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The Studies on Recycling and Circulation Utilizing Phosphorus Accumulated in the Dark—Red Soil of Miyako Island
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Abstract

With the goal of recycling accumulated phosphorus in the dark-red soil which is made of
weathered Ryukyu limestone and distributed over most of Miyako Island,Okinawa Prefecture,we
conducted the study on phosphorus dissolving ability by analyzing the soil and separating and
isolating phosphorus dissolving bacteria from the soil.

We asumed that the soil contains phosphorus which can be used for crops but high density of
non-soluble phosphorus are accumulated in the soil.

We isolated 100strains of phosphorus dissolving bacteria from 6 kinds of soil and tested their
dissolving ability in the medium which contained non-soluble phosphate.

We selected a strain which had high phosphorus dissolving ability with the tricalcium phosphate ,the
phosphoric acid magnesium phosphoric acid iron and considered the best.

The bacterial strain22 which demonstrated its phosphorus dissolving ability in all phosphates was
considered to produce organic acids such as lactic acid, acetic acid and succinic acid utilizing added
carbon resources, and with these organic acids, the strain22 was able to solubilize phosphates.

The strain22 when it was cultured in the medium added with bagasse and molasses decreased the
pH of the medium.

The strain22 was expected to grow in the pores of bagasse charcoal using bagasse and molasses as
organic carbon sources and generating organic acids,while proliferating being protected within the
porous bagasse charcoal.

It was considered vital to add available organic materials to the soil in order for the phosphorus
dissolving bacterium strain22 to produce organic acids.

The growth of crops and absorption of phosphorus were enhanced in the tricalcium added and the
strain22 with bagasse / bagasse charcoal applied field.

The result of the study implies that phosphorus dissolving bacterium such as the strain22 can
facilitate solubilizing accumulated phosporus in the soil when it was applied with organic carbon
sources such as bagasse and molasses, consequently, increasing in absorption of phosphorus by crops.

Key Words : dark-red soil, ryukyu limestone, phosphate, recycle, groundwater,
Miyako island
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B e UG S h, Bic KB K TR IR 35 1 5 #f R
1265% &\t F o E B OMENR A FLE O W 4 K
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BRNE L OMLTERY 99, BRhEENERKITO
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2.1 BMELIUMM TIRDIEFE

FEES IR U e R, B 0~30cm OfF
T R X ORI O E RS A BRI L, BRI L 7=+
B3R Lo, MR A > TR, 55 0 (2mm)
T CRGZERE E LToinicLic, pH i34 & K5
1:2.5 DE[EGDH ARy 2 g VEIED # 5 ABEMEKIC X
5> THIE LI, EC i1 KN 1:5 DEGDH ARV 2
a2 VEIED EC # —&2 — 2 X » CTHIE LT, KR Y v
ey, BEZEt 2.0 g% 200mL BAD=FA7 5 2 310K
80mL %Nz 1 KR BE Ik, AREH/AAFFEY
7T VIR I 2 FEEOBEBNE Ak 19, HRIEY v
BRI b U A — 7 X - TRIRE L7z 19, 40 VR
FETHMRME Lc a2 "> FE) 7F VBT X b F
%, BEARD ) vIREAER LY, ks, HEk
Vv LIk RO VIR A v EREA LI LY
VLA ERIE L, ROFTIIL Y VIEEEE X » aliaRE )
VRIS A LR\ oA YR ) TR L LT,

