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INTRODUCTION

Among the micronutrients considered essential
for the normal growth and nutrition of crop plants,
iron occuples a key position. The availability of this
alement in the soil for crops 1s governed by soil
reaction, moisture content, drailnage, organic matter
status, redox potential, cation exchange capacity,
duration of soll anaercbicity and the management
practices followed. In acid soils, however, the unavalla-
bility of this element is not considered as a constraint
in crop production, though it is so in alkaline solils
due to its possible precipltation. Most of the acidic
péddy soils in Xerala have been derived from furrugilnous
parent materials and in these soils particularly under
submergence or 16w land situation, in which rice is
cultivated, reducing condition seits in, rendering the

et often

conversion of insoluble Fe3+ in to soluble Fe
reaching concentrations toxic enough for the crop. The
special ways of management of the paddy soils, by
practices of levelling the land, puddling, continuous
retention of minimum 5 om standing water and subsegquent
draining and drying of the land to hasten maturity can
bring about a series of physical, chemical and biological
reactions in these soils, which are distinctly different

from those of the upland soils.



The reduction of iron and its increased solubi-
lisation are the consequences of anaaroblc metabolism

and appears to be due to chemical reduction of E33+

by
bacterizl metabolites, although dirsct reduction coupled
with respiration may also be involved (Tanaka and Yoshida,
1970). Close relationships between fall in redox
potential and increases in scluble and exchangeable iron

have been noticed by many workers.

In Kerala, the submerged solls linclude malnly
those of the kari, karappadom and kayal soils of Huttanad,
the kole solls ¢of Trichur, the saline soils of pokkali
and Kaipad lands and the brown hydromorphic scils in the
depressions of mid land and mid upland lateritic belt,
where iron toxicity is likely to be manifested in varying
degrees. The nature qnd magnitude of transformation of
iron resulting in the changes in its availlability in soil
under submarged conditions= depénd on the different forms
as well as the other seil chemical characterxistics and
the presence or absence of other cations such as K+,

Ca2+, M92+, 2n2+, Mn2+ ete, Studlies on the chemical
transformation of iron are thus holpful in ascertaining
thelr influence on the availability of many other elements

to rica.

The relationship betwean the forms of iron has

often becen studied f£rom thée estimations uging different
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extractants. The amounts of iron extractable by thaese
extractants often give nearly reliable indications of
thelr avallability to plants. Thus, while normal
ammonium acetate of pH 7.0 extracts exchangeable and
water soluble iron, the same extractant buffered at

PH 4.8 gives indications of available iron. Again,
amnonium acetate at pH 3.0 exﬁracts reducible and
exchangeable iron together. Various other extractants
such as 0.5 M EDTA, 0.05 M DTPA and 0,1 i HCl have also
been successfully attempted. Eventhough the dilute acid
extractable iron is more important im the nutrition of
the crop plants, the free or active (iron oxides) iron
can be extracted with sodium dithionite + Ep7a (Asami

and Kumada, 1959) which constitutes largely the zotal
iron in the soll. Though other forms such as erystalline,
amorphous organic {(Fyrophosphate extracteble) and inorganic
iron are also known, their influence in improving the
predictability regarding available contant is negligible
and as guch, they have more of relevance-to pedology

rather than to edaphology.

Major forms of iron in solls are the sparingly
soluble ferric oxldes which occur as coatings of aggre=-
gates or as separate constituents of the clay fraction.
The very slow solubility of these compounds mean that
the lron concentrations in soil solutions are also very

low.



The pattern of distribution and the dynamics

of different forms of soil iron under the submerged

conditions and the relationship batween these forms

and the soill properties in the acid rice solls of

Kaerala have not been iﬁvestigated in detall earlier.

The study was therefore undertaken with a view to

obtain a better understanding of thaese aspects, by

carrying out 1aberator§ azs well as incubation experi-

ments with the following-spécific objectivesy

i,

2s

3o

4e

To study the distribution pattern of the various
forms of s0il ircn in the major acid rice solls

of Kerala

To study the dynamles of so0il iron under the

conditions of submergence

To study the relationship between the physico-
chemical properties of rice golls and the different

forms of soll iron and

To study the significance of soil treatment with
lime and organic matter in changing the pattern

of dynamics of s0il iron during submergence.
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REVIEW OF LITERATURE

Submergence of the soll sets in motion, a series
of physical, chemical and biological processes that
profoundly influence the quality of soil as a medium for
plant growth. In the acid solls, pfoblema such as toxicity
of iron, hydrogen sulphide and carbon dioxide and deficiency
of phosphorus and some micro nutrilents (Coulter, 1973;
Fonnamperuma et al., 1973) arise due to submergence. ‘The
transfoxmation of iron in submerged acid soils and the
availability of excessive amounts of this element to plant
are of gresat practical Iinterest, The present study relateg
to the influence of periocd of submergence and difforent
management practices on the dynamics of different forms of

iron in the major rice growing acid soils of Lerala.

-

The most conspicuous chemical change that occurs
when a soil is flooded 1s the reduction of Fe(IXII)to Fe (II}
The oxidation-reduction reaction undergone by soil iron
and 1ts resultant sgolubility changes under submergence, play
an important role in the absorption and accumulation of iron
by the rice plant. The nature and magnitude of transforw
mation of this element under water logged condition depend
on their different forms Iin soll as well as the soll physico-
chemlcal properties like Eh, pH, electrical conductivity,

organic carbon content, <¢lay content etc. A review of



earlier work done on the role of iron in plant nutrition,
its distribution in the soil and the changes brought about
by submergence, inter~relationship between the forms of
iron and the soil physico-chemical properties and changes
due to the soil management practices like liming and

addition of organic matter are furnished below:

I JIron as a plant nukrient

The importance of iron and lts essentiality in
plant nutrition has been reporcted by several scilentilsts
as early as in 1844. This element is involved in various
metabolic activities in plants, mainly as an activator in
many enzymes. It is a constituent of porphyrin compounds -
cytochromes, peroxidase, catalase, haem and non-haem enzymes
and other functional metallo~proteins like ferrodoxins and
haemoglobin. Apart from lts physiological functions in
reapiration, photosynthesis, nitrogen f£ixation by micro
organisms etc., it has also a role in chlorophyll synthesis

in plants.

The plant requirement of iron wvaries according to
the gpecies, contents of other macro and micro nutrients in
the soill and the soil conditions. Kapp (1936) observed
that the iron reguirement of rice under submerged condition
iz greater than that of upland soils and suggested 1-25 ppm

for improved grsen colour and root growth. Olsen (1965)



reported 2 ppm content of iron as the critical deficiency
limit in plants. In rice plant, the presence of 70 ppm
or below of iron in leaf blads at active tillering'stage
would indicate posaible deficlency of iron under submerged

condition (Tanaka and Yoshida, 1970)}.

According to Tanaka and Yoshida (1970) ang
Van Breemen and Moorman (1978) the wide range in critical
concentration investigated by different workers might be
due to differences in criteria used for toxlcity, varileties,
forms of applied iron, concentration of other dlssolved
subatances, the nutrient status of plants, susceptibility
of the rice plants at different growth stages and environe-

mental factors (temperature and seolar radiation}.

Agarwala and Sharma (1976) after a serles of pot
culture studies with different crops has worked out, in
general, the limit for deficiency of iron as 0.05 to 2 ppm
and the reguirement of iron for optimum growth az 5 to

10 ppm for crops.

Lindsay (1984) observed that the major cause of
iron deficiency in plants is the insclubility of Fe(III)
oxides in seils which cccurs In the pH range 7.4 to 8.5
and indicated the critlcal level of scluble iron for

plants as approximately 1078 1,



The effect of increasing iron concentrations on
the rice yield in alkaline soils has been investigated
by many workers., Pathak et al. (1978) reported that
grain and straw yield in rice increased with increasing

iron concentration upto 18 ppm.

Tandon and Saxena (1987) reportaed that the rate
of photosynthesis was increased by increasing rates of
Fe and P. The contents of total sugars, non-reducing
sugars and ascorbilc a¢id in all plant parts also increased

by increasing rates of iron.

The déficiency of lron in most crop plants and
Efruit trees is manifested by the symptoms of chlorosis
starting from the basal part of the leaf and spreading
to the anterior margin, with or without reddish bhrown

necrotic lesions along leaf margin away from the base.

Localised chlorosis in sorghum or soyabean in
variable extents of severity commonly referred to as
hot spot, has been reported in patches within the field

et~ a.
as due to iron deficiency by LOeppertA(1984).

Sharma and Sharma (1887) found that deficlency
of iron caused an increase in water potential, transpilra-

tion rate and watar loss,



Although iron is essential for the normal growth
of plants, the presence of excess soluble iron in the
8011 has been proved detrimental) particularly to rice
crape The iron toxicity arises mostly in wet land acid
s0ils, where rice is cropped under submerged condition.
The availlable literature on this aspect pertains mainly
to toxicity of iron in relation to the growth and yield

of cereal erops particularly of low land rice.

Excessive quantities of iron absorbed by the rice
plant is manifested by bronzing symptoms usually seen in
humid treoples and sub=tropics. In the soils of Kuttanad
where rice 1s cropped under submerged condition,
Svubramoney and Kurup (1960 and 1961) have indicated a
possible relation of the reddish brown scum seen in
acidic paddy flelds to excess soluble iron. When the
soluble iron content exceeds the threshold level of
toxieity, growth retardation and browning of roots are
the other poseible consequences, Tanaka and Navasero
(1966) and Tanaka and Yoshida (1970) reported that the
critical concentration of iron in culture solution for
bronzing to cccur was 100 ppm at pH 3.7, but it was
frequently over 500 ppms They also noted that rice
leaves containing 300 ppm iron often exhibited bronzing
symptomg. Young plants were mozst suscepiible to iron

toxicity.
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Agarwala and Sharma (1976) had worked out the
threshold of toxiclty limit as 30 ppms

Howaver, these limits differ among specles and
even -between varieties depending on s0il conditions.
When soils are supplied with other nutrilents, iron
toxicity to rice may occur only when dlssolved iron in
the rooting medium is in the 300500 ppm range
(Ponnamperuma, 19557 IRRI, 1864), but in soil -with low
nutrient levels (K and P) or in presence of raspiration
inhibitors like Hy S, the scluble jron concentraticn as
low as 30 ppm might prove toxle (Van Breemen and Moorman,

1978),

Lopes (1987) reported the orange discolouration
of rice leaves might be due to toxicity of iron or
deficiency of other nutrients resulting from the hindered
absorption caused by the layer of iron on the roots.
Fageria (1988) observed that the uptake of all nutrients
were reduced with increasing ircn concentration in the

rooting medium.

II Forms and distribution of iron in the soil

Iron in the soll can be mailnly divided into
(1) iron present in the primary mineral, the nature of
which will depend on the type of parent material under-
going weathering and (1i) iron present in the secondary

minaralse
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Iri et ale. (1958) reported that in rice flelds
under fiooded conditions, ferrous lron was lowest in the
tA' horizon but increased towards 'B' horizon and was
maximum in the lowest layers. In poorly dralned soils
in the field, the ferrous iron content in all the

horizons was higher.

Oades (1963) classified the free iron oxides in
solls under (1) iron concentrations, (ii) illuvial
deposits in lower 'B' horizon of podzolic solls,

(11i) lateritic crusts and (iv) iron oxides of agricultural

s0ills and brown eartiis.

In a model described by Harmsen and Van Breemen
(1975), the distribution of dissolved ferrcus iron was
shown as a function of time and depth in a flooded soil
profile.

Singh and Patiram (1975) noticed high contents of
total iron in soils of high clay content and the free
iron ranged from 0.24 to 1.45 per cent while Takkar (1978)
found@ that the content of total iron was generally high
in hill and acid soils.

Karamova (1978) classified the total iron in the
201l as non-silicate iron and silicate iron. Non-=silicate

part was further classified into crystalline and amorphous
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forms, the amorphous iron further comprising of amorphous

organic and amorphous inorganic fractions.

Shavrova (1984) in a study of podzolic and
sodpodzolic soils obssrved that elluvial horizon of all
soils are 4iron poor. &llicate forms of iron predominate
which shows weak weathering over non-gilicate iron.

The scd process (huﬁus accumulation) leads to an increase
in total content of non-silicate iron especlally the

crystallised form.

Savant and MecClellan (1987) suggested that iron
would occur in forms ranging from very finely divided
amorphous to crystalline poly morphic particles mainly
in the clay fraction, coatings on external and/or internal
surfaces of clay minerals or concretions. They had also
indicated the possible pathways of majorn tranaformations
of iron oxides in soils under wet land rice based cropping

systeme

Ramasubramonian {(1989) noticed decrease in the
total iron content and increases in the contents of waker
soluble, exchangeable and active iron with depth in the

major peddy soils of Kerala.

From study of total iron content in several soils,
Biswas {1953), Kanwar and Randhawa {(1974), Takkar and

Randhawa (1978) reported that in divergent soils the
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- total iron content ranged from 0.27 per cent to

19.1 per cent.

Several Scientists had studied the content and
distribution of water soluble, exchangeable and available
forms of iron,'as these three are the major forms

absorbed by plants.

Dléen and Carlson {(1949) suggested that the iron
extracted with K. NH,ORc Oof pH 4.8 would give & better
indication of its availability to plants'as the acidic
extractant would bring more iron into solution, while
Olsen (1965) and Jackson (1§¥35 maintained that N,
NH,0Ac of pH 7 used as the extractant would give the
exchangeable iron content. Jackson (197%3) suggested
that Ne NH4OAc with pH 3.0 would give the content of

reducible irona

Pisharody (1965) studied the major forms of iron
and their distribution in six soil profiles from Kerala
and indlcated that the variation in the contents of water
soluble, exchangeable and reducible iron were 9.0 to 45,11,
©e2 t0 5846 and 5.0 to 100.8 ppm respectively,

Rajagopal et ale. (1977) f£rom results of analysis
of a large nunber of soils from different parts of Kerala
concluded that the contents of available iron ranged from

1.6 ppm to 5066 ppm.
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Kamala Devi et al. (1974) reported that the
concentration of iron in Kerala goils was highest in
reclained marshy lands, followed by laterite, alluvial,
red sandy loam and coastal sandy, which registered the

least content.

High amounts of available iron wsre reported by
Alyer et al. (1975) in the acid rice solls of Kerala,
particularly in the kari (peat) soils of Kuttanad
suggesting the possibility of lron toxicity to rice.

Kabeerathumma (1975) noticed that the exchangeable
iron content of kayal, kari, karappadom, pokkali and kole
soils of Kerala was 22, 32, 13, 13 and 8 ppm respectively,

Singh and Patiram (19275) in 2 study of the
distribution of iron in the paddy soils of eastern
Uttar Pradesh observed that available iron content varied

from 4.8 to 234.0 ppme.

nubaﬁf?i§83) in & study of salt affected black
soiles of western part of Madhya Pradesh concluded that
water soluble iron decreased with increase in depth,
This might be due to the precipitation of soluble iron
at lower depth, by adsorption on clays and charged oxides
or possibly by an increase in pH.
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Fatel and Dangarwala {(1983) in a study of rice
soils of Gujarat, indicated that the available and
raducible forms of iron were related and the reducible
form was a potential source of available iron in a study

of rice soils of Gujarat.

Yu -Tlan-ren (1980) referring to the water
soluble, exchangeabls, complexed with organic matter of
the solid phasa and precipitated forms of iron roported
that the water soluble iron increased with decrease in

pH at the expense oOf the precipltated iron.

Jugsuiinda et al. (1987) reported that microbially
reducible iron which consisted of water soluble and
exchangeable forms represented 20 per cent of the
chemlcally reducible iron. The amount of iron reduced
by micro-organism increased for about ten days to two

waeks following flooding and thereafter remained constant.

" asami and Kumada (1959) observed that the water
soluble, exchangeable and easily reducible which is
freshly precipitated Fezos. together constitute ftactive
iron's They have recomrended a method for estimating

gctive iron in soils.

kabeerathumma {(1975) in a study of kayal, kardi,

karappadom, pokkali and kole soils of Kerala, reported
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that the active iron content varies from 2.7, 0.75, 0.78,

1.0 and 3.28 per cent respectively.

In a study of free oxide {(dithionite extractable)
amorphous forms (oxalate extractable) of iron Mokeague
eand Day (1966), Mckeague (1967) and Mckeague et al. (1971)
observed that selective extraction would permit an appro=-
ximate differentiation among the organic complexed iron
extractable by 0.1 M sodium pyrophosphate aﬁd total
amorphous iron extractable by acid ammonium oxalate.

The difference betwesen oxalate and pyrophosphate extract-
able forms of iron would give amorphous inorganic form,
while the difference between dithionite and oxalate would
give more or less the crystalline iron oxides. The
usefulness in the differentiation betwyeen the free oxides
formed as product of recent weathering and those inherited
from the parent material were slso emphasised by them.
They also recommended dithionite method to determine free
iron and oxalate method for amorphous products of recent

weathering.

Fresneda et al. (1972) also reported that dithionite
extractable iron inecluded both crysitalline and amorphous

forms.

Udo (1980) reported low contents of free oxides

forming nearly nine per cent of the total iron in poorly
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drained soils while, the well drained soils had highest
content, frequsntly above 61 per cent of the total irone

mitra and Mandal (1983) noticed that the free
iron constituting the iron oxides, iron salts and iron
associated with organic matter formed an average of

30=-40 per cent of the total iron.

Polui et al. (1988) from a study of the Terai and
Teeséa alluvial soils of West Bsngal concluded that the
content of exchangeable iron varied from 26 to 405 ppm,
dithionite extractable iron from 1666 to 3666 ppm, amnonium
cxalate extractable iron from 583 to 2850 and pyrophosphate
extractable iron from 125 to 1487 ppm.

III Dynamics of iron in soils under submergencas

Islam and lahi (1954), Ponnamperuma (195s),
Mandal (1961), Mshapatra (1968) and Olomu et al, (1973)
have highlighted the process of reduction of iron and
iron solubilisation under waterlogged conditions in acig

golls,

Mandal (1961), Motomura (1962), Thenabadu (1966),
Savant and Kibe {1971), Jayaram and Nayar (1972) apg
several others have noticed that lateritic moi]s on
submergence released large amounts of ferroys iron,

toxic
enough for rice growth,
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Ponnamperuma (1972) observed that within a few
weeks after flooding, water soluble iron increased from

0.1 to 600 ppme

Munch et al. {1978) in a study of soll under
submexrged condition reported that iron reduction reached
maximum after 15=-16 days of submergence while Socorro
and Bolomou (1981) observed that ferrous iron content
increased after 12 days of flooding and then decreased

to 2 minimum on 33rd day.

Sharma and Banerjse (1983) noticed that the
formation of ferrous iron at 50 per cent water holding
capacity of the acid colls of West Bengel increased with
duration of incubation, but at a very slow rate, while
under waterlogged condition the rate of ferrous iren
formation was very high, the maximum being in alluvial

soil containing a higher content of free iron oxides.

The exchangeable lron content also increased due
to submergence. Kabeerathumma (1975), Chosh et al. (1976),
Bandyopadhyay and Bandyopadhyay (1984), Patra and Mohanty
(1989) noticed an increase in exchangaable iron content

upto 30 days and thereafter a gradual'decreaae.

Mandal en@ Mitra (1982) reported that the contents
of soluble and exchangeable iron were more in continuously
waterlogged soils than in alternately waterlogged and

saturated soils.,
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Katyal and Deb (1982) observed that the build up
of ferrous iron in rice soils was determined by the quantity

of active iron or reducible irone

The status of iron with reference to free iron
oxides, crystalline, amorphous forms and organo-ccomplexed
torm was reported by Munch et al. (1978) in an inoculation
study with iron redueing nitregen £ixing clostridia. They
observed that in all the soils the total amount of Feg
as well as crystalline Fe, (Fey - Feo) decreased immediately
on submergence significantly, while Fe {IT)in =olution
increased sigmoidally and was inversely proporticnal +o

changes in pH. Fao remained relatively constante.

Munch and Ottow (1980) in a study of the above
mentioned forms of iron concluded that in a soil with
high Feo: Fed which is the activity ratio, there was a
rapld decrease in the content of Feq and Feo during
incubation and Fe,, ., and FeosFed remained relatively
constant throughout the entire periocd of reduction. This
behaviour is suggestive of the preferential reduction of
non-crystalline iron by bacterial action rather than their
crystalline counter parts. In soils with low Feaned ratio
there was transitory increase in Feo and at the sama time
Fe, end Fe, . decreased rapidly, while Fe,iFey ratio
increased. Under such conditions crystalline iron oxide

is £irst subjected to bacterial activity. 3in soils with



very low degree of activity (le, Fe 1Fo4 = 0.10),

Feo fraction 1s lowered during the firast day of incubation
only, with subsequent significant increase. 7The Fe, and
Fed-o decreased showing preferential action of ¢rystalline
iron oxides by bacteria.

Willett and Higgins (1980) observed an increase
In amorphous iron content of the soil due to submergence,
while He~Qun and ¥u Zu-yl {(1980) reported increase in
thae content of both amorphous and pyrophosphate extractable

iron due to submergence,

Patra and Mohanty (198%9) reported an increase

in pyrophdsphate extractable iron upto 30 days of submergence

after wvhich it decreased continuously upto 90 days.

