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Response of ectomycorrhizal fungi from different environments to aluminum

stress
ZHOU Zhifeng, WANG Mingxia®, YUAN Ling, HUANG Jianguo

College of Resources and Environment, Southwest University, Chongqing 400716, China

Abstract: In this study, to select aluminum ( A’ )-tolerant ectomycorrhizal ( ECM) fungi and study the resistance
mechanism of ECM fungi under Al*-stress, 10 ECM fungi strains were selected from different environments and cultivated
in liquid media with variable concentrations of A’ (0, 0.20, 0.40, and 1.00 mmol/L). The biomass, efflux of organic
acid, and composition of nutrient elements were measured during cultivation. Of the studied fungal strains, SI 08 showed the
strongest resistance to Al**, while Pt 715, Ld 03, Bo 11, SI 01, and Bo 15 were also resistant to Al’**. The growth of other
tested fungal strains (SI 14, Gec 99, Cg 04, and Sg 11) was obviously inhibited by AI’*, but that of Sg 11 was most
sensitive to Al'". These results indicated that the ability of ECM fungi to tolerate Al'" toxicity may be closely related to their
original growth environments, and fungal strains isolated from acidic soils in south China might be more tolerant to Al**
compared to those isolated from calcareous soils in north China. ECM fungi excrete various organic acids, but the amount
and type of these acids vary depending on the fungal strain. For example, ECM fungi could increase the secretion of oxalate

to alleviate the effects of Al™ toxicity. In this study, oxalate secretion was observed to increase in the majority of Al’*-
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resistant strains, and the highest oxalate production was observed in the most Al' -resistant strain (.SI 08). The secretion of
oxalate was observed to decrease in some fungal strains (Bo 11 and SI 01) that were still resistant to Al**, whereas oxalate
secretion was observed to increase in all A1’ -sensitive strains (Cg 04, Sg 11, SI 14, and Ge 99) . This finding suggests that
oxalate secretion is not the only pathway through which ECM fungi can alleviate effects of A1’ toxicity. In addition, the
fungal strains showed different characteristics in the uptake of nitrogen ( N), phosphorus (P), and potassium (K) under
AI’* stress. The N, P, or K content in most of the tested fungi increased in the presence of Al", and only Al-sensitive SI 14
showed no clear difference in the uptake of N, P, or K under these conditions. The N, P, and K content increased both in
the resistant (Pt 715 and Bo 11) and in the sensitive ( Cg 04) strains, and the content of two of three elements increased
in the resistant (S/ 01, N and K) and sensitive (Sg 11, P and K) strains, respectively. Furthermore, the content of one
element (N, P, or K) increased in the resistant (Sl 08, Ld 03, Bo 15) and sensitive ( Gc 99) strains. Therefore, it
appears that oxalate secretion may be an essential pathway for ECM fungi to tolerate effects of A1’ toxicity. In addition,
regulation of the uptake of the nutrient elements, N, P, and K, may be important for ECM fungi to alleviate stress induced

by AI’*, and increasing the uptake of N, P, and K may be essential for the fungi to tolerate the effects of A1’ stress.
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PREEFREE Y AIEHS W IR, CK) MRS PR R0 4 b3 B 150 mL = AL 4324 AN [R) A B A 90 AR B 7



10 4] Ut S PN G s Na Sy N PO iR Y SIERE DL VA 3

BB 20 mL, B ST 121°C 55 R 285 K 20 min, B HGEM RN 6 mm BHLRBIE &R 1 A4, 1
25°C M SIS 25/ B i B B 5% 21 d FRI, S AbHE AR 5 K,
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Fig.1 Biomass of the ECM fungal isolates in culture solution with different AI** concentrations
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Fig.2 Effects of AlI**on proton effluxes by ECM fungi
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1) 39.0% , A[RIEMEIEIAR Y23 A—3, Bo 11,81 01 .Sg 11 Fl Cg 04 TIETEA 530 & To AR I 2 R 4
D BEFARR 310 . SL 08 F Ge 99 FETCHR KGRI A D B BRHARR 430 , IR 5 ARSI 4853585, Pe 715 1)
BEFATR 3 Wb 59820 Ry Wk BREY 71.7% , T Ld 03 S 14 F1 Bo 15 B4R 34 1, HH T Pachlewski 5535 5L &G 1

F1 FAIWPMEEREFGTIES BEFNE( pmol/g dw)
Table 1 Effects of AI’* on low weigh organic acid effluxes by ECM fungi

Zm Pk TR HEHR A2

Btk Acelic acid Citric acid Oxalate acid Succinic acid Tartaric acid
Strains Tt AR paiE A T A g A JeHh A

