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Response of Ectomycorrhizal Fungi to Aluminum Stress and Low Potassium Soil

ZHANG Wei, HUANG Jian-guo, YUAN Ling, LI Yang-bo, HE Lin-wei
(College of Resources and Environment, Southwest University, Chongqing 400716, China)

Abstract: Soil acidification, aluminum ( AI’*) toxicity and nutrient deficiency could be some of the most important reasons for the
decline and death of forests in tropical and subtropical areas. Ectomycorrhizal fungi for AI** resistance and nutrient mobilization are
beneficial for preventing forests against AI** toxicity and increasing forest productivity. Therefore, Suillus luteus (Sl 13), Pisolithus
tinctorius (Pt 715) and Suillus subluteus (Ss 00) were grown in liquid culture medium with soil as the sole K source under AI’* stress
to study the fungal growth, organic acid and proton efflux, and potassium (K) unitization. The result indicated that the fungal growth,
organic acid and proton efflux, and nutrient uptake, including nitrogen (N), phosphorus (P) and potassium (K), were regulated by
AI’* concentration in culture solutions. They increased with increasing AI’* at low concentration and after reaching a peak , they started
to decrease. Fungal strain with high resistance to AI’* also showed higher AI’* concentration at the peak than those with low ability.
AI’* concentration at the peak of fungal biomass and N uptake by Pt 715 was four folds or twice of Ss 00 and Sl 13, respectively. The
uptake of P and K and efflux of organic acids and protons by Pt 715 were also higher than Ss 00 and S/ 13. All three fungal strains
could utilize structural K in soil minerals and the utilization rate reached 2. 10% for Pt 715, 1.43% for Ss 00 and 1. 17% for Sl 13,
respectively, which could be related to the types and amount of organic acids and protons.

Key words: Al’* stress; ectomycorrhizal fungi; acid soil; mineral structure K; organic acids
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Table 1  Effect of AI>* on the NPK concentration and uptake amount in the hyphae
ik AL e g P22 NPK ()5 (dw) /mg-g ! P22 NPK (RIS mg - flask ~!
/mmol - L~ N P K N P K
Pt 715 0 2.47¢ 2. 16e 1.22g 0. 04f 0. 04f 0. 02f
0.4 3.72e 2.12f 3.0lcd 0.08e 0.05e 0. 06d
0.8 8.29d 4.42¢ 4.45b 0.20d 0.11c 0. 10b
1.2 8.33d 4.89b 5.51a 0.21c 0.12b 0. 14a
1.6 11.39a 5.04a 3. 15¢ 0.33a 0. 14a 0.09¢
2.0 11.01b 4.92b 2.54e 0.27b 0.12d 0. 06d
2.4 10.29¢ 3.68d 1. 90f 0.21c 0.07b 0. 04e
Ss 00 0 10.37e 5.15¢ 1.17g 0.27d 0.13b 0.03e
0.4 23.15a 6.77a 2.98e 0.63a 0.18a 0.08¢
0.8 16.07¢ 5.70b 5.21a 0.37b 0.13b 0.12a
1.2 16.39b 3.67d 4.81b 0.36¢ 0.08¢ 0.10b
1.6 11.54d 2.21e 3.79¢ 0.18e 0.03d 0.06d
2.0 6.28f 1. 66f 3.37d 0.05f 0.0le 0.02f
2.4 3.82¢g 1.45¢ 2.46f 0.03g 0.0le 0.02f
SI13 0 14.95e 8.91f 2.02¢g 0.19b 0.11d 0.03c
0.4 14.03 f 10. 69d 2.51e 0.19b 0. l4c 0.03¢
0.8 22.74 a 12.58b 4.16a 0.38a 0.21a 0.07a
1.2 19.57 b 16.31a 3.85b 0.19b 0.15b 0.04b
1.6 19.41 ¢ 11.83¢ 3.52¢ 0.18¢ 0.11d 0.03¢
2.0 16.77 d 9.6le 2.84d 0.13d 0.07e 0.02d
2.4 14.95 e 7.69g 2.15¢f 0.09%e 0.05f 0.0le
AP * 25 5 I B L S S %k S ® Y
BRI 22 5 B L . . . . . .
1) R RS R S A A RNG FRFRR2ER B3 (P <0.05) , = = 4 P<0.01,ns F/R 27 ABE, TR
F®2 AP INEFREE S MAVER H A"
Table 2 Effect of AI>* on organic acids and H* efflux by ectomycorrhizal fungi
i Al“%?] — » »éﬂL@/mg'Ll — — H*/mmol-L~!
/mmol - L. R PR W TR
Pt 715 0 150.95¢ 17.35¢ ND 525.67a 2. 66g
0.4 152. 54b 22.01f ND 520.51a 2.72f
0.8 167. 13a 22.55¢ ND 513.99a 2. 86e
1.2 142.39d 23.10b ND 492.33ab 3.73b
1.6 137.81e 24.33a ND 430. 38bc 4.63a
2.0 112. 95¢ 22.07d ND 365.23¢ 2.93d
2.4 95.45¢ 22.37e ND 366.01c 3.08¢
Ss 00 0 131.38¢ 20.81c¢ ND ND 1.93g
0.4 142.05a 24. 09b ND ND 4.52d
0.8 134.12b 27.10a ND ND 4. 74c
1.2 129.83d 15.10g ND ND 5. 46b
1.6 125. 50e 17.49d ND ND 6.92a
2.0 123. 46f 15.19f ND ND 4.41e
2.4 93.84¢g 16. 86e ND ND 4.27f
SL13 0 116.25¢ 63.05d 106. 25d ND 1.98f
0.4 134.91a 61.00e 124.76a ND 2.93e
0.8 119. 46b 70. 80b 118.45h ND 7.09a
1.2 110.57d 69. 18¢ 109. 33¢ ND 4.01d
1.6 103.92¢ 71. 00a 99. 34e ND 4. 74c
2.0 90. 59 40. 78f 88. 28f ND 4.97b
2.4 88.38¢g 24. 40¢ 86.55¢g ND 4.97b
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ZIREAE RS P 715 M A LR i 2, T
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2.4 AP BAF ECMF XF 380 5 5% i

