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INTRODUCTION

Rice, vhich is the staple cersal f£ood of the people
of Kerala, is cultivated over mors than 6.7 lakh hectares
of land distributod under the various agroeclimatic situg=
tions In the state, Based on the traditional systems and
local nomenclature, the acld rice solls of Kerale ars varle
ously described ag kari, kaval mmd kerapsdom in tho Ruttanad
reglon in Alleppay and Xottoyem dictricts,; Pokkall in
Erngkulam and Trichur districts, Kaipad ip Cannanore digt-
rict, sandy in the Onattukara areca cccupyving povtions of
Alieppey and Quilon distrlicts, kole in Twichur ond Malappuram
districts and brown hydromorphic in the mid and mid-upland
regions. 2n all these solls, ricc is grown undor submerged
conditions subjeet to the availability of wator either
through rain or by irrigation.

Rice cultlvated under eubmerged conditions has dofinite
advantages in vicw of the favourable soill conditions created
by continucus waterlogging. These inciude a rise in P in
acid soilsy an increasse in the availlebility of the macro
and micro nutrlenty, o Gecrease of aluminivm toxicity, suppre-
ssion of weed growth, elimination of pathogenic orgenisms etc.
However, the more undeplirable consequences of submergence of
soils include, among othors, the imbalance of nutrients and
the production of toxic factors under the anacrobic condltie
ons resulting from restricted dralnage which can adversely



affect the normal growth of rice. B8oil sutmargence
results In the excossive release of ferpous iron in
the soil solution which often ¢reaten problems of iron
toxicity to the rice plant at differcnt stages of its
grovthe

Tha rice soils of Kerala are derived from parent
materials rich in gron and many of these soils have a
total {ron content varying from 3 to 15 per cent. Iron
ie present in the form of various oxides and hydrated
oxides vhich are reduced under the influence of submer—
gence and angerobicity.

The problem of ixon toxicity has received the
attention of soil sclentists in Indla, Syi Lanka, Philie
ppines, Thailand, Malaysia, Yndonesia, Liberia, Nigerie,
8iorra Leone etc. The problem has been handled in rela-
tion to cultdvated rice by sevoral investigators
(Ponnamperuma,’ 1955y Mandel, 1562¢ Sahu, 1968: .Tanaka
and Yoshida, 19702 CGunowardena, 1974y Vimm ni, 1576;
Brecmen van, 1978 axid mapy others) « Iron toxicity has
also heen studied in connection with squa culturs and the
reclamation of unproductive coastal eedd sulphate soils
in the Philippines by Brinkwan and Singh (1981) and singh
{1981, ap 1981, b). The problems encountered in iron
toxiclty and ite amelioration in £ish pond systems were
found to be much more severe in view of the excavaticns



carrizd out in acld sulphate solls and the bringing up
of the sulphidic soils to the surface, thelr oxidation
and consequent liberation of mineral sulphuric acid
leading to the leaching of iron and aluminium which
along with the soil acldity ultimately resulis in toxle
alty to £ish £ingerlings and to planktons.

Iron toxicity was £irsiy reported in Ruttanad
rice poils in 1961 (Money, 196Lf Subramonely and Rurup,
1961) =nd some fundementsl studies were later made by
the Department of S0il Science and Agricultural Chemi-
stry, College of Agriculture, Vellayanld and at the
Rice Research Station, Honkompu.

Ruttanad region has nearly 53,000 hectares of
rice lend situated mostly at 0.5 to 2 motyes below MSL
which remain submerged for the greater part of the year.
Cropped to rice twice in an year in certaln areas and
to a single erop in most of the cultivable area, the
entire Ruitened has to be considercd as a reclajmed area
of the egturies of four major rivers emptying into the
adjoining Vembanad lakes Three kindas of rice solls are
recognised in this region vis., the kayal, kari and
Rarapadom sollssd The kayal lands are the rice £ields
reclaimed £rom the bed of the Vembanad lakey with depo-
sits of alluvium and lacustrine shells, FKari lands with



the least amount of alluviztion and vith high water
table sre characterised by exposed peat solls of low
¥ which are acid sulphaete in matura., The korspadom
£ields ovcupying a much larger area as compared to
kayal and karl lands, are situated around the banks
of rivers and a net work of channels, canals and
waterways and are anhually silted up by alluvial matee
rials brought dovn by rivers and £loods.

All vaterlogged rice soils of Kerala, in view of
tholr acidic to highly acidic reaction, show varying
degrees of iron toxiclty during different parts of the

Year.

Sporadic reports of ivron tomicity have been made
from various parts of Reralayl particularly the Kuttansd
solls and the brown hydromorphic soils derived from late=
ritic alluvium and the sandy s0ils of Onattuksra. 9The
expression of iron toxicity is highly related to the
extent =nd duration of the drought period preceding soil
submergence, ingress of saline water, diffcrentisl aeva-
tion and anaeorcbicity caused Ly the removal and letting
in of water during cultivstion or during cbb tide and
low tidey egricultural practices such as the use of
liming materj.al.&s and by the addition of organic materials,
avid forming fertilisers etc, during rice cultivation.
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110 systematic work to gtudy the problem of iron
toxicity, particularly in relation to ths factors influe
encdng iron solubdlisation and methods of amelioration
of iron tonicity, hos been attampted in Kerala, In view
of this the prosent work was undertaken to obtein a
better understanding of the dynamic mepects of ivon in
thage solls by attampting,

1, to qQuantity the mcjor forms of ironm in soils having
relevance to rice nutrition in Ruttanad

2+ to £ind cut the interrelationshipz betwean soil
chemical propertics and forma of iron

Js to study the varlations 4n tho form of iron in soil
profiles

4‘. to investlgate the extent of solubilisation of iron
under sukmerged conditions with time as influenced
by lcvals of calinity, organic metter and crmondum
sulphats under leborstory conditions and

5. to test the amelicratory effect of limo in relatieon
€0 the alleviation of iron tomicity.
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The submerged conditlions under which rice is cultivated
brings about a serles of physico-chemical, blochemical and
microbiologlcal changes that provide a comoletely different
set of soil-plant relationships from thoass observed in the
crops of upland soills. Submergence results in undesirable
s0il conditions leading to the development of toxic reduction
products and nutrient imbalances which are reported to have
caused physiological disorders in lowland rice, particularly
when drainage is imoeded. Many sclentists have atiempted to
relate these nutritional disorders of the rice plant to the
chemistry of submerged soils (Tanska amd Yoshida (1970),

Considerable resasrch efforts are reported in literature
in relation to the study of the chemistry of submerged soils
wlith varticular reference to the pre-~disposing factors which
lead to scil conditions favourable for iron solubilisation,
toxic hazards to paddy as influenced by excess soluble iron
and methods triad 4o minimise iron solubilisation, all aim=
ing for a2 better understanding of the various facets of this
major problem. Somo of the items of earlier work on ithese
aspacts carried out in India and elsewhere, which have relee

vence to the present study are reviewed below.



1. Fozms of iron in sulmerged soils

The sources of irom in soils are the primary minerals,
silicate clays and hydrated oxides with their organic and
inorganic derivatives. The iron oxides may occur in rice
solls as very fine amerphous to erystalline polymorphic
particles of varying solubilities found mainly in the clay
fraction, coatings on gexternal and/or internal surfaces of

the clay minerals or concretions,

According to Bao ot al. {1964) tho pH of the medium
plays a dominant role in detormining the relative propore

tions among the various forms of iron.

On the basis of avallable information, Russel (1973)
suggested that plants may take up their iron in both the
aivalent forrous and trivalent forric forms,

In Karala high amounts of availsble iron were repore
ted by Alyer ot al. (1973) particularly in the kari (Peat)
s0ils of Kuttanad suggesting possibility of iron toxicity
to rice,

Bao and Yu {1978) classified tho water soluble iron
under froe fonle amd chelated forms and characterised the
latter as those carrying a posiitive charge and those with
a negative charge which vary with the soil.

