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HWER S
SHREREHERATRAR

T

BEFEEYEENRERSZ— BRI EBHEESHEn SR Ar b SY= L E B
4 1 03 B2 BB (G 2D HPO,” ~ HPON B ¥ - L HMBE R B (HIREF) W 20 b RE X
(Phosphatase) » 1§ & B A # {t. &5 %y (Phosphoesters ~ Nucleic acid 55 ) & SHERBALSY
(Pyrophosphate - metaphosphateS )i AR - T2 H FHRESECRBHIREN - SRATEE SRR PR
LA i B2 AR8E MR A RS B ¥ (Glycollic acid) ~ B (Succinic acid)T5 RTER +HEHIE5 ~ &
LHBMBET-HSRAESY > IR A B ARPIRRE - BEORA] B P - IR - B
IRGFEEWCEYZ BRI - RRER - BRI SRE D E B R AERRE ] - K
Y FOVA B R B — R A 3 > W] DA F R R - — RS LA RE L
Aspergillus ~ Penicillium ¥ - V5 B EL AR SRS (6 T PTG M ERSS - B Ca e
O FRAE AR R (R VARRAE ) W DUR BB AR IR B/ - TAB B IRELyaRE
HIEEIRE (R RF AR 1 AT HERTE (E FEER == PR RS 2 (Subculture) % » (EX AT
SYIRIREST -

BRgeT ¢ AL - DB - AR

-

Hl

i

BESMERLENERTE  CHAKEYE - BEOH - &% - BRENY G TR
{% - —IRT S CIEMIEh G E R EHRAFR02% > BHEMEFERINAY BRI &
E - WY REEH > EEAERE - L EE R LIHPO, - HPO R RER EREPIARETARE
RETOHE AMEYRIRE AT - IS BREE R E E RE D FER M - EREIE R R A E R 5-20%het
RIEEYBIRI A - HERRRB RSy Bt LIBEE A - BT A VI IBOR I 5L 5 R RE B HE
5 0 SESEHIE EEARE - AR T DURS R B A B E YRR R - Bt R e
BRI BB (BT EHEYIN S BRESEBIR - AU RARINS BHY 2RI
FREMEMEMAERNTEE - FILAHTAE R F3E b BRI L AL - EESFMEIER -
T B AR AR HIRBR AR > RIS L3 R BRI AR -

Rl R R LA 0

Kucey® 7ENISEAR 7 » IREL A AR St 173k - BB LMl A B A 6.8
ppm - Hayman V25 - b e Y 25 BRI AT Y 1% o Sk 132 SRR IR
221073 ppm® (Fz—) » AFI69%ohf it AT SBH IR K420 ppm® (3R - 4RILAH - WL
S O L P A S R B AR R 3.3% » AT 96. TRy T BRI A -
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®— - BHEHHH CRER A S R

e 5| R T 5 P20s(%) B
AL~ Eif 0.10 48
W HamiE L+ 0.08 99
dt  #6)
W~ BaiE+ 0.11 61
(R #F)
ot g+ 0.15 f 28
R 1 0.15 27
FamiE L 0.12 8
b ~ AIRERE I+ | 0.18 6
DOEZ S5 A 0.1073 277

R~ B IR E 0"

H%dsE(ppm P) G (%)
0-4  (fR{EK) 7
5-10 (1€ ) 30

11-20 ( o ) 32
>20 31

AR T A SRR AL » R B SR L A RS R (& R
it > TRAT AN+ A ST IO  RA RE - R S B A TR R -
R A BT AT LUK 73 KK » BTV AT Ao B SRV U B - v s

S Bacillus ~ Pseudomonas ~ Escherichia « Xanthomonas - Flavobacterium ~ Brevibacterium ~
Serratia -~ Alcaligenes ~ Achromobacter « Aerobacter ~ Erwinia - Nitrosomonas ~ Thiobacillus -
Micrococcus 14%E - Y55 B & i 1 BL09 75 Aspergillus ~ Penicillium ~ Fusarium ~ Curvularia -
Humicola ~ Sclerotium ~ Pythium -« Acrothecium -~ Phoma - Mortierella - Paecilomyes
Cladosporium ~ Rhizoctonia ~ Cunnirghumella ~ Rhodotorula ~ Candida - Schwanniomyces ~
Oideodendron ~ Pseudogymnoascus 2058 - YRR S E A5 Streptomyces ~ Mycobacterium 2FEY -

