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INTERNATIONAL SYMPOSIUM ON ACID SULPHATE SOILS
WAGENINGEN THE NETHERLANDS 1972 August 13 - 20

BIOLOGICAL SULPHATE-REDUCTION IN THE SPERMOSPHERE
AND THE RHIZOSPHERE OF RICE IN SOME ACID SULPHATE
SOILS OF SENEGAL

by -
v; A, JacQ ¥

Sulphate~-reduction by anaerobic bacteria (Desulfovi-
brio and Desulfotomaculum sp.) is a process frequently described
in highly reduced horizons of waterlogged soils. VAMOS (1959)
BOULAINE (1960) TAKAY and KAMURA (1966) CONNEL and PATRICK (1977
BLOOMFIELD (1969).

The number of sulphate reducing bac:eria increases and they
produce free hydrogen sulphide when three conditions exist
simultaneously : 1) anaerobiosis 2) presence of sufficient sul-
phates 3) presence of suitable substrates. When iron is precenc
it immobilize free hydrogen sulphide and iron monosulphide (Fef;
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 Cameroagn.
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) ac1de sulphate soils on marine and estuarine sediments high in p
pyritesrand iron monosulphides as en the Senegal River delta.

This paper presents the results of some experiments
suggesting that when these soils are reclaimed for rice cultiva-
tion, sulphate-reduction may appesar: not only on the reduced soil
as described by TANAKA et al (1968) but first, and very quickly
ar_zound the germlnatlng “seeds and along the roots. Free hydrogen
sulphide, and iron monosulphides produced in the spermosphere
canse the death. of seeds, and in the rhizosphere, the wilting ana
the death of seedlings. On previous reports (JACQ 1969-1974! we
have described similar deléterious processes in the spermosphere
and the rhizosphera of malze on waterlogged saline soil ir Tunisir,
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.+ A) IN SITU OBSERVATIONS

: Two types of deleteiious phenomena have been observed
in situ in some experimental statlons on Senegal Rlver delta.

torprterep g '||l"1 L IN v it Do e "l te T [

= 1) Dying out germinating seeds -

When heavy rains caused the waterlogging of soil surface
during the week following the sowing seeds may be covered by a blac
sheath of iron monosulphide strictly localized in the spermosphera,
and produced by sulphate-reducing bacteria. All the seeds died out
in a few days as it was observed in Kassak~Nord station last year,
in a moderate saline acid sulphate soil (pH : 5.5 ; sulphatée con-:
tent 2.02 me/100g) where leaching ig very slow because clay content

- raches about 70%. . ;

2) Wilting and dying out of seedlings

In waterlogged areas, where flooding was caused by rains
or inadequate leaching of irrigation water, at the beginning of
bright periods following cloudy ones, symptoms of disease appeared
on rice seedlings:first order leaves,then all the leaves.wilted
and dried. Roets wewcovered by the same black sheath. If sulphide
accumulation is important, seedlings died out about 10 days after
the maniffestation of the first symptoms. Such disease has been ver
1mportant 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/lOOg clays : 57%), where pH is higher:6.0 to 6.4. |

,B)'EXPERIMENTAL“STUDIES

1)’ Material and methods

Freshly collected samples of mangrove or paddy soils,
aw—-dried and sieved to 2 mm were distributed into flat and trans-:
parent colums (50x15x100 mm) described by DOMMERGUES et al (1969).
Seeds of rice (IR8 variety) were sowfll in dry soils. For spermos=.
pherical sulphate-reduction 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)'ExgerimentS‘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) mlneral medla.In some experiments
an inoculate of sulphate—redu01ng bacteria was intected into the
medium and sulphide content was periodically measgred according
to CHAUDHRY and CORNFIELD (1966) .

) Roots exsudates were indentified by paper chromatogra-
phy and dissolved oxygen partial pressure .(pOj3) was measured with -

'". . a RADIOMETER Blood Micrc System analyzer..
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2)‘Experimenta15'results

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

a) SulphatedreductionS'in mangr0ve soils of

cRRe ey b e Y Gy gamance.