IV Relationship of iron and soil physico~chemical
properties under submergence

Submergence of soll brings about a series of
physico-chemical changes that are different from those
of an upland aerobic soll. Thae major physico-chemical
changes that are affocted by submergence of a soll having

relevance to gsoluble iron are given below.
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5011 reaection

Ponnamperuma (1955) suggested that submergence
of an acid soil leads to & gradual increase in pH, the
magnitude of which depends on the initial pPH, the organic
matter content and duration of submergence. The increase
in pH on submergence was ascribad to the precipitation of

Fe, (CH) g

Jeffory (1961) reported that Fe3t o Fez+ systems

might be responsible for pH and Eh changes in submerged
soil.

Motomura (1562), Ponnamperuma and Castro (1964),
Redman and Patrick Jr. (1965), Mahapatra (1968),
Chakravérty and Har (1970), Savant and Kibe (1971),
Kabeerathumma and Patnatk (1982) have all reported that
the ovarall effect of submergence is to increase the pH
of acid soils to a fairly stable value of G.7 = 7.2 and

to depress the' pH of sodic and calcareous soll to neutrality.

According to Patrick Jr. (1964) an increase in pH
was always accompanied by a decrease in redox potential
and thet at low redox potential, ferric hydroxide was

reduced to ferrous hydroxide according to the egquation

Fe (OH) 3+§ -~ Fe (OH) 2wa'
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Reports from IRRI {(1964) indicated that the
increase in pH of waterlogged solls wag increésed by
the likely conversion of ferric hydronide to ferrous

state.

According to Bao et al. (1964) the pH of the
medium plays a dominant role in the transformation of
iron and in Qetermining the relative proportions among

the varicus form of iron,

Ponnamperuimg et al. (1967) reported that the
avallability of iron under submerged condition can be
predicted by the physico-chemical relations in floodeqd
gsoils and the formulation of iron reactions with pg

and pH asz variables.

Pornamperuma (1972) indicated that all the reduction
reactions which occur based on the predictions of thermo-
dynamic seguences invélve consumption of H* ions, thereby
resulting in a decrease in ecidity or increase in net OH™
ion concentration, Eince most soll contain Fe(III)oxides,
the increase in pH of acld solls is laféely due to the

reduction of irone.

With regard to the effgct of ﬁﬁ on different forms
of iron, Takkar (1969) found that the high content of free
iron and low pH resalted in higher amount of extractable

iron in acid soils« Gotoh and Patrick Jr. (1974) reportea
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that water soluSle and exchangeable iron were favoured
by a8 decrease in both redox potentisl and pHe In a
relative study of pH and Eh, they had élso reported that
eritical redox potential for iron reduction and its
consequent dissolution was between +300 mV and +100 mV
at pH 6 and 7 Qnd «-100 mV at pH 8, while at pH 5 appre=-

ciable reduction occurs at +300 mvV,.

Singh and Patiram (1975) in a study of the paddy
g2oils of eastern Uttar Pradesh obsarved §hat free iron
and available iron showed significant negative corre=
lation with pH.

Da and Banerjee (1977) and 3akal et al. (1988)
rfeported that avallsble {iron was significantly negatively
correlated with pH Oof =01l and pH appeared to be the
doninant factor in c¢ontrolling the availability of iron.

Sims and Patrick Jr. (1978) found the highest
amount of exchangeable and pyrophosphate extractable iron

at low pH and Fh.

Jones et al., (1980) reported that while Eh
regulates the mobilisation of insoluble iron to soluble

form, the pH controls its concentration in soil solution.

Xaurichev ot al. (1981) observed that £looding
resulted in the reduction of iron at Eh values betwasn
+270 and +14 mV at pPH 5.0 = 6.8.
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Patrick Jr. and Henderson (1981) reported that
iron reduction and reoxidation were more sensltive to
redox potential especially at pH 5 and 6. At pH 4,
iron remained in solution at all Fh values and at pH
7 and 8 little iron was present in the scluble form when

Eh was decreased.

Electrical conductivity

when & soil 1s submerged the gpecific conductance
increases in the early phase of submergence, reaches a
maximum and then decreases to a failrly stable value which

varies with soil (Ponnamperuma, 1976; Verma and Heue,1988).

Ponnamperuma (1977) has attributed the increase in

Be during the €irst few weeks of submergence to mobili-

2+ 3- and RE0O™
and displacement of cations from soll collolds by Fez+.

Mn2+ and NH4+-

sation of Fe“ , accurmulation of HH4+, HCO

Bandyopadhyay and Randyopadhyay (1984) noticed
that submergence of coastal saline soil (EC=13.6 mmhos/bm3)

resulted in a sharp fall 4in Ch and caused considerable

2+ 2

increase in soluble and exchangeable Fe™ and Mn * f£ractions.

Sadana and Takkar (1985) in a pot experiment to

study the effect of salt on iron eguilibria found that

Fez+ concentration increased at all stages of submaergenco.
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Clay content of the soll

Saveral studies have revealed that iron content

i3 more in s0ils having highexr amount of clay.

Singh (1964) observed that soil texture
significantly influenced the fate of appllied water soluble
iron. Finé textured solls may retain a major part of the
applied iron in a form in which it is not readily available,
This could be the reason for the higher amount of ferrous

iron in light textured soils,

Singh and Patirem (1975) and Kanwar et al. (1986)
observed a positive correlation between total iron and

clay content of the soll.

However, Ghosh and Banerjee (1979) in a study of
the soils of Woest Bsngal reported that exchangeable,
available and reducible forms of iron showed a negative
correlation with clay content: The same cbservation was
made by Patel and Dangarwala (1983) in & study of rice

s0ils of Gujarat,.

Dolul et al, (1988) in a study of Teral and Teesta
alluvial soils of West Bengal, observed that the concen-
tration of the differont forms of iron such as exchangeable,
pyrophosphate, extractable, ammronium oxalate extractable,
BDTA extractable ete.,wera governad by clay content, in

adaition to pH and organic carbon.



Vv Influence of soil management practices on the

iron solubilisation

1. Organic matter

Islam and Elahi (1954) observed that addition of
oxidizable materials espscially organic matter promoted

the reduction of iron during submergence.

Mandal {1961) reported that in presence of organic
natter reduction of iron from ferric to ferrous form was

more intense under waterlogged conditiom.

Pisharody (1965) in a study of water scluble,
exchangeable, reduclble and active forms of iron, in the
major rice soils of Kerala cbserved that these forms

waere greatly influenced by organlc matter.

Patnalk and Bhadrachalam (1965) have found that
addlition of organlic manures or green manure may aggravate
soll reduction in addition to the accumulation of toxic
decomposable products. Takkar (1969) observed that the
presence of organic matter in acid solls under watere
logged condition increaged the content of extractable

iron several times.

Fonnamperuma (1972), Jaggi and Russel (1973},
Bandyopadhyay and Bandyopadnyay (1984) reported that
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high levels of readily decomposable organic matter
hastened fall in £h and thus favoured a builld up of
re?t.

Mohanty and Patnaik (1973) suggested flooding
the soil for considerable length of time preferably
with addition of organic matter to hasten iron reduction
bafore puddliing or transplatning. This would resgult in
the reprecipltation of released iron thﬁs decreasing

ite concentration in the soll solution.

ottow (1980) cbserved that the higher the content
of easily decomposable organic matter and the lower the
amount of nitrate as well as Mn (IV) compounds the more
intensive 13 the accumulation of Fez+q

Yu-Tian=-ren {1980) reported that a linear
correlation between the amount of complexed iron {iron
assoclated with solid phase of the s0lil organic matter)

and organic matter existed in soll.

Patel and Dangarwala (1983) reported a positive
correlation between exchangeable, available, reducible

form of iron and organic matter content.

Sah and Mikkelson (1986) in a study of the effect
cf anaerocbic Gecompeosition of organic matter on the

amorphous iron content in seils used for £looded rice
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upland crop rotations observed a significant incresse
in the transformation of crystalline iron into amorphous

forms

Thind and Chahal (1986) reported that 3ll forms
of iron except active form increased due to submergence

and green manuring.

2e Liming

Allaway (1957), Vaculik (1963), Mandal and Sinha
{(1964), Sahu (1968), Uang (1971) and Kabeerathuwma and
Chitharanjan (1973) have observed that toxic effectes of
iron and aluminlum could be corrected by lime.

Subramony and Kurup (1961) reported that iron
solubilisation could be fairly suppressed by treatment

with caleium oxide or calcium carbonate.

Ponnamperuma (1965) suggested that the activities

2 2+ decreases a hundred f£old

of water soluble ALOH® and Fa
rer unit increase in pH, hence raising the pH of the soll
appeared to be & promising method for decreasing the

toxicity of these in soils.

Singh and Patiram (1975) reported a negative
correlation between available iron and calcium carbonate

content.



Mahendra cfngh and Dahiya (1975) observed a
decrease in exchangeable iron by the addition of increase-
ing levels of calcium carbonate. This according to them
might be due to substitution of Ca for Fe on the exchange
complex resulting from the release of calcium from the
hydrolysis of calcium carbonate. Decrease in avallable
and reducible iron resulting from the addition of caleium
carbonate might be due to oxldation of soluble, native,
and added iron through direct reactlion with caleium

carbonate,.

Kabeerathumma (1975) reported a marked decrecase
in exchangeable iron by liming kari, Xkayal, karappadom,

kole and pokkall soills of Kerala.

Arulandoo (1981) obtained substantial increase
in rice yields by lime application at 2,5 MT/ha to
acid sulphate soil of Malaysia where rice freguently

showed iron toxicity symptoms.

Verma and Tripathy (1984} in a study of pot trials
with acid soils (pH 5.2) found that flooding reduced
grain and straw ylelds when no calcium carbonate was
applied, because of increased iron content. Lining

increased yield and decreased iron content with submergence.

Silveira et al. (1987) reported that although
iron availability increased with submergence, 1t decreased
with quantity of lime.
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Bertic et al. (1988) reported a drastic decrease
in plant available iron with the application of lime.

Patra and Mohanty {(1989) notiged that liming
along with NPK decreased the different fractions ¢of iron
to the highest extent followed by K and NPK and that

iron and manganese toxicity could be minimised by liminge.



MATERIALS AND METHODS
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MATERIALS AND METHODS

The materials for the experiments included in this
work congisted of six rice growing acld solls of Kerala,
representing lateritic alluvium (brown hydromorphic) from
Vellayani kayal land, kari and kole (acid sulphate) soils
from Kuttanad and Kattukampal respectively, kayal soil
(reclaimed lake bed) from Mathi kayal and Pulinkunnu,
karappadom soil (lateritic alluvium-hydromorphic) from
RRS, Moncompu and pokkali (acid saline) from RRS, Vytilla

where iron toxicity to rice has been reported.

The first experiment consisted of a study of the
soil profile for which pilts were dug during Marcheapril
1988 when the field was fallow at the above mentiocned six
sites, upto a depth of ground water level which varied in
different sites (Table 1), Profile descriptions were made
on the basis of methods suggested by FAO (1978). The
Munsell soll colour chart was used to describe the soil

colour. The profiles are described in Appendix I,

The second experiment was the study of physico-chemical
properties of soils ceollected from different horizons of the
gix soll profiles and surface samples from a depth of 0=20 cm
ccllected from these locations. Total,water soluble,

exchangeable, active, frees oxides, total amorrhous, ecrystalline,
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amorphous organic and amorphous inorgenic forms of iron

were also determined in the surface sell samples,

The third experiment consisted of a series of
incubation studies in which the effect of submergence
alone and with lime and organic matter, on the release
of different forms of iron were traced in typical submesrged
rice soils fxom lateritic alluvium, kari; kayal, karappadcm,

kole and pokkall sites,

1. Description of the soil profile

The detailed description of each profile made as
per the guidelines suggested by FAO (1978),.

2+ Fhysico-chemical properties of the soils from soil
profiles

S0il samples were taken from four horizons in
lateritic alluvium, kayal, karappadom, kole and pokkali
soil profiles and f£ive horizons from kari soil profile.
The moist solls ware packed in polythene bags and trans-

ferred to the laboratory as such. The solls wers alr
dried, powdered, sieved and stored in labelled bottles

for mechanical analysis and the determination of general

physico~chemical characteristics..
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i) Mechnical analysis

The mechanical composition of the soil was
determined by the International Pipette method as described
by Piper {196€).

1i) Moisture

10 g soil was dried in an air oven at 100°-105°C
to constant welght and-the loss in welght was expressed
ag percentage of moisture on oven-dry basis. Ths molsture
percentage was determined for computing the variocus components

of the analyslis of soil on molsture free basis.

ii4) Soil reaction (pH)

The pH was determined in a 112.5 soll water suspension

using a Perkin=-Elmer pH meter and glaas electrode.

iv) Rlectrical conductivity (EC)

The electrical conductivity was determined in the

132 water extract using Elico ESolubridge.

v) Organic carbon

Organic carbon was estimated by the Walkley and
Black's rapid titration method using diphenylamine as

indicator as given by Jackson (1973).
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vi) Cation exchange capacity {CEC)

The cation exchange capacity of the soll samples
was determined by thea neutral N ammonium acetate method
as described by Jackson (1973).

vil) Preparation of spil axtract

20 g of soil was boiled with 200 ml of constant
boiling hydrochloric acid for six hours, filtered using
No.42 grede whatman filter paper, washed free of chloride
and made upto one litfe {Piper, 1966 ). The acid extract

thus obtained waa used for the following ostimations.

a) Total iron

Total iron was estimated in an aliquot of the HCL
extract by thiccyanate method (Snell and Snell, 1949).
Using Klett Summerson Fhotoslectric Colorimeter with a

green f£ilter (480-520 n) and expressed as percentage.

b) Total aluminium

Total aluminium was estimated using Atomic Absorption
Spectrophotometer (Perkin Elmer, Model) 3030) and expressed

as percentage.
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B. Physicc-chemical properties of surface samples of soils

The surface samples collected from the six locations
ware alr dried and subjected to the following physico~
chenical analytical studies,

a) Single value constants

Apparent specific gravity, absolute specific
gravity, pore space, water holding capaclity and volume
expansion on wetting were determined by the Keen =

Raczkowski brass cup method (Piper, 1966).

b) Total nitrogen

Total nitrogen in the soll was determined by the
modified Kjeldahl’s method {Jackson, 1973).

@) Total phosphorus

Total phosphorus was read in Spectronic 2000, from

the HC1l extract of the soll (Jackson, 1973).

d) Total potassium, calcium, manganess

The total contents of potassium, calcium and
manganese were determined £rom the HCl extract using

Parkin-Elmer Model 3030 atomic Absorption Spectrophotometer.
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e) Lime reguirement (LR)

Lime requirement of the surface soil was determined
by Schoemaker's method using extractant buffer with pH 7.5

(Schoemaker et al,, 1961},

£f) Water soluble iron

10 g of the air dry soil sample was wetted with
50 ml eof distilled water and shaken well in an end over
end shaker for five minutes. Filtéred and determined the
water soluble iron in an aliquot of the extract using

thiocyanate method (Jackson, 1973).

g) Exchangeable iron

To the soll left after the extraction of the water
soluble jiron, was added 150 ml of neutral N ammonium acetate
solution. The suspension was shaken vigorously for 20
seconds and filltered quickly through a Whatman No.5 filter
paper fltted to a Buchner funnel under suction. The
extraction was repeated twice with 50 ml portions of ammonium
acetate. The filtrate was evaporated to dryness over a sand
bath until all the ammonium acetate was eliminated.: The
last traces of organic matter were removed by treatment with
a few drops of agqua regla and evaporation. Aqua regia
treatment was repeated till all organic matter were oxidised

as evidenced by the greyish white colour of the residue.
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The residue was taken up with a faw drops of N HCl, made
upto a convenient volume and the exchangeable iron was

determined by the thiocyanate mcthod.{@éck;on (1973)

h) Active iron

Active lron was estimated by the method suggested
by Asaml and lumada (1958). One gram: soll was weighed
into a 250 ml Erlenmeyer flask and treated with 3 ¢ sodium
dithionite and 100 ml of 0.02 M=EDTA. The reaction mixture
was placed in a water bath maintained at 75°C for 15 minutes
with occasional shakings The supernatent ligquid was filtered
into a 250 ml volumetric flask and the residue washed down
with 10 per cent sodium chloride solution thrice and made
upto volume. Irxon was determined in an aliquot by

thiocyanate methoda.

i) FPree oxides of iron (Dithionite extractable

form of iron)

To 5 g of 204l 2nd 5 g of sodium dlthionite in a
shaking bottle 250 ml of distilled water was added and
shaken well for 1¢ hours in a mechanical shaker. Adjusted
the pH Jd.5 t0 4.0 with 1 N HCL and made upto 250 ml. To
50 ml of aliquot 15 ml of Hy0, was added and boiled.

Aaddition of Hzoz and bolling was repeated twice to ensure
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removal of sulphur. Filtered and made upto 100 ml. Iron

was determined in guitable aliquot by thiocyante method.

j) Total amorphous iron (Ammonium oxalate

axtractable)

Five gram of solil with 100 ml 0.2 M ammonium
oxalate (pH 3.0) was kept over night in dark after shaking
for four hours, Flltered and made uwpto 100 ml. Iron wasg
estimated in suitable aliquot by the thiocyanate method

(Jackson, 1973).

X) Crystalline iron

It was determined by the differsnce between

dithionite extractable and oxalate extractable iron.

1) Amorphdgg’orqanic iron (Pyrophosphate extractable)

Five gram of soil was wetted with 100 ml 0.1 M
sodium pyrophosphate. The mixture was shaken well for
four hoursg, filtered and made upto 100 ml. Iron was
aatimated in a sultable alliquot by thiocyanate method
{Jackson, 1973).

m) Amorphous inorganic iron

It was estimated by taking the difference betwsen

total amorphous and amorphous organic forms.
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3. Incubation studies

The influence of submergence on the pH and on the
release of water soluble, exchangeable, active, free oxide,
amorphous, crystalline{ amorphous organic and amorphous
inorganic #érms of iron at intervals upto 90 days was
studied in the surface soils of typical lateritic alluvium,

‘ karil, kayal, karappadom, kole and pokkall soils under
incubation. The effect of liming and organic matter addition
to these soils under submergence on the release of water
soluble, exchangeable and active. forms of iron were also

investigated.. ,, ., ,

The.majqr physico-chemical properties of the samples
used for thelincubation stuéies are gilven in Tables 2 and 3.
Each soil type under study was uniformly mixed by hand and
a quantity of 2,5 kg of the representative soil samplew were
placed in small plastic buckets of three litre capacity and
flooded with double distilled water to maintain a standing
water level of 5 cm over the surface'of the soil ‘throughout
the period of study. The experimen% was programmed as an
incubation study andrlaid out iﬁ factorial CRD with five
treatments replicated twice for each soil. The treatménts

used weregs

‘Ti = Control (The cohtrél ﬁas also used for the
studylof the effect of submergence
alone on the release of different
forms of iron)

T, = ILime at full lime requirement level (LR)
(vide, Table 3)



TB - Lime at half lime requirement 1evelé?LR)
T, = Organic matter at 5 t/ha

Ty - Organic matter at 2.5 t/ha

The treatments were given to soils just before
submergence, The samples were drawn at an interval of
0, 5, i0, 20, 30, 60 and 90th days of submergence and
the content of different forms of iron was determined.
The pH of soil solution was also recorded durling these
intervals. The soil samples f£rom pots were taken by the
funnel method as described by Abichandani and Patnalk
(1957). The wet soil weights were adjusted based on the

percentage of molsture in each soll.

Statistical analysis

The data obtained were statistically analysed.
The following analysis were made for the interpretation

Of resultse

a) 2nalysis variance of each form of iron
b) Correlation analysis of each form of iron

and soil propertles

40
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RESULT ARD DISCUSSION

The results of chservations and analysis recorded
during the course of study of distribution of different
forme of iron in =zoils, its relationship with various
physico=chemical properties of soll and the effect of
submergence along end in presence of organic matter and

lime on these forms are discussed in this chaptaer,

I.a DPageription of the soll profile

The descripticn of the soil profiles collected

from various locations are furnished in Appendix I,

b) Physico~chemical properties of soil
(1) profile

The results ¢£f the mechanical analysis of soll
from different horizons ¢of the profiles along with the
major physico-chemical characteristics (Table 1) are

discugssed below.

1, ILateritic alluviunm

The coarse sand and fine sand content varied fxom
2649 to Aled por cent and 21.7 and 29.2 per cent respectie
vely within a depth of 122 cm (Table 1.a)s Thelr contents
decreased upto the II layer (18-55 cm) of the profile and
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then increased with further depth, while the contents

of silt and clay increased upto the II layer and then
decreased with depth and ranged between 16.3 to 18.3
per cent and 22.8 to 32.4 per cent respectively. The
dominence of silt and clay in the surface soil can be
agcribed to the continuous ploughing during cultivating
seasons annually resulting in the cumulative deposition
of the%e finer fractions. In view of the hydromorphic
nature of the proefile and due to 1ts location in-the
low land valley surrounded by the sloppy terrain of the
adjoining areas, the transportation of finer fractions
of the soil from adjacent slopes might also have contrie-
buted towards the higher contents of silt and clay on
the surface. The lower contents of clay and silt in the
subsurface layers are due to tpeir restricted movements
under the influence of plough pans resulting £rom

continuous paddy cultivatione.

The pH remained almost unchanged except for the
slight increases in the middle layers of the profile.

The pH values varied from 5.0 to 5.4.

