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Summary

This study was carried out to investigate the effect of V. A. mycorrhiza
inoculation on the growth and mineral composition of shallots on Cheju volcanic
ash soil and non-volcanic ash soil, and to improve the efficiency of rock
phosphate utilization by phosphate-solubilizing fungi isolated and selected by the
pure cultivation on PDA-calcium phosphate media. Adaptation cultivations of
the selected fungi were conducted in the rock phosphate-liquied media
sucessively with the change of sugar to straw composition to look for possibility

of rock phosphate compost preparation.

1. V.A.mycorrhiza inoculation increased first growth and concentration of
K, Zn in shallot shoot on unsterilized volcanic ash soil, and increased
concentration of Cu in shallot bulb on sterilized volcanic ash soil.

2 When shallots were inoculated with V. A. mycorrhizae, fresh weight of
shallots were significantly increased except for the sterilized non-volcanic
ash soil.

3. After 6-day pure cultivation on PDA-media, fungi having 8-15mm of
colony radii(R), 14-22mm of halo radii(H) and higher H/R ratio than 1.2,were
obtatined from 18 soil samples.

4. Ten sucessive cultivations in the liquid media containing powdered rock
phosphate were undertaken to adapt the selected fungi to the low sugar/
straw condition(sugar 0.125%, straw 1.4%). At the end of tenth cultivation,
six fungi(pencillium frequentas) remained, showing about 11.2 percentage

solubility of rock phosphate.
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EIEE @E BmAENA LRI v Ao ER 12601022 Yt
1277000 o]z 3 dbig 331022 HE 3335¢ =l MFEEL W ERLE 8
&5l Jbik 33705 22 Y ¥ 34°00 7R och,

EMEE RAEEe] 7 WET Xxbkolx kKT EEWL(1950m) S &
o2 3lo] 3] ghubdk MRE ol F & otAHdIE KL (EHK AL olH FEN =
36009 70 el A kilol FEislo] 3

F£FY KRB 15.1~15.8C, MKES 1,441mm~1,718mm o= E#i= FHE
%iBek Rl XHv BipgRsica(F47]4H, 1982,

EHEY ZEIES 181,997 ha ol™ 15 XINKE B2 kIlLIKLE o) s fhifEifE
o] 135,910 ha 24 ZHEKES 74.3% (B#o] A= o 60%)F A
slow fifel el HEWS W MM Lol

KK+ 3= Allophane ol 2} #RE3 WS 2o U — TRl vl sto
C.E.C7} Eou #Ekiel EiFstn {RKJol e, EE(¥¥3] NH,, K)o &
fFhe BRERGTRA vistel BEZL ol 3Gy ol Foll HECE A EERE
vig]7] 4ok, Kol s RFEBEESS ffrol ksl 29 (§, 1974 T W1 5
1984) fBTHS BREBRE PRA, ez tEYEHECRE (HE N
ZHsoAol A EAHC] EEFES] A2 K, WAHE FiHel AA Bilside o ME
Bhol ot MEEEIERE Nl 2 Hol EEKRMY  KECoE =lof it

1Edel HEMS Folv] s vlm= e HMEBEIERT HBAs Sov TE
b5l 7] 4 kistEssm oy ol BRsitet 22 tattsite] #ike 2 198041 F
= HEEE Rkl 4w Eo] stid] 5.345M/c0ll A 1984% ol = BINAEER (M 40
012¥/) ] oF 50%<! 19,628%/1& FEMEN A 4ul sk ok (BAKEER, 1985).

Selutetol A B - AES S BEBEERLE 28 50 A& BEAS
82 &3z vl 53] BEBEY A4 WEBEAA L o E AR5}
22 25y o] ou| Aol u]AA Ao Aabgt bl FEo2 A Ful
Heclo] =t}

KK Lol A o] xR B R T2 BILBNA @l Al o] Fof
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2 gkl @R E ot A LMAEWS FIFsi MEBIEKE HEA 7= B
%7k glodom #EAS MR A vod up gl

g HEe HA$E ¥9 V. A Mycorrhiza o o3 +Hirze] FIFZES Fol
o e ABS mMimAAdE B1Sol glt(Jackson 5, 1972 . Mosse 5,
1973 . Ross 5, 1973 ; Khan 1975 , Azcon 5, 1975 . Abbot &, 1978 . Powell,
1979). °|% V. A. Mycorrhiza & %% f##ol Riflgst Mgkl ‘A T4
SHAIS e REBEels ol T Eitt fEWIRe] MMV T (KRES Bk
< B E 4 S #utohie} ol T HHkUl MM W2l KRECl oAstA sl=2=
wEe RIS 913 BREEES BMAAA AT @ERIK el AAA He A
olz} i ote & ot (Hayman &, 1972 ; Subba RaO %, 1982),

=gk odejitetell A (FigCl {KHRS MRS EHHEM ¥ WRUAFIC, 1978)
7} Burs| #iTslo] ok, Sperber(1958) & iAol oA TEMEMIKG
(EE3IRA) Y AMES mmAzids 231 s, Agnihotri(1970) & AEMERE
B S GRSl MAKES Hiold o#Estich, el Sundara 5 (1963) = P-32
B TS AR Rl o3 MEEER S, Taha 5(1969) 2 #EIEMAMELR
thel EMS 21wl ook Banik 5(1981) % #EES FMcc WEWS oM
sho] Regm o)l Fslo] e ol #iEA A S hiiel FRKET RS B4
Zickn B og wp e