AR REE LIR AR E A8 - $HF AR EBYRIES? - Yin®2352 o B Al 5 b
TEEVAMEBREY 1550100245 1 (Chernozems)#748.9X10%8% %5 » {5 % k1% (Yellow brown
earth)20.4X10° ~ jx 970 4 3§ (Albic soils)f16.8X10° « FHAT H¥(Latosols) « 4T #2458 (Red earths) »
170 A 1= (Al-kaline soils)fy20X10* K7 6 - (Salt soils)i45.59 5540 (% =), # 20 B A E S &M
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= - RIS SRR R

¢ 5 &/ a5z 1
Alkaline soils 20 x10°
Salt soils 5.59

Chernozems 48.9 x10°
Yellow brown earth 20.4 x10°
Albic soils - 16.8 x10°
Red earths 1.0 x10°
Latosols 0.98x10°

B+ - EFERS o SRS S R HoHEHE - i1 pHAE - B BERRS - B
EABEE L+ AR  KILEE +MIEBE R EED - AR EE R EEAEY)
MR > ERFA BB P E BB E > DK+ (Clayey) 6.27X10°5 % » HAR MW+
(Alluvial) 5.59X10° « FRA4T #%(Lateritic) 5.26X10% » fj LIRYE £-#92.23X10° /0“7 » o] HLysH EE
TE MR B - BRETER L3R TROR IR SRR RE I AR/ ME RRAR -

FURFAT A T3 RREASUhEIT R K RSB EIRET - ARy RIS IR R
A48 RIIETLATS Rt R A B B B I S SRR < R FORBERLAIAR AT )
M LS B R VAR [E R A A 3 — R HAMR M E0-Sem & 5-10em + MEYE B R B E
SM-1 + SM-SYAHR# i+ T KA PR FEO-Som + HEAY vARM B BT 2 1X107 ~ 6X107 » SEEE T T RYE
BEBX10°8E  REIN T AR R E0-Sem + SRAT VAR BURS6X10° » JREZ I IR SRS
B H G > AR R ERENGE T A A R BB e BRYAIE L Y -

VET R IEL [ S P A T LR

-+ 390 o i L R B VA B 2 B MG H R P 2 A EE - 2ETMIERT0.5% ~ 1% S EY
th60%52 E 5 - LlAspergillus ~ Penicillium§% ¥ » 40%Z M - YRR ERIESIEG 198
LR RS - AR h AH E FR R RR AR - B EREERY > AFH
VAR B RSB DR S BRI SF S VAR TE I D » WEHIA RIS -
BB IR RSB BE AR T IBHAENGRE) > — RS BERE1S%EEBWHET] - EMHE
RI47. 4%k K iEBRE Y -
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Y ~ FARERL R ABHEVR IR + AR H o~ B

i H vevhe e B E (8 o2 1-138)
0-5¢cm 5-10cm
SM-1 +FEk 1x107 4x10°
SM-5 +3F 3k 6x107 2x10°
SM-35+ F 4 6x10° 1x10°
SM-47+F 3¢ 3x10° 8x10?
+ Rk 6x10° 1x10°
SM-1 « SM-5 « SM-35 - SM-47 : AP ~ Sl A -
T RABEE®3X107 -

#11 ~ Summary of phosphate-solubilizing ability of bacterial and fungal groups isolated
from southern Alberta soils®"

Solubilized P Number of isolates
(kgP)’ Bacteria Fungi
0 21" 0
1-100 10 [
101-500 7 2
501-1000 4 1
1001-2000 1 10
2001-5000 1 43
5001-10000 0 7
10001-13000 0 4
44 68
Average 401 g P 3716 yg P
Range 7-2653 ug P 373-12839 yg P

* In an 8-day growth period.
** Colonies losing PS ability when subculture.