Yu Tlan=ron (1980) referring to the water soluble, exchangeable,



complexed with organic matter of the solid phase and preci-
pitated formas of iron, reported that water soluble iron
increases with decrease in pH at the expense of ths precipi-
tated 1ron, He further reported that exchangeable and orga~
nic complexed forms of iron also increase with fall in pH
and decrease agaln at pH values below 4,0 due %o competition
of H and Af+ions with Fez+ for oxchange sites.

Patel and Dangarwala (1983) estimated the exchangeable
(N.NH4Ac. pH 7), available (N.NHAAc, pH 4.8), reducible
(N.NH4Ac. pH 3.0), complexed (EDTA 0.3 M), dilute acid
extractable (0,1 N HCl) and free or active iron (N325204) in
the rice soils of South Gujarat and studied their relative
influences in improving thelr predictability regarding avall-

able iron content,

Ottow et al. (1983) reported that a low CEC immlicated
both a restricted buffering capacity, as well as limited
potontial supply of available nutrients. Significant corree
lations between iron in the rice leaves and CEC or exchangew
able Ca and lew P and exchangeable K values were noted as the
characteristics)1ndicating the importance of soil nutrient

status as a pre-requisite for iron toxicity.

According to Panda {1987), DIPA extractable iron was not

a good indicator of available iron in reduced solls, whers



high organic¢ matter might show higher DTPA extractable iron
without showing iron toxiciiy symptoms, probably due to non
tnvolvement of chelated iron in ircon toxicity.

Most solls contain different free iron oxides ranging
from completely amorphous to highly crystalline forms.
Schuertmann (1966) noticed that organic matter could inhibit
crystallisation of irvon hydroxide. Mckeague et al. (1971)
differentiasted betwesn organic comdlexed and asmorphous ine
organic forms of iron and noted that the difference botween
oxalato and pyrophosphate extractable iron would give a
measure of the amorphous inorganic iron and the dithionite
minus oxalate extractable iron would provide an estimate of

more or less crystalline iron cormpounds of the soil,

He Qun and Xu Zu=yl (1980; concluded that the ratlo of
[2)
amorphous iron to free oxide (?33), an index of activity of

iron oxides,was markedly influenced by submergence.

Munch and Ottow (1980) observed that the crystalline
Fe (III) oxildes were moras stable and more resistant to extrae
ction and decreased in content more slowly when compared to
thelr non-crystalline counter parts and consequently the
ratio ( ;;? } would diminish with time of submergence due to

preferential reduction of amorphous iron (III) compounds,
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2. Factors related to iron solubilisation
(1) Submergence

Of the geveral factors controlling the solubllisation
of iron in soils, submergence which results in anaerobic
conditions 1s probably the most important., Islam and Elahi
(1954), Ponnamperuma (1955), Mandal (1961), Yu and Liu (1964),
Mahapatra (1968), Sahu (1968) and Olomu ot al. {1973) have
a1l highlighted the solubilisation of iron in the ferrous

state under waterlogged, reducing conditions.

According to Iri et al. (1958) in rice fields under
flooded conditions ferrous iron was lowest in the surface
layer, but it increased downwards and was highest in the
lowest horizons. Oades (1963) noted that in poorly drained
black solls the micronutrients were contentrated in ths lower
hortizons. Kubota (1963) found that while the total amounts
of iron might be concentrated in the lower horizons, the ex-
changeable or atid soluble forms might cccur principally on
the surface. Kawaguchi and Kyuma (1969) reportasd that water
soluble 1ron moves dovmn and is precipltated below the plough
sole giving an Fe (III) oxide horizon in old paddy soils.
Gangwar et al, {1971) observed that available iron decrcasasd
with increasing coarsenass of soil texturse in the soll pro-

files of Nainital foot hills.
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Mandal (1962) has recorded increase in iron concentra-

tion in soil percolates with increasing oeriod of submergance.

Bao et al., (1964) and Yu Tian~ren (1930) reported that
the amount of exchangeable iron was influenced by the CEC of
the soil, the amount of sulphur present and soil pH.

Ponnamperuma (1963) studied the ionic gquilibria in
submerged soills and based om the values of ths expressions
PE-P Fo2'+3pH, PE=1.3 P Fa2 +4pH and PE+pH obtalned, he reoe
ported three main iron systems, viz., Fe(OH)S-F02+,Fea(OH)B—-F92+
and Faa(OH)g-Fe(OH)3 oparating in flooded solls, of which
Fe(OH)a-Fe2+ equilibrium alone would operats throughout the
pariod of submergencs. Singh and Pasricha (1978) and Thind
and Chahal (1933) also arrived at similar conclusions.
Mshapatra (1968} found that concentrations of the active
ions including that of ferrous iron increased as a result of
flooding. Further, the distribution of iron between the
solld and solution phase was found controlled by the duration

of submergence.

Takkar (1969) in laboratory incubation trials obtained
marked releass of iron from an acid soll at 60 per cent WHC

and under submerged conditions with time.

Jose and Raj {1972) stated that submergence resulted in

the xreduction of Fe3+ and production of more soluble compounds
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24

of Fe2t, Mukherjee and Basu (1971) found that Fo® incrsa-

sed upto 20 days of submergence but decreased therecafter.

Investigations by Ponnamperuma {1972, 1977 b) revealed
that during submergence soil reduction proceads in the
sequence predicted by the thermodynamics of the involved
redox systems. He noticed a peak in the concentration of
exchangeable iron or soil solutlon izon within the first
month after flooding followed by a graded dacline.

Based on E° values calculated from measured Eh, pH and
Mn concentration Olomu et al. (1973) found that almost all
the iron in the soil was comolexed with organic matter while
manganese was only weakly comolexed. Sukla et al. (1975)
obtalned an apparant negative relationship between available
iron and pH, Kabesrathumma (1975} noticed that during sub-
mergence the exchangeable iron increased to a peak and then

decreased.

The effect of submergence and drying of a waterlogged
soil on iron release has boen studled by many workers.
Savant and Kibe (1969) reported that in acid soils of pH
4,7 - 5,4 submergence and alr drying caused an increase
in soluble iron. Banerjee and Das {1978) studied the

ferrouse~ferric transformations under wet and dry



13

conditions and reported trace lavels of exchangeable or
available Fe2* on wetting followed by drying eventhough the
s0lls examined had high HCL (N) soluble iron and free iron
(III) oxides. Toxicity was particularly sovers when the
soil was complately dricd before submergence. Sahrawat
(1973) suggested that drying and reflooding an acid sulphate
soll aggravated soil acldity and kept high amounts of iron
in soil solution to ba toxic to rice.

Singh and Patiram {1979) found an increase in soluble
Fez+ with time of submergence in the solls of UttarTradesh,
the Fe3+ first changing to insoluble F92+ due to microblal
activity and then aopearing in the soil solution as well as

in the exchange comdlex.

Quesada and Bolomou (1981) concluded from pot oxperi-
ments that fleooding increased ferrous iron content after 12

days which decrcased to a minimum on the 33rd day.

In Kerala, Subramcney and Kurup (1961) showed that
appreclable amounts of iron were brought into solutlion by
submergence in the acid naddy soils of Kuttanad, Pisharody
(1965) reported higher contents of total, water soluble and
gxchangeable forms of 4ron in the sub soils than in surface
solls under waterlogged conditions in several paddy soil

profiles of Kerala, WWater soluble iron accumulated in the
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sub soil under dry conditions, but no regularity could be
found in its distribution under submerged conditions. Higher
levels of exchangeable iron were observed in heavy soils as

compared to coarser soils,

Iu et al. (1981) found that waterlogging of an acid soil
for a period of 16 weeks released both iron and manganese

from the organic and oxide bound reservoirs.

