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Table 1. Redoxpotential between phosphate-series

Reaction Eo’(v) 4H
H, POy - —Hs PO, C_—()(33§0>* ~17.5
H; PO; ——Hs PO, (_—06%0)** —30.9
Hs PO: —— PHs —0.34 ~31.3

Note : ‘
)* N.A.Lange : Handbook of Chemistry (1956)

)** G.Charlot : L’analyse Qualitative et les R’eactions en Solution (1957)
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Tabl 2. Mechanical properties of sampling soils

Sand( %) Fine sand(%) Silt(2) Clay (%) Sml . Apparent
2~0.2mm () 2~0 Ome 0 02~0 002mm (0 002mm Classes Spec1f1c graV1ty
Utsunomiya 12.61 28.42 28.20 . 12,55 L . 0.716
Sano 16.1 32.3 30.6 21.0 ‘CL 1.055
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Table 3. Chemical properties of sampling soils

Fer_». 03
PH N Aly, O3 + Mnz O3 Si0,
(‘7) %) (%) Fe O (mg/100g) (%)
) (%)
Eﬁ;gno“ 6.05 5.67 0.44 13.83 4.66 17.00  47.58
Sano 6.42 1. 95 0 22 14.12 8.42 76.42 54.02
. ) Effect 6f air- Erfféct of teimper.:riitrur; - o
CEmCO Absoi);;tge coeff. drying of the soil elevation on the mineralisation
(me/100g) 2 before floodmg of nitrogen
33.75 1992 18.11 22.85
20.83 504 8.35 10.09
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Fig 1, The apparatus for aspiration
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Table 4. Amount of dephosphorification in the model paddy field (P; Osy/soillkg)

Date

Soil sample 0 ~ 3days 3 ~9gdays 9 ~16day S

Utsunomiya* 2.8 35.6 67.4

Remarks : 1. In the case of one abo()l‘b(,l’lt
2. * This field was fertilized annually with organic
fertilizers and manures.
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Table 5. Effect of temperature on dephosphorification (P2 Os y/soillkg)

Date

_ Temp.cc SOl sample O=idays  M~sbdays o 28~dzdars
10~13+C Utsunomiya 24.9 20.7 37.8
Room temp.{Sano 18.7 13.1 20.4

. Utsunomiya - 39.2 20.3 48.2
2rc {Sano 34.5 41.0 32.5

Remarks :
1. In the case of two absorbent
2. These fields were fertilized annually with organic fertilizers and manures.
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Table 6.

Correlation between dephosphorification and number of absorbents

Order of absorbent I T
~_Soil sample

I il v
Utsunomya 31.2 21.2
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Table 7.

Composition of medium A (g.per 1)

Na-lactate K2 HPO4

 Na-l KH: PO;  MgCly 61z O CaCls. ;\ef:,ltptAspefgilﬁe FeCly
10.0 7.0 3.0 0.3 0.2 0.2 2.0 a trace
Ph 7.0
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F2M #{v&%o paper chromatogram

Fig 2. Paper chromatogram of phosphorus-compounds
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Table 8. RF values

Date Sample Hs PO1 H3 PO3 Hs PO
March 24{0 08~0 19
0.08~0.19 0.08~0.19
Aprit 2 !0.20~O.30 0.20~0.30
lo. 41~0.57 0.44~0.56

Amount of dephosphonfxcatxon P 104 6 7 (Pg Os /mcdxumZOOcc)

BLosr kiR o » orthophosphate # Ji\ /= ki i Z 34 1 EMEISIZ LD @ phos-
phite, hypophosphite 2F1ET 2 2 &2 5o
SN R L T3 AIE 1week—>2weeks i FE200ce 0 5 PO #a54104 . 6y
DBED AW % T
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MM 2 BERT LTRSSV OBERE 2 BT AT 2 L fER, M 1 week T ortho-
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Table 9. Composition of Agar culture medium B (g. per 1)

Na-lactate KeHPO; KH;PO; MgClh'6H;O CaCl, Y35t~ Asparagine F.Cly Agar
10.0 7.0 3.0 0.3 0.2 0.2 2.0 atrace 18.0

