal growth, nutrient uptake and organic
acid efflux. The results showed that the biomass of Sl 13, Cg 04 and Pt 715 was decreased by 70.35% , 52.44% and 18.55% ,
respectively, under Mn®* stress. AI’* also decreased the biomass of SI 13 by 50.74% but increased that of Cg 04. The growth of
ectomycorrhizal fungi was further inhibited when grown in culture solutions with addition of both Mn** and AI’* and the least growth
inhibition was found with Pt 715. Cg 04 might thus have a strong resistance to AI’* stress and Pt 715 to both A’* and Mn** compared
to the others. AI’* and Mn®* decreased the nutrient uptake by the fungi, particularly by SI 13 which showed more obvious reduction
than Pt 715 and Cg 04. However, AI’* and Mn’® increased the efflux of oxalic acid and protons by ectomycorrhizal fungi. An
additional oxalic acid exudation by Cg 04 was observed in the coexistence of AI’* and Mn®>* and Pt 715 exuded not only oxalic acid but
also succinic acid. Therefore, ectomycorrhizal fungi resistant to Mn>* and AI’* could effuse more organic acids than the sensitive ones
in order to alleviate the harmfulness through complexation under the stress.

Key words : aluminum; manganese; ectomycorrhizal fungi; organic acid; nutrient; bioremediation; contaminated soil
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Jeiy b W R BT () B A R 1AM TR AR H
W, MR FAYG , TR ARSI i s
AR YRGB AR | BT Y e AME B
WRER ( Suillus bovinus) w2 & 3 KU 2R ¥ ( Pinus
sylvestris ) T A B AE KT Marx" FI IR 05 5 )
( Pisolithus tinctorius ) BEFPFAR ( Pinus) 1 , 75 8% K )
WA PEIE AR AR, 2 B T 4 R
RPN, FEAER IR, 2 SIS [ e
JEf Hg, Cd, Cu, Pb, Al, Zn, Cu FFHEEE, KN
TR ZHh A TR AR L B 6 5 4 R AR A A ) AR BE A BT
(i) HE FE A AR AR R R A A B
(M) B 4 Jm it v | B 22 i BEL B A R i A LR
JeHIE RN B 4 i 7 A A AR IR 2 R
R WD T B AR AR RN B, BRTA
RAMERARLEBT (M) 45 | SR AT — R BR T 5 —
Hp |, TEMVETIE 5 TP R
Fe RN IE A, Xt R ) 1) 353 55 A7 E 58 BN RN
A DRI LT 114 52 e ) fif LA

AHE 5T VLA 5 LA BE B SE 13 ( Suillus luteus
13) . AL R Cg 04( Cenococcum geophilum 04) |
AT 5% Py 715 ( Pisolithus tinctorius 715) M E
SIFTTESE | R EApRRN 3R [ i aE T X A AR AR B AR
K| RBEFRSR WA, DL A HLIRR S S 4 WA 1Y
S, H AT AN [ A 25 Y A A1 AR AR R R
BR L RRAHT ) P, LA SR i e P (T ) PR Ao 1Y
PR, B AR50 TS G 1 - SE AR 1k 38 | R AR
MRS

1 #MREFZE

1.1 Atk

P BR R 43 0 S 48 B8 3L 4R B [ Suillus luteus
13,8013, 5% A 608 5 PR b 11 2 RR s ( Pinus
massoniana ) MK BYTRTE +3E pH =4.12] | 4%
B [ Cenococcum geophilum 04, Cg 04, % H &7 N
5 i KA LLTMAA (Pinus tabulaeformis) #RF k£
e pH =7.1] MU 0 5. 5 2 [ Pisolithus tinctorius
715,Pt 715, 2K H #4447 T #0025 U )1 75 B A 4
( Eucalyptus ) BT IR MELT3%  pH =5.9 1.

i B R #E 25C £ 1C W &M T, R H
Pachlewsk [E{AR3% IR FLME 155 14 d & .
L2 Bt

PP AR e (0 B A 1 Bt an R b 3. O X R
(CK, A A" 5 Mn** ) ; @Al : 0.8 mmol-L™';
@Alz; 1.6 mmol-LfI; @Mnl; 3.6 mrnol-[f]; ®

Mn,: 14.5 mmol-LfI; (@Al1 +Mn,: 0.8 mmol - L™
+3.6 mmol-L~". AI’* Fll Mn”* 435I i AL, SO, -7H,0
(43Hréli ) F1 MnCl, -4 H, O (43474l ) $244t.