The electrical conductivity increased signifi-
éantly upto II layer and thereafter showed a decreasing
trend with depth, the values ranging from 0.10 to
0,22 asm“l. The Vellayanli leke is a fresh water lake

where salinity is never felt as a constraint in
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cultivation. The conductivity values reported ranged

1

between 0.10 and 0.22 dSm -~ which 1s well within the

safe limits of salinity to rice crop.

The organic carbon content increassed f£rom
1.20 per cent in the first layer to 2.30 per cent in
the III layer, but decreased %0 1.20 per cent in the
bottom layer of the profile. The relatively higher .
contents of organic carbon in the subsoll horizons is
due to the submerged and marshy nature of XKayal =oil

and the resultant accumzlation of organic matter.

The cation exchange capacity incxeased from
10,6 to 11.7 C mo;{*)kgfl upto Ii layer in the profile,
then decreased to 9.3 C mol(+)kg"1 with further depthe.
The increase in the clay content in the second horizon
followed by progressive decrgases in the lower layers
iz reflected in the correspaﬁding changeé in CEC

implicating the low buffer capacity of the soil.

The total iron and aluminium contents showed &
progresgive decreagse with depth of the profile from
4,26 to 1,06 per cent and 4422 to 1,99 per cent respecti=-
vely. 'Thia decresages can be ascribasd to lower contents
of clay minerxals in these layers. Venugaopal (1980),
‘Venugepal and Koshy (1982) have also reported similar
£indings.



Table l.a  Physico-chemical properties of Lateritic alluvium (Vellayani soil) profile

Mechanical Znalysils

Horizon Pepth Coarse Fine §&ilt Clay pPH EC Organic CEC Total Total
sand aangd -l carbon ol Fo Al
(cm) (%) (% (%) (%) (dsm ) (%) (C mol{+)kg ) (%) (%)
I 0=18 29.8 24,2 16.4 28.1 S.0 0.10 1.20 10.6 4.26 4.22
IX 18<55 26,9 21.7 1Be3 32.4 5.4 0.22 1.80 11,7 3.91  3.73
III 55«91 31,2 273 17.8 23.2 5.3 0.20 2.30 10.3 1.20 2.83
Iv 01-122 31.4 29.2 16.3 22.8 5.1 0.19 1.20 %,3 1,06 1,89

4%
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2. Kari soll

The coarse sand content increased with depth
from 8.2 to 14.6 per cent while the 2ilt content
decreasad from 21.8 to 18,1 per cent. A slight decrease
in fine sand from 10.9 to 9.5 per cent was observed upto
the third layer of the profile, followed by a substantial
increagse to 16.8 per cent with depth. The .surface clay
content ©f 5846 per cent almost remained steady till the
IV layer of the profile and then reduced to 49 per cent
at the bottom layer (Table 1.b). The increase in the
contents of coarse f£ractlions of the soll with depth is

attributed to estuarine influences over the years.

The pH of tho smoll showed a slight decrease
with depth and ranged betwaeen 3.6 and 3.2. The lower
pH of the kari so0il is due to the acid sulphete nature
of the soil and the presence of undecomposed organic
matter in the form of wood fossils, Subramony and Kurup
(1961), Kabeerathumma (1975) have also reported similar

cobservations.

The almost steady values of the electrical
conductivity of the soil upteo a depth of the III layer
slightly reduced beyond the III layer. High electrical
conductlivity of the 80il is due to the seawater inundation

leading to salt contamination.



Table 1l.b

Physico=chemical properties of Kari soil profile

Fechanlcal analysis

Horizon Depth Coarse TFine 8ilt Clay pH EC Organic CEC Total Total

sand sand .., GCarbon .. 1. Fe Al

(cm) (%) 10:9) (6} (%) (dsm ™) (6) (C mol(t)kg ~) (%) (%)
I 0=9 Be2 10,9 21.8 58.6 3.6 4.40 6.00 24.0 5.34 5.56
I C=37 9.3 10,1 20.3 59.4 3.4 4.50 7.20 25,1 5,19 4.74
IIX 37"‘59 10-4 9-5 20.2 59-2 304 4-60 8-60 24-2 4597 4;13
iv 59«35 12.4 11.6 18.4 57.3 3.3 4,30 9.20 22.2 3.78 3.63
v 85-116 14,6 16.8 1B.1 49,0 3.2 4.00 10.50 19.6 1.49 1.47

ab
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The organic carbon content showed progressive
increases with depth from 6.0 per cent in the surface
layer t¢ 10.5 per cent in the V layer of the profile.
The large amountes of food fossils and undecompoged
organic matter in the lower layers of the profile may
he the reason for high content of organiec carbon in

lower layers.

The cation exchange capacity of the soil which
was 24.0 C mol(+)kg'1 on the surface progressively
decreased with depth to 19.6 C mol(+)kg'1 in the
V layer. The decreased CEC values of the 301l with
depth is supported by the lower contents of clay in
these layers. However, ths presence of organic matter
has helped in the maintenance of fairly high values of

CEC 4in the soil.

The content of total iron and aluminium varied
from 5434 to 1.49 per cent and 5.56 to 1.47 per cent
raspectively £rom top layer to the bottom thereby
showing a decreaze with depth.

3. Kayal soii

The coarse sand and sllt fractions of the profile
progregsively incressed with depth from 159 to 18.1 per
cent and 22.4 to 26.2 per cent respectively, vhile the

clay content decreased £rom 39.8 to 32,3 par cent.
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Increase in fine sand was also noticed with depth
(Table 1.¢). The textursl variations noticed in the
kayal soll with depth are not much Aifferent from
those of the karl) soile This 1s likely in view of the

proximity of these two soil types to Vembanad lake.

The pH of the s0il decreased from 3.8 on the
surface to 33 in the lowest layer except for a slight

increase to 4.1 in the II layer.

The electrical conductivity of the soil profile

1 in the

increased from 1.89 on the surface to 3.5 dSm
lowest layer. The increase in electrical conductivity
in the subsoils of the kayal profile is the result of
galt accumulation due to sea water inundation during
the none~cropping seasons and washing effect by rain
water which removes only the surface salt, leaving the

lower layers with salt residues.

The organic carbon content of the soll increased
from 3.8 to 4.3 per cent upto I1TI layer and then got

decreased in the next lower layer,

rMach variation in the cation exchange capacity
of the soil could not be noticed in the different layers
of the profile., The value gradually decreased upto the
III layer after which an increase was noted in the lowest

layers.



Table 1l.c¢ Physico=chemical properties of Kayal soil profile

Mechanical Analysis

Hlorizon Depth Coarse Fine S8ilt Clay pH EC Organic CEC Total Total
sand  sand <1, Sarbon ~1. Fe Al
{cr) (%) (%) (%) (%) (asm ) (%) (C mol(¥)kg ) (%) %)
I 0-13 18.9 21.3 22.4 39.8 3.8 1.89 ‘3.80 "13.0 ‘3,93 6,71
II 13=-28 16 .8 20.4 24,3 38.3 4.1 1,85 3.90 12.8 3.51 5.39
IIX 28-48 17.3 22.6 2546 3442 3.5 3.40 ‘4430 12.1 '2.31 3,58
v 48-62 18,1 23,3 26.2 32.3 3,3 3,50 3.60 15.5 3%22  4.34

bb



The total iron and aluminium contents decreased
with depth upto the III layer and then showed increasing

trends.

4+ Karappadom gsoil

The variation in the content of coarse sand had
a decreasing pattern £from 1l1.8 to 10.4 per cent with
depths, The f£ine sand and silt fractions howaver-remainea
almost steady down the profile except for & small lncrease
in the I layer. The clay ¢onten£ alaq ramained the same
throughout the profile except for a small decrease in the
II laysr (Table 1.4). HMuch varistion in the contents of
soil separate was pnot noticeable in the different depths
of the profile.

Progressive hut slight decreases in the pH of
the soll with depth were noticede The value ranged from
4.1 to 3.3« Slight decrease in pH noted in the lower
layers 1s accompanied by increased contents of organic
matter. The organic acids formed by the decomposition
of organic matter might have contributed towsrds the
lower pHe This is in agreement with the observations

of Ramasubramonian (1989).

The decrease in electrical conductivity with
depth was noticed conly upto the III laysr, beyend which

the wvalue increased. Iower electrical conductivity



Table l.4 Fhysico~chemical properties of Karappadom soil profile

Mechanical Analysis

Horizon DPepth Coarse Fine Silt Clay pH EC Organic CEC Total Total
sand z2and -1 carbhon -1 Fe Al
{cm) (35) o) (35) 4 (@sm ) {=6) (C mo) (+dkg ~) (%) (22)

I 0=l0 118 2048 23.2 43.4 4.1 1.54 2,17 18,7 3,03 4.73
Iz 10=30 11,2 22.1 26.4 3%.8 4.0 1.25 = 2,80 - 14.4 - 3432 - 4.72
IIX 30=74 10.8 21.6 24.3 44.1 3.5 1.05 3420 - 14,3 3.98 . 4.73
Iv T4=103 10ad4 203 24.2 44.8 3.3 2.52 3.3D 14.1 3.19 4.71
&
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values noteé cn the surface layers is attributed to
the washing of salt by rain and flooded rivers,
Karappadom soils are situated on the banks of the
major rivers which are likely to get £looded during
monsoon seasons amnually. Subsurface accumlation

of salt has caused an increase in conductivity.

Organlc carbon content has Ilncreased with depth
from 2.17 to 3.30 per cent. The increase is ascribed
to higher organic matter in the lower layers of the

karappadom solls.

There was decrease in cation exchange capacity

with depth from 18.7 to 14,1 C mol (+)kg™r.

The total iron showed slight increasing trends
from 3,03 to 3.98 per cent with depth upto the III layer.
However, in the lowest layer its content decreased to
3¢19 per cent. The total aluminium content remained
almost steady throughout the profile (4,71 to 4,73

per cent).

5. Kole scil

Tha coarse sand content which was 28.6 per cent
on the surface did not show much variation in the IV
layer. Howaver, the lntervening layers registered lower

contents. Fine sand fraction on the other hand registered



higher contents in the middle layer, though in the
surface layer and in the lowest layer its content
remained without change. Decrease in the clay coﬁtent
with depth from 32.3 per cent to 29.3 per cent could

be noticed (Teble l.0)« Except for the slight decreases
in the silt and clay contents in the sub soll layers
there was in general no appreciable changse in thé contents

of the otherx fractions in the profile.

The pH remained more or less unchanged throughout
the profile except in the II layer, where a slight
increase was observed. The electrical conductivity of the
goil showed steady values with depth. However, in the
lowest layer a decrease was noteds The organic carbon
content decreased from 5.9 to 4.40 per cent down th&
profile. Progressive decrease in the cation exchange
capacity of the soil was noticed with depth in the profile.
The lower CEC values recorded in the sub soll layers of
the profile might be due to, the variations in the organic

matter and clay contents.

Total iron and aluminium contents recorded a
decreasing trend with depth though the variation is slight.
The decrease in the total iron and aluminium contents down
the profile is explained as dué to lower contents of clay

minerals resulting from clay and silt.



Table l.e Physico~chemical properties of Kole soil profile

FechAanical Analysis

Horizon Depth Coarse Fine Silt Clay pH EC Organic CEC Total Total
sand sand -1 carbon -1, FYe Al
{em) €5t) (%) (o) {25) (@sm ") ) (C mol(#)kg 7)) (%) (%)
Ix 1027 21l.1 26.2 2047 31.4 5.1 1.40 4.40 16.4 5.93 5.85
III 27=42 25.4 23.2 21.4 29.7 4.8 1.40 4.20 12,4 5431 5.78
Iv 42=56 22,0 1.2 13.5 2%.3 4.8 1.32 4440 11.6 5.25 5«61




6o Pokkali soil

The coarse and fine sand contents of the soil
remained almost steady throughout the profila.
Considerable decrease in the clay content wasa observed
wlth depth. The clay content which was 53.4 per cent
on the gurface reduced to 41.3 per cent in the lowest
layer, £&Silt content increased from 22,3 to 32.1 per
cent upto III layer and then slightly decreased to
30.0 psar cent in the lowest layer (Table 1.£).

The pH and electrical conductivity values remalned

almost steady in the different horizons,

The EC wvalues have registered very high values
throughout the profile. Such high values can be expacted
since salt water ingression into paddy fields occur due
to the tidal influences of adjoining sea. The high salt
content makes the soil unsuitable for paddy crop., In
fact paddy cultivation is attempted in these locations
using salt resistant varleties and by adopting special

methods.

The organie carbon lncreased from 2.8 per cent
in the surface layer to 3.5 per cent in the III layer,
In the lowest layer, however & rapid decrcase to
3.2 per cent was observed. Slight increase in organic
carbon is seen in the lower layers may be due to the

marshy nature of the soil.
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Table 1.£ Physico=chemical properties of Pokkall soll profile

Mechanical Analysis

Horizon Depth Coarse Fine Silt Clay pH EC Organic CEC Total Total
sangd sand -1 carbon -1 Te Al
{em) (%) (%) (%) (%) {asm ) (%) (C mol(+)kg ) (%) (54)
I 0-10 10.1 12.3 22.3 534 4.6 5.40  2.80 19.5 3.57 4.91
1T 30=31 12.2 12.4 29.2 45.1 4.9 5.40  2.85 16 5 3.53 3.38
TII 31=62  B8e3 1346 32.1 44.2 4¢3 5.90  3.50 14.6 3.19 3.32

v 62-95 11,9 34,7 30.0 41.3 4.3 .40 3.20 13.3 3.06 3.27




A progreasive decrease in cation exchange
capacity of the soil from 19.5 to 12.3 C mol(+)kg'1
with depth could be noticed. Low CEC wvalues noticed

in the lower layers are accompanied by the similar
decreases in the clay content. Total iron and aluminium
contents also showed a decreasing trend with depth.

The decreased contents of iron and aluminium in the
lower layers result from lower clay contents with depth.
Singh and Fatiram (1975) have reported nonsignificant

positive correlation between clay and totsdl iron in

s0ils.

(11) Surface soil
a) FPhysico-chemical properties of the surface soil

The major physico=-chemlcal characterlistics of the
lateritic alluvium, kari, kayal, karappadom, kole and

pokkall solls are given in Table 2 and 3.

.1. Coarse sand

The coarse sand content varied from 5.3 to 32.6
per cent in the 9ix soll types studied. Its content
was highest in the lateritic alluvium and was least in
karl soil. The content increased in the ordar
kari < karappadom < kayal < kole < pokkald (latéritic
alluvium, The coarse fractions dominate in the lateritic

alluvium as a result of erosion from the surrounding



uplands of sloppy terrain. The aite of sample
‘collection of lateritic alluvium was the Vellayani

lake where hydromorphic'situation exipts.

2« Fine zand

The flne sand content of the lateritic alluvium,
kari, kayal, karappadom, kole and pokkali soils were
22.2, 1009, 1%.6, 9.4, 14.6 and 17.3 per cent respecti-
vely. The highest content was observed in the lateritic
alluvium while the karappadom soll registered the lowest

content.

3. S1lt

The karappadom soll indicated the highest content
of 22,6 per cent sllt followed by pokksall, kole, kari
and kayal. ILateritic alluvium recorded the lowest silt
content Of 15.1 per cent. The highest content of silt in
karappadom goil is the result of sedimentation of transe
ported soil material by flooded rivers.

4. Clay

The c¢lay content varied from 29.6 pexr cent in the
lateritic alluvium to 62.7 per cent in the kari soil.
The kayal, karappadom, kole and pokkall soils reglstered
a clay content 0f 43.6, 38,1, 42.5 and 33.4 per cent
respecti&ely. Highest content of clay is associated with

humusg.



5« Bulk Gensity

Bulk density was highest (1.27 g/ce) in the
lateritic alluvium and the lowest (1.04 g/cec) in the
kari soil. In other soils the values rangsd between

1,08 angd 1.18 g/co.

Ge Absolute specific gravity

The values of absolute specific gravity ranged
from 2.13 in kayal soil to a maximum of 2.58 in the

lateritic alluvium,

7. Maximum waterholding capacity

The water holding capacity was highest in pokkall
soll (59.6%) while the least value was seen in the
lateritic alluvium (45.5%).

B. Per cent pore space

Kari soil registered the highest pore space and
lateritic alluvium the least. The values ranged hetween

50~54 per cent in the six differernit soils studied,

Oa Vhlume expansicn

The maximum volume expansion of the soil was seen
in the karl soil, while the lateritic alluvium registered

the minimum volume expansione.



Table 2

Physical properties of surface s0il

Machanical Analysis

Absolute Maximam : _
Soil Coarse Tine Silt Clay Texture  Bulk specific water gagie Vblgﬁgion
sand sand density gravity Tholding » exp
-3 capacity
(%) (32 (5%) (%) (gem™™) (%5) (55} (%)
1. Lateritic ; . Sandy-
alluviun 32+6  22.2 15.1 29.6 clay loam 1+27 2.58 45.5 50.7 2.68
2. Kari 5.3 10.9 20.8 62.7 Clay 1.0¢ 2.21 55,1 53.2 6.96
3. Kayal 12.0 19.6 20.1 43.6 Cldy loam 1.08 2.13 54.9 50.1 5.32
4. Karappadom 11.8 9.4 22.6 38.1 Clay loam 1.14 2,28 49.4 52.0 4.68
5. Kole 19.6 1446 21.3 42.5 Clay loam 1.18 2,45 49.9 52.8 4.75
6+ Pokkall 23.1  17.3 22.3 33.4 Clay loam 1,13 2.34 59.6 52.7 5.14
b
-



10. Soil reaction (pH)

Kari soil was the most acldic with pH 3.6.
Kayal, ﬁérappaaom, ﬁole and pokkali soils had almost
similar pH . values. Least acidity wags observed in the
lateritic alluviun (pil S.1). The highest acidity
noticed in kari soil is associated with low base status,
high content of organic matter and sulphur containing
minerals which have undergone chenical and bacterial
oxidation resulting in the formation of acid sulphate
30i13. '&cia sulphate solls or ‘cat clays"are extremely
acid clays with & high content of sulphate. They have
a pH of less than 345 ig'some layer in the upper 50 cm
pf'the profile. The acidity is due to the presence of
sulphuric acid and irom and aluminium sulphates. These
solls are derived £rom marine sediments high in sulphide
but poor in bases, Vhen submerged and anaesrcbic they
are mud clays, nearly neutral. But when the water
recedes the pyrites are oxidised to sulphurie acid and
soils become extremely acids. The-existénce of sulphur
bacterial cycle in kari soils has been proved earlier
(sabramcé?. 1960)» The distribution of different foxms
of sulphur in the surface and subsurface solls as well

as in the wood fossills were studied carlier.

61
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1l. Electrical conductivity

The pokkali solls are acid saline in nature and
ag can be expected of such solls, the highest value of
slectrical conductivity (5.4 dSm'l) was recorded in
this gsoil. The electrical conductivity valuse showed
variations irn different solls with the lateritic
alluvium registering the least value of 0,40 dsm"l.

High electrical conductivity recorded in pokkall as well
as in kari, kaya; and karappadom sails indicates salt
contamination due to the proximity €o sea. Alyer et al,
{1975), Kabeerathumma (1975), Ramasubramonian (1589)

have also obtained high values of electrical conductivity

in these soils,

12. Organic carbon

The organic carbon content which was lowest in
lateritic alluvium increased in the order lateritic
alluvium < kayal { pokkali < karappadom < kole <{kari
soils. Karl s0il registered a maximum of 7.4 per cent
organic carbon followed by kole soll which had €.8
per cent. The high organic carbon content in the karl
solil is ascribed to the presence of undecomposed organic

matter in the surface as well as in the lower layers.

13, Cation exchange capacity

The CEC values of soils ranged between 8.3 and

21.7 C mol(+)kg‘1. ‘The highest value was notlced in



63

-the kari goil followed by kola (19,1), pﬁkkali (16.7),
karappadom (16.6), kayal (13.,6) =zoils and lateritic
alluvium with the lowest CEC of 8.3 C mol(+)kg'1.
High CEZC values in kari soll is ascribed to conslder-
able quantity of hums in surface ag well as in the
lower layers., Though the acid solls studied mainly
contain kaolinite type of clay mineral, high CEC is

probably due teo high organic matter content.-~

i4. Total nitrogen

Karl soll recorded the maximum content of 0.21
per cent total nitrogen, while the lateritic alluvium

indicated the lowest content of 0.02 per cent.

15. Teotal phosphorus

Highest content of 840 ppm was observed in the
kari soll, while the lateritic alluvium registered the
minimum of 240 ppm.

16. Totzl potasaium

Al the six soils had relatively high contents
of total potassium. Among the soils, karl soil had the
highest conteont of 2535 ppm, while the lateritic alluvium

had the least content of 327 ppm.



Table 3

Chemical properties of

surface soil

Organic pH EC CEC Totel Total Total Total Total Lime
Soll carbon -1 -1 31 ? id Ca Mg uirement
(%) (dem ) (C mol{+)kg ~) (%) {ppm) {(prm) (ppm) (ppm) acre)
1, lateritic 1,3 Sl 0«40 843 002 240 827 292 403 Te7
alluvium
2« Kari Ted 36 4.40 21.7 0.21 840 2535 194 718 16.1
3. Itayal 2ok 4.3 2ed2 13.6 0,09 720 2250 B26 &38 11.1
4. Karappadom 3.8 4de2 1.89 16.6 0.07 750 1935 761 705 8.6
5. I0le 6.8 a2 1.5%4 19.1 GelG 360 1088 475 500 Be2
&+ Pokkhall 248 4.4 5«40 16.7 0,08 480 1790 81g 746 Ba.2

79
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17. Total calcium

The kayal and pokkali soils had the maximum
content of caleium while karli soil had the lowest

contents.