VY IR O+ SR Sl o B T
— > INbBERRE RS AR S R SHMERLEY

AR oh o KR IOBER DU B TE - AT R IS ] DUE 51 2 Y 50-
60%% o 4 M o 2 B AT B AL & 4 B B30 TE > {H A % £ B S & (Phospholipid) -
Phosphoglycerides « 4% ¥ - Phytin « 4B Ik /L & WO » 6 5 1] 53 Wb 4 T 0 8 2

3= ‘Phosphomonoesterase - phosphodiesterase ~ phosphotriesterase + phosphoamidase®@®*>*5 &,

phytase® » /3 + M SHERLEY -
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b1 4= BEAR 1 B DB HR A AR S B FR g Y - Woolhouse®VZERATE
155 #LEE 4R (Beech mycorrhizae) 5 —FE iE R REE K 171E  fE4FE 2R Bartlett & Lewis®
Fa R BB AR B B M R B B 32 1] DU {kp-nitrophenyl phosphate Glucose-6-phosphate -
8 -Glycerophosphate - Inositol hexaphosphate - Inositol triphosphate 2 S iG55 » K
Pyrophosphate & R 18 (1 & VIR » T2 i H 4 EREE (phosphate) » LEAERR MERRERAZ
FAER LB B AR A 44 ¥ (Fungal sheath)ch® « SR[E) 4 4= EAR R BT IR ATBR MW BR RS
LRAREGES) (B EEYS L BRI 2R -

%7 « Comparative levels of pNPPase activity in mycorrhizal tissue®

Assay Subtrate ¢ moles
temp. conc. hydrolyzed
Tissue i@ mM /g fresh wt. min Reference

Excised Picea Alexander and
mycorrhizas 25 1.0 0.06—0.75 Hardy 1981®
Excised Fagus Woolhouse 1969¢?
mycorrhizas 20 1.0 0.51+0.05°
Excised Fagus Williamson and
mycorrhizas 20 1.0 0.45—0.66° Alexander 1975%"
Ectomycorrhizal 35 23.0 0.01—0.48° Ho and Zak 1979
fungi
Calluna 20 3.6 0.62—4.17° Pearson and Read
endophyte 1975¢%

a Assumed mm? surface area to fresh wt ratio of 7000.
b Assumed dry wt/fresh wt ratio of 0.05.

Ik BB ATRE A U RRIE R - DT RE RS WA RARE A S EEIE IR - 2
SRS+ RG] - ¥ BRI A IR AR o S8 T R
TR R Y BEAATE 1980 R B B H MR B A WA BIRIEY) , FARE D
MRS BRI > KR4 ERER TR W BRRRE R , £+ I H SRR R
SYIHTREEDSY , (RS R LY - EEJayachandranE AP FEAT A
E /)& (growth medium) 7 AR S B L &9, LIS IR EREMH £ & K
SRR , SABR S LB Ry phytic acid ~ RNA « ATPicMP A4 R /v B It A R
SRR B SRR EY , (B R ER AR e A e R SRR - BOREIHY
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SR LA SP A L& %) (Cystine 3'- and S'-diphosphate) » 8 EHREYIAISEE A
VIR - SRR RS P A B AR AP B R S AR SO0 6000453 ) -
F_E it ayachandranf2 RS S - SR Py 4 BAR B 7T DA T S50 T2 L e S el
R ERE RS YR 3 (EYIR IR A -

HFEIRE I RETREA U EREE RO RS L S WIRIAE S - MollaZs A CV4E4R
R IFIREE e ~ AEACH VAR > RO S B RS Wno Lt » 3B 7EEsas
AAEHE RGP RET  SBEBEESHE BN LT WSS
BRACEIAES KA TR IR H29 %ol » {5 EL 480 5 Sl -

#F¢t ~ Plant growth and P uptake in a native prairie soil amended with
organic **P and the mycorrhizal fungus, Glomus etunicatum®@”