A R E BEHE I BRlA Hzgsla A+ FIldl V. A Mycorrhiza
2 A7 KR LSl A o) Zale] Aol vlxlv BES FESIGo YU
2 EMNER 0Bl MY Moz FEH BMEAKMES BMsle HKE
S BHKGHIAST BERWERL HHT HulA A0 o] KES A TiEHSE
BaRs ®WAs7 dad FHaal strawol HEE 4 U= WEAHKES
B33 memsEiol A Y oS Aol T AKES BRIRIEA AA
Sugar/Straw 7t $& 2702 s KBS RITASL



I, #E 2 Kk

KE 1. AHEARE (Vesicular-Arbuscular Mycorrhiza) ol Z3te} £Fel vl 2 &=
od oll W3 K

1) HERIIE

HRTMS 2 EES SEmtE 5 BEKIIKERY BEEXLKEHS 8
walod Megol A ok 30cm Zelol HMS WS LMFIE REY A BE
shz] 9k o2 uFolA 2 13cm, ¥o] 1lcm 9 Plastic 3¢ (pot) & FIH
ol HHS Wit 1S KRG frEe e o LtiF VA
Mycorrhiza BEE %13 2ov], Bty HES K22 2o

Table 1. Description for soil sampling sites.

. . Spore density
Soil . Soil . C . Cultured
number Location series Soil association (spogg i/1)100g plants
1 nyeong Dae Songdang Bl_ack volcanic ash 1003 ngsh
-ri Gujwa up soils onion
9 Shin Chon-ri Donghon Dark brown non 100 Chinese
Jocheon up ghong  _yolcanic ash soils cabbage
Table 2. Physical and chemical properties of soil used
Particle-size distribution pH
Soil I~ i - Water
number| 200- | 005- [<0.0 dexturel 10 KCl NaF | contents(%)
0.05mm [ 0.002mm mm (1:25) | 1:25 1 (1:50)
1 26.8 62.9 10.3 SiL 4.8 4.6 10.7 24.6
2 13.4 53.3 32.3 SiC 48 43 8.2 16.8
Organic| Total | CEC Exchangeable base Base ! Total ! Available
C N (me/ (me/100g) saturation P,Os P.Os
(%) (%) 100g) Cai Mg| K | Na (%) ] (%) l {ppm)
16.6 0.74 24.37 28 093 054 020 18.3 1.75 7.7
2.1 0.16 9.75 32 16 077 010 58.2 0.84 193.2




2) MY E BEHE

SRS BHE FINE AT BRIA ZEM i Allium 59 Zat
HEks naa A3 AL mEkshe] sk

19854 10H 238 pot = MEER 72 3shol #EHESI 19864 1 H 24H Uit
ct,

V. A. Mycorrhiza #MHEEE 1Es HES 23 BEIA %L AL FE
Z 3z #MEE HEF(Non-V. A. Mycorrhiza), 5V. A. Mycorrhiza spore/g
soil 7+, 3.5g V. A. Mycorrhiza root/1kg soil{(pot)*+ & 3t A ¢}, V. A.
Mycorrhiza & EfEERT] R 353 Tgste GLRE 6 RES2 B
BEFERRSERT EREREA A Bistd o EBEAFS ob&3 2o

2 Soil type ( Volcanic ash soil, Non-Volcanic ash soil) X 2 Sterilization
treatment(Sterilized soil, Non-Sterilized soil) X 3 Inoculation method(Non-V. A.

Mycorrhiza, V. A. Mycorrhiza spore, V. A. Mycorrhiza infected root)
3) £AFRA

HES &Mk 438, 838, 128 3Mol ZA F#Eslded Rk £H8E EY
&, %ale) 23k V. A Mycorrhiza ¢ FHEZELS ik st

4) tiEo| HIE - (LB

WiRatre 30% H,0,% H#He 4HEAI2che Calgon 2 SHBIZ 3o
Pipette $#:© 2 Sand(2~0.05mm), Silt(0.05~0.002 mm), Clay(0.002 mm °}3})
< Sr#Estol (Black 5, 1955) EBIgHEEHol vtel £MS FF3h

+io] pHE +#8-¢ H,0(1:2.5), INKCI(1:2.5), INNaF(1:50)0 %o{4
WFEH(TOA HM-5ES) 2. 2 FiEstdch,

K EES 100~110CAA ERAANF BlEstalerd 2RF+ Walkley
-Black #:2.8, 22&+ 0.5mmAlE 534471 13 1grd Semi-micor kjeldahl
o2 sEmabadct,

Bol 2 EHRAER S IN-NH.OAC(pH 7.0) kel 23l em o]m ammonium ion
of oldted EiFHE ol e ERIIA,

of
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FhtExs IN-NH,OAC(pH 7.0) 2.2 ZEFH IS FEFEIKE: (Pye Unicam
SP 9-800) 2 #sE 3t .

A% S Bray NO1(1: 7)o 2, 2#8e Jd4ist REMS Ao
+1HS A7) the Vanado-moybdate 02 e ERS A (RIIRRE M¥
BMBRRAT, 1974).

