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Sulphate-reduction by anaerobic bacteria (Desulfovi- - brio and Desulfotomacu SEL.) is a process frequently described 
in highly reduced horizons of waterlogged soils. VAMOS (1959) 
BOULAINE (1 960) TAKA1 and KAMURA ( 1966) CONNEL and PATRICK ( 19,. 1 
BLOOMFIELD (1969) . 
The number of sulphate reducing baczeria increases and they 
produce free hydrogen sulphide when three conditions exist 
simultaneously : 1) anaerobiosis 2) presenc.e of sufficient sul- 
phates 3 )  presence of suitable substrates. When iron is preseRL 
it immobilize free hydrogen sulphide andiron monosulphide (Fes: 
precipitates. 

These three conditions are met in some soils of Senegal : 
1) mangrove soils in tidal swamps ; such soils are found along 
the western coast of Africa, from Senegzl to Cameroan. 
Before managing they are high in sulphates and fresh organic 
matter and very reduced. Sulphate reduction in such soils have 
been described by HART (1963) VIEILLEFON (1969) and BALDENSPERGER 
!1969). \ 

2 )  acide sulphate soils on marine and estuariae sediments high in pz 
pyritewand iron monosulphides as en the Senegal River delta. 

suggesting that when these soils are reclaimed for rice cultiva- 
tion, sulphate-reduction may appea.r not only on the reduced soil 
as described by TANAKA et al (1968) but first, and very quickly 
ar;ound the germinating seeds and along the roots. Free hydrogen 
sulphide, and iron monosulphides produced in the spermosphere 
cause the death of seeds, and in the rhizosphere, the wilting ana 
th~e death of seedlings. On previous reports (JACQ 1969-1971: we 
have dascribed similar delkterious processes in the spermosphere 
and the rhizosphera of maxze on waterlogged saline soil in Tunis,:L-. 

This paper presents the results of some experiments 
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. a  A)' 'IN 'SITU OBSERVATIONS 

Two types of deleterious phenomena have been observed 
in situ in some experimental stations on Senegal River delta. 

!i I ' '  'III I I I I ( [  1 )  I 1qt1 IL I l l  I I 1 . I I  I , ,  1 8  I l  I 

., 
i- " - 1) Dyinq out germinating seeds .. - 

When heavy rains caused the waterlogging of soil surface 

sheath of iron monosulphide strictly localized in the spermospherq, 
and produced by sulphate-reducing bacteria. All the seeds died ou6 
in a few days as it was observed in Kassak-Nord station last yearE 
in a moderate saline acid sulphate soil (pH : 5.5 ; sulphate con- 

I tent 2.02 me/100g) where leaching i$ very slow because clay conterit 

I during the week following the sgwing,seeds may be covered by a blTc 

=aches about 70%. 
2 )  Wilting and dying out of seedlinqs 

In waterlogged areas, where flooding was caused by rains 
or inadequate leacwng of irrigation water, at the beginning of 
bright periods following cloudy ones, symptoms of disease appeared 
on rice seed1ings:first order leaves,then all the leaveSAwilted 
and dried. Roets wekcovered by the same black sheath. If sulphide 
accumulation is important, seedlings died out about 10 days after 
the maniafestation of the first symptoms. Such disease has been ver 
important is Kassak-Nord soils, less important in Boundoum-Nord - 
soils (S04':1.5 me/100g ; clays : 60%) and Kassak-Sud soils (SO4-: 
0.77 me/100g ; clays : 57%)]where pH is highert6.0 to 6.4. 

B)' EXPERIMENTAL STUDIES 

1) Material and methods 
I 

a)'Experiments on soils 

Freshly collected samples of mangrove or paddy soils, I 

air-dried and sieved to 2 mm were distributed into flat and trans-' 
parent colums (50x15~800 mm) described by DOMMERGUES et al (1969). 
Seeds pf rice (IR8 variety) were sowd in dry soils. For spermos- 
pherical sulphate-redaction studies soils were waterlogged imme- 
diatly after the sowing. For rhizospherical sulphate-reduction 
studies, soils were waterlogged after the seedlings were about 
10 cm high. Sulphate-reducing bacteria were enumerated according 
to STARKEY, reported by PICHINOTY (1966). 

b) Experiments on hydroponic cultures 

On large test-tubes (JACQ 1971) rice hydroponic axenic 
cultures were obtained on JACQUINOT's (1968) or BORNER and 
RODEMACHER'S (CHALVIGNAC 1958) mineral media,fn some experiments 
an inoculate of sulphate-reducing bacteria was in ected into the 

to CHAUDHRY and CORNFIELD (1966) o 

phy and dissolved oxygen partial pressure (p02) was measured with 
a RADIOMETER Blood Micro System analyzer. 