Treatments Total dry matter | Total P uptake | Shoot *?P count
(mg) (1£9) (count min™")
Non-myc
0 mg P Kg"
No sievings 39¢ 11d S7c
Sievings 38c 13d f4c
25 mg P Kg™
No sievings 149b 47d 117¢c
Sievings 138b 41d 110c
0mg P Kg™
No sievings 186b 88c 252¢c
Sievings 188b 89¢c 210c
Myc
0 mg P Kg"
No sievings 313a 323b 136,136b
Sievings 373a 379a 368,164a

Mean values in the same column followed by the same letter not
significantly different (P>0.05) as determined by the LSD test.

R SR LAY

3T 2523 LR AR R B BRI S & T R YA AR S AR (L S I L > 38
B8 1 e RV AR L &S 0 - BIIREYILLIEEAR N 4 B BT B B0 LR %
o EEEAIA L% - IR R RBR I e {EEREYIRE 2
FIFEE - B MEWiRR % (Colloidal iron phosphate) - % L AU ER S (Strengite) - iR — &gH
A 304 » £ P9 4 AR 18 Glomus fasciculatum;y #35(Ryegrass) - A S RE BARE = 3
% EREIT H HBRIURES » BHE FNAESHRAE S & R AVB RIS - ER
EERNE R R BRI EE AR EREEREE " » — i S iR A DS R A (R
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PR R EE 0 B PY4E B ARAE S W > 4 4 AR B AE 53 Y4 Hydroxamate
siderophoresFHEpH -+ HC Y S AIE KT ek 2 F5ik & > T L -PRA AR
1 » GRS R e R BB 7257 «

VA O PR S R PO 2E 2 HSR T MRS 3R » £ REH RN I B T - RebliE
NH, 2284 > jARH SRR EMEYEN - KIEERESBHERLSY) - EEEEYM
Bt T AR M e H VAR » BEHHHPO, 5HPO, Y » figk /\BYZRI VR LIS » BER
BT > 4 R6R M pHAAE6.44 » 5LE0. IM HCUA RS B2 i3 8077 > {Hix
R U T i o 1O 7 0 R S £ 46. Tppmn. {7 A R R VY R L Y S OBIR
33.5ppm » i B BEREHE (S VA RS S BB L S RO BE] - BR T RISBH > RHERE T
pH » (R {EVARRERIBR SRS - A S/ ATRERIRRRIFE -

# /1~ Solubilization of inorganic phosphates by microorganisms and HCl in
medium after 6 days. All results are different (P<0.01) for next column;amounts of
P are given in ppm©”

Isolate 18 Isolate 29 HCI Control
pH 3.45 6.44 3.80 6.79
P 51.7 46.7 33.5 24 .2

VAR L S — TSR R AR R A R A R - SRR I AR
LR ~ MRS - BREEER - 2-ERSLAATNERS - BEBRR - RERSEN LR TE0ES - 9k
%4 T e 9065 4 & ) (complex compound) » i5i/03E e < TR e T AR BRERTU B ANE
MR LS TS 30 rh A R AT A s 207« RV R BRI
IRRIERR R —4% > BB (Glycollic acid) « S| BB YABHE B IR R RV EA G FR
ZAERER(GRN) o A E B AP e i B R R HA A RS a0 AT
BRI T(Ca TEEMPA - M SEsEsg® -
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<. ~ Influence of organisms and incubation upon release of phosphate by organic

acids“®
Incubation Apatite Total - Principal
Qrganism days solubilized titratable nonvolatile
(%) acidity acids
( 1 .equiv./ml) produced
A. niger 3 100 55 Citric,Glycollic,Succinic,
Oxalic
Penicillium spp. 4 16 3 Nil |
12 74 25 Lactic,Glycollic
Nocardia spp. 6 52 5 Succinic,Glycollic
10 &7 6 Succinic,Glycollic
Bacterium S470 7 - 54 8 Lactic
14 71 8 Lactic,Glycollic
E. freundii 3 100 25 Lactic

7+t ~ Minimum solution pH and maximum P in solution caused by two Penicillium
isolates with and without NH,*™"

P in soln
Max. P P in by 0.1 N P(fungi)
penicilfium Min. soln conc. soln HCI at same
isolate pH (2 ml™) (mg) (mg)’ P(acid)
Medium A?
P. bilaji =i 298° 14,2 4.5 3.2
P. fuscum 4.1° 203" 10.2°® 1.6 6.4
Medium B?
P. bilaji 4.0° 46° 2.5 2 [ 1.2
P. fuscum 6.2° 7 0lfVi g1 6.7

' After 10 days exposure to acid.