5) Zuto| EBME RO

2312 i L6 (Shoot) S} s o 2 Uyolx 80CE FESH RISl EHigA
71% 2435t 1mmAME FAAZH, LIl 4L EESte] acid mixture
(HNO, ; H,S0,; HCIO, =5: 1: 2)& sl 7tdatAdolA @Azt 2488
K-S Ammoium molybdate 22, Ca, Mg, K, Na, Cu, Zn, Mn, Fe & RFRHX
g5t (Pye Unicam SP9-800) <l <} 3l s 3l ct,

6) LIRAXE

gt IS JRMYKEER motAbF sl ¥ 121°C, 15PSielld 1417k F<t %
3 o ERol mES BEA 7l FASA

7) V. A. Mycorrhiza 2| Ei@H &%

1} V. A. Mycorrhiza 9| Be8F

V. A. Mycorrhiza®} leF+& BHEH(E 104 BEAKER) S 53 2ol
i3 4y 8 (floating method) & 2 sy#Est o #REXSIo] Hefd sl o},

{BiME3 100 gr< 500ml beaker ol ¥ FEES o] HAHA ¥ Y=
o] 4oz Ay "ojmelwlA o 350ml 7t HEE Aok, olAE FYLHE &
A 2ol Fo] BBHS WE o}S BEWETS V.A. Mycorrhiza ¥ (LLE 1.
05) & srEEsH7) 9l5led 10~15% E<F BESI e LB V. A. Mycorrhiza ] ig
F(FEH A7 100 m)E 74p m A} 250x m AE RS AiH At T4pm
Aol V.A. Mycorrhiza®] MF} o|9}te 2719 LK FE 3t F27
715o] Latslo] YA Hrh, o] AL 1:1 glycerol KM (HE 1.12)°l EUE
250ml Cylinder o] Spatula % 4 2& s &A Y2 & EFT F o



Cylinder & 309[ BE 2Lo%AZS THHFEL dPd = 3
omg @IS T4umAdd & H3oew FxE2E F%3 A3 o]F 100ml
beaker ol Z%el & AT &4 E3ih

SEES MTSS MEENGE(X60) o2 HEslHA Aolole MTHE IS
qArh. o] st#ol wel Aol LES BMRS) g dEsiach HX LMl A
7bé V. A. Mycorrhiza & lR¥ES i lgr 2 5 A

221e F19 3harsgckella 228 V. A Mycorrhiza spore & X oF 3
et

(2. V. A. Mycorrhiza 7} #&4%=lo] & A3kt

V. A. Mycorrhiza 7} ##50) o+ aishele %19 kUKL A Fugd
AL FHA = FhELS T0%l 3t
gtk o] Habel 35gre 05em 2712 ZehA A 4z Potol Wil

8) V. A. Mycorrhiza 2| F4EBTE

walel ¥ol gle TS ZA2FA % Aol & 3 ~5cm 27
2 ag}a}xi 5gA £ 2 100ml beaker o} ¥ gich, 10% KOH ## < F 80ml 7}eba
70~80CoN Al 7}& Asteich, ®e)E A(Mpm 2 Aeld ohF F5EE &9
wulm A KOH i< A Asthch  0.01% fuchsin acid-lactophenol & 4§ 4
50~60ml & 7Fati 70~80ColA 10~15%7F 7tdstd el 2 48 242 &
<3 Zo,

40ml Glycerol

wlo

20ml Lactic acid

20ml Water

20g Phenol crystals
0.01%  Acid fuchsin powder

28 2% Zslo] V.A. Mycorrthiza & AZsha #sgd-eol Rt Mkl
g A5 o] 9l V. A. Mycorrhiza hyphae & ®o{F 3 gith



-

Plate 1. V. A. Mycorrhiza spore isolated from volcanic ash soil(table 1.). (x100)

Plate 2. V. A. Mycorrhiza hyphae penetrated into the shallot plant root.
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B 2. BRI AR o8 BIEE S LXUEEe 33 RE
| ) BEEAmMAIKES B

WSRO S SMESY) Ydtel 60EMIRe LS BESFAEH KLKE
o) 27MEMEe] T FEAILK L] 3@l Kt 1 F HIEE RS 260 R
(KUK 1308, FEXUIREE 13ME), 051 5EmROKIIKER 418,
ALK 1E), RS 4 A (kKL 3, IEALKER 1
M), 2212 et e 5@ kKT 7@, LR 18E) o1 glet,
o] T +HIRKE Ml 30cm Aole] S < 2kg MAsA. of HAME
BEe B HEiEy o tHe HE 5 £3, 4% 2o BRRY Ak v
J REo do] 4°Co|3lol A REFste] HREoMAREEZ FERSIHA

RN ARE S Sy 918 e oh3h Rol #ME A

Potato-dextrose agar (PDA) 52rg &%4 400mlel ¥ <3t 2 A3 =
o] gt# atE gz 10% CaClizi, 10% KHPOJ&#E #7 M@l ¥
121°C 15PSioll A 10~155M ##@ < 7. PDA ¢ @&E7F 70~80C<= 10%
CaCl,ia# 20ml & fngt 5 E£5ol F74 10% K,HPO, i# 20ml & fmstod
s oA g b7 kel SI=E shgloh old ARkERS BEBHOD K
317] 93& sEE 0.01% streptomycin S FEiNstAch, oAbz ol FEI H
(PDA-P)Z @ petri dish ol ¢ 15ml 4 Fof @oich,

BEGRA T 1gre MEBERE oA 110772 Mfgstel e ## 0.1ml
2 PDA-Pigidlol finstol A Hom F—3 TR ERA HahA 5 @E
¥ BRI AT, 20~25Co EEENIA ok 7 HH M3l colony o F7L ¥
A B AL #EETEIEREEel AT MkEo2 B