22V UBHBE DN B

Vv BN O o R R EER BOPAR S A AV, o BT
Bt L2 B L7z, 200mL D=7 5 2 2 127K 8EK
90mL * Al A+ — b+ 7 v—7 Ui KPR+
10 g &ML, HEIRE 58T 10 pMiEE 5 L, b
BHE ImL 2 A<y hEHTERKe FaFxo 7
NREA N EEFLIERE Y v—Vvih~ERE L 19, 2h
% 28°CE:F MIc T 10 HIERGE L, BUH 2 TER L7
AR =—lOWTEHE L, -t 1 g ciiE L e 19,
¥, U VIRIRE ST 4 v EREA L TR L T
59 VIR AT A A EE L. KA L ThMEK
FAERE, WEMLE, BRBRAERED 3 2 1 77D
BT\ 5b 12)-15)o
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THEEX DS VIEEME 100 BRD ) v EEEE
FERFBYHTERNEE S L OERBVIRGEENTE 10
G THIE Ui, EREHWERIEE T, POs &
L COREMN 7.5mM @ Cas(POs)2. FePO4+H20 ¥ X
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" Mgs(POy)2 » 8H2O & Bl /v a—R « f — R
P AREH(1.0% L o — A, 0.05% BT & &,
0.05%MgS04,0.01%KCl % X ¥ 0.01%NaCl)20mL
HIEA 90mm DWW v v — VIZH{E L. 1 HaH D5 B
PR FER TN/ L7, FERBWIRE ME 2 Tlx,
PO, & LTCOEEIT.5mM ® Cas(POs)2, FePO4+H-0
F L O Mgs(POs)z » 8H:0 5 S g7/ a— R« A
— A b T F 2FH 10mL ZEE 16.5mm DRBRE 1T
WU, 1 AGE OS5 Bk A FERERHICHRE L, 28°CHy
ST 14 HREESEL, v+ — Vv Tika o =—0f
PR S nicEF, TRlBRE ciian=—D T
WIS NIcREAPE L, WL vIBOEAEIHEL
Ve 16)O

TEI DL ) YRR 100 BEX b mtERE Y v
R & L C Strain22 OWKET I 22 & L GERL
PR & Lo, Z OFRE 22 2B L 7ol o il Be
A 55 1#1(0.02%MgS04, 0.02%KC1, 0.1% (NH4);PO.
0.02%F R+ A K L 180.5% 7 v 2— 2, pHT.0) K &
VP REHI-7 v 2)E#0.5% ~ V) 7+ v, 1.5%E
MBI+ 2B IO 0.5%27 12— 2 pH6.8)Ic /L,
30CT 14 HMHREE Lic, BHNIBHk 22 OERK
AV TFVT 4 —=THBRE LK, 26mL &&D
7 7 ALAHK 2.5mL 5 HL, 5%:EEHRE 2.5mL
Nz, REKTERE Lic, CORETFE2 Y 75 v
T4 MR =THML, AERTOEEB L EEEAE 7 v <
757 4 —(E#E: LC-10AD, % 5 & Shodex Ionpak
C-811, B EhiH SmM G HRNE, » 7 2 4+ — 7 VR 60°C,
B 1.0mL/min, JGHK 1.4 mL/min, ¥ v 7 3 10
uL B AT R B SPD-6AV) Tilll
E LT, FEIL, BRMEEEMSE LT e MED a2
M, FLIR eI, Xk, 7 v ©F v Bk X OIS & Fl\ 7o 19,

24V VARBEORXEEEDKRE

) v R (BEE 22) O KEEEE B L 72 AR
%, Nutrient Broth(NB : 0.1%Lab-Lemco Poweder,
0.2%FF=* A, 0.5% <7k v, 0.5%H LtV v &)
W, BBREOBRE A 1/4, 1/2, KK E X 02 5K
IEE U Tc, BEK 22 OEMER. Ge FeEd o7
24 ERPREACTHEELERT AR LIcan =
— XD 1HAELEZ LD WEK 10mL CBE L, ©0RE
W 1mL &R E 5 B5#Eh o 250mL b~ L 7o, B
B P ORYOEHBILH 2 x 10 * CFU(Colony
Forming Unit)/mL T » 7z, ¥E#ESLMH 1. 30°C,
150rpm, W54/ 1T 30 HIHRGE L. WO RD I,