18, Total magnesium

The six solls studied had fairly higher contents
of magnesium ranging from 403 ppm in the lateritic
alluvium to 746 ppm in pokkall soil.

b} Forms of iron

1., Water soluble iron

Rari soil recorded the highest content of 32.0
ppm water soluble iron. The other five soils had almost
similar contents ranging from 24.0 to 27.0 ppm {(Table 4).
High acidity of the karl scoil might have contributed
towards the high content of this form of iron. The
results of correlation study of thls form of iron and
s0il chemical properties, furnished in Table 5, indicate
its negative correlation with pH (r = -0.8742).
Ponnamperuma (1972, 1978, 1980) has reported that the pH

2%

of the 201l affectes the ccncentration of Fe ions

through the involvement of H+ jons in chemical equilibris,
The pH-Fe relationship derived by Ponnamperuma (1984)
would indicate that a pH increase by one unit should

2

decrease the concentration of Fe + lons 100 times,
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Similar observations have been reported by Nhung and
Ponnamperuma (1966), Ponnamperuma et al, (1973),
Misra and Pande (1975), Sukla et al. (1975), IRRI
(1977), #ajagopal et al., (1977), Patrick Jr. and
Henderson (1981), Patel and Dangarwala (1283), Bakal
at.&al, (1968) and Ramasubramanian (1989).

Correlation studles (Table 5) have also shown
positive relationships between clay (r =-0.9317**)
organic matter (r = 0.9052*) and CEC (r = 0,8763*)
with the water soluble iron conteni. The high blay
content enables higher adsorption of Fe?¥ which in
turn might result in the greater solubilisation under
conditions of low pHe Simllar observations between
water soluble lron with clay and CEC have also been
reported by Mandal (1961), Chakravorty and Kar (1970)
and Dubey et al. (1983). Positive significant correla-
tion between water soluble iron and organic matter is .
possible due to thes production of more organic aéids
which can solubilise more iron. This observation is in

agreement with the findings of Singh and Patiram (1975),
Rajagopal et al. (1977) and Fatel and Dangarwala (1983).

2. Exchangeable iron’

L

Exchangeable iron in the lateritic a2lluvium, kari,
kayal, karappadom, kole and pokkall soils were 78.0, 129.0,
107.0, 74.0, 82,0 and 79.0 ppm respectively. The kari soil



recorded the maximum content while the conteénts in the

other five soils did not vary appreciably.

The content of exchangeable ircn was highest in
karl soll which can be attributed to high CEC and high
«lay content of the soll., Bao et al. (1964) in his
experiments with acid sandy paddy soils found that
increase in CEC resulted in increased contents of exchange-

able iron and total ferrous iron.

A slgnificent positive correlation between
exchangeable iron and clay content (r = 0.8254*) and
also with CEC (r = 0.8613") (Table 5) is observed. This
confirms the reason for high exchangeable iron content
in clay rich kari soil. =imilar correlation is also
cbserved betwasen exchangeable iron and organic carbon
(0.8228"). & negative significant correlation was
observed hetween exchangeable iron and pH (-0.8769**).
Pisharody (1965), Gotoh and PatrickJr. (1974),

Kamala Pevi et al. (1974), Kabeerathumma (1975), Ghosh
and Banerjee {(1979), Mandal and Mitra {(1982) have also

reported similar observations.

As Active iron

Among the six soils the active iron content of the

kard soll was highest (1.72 per cent). This was followed



68

by kole, kayal, lateritic alluvium and karappadom soils.
Pokkali soil registered the lowest content 0f D.82 per

cent active iron.

The highest content of active iron in kari and kole
solls are due to high organic carbon content. Corrslation
matrix given in Table § indicated a significant positive
correlation betwesn organic carcbon and active iron
(r = 0.8147*J contents of the soill, Similar positive
significant correlation have also been reported by
Pisharody (1965), Misra and Pande (1975), Mitra and Mandal
{(1983) and Ramasubramonian (1989). Similar a2 positive
non-aignificant correlation is observed between active

iron content and electrical conductivity (r = 0.7959).

4, Free iron oxides (Dithionlte extractable)

Karl soil had the highest content of 0.69 per cent
free oxides followed by kole with 0.66 per cent, lateritic
alluvium with 0.58 per cent, kayal with 0.56 par cent,
karappadom with 0.49 per cent and pokkall with 0.47 per cont.

The results indicated that no corxrelation existed
between the free iron oxide content and any of the chemical
characteristics ¢f the m0il except the clay content where
a non significant positive correlation (0.6951) could be

noted (Table 5).,



5. Total amorphous' iron (Oxalate extractshle)

The highest content 0f 0.45 per cent total
amorphous iron was observed in the karl soil while the
pokkali soll registered the minimum of 0.27 per cént.
The contant 1néreased in the order pokkali < lateritic
alluvium < karappadom < kayal < kole {_ kari soils.
Highest content of total amorphous iron in the kari soil
may be attributed to the high level of organic matter in
that soil and its complexing dction cn iron. A positive
correlaticon (Table 5) could be observed between total

®
amorphous and organic carbon (r = 0.8135 ).

6., Amorphous crganic iron (Pyrophosphate extractable)

The content of amorphous organlc iroq ranged £rom
0.12 per cent in the lateritic alluvium to 0.28 per cent.
in kari soil. The content decreased in the order
kari > kole > karappadom)> kayal > pokkall > lateritic
alluvium. A significant positive correlation (Table 5)
between amorphous corganic iron and organic carbon could
be observed (r = 0.8681*). This may be the reason for
the high content 0f this form in karl soll and the least

in lateritic alluvium.

7. Amorphous inorganic iron

The highest content of 0.17 per cent amorphous

inorganic iron was observed in lkari and kole soil. The



Table 4

Mean content of different forms of iron in surface soil

Soil sg?ggié Zxchangeable Active g;fge amgzgiéus Aﬁg;ggggs fﬁgﬁgﬁgﬁg Crystalline Total
(ppm) (ppm) (%) (%) %) (%) (619 (%) (%)

1« t{jﬁ:ﬁ;" 24 78 1.27 0.5 . 0.28 0.12 0.16 0.30 3.94
2. Kari 32 129 1.72  0.69 045 0.28 017 0.24 4.21
3. xayal 27 107 1.54  0.56 . 0,35 0.19 . 0.16 0.21 2.58
4. RKarappadom 25 74 0.91  0.49  0.34 0.20 0.14 0.15 2.45
5+ Kole 24 B2 1,68  0.66  0.38 0,21 0,17 0.28 6.38
6+ Pokkald 27 79 0.82  0.47  0.27 0.13 0.11 0.20 2.66

04



Tabla 5 Correlation matrix - Fhysico-chemical properties and forms of iron

(n=6)
Forms of iron Clay pH 2;gggéc CEC EC
1, vater soluble  0.9317°  —0.8746 0.9052" 0.8763" 0.7218
2. Exchangeable 0.8254  =0.8769" 0.8224" 0.8613" 0.4767
3. Active 0,1450 ~0.4287 0.8147" 0.5312 0.7959
4. Free oxide 0.6951 -0.4699 0.5637 0.4411 0.5878
5. Total amorphous 0.6587 ~0.3763 0.8135" 0.1357 0.1915
6. amorphous 0.5700 ~0.5817 0.8681" 044709 0.2781
organic
7. Amorphous 0.6173 ~0.4130 0.5132 0.1387 043671
inorganic
8. Crystalline 0.6313 ~0.6099 0.5935 0.4651 0.5433

* Significant at 5% level
** Significant at 1% level

nasample size

T



lateritic alluvium and kayal soil had egqual contents
of 0,16 per cent, while the pokkali soil recorded the
least content of 0,11 per cent. The karappadom soil
had 0.14 pexr cent of this form of iron. The highest
content in kari soil is probably due to the complexing
action of organic matter on the inorganic constituent-

minerals such as iron pyrites in this soil.

8. Crystalline iron

The lateritic alluvium indicated the highest
content Of G.30 per cent crystalline iron followed by
kole, kar@, kayal, pokkalil, karappadom with th9 contents
of 0,28, 0.24, 0.21, 0.20 and 0.15 per cent respectively.

9, Total iren

The highest content of 6,38 per cent total iron
‘was observed in the kole soll followed by 4.21 per cent
in the kariscll, 3.94 per cent in the lateritic alluvium,
2466 psr cent in pokkali soil, 2,58 .per cent iq_k§YQl.§0il
and the least content of 2.45 per cent in karappadom soil.

II Incubation studies

50il submergence brings about anaerobic conditions
resulting in, among others, reduction of iron and its

solubllisation, often leading to coneentrations toxic
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enough for the rice crope The result of the study on
the dynamlcs of the forms of iron in soils under the
influence of submergence alone and in the presence of
added ameliorants such as lime agd o:ganic matter and
éo assess the extent of such iron solubilisation are

discussged . below.

a) Influence of submergence opn soll reaction

and dyvnamlcs of €formgs of iron

The data on the influence of period of submergence
on soll reaction and dynamics of forms of iron are discussed

balow,

1. Soil reaction (pH)

All the soils under study had initially lower pH
values indicating their acidic nature (Table 6 and Fig.l).
On submergence the pH of all the scils gradually increassed
with time to reach maximum value after a few days. However,
with karl soil, which recorded an initisl pH of 3.5, showed
a continuous but slow increase till the pH was 5.0 on the
20th day of submergence, lateritie alluvium having a pH of
5.5 showed increases upto & maximum value of 6.4 on the
20th day of submergence after which the pH did not show
variation. 1In karappadom soil, the initial pH of 4.9
increased due to suﬁmergenca and reached the peak values

of 5,6 on 30th day and thereafter remained steady upto



€0th day and then declined to 5.2 on the 90th day.

The kayal, kole and pokkalil soils which had initial pH
values of 4.5, 4.5 and 4.4 showed gradual increases
upto 60 days to reach the peak values of 5.5, 6.0 and
5.6 respectively after which much variation is not

obaerved upto the 90th day.

The increase in pH of the waterloggsed acid solls
with period of submergence is attributed to the reduction
reaction of iron and manganese, lnvolving consumption of

H® ions accoxrding to the reactiona.

Fe (OH) , + 35" + & > pe?” +'3H,0 and

Y2 0, + 2H' + @ —ewe—> Y2 Mn2' + 1.0
2 2

(Ponnamperuma, 1972)
A series of reduction reactions occur in submerged

solls as predlcted by thermcdynamlic sequence of chemical
reaction and all these reactions involve utilisation of
H+ ions leading €0 the formation of reduced products.
Consequéntly, the OH  1ons in zoil solution increases,
resultling in an increased pH with submergence. A fairly
stable pH 1s attained when the sequential reductlions are

conpleted.

The increased pH 1s alse regulated by the partial

74

pressure of Coz devaeloped from the decomposition of organic

matter by anasrobaese. Partial pressure of C02 which is good

measure of CO2 accumulation in solls, gradually increases



Table 6 Effect of submergence on the pH of the soll
Soil Days of submergence

0 5 10 20 ao 60 20

1. Lateritic - - :
alluVium 5e5 5.9 6.3 a4 6.4 G.4 G4
2. Kari 3.5 3.8 4.4 446 4.8 4.9 5.0
3. Kayal 4.5 4.8 4.9 5.3 543 5.5 S5
4. Xarappadom 4.2 S.2 5.4 5.2 5.6 5.6 5.2
5. Kole 4.5 3.6 5.1 5.6 S5a7 6.0 6.0
6. Pokkali 4.4 4.6 5.0 5.2 5.4 5.6 5.4

GL



76

-/_________———r—'—__—'
4 4 T4 /,’—'
3 v
2 N
h ] T A
20 oo % Io 6o Jo
Days Days
{lateritic alluviun Rari soil
4 6 <
R4 *
=
=
2 -
z 1
3o o B ‘
. 6o 8o y
pays, a5 &o So
- ;o Days
Kayal soil Y i
) . Karappadom soil
"
£ ¢

P p- o v ny 3
] 3e L=
. Days Days

Kol ]
e soil Pokkali soil

Fig.l Effect of submergence on the pH of soil



77

on flooding and reaches peak valuc in 2@ few days after
submergence and later declines to a fairly steble value
(Ponnamperuma, 1972). Acid soils high in organic matter
show a rapid increase in Pcog. Prograssive increases 1in
PC02 result in increased suppression of soil piH, ultimately
resulting in steady values of pH corresponding tc the
maximum influence exerted by peak values of PCO, a few

weeks after submergence according to the relationship.

PH = 6.1 = 0,58 log PCO2

(Ponnamperuna, 1972)

The fallure to attain a stable pH in kari soll
is probably because these s0ils are potentially acid
sulphate soils containing pyrite, which on oxidation and
hydrolysis give rise to H,80,. Very high organic matter
content and high buffering capaclty of this soil type
also contﬁébute to the non=-attalnment of stable pH values

on submergence.

With progressive increase in duration of submergence,
-there was more increase in scoil pH and at the end of 90 days
of submergence all the solls attained a pH between 5-6.
This narrxowing of difference between the values after a
periocd of submergence agree with earlier findings of
Nhung and Ponnamperuma (1966), Ponnamperuma (1965),

Mohanty and Patnaik (1973) and Verma and Keue (1988).
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2, Uater soluble {iron

Table 7 and Fig.2 gives the content of water
soluble iron during the diffaerent periods of submergence.
When the lateritlic alluvium was submerged, the. .mean
water soluble iron content of s0ll, which was initially
52.5 ﬁpm increased upto a maximum of 37.5 ppm on the

20th day and decreased gradually to 27oppm on 90th day.

In kari soil, the content of 30vppm water soluble
iron estimated on the day of submergence rose tO a
maximum of 45¥ppm on 20th day and decreased slightly to

lower wvalues on further incubation uptec 30th day.

The kayal so0il which had an initial content of
28,0 ppm water soluble iren immediately after submergence,
increased uptc 20th day of submorgence when the peak value
cf 43.0 ppm was attainéq. The content ther=zafter decreased

with further periocds of submargence.

The karappadom scoil having an initial water
soluble iron content of 27.0 ppm on the day of submergence
increased with period of submergence and reached 33.5 ppm
on the 20th day. However, further periods of submexrgence
d4id not have ﬁakred influence in reducing the soluble

iron concentration.



The mean content of this form increased upto
20th day in kole and pokkali soils from the initial
content of 26vand 25oppm .to 38%and 36%ppm respectively.
After reaching the peak valuss, the water soluble lron
contents ip these solls decreased to 31.5 and 20.5 ppm

rospectively on the %0th day of submexgence.

Tha analysis of varience indicated release of
water soluble iron 20 days after submergence in all the
solls. ILater zoluble irxon gradually dropped to lower

values wilth continued submergence upto S0 dayss

Tron which noxmally exists in the ferric form in
aercbic sepils, iz reduced to ferrous\farm in submerged
soils under anaerobic conditions. Ponnamperuma (1967,
1972) have reviewed the chemistry of iron reduction in
submerged paddy solls according to which the sclubility
of iron in submerged soils is controlled by three redox

reactions viz., Fe(0H), ~ re?¥; Fey (OH)g = re?* ana
Fa(oz-i)3 - Fes(OH)8 gystemsy according teo the following

reactions.

Fe (OH) 4 + awt + 8 = we2t 4 3H,0

3re (OH) 5 + gt + 28 = Feq (OH)g + H,0

+ - 2+ '
Eea(OH)e + 8H + 2¢ » 3Fe + BH,0

79



80

Of these three systems in eguilibria, the

2+

Fe(OH)3 ~ Fa“’ system would alone operate throughout

2% and

the period of submergence, while Fe(OH)a - Fe
Fe3(0H)8 - Fe(OH); would operaté at the beginning of
the peak of water soluble iron, when FeafOH)B would

get precipiltated.

The decrease after the peak concentration can
be asc;ibed to the precipitation of iron as Fes(OH)a.
This precipitation results from an increase in pH
following a decline in PCO,e The decline in PCbz is
probably due to the escape of CH4 produced in the
later stages of anaercbic organic matter decompoaition.‘
bacterial reduction of €O, or legching lcsses or
removal of Co, as inscluble carbonates., The role of
iron hydroxide systems in the control of pH has also
been explained by Tejinder Singh and Pasricha (1578).
Takkar (1969) has attributed the formation of Pa2’ in
all the water logged scils to the reducing compounds
and coz produced in the course of anaercbic decompow=
sition'or fermentation of added organic matter. The
findings are in agrecmnant with thogse of Islam and Elahi

{(1954), Mandal (1961, 1962) and Motomura (1962).

The pH is found to play an active role in
controlling the release of water soluble iron £rom the

s80lls. It was found that the release of iron was maximum
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in kari soil which has recorded the lowest initial pH
Of 345« A maximum of 45 ppm water soluble iron was
found released from this soll on the 20th day of

submergence.

B

The conductance of s0il solution increases during
the first few wecks of flooding and then decline sherply
in striking similarity to the kinetics of water soluble
iron. Infact the increase in conductance 1s due to the

C 2+ forms from insoluble Pe (III)

ralease of Fe and ¥n
and Mn{IV) oxides, hydrates (Sadana and Takkar, 1885).
They also reported that the increase in electrical
conductivity in the soil brings abeout an increase in pHe
The P~ of soil soluticn might decrease in view of the
relationship Eh = 0.43-0,059 pH which in turn may result
in an increased iron comcentrations at all stages of
submergence. Kari soil where the electrical conductivity
i1s fairly high, along witﬁ high PCO, other than low pH,
therefore, released more water soluble iron as compared
to other soils, DIue to the same reoason, kayal solls
where saline contamination due to sea wvatsr incursion is
likely, closely followed kari soil with regard to maximum
release 0f goluble iron. In kole and pokkali solls
though salinity status is higher, much increase in the

iron release could not be seen, probably due to the higher

pH conditlon 0f these soilse



Table 7

Effect of interaction - Soil and submergense on the
mean content of water soluble iron (ppm)

Days of submergence

Soil

0 5 10 20 30 60 90
1e Lateritic 22.5 2645 305  37.5  31.5 30,5 27.0
2. Xari 30,0 35.5  40.5  45.0  43.5  42.0 40.0
3. Kayal 28.0 . 31.5  39.5  43.0  40.5  38.5 37.5
4. Karappadom 27.0 28,5  31.5  33.5 33,0  32.5 32,0
5. Kole 6.0 29.5  33.0  38.0  35.0  33.0 31,5
6. Pokkall 25.0 30.0 32,0  36.0  32.5  30.0 29.5

an
F(30,36) = 810

CDh = 1.50

c8
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Correlation studies (Table 15) with this form
of iren has revealed a positive significant relationship
with exchangeable iron (r = 0.8003*). free iron oxide
(r = 0.3123*), total amorphous iron (r = 0.3658") ana

*
amorphoug organic iron (r = 0.7627 )

3. Exchangeable iron

The content of esxtchangeable iron increased
significantly under the influence of length of submergence
‘(Table 8 ard Fige3). The change in concentration of
exchangeable iron in the lateritic alluvium, kole and
pokkali soils under submergsnce followed more or less
similar trends. While lateritic alluvium recorded an
increase in exchangeable iron content from 97 ppm to a
maximum of 184 ppm, kole =20il recorded an increase fromn
107 to 255 ppm and pokkall soil indicated a rigse from
Bl to 172 ppm during 30 days of submergence. Further
periods of submergence upto 90 days resulted in decreased
contents of exchangeable iron in these three soils to

159, 245 and 148 ppm respectively.

The exchangeable iron content in kari and kayal
soills registered increases from 146 and 77 ppm on the
day of submergence to 317 and 240 ppm respectively on
the 60th day after which kari soil showed steady values
whilae kayal solil showed a slight decrease to 200 ppm on
the 950th day.



The karappadom soll exhibited steady increase
in exchangeable iron content f£rom 71 ppm to 157 ppm

throughout the period of submergence.

In all the soils studied, the content of exchangew
eble iron 1in general, increased two or three fold due to

submergence,

This increase in exchangeable iron content with
period of submergence is attributed to the direct result
of massive reduction of oxides of iron that has taken
place with the onzet of anoxle conditlons (Takkar, 19569).
In addition to the effect of increased pH of the soll
during submergence, the decreased bonding energy resulting
from soil submergence can 3lgso lead to the removal of
Fe2+ from exchange sites, The reduction in the exchangee
able iron content after the peak value might be due to
the reoxidation of ferrous iron at the 1n£erface cf water
and atmosphere and consequent precipitation (Singh and
Patiram, 1977)« The results indicated that while lateritic
alluvium, kole and pokkali registered increases in exchange=
able iron upto the 30th day of submergence, kari and kayal
solls showed increases upto 60th day. The more prolonged
releases of exchangeable iron in the kari, kayal and
karappadom soils may be due to the high buffer capacity

and higher CEC value of these solls. Similar increases



Table 8 Effect of interaction - Soil and submergence on the
mean content of exchangeable iron (ppm)

Days of submergence

Soil
o 5 10 20 30 60 90

1. Lateritic ' ' -

Lateriti o7 113 128 169 184 167 159
2. Xari 146 172 203 234 313 317 317
3. Kayal 77 119 135 167 218 240 200
4. Karappadom 7 113 120 123 136 152 157
5. Kole 107 160 215 237 255 250 245
6. Pokkaldl 81 04 138 156 172 163 148

_ ek
CD = 8.14
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in exchangeable iron content in soils of Kerala under
the influence of submergence have also been reported
by Kabeerathumma (1975), Ghosh et al. (1976) and
Najeeb (1989). |

Correlation studies (Taﬁle 15) 4indicated a
significant positivé corralation with water soluble
iron {(r = 0;800§*), free iron oxide (r = 0¢478§*).
total amorphous 4ron (r = 0.587{*) and amorphous

organic iron (r o 0.8193*) content of the soil.

