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AI’* Absorption and Assimilation by Four Ectomycorrhizal Fungi

WANG Ming-xia, YUAN Ling, HUANG Jian-guo, ZHOU Zhi-feng *
(College of Resources and Environment, Southwest University, Chongging 400716, China)

Abstract: The present experiment was carried out in order to know the resistance mechanism of the ectomycorrhizal (ECM) fungi
under Al stress, to establish the theoretical foundation to alleviate the Al toxicity of trees, to guide the selection of Al-resisted ECM
fungi and preserve forest health. The absorption and assimilation of AI’* by four ECM fungi [ Pisolithus tinctorius (Pt 715) , Suillus
luteus (SL 08 and SI 14) , Gyroporus cyanescens (Gec 99) ], which were isolated from different forest soils, were investigated in pure
culture in liquid media. The growths of Pt 715 and SI 08 were less affected by AI’* | but growths of SI 14 and Ge 99 were obviously
inhibited by AI’*. With the increasing of Al’* concentration in culture, the absorption and assimilation of AlI>* by four ECM fungi
increased. It indicated that the concentration of AI’* in environments might be the primary factor determining the Al’* content in the
cell of each tested fungi. Amounts of AI** absorbed (in total or calculated in unit hyphae) by the AI** tolerant strains ( Pt 715 and SI
08) were significantly lower than those by the AI** sensitive strains (SI 14 and Ge 99) , which illustrated that reducing the absorption

I** tolerant strains.

of AP’* under AI’* stress environment might be an effective approach to alleviate the AI’* poison for these A
Furthermore, Al’* stress could stimulate the ECM fungi to assimilate more N, P, and K, which might indicate that increasing
requirement of the nutrients also could be helpful for ECM fungi to fight against the harmful effects caused by Al’* stress.

Key words : ectomycorrhizal fungi; liquid culture method; Al’* ; absorption; assimilation
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Fig. 1 Biomass of the ECM fungi isolates in culture
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FE. MO AR BRI AR K 22 R EOR, P Y E
R S /MK YR J9:SL 14 (101.28 mg) . SI 08 (80. 94
mg) . Gec 99(62.42 mg) . Pt 715(54.89 mg).
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FRRE(Ge 99 1 SI 14) LU 48 BRI Bk (P 715 1 SI08)
WCRH T T2 B4R, (HRE 2 B IR O R B T
AN R 200 e B I B AL A AP T S R
eI AR—2 Hodr, Pe 715 40 REWR EPE AL
LR AP SR E SRR P E
537K 52.5% 5 SLO8 B 43 R I 1k, T3
HATHN 33.7%. Ge 99 FI SI 14 F 20 Jid B W% i
AP R AP S a0 S R ARG R AR AR O
BT /330 49. 9% (Ge 99) F1 63. 2% (SI 14).

®1 HEERMERERESZEAENESEY
Table 1 ~ Amount of absorptive Al in cell wall and its percentage of total Al in ECM fungal hyphae

[EL7S iH T (CK) 4R GRL S [oEE
Py 715 20 AR WG B AR R/ mg - g ! 0. 00¢ 0.41" 0.52" 0. 66*
H 503/ % 0.00 65.3 47.8 44.3
108 20 AR WG B 4R R/ mg - g ! 0. 00¢ 0. 04¢ 0.21" 0.53*
HA%/ % 0.00 14.8 31.9 54.3
Ge 99 20 AR WG AR R/ mg e g ! 0. 009 0. 63¢ 0. 80" 1.17%
HA%/ % 0.00 50.5 46.9 52.4
S 14 2 AR WG AR R/ mg e g ! 0. 00¢ 0.59" 0. 65" 0.91*
HA%/ % 0.00 63.2 59.6 66. 8

