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®w1E & W

4Lt 3E B % M B (Purple non-sulfur bacteria) &, 27 7
L MHEEH O FALAF—-FFAL, EF T H I LB TE
% Y % 3% M B (Phototrophic bacteria) ® — f T & % (van
Niel, 1944; Sasaki & , 1985). X % & M H X & & &% 2 L ,
MEOCRBMA2AEARKIECEE L TW 2/ 6K MG
( Purple sulfur bacteria , Thiorhodaceae ® L < &
Chromatiaceae), #k & % 2 L, W &E O KB B & KKK
B 5 L T W B kB M E (Green sulfur bacteria,
Chlorobacteriaceae & L < X Chlorobiaceae) , fL 8 & 2 L
MEOARBM A EABRRKIGICHEE L T W WA kKR M
% (Purple non-sulfur bacteria, Athiorhodaceae b L < I
Rhodospirillaceae) ® 3 B iz K & < &5 1F 6 5 (Pfennig-
Triper, 1971 ; /N #, 1975a; B ¥, 1978). &£ 7, Truper
( 1976 ) 2 Chloroflexus J®& % , Imhoff ( 1984 ) 23
Ectothiorhodospira B 2 T n T h B oMy s ¥ 252 ¢ %
BRET D L, BE, XXEMHIZHEERKKRQR K
Ml B ( Chloroflexaceae ) , W& ¥ M # & i B M &

(Ectothiorhodospiraceae) ¥ X O 7 7 & B % & 6 i B M



B (Heliobacteriaceae) % 5 H T 6 B iZHmH & T W 3%
(d %, 1986 ; Imhoff-Madigan, 2004). ¥ 7=, 16S rRNA
RN - R LEZFHESsELDRIALTEY, BEORERS

W RkREBERLDZEDNDLDM- TWD (Garrity b,

2001)
Ye % B ME XNIT O AR EIESEY, BELIITRERDY
Y ib®R2IMXFERET, K2EBF# 5K (BxHh) &L

TH HT A2 BN TCExh Wy, 2O, ZO0OME »HE
e LW AEBFTBTSEZEHEAR, EFHEKELTKOKRKDDY

ok FEAH A, b AKFE, FAMBEH, BHREWN®RREO
B Fo A ERMBST . LT, ComE EETF R
ERELLTHATI »IER.£EF&£MEFRLDYDELRDOLE
¥, 1978, KB b, 1988).

AL FE B R M OB X E i F M, BERBEB®R, TV —
NV B oA TR L (W, 1985), Rhodospirillum,
Rhodobacter , Rhodomicrobium , Rhodopseudomonas ,
Rhodocyclus 72 ¥ 21 B 27 64 %5 (Imhoff-Madigan,
2004). Rhodobacter B O R KX H 72 b © & L T, Rba.
capsulatus, Rba. sphaerodes 7 & 5 .

AL FE Ao M OB X ok B, W, W W, WAk, T oKkWLH



PR YO KRBKRIBICEEMNICA L (/AWK D, 1966b;
| - /N, 1966 ; Pfennig, 1967 ; Siefert b, 1978 ;
Hiraishi - Kitamura, 1984a), H R R o R F, B F, WM K
Y o W EE R ICE E & EERERLD T YD (K,
1975a; 1978). £ 72, Z O M & X 2 F B & (Kamen- Gest,
1949 ; Madigan & , 1984), Bl & ({1 #, 1978; Sasaki b,
1988), B EE (A&, 1978), K HFHF A O B H (Gest -
Kamen, 1949 ; /N3 &, 1966a ; Zirrer-Bachofen, 1979,
EOAE, 1981 ; Jee B, 1987) % 1T 5 Z & A ®ME L TV
5.8 b ,HE KD EIE DN DS,1966a; /M, 1975b;
Hiraishi «+ Kitamura, 1984b ; Noparatnaraporn b, 1986 ;
Noparatnaraporn b , 1987) 2 ¥ - Z & " b, T vz # H
LB ME®KRLE O Fik (/M &, 1970; Kobayashi &,
1971 ; 7/~ %, 1972 ; Kobayashi* Tchan, 1973 ; & & & ,

1978 ; B R, 1978), W o £ B R E DR ZE -S> 5-7

741

J v 7 U v (ALA) & E ~ o f HiE (Sasaki b, 1987 ;
W s, 2000) NHESN S h, BRE, AN TWD. =
=, BB ALEAKAKSS EL TN F YV AT E BT 4N,

I uwF ) 4L F, =2xF /) r, %I BHRrEE2ES (&

F, 1978 ; ¥ W, 1978 ; db 4+, 1986). &= b i, &4 v 7J



gEPECHEALERL WY (&%, 1978) Z & » b, KE
fEop, B OE M OB & L T o F AN BE S H T W B

( Kobayashi* Tchan, 1973 ; H $, 1977).

— 5, BEEHROMETRIZFTOLMBE»L, 4 X1
EETrgg8rspPLoicmriFasn T d (Okuda b, 1957 ;
Okuda B , 1959; Kobayashi 5, 1967a; Kobayashi* Haque,
1971 ; /b %k, 1995; Elbadry 5, 1999a; 1999b; Elbadry -
Elbanna, 1999). L 2L, METETAEERE N O£ 5 L
ZER L LToOFRMB (MKDL, 1974), v v ¥ 2 )b — & O 4
H MR E (Han, 1999) £, W< 22 0O HEH H 5 N IF L
AR F ST W Ry

EE, BXOAERFF TR, LE2WLEREERLEE#H O

mBlcEbL Ry, E#Hicks W TH B

W
il
piis
E
R
&
P!

N

BEsEfsRkDbNTWDE., LT, 0

o
=
N
-
A
s

(1) % & AE OB B, (2) EMKS OF B D

+
R¥

Mmoo BRSO KEMA, (3) # 5 b E2E L

F

EWMEEN OKES A HF bR 5 (A, 1999), —
HLOEE L, ERESHELECRD 2 S BECIRELNS S DS R,

B, oR, B2 EoHNBGEE NI, K EM,

Kt
>
=

mEDODR SR ENEEICKE o TECTCWVWSE., LEMN-T

3



ThLoBAPLEBERXREERFBLOHERFOMNMTIRA
M EED I T ABEBLONBEET TR, FEBERDR
OHRNESFTIELZHR AT b TWD (BHE, 1984
WO, 1996; BB, 2001; %, 2002). T OH D — DL
LT, A AR EI2HEEXEoREWMLoBRF®H Y,
By Yy w (FJ 6, 1988; M A B, 1999), & U L vV
Yoy oeaw Y F (BBE S, 1995), b v b (/M DB, 1974,
EE S, 1984a; HF H L, 1984b; B W b, 1996 ; F ¥ L,
2001), = kT @B v a ) —-FrrF I AL(EFH,1996),
F = F « ¥ ¥ XY - ¥ — } (Meier-Ploeger b, 1989),
A wy (F @ . &1, 2000a; 2000b; A (b 5, 2002), *
gy oF ¥y RN Y(HFEMHDL,2002), = Y v+t nwm Y (Leclerc
5, 1991), # 4 =2 v (# b, 2001) 72 & TIT L TWL
5. L2 L, HKE (2001) 9% (2002) AHEMHEL TW
Ll —FoBHmEELAL TV Y (F 1-13F%).
Kegh ik, LAEFEmRBAMBEZARBL L& & 82K XK
= B 0 WS 2 B I 1998 b 2004 i i T, F
FERITF oo —BBORRERY £EHTLOTH L.
T, # 28 T3 A4 22 AV TEREEERLH BB LS T W

K B % 1TV, Rba. sphaeroides ¥ £ B8 & O ¥ & & »¥



w11F% AW EEEEDICBTS, EXILC B-AnT Yy, MR, VUl BEE, 7T BRREOHE:

o L B oy

HHSEEYDOF BEN TS

[Tz neA4A

EREENOHBELTVS

pHIC

B-Awarr

2173

Va vk

7=

k< b (FHL, 1984)
fw b=y duy
(K75, 1985)

¥l
(B2, 1990)
1V (Leclerc, 1991)

NP Ay AR Sk SO AL
AT 32X (KEET, 1995)

b= b
(R BREH 1, 1994)

E—=
(REA B ILFMFFE, 1994)
TryalY— (FH, 199)

=¥ (Knorr, 1979)
=Py Auyr (K, 1985)
=¥ (Leclerc, 1991)

ROV s HT .
Xy Y (fEHT, 1995)

Zuyal— (FH, 1996)

=P (Justes, 1971)
=¥ (Larionb, 1971)
=¥ (Rauter’, 1982)
VU (Leclerc, 1991)

Ry LYy (AL, 1999)

Ry (F)o, 1988)

r= & (Meier-ploeger, 1989)

b= b
(KRR BT, 1994)

b=k (BWES, 1996)

F= K (Meier-ploeger, 1989)
h=bh (FHD, 199)
b=t (P85, RHERXR)

=

(Guerillot-vient%>, 1961)
=¥ (Nilsson, 1979)
FyLrYy (Hlb, 1988)

Tayal—.=Pr
HA4 v (i, 1994)
AUV y (AH, 1995)
myLrYy (HH, 1996)
RV Y Yy (BRARD, 1999)
FyY (HHBO, 2000)

b= b (85, 2001)

=
(Guerillot-vient®, 1961)
= (Nilsson, 1979)

=T

(Guerillot-vient >, 1961)
=¥ (Leclerc, 1991)
AU LYy (FH, 1995)
"YU VY y (EH, 1996)

Ryveyy (AL, 1999)

k<= b (FE 5, 2001)
Anl (KEE - 58, 2000a)
Auay (FRE - B8, 2000b)

Auays FelY
(FH 5, 2000)

=k (5, 1980)
k<t (%5, 2001)

=¥ (Schuphan, 1974)
A (FEET, 1995)

b= b (HEFS, 2001)
Auy (FEH, RKEH)

Anay (FHE - BfE, 2000a)

P EF (2002) 2B EICLT,

i e
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w2 B W JE R E M & (Rhodobacter sphaeroides)
B LU EFoOEEREBRMIAIHHED O£ F &

EEMROBRCRETRE

&
i

A ERMEMBEREAAKRBOFTNIKEALS 0T 5 MAEY
TH Y (M, 1975), T HE T OREMEMKOHRETE,
FORHEREME»DL A FRCEETEEIFLECIHRAE ST
W % (Okuda b, 1957 ; 1959 ; Kobayashi & , 1967a ;
Kobayashi+ Haque, 1971; 7/h #k , 1995; Elbadry 5, 1999a ;
1999b ; Elbadry * Elbanna, 1999). # £ 3F B 3| M & X
Rhodospirillum Rhodobacter Rhodomicrobium
Rhodopseudomonas, Rhodocyclus 72 £ 21 B 2 &7 b v D
2% (Imhoff-Madigan, 2004), & ® 1 T Rhodobacter J& IL
N B EHBIERL TWBZ EX#HEINLTWD (Madigan
5, 1984). L 7 o T, 4 X IT BT 24 6 FMHAMEA O
B H % BR (¥ Rhodobacter B THW A & h 2 2 & %<, %
DIFE L A ENE DL EWYW N B E B % F D Rba. capsulatus

T H B .



— %5 , A U Rhodobacter B T &% % Rba.sphaeroides I3,
HE Ak LB (/N B, 1970 /b #k, 1972; Kobayashi+ Tchan,
1973 ; B &K, 1978 ; B R, 1978), KF oL X (& &,

1981 ; Jee b, 1987), W o A E REHR EZFHF 2 5-7

14

J v 7 U 8 (ALA) ® & E (Sasaki b, 1987; kil b,
2000) 2 F WA B & Hh TwWaB. L& L, Rba. sphaeroides
O EERZE~OF BICO W TIIRIEEAEWR T T WA

vy

A
[y
A
B
2+

BRIEIC BT 26 ERAMENMH O R

FTYEBDIE, KEBRTEETT, A xEHVVTREZER

ZHOE LT WK BRI EZITVYW, Rba. sphaeroides B &
VZ0oNEBRIAXHED OEFT L EBBERTEEICKEF
TREREETBRM L

e R X O FIE

LA FE W E M B (Rhodobacter sphaeroides) “NR3’ i,
Y & ko E R M (A, 1992) B — Ik E L - 5 T

£ % L2 (% 2-1R). v+ bbb, MYC B # C @l & (pH:

7.0, B E : 30C, ¥ % : 40~ 50pu mol s'' m™%, # R



B2-1R  HEHUERR

B pH AR
MYC 6.8 DL-J =R b U UL 1.0g
BT XA, WK 3.0g
A 2.0g/1000ml
SVS w2 (NH,) ,S0, 2.00g
ZIE<EET MY U A 10.80g
= SNV 523113 2.00ml
SRR HTARVA TR 200ml/1000m}
v ¥ I SRR F7 I UERE 0.50g
=aF U 0.30g
p-7 X ) REEWR 0.30g
= A 0.10g
v4 VB, 0.05g/1000ml
e M TR AR PR T MgCl,* 4H,0 2.00g
NaCl 2.00g
CaCl,*2H,0 0.45g
SL-8 10m1/1000mli
SL-8 FeCl,* 4H,0 1.50g
EDTA-Na 5.20g
ZnCl, 0.07g
MnCl, - 4H,0 0.10g
H,BO, 0.062g
CoCl,*6H,0 0.19g
CuCl,*2H,0 0.017g
NiCl,* 6H,0 0.024g
Na,MoO,* 2H,0 0.034g/1000ml

zHiraishi » Kitamura (1984b) Z&M L7z
YBiebl *Pfennig (1978) & L1

10



72h) %, SVS ¥ H# B A (MYC: SVs=1: 4) L, #H X
& FF T MK ®E (pH: 7.0) L 7z . &%, BB K (pH:
6.5, EC: 0.002dS/m £L F) %;’ﬂ%v\; 3 E ¥ ¥ Lo 2 ED
4y Bt (8,000rpm, 10min) THEH L. &b, £& L Kk
Mo JE MR R MO & W m B (FD-1, (%) 5 {b & W)
L, BB E® (LT, PTBP & ¥ 5 ) 2/ 7 (F 2-1 ).

PTBP ®» C & N{& CN == — % — (MT-700, (¥ ) ¥ F =
A L ¥) T, T o fho E EROEM K S 6B - & Bk
K#ESMBE (KB - B, 1980) %2 — # K £ L 7= &l & # %
T W, P,Os i N FEV 7T TF B (FH- RF, 1990)
T, K, Mg, Ca T )& F W e E & (170-30 &%, (#% ) H
M ER) TEREALWMEL, TORKEEE 2-2 K IT7F

L=, 2%, #i®E T PTBPO.5g # M L »¥ v & — L5y

=
=
A\
\{

A =2 (100ml) ~ A Hh, ZE K 1ml, B8R 4ml B &
Ui AKkFE 4ml M XS EHL, ¥ RN —F —Tm
o (15min) 2 L 7z . Wi, BR IC 2 5 F THRMHL,
WK FE 2ml MW 2 HF ME LB (15min) Z 1T,
S fROWE N A FER ISR S E THRYIEL L. SR DYE®

FEHICRE o ®%, & HIC 20min N AL H & T, KoK

H

I K B K T 50mil i EAF L -

11



AiEE (MYCK: )
pH: 70, EE :30C,
YLt © 40~50 1 mol s mr2, HA[E : 72h

L

AEE#E (MYC : SVSES =1 : 4)
pH: 7.0, IEE : 30C,
Fe 0 40~50 umol s m2, HAM : 21~28 H

!

Beig (BREK ; pH: 6.5, EC: 0.002dS/mLLT)
i 5Bt (8,000rpm, 10min) )

!

¥err (BE/K ; pH: 6.5, EC: 0.002dS/mLAT)
=053 BE (8,000rpm, 10min)

L

Pei% (REAK ; pH: 6.5, EC: 0.002dS/mLLT)
=05 BE (8,000rpm, 10min)

!

GARSE Ty T
(PTBF)

> £ (M)

AL
1EIRE A% (80°C, 60h)

L.

PTBP-D

H2-1R ALEIER R ORI 7 i L OMA L 7o AL G IERT B kD 1Rk 7 15
12



#2-23% PTBPORLSY

N P,0, K,0 Ca0 MgO C C/N

(mg/gdry cell) (mg/gdrycell) (mg/gdrycell) (mg/gdrycell) (mg/gdrycell) (mg/gdry cell)

101.5 28.8 36.6 6.5 4.2 424.3 4.2

13



Y

3

1

A4 % (Oryza sativa L.) & A KW~ Z##HAL L. M
X E 1.13 0o B EKEBKR THERBLLZRE, 52K 8 1F
B > b U U A T 1min 3k B & L ,BEKTHESR LK.

FE T WA LR L - EWEREAKCERIEL, 30C T 24h
o . BREIXTS I AF v FE P (280ml) MW

%

[
5

, N PR EICEL-IEE AR 1L DO T T R F

7 AR b (280ml) 1T 3K E X &L L, KPHFKH L (F

2 K). REIFTRE X 25C— €, BE & 12h & L, %

A 30~ 40y mol s ' m 2 AT K 2 % (LH-200-RD, (#)

AE/LLEBRBERFR) R TIT-k. 2k, Btk L &

™

LYV BA L KRB ET,ERBEKZDVYEE LK.

Mo R BEME I AEE TS ABENEREME (T,

PTBF & + %), PTBP, PTBP % # &4 ¥ (80°C, 60h) L 7=

t

D

» (L F, PTBP-D & T %) %, KHEITHE KB X

Bk CHELAEANEKBIR, AMNE BIK & NBE*»

b 3o 20 F&HFRLMEZALCIEMBEMER KB

Exrn A v, 1HBFISQLHERX, 2EBHHB I 1[HH

9O M H K I B AKX T PTBP K & PTBP-D K # M %2 7~

11

11 B X &2 & T (% 2-3 ), 0B 3 KIHEE L L.

A

B, A& K B O M K i (N:23.0mg/l, P,05:13.0mg/l,

14



10 em

TTAFy I AT
/ (@ 3cem)

A

RS
5
280 ml o
L '
\ 75 RSy 47 W
(@ 6 cm)

H2-20  AREAEE

15



H2-3  WPLX

s ALER VERR 51

ALY A X EEAKEA— 27 L—7 (121°C, 20min) THREQLE Lz O
PTBE MAFEHENEZES LZHO
PTBP WL LA AIEMFEME Z RS Licb o (2EIH D&H)
PTBP-D #ULE (80°C, 60h) L7-PTBPZRESL-b D (2EHEDHK)

AFEKBK AKX
PTBF

PTBP

PTBP-D

TRARES Y G A X
+ PTBF

- PTBF

ARF KB D &

HLEIERAME ZRBE L LD

AR LI AIEREME 2 RE Lb o
L (80°C, 60h) L7zPTBPZIRA Lizbd

20/ AR U - i s ph
AL AIERE MR R R IC20FICH/IRL-b D
+PTBFZ02u 7 4V F—TAiL, HEAFEREHEZEREW-ZLD

SR ALE R DK HHBITIRE K 2 Ve
YRLEIERR AR A ORI A2 v
MRS & AR KRB ONRE &b

16



K,0: 17.2mg/l, CaO: 20.5mg/l, MgO: 22.1mg/l, Fe,03:
2mgl/l) TH o . XBRHPMBIT 1 HE T 358 &L, 2
B 63 H M & L. £, &08KXOHREIEHMHIMWE
& M B B X ODME (X % % K ;660nm,0D=1% 2.83 dry cell
g/l & #E) XV, KEKKHM - +PTBF X O & F B T &
%A 0.28g dry cell/1 i 72 2 K 95 # #& L 7 .

AFRAE L LT T7THEICERLEELEZAEL, #HIEK
TH CE# EH B IO THOHME L EZPWE, & KR
EbRELALE. R, ¥ EITHEERLZBRS (MOV-212F
(u), (%) Z ¥ EH) = H v, 80C T 72h PL Lk B
bt oFPELE., &6, #EHB LT R ORK
W xR, &7 5 AF v s R LV IEKERALLDLOD
13y 77rel, 08K 3Ry bToOEEKS S E
(N, P,0s5, K, Ca, Mg) % #l & L = .

BioAL B OIX R - Bk FEHMmE (KE - B, 1980)
¥ - WK E LT, ThhbbL, EHEEMNELLE,
EE A 2ml & W B 2ml M x X < #HE#®H L, WA LA
(240°C, 1h) # L % . RK=ERICH D ETHAGE L, B B8
It &k #F 0.4ml % /0 %2 /m 2 LB (240C, 15min) % 1T \»,

ISR RN BB FEBRICKE A ETHRYERERL . oBRIKSER

17



FHIC R ok, &5 1h

Iz

Bk T 50mlic EAR L 2.

.

IJ&&@?’

P,0O;

K, Ca, Mg T & ¥+ W J& X E

=l

EF) TEXTh T HE

® 2-3 K Iz

1 U

TR M OH X, WO Ok K

X [ ic =
PTBF X, PTBP K B &

T v HFEICEALE. E

% < /Y, PTBF X & P

Nix A4 v F7 =/ — ik (H %,

(=P S ) B A ARV I S

H H CHME®% 21 HHM»™bL,

BRI D T2

PTBP-D @ #L & 3E it & M & & A X B T i,

T PTBP X @ B B ZE ¥ 2

o e R KRR T 1 EBTHEER

R B oA f VT, RIS

1994) T

( & A K, 1990)

L

F (170-30 ®, (¥ ) H AL

L 7= .