Ottow and Munch (1988) ascribed the reductive dissolu-
tion of Fe (III) in hydromorphic paddy soils te direct speci-

3 act as electron

fic and blochemical processes in which Fe
acceptor during energy conversions involving microorganisms.
Thoy also concluded that in an anaerobic condition iron ree
ducing bacteria would prefer amorphous form of iron to crysta-

1lline form during blologlical oxidation.

Bandyonadhyay and Bandyopadhyay (1934) observed an in-
crease in water soluble and exchangeable forms of iron with
decrease in Eh in the beginning followed by a reversasl of
thasse processas after about 20 days of submergence of ga
coastal salinz soil of West Bongal, with and without addition

of organic matter.

Eusof (1935) examined the status of iron with roference

to crystalline, smcrophous amd organo=complexed forms and their
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usefulness in charactorising the morphogenesis of the s=oils
4n Malaysia. Sah and Mikkelsen (1986) noticed that anascrobic
decomposition of drained upland rice solls amended with
levels of organic matter added as cellulose and flooded for
85 days significantly increased amorphous iren fractions
indicating increased transformation from crystalline form.
Savant and McClellan (1987) have illustrated the possible
pathways of major transformation of iron oxides occurring

in rice soils under wet land rice basod cropping system.

Hazra and Mandal {(1938) reported that submergence incre-
ased the DTPA extractable Fe and Mn and that the scoils having
highor initial pH values with less clay amd organic carbon
would record comparatively higher increase in DTPA exadtract=

able iron during submergonce,

Sharma and Yadav (1938) observed that in sodic soils
increasing ESP levels increased Fe and Mn concentrations but
reduced theoir uptake and that drastic rice yleld reduction

was noticed when ESP was beyond 60 per cent.

(11) So3l reaction (pH)

Solubilisation of iron by submergence generally takes
place in acid soils, But it 1s also found that the pH of

acid soils increased and that of sodic soils decreased as
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a result of submergence. As pointed out by Jeffery (1961)
the F33+-F92+

Eh changes in submerged soils., Takai et al. (1963) and
IRRI (1964) have supported this view.

system is largely responsible for the pH and

Mukhopadhyay st al. {1967) noted that on submergence
there is an inltial decline in the pH of soils which they
attributed to a possible exchange hetween the ferrous iron

and the adsorbed iron from the soil clay.

Takkar (1969) from laboratory imcubation trials obtained
an increase in pH followed by high concentration of ferrous

iron in acid soil undor watcerlogged conditions.

According to Ponnamperuma (1972) the initial decreasa
in the pH of soils may be due to the CO2 nroduced by the
respiration of aeroblc bacteria. However, thers is a subse-
quent increase in the pH of acld soils which is brought about
by the reduction of ferric iron to ferrous state and the for=

mation of ferrous hydroxide.

As aluminium is closely related to soil acidity and as
iron 1s electrochemically similar to aluminium, it is expectad
that iron may also have a role in producing soil acildity. The
studies by Takkar et al. (1973) have indicated that the cone
tribution of iron towards soil acidity is less than 35 per
cont of that of aluminium, probably due to the precipitation



of iron at much lowar pH than aluminium. Raman and Thakur
{1973) have pointed out that acidity in solls and clays can
arise, among others, by the mechanism of the orotons associ-
ated with the exchange sites also and this is controlled
mainly by the aluminium and iron existing in monomeric and

polymeric forms in the natural soil system.

Kabearathumma (1975) noticed that flooding raesultsd in
an increase in soil pH followed by reduction of F93+ in soil,
the extent of pH increase bsing guided by certain inherent

soll characters.

Kumar et al. (1981) observed that the pH of slightly
acidic soils of Uttar Pradesh increased on submergence and
approached near neutrality after three weeks. Electrical
conductivity increased five to ten fold in three weeks and

Eh fell markedly, Ion activities of Fe and Zn and the acti-
3+
Fe

vity ratio increased during submergence.

zn?*
In an acid soll limed to two pH values of 4,0 and 6.0

respactively, Verma and Neue (1988) noticed that an increase
in the duration of submergence resulted in more rapid incre-~
asa in solution pH of low initial pH soll than of high initial
pH soill. At the erd of 10 weeks both soils had the same pH.

{111) Redox potential

Redox potential is an index of the intensity factor of
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the onidation = reduction status of a soil. As pointed out
by Patrick (1964), during submergence of a soll for paddy
cultivatign;!faﬁucing conditions set in, which 1s manifested
through a;redox potential (Eh)., He observed that an increase
in pH is always accompanied by a decrease in Eh and that at
low Eh, ferric hydroxide is reduced to ferrous hydroxide
according to tha aquation Fe ﬁDH)gtg§e(0H)2+0H'. Low redox
potentials in waterlogged soils have alsc been reported by
Pearsall and Mortimer (1939), Urquhart ard Gore (1973) and

Gotoh and Patrick Jr. {1974).

The influenca of soil factors on Eh changes have besn
studied in detail by Ponnamperuma and Castro (1964),
Ponnamperuma ot al. {1967), Ponnamperuma (1965, 1972) and
many others. When an aerobic soil is submerged its Eh decra~
ases during the first few days, reaches a minimum and then
increases ard attains a meximum value., It dscreases again
gradually to a value characteristic of the soll after 8-12
weeks of submergence., The course, rate and magnitude of
dacrease in Eh depend on ths kind and content of electron
acceptors, temperature, the duration of submergence and the

base status of the soll,

Tha role of ferrous-forric (CH) as the principal redox
system in submerged soil has been 1llustrated with thermoe
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dynamic evidonca by Ponnamperuma and Castro (19é4) and

Ponnamperuma {1972),

According to Mukherjee and Basu {1971) the Eh and pH
valuss of submerged soils decreased with increasing depth
of soil irrespective of the number of days of submergenca.
The reduction process as ovidenced by a sharp decrease in

Eh was found to be most active within 10 days of submergence,

Haavisto (1974) noticed that the oxidstion-roduction
potentials of the upper 30 cm of a waterlogged floating
sphagnum peat mat were reduced by an average of 47 mV by
heavy rainfall. Even such small changes in Eh are sufficlent
to alter the valence states of some ions resulting in con-
centrations of reduced forms which would affect the normal

develooment of plants,

Mandal (1984) suggested that 1f the redox potential is
allowed to fall to very low valus, substances toxic to rice

plants may be produced.

Bandyopadhyay and Bandyopadhyay {1984) noted a fall in
redox potential from 353 mV to 210 mV within four days of
submergence and to 110 mV in 20 days. It increased again
and raached the value of 150 mV in 40 days. The addition of
organic matter in the form of farm yard manure and straw ree

sulted in very sharp reduction in Eh during the coursa of
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20 days. Decreases in soil Eh after flooding in the presence
of sesbania straw has been reported by Khind et al. (1987).

{iv) Salinity

Soluble salts in irrigation water may influence the

dynamics of iron under submerged situations.

Gerel (1959) noted an increase in casily soluble Feo'

in the unper horizon of irrigated solonets solls in the
presence of sulphato lons. According to Ponnamperuma (1977 b)
when the soll was submerged/the specific conductance increoased
in the early phase of submergencq,reached a maximum and ddcre-
ased to a falrly stable value which varied with the soil. The
increase in conductance during tha first fow weeks after
flooding was partly due to the release of F92+ by the reduce
tion of the insoluble ferric {ron and the displacement of

the cations from soil colloids by F92+.

According to IRRI (1965) low pH and high salinity due to
sodium chloride or magnes{um chloride increased iron uptake

and aggravated iron toxicity.