S & ik 6 FhAbFEAY Pachlewsk KRS FF
B BN FRA L 20 mL 43I 150 mL =
H SRJE L 121°C 5 K 18 30 min. ¥ 315 4943 91
FERh—HEAR N 6 mm B[ AR, 25°C = 1°C 5B
14 d J5 &AM E. AR 4 NEE.
1.3 Em H 577k

TER A RS AR IB S TR 22, T 80°C 4t
T T 22 AR DRI E 22 AR N R
T R -5k A Ak ST A TR 22 5, AR e 19 W Lk ik |
BHE Lo 80 L JCHA D BE T 2 D T AR b i AL
W, A

Je RS SRR RE T (pHS-3C , L EME IS 7 A 7 )
D2 B8 pH, TR 0.5 mol - L' Y BRBRFR AL U8 WL,
1 D-7000 755 28 AH (435 {X (HLPC, H 7% HITACHI
VAR M VO T R R AT R (LA DW
THE) . k&8 .20 pL FEUE, Ton-300 A3 HLER 53
¥r& A A ( Phenomenex, Torrance, CA, USA), 2.5
mmol - L. ™" BB AR shAH , i ah# %K 0.5 mL-min ",
L4 HfEibe

FH Excel X560 2040 2517 A5, SPSS 18.0
AT 7 220 i, 2 H B BCR A Duncan 3, 3%
JKHEBH 0. 05.

2 HRE5H

2.1 AR AP AR TRAR LT AR K 5

F 1[I, Mn® " W EREAR 3 PR AME B AR FLTA Y
Y H AR AR S A A E. 76 3.6 mmol-L7"
14.5 mmol + L™"Mn** BB R, SI 13 14 4= 44 43 31| [
Ik T 56.86% F 83. 84% , -4k 70. 35% , SL 13 T
RAZ Mn®* SEA B B 3 R VR M 152 1 i 3K
TR EE, HRE Cg 04, 44 AR IE E N
45.51% ~59.36% (¥ 52.43% ) ; Mn®* Xt Pt 715
o g/, AR RS N BRI T 22, 17% 1 14.93%
(F¥118.55% ). Mn®* X} 3 BRAME: BAIAR FLTE 19 75 %
REGMKI K .S 13 > Cg 04 > Pt 715.

AP XF 3 BR AR A5 00 45 5. 0.8 mmol-L ™"
1.6 mmol - L") A #4118 40| SL 13 WAt A4
Y& B AR IR BE RN 50.22% ~ 51.26% (F 1
50.74% ), (H ¥k £ Z ) 2 % A W #&; £ 1.6
mmol - L' AP Wil N, Pe 715 W EFFEAR T
6.92% , 1M 0. 8 mmol - L~" A’ * Jipiti T A 4 it 5 %} i
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TESF;, AV BERIE Cg 04 WAEK, 7 0.8
mmol-L™" | 1.6 mmol-L ™" AP* kb B R, A= ¥ 4%
BIEE T 5.13% F121.54% . A" XF 3 BRAME H MR
HEAE K ERDEMWIE SI13 BER, X P 715 16
1.6 mmol - L™ A" B A 4 il 4E H, Wi %t Cg 04 Fe 3

AR AR R AR,

7£0.8 mmol-L™" AI’* | 3.6 mmol-L™" Mn** 3t
[FFHE T, Cg 04 B A& o i 528 4k {H ST 13 F
Pr 715 WA i 2 BEAR, 400 R B T 61.34% Al
8.89% .

®1 BNENIMEEREEERKNIME /mg-bottle ™!