Boig 3 fL & FF M OE M E A

AR K BHERRE®™ &KL ERE S,

E W ) JE S o 2. BOE K
2 B B CTIiX 35 H H

1EH B T PTBF X #, 2
U PTBP-D K # £ #v £ 1 &
=

2 B H ®© PTBF, PTBP

& &

PTBF X & PTBP-D X K D

TBP-D X & o [ 2 Ik £ 1%

k-0

14 H H

18
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wEAR (1EH)

—@- PTBF

WA (1H)

—O- fEHARX
— +PTBF
—&— -PTBF

L J

7 14 21 28
BEZEH (R)

35

WEK QEAB)
8 r o miEA K

-~ PTBF

—a— PTBP a

O

7 1421 28 35 42 49 56 63
wE% B (H)

7 14 21

28 35
BEZBEK (B)
Rk (2= H)

[ —O— i A X

—m- +PTBF a

—&— -PTBF

vl L L 1 J

ANKBIE (1E1R)

—O— MEft A X
—@- PTBF
—a— PTBP

. —@- PTBP-D

7 14 21 28 35

BEZ A% (B)

AFEBKR (2EIR)
" ~O— S fit F X
—m- PTBF
—&— PTBP

1 1 1 i 1 J

7 14 21 28 35 42 49 56 63
mE%EE (B)

7 1421 28 35 42 49 56 63
EHE%R A% (B)

F2-3 A ROERIZ T T AR EME R O RE
ERRILIT ERRE R R T (n=3)
YRIRDTNT 7y MENCIEERERE O R X [H]

IZ5%KETHEZEHY (LSD)
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B R o EMNRB DL N+PTBF KB &b £ 0 o 2 B,
21 H B TiRA2ERL LT 28 BB 20 HTEIBD
SN f-.2EHB TCREMEEL 21 BB b0 RXBICENR
hthoik. 1EHHB, 2BAB & bCHREKRTH T, -PTBF
Ko BBERSEWLMHKL+PTBFR XV HFEICD 2o
7. L2 L, EHE AKX & +PTBFX & OoOMICTiZERITRERD DL
Ao, AHK BEROBRER X 1EHEBE O K ER
28 H BT PTBF R 8 fh 0o 0 B R Ik ~F BIC#E AL KD,
fth o FWEBH TCRHREEIRD DR D o .

B2 4aRiIcA F0oEXLICERIETLEERSEMBERERB D
EEr R LE., EXOoOBMERAHK B ERKI&EDL R,
DWW TERAEBEHBERX, BE KK E WS HETH - . BEK

K ¢ 1 Hm B CHEMEH®% 218 B LK, 2E8B Tit 28 B H

=
=
=

PTBF X, PTBP K & X " PTBP-D K T & < # % L
7= . 2%, 2 EHHE ® PTBF, PTBP ¥ & ® PTBP-D @ # &
FEH AMBEME A RMBICETAEEBEEZENRD ODRLR -, . &
g oEXLoMME T 1HERIEEZ 1488 » b,
2E B TIX 21 AEP D LERMBIZCENKRN M D, -PTBF
KM % AKX & +PTBF R LV HFRECELS 29, AKX

L +PTBF K ¢ O T ERXR D OLNAEN»- . KN KB
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EX (cm)

B (em)

40

30

40

30T

20T

10

WK (1ElH)

[—O— EHi X
—m- PTBF

28 35

21
HEG A (7)

WAk (2EE)
F—O— fEhE X
- PTBF
—A— PTBP
—-@- PTBP-D

L i L i

7 1421 28 35 42 49 56 63
wrE% B (B)

iR (1ER)
[—O- EiEAK
—m +PTBF
—&— -PTBF

AR EBIE (1[EH)

T—o— mhE A X a
— PTBF i
—&— PTBP K
-~ PTBP-D

HmEE A% (H)

i (2EH)
r—O— #EHEA X
— +PTBF
—A— -PTBF

7 14 21 28 35
EE% A% (R)

AFEBIK (2ERH)
[—O— M5 F X

—i PTBF
—&— PTBP

7 14 2128 3542 4956 63
wRERA%K (H)

7 1421 28 35 42 49 56 63
HmER A% (B)

BH2-4IR A R OB BT AL IR B M A 00 2
HEBIIMEEREEZ AT (n=3)
YRIRDT N7 7y NN KB D AL R X R
\Z5%KETHEZAESH Y (LSD)
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i3

s

JIE

ifa

= e

N

e

78

Tt

¥

&

L

n

)

-~

i 1B B o #f &

=N

HEICK EL -

-4 RAT R HE R T g

HOMOEE R o R R

E BIKRK T, 2 W

> . BWHEAKRKT

T oH b B ORTOMEE B

o =N, 2 [H B

(B

35 H B I PTBP K %

7=

=8

iy

i)

Sl

4

o

, T h B T OE

5 A4 x 0 EF

L. & FHE

X, BE

EH B C PTBF K

AL/ R NI

TR KR & 2 B &2

- 7= . 2 BB B TIiX PTBP-D KM & b A&

ToOWEHRB? EFEAX LY &FEICKE

)

fih © o B K

XY b h

KK E WV H

2O OH K

ENMXPH ELK

BR RO L

/R T -

PTBP-D R I KBELUHNHO A THEBE T PTBF X £V

HEHICK XMoo 7= » ,PTBP X L T =B RDH L

— 5 ,PTBP K X #t E# M E B L NE WY B &

PTBF R THEHEKXKREN®,Zh £ & AKX X

&

Hh

=3

2

ap)

i3

—F

2

(£

i

—

7=

iR

& .

B Xt 1,2RAB & H-PTBF K O H#f

AV DN S

R ORK R E M

D" B E

iy
™
S

L= F o fE &

FEE KABRE LD ICEREMRK XY /Ms ok,

+PTBF K i & K B E »

1 B B T # i A

2EBTEEPBDLODNLT, &6,
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H2-4R BB TEHTRIT 24 ROEFICRITTALA IR EME A OR 2

K HFis e EIE HLgg Hh R 1T ER
HiEE WY E HiftEE HY)E BARIRE
(g) (g) (g) (g) {cm)
Bk 1E B 4 i FR X 0.028 b? 0.010 b 0.028 a 0.006 a 6.4b
PTBF 0.062 a 0.014a 0.021 a 0.008 a 11.2a
2[E H 9 i, X 0.044 b 0.011 ¢ 0.016 b 0.009 be 6.7b
PTBF 0.052 b 0.017 be 0.011b 0.007 ¢ 113a
PTBP 0.082 a 0.024 ab 0.021ab  0.011 ab 12.2a
PTBP-D 0.079 a 0.030 a 0.028 a 0.012a 128 a
AR 1B H it F X 0.130 a 0.022 a 0.095 a 0.011a 6.4b
+PTBF 0.160 a 0.027 a 0.098 a 0.015a 84a
-PTBF 0.060 b 0.016 a 0.041 b 0.006 a 22¢
2[a] 9% 1 A X 0.170 a 0.052 a 0.153 a 0.032a 123a
+PTBF 0.168 a 0.042 ab 0.155a 0.037 a 94a
-PTBF 0.058 b 0.015b 0.043b 0.009 b 2.8b
A¥tKBiE 15 H 9 e A XX 0.398 b 0.113a 0.185b 0.043 a 9.7b
PTBF 0.403 b 0.101 ab 0.211ab  0.037a 99b
PTBP 0.502 a 0.109 a 0.232a 0.046 a 12.2a
PTBP-D 0.411b 0.087 b 0.203ab  0.038a 9.8b
2l H s A X 0.308 a 0.097 a 0.226 a 0.086 a 125a
PTBF 0.301a 0.073 ¢ 0.218a 0.085 a 12.5a
PTBP 0.454 a 0.090 ab 0.266 a 0.085 a 143 a
PTBP-D 0.298 a 0.085b 0.283 a 0.094 a 13.6a

PRRDZTNT 7y NRENCIEEKEHE O ZREM DN X EIC5%KETHEZH Y (LSD)
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O EEBERHIZCE W TH EHEMAXK LEEZERIRDDL LR o 2.

AN K BEEKXK T 1HHEH T PTBPRE XN E L &£ F M B h,

R HHEE, WTHEHFHEES LI OCERRESNERE AR

Wi

W NAFAEBIRCRE L M, 2 HH TIEFOEE THED

=1

bh 5ok . £7#&, PIBF K & PTBP-D K 1 @ B T
PTBP-D K 28, 2@ B T PTBF K & PTBP-D K 2, * h
o E R E TCERABXK LD DS R oM, Fo
fn © W & HB TIEEITRD bR 2.

o255 IR EKTRICEIT 24 30 L3 EHEKSS
B RETHLAHEBERMEOEEB 2R LIE. Bl KK
Tix 1 H TPTBFEX 2 E i A K Ik X, N& ENMN 260%,
PO B8 BE D 94t W T h HFECHEMNMLEZ. £, K& &
T EE AKX A EICHEA L. 2 BB TG FER
HOME 2 ML KD EEA Rk XREEIWC P05 Mg
EEMAHENML . BT, Mgad E 3 & A RKXICH X PTBF
K 2% 227%,PTBP X # 145%,PTBP-D X 7% 155% 4 /n L 7= .
L2 L, AAEFRAMBEERDAREMICBEBT 26 0 KK
ROy BCEIRDLALE®» . &b, N&ETRE
PTBP-D X 28 # i il K IC bk X F B #m L .

W B M R ¢k 1 ®m B T-PTBF X 28 £ i A X I kb = N
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o Co

(mg/g DW)
[=) O O [ 28] BN

(mg/g DW)
[#%)

(=

1= B 2[HEH

o

TR K A B

2-5[

BB Hh A KRB

BIEHE T IRFITIS 1T 24 R D B ARHERR S5 S B\ R v 30 B JER B A B i oD 4
DW : e E

VIR HERRZE AR T (n=3)

*RRDBTNT 7Ry MG KPR LXK EIZ5%KETHEZH Y (LSD)
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L Mg & BB EE LM A L, Mg & B IZ +PTBF K T b W &

2 BB CTIEX+PTBF K N & E M EHE HBKX L -PTBF

c
r\\{a

Kbk _XAFEBEECHE ML EZD, ThAUANOEBRBRS S EC
X ZEEXIR D OB o .

AMHEK BBRRK T 1 BB C&LGFEKEMWBEHLERIIZ
W A K K N, P,O;s & EMPFEREMLEL. 2HHAB T
i¥* PTBP X & PTBP-DK ¥ N & P,0;5 B 2 H X i mL,
P,0s &% B CiT PTBFE b HFEICHE ML L. K, Ca, Mg &
B2 1HAB L 2EBHOAETOMLBERMEICEWTZEER
oNSW (Vo /LN N (N

B 26 MICHBERTHRICBIT 24 30 M T 8 &# K5

B RA@ERTHAFMEMEOHE L R LE. BE AK

o

A

it 1B B C© PTBFEREHEARERIZUH X NEGTESAHFHEIZ

muLk. £, Ca, Mg 8 EREHRARICEL~FE I

g &

&t

L. 2 BB TR IEMBEMBEE2KEELEREKSE
» &

ARXKIKHEX N & & BElic#mL 9. £, PTBP K

ry

¢ PTBP-DX T X P,0;5 B b E AR ICTHF & Ic#Em

Wik X T 18 B C-PTBFX 2 £ i H K I© k= Ca

SEEBREMNMNEFEIZHEMLULREL. £, N, P,0:5 BT HEZ Iz W
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w A
o o
2

(mg/g DW?)
n
(]

(mg/g DW)
[\
[a=]

—
(=]

1\ H

¢ bec a ab

2[FIH

0

8

Eé

(o)

o0 4

£

~ 2

0

9

Es

Lo

E3

0 ]_l o 1_[ o [ LJLHILQ ]_lLuQaQ ]_l & Py Ay
X X X , X ) ¥ x| A
E L E £ B EL e EELELSEE EELEC A
g M @ Ao AR ER g AR g g A g e
B & 2 - o 2
Bk Wk AHEBE Wik Wik AAEBIR
552-61%

B TRHITIS 1T B A R O TR AL Y & B B 9L SRR R M 6 A 0 8

DW : EMHE

YHERBIIIEERRZ R R T (n=3)
BB TNT 7Ry NSRS KRBHE OB KT 5%KETHEEZSH D (LSD)
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"

o

B2 ¢ b

s IS

2 3 &

ot
5

L

o oa B

A A K

A K

PTBP-

— %5, +PTBF K X E i A X & W ¥ h o €K K o

EDRHROLNLBRMNo . 2 BB TIE-PTBF B »

=111}
C

X Ca, Mg EEVPFEICHEMNML L. £, N
AR L =N E Do B, +PTBFR K X F B
7z. —JF, +PTBF R T M AKX & v ¥ h O F i
EbL EBRB O DL N Do .

Bi# XK TiX 1 B BT PTBP X & PTBP-D K % &
bk NEEBXRFEICHEMNMLEL. —F, PTBP K

DKoMtk ZEzRIRDLNWN GG »»> 7. 2 BBAET

PTBP X » # i A K Itk ) N, P,O0;: & E WX A B IZ B n

il iz B

A

Ca, Mg & E I 1B HE & 2HEB OZ2 T O L H

WTERXRD bR ol

EW IO E RO EN AL NBDE OISR B

14 H BUKECTH 7. ZHniX Elbadry - Elbanna (1999)

2

1%

A

R

IR

N R

KHERHE LLELERTEMRL WD X5, M H
FhRoOoRHSICIY EFICTOHL, TOoK, LHEOD

hlewmdlctickd2eEBZSLNAD. X720, &
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T

HEIE2ToOoOLBRX CHEBER 428 B ETRELS,Z20

Y

BRXDL»ICR oM., ZThiT, 4N HEE®R 42 BB £ T

[

=D

MEBERICE T2 B RS Z EERIRLEZEI E 2R L

oy

TW3 &¢E 2 b N3, B, EFNLNEINLTWYWEZOIT KK

KBERKT, DWW THEAEEM®BEK, BEKKLW

o
b
A
&

Elbadry = Elbanna (1999) I 4 H fE © A4 > % fit & L &
BB & CARBREREEZITY, HAaFEHEEMNEHO —FETH
5 Rba. capsulatus Z M A + 5 2 & &b, ¥+ XToA
X ECRBYW TEFTFRIRESL I LE®RELTW S .
AKERICET 2 HE KK TS BKEMKICKE~, PTBF R,
PTBP X % & " PTBP-D KR 0 &£ F M R #& & h 2. Z h ik,
N FEBR CTCH R L Z Rba. sphaeroides 128 \» T b, A # I
A4 * 0o &£ F & R &3 5 Z ¢ %R LT WSS, F 72,
Elbadry * Elbanna ( 1999) X Rba. capsulatus O i B I k
D, K#HBHLELEALA O NEEIHE ML EZI &b ®MEL
TWwW2s. £ LT, Z ® NiX Rba. capsulatus 2% % #F B &
W R D BB P ICER Y AAE N (Madigan H, 1984) # A
FlIERmEehzo gk t#ERELTYWSL. &b,

Maudinas & (1981) X N'° © 5 XA L % Rba. capsulatus
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PTBP-D X T H F N L v & & & 7= .

Ao, BRRO NS A R IRR &SN

AEBRICB W T b MG FERKME

oy

T & CTIX N, P,Os & E XN T h ¥ k%

ko T, T N&EB®EMIXEFKI

¢ &R L TW

LY MO R

E S EMAXICWHm ~~# £ T N, P05,

XL

KL 3E B OH O OE

BiE NBRZTBXIAFICEWRSIHELLES XDLRLD.

@ IR OE M BE M B XK Tk PTBF K 2 kb~

WA R EHERAMEEZREMAT DS EY B,

PTBP X

L 7=

h2ZHMBT B LTIV AEERRESND LE X

¥ /-, PTBP-D R @ & HF 13 PTBP R & Z » &» b

b, AFRECHB SN ZHE KBRS TR

80°C, 60h) TH M Eh i \wWI & NifEEEI N DH.

WK B XK T E M BEH KX & +PTBF K 2%,

EEFEMRNENR TW . £k, -PTBF K 0 % # ik &

Efii H XK & +PTBF K b =X, # £ # T N, Mg &

T N, PL,Os B ERXRZT L TN D 2ol

EHEM A ERCRLAFERAME

(8 2-3 £ ), T b o R ITKEKEH#

WO FORE e BB OB RR 4 A, AL € 3E R R M

30
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ntroetxzRrLTWSE. —F, B HRKL+PTBF K % b

N AL, 1 HH®OKEKRKMRE T+PTBF K » kK & <

72

M, 2R R DR N (% 2-3K, F 2-4 K,

£). S LI, BEEREECRBVLY THEERIES

b ol (8 2-5 K, 8 2-6K). ko T

K TREEBE®B T EBSNLLLGERIMNESB

WP A F0oEFTRAMBMESHEZ EBE XD

— 5, A K B WK it PTBF X, PTBP

PTBP-D X I % i H K i kb ~, 2 [@ B © H L &

PTBF K & PTBP-D X T /N & < 2 o 7= L4k, &

L LW EL T W E., 72, EBKSaE 213K

MO O ko EHEOR RISk, H kBB W

w

3

X

g

X

72

2=
H

&,

Ht

o 7L

H I N, P,Os @B MPHE%E b LI HML L. Elbadry b

(1999b) X N i A & # 4 B¢ B & L, Rba. capsulatus %

4 X A LB A, N EBEOHMNLE &L

capsulatus W A O % R B E AL L & E2HRSEL
o T, AREBRTHEDOLNEZHBEKKIIZH T D

BT dDdAMNRK BIKRK T O & KA MG

Wb, REZHERETH D LEEZXLLNRD.

¥ 7, WA FEHREMBIEX 5-T I /2 V7 VU B

31
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( Sasaki b, 1987 ; kb &, 2000), 7 X / B, &% &,

v ¥ | O F RS W T A D N s R T W B

1

( Katayama & , 1967 ; /N#, 1995). KB E © ALA i #
o EEZzRET D EVSHENDD (BHL, 1997;
2000 ; Hotta 5 , 1997a; 1997b; Bingshan 5, 1998 ; i
H o« #i8, 1999; W JK &, 2000). ¥ 7=, Kobayashi* Haque

(1971) I & FMHAMELS ST ST I 7 BB XU
o —>2ThHhsds7Terl r8Lf0ty 7y, 4% 045
EREZRET S EEZHREL TS . LML, BE KK,
A K B BEBRREIECEIT S PTBP K & PTBP-D K ® 4 F i
PTBF R IZH XRHEAE b LLIEIERLDZE BEEHERERICR
J 5 EE AR O4 BFIEXA+PTBFR & B KB E 2B & &= »n &
bhZzwnwIZ b, KERIZCEBTZ2ZI0L 0550 O
B A& L E#ESHh 5.

Lk X v, @ FMHAMBE® 1 B CH D Rba.
sphaeroides O o M i 4 2 0 E KR ZREL,NEB X O P,0;
BEAEAHENT I ENATENRE. S b, EHE®RLE
Lo FER A M E o A, 2 TCvwsadEmMEMNE
R EE%E, bLREEFhLhUALEOHREZEEF T Z & nBH

b & oo T
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&=F

X EARABFHRBEL, LRIKEMERS LT T 0HRK
X EY OEF LEEBERSAEBECEREITREREZRE
AL FE TR OE M OE R A E T WA A ERAME
B LB EMEME, ISbLCHERBERBRLLERKZ
WL b o, KBOEEBEEK, LAZFHMRRMBE
, AN K BBREZzEHLEFHLAWV, 3 11 LEHRK T ER
o fe (% 2-3 )., A FFPELTVWEDORFARAMNE B
THOWVWTHREBEBE, BEAXKKLWIIETDD - .
EHREMBERE A D RIBEARTCEHE TS, 4 X
Mo EETERELE., £, EBHEMRS TIEX N, PO;
W Mms®E., —F, BEAKK, ANHK BBEREIKEB
PTBP K & PTBP-D XK ® £ HF X PTBF X i lbk XA % %
BN, BRABHBERICRBIT S EMRMBKTIEI+PTBF K
KIBREEBR EEER R o> k. & o T, fL6&JFFHHKM
SWHIT I ERIRELS A LEHESHN L. UE
M EMBMBE DO 1B ©H 5 Rba. sphaeroides D

T A4 204 E X REREL,NB XL O P08 & % 8N+
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[

)

S . T hHhC, WHE®ERLL

& T v 5 K & M EMBE O

WU ko R 2 RIET LB
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w3 E WA M KXW AE (Rhodobacter sphaeroides)

EAPHEXOAEAFT LHECRET R B

B
)

B 2 BB THABHRMAMBEAO 1 #TH D Rba.
sphaeroides O e A it 4 x 0 £ R # R #E L ,NB L T P,0;

=]

WM E R LA T EMNHADLDMNE R, LL, MIE

feim

BT AL EEREMBEO BIZ, FHERERH T T NV

ZB L TCoOFMB (HAHKES, 1974), = v ¥ a )b — b5 O &

TR % (Han, 1999) % W< o DO EN H B N, 1§ &
A ERBRE SN T W Ry,
— K%, T, HEEFEOABEBEED N T 28 L0R3EH F

> TR, FHHERDROMAES S EFEEREARLDDL

THobn TWd (HE, 1984 ; @ A, 1996 ; th B , 2002).

la\
(v
A

AW R TR BT EHRXTCHLD AR LY
7 oY FBILUORETCH D Anrbk b bEHHW,

L FEmEAMBEOR AP AEFT LHACEAETER 2R

k=113
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% 1 i Wt JER EME (Rhodobacter sphaeroides)
DHEAHAHIDEIYY VYyY VU EasY T oOoEF
EHEBERRERETRER

MoE R XU HE

W FE R B M B ( Rhodobacter sphaeroides) % ° NR3’

R w, % 2} L R #IC PTBP # & L 2.

REHLHIZTFA T L VY T RN =D =T Y&

B B E EFH W, BEIXT 1/5000a O U F RN KR v

M 4k T o 3y Fr/F Yy PEL, HERIC 3IK/KN ¥ b

B LBl EEfTok., BREXEHRHT I A A0 R

W (| E : 20C 3, B®R}*¥) T, A v LY vk 2000

#£ 11 A 4 H ~2001 4% 1 A 13 B ® 70 B MM, =< F ik

2000 £ 11 A 13 H ~2001 4% 2 H 1 H® 80 H MIT » = .

