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Figure 1. Standard chromatogram of organic acids. a:oxalate; b: citrate; ¢: malate; d: succinic acid; e: acetate.
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R, B R 28 d 2 JF 4 MRAM A AR BB Y
A AR E S B A B AR AL T 29. 37 mg/flask

(Cg 04) -67.58 mg/flask (Bo 07) 2 [a] . B4k, 4hE
AT 2L 1 (1 1 22 B0 5 i Ld 03 (6. 06 mg/g*DW) >
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Table 1. Fungal biomass, K concentration and accumulation in fungal hyphae grown in vitro

treatment biomass/ (mg/flask) ¢(K) / [mg/ (g=DW) ] K/accumulation (ug/flask)
Bo 07 67.58 +2.58a 5.42 +0.52b 366.28 £6.58a

Cg 04 29.37 £2.17d 3.04 £0.48d 89.28 +5.78d

Ld 03 50.38 +1.94b 6.06 £0.41a 305.30 £7. 44b

Pt 715 44.25 2. 10c¢ 4.21 +0. 56¢ 186.29 6. 85¢

In each column, date followed by different letters are significantly different at P =0. 05 (Fisher test) .
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Figure 2. The changes in pH in liquid culture mediums. Different

letters indicate significant differences at P =0. 05.
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KrB S T 1R Bo 07 Fl Ld 03 ({35 R LI 20kF  Cg 04 55 JEATIL, by 1. 65 mg/L;Ld 03 il Pt 715 &
BR. MBEVIRK S EF,Bo 07 4w & i Ld FEE TR, A4 T 1.91 mg/L —1.99 mg/L 2 Ja];
03 k2, Pt 715 33 =,Cg 04 Fefi6. Hop, BBy Bo 07 X & T Ld 03 Fl Pr 715, %) 2.59 mg/L
HHLR E R 54.31% -89.24% . (E3) .

FERTFRWP S B 4 o IR B G, A 1,39 mg/L;
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Table 2. The contents of organic acids in the liquid culture mediums (mg/L)

treatment oxalate malate succinate acetate citrate total content
CK 3.05 +0. 64d ND ND 1.09 +0.21d ND 4.14 +0.78e
Bo 07 35.45 £1.85a ND ND 4.32 £0.46bc  4.95 £0.56a 44.72 £2.02a
Cg 04 18. 57 +1.24bc ND ND 2.24 +0.37c¢ ND 20.81 £1.75d
Ld 03 24.12 £1.15b 2.06 0. 45a 0.41 £0.07a 5.49 +0.55b 3.01 +0.42ab 35.09 £2.56b
Pt 715 13.85 +1.05¢ ND 0.49 +£0.09a 11.16 £0.89a  ND 25.50 +2. 24c¢

ND indicates not detected. In each column, date followed by different letters are significantly different at P =0. 05 (Fisher test) .

32r 2.3 1TEEWE

. ? AN AR O 28 d 25, IE R K
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R : I ? Y5t Bo 07.Ld 03 Al Pr 715 5% 4 i + Az e b
£ I BREaL, LEOXT O I T 34.29% - 58.82% , {H K 5%
é osh Cg 04 X HIEZ e PEAT & L W & . B oAk
% FAAR 0+ - 9 2 200 I 989 e DR bR R IR i S
Bo 07.Cg 04 FI Ld 03 (1) 54 535 3] 2 3% 7K ¥, L xS
0 Bo07  Cg04  Ld03  Pt715 CK N 22.78% —26.73% . WA, 15 3%E Bo 07 F1 Ld 03
treatment S PRAR BT &5 R B R, 20 ) B R BRI T
3. BRATHEWE 335.74 mg/kg 1 432.87 mg/kg, {HE; I Cg 04 FI Pt

Figure 3. Contents of K in culture solutions /(mg/L) . Different 715 X LA AE AT BT W S

letters indicate significant differences at P =0. 05.

R3. TEEIENTH
Table 3. The changes of K pools in soils / (mg/kg)

treatment water-soluble K exchangeable K slow effective K mineral K

CK 1.68 +0.06a 67.39 £2.06¢ 168.33 £3.21¢ 22210.99 +18. 74a
Bo 07 1.75 £0.08a 90. 50 £2.58ab 211.67 £4.01a 21778.12 £15.21b
Cg 04 1.74 £0. 04a 79.16 £2. 18bc 206. 67 £3.89ab 22083. 47 +20.01ab
Ld 03 1.40 £0. 10ab 107.03 +2. 56a 213.33 £3.45a 21875.25 +18.42b
Pt 715 1.61 £0. 08ab 93.80 +2. 88ab 188.33 £3.98bc 22020. 87 +16. 28ab

In each column, date followed by different letters are significantly different at P =0.05 (Fisher test) .

2.4 BFEREWMBEXSH (n=5) o Ah/E T AR B R Jr b it 5 3 22 250
R4 n] L, BT AR B 8 TR R R LA HUIR 73 b o it 22 8 5 IR A O A Ok AR UK IR

pH K AT HURR Bk i 5 B s B MG A C R 2 r=0.892", r=0.961",(n=5).