2) H/Rof 2|t #ikgel #iK

Halo ok Aol o8 BikS $ikES PDA-#8 7 5 7L# 5t (PDA-P) ol o
A st 6 B ol colony o 2719k halo o 27]E MR
olwl o] colony 7] (R)$ halo 27| (H)2+e] H(H/R)7F 1.2004 k]l RAE& #&E
ZAgiEiite] F4T AREo R BRI
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Table 3. Description for soil sampling sites

nusrgger Location sggigs Soil association

1 Hwabuk 2-dong, Cheju ~ Gueom Dark yellow brown non-volcanic ash soils
-shi(a)

2 Hwabuk 2-dong, Cheju ~ Gueom Dark yellow brown non-volcanic ash soils
-shi(b)

3 Hwabuk 2-dong, Cheju ~ Gueom Dark yellow brown non-volcanic ash soils
-shi(c)

4 Samyang 1-dong, Ido Dark brown non-volcanic ash soils
Cheju-shi

5 Doryun 1-dong, Cheju  Donggui  Dark brown non-volcanic ash soils
-shi(a)

6 Doryun 1-dong, Cheju  Donggui  Brown non-volcanic ash soils
-shi(b)

7 Shinchon-ri Jocheon Donggui ~ Brown non-volcanic ash soils

8 Seonheul-ri Lagseong  Ora Very dark greyish brwon volcanic ash soils
-dong(a)

9 Seonheul-ri Lagseong  Ora Very dark greyish brown volcanic ash soils
-dong(b)

10 Seonheul-ri Lagseong  Ora Very dark greyish brown volcanic ash soils
-dong(c)

11 Gimryeong Gujwa(a) Gujwa ark yellow brown non-volcanic ash soils

12 Gimryeong Gujwa(b) Gujwa Dark yellow brown non-volcanic ash soils

13 Shinjeondong Udo Black volcanic ash soils
Gimryeong(a)

14 Shinjeondong Udo Very dark brown volcanic ash soils
gimryeong(b)

15 Jongdarl-rl Gujwa Daeheul Very dark brown non-volcanic ash soils

16 Onpyeong-ri Seongsan Jungeon  Very dark geryish brown non-volcanic ash

soils

17 Shinsan-ri Seongsan Haweon  Dark brown non-volcanic ash soils

18 Seihwa 2-ri Pyoseon Ido Dark brown non-volcanic ash soils

19 Taeheung 2-ti Cheju Very dark greyish brown volcanic ash soils
Namweon

20 Taeheung 1-ri Gueom Dark yellow brown non-volcanic ash soils
Namweon(a)

21 Taeheung 1-ri Gueom Dark yellow brown non-volcanic ash soils
Namweon(b)

22 Taeheung 1-ri Jungeon  Dark yellow brown volcanic ash soils

Namweon(c)

_10_
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nusrflger Location ’ iﬁgs ’ Soil association

23 Sangwimi Seogwipo Jungeon Dark yellow brown volcanic ash soils
-shi(a)

24 Sangwimi Seogwipo Jungeon Dark yellow brown volcanic ash soils
-shi(b)

25 Dongheung-dong, Youngheung Dark brown non-volcanic ash soils
Seogwipo-shi(a)

26 Dongheung-dong, Youngheung Brown non-volcanic ash soils
Seogwipo-shi(b)

27 Topyeong-ri Seogwipo Namweon  Black volcanic ash soils
-shi(a)

28 Topyeong-ri Seogwipo Namweon  Black volcanic ash soils
-shi(b)

29 Ora 2-dong, Cheju-shi Donggui Dark yellow brown non-volcanic ash soils

30 Ora 3-dong, Cheju Doggui Dark brown non-volcanic ash soils
-shi(a)

31 Ora 3-dong, Cheju Donggui Dark yellow brown non-volcanic ash soils
-shi(b)

32 Ora 3-dong, Cheju Songag Dark brown volcanic ash soils
-shi(c)

33 Gueom-ri Aeweol(a) Gyorae Dark yellow brown non-volcanic ash soils

34 Gueom-ri Aeweol(b) Gyorae Dark yellow brown non-volcanic ash soils

35 Kumseong-ri Sara Dark brown non-volcanic ash sils
Aeweol(a)

36 Kumseong-ri Sara Dark yellow brown non-volcanic ash soils
Aeweol(b)

37 Suweon-ri Halrim(a) Donggui Dark yellow brown non-volcanic ash soils

38 Suweon-ri Halrim(b) Donggui Dark yellow brown non-volcanic ash soils

39 Yongsu-ri Gangjwong  Dark yellow brown non-volcanic ash soils
Hankyung(a)

40 Yongsu-ri Sambong Dark greyish brown volcanic ash soils
Harkyung(b)

41 Ilkwa 2-ri Daejeong(a) Mureung Dark yellow brown non-volcanic ash soils

42 Ilkwa 2-ri Daejeong(b) Mureung Dark yellow brown non-volcanic ash soils

43 Changcheon-ri Ora Dark yellow brown volcanic ash soils
Andeok(a)

44 Changcheon-ri Ora Dark yellow brown volcanic ash soils
Andeok(b)

45 Changcheon-ri Ora Dark yellow brown volcanic ash soils
Andeok(c)

-1
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nusn‘:ger Location scst?lgs Soil association