HERELEIHA LYy Y v TERKFZRBFREE VI —

oW EWwWB XUO® LW EAF -~ LV — T THERELHA

(121C, 20min) L bOxHW, a<YF TEIWED

D H L L Tz
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CaO: MgO =20: 20: 20: 20: 5kg/10a, == = ¥ F+ T X N:
P,0s: K:0: CaO: MgO =15: 15: 15: 18 : 5kg/10a & 7
5 & 95 i€, (NH4):S0,, KH,PO,, KCIl, Ca(NO;3),+ 4H,0,
MgSO,4-7H,0 z A Wi A L7&Z. BREIEX= Y FT0OH, 50%
Hoagland WZ‘(N:105.0mg/1,P205:35.5mg/l,K20:141.0mg/1,
CaO : 140.0mg/l, MgO : 44.0mg/l, Fe,O0;: 4.3mg/l, B :
0.25mg/l, Mn: 0.25mg/l, Cu: 0.010mg/l, Mo: 0.010mg/1,
Zn: 0.025mg/l) Z A F O T % B & » b #E K KB L .
B X ITTIE o NE O 10%, 20%, 40%% & i&» PTBP #%
M A LU 72 PTBP10% X , PTBP20% X , PTBP40%K ®» 3 K %
B, FALAAEKX 5 R#EELLE. 4B RXIZEIT 5 PTBP
O HRERZRAY VLYY DT (PTBPIOBK : 0.4g/% v b,
PTBP20%IX : 0.8g/#% » b, PTBP40%IKX : 1.6g/® v k),
2 < Y F Cik (PTBP10%KX : 0.28g/® v b, PTBP20% X
0.56g/® v b+, PTBP40%X : 1.12g/F® v b+ ) ¥ o .
BRERTHICEX , M EHHBEERS L CE D ECSC,
72h Ho k) EZHMEL L. SHIT, AU LYY UIRXHBH
ME (AAC-410, () ME L) TEEHHE L2, =2~ Y F T
T T K EERS L OCEYE (80C, 72h B B) b A E

L., £, WE L LT-30CTHRAELEEYDKH LI %
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L TCHFREY A X LIEbLOE 1gRAB &L, £%, 7
Aza V¥ r@g, sun 7 4B IEe T ) 4 Fo0EE
rHMELRE. &b, a =Y RIS ra— R, Ao —
A, ZNV7 Fb—Z205gEbLWEL L.

SO WECTCIEAB 1g2FXE K 1oml & & b I B EE
B, BB CEIE (80C, 15min) %, & L 4 B (3,300rpm,
15min) L LB AZHBEZ. b, BE~F OEHE K 5ml
Mz BB IR E(CS8OC ,15min) % , & O 4 B (3,300rpm,
15min) L L ®B 2 2 B 2. Z >0 LB AR ZWMxb o0 %
Aw, 7 ¥ 2uryriE (X8, 1981) TIT » k.

T A LE ryrBOAECTCERR 1g 2 52 % 9 A B
10ml & & b I HF B B/, LS B (3,300rpm, 15min)
TH B2 EZ AWV, ¥ KT Y ¥ (Shigeoka b, 1979)
TAT » 7= .

s mwe 7 4 N0EHhwe T ) A4 Fo @ E TR 1g %
80%7—12bylomla&rbc:ﬁ);'%%%,iﬁ:b%%ﬁ(?,,mmpm.
15min) L LB A% B 7. Ebic, BE~F O 80%7 & b
¥ 5ml & M oz, #E L 4 B (3,300rpm, 15min) L kB & %
Bre.Z o0 LB % Mxb o % A\, 480, 645, 663nm

DK W e E B 4k % E B (100-10%, () B B & £ )
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< H®E L. £ muw 7 4 ik Arnon & (Arnon, 1949),

# v 5 J A4 K& Kirk- Allen ® 5 & X ( Kirk- Allen, 1965)

g a— A, R u—RAB LY Z7ZALIZ F—RXADOH E T
e o E CEREMEBEKEZ 020 m DX VT T VT 4

N A — (=4 Vv v ¥Z A -Lég, MILLIPORE) TA @ L &bt O

-

P H W, mEK®K e~ 25 7 4 — (HPLC; LC-10ADvr,
(%) BE®ER) THH L. W FHIIXT, KRB H
L-7490 % (RI# H 2 ), (#% ) B s>t B ## B, # 5 A : Shodex

SUGAR SC1011 (8X300mm), (¥ ) BfEIL, H — F A&

i

% . : Shodex SUGAR SC-LG(6X50mm), (¥ ) B fn T,

5 A B E :80C, B EIME : H,O0, W #H : 1.0ml/min & L

R

¥ 3-1-1 R & & 3-1-2 FZFZhh EFThictHxv L ryykaa
>V o LEBFICEIET PTBP W B o & 2 % )R L 7. PTBP
W AHIEZHAY LYY T ICBEBEWTAEBTRET 2 HEPM N AR DL

N, BbEERNEILZOTRBKE - PTBP40BK T,
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#3-1-1R AU LYYUOEFICRIEZTPTBPERDKE

i e AL = M EER TS Hh - E BEH AR
(em) (g) (g) (em?)
IR A fte A X 14.7 b? 4.7 ab 0.61 ab 103.0 b
PTBP10% 13.8b 33b 0.42b 98.6 b
PTBP20% 16.1 ab 4.7 ab 0.59 ab 113.7b
PTBP40% 185a 79a 0.97 a 162.8 a
Az i F X 14.1b 52a 0.74a 1193 a
PTBP10% 15.3b 63a 091 a 135.1a
PTBP20% 14.8b 58a 074 a 1265a
PTBP40% 179a 6.8 a 0.93a 1538 a
P55 NS/ NS NS NS
AL ok 5 NS S
PR AL NS NS NS NS

BB BTNT 7y NEICEA R BB OAE R B 5%KETHEEZH Y (LSD)
INS, *, %k SEWSIIZE D, BEERL, 5%, 1%KETHEEEDHY
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#3128 vV FOEFIZRIETPTBPHEM OEE

AL Bk Hi FERETREE M REEE HTHETREE M THEYE
(cm) (g) (g) (g) (g)

e fili FH X 18.7 az 200a 1.73 a 1.04b 0.16 b

PTBP10% 178 a 214a 212a 1.33b 0.25b

PTBP20% 18.3a 19.8 a 1.92a 1.41Db 0.27b

PTBP40% 176a 183 a 1.80 a 245a 0.36a

BB TNT 7Ny NEICII5%KkHECHEEZH Y (LSD)
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b EEMEEEREMBARICK LT 26w, 58%F E I E ML
= . £ 7% ,PTBP i A R LT LHEORBELEOR E
T BB LR o . —F,PTBP i A iX = = Y 7 Ik W T
R oo A& H AMRE T DHEMRNS B DL N &b H TR D
EHMNE N O PTBP40%X T, # TH H M E & &L ¥ &E
e A R x LT 136%, 125%FA Bl m L. L »
L, EX, # E#H FHfEE YW ECIREL R - .
B 3-1-1 M & H 3-1-2 WENLLEFEHRIZHERY VYL
Y SO LE LT Aarre B0 EIWCKIET PTBP I
Mo E®rPrpr LE. S0, a<=Y FTEHITNLa — R,
A\ — R, 7NI F—AOEGEEGH L. PTBP i A 1
kB ERK TReHESEETASA Y LYY Y TERMBRKO®
0.83g/100g FW & % L, PTBP20% K T 1.27g/100g FW,
PTBP40% X T 1.39g/100g FW & A B I ¥ M & J@f:.. b
W, kW E ELt®EELTHWRELZ a2y S TH PTBP M H T & i
AKX ® 1.15g/100g FW iZ % L T ,PTBP20%[X T 1.89g/100¢g
FW, PTBP40% X T 2.04g/100g FW & 2 & E % A 8 I ¥
mxzeg sz, LArL, FU Ly YU oBBERKTIE PTBP i
Aol 22aEaBoEMBIEARDO LR . Tk, R

BEXODEHALAHEEERIRERD EY LV AEIKSZ -
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#3-1-1X

(A)

ab

be

(B)

X

i

PTBP10% PTBP20% PTBP40%

JHe e F I

"Ly oum (A) £FBLU B) TANLEVBOEEICKIET

PTBP}ifi F D528

BIpBTINT 7y MEICIEA R RO OB XI5 % K ETHEE
H»Y (LSD)

VR DfEERIIEERE AR T (n=3)

*HeEk tHi g D ¥
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2.5

(B)

g J/ia—=A
2y m—2A

T F—A

~ 20
=
=

Q15
=]
G

1.0
8
H

0.5

0

1.0

08
ol

§ 0.6
G

w04
4

0.2

0

50

%, 40
o
S
=

E 30
&

D20
A
AN
S

n 10
X
M~

0

T

(©)

M AKX  PTBP10% PTBP20%  PTBP40%

#3-12 <=0 (A) £,
(Q) 7TRARa)E VEBOEERICKIETPTBPIEA ORE
FW : FifEE

VR DRI MR & R T
WERLRBZTNVT 7Ry MR ETEEZEH Y (LSD)

B) Fra—R, Ara—R, TLT h—2X,
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## . —F , PTBPlE Al g =2 ~Y T O 7 v a — A, A7 B —
A2, ZNAT bP—A2AO0OGEEEMSEDLIHEAERL L.
o, 7 V=2 — R E B IX PTBP20%XK & PTBP40% X T # g A
Richth A EICE» > .7 Aa vy BaE8E~O PTBP
WA RIE, FYLryryuvlkawsYFrownwdhod®#R
e W T bHLRRD LI .

# 3-1-3 % &% 3-1-4RTHhHEFhLITHAV VYU L=z
Y Fo s 7 4B TR T /A FOEECERE
+ PTBP i Ao B %# R L L. PIBPHE A ISRV L ¥ VU
T s a7 4N ak bDOEEO®IL (alb) 2 PTBP20%K &
PTBP4OBKX THEREM I ¥ z. bz, a~vY FTEEE
WTbHL a7 4 a, Zwuawa T 4 ) ath B X alb z
A Eic#im&¥, PTBP40BX THR LB R X B D b v .
Tk, AUV VLV ryrYyuvo@BEBERKTS PTBP B il 7 v >
4 a, Z B BT 4NV bEBIOTIZrr T N ath HE
M ms®kE., —F, puiF ) A FEFETH PTBP i A
Wk AaEMBEE S AN, AV LY Uil PTBP20%K,
2 = Y F Tk PTBPIO%KX T h £h M HKICH L T

EE o muLsE. LasxL, Av Ly Yy uouoHEH@#HRKTIEE

(=% R =S AV A N S Fol
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#3138 AmyLryyvorunuZ B0 oT /A FOERICKIETPTBPHER DR

N

N

gt HiE 0E suauarZ4Na JuaaZg4ib BT 4 )latb alb =t
(mg/g FWz) (mg/g FW) (mg/g FW) (mg/100g FW)

®EE EREAX 0.39 & 0.192 0.58 a 2.11b 2.49b
PTBP10% 0.27 a 0.12a 0.39a 2.23 ab 3.27b
PTBP20% 0.34a 0.13a 0.47 a 2.56 a 593a
PTBP40% 0.41a 0.16a 0.58 a 2.49a 4.43 ab

W e A X 0.32¢ 0.14b 0.45 ¢ 231a 230a
PTBP10% 0.50 a 0.21a 0.72a 2.38a 2.73a
PTBP20% 0.47 ab 0.20 a 0.67 ab 2.39a 291 a
PTBP40% 0.41b 0.18a 0.59b 223a 2.79 a

Bt NSt * * NS ok

s NS NS NS * sk

Bt i x s i ok * * NS

FW @ HiftE

YRIRBTNT 7Ry MEICIRA MR SO NBE R EIC5%KkECHE®EH Y (LSD)
INS, *, sk HEOWICLY, BAEERL, 5%, 1%KETEEEHY
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#3114k avVFosuunzonBrO0heT /A FOEEICKITTPTBPIEMR ORE

e sunZq)va ZwuuaZ4 /b  FmBT{/latb alb ez )A K
(mg/g FW?) (mg/g FW) (mg/g FW) (mg/100g FW)
I A XX 0.38 ¢ 0.22a 0.60 b 1.73¢ 1.96 b
PTBP10% 0.49b 0.25a 0.74 a 1.97 be 2.37a
PTBP20% 0.57 a 0.24a 0.81a 2.49 a 2.09b
PTBP40% 0.54 ab 0.24a 0.78 a 2.27 ab 2.04b
FW : $ifEE

YRIRDBTNT 7Ry MEICIIS%KETCHEEEH Y (LSD)
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PTBP i A iZ T IE NE ® 40% % PTBP Tl Fl + 52 Z & (&

v,

3.1-1F), a <Y F Tix# LW o4k FICERE

T, O TR M E B ELE ML L (F 3-

NITEY © &£ FICKRIET T PTBP i B o ¥ & M

W B EFBLTWYD. & £S5

vy Yy

-

Y S 0 & FHBSE

BB ErRBRNT DD HEIEE L

5.

= B a TR T LY Yy, 3= Y F

B oI

PTBP20% X & PTBP4O0O®X T, 4 i A K Tkt

L= (% 3-1-1 A, ¥ 3-1-2 A). /N B

xR A R MEZ KR L, WE™H®ENLL

LTRY, FEBROEROLRAKL - 2. T,

X =Y >0 XTELBERSTTH DTN

2. TN s bk — A (EE D, 1995), 7 L =

e A RiCcEBEEFEI2HEMNDTE L (B
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3-1-4 % ).

BE2X A EI

(R

49

a <Y 5 (DR,

O )| I e

wa R

1996)

A EZBR T PTBP
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o (1978) X

E oo T R a2

. LM»™L, &K

Lk a<=w Y F DT

N o m(E 3-1-1 K

A
(=)

"

b

53

v

i

i

[y

B,

N E E Wk IFEFT PTBP M H
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=
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3-1-4 % ).
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i PTBP fg Hic & 5 X v 7

Mmoo T

B j/.l/ —a‘—\ H

=

J a

% E M| & R

PTBP & 73 @

NE &5 L Z

E

&

V,

5 Iz,

PTBP fii A

n 7 4/ bEE

L72. ZThbo

L ) SR S O |

X =22 =

&

wmom o=

L A

2

Lz LT W 5.

,PTBP Jii A Ix #ft X 1E B

50

B

xR

Y F T Kb HFE

N

23

i

[

[7A

k=113

=8

H

e

fk

vy



N

SR

1R

b £ O MHN®RDD

BN RE N
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B ML =N alb THEERAHEDNT, ZhHIX 7
I a &L B L v v o T 4N bE BN EDLICEML
C o . ko T, BHERK TRABHEKX LR R D ME

h,PTBP i A% £ & Lt EHAEDH OMICHEEEH

E BRI E Tz
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w2 Hi W FEW KM E (Rhodobacter sphaeroides)
O AN A vy b rDAEFEHELI

EETRER

MoEk kT IE

Wt JE BE B M B (Rhodobacter sphaeroides) X °“ NR3’

AW, % 2% LRI PTBP % it L 7z .

EBR 1. ArryvoheBFLEEREBREETRES

HREWIIT A2y ‘“EFI Ly F 2HWE. #FIZ
WAk BT 24h B E K, f F LB (30C, 24h) L, B E K

2 BB EE YO EWEREELELZER 9cm BV
=Ry b 1T oOBREBLE., BHEIX 9B OF B HKIZ
I T o L, BRBE 1AL TIREDD THREL L.

=,y AR T 1 @EHBIX 2001 7 H 25 H#ME, 36 H
MEWH® 8A 30 B cE®M L, & 55HHH &% 2% 11 A
13~ 19 A (X # , 28 B i* 2003 % 5 A 19 H #% &, 35 H
M E® % 6 1 23 B EMEL, B 50H 8 &5 9 A 10
~ 15 F @ 5 X L 2. EBRIEIZTERKXYKEB®H R

TS -0 B EWMBBLIUOBEREALS - I V—T TRHA
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o (121°C, 20min) L 72 b ® & B v, 9 5 0O F B &I
8kg ¥ o X E L .

IR RKE AT X 1 BB IR 2% ((K) REMLZFE) %
v, 2001 42 @ # # T X N: P,05: K,0: CaO: MgO =210 :
80: 270: 230: 40ppm @ ¥ B, 2003 4 (Z i& N: P,05: K0 :
CaO: MgO =260: 120: 405: 230: 60ppm (A & 1 H {i)
OWME T, FhHhENEMEFIT oK.

o P X X PTBP2.5g % s H L 7z PTBP X, PTBP1.25g %
Mi A L 7~ 1/2PTBP K % X 8 PTBP % e L 722 v & ji H K
»E 3K E &R, 2000 BE XA NEK 3 K®E L L, 2003
ETREVLBR 5 REELREZ. kB, EHEMARKXKIT 2001
£ |2 i PTBP2.5g i &% £ 5 N B % (NH,) .80, TH A L,
2003 F i X 22 R AT ERBRYEZTHLENOFEIK
# - T, (NH,4),S0,, KH;PO,, KCI, Ca(NO;), -+ 4H,O0,
MgSO,+ 7H,0 T #Hi A LU 7= . 1/2PTBP X T & PTBP (T N % ,
e R R o 1/2 0 %MK kHBLZ.

BRERTHICEX, FIiBgE s X0 E (¥, X, i
Ef, # FTEW), E®RMEENELEZ., B EIT L BEQLHA
(80°C, 72h) %, EEHE X B & @ FFH (AAC-410, (# )

WEIT) T, ZhZhBELLE. RERE THE, BE,
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W, FRE, SREHMAEAMELRE. S, REEHRK
HRKICH o= A »s RBEABYE LY, F-FE TR R
HEHB, BE, BB, A//nn— X, Fa — R, TN
y r—20&a B BELE. £, 8L (X, £, R
£, #H FEH) oEBKRSEEL WEL L.

B E X FHBEWFF (Ni-g, (%K) 7% ) T, ¥R

g
e
[

EHxeHREAKT 10 HRNL, 0.INNaOH T H
WE®, WMEBEEZ 7 yEBEEEICHEKE (0.1IN NaOH 1ml
¥ /7 = VB 6.4mg I #E ) (7, 1990) L TEHR AR L .
2 7 a— A, Fr=a— A, 7T bF—XFTERH LT BEM
K TS50 CHFRL,0.20umdD A ¥ T L7 0% —(%
4 LV v Z/ A -LGg, MILLIPORE) T A @ L %, & ® &K 7
g~ k4 % 7 4 — (HPLC; LC-10ADve, (# ) B # #® 1F
i) TH W L. oW KB IE, BHB o L-7490 B (RI
o), (%)B L H®IEFH,H F L :Shodex SUGAR SC1011
(8X300mm), (#% ) MM EIL, ¥ — F LI F A : Shodex
SUGAR SC-LG (6X50mm), (%) WHfEIL, » 7 &R K
80°C, # B MM : H,O0, W HE : 1.0ml/min & L % .

K WAL o R SR E XML HE B - @B KRE SR

B O(AK W - B, 1980; K Wb, 1991) % — WK E L 17T -
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. T2 bbb, ¥, X, B THOEBWITHBE (UDY
Cyclone sample mill, UDY Corp.) TH B L b O 2, R
2R E N A EEEZBRLEL O EZE R ENR 200mg, 100mg
¥R L, RBEAK 2ml &P U FARBR 2ml 20 X £ < #
B L%, B E (240°C, 1h) % L 2. WITER TR D
F KRB L, @B AKFE 0.4ml W X M B L E (240C,
15min) Z ATV, S BRI EGERICRDZD2ETHYY EL
7o N A FHICRE ok, T HIIC 1hMBE LA R
B, MHBICERE KT Sml K EAR L L. BT #E %, N
XA v F7 =/ —AiE (MK, 1994) T, P05 N F F
TV 7T UBIE (@ﬁ%-*ﬁ, 1990) T, K, Ca, Mg I
B+ W % J6 B3 (170-30 B, (#% ) B X RIEHR) T h
Zn W E L L.

2R 2. P~ PO RERECLERET R R

_\
P
I;lé‘l/-l

EWM X b~ b ‘A vy P AT ERH WL, 2002 %
7H 488 cE®BEL, EBEL~E % 8H 268 18R K¥E
2 EM B RS oM+ ¥ 15kg® FE L £ 1/2000a D U J xR

VI N

(R

R OL . HREERE=ALANY XN TITV, 5E
B E L B o E R EXIEANEL, 2BEEHEOE 2HE O

I A& T L7z 12/4F T 100 HMAT -7, 28, &1
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B 2R &R DX HBL L.

B A iX Hoagland i ® ( N: P,O0s5: K;0: CaO: MgO: Fe,03; :
B: Mn: Cu: Mo: Zn =210.0: 71.0: 282.0: 280.0: 88.0:
8.6: 0.5: 0.5: 0.02: 0.02: 0.05mg/1) ( Hoagland* Arnon,

1938) 400ml/HF v M % 5 B EICHE AT A & X IT o

PR K 1% PTBP % 10 C i A L 72K & 10843 H LT
WA LK ENFNIC, PTBP2.5g # i H L %= PTBP X,
PTBP1.25g % #Mi | L 7= 1/2PTBP K &8 X " PTBP % fi A L
W EE AR O 6 M EBRERTLE. O KBERISLER S
K@ e: L. 8, ®EHMKXIF PTBP2.5g K& £ h 5 N
B %, 1/2PTBP K TiX PTBP1.25g i & ¥ h 5 NE %, %
h Z 5 (NH,) SO, T i A L 7= .

BEAEEIALBRK 1Ry Pl 2&EH 1, B 2HKE X
NZEhn 28T >03H 4% A0z, RELLRERIRE
PR ER O OBERCEW o O R ETN B TKRY RS ZR,
BEE AEMEB B I OTRAaAECyBROGSEEMEL L.
Eh, ABBICoOVWTHEBEERGK v v 7 77 4 —
(HPLC) <V v B, 7 = v @, Vv ambMaELr.