2 Medium A-equimolar NH,s* and NOs-N.

* Medium B-NOs-N only.

a-d: In either medium, means with the same subscript letter are not statistically
different(P<0.01).

A,B: Comparison of P in solution(due to fungal action and to added HCI), means with
the same subscript letter are not statistically different(P<0.01).
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SO o LR A B R IR R

D S2EHN S ERCSYEEB RERERLBRBNR S » QT ETIRF

A (acidification) - {# & {F i (chelation) R F{F ¥ 4 RAVEREFE Y - HHABMRERES
BERILSY - BiuHmEEeIGe)] - 778 FYIEFE8 -

. AEIBRRREENTE

gREALLARERKAH R AR RENBEBEESN” - DlPenicillium bilaji i P.
Juscum 5B » (R E S RE MBS R - 102 B PRy AR B X 0 TR IT0 R B B R P 0
o {H B2 BRER A SRS RIED - SBIRCaRIE R TR R a T IR A
575154346 ppm ~ 7 ppm(Fe-+) > fFE#yp(fungi)/p(acid) s 515832 ~ 6.4 » u] L
HEamIE SRR - H2RE 0T B B EVA AR SBHR L SR TERERS] - dEIFE R
HPRVABE T B8 4 KRBT - R B SR MRS pH T AR R - TOREH REE
EHSROVKEE - REBETHCa BT - Fe BT - AVBF RS » SEEMRRER
BRAEAEY - AR ENREeER"Y > MEASBBRERERT
P.bilaji o P. fuscumZERERIXLAYRE - AISRRAEE RERSPH TREEZVMGE - 2.
Juscum B REFE £ R SR E PRSI0 MY - KA IKGEIEE T1E/NRP.
bilaji(F+) - MBREN AU ERMEYREESHERLSYRES - EERPERER
FERS65 ppmiif - BERH P A AR EIR(E - WIReRERHER AR v] LIRS
BHERCSY - @IIERERRE - EEGHRERET - RRREEBEHFHEEDM
e s A6 e - 2 47 e ) A 8 26 B o BB Bl (HLPO.™ ~ HPOL™) i 2R 5 AT
B A AR T A B A IR -

. AR R E

BlaliAspergillus niger{£ 45 80338 "B 1 BN » FHE G REKEIREREESRE
EB{SYREE 1 » {BPenicillium lilacinum -~ A. flavus - A. terreus F; A. nidulansfZ g
EARESHERLSYNMET  BIZFINEEHRESNFNEE" -

. B - FFRRECER

FRFIMEAO-Sem + 3k » FBIEHR - WENRRERZBRRREGET—) - 9534
7B E SM-1 ~ SM-5 ~ SM-35 ~ SM-4753 Bl FKRL EIRF A 438 » =] DASEE use 0
AR - YRS 5F$129 ppm ~ 139 ppm ~ 100 ppm ~ 100 ppm » SEARL 4 3EH
FRRELT ppm - FTE S-10cmpE - SRR AR INRIETE - (HERAERRETELS cm
PAF A 30 B R BEADTS SR IR 201 » PRI =) Ry il B 20 78 2 RORR I RS
BEdR » FHERHTYABAYAET] -
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Ft— ~ TKNL R S BEERIVR S S B S 2 % (ppm)

B H HRBHRE (ppm)
0-5 cm 5-10 cm 10-15 cm 15-20 cm
SM-1 +F:¢ 129a 33a 18a 18a
SM-5 +F ¥ 139a 353 18a 17a
SM-35+F 3 100b 34a 17a 17a
SM-47+ % £ 100b 37a 15a 15a
+E 68¢c 30a 16a 18a