46 Ssa}?gge—ri Seogwipo Ora Dark yellow brown volcanic ahs soils
-shi

47 Dosoon-ri  Seogwipo Yongheung Dark yellow brown volcanic ash soils
-shi(a)

48 D;})ﬁ((;)(;n-ri Seogwipo Yongheung Dark yellow brown non-volcanic ash soils
-sn1

49 D(t)ls'z)())n-ri Seogwipo Yongheung Dark yellow brown non-volcanic ash soils
-shi(c

50 Beopjeong-dong, Jungmun Dark yellow brown volcanic ash soils
Jungmum(a)

51 Beopjeong-dong, Jungmun Very dark greyish brown volcanic ash soils
Jungmum(b)

52 Gyorae-ri Jocheon(a)  Cheju Yellow brown volcanic ash soils

53 Gyorae-ri Jocheon(b) =~ Namweon  Black volcanic ash soils

54 Gyorae-ri Jocheon(c)  Gyorae Very dark brown non-volcanic ash soils

35 Ara-dong, Cheju-shi(a) Ora Dark yellow brown volcanic ash soils

56 Ara-dong, Cheju-shi(b) Ora Dark vellow brown volcanic ash soils

37 Ara-dong, Cheju-shi(c) Ora Dark yellow brown volcanic ash soils

58 Ara-dong, Cheju-shi(d) Ora Dark yellow brown volcanic ash soils

39 Ara-dong, Cheju-shife) Ora Dark yellow brown volcanic ash soils

60 Ara-dong, Cheju-shi(f) Ora Dark yellow brown volcanic ash soils

_12_



Table 4. Soil characteristics

Soil pH Water Total Total Cultured
number | H,0(1:5) contents(%) N(%) P(% plants

1 5.5 249 0.7 0.6 3y-citrus

2 5.5 249 0.8 0.9 4y-citrus
3 5.2 21.7 0.7 1.0 garlic

4 6.8 22.0 0.9 0.6 garlic

5 6.0 229 0.9 1.1 20y-citrus
6 49 304 1.1 0.6 3y-citrus

7 5.0 194 0.8 1.1 chinese cabbage

8 6.3 333 1.1 1.1 Ty-citrus

9 5.7 31.2 1.3 2.0 15y-citrus
10 6.2 21.8 1.3 1.3 rape

11 7.8 19.9 1.2 0.8 garlic

12 79 21.1 0.7 0.9 barley

13 6.8 36.7 1.8 1.2 carrot

14 75 30.2 1.2 1.0 carrot

15 6.3 34.3 1.3 1.0 carrot

16 5.3 413 2.0 2.1 radish

17 5.7 335 1.1 1.0 carrot

18 5.0 27.8 0.8 08 onion

19 5.9 395 15 0.9 radish

20 6.1 332 12 1.3 7y-citrus
21 5.3 29.4 0.9 1.0 6y-citrus
22 6.2 349 0.9 0.8 20y-citrus
23 5.0 448 1.5 11 7y-citrus
24 5.2 30.5 15 14 13y-citrus
25 6.3 238 1.2 1.7 12y-citrus
26 5.5 26.5 1.3 2.0 20y-citrus
27 5.4 40.3 15 0.9 3y-citrus
28 5.7 39.6 14 1.3 12y-citrus
29 5.2 23.1 15 1.1 17y-citrus
30 5.5 26.0 1.7 0.9 Sy-citrus
31 5.7 325 0.6 0.4 virgin soil
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Soil pH Water Total Total Cultured

number | H,0(1:5)| contents(%) N%) P(%) plants

32 6.8 23.7 0.7 0.7 pasture soil

33 6.8 23.3 0.5 0.7 garlic

34 6.1 20.2 0.5 0.6 chinese cabbage

35 6.9 16.4 0.6 1.3 cabbage

36 53 16.0 0.7 1.0 cabbage

37 6.0 20.5 0.6 0.5 radish

38 6.1 23.5 0.5 0.7 potato

39 7.3 18.9 0.7 0.8 garlic

40 6.3 25.6 1.1 0.9 virgin soil

41 5.8 12.2 0.8 1.9 rape

42 6.6 12.1 0.8 0.7 garlic

43 5.9 24.2 0.9 1.1 pepper

44 5.6 31.0 1.1 18 Ty-citrus

45 5.5 25.0 1.2 2.2 16y-citrus

46 6.1 32.0 1.6 14 rape

47 5.2 25.0 1.0 0.6 6y-citrus

48 54 279 1.0 1.7 10y-citrus

49 72 27.7 1.0 0.7 14y-citrus

50 52 38.7 1.4 0.6 pasture soil

51 5.7 53.0 1.6 0.7 3y-citrus

52 4.6 234 1.0 0.1 pasture soil

53 5.7 495 2.0 0.9 pasture soil

54 5.8 51.3 1.7 0.9 pasture soil

55 4.8 298 1.0 1.2 15y-citrus

56 4.8 29.8 1.0 1.3 6y-citrus

57 6.6 22.2 0.7 0.8 8y-citrus

58 5.0 28.3 0.9 0.7 buck wheat

59 5.7 38.1 11 0.9 virgin soil

60 5.6 20.7 14 0.8 virgin soil
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3) #HARESl EWIEH
A& Kol A HEsEme pHe 5.5~6.00]%l o] EEEBE 25~30C
ARG 10H, {EEEEYS 100~120 strokes/min o] %,

35 v

10

7.5 \

Dissolved phosphate(P mg)

Liquid media pH

Figure 1. Influence of initial pH of liquid media on the phosphate amount dissolved
from 300mg(40.8mg P) rock phosphate during 10-day incubation(--- rock phosphate
dissolved by acid).