Table 1  Growth of ectomycorrhizal fungi in response to Al** and Mn?* stress/mg-bottle ~!
" XA B
RS
CK Mn, Mn, Al, Al, Mn, +Al
Sl 13 35.70 +3.51 a 15.40+1.04 b 5.77+0.71 ¢ 17.77 £0.37 b 17.40 +0.88 b 13.80 +0.58 b
Pt 715 43.08 £1.20 a 36.65+0.78 ¢d  33.53+1.58 d 44.57+1.75 a 40.10 0. 80 be 39.25 +0. 96 be
Cg 04 7.80 +0.73 be 4.25+0.61 d 3.17+0.20 d 8.20+0.40 a 9.48 +0.08 a 6.68 £0. 16 ¢

1) RHEATHEE AR/ NG FHEE RN 25 BEE(P <0.05)

2.2 FRRVERXT AN TRAR ELR AL WL AR S S A
W 15 )

R B PRRAN E TR MR A e A SRR,
FE AP | Mo AT, 3 BRAME BAR B B 22
AW, SRR EAEREES(WER2).
2.2.1  TRRRS A A

FREE A AR AT Mn®* B Bl 4t 7] 77 78

T3 BRI AR & B A N AR TR PR R Y
SR, SL13 (8 B 4 RN 78 Mn®* B
PR EE Y AL RPA T, Pe 715 18 AU R
L E AP ok R O B Rk 7R 1405
mmol - L. "' Mn?* _ 0. 8 mmol-L ™" AI** _ 1.6 mmol-L ™"
AP PR 42 B LR A T, Cg 04 35 R4
AR

*®2 AERESR. SPMEEREER., 8, feNRkEngm”

Table 2 Effect of AI>* and Mn** on the contents and absorption of N, P and K in ectomycorrhizal fungi

?%ﬁé’l\i/mg-g’l

FE R/ mg - colony !

7S R N b < N b <
CK 32.5b 5.30 ¢ 4.82 a 1.14 a 0.063 b 0.18 a
Mn, 37.72 a 12.41 ab 2.70 be 0.49 b 0. 133 he 0. 033 be
<13 Mn, 37.91 a 15.86 a 1.71 ¢ 0.26 ¢ 0.08 b 0.01 c
Al 37.56 a 8.90 b 3.44 b 0.67 b 0.21 a 0.065 b
Al 37.32 a 10.18 b 3.32b 0.62 b 0. 178 be 0.06 b
Mn, +Al 39.66 a 10.34 b 2.64 be 0.48 b 0.24 a 0.045 b
CK 23.64 b 21.62 a 12.29 a 1.13 a 0.94 a 0.53 a
Mn, 28.25 a 16.87 b 10. 41 ab 1.03 a 0.62 b 0.39 b
I Mn, 29.47 a 15.37 be 9.61 b 0.97 a 0.52b 0.34 b
Al 24.75 b 13.42 ¢ 8.24 be 1.06 a 0.60 b 0.37 b
Al, 25.34 ab 12.92 ¢ 6.60 c 1.01 a 0.52 b 0.27 ¢
Mn, +Al 29.10 a 16.53 b 10.03 b 1.14 a 0.65b 0.39 b
CK 27.39 a 11.23 ¢ 5.53 ab 0.22 a 0.085 b 0.043 ab
Mn, 25.71 ab 13.76 be 4.82b 0.11b 0.057 ¢ 0.015 ¢
- Mn, 18.08 he 20.62 a 5.50 ab 0.053 b 0.06 c 0.017 c
Al 11.95 ¢ 12.59 be 6.86 a 0.097 b 0.10 a 0.053 a
Al 25.28 ab 15.33 b 6.55 ab 0.24 a 0.15 a 0.06 a
Mn, + Al 11.27 ¢ 13.15 he 5.18 ab 0.075 b 0.088 b 0. 033 be

1) & RS —H bk A ARG TR ROR 253 B3 (P <0.05) , T 1A

TR U S AT R 2R R A o 32 TR PR 2R Bt R
TREME. 7E APY | Mn®* BB R AR R 3
R A R R S 45 N A TR 7 R 4 J 1 52
T, SL13 BRI T I R AT
41.23% ~77.19% ,Mn’ " [R50 8 35 K F AP B94E
F P 715 MR T 35284k s Mn®* 1B 35 FRAIG