Mangrove soils of Eallngore'statlon (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 numerahons showed that sulphate—reduCLng 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 s¢wn and

soil immediatly waterlogged,the number of sulphate-reducing bacteria
increase rapidly in spermospherlcal soil ‘(table 2) and on seeds
appeared the black sheath of iron monosulphlde. A very large part
of seeds died out in 8 - ot 10 days : from 63% in bare "tanne" soil
to 100% in a rhizophora mangrove scil (table 3).

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 and rhizospherical sulphate-reductlon the number

- of survival seedllngs(at the 25th day) is low, less than 27%

&able 3),even in the mangrove paddy soil.

i b) Sulphate reductions in two paddy soils of
Casamance and influence of deepness Of'sowithWaterlOgging
and
on

Samples were taken from two paddy soils of Casamance. The
clay content and pH (fresh soil) of these soils were respectively.
498% anifi5.0 for Bignona mangrove saline soil
3L5% and 6.0 for Djibelor,irrigated, non-saline, 501la

In flat columns experiments, 4 Treatments have been |
differenciated. . : .

(1) Rice seeds sown at]O—l cm deep ; waterlogged soil '
(2) Rice seeds sown at 0-1 cm deep;flooded soil (wate7£ev21 at 3 cm
above soil surface) = ' o

. (3) Rice seeds sown at 3-4 cm deep ; waterlogged soil.’
(4) Rice seeds sown at 3-4 cm deep ;

flooded soil.

i, = Redults are reported in table 4 .: Spermospherical and
rhizospherical sulphate-reductlons were always very important when
seeds have been deeply sown : in both soils fto 90% of them died

out, and half or more of the seedlings too.

When seeds have been sown into the 0-1 cm horlzon,sper—
mospherical sulphate-reduction was less important, especially in
Bignona soil, but in flooded soils, the number of dead seeds were

o hnlce more important than in waterlogged soils, because rhlzosphe-
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: rical sulphate =-reduction, about 25 té 30§$%eed11ngs died out excep-
= ing in waterlogged Bignona 5011 (59%) :

1) SulphateiredudiDHS‘in'some different paddy soils
Foneteen paddy soils have been tested : seven mangrove paddy soils,
four irrigated soils and three acid sulphate paddy soils.

“HIn tablé 5 aréd' reported some chemical and physical propertles of
" these soils, &nd results of flat columns experiments. :

. Spermospherical sulphate reduction occured only in some
mangrove paddy soils. It can be noticed that the two soils where
. all seeds died out (Balingore and Medina 3) were very saline and
- . clayey, and have been managed last year. In three other soils, the
loss of seeds were up to 50 %. In sandy mangrove soil, as Enampar s011,
no spermospherlcal 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 all the seedling died out, and in two orthe:
" mangrove soils where growth of seedlings was very.slow. In these three
-soils, number of sulphate-reducing bacteria might have 1ncreased becau
se previous spermospherical sulphate—reduction.

In a non« saline soil (Djibelor 4) and in a acid sulphate
- soil (Ross-Bethio) rhizospherical sulphate-reduction appearefonly at
" the end of the experiment (two months after sowing) and no plant died
II RHIZOSPHERICAL SULPHATE-REDUCTION IN HYDROPONIC CULTURES

:‘sulphateiredUClng bacterla.

‘ In fouﬂ experiments rice hydroponic axenic cultures were
& 1noculated by pure strains of Desulfovibrio desulfuricans (Hildenbo-
" rough) or D@sulfovibrio gigas. Results are reported on table 6.

Numbers of sulphate—reduc1ng bacteria increased after the
4th day, while a sheath of iron sulphide appeareq on the roots, then
- medium became grey or black .@rowth of affected plants have been stun-
. ted, and before 10 days, some of them died out. In each test-tube the
' number of di&d plants were correlated with the number of sulphate
. reducing bacteria and with the sulphide content per ml of medium :
i seedlings died out when sulphide content reaches about 1x10-6S= per ml
- (which is surely lower than sulphide content in the rhizospherical
,*@‘sheath)

. : b) Inoculation of rice rhizosphere by impure strains
-.F oF sulphate reducing bacteria. .

o Impure strains of sulphate-reducing bacteria were obtained
on PICHINOTY's medium, from mangrove and paddy soils of Balingore
station :; and rice hydroponic axenic cultures, 7 days old, urere®
inoculated by them. Results of periodic enumerations are reported in
table? 7.,