-Al + Al -Al + Al - Al +Al -Al +Al -Al +Al
P 715 — — — — 134.61a  135.69 11.13b 7.98b — —
Ld 03 9.66¢ — — — 171.99b  226.24a 1.18¢ 4.4c — —
108 10.71d 9.87d 1.0le 1.45¢ 49.14b 94.43a 1.55¢ — 42.80b 38.85hc
Bo 11 26.67¢ 11.97f — — 307.44a  256.06b — — 75.60c 54.60d
Sl 14 — — — — 53.76a 54.81a 0.69¢ 0.798¢ 28.77b 27.93b
Bo 15 12.39% 11.55¢ 36.12d 14.07¢ 199.92b  231.56a 0.48f 2.037f 57.96¢ 51.24c
s101 64.68¢ 22.68f — — 547.05a  233.52b — — 119.07¢ 80.01d
Ge 99 26.46¢ 11.766d — — 131.46a  123.83a 0.95¢ — 54.81b 45.99h
Sg 11 14.28¢ — — — 67.24a 64.64a — — 59.43a 51.25b
Cg04  47.04d 19.95¢ — — 118.23b  242.34a — — 75.60c 64.05¢

F P — 47 B R B ROR 25 5 W3 (P<0.05) | =" FR A K
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g dw)>Ld 03(212.68 pmol/g dw) >Cg 04 (183.56 pmol/g dw) >Pr 715(135.42 pmol/g dw) >Gc 99 (125.74
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Fig.3 Effects of AI>* on the quantity of oxalate effluxes by ECM fungi
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2 BXIMERREEA S RN (mg/g dw)
Table 2 Effects of Al** on contents of N in ECM fungal hyphae (mg/g dw)

(173 Jei(CK) fisn T R
Strains No Al Low Al Middle Al High Al
Pt 715 26.02+1.64 b 26.10+1.97 b 31.80+2.79 b 40.88+3.59 a
Ld 03 30.95+3.46 a 26.94+1.92 ab 26.23+1.25 ab 25.54+1.53 b
St 08 28.56+2.59 a 29.08+3.46 a 29.18+4.04 a 25.86+3.46 a
Bo 11 23.93£2.65 b 30.05+£3.12 a 34.83+£2.90 a 24.31+3.09 b
Sl 14 26.80+4.83 a 27.85+5.12 a 29.55+4.94 a 31.38+3.33 a
Bo 15 53.91£9.49 a 52.09+4.04 a 42.07+8.37 b 40.01+5.21 b
St 01 15.62+2.18 ¢ 20.91+£2.27 b 55.22+10.09 a 11.56£3.02 ¢
Ge 99 55.57+2.28 b 63.52+4.32 a 69.94£5.24 a 49.96+4.97 b
Sg 11 35.51£5.73 a 26.40+3.25 b 24.35+2.98 b 23.32+3.01 b
Cg 04 25.81+3.09 b 36.90+4.22 a 37.13£6.02 a 38.07+4.34 a

®3 AWINERHREFHSENZ (mg/g dw)
Table 3 Effects of AI’* on contents of P in ECM fungal hyphae (mg/g dw)

Hkk JLf(CK) fi58 s [
Strains No Al Low Al Middle Al High Al
Pt 715 6.87+£0.61 b 7.79£1.28 b 9.81£2.58 ab 12.57£3.10 a
Ld 03 7.80£0.93 b 8.78+1.08 b 8.94+1.34 b 11.78+1.24 a
St 08 9.94£0.69 a 10.75£0.89 a 10.10£0.07 a 9.98+0.38 a
Bo 11 10.58+2.39 b 20.73+4.55 a 19.65£5.44 a 19.13+4.62 a
Sl 14 9.11+0.57 a 8.57+0.12 a 8.61+0.15 a 8.64+0.42 a
Bo 15 25.53£2.33 b 34.48+5.01 a 23.44+3.21 be 20.13£2.67 ¢
St 01 15.08+2.88 a 15.22+5.31 a 16.94£0.69 a 14.09£2.60 a
Ge 99 13.14£0.80 a 13.66£1.57 a 13.10£0.18 a 12.83+0.89 a
Sg 11 16.45£1.06 c 25.95+1.10 b 45.41£1.57 a 44.36+1.58 a
Cg 04 20.76+2.77 b 22.51+1.78 b 39.92+3.89 a 22.78+3.22 b

2.3.3  FROUPAME BRI B A R R

H1% 4 AT UL BRAL RS Ld 03 (SI 14 F1 Ge 99 WY& AE A B35 . Bo 15 B FRiAE M | R AL BRI 2
FHREAR, 230 2R X IR Y 27.09% F1 18.9% , A 6 TR MR Y 25 B i P78 — 2 SRR BE YL RN & . Pr 715
I Sg 11 F & 81 B 78 AR AL BRI IR B e AR, LU BRI AN 1 27.7% 1 55.0% ., SL 08 \Bo 11 .51 01 1 Cg 04 7EAR
FAb B SR B B AR, 43 3 L X BB T 34.7% (S1 08) 128.50% (Bo 11) ,24.9% (SI 01) F148.2% ( Cg 04) ,

x4 FIPIEHREFHSENZIN (mg/g dw)
Table 4 Effects of AI’* on contents of K in ECM fungal hyphae (mg/g dw)