Ponnamperuma (1972, 1977b) noticed that the kinetics of
water soluble F92+ is oaralléﬁ by the changes in soccific

conductivity and the kinetics of Ca”‘Hig? #NHy#ia +K' suggeste

2+

ing ion exchange reactions between Fa“' and these cations,
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Sanchez (1976) reported that Fe2' and MnZ' become the
dominant exchangeable cations in flcoded soils and disnlace
Ca2+. Mgz+. K+ and Na+ ions in soil solution by mass action,

Pasricha and Ponnamperuma (1976) reported that high

e?", probably by slightly

depressing the soil pH and lowering the activity coefficient
24

of Fe

salinity favoured the production of F

causing higher aquilibrium concentrations after a

peak level in water s=oluble iron.

Tadano (1976) and Tadano and Yoshida (1978) observed
that the presence of 1,030 ppm NaCl reduced by twe thirds the
ability of excised roots and of root extracts to oxidise F92+

to FeSF form,

Bandyooadhyay and Bandyopadhyay {1984) noticed that
submergenca of coastal saline soil (EC 13.6 mmhos/cmz) re-
sulted in a sharp fall in Eh and caused considerable incre-
ase in soluble and exchangeable Fe2' and MnZ' fractions.
The effect was more intense in the presence of undecemposed

organic matter added in the form of powdered straw.

In a pot experiment to find out the effect of different
concentrations of salt, alkall and zinc on iron aquilibrium
in a submorged sandy loam (typic ustifluent) Sadana and
Takkar (1983) found that as the EC increased the pH and the
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PE of the soil solution decreased, whereas the toncentration

of F92+ increased, ESP had the opposite effect.
{v) Organic matter

The presence of easily decomposable organic matter in

the soill enhances the solubilisation of iron,

Islam and Elahi (1954) have reported that the addition
of oxidisable materials, especially organic matter promoted

the reduction of iron during submergence.

Gopal Rao (1956) noticed that release of iron was
greatly favourad by the application of green manures withe
in a period of 30 days and that the Fe2¥ concentration
increased from 1 ppm in control soil to 1000 ppm in green

manure treatment.

Mandal (1961) has furnished evidence to show that in
the presonce of organic matter, the reduction of iron from
the ferric to ferrous form was more intense under water-
logged conditions. Applications of greon manure and straw
released appreciable guantities of Fe2+ from the scil upto
21 and 38 days respectively, the straw sluting more F92+.

Pisharody (1965) found that organic matter influenced
the amount and distributioen of water soluble, exchangeable
roducible and active forms of ironm under submerged condi-

tion. The reduction of iron and increase in 1its solubility



was a cocnsequence of anaeroblc metabolism of bacteria and
appeared to be dus to the chemical reduction of F93+ by

bacterial metabolites.

Patnaik and Bhadrachalam (196%) have indicated that
the addition of organic manures or green manure may aggra~
vate s0il reduction and lead to accumulation of toxric

decomposition products,

In a flooded silty clay calcarscus soil, Meek et al.
(1968) found that flooding without organic matter increased
Fez* concentration in scil solution to a maximum of 2.1 ppm
while combination of flooding, organic matter and high tom=

perature increased iron level to 30 ppm.

Takkar (1969} compared the offect of diffeorent levels
of organic mattar and different incubation times under
laboratory conditions on the extractable iroen using acld,
neutral, calcareous and saline alkali soils at 60 per cent
WHC and under waterlogged cornditions and found marked incree
ase in ircn in acid soils at 60 por cent WHC. Under waterw
logged conditions, in presence of 8 per cent organic matter
added to acid scil, the extractable iron increased from
210 ppm on the 7th day to 1999 ppm on the 90th day. Of the
four solls studied the acid soil released maximum iron at

all stages.
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The influence of intensity of soil reduction on the
availability of iron was studied by Mandal and Nandi (1971)
by creating different intensities with starch addsd at tha
rates of 0, 0.25 and 0.50 per cent to an acid soil of pH
4,83, Available Fe was highest in 0.5 per cent starch
treatment., AY this level the dry matter yleld was also

Increased significantly in rice.

Misra and Pande {1975) showed that the different forms
of iron correlated significantly and negatively with pH and
CaCO3 while organic carbon generally showed posiitive signi-

ficant corralations.

The poriodic release of iron and manganese under
anaerobic incubation of red and black solls of Tungabhadra
Project Region was studied by Jayaram and Nayar (1972) with
and without addition of organic matter. They found that
the added organic matiter enhanced release of iron and
manganese. HRdease of ifron persisted even upto 128 days
in black soils while in red soills reduction in iron concen=

tration was noticed by 128 days. -

Pal et al. (1979) found that benomyl inhibited the
reduction of Fe and Mn in a flooded soil by affecting dee
hydrogenase activity. Pal and Sethunathan {1980) hava re-

ported that hexachlorocyclohexane even at 5 ppm level led



to a remarkable decrcase in the formation of Fe2' and pree

vented a drop in the redox potentials in soils.

He Qun and Xu Zu-yi {1980) obtailned increased complexed
iron under the combined effect of submergence and organic
matter addition as powderad milkevetch., Sharma and Banerjee
(1983) reported release of 36 ppm Fe>' during 30 days of
submergence of an acid soll containing more organic matter
resulting from chelation and reduction. Bandyopadhyay and
Bandyopadhyay (1984) noted that the additlon of farm yard
manure enhanced the intial decrease of redox potential and
increased the levels of soluble and exchangeable F62+ and
an+ in soils.,

In their study of the effect of anaerobic decomposi=
tion of organic matter on the amorphous irepn content of
soils used for rice cultivation under flooded conditions,
Sah and Mikkelson (1986) observed significant increase in

the transformation of crystallina iron into amorphous form.

Khind ot al. (19897) found that the decrease in soil
Eh followed by increase in soluble iron after flooding was

moTe pronounced with the addition of sasbania straw.

{vi) Fertilisers
Fertilisers espoecially the acid forming ones, may

enhance the solubilisation of iron in soils.



Wander (1954) has raported that the continued applicae
tion of ammonium sulphate to soils had strong acidifying
effects to depths upto as much as six feet even if the
reaction at the top was maintained at a pH of 5.6 = 5.8 by

ragular liming.

Motcmura (1962) noted enhanced mobilisation of iron

in solls incubated with ammonium sulphate.

Yamada {1959) ani Inada (1965) found lncreased bronz-
ing after applying ammonium sulphate and concluded that
dissolved sulphide after sulphate reduction preedisposed
the plant to iron toxicity.

Subramoney and Kurup (1961) obsaerved that addition of
ammonium sulpchate and ammonium phosphate favoured scum
formation due to iron solubilisation in the submerged acid
solls of Kuttanad,

In the waterlogged latosols of Orissa, Sahu (1968)
noticed that the application of ammonium sulphate rasulted
in the aggravation of the bronzing symptoms in rice and in
the maximum solubilisation of iron and accumulation in the

plant tissue.

Tanaka and Yoshida (1970) in thelr exhaustive review
of the nutritional disorders of the rice plant in Asis,
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have referred to the 'Mainsha' disorder in Orissa similar
to bronzing as due to irogn toxicity. This disease was re-
ported to be aggravated by the application of ammonium
sulphate,

Sharma and Banerjee (1983) compared the effects of
ammonium sulphate and ammonium nitrate at 100 ppm N applied
to four soils in Vest Bengal under two water regimes. They
found that ammonlum sulphate favoured the formation of F92+
uoto 15 days at 30 per cent WHC while under waterlogged
conditions the level of F92+ went up at a very high rate,
probably due to chomical reduction with enhanced microbial

activity.

3. Iron as a toxic factor

The importance of iron as an essential micronutrient
for crops was recognised as carly as in 1915, Its nutri-
tional importance for the rice plant suggests one of the
beneficial effects of submergence in the increased supply
of avallable iron. Avallable information on the requirement

and toxic levels of iron to rice are summarised below.