Cg 04 YR WAL, IRl B2 9B =2 xS 0. 8
mmol - L™ "AP* $%{H 1. 6 mmol - L.~ " Al * {i£ 3 Cg 04
/ﬁ%ﬁl&i,o 8 mmol-L 'AI’* 5 3.6 mmol-L "' Mn**
LA A T S A VR .
2.2.2  TEPR S BRI R

PR S B 7E AL Mn® " B AR 3 Bk
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RS A r 22 5. e RN EE &R e R, S 13
E BRI, Mo® T OS2I R T AL Pr 715
TR R, BRI N 21.97% ~
40.24% , AI’* W B #E K F Mo’ £ 1.6
mmol-L""AI** _ 14.5 mmol-L "' Mn** ﬂj}lﬂ_?, Cg 04
1) 5 T e S S 1A .

PR RBE W W . 7E AL | Min® " A stk ] A7
FEWE, P 715 By 8% W Ui & W 2 R K 7E 0.8
mmol-L™" AP’* B 0.8 mmol-L™" AI’"_ 3.6
mmol - L ™' Mn®* L7 I} ST 13 1 B W i = &5 2% 1
jJ[I,T,'-F 3.6 mmol-LL™' . 14.5 mmol:L™'Mn** _ 1.6
mmol - L ™" AP* R 3A 0 G 8 A8 4k, Mn®* i 2 FEAIG
i AL B AR Co 04 MYBE R, AT 5 Mn®”
I [FAEAE I T e 2 AR 1k
2.2.3 WSRO

RS B0 . AE AT . M B s 3 ] e
TS 13 AR R AR Ce 04 SR
BEAAE. AE AP A, 14,5 mmol - L™ ' Mn®* KW
Fh i 4 @ AL R A T, Pe 715 BS503R

BRRREI W . 7E AL | Mn® " B s 3 [R] Ffp i
T3 AR BR AR A S, A E S
JEIA T, S 13 Pr 715 BIARIE i 35 1 25 FRAIG, L
W 7E 14,5 mmol -L™"'Mn®* 38R, SI 13 B 1) W i
A 94. 44% 1.6 mmol-L ™' 1 ALY i Pt 715 [
fi£ 49.06% ; Mn®* . EREAL Co 04 B IR i, (R
AP Bagh i3, 5% 0.8 mmol-L7' A’ 5 3.6
mmol L™ 'Mn** HEAFH , ANFEMA Cg 04 H7 A IR .
2.3 BLEXAMERMRERE WL, T M
H* {5200

BAIREA S AESENEMN. AR
JE R A AR B E S WA ML = —Fh A TR
PP LRI A EL. 78 AP Ma® " e R, A5 R
BT LAl —E B A B IR A T R, Hp Ak
LRI W HEEATRE , RSt 1T
2.3.1 Hg

FEIEFSA ALY Mo a3 Fhah Ak B AR
FLIE 3 AR IR Y R A B AR 1T 57, Herr, Cg 04 43
R R[4 32. 44 wmol - (g-d) ~' ], Pr 715 Fe/)
[F375.98 wmol- (g-d) ' 1,813 J&H [ F19.36
pwmol« (g-d) ™' ]. A" = Mn®" BAAHME R, SL 13,
Cg 04 43 WA TR 1) 3R 5 0 5 8 fin 5 72 PP 4 ) It
FERT, SL13 43 WA LR 1) 3R 3K 52 2] 1E 8 7KF-, Cg 04
KB RAE; FE LR AR B, Pe 715 43 10 TR 1) 3
BT ET(FE3).

R3 B, EHEREGT MEEREFESDER,
TZEEF H* BIEZED /wmol - (g-d) 7!
Table 3  Rate of oxalic acid, succinic acid and H* efflux by

ectomycorrhizal fungi under AI** and Mn?* stress/pmol- (g-d) !

[ L7 S o2 B FR TomR H*

CK 5.20 ¢ nd 114.92 ¢
Mn, 11.26 a nd 72.87 d
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