25 VU BREDARBAERICHIIRRFEDOEE

1/2Nutrient Broth(0.03%NaCl,0.01 % £ = + =
FLV0.03% <7~ v pHT.O)EHIC, 7 42— R
AR X OWEEMES 35%) & RFP & L CTHRINLEE 22
AIEEE Uc, RFBEIROMFBRE X, KK 100mL %47
WML LT 0.01g, 0.05g, 0.1g 35 X 08 0.5g Z¥IN L
7oo BARE 22 OEE AL, GRe FaFo 7821k
BRI AR CCHEBE LB AR Licae=—X)
1 A4H% & 0 K 10mL i BE L, + O BREK 1mL
IEEW 250mL PR Lo, BEESMAE 30°C,
150rpm, W& FC 10 BREEE L, BEK+h o pH %
BEREAICHE U, pH K P2 AR ORI L Lz,

2.6 VBBEDNARREX V)T —ELE-EREHER

) v ERE(EE 22) 0 LRI BT 5 RE IO
THIZE L7, 1/2Nutrient Broth O EWR T 1 X
10°9CFU/mL o KEHEFE U7 Bkk 22 % 105°C T 6 Ky
BRI L7c s 2 1 g7 h X% 1x103CFU 127
5 X0 IRMEE S ¥, T LT, RILWTH D F A
RSERE 22 OF + V) 7 — &L L TCOWREND 503G %
Bt 570, KEEE UCHK 22 #1372 R 1g Y47
D 1x10°CFU IK78% X 5 CIRIMESE ¥, 2D X5
s Uc &M & 105°C T 6 B B9k B L 7oAkt
I 3% L, 30°CHRESM FicT6 » A v ¥ 2 <—
vavlic, WHOWEL GRe Fafs 721
HER LA RV, REFIOREC X b B
B Liza e == oW TitL, %t 1g Yo h it
Hl T,
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Tablel 1T/R L 7zhEaRtat o Bk - At fgE L L
THW., 885Xy M 3 keI U7y BEAMEY v & LT
+# 1g47: 9 1000 ygP(P-1000 [X) % 7zi% 5000
gP(P-5000 R)HMSED Y V=D Lo 2% Ui LT,
HIBz o> NTIR Y vEE=H A vy A DOYRIN & AR 255
BB LAY v 2 BhlEH V)& L 1M+
nERBS & LT 500 pug £RITITHA L7z,
1/2Nutrient broth OFABLH CAERGE L CEK
22 B NRNHABLONT AROIT A QE| + Ny AfR 1 E
DA EIE) DR EGHEWICHRINES S8, Bk 22 &
e, BEEEY 12470 1x108 CFU TR L7-
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Table 1 s TIEDILFMMEE

BREME TIEH B

pH

H:0 KCI

EC
(mS/cm)

(%)

ERE EEFR

1)V #(P2Osmg/100g &7 +)

(%)

K4 H ) R

QRS

TC/TN

Yo 2YUE

FRM

SoiM-1

Mih# 7.08 6.81

0.

05

10.03

1.01

0.7

1.8

15.7

9.9

LR D VE ) R AR TR

Table 2 EHEICBTAEMTEOLFEZNHEE

- . pH EC 1) B (P205mg/100g 82 £ )
i B H,0 KCl (mSiem) KBHUSE 2UsB  SREU B BERISE"
ERW HRiN-1 b # 6.53 5.79 0.03 0.8 13.5 1.50 12.0
ERW FiM-1 HroXE 8.04 8.01 0.27 4.1 422.6 15.9 406.7
ERW HM-1 REH-YErIFE 833 7.89 0.49 3.0 628.0 13.7 604.3
ER™ HFiM-1 HER-YrHFE  8.06 17.35 0.12 4.5 564.8 29.4 535.4
ERW O EXZ B ftn2 5.75 5.57  0.20 6.8 900.8 57.0 843.8
ERW OEXZ e 8.33 17.96  0.24 7.2 666.7 52.5 614.2
ERW =5 e 7.84 7.18 0.16 8.3 1236.9 72.5 1164.4
3k 12 BT =9 g HroXE 7.58 17.21 0.18 6.9 1251.5 58.9 1192.6
LH& ZRME-2 e 5.96 5.71 0.14 7.7 1276.3 68.3 1208.0