BEBSIUCABBSERSE 16 &M LEFTETMEL L.
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A A NME UvBREETREN 1gh 5A F 0 A B 10ml & &
ol B, = O o B (3,300rpm, 15min) TH - £ B » %
BwW, B K Z Y i (Shigeoka b, 1979) T » 7= . U
vEB, 7B, )y I@BERETEBMAKT I0MHFCHR
L,0.20um®» A v 7T vevyr72 4N —(<w4 Ly 7 A-LG,
MILLIPORE) T A i@ L 7 % , HPLC (LC-10ADve, ( ¥ )
BE@mmiER) THN L. W& MHFIE, MHEMA : CDD-6A
(BSEmE EBRBE), (K) BABEREFR, » 7 4

Shim-pack SCR-101H(7.9%X300mm), (# ) (& # # £ 57 ),
# — K #H 5 & : Shim-pack SCR-H (4X50mm), (#) (B
HEER), 7 ABE . 40C, B EBHE : 5mM p-hF L =
VALK VvyBAKEKR, XK 5mMp-h T ¥ A NEF
Bt B X " 100u M EDTA % & & 20mM Bis-tris K & & , W

W : 0.8ml/min & L 7= .

EBR 1. Ao ryro4i&2FLtiRERELRET RS
B 3-2-1F%, &8 3-2-2F Fh I 2001 £, 2003 ¢ (T

Bt s 2w ryro4f FiokET PTBP A o &8 % =~ L 7.
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#13.2-1% 20012 E1T B A v v OAEFICRIETPTBPERAOKE

gL PTBPHIE FrivE #WE

5y £45 £ HEE T Ee ¥ MEbE HTE FEEE
(cm) (g) (8 (8) (8 (2 (g) (8 (8 (cm?)

| | —
s@E  EMAK  1656a 1606a 130.5a 291.0a 460a 2642 10.7a 372a 68a 3957.0 a

1/2 PTBP 165.4a 222.3a 1685a 390.8a 829a 319a 144a 463a 149a 5151.7a

PTBP 162.6a 1988a 151.5a 3504a 63.2a 342a 139a 48.1a 98a 4800.3a

B 9 it FH (X 171.5a 2141a 1542a 3682a 56.5a 342a 13.0a 472a 86a 5293.7a
1/2 PTBP 1669a 2319a 178.1a 4100a 76.2a 349a 142a 49.1a 14.0a 54180a

PTBP 163.1a- 2355a 1544a 3899a 44.6a 343a 119a 46.2a 52a 52873a

gk 18 NS NS NS NS NS NS NS NS NS NS
PTBPHE NS NS NS NS NS NS NS NS NS NS
ft3% 1138 X PTBP{E NS NS NS NS NS NS NS NS NS NS

BRBTNT 7y MEICIIS%KETEREZH Y (LSD)
INS : ST LV EREERL

#3223 200380 B A v DAEFIC KT TPTBPIEH OEE

gtk 133 PTBPJE A PriFE W E

Bt * % W EES HITES O3 E M bE MTE  EER
(cm) @ (® (® (® (@ (8 ® (@ (cm2)
RBEE WHEAIX 192427 4993a 401.4a 900.7a 203.6a 7l.4a 323a 103.7a 40.la 122776a
12PTBP  1849a 4625a 3688a 83l.4a 1938a 650a 29.4a 944a 358a 9781.3d

PTBP 191.8a 4983a 411.1a 9094a 179.7a 68.7a 32.4a 101.1a 33.7a 10281.2cd

B e R X 193.6a 512.2a 398.5a 9107a 2442a 709a 343a 1052a 42.6a 11623.6ab

1/2 PTBP 1922a 5180a 399.8a 917.7a 2224a 69.8a 333a 1031a 40.0a 11356.1 abc

PTBP 191.9a 4969a 3963a 893.3a 172.0a 69.7a 31.4a 10l.1a 34.1a 10564.1 bed

—

Bt NS NS NS NS NS NS NS NS NS Hok
PTBPJi /A NS NS NS NS NS NS NS NS NS NS
B3t 1239 x PTBPJE A NS NS NS NS NS NS NS NS NS *

BRATNLT 7Ny FEICII5%KETEEZSHY (LSD)
INS, *, sk SENFICEY, BEERL, 5%, 1%KETEEEDHY
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2003 EE O EHEBEERBRLS T X TOMAE®EHEB T, 2001 %,
2003 £ L b i PTBP i H o EHMFED DL Qo .
2003 FE O R W B K IC B 5 1/2PTBP K & PTBP X ® ¥ H
mix T T 9781.3cm? & 10281.2cm? T, | H XK @
12277.6cm®> i b N F B WP L .

#w 3-2-3&% , H 3-2-4FK FT L ¥ hIT 2001 £, 2003 £
B3 A0 ryrREEOHREICEET PTBP M H O B B %2 R
L. 2000 £ 0 BRECKRBERK - 1/2PTBP K O it /& »
1.04 2 2y, Bl AR OO 097K _FECHML 2. —
55, 2001 %6, 2003 FF &£ b2, oM T XTORE®EHEHE T
PTBP i A Ic X 2 L B XH O EIETR DL Q- .

#® 3-2-1 2 2001 4 & 2003 F W BT 5 A v vy B ED
Ay a— A, S ppa— &, TNV k=2 EIKIEFT
PTBP g A o g 8 % - L /=. 2001 # O X 7 v — R, 7 )
- xR, ZJ NI b —ADODHFBEFTETNEN 42.3~61.0mgl/g
FW, 14.8~ 20.3mg/g FW, 19.6~ 25.0mg/g FW @ #i B , 2003
ETEFENF N 87.8~98.8mg/g FW, 11.9~ 16.7mg/g FW,
11,2~ 13.4mg/g FW O &M & 20 B E RN HDL N MK, &L
BERXBMIECARZRIRD DI 2N 2.

H 3-2-2ic 200l E T BT B A v oo EBHRSEEIC
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B13-2-3%  20014EIC81F B A v Y REQMBEICKIE T PTBPIEH D

Ty PTBPREA MR MR REMR SRR MEE RIS BREW
(cm) (cm) (8 (Brix : %) (mg/ml)

—;%%Z% ot R X 11422 11.8a 0.97b 871.0 a 13.8a 51a 14.7

1/2 PTBP 13.0a 12.5a 1.04a  11313a  165a 46a 14.3

PTBP 12.0a 12.3a 097b  1009.5a  14.7a 48a 14.3

B 91 e, FH I 12.0a 12.0a 1.00ab 1009.5a 139a 48a 14.3

1/2 PTBP 129a 13.2a 098b  11748a  155a 43a 14.7

PTBP 123a  123a  1.00ab 1006.1a  14.4a 48a 14.0
A 5 NS NS NS NS NS NS -
PTBPJiE * NS NS NS NS NS .
k38 58 X PTBPHE H NS NS ok NS NS NS x

IRABTNT 7y MEICIIS%KETHEZH Y (LSD)
INS, *, . SEOWICIVERERL, 5%, 1%KETHEREHY

H#3-2-43%  20034EITHIT B A v U REOKEICKIZTPTBPIEH OREE

3+ PTBPHEA e TR fiEmE  HTREE VEEE A  ERE
(cm) (cm) (g (Brix : %) (mg/ml)
REE  EERKX 1392 145a 095a 1523.0a 16.1a 3.7a 14.8
1/2 PTBP 142a 143a 099a 1641.7a 15.6a 34a 14.2
PTBP 140a 14.4a 098a 1677.9a  153a 35a 15.4
B 4 i R (X 144a 145a 1.00a  1519.7a  16.3a 31a 14.6
1/2 PTBP 139a 139a 1.01a  15133a  15.4a 35a 15.2
PTBP 140a 139a 1.01a 14428a  153a 3.8a 14.4
i3k -5 NSy NS NS NS NS NS -
PTBP}f NS NS NS NS NS NS :
3 1188 X PTBP/iti NS NS NS NS NS NS -

B ATNAT 7y MENII5%KETHEEZSH Y (LSD)
INS : ST WV EREERL
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140

120

100

80

(mg/g FW?)

60

40

20

140

120

100

80

60

(mg/g FW)

40

20

53-2-11]

O AxR7suve—2=A
T a—A
(A) TG b2
W A7t

R PiE

e X 1/2 PTBP PTBP i A X 1/2 PTBP PTBP

(A) 20014, (B) 2003FECBITHARVREDAIO—A, FAa—R, TLJ F—REEIT
FETPTBPSEH O 2

FW : Yt
VIR REREE R T (A n=3, B;n=5)
IR BRTNLNT 7y MENZIES%KETEEZSH Y (LSD)
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(mg/g DW) (ing/g DW) (mg/g DW?)

(mg/g DW)

(mg/g DW)

30

20

10

20

15

10

40

30

20

10

10

(=T NS T A = A e ¢

20

15

10

i

O

N HE
g b b b. H T HB
J axa a a a a a4 a _}E a a
PZOS

a a @
a a a
o a
a a
Ca
a a a
a a a
ab b b
a a a
Mg
a
a a d
4 a a a - a i
i aa “iaa "|aa
&
4 5 X 1/2 PTBP PTBP i FH X 1/2 PTBP PTBP

#3228 20014EICHIT B A v OB E BIC KT T PTBPHE A DR &
DW : EHE
IR ERRE 27T (n=3)
SRARBTNT 7Ny NEICIES%KIECHEEZSH Y (LSD)
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% i3 PTBP i i o B2 x L. REODONZTEIITRMRE
% ® 1/2PTBP K & PTBP R »H £ h £ 18.9mg/g DW ¢

19.6mg/g DW T & #i | X ® 21.6mg/g DW iZ b ~, A

i
gl

MR o, L2, WERKTEROLERXIMEICZEITS

2
it

!
%2
&

bh ok, £, BEICEBIT D> ZT0M o EBERS S
BiZb, FLHERXBCERE» - ., &b, ¥, %,
HFTHZEThEFhos EBEERsEEICL, LERXMEOOEN
B b N, o T

% 3-2-3IZ 2003 B I BT B A om0 BB KT E EL

r

RiFE+ PTBP i H o g ®4, L7e. 0O NEEBEBITWHSRE

PTBP K 78 20.6mg/g DW T, # i X © 25.9mg/g DW |

r

bk R EFEBEZY RS R olk.EDO NGEITRKE:-1/2PTBP
X # 15.5mg/g DW T, # 8 A K © 13.5mg/g DW iZ tb X F
Bl mLE., £/, BWHE - PTBP X »# 10.5mg/g DW T,

Wi HX ® 14.1lmg/gDWIC A EBICHM AL L. RED

(1

N & BTk MBHE - PTBP K 10.2mg/g DW T, £ H K
» 12.3mg/lg DW K E_ABECHL L L. T, BHE
1/2PTBP X i 13.9mg/g DW T &t A X ® 12.0mg/g DW Z

b _fgFEH ML, i PTBP K TIiX 8.4mg/g DW & H

iy

wE A L., —F, M EEITRBT D E O MO EE R S

o
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(mg/g DW) (mng/g DW) (mg/g DW) (mg/g DW?)

(mg/g DW)

30

20

10

20

15

10

40

30

20

10

10

(=R ST N = e

20

15

10

b ab
4 a
a ‘ a
a a
TR
4 T X 1/2 PTBP PTBP B FH X 1/2 PTBP PTBP

#3-2-3  20034FIZ1T D A v OB Y& BICKIETPTBPIEA O &
DW : HiWHE
IR IR ERRE R R T (n=5)
IRILDTNT 7y MEICIISBKIETHEZH Y (LSD)
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ERHUOUBRBOZEZRXIRAbN 2N, # TH O NEE
R W E, BE © PTBP KR8 T £ 15.2, 13.5mg/g DW
<, M AKX ® 10.3,9.0mg/gDW KK X FEICHEML L.
P,0; & B X KRB E K ® 1/2PTBP K &£ PTBP R 2 T h T 1

10.5, 11.7mg/gDW & E i R K ® 6.5mg/g DW IZ Ikt X F K

[

WLk . EL,BBERK TS PTBP XK A 9.5mg/g DW T,
@ A K © 6.2mg/g DW K bk < F B CH ML L. K& &
Xk W E K o 1/2PTBP K & PTBP KM £ £ h 14.6,
18.5mg/g DW T, # i AKX ® 11.2mg/g DW {Z bt X F B I
wom L., £, WMEKTH 1/2PTBP K & PTBP K 28 £
nwEFEF N 15.6, 16.6mg/g DW T, # s H X ©® 12.1mg/g DW
il N AFERCHEMLE., Ca BRI RBMHAEKX®D® 1/2PTBP
X & PTBP E B * h £h 6.7, 8.4mg/g DW T, i AKX
D 5.9mg/lg DW K bk _FEECHEMLE., £, BE KX T
% 1/2PTBP X & PTBP R » £ 1 £+ 6.1,8.3mg/g DW T,
AKX DO 5.4mg/g DW K N F HEie#wmLik. —JF,
Mg & BEX PTBP i A K 282 W T holBXMHIZE
W T H 3D bR o T

£ 2. P~ PO RERERCRERETRER

®w 3.2.5F W b PEREEOREICKRIE T PTBP W A O
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#3258 b FREOMEICKIETPTBPHE M O
i PR 1K PTBP}iE i . RE 7 L
(g) (Brix : %) (%)
1=l A s AIX 102.7 a° 83a 0.73 a
1/2 PTBP 11242 7.8a 0.62 a
PTBP 110.7 a 8.0a 0.66 a
1011 ita A S fE A X 99.2a 8.6a 0.76 a
1/2 PTBP 108.1a 8.3a 0.64a
PTBP 97.8a 8.2a 0.66 a
NGk NS NS NS
PTBP}ifi A1 NS NS NS
J6i A [E] 4% X PTBPita ] NS NS NS

B BT INT 7~y MEIZIIS%KETHEEZH Y (LSD)

INS : ST L VFEBERL
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R

#op ok L. 1B REKIETREN 102.7~112.4g, H K
N 7.8~8.6% (Brix), A HBEITEN 0.62~0.73%, 10 [
O K T Ik B E AN 97.8~108.1g, HF K 28 8.2~ 8.6%( Brix),
A B EEN 0.64~0.76%D0 & W T, T XNToNERKH
B W T PTBP i A K 2 B IXIB DL QDo . =
=, 1 E A & 10@EHROBMIZS 2T H0 020 .
# 3-2-4 @I b FPREOT XL rBEEIITKIF
+ PTBP #i Al o 28 %27 L. 1 B EAREKITEEHDX O
28.1mg/100g FW IZ b ~ 1/2PTBP K, PTBP K » £ h £ i
34.3, 34.2mg/100g FW L F B i&HB ML . 108 #EMK T
M i A X ® 30.3mg/100g FW (& Wk X 1/2PTBP X, PTBP

K 28 % £h 35.4, 37.4mg/100g FW & F B i ¥ m L 7= .

— %K, 1HERE: 10E EHOFHICETETREBD LR H»

k=]

® 325 b~ b REOCY VB, F =B, VA
B o & BICkE T PITBP e Ao B2z L. VrBRE
BiX 10 B AR CEEMBX®O® 0.60mg/mi ik ~, PTBP
K 2 0.91mg/ml & FECHEMLAEZ. LaArL, 1 HEMHK
TRERX AL, £, 1EHERBRKLE 10 H E H

K o FEHICHLZEFTRD LN . 7 xrrkBREg§ 81X
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TARAINEEE (Mmg/100g FW?)

50

40

30

20

10

EMEFHX 1/2PTBP

#3-2-41%

PTBP iz 1/2 PTBP PTBP 1[=]56 A

b FREDOT X 3V U BE BICKIETPTBPEA D&
FW : FifEE

SRR TIERERRZE 7R T (n=5)

ARIQDTNT 73y MEICIRSHKHETHEZH Y (LSD)
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U > = (mg/ml)

Y B (mg/ml)

7 =B (mg/ml)

—
[\N]
1

(A)

e 2 e by

= o o =
L]
o

o
)

o

—
o

(o]

(C)

N
N oo
o

o
()

1[50t A 101 A W4y
EMRAX 12PTBP  PTBP )X 1/2PTBP PTBP 1BEREA 10 A

pr—

[

325 e REED (A) U, (B) FTUEE,  (C) U v I OE B KIFTPTBPHiFE 5
ZfERRIIAE HERE 2 2 R (n=5)
YRRDTNT 7Ny NEIZII5%KETHEEZHY (LSD)
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6.48~ 7.33mg/ml

b oA

® 0.66mg/ml T th ~, PTBP X »

L =. — 5,

H oo Joo.

b oo T

£ 7=,

. 0.74mg/ml &

oo T

ZER 1.

yvy I ME R TR

0.64mg/ml T ,

o #OE T,

1| M AKX &

TARTOoONERKMICE
1 B M A X T O E
0.83mg/ml & H & I
10H i AR CRALERMBICERTR D b
10 B fi B X o F ¥ %

1 [E e HIX 2B HFEIC

ArrvyoOAiEBFTLEREFECIERET ER

1

n i

Aa vyl EFEREELEICKEIFT PTBPE A © &2 2 13,

2003 FF W BT A R BHEHRXOER®RMBEBORA ,2001 12 B 1

H R B

L #X

BT o

RO

WE X

= A

m oM &

BWEX <« 1/2PTBP R D it /A o 8 W 2 B &, v ¢

™

BT

f& & & [

bR

I PTBP

b

tR

i

)i

=4

E

Iz

2

Al

bR oo T

3

)

7o

Iz

fo e & 2% v

&EBFE XL b B

&

D A& F KR

B

&

iz ® 2=

i PTBP Hi

5, 2001 £

oo E | R

, 2003 4 o X B HEH X TIT PTBP i A I X v &

n a5 & W

-

2

K *x o @Emb Hrobh .
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b
o

=N
s
&

o
s

2001

o~

&

|

>

A2 2001 4 BN A MEMEMERLZN,2003

OB M IE AL o e AR D (1974) 43 3K

B 5 H~9 Ale»riyTI W riomBL, B &L

J 4 F& &I 8, 9H M MAMN, #HE=ETIE 5, 6, 7

BnENRLENLAEYD T &2@®EL TS, K

2001 E 12 1% 8/30~ 11/19 247 b+, | B b # » &

M TCTRENEWEH®S ©H -~ 7o ix L, 2003 4

F OB A 6/23~9/15 ¢ [ B E WEYE - . K

B A2EHEEEOBEBITAHAKS (1974) 0 H F

T HH, EH oE VN PTBP M A % BB E L T

ERNEFE O ND . B, 2003 BB BH A v D

BEMLEMN 2000 & XV #EHL T Wk, EH 5

Flclk XxmBEH LY, L IICHEEZEND 2001 F

%

mo e T ERNREEE X LR D

MO R 4 T IX 2001 £ 2 2003 F k2 b IR EICTEB W T ER

W &

T

T

X

[

D

ycA

o

T PTBPHME i K W NEE OBV BXED L L,2003
WH - PTBP XK T b ® A L. £, th TH T
A LTI WTSH N, P05, K, Ca ® & & % I
7. T h X, PTBP Jigt A ix A v ¥ o % # &k 4 © % i

B E g B2+ 5 AL TWD. &BHIZ, PTBP
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WA X 2003 FE 0O E K T A NG E %

o

bW AL, ZThiz, 2 i@V TH
W PTBP i R R Lt EME BERLT
L TWw 5.
EHR 2. P~ T OREERELRET B E
K (1978) B EAGRME A E b < b iC
PR EHROT RaAE RS EMNENL
TWwWd . RERICE W TS PTBP s A ix b
N rvriEEREEBEONSE L (E 3-2-4K).
BT P~ bPOoRERTO 1 DTHDYHY (FHE
PTBP i A b~ b @ EMLEICHEHTDH
5. S bz, EHEL (2003) T # & L& ;L&

A wW, PTBP i & PTBP fg i /5 & @ & v 2

f

mMERCERETREE KRS L, 1 B A CHE

|

10 B g A T BEELET7T Ra vy »ryiggdg&H»n

L, WHFFEOE W KXY PTBP MW A © 3 &

L E#HELTWS. LaL, KEBRTIE 1H

HE b7 A2y yBE5E OB NN L

iiih
HBEDOEWIIDIPEZRIRRDbNE N - . —
BE

>}

77

e
™
o

1 # & R

DT R

A =2 ) B

, 19840b)

SAENR2E-

» kR L

om L -

»OE R D

MR, 10

ho, HE A

* E,

, B M B & EIC PTBP g H B8 X OB FiE OE WIZ
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b3
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(1
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A

LA

X 1B

fit 2

@

by
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2

Q)

[

v B,

=7
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-

%

A

WA A3

n o 7=

#

B
o

B

iy

(

(% 3-2-5F). ¥ 7=,

= b B

S o4 Bk ¥+ PTBP

2003) 2 1| e H X © /v = o @

T EY)ryIMEENE LT

B
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5. L»L, XZFEBRTIE 1

Y, 10\ AR TRY Vv E E

X)), R 2222 M@Em %z LK.

(2003) X PTBP ft H o &

REtEBwEYwZ2HY, 4

W% L, R FEBR CTIXM L

L™ HF 2 bh b

YO EE B I WVMN~ b T

7ot E B

r
A
S

R

D, K E 8 T PTBP #E H

e h B .

E b bR L TR B E

CRETREREEBRE L.



fLO& FF B M OB I3 8 2 ¥ L R B i PTBP % fit 3 L 7 .