medium and sulphide content was periodically meas i red according 
Roots exsudates were indentified by paper chromatogra- 



2 ) ,Exp'e'r'ihien"a~ls' 're'sul'ts 

I. SPERMOSPHERICAL AND RHIZOSPHERICAL SULPHATE-REDUCTIONS IN SOME 
SOILS OF SENEGAL : LABORATORY EXPERIMENTS. 

I 

I Mangrove soils of Balingore station (Casamance, South of 
Senegal) ,have been described by VIEILLEFON (1969) .. In table 1 are 
reported some chemical and physical properties of these soils and th 
results of sulphate-reducing bacteria enumerations at the middle of 
.dry season (february) and of rainy season (august) .. 

Those numerations showed that sulphate-reducing bacteria 
are very numerous, more than 1000 cells per g of dry soil, during 
the whole year on the soils, and present in waters during rainy 
season. 

On flat columns experiments, when IR8 rice was sown and 
soil immediatly waterlogged,the number of sulphate-reducing bacteria 
increase rapidly in spermospherical soil (table 2) and on seeds 
appeared the black sheath of iron monosulphide. A very large part 
of seeds died out in 8 o t  10 days : from 63% in bare "tanne" soil 
to 100% in a rhizophord mangrove soil (table 31.. 

The increase of the number of sulphate-reducing bacteria 
was slower around roots of survival seedlings (table 2) but all 
plants were damaged. Only a few of them died out : 23% in bare 
"tanne" soil and 30% in rhizophora mangrove soil (table 3). After 
spermospherical pnd rhizospherical sulphate-reduction the number 
of survival seedlingsCat the 25th day) is low, less than 27% 
(table 3),even in the mangrove paddy soil. 

i b) Sulphate reductions in two paddy soils of 
Casamance and influence of deepness of sowing,,waterloqginq 

Gid- 
Samples were taken from two paddy soils of Casamance. The 

clay content and pH (fresh 'soil) of these soils were respectively: 
4 9 8 %  aniil5.0 for Bignona mangrove saline soil 
3L5% and 6.0 for Djibelor,irrigated, non-saline, soil.; 

-' 

In flat columRs experiments, 4 Treatments hdve been 
differt5nciated. 1 , .  

, ,  

, .  

, ,  

(1) Rice seeds sown at 
(2) Rice seeds sown at 
above soil surface) 
(3 )  Rice seeds sown at 
(4) Rice seeds sown at 

0-1 cm deep;flooded soil (wate eve1 at 3 cm 
0-1 cm deep : waterlogged soil 

3-4 cm deep ; waterlogged soil. 
3-4 cm deep : flooded soil. 

+ 
!, - Results are reported in table 4 : Spermospherical and 

rhizospherical sulphate-reductions were always very important when 
seeds have been deeply sown : in both soilsupto 90% of them died 
0ut, and half or more of the seedlings too. 

When seeds have been sown into the 0-1 em horizon,sper- 
mospherieal sulphate-reduction was less important, especially in 
Bignona soil, but in flooded soifs, the number of dead'seeds were 

' 

! hice more important than in waterlogged soils, because rhizosphe- 
' 1  ~ 
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rical sulphate -reduction, about 25 ki; 30% + !  seedlings died out,excep- 
ting in waterlogged Bignona soil (59%) .. . .  _ .  

1) ,Sulpha'te'-redudion's in 'some di'f ferent paddy 'soils 
"teen paddy soils have been tested : seven mangrove paddy soils, 
fnusirrigated soils and three 'acid sulphate paddy soils,. 

I!' "'In' tabl'k 5 ar&' fcepbffted Some chemical and physical properties of 
+ "  'these soils, änd results of flat columns experiments. I' :I _. "I. 

II 
t t 

Spermospherical sulphate reduction occured only in some 
It can be noticed that the two soils where mangrove paddy soils. 

all seeds died out (Balingore and Medina 3) were very saline and 
clayey, and have been managed last year. In three other soils, the 
loSsof seeds were up to 50 %. In sandy mangrove soil, as Enampar soil, 
no spermospherical sulphate reduction was observed. 

Rhizospherical sulphate-reduction was observed in the four- 
teen tested soils, but damage caused was important only in Medina 3 
mangrove paddy soil, where al1 the seedling died out, and in two orwe: 
mangrove soilswhere growth of seedlings was very slow. In these threy 
soils, number of sulphate-reducing bacteria might have increased becau 
se previous spermospherical sulphate-reduction. 

In a non? saline soil (Djibelor 4) and in a acid sulphate 
soil (Ross-Bethio) rhizospherical sulphate-reduction appeared only at 
the end of the experiment (two months after sowing) and no plant died 
out . 