EE7S Jafh (CK) fiedh T kil
Strains No Al Low Al Middle Al High Al
Pt 715 3.28+0.21 b 3.84+1.02 ab 4.19+0.57 a 4.00+0.48 ab
Ld 03 3.90+0.38 a 3.46+0.59 a 3.22+0.98 a 3.10+0.54 a
St 08 4.79£0.51 b 6.45+£1.02 a 5.53+0.66 ab 4.88+0.41 b
Bo 11 4.28+1.15b 9.78 £2.97a 8.21x1.77 a 6.98+1.16 a
Sl 14 5.01+£0.64 a 4.77+£0.86 a 4.99+0.65 a 4.98+0.95 a
Bo 15 7.37+2.37 a 7.60+2.84 a 1.99+£0.75 b 1.39+£0.78 b
St 01 8.88+0.59 b 11.09+1.25 a 9.13+1.05 ab 7.64+0.98 b
Gc 99 5.83+1.20 a 7.52+1.02 a 6.26+1.14 a 5.92+1.65 a
Sg 11 16.59+2.98 be 19.25£2.72 b 25.71+1.81 a 13.95+1.31 ¢

Cg 04 9.91£1.07 b 14.69+2.82 a 13.05+1.44 a 10.73£1.29 ab
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3.1 BRXTAIME B BB AR K R

FERPE AR L 50 | A TR 0 5 3R AR PR M Z B AR 2 I S T (B R TR B AR () 45
PR MR AR, ZEFR IO F T B 22 K R R A E AR B BUAR R T T S g bRz — 1%, AR
¥ AR E R BTt AR TR . 7E 0.2 mmol A - L' B5 3R, 3 [ N 52l R L ARk 3 A B 4k SI
11.Gc 99 . Cg 04 MAEY /b, Ho SE 11 AEWa e B CTEAR) Db T 32.9% , s R 22 btsatk ., Ha
K H R R IEFRAR LI 6 D TERRFIE B NS K H I AR E 18R SL 01 YA 478 BT i, (H 25 55 K Gk
F B FEIKF-, HARVEE N 0.4 mmol/L B, R4 B 22 1) A W i T4 TR (B SLOT A1), Hop SE 14 A=Wy i 3%
TR IR X IR0 T 14.3% 244889 EE TR 3] 1.0 mmol/L I, R4 T k2R Wy it B T 0 1R, HA ST 08 T4
FRAE WAy 0 I R B R PUan . RILE K, SI 08 HTAR M fcik ; Pr 715 Ld 03 \Bol1.SL 01 . Bol5 A~
[ B b LA — B PUERE 5 SI 14 .Ge 99 . Cg 04 HLERYERS 255 Se 11 PrdBtEde 2, RN, >k A RS 7 BRIk AR Ak £ 1
HY R AR S AT MR Tk A L AR PE TR R . BTN RIBIESE R BRI pH (ECRISEG Iy M 50 vk 2 e 52
HHed ECM B MR B A RAR R AR FERRH , ECM EL R R 2080 B 2 A 5 ZR AR
TIERRAL AR A 2 R ZERRME ARAK e DTG ) AR 2 R R Ak 5 SO AR R PR T T O T
PRV MRAS AEAE . RER T S RO )2 pH EH— /N T 4.5, J8 T IR m M AR 148 T M40 & R e
APk A R T R ARAR IR BRI RRBUAR TSR TR B AU A M I B RR O BF ST A SR B AR A A SR BERER
AL
3.2 FRXTAMAE GRS B A LR 3 1) 5 e

BEa T AMETEAR B R 2R PR A5 R LR R BRFARR FPERR ERMRSE T X
e HLIRRE S 88 RS IS B, 38 0 i 36 oy TR 22 R R ok 200 i A b ) 3 i  FRAIK
22 TR R AN BRI IR, ASBIFZE R 10 MR AR, A5 9 AN TRRR By H 20 e 359 Bl A 5 V80 v R k2 1) 38 o
T 3, H i 5 5 3R MR VR B AN R 3 IE A OE (P<0.01) o UEBAA HLER 43 1 2 A B AR B R 45 L
R E NN Z — HIr A IIRF AR SRR BRI\ C1R FE RS . (HAS W] B bR 40 1 1 A AL
PR AT, o Z AR a0 i B I 2 S R . X SRR 245 R —3 P

B T T M B T REA BRSSP [AL(C,0,), 1 B E R HCY 2.0x10"°, 4r T i
AR 9.8 £, RER/IN T B 22 R L AV 16 1, SO T AL 38 0 TR 22 240 R R 1 1 % k40 A TR, Pinus
densiflora FEFPIME IR B JG , LR R RV R Z0 I B30 0 DR e Rt 4w Y . TRk, KEHEH
R, BERR A Wh e 5 A TR AR B R B AR Mt A RE ) VIR OC T AR ST R AR BRI A R, BUAR P AR Y
SL 08 R EFR /Wb it A, B4 R %k BRK 1.79—2.14 1% B —E AR YER) Pt 715 Ld 03 F1 Bo 15 [HFR
WS IR BE AN S SL 08, Herh Ld 03 FE R F5 A T O REIR Z Wb i, G A 0 IR 1.53 A%, X BERBHAE— e FR ik
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