Kapp {1936) observed that the iron requirement of rice
under submerged conditions is greater than that of upland
soils, He found that the green colour and root growth
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improved in rice in culturo solutions as the c¢encentration of
F92+ reached 1-25 ppm. However, on reaching 50 ppm there
was decline in growth and number of tillers. Aiyer (1946)
roported that the best results ware obtained with an iron
concentration of 32 ppm. According to Baba (1953) 45 ppm
FG2+
aen}
rice. According to Mandal , 1680 ppm Fa“ was the critical

concentration in soll solution. Izhizuka ot al, (1961)

was the c¢ritieal concentration in soll solution for
2t

noticed that iron or manganese at 0.1 ppm level was optimum
for rice and above 10 ppm level they were toxic for japonica
rice. Ponnamperuma {1935), Takagi (1958) and IRAI (1964)
found that water soluble iron at about 900 ppm was toxic to
rice, Mulleriyawa (1966) concluded from pot experiments in
soils from Sri Lanka that bronzing symptoms appear genorally
at iron concentrations of 30-80 ppm. However, Tanaka ot al.
{1966) obssrved that rice leaves containing ~>300 ppm iron
showed toxicity symptoms of bronzing. In culture solutions
Okuda and Takahashi (1965) observed 100-500 ppm iron as toxic
while IRRI (1972) recorded 300=400 ppm in soils well supplied
with nutrients. Patnaik and Bhadrachalam {196%) frcm nutrie
ent solution studies maintained that the luxury range of

iron for rice was 5=40 ppm (yleld remained constant) and

toxic range was above 40 ppm. Tanaka and Navasero (1966 b)
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reported that the critical concentration of iron in culiure
solution for bronzing to occur was 100 ppm at pH 3.7, but

i1t was frequently over 500 ppm. They also noted that rice
leaves containing 300 ppm iron often exhibited bronzing
symptoms. They further reported that ‘the iron contents of
leachates in flooded condition rcached values upto 1700 ppm.
The toxic eoncentrations of iren were given as about 300 ppm
by Bhung and Ponnamperuma {1966). Thus, the reported toxic
lovels of F32+ in culture solutions vary from 10=20 ppm to
more than 500 ppm. There ssems €0 be no simnle relationship
between iren concentration in the soll sclution and the

occurrence of iron toxicity,

Information on the critical contents of iron in the
rice plant is avallable from the investigations of Tanaka
and Yoshida (1970) leading to the conclusion that the leaf
blade of the rice plant containing less than 70 ppm of iron
at tillering stage would indicate possible deficiency of
this element and leaf blade content oE'mnre than 300 ppm at
active tillering stage would indicate susoected iron toxi-
city. They found that young plants are more susceptible to
iron toxicity. The above flgures were reported as tentative
and subject to modiffcation according to the criteriaz by

which the disorders are defined, status of other elements or
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substances in the soil, growth stages of the plant varieties,
climatic conditions etc. They have further rsported that
even in water culture, it is difficult to determine the
critical iron content at which typical bronzing would apoear.,
According to Ota (1968) and Tanaka and Yoshida (1970), appa-
rantly healthy plants may contain more than 1000=1500 ppm
iron. Jayawardena et al. {1977) held that the iron contents
in the rice plants of different vorieties which are moderaw
tely affected by bronzing may vary from 110=1100 ppm.

Van Breencn and Moorman {1978) suggested that rice plants
showed bronzing when dissolved iron in the rooting medium
was in the 370-300 ppm range and at low nutrient levels of P
and K or with root respiration inhibitors like st, the iron
concentration as low as 30 ppm may be toxic to rice. They
even suggasted thai 1t is probably impossible to define a
genorally applicable critical ivon content in plant tissue
and held the view that to confirm iron toxicity, a comparison
of the iron contents in leaf blades of affected and healthy

plants from the same fleld would be more useful.

Though rice grown under sybmerged conditions may be
agsoclated with the increase in the availability of iron,
cortain physiological disorders of rice described in the

literature appear to be related to an excess of reduced
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substances in the soil. Ponnamperuma (1953) reported that
iron toxicity is a nutritional disorder of wetland rice
agsoclated with excess ferrous iron. The disorder known
popularly as 'bronzing' is widespread in the humlid tropics
and sub tropics. Bronzing {s reported in different local
names to represent the diseases resulting from Fe, Mn or
H,S toxicity. In India the first report by Woodhouse (1913)
was under the name ‘Dakhina', in Champaran 'Bhabani! in
Darbhanga, 'Wfra' in Mussafarpur and 'Chatra' in Sahabad
districts of Bihar and 'Bhangiphutti?, in Samhalpur district
of Orissa. In India, Gupta (1934) used the term 'yellowing'
and Sahu (1939) designated the disorder as ‘bronzing?!. In
Java, Kuilman (1935) named the disorder as "™entok', in
Hungary it was called ‘Brusone', In Japan, Baba and Harada
(1934} named it 'Akagare! and in Malaya, Lockard (1956) used
the term 'Penyakit Mera®, In Sri Lanka Ponnamperuma {1938)
called it *bronzing! while in Taiwan, Chang (1961) named it
tsaffocating disease'. The symptoms reperted were more or

loss similar.

Tanaka and Yoshida (1970) characterised bronzing by the
appearance of many small brown spots in dark green leaves
starting on tips of lower leaves and spreading to basal

parts. In severe cases, the brown discolouration would appear
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even on top leaves. The tints of affected leaves varied
with variety, they might be purplish, orange, yellowlsh brown,
brown or purplish brown. The roots were coarse, sparce dark
brovn and damaged. The bronzed plants analysed to toxile
amounts of iron and were assoclated with low potassium level
in the soil. Takijima and Kanaganayagom (1970) presented

the supposed mechanism of bronzing and remedies for the
disecasa., They collected rice samoles at milk ripe stage
showing retarded growth from many locations in Ceylon. Analy=
sis revealed that bronzed plants contained high iron contents
in straw ranging from 720~3580 ppm.

Yoshida (1971) also reporied that bronzing in Ceylon
differed from bronzing seen in India. In Ceylon bronzing
occurred in sandy soils contiguous to lateritic type soils
and boggy or peaty solls while in India ths trouble occurs
mainly on acid amd poorly drainad soils. Measuyres for the
improvement of iron toxicity in rice were also reported.
Solution culture experiments revealed that excess Fe caused
intraveinal yellowing which led to browning of old leaves
commeneing from the tips, followed by retarded plant growth
and developmont with reduced olant height and tillering.

Islam and Choudhury (1960) resorted that during
waterlogging, algal growth and thick depositions of rusty
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3+

colours resulted. Fe~ was reduced to Fe2+ but at the surface

the F92+ was oxldised to insoluble F93+ due to the presence

of oxygen and light.

Subramoney and Kurup (1960) indicated possible relation
of the reddish brown scum seen in Kuttanad acidic paddy fields
to excess soluble iron., Absence of scum under sterile condi-
tions indicated the involvement of bacterial raduction of F93+.
Similar findings have been reported by Alaxander (1965).
Bhargava and Abrol {(1984) ascribsd the varisty of mottle
colours observed in different pedons in acid sulphate soils
of Kerala to the presence of iron in reduced form under sub-

merged conditions and decaying rocts in root channels.

Koshy and Brito Mutunayagom {1961) noted that soluble
phosphates in the acid solls of Kerala were converted into
insoluble iron and aluminium compounds and these had a bear-

ing on reduced iren and aluminium toXicity.