A8 T E 20014 & 20034 o 2@ R % 1T » /- .PTBP

MR EFE LS E IS L, 2001 £ L 2003 £ TR AL B
BBy LI T 72 b b, 2001 %X PTBP g A 12 & v 4

BORE SN E NN S BEE N RS R R, 2003 &

Vi

S

o}

DS NEE O MIETRD SN Do . o
ik R B B M A 2001 X 8/30~ 11/19 & b o#E B9 IS B H T
2003 F TIF 6/23~9/15 & HE M Th o 2 L BN EIZE L

TW3 E&E X bNM . £/, PTBP i B 12 £ 8 & 4

il
e
A

2001 %, 2003 £ L b IR ED NEE®XR L & ¥, # F
B T N, P,05;, K, Ca O & B %2 # 0 x % 7 . X - T,

PTBP Jii Al iZ 2 v v © BEER S OB B L 0% |

r

% B
T A B E k. & 5T, PTBP M A I 2003 & o i
HX TO AL NERZELZCBL TCHRL &%, 8 18 &
M #ICPTBPHE H D RiC t M WMAEY O EERE 2 b h - |

P~ F T PTBP M M % 1@ & L < I 10@ i 4 %5 L <
T, lBHFEOESBRHFLE. PTBP A X 7 2 = 4
EryBREEEEMESE L. LAL, BAFEOEWIC L

DERBODL N o S bz, BRE, OEE, HEm®

o
fAm
gl

W PTBP i fl 6 X O A H B D & Wic & 3 & 58 3
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b Ao . — K, 1 B jg H K TV v e &5,
lolﬁlﬁﬁ)ﬁﬁi'{."ﬁiu‘/%ﬁﬁ-ﬂi%a‘m%’ntﬁﬂub,ﬁtﬂé{*ﬁ
m % R~ L .
mJ:atU,PTBPﬁhrﬁﬂi:t;ﬁuywﬁfﬁisJ:Ufbv}w?)?
AANE CrBREBEMMICHEY L - /- . S HhiL, Fop e
EAER, WAEFE Ly RAEY, I W o fE W Tk Ao

OB E LA BB SR B
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o4 E W JEM H M E (Rhodobacter sphaeroides)

RN LEBREDBICIRET ER

e
i

FHY MBS REED, tBCE 2221 (1) &8
OB CRETHEHNDR, (2) BEEBHEHZ LICLD
tZHH R, (3) BEHDR, (4) FHEHLETOLONF
SFBYDESCHMED Y S WT I ABYEC XD EEBND
B, (5) A#AMEDLIHE N T2 LicXd2BEDLN DR
»EZ LN D (B O, 1992a). &b, ZTh b o RIiT

mEFE M er2r0o® TCLEBEREMDBZEE T D (

&
O

1992a ;
WA « KP, 1995; W K 5, 1996). 8 3 E T F & v L »
Vol An veEfER LKL ERT PTBP M H D ENRKREHE

X & BB XK TR AL PTBP M A % R £ B &EH » B K

C
~A
<
¥
[y

E 53 L. LEMWNo- T, %~ PTBP % Ji

H
-
o
N
o

BT, TEBMAEYHEHOEILLETRET D Z
R EETH D LEEZ DN D.

T, AEBRTRER I &L THIXRE L8 oOMKAE

ks
=

M ickRIETRE, EBR 2L LT 3MHEHERER? LB
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wmAEBMBEICERETESE, EBR 3E& L THEMABEROOEWHR

tEMEDHICRETREEZ T T BREL L.

ME R X O FIE

Lo JE W B M E (Rhodobacter sphaeroides) X ° NR3’
L, H2ECTCHMEL L PTBP # M W 2.
ER 1. BERELBoHMEDHIIRETRBE
HRHEHIEEZ L LA T VYYD "N =D =T
(20004 ) & ==Y JF " BY /M FE’ (2000 F) %,
M LLT=vvy "“"X_=2%1 vy F’ (2000 F) & »Y
B A4 a3 Ly FF oy 4 AT (2000 F) B, RE L L

T k= ‘WA KFE 25 (2000 F) L A nw vy wF

14

L'y K7 (2001 %, 2003 ) A Wi, BEHHEE LT
e EETENNEFNRE 4-1 KRR LEEMHF T, AU L
vy, o aw Y F, =Y, NY HE AL a8 XU L
< b X N % (NH,)2S0, & Ca(NO3;),4H,0,P,05; &% KH,PO,,
K,0 # KCIl, CaO # Ca(NOj3),* 4H,0, MgO % MgSO,* 7H,;0
R w Tl B ULE. AR Y TIiE N%(NHy SO, T A L,

S KRKEAT Z1EB LW 25 ((K) KEIWRLE) 2 H
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#4-1%  HREYOHIERER X U5 HA R

A MEAEE (N:P,04:K,0:Ca0:MgO) S AT
(kg/10a)

ARV 20:20:20:20:5 2000/11/4 ~ 1/13
20:20:20:20:5 2001/3/6 ~ 5/5
20:20:20:20:5 2001/7/23 ~10/1

a<wyr 15:15:15:18:5 2000/11/13 ~ 2/1
15:15:15:18:5 2001/7/10 ~ 9/3
15:15:15:18:5 2001/10/5 ~ 12/3

N 10:3:20:10:1.5 + J& Bz 2000/11/25 ~ 7/ 2

NI EAL 3 10:10:10:20:5 + RAE- 2000/12/30 ~ 3/9

k= k 25:8:45:20:5 + & E: 2000/10/26 ~ 6/18

0.25gN/7R v b + HRAE?
0.25gN/R v b + ke

Aoy 0.25g N/AR > b + iR
0.25:0.03:0.07:0.01:0.006g/ > b + HHE~

2001/11/6 ~ 5/22
2002/ 8/26 ~ 12/ 4

2001/ 8/30 ~ 11/13-19
2003/ 6/23 ~ 9/10-15

#BJE & L CHoagland{# % i i fite FA
YRBND A1 B+ RENT R25, 50085 K % & ki A
RKIFAND R LB+ RBENT R2F, AT 1AL % E e
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W, 2001 £ X N: P,05: K,0: CaO: MgO =210: 80: 270 :
230 : 40ppm O M, 2003 £ T X N: P,05: K;0: CaO :
MgO = 260: 120 : 405 : 230: 60ppm (A& K 1 B i) O
mEeE<T, FhEfn#EKiHALLEZ. v Lryrryydasy
T 1R H Y 4 EE T 3 rHIA b, =Y AN
Y FE A 2T 1RV 3RNESE T 4rFHIR Yy FEL,
HWEER 2T VWVEEKBIZCZENRETNR 3 K/IF v b, 4 %/
Ry b L., A ryE b FEFER 9Gm B Y =LKy
P~ R LEEGR, A rix 9 B FESK, b~ b
1/2000a UV 7 X VR v PZEMWELZ. FFEIEXTHAD LY
vEkaw Y FRERTIITAATZAAN (RE : 20£3C, H
KRHEX) T, =, NV HZHE AL, ¥ bMEHIT A
N AN T,A B ryXEIvev=nr " ZXANTENLENLIT > K.
M XX PTBP %2 i H L 22 WEKAR LAY LYy Y o,
aw Yt , =2V N E AL aTCTRERIEONEOD 20%
L 40%% & & PTBP % i I L 7= PTBP20% X, PTBP40% K
» 2 KEF, b bFTiEATEDO NEDO 10%L 20%% & T
PTBP % fis A L 7z PTBP10% KX , PTBP20% KX ®» 2 K % , X*
n » Tk PTBPl1.25g & 2.5g % #i A L 7= 1/2PTBP R ¢&

PTBP K ® 2 K % , X + 8 0o R B E XK ! BRERXK % hn £
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2
ﬁuu

X 7 F 6B X F o &L L. 2B, PTBP i & i3 &
7 v v Y 7 (PTBP20% KX : 0.8g/4& v I, PTBP40% X : 1.6g/
Ry b)), =Y F (PTBP20%X : 0.56g/& v F, PTBP40%
K :1.12g/® v b ), = v ¥ v (PTBP20%KX : 0.4g/K v b,
PTBP40% X : 0.8g/&® v b ), NV H % A4 a2 (PTBP20%
X : 0.4g/® v b+, PTBP40% KX : 0.8g/& v b+ ), F = bk
(PTBP10% KX : 1.25g/4& » b, PTBP20%K : 2.5g/&K v )
T H - 7.

BEKRKRTRHIC, s v UL ryryv, a<=yYF, =2 v,
N BT AT rERy PROLEEELILSEREELEDL O,
b e A vy TCRER 2cm, R »DLHEZ 10cm £ T
O+t EE 45 FH/IKy PERL, E<EALEZL O 15g %
Th 2R, T EBREDHOMEZAHRFERISEOCME,
-1992; B OF, 1992 ; H M, 1992) T - . KR WKREHI o
— ANV AT NALVBEREH, BBERE LBEIXT ALV I EX
B TR &R L, BHHOL 2.

EB 2. 3EHMEREEHASN LI HEBREDHCRET BB

ER 12T olFx v bryuouda<sY KB L 82 H

!

W, EhHhiEERNRFN 2 HEHRKL T PTBP % i A L, & 3

p={1t

B (& v v ¥ Y v : 2000/11/4~ 1/13, 2001/3/6~ 5/5,
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2001/7/23~10/1, = = > JF : 2000/11/13~ 2/1, 2001/7/10
~ 9/3, 2001/10/5~12/3) ¥ %17 » 7= (% 4-1 ). #
., LB X IO EMED H OB EFERT, ER 1
LTI, B, EREKTHRIZLIHEPZTE E L D
T OESORE M X, WA ARMBRY P TRV E.

£R 3. RAERZ OB VWA T EBAEDHCRETES

R /EW X 2000 F (E B 1) & 2001 #1X b~ b °
hkFE 25 E, 2002 F X b= b ‘AR vH R EH
W7o iR - X 2000 F & 2001 F X B BUKR F O MR o BF
v —OWEMBIUOBED A — I L — T TR
B E (121C, 20min) LW E®E, 20028 TIX R B!
KERFHMHBBERS OM £ 82 B8 vz T 2001 & &
2002 4 T iX¥ Hoagland # (N : P,05: K,0: CaO: MgO :
Fe,O3;: B: Mn: Cu: Mo: Zn =210.0: 71.0: 282.0: 280.0 :
88.0: 8.6: 0.5: 0.5: 0.02: 0.02: 0.05mg/1) ( Hoagland -
Arnon, 1938) 400ml/® v F % 5 H&E I M+ 2 2 & iC &
D 17T o 2. kB, & K EHMIXT 2000/10/26~ 6/18,
2001/11/6~ 5/22, 2002/8/26~ 12/4 T & o 1= (8 4-1 % ).
oK jL 2001 £ L 2002 F T EBR I L R & DO PTBP

(PTBP10%KX : 1.25g, PTBP20%IX : 2.5g) % 10 H & I
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10 B 4 THe A L ®ERRK2®RTE. £, &g
A X i PTBP2.5g & £ %52 N #& %, PTBPI10%X T X
PTBP1.25g I & £ 15 N & %, T £ i (NHy),804 T [
BB L Tl L. B, 2002 CiIxAsLEET S
#HETFTOELERLERRIT L.

Fh ZTh o BT HICERILICELD T, ERRMED
o W oE E AR FRE (K, 1992; F F, 1992; # H ,

1992) T IT » 7= .

E£R 1. BERBE LB oM EDHICKE T B

% 4-2 K, % 4-3 K, B 44K ETh T PTBP % Jii H
Leds v byryglbka<syt, =P renyhfqga
Y, b bt Ao e LBicR T 2K KE, KBHE,

MOE % A2 R L . PTBP i A 13 £ g A K 2 b =, R WKBE K

DEY LvyryYy, =Py, NYHBFEAL a3y, b= b
BW THAWRKEHKL2HFERCHEMMDEZYEY, 0B RE~NY H &

4 =2 % B £ ,PTBP40% X T L v B % /° - /= . % /= ,PTBP

=
3
s
i
N

vk b bhTCTERBEREKIZCE WT S KRB K

A BICHE NS Y RE. —F, 2=y T, A (2001 4%,
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#4.25% PIBPEMA LIzAw Ly Y e awy g HEICRIT 200K, KRS, MEE

sk AEY A3k -1 AL KIRE L FRR R ER B
(x102/g#zt) (X108/g 1) (X103/g #z1)
ALY w RKEHE 4 e R (X 3.0 b2 0.8b 26a
PTBP20% 10.0 a 30a 0.7a
PTBP40% 12.3a 1.1b 15a
WA 9 56 A X 3.0b 0.1b 0.1a
PTBP20% 7.4 ab 1.3ab 0.2a
PTBP40% 7.0 ab 31a 09a
g NS NS *
ALFE ok * NS
R X NS * NS
a-w Y FIE It A X 3.1ab l4c 2.1a
PTBP20% 32a 26D 2.7a
PTBP40% 2.6 ab 2.6b 20a
W 4556 FA X 03¢ 12¢ 09a
PTBP20% 1.2 bc 3.1 ab 1.6a
PTBP40% 1.6 abc 38a 0.6a
A g ok NS *
LR NS ok NS
a4l x NS NS NS

BB TNT 7y MR WRIEY O LB X MIC5%KETHEZH Y (LSD)
INS, *, ®% HESPICX Y, BEELL, 5%, 1%KETHEEZSHV
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A3k PIBPEZHif Liz= P b hF 4 a BRI 2 RKE, BRE, MEK

P—— e pre
BeptfEs BB s ok BRER W
(X102/gd1t) (X108/gkit) (x103/g#zt)
A R 4%t FA X 3.2b7 3.7a 50a
PTBP20% 4.8 ab 35a 48a
PTBP40% 53a 41a 39a
A 9 i R X 35b 34a 52a
PTBP20% 3.3b 3.1a 41a
PTBP40% 54a 33a 35a
i g = NS NS NS
AR * NS NS
a8 x o NS NS NS
NI AFA a2y RBHE 45t A X 05¢ 15b 47a
PTBP20% 22a 35a 2.3bc
PTBP40% 1.1b 39a 2.7 abc
BE S FH X 01c 1.3b 4.1 ab
PTBP20% 0.1c 32a ldc
PTBP40% 0.2¢ 41a 20c
(i e Fok NS NS
ALE ek ok *ok

it X oK NS NS

BB TNVT 7y MENIEEHRED O LB RMIC 5% Kk ETEEZH Y (LSD)
INS, *, ®k . SEOHICED, BAEERL, 5%, 1%KETEEEHY
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#4-4% PTBPEMFA L7- b~ b & A m g HEickit 20008, KRS, MEK

J—

P ey oS
sk Heat 4358 s ke MR AR
(X102/g#zt) (X103/gwat) (X103/g#nt)
L= b R 4B it P X 2.7 ¢z 1.3b 75a
PTBP10% 4.6 abc 14b 7.8a
PTBP20% 70a 28a 8.3a
R 4 5t FH X 3.2be 1.5b 7.7 a
PTBP10% 5.4 ab 2.0 ab 7.5a
PTBP20% 6.1a 2.0 ab 7.4a
ek -1 NS NS NS
AR sk * NS
B3 x o NS NS NS
Amy (20014)  RIBHE 9 i A X 148 a 3.3b 23a
1/2PTBP 11.6a 6.6 a 3.4a
PTBP 17.4a 39a 21a
W A X 159a 29b 2.6a
1/2PTBP 16.2a 35b 23a
PTBP 11.7a 2.6b 23a
Bk B NS sk NS
ALEE NS * NS
fiE 4 < ap NS NS NS
Ay (20038) REHE 4 itk A X 2.0a 2.4bc 16a
1/2PTBP 43a 2.8b 09a
PTBP l4a 29b 12a
BE EHEA X 17a 1.7¢ 1.7a
1/2PTBP 27a 2.6 bc 22a
PTBP 4.7 a 4.0 a 1.0a
315 NS NS NS
AL NS Kok NS
i tE x A NS * NS

BB T AT 7Ny MEIIIE®RAEY O LK I 5%KETHEEZH Y (LSD)
INS, *, ®k: SESWICEDY, BEERL, 5%, 1%KETEEEHD
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2003 ) TIX PTBP fEa i X 2 R REK~DREITH DL

nhthot. &b I, PTBPEA RRKRRBRER OAFA UV LV Y

v, o aw Y F, NP A AL =ary, kv b, *wr¥ (2001

BWCHBEKRK*FEIHE NS E 2. £/, PTBP

gl
p—
w

B vy o, a<=>F, NV AT A4 a3 TR

BWTH, A 8a v (2003 ) THREBRARKXH T,

¥ OB O
™
[

BmE A I CWEMNMEYERE. —F, =¥ ¥y Tit PTBP

&
&

CEAHBBEHR~DOEBIAZLANRDN- . #BEK

EANY A F AL 3 TOHR, RBREK L BERKT PTBP i

i v HFEIED L L.

EB 2. 3HEHEEREAS T EREDHEICRIETREE
#® 4-1 K & % 4-2 WicZz h T h PTBP # 3 {EH & i i

HLE&AT LYy Y tawY FrqELBEICRIT 5

=

A
Mo#BERLE., AREHEITFAYV VY Y U ORBEK
W B W T 1H B T PTBP20% KX & PTBP40% KX » A H (& # N
LR, 2 BEUBRCTCRERLERBOZNEL 2o . &
2, WERKCTIX 1 @B, 2BA & LERKMICETE» -
72, 3B B T PTBP40ORR B HF B ®MWMLEL. —JF, =
< Y F T PTBP M AIC X 2 ZiFH 00 2o .

BB EHERITFYL Y Y 9O RBERK, BERX &b I

r
[y
i
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RIKE e

’_ﬁ

e 15 o

o ab
S 10

= a

5 b
K

N

BREHK (10%/g8t)

[\

(o]

o

WES (103g 1)

1= H 2[EH 3[EH 151 H 2|l B 3ElH

#4-1X PTBPZ3VEHIEEMER LizA w7 Lo Y TEEE T3 31T AWM DR
O : EMMAX, M :PTBP10%X, A :PTBP20%X

R DBTNT 7y MBS R LRI BT 2 ZBREIEE O
SR KN 5% K ETHEZH Y (LSD)
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SRRESK (107g L)

g s (10%gEL)

WiEH% (103/g L)

15
10
5 % %
O_ I i i i I
8 a
a ab
a ab a
ar = Io : a b
45 b b
oL—b : : . b : ; —
6
4
’ v
ol ) : %/‘

1[5 H 2[E H 3 H 18 H 2[E 3lElH

#5420 PTBPZMEHIEEEIER Uiz == Y s LB BT 2 WED T OHS

O : EjHAIX, M : PTBP20%X, A :PTBP20%X
B BT NT 7y FEICIEAMER RIS T 2 REREIEKEF O
MR 5% KIETEEZH Y (LSD)
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5 o<

PTBP40% X 2% % Jii I X i kb N F E 2 E W L = .

PTBP40% X 72 |

TR RERBERKRKICE T

A3

womvu =

PTBP20% X & PTBP40% X 7% ,

==
=

A

=

g B

o

3

W

a3

2 B B BB

1 B B T PTBP20% KX &

T X

PTBP20% X &

a < v

PTBP40%

2 B H LB TIiX PTBP40%BKX M &g A K I b N F B I

1 m

w X

it

(R}

TR T 0 M B X E T OE X

¥ £,

L 7= .

BE KB WTIX

1 | B &

2 B B T

3E B Tk PTBP40BKX 2 &

MEHZRITAY Ly Y oW T 2HEHB T

ZiXH b N R o, &

AEEZE~NFEBERBS LN,

=

r—
-

W bR o T

a < Y r R

3. RARBKOE WA LHEMAEADH IRE T BB

4-3

A L =

wom L =

2 7= .

(]

K & 8 4-4 K ITF N Fhn

PTBP %

ModE o, M E ¥ A R L e

W Mk b~ b RED

1

yip)

I

PTBP20% X

, 10 | HE A KX T i

OB K

A

b= b OB

pu!

w

PTBP20% X M # Ji
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P b B WM EE L N b

o+ E o
» O bE A
HEXMHIC
o+ 8 o
H

X iz bk

+ %

# b

X iz

7 13
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1 B B X T

B
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10

RRE (107gEt)

BogE (103 /g8t)

10

HE (10°/g L)

R P

1[=] 10[e] 1[a] 10[=]

#4-3% PTBPZ1EFIB L OMO0EIMEMR Lz b~ MRISWM I 20006, HRE, M@k

O : &EMEA X, E: PTBP10%[X, B : PTBP20%[X
B BT IVT 7y MENIZE R LI RT 2 &M 5 O AR X T 5%/K BT
BEZHYH (LSD)
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SRIREE (103/g D)

BREE 104g8t)

20

1.0

0.5 |

AEHK (105/g L)

1[=] 10[=]

%4-4% PTBP#1EIB X ON0EGEH L7z b~ bEE LRI 2008, HRE, ME
O : EEHIX, B : PTBP10%X, @ : PTBP20%X
BRI BTNT 7y NEICIZ5%KETHEEZSHY (LSD)
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muiied, ThUsto T XA TOoOLABRXBTERTARDLMR

o le. MEHRIIRNTOLEBRMBEATEEITRD b LR MH»

k=]

ol . —F, b= FPHEFELEICE T D2RKRE, KKHEH,

# W #Hilc PTBP e Hic X 2 &1, Wihoot®#ERXTYH

[}

B DR o T

EBR 1. BEXREBFELITROBAEDHICERET T &

vtk (1978) 1IX b= Pl BWT HRERME A3 3

EWmH R X LEH L BHRE/RRE OB E XL, KK

BEHEABENT 2 EEHFREL TS, KERIZEBWT

PTBP i Al 1o X 9V £ i R ICk X,2 <Y F & Ao v g

T TR BABRBEREOEMBIB DL, ACRERLE L .

J

Rba. capsulatus D E K 7 I J BT 7 7 =vioAvyron
5 B % % < & %A (Kobayashi &, 1967b), & b 2, & #

(1978) X Rba. sphaeroides ‘S B’ B 7 3 = v, 7V

v, TAXNSIEX U rEBERBIOIILVEZI VOBOEER S L
S EHELTWVWSE. Lo T, KEBRIZEBIT A PTBP
Wi B kX A HMBEE O MIXZ,PTBP IS T 37 5 = v &
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B T X 2 < &)

HREBIEREBE M ELZEMDEYE, 72235 %
VE I U BOBYEYET I BN LS O R WRE R

o ®

ToH5m@E»H L5 LrHmELTWNWS. ko T, K

¥ 7T 5 PTBP M H i X 2 R IR & $ o 8 i, PTBP

™

DT AR X UBE TNV I VB KB LN E

LE X v ,PTBP J& A i + B M A %W P T % KB & &
B EEMNMIEDZLEBHALNE RS, L T,

BB LOKBEEE MIEX PTBP @ 7

14
.