II RHIZOSPHERICAL SULPHATE-REDUCTION IN HYDROPONIC CULTURES 

7 , 

I 

G 
on PICHINOTY's medium, from mangrove and paddy soils of Balingore 
station * i  and rice hydroponic axenic cultures, 7 days old, there.. 

table: 7 , ,  
When initial inoculum was sufficient, rhizospherical sulphdb 

reduction occuked, on same manner than with pure strains of sulphate- 
reducing bacteria, but more slowly, With impures strains from rhizo- 
phoramangrove deakhof seedlings accured in 3.9 days and with,two %thex 
strains (from mangrove paddy soil and non-saline heliocharis tanne) 
growth of rice was affected. When initial inoculum were s:hght, the 
number of sulphUe-reducing.bacteria decreased and iron-sulphide was 
not observed around roots. . 

II: ' 

a o * / . . .  



III' 'RICE ROOT EXSUDATES 

It is known that only a few Substrates can be utilized as 
carbon sources by sulphate-reducing bacteria. Such substrates have 
been identified by paper chromatography (see, table 8, results of 
amino-acids, phatic acids and sugars identificationsin IR8 exsuda- 
'tes)'.' 'I ' 

(STARKEY 1938, SENEZ 1954) .and succinate (GROSSMAN and POSTGATE 29551. 
When amonCrtts of such aliphatic acids are insufficient, some amino' 

i acids may be utilized (MAC PHERSON and MILLER 1962) specially aspartic 
acid, glutamic acid, asparagine, histidine and threonine,a.m$d _- some 2. i 

I sugars, as sucrose, glucwkand fructose. 

a 1  f ( t 4 '  I I d l  I I 

Two aliphatic acids are immediatly available : lactate 

I .., 
IV OXYGEN DIFFUSION FROM RICE ROOTS 

i '  
Oxygen partial pressure has been periodically measured with 

the Radiometer analyzer, in hydroponic media, where 8 plants of rice 
, per test-tube were growing. Results are reported on table 9 : oxygen 
production by rice'roots.appear4dafter 6 or 10 days of incubation in 
glass-house. 

1 

C) CONCLUSIONS,AND DISCUSSION 

The resdts ,:;*.I summarized here show that sulphate-reducing: 
bacteria are present in two different paddy soils, managed on former 
mangrove soils or on fluvial estuarine deposits. They may inducejonly 
when strict anaerobiosis is established by waterlogging, the death 
of rice seeds and seedlings. Heavy rains, or insufficient leaching 
of irrigation water are main cause of waterlogging, especially when 
these soils are very clayey and compacted; Such dbseases may occur 
in saline paddy soils, or when brackish water are'used in irrigation, 
because numerous strains of sulphate-reducing bacteria toleratehigh 
sodium chloride contents (LEBAN et al 1 9 6 6 ) .  

I 

Sulphate-reduction appears in whole profile as described 
by many Japanese searchers (MITSUI et al 1954, YAMADA and OTA 1958, 
TAKA1 and KAMURAB66)but it appears too, and more quickly,in spermos- 

' phere and rhizosphere wher4vailable substrates are exsudated . Sper- 
mospherical sulphate-reduction, is more intense in the seed than in 

+ the root neighbourhood, likely because exsudate production of seed 
is more important than the exsudate production of roots, and because 
seeds have not the oxidative powcsj'of roots. It can be noticed that 
light intensity influences the qualitative nature of roots exsudates 
(ROVIRA 1956) and so, rhizospherical sulphate-reduction is more in- 
tense under bright sunshine (JACQ and DOMMERGUES 1971). 

rice seads because production of sulphides in the spermosphere. But 
toxicity of the hydrogen sulphide for rice plant is well known : it is 
toxic at low concentration because its inhibits the respiration, 
retards the uptake of water and various elements, phosphorus and ni- 
trogen for instance (YMADA and OTA B958), and destroys the oxidising 
power of the roots (TANAKA _.- et al 1968) . ThfLs, without have noticed ' 
rhizosphericaf localization of the injury,many searchers have pointed 
out ,the influence of hydrogen sulphide in some rice diseases : "bru- 
zone" (VZMOS 1958, 1959) in Hungary, '!root-rot" (BABA 1955) "akiochiV1 
in Japan and Korea and "bronzing" in Ceylon. Akiochï, attributed to 