Ota and Yamada (1962) ascribed bronzing to the combined
effect of high aluminium and low calcium in the soil. They
had also recognised two types of bronzing, one appearing
one to two weeks after transplantation and was assocjated
with sandy soil adjacent to laterite highland and the other
associated with peaty or boggy solls appearing when ammonium

sulphate was top dressed at 1=2 months after tramsplanting.
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Inada (1966) reported the 'bronzing® symptoms as due to
direct iron toxlcity resulting from excessive absorption and
accumulation of iron in the plant, while foranging' symptoms
would result from nutrient deficlency {mainly P and K) in
the plant induced by relatively high iron levels in soll
solution, while Howeler (1953) distinguished batween bronz-
ing symptoms caused by excess iron and oranging which occur=
red at low Fe concentrations in the leaf and reported that
the severity of bronzing appeared to be related to low con=
centrations of P, Ca, Zn, Mg and K in the plant.

Plant mechanisms of tolarance to iron toxicliy have
been related to the avolution of oxygen from roots, preci-
pitating the free oxides anl lessening ths transpiration
rate. Yoshida (1967) reported the root oxiding power of
the rice plant to be 15-30 mg/g dry roo%, based on naphthyl
anine oxldised in 48 hours which was higher than that for
many other common crops. He, however, observed substantial
difference among the variotles, The oxidising mower was
greater at the earlier growth stages of rice and 1t incre-
ased with solar radiation ard decrecased when the plant was
deficient in N, P or K.' Rice roots often bscome coated
with yellowish red precipitates of unknown composition, pre-
sumably ferrice-manganic oxides and hydroxides, which are

however, not formed around the active root tips which remain



white. Tanaka et al. (1968) considered that hydrogen sulphide
could aggravate irocm toxicity by damaging the oxidising power
of the rice roots under certain circumstances. Rorizon (1972)
reviewed information on the plant mechanisms of tolerance to
iron toxicity §n watorlog?ed soils, which have been related
to evolution of oxygen from roots, preclpitating the free
oxides around their roots and lessening the transpiration
rate. Green and Etherington {1977) have studied in detail
the root oxidation mechanism with the ald of transmission
electron microscone, analysing the iron denosits within the
roots with the aid of electron microscope and elcctron probe
analysis and suggested that gaseous oxygen diffusing through
cortical alr spaces from the aerial part of the plant was
responsible for oxidation and precipitation of iron before

it reached the conducting tissues, thereby preventing exce-
ssive iron uptake. Ottow et al. (1982) have axplained the

breakdown of iron excluding mechanism of the rice root.

Park and Tanaka {1968) concluded that the cause for
brown spotting in rice was iron toxicity which was due to
high uptake'of iron. Dralinage of the soil improved the
growth of plants and alleviated the brovm spotting symptoms.

Serayonakul {1968) conducted solution culiure experi=
ments containing 20, S0, 200, 300, 400, 500 and 600 ppm Fe<',



He observed that plants grown in 200 ppm Fe and above showed
toxicity symptoms with excessive uptake of iron. Plants
grown in solutions less than 200 ppm showed no toxicity

symptoms but the ylelds were low.

Sahu (1968) identified three kinds of disorders in rice
in the name of bronzing in Indla, of which the symptoms which
occurred in waterlogged latosol zlone would qualify for iron
toxiclty disorder. He attributed the disease among others
to an excess of iron concentration in the plant tissue come

bined with low K.

Juste (1970) observed that accidents atiributable to
oxcessas of trace elemoents were more usually seen in acid

soils which have been insufficiently improved.

Howeler (1973) noticed that iron induced oranging disease

of rice was assoclated with K deficiency.

In culture solution Tadano (1974) obtained characterie
stic brown spotting of rice leaves commencing with older
leaves when the Fe content was 550 ppm. The iron content of
the shoots was loss during the mid stages of rice growth than
at early stages. With increass 1ln the iron concentration in

the solution the Fe content in the plant increased.

Ottow ot 3l, (1981) while describing the incidence and
symptoms of Fe toxiclity in lowland rice, found that soils
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which were toxic in Fo were deficlent in P and K and low in
bases (Ca) and Zn,

Benckiser et al, (1982) collected rice leaves showing
symptoms of iron toxicity from plants of many culiivars growe
ing at various sitse in Philippines, Sri Lanka, Brunei,
Indonaesta, China and Liberia and compared their mineral cone
tonts with those of IRRI Cv, grown in greenhouse. The affe-
cted laaves wore much higher in iron content than the accepted
critical level of 300 ppm. Leaf iron content negatively
correlated with soll CEC, clay and exchangeable Ca and K,
but no correolation existed between pH and lezaf iron content.
The higher the amount of available Ca, tho lower was the uoe
taks of Fe by plants.

Benckiser et al. (1983, 1984) reported that K and Catig
reduced the uptake of iron significantjand this was ascribed
to a decrease in root oxudation caused by decreasad p;vmaa-
bility of root membranes. H; obgervaed that fertilisation,

in genoral, enhanced plant growth and decreased iron uptake.

Verma and Tripathi (1984) noticed wide occurrance of
bronzing disease of rice grown under submerged condition
without lime in acid alfisols of Himachal Pradesh, Uttar
Pradesh and J & K, three weeks after planting and ascribed it
4o axcessive iron concentration in plants and submergence was

mainly responsible for this disorder,
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The mechanism of iron toxicity occurring in the coastal
areas of acid sulphate soils with sea water iIntrusion and
acld sandy scils was explained by Mensvoort et al. {1985) as
due to the plants exceasive untake of Fe2+ assoclated with
C1™ and 5042° which causes acidification inside the plant.

Cochrane and Sousa (1986) reported that 0.1 M solution
of BaCl, containing 1:10 phenanthrolene indicator served as
a satisfactory field test for exchangeable and water soluble

iron in Cerrade soils.

Frem a series of screening trials Virmani (1975) cone
cluded that the rate of development of toxicity symptoms to
rice grown in iron toxlc swamps and the extent of yield
reduction depended upon the level of tolerance of the culti=
vars. He also reported the possibility of pigmented lines
boing more tolerant to iron toxicity since some iron is used

for anthocyanin production.

Based on dry matter yleld reduction of shoots at higher
iron concentrations comparad to optimum or control treatment,
Fageria and Rabelo (1987} classified rice cultivars as tolee
rant, seml tolerant, moderately susceptible and susceptible.
Tolerance of rice cultivars to iron toxicity has been tested

by several investigators.
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4. Influence of iron toxicity on the uptake of nutrients
(1) Uptake of major nutrients (N, P and K)

Baba and Tejima (1980) observed that rice leaf discolou~

ration due to excessive uptake of iron inhiblted the absorption

of vhosphorus to a graater extent than other nutrients.

Cta and Yamada (1962) compared the nitrogen and potassium
contents of bronzed rice plants with those of healthy plants
and raeported that bronzed plants had higher N and low K cone
tents than healthy plants. Insda (196%) and IRAI (1966) also

came across similar observations.

Results of field experiments in loamy sand latosol and
swampy low land solls in Orissa conducted by Sahu (1968) re-
vaaled higher nitrogen and iron and low potassium contents in
bronzed plants. Such plants responded to K application. He
also reported suppressed P uptake in bronzed plants and appli-

cation of P and K and urea spray at AT stage reduced bronzing.

Park and Tanaka (1968) concluded that brown spotting or
bronzing in rice due to iron toxicity was asscciated with high
Fo and low K and such plants responded favourably to K appli~
cations.

Ota (1968) observed a location where severe bronzing

occurred during every season. Chemical analysis of plent
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samples revealed high N content with higher contents at
higher grades of bronzing.

Taki4ima and Gunawardena (1969) obtained high N and low
K during straw znalysis from bronzed rice plants in a variety
of soils in Ceylon. Phosphorus content clearly decreased

with increased incidence of bronzing,

Takijima and Kanaganayagom (1970) from pot and fleld
exporiments in iron toxic soil notilced that nutrient composie
tion of straw had high N and Fe and low K contents. Thoy also
reported that bronzing was assocliated with low P contents and
appeared to be an exoression of symptoms dus to P deficiency

and that enhanced P application could prevent bronzing.