HORHDEYERELE
#2 FEER R ) L1

# R — AR

BFE 22 &H N H AR L O T AROBEEEEY & Je0
T E R EZEHE L 100 g B 7 b 0.1g(4% B &
0.025g/100g) % X 08 1.0g(4%HE% 0.25g/100g) ¥ L
720 AERLE X OV AR, #EKL 28RF 7 Ay
ABICHE LT, ZORBLHEELY X CRA LK,
PRI T H B A (WfE: RS © 3 ~ 5 o i & i
L. 28°COH T Ay AN TIRIAE L7, 30 H
(2003 45 5 71 12 H~6 J] 11 H)FHE % Lictk, W
é%%%ﬁb%%é%@m%%;@m%%ﬁ%ﬁot
o PABRPIE 1 RABRK 1 Mk 10 KIEHE L, BB o
%ﬁiT@bSK%LkiﬁV“%bho

3. MERKIUBE

B1TIEDMELIVERER

RO E 1L Table2 R+ X 512, pH 13N
O T A Y HE TCIRIEEZ R e, Fio, Bt
TR A ATRE 72 TG RE Y v IBIXE A I LT\ 5 b
DD AEYICFIH I S WRNEM D V) VRSB I
EWEE T HECERE IR TV A ENEIEI R, E
o, FEEREUX S T b v R EREM0 LY VBT
422.6mg (P205/100g) 2 O° 1251.5mg(P205/100g) D
B AR LT R F 73 M O flidk L2 ) VgL,
T 900.8mg(P205/100g) DfE A 38D, BEM Tl
666.7mg(P205/100g) 2 O* 1276.3 mg(P205/100g) &4
IhEW Y VEREE O AR Ui, Fho, BREHLE b
v F EOoimEREMO LY v BIX 6280

mg(P:05/100g) &H S B3 e & Dk + 5 & kRS
WEA DI, £ ORER, &Y VIR T 2 ) v
DENEIE 92.1%~96.2% % 7R LTz, MHDOVEY RS+
BEEIND ) VEEEE L, MhoOEYEES g
13.5mg(P205/100g) DIENMETH - 7o, & D X 5 1Tk
DOHHEC A EH O HEICRBE O ) vEEAED BRI
7ol &k, TR EHEBAAET HRAD Y VIR Tiile
<o AR E U BB X futc Y VB D KIS
DR EEINABA A v LB L., HECER
IRT5bZ ENHEINT, Tabled IR T X 5IH
e Fafo 7210 baEF LLERERICTI R = —
DGR & BdTze FRINAHED V) v FREE IR O 15
Tib %<+ 1gX47-0 3%x105 CFU Thb, HE
Hie b v EML 2X10°CFU, ¥ « %~ v+ 4
1% 7x10°CFU, £ 5x102CFU % X OBt
8x10°CFU Thotz, L LY+ 7 F EOHIEMTIL
BEWHHEBR L2 0 =—%Rbid - Te, DO
JRRUEARBICTH 5 A BRI U 7o b v & elifEL Tt
YR O INHEE B HER BT ER 7o i REKER o B
T, ¥ b v COFEYBREZBBES T HFLL
B AR DOV o+ TH - 7, Nishio!®13, 13
o RFERE LY v IEREB ORI O TR LIk
R, FOMEFCEE AN E S Z L AFDTED,

TR ORFEN ) v IEREB A BIET R b K E oB
REHEE LT B, o, HEIIEMERE R X OHEIES
D A NBUL L Tk, SRt E s
B LB ST 5, £oZ ik, oMt s
LY vEREN T ERCES LAERT AL, K
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Table 3 EEEICETARERTEPOUVERER