As far as we know, no searcher has noticed the death of 



I 

hydrogen toxicity (PARK and TANAKA 1968, TANAKA and YOSHIDA 1970) 
occured in degraded soils, low in activeicon quite different of acid 
sulphate soils. In bronzing diseasel which may occur in very acid 
sulphate soils, initial damage by free hydrogen sulphide have destroye 
the power of the roots to protect plant from excess uptake or iron 
(TANAKA -- et al 1968) and made it susceptible to iron toxicity d@scn'6ed 
by PONNAMPERUMA _.- et al(1955). We have shown than in hydroponic cultures 
when total sulphides content (free hydrogen sulphide and irog monosule 
phide) reaches 3 or 4 ppm. all plants died out. Perhaps wheFeduced 
iron is sufficient to react with all free hydrogen sulphide produced 
in the rhizosphère it is the iron sulphide sheath which prevent the 
uptake of some nutrients. Methyl mercaptan, very toxic too, can also 
be produced by sulphate-reducing bacteria (TAKA1 and ASAM1 1962). 
a n  acid sulphate paddy soils it is possible that sulphate reductions 
occur more easily when plants have yet suffered from any other toxici- 
ty or any element deficiency. For instance salinity is mually associa 
ted with acidity on such coastal areasI If spermospherical sulphate- 
reduction is not promoted by salinity toxicity, because germinzting 
seeds are mo7tt:tolerant to salinity, rhizospherical sulphate-reduction 
may be more important in saline acid sulphate soil, especialy et see- 
'dling stage, when plants are very sensitive. After this stage, the 
oxidative power of rice roots (AIMI 1960, BARBER -- et al 1965, ARMSTRONG 
1969, LUXMORE, -- etal 1970), may oxidise iron monosulphide seath and 
reduce its toxicity:we have noticed it in reliminary test-tube ex- 
periments and field observations Shaw tha&hen plants have been little 
injured, disease Symptomes disappeanidand the growth of survivals 

1 

I 

' 

i plants is better than the growth of non-afkcted plants . 
Not only rice, but many plants may be affected by spermos- 

pherical and' rhizospherical suphate-reduction : Fields observations 
(DOMMERGUES et al 1969) and preliminary experiments (JACQ 1969) on a 
saline soil from Tunisia, show that some plants are very susceptible : 
legumes (french beank?, broad bean, lucerne) and cereals (maize, 
sorghum). In Senegal, cotton and sugarcane may be also damaged. The 
study of the effects of these processes is of a reel pratica1 interest 
every time sulphatee so i l s  may be waterlogges after sowing or during ! 
growth of such susceptible plants.< I .  

1 "  
1 

I 
I 

i, I 



I 

I 

AIM1 (R.) 1960 - Cell physiological study on the function of the root. 
IV. Active oxygen supply into the root from leaves in rice plant. 

1 ""4i 1, ,II 
I '  Proc. Crop., Sc,i,. Soc.' Japan 29, 51 .- 54 

ARMSTRONG (W.) 1969 - Rhizosphsre oxidation in rice : an analysis of inter, 
varietal differencies in oxygen flux from the roots.' Physiol. Plantaru 
22 (2) 296 - 303. I I 

BABA (I.) 1955 - Varietal differences of the rice plant in relation to the 
resisting capacity to root-rot disease induced by hydrogen sulphide, 
and a convenient method to test them.' Proc.' Cresci. Soc. Japan. 23, 
167 - 168. 

BALDENSPERGER (J.) 1969 - Etude de la sulfo-oxydation dans les sols formés 
sur alluvions fluvio-marines en milieu tropical. ORSTOM Centre de DAKA 
(SENEGAL), doc. ronéo. (54 p.) 

EVANS (N.T.S.) 1965 - The movement of :?O throug 
barley and rice plant. J.'Exp. Bot. - 13 (39), 397 - 403 

I 

I 
_. 

1 

BARBER (D.A.) EBERT 

BLOOMFIELD (C,) 1969 Sulphate-reduction in waterlogged soi ls .  J. Soil Sc 

BOULAINE (J.) 1960 - Les maladies physiologiques du riz.' Bull. Inf.' Rizi- 
teurs de France 16 p. 

CHAltVIGNAC (M.A.) 1958 - Effet rhizosphere comparé du lin en culture hydro 
ponique et en terrQ.Ann. Inst. Past. - 95, 474 - 479. 

CHAUDHRY (I.A.) and CORNFIELD (A.H.) 1966 - Determination of sulphide in 
waterlogged soils P1. -- Soil 25, 474 - 479 

CONNEL (W.E.) and PATRICK ( W . H . )  1968 - Sulphate-reduction in soil : effec 
of redox potential and pH. Science - 159 86-87. 

DOMMERGUES (Y.), COMBREMONT (R.), BECK (G.), OLEAT (C.) 1969 (a) - Note 
préliminaire concernant la sulfato-réduction rhizosphérique dans un 
sol salin tunisien (Rev.'Ecol.'Biol. Sol . 'g ,  115 - 129. 