4. Active iron

The content of active iron varied significantly
between soils ranging from 2.02 per cent in the karl
s0ll to 0.72 per cent in the pokkali soll (Table 9 and
Figed) . However.qubmergence caused no gignificant
change in the content of this form. The varlation in
content of this form among the soils can be ascribed to
the high content of easily reducible part of total F9203
in the soils, which forms a major constituent of the
active form. Depending on the relative contents of
different iron oxide minerals in the six solls studieqd,
variation in the content of active iron can be noticed.
The nearly steady content of active iron in the soils
under the influences of submergence substantiate the

above reascon as total Fezo3 1s not affected by submergence.



Table 9

Effect of interaction - Zoil and submergence on the
mean content of active iron {per cent)

Days of submergence

Soil
0 5 i0 20 30 &0 90

i. Lateritic

alluvium 1.25 1.28 1.19 1.33 1.19 i1.29 1.13
2« Kari 2.02 2,03 2.06 1.96 1.39 2.15 202
3¢ Kayal 1.5¢4 1.52 1.56 1449 1.40 1.60 1.47
4. Karappadom 1,08 1.05 1.03 1.08 0,98 0.99 1.07
5. Kole 1.78 1.73 1.76 1.66 1.80 i.75% 1.67
6. Pokkall 0.72 D.81 0.72 0.73 0.74 0.85 0.61

CD = 0.24

8
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The results are in agreement with the £indings of
Thind and Chehal (1986) who noticed that all forms
of lron except active form increased due to submergance

and organic manuring.

Correlation study (Table 15) indicated a signie
ficant positive coxrelation with free iron oxides
(r = O.ZGQ%ﬁ), total amorphous (r = 0.3125*), amorphous
organic (r = 0,1409*) and amorphous inorganic

.3
(r & 0.3370 ) forms of iron.

5, Free iron oxidea (Dithionite extractable)

The free iron oxide content (Table 10, Fig.5)
in all the soils remained almost constant during
submergence (He Qun and Xu Zu-yl, 1980). Analysis of
variance indicated no significant change in the content
of this form due to submergence, but the content varied
among the soils gsignificantly. The mean content of
free oxilde ranged from 0.85 to 0.97 per cent in lateritic
alluvium, 1.,97 to 1.12 per cent in kari soll, 0.96 to
1.02 per cent in kayal scoil, 0.83 to 0.93 per cent in
karappadom soil, 0,97 to 1.08 per cent in kecle soll and
0.75 to 0.84 per cent in the pokkall soil. The highest
contant was observed in kari and the least in pokkald
soils. Lowest content of free oxides (Fed) in pokkali

aolls can be attributed to the restricted drainage



Table 10

Effect of interaction - S0il and submergence on the

mean content of free oxide (per cent)

Days of submergence

Y

. 3.

Soil

0 5 10 20 30 60 90

i 0,96  0.95 0.90  0.97 0.94  0.85 0.88

2. xart 1,10 | 1,10 1,12 1,31 1,10 1,09 1.07
xayal 2,02 0.98 0099 1,01  0.96  1.00  ©.99

4. Karappadom 0.89  0.83 0.85  0.85  0.91 0,93 0.86
5. Kole 1,06  1.07 1,08 1,07  0.98  0.97 1.08
6, Pokkali 0.75  0.77 0.82  0.77  0.84 0,75 2.78

Ch = 0,05
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condition of the soil. Udo (1980) reported low
contents of f£ree iron oxides constituting nearly nine
per cent of the total iron in poorly drained soils,
while the well érained goils had the highest content
frequently exceeding 61 per cent. In the pressent study,
the free iron oxides in the soil have not shewn remark-
able change after incubation. He Qun and Xu Zuwyi
(1980) studied the transformations of iron oxides during
the course Of submergence and have obtained nearly
steady values. Ottow (1980) however, in an inoculation
study with anaerobes, reported a decreasing trend of

free oxides (Fea) with period of submergence.

Correlation studies (Table 15) indicated a
significant positive relationship with total amorphous
« .
{r = 0.8937*). amorphous organic (r = 0.669f*) and

arorphous inorganic (r = 0.8283*) forms of iron.

¢+ Total amorphous iron

The total amorphous iron content significantly
increased in all the soils under the influence oOFf
submergence (Table 11, Fig.6). Similar obsexrvation was
made by Willett and Higgins (1980). In lateritic alluvium,
the céntent increased from 0.15 per cent on the day of
submergence to a maximum of 0.53 per cent on the 30th day
and thereafter remained more or less steady till the

20th daye.



The kari soil registered an increase from 0.46
per cent to 0.78 per cent on 30th day of submergence and

remalned steady upto 90th day.

The increase in the total amorphous iron content
in kayal soll was noticed from the initial value of
0+35 per cent to 0,68 per cent on the 60th-day and then

remalned almost steaﬂy-with further period of submergence.

The karappadom soll recorded an increase from
e+o T
0.25, per cent on thefaay to 0.62 per cent on the 60th
day of submergence with subsequent steady value upto

9p0th day.

The kole soil which had 0.36 per cent total
amorphous iron on zero day showed a decrease from its
'peak content of 0.74 per cent on the 30th day to 0.68

per cent on 90th day.

The pokkall soil which had an initial content

of 0.22 per cent total amorphous iron on submergence
increased to a value of 0.54 per cent as on the 30th
and 0.56 on the 60th day. waeve§;0.54 and 0.56 are

statistically on par.

The increase in total amorphous iron (Feo)
noticed in all the soils must have occurred due to the
influence of microbial action in the soil on the

crystalline iron converting it to the amorphous form.



Table 11

Effect of interaction -~ Soil and submergence on the
mean content of total amorphous lron (per cent)

Seil

Rays of submergence

QO 5 10 20 30 60 S0

1. Lateritic '
alluvium 0.15 0«26 0.39 0:45 Q.53 0.52 0.51
2+ Karid 0.46 9.50 0.65 0.73 0.78 0.78 0.76
3« Kayal 0.35 0.45 0.46 0.55 0.64 0.68 0.E8
4.+ Karappadom D25 0426 0.33 0.53 0.55 0.62 0.62
S. Kole 036 0.43 0.53 0:61 0.74 0.74 0.68
6. Pokkall Oa22 Q.38 Q.46 0,51 0.54 0.56 0.54

=

36
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¥While studying the reduction of pedogenic iron oxides
by the activity of Clostridium butyricum on gley,
pseudogley and red clay soils with different Feo i Feg
ratios, Munch and Ottow (1980) found that in a soil
with high activity ratio, there was a rapid decrease

in the content of Fed and Fe, during incubation, while
crystalline iron and Fe, 3 Fegq remained relatively
donstant. Howevar, with Feo H Fed = 0.1, Feo fraction
is lowered only during the £irst days of incubation
with subsequent lncrease and that Fed and ?e(d_o,
decreased showing preferential actlion on crystalline
iron oxide by bacteria, the crystalline iron oxide
functioning as terminal electron acceptor. Ponnamperuma
(1972) assumed that lower the degree of crystallinity,
the higher is the extent to which the pedogenic iron
oxides may be reduced. Thoe cryétallina freactions

(I-‘ed - Feoi rather than the amorphous iron (Feo) become

reduced preferentially by iron reducing bacteria.

7. Amorphous organic iron

The content of amorphous organic iron varied
significantly among soils under submergence on the day
of submergence, the maximum content of 0.21 per cent
was observed in kole acil and the minimum of 0.06 per
cent in the lateritic alluvium (Table 12, Fig.7).
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In the lateritic alluvium an increase in
amorphous organic iron content was noticed £rom 0.06
per cent on the day of submergence to 0.37 per cent
on the 30th day which decreased gradually to 0.29 per
cent on the S0th day.,

In karl soll, however significant increases in
the content of amorphdus organic iron could be noted
during each interval of submergence. The initial content
of 0.19 per cent increased upto 0.53 per cent on the
30th day and then decreased to 0.47 per cent on the
90th daye.

In the kayal, karappadom, kole and pokkall soils
increase was observed from their initial content of
0.18, 0.16, 0,21 and 0.15 per cent to 0.43, 0.36, 0.41
and 0.32 per cent on the 30th day followed by a decrease
to 0437, 0.28, 0,32 and 0.26 per cent respectively on
the 30th day.

In all the goils the content of amorphous organic
iron on the 90th day was found to be much higher then

the initial content on the zero daye.

The increase in content of this form under the influe-
ence of submergence have &lso been reported by He (un and

Xu Zu~yl (1980) and Patra and Mohanty (1989). The highest



Table 12

Effect of interaction « Soil and submergence on the
mean content of amorphous organic iron (per cent)

Days of submergence

Soll
0 5 10 20 30 60 90
te Lateritic 0.06. 0.15. 0.22. 0426, 0.37 . 0.33  0.29
2. Kari 0.19. 0.33. 0.39. 0.46  0.53  0.50,  0.47
3. Kayal 0.18 0.24 0.31 0,34  0.43 0,38 0.37
4. Karappadom 0.16 0.19 0.23 035 D436 0.29. 0.28
5. Kole 0.21. 0.31 0.38 0,37 0.41  0.37 0432
6. Dokkall 0.15  0.21 0.24  0.27  0.32  0.29 0.26

* *

Ch = 0,03

00T
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content of this form in kari and kole solls can be
aé?ibuteﬂ to the higﬁ organic matter content of thaese
soils. Yu Tian-ren (1980) obtained a linear corrslation
between the amount ¢f this form and organic matter

content of the soll.

Be Aamorphous inorganic

In all the six soils studled, the content of
amorphous inorganic iron increased significantly due
to submergence from the 0 day to 90th day {(Table 13,
Fig.8).

In lateritic alluvium and kari soils tha content
increased £rom 0.09 and 0.27 per cent on the 0 day to
0«17 and 0.26 per cent respectively on the 20th day,
after which the content remained almost steady till
90th day.

In Xayal, karappédom and pokkall soils the maximum
content 0f 0.30, 0.33 and 0,27 per cent was reached on
€0th day from an initial content of 0,17, 0.09 and 0.07
per cent respectively. After attaining the peak values,
the content remained almost steady in all these soils

upto the 90th day.

In the kole soil, the content increased from 0.15
on the 0 day to 0.,33 per cent on the 30th day and then
the value steadied till 90th day.



Table 13

Rffact of interaction - Soil and svbmergence on the

mean content of amorphous inorganic iron (per cent)

Days of submergence

Soil
0 5 10 20 30 60 90
1. Lateritic 0.09 0.11 0,17 0.19  0.16  0.19 0.22
2. Xari 0.27 0417 0.26  0.26  0.25  0.28 0429
3. kayal 0.17 0.21 0.15  0.21  0.21  0.30 0.31
4. Karappadom 0.09 0.07 0.10 0.18  0.19  0.33 0.34
5. Kole 0.15 0412 0.19  0.24  0.33 0,37 0436
6. Pokkald 0.07 0417 0422 0.2  0.22  0.27 0.28

*

Ch = (.05

*

0T
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among the soils, the highast initilal content
was notlesd in keri and the least in pokkali soils,
the
while on the S0th day kole registered,highest content

and the least the lateritic alluvium.

9. Crystalline iron

Among the soils the variation in the contents
of crystalline iron under the influence of submergence

was statistically significant (Table 14, Fig.9).

In the lateritic alluvium, the content of
crystalline iron decreased from 0.81 per cent on the

0 day to 0.37 per cent on 50th day.

In kari soil, however decrease from the initial
content of 0,64 per cent te 0.32 per cent was observed
on 30th day and later the content remained almost steady

upto 20th daye

In kayal soil decrease in crystalline iron content
could be noticed upto 30th day of submergence. However,

beyond 30 days the content remained ateady.

In the karappadom soil decrease in value could

be noticed upto the 60th day and then remained. steady.

The kole soll registered the lowest content

on 30th day.



Table 14 Zffect of interaction - Soil and submergence on the
mean content of crystalline iron (per cant)

Daya of submergence

Soil
0 s 10 20 30 &0 20
i, Lateritic p '
alluviun 0.81 C.69 0.51 0.52 0.41 0.33 0.37
2+ Xarl - Q.64 0«60 0.47 0.38 0.32 0,31 0,31
3. Kayal 0.67 0,53 0.53 (edt 0.32 0.32 D31
4. Karappadonm 0.4 0.57 0.52 0.32 036 0.31 0.24
5« Kole 0.70 Q.64 0555 Q.dG Q24 0.23 .40
6. Pokkali 0.53 0.39 0.386 0.256 0430 0.19 0.24
= 11,41
F(30,36) -4
Ch = Q.06

90T
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Table 15 Correlation matrix of dAlfferent forms of lilron

n=210
Forms of Water ‘ Free Total Amorphous Amorphous
iron soluble EXchangeable Active . ;4. amorphous organic inorganic Crystalline
Water
Exchangeable  0,8003°  1.0000
active 0.0009 0.,0083 1.000D
o _ ok Ho ' W

Free oiilile 0.3129 0.4785 0.2097 11,0000
Total A ok "% *k
amorphous 0.3659 0.5871 0.3123 04,8937 1.0000
Amorphous 0.7627  0.8193°  0.1409" 0.6691 0.7298  1.0000
organic
Amorphous - *R wo ok dek o )
inorganic 00,0899 0,3509 03370 048289 0.9372 . Ded454 1.0000
Crystalline 0.1079 0.0008 0.,0370 0.0200 1.0000

~0.0318 =0.1035 ~0.104%

* significant at 5% lavel

%% ZSignificant at 1% level

n = sample size

80T
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In pokkali soils the lowest value of crystalline
iron content reached on the 60th day of submergence was

maintained till the $0th day of submergence.

b) Effeet of management practices on soil
reaction and solubiligsation of the major

forms of iron under submergence

1. Organic matter

The results relating to the effact of two levels
of organic matteX, viz., 2.5 t/ha and 5.0 t/ha on soil
reaction and forms of lron with period of submargence

are discussed below,

i) Soil reaction

Table 16 and Pig.l0 indicate that addition of
organic matter to scils decreased the soil pH, which
continued yto Sth day of submergsnce and then increased
towards neutrallty with further perleds, while the overall
effact of submergence alone was +o raise the pH of all
the sollse In the lateritic alluvium and karappadom soils
treated with higher level of organic matter, the pH
reached 2 maximum of 6.0 and 5.6 respeatively on 20th
day of submargenc@, while in pokkali soils the pH was
raised to 8 maximum of 5.6 on the 30th day. For kari,
kayal and kole solls it took 60 days to attain the maximum

PR of 5.0, 544 and €&.0 respectively.
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The organic matter at lower dose applied €0
soils algo resulied in the same pattern of pH changes
and same pericds to attain the peak pH values as for
+he higher dose organic matter treatmente. The maximum
pH values attained'hy iateritic.alluvium. kari, kayal,
karappadom, kole and pokkali were 6.2, 5.0 Se6; 5.8,
6.0 and 5.7 respectively. |

ihile the organic matter decomposition lead to
organic acids thereby tending to lower the pH of solla
£111 the decomposition is completed, the. effect of
submergence is to maise the pH of the solls due to
anaerobic reduction processes going om in submerged
cqnﬂition. The chemical kinetics of flooded solls show
that within a few weeks of submergance. most solls go
through 2 period eof lntense biological activity chara=-
cterised by soil reduction and produetion of cqz, Faa+,
Mn2+ and organic reduction products in high concentra-
tions. The peak chemical activity is followed by 2
relatively steady state. The fact that the pH of the
organic matter treated soil also increases with periocd
of submergence indicates the rise of pH under the
influence of submergence alone at all stages over the
effect of decreasing pH unﬁer the infiuence of organilc
matter. The graph shown indicates that though the rise
in pH by organic matter follows the same trend as
submergegce effecﬁ, the axtent of rise in pH by organic

matter treatment is always lower than that in the control,
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1i) water soluble iron

Data on the mean release of water soluble iron
resulting from the additlon of two levels of organic

matter to soills under submergence are given {n Fig.l1.

It is clear f£rom the Table 17 that the addition
of organic matter to soils under submergence caused a
significant increase in tﬁa water soluble iron content
over the control. Organice matter application at
2.5 t/ha released 35.0 ppm water soluble iron from the
solls, while the higher dose of organic matter viz.,
5 t/ha released 39.3 ppm. The control traatment was
found to release 33.2 ppm soluble lron. Statistical
analysis indicateé that the iron release resulting
from the higher dose of organic matter treatment was
significantly more than that from the lowar level of

organic matter and control treatments.

The effect of interaction between treatment and
reriod of submergence is given in the mean Tablé 18,
The Table indicates thai full dose of organic matter
treatment which had initially recorded 32.9 ppm mean
content. 0f water soluble iron significantly inc¢reased
to 36.9 ppm on 5th éay, 40.3 ppm on the 10th day and
the maximum of 44.+7 ppm on the 30th day. Beyond 30 days

significant decreases in water soluble iron could be
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noticed at 3ll subsequent sampling periods till the
90th day. The treatment of organic matter at lower
dose also resulted in similar significant increases

in water soluble iron-from soils under submergence
over the control. The initial content of water soluble
iron indicated increases with time of submergence until
the peak concentration of 39.8 ppm reached on the 30th
day. Continued submergence beyond that perilod till the
90th day significantly decreased.the wateyr scluble lron

content €0 33.5 ppme.

The effect of interaction between soils and
treatment given in Table 21 indicates that increase in
the water soluble ircn content from the lateritic
alluvium, keri, kayal, karappadom, kole and pokkall
s0ils on submergence in presence of higher dose of
organic matter application were significantly highex
than the control. The maximun water soluble iron
release could be observed in karl soil and the minimum
in kayal soll. The lover dose of organic matter treate
ment also resulted in similar increased relsase oflwatex
soluble iron due to submergence in all the so0ils than

that of the centrol.

The increased iron golubilisation by submergence,
is aggravated by organic matter treatment. This may be

due to the intensifled reduction operations in the scil.
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Higher dose of organic matter has caused the release

of higher amounts of lron at all stages of submargence
compared to the lower dose. The peak value of water
soluble iron was found to ba around 30th day of submergence
in all the solls. The increase in water soluble iron with

period of submergence 1s due to an increase in the concen-

2
decomposition. The anaercbic decompeosition of organic

tration of €O, and the PCO, resulting f£rom organic matter
matter leading to ¢rganic aclids also contribute towards
progressive increase in the concentration of water
soluble iron by dissolving ths insoluble ferric iron
compounds in the soil. Biﬁilar firdings have also been

- xeported by Islam and Elahi (1954), Mandal (1961),
Motomura (1962), Meck et al. (1968), Takkar (1969),
Ramasubramonian (1989). The subsidence of water sclﬁbla
iron after the peak value may be due to the fall in the

concentration of €O, and precipitation of iromn as Fe3(0HJ8.

Among the soils, kari soil has recorded the highest
content of watar soluble iron uﬁder the influence of
organic matter and submergences The low pH, high content
of free iron and organic matter may be the reascon for the
increased contents of water goluble iron. ! Takkar (1969)

has also reported similar f£indings in low pH soils.

1ii) Exchangeable iron

Mean content due to the addition of organic matter

under the influence of submergence is given in Fig.12.
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It is clear from the Table 17 that addition of both
leyals of organic matter to solls under submergence
caused a significant increase in the exchangeable ixron
content over the control. Lower levels of organic
matter released 184.1 ppm exchangeable iron from soils
while higher dose of organic matter released 216.1 ppme
Statisticel analysis indicated that the exchangeable
iron content resulting €rom the higher dose of organic
matter treatment was significantly higher than that
f£rom the lower levels of organic matter and control

treatmentse.

Mean Table 19 indicated that full dose of organic
matter treatment which had initially reccrded a mean
content of% 130.5 ppm exchangeable iron, significantly
increased to 158.0 ppm on the 5th day and attained a
maximum of 279.3 ppm on the 60th day, after which decreased
to 250.3 ppm on_the 90th day« The treatment of organic
matter at lowar level also resulted in similar significant
increases in exchangeable iron content aver the control.
The ipitisl content af 106.8 pom exchangeakble iron showed
increase with periocd of submergence until the peak value
of 246.0 ppm is reached on the é0th day and then declined
to 229.0 ppm on the 90th day.