4) RESIEHIOIA HRIKEC| RAIEHBERO CHE BEM

PDA-Pszinz el H/Rol of& Bikd #ifkiiol HRMsael ¢35 o A%
st7) 417 sh7] AsA RS ohe et ol FMNSh ERSCh

NaCl 0.01% KNO, 0.078%
NH.Cl 0.04% CaCl,-2H,0 0.01%
MgSO, 0.05% Sugar 1%
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o] MMM 200mlol MAMEE (EEEoZ FAMA FEuwlsdA A,
40mesh A& 347 AL D HHBETES 136 P%) 300mg 7 straw 05% % 2
T3 Tol WL BRE AKES BHEESI 2R o WAl =
2hal chesh 7o) straw 9 sugar ZAuabE AxHez zAsHEA JAAS

A9e AAsde

1. sugar 1% 2. sugar 0.75%
straw 0.05% straw 0.75%
3. sugar 0.5% 4. sugar 0.4%
straw 1% straw 1.1%
5. sugar 0.35% 6. sugar 0.25%
straw 1.15% straw 1.25%
7. sugar 0.2% 8. sugar 0.175%
straw 1.3% straw 1.33%
9. sugar 0.15% 10, sugar 1.25%
straw 1.37% straw 1.4%

wukpEel 7] A M LA e AR S ZY YT MEEMEES colony ¥
Ho| $4d k@S nEwA straw T F7HAI7IL sugar ¥ A A7) R
Hiol g ASAE FAA A

sjopo] Zilufvict HEHS 2| (Toyo NO.2) 2 B3ty o WH pHE L]
FE&H (TOA HM-5ES) o 2, Kisthsie 2.5% SnCl, & sl Truog ol
o8l A hEEmsdch
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I, &3 2 ZE

%K 1. AN4EHE (Vesicular-Arbuscular Mycorrhiza) o] Z3}e] £Fel v+
g ol 1Y BB

1) Zutel £%0 o|x= ¥

XK JEXR TS Bl v JIRET A VA Mycorrhiza i@ 4
K2 oelslo] ulol HMEMS T Pot#usgsld &5 ZE MRT e,

FAEe 7.1~18.1%24 KLKEHe] JERE el V. A Mycorrhiza 7h A
alslol gt ez AT Wb Y ®e HEARE 2gch Y 2EE
oz 20%0lae] He 4Fo|glonz EEERM KPS M bi(shoot) S £
Fold A=A egtch ubHol Abbot(1978) & MEEEH ] HIRs= A S o
Subterranean clover ¢ 4£#-< V. A. Mycorrhiza o w&d st 47h ot
B3 sholrh

Furlan = (1973)& <#tel V. A, Mycorrhiza #4%%°l 11C % / 26T ol A ®
o} 21°CHF / 26C ol A @A obe A LA by AEKeE v}
28 Egbo] A HIEE(10CH/20CR) 7 e WA HhEeol o]tk
3

\

zgle] ez, AAFE, AEF, AEF/AAT V.A Mycorrhiza
inoculum FE¥c] Hch2 S WA kT !;“— inoculum EE| o4 Z3}
wale] V. A. Mycorrhiza # 8 A 57b KkILWKEHS JERaes 214 oA s
Goos LFE ool @ HE7 dehdA de A& Fbel ERIBEGEMAT
oA Fe Axst FEshx 237 o A 7=k, V. A Mycorrhiza
b Ao mEmEES TEAFE U AEz ¥e A AMHE TEUT
i AL Zhobg of Fesb obshw elaEshatge] A XA A BA
o] 9l V. A. Mycorrhiza oAl 3%% 71944 F2 23 & A7l A%
olch, 2 Adoa M 20%0lHe R& AP RrjztE V. A Mycorrhiza
7 malo) A = Aekx 249 Aoz Assw AT VA Mycorrhiza o 4]
o] ors}A] ¥ 73} V.A. Mycorrhiza 7} ARGl G4 dE dAdE FA X

£ Aoz

_17_



"ejEP JO UOLJEULIOJSURI}-BO[ Bulsn Qouedijuds [BIIISIIBIS IJBDIpUl 13333

1353 ], aduey] aidnniy suedoun( 03 Buipi0dde [3A3] %G Je JuIIIP ApuedyuBLS Jou d1e 19))3] uses 3y} £q PIMOf[0) ULIN{OD YOBD UL U

eZIyLI00AW UON (NN S1001 [EZIYLOIAN (YW $3100S BZIYLIOOAN (S 110S pazIIIAlS 1S [10S PAZI[LIAIS UON :SN.

el qve’0 qa8y'e €859 qe0r'02 B0Z'91 eLE9 PIGET 0T AN
qoet 2070 2L0°¢ eg0'9 9qLLTe LAWA WA 5907’8 S S
qeqTl BLZ0 BGEC BGE9 egesl B06'G1 8609 2000 HWN
¢
qez’zl 30,0 JEL'G qQLLEl 130292 Bge8l qzeL P2QE6'6 N
qe6'1l 30,0 388G qesel ¥v'ie N0LET 2606 qES'6 S SN
qez el 3020 JELG qzz'vl $L0'92 2908'1¢ q.8'L quL  [onuo)
qegTl 3290 306G 6T LT L0V 295912 3PAY6 2409'6 14
B0l P8G0 JE9'S KT 9pIgY'tL 3q56'12 28’8 P2q76'6 S S
qQeLTl 3€9°0 P8E’s 21691 Po26°Ce qzL°0¢g 280°6 B00°0 NN
I
q8el fv8°0 (159 Pzesl 130452 MSG1e ap8O°0T 2L0°81 IN
qepel q6L0 18E9 POY'61 $9EG'SC 2qL1°2e 3LT°0T PO9'el SH SN
qz'el 80 Q1’9 Pe6'81 P&V q56'02 P2LE'6 poge'tl  [oXnuo)y
(%6)yBrom (yuerd/3) (ued/3) (w)yrdua| e M8 iy anssny j001| adAy
ysatg/ y3rom jusuneal] | oS
W3em A1 waem g ysal1,] 1004 (wd) Y¥3us[ j00Ys PoRaOUIZG | umInoOU]