1) R A A —FT BN Rl TR R R 28 53 B3 (P <0.05) , 7435 A T 22 A0 ML BE I B B 8 o T 22 PR IR WA 0 8 A ) o

2.2.2  ELTRAGTER AW

H 2 2 AL, 4 BRAM A TR B B 09 4 M PN IR
WP i A B R R AL VR B A T
S =S o (A S IS L N 1 4 1 o
277.3% (Pr715) . 104.5% (SL08) . 75. 4% ( Ge
99) F132.4% (S 14). AR ALFRAT, 40 W Wi 1
R K BMRIR N : Ge 99 (0. 61 mg-g™"') > SI
14(0.34 mg-g™") > Pt 715(0.22 mg-g~ ") F1 SI
08(0.22 mg-g™"). i 40 b BT 48 i W i v
MR KE/IMEIK B :Gec99(1.07 mg-g™"') > Pt
715(0.83 mg-g~') > Sl 14(0.45 mg-g~") Fl SI
08(0.45 mg-g~"). Ui WMl 4R B bk (Pt 715 F1 SI
08 ) 7= B A I 45 Iy 20 XoF % A W2 A, T 7 i R
WA — 5 FEAN TR 5 B8 PR ((Ge 99 Al ST 14 ) WY
BRI /D[] B A 5 B P R T TR R B T AR BIL I A
FEARTR. BEE B F20h ALY ¥R BE 0 TH i, A TA] B
PR 20 L PN TR P AL R LR AT Y L
ACANTE], Pe 715 4 MR AL SRR
SENESRBWIGI, PR R AT 5%

SLO8 A 73 B W b, - H 5% H 63.3% .
Ge 99 H1 SL 14 1 40 i Py W Wi AL 2 7 2 BER
R NS N S 7 N S W U 5 S S o |
J750. 1% F136. 8% .
2.2.3 AR

20 e W BRE PR AL AN R P Pk
AV F ORI B P 2210 50 AL S, 2R
AP S e DI T EAR BB 2209 AP R,
F 3 AL BB IR AL U B 0, 4 RREEAR
FLPAM) AP RS E i 5 o i . mAn A B
SRR AL BRAH L, 45 B AR AL IR 43 B3 T
120.1% (Pt 715) . 326.2% (Sl 08) . 43.0% ( Ge
99) F134.5% (SL14) 5 BAATER 22 A" F 5 W) 53531 14
T 136.5% (Pt 715) . 276.9% (S 08) . 80. 6%
(Gc99) F145.7% (SL 14). W& HRAEARE . P4,
IS ERALEE A AL IR o (B4R & i) Oy
B, 45 3 A [7] B B 04 7 249 80 0 0 o (sl R
). FE AL BHA R 4 ASTRRRLL SE 14 Rk AP
w2, H W Wt el e B AT A SE 14 (72,0
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ng) . Ge 99 (56.9 wg) . Pr 715(52.0 pg) . SI 08
(36.5 wg); MIEFAALEE 22508 & f iR KIYJE Ge 99, fix
JNER R ST 08, H R /N B L FE AR A2 Ge 99 (1,72
mg-g™') > S 14 (1.13 mg-g™') > Pt 715 (1.07

mg-g™') >80 08(0.63 mg-g™"). HMLATIL, BB
AP MRS B B TR 22 W W SR TR AR TR AR (P
715 F1 SL08) B 22 Wiy AL 1 SR T FR % B bk
(Gc 99 Fi1 SL14).

®2 HEARKEREREZBEENESE)
Table 2 Amount of assimilative Al in cell and its percentage of total Al in ECM fungal hyphae

[EL7S iH Johh (CK) fi4h GRL S [oEE
Py 715 Y PR A/ mg e g ! 0.00¢ 0.22°¢ 0.57" 0. 83°
HA%/ % 0. 00 34.7 52.2 55.7
108 Y PR A R/ mg e g ! 0.00° 0.22° 0. 44* 0.45°
HIE/ % 0. 00 85.2 68. 1 45.7
Ge 99 Y PR A R/ mg e g ! 0.00¢ 0.61°¢ 0.91" 1.07°
HIE/ % 0. 00 49.5 53.1 47.6
Sl 14 Y PR A/ mg e g ! 0.00° 0.34" 0. 44* 0.45°
HIE/ % 0. 00 36. 8 40. 4 33.2
1) RPR—FTH AR FERE LR ZE T BE (P <0.05) , H 550 B 22 400 W45 o B 22 (W0 aR R 19 o i 43 4
3 NMNHEEREFENEREKEESSEY
Table 3 Total assimilation and content of Al in ECM fungal hyphae
AP & [ES Tehh (CK) fI4H LREE TR
P1715 0. 004 32. 4¢ 52.3" 71.3°
SR 108 0. 00 14.1° 35.3" 60. 1°
Ge 99 0. 004 47.0°¢ 56.5" 67.2°
Sl 14 0. 00°¢ 64. 3" 65.2" 86. 5°
P1715 0. 004 0. 63¢ 1. 09" 1. 49°
o SL08 0. 00¢ 0. 26¢ 0. 65" 0. 98¢
B/ mgeg! . |
Ge 99 0. 00 1.24¢ 1.71° 2.24%
Sl 14 0. 004 0. 94¢ 1. 09" 1.37¢