Tadano and Tanaka {1970) noticed that the K absorbing
powar of the roots was low when the roots were suffering from
high leval of iron. Apnlication of K resulted in growth
fmprovement in these soils and they stressed the need to
maintain favourable K status when Fe leval was high in

growth media,

Tanaka and Yoshida (1970) observed that rice plants
low in K often developed bronzing symptoms.

Yoshida (1971) suggested that the roots of K deficient
rico plant were unable to oxidise F92+ and excess F02+would

enter the plant and preduce toxicity symptoms.
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Tanaka and Tadano (1972) from studies on rice plants
grown in culture solution contluded that when the iron lovel
was higher in culture solution, P uptake was low. The effects
of k¥ on Fo?t

exporiment., Roots of plants with Kf deficiency reduced Fe

toxicity of rice were also aevaluated in a pot
24
excluding power, thus F92+ toxicity increased.K apolication
deocroased the iron content along with bronzing., Solution

culture experiments also rovealed that low levels of K with
high lovels of iron could cause K deficiency to becomo more
serious thereby plants becoming more susceptible to iron

toxleity.

Tadano {1975) reported that rice plants deficient in P

were more suscoptible to iron toxicity than the normal olants,

Tadano (1976) observed that the high F32+ concentration
which occured in soil solution with raoid decomposition of
large applications of fresh organic manure reduced K% uptakae,
increased K doficiency which further decreased the rice roots

ability to oxclude Fe2',

Trolldenier (1981) rasorted that the root oxidising

power was highest with complete nutrition and lowest when K
was defielent,

Ottow ot al. (1981) found that soils where Fe texicity
occured were P doficient. Low and unbalanced supply of P was

reported as one reason for the develooment of iron toxicity.
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Yamanouchl and Yoshida (198l) studied the relationship
batween leaf tissue tolerance and whole plant tolerance for
iron toxicity and observed that P deficlency among other

nutrients decreased leaf tlssue tolerance.

Ottow ot al. (1932) based on plant and scil analysed
from various sites affected by bronzing noticed that low K
supolying capacity by the iron toxic soll was reflected in
the plant tissue analysing to lower K contents.

Benckiser et al. (1982) analysed rice leaf samples
collected from many Cv. from various sites in the Philippines,
Sri Lanka, Indonesla, China ani Liboria amd reported high N

and Fe contents in the bronzed leaves.

Benckiser et al. (1984) reperted that iron toxiclty was
assoclated with P deficiency and P fertilisation would improve
iron excluding mechanism of the root efficiently. Association
of bronzing with K deficiency was also noticed and they sugges-
ted that K fertilisation gave positive response.

Yoshida and Yamamuro (1983) ascribed the ‘akagare’ symptoms
on rice in Brunei to iron toxlcitiy. The disorder was remedied

by improving drainage and correcting the low pH and low P status.
(11) Uptake of Calci Magnesium and Manqgane

Anatagonistic relationship between lron and manganese was
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reportad by several workers. McHargue (194%) noticed that
1f Mn was deficient in the plant, there would be an excess
of active iron and 1f Mn concentration was high, chlorosis
due to iron shortage would result from low concentrations
of 1iron in the plant. Inada (196%) reported that with ox=
cessive iron uptake by rice plant iMn uptake was inhibited.

Baba and Tajima (1960) reported assoclation of bronzing
wlth excessive supply of iron which inhibited nutrient absorb-
tion of Calcium.

Ota and Yamada (1962), Ota (1968), Takijima and
Kanaganayagom (1970) and Tadano (1975) found that bronzed
plants had very low contents of calcium, magnesium and manga=

nese as compared to healthy plants.

In solution culture trials, Tadano (1970) observed that
higher levels of iron had a depressing effect on the untake
cf Ca and Mg by rice plants. The translocation of iren from
roots to shoots was accelerated significantly in Mg and Mn

deficient plants.

Ottow ot al. {1983) analysed soil and plant samples of
several geographical 1iron toxic sites and obtalned low Ca,
Mg and Mn contents and concluded that those soils were uni-
formly deficient in Ca, Mg and Mn,
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Benckiser et al. (1984) reported that iron toxicity in
rice was associated with calcium deficlency and calcium
fertilisation to plants grown in iron toxic envirorment

minimised iron toxicity.

5. Amelioration of toxic levels of iron in soil solution

A relatively higher concentration of soluble Fo2' in the
s0il combined with relatively low pH are considered as major
constraints in iron toxic soils, According to OCttow et al.
(1982) curing or preventing iron toxicity is not a simple
procedure since none of the amelioratory mesasures suggested

would completely eliminate this problem.

(1) Flooding and washing the soil

Most of the wet land rice soils are generally located on
relatively imperfectly drained land which is often subject to
varying perlods of flooding ranging from a few days to a few

months in an year.

Hart et al. (1963) and Jordan (1963) suggested that re-
clamation measures in saline mangrove soils in Sierra Leone
included leaching with fresh water or sea water and liming
and appeared to be based on divergent experignces rather than
on an understanding of the chemieal changes In flooded, acid

sulphate soils.



IRRI (1971) and Mohanty and Patnaik (1973) recommended
flooding of the soil for considerable length of time pro=-
ferably with addition of organic matter to hasten reduction
bofore puddling and transplanting rice, to overcoms iron toxi-
city., This rosulted in the reprecipitation of the released
ircn., Sahu (1968), on the other hand, suggested provision
of dralnage, scil application of lime, phosphate and potassium
and follar urea to overcomz the bronzing disease of rice.
{(Mandal and Sinha, 1964; Graven ot al. 1963; Wang, 1971).

The effect of flooding on the increased P availability and
Fe~P reolationship was studied by Mahanatra {1968).

According to Ponnamperuma (1977,b) flooding a soil
induces a series of chemical and biochemical changes that
profoundly affect the availability and loss of nutrients and
the generation of substances that ¢an intarfere with nutrient

uptake or that poison the plant directly.

Ponnamperuma (1963, 1972} was of the view that large
amounts of Fo<¥ and an+ brought into solution at low PE
values, along with HCO3™ increase the specific conductivity
of the soil solution and displace large amounts of Ca2+, Mg2+
and K+ by cation exchange reactions,

To ward off the toxic effects of excess Fez+. Coz, orga=

nic acids and H,S, Ponnamperuma {1977, b) suggested that soils
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should be kaept submerged for at least two weeks immediately
before planting in tropical lowlands.

Sahrawat (1979) comoared the effects of waterlogying
and flooding with scil drying on iron toxicity to rice in
an acld sulphate soll in Philippines and proposed the mana-
gement practice of kesping the soil flooded for 10-12 weeks
bofore nlanting, so that soluble iron would drop below toxic

level,

Abu et al. (1939) observed that rice yields varied sig-
nificantly between varisties and planting dates and suggested
that the optimal time of planting to escape serious iron
toxicity in the inland valley swamp at Mogbolonter was during
the £irst two weeks of July, when the amount of water would
be too high to wash off iron rapidly.

2. Lining
The usefulness of lime as a soil ameliorant for reclaim-
ing tho acid and acid sulphate soils and for correcting the
toxic offects of F92+ has been reported by Ponnamperuma
(1955, 1958, 1960), Allaway (1957), Abichandani and Patnaik
(1981), Subramoney and Kurup (1961), Vaculik (1963), Nhung
and Ponnamperuma (1966), Inada (1966), Taklijima and Kanaga-
nayagom (1970), Tanaka and Tadano (1972), Koshy (1973) and

many others.
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Mandal and Sinha (1964), Graven et al, (1963), Sahu
(1963) and many others have found that lime could raeduce F32+
and Mn2+ toxicities by reducing thoir solubility under
waterlogged conditions or by precipitation as their hydro-

xides,

Ponnamporuma {1972) raported that with each unit increase
in soil pH, thore was several fold decreaso in the availability
of F92+ n2+ and suggested that the bullding up of high
2* could bo prevented by

and M
concentrations of water soluble Fe

1iming.