B MRk A B

DEEFEBZOLONLE. BT, EFHRAE EEMAEY OB M

BiEHICED B2 ZLERHLNE RS .

m

RBR 2. 3 BERS LT HEBEDH CRIET B

XBAEKXK LB ERKXK T PTBP % 3 /E 8 ¥ & i A 4+ 2
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v

)

,PTBP X MM B B K 2 MW S 25 H8Y &M T Hh 5

~BMT 2, BHHEHFEBESHENT D

S N o= R W < B D 7

YU, axy Fl bl EBRE BN EE AR TR
Z B LE (F 4-1 K, £ 4-2K). = 0 fF & i,
1 TR Y 6 = PTBP i I X 2 ik % & % o #5 %
,PTBP Jii Fl # B 04T 9 L R S 5 Z & &5 L

5. /AR O (1978) 1T % A Rk M TP o KR

IS
O
gl
fxs

S A TEEZE L LTHBTE S

W 3. kK o T, PTBP ® i i

<
&
i
&
&
i
i
s
R¥
ik
3
2l

TEHOHBELTHE~HRHEL TN B LE

DN
o
(Y
M

R T

[
e

L TWwWad. #EBS (1996) X 7 v v

\Ji
>

B Y %

(v
N
R]¥
4
o
-
~A

Z L T, WL & BBEICT

pas
=

Yoo £ F IR

R
R
ot

BEREDHEE2PERT 2058225 H, /oL 5 8
W oWmMIic k2 54 a9 MY o4+ FREICBHBE®

E LR LTYwWD . b

™
Ny
0
<
N
=
E
Ny

i
®RF
)
J
&
i
B
c*
i
=
e
&

DEHBEODZEDLLEbBHERL WS, Lo T, &

M

BB PTBP s Hic & 2 M E Ho#HE ML, & 3

it

B b PTBP B Hic X 28 v Loy y vl o=y 5

o

EICHEBHICFEFS L, b, tHEo#HEHO
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%
-

ey
<

LA

(S

78

L

4-2 ¥ ), fit

+

Wl L R o E e, ARE KR OEB T

BMfE L T W3 zZoeRnEZLLILS.

kR E % o H#H BT PTBP i Hic L v &x v L v v

BHX-1HEBEBRSIXUVRBERK -3HABRREDS AL R

vV P T RAOBXMBIRCEERARDD BN T (B 4-1

:m!l

TEW i L v B 73 BB L L A

[y

MEH TR Y VY vo 2HEHHB PTBP i A T B

ST EMNR D LN T ,PTBP i H 2 M & & o &

W ,PTBP @ 3 {E #f

R

MeME ORI Rk B OE B & 8o

el

k=111

Wi XKW BB L, MERICRIET EZ X

H_

& DB ST
HEREHROEWS THEHBEDBITRIET BB
BIZBT D2 HAREHEBBLIOABRER I RRKRE R

H & PTBP: 1 [8 i A X A £ i H K I b ~ 8 i L

S, 10 M AKX THEENAEDLNUR Do (B 4-3X1).

fE R IX, PTBP o B IX i A F i 0 & Wi L v, R % &

S L VB BRBEBECRETREREMNRE 2, 1 B KA R K

BB ILUHBBREEZENIY I EDIAED T H 5 =
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LR L CWwAd. 10@E A KICE W T PTBP i i 0% &
AL BN o ko, PTBP © 1 H © fi H & 2
PTBP20% X ,PTBP40% X T % #L £ h 0.125,0.25g T & v ,
wRESN DR EIERERREOD—-2THDI>2LEEZXLLNLDS.
£ -, WLtk T PTBP i A i X 2 % KRB &, H#K
B, MAEAHRCERETEZT, WThol#EKIZE T
b RO ORI No ., —RIIZ, METEROMED B TD
HEHEiIc AL WMEDHBEHHDIEVESZ XL DN D.
L o T, MR \WT PTBP i A %2 17\ = 8 & ¥
D&k EATSIICIE, XYV E£ED PTBP 2 AT 2 & B
N hHdHEHE 2 LMD

Bk kv, PTBP Mi i A F 0 & WIC &Y, A RE
BB IOOBEBBERICKAETTEBILRLRD LRSS L.
e, TOEWIIE 1EHEZEMT S5 PTBP ®© & 2 B 4K L T
WpIZEREFE XL, &b, M+t BTk PTBP M A
s EBIALALT, Thix, MLEEOHMEY N EE

HhanEdEwvwo EeERPERFLTWSBD EEZLNLIR.
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PTBP i 2 LM AR ETER2EZ, UTO
D EBREAITVHRHELE.

EBR 1 THE SISV Yy Y, a<wY F, =Ty, N
A4 a2 vy, b=k, 2uorizfgRA L, #HERE LG
EHMMHICRETEBRB LR LEZ. £OFEK, PITBP J
FV T EBAED P CTCARBER L BARAEHIEN T D

WH b hE o, LT, %I

>k
BB
of
#r

OB E D

™
e
g
)-a
ws}
Lo
N
\,\l
14
A
=
[
=
>
XKD
g
—
~
<

5 L% 2 b

EH I, TOoOEMRIEBEED KLY B DS ZLEMN

v LD S N

b

By 2 Tl A v Ly ywEa<=wy iR L, 3#E

=

A T EMEH AT TREEB TR L. £

i

,PTBP @ 3 {E B E & g HiX 2 >0 #RAMEY R B +

BWITHBE X ZHEMT 22 &0 HLMNE o .

%
p=n
B
S
=3

B PTBP g i X v A" vl vy uy

N HE LR TR, a<wY FTREIERD LT, #

rm!l

D EWIZ XYW RRDZZEL T EN K.

ER 3ITHBEEHYWHOE WM~ bz g L, B#B

VM BB W T 1T EY L 10 E 24 B A L, e

s
S
fiof
.
H_
g

WMEB AT T REEZRAE L L. X
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B 5 E RRIOIRXNEEFHETTCHELEZEa<Y F o0
A2 F LM BE K RIET LA FERSE W E

(Rhodobacter sphaeroieds) i il ® ¥ &

B
i

EY OEELEFTFREEZERO - > Th s KERHEY O
B F Ik~ R B 2 RE TN AL KL T WD
( Schopfer, 1966; Bienger* Schopfer, 1970; Warrington -
Mitchell, 1976 ; Shigeoka & , 1979 ; #& H &, 1990; 1991 ;
1992 ; & - ME, 1991 ; & @ - W MW, 1993 ; & U 5,

2001) . KB X T b EBIXFAROBAENEFEC X T

o
R

FlCHENERY, KRB OEENZT 0N L5

W

#i & b

T 5 2 & (

fak
=

5, 2001). £ /-, HF & B 0 &

o

B

2K &ECHOHE &b ZEBAE, B HIFEE—

it
<
p;

<
THEERKRICHE ML, R oBH AT O ERBSHE T
T ks mbon T WS (A LE, 2002). £ O

Boo NI R, B

N\
\

7, mET NI T AT VT,

A EZ N T A K 7, mAHATEMNH WL N T E . @

N

£, BT 44— F (LLF, LED) ® #F % B & 28 # &,
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i

Y B O % f LED P kBB LZMIC A FHRELZDD, E®

HECHNHBENL TWBH. £, LED DO XTI HAXTHEY

5

i

X EoMEBEORMNZIT Y BK L LTHEL TR, BA

syl

Hwbh TWwad (A -8, 1994; L b, 1995; Yanagi
, 1996; A H &, 1997; Duong & , 2000; # A b, 2002).

5 (1996) T v % AW IBWT LED OF A 200-7F &

B0%E & TEVE K Z W E N M LELEHRELTWBS.,

L

%

[1]

L, BEHCERETLEAFERBMEREMADRCHET
BEEERNOEEBIC DWW TRHRE S TWHRW,

T, AWETCETHXIR &L LT LED Z W, <Y F
A F L BRECRETHAQIEMAEMEEHTAHDR T T D

Ho g8 +HRIT L L.

MoE B KT T

WO FE AWK H M BE (Rhodobacter sphaeroides) X ° NR3’
L, B 2= cfi®&A L L PTBP & H W 1z .
LED X W% B LED % v A 5 & (FHF & : MIL-B18 ; t

s W B 470nm, 7% & : MIL-R18; ¥* — 7 # £ 660nm, (¥ )

EEW AL XAT 4 W) EHWE. XBRHERZ LV — A

101



( MIL-U200; 7 L — A % A4 X : B 170X B 1T 263 X% X
78mm, () =Z B B S 4 4 27T « W) O XK
360 8 @ LED # B @ L 72 (% 5-1 & ).

* H E& B, H6a6F¥A 4 — Fo0oHho#H B 1000 K
(PPFD : 30~35u mol s' m™?), & ¥ A4 — F0DH R
5 100%X (PPFD : 35~40u mol s ' m'?), B & 0" # & ¥
A A= F 72 &L FfR@F¥ A A4 — F 288 % MaHA b H
f 20%-7% €& 80% KX (PPFD : 30~35u mol s'' m'?) @ 3 K
& L .

PTBP fii | X PTBP(0.1g/1) % » A K I |Z 10% Hoagland
@ ( Hoagland* Arnon, 1938) & A i@ R B & ER T 5
T L X VI o .10% Hoagland # ® # Ak X ( N: 21.0mg/l,
P,Os: 7.1mg/l, K,O0: 28.2mg/l, CaO : 28.0mg/l, MgO :
8.8mg/l, FeO0;3: 0.86mg/l, B: 0.05mg/l, Mn: 0.05mg/l,
Cu: 0.002mg/l, Mo : 0.002mg/l, Zn: 0.005mg/l) T &
o> Jc . M X X 10% Hoagland # ® & & LU 72 . E B L ¥ &
BEWRMAFEBRMHTEEE 2 — 0B E®DE2AHY, B 9cm
Br=nHy bicHEL .

a2 =Y F CE BV ABRE B 3RT 2 3y FIR Yy bIE

fi L, WFEHIC3IK/Fy PERBESIEME &L, V=
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Jr—gsssss
@ OOOOOO
1 =d2ee55g« i =
[T 71—
. T\ . LED

/(

&/\ﬁ/\g/\%l

il

/\ /\ /\ — ANIXR&R=E

#5-1K WFSRFLEDRIR Y A5 A% B\ 72 3Bk X O HLIE
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Jv

%

Ey

VA

%

%

e

&

AN TEHEEH LEZ. KE 3KHEBERBBERBRIZEE?Z 20C

WO L 2 AT R &£ ® (KP-10, (&) /2 8 4 57 )

L, LED &4 # (B E : 14h) B X ¢ PTBP g A %2 21

Tole., EERITH 4T, HERTEICELEK

vy M 6 Ko WwWT, EFMRE (EL, # £ - H

M ER LI UCEDE, BEEHE, ERHE) 217 - k.

L, EE R Y E EEmMBEORERX LR OAE L

, mE & L TCTAeE, TRAa Ly g, B, 7 oo
eI he s s 4 FogE % 1 BHE, 2 BEHE, 3
DREKRTEHEOM LIV v 7 VEdFHFH-30CT

BHELELD 2 H W TEALBR 6 #KIZSWWTHFE

BE L M BE O W E RS BB oM EMENKTHE DS
L7eb o 1gd R B &L TITom . AR X 80 %
10ml & & b HFEEMR, 80CORBICEE (15min)
= o 4 BE (3,300rpm, 15min) L LB A 2 E 2. & b
W A~F N 80%T ¥ /) — )V 5ml % M %2 80°C @ B & 1T B
15min) #% , ¥ 0L % B (3,300rpm, 15min) L, % &
X MO LBEARLLEEGRMBELE. 27 v R

(X B, 1986), BB IXT # # v F ¥ (Cataldo B, 1975)
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< W E L .

T AaALEryr#gofeixsEEo L8 E2RLGTHE
SFAL X LEbD 1gk MBEL Tk, BEIE 5%
0 ABE 10ml & & b (B OE B L,EDLSMEC3,300rpm,
15min) TH = LB A % B v, & F 7 Y s (Shigeoka
b, 1979) T W E L .

ymwa 7 4 N0EBaT ) A RFOWERSEMEEORED
HE LB THREYFALA A LEDLDO 0.5g ZRAB &L L T
oo ARk 80%7 B b ¥ 10ml & & b T B OEE B W, &E LD
4y BE (3,300rpm, 15min) L LB & % & /£ . & b | &% & ~
O 80%7 & b ¥ 5ml &Mz & L 4 BE(3,300rpm, 15min)
L LB AZ2HLE.Z2o0 LEBEBAAZMNMALD O ZHH W, 480,
645, 663nm O % W N B & 4 K % K FH (100-10 9, (¥)
B MEFN)TCHMEL,Z a7 4 ik Arnon#E( Arnon,
1949), % v 5 /J A4 F & Kirk* Allen @ § % X ( Kirk: Allen,

1965) & X v & L = .

w51 RICE DD HHESEETTCREL a3 <Y ok
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w51k REANMELRBETORE L-a~YF0EFICKIZTPTBPIEA OKE

AVER YifEE W E
PTBPiE A HE Rt kg HWTER M EER HETHER EmE HEMEL
(em) (g) (g) (g) (g) (cm?)

EHE A X #H12100% 13.6 & 1.45a 0.18b  0.057a  0.020b 21.2¢ 43¢
PTBP 13.2 ab 1.38a 0.29 a 0.067a  0.050 a 24.1¢ 4.4 be
A X #R100% 11.0¢c 1.40 a 0.24ab 0.070a 0.049a 28.1 be 51a
PTBP 11.6 be 141a 0.23ab 0.060a 0.035a 25.4c¢ 50a
BiGHX H620% -7R580% 10.1¢c 1.21a 0.29a 0.074a  0.037a 33.5ab 4.9 ab
PTBP 11.0¢ 1.41a 0.29a 0.073 a 0.031a 36.8a 50a
PTBP Jjifi F NS NS NS NS NS NS NS
*E ok NS NS NS NS ok ok
PTBPHEf] X & NS NS * NS * NS NS

—

BRATAT 7Ry MEIZIEIS%KETEZEZHY (LSD)

INS, =*

ok SEOITICE Y, BEERL, 5%, 1%KETHEEZDHD
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AS

&

7)n

A

X iE 9 PTBP e B o # & % R L & . Xt H %

W Z BN R O b N ,PTBP i A I X 3+ 5 KIS b

W ZEREPB DL LI .

PTBP * i A L WVWHAE, T 100X T E X

iR

e

e, EEE, EX&KRhoRLER LY D

L, &S bt THOHMELS LTED

RF
Sl

Jt H &

N SN

< fE

b R

Mmoot FA 200%-7% B 80% K T X # bk B R &H,

D E L RENDLoE., 2B, A 100K O 4

HE&EMHoFMTH - k.

S .

., £ FBIWCX T A5 PTBP et H o 2 8 13 F & 100K

BHEICR DO, EXOBEBALE XL UCERK

R L, REMNEBEMIHBDBEBRICTH D, HIC

ERB L UVEYWEIERARERICY L THE I

,PTBP i iz &K 2 E HHE OB MMBEMmIXESF

O #m

T

=) I

B b

W EHE B 200-RB 80X KB W T H DL N T

* L, A 100%X T X PTBP g A » & & X

o Tz .

e B TRIREERHICIZNR D bR

1

B b

m oo Iz

:

s

&

[y

b

PTBP i 1l O % B i3 t H &M IT kv R -7k(F 5-2K A).

T 2 b b, HFHA 100X T ® PTBP M A 12 & i A X
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O &Exmx
(A) PTBP
05 |

04

&8 (g/100g FW2)
<o
(o8]
[]

02
01 F
0
60
E 50
)
=)
S
go 40
é b
L C
& 30
AN
"y 20
N
~
n 10 |
X
i 0
60 (C)

50 F a

30
20

10

m4#: (mg/100g FW)
I
o 3
g
iﬁi
o
izl
(]

HE100% REAI100%  F1820% -7RE80%

B52K] RAAZWEEGETTRELEZEaYFO (A) &8 B) 7A2AaLE Ui (C) MEOSEI
KIETPTBPiE A DR
FW : HilEE
VHERRIIE R E A RT (n=6)
ABIRATNT 7y MNEIZII5%KETHEEZH Y (LSD)
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0.38g/100g FW 72 b 0.31g/100g FW IZ F & & B > & & 7.
thiied L, e 100K & F A 20%-#F & 80X T I
PTBPHE Al 0O A B 2 23X @b T ,5F 6 200-7" & 80%
K T PTBPIE A &2 & EBEZHEMEDZMEMEZFRL L.
— %, 7 Aar v rBEEINXNESHEORBEER T,
PTBP E i l T IiXT H & 100K 2 45.5mg/100g FW & & & %
<, #HK B 100%X 25 31.0mg/100g FW, & & 20%-7R & 80%
X A 23.7mg/100g FW & 72 - 7= (%8 5-2 B). PTBP ji H
X, HF /& 100K & KR @ 100K TT7 2 a v ryrBgagEzZ
i AKX LW HAEBERCHDS®, FRFEFR 20-F 24 80%K
HEEICHENDIE .

MRS E Y RE SR E R E R R T N, PTBP

&
i
s

FThotEEHETCLHEBAEELR Y IELIMEM

R L7 (% 5-2 K Cc). PTBP e AMic & 2 W& &5 & WD

E R I, ®E A K ICx L 33%B A LKA 100K T HE b

K x <, F M/ 100X T 27%D BV X @B b h . K EH

L EBEESEBNDLRE Do F B 20%- 8 80%

Al
il

ft T

K <, PTBP i H o % X 8% D W Vv & /o 7.

ryou 7 4 vEBEEF 70 7 40 aB kDb EbIICHE

B 100% X 2 KR & 100K & F & 20%-7% & 80% X T th ~ T
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b wEmiEdY, oAt oRBR LY FEKD
7ok (8 5-2%). PTBP Jii i3 & & 100K T D A 7
me 7 4N a B LT b EEMSEL. £TOK®, PTBP
i KTk sere 7 rERICEHRFHFEOERNBEDDL
N hofk. £k, 27 a7 40 ak bdi (LT, alb)
B ELRHEOREIRDL A, FE 100K 2 & b X & <
2o 7 . PTBP i A H# & 100K B & UK A& 100K T
a/lb WM& ¥, Fa 100K I fho 2 20X ERKRHET
PTBP i I L e K & W k&L ook, HE 20-% & 80%
K T PTBP i Hic k2R BRBDOLAE 2. A m
F )4 FEaERVDAEL O EIPHEREZFCLRARD L, F &
100K T ixfh ® 220 X HEZH LYV LbARERLL RS, 7
oo 7 4 EBERUOUMEMEZRL . PTBP M & 1 i A
KTk b hhotHHA 1000 TAIRrT /) A4 FEEKZ
M OA K LYV A EIC 49% M M s ¥, HAE 20%-F & 80K

Tbh 260 LW sEMmMICH » .

o= v T g ~® LED OF HBIY I FF (@b,
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w52k BARANELFHETCHRE LEawYF oo 7 vBI0haT )4 FOSEIZKIFT

PTBPJiE fA DR &

ALEL sanaZA4/a ZunrZ )b s g)a+b alb HIwuT /A K
PTBPJiii Fi HE (mg/g FW2) (mg/g FW) (mg/g FW) (mg/100g FW)
e Ht HH X F100% 0.43 b 0.18¢c 0.61b 244abc  1.33¢
PTBP 0.69 a 0.25b 0.94a 2.76 a 1.98b
N A X R100% 0.66 a 0.30a 0.96 a 2.23bc 2.27 ab
PTBP 0.69 a 0.27 ab 0.96 a 2.59 ab 2.24 ab
EMAX H{20%-7E80%  0.63ab 0.29 a 0.92a 2.19 be 2.27 ab
PTBP 0.62 ab 0.30a 0.92a 2.08¢c 2.85a
PTBP i i NS* NS NS NS *
e NS sk NS * ok
PTBPEA] X HE NS ok NS NS NS

FW : FftE

YRGBT NT 7Ny MNEICII5%AKETEEZEH Y (LSD)
INS, *, ®k o SEOWICLD, BEERL, 5%, 1%KETHEEEHY
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iy

1995 ; & - ®m i, 1999), v # A2 (WA - #1, 1994 ;
Yanagi B, 1996 ; Ml &, 1996), ¥ Y & ¥ U A DO 7 g —
e (B $ b, 1997), 7 7 Vv /) 7 ¥ AODO 7 v — v H
( Duong b, 2000), A4 F = (# - M A&, 1996) 72 & & A
Bz, 6, RFAaFrhFno®BektivdtHFasResr

B & & % &t HEH & H#HEH»HELTWRE., b, FAE

|

LEDI00%R T X R BEHMPBODLNANLLI &L, a<=V
T OERICBWVWTHRAEDSMLETH S5 BRI N K.
F e, AELBROF B LED T THEL N M THOEEIMH
X, A 5 (2000)72 In Vitro® = % ¥ 4 LA (Exacum affine)
EAETOBERRL BT H5. LnL, 6 100K T oD

PTBP gt i =~ Y -~ 0o TEH o 4EE ZMREREL,HE LR

v

PR EOCEBRBBEOHEMMBEMEFHE L, £EMEMZ MH L
e 2 &b ,PTBP E H 3 R ANXNOIERZzMEST D LR
T~ s, 6 LED, #*f LED B XU FALFKREOD
LED # BA& Ltbo% X & LEBHEEKRLLESEESG, =

=~V F, var¥s, Frry¥F o+ A3 HKE LED FTEXR

3
HE
T
-
5
b
&
N
N
\‘..

v A, R T LYY Y HE
HmmExRrL, BEAEXEEFHET TR VVYVY U EKBRLIE

WO EFXHBIEFLLAEFTF T ERNARE SN T W B (FE
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D

.
A

R

B, 1995). F =, W b (1996) X, B — O J & K FH %

B 7 R % B ¢ LED # B W T #H /K &

53
S

BAak=®2X%

b

T Vv ¥ AW 2R BEREL, @KLY [l U 3 M G <
RN B HL B, FHFoORICERXTHEREXENSZ WE & ICI
oM ELERERRBREIHDZ I EERELT WS, K

THEREYD L LTa=Y 2w, XEHFMHLELL

~A

@ 20%-% 5 80%D R AL RRDODAHETEREIT » .