When 1n1t1a1 inoculum was sufficient, rhizospherical sulphd.p
reduction .occured, on same manner than with pure strains of sulphate-
.~ reducing bacteria, but more slowly. With lmpures strains from rhizo~
phora ‘mangrove death of seedlings accured in 19 days and with JEwo Qthex
.~ strains (from mangrove paddy soil and non=saline heliocharis “tanne)
. growth of rice was affected. When initial inoculum were stight, the

‘. number of sulphdée-reducing bacterla decreased and 1ron-su1phide was

,'*anot observed around roots. . ‘ : : I \

FYSEREFE N i e wog/noc
LA L ' ' ) ' o .
.




t "g,“‘h e ey
[ - .

-

!

s

T I Y L} T TR TY By T B AT YRR 3 TEY DT W0y S VAW e Y XTI Y SOV TR YA F T ITRIEIT Trpimvymve om VI I b1 oy Ly

TIT 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, aliphatic acids and sugars identification51n IR8 exsuda-

C'tes)" s rrame

Two -aliphatic acids are immediatly available : lactate
(STARKEY 1938, SENEZ 1954) and succinate (GROSSMAN and POSTGATE 2953, .
When amomints of such aliphatic acids are insufficient, some amino-
acids may be utilized (MAC PHERSON and MILLER 1962) specially aspartic
acid, glutamic acid, asparagine, histidine and threonlne amud some . ¢

a sugars, as sucrose, glucosgand.fructose.

1

IV OXYGEN DIFFUSION FROM. RICE ROOTS

Oxygen partial. pressure has been periodically measured w1th

.~ 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. appearalafter 6 or 10 days of incubation in
". glass=~house. .

1

C)'CONCLUSIONS'AND'DISCUSSION.

The resudts ..} 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 induce;only
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 claye¢ and compacted; Such d(seases may occur
in saline paddy soils, or when brackish water are used in irrigation,
because numerous strains of sulphate-reducing bacteria tolerateshigh
sodium chloride contents (LEBAN et al 1966).

‘Sulphate~reduction appears in whole profile as described
by many Japanese searchers (MITSUI et al 1954, YAMADA and OTA 1958,
TAKAI and KAMURA 1966)but it appears too, and more quickly,in spermos-
phere and rhizosphere whereavailable 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 power 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).

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

'Q 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 (YAMADA and OTA 1958), and destroys the oxidising.

power of the roots (TANAKA et al 1968). Thés, without have noticed ?
rhizospherical localization of the 1njury,many searchers have pointed

-out . the influence of hydrogen sulphide in some rice diseases : "bru-

zone"” (VAMOS 1958, 1959) in Hungary, "root-rot® (BABA 1955) “akiochi"

‘fin Japan and Korea and "bronzing“ in. Eeylon. Akiochi, attributed to




‘d growth of such susceptible plants.. T

hydrogen toxicity (PARK and TANAKA 1968, TANAKA and YOSHIDA 1970)
occured in degraded soils, low in actlvecron quite different of acid
sulphate soils. In bronzing diseasej; 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 déscenbed
by PONNAMPERUMA et al(1955) We have shown than in hydroponic cultures
when total sulphldes content (free hydrogen sulphide and iron monosulw
phide) reaches 3 or 4 ppm. all plants died out. Perhaps when&educed
iron is sufficient to react with all free hydrogen sulphide produced
in the rhizosphére it is the iron sulphide sheath which prewent the
uptake of some nutrients. Methyl mercaptan, very toxic too, can also
be produced by sulphate-reducing bacteria (TAKAI and ASAMI 1962).

(dn 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 ¢sually associa
ted with acidity on such coastal areas. If spermospherical sulphate-
reduction is not promoted by salinity toxicity, because germinaing
seeds are mostwtolerant to salinity, rhizospherical sulphate-reduction
may be more lmportant 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

. e'1969 LUXMORE et &l 1970), may oxidise iron monosulphide seath and
35 reduce its toxicity*we have noticed it in preliminary test-tube ex-

periments and field observations show thatwhen plants hawve been little

~ ' injured, disease symptomes disappearnid and the growth of survivals
i. plants is better than the growth of non-afiected plants .