SM-1 ~ SM-5 ~ SM-35 ~ SM-47 : KR4t ~ Flifl VARG -
TR FE R FREAE » FoRES Yok R R -

AWFEE EHETIEW R E(TARL 318) - BRI (TARI 338)7E R [EIRRIR( - 5
R B EBHAE E S RS B BB AL B RE RS2 - 1
BB (TARI 338) U7E & RS B B P BT RO HIEUR » ATREBL TR » KM
= HYRRIR A ER 0 2 #ky - TARI 338 BN B N REF Al 33t IRAE S B B h AT 4
B PCAEBRRE T MEGRA-2) - SUBHHEITE LR 7S R YA AE 1 Sk IR RIS
UIRA 1R > B i iIRANA A HE ~ FENESE - — T S AR AR RN 4 R dva
HEJJHIZRIA, -

Ze =~ NEBGHBARIRE - A ER ST L TR

HRWHRE (ppm)
(S i3 ik £ X ¥ K i
TARI' 318 | TARI? 338 | TARI 318 | TARI 338 | TARI 318 | TARI 338
0% 6.0 5.9 25 24 30 30
3K 345 366 59 67 308 20
6 K 432 272 131 60 572 32
9 x 501 148 112 71 681 29
TARI TARI?

318 :HE 338 :H{HE
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VAV (R T 0 R (VA B S R R S R RR TR VR P th A U BEAR - S et
L EEPERFERREE2 ~ 4 - 81 16 ~ 32 g/l » MREBEETEIATHEE > SAERESE D 4g sugar/l 5y
SRR S HERCAY > TIREES RS - 16 - 32g sugar/l » H-FE [ K &) L1
ERBEBEYEBEENICHEESHES T 2RIERE - BREWEEARHEY
(Metabolite) ] fz iF i pEe .

ST A BRI B E R R A RSN DR T aig e - &
SR PRI B F3300 ppmiky » VAP BB IRE RE - HEEREF7E300 ppmg
5 > SV R SEATIR & B S B AR K B s e -

25 3Rk

MFRZE 1967 AR HINHIE - BWERAFTIRE 285 -

iR 1951 ZEM8AE 1 SRAT i - BRI T, -

L3RR 1993 RSEAEWIEA - FHRBMERENTT - 333-338F - 324k > B8 -
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Mechanisms of Phosphate-dissolving by Fungi

Chien, S. Y. and Wu, C. G.

Soil Microbiology Lab, Department of Agricultural Chemistry, Taiwan Agricultural Research
Institute, Wu-feng, Taichung, Taiwan, R.O.C.

Abstract

Phosphorus is an important element of living things. Usually, phosphorus is taken up by
plants in free forms of inorganic phosphate, such as H.PO,, HPO,%. Some soil-borne
phosphate-dissolving fungi (including mycorrhizal fungi) can release phosphatase to dissolve
organic and inorganic phospho-compounds. These fungi may also produce some metabolites
such as glycollic acid, succinic acid, which can act as chelators binding calcium or irons in the
soil, and then increase indirectly the concentration of available phosphate. Additionally, the
organic acid may decrease the pH of the soil, and enhance the solubility of rock phosphate or
apatite. The variety of nitrogen and carbon sources, and potassium concentration in culture
medium may also influence the phosphate-dissolving ablility of fungi.

Corn grains and phosphate-dissolving fungi incorporated into soil at the depth of 0-5 cm,
can increase the concentration of available phosphate at the depth of 0-10 cm. Normally,
Aspergillus and Penicillium are the major genera of phosphate-dissolving fungi in soil.
Phosphate-dissolving fungi show 10 times better phosphate-releasing effect on rock
phosphate and calcium phosphate, if compared with phosphate-dissolving bacteria. Besides,
fungi can maintain the phosphate-dissolving ability longer than bacteria.

Key words : Phosphorus, Fungi, Mechanisms of phosphate dissolving