1) R Rl —1F AR R FZ R 2257 3% (P <0.05)

2.3 BRXPAMEEIREEA , B B S R IRE
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TERBALHT N | P Wi 5 3 8 1 2 5 T X
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59. 0% , P W Yie & A1 3 5 0 43 53 T 73.5% F
67.2%. 1 Pt 715 {9 K WS A3 S 7E 4R IR
0.4 mmol-L ™' ( ':F‘%H) Hﬂ‘ﬁ@]ﬁ%jﬁ,ﬁ]\%u b T 4R Ab P
AT 60.0% 1 58.5% . FALFH)S, SI 08 Ay N
WA N, P EEITREL,; P K WIELEIRR
BF 5 3 v T 6E HR 43 d) E X BE A I T 21 3% AN
64. 0% ; K i eI K bR Ak BRI 28 v T 0P R
A3 I EE X HRSE TN T 34. 9% 1 15. 6% . AR, Ge
99 [ N Wit Al P i T B ARk P K MR
FEARER B i 28 v X6 B 05310 L XS REE Jin T 30. 4%
F176.9% ; N, K & mAEARER A1 4R AL BRI 2 2

FXFRN & &0 5 Xt B m T 18. 1%
25.5% ; K SN T 45.6% M121. 8% . FREURE
PRSI 14 FZERRACEE)S N WO Fl P K 4 5 i 5 X
WRIC W3 25 57 FER AR, P K Wi i 35K Tt
HE 2B X B8/ T 13, 7% F1 15. 5% 5 111 e 45
(N 5 D) Jp 2 v 0 R, EEX RN T 17. 1% .

SRS AR R AR AR N, P, K (1)
WAL, 35 o ) 00 7 A i R RS BRT R ( Pe 715) T R 3
W T7E 48 BURTE B (ST 14) T ILF A 1k
L. PRI TR B R A A RT3 A 3R
TR B IOR ZZ i aont HAE K i 5.

3 itie

SMVERR ERE R BRMAESRE N EEAN 7y, 5
FRARA MR | Fove A AL VIAHOG. FE Rt AR AR £
Herp AR 1 R SR R PR M 2 B AR 2
BT, AR AN TR B AR RS B AR T 10 BE ) AS TR
i, 75 AP B 0.03 mmol - L~ 185 F W,



9 1 TR 4 PROMERMRECHEXT AL WS W A5 3483

R4 EIMMEHEREFELEA. B, FREAFMm
Table 4  Effects of Al on assimilation of N, P, and K in ECM fungal hyphae

e Wi it/ mg FiE/mg-g !
LK FRAb B N b < N b <
Jesa 1.23 b 0.34 b 0.15b 25.71 ¢ 7.28 ¢ 3.16 b
Py 715 s 1.27b 0.37b 0.19 ab 26.00 ¢ 7.92 ¢ 3.84 b
4R 1.57 ab 0.47 ab 0.24 a 33.76 b 9.71 b 5.01 a
A 1.88 a 0.59 a 0.16 b 40.87 a 12.17 a 3.42 b
Jesa 1.73 a 0.61 b 0.25 b 29.61 ab 10.37 ab 4.76 b
S108 s 1.90 a 0.74 a 0.41 a 33.27 a 11.45 a 6.42 a
4R 1.84 a 0.61 b 0.34 ab 30.16 ab 10. 14 ab 5.51a
A 1.66 a 0.58 b 0.27 b 27.92 b 9.64 b 4.55b
Jesa 2.64 a 0.56 b 0.26 b 55.59 b 12.52 a 5.83 ¢
Ge 99 s 2.70 a 0.73 a 0.46 a 65.66 a 13.75 a 8.49 a
LK 2.48 a 0.59 b 0.33 b 69.75 a 13.42 a 7.10 b
L] 2.37 a 0.57b 0.29 b 54.14 b 13.10 a 5.96 ¢
Josa 2.23 a 0.95 a 0.58 a 26.80 b 10.82 ab 6.57 ab
14 48 2.39 a 0.92 ab 0.57 ab 27.85 ab 11.57 a 7.06 a
LK 2.42 a 0.84 ab 0.53 ab 27.87 ab 10.00 ab 6.08 b
L] 2.56 a 0.82b 0.49 b 31.38 a 9.53 b 5.84 b
BRI * ® ok R R ® ok *
[iﬁ%x%ﬁ ns ns ns ns ns ns