{108 {SE JIUEBI[OA-UOU PUE [I08 YSB J[UBI[OA

ul 83004 [eziyd102 Awt Jo §323id pue sazods Y)1a pajemaout jofjeys jo asuodsal Y3M013 pue uorIJUI Jo 3RII3( °S IAqEL

_18_



Yok B},

g W whel o] ®WimdcE A Carling §(1979) = A&
b Qi kLRGeSl BTFEESL H 100grd ok 1,002 & FFol
od3 ojrlell oAl inoculum & FEEHZ WEol FH ¥ HAEE dehlolol
2 Zlolebn s o $r] HE kLK el A é%‘ﬂ ate] S 0% V.
A. Mycorrhiza 7‘*§%°l Aag AL ndopd geF E4o] FAR FfelA
5 ALHA 538 F3& Fzzo] FolAdd VA & A} AFEAS

e 4 goeletn Az
2) Zoto| EgmEBol 0lxE B

5 AEgI A Zats BFEESA Hed Zabe Yol #ERILT e
2 e ARoess e el £H0 v el 2t

XK H o) A 583 V. A. Mycorrhiza B2 ¥} V. A. Mycorrhiza 7} 2=
tife] 2 MR R olo] Zalo| HEEEAAT W K6 L HRET AU
o,

Fowells 5 (1959) ®#fiszol s 4uF@Ael lppme Pst Sppme N&

©ade we ©e V. A Mycorrhiza 7} & =glo} E¥EHo2 5ppme P
o} 25ppme] N& #4235l d-ool fido] =12 4&5 2ad v ok, & AHlA
e TAEGFE KUKEHES A¥EEEel T.7ppm, 12T JE KK LS 193,
2ppmolich & Aol WS FEXIUKLHMIA S V. A Mycorrhiza 24 &
& 7~10%¢9) Hiulo] ARgEeel $& KWKERAMNE HA o] 9~18%2 H
4 Eo} Follows 5(1959) 9 AgAztet & dxgctx & + 3ok

# 1% (shoot) : P. Mg, Na, Cu, Fex kUKt # 2ot JEALIKTHEAA o] B
o] BHrH ZHae Helw oed E3 XKL HBELHANE P. Na, Cuvt
o4 olE ®|ME Mok klKE, FAXLKLE ZF7F BRELR AdE
2% Mno ZEEME Jetdz ged ot 7AAT HHNA &4 Mnel
Hgdog waslely] oz Azgc g V. A Mycorrhiza inoculum 5
Ho| w2 7 FriEakel wiske [ASA Skt

@720 (Bulb) : P, Ca, Mg, Na, Zn, Mn, Fe £ XUkt ¥ o kLRt~ o
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e 2@ ey £3) P, Ca,Mg Fet 5% T4 feidel dA=A
o, M EEmAet ol Mng kiRt - EXILKLES BELRAX FRELR
v U4 o 2o 2FS ¥oed V. A Mycorrhiza inoculum %R+ #2517
o3kt

22u} Ojala 5(1983)& EEEME +ifelA V. A Mycorrhiza 7t %3te] b
T (shoot) o #h%Ee] MM & (P, Ca, Mg, Na, K, Zn, Fe)& V. A. Mycorrhiza
b ogle ASxch Agts EmAR ST ®ED ¢ ek

o]xal 2 AgolA inoculum Holl o|& WS TR Aolt [ASA %
o o] fol dsiE Eo] FAHez AR} Yojobd Hold,
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K 2, SEEEE WikECl o B EEoRE 3T KK
1) BEU s AREKIRES 2B

TS MRS S0 KRR BTl %A
BB BT A% T pes +& wAH A -
vreb e,

A

MZEs BEA7E
o
El

WELES EMSE HUKE T BRI S MBS 27 3ol 4 X uieh
o] colony #5181 KHEL ch=sl ol 4A 2L 4+ A,

T M AR
FfEE HEERo 2 S S w MR EC) YW ) ke iR

o wE 19l tiell o] 10 KK TIHS 6 MitRol . el
13RS X LK L] o

Plate 3. Calcium phospate-solubilizing fungi(a)
and non-solubilizing fungi(b)
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Table 7. The isolation degree of calcium phosphate-solubilizing fungi from each soil
when incubated five times.

Soil Replication Soil Replication
number 1 2 3 45 number 1 2 3 45

1 + -+ - - 31 + - - - -
2 - - - + - 32 - - = + -
3 - 4+ - - - 33 + + + - -
4 - - + - - 34 - - - = -
5 - - + - - 35 + - + - -
6 - - - - - 36 - - - = -
7 - - = - - 37 - - - - -
8 - 4+ 4+ - - 38 + - - - -
9 + - 4+ - = 39 + - + + -
10 - - - - + 40 + + - - -
11 - - = = - 41 - - - - -
12 + - o+ - - 42 - -+ + -
13 + - o+ - - 43 + - + - -
14 + - + - - 44 - - - = -
15 - - - - - 45 + - + - -
16 —x— - - - 46 - - - - -
17 + 4+ = - 47 - - - - -
18 - 4+ - - - 48 - - - - =
19 - 4+ + + + 49 - - - - -
20 + - 4+ - - 50 - - - - -
21 - - - 4+ + 51 - - - - -
22 -+ - - - 52 - - - - -
23 - - - - - 53 -+ - - -
24 - -+ - - 54 -+ 4+ - -
25 + + - - - 55 - - 4+ - -
26 + - - = - 56 - - - - -
27 ¥ o+ -+ - 57 - - + - -
28 -+ - - - 58 + - - - -
29 + 4+ - + - 59 - - + - -
30 - - - - - 60 - 4+ - - -
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2) PDA-BEZ &I Hol o3t #hik@ol #EK