Sl kir = =0.950" ,r=0.916" ,r= -0.989™
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x4 REEEAZRHHEXREY
Table 4. Coefficients among experimental factors
potassium form WSK EK SEK mineral K oxalate TOA pH
WSK 1. 000
EK -0.718 1. 000
SEK -0.201 0. 687 1. 000
Mineral K 0. 220 -0.770 -0.817 1. 000
Oxalate 0. 008 0.610 0.892" -0.950" 1. 000
TOA -0.171 0.775 0. 855 -0.989 " 0.961* 1. 000
pH 0.524 ~0.849 ~0.830 0.916" ~0.835 ~0.879" 1. 000

WSK = Water soluble K; EK = Exchangeable K; SEK = Slow effective K; TOA = Total organic acids; * and *%* show that correlations are significant at

P =0.05 and P =0.01, respectively.
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Mobilization of potassium from soil by ectomycorrhizal fungi

%

. 1,2 . . 1 . 1 . 1 . 1
Liang Zhang °, Mingxia Wang , Wei Zhang , Jianguo Huang , Ling Yuan
' College of Resources of Environment, Southwest University, Chongging 400716, China

*School of Biotechnology and Chemical Engineering, Taizhou College, Nanjing Normal University, Taizhou 225300,

Jiangsu Province, China

Abstract: [Objective] Ectomycorrhizal fungi (ECMF) , important components in forest ecosystems, could form symbionts
with wooden plant roots and participate in nutrient absorption. [Methods] Boletnus sp. (Bo 07) , Lactarius delicious (Ld
03) and Pisolithus tinctorius (Pt 715) isolated from Southwest China and Cenococcum geophilum (Cg 04) from Daqing
Mountain, Inn Mongolia, China, were cultured in liquid Pachlewsk medium at 25 L1C for 28 days with soil as sole K
source. Fungal biomass, K uptake, efflux of protons and organic acids, and changes of soil K pools were measured to
study K mobilization from soil by ECMFs. [Results] The fungal biomass, K concentration and uptake of Bo 07, Ld 03
and Pt 715 were much higher than Cg 04, indicating their strong abilities to absorb K and to adapt low K environment by
bio-evolution and selection. K concentrations in culture solution were increased by ECMFs compared to blank control
(without ECMF) . ECMFs could promote K release from the soil into culture solution. Bo 07, Ld 03 and Pt 715 increased
significantly exchangeable K in soils, while structural K in soil was decreased by Bo 07 and Ld 03. They could thus
mobilize unavailable K from [Conclusion] ECMF isolates could mobilize unavailable K in soils.

Keywords: ectomycorrhizal fungi, soil, potassium, mobilization

(AR SC 57 G+ K 12 1)

Supported by the National Natural Science Foundation of China (40771112; 41171215)
" Corresponding author. Tel: +86-23-68251249; E-mail: lingyuanh@ aliyun. com
Received: 9 October 2013/ Revised: 24 January 2014

A 300 i 2 & 22
7 WL PR RE B 1R R 5 B B 5 7 T HY A B 1t
SCESRPE P ERFE B AT B = &AL
9% F I 1] :2014.05.22

WL AR 4% & P T 2R BT R B AN TR AT 2 Ok WS OK S, B % UK Cale) WIS R Ay A% (lager) ML B RR T 2 R A
(Saccharomyces cerevisiae) £ A %8 & (KR N R, BEBEE AR R IR L2, MR L2 R . 5EEME (10°C £ 4) 4
PR e W e BRI AR UL TR MO N 2R EE W . N 2K B T AR BRI 1008 Z /R B, A BT AR 0 s o h A vy — ik
A B T 15t A A A AROR I AR AR PR AT T R 3 A B 52 JR WAL i R 4 3k A Y B i R K TR Rk . R
Syl LT o N 1 AR RE VA 3 LU

T WG A P A RORR N B OO R B2 BE (S, pastorianus) » W 5T 8 N % B BERE L — AN 2% A B JE M2 K M Ok BE R RP S
cerevisiae 5 55 —Fh I BE P 222 M o S5 2 KT 7 o %% W 0y 19 B PRI R B2 e 0 (H SR — H 2 AN R 2 ko i 35 1 LBl
L 0 BIE 4 F 50 38 2H R ) 6 A I 50 A B T A BT AR A ) L85 5F JE W (Patagonia) 5 i X & B T — b I 905 19 B J& BT RD ey 22k
LUK RERE (S, eubayanus) o Lb 8 3k 841 2% F 9 R B 3Kl I ) 11 45 o A% Mo 0 1 8 8 D6 DAL P 19 3R S, cerevisiae 8 4y H AT
99. 56 % 11 17> ZU AH AL 5 J2 8 & I 119 5 oz A WO 3 e 5 o 82 30 (1) BT A W B v P, 0 R R B AT BAIN A S, eubayanus 2 7 4% WL %
BE P AR S8R, JRAEAR AT T 2011 45 R R AF PNAS b (8 SCrP 3 HY T 7 4% NG 3 12 B 1) B 3% 5 JE WP RS 9 5t o 31X — BT 90 45 IR =2 2
T AR TR I M R R 5 G ) R .

r [ RE 2 8 AR W I 9T T L R A T KO A SO I 1 S AL, T AR N R K v R R A AR M X (R TR 2 AR AT T
REAEWEGT, RIUIX — Hh X BRI 2 RF 8 (Saccharomyces) 14 Fh 22 £ Pk 38 T 1 50 2 3t X, S22 7 75 8K e L AR 40 b X 7T i A2 1%
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