Not only rice, but many plants may be affected by spermos-

‘  pherical and rhizeospherical stlphate-reduction : Fields observations

(DOMMERGUES et al 1969) and preliminary experiments (JACQ 1969) on a
saline soil from Tun;sia; show that some plants are very susceptible :

" legumes (french beani, broad bean, lucerne) and cereals (malze,

sorghum) . In Senegal, cotton and sugarcane may be also damaged. The
study of ‘the effects of these processes is of a reel pratical interest
every time sulphatef soils may be waterlogged after sowing or during

i .
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TABLE 1 : SOME CHEMICAL AND PHYSICAL PROPERTIES OF MANGROVE AND PADDY SOILS OF CASAMANCE

ENUMERATIONS OF SULPHATE REDUCING BACTERIA IN THESE SOILS.

S sorL

' CHEMICAL AND PHYSICAI, PROPERTIES

logio of number of sulphate reducers

/g of dry soil or ml of water. -

Clay [arbon §24= ﬁi- Soil in Soil in Water in
£ izgg% x 102| c/N PH per per dry season rany sSeason|rahy season
-~ {100 g[100 g »
Rhizophora mangrove’ 80.6] 13.2| 86.5| 6.2 | 4.9 | 55.6 4.56 4,23 ° 2.47
Avicenia mangrove 78.1 2,2 19.2 }6.2. 1.3 26.5 - 4.82‘3 . - 1.47
Bare and saline "tanne" 66.1 2.2{ 23.9| 4.8 6.2 67.7] . 3.53. 3°23Vé~ 1.78
Heliocharis saline "tanne" 76.7| 1.4 12.0| 5.0 [10.8 | 53.4 - 2.92 | . 1.81
Heliocharis non-saline "tanne" 73.17"1;5 13.7| 5.8 7.0 - 3.57 5.94 1.45
Mangrove paddy soil - - - - - - 4.32 3.61 2.90

| e '
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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.

o e - ~ Number of_sulphatefreduCing“bactéxia per g.:of dry soil (logjq)
In soil In Spermospherical soil In Rhizospherical soil
s o1 L ' — . . -
Day = 0 8 15 22 12 19 25
Rhizophora mépgrové. 4.27 5.60 4.53 6.29 - 3.14 6.39
v 3.68 3.80 3.96 - - - -
Avicenia mangrove 3.59 4,13 - 6.80 2.§2 3.66 -
X 3.36 5.61 3.01 5.14 3.52 - -
Bare and“séline “ténpe;: 2.50 3.35 4.00 5.06 5.49 5.38 6.46
Heliocharis saline "&ann?ﬁ 2.88 3.72~ 3724 5.17 3.10 - -
Heliocharis non:éaline étanne" ué:éi~ 4.50 3.76 6.66 - 7;02 -
Mangrove paddy soil 4.41 5.38 3.72 5.13 5.62 3.63 8.64
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TABLE 3 : IR8 RICE SEEDS DIED’OUT BY SPERMOSPHERICAL SULPHATE-REDUCTION AND IR8 RICE SEEDLINGS

DIED OUT BY RHIZOSPHERICAL SULPHATE-REDUCTION IN SOME MANGROVE AND PADDY SOILS.

A PERCENTAGES
|  sorL ‘ &) (B) ©) (D)
el ... ... . " ' |SEEDS DIED OUT| SEEDLINGS SEEDLINGS ggggﬁés
: ' AFFECTED DIED OUT (25th day)
Rhizophora mangrove - 4 87 : 100 30 10
.nIA ‘ e 100 - - . 0 -
Avicenia mangrove . 90, | 100 - - .. R ol 1e
" ‘ o ‘ | 90 ... . 100 S R 1 . 10
Bare and saline "tanne": . B 63 - ,.‘ e 92 o .23 - 27 -
Heliocharis saline "tamne": | —o5- - | 100 -~ |- .0 -] 5. ..
Heliocharis non-saline "tanne" 97 100 S R 0 - 3
' : !
Mangrove paddy soil - 77 ~ 100 - e 0 - e 230 1