Ph 7.0
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Table 10. Properties of the Strain isolated
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1] ﬂjA Eteg@}rlgg ram Bk acetic aci
2 {55 Y&
i@fi {wj

Sy LR e L vibrio Th D7z MR TTd B 2t RiEMEAY & LI
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Table 11. Amount of nitrification and consumed glucose

'Stmple [ Sample J{ Lr)l:jttéﬁllgglum
Amount of N a - - o -
) consumed glucose (g) 3.6 3.7 7.0
“Amount of ' )
b _nitrfication (mg) 9‘0 o 92 ﬁ 25:% —
Ratio b:a 2.4 2.5 3.6

(2) Bt e o MR EoC
Pl U 7= 8 [k OBIRR T EHIOAT IR R K (3124 Dl ) Tdh %

12 B oo B e R U 1E M

Tafle 12. Bacterial strains with reference to phosphate reduction

Products reduced

- _ Strains 4 Phosphite Hypophosphite
L‘tCtOb’lClHuS casei — —
Streptococcus lactis — -
Sulphate-reducing bacteria - —
Aerobactor (polymyxa - -

macerans — —_—
Escherichia  coli + +
Clostridium (acetobutylicum -
butyrlcum ’ + .

T L 7= 8 HIEEOWNRIERENMN O b 8\ » Escherichia coli & Clostridium butyricum

ﬁi‘kXLgﬁféjt E‘ﬁ Zé& @fuv..(y)f“
b. 8 & & # &

BEEEEICI S A LB (AU D 2 T BN T L o S EEsE 2 1T D0~ W
W FHER ok & ERRFER BRI ORGSR 2 ] L, TR G 2L LT 2
Pelo Lo ZORTEE S - psClostridium)f ¢ & 272 2 SED T S WL RT
HH D IO OIIAEREELETH D EREEE D L o2 &, FOEFRRMNIIK L,

BERE I & AT B & & LK PR LB DRI 2 do F A 2 I BB L S T 7 1
WELDLDOLE LN A,
LRGN E R DO\ TR IE DB & 50T 200X & i L 7245 FEsche-
richia coli & Clostridium butyricum 7 BEERIC 417 ) J & &l 72e DM
i3I 2-420mv (Ph7.0)®Cd D TH 728
W2 SEH LA & B ERSEC 24T O S 76 A AT REVE I 2 e HIE 20\
i Rudakov 11 AE (Bact. coli communior) HUMLOOI 2 @il EC 22+ & LT\
50 W

ST =7
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Fig 3. Reductive proceeding of phosphorus-compounds
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2) WEEREECIZBEY T A AN
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Table 13. Bacteria which produce the low redoxpotential in their medium
0. R. P.
Strains Method Ph Temp ~

(& C) Eh (mV) rH

3 ~ — —~—7 ~ ¥
Lactobacilius delbrueckii {L+R 8.9~6.3 30 60 214 5.0~ 6.0

E 4.6~5.5 30 + 71~—166 5.0~12.2
Lactobacillus bulgoricus

Lactobaillus acidophilus 7.1 37 —150 9.3
Lactobacillus bifidus
Aerobacter polymyxa 6.8 37 —230~-200 6~7
Aerobacter macerans 6.8 37 —300~—270 4148
Clostridium saccharobutyricum ( Nz bubbling E 5.0 —274 1.0
IN, 0. {1.4722)bubbling E 5.2 _224 3.0
I(gluc()se E 0 37 + 20~+4115 0.7~3.8
‘mannit E 0 37 4+ 40~+350 1.3~11.4
\arabmo%e E 0 37 + 50 1.6
Clostridium acetcbﬂvhcum Ca-gluconate E 0 37 0~—+ 30 0~1.0
Cane sugar{Ns }bubbling E 0 37 + 50~+130 1.6~4.2
j ” E 4.6~5.3 0.8~2.0
]\‘ glucose E 4.2 1.0
Clostridium butyricum E 7.0 —420 0