§

EEICBT S X E &ML PTBP i H o BMFEEZ KO H

=

T Hr DR, kx REDERWTHIRENXDORRS?

AlhBEXHFEBLIUVFAUAOAKTFHFTIKBIT D

PTBP i fH D AR EW It 5 2 2B 2R T 5284680

5 .

—J, MY o e ELEXHEHEHEICBYTHP L (1995)

N Y TR MR OM YKl A LED(660nm) T H L,

bis
£
Vb

.

t +3 #R & LED (76:24) TP LXHEFHF O E WI
W a=Y FrolEERMAERZILEEZEHELTWVWS. L
L, AERICBYT Ba~Y o2kl EEITETREL
~E LKL, HHE LM%, PTBP i A © B % 722 %2 12 @8 ®
hie oo, T H T XME®DH S & HIERERODREIC

b 0 & EZ LA .
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A
&

B

PTBP i JH ® ¥ B 13z 7 2 a ¥V ryriE ek TR D6 L, H

100% X & iR f4

B

T

\

H

W T F L &

Iz

A

Bk

e & %5 L K.

Shigeoka b ,

-

v

#

(i3

(2003)

15T S-S ol & b ,PTBP & % H & # i« B
a L rBRERENMG T D ESE LN K.
TREHEB 100K @ == Y F B K b &H W
Z N X Euglena gracilis z T
E— KT+ B, FE KK

( Schopfer, ; Bienger * Schopfer,

E—HLARBW, T bbb,

5B X b h .

#HE b (1992)

e TS EESAHICXE Y EHT S

100K B & O R &

Wk BE RO ZEDNBO LR L.

L Tw 3 »,

100X @ i X T 7 2 a3 Vv »vgeagiks

oY o

mBs,

A 3 )

D F —

£ b5 =

1970)

Y o E F LR KIZ

AR bDEYHEIC LY XHESFTHIIH T B K

BRI TR A i
T, WM EOCEFTOHBE EISFREAE,FOETH L,
E WAL
CEAERBRICEWTHLMBRE BEEIHF GO 200-F 6 80%
100X £V H B I 1K <, X%
& bW -
a -y ToOMBES ENSREXDH KK

A ERBROF G

100X O & R o X EHRHER IV BE M- . Z



ot B U4 o e im B, BB SEH, HEMERLEOMOD
ERMAMEERICEEB2RLESTZEETFIBRLTWDS.
PTBP fii JH I % i H X T & » > -~ #H & 100K B X O

B 100K O M BE R 2B L, BIEHARK TRLIEH -

w

B 20%-9F 5 B80%K L W M E I L 2. o2 EER

B AKICHE L EMWMBL N-= e YLEEHDOERED

F-‘Q.

b4 & &h (K, 1982), H X o i B K Bk o B &
MIERBICR->TEBY (BE S, 1995; # - 4 B, 2003),
PTBP B ERX FH oM BMKLs CHDRZREMLEEZ Z L h K.
B EUEBHEY O ow 74 VERICEZ DRI,
$F X FREPVWTHEAGRBRIORAO BANX LD bHF AL
#tax EArAAEDLDERETAELS D EYBRE DB D
(#& - Wik, 1999). K EBR T b H A 200-F & 80%K
H M 100K X YV 72 v o748l T / A4F0OF
BAAEERE » > B ,RE 100K & T EH» R D b IR
m oo T

PTBP i i 7 v 7 4 V&R %Z2HFHAE 100K T B W T
AHicEmEsE, RE 100K B K OF A 20%- 2 80%
K L mBEEELLE. Ek, a5 /)4 Faidb PTBP i

M A cil#H A 1006 A fh o 6 B &R LYV HE I L
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™o =M, PTBP fE M ic &L v L. £ %&£, PTBP i M

e kB3 n T )4 FERBEOEMMIBZEEG 200-F 8 80K

Thb@E OO E. ZhiXTEHESL (2001a) DAY LYy

TOfFER L —HLTWS. T4 Pbb PTBP Jii A XK %

O xR mMmicx T 5 M EMRERL, HAQ LEDHE T To 7

mE 74O hae T4 FEREBBNETELEZEX
b h e
Pk Xy, FaEEBDEWVEHE T TOHEL La <Y F

W%t A PTBP Ji JH 1% ff & % A 2 % 4i 8 L o T ¥ © £ E
it

&F
7

L, #hlkcfftnwsruea 74N, Ias /) A4F0EF

R i35 2 &It kb, B2 HKIRLILE

2 &
R

It

&
-
op

=

R¥

®’¥
X
X
NS
o
=

cHRMBL, WBREEREZETT S 60

e
& B
|Nr
-

h B .

U3
o

o R EMHMEKEBT S PTBP

3
e
o

6 W oo B 2 kv HwicL, % R PTBP i M

»OF

= %2 M & » I Wie, AER L ITRLSEE £ #

A S
&
F-;E,

7.[
™
o
]

5 % = & PTBP i fl © B &, # /K & % © B

op
=
#

, WAk X OKRGUNSOXEFHESE ORI L E
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¥ ¥ # 4 A4 — F (LED) ZHw, Ru223AXHEZHET
B LEa Y F0oEF L HEBICKET LA ERNM
i o BERHELE.F G 100K 2B T 2 M T MO
HHNE L MH Sh e, PTBP A I & 0 M T #H o &L
WEE L &b, HF B 10000 % HFHET THRHERN
2wV F oM TFTHOAET EZREST S LRSS K.
PTBP Jfi i 13 % & 100%® x HE & FT=a~<Y T o2
FAaLsE rREOGREBEYLSHE, Jr BT 4 NED
F )4 Fo&RkeHMEEne», e 10060 % K" & H#
X, TAaprBEEEBOEREBR Y S L. UL
D ,PTBP i Jl % £ 12 % & % T o & & &L O & HICHED

n, REAXFRREE2 M >N TEdLEBTFRIN L.
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w6 E W FE W H M E (Rhodobacter sphaeroides)
MEEBEBRMSNS Y LYY UOETF LA

Btk ET 28

B
il

U A v BN EAENL R TR ZERSESFRSE

Eh,FOEBRIZOWTHREHRBRH® 2 I T WS (H#

B, 1996). 2 O F #H O TR ELBHO— 2L L T LEF

B TWad o, EEHORI - FEL£FMMLINF ORI T

5. BELEEILCRTI2IEEDOELIIT, BEHE» 06 F L

Hahk-F#Ho—-—WMThbh, BREAELzORXIHAZB F

T b xR BEEEREEDORMESTN, B E,

Fge & TWaD(HIT:-7%k B, 1994; & &5 ,1993; Vassilev

5, 1998 ; B E H, 1998). ¥ b U X YV I WEES THEME

160 # M v A ESHh, £+~ 08 CTCEPFHWICED L BB

S hTwWwWa», o LB TCRETIE» NI % BB

BERBHNTRENCADANAB ST 2 FE®ELS, T oo H

RS ICEEL T D

—F, HMEHFHRAMBERIBHE RKOoORILE D ZHF > & n»
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5, ThzHMABALEAEBERLEBOFEIBRIL SN TL
A (/N B, 1970; /N #k, 1972; Kobayashi+ Tchan, 1973 ;

B R, 1978).

I TABR TR, RUETEH DL HEHILEREEEOD
BEx~0AFABMNAZzRET S LEEHEHEL, BEHEEO
HAeadEmBEMECcLrnBoFEEL2RATT D LD IT,
L EEmENELABAEBRERS BB R2EEFRXDO — 2T
hbHr3F T Ly Y v oAEAFLERECLRETRREZHEL L.

ME R &GO FEE

Lt R EMEBELEBEEERIPIFAY VY v HET O3
FELRERE T B ERAE TS DI, LEIFERBEMBE CTL
B2 LBEEE® (LT, PTB L 3 %), PTB »» b #fL &8 3k
Wi mE 2Bz ®B® (L TF, NO-PTB & ¥ %), PTB @
FTELREBME S OSLEELHEIKR (LT, INO & T %) %
VW TRERR E T o 2.

PTB I3 FE ¥ % % CODS50000ppm 2 & B Kk T & R

VA

o=\
a

4 # # % ( Micro Blend 500F, Water Treat 200, /N A4 Z &

Yy s f)10g/1 L B AR E OD=10 fL & i H M BE(Rba.
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sphaeroides; NR3I ¥ ) #z @mm L, KX & TERSZAN (R

EE : 30°C, B E : 50u mol- m 2+ sec’) T 5 A M 5 & L

(\\F

t, » T 5 .NO-PTB X PTB » b #L & FE AL 38 M B & 0.20
pm®7 4 NF—THEBLITERWEDLOTH L.

PTB ™ & B 7 | ¥ R 4 /X B B -8 B bk F o2 Bk (K
B - %, 1980) T PTB % @i & ¥ %, HHME-N & NH,-N
»EHEEFHEA R T ) - NVEE O(HFE, 1994) T, P,0;
¥ AN F FE VST o BE (B #E - KK, 1990) T, K,
Mg, Ca, Na % J F W % & % % E & (AA-6700, () B
BB ER) TERLEFNRAEL, & HIC NO3j-N T PTB & H
B H Wy # A FiE (Cataldo B, 1975) TH E L, £ O
E 2 E 6-1KICHAL .

INO O R E X & 6-1 RDOMB & 7225 X I N:NHYNO,,
P: H;PO,, K: K,8S04, Ca: CaCO;, Mg: MgSO,-7H,0,
Na: NaCl & £ h £ 1 v T » 2.

R K IT R F A T, PTB, NO-PTB, INO % £ h ¥
h 1 (FE®), 100, 1000 fFCEEBEAKTHFRL, & 6 I

B LTEHEAKZHWE . AUy LyyvofioafEix A

E=

— =7 T, B 9cm ORH@ELET Y — LI DMK

(No.5A, ADVANTEC) % 1 ¥ # %, 50 kL O f& + % & IK
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Hi6-1R ALOIEMEMHLIEE LT BERE B DALY

2—N¢ P,0, K Mg Ca Na pH EC FL IR MR
(ppm) (ppm)  (ppm) (ppm) (ppm) (ppm) (mS/cm) (dry cell g /1)
265.0 9.7 3429.5 906.0 13.1 208.2 6.4 10.2 14.7

: NH,-N, NO;-NH & OHBHR-NOAF

¥ 660nmDE A (OD=1%2.83 drycell g/1& H) 2 HEH
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L. BBETFTIX, 700 &% /) — )i 30, b 5%

K EE ZEBRF N YA IHOBEBRELEHE, BEKT

3EEHE LA VE., BEREEF 25COB RN T ARE

WA T 10BMEL, FLER S5KETIT> . 2B %

BB Mm% 5B R E 10 HOEFHRZEZEHREHEFE,R

¥ E L LCHEAR TR LE. THRFADLEAE 2~ % F L
FHETREFEBEBOEEE CORRKICRL, TORME

SR FRETKHBL TCHEHHBHLEZ (s, 1997).
BE

b
B

RO KL R EME LR OF MK ZE R
4+ B 7= T, PTB & # & F M & M E T 0 8B o FE W E K T
b b FEMEE 2 K B K T COD5000ppm 2 & W L & &K

(L F, Pre-PTB & + %) BAFx T L v uvonohEFLHE

)

W R WFE T B B A2 b # L 7~ . PTB & Pre-PTB X PTB T %

St

3l
&
1
L
1%
B

B B Lo 2 100, 500, 1000 2 i F 1 F

HR L, FEE b E B MMAKELTHERLZ. A

=\
=

KEFI AT LYy Y vk FELEDBDICHKLxTHEMDEE, #
BB P o4& »AKEIR 4750ml/F v b T H o 2. F &,

X BK L TREoORERZKEZ »»AKL ., R8T,

Iy
=
S+
i
&
&
=

MEr s ¥ —HNOWBEW A — b L —

7 CHEEM®E (121°C, 15min) L& b OB & KR BEE O
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Lo AW, FhAERALEERL 15cm OB E =K v b2
L . AL 1999 F 9 A 19 H AT Vv, 1 X 5 % 3%
T 5 R /KR vy FE L. HERBERTEBRHSIIEZITV
EHMmic s/ %y b L. X, BE : HH 25C/
% M 20°C, @ & : 70%, H £ : 12h, B E : 500 mol-m *-
sec ' Hl B LSS — X F ¥y N — (GC-A, (K) B =L
EMWT v )P =27 YV s) T, AU LVyYyoOoHi
R ICET S ETCO S55BMIITo. 0k, #L#HRKIIS3
K #H T -7 . MWEIX, 500 Fiewm R LAEEASRBE (X
— R =Y — 4% B, N: P,0s: K;,0: MgO: MnO : B,03;
=18: 10: 14: 2: 0.1: 0.05; (%) KB {L*¥) & £ F O
TF A RARRELERERIT- L. H#EKBKETHICHSRY L YU
DB L, L EH M E, Hh EHMEpE, E@DHEEZTWEEL
. k2, B L LT-30CTHRELREZMED KB LB Z2HMH

W, B RICHEET S 2 aua 7 00, BEELELT

[t
b
A

EMHB L MM E L TT Aa e B E IO

Ni
~
Ny
=,

DEEBEEEEFLEFNRBELE. IEFERF IR T 4 V%

Arnon ¥ (d & - A &%, 1985) T, # v 7 / A4 K % Kirk -

Allen @ 3 & & ( Kirk+* Allen, 1965) T h £ h B B L,

L ¥ 2 7 v A ryiE (KB, 1981) T, 7 A a Ve vk

123



=

F T Y vk

2 L T » 7.
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AR

=5
R

b

%

( Shigeoka b , 1979) T h £ h th & F

o R

62 R BERBROBE LR T . B ¥ E

2% BX ® 68.0%IC % L, PTB @ 4 ¥ jk

L 7~ INO @

1 X TIiX 66.0%T & 0 ,

b Ao T2,

PTB & NO-PTB @ 1 {%

3.2%, 12.8% T H YV, B HEMNE L BHEF

i % FMEF

T 1.6%,

o> . Y

» b e o,

T W T

Mic & B &

B

S
o
M
™

D FH R T X

R b

yib)

4.

M

A2

0%T H Y, F¥BEEX D 33.20L 9V F

3 H

VA

T iZ

o

b ¥ 7 PTB & NO-PTB

o L T, oK

— F, 100fg & M B X T 1000 1%

Rk wWTb FEFEIZH

W H e e o

, PTB, NO-PTB ® \ ¥

B b, A A

o 7= .

6-3 £ I B & &

55 B EDAEBFTREOORK
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o2k  RU LY U ORFICRIETH AIEHRANE QBB R O

A0 FREHE HIER (%) FIEZ (%) IHgEERE (R)
PTB: 1000 60.0+6.8" a’ 27.2+69 a 7.7£0.1 a
100 60.0+8.0 a 33.6%+7.5 a 75%0.1 a
1 3.2*16 b 16+12 b 7.9%0.6 a
NO-PTB’ 1000 59.6+6.6 a 272470 a 7.8%0.1 a
100 56.4%+39 a 29.2+6.0 a 7.8+0.1 a
1 128%52 b 40+19 b 8.3+0.5 a
INO* 1000 62.0%53 a 264%7.7 a 7.8+0.1 a
100 63.2+73 a 30073 a 7.7£0.1 a
1 66.0+5.8 a 22.0+7.4 a 79402 a
KRBk 68.0+7.5 a 33.2+9.6 a 7.6%+0.2 a

N

A AIERRENI R LI A L7 BERE R

PTB7> bl G IEREME RV 72 b O

PTBOD &AL ZFRE L= b D

EEE LR RERE (n=5)

BARAZTNLT 7y MNENII5%KETERZH Y (LSD)

<

=

z

<
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6-3% R LY UDETICRIFTREEEREROKRE

p—

—

ekt OB ARAE B e LEDHTREE Ho IR E HEmH
(cm) (g) (g) (cm?)
—fk_ﬁ%i FREEK 10.5%1.0¢ ¢¥ 5.08+0.15b 0.520.02 b 75.4% 5.5 be
PTBZ 1000 11.1%0.2 be 5.70%£0.91 b 0.590.11b 77.8%10.4 bc
500 13.2+0.6b 7.28+0.93 ab 0.71£0.08 b 107.3%11.2 be
100 159403 a 9.42+0.56 a 1.040.06 a 149.1+ 9.3 a
Pre-PTB” 1000 12.220.3 be 4.61%£0.59b 0.49£0.06 b 78.1% 9.3 be
500 12.2%0.3 be 5.65+0.62 b 0.600.06 b 67.8% 8.4c
100 13.40.7 ab 7.0840.07 ab 0.74=0.02 ab 108.1% 2.6 b
WA FREEK 12.6+0.3 abc 4.89+0.34 ¢ 0.56%0.02 ¢ 72.5+ 43¢
PTB 1000 13.3£0.3 abc 5.27%0.34 be 0.622£0.04 bc 85.4% 7.1 be
500 13.5+0.6 ab 6.122£0.72 abc 0.672£0.08 b 94.2+11.7 abc
100 14.5+0.6 a 8.00%1.58 ab 0.85+0.18 ab 132.8%255a
Pre-PTB 1000 10.8+0.5¢ 4.81%+0.36¢ 0.55+0.02 ¢ 69.7£ 0.5 ¢
500 11.3%0.4 bc 5.27%0.14 be 0.58=£0.03 ¢ 76.8% 4.2 ¢
100 13.820.7 ab 8.70+2.16 a 1.00+0.25 a 130.4%30.3 ab

AL EFER MR L & L T BERE R
¥ KL €S B A AL B AT 0D B 2R

*EE AR (n=3)

VRRDBTNLT 7Ny PEICEEER DB OB X EICSWKETEEZDH Y (LSD)
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PTB ¥ & 8 Pre-PTB

B
H
™

TR, TR OKEEICHDY E

S BERABL BRI LENR->T, "YU LYY ouvokEHD

¥ xhsa@EmM»H 7. PTB DO AFA U L v Y vk EIRiE

R IITIRBERXR CHEHECRDD O, RBEHE - PTB100 15 &

WK T, xR EKix L THIL® 51%, # L& HEE D

85%, Hi b ¥ o M E B 100%, ZE@EmE N 98 ML, W T

ho FAAEERBCTH sakETHEEI»NR Do L. LML

Pre-PTB R T X 100 fF W K T o E X % K Wit

>
A
S
%l%

EHE CHAEREERAD LA AL ok, —F, BHE K

T ik, PTB & Pre-PTB i A R & & 2 100 & MK T, xt

BRI LM ERHM/E, R ERSICERHRIA
B KRKEL o7 dM, PITBHEAOHREITRBAEXT XV
X T dH - Iz

g ee-1RICAv LV Yyr YU OLELTRAary  rgag &
%+ . PTB i H K & Pre-PTB e A KB T & W T, & ¥
S EBEIXIRBERK TIiX Pre-PTB®D 100 FRNRE XK b & <,
WE KX Tl PTB® 100 MM Eb&ERLY, LEOD
WO W B AN PTB, Pre-PTB O {E HCEEEBLE. —F, 7T

2 a bt B E BT PTBE AKX & Pre-PTBiE A K & © [

WHEBZEZRRB DL L2 o 2.
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£¥%5 ((mg/100g FW=)

FAIAE B (mg/100g FW)

200
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80

60

40

20

O skpdis
B wh a
B ¢
o d
d¥ d
e
| . ] lart] |
| ab
sk ab
ed be
| d
a
ab
b bC
Lbe c 6
| | | | |
PTB Pre - PTB
FRE K 1000 500 100 1000 500 100

H6-1K FULVYYUDERELT AANE VBREBICRIETEREREROXE
FW : FrifE
YRGBT NT 7 Xy MNENCIE AR E OB X I 5 K IETHEZE
»Y (LSD)
R IIAEERR 2 E R T (n=3)
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W64 RIZAK YT VY UDOIsTaw T 4 NE R T A
FE B ESRT. Zurw T 4 oa, Zr BT 4N b EHEIZ

1000 f&¥ # M X T X PTB, Pre-PTB fii I K & b ¥ B K & [

BE MM ZEFNUT TH -, 500/ WX TIZ PTB

&
H

K cmR#Z2E» 2 ke b, 100 F&RNRKXTIWE PTB,
Pre-PTB i AR & b RAEBE ™ ENULLE R . iz
PTBI1O0OR A R K TiX 7 v o 7 4 /v b all b~ TH X Y
MLk, a7 4 alk b®d (alb) B
HMERECH LTHEBLCELS 827, 2 us / A4F
tEoBBEORFEICEH DY £, 100F H% RN O PTB i M
K, Pre-PTB i I K & b icH MK LV AEICEML

O WM iX PTB i I X © F 28 Pre-PTB s I X X v £ » o 7= .