DOMMERGUES (Y.) , JACQ (V.) et BECK (G.) 1969 (b) - Influence de l'engorge- 
ment sur la sulfato-réduction rhizosphérique dans un sol salin =. 
Acad. Sci. Paris, - 268, 605 - 608. 

20, 207 - 221. - 

GROSSMAN (J.P.) and POSTGATE (J.R.) 1953 - The estimation of sulphate-re- 
ducing bacteria '(D. desulfuricans) .- Proc. Soc.' Appl. Bact. 15 (1) ,. H 

HART (M.G.R.).., 1963 - Observations on the source of acid in empoldered 
mangrove soils. II. Oxidation of soil polysulphides. P1. Soil 19 4 (If . 
106 - 114. 

i 

JACQ (V.) 1969 - Etude de Pa sulphato-réduction rhizosphérique dans un sol  
salin tunisien. D.E.A.  Face Sci. Nancy, (doc. ronéo.) 36 p.  

JACQ (V.), DOMIVERGUES (Y.) 1970 - Sulfato-réduction rhizosphgrique et sper 
mosphérique : influence de la densité apparente du sol. C.r. Acad. Agr 

' Prance 56, 511 - 519. , 

JACQ (Ve) 1971 - Recherches préliminaires concernant la sulfato-réductiqn 8 ,  

rhizosphgrique et la sulfato-r€Sduction spermosphérique. ThGse doc+ > 5  
.&9. . . . / o .  * 



4 :  ' 

, ' ' .  
, .  I ,: * -  ' 

I ; .. - 7  ' 

JACQ (V.. ) .,. DOMMERGUES .(Y . 1 ,  ,19.7 1. .- Influence de 1 intensité d &:lairement 
. .  et .de l'Sge de l'a plante sur la .sulfato-r6duction.r sphérique. 

Zentbl'.'.'Bakt'.' Par' as%t 0 .  : Kde :125' ,(,7). ,661. ;-. '6'69' ' ' . .  
! ; .  ' 

JACQ (V.) , DOMMERGUES, (Y.) .et: -JEANMAIRE .(MOCO) 1971 - Sulfato-réduction 
~ACQUINOY"' ( ) ''.1!?6$'!~= 'Rapport d'activité "du C.R.A. de Bamb*ey (Sénégal) IRA 

spermosphérique' Ann.' ',Inst'.' 'Pasteur' '121 - ,: 199 - 206. , 

I . 
" 

' , I  . _  

I 
I LEBAN (M.) , EDWARDS (W.H.) et WILKE (C.R.) 1966 - Sulphate-reduction by 
I bacteria. J. Ferm. Technol. fi, 334 - 343 

LUXMORE (R.J.), STOLZY (L.H.) and LETEY (J.) ,1970 - Oxygen diffusion in 
the soil plant system.'Aqron. J. 62 317 - 332. 

MACPHERSON (R.) and MILLER (J.D.A.) 1963 - Nutritional studies on Desulfo- 
vilrio desulfuricans using defined media. J. Gen.' Microb. 31, 365 - 373 

- 

L 

MITSUI (S.A.), KUMARAWA (K. )  and ISHIWARA (T.) 1954 - The nutr'zp$.Eptake 
of rice plant as influenced by hydrogen sulphide acid\rat%%karitly 
evolving under waterlogged'soil condition.' 5th' Intern. Congr. Soil Sci 
Leopoldville 2 364 - 368. 

$ /. 
- 

PARK (Y.D.) and TANAKA (A.) *1968 - Studies of the rice plant in a "Akioch,i 

PICHINOTY (F.) 1966 - Mesure de l'activité de quelques réductases de micro 
organismes. Oxidative phosphorylation and terminal election transport. 
Information Exchange Group. nO1 Scientific memo no i555 1-13 

PONNAMPERUMA (F.N.), BRADFIELD (R.) an PEECH ( P I . )  1955 Physiological disea 
se of rice atributable to .iron toxicity. Nature '175 265 

ROVIRA (A.D.) 1965 - Plant root exsudates and their influence upon soil 
microorganisms.' Ecology of soil '-borne plant pathogens 170 - 186 

SENEZ (J.C.) 1954 - Fermentation de l'acide pyruvique et des acides dicar- 
bo)(yliques par les bactéries anaérobies sulfato-réduchices'. Bull. Soc. 
Chim. Biol. 36 (4 - 5) 541 - 552. 
soils. Soil.' Sci. P1. Nutr.' 8, 40 - 44. 
paddy soils. Folia Microb. '11, 304 - 313.' 

gen sulphide induced toxicity of the rice plant Soil'. Sci. P1. Nutr. 
14, 1 - 6. 

soil in Korea .'Soil SCA. P1.3Nutr. 14 .27 - 34. _. 