The effect of interaction betwezn soils and

treatments given in Table 22 indicated that the increase

Ll
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in exchangeable iron contents £rom the lateritic
alluvium, kari, kayal, karappadom, kole and pokkald
soils under submergence in the presence of full dose

of organic matter and helf dose of organic matter
'applicaticns were significently higher than the control.
The highest content was obaserved in karli soil, which
might be due to its high clay content, high CzC, high
organic matter content and low pHe. Howavér. the maximum
release of exchangsable iron could be obsorved in the

lateritic alluvium and the minimun in kari soil,

2ddition of organic matter has been found to
enhance the release of exchangeable iron which can be
attributed to the nature of clay minerals present in
the soilse. The solls séudied have mostly kaolinita type
of clay wherein the exchange occurs only at edges and is
rapld. The decreased concentration of exchangeable iron
after the peak valuzs may be due to subsequent physicoe
chemical changes coccuring in soil collolds under the
influence submergence and lesser microbial activity.
Simdlar £irdings were reported by Javaram and Nayaxr

(1972) and Kabeerathumma (1975),

iv) Active iron

The mean activa iron content under the influence

of organic matter on submerged soils are given in Fig.13.
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Table 16

Effect of treatments on the pH of soila under submergoence

Daya of submergence

Soils Treatment
0 5 10 20 30 60 90
lateritic Ty 5.5 549 643 6.4 God 6.4 6.4
alluvium Ty 5.6 6.5 6 od 6.6 6o 6.3 62
T, 5.6 6.3 62 62 6.1 6.0 6.0
Ty 5.4 4.9 5.4 6«0 6.0 640 60
T, 5.5 5,1 5.7 6.1 6.0 6.2 6.1
Kari T, 3.5 3.8 4.4 4.6 4.8 4.9 5.0
7y 3.6 4.8 544 5.6 544 5.0 5.0
T, 3e7 4.3 4.8 5.4 5.1 540 5.0
T, 3.4 3.2 4.1 4.2 446 540 5.0
T, 3.4 3.3 4.3 4.5 4.9 540 5.1
Kayal T, 4.8 4.8 4.9 5.3 5.3 5.5 5.4
T 4.5 602 6.2 5.9 5.6 5.6 5.6
T, 4.6 5.7 5.8 5,2 5.1 5.4 5.6
7, 4.4 4.2 4.8 5.1 5.3 5.4 5.4
T, 4.4 4e3 4.9 5.3 5.4 5.6 5.5

Contdeecss

04l



Table 16 ContQeses

i - Days of submzrgence
Solls Treatmhent . -
' ' ‘0 5 .10 20 30 60 90

Karappadom Ty 2a9 a2 . 5ed 5.2 56 5.6 5.2
Ty 4.9 6.3 €40 5.8 5.8 5.5 5.5
T, 540 - 545 - 540 540 5e5 5.4 5.2
Ty 4.8 - 4ed . Bel 5.6 542 50 5.0
T, 4.9 4.5 . 5.2 5.8 5.8 5.8 5.6

Kole Ty ‘425 - 4eb 5.1 5.6 5.7 G0 6.0
Ty 4.6 640 6.0 6.0 5.8 5.9 5.9
T, 445 - 548 5.8 Be6 5.8 6.2 6.0
T5 444 4.1 - . 4.9 Seé 5.6 60 5.9
T, 4.5 4.3 5.0 5.8 5.7 5.0 6.0

Pokkaldi Ty 4.4 446 5.0 542 5.4 546 5.4
Ty 4.5 6a2 640 5.9 506 5.2 5.3
T, 446 5.6 5.9 5.9 5.4 5a2 5a1
Ty 4.3 4.1 4.6 5.1 546 5.4 5.2
T, 4.4 4.2 4.9 5.4 5.7 543 5.1
¥ Ty = Control Ty Organic matter

T1 = Lime at full LR at 5 t/ha
T, = Lime at half LR 7, = Organic matter

at 2.5 t/h&

131



Table 17

Effect of treatments on the mean content of the
major forms of iron in scils under submergence

Water soluble Exchangeabla Active iron
Treatment iron iron
{(ppm) {(ppm) (%)
Eb . 33.2 156.7 1.38
Ti 2042 9447 1.39
Tz 24.2 11€6,.,2 1.38
53 39.3 216.1 1,37
T; 35,0 14,1 1,36
ot 1 ok 0

F(4‘30) 364,72 676 455 +414
ch i.20 3,48 0.10

gol



Table 18 Effect of interaction = Treatment and period of submergence
on the mean content of water soluble iron in soils (ppm)

Period 1In days

Treatment

0 5 10 20 30 60 90
7, 2643 20.8 34.5  38.8  36.0  34.4 32.9
™ 1446  13.9  17.6  22.6  26.0  23.8 22.5
T, 18.0 16.1 23.3 28.2 30.8 2646 24.3
Ty 32.9  36.9 40.2 43,3  44.7  40.9 36,3
T, 29.6 32.4 35.3  38.5  39.8  36.0 33.5

1 1 %

F(2¢,180) ™ +0-12

cp = 1.37

0J
G35



Table 19 Effect of interaction = Treatment and period of submergence
on the mean content of exchangeable iron in soils (ppm)

Peried in days

Treatment
0 5 10 20 30 c0 90
Ty - 93.0 118.3 139.8 164.3 196.0 198.0 187.5
T4 53.8 61.8 £9.7 101.3 118.1 116.3 123.7
Tz_ : 71.8 82.3 108,2 123;6 135.8 146.0 146.7
Ty 130,5 158.,0 187.2 237.7 26%9.8 279.3 25043
T, 106.8 122.1 156.2 195.4 233.3 246.0 229.0

v
9(24' 180) = 31.98

CD = 7.43

XA



Table 20

Effect of interaction - Treatment and period of submergence
on the mean content of active iron in soils (per cent)

Period in days

Treatmant
0 5 10 20 -~ 30 60 20
T, 1.40 1,40 1.39  1.37. 1.33  1.44  1.33
T, 1041 1.39 1,41  1.35 1,37 1.44  1.40
T, 1039 1439 1439  1.34  1.37 1,39  1.41
Ty 1034 1.36 138  1.34  1.37 ° 1,43  1.39
?4 1,37 1.36 1.44 1.34 1.35 1.36 1,36
F(24,180) = 1230

Gol



Table 21

Effect of interaction - E£olls under submergence and treatment
on the mean content of water soluble iron (ppm)

Treatments
Soils -
To. % ) 73 Ty
1. lateritic ‘ - :

alluVim 29.4 1703 '19.?' 34.1 30.2

2. vari 39.5 22.4 28,0 48,7 42.1 .

3. Xayal 36.9 19,6 2447 41.4 38.5

4, Karappadom 31.1 20,1 25.0 35.9 33.0

5. KOJ.B 31.7 23,3 27.4 33.4 34.0

6. Pokkald 30.7 18.4 22.3 38.6 35.1
I &
= £,50

F20,30)

9zl



Table 22 Effect of interaction = Soils under submergence and
treatment on the mesn content of exchangeable iron (ppm}
Treatments
Eolls
Tq % T, Tq 2,
1. Lateritic
21luvium 145.0 58.8 75.3 2379 185.5
3. Kayal 165.0 88.1 107.0 225 .6 . 180.7
4. Xarappadom 124.4 92.4 110.4 172.6 152.4
5. Kole 127.1 106.4 115.9 182.2 1€9.2
6. Pokkall 135.8 05,6 110,6 196 .6 165.8
L&
= 44,34

F(20,30)

A



Table 23

Effect of interaction - Solls under submergence and treatment
on the mean content of active iron (per cent)

Treatments
Boils
Ty T Ty Ty Ty
1. ﬁigﬁiiﬁéé 1.23 1.27 1.29 1,28 1.27
2. Kari 2.02 2.01 2,03 2.01 1,98
3. Kayal 1.51 1.52 1,46 1446 1.49
4. Karappadom 1.04 1.05 1.04 1.02 1.02
5. Xole 1.74 1.72 1.72 1.74 1.7
6. Pokkali 0.74 0.78 0475 0.73 0.75
= 0,93

F(20,30)

gcl



129

The content of this form remained without any
significant change under the influence of organic
matter throughout the period of submergence (Table 17).
The interactlion between treatment and period of submer-
gance (Table 20) and treatment and soils (Table 23) also
showed no significant change in content of this form due
to application of both levels of organic matter. This
is in agreement with the findings of Singh and Patiram
(1975), Mitra and Mandal (1983) and Thind and Chahal
(1986) .

2¢ Liming

The results relating toc the effect of two lavels
of limes wviz., £0ll lime regquirement and half lime
requirement, on sodl reaction and forms of iron with

period of submergence are discussed balow.

i) So0il reaction

The influaence of levels of iime on the pH changes
in =s0lls under submergence is given in Table 16 and Fig.l4.
It was found that, in general, liming increased the soll
pH in all the soils bhetween 5th and 10th day of submer=
gence exeept in kari soil. Higher level of lime brought
about greatsr increases in soil pH compared to the lower
level, However, in kari soil, the initial pH of 3.6

increased to 5.6 on the 20th day of submergence under the
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Influence of higher level of lime and thereafter
decreased gradually. The lower level of lime also
caused & gradual increase in pH from 3.7 to 5.4 on
the 20th day. 1In other solils maximum increase in pH

were noticed around the 10th day.

The usefulness of lime as an amellorant for
the acid lateritic low land rice soils is well known.
In the soils under study the karl soil, being the most
acidlc, has taken 20 days to reach the maximum rise in
PH in presence of lime, while in other soils, maximum
PH was noticed on the 10th day of submergence, after
whicﬂ the pH decreased. The higher CEC and buffer
capacity of the kari soil might have contributed to
this longer period'for attaining the maximum pH and
subsequent slow decreases thereafter. The beneficisl
effect of lime on so0ll was also reported by Ponnamperuma
(1960), Subramoney (1961), Mandal (1961), ®hung and
Ponnamperuma (1966), Sahu (19€68), Kabeerathumma (1975),
Van Breemen and Moorman (1978), Ponnamperuma and
Solivas {(1981), Kabeerathumma and Patnaik (1982) and
Bishnoi et al. (1988).

11) water soluble iron

Flg.1l5 which gives the water soluble iron in the =oils under

submergence indicates that while submergence alone could
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increase the contents, liming resulted in its suppression.
Higher level of lime could bring about greater decrease
- 4n the water soluble iron content compared to the lower

level of lime.

It may be seen from the mean Table 17 that lliming
at half LR level reaulted in significant decrease of
water gsoluble iron from 33.2 ppm to 24.2 ppm and full
LR level could reduce the iron content to 20.2 ppm.

The decrease in watar soluble iron resulting f£rom liming
the solls at full LR level was also significant over

control and the half LR lavel,

s

The Interaction effect of treatment and period of
submergenca of soils on the iron reléase is given in
Table 18, It could be seen that while increases in iron
concentration were noted in control treatment from the
zero day submergerice upto the 20th day followad by
decreases thereafter, the lime treated soils showed
decrease in iron content upte the Sth day (first sampling
perlod) followed by increases upto the 30th day. The
content thereafter decreased with further pericd of
submergence. The increases in soluble iron brought about
under the influence of submergence in lime treated soils
were always significantly less than in the control pots
during the entire pericd. The water soluble iron released

in the solls treated with lime at full LR level on the 5th
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day of submargence was 13.9 ppm and with lime at

half LR _level was 16.1 ppm while the control recorded
29.8 ppme It could be seen that the reduction brought
about by the full LR and half LR levels of lime were
53.3 per cent and 45.9 per cent respectively over the
controle On the 10th day of submergence the iron
concentration in the control treatment was 34.5 ppm
while the full LR level lime treatment registered

17.6 ppm and half LR level lime treatment registered
23.3 ppm which was 48,9 per cent and 32.5 per cent
respectively over the control. VWhile submergence alone
reasulted in the maximum mean :elease.of 38.8 ppm of
water soluble iron on the 20th day, the so0ils treated
with fuil LR level of lime resulted i4in the release of
22.6 ppm during this pericd and further increased to a
peak valua O0f 26.0 ppm on the 30th day after which
decreases could be noticed. ILiming at half LR level
also resulted in the progressive incresse in water
soluble iron content to 2842 ppm on the 20th day and

a maximum of 30.8 ppm on the 30th dey f£ollowed by
decreases in lron concentrations with further periods

of submergence.

Table 21 indicates the effact of interaction
between soils and treatments. Significant differences
could bs noticed between the soils in relation to the

relesse of iron under submergence. Lateritic alluvium
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treéted with £full LR lime level suppressed 12.1 ppm
iron while with half LR lavel, the suppression was
9.7 ppm, Kari, kayal, karappadom, kole and pokkali
soils could suppress the release of water scoluble
iron to 17.1, 17.3, 11.0, 8.4 and 12.3 ppm respecti=
vely when limed at full LR level. Half LR level of
lime was found Lo suppress the zeleases of 9,7, 11.5,
12.2, 641, 4.3 and 8.4 ppm soluble iron iﬁ lateritic
alluvium, kari, kayal, Xkarappadom, kole and pokkali
s0ils respectively. Maxioum suppression of soluble
iron could be obsérved in kayal and karl soll and

minimum in kole scoil,

The decrease in the content of water moluble
iron on liming is primariiy because of the increase
in pH. The Ca0 added to soil gets converted to
Ca{OH), and releases OH" ions. The increased pH also
causes release of OH Jons to goil solution. This OH™
ions combine with iron and precipitate as their hydroxides
(F33(0H)8) or oxides (Fe304.nH20).

111) Exchangeable iron

Fig.16 indicates that exchangeable iron content
in the soll could be reduced by liming while submergence
alone resulted in.an increase in its content. Higher

levels of lime could bring about significant decreases
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in the exchangeable iron content compared to the lower
lime levels It may be seen from the mean Table. 17
that limnlng at half LR level resulted in significant
decrease in exchangsable iron f£rom 156.7 ppm to

116.2 ppm while £full LR level further reduced the
exchangeable. iron content £0 94.7 ppm which was
statistically significant bver the, half LRflevel and

control.

Tha interaction effect of treatments and period
of submergence of solls on the release of exchangeable
iron from msoils 1s given in Table 19. The exchangeable
iron centent increased with period of submergence in
the control treatmanﬁ upto the 60th day followed by
decreases. The full LR and half LR levels of lime
treated soile showed lncreases in exchangeable iron
content upto the 90th day. However, the half LR lime
treated solls showed a tendency to reach peak values
on the 60th day which almost levalled off during
- gsubgequent period, while in the full LR lime treated
solls, contimious increase in exchangeable iron content
could ba seene. The increases in exchangeable iron
content brought about by the influence of submergence
in lime treated golls were always significantly less than
the control auring the entireg period of submargence.
The exchangeable iron released from soils treated with

lime at full LR and half LR levels on the 5th day of
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submergence were 61.,8 and 82.3 ppm regpectively, while
the release from the control pot was 118.3 ppms. The
reduction brought about by liming at full LR and half

LR lavels wera 47,7 per cent and 50.4.par cent respectl-
vely, over the control. Submergence alone resulted in
the maxinum mean release of 198.0 ppm of exchanGeab;c
iron on the ¢0th day, followed by a signifiéant decrease
of 187.5 ppm on 90th day. However, in the soils treated
with full LR and half LR levels of lime, the Qxchangeable
iren content progressively increased to 116.3 ppm and
146.,0 ppm respectively on the 60th day followed by
significant increase to 122,7 ppm in the £ull LR lime
treatment and almost same content in the half LR

treatmant on the 280th day.

Tabhle 22 gives the effect of interaction between
solls and treatments, Silgnificant differences could be
.noticed between the solls in relation to release of
exchangeable iron under submergence. The lateritic
alluvium, kari, kayal, karappadom, kole and pokkalil
soils could suppress the release of exchangeable iron
to 8642, 116.2, T6.9, 32.0, 20,7 and 40.2 ppm respecti-
vely at £ull LR level. Half LR level of lime was found
to suppfess the exchangeable iron release to 69.7, 65.0,
58.0, 14.0, 11,2 and 25.2 ppm in the lateritic alluvium,
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kari, kayal, karappadom, kole and pokkall solls
respectively. Maximum suppression of exchangeablé

iron was observed in kari soil and minimum in kole soil.

The decrease in content of exchangeable iron by

1iming can be attributed to the displacement of F02+

2

by Ca * ions from clay lattice. The OH 2ions present

in the soil solution from Ca(OH)z due to high pH react

with FQZ+

and procipltate as oxides (Fe304.nH2éJ and
hydroxides (Fes(OHJB). Similar findings have also been
reported by Ponnamperuma (1960), Vaculik (1963) and

Kabeerathumma (1975).

iv) Active Lron

Fig.17 gives variations in active iron content
due to submergence. The maan content of active iron in
solls due to lime treatment given in Table 17 indicated
no significant change. The variation in content of
this form due to the intergction between treatments and
period of submergence (Table 20) and treatments and
goils (Table 23) also showed no significant variations

in content.
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SUMMARY AND CONCLUSION

A study was undertaken to assess the different
forms of iron, thelr distribution, dynamics under
submergence and the effect of management practices such
as addition of organic matter and lime on the major
Forms of iron in the six acid rice soils of Kerala
viz., lateritic alluvium of the Vellayani wet land,
kari, kayal, karappadom soils of Kuttanad, kole soils
of Trichur and pokkald soills of Vytilla. The physico=-
chemical characteristics of these solls were also
studied along with the correlation of some of these
characteristics with the forms of iron. The different
forms of iron studied were water soluble, exchangeable,
active, free iron oxida, total amorphous, amorphous
organlec, amorphous inorganic and crystalline forms

in addition to total iron.

The major £indings from the above study are

summarised bhalows

The profile studies on the different rice solil

types revealed the following results.

1. In the lateritic alluvium, pH remained steedy
throughout the profile, electrical conductivity

increased upto II layer, organic carbon increased
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upto the III layer CEC increased upto the II layer
and the total iron and aluminium decreased with depth.

In kaxld soil, the pH showed a slight decrease with
depth. Electrical conductivity was steady upto the
III layer and decreased with farthar depth. The
organic carbon showed progressive increased with depth.

The CEC, total iron and aluminium decreas=d with depth.

In kayal scll, pH decreased with depth except for the
slight increase in the II layer. The electrical
conductivity increased with depth while the organic
carbon content, total iron and aluminium decreased.

Much variation could not be cbserved in CEC.

In Karappadom soil, the pH, electrical conductivity,
CEC and organic carbon decreased with depth. However,
the total iron showed a slight increase and the

aluminium ceontent remained almost sgsteady with depth.

In kole soil, the pH was steady throughout the
profile. The organic carbon content increased down
the profile while the CEC, total iron and aluminium

showed decreasing trendse.

In pokkall soll, the electrical conductivity registered
very high values throughout the profile. Organic carbon
increased slightly with depth while CEC, total iron and

total aluminiuvm decreased.
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The study of the surface soils of the different

soll types revealed the following results:

7. Among the six soils studied, lateritic alluvium
had the highest content of ccarse sand and £ine sand,
karappadom had the highest silt and karli had the

highest clay content.

8. The kari soil had the lowast pH and the highest content

of organic carbon, CEC and electrical conductivity.

9. Water soluble iron content was maximum in kari soil.
The other five soils had almost similar contents, but
less than karl soil. A significant negative correlation
was noticed with pH and positive correlation with clay

content, organic matter and CEC of the soll.

10, Exchangeable iron content in the six soils varlad from
74 to 129 ppm with the highest I1n karl and least in
karappadom soila. A significant positive correlation
with clay content, CEC, organic carbon and a significent

negative correlation with pH existed.

11, The active iron content among the six solls varied
from 0.82 to 1.72 per cent with the highest content
in kari soil. A significant positive correlation exilsted
between this form and organic carbon and a non-significant

but positive correlation with electrical conduetivity.
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The free iron oxide content was maximum in kari soll
with 0.69 per cent and minimum in pokkali with
0+.47 pexr cent. A non-significant positive correlation

wilth clay content could be cbserved.

Total amorphous iron was found to be the highest in
kari soil (0.45 per cent), while the pokkali soil
registered the lowest value of 0.27 per cent. A
positive correlatlion with organic carbon could be _

obgerved,

h '
Amorphous organic iron waskﬁlghest in kard scil and
the least in lateritlc alluvium. Significant positive

correlation with organic carbon was observed.

Karl and kayal soil had the highest content of

amorphous inorganic iron while pokkall soll registered

" the least content.

the
Crystalline lron was,highest in the lateritic alluvium
wilith 0.30 per cent and lowast in karappadom soil with

0.15 per cent.

Total iron content was maximum in kole soil with
6438 per cent and minimum in the karappadom soil

with 2.45 per cent.
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In the incubation studies to find out the influence

of length of submergence on soll reaction and different

forms of iron, the following observations could be made.

i8.

18.

20,

The pH of the soll increased with time of submergence

to reach peak value after a few days. It was found

that a peak pH of 6.4 was attained on the 20th day of

submergence in lateritic alluvium, 5.6 on 30th day in
karappadom and 5.5, 6.0 and 5.6 on 60th day in kayal,
kole and pokkall solls respectively. However, kari

soll, which had an initial pH of 3.5 showed only_slow“J
increases and only a pH of 5.0 was attained even on

90th day.

Water soluble iron content increased and attainad
the meximum content of 37.5, 45.0, 43.0, 33.5, 3B.0
and 36.0 ppm on 20th day of submergence of lateritic
alluvium, kari, kayal, karappadom, kole and pokkali
s0ils from an initial content of 22.5, 30.0, 28.0,

27.0, 26.0, and 25.0 ppm respectively.

Exchangeable lron increased significantly under tha
influence of submergence. The highest content was
observed in kari soil. While lateritic alluvium, kole
ang pokkal; s0ils showed increases upto the 30th day
of submergence, karl and kayal solls recorded the

highest value on the 60th day. Xarappadom soils,
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however, showed & steady increase in content

throughcut the pericd of submerxgence.

Submergerice had no significant influence on the active

iron and free iron oxide contents of the soil.

Total amorphous, amorphous eorganic and amorphous
inorganic forms of ilron increased under the influence

of submergence.

Crystalline iron content decreased wlth the peariod

of submaergsnce., The decrease continued upto 90th day
in lateritic alluvium. In kari, kayal and kole solls,
the decrease continued upto the 30th day, while in
karappadom and pokkali solls the decrease continued
upto 60th day, after which the content remained steady

in both the cases.