PTB & NO-PTB ® 1 f& X T X, 3 LR L O

St
i
&
fr

bIRELVWEFABD b s, EHAREEHRS S PTB

CE UCINOD 1R TR FHEIXNRD LI o I &

k=1

75, PTB & NO-PTB ®» 1 K T o F L ¥ ¥ A

iy
e
B

Mk S0 EIC LB EEZLRDE. LML, £ 0O
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Be-dk ALV UDrunT o uad ) A FEEICKIETRERERRER O/

e

prak i B FPYSHE JunuT la suuaT 4 4Nb Jun gilatb alb HasF AR
(mg/g FW) (mg/g FW) (mg/g FW) (mg/100g FW)

KBHE AEK 0.21£0.01* b¥. 0.11+0.01 ¢ 0.32£0.01 d 2.00£0.02 bc 1.02%0.03 e
PTB* 1000 0.18+0.02 d 0.08+0.01 d 0.25+0.02 f 229+0.05 a 092*0.01 f

500 0.24£0.01 b 0.12£0.01 b 0.36£0.02 ¢ 1.97+0.01 ¢ 1.38£0.01 ¢

100 0.26£0.01 a 0.17£0.01 a 0.43£0.01 a 1.55+0.01 d 1.79%0.03 a

Pre-PTB” 1000 0.21%£0.01 b 0.10£0.03 ¢ 0.31%£0.03 d 2.13£0.06 b  1.19%0.02 d

500 0.20%+0.01 e 0.08+0.01 d 0.28+0.01 e 2.35+0.01 a 1.20%0.02 d

100 0.24£0.01 b 0.13£0.01 b 0.37+0.01 b 1.95£0.01 ¢ 1.57£0.01 b

WE  AREK 0.23£0.01 b 0.12+0.01 ¢ 0.34%0.01 d 1.96£0.01 b 1.32%+0.02 d
PTB 1000 0.22£0.01 b 0.10£0.01 d 0.33%0.01 e 2.16£0.01 a 1.23%=0.03 e

500 0.25+0.01 a 0.15+£0.01 b 0.40£0.01 b  1.74+001 ¢ 1.56%0.01 b

100 0.26+0.01 a 0.16£0.02 a 0.41%0.02 a 1.61£0.02 d 1.88*001 a

Pre-PTB 1000 0.15+0.01 d 0.08£0.02 e 0.221£0.04 g 195005 b 1.08+0.01 f

500 0.20£0.01 ¢ 0.10£0.01 d 0.30%0.02 f 2.06+£0.01 ab 1.30%0.01 d

100 0.24£0.01 b 0.12%0.01 ¢ 0.36%0.01 ¢ 2.02+0.01 b 1.48+0.01 ¢

AL FERREE AN A0 HR % U T BERE TR

Y AT € SR BN AL B i 0D B R AT

X TR HIEHERRE (n=3)

WERDTNANTZ 7Ny MEIICIIEER TEONERMIZS%KECTHEREZEH Y (LSD)
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B 100fF Ul LomRCcHx v VY Y UDoRFIIERZRK

F ol T ,d9 Ly Y UIETHRBAELZEFAH,

X 20C UL L s BTSN (R - F W,

+

% %

1943), # & FEH H M E T 30CHI X H B EFT BLIE R T

H» O (F i, 1978), LA MEMBEOFEMLMEZZEL & U

vy YUy o EFEEBEILIVE W 255C CTE FRR E T o &

A, PTB X T% 3% o £ & 2 R T@B O o2 h o .

B B B OWR OIT K f E R E M E LB B b ®L,100,500,

1000 g R T HFRBEIELSRDBICLEN® - T, &U

vy Yy v oA FERELE (E 6:38). 2B, x" U L v

YU OABTRBERECERT2EMITSE - BEBA T,

BE ¥E B W M

3
S
R
12
R
%
2
\n‘.,
Ot
o

T, R E R X T

HE LD THhDH. EHIIL, 28 LTT A2 LYV

B (% 6-1 W), 7 on 7 4B XY TF /) A4 F (8

6-4 %) D E G EIT 100 FEF R TEMNML L. 2 b X,

R LEERPZEEITNLI2AHBS I CEHEKT (H 6-1

#£) WK DEEXLDLND.

PTB Jii A i R B B X TIiX Pre-PTB W Bl L VW &£ F » H &

(8 6-3% ), 7 vanon 7 4 N&nuaF ) A4 KFEgE

m
&
-
-

A S ICHEDEYRY (B 6-4FK), oz RiXT 10048 RK
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THE ECTh 7. 7% ,PTB H AHKIFTHERKXTI{X Pre-PTB
AR LIV bBbAEEEZEZ I00FEFRKEKTAHECHE N ¥
T (8% 6-1K). BL kB 6, 4 & 3E B 5 M B L B E R E K
EARA U Ly Y v HETAEENR, BEELEZKTHRLT
AT 5 X0 b HEDTH DL ELENRES N .

L MR EME O - TH D Rba. capsulatus X Rps.
palustris O ¥ A £ Y X f (Elbadry - Elbanna, 1999)
<y ¥ a2 ) — 2 (Han, 1999) O A F M R E s 1, &
¥ (/MM B, 1974) & 2 # >~ (Kobayashi+ Tchan, 1973)
DEEB LI T ) A FEEIEM T LIASENT H 5.
¥ /-, LWAFEHBKEMERL, L7400 8 R 5-7 3 /7 L
7 U B (ALA) 2 4E£ KT 22 &» b6 0T WD (LW
5,2000). 2N b DOHWMEIXT I v T 4 DRIEERTD DL,
BEREE ALAOXZEHRALEHOoEF 2zRET 2 2 & (I
B, 1999) A EEZE MY 2 2L (HEH - ED,
1999) R HE S L TWd . T 72 b b Al &I HMHAEMEQLE
BEWE B o M H PRI, WML AELBEBRPOLEAEI RE
WME o EERS IS WY LD EDHERIN D

—F, RBEREKEEBREARZ2 LR T 2 & 2B L7 X

ar v ryriaegE (B 6-1 @) X, BWEHERKTXD £ 5
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LY U O EWEE T Ao

Wi A B X O Pre-PTB i H @

7= .

sphaeroides)

I b

(2001b)

(ESRT N )

B &L O

R R B EE NS E D

B

T}

W

1978)

8

Rba.

15

PTB /i

NP

capsulatus

o FTE
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B L, BT O BKBRE /R
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b
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L TWw 3.

%

v

D

i)

fie

I

133

Z, PTB B

£V

e

oA

A S

L 7= M

7

7=

I

Bl

il

A O

b L

> T

1%

"

fy

¢

H

L O Pre-

"

b

[y

o

K&

PTB

PTB

% o

s

o
Jalss

223
bR

e



i

mn

D3

Ed
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S
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e
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2

T, A6 AR M E

HMEB L OEK S B

z B\ b

2 Fh

A L, X

5.

Y

OB BE R W

EY o % F B

2R 2 N M

o JE B EH M B (Rhodobacter sphaeroides) A

W (PTB) O AR AU L vy vuonHhdHFEHE

RS

B ExWMA LK.

FH.

pios

L 72, 7.

100 f2 WL Lo &R L &=

PTB L

PTB & # f& E R 35 M & & B Al

W (Pre-PTB) & Al Wil EERICEB W T, 100

PTB i F X £ F 2+ &K b REE L, &%

L, BEWHE RO

rE . E T,

B L OT7T A =2 1V

5N, PTB O ja H

5 3 5 & H8E SN

(=)

ZS

EE T

W B X
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S
=32

op

z £

#L o FE B % M B (Purple non-sulfur bacteria) X, X =<
N ¥ —FHMNALAEF T L EMNTE D, KAREME
( Phototrophic bacteria) ® — # T &% % ( Van Niel, 1944 ;
Sasaki B, 1985). Z o M E Xk @, ), #E, M@K,
TAROUBEH ZEOAKAFEIBZEEN M LIDKSLG,
1966b ; ® MW - /N#, 1966 ; Pfennig, 1967 ; Siefert b,
1978 ; Hiraishi+ Kitamura, 1984a), B A R o kR F, € # ,
MBE 2 POVDHEBRCEELRESHNEZERL TWD (/D K,
1975a ; 1978).

BEEXxERBROMETTCRZTOSHABEELL, 43I KEFT
EE AP LIEBRFT SN T WD (Okuda b, 1957; 1959 ;
Kobayashi & , 1967a; Kobayashi - Haque, 1971 ; /M # ,
1995; Elbadry & , 1999a; 1999b; Elbadry* Elbanna, 1999) .
L2»2L, METETAEFHBERSOETNAVERE L TORA
(/N H# B ,1974), v v ¥ a )b — b O % FRE(Han, 1999)
g oW O DOREN D DBIFEALALEREF I NT AW

— %, B®, BROAEAEIRLE T, a2 EKE

il

HoHBICEDL Y, BEHHIZTBBWTDLREICAW R &
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WEHFDEEZECRD D MmEICELR S

¥ 72

¥

D3
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—

DN B S E LSS, ROl

EEICRER - T&TWV5D. T Db

B rOMEEBE SE OB TEAE®EE

T W 5.

- AR T, &3 AEMAE

fxﬁ%%%ﬁt%ﬁ‘zﬁfwﬁﬁﬁ%ﬁé@kbﬁo

ﬁ'@ﬂBTﬂz%ﬁbﬁﬂi&bEz’bTb\é($ﬁ$%,l999).

54, &,

%

%

#)

T .

M T F

B b

S S R

AL *®

1. #L & FERE B M B (Rhodobacter sphaeroides) B

@t%%?&ﬁ/f*@ﬁ%ﬁiwiﬁkéﬂﬁﬁﬁﬁ%ﬁ%

A=)

&

& 2 i

L

7

57

&

7=

PR T EREER & B E LT kR

REME B LT OB EBRS A X HEN O

NSEBRBICEETEBE LR L.

T w5 H B EKEME (PTBF),

# M ® (PTBP), X b HEE®RLEENR

% » (PTBP-D) %,

& O,

fL o FE AR

A OBt O B OE K

AHME BREZZTH X AL,

A

&t

Lo

ES

D)

B

5!

L

%

I

11

Iy

W

it

A

& v

(4

v

H

B AT o 2 (8 2-3K). 4045 JE BR R OM OB ME R B R

7J<IXT°EE%T“%0,4*%ﬁ%®éﬁ%ﬁﬁbt.
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i PTBF X

2N & HE 5

4 3 0O 4% E
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A, £ &

i £ Lk

i N,
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BI#®RKXIZ®BIT 5 PTBP X & PTBP-D
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TIX +PTBF R & & KR E % g &
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kX, & WA

L, NB X & P05 %
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W, WO ELBR L 2 i/ 3

AL & FE B R M B O MR &

ZRET LB H L ML

(Rhodobacter sphaeroides) [
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PTBP fi A ix /4 x © £ F 2 R # + 5 2 &8 HbL
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7T ) A FOoEET, LEXMEOEITR

¥y

-
&
o
&
'
4
O
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4 b & WL it o, XKoo T, K

B

K TR AXBHERK R 5 @EmMmM»ADLNHL,PTBP i A 2 R &
]

H
i
=
HE

OBWCHEER®D D ENRTIR SN .

Auorviihi=br0oAFLELREILRETESR

A wm Y T 2001 & 20034 @ 2/ #x% 8 % 1T » 7= .PTBP

R ET B E IR L, 2001 £ & 2003 &£ T B 23

Ewyrsr L. TR bbb, 2001 £ X PTBP E H IT X v A&

TN MRE XN EXE NS SEE N AL NN, 2003 F

TREFIPHHE S IEEOHE MIRB DL I »o k.

[y

otk o2 oB MR A 2001 B 1T 8/30~ 11/19 & W o B K B ¥ T

2003 £ T 6/23~9/15 ¢ B R #8 TdhH o 7 Z & BB L
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T W3 & #E X b7 . £ 7, PTBP fig A 1% & % gk &

2001 &, 2003 £ & B W B EDO NEFEBZ B D S F

B} T iX N, P,0s, K, Ca ODH EZHEMNM ¥ . X

PTBP fii A IT A o v @ # k49 0 R I LB D

T A BN Eh . & 64, PTBP i H X 2003

HREXTOAR NEEZELELEXLZEWYW TIHDY SE, &

Yy v LRI PITBP i A RiCctBBMAEYD OR B

b= kN TiX PTBP Wi A 2 1@ & L < i 10 [\ & &

FwW, R FEOEWLBRHLE. PTBP R X 7

B EEEEENEERL. LeL, BWAFEOE

hEEIR DL, S HIL, RE, HE,

a5 '

r
s

PTBP i I B &L g A F i © & Wi £ 5

b hol., —F, 1 @BHEHRKTDI) »dm®

b

10 AKX TRY yBREEEPThThEML, B

m A& R L T2

L E X v ,PTBP i 1T A v v O ERB IO N~=

A a Ly ryr@gEeESEMICAERE . &6, %
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Study on the purple non-sulfur bacteria utilization in

vegetable cultivation

Summary

Purple non-sulfur bacteria is one of the phototrophic bacteria, which can live
and grow in light. The purple non-sulfur bacteria are distributed in anaerobic aquatic
phase like rice paddy field, river, lake, pond, sea water and wastewater plant.
The purple non-sulfur bacteria have important role in nature with circulation of
carbon, nitrogen and sulfur.

In agricultural research, the effect of purple non-sulfur bacteria has been studied
mainly on rice due to the characteristic of the distribution. However, there is few
studies on the effect of purple non-sulfur bacteria in horticultural crops. In addition,
recently, the demand is growing for techniques of more nature friendly fertilizer
application and the enhancement of social consciousness to environmental
preservation. Moreover, consumer requirement for better quality of vegetables is
changing from not only the shape, but also the nutritional value and healthiness of
vegetables. Therefore, vegetable producer and consumer have strong interest in
organic farming of vegetables.

The present study was conducted during 1998 - 2004 to establish a method of
utilization of the purple non-sulfur bacteria (Rhodobacter sphaeroides) in high
quality vegetable cultivation.

The results obtained are summarized as follows ;

1. Effect of purple non-sulfur bacteria (Rhodobacter sphaeroides) and
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its medium on the growth and inorganic contents of rice seedling
The study was conducted to investigate the effect of purple non-sulfur bacteria
(Rhodobacter sphaeroides) and its medium on the growth and inorganic contents of
rice seedling under hydroponic culture. The experiment comprised eleven treatments
with three different types of purple non-sulfur bacteria ; living purple non-sulfur
bacteria (PTBF), freeze dried purple non-sulfur bacteria (PTBP) and heat treated
(80°C, 60h) PTBP (PTBP-D), and three different hydroponic solution ; sterile
distilled water, medium of the purple non-sulfur bacteria and Kimura B solution
(Table 2-3). The superior rice seedling growth treatment of hydroponic solution
was in order of Kimura B solution, medium of purple non-sulfur bacteria and sterile
distilled water. The application of purple non-sulfur bacteria promoted the growth of
rice seedling and the effect was clear in sterile distilled water solution. Moreover,
the application of purple non-sulfur bacteria increased in N and P,05 contents in rice
seedling. On the other hand, the growth in PTBP and PTBP-D treatments in sterile
distilled water and Kimura B solution was similar or superior to the PTBF treatment.
The growth under the control medium of purple non-sulfur bacteria was not different
compared with +PTBF treatment, except the maximum root length. Therefore, the
excreted materials from purple non-sulfur bacteria might not be effective on the rice
seedling development. These results indicated that the application of Rba.

sphaeroides promoted growth and increased N and P,O5 contents of the rice seedling.

2. Effect of purple non-sulfur bacteria (Rhodobacter sphaeroides) on
growth and quality of vegetables
1. Effect of purple non-sulfur bacteria on the growth and quality of spinach and

komatsuna
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This study was conducted to investigate the effect of purple non-sulfur bacteria
application on the growth and quality of spinach and komatsuna as common leafy
vegetables. Freeze dried purple non-sulfur bacteria (PTBP) was used for the
investigation. The PTBP application promoted top part growth of spinach and root
growth of komatsuna. Total sugar and carotenoid contents were increased by the
PTBP application. Moreover, the PTBP application increased the ratio of chlorophyli
a : chlorophyll b (a/b) on spinach. The effects of PTBP application was more
remarkable on komatsuna. In addition to its increase in a/b ratio, the PTBP
application increased chlorophyll a content and total chlorophyll a and & content

(a+b) in komatsuna. Furthermore, the effects of sterile soil treatment was
investigated on spinach. Total sugar and carotenoid contents were not significantly
different in sterile soil treated with the PTBP application. The chlorophyll a+b
content was increased by the PTBP application, without affecting the a/b ratio.
Therefore, it has been found that the PTBP application in sterile soil tended to show
different effects on spinach compared to its application in non sterile soil. This
indicated that the effect of PTBP application might have interacted with soil
microorganisms.

2. Effect of purple non-sulfur bacteria on the growth and quality of melon and
tomato

This study was conducted to investigate the effect of purple non-sulfur bacteria
application on the growth and quality of melon and tomato as common fruiting
vegetables. Purple non-sulfur bacteria was used in form of PTBP same as the
experiment 1.

The experiment of melon was cultivated twice in 2001 and 2003. The PTBP

application was showed different effects in 2001 and 2003. In 2001, the PTBP
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application tended to promote the growth and sweetness of melon. However, in 2003,
the PTBP application reduced the growth and there was no tendency of promoting the
sweetness of melon. The results might be affected by the temperature during different
cultivation time in 2001 and 2003. The cultivation time in 2001 was from 8/30 to
11/19, which was quite cold time, while the cultivation time in 2003 was from 6/23
to 9/15, which was hot time. On the other hand, the PTBP application reduced N
content of fruit and increased N, P,0;, K and Ca content of the root in both 2001 and
2003. Moreover, the PTBP application only reduced N content of leaf and stem on
sterile soil treatment. These results showed that the PTBP application affected the
inorganic absorption and transportation in melon. The result suggested that the effect
of PTBP application might be influenced by soil microorganisms similar to that in
experiment 1.

The experiment of tomato investigated different PTBP application methods,
which were PTBP application once or split application over ten times. Regardless of
the methods of PTBP application, the PTBP application promoted ascorbic acid
content, but there was no significant difference on fruit weight, sweetness and
organic acid contents. On the other hand, the one time application promoted the malic
acid content while the split application promoted phosphoric acid content.

Results of the melon and tomato experiments showed that the PTBP application
promoted sweetness of melon and ascorbic acid content of tomato. The effects of
PTBP application differed with cultivation period of melon and application method
on tomato. Therefore, the PTBP application during cool season might be expected to

promote sweetness of melon.

3. Effect of purple non-sulfur bacteria (Rhodobacter sphaeroides) on
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microflora in vegetable cultivated soil

Three experiments was conducted to investigate the effect of PTBP application
on the microfiora in vegetable cultivated soil.

Experiment 1 investigated the effect of PTBP application on the microflora in
spinach, komatsuna, carrot, radish, tomato and melon cultivated soil. The PTBP
application increased numbers of fungi and actinomycete in those soils. This might
be due to the amino acid compounds in the PTBP. Moreover, the magnitude of
increase numbers of fungi and actinomycete by the PTBP application differed
according to each vegetable type.

Experiment 2 investigated the effect of continuous PTBP application for three
cultivation on the microflora in spinach and komatsuna cultivated soil. The
continuous PTBP application promoted number of actinomycete in spinach and
komatsuna cultivated soil. Furthermore, the PTBP application increased number of
fungi in first cultivation of spinach non sterile cultivated soil and third cultivation of
spinach sterile cultivated soil, however, there was no significant difference in
komatsuna cultivated soil. These results showed that the effects of continuous PTBP
application for three cultivation might have differential effects on soil microflora
cultivated with each vegetable.

Experiment 3 investigated the effect of different PTBP application methods,
which were PTBP application once or split application over ten times, on the
microflora in tomato cultivated sandy and loamy soils. The one time PTBP
application treatment increased numbers of fungi and actinomycete, however, there
was no significant difference on the split application treatment in sandy soil. These
results showed that the effect might be related to the amount of PTBP applied each

time. Moreover, there was no significant difference between application methods in
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loamy soil. These results suggested that the high buffer effect of soil microorganisms
in loamy soil was responsible, because of presence of more soil microorganisms in
loamy soil compared with sandy soil.

Therefore, it was concluded that the PTBP application increased numbers of
fungi and actinomycete, and the effect on number of actinomycete remained every
year continuous PTBP application. The effect of one time PTBP application was more
effective on fungal and actinomucete than the split application. This indicated that
the PTBP application was useful for vegetable growth promotion and soil diseases

control.

4. Effect of purple non-sulfur bacteria (Rhodobacter sphaeroides) on the
growth and quality of komatsuna under different light qualities
The effect of purple non-sulfur bacteria application on the growth and quality of
komatsuna was investigated under different light qualities using blue(470nm) and red
(660nm) light emitting diodes (LED). Freeze dried purple non-sulfur bacteria
(PTBP) were used for the investigation. Komatsuna plants were grown for 21 days
with or without PTBP application under three different light qualities (blue-100%,
red-100%, blue 20%-red 80%) at 20°C in a growth chamber. The PTBP application
significantly promoted root growth under the blue-100% treatment, whereas the no
PTBP application under the same light quality reduced root growth compared to the
other light quality treatments. Moreover, the PTBP application under blue-100%
increased chlorophyll and carotenoid contents, and reduced total sugar and ascorbic
acid contents. On the other hand, the PTBP application under red-100% reduced
nitrate and ascorbic acid contents. These results indicated that PTBP application

significantly promoted growth and quality of komatsuna under blue light, and might
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also compensate for red light.

5. Effect of final molasses wastewater treated with purple non-sulfur
bacteria (Rhodobacter sphaeroides) on the growth and quality of
spinach
This study was conducted to investigate the effect of final molasses wastewater

treated with purple non-sulfur bacteria (PTB) on the growth and quality of spinach.

More than 1 : 100 dilution of PTB did not inhibit the germination of spinach seeds.

The application of the 1: 100 dilution of PTB significantly improved both growth and

quality of spinach compared to application of dilution of final molasses wastewater

(Pre-PTB) or distilled water. This result showed that the application of PTB was
more effective than the application of Pre-PTB. Moreover, the application of PTB
tended to increase sugar and ascorbic acid contents of spinach in unsterilized sandy
soil rather than in sterilized sandy soil. This suggested that the effect of application

of PTB might be influenced by microorganisms in the sandy soil.

It is concluded that the purple non-sulfur bacteria application not only promoted
growth of rice, spinach and komatsuna, but also the quality of spinach, komatsuna,
melon and tomato. In addition, it has been found that the purple non-sulfur bacteria
application increased number of fungi and actinomycete in vegetable cu.ltivated soil,
and promoted root growth and quality of komatsuna under blue light. Moreover, the
utilization of final molasses wastewater produced by sugar factories was improved

when treated with purple non-sulfur bacteria.
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