I.R.8 RICE .SEEDS AND SEEDLINGS DIED OUT BY SPERMOSPHERICAL AND RHIZOSPHERICAL .-

TABLE 4 :
SULPHATE REDUCTIONS IN TWO PADDY SOILS : ) ) v
INFLUENCE OF DEEPNESS OF SOWING AND WATERLOGGING. . - ‘ . ’ : .
- . ‘ PERCENTAGE -OF PLANTS DIED OUT BY-- - - .-} SURVIVAL SEEDLINGS
- i - - : ’ (%)
. PREPNESS | STEROSPIRICRL | wensosrmemierr | in .
: ) OF SULPHATE-REDUCTION (waterlogged in
SOWLNG waterlogged flooded waterlog= | flooded | | ?ojfl , .[f.l.ogééd,,s,ouf
soil - soil ged soil soil
\ surface sowing .
BIGNONA (0-1 cm) 9 15 59 ......}.. .23.... .38 .- .| .66 -- -
paddy soil u .
deep sowing ‘ o
surface sowing ' !
DJIBELOR (0-1 cm) 44 -80 28 | - 24 o} - 4% - o - 16--
paddy soil - deep sowing
- ’ (3-4 cm) 98 98 50 -100-- 1 .- 0




TABLE 5 :

OF IR8 RICE ON SOME PADDY SOILS.

SULPHATE-REDUCTION IN THE SPERMOSPHERE AND THE RHIZOSPHERE

' SOME PHYSICAL AND: CHEMICAL ~ _
“:S O IL S . RN L PROPERTIES [ SUL?HA?E REDUCTION
c1™
.o ‘ ! Spermos|_. . _
‘Experimental stations pH |Clas Organic me. Rhizos-|Growth
‘ matter C/N / pheri- |pheri- £
% °/ , ©
e 100 g| cal - cal Rice
1
, A
: ‘ Very im - seeds
BALINGORE 6.2 |45.0 13.0 | 40 |28.7 portant diegut
; : . impor-|{impor-
“ MEDINA 1 4.0 166.0 29.6 28' 13.4 tant tant weak
lﬂ K seed-
2 MEDINA 2 | |4.3 [27.5]| 155 29 [23.0 1?§g§- lﬁggi' lings
St ' died out
a) Eﬂ) » Very seed-
92 MEDINA 3 4.2 |65.8| 19.4 19 |42.9|impor- - lings
e % \ tant died out
] ’
‘ § 2 MEDINA 4 4.5 135.8 127 25 |40.1}| none low good
o 2 ‘ :
= R . . impor-
g BIGNONA 5.0 [49.8] 48.9 14 | 3.7] low tant |weak
- ENAMPAR 6.3 {25.5| 27.6 20 [13.5| none | 1low | good
> DJIBELOR 1 6.2 {21.0] 40.1 16 | 4.3 none low good
Q .
< .
. DJIBELOR 2 6.1 |15.8 56.8 1371 0 none low good
Z A ‘
’H l-o-l L
: g A DJIBELOR 3 6.1 |13.0| 11.8 15 | 0 none low | good
| : i :
8 very
= DJIBELOR 4 6.0 |31.5 68.0 13 | 0 none impor- good
. tant
o« very
. B ROSS-BETHIO 4.6 |60.5 23.0 18 1.2| none impor- good
™ R t
S B < ant
& B ’ -
- :>4'z é BOUNDOUM 6.3 {47.7) 23.2 23 0.9| none low good -
aHO,
O RICHARD-TOLL |5.4 [34.8 12,0 12| 0.6| none low -] ‘good




TABLE 6 : RHIZOSPHERICAL SULPHATE-REDUCTION IN RICE HYDROPONIC CULTURES INOCULATED
BY PURE STRAINS OF SULPHATE REDUCING BACTERIA.
‘ Number of sulphate reducing bac- |Sulfide |Seedligs
: o Experimental teria 7 ml (log,,) content:|{died out
INOCULUM M 45 10 10-65=/ |at the -
5 ml of liquid % g conditions Thoculation| 4 days 8 days ml of met10th day
culture &3 _day - later later déum (0h {per cend
. - RV
12 days old see-
A dlings 6000 1x 3.85- 2.78 4.85 - 10
Desulfovibrio 28°C
desulfuricans B, | 5 days old see-| 3.47 2.60 3.47 0.89 0
(Hildenborough) - - dlings in glass-
B2 | nouse (20-32°c)| 3.76 | 2.88 6.60 1.37 40
B3 4.03 4.78 8.34 7.12 100
12 days o0ld see-
C dlings 60007 1x 3.36 2.90 4.34 - 100
[+]
" Desulfovibrio 28 ¢
D 16 days old see-
igas 1 dlings in glass- 4.66 4.36 6.65 3.10 30
-| house (22-35°C) -
Dy 5.60 5.38 6.85 5.97 80
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TABLE 7 : RHIZOSPHERICAL SULPHATE-REDUCTION IN RICE HYDROPONIC CULTURES INOCULATED ' :
BY SULPHATE-REDUCING BACTERIA OF SOME MANGROVE AND PADDY SOILS. . : i s