The addition of organic matter at the rate of 5§ t/ha
and 2.5 t/ha decreesed the pH of the soil upto the
5th day of submergence after which increased towards
neutrallity. The lowering of pH was more in the higher

level of organic matter treatment.

Water soluble and exchangeable iron contents signle
ficantly increased due to the addition of orgenic

matter. The increase due to higher level of organic
matter treatment was gignificantly higher than that

of the lower level.
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Active iron remained unaltered by the organic

matter breatment.

Liming at full LR and half LR levels resulted in
sharp increase in the soil pH betwecn the 5th and
10th day of submergence in all the goils, excépt in
kari soil where’the peak value could be cbgerved only

on the 20th day.

Water soluble iron end exchangeable iron contents
decreased due to liming. Xdming at full LR signie
ficantly decreased their content compared to the

lowest level.

Active iron remained almost steady for the lime

treatments during the 90 days period of study.

The study has thus enabled a2 better understanding

on the effect of submergence on the different forms of

iron, relationship boetween the different forms of iron

and soil chemical characteristics and the effect of levels

of organic matter and lime on the changes in pH, water

soluble, exchangeable and active forms of iron in solls

under submergence.

These basic studies highlight the need for further

detailed work on the several aspects of iron dynamics in

submnerged acid rice soils as indlceated belows
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(1) Bffect of alternate wetting and drying on the
variation in the available forms of iron and

other micro-nutrients in Kuttanad rice soils

(i1) Effect of zinc, manganese and silicate on the

available forms of iron durlng submergence

(1ii) Critical level of iron in soil for toxicity

to rice crop in wet lands

(iv) Cffect of dlfferent liming materials and other
soil ameliorants and their optimum dosez in
controlling iron to below the toxic level for

rics in iron toxic =0ils

(v) Role of active iron on the reluase of plant
available forms of iron during prolonged

submergancea



REFERENCES



REFERENCES

Ablichandanl, C.T. and Patnaik, S. (1957). Analysis of
wet rice soils. Joint working party meeoting of
the Int. Rice Comm., Vercelli, Italy. DR«5.

Agarwala, S.C. and Sharma, Ce.Ps (1976)}. Plant nutrients -
their function and uptake. In "Soil Fartility -
Theory and Practices’, publised by ICAR, HNew Dslhi.
PPe T=bd.

Alyer, R.S., Rajagopal, C.K. and Money, N.S. (1975).
Available zinc, copper, iron and manganese status
0of the acild soills of Kuttanad, Kerala State.,
Agrice Res. Je Xerala., 13 3 15-19.

Allaway, WeHe. (1957). pH, soil acidity and plant growth.
In "Soll". Year Book of USDA. pp. 67=71,

Arulandeo Havier (1981). Management of acid sulphate
s0ils in the Muda irrigetion Schema, Kedah,
Penninsular Malaysla. Proc. Bangkok Symp.
Acid sulphate soils., 18-24 Jan. 1981. Ed. N.
Dost and N. Van Breemen.

Asami, T. and Xumada, K. (1959). A new method for
. estimating free iron in paddy soils. Solls
and Plant Food, 5 3 141-146,

Bandyopadhyay, B.K. and Bandyopadhyay, A.K. {1984).
Transformation of iron and manganese on coastal
saline soil, J. Indian Soc. Soil Sci., 32 : 57-61.




i1

* Bao Xuo=-ming., Zhu Kuang Liu., Chun Wu and Tian-ren, Yn.
(1964). 8tudies on oxidation - reduction
procagses in paddy soils. 7. Forms of ferrous
irone XActa Pedologica Sinica, 32 : 297-306
{in Chinese),

' Bertic, B., Vukadinovis, V., Kovacevic, V. and Juric, I,
(1988). Influence of liming on s0il acidity and
iron availability. Journal of plant nutrition,
11 : 1361-1367. '

- Bishnol, S.K., Tripathi, B.R. and Sharma, P.XK. (1988).
Studies on liming of acld solls of Himachal ,
Pradesh. - J. Indian Soc. Soil Sci., 36 ¢ 257-263,

* Biswas, TeDe (1553). J Indian Soc. Soil Sci., 1 ¢ 21,

Chakravorty, S.Ne and kar, A«K. (1970). Effect of water
logging on redox potential, available P and pH
in some Indian acid soils. J. Indian Sog. Soil
Sci., 18 © 249-258,

¥ Coulter, J.Ke (1973). DProc. Int. Symp. 2Acid Sulphate
Soils., 1 t 353.

Da, S. and Banerjee, S.K. (1877). ¥ffect of dlfferent
nitrogenous substance on pH and availability of
iren and Mn in some soils under two molisture
regimes. Indlan Agriculturist, 21 : 99-106,

Dolul, AsKs., Chandran, P., Kayik, A.Ke. (1988). Studies
on status of iron and sluminium in some Terai and
Teesta alluvial solls of West Bengal. FProcesdings
of the Indian National Science Academy, B
(Biological Sciences), 54 @ 81-87.



1ii

Dubey, DeDs, Khedkar, S.. Sharma, O0.P. (1983). Forms
of iron in salt affected black soils of western
part of MP. J. Indian Soc. Soil Sci., 31 3
320-24.

Fagerla, N.K. (1988). Influence of iron on nutrient
uptake by rice. International Rice Research
Xews letter, %‘_:3' 2 20-21-

FACG (1978} OGuide lines for soil descriptions. Soil
survey and fertility branch, Rome.

Fresneda, MaR.M., Romero, M., Fernandez, FaGs ana
Caro, M. (1979). Dxtraction of free iron oxides
from calcarcous soils with dlthionite and oxalate
in comparison with pyrophosphate aextraction.
Anales de Zdafologia 4 Agrobiologia, 38 ¢ 1339-1349.

Chosh, R.C. @nd Banerjee, S.K. (1979)., Ddistribution of
different forms of iron in some soils of West
Bengale Indian Forester, 105 & 773-778.

Chosh, S.Ne, Kar, AsK. and Dhua, S.P. (1976). Effect of
sampling variation in Eh, pH, available P, Fe and
Mn in submerged rice soil, J. Indian Soc. Soil
Sci., 24 : 96-87.

Gotoh, S. and Patrick, WeHe., Jre (1974). Tranaformation
of iron in a water logged s0il as influenced by
redox potential and pHe Soil Sci. Soce Amer.
_?_l_'_?_q.g ;Q : 66=T71,.




iv
Harmsen and Van Breemen, N. (1975). A model for the
" simultaneous production and diffusion of ferrous
iron in submerged soils. J. Soil Sci. Soc.
America. 33 s 1063-1068.

He Qun and Xu Zu-yi (1980). Influence of transformatilon
of iron oxides on soil structurs. Proc. symposium
on paddy soils.,. Nanjing (China). pp.699-703.

Iri, He, ﬁaruta, I;,'Takahashi, I. and Kubota, M. (1958),
The variation of ferrous iron content in soil
profiles under flooded conditions of rice field.
(Part' I). Soil and Pl. Food, 3 1 36-47.

IRRI (1964). Annual Report. Int. Rice Res. Inst.,
Los Banos, 'Manila, Philippines.

IRRT (1977). Annual Report. Int. Rice Res. Inst.,
‘ 'Los Banos, Manila, Philippines.

Islam, M.2, and Elahi, M.A. (1954). Reversion of ferric
iron to ferrous iron ﬁnder water logged conditions
and its relation to available phosphorus. J.
Agric. Sci. Camb. 45 t 1=-2,

Jackson, M.L. (1973). "Soil Chemical analysis",
Prentice Hall of India (P) Ltd., New Delhi.

Jaggi, T.K. and Russel, M.B. (1973). Effect of molsture
regimes and green manuring on ferrous iron concen-
tration in soil and growth and yleld of paddy.

Je Indian Soc. Soil Sci., 21 3 71-76.




Jayaram, N.S. and Nayar, P.K. (1972). Effect of organic
matter on soll iron and manganese in newly
developed rice growlng areas of Thungabhadra
Project Region. Mysore J. Aqric. Sci., § @ 34-37.

Jeffery, J.W.0. {1961). Defining the state of reduction
of paddy soil. Je Soil Scie. 12 t 172-179.

Jones, U.S., Katyal, J.Ce Mamaril, C.Ps and Park, C.S.
(1980). Faper presented at the special intere
national symposium on Rice Research Strategles
for the future held at IRRI, Philippines.,
April 2125, 1980,

Jugsujinda, A., Pslaune, R.De and Patrick, WeH., JrC.
(1987). A comparison of microbially and chemically
radueible iron in three solls. Plant and Soil,

103 ¢ 281-284,

Kebeerathumma, 8. (1975). Chemistry of low productive
acld lateritic and acid sulphate scils and their
amelioration for growing rice. Fh.D. Thesis,
Orissa Unlversity of Agriculture and Technology,
Bhubaneswar,.

Kabeerathummna, 3. and Chithranjan Nair, N. (1973).
Effact of liming on exchangeable catlions and pH
of acid solls of Kuttanade Agrli., Res. J. Xerala.,
éé ¢ 9=13,

Kabeerathumma, S, and Patnaik, S. (1982). Effect of
flooding on the changes in lime potentisl of acid
alluvial, red and laterite sollz growing rice.

Je Indian Soce. Soil Sci., 30 t 275-278.



vi

Xamala Devi, C.B., Wahid, P.A. and Pillai, N.G. (1974).
’Implication of changes on soil pH in the Al, Fe
and Mn status of major coconut growing soils of
Kerala. Agric. Res. J. Xerals., 12 i1 28-35,

Kanwar, B.B., Tripathy, B«.R. and Kanwar, B.S. (1986).
Distribution of total and DIPA extractable iron
in relatlon to soll properties in some goil
profiles of north western Himalayas. Himachal -
Journal of Agricultural Research, 12 1+ 108-113,

Kanwar, J.S. and Randhawa, H.8. (1974). Micronutrient
research in solls and plants in India, A review.
Indian Council of Agricultural Research Tech.
Bull. (Agric) :%0.50. a

* Kapp, L,Ce (1936)s Study of the relation of growth to
nutrition of the rice plant. Ark. Agric. EXp.
Stgo B’ﬂllt _NQ.335.

Karamova, Lesdes (1978). Geﬁeral patterns of the ratio
and distribution of iron in major genetic soil
groups. Soviet Soll Science, 40 2 446-458,

‘atyal, JsCe and Deb, D.L, {(1982). Nutrient trans-
formation in soils. JIn Review of Soll Research
in India. Fublished by IARI, Hew DPelhi. pp.150-151.

* Kaurichev, I.S., Sidorenko, O.D. and Savich, V.I. {1981).
Oxidation reduction potential of meacdow Chernozemlc

so0ils under rice. Izvestiza'Timirzazevskoi Sel's
Kokhozailstvennod Akedemii, 4 : 60-68,




vii

Lindsay, WeLs (1984). Soil and plant relationships
agsociated with iron defiiciency with emphasis
on nutrient interaction, Journsl of plant
matrition, 7 1 489=500. N

Loeppert, R.Hs, HoSSner, LeR. and Chmiclewski, M.A.
(1984). Indiganous soll proparties influencing
the availability of iron in calcarsous hot
8pots. Journal of plant Nutrition, 7 s 135-147,

Lopes, MeSe (1587). Occurence of orange discolouration
in irrigated rice. lavoura Arrozeira, 40 : 28-20.

Mahapatra, I.C. (1968). E=ffect of £locoding on soil -
reaction and immobilization of various nuiriento.
J. Zndian Soce Zoil sSci., 1§ s 149-153,

Mahendra Singh and Dahiyva, 5.5« (1975). Effect of
Caco3 and iron on the availability of iron in
2 high textured soils J. Indian Soc, Soil Seci.,
23 1 247-252,

Mandal, L.N. (1961). ‘Transformation of iron and mangancse
in waterlogged rice soils. Soil Sci., 9} & 121-126,

Handal, Le.N. (1962). Levels of iron and manganese in
s0il solution and the growth of rice in water
logged soils in relation to the oxygen status
of 501l solution. Soil Sci., 94 : 387-391.

Mandal, L.H. apd Mitra, ReRe (1982). Transformation of
iron and manganese in rice soils under different
moisture regimas and organic matter application.
Plant and Soil, §3 3 45 - §6.



yiii

Mandal, S.C. and Sinha, MK, (1964). Effect of liming
on Mn nutrition of crops in upland soils of
Chotanagpur. J. Indian Soc. Soll Sci., 12 @
405=409,

Mckeagite, Je.As (1967). 2An evaluation of 0.1 M pyro-
phosphate and pyrophosphate - dithionite in
comparison with oxalate as extractants of the
accumnulation produets in podzols and scome other
soils. Can. Je Soil Soil., 47 @ 95-99.

MeKReagua, Jele, Brydon, JeEe and Miles, NeMe (1971).
Differentiation of forms of extractable iron
and aluninium in soils. Progc. Soll Sci. Soc.
americaes, 35 & 33-38.

LY

VcKeague, JeA. and Day, JeH. {(1966). Dithionite and
oxalate extractable Fe and Al as aids in
differentiating varioua classes of soil.,

Cene J. Soil Sci., 46 & 13=22,

M¥eek, Ba. Mackenaie, A. and Grass, L. (1968), Effect
of organic matter, flooding time and temperature

‘'on the dissolution of Fe and Mn from soil insitu.

Soil Scle Soce Amer. Proce.., 33 @ 634-538,

Misra, S.G. and Pande, PFadmakar (1975). Distribution
of different forms of irxon in soils of UP.
g« Indlan Soc. Soil Sci., 23 1 242.




ix

. Mitra, R.Re and Mandal, LeN. (1983), Distribution
forms of Fe and Mn in rice soils of West
Bengal in relation to soll characteristics.
Je Indian Soc. Sofl Sci. 3} 3 38-42.

Mohanty, S.Ke. and Patnalk, 8. (1973). Matrients
limiting rice production in different soils.
Indian Je« Rgric. £cle., 43 t 778~780.

* Motomura, Se. (1962)+s The effect of organic matter
on the formation of ferrous iron in soll.
Soil Sci. angd Pl. Mutr., Japan., § s 20=-20.

Munch, J.C,, Hillebrand, Th. and Ottow, J«CeGe (1978).
Transformations in the Feo/Fed ratio of pedogenic
iron oxldes affected by iron reducing bacteria.
£an. Je Soil Scl., 38 & 475-486.

Munch, J«Ce @nd Ottow, JeC«Gs (1980). Preferential
reduction'of amorphous to crystalline iron
oxldes by bacterial activity. Soil Science,
128 : 15-21,

Najeeb, P.H. (1989). Influence of forms of organic
matier on the'mincialisation oflapplied phosphorus
in submerged rice soils. HM.8ce (Age) Thesis,
Kerala Agricultural University.

Nhung, Mai-Thi.My. @and Ponnamperuma, FeN. (1966).
Lffects of calclum carbonate, manganese di oxide
Fe (OH), and prolonged flooding on the ¢hemical
and electro chemical changes and growth of rice
in a flooded acid sulphate s0il. Soil Sci.,

%Qa $ 29~41,



Oades, JT.Me (1963)¢ The nature and distrxibution of
iron compounds in soils. Soils Ferte., 26 \
£9-89,.

Olomu, M.Qs, Racz, GaJe and Cho, CeMe (1973). Effect
of flooding on the Eh, pH and concentration of
Fe and Mn in several Mannitcba soils. Soil Scl.
Soc. amere. Prog., 37 & 220-224.

Olsen, ReVe (1965). Methods of gsoll analysis Part IX.
Zdited by Black Ced. 990963-973~

Olsen, RsVe and Carlson, C.W. (19249). Iron chlorosis
in sorghum and trees as related to extractable
soil iron and manganese. Soil Sci. Soc. Amer.
Eroce, 14 3 409,

Ottow, J.C,G. (1980). Mechanism of bacterial iron-
reduction in flooded soils. Proc. Symp. Paddy
Soilse., Nanjing (China). pp-330¥343-

Patel, G«Rs and Dangarwala, R¢Ts (1983). Exntractable
iron in rice soils of South Gujarat. Je. Indian
Soce Scil Scie., g1 ¢ 638~640.

Pathak, A.Ns, Singh, ReK. and Singh, R«S. (1979),
Bffect of Fe and Mn interaction on yield,
chemical composition and their uptaks in crops.
Fertilizer News, 24 3 35-40.

Patnailk, S. and Bhadrachalam, A. (1965)e. Effect of
increased concentratdon of iron and manganese in
the growth medlum on grain yield and composition
of indica rice. Indian J. Expt. Biol., 3 & 199-207,



xi

Patra, DB.Ne and Mohanty, SeKe. (1989), Effect of
ammendments on transformation of Fe amd Mn in
FewToxic rice soils under submergence. J. Indian
Soce. Soil Sci., 37 s 276-283.

% patrick, WeH., Jre (1964). ZTrans. Sth Int. Congr. Soil
Sci., 4 * 605610, Acad. Socialist Rep., Roumania.

ratrick, ¥eHe, JCe and Henderson, R.E: {1981}. Reduction
and reoxidation cycles of Mn and Pe in £looded
soils and in water 'solution. Soil Sci. Soc.
Amer, Journal., 43 3 855-859.

Piper, C.%. (1966). Soil and Plant Analysis. Inter
Science Publ., New York.

Pisharody, P.N. {1965)« Forms and distrxibution of iron
and mangsnese in rice soils of Kerala. M.Sce(Ag)
Thesis, Unlversity of Kerala. '

* ponnamperuma, FeNe (1955). The chemistry of submerged
solls in relation to the growth and yleld of
rice. Ph.D. thesis. Cornell University, Ithaca,
New Yorkes

Ponnamperuma, Fole. (1960). The benefit of liming acld
lJaterite rice s0ils of Ceylon. Transe. 7th Inte.
Congress of Soil Scl., Madison, Wisc., USA, III s
285~292, '

Ponnamperuma, FeN. (1965). Dynamic aspects of f£looded
golls and the mutrition of the rice plant. In
“"The Mineral Nutrition of Rice®. The John
Hopkins Press, Baltimore, Maryland,



xis

Ponnamperuma, F.Ne. (1967). A theoretical study of
aqueous carbonate equilibria.  Soil Sci.,
203 1 90-100.

Ponnamperuma, FeNe (1972). The chemistry of submerged
solls. Adv. Agrone, 24 3 29{36.

Ponnamperuma, FeNe (1976). Epecific soil chemical
characteristics £or rice production in Asia,
IRRI Res. Pape Sers Noe2e

Ponnamreruma, Fele (1977). Pﬁysicc—cﬁemical properties
of submerged solls in relation to fertility.
IRRI Rese Pape Sere NOoSe

Ponnamperuma, FeNe (1978). Electro chemical changes
in submerged soils and the growth of rice,
In "Soil and Rice" ppe 421-441. IRRI, Loz Ranos,
Fhilippinese. .
Ponnamparuma, F.Ne. (1980). Some aspects of the physical-
chemistry of paddy soils. Proce Symo. Paddy Soils.,
Nanjing (China). pp.59~94, .

Ponnamparuna, F.Ne. (1984). Effects of flooding on soils.
In "Flooding and plent growth". Edited@ by
Xozlowskli, Te«Ts, Academic Press, Lew Yorke

Ponnamperuma, FeN., Atténandana. T. and Beye, Ca (1973).
Mnelloration of three acid sulphate solls for low
land rice. Proce. int. Sympe. ﬁgig Sulphate Soils.,
Wageningen. 2 3 391-406.




xiii

Ponnamperuna, FeNo and Castro, ReUs (1964). Redox
systems in submerged soils. JTrans. Sth Ints
Congrs Soil Sci., Bucharest, Romania, 3 3
379=386.

Ponnamperume, FeNe and Solivas, J.L. (1981). Field
amelioration of an acid sulphate soil for rice
with Mn0, and lime. Proc. Bangkok Symp. 2Acid
§_u:1phate Solls., pps 213=222,

ronnamperuma, FeNe, Tianco, Eele énd Loy, TeA. (1967).
Redox equilibria in f£flooded soils I. The iron
hydroxide system. Soil Sci., 103 : 374-382,

Rajagopal, C.Ke, Moosa Sheriff, M., Selvakumarl, G.
and Jebarani, W. (1977). Status of available
micronutrient cations in the soils of Kerala,
Agrice Res. Jo Kerala., 15 : 165-171.

Ramasubramonian, P.Re (1989). Studies on the solubili-
sation of lron in submerged soils and methods tof'
rinimise its solubllity and toxic concentration
to paddye FPh.De Thesis, Kerala Agricultural
Univeraity.

¥ Redman, F.He anpd Patrick, W.H., Jre (1965). Effect of
submergcnce on several blologlcal and chemical
soll properties. Bull. La. Agric. Expe. Sta.,
No.592 : 28. |

Sadana, U«Se. and Takkar, P.N. (1985), Effect of salt,
" alkali and zinc on iron equilibrium in submerged
soilse. Journal of Agricultural Sciences, U.XK.
104 1 275-279, '

1



xiv

Sah, ReNe and Mikkelson, D.3. (1986). Effects of
anaerobic decomposition of organlc matter on
sorption and transformation of phosphate in
drained soils. 2. Effects of amorphous iron
content and P transformation. Soil Sci.,
142 1 346-351. '

Sehu, BeN. (1968). Browning disease of rice in Orissa
as influenced by soil type and manuring and its
control. Je Indian Soc. Soil Sci., 16 @ 41-54.

sakal, R., Singh, A.P. and 8ingh, S.P, {(1988).
Distribution of available zine, copper, iron
and manganese to rice and wheat. J. Indian
Sog. Soil Sci., 36 3 59-63.