- 

- 
TAKAI (Y.) and ASAM1 (T.) 1962 - Formation of methyl-mercaptan in paddy . 

TAKAI (Y.) and KAMURA (T.) 1966 - The mechanism of reduction in waterlogge 
TANAKA (A.), MULLERIYAWA (R.P.) .and YASU (T.) .1968 - Possibility of hydro- 

- 

- 

- 
I TANAKA (A) and YOSHIDA (S . )  1970 - Nutritional disorders of the rice plant 

in Asia. Int. Rice Res. Inst. Los Basos Laquna Philippines. Techn. Bu1 
No 10 

1 VAMOS (pi) 1958 - Hydrogen sulphide 0 the cause of t h e  bruzone disease in 
Hungaryo Soil PP. Food., 4, (1) 37 - 40 - 

VAMOS (R.) 11959 - Bruzone disease of ,rice in Hungary Pl.' Soi1:ll' 65 - 77 - 
VBEILLEFOM (J.) 1969 - Ea pédogenèse dans les mangroves tropica1es:un e 

ple de chronoséquence'aScience du sol 2 ,  115 - 148. 
effects of hydrogen sulphide and lower fatty acids on root respiratio?l 
of rice. Proc. Crop. Sci.. Soc, $7 27 15,s - 160. 

YAMADA (N.) and OTA (Y.) 1958 - Study on the respiration of crop plants : 



53.4 

- 

- 

- 
- .  2.92 1.81 

3.57 5.94 1.45 - 

4.32 3.61 - 2.90 
. . -  

TABLE 1 : SOME CHEMICAL AND PHYSICAL PROPERTIES OF MANGROVE AND PADDY SOILS OF CASAMANCE 
ENUMERATIONS OF SULPHATE REDUCING BACTERIA IN THESE SOILS. 

t 

S O I L  

loglo of number of su lpha te  reducers  CHEMICAL AND PHYSICAL PROPERTIES I 
--. /g of d ry  s o i l  o r  m l  of water, 

c1- S o i l  i n  S o i l  i n  Water i n  m e .  
 SO^= 
m e .  
Per  
100 g 

.... . 
I!. per  I dry  season rainy season raky season 

100 CT I I I d 

I 
80.6 13.2 86.5 6.2 I I  55.61 4.56 _ _  1 4.23 - I 2.47 f i izophora mangrove- 

iv icenia  mangrove 
% 

4.9 

1.3 26.51 78.1 
.- 

3ase and s a l i n e  "tanne" 66.1 6.2 

1.4 12.0 5.0 . I  - I  76.7 I e l i o c h a r i s  s a l i n e  "tanne" 10.8 

l e l i o c h a r i s  non-saline "tanne" 73.1 7.0 

_o_ langrove paddy s o i l  
. 

. . _  
_ .  . .  
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TABLE 2 : ENUMERATIONS OF SULPHATE REDUCING BACTERIA IN THE SPERMOSPHERE AND THE RHIZOSPHERE +- 
OF IR8 RICE SOWN ON SOME WATERLOGGED MANGROVE AND PADDY SOILS. 

- . . .. . - Number of sulphate-reducing bacteria per g. of dry soil (loglo) 

I 

- .. . . ._ . - . . 

In Spermospherical soil . .  I In Rhizosphericab soil 

s o  I L .  L .  

In soil 

Day = O 25 15 8 
I I 

4.53 6.29 1 5.60 3.14 1 .  6.39 4.27 Rhizophora mangrove 

I' - 3.96 3.68 3.80 
. -  I - 

4.13 j 2.62 

.3.52 

3.66 1 - Avicenia mangrove 
I 

_ _  
n .I ' - . ' (  - .  3.36 5..61 3.01 

I 
2.50 3.35 4.00 5.38 6.46 5.06 5.49 

5.17 3 ..lo 

- 6.66 
2 

5.13 5.62 

. -  Bare and saline "tanne" 

. .  

3.24 Heliocharis saline "tanne" 2.88 3.72 

_. 

Heliocharis non-saline "tanne" 
.- 

2.31 3.70 4.50 

Mangrove paddy so i l  3.63 8,64 4.41 5.38 3.72 

. -  . -  
. .  

.- . . 
. .  

. . .  , .  

. .  
. ~ ., 

- .  
. ,  . ,  - .  