1) PRI R — S AR R NG FRROR 25 B (P <0.05)

Lacatarius rufus F L. hepaticus 5EXT 58 AF H 85U T,
1M Laccaria bicolor %545 &5 i po e ! . W22 /)4
Yy A8 s A AR AR B HUAR BE ) AT RE AR bR 2
—U60 A APY0. 4 mmol - L™ 53R, AL MR EE R
252 Lacatarius rufus L. hepaticu fR S 1 13.3
17,8114 Fl Ge 99 Ry A=A 2 B, A2 4 i 5 1%
ik, SEEFRWCP A AP W BE T E F) 1.0 mmol - L'
B T RS ZLRA SRR 2 E R EN Y St
14 1 Ge 99 WLEY) AR SEI /D, 73 51 HoRS B 1
17.7% F117.5% ; 1 Pt 715 A1 SI 08 KLY &AL S
XA EZESE. HULER, P 715 M1 SLO8 A Hi
RIPCERE s 17 S 14 F1 Ge 99 Hrsiihie 2z, Ja B iUk
TUTRBE.

20 R RE N B PR AL 32 Bl B T 200 R B 4
LS5 BE 25 [B] N, 7E— 5 A5 F T TRk B 45 R i 21 R 58
TN 20 A S B A 0 . RS, K
PEAN M TR A ER 99. 99% B b T g RE L i
AR PR AL 3 R i 3 o A RS A 3 4
it 5 B A P A B2 R Y AL L BR T AR B I 1)
AP JCAES ALY AL * AR 23 X8 20 H 1) 1 8 R
PR 2 i A 22 53 455 ) 35 B2 a2 AR 5T
B IR AL W BE A TR 4 BRI B Rk 1
2R PR I FEEPE AL RS 20 M IR AL S
N, WS P bR (Pe 715 R SL 08 ) 4 BE EE AN it

FRTAME (Ge 99 1 ST 14 ) W B T H/D SR, OG- 48
PRLAR AT PR 0 5t T 460 AT R AR R R LU AN T 48 T Ak
WS R T /D T TR R R B R — . X 7 — gt
Y ERRFsT g R —Y . R AL E T 4% 5 bk
BRFE R P4 B AL B0 RN AR R
FERE Ge 99 F1 SI 14 45 4k R IG BF-p AR AP 47 5
AV B RIEARLERE AL, Ge 99 W B4 Fn g
WehEER S B T SL 14, X AT RERR S Ge 99 K H T
TG R 4, X AP SRR . 2 BRBLR
PERE P 715 1 SLO8 v RS- A AN, BB SR
AV HRBERTE R, Pe 715 AIHRER SRR AL 4 A
BRI R U, 40 P RSO AL T LR
T HEN , T R R Ak BT JHC R i A 5 I A E 40 it
o R EE R T A, AT RE 2 H AR KR T R .
B3 SR P ARV B I TR, SL 08 A1 B EE L B4 AL
RV G R A R AL T
o7 AR /L U B e R A 3L o ) BRI
T AR TR I BE K AT, AL R BEAN 25 5 5 e 2 HE
PR, X SFEPUERARLY (B A ) ERFS AR
F BB AN RE A2 R —3.

165 TR 22 10 200 J B TR BRI AL 5 4 i P R
PR AP SR AS RS AL T R, B SR
AV HREE R38N, 4 RS E TR AR BB Y AL WL
IR, EAR BT TR AR SRR R ALY
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Ja B TR W A i, AR P 715 XN, P
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