F 3 AH 78 AL s AR i B SR T 3
Pk ECMF H BB SRS (9 3880 5 0k Y
X HEAH EL , R HEE o i S e R A | SR AR R i 2
PRI R A T 2 AR Ak, T IR A 2 B R AR
B AHAFBRFIARE AP 35 5 0 3. fEAR 3k
JE AV AT, Pr 715 25 A BRI L8R Y1 e
WYILERA S IR o 78 1.2 mmol -L™" A’ AbHE
SRR 2 i e e, 5 JC B RR R REAR L
Ay IR 97. 09% F123. 07% , T B 1 45 ¥ 40 5 o de
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B Pr 715 X YIS R R A diR. S O TRAR I X
HEHHEL, Ss 00 FRIRR 1445 A PR AS F A 0 25 18 s,
PILER AR ZE A R . Hop 78 0.8 mmol - 17" ALY
AR AZ H PR B R e, 50T HEAH R3S N 92. 82%
FE0. 4 mmol - 17" AP " AbHHrp SRR & i f iy , 4
SERER SRR, BIZEIZ AL ¥R EE R Ss 00 X + 484~
WIZER BRI S R IR0, 0335 1.43% . #E 0 ~
1.6 mmol-L~" AP ¥ B v, S 13 Ab Y + 3z 4Pk
RO AR 1) L T B R Ko L S8 088, ™ 47 A 8
. 7£0.4 mmol -L~" A" Zb3fih &4 kb4 & i
%, 235535 1. 17% 5 0.8 mmol -L ™" A1’ AbFRAYZE
AR R .

3 BREERRTE TG AL A - 384 A7 7e i 3 22 57
Pt 715 YW G580 00 3 K T 2 BRIEPR, BT
G AR R ey ol R 2 R NV vy el L Ve
5 Ss 00 XJA W5 A9 80 1) 43 /N T Pe 715 fH XS
BRI R R T 0 A0 2 BRBEARE ; FE—E AL IR
RPN, SE 13 BERRA I P a5 # kb 78 T 2
FNAC B .

£3 AP*iMET ECMF 3t L EESRRIRM0/ mg-kg ™!
Table 3 Effect of ECMF on K pools in soils under AI** stress condition/mg-kg ™!

AP YREE

[Ek7S - pi ez d: AR e R ok
/mmol + L.

Without ECMF CK 1. 10 14.07 119.52 8 805. 31

Pt 715 0 1.09 £0.08a 14.61 £1.27¢ 123.31 +3.60g 8780.99 +20.69¢
0.4 0.93 £0.08b 16.73 £1.40b 123.76 +1.82f 8738.58 £13.40d
0.8 0.93 £0.13b 16.77 £4.37b 129.02 £4.20¢ 8693.28 +12.41f
1.2 1.08 £0.13a 27.73 £2.50a 147.09 £3.09a 8624.11 +15.07¢
1.6 0.67 £0.06¢ 8.83 £0.56d 132.96 +12.35b 8707.54 £11.38e
2.0 0.67 0. 13c¢ 8.46 £1.67d 127.46 £4.81d 8743.41 £14.29b
2.4 0.51 £0.02¢ 8.51 £3.47d 126.41 2. 10e 8764.62 +17.74a

Ss 00 0 1.21 £0.26b 23.76 £2.52d 116.96 +8.20b 8768.07 +13.89f
0.4 1.52 £0.08a 23.76 £0.01c¢ 118.09 +3.21a 8716.03 +16.77¢
0.8 1.09 £0. 16b 27.13 £3.67a 110.37 £2.36d 8681.41 £17.65d
1.2 0.84 +0.10c 24.08 £1.58b 110.16 £7. 16f 8704.92 £13.32¢
1.6 1.13 £0.10b 22.50 £1.23e 115.91 +4.20c¢ 8740.46 +18.41e
2.0 0.93 £0.12¢ 19.13 £2.34f 110.35 £1.35e 8789.59 £15.07b
2.4 0.89 £0.13¢ 18.71 £5.05¢ 110.16 +0. 16f 8790.24 +17.76a

Sl 13 0 0.94 £0.06b 15.68 +£2.02e 132.27 £5.52d 8761.10 £18.07d
0.4 0.96 £0.17b 21.24 £0.80a 144.25 +4.94b 8743.55 +19.39¢
0.8 0.92 £0.17b 19.93 +£3.74b 145.19 = 14. 66a 8703.96 +17.67f
1.2 1.02 £0.25a 17.79 £0.29¢ 134.79 +4.73¢ 8746.39 £12.27e
1.6 0.87 £0.06b 16.98 +1.01d 126.92 +4.46e 8765.23 £12. 16¢
2.0 0.90 £0.09b 13.03 +3. 16¢ 118.51 +5.56f 8787.55 £17.39a
2.4 0.91 0. 14b 13.61 +0.05f 118.52 +3.18f 8796.97 £15.68b

AP Y 25 0 M L sk s sk sk

DRI 2 5 W M LR ok * ok ok * ok

3 i A= TR 2 22—, A T3 iR

PR AR EE A TR P B M A S R LR

I - 3ERRAL, i 4d 22 Y AL R ER 43 s S A Ok

FEEMAM L IEREY. SR AE RO =%
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SEb S ERYE RIEM R SRR AR AR AL A
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BT AL AT, 3 SRAUK AR K H R4S
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