TABLE 3 : I R 8  R I C E  S E E D S  D I E D  OUT BY S P E R M O S P H E R I C A L  SULPHATE-REDUCTION AND I R 8  R I C E  S E E D L I N G S  
D I E D  OUT BY R H I Z O S P H E R I C A L  SULPHATE-REDUCTION I N  SOME MANGROVE AND PADDY S O I L S .  

, 

P E R C E N T A G E S  . L  

(A) 
S E E D S  D I E D  OUT 

87 100 30 % O  Rhizophora mangrove 

100 II 
I _  

Avicenia mangrove . 90 

.l. .. 100 

Bare and saline "tannettf 63 ' .  . 92  

. -100. ' - Heliocharis saline "tanne?' 

Heliocharis non-saline "tanne" 97 
i 
I 

77 Mangrove paddy soil 
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TABLE 4 : I.R.8 RICE SEEDS AND SEEDLINGS DIED OUT BY SPERMOSPHERICAL AND RHIZOSPHERPCAL 
SULPHATE REDUCTIONS IN TWO PADDY SOILS : 
INFLUENCE OF DEEPNESS OF SOWING AND WATERLOGGING. 

. -. . - .  

. . . . . . . . . . . . . . . . . . .  ... .I__ . . . . .  -. . . . . . . . . . . . . . .  . .  -.- . . . . .  .:--'- .. L-. i 

. . . .  

S O I L  " 

BIGNONA 

paddy soil 

DJIBELOR 

paddy soil 

. -  

DEEPNESS 
OF 

SOWING 

surface sowing 
(0-1 cm) 

deep sowing 
(3-4 cm) 

surface sowing 
(0-1 cm) ' 

deep sowing 
(3-4 cm) ~ 

PERCENTAGE OF PLANTS DIED OUT BY-- - . 

RHIZOSPHERICAL SPERMOSPHERICAL 
SULPHATE-REDUCTION SULPHATE-REDUCTION 

1 I I 

waterlog- flooded I soil soil soil ged soi3 

. .  .5g . . . . .  23..  . 9 - -  15 

90 95 = . 50 40.- . - 

44 80 - . ; . 2 8 -  - 2 4 -  . 

98 98 50 100. . 

SURVIVAL SEEDLINGS I 
in 

waterlogged 
soil 

. . . . . . . . .  

... .38.. . . . .  

. . .  . 5  . .  

- . .41 .  . . . . .  

1 . . . .  - . -  

1 

in 
I 

flooded soil 
. . . . . . . .  

-.66 . . . .  1 
t 

. . .  3 . . *  .. 

. _  ... z6.. ... .:' I 



; i  . 

I 

c 

GABLE 5 : SULPHATE-REDUCTION IN THE SPERMOSPHERE AND THE RHIZOSPHERE 
' OF IR8 RICE ON SOME PADDY SOILS. 

l 

i 
. .  . . .  , . . " , . .  . . . . . . . _ . . . . . _ . .  

SOME PHYSICAL AND tCHEMICAL' 
' PROPERTIES. SULPHATE-REDUCTION - 
I 

Experimental s t a t i o n s  Growth Organic 

/.o o 

matter 
. .  

O 
pher i -  pher i -  

cal  cal 
I 
I 

Very i n t  - 
por t an t  

impor- impor- 
t a n t  t a n t  

impor- impor- 
t a n t  . t a n t  

of 
R i c e  + 40 28.7 seeds 6.2 45.0 13.0 BALINGORE 

MEDINA 1 ~ 

diegut 

66.0 29.6 weak 4.0 

4.3 

4.2 - 
4.5' 

5.0 

6.3 
- 

6.2 

6 -3, 

6 . 1  

28 13.4 

seed- 
l i n g s  
lied o u t  
seed- 
l i n g s  
tied o u t  

MEDINA 2 ! 29 23.0 I 27.5 
- 
65.8 

35.8 
- 
49.8 

! - 
25.5 

155  

19.4 
1 ~~ 

MEDINA 3 impor- 

;+ 
1 9  142.9 

MEDINA 4 good 127 

48.9 

25 40.1 

14  1 3.7 
impor- 

l o w  I t a n t  

~~ 

weak BIGNONA 

ENAMPAR I 

27.6 20 13.5 & none I .~ l o w  good 

1 

DJIBELOR 1' ~ 

. I  
none 1 l o w  good 21.0 40.1 

15.8 56.8 

13.0 11.8 

31.5 68.0 

50.5 23.0 

b n 
2 + - 1  DJIBELOR 2 none 1 l o w  good 

DJIBELOR 3 --i DJIBELOR 4 

none 1 l o w  good 

very 
none impor- 

none impor- 

. t a n t  
very 

t a n t  

none l o w  

6,. O good 

I 
ROSS-BETH10 14.6 good 
I 
BOUNDOUM i 16.3 good 

tICHBRD-TOLL 7 34,8 12.0 
1 

l i  

I '  



TABLE 6 : RHIZOSPHERICAL SULPHATE-REDUCTION IN RICE HYDROPONIC CULTURES INOCULATED 
BY PURE STRAINS OF SULPHATE REDUCING BACTERIA. 