Number of sulphate—reducing bacteria (loglo)/ml Rhizosphe-—| - ?5;:
INOCULUM of hydroponic culture rical Growth of R
5 ml of impure strain Sulphate- IR8 rice
from - Inocula- {4 days 7 days 12 days 19 days redﬁction seedlings
" tion day later later later later g
Rpiszhora mangrove spil 2.04. S 1.15 1.48 | 2.36 2.43 low weak
‘;ﬁzfé_;:%gi': S ' . & . very seedlings -
s T | 4.76 ‘ 2.60 3.48 3.86 4.34 important died out -
, Avicenfa hangrove soil 2.60 2.48 1.90 1.48 1.08 none ‘ good
Bare aﬁd saline "tanne" ;.04 1.48 1.26 - ' 1.95 1.60 none. good
: soil - _ . - C -
E L 4.53 | 2.70 2.48 2.60 2.48 low  weak
> Non-saline ' ‘1.08 - 1.26 2.36- | 1.48 1.48 none good i
Heliocharis "tanne" soil - - T ) '
e E o e o very
o ?.78 ‘}.34 3.34 3.28 4.18 . important | weak
Mangro&e paddy soil 2.36 | 1.26 1.95 2,48 2.90 low weak
R 3.45 1.60 2.78 2.90 3.85 important |very weak




TABLE 8 : ROOT EXSUDATES OF IR8 RICE.

Agén?;?f%ds‘* RC Aliphatic acids RC Sugars . RC
leucine ! | 3 | glutamic acid 3‘ quinate 2 |[raffinose 3
isoleucine 1 | serine 37 tartrate 3 |maltose 1 0
Y—alanine??”x' 0 | citrulline 5 | oxalate . . _ - 3 |sucrose 2
tryptoéhane. ,£ 0 "glycine;lj 3 citraté"v 2 |galactose. 1
valine ;fj 1 | aspartic acid - 4 | malate - 0 |glucose 3
’hé§h§p§é#é’,. + grginine 4 | lactate 1 |fructose 3
tjrosiﬁ; £€‘ 0 aséarqgine; 3’ malonété '+ |arabinose 0
Aproliné%i}l - ] 3 histidineiv 3 succinate - 1 |xylose 0
chgéhéggiEQ:}r’ + | lysine’ S 4 | fumarate 0 riBose 1
a-alani;éifféi.‘ 2 cystine 0 rhambse - 0
thréoni;e‘ .2
(x)RCv: ;eiative concentratién.F ) -




=]

TABLE 9 : OXYGEN DIFFUSION FROM ROOTS OF IR8 RICE INTO
gt ‘in Yopas v i) e ettt ‘m'énd"'EI.II-'RcEE HIYDROPHONIC A}(EI\]']I:C CULTURE‘ MEDIA *
. i e i" :_ . L ’ ' .
‘ , Dissolved oxygen partial pres-
' HYDROPONIC MEDIA Age of |sure (PO3) in mm Hg.
f plants :
AND INITIAL pH ' (in days9|Control Rice hydro-
g & (no plant) |ponic cul- R—C
(%) ture
¢ (%)
‘ R

BORNER-RODEMACHER | 2. 133 139 .. 0

pH 6.5"' ! 7 151 ' 145 - 6

10 154 “ 158 . + 4

BORNER-RODEMACHER, ' | 1 161 ' 160 -1

pH 4.5 ‘ 6. 162 167 + 5

11 152 - 181 + 29

<18 150 178 + 28

JACQUINOT 1 160 . 157 -3

H 6.0 6 155 154 -1

P 0. 11 160 174 + 14
18 157 170 + 13

1

(%) average of 6 meastremehts, 5 plants per test-tube.'

'