PDA-#& 7t 4 Tk Bz ol A colony 817} AFAE fukEiwts st Tl
okl Mubalm Al o] % KRAKE-S PDA-iSEE7 LMLl o4l HiEA7 6 H
M szl A colony © =7](R)¢t halo ol Z71(H)E #E(HE, mm)stals
ol o Ase 383 2

WEE RS 2 BEWA7 S A Sole 28l 4ol 49t el colony FH % BE
shAl =l halo @ ui7zdol Axs £ 4 gloh

HalO ¢ uv71 (H1% colony o #H7 (R) o2 ub4e ghel 1.20014kel 71akg 187H
A dubabel ov] c1Eol Al 1.60]4bel AES #kE T (HBAMERS F--3)
1.5.8.27.29.32.33,39, 43,4501 30 1.40lkal 7io @3 2.4 10,2200l

Plate 4. The fungi dissolving calcium phosphate precipitation very well
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3) BREMRESAMIEol oSt kixmEel Sk

oAz o]l B|IRA X8 HKET MM KESHMWIM HEAF 2
25°Coll A A et3led A 1080 ZX Ao Htesgie] pH o KEtsgke B
# 99 1%k (Sugar 1%, Straw 0.5%) 2} Zri,

sz iol A 12 ¥l FAE colony: 13 5olMet Fe] HEI =279t
zokd HolFa glov sEHEiel MM AL AT F ok

TRz ol A FRE e RIS KiEMEsEEE ol 9.3P%cl 4l Hatez e
H/Roll ojal j#ik= #0kE 18 5@ #pik@akel BiksA

Plate 5. The fungi colonies which were growing well in the liquid media mixed

with sugar, straw and powdered rock phosphate, 10 day after incubation.
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SR e pHE 5.501A 5l s siiel pHE 0.2~0.98E7 &
B 71eke wolid kel pH b Sohn siA Kistesise] wmAls ¥
ket

—Hmo T MuEme SuldiAEA Fol 4ol t Aol ol s MEKE ) H
gohs Ho| Y skA R ol AR Fal7l =2 pHetel WAL TS,

ol A HEA WS RS S Mregmoz FEYT HR 25 Penicillium

frequentas £-o] 2 o},

4) AEBEHOIAM #ikES RA{LHEHO CHel BERM

s ol A BIRE HUKES sugar o straw o Z2AE 10%Ael 2 A 3}
AA shulA] e R K9 X uleh o] R EFEULE sugar ™
4 straw & Aea Al 2NN £F AHI BEER K S BRAZ T
g ALHAULE & F Ut

sugar o RS 3uACAYEH ¥del Bwe EE WA e £F

3 =4
o] LAt A APy WRo] A AN WAIALEA FL AIALE

7

o

4 S sulAzAe] 42 H BEEH
kb st olehpo] ML MKES HHAIA MEHOZ WSS 47|

Cogoe Bag £ goele AREy oE ez ALHoE sugar® 3
n straw A B4SHEETFYZ HF & U WA AeAAYE
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IV, #% B

PENE KUK JE KUK Bl A Zatoll AAE4RE (Vesicular-Arbuscular
Mycorrhizae) & #HA74< = Zslel £H3 BT Eol oA+ BES oko}
¥, wa A ENE MiA7) vt PDA-#EZLEARENEE FIAS L
o7 N HMEARMHRES S8 - BRI = g@masiAzAd fAs)
7 SahA BIRE HAKE ois BRI AAS4E HEYed 1 ARE B
3ted ohg ok 2o

1. XiifKtHe] JE43E ol A V. A. Mycorrhiza ol & Zstel 27145
Zz5]9l 0wl #i ¥R (Shoot) e Ca, Mg, K, Zn, Fe o @&z ES B2
o zeln kRS BE el V. A Mycorrhiza ol olaiA] Zshe| S%
o] Cug &S ARt

9 Zslo] V.A. Mycorrhiza & #E42< o Zato 48ES EAUKEH
o] FP/W LM A E AdT FHE B

fle

3. SrEES BESAMNSRES PDA-#EZ Mol 6 B HEAS AT
colony #t7o] 8 ~15mm, halo ¥t7 o] 14~22mm, H/R7F 1.224) el ¢
48 Aoz RIRY HiKEol 18T FE= U

4. PDA-#sE 7t siztiol A SBIREY MBS SEAMARS Fotc MR
o 41 Sugar/Straw 245 1%/0.5%, 0.75%/0.75%, 0.5%/1%, 0.4%/1.1%,
0.35%/1.15%, 0.25%/1.25%, 0.2%/1.3%, 0.175%/1.33%, 0.15%/1.37%, 0.
125%/1.4%2] 105HA4 2 w3t 7w 1080 Adeiotsidad & A3she HRE
(Penicillium frequentas-1, 8,26, 31,43,45) 5 gikstalch, k% wresEel pH
L o10ata oL vl ool uwhel 4.9014 5.88 cha Fobsbe dbulol MG o EME
2 14.1%00 A 11.2% 2 o4 delgod F& £F L FASU
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