Number of sulphate reducing bac- Sulfide Seedlirgs 
-4 Experimental teria ml (loglo) content: died out I 

O F :  140 conditions Boculation 4 days 8 days ml of me--lOth day 
culture w X E  -day - later later dim av\ @ O b  @er cene 

5 

INOCULUM & U  10'6S"/ at the 
5 ml of liquid 

12 days old see- - PO 
A dlings 6000 lx 3 -85. 2.78 4.85 

Desulfovibrio 28OC 
desulfuricans 5 days old see- 3.47 2.60 3.47 0.89 

B2 house (20-32OC) 3.76 2.88 6.60 1.37 

B3 4.03 4.78 8.34 7.12 

O B1 
(Hildenborough) dlings in glass 

40 

100 

12 days old see- - POO C dlings 6000'1~ 3.36 2.90 4.34 

Dl 

Desulfovibrio 28OC 

30 4.36 6 -65 3.10 16 days old see- 
dlings in glass-. 
house (22-35OC) 

4.66 qigas 

80 D2 5.60 5.38 6.85 5.97 

: .  . .  . .. 
. .  

" _ .  



TABLE 7 : RHIZOSPHERICAL SULPHATE-REDUCTION IN RICE HYDROPONIC CULTURES INOCULATED 
BY SULPHATE-REDUCING BACTERIA OF SOME MANGROVE AND PADDY SOILS. 

-_ _ - _  

-- 

Number of sulphate-reducing bacteria (loglo)/ml Rhizosphe- - 
INOCULUM of hydroponic culture rica1 Growth of 

from - Inacula- 4 days 7 days l2 l9 seedlings 
5 ml of impure strain IR8 rice 

reduction tion day later later later later 
- 

2.04 1.15 1.48 2.36 2.43 low weak Rhizophora mangrove soil - 

Avicenia mangrove soil 

Bare and saline "tanne" 
. soil 

Non-saline 
Heliocharis "tanne" soil 

Mangrove paddy soil 

2.78 2.90 3.85 important very weak - 3.45 1.60 
i - 

_ _  

- 
- 

_.-__ -_ 
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TABLE 8 : ROOT EXSUDATES O F  I R 8  RICE. 

L 

."  - I ._ . . . 
- .  

Amino-acids 
RC (*I Aliphatic acids RC RC Sugars 

glutamic acid I 3-  quinate 
I 2  

leucine , i  raff inose 

I 3  I 3 -  
serine ' tartrate 

. - - - maltose isoleucine 

Y- alanine oxalate citrulline sucrose 
I "  

. ,  . tryptophane glycine 3 

aspartic acid 4 

arginine 4 

asparagine 3 

histidine. - 3 

l 2  citrate galactose. - __ I 

glucose valine 1 malate 

lactate I l  méthiondme' 
1- . 

fructose 
~ 

tyrosine . ~+ malonate arabinose O 

- 
proline-- . succinate. 

. . / l  
xylose 

lysine ~ 1" + - fumarate I o  ribose 
rhak&se. 

- 
u-alanine -- 2 cystine- O 

. 2  thréonine 

- 
. .  

(''RC : relative concentration. . 

_ _  
- . .  

. . . . .  . 

. .  
, .  

. .  . -  
. .  

. . - - I .. . . .  



I .  

Dissolved oxygen partial pres- 
HYDROPONIC MEDIA sure (P02) in mm +g. 

Control 
(no plant) 
m (*) 
Y 

Rice hydro- 1 AND I N I T I A L  pH 

I I R-C ponic cul- 
ture 

2 
7 
10 

139 
151 
154 

BORNER-RODEMACHER I 

pH 6 5 '*I 145 
158 + 4  

. ,  . . *  

1 
6 
11 
18 

. ,  

161 
162 
152 
150 

160 
167 
181 
178 

BORNER-RODEMACHER, ' . 
' pH 4.5 

JACQUINOT 
pH 6.0 

- 1  
+ 5  
+ 29 
+ 28 

1 
6 

11 
18 

. .  . , 

160 . 
155 
160 , 
157 

157 - 3  
154 - 1  
174 -i- 14 

+ 13 170 . . .  . . . . . I  

1 

( k )  average of 6 measurements, 5 plants per test-tube. , 

. , . ;  

I 