EAE] B#H(CFU g8 1)
it 3x105
HhxE -
REH-HroFE 2x102
HER-HLOXE 7x102
RH#e 5x102
By 5 2 8x102

RO ESE LR
" fEER MO LR

Table 4 H BV AMREOH A MV EIE(Ca, Fe RU Mg 18)
IZxt 4 %A Ee(14 ARIEE(28°C))

JoiafEE (mg) Ca EH&F;:I Mg

0 32 98 43

<0.1 48 2 38

0.1—0.5 12 16

0.5—1.0 8 3
1.0—1.5
>1.5

E X3 100

Table 5 EEEEN BERE DEEBEE U BLIE (Ca,Fe R U Mg 18)
ISxt 3 2R (14 BREEE(28D)

P 1y iafE 2 (mgP)

Ca Fe Mg
HH 8 0.7 0.1 0.3
B 9 0.8 0.0 0.6
B 26 0.8 0.0 0.4
E¥ 61 0.9 0.0 0.4
Bk 22 0.9 0.1 0.5

Table 6 FH# 22 DEBERDOHHEE(30°C, 14 B )

EERPOEHE

F A & % % B (ng./mL)
Bk 22 EigiEtki

aNYEE ND# ND

2 B 400 ND

B B 300 ND

BB ARKE x ND ND

oAU ND ND

fE B ND ND

aNDEE 100 ND

7 B 600 ND

B B& 200 ND

J—JOXR(VPREA) * B ND ND

oAU ND ND

[ ND ND

#*1ND: &Y R R 100pg./ mL)

FEWE L TCEBEOFERM DA IR D Z &0
HELEZz bR, Thuk, BERBAEBELYET DY v
BIREZ &AL ARIER 2 Lt + 52 Lk v,
i EOBRETCEEE CERL VW2 HEED ) v

Moz mI b Uy TR BIBCRI T C & Fud bss Bt o K
ABVREREEA 12 X 2 (E RS DA RE T % & & amik
54)@“(“350%&0

32 EMRIVEAREDEKRBIVUAERE

PR 100 KR D 5 ©0v B Y VIR R R LIcHRIL, Y
VEBZE A Ay AR LT 68 BR, Y VB SR v Y A
WXL T BT Bk TH - fehy, V) vEBEICHR L Tl T
Pios 2 BRic T E 7 hv o 72(Tabled), 2B DY v IFR
Wohmnb, ) v ERENES AR ERbh S 1 a
WL, Wkt tictEaEIhs, HEEREY v A2 HERF]
A+ sz, VvB=rrvva, Vv I O
) VR 72y AaDWTho ) vEEEI L BREE A TR
L7cHkk 22 2k b B &% 2 biiz(Table5s),

PR 22 DR T 5 AR % Table6 1R L7,
e 2 FEEE ORI LS & EEE AR S i,
Sperber!®i¥, V v EBEOERK T 5 EREBICOWTHR
LR, A, 72— Bk X077 = vBEO4
BAaRDIc, TD E XD, B 22 (AR I D
)V ESIRES & HEE S M te REIIRFAL G A I D M %4
., Bk L Oa s BEOFRBE AR L, AL
TEEIETY VIBBE I Ay A, ) VB S RV AR
T O vk ARt T B B2 bhte, Fig.l X0,
BB W20 b3, W UEOHE < 2 — v
R LT\ 5, EARHLD 1/2 R T2\
BoE b, 30 HEDOT OFHEIL 8 X108CFU/mL
TH-71,

COFER I D, 1/2 WO NB 4T pH 2 b
fRo TR E SR TIVE, WM 22 IR I CHEE T
B EfEm I e, o, BWkK 22 1% 85°C, 15 5 O EJLE
B Lok, FREBRT 5 LMW EET 52
EDHERIZ iz,