Echerichia coli E4+R 7.0 —420 0

Rcmwrks
E : electric method
E+ R : electric method with indicator
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D B B —— KT O K BRI 2B T 0BT T oA s RERIERA oS
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3) B T R T A B R - desiccator R L 2 BOHWA M B S ST S
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2 D\NC b T L7 JZER R AT SR R T B ar % <L PN RO FFEY Tl an Tt
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5) BEERRICICE ST A AN —EEE A oo R [ Clostridium butyricum,
Escherichia coliz g2 icIZM 742 2 & 28w,

AWIED — IR BB R ARG IR C X 20 D Th 2, ST L TIEBMOKEERIT &S T
JEAREL T MM OIS ik, AN AT P S BRI B
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il k A -« bRk T
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Streptococcus lactis
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B S A S B TR ¢ Aerobacterd pcerans
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On the Phosphate—Reduetion in the Paddy Iield

By
Gorp Tsubota

Summary

If the reduction of phosphates takes place in flooded paddy field, this pheno-
menon might have a great significance from the standpoint of manure utilization
in the soil. In this case, besides the fixation of phosphate owing to the
absorption by soil, transformation of phosphates to their unavailable forms by
plants is also suspected. Further, presumed products of phosphate reduction,
phosphite and hypophosphite are known to be toxic to plants. And if phosphate
is to be reduced so far as to phosphine, the degree of this dephosphorificaton
and their toxicities to the physiology of plants should be investigated.

To make clear the above mentioned situation, the following laboratory ex-
periments were carried out.

1) Dephosphorification in a paddy field model

2) Phosphate reduction in liquid medium

3) Soil microbiological study whith special reference to the various bacterial
strains which have the ability to reduce phosphate.

The results obtained were as follow :

1) Dephosphorification was manifested by trapping phosphoruscompounds in the
evolved gas in a oxidized form in nitric acid solution, using a paddy field model
in desiccator.

Among the different types of sail investigated, more amount of dephosphorifi-
cation was observed in the soil rich in humus.

And higher temperature seemed to favour the dephosphorification.

2) A few soil as source of bacteria was inoculated in the reductive medium.
Afer incubating for one week, considerable amount of phosphite and hypo-
phosphite could be detected in the medium which had contained orthophosphate
as a constituent.

Accordingly, the possibility was discussed that the reduction of phosphate pro-
ceeds at least via phosphite and hypophosphite.

3) It was demonstrated that, among the bacteria which produce the low redox-
potential in their medium, such as Clostridium butyricum and Esherichia coli
take part in the phosphate reduction.
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目

　水田に於ける燐酸還元についての信頼すべき報告は、筆者が調査し得た範囲では見出せなか

つた。本報告を刊行するに当り、敬愛する一先輩より筆者が耳にした（1x4）燐酸還元に関する唯

4の研究者はソ聯のK．LRudakovである。しかしこれとても、original　reportを入手するす

ぺとてなく、実験の詳細については不明であるが、水田に関するものではないと思われる。

　筆者は水田に於ける燐酸問題を究明中、Rudakovとは全く独立に湛水下の土壌中に於ける

燐酸還垢の1・∫能性を推定した。

　すなわち燐酸還元系列として過去に知られた燐化合物から、燐酸一亜燐酸一次亜燐酸一燐化

水素び）、三段階を想定し、各々の生成熱、∠Hから大略の酸化還元電位E。’を算出すると第1表

の如くであつて、必ずしも自然界に於ける不可能な醗酵現象とは思われない。

Ta、ble1．

矛1表　燐酸系列の酸化還元電位

Redoxpotential　between　phosphate−series

Reaction

Eo’（v）

」H

H3PO4　−H3PO3

H3PO3−H3PO2

H3PO2−PH3

一〇．38

（一〇．20）＊

一〇．67

（一〇．50）＊＊

一〇．34

一17．5

一30．9

−31．3

Note：

）＊　N．A。Lange：Handbook　of　Chemistry（1956）

）＊＊G．Charlot：L’analyse　Qualitative　et　les　R’eactions　en　Solution　（1957）
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