Savant, N.Ke. and Kibe, M.M. (i971). Influence of
continuous submergence on pH, exchangeable
acidity in rice soils. Plant&sSoll, 35 3 205-208.

savant, N.K. and #eClellan, G.H. (1987}. To izon oxide
system influence soll properties amd nitrogen
trapsformation in soils under wet land rice based
cropping system. Commun. in soil sci. Plant
anale, 18 1 83-113.

Schoemaker, HeEs, MeLean, Z.0. and Pratt, PeF. (1961).
Buffer methods for determining lime requirements
of soll with appreciable amounts of extractable
aluminium. @2o0il Sci. S0c. 2mer. Procs, 28 f

. 274277

Sharma, S.Ke and Banerjee, S.X. (1983). Ferrous irocn
formation in presence of nitrogenous salts as
influenced by molisture regimes of soils. J.
Indian Soc. Soil Sci., 31 ¢ 598-600.




Sharma, CeFe and Sharma, P.N, (1987). Mineral nutrient
daficiencles affect plant water relatlons.
Journal of Flant nutrition, 10 s 1637-1643.

Shavrova, Te Yu. (1964). Forma of iron compounds in
podzolic and sod podzolic soilse. Moscow University.
Soil Sci. Bullettin., 32 t 78=-80.

* 8ilveira, P.Ms Da., Ribeiro, A.C. and Costa, L.M.Dae.
(1987), Iron availability in submerged soils
as affected by liming and water management.
Revistaceres, 34 & 400-406.

Sims, Ja.le and Patrick, wWeHe., Jr. (1978). The Alstribution
of micro mutrient cations in soil under conditions
of varying redox potential and pHe Soll Sci. Soc.
Amer. Journal., 42 & 258-262,

w Singh' BaSe (1964). Soil 8:’.'1" gg g 363,

Singh, S. and Patiram (1975). Distribution of iron in
paddy solls of eastern UP. J. Indian Soce. Soil
Scie, 23 ¢ 253-25S.

singh, S. and Patiram (1977). Changes in solubility of
phosphorus and its availability to rice plant in
the water logged solls. J. Indign Soce Soil Sci.,
25 3 129-133.

5nell, F.De and Snell, C.T (1949). Colorimetric methods
of analysils. Vole2, D. Van Rostrand Co., New York,
PPe 950,



xvi

* Socorro Quesada, Y. and Bolomou, H.J.P. {1981).
Dynamles of Fa, 19205 and pH in f£looded solls,
Centro Agricola, § 1 3=-12. :

Subramoney, N..B (1960).. Sulphur bacterial cycle 1
Probable mechanism of toxicity.in acid soils
of Kerala. (Note).. Secience and Culture, 25 :
637-638.

Subramoneay, N. (1961). Studiés on soils of Kuttansd
Part I. Toxic factors. Agric. Res. J. Kerala.,
1 s 53,

=

Subramoney, Ne and Rurup, TeX.B. (1960), Investigation
on the phenomenon of scum forimation in paddy
solls of Kerala State. J. Indian Soc. Soil Sci.,
9 : 253-256.

Subramoney, N. and Karup, T.K.B. (1961). A physioclogical
disease of paddy duve to iron toxicity. Agric. Res.

‘go -Keralaq’ é-: t 1004

Sukla, U.Cs, Gupta, B,Le. and Raghbir Singh (1975).
Available and potentially avallable forms of iron
and manganese in surface arid brown soils of
Haryana. J. Indian Soc. Soil Sci., 23 @ 484-488.

Takkar, P.N. (1969). Effect of organic matter on soil
iron and manganese. Soil Sei., 108 s 108-112,

Takkar, P.N. (1978). Land and water management in the
Indus Basin (India). Vol. I. Nathe Sympe Pp«348,



xvii

' Takkar, P.N. and Randhawa, N.S. (1978}, Fert, Kews.,

.ag § 224

Tanaka, A, and Navasero, SsA. (1966). Growth of rice
plant cn acid sulphate solls. Soll Seci. Plant
NutIe, &g 3 107-114, .

Tananaka, A. and Yoshida, 8. (1970). IMutritional
disorders of the Rice Plant in Asia. Int. Rice
Rese Ingts Los Banos, Philippines. pp.l=51,

Tapdon, P.K, and Saxens, HeKe (1987);' Influence of 2Zn,
Fe and P supply on the rate of photosynthesis
and content of sugars and ascorbic acid in rice.
Indian Journal of Agricultural Chemistry, 12 1
75«86 ¢

Tejinder Singh and Pasricha, N.S. (1978). Ionic
equilibria. J. Indian Soc. Soil Sci., £8
130-144,

Thenabadu, #MW. (1966). Chemistry of rice soils and
principles of fertilizer usa. Trop. Agricst.,
122 s 101-108,

Thind, HeS5. and Chahal, D.S, (1986). Effect of graen
manuring on different forms of iron on redrying
of submerged soila. Journal of Research, PAU
XXIII ¢ 564~568,.

Udo, E.J. (1980), Profile distribution of iron
sesquloxide contents in selected Nigerian Soils.
Journal of Agricultural Science, U.K. 95 1 191-198.



xviil

* vaculik, Re (1963). Changes in the mobile forms of

iron and aluminium in podzols. Sobrn vys Skol

zemed Berne 32 t 243=252,

Van Breemen, N. and Moorman, F.Re. (1978} Iron toxic

soils In "Soil and Rice", IRRI, Los Bancs,
Philippines, ppe. 781=800.

" Venugopal, V.K. (1980). Pedological studies on laterite

cateonary sequence occuring in Kerala. Fh.D.
Thesis, Kerala Agricultural University..

Venugopal, V.K., and Koshy, M.M. (1982). Minerology of

Verma,

Vexrma,

* Wang. TaSelie (1971)0

a toposequence in the mid upland laterite regions
of Kerala States Abstract 12th International
Congress of So0il Science, New Delhi, India,

8=~16 Feb. 1982,

TeSe and Neue, HeUe (1988). Influence of soil
pH and Mnoé application on the chemical kinetics,
vield and nminerxal nutrition of rice in a f£loodad
acid sulphate soil. Je Indien Soc. Soil Sci.,
36 ¢« 90-100. |

Te5s and Tripathy, B«sRe (1984). Bronzing dizease
of rice «~ its causes and remedial measures in

acid alfisols of Himachal Pradesh. Je. Indian Soc.
%_g_c_i_ap ég 3 504=5Q06,

Effects of Cacoa. CaSios and organic
manure on the growth and yleld of rice. J« Taiwan

Mric‘ R8s, zg s 47=55,



xix

Willett, I.R. and Higgins, M.L. (1980). FPhosphate
sorption and extractable iron in soils during
irrigated rice upland crop rotations. Australian
Journal of experimental Agriculture and Animal

Husbanddry; 20 3 346-353.

Yu Tian-ren (1980). Oxidation -~ reduction properties
of paddy soils. Proc. Symp. Paddy Solls.,
Nanjing (China) pp. 95~106.

* Originadl not seen



APPENDIK =« I

Description of the soil profile

Proflle 1

I

Il

Information on the site

a) Profile RKumberxr 3
b) Soil name z

c) Higher category

¢lassification
d) Location :
e) Klevation g

£) Slope on which profile
i= located

g) Land use :
h) Climate 3

i

Lateritic allgggu@_

Ultisol

wot lands of the
Instructional Farm,
College of Agriculture,
Vellayani, Trivandrum

25 matres above MSL
Flat

Paddy £ield
Humid tropicgal

General information on the soil

a) Parent material :

.b) Drainage 3

¢c) Moisture condition
ir the profile

d) Depth of ground
water table

Lateritic alluvium
wWell drained

Molst throughout the
profile

Below 122 cm



Desceription of the profile

Depth
(in cm)

" pescription

0-18

15=55

56«91

92~122

Yellowish brown (10 ¥R 5/8) when moistp

clay loamp sticky and plastic when weﬁ: £ine
roots of paddy and weeds plenty: moderately
rapid permeability; diffuse wavy boundary;

pH 5«00

strong brown (7.5 ¥R 5/8) when moisty clay
loams sticky and p{astic when wety moderately
rapid permeability; diffuse wavy boundarys

PH 5.5,

Dark brown (7.5 YR 4/4) wvhen moisty clay loam;
slightly sticky and plastic when wety moderately
rapid permeability; diffuse wavy boundarys pH 5.5.

bark brown (7.5 YR 4/4) when moist; c¢lay loamy
sticky and plastic when wet; moderately rapid
permeabilityy ground water below 122 omy pH 5.0.




Profile 2

I

II

Information on the site

a) Proflile Rumber 2

b) Soil name 1  Kari soil,
Acid sulphate soils

c) Higher category

¢ Entisol
classification
4) Location : Experimental field on
AICRP on Agricultural
Drainage, KAU, Karumady,
Alleppey
e} Elevation ¢t 1 metre below MSL
£) Slope .on which profile ¢ Plat
1s located
g) Land use 3 Wet land paddy f£ield
h) Climate : Humid tropicsl

Genzral information on the soil

a) Parent matexial + Sub recent estuarine
deposlit
b) Drainage ¢t Moderately drained
¢) Moisture condition . Moist throughout
in the profile the profile

d} Depth of ground

h 3+ Below 11¢ com
water table



Description of the profile

Depth

{(in cm) Deseription

0-9 Very dark grey (5 Y 3/1) moisty silty loam;
coarse prismaticy slightly sticky and plastic
when moisty hard when dryy jarosite present;
organic matter at different stages of
decomposition; many fine roots of rice and
weedsy £ossil pneumatophores of mangrove;
slowly permeabley Aiffused smooth boundary;
PH 4.0, '

10.37 Very dark grey (2.5 ¥ 3/0) moist; reddish
browﬁ hydroxide and oxide mottlingsy silty
loam; moderate medium sub-angular blocky;
sticky and plastic when moisty ferriorganan
cutansy jarcs;tesy sulphatesy organic matter
at different stagés of decomposition; few
fiqg rootsy slowly permeable; gradually wavy

boundaryi pH 2.5.

IB=59 Very dark grey (2.5 ¥ 3/0) when moist;
reddish brown hydroxide and oxide mottlings;
¢
glilty clay loamp moderately massive structures

sticky and plastic when moisty ferri organan




Depth

(in om) Description

cutanss; pvrite observed; organic matter at
different stages of decompositiony roots
absent slightly permeabley gradual wavy
boundarys pH 4.0.

60-85 Vary dark grey (2.5 Y 3/0) when moists
sllty clay loam; moderately massive structurep
sticky and plastic when moisty ferriorganan
cutans) pyrite mineral noduley organic matter
at différent stages of decompositiony slowly

permeabley diffused smooth boundary: pH 4.0.

86=-116 Very dark gray (2.5 Y 3/0) when molst;

| sandy clay loamg maésive structurey slightly
sticky and plastic when moists pyrite mineral
nodule presenty organic matter at different
stages of decompositions slowly permeablery

ground water below 116 cmy pH 4.0.




Profile 3

I

iz

Information of the site

a) Profile Number : 3

b) Soil name Kayal soil

¢) Higher category ¢+ Entisol

clasgification
d) Location s Mathikayal situated at
' Venattukara Pokkam,
Pulinkunnu Panchayat,
Alleppey District

e) Elevation 3 Below 2 metro MSL

£) Slope on which profile
is located

Flat

o

g) Land use Wet land paddy cultivated

h) Climate ¢ Humid tropical

General information on the soil

a) Parent meterial ¢ Sub recent estuarine
b) Drainage ¢+ Clasg I, poorly drained
¢) Molsture condition , Wet throughout

in the profile the profile

d) Depth of ground
water table

¥ Below 62 cm



(fﬁpgg) Dascription

013 Dark greylsh brown (2.5 ¥ 3/2) when moilaty
clay loamy massive breaking into weak granpular
structurey slightly sticky and plastic when
moisty preponderance of mica and pyrite mineral
hodulesp coarse and fine roots of paddy and
weeds abundanty slowly permeabley abrupt gradual

smooth boundarys pH 4.0«

14-28 Dark greyish brown (2.5 Y 4/2) when moisty few
iron mottlings of goathite presenty clay loamy
moderate medium subangular structurep sticky
and plastic wvhen moist; iron hydroxide coatings
prasent; mica and pyrite mineral nodules seceng
few £ine roots; Slowiy permesbles abrupt gradual

smooth boundary: pH 4.5.

29«48 Dark greyish brown (2.5 Y 4/2) few iron mottlings;
sandy clay loamy massive structurelessy slightly
plastic and gticky wvhen moisty coatings of iron
hydroxide; few mica and pyrite mineral nodulesg
roots absenty slowly permeablep diffused houndary;

PH 4.5,




Depth
(in cm)

Dascription

49=62

Olive brown (5 YR 4/4) when moist; mottlings

of goethite; sandy clay loamy less massive;

slightly sticky and plastic when moist; iron

hydroxide coatings present; a few mica and

pyrite mineral nodulesy; slowly permeabley

ground water below 62 cms pH 4.5.

Profile 4

I Information of the site

a)
b)

c)

d)

@)

£)

g)

h}

Profile Rumber
Soil neme

Higher category
classification

Location

Elevation

Slope con which profile
is located

and use

Climate

(1]

4

Karappadom
Entisocl
Rice Research Station,
Moncompu

Below 1 metre MSL

Flat

et land paddy
cultivated

Humld tropical



II Generzl information on the soil

a) Parent material : Fluvial deposit
b) Drainage 3 Mogerately drained

c) Molsture condition wet throughout
in the profile the profile

d) Depth of ground

y Below 103 om
water table :

Descriptien ¢f the profile

(fngg) Descxriptlon

0=10 Very dark grayish brown (2.5 ¥ 3/2) when
molsts silty clay loamp coarse prismatic
structure; sticky and plastic when moistp
partly decayed organic matter presenty coarse
and fine roots abundant; slowly parmeable;
gradual wavy boundarys pH 5.0,

11=30 Very dark brown {10 ¥R 2/2} when moisty

vellowish brown jarosite and reddish brown
goethite colour mottlingss silty clay loamy

coarse prismatic to sub angular blocky; sticky




Depth

(in cm) Description

and plastic when molsty cutans of jarosites
and ferriginans present in ped faces and
poresy argillan and clay ferran cementation;
mederately porousp few fine roots and
partlally decomposed mangrove rootsy; slowly

permeabley; gradual smooth boundary; pH 4.5.

31=-74 Very dark greyish brown (10 ¥R 3/2) when
modsty jarosite and few goethite colour
mottlingsy clay loamy subangular blocky:
sticky and plastic when moisty jarositans,
ferrans and few argillan cutans and cemen=-
tationy pyrite mineralsy partially decomposed
mangrove rootsy slowly permeabley gradual

smooth boundary; pH 4.0,

75=103 Very dark grey (10 YR 3/1) when molisty
silty clay texturey massive; slightly sticky
and plastic when moisty pyrite minerals
present; roots absenty slightly permeable;
pH 4.0,




Profile 5

I

IX

Information on the site

a) Profile MNumber 1 5

b) S80i1 name t Hole soil

¢} Higher category : Inceptisol

clagsification

4a) location : 10 km from Kunnamkulam
at Pappirithi,
Chiryankad, EKattukambal

e) Rlevation t Below 2 metre MSL

£) Slope on which profile + Flat

is located
g) Land use : Wet land paddy
h) Climate ¢ Humld tropical

General information on the soil

a) Parent material t Estuarine deposit
b) Prainage t Moderately drained
@) Molature condition , ‘et throughout

in the profile ' the proflle

d) Depth of ground
water tablae

$ Below 56 cm



Depeription of the profile

Dapth
(in cm)

Description

0-10

11-27

28«42

43=56

Yellowish brown (10 ¥R 5/4) when meisty sandy
clay loamp prismatic to coarse subangular
blockyr slightly sticky and plastic when moist:
plenty of f£ine roots; slowly permeabley wavy
boundarys pH 5.0

Greyish brown (10 YR 4/1) when moist; greyish
white mottlingsy sandy clay loamy massive
medium subangular blocky slightly sticky and
plastic when moisty a few £ine rootsy slowly

permeabler gradual wavy boundarys pH 5.0.

Dark brown (10 YR 4/3) when molst; reddish
brown to greyish mottlings; gravelly sandy
clay loams subangular blocky; sticky and

plastic when molst; roots very fews slowly

parmeabley abrupt wavy boundaryy pH 5.0.

Yellowish red (2,5 YR 4/8) when moisty reddish
brown mottlings; gravelly sandy clay loamp
massivey sticky and plastic when moist; roots
scarcely presenty ground water below 56 cmy

PH 540,




Profile 6

I

Il

Information on the site

a) Profile Numbor T 6

b) Soil name 1 Pokkali

c) Higher cétegory : Entisol
classglfication

d) Location : Rice Research Station,

Vyttila, Ermakulam Dte

a) Elevation Below 2 metre MSL

£) slope on which profile

Flat
1s located
g) Land use : Wet land paddy
cultivatcion
h) Climate : Humid tropical

General information on.the soil

a) Parent material 3 Sub recent marine
Geposit
b) Drainage 2 Poorly drained
¢) Molsture condition ; Wet throughout
in the profile the profile

d) Depth of ground
water table

t Below 95 <m



‘Description of the profile

Depth
(in com)

Description

0=10

1131

32«62

63=95

Dark grey (2.5 Y 4/0) when moisty silty clay
loam; coarse prismatic to subangular blockys
vary sticky and plastic when moist; fine roots
plenty: slowly permeable; diffursed boundaryy
PH 545

Dark greyish brown (2.5 ¥ 4/2) when molsty few
brovmish yellow mottlingsy silty clayy massives
sticky and plastic when molsi; scattered

occurrenca of goethite mineral; few fine rootss

slowly permeabley gradual smooth boundarys pH 5.5.

Dark greyish brown (2.5 Y 4/2) when molsty
brownish yellow mottlingsy silty clay loamg
massive structurey sticky and plastic when molsty
scattered occurrence of goethite mineraly few
macro roots of coconut trees which are‘in nearby
bundsf slowly permeables clear smooth boundarys

PH 540,

park grey (S5 ¥ 4/1) when moisty mottlings
absent;y siltiy clay loam; moderate massilve
skructure; slightly sticky and plastics
scattered occurrence of goethite mineraly
roots absenty slowly permeabley ground water

below 95 cmy pH 5.0,




ABSTRACT

The main objectives of the study were to understand
the pattern of distribution of water soluble, exchangeable,
active, free oxide, total amorphous, amorphous organie,
amorphous inorganic and crystalline forms of iron and their
variation under the influence of submergence, tha effect
of management practices on the variations in the avallable
forms of iron under submergence and the relationship between
sol) reaction and the forms of iron in the major acid rice
s0lls of Kerala. viz., lateritic alluvium, kari, kayal,
karappadaom, kole and pokkali.

The pattern of distribution of different forms of
iron studied, varied signlificantly among the six soils.
The water soluble, exchangeable, active, free oxide, total
amorphous and amorphous organic forms of iron were maximum
in the kari soil, while crystalline Alron was maximum in
the lateritic alluvium. Xari and kole solls had the
highest content of amorphoua inorganic form of iron. The
minimum content of water soluble iron was recorded in the
kole and the lateritic alluvium, exchangeable and crystalline
iron in karappadom soll, active, free oxlde, total amorphous
and amorphous inorgenic forms of iron in pokkall soil and
the amorphous organic iron in the lateritic alluvium. The

total iron vas highest in the kole and the lowest in the

karappadom solls.



Correlation studies indicated that pH had a
significant negative correlation with water soluble
and exchangeable forms of iron, while alectrical
conductivity, CEC, organic matter and clay content
had positive correlation. Electrical conductivity
and organic matter were positively correlated with

active iron.

Submergence significantly increased the pH and
the contents of some of the forms of soil iron.
Crystalline iron however, decreased with submergence.
Active and free oxide forms of iron had no significant
effect. The pH attained peak value on the 20th day of
submergence in the lateritic alluvium, 30th day in the
karappadom soil and 6€0th day in kayal, kole and pokkali
soils. Howaver, kari soll showed steady slow increases

throughout the period of submergenca.

The addition of orgsnic matter @ 5 t/ha and
245 t/ha decreased the pH slightly upto 5th day and then
increased and equalled that of the control on the 90th
day in all the soils. The decrease in PH was signifie
cantly more in the higher level of treatment than in
the lower level. Water soluble iron increased signifi-
cantly due to the treatments in all the soils. The maximum
increase was observad in kari soil and the minimum in kayal

and karappadom scils, However, the release of water soluble



iron due to the higher level treatment was more than
that of the lower level. The exchangeable iron also
increased due to0 the organic matter treatment. The
maximum increase was cbserved in the lateritic alluvium
and the minimum in karappadom soils. The increase in
the content of exchangeable iron due to higher lavel of
organic matter was significantly higher than that due

o the lower level.

The lime application at full LR and half LR
levels substantially increased the pH upto the 5th day
in all the soils except in the kari soil, after which
it decreased with further perlods of submergence.
However, in the kari soll, ﬁ peak value could be noticed
on the 20th day., iater goluble and exchangeable iron
decreoased significantly due to the lime treatment. The
decrease duae to full LR treatment was significantly more

than that due to the lower level.

The active iron neither increased nor decreased
significantly due to the organic matter and the lime

treatments.
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