BBNVVBBMEADAMBERICHITIRRROLE

FL70 5 IRFRIR A TSN LIRS 2R CRAbE 22 &R5E L 72
B4 0 pH OfREKEZA L% Table7 127k Lz, KEFL
Mk ->T, WTFhoBE L EERD pHIKTHARD L
. Lovh 2O MIRRIMEE ORI s &b eI h
BAEA MG S i, REFEFEEO LI TLL, SOk 7
3 — AKX TS pH K FEAVWAE <, RICH
I E, ST AT 5 pHIK T AR LT, B
WD pH K F AR AR EICEHEL W5 EMETR
L B Rt O RFVEDBRERBEAE R ICHEF E B2 bh b,
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ai3f fa#
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Fig. 1 B 22 DKEEE

UL, NHACHED X 5 I BRI, Lrb %R
MTATFTELREEM TLERE 22 1ZRFILE L LT
FIAL., BREBEERT AN HFE > T 5 L i3ik
B\ U VIR Th DR 22 1T X B BRI,
45 D JRFETR D BERE O LEMEDTRIE S iz,

BAVVBABEADLEPICEFEN\HTRARADEE K

Bk 22 G HE AT ACEEN T SEKE22 O+
BB EEECERFR) IO\ TEE LR, Bk 22

G NAN A LEICHRIINL TR 4 » BB DEK 22 ©
BORETTERD, 6 » AR TIEEL S FH - 2(Fig.2),
T DIRRE AT AT EDRBIED G RS N, TRz Tt
FERIC X DB 22 DB L7cb D EF 2 bl
—J. BRALHTH B8 A RICERS LI EK 22 13+
B 6 » ARICB T, Bk 22 OEWEEERERD
72(Fig.2), HEFICZhHRBDIZ LIk, F+ V) 7 —&
LTHWEAT A RIER—F 2ROBIREAEL, &L D
HANZEBR A A4 5 Y IRV RN D B & HERI L 7o

Table 7 UV ERBE (K 22)ERBLEEERD pHELITREIZBERRBEOZE

pH(F#{E+SE)
BRERER mINE EEHHEB)
(g./100g) 0 4 6 8 10

maAm 0 6.5+0.07 6.8+0.13  6.8+0.14 6.7+0.07 6.7+0.11 6.7+0.07
0.01 6.5£0.13  6.5+0.07  6.3+0.07 5.0£0.07  4.8+0.11 4.7+0.09
FLa—2 0.05 6.5£0.09  6.5+0.15  5.0+0.11 4.0£0.18  3.7+0.11 3.6+0.10
0.1 6.8£0.07  6.0+0.10  4.8+0.09 4.0£0.14  3.6x0.14  3.5+0.14
0.5 6.8+0.11 6.0£0.11  4.5+0.07 5.040.07  3.2+0.15  3.2+0.11
0.01 7.0+0.07 7.0+0.07  7.0+0.14 6.3+0.11  6.1+0.09  6.0+0.07
RHER 0.05 7.040.11 6.9+0.07  7.0+0.07 6.0+£0.08  5.7+0.07  5.6+0.08
0.1 6.9£0.09  6.9+0.09  6.8+0.07 5.6+0.24  5.2+0.10  5.0+0.10
0.5 6.9+0.14  7.0+0.07  6.8+0.10 5.140.10  4.9+0.07  4.6+0.09
0.01 7.0+0.07 7.0+0.07  6.9+0.07 6.0+£0.07  5.9+0.10  5.5+0.07
- 0.05 7.0£0.11 6.9+0.07  7.0+0.07 6.0+£0.08  5.7+0.07  5.6+0.08
e 0.1 6.5£0.07  6.7£0.11  6.5+0.11 4.6+0.07  4.3+0.07  3.9+0.09
0.5 6.3+0.11 6.2£0.09  6.0+0.07 4.6+£0.11 3.7+0.07  3.5+0.07
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0.1 + 4.2 4.4* 3.75 4.16 16.0 18.2

INH R#2 1.0 — 4.0 4.5 3.81 4.00 15.2 17.9

1.0 + 4.4* 4.6" 3.99 4.18 17.7 19.2
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