In laboratery incubation and pot experiments conducted
by Kuruvilla and Patnalk (1973) to study the effect of lime
on the amelioration of acid sulphate soils of Korala 1t was
indicated that these soils could be reclaimed by leaching of
salts followed by application of lime and continuous flooding.

Sukumaran and Money (1973) assessed tho effect of liming
materials applied at fractional lovels of LR on the toxic
factors in the karl soil, Kuttanad and indicated that appli-
cation of lime materials in quantities equivalent to 1/10 and
1/5 of LR reducaed the exchangesble HY and AL3" and water solu-

ble Fez+. Burnt limo was found more effective than dolomite,

Singh and Dahiya (1973) noticed that the addition of ine
creasing levels of CaCO3 to soil resulted in a decrease in

all the forms of iron.
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Brady (1980) suggested that iron toxicity could be
amaliorated by ilimilng but quantities required are ofiten pro=
hibitive,

The effects of MO, and CaCD4 (3 t/ha) on iron toxicity
symptoms and rice yleld were studied by Ponnamperuma and
Solivas (1981) in a flooded acid sulphate soil at Philippines.
Based on symptoms at 4 and 8 weeks of transplanting, the best
treatment was IR 43@noderatelv tolerant varieti)in the pre~
sence of C2C04 and MO, and the worst was IR=-26 {moderately
suseeptible variety) in the absence of CaCO3 and Mnoa.

Verma ard Tripathi (1984) reported that although liming
could not alleviate bronzing, it delayed the appearance of
symptoms {about 25 days) till flowering after which bronzing
started.

Lopes and Machado {1985) while studying the eoffect of
fertilisers and lime aoplication in reducing iron toxicity
symptoms in the field with and without organic matter found
that “svanging symptoms were most intense in the untreated

control.
Bishnoi et al. (1983) found that liming on an average

increased significantly DM yield of soyabean and also uptake
of N, P, K, Ca and Mg. Base saturation, lime potential and
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effactive C5C were increased while exchangeable acidity and
toxic metals A13+, Fe®* and Mn®" were decreased to 66,4,

43,3 and 100 per cent respectively.
3, Bilicate

Experimental application of calcium silicate to sugar-
cane in Hawail on soils by McGeorge in 1924 resulted in
beneficial growth response which was ascribed to improved

utilisation of soil phosphorus by the plant,

Yoshii {1941) and Yoshida (1958) found that silicate
increased the resistance by rice to blast diseases and that
the resistance was proportional to the concentration of

silica in the culture medium.

The beneficial influence of silica on rice growth has
been emphasised by Domolon (1930) and particularly by
Japanese workers (| "7 | Ishibashi and Akiyama, 1960;
Comhaire, 1966).

Jackson and Sherman, 1953 and Sawhney and Jacksoq/l958
had noted that irrigation with siliceous waters increased in
CEC of soils and modified some other propertiocs due to high
silica potential favourable for the formation ¢f montmori-

llonite.
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Okuda and Takahashi (1962) demonstrated that silica
decraased the axcessive uptake of Fe and Mn by rice and
docreased Fe and Mn toxicity in rice plants. They explained
this by the action of silica on the oxidising power of the

rice roots.

Dutta et al, (1962) reported that increased uptake by
the plant (cereals) of the P contained in the soil was possi-
ble when silica was applied.

Subramoney (1965) suggested' the use of magnesium silicate
in acid sulphate soils of Kuttanad to inhibit the production

of st and other toxic factors.

(1965) and Clemonts
Clements et al. -~ (1968) obtained considerable res-

ponse in sugarcane to the application of calcium meta silicate
upto 8 t/acre to an aluminous-ferruginous latosol believed to
contain toxic amounts of F92+ and AIS+ and attributed this to
the elimination of soil toxicities.,

Sherman (1969) reported that application of silicate
docreasced the available Mn2+. F92+ and active Al concentration

in soils.

Park et al, (1972) found that for the liming of strongly
acidic top soills (pH 3.6 to 4.2), slower acting Wollastonite
(Calcium silicate) was more suitable than CaCO4, at the rate
of 3 4o 6 tons/ha,
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noticed
Ponnamporuma (1972)»1ncreased availability of silicon

notdsed In soils when submerged,®due to releass of silicon
sorbad on hydrous oxides of iron (I1I) followlng reduction
of iron (IIX) to iron (II).

Kurtvilla (1974) found that though ameliorative measures
such as lime application and repeated flushing with fresh
water could improve acid sulphate soils and produce better
grain yleld during the subsequent season, very often problems
of low pH and Fe and Al toxicity reappeared on drying the
soll after harvest. For such situations, he proposed magnew
sium carbonate or magnesium silicate where tho resultant sul-
phates formed by imteraction were more scluble than Cas0,

formed when lime alone was added.

Karunakara Panicker (1980) cbtained increased ylelds of
grain and straw in paddy in Kuttanad, by field application

of magnesium silicate.
The beneficlal effect of magnesium silicate (steatite)

in reducing Al toxicity to rice in acid soils of Kerala,has
boen indicated by Abraham {1984).
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MATERIALS AND METHDDS

The experimants included in this work were carried
out in the submerged rice solls of Kerala, wherc iron
toxicity is likely to be a sorious problem during rice
cultivation. The kayal (reclaimed lake beds), kari (acAd
sulphate} and karapadom (iateritic hydromorphic with depoe
sited alluvium) soils of Kutctanad (Fig.l), the brown hydroe
morphic soils of the midland lateritic zone and the sandy
solls of Onattukara region were thus included 4in the study.

In the first experiment the distribution of water
soluble, exchangeable and active forms of iron was studiad
in 27 surfage soil samplas collected from thoe waterlogged
paddy fields of Kuttanzd. The samples were collected from
a depth of 0«20 em from six locations in the kayal, nine
locations &in the karl amd 12 locations iIn the karapadom areas.

The sccond experiment was 3 study of tho downward
variation in the distribution of different forms of iron in
olght profiles. Two profiles sach from the kayal, keri ami
karapadom areas and one profile each representing the Onatiue
kara and the midland brown hydromorphic soll ware usod in the

study.

The third exporimont consistad of a series of incubation
studios in which the oeffect of salinity, organic matter and
ammonium sulphate on the release of iron was traced in typical
submerged rice soll from the kayal, kari, karapadom and brown
hydromorphic sitaes.
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The fourth exparimant also involved incubation studies
in which the influence of lime on tho amelioration of iron toxie
city was oxamined.

The dotails of soils collected and the methods adousted
for the four experiments are given helow
1. Studloes on surface soils

The surface samples were collected immediately afier a
harvest when the soils wore sufficliently moist, but not watere
logged, The stumps of the rice plants were pulled out, the orga-
nic debris romoved and the soil collected up to a depth of 20 ¢cm
with the help of a spada, packsd In polythene bags and hrought to
the laboratory. About half of each soil was air drie:d, powdered
with a woodsn postle, passed through a 2 mm sieve and stored in
labolled polythene bags for the determination of the general phye
sicowchemical characteristics, The other half was kept in the
moist condition 4in polythene bags and used for the determination
of water solubls, exchangeable and active forms of iroen. The

following methods wore used for the various determination,

(1) Laxture The texture of the surface samoles was determined by
fooling the moist soil between the thumb and the forefingar.

(11) Molsture 10 g of the soil was dried in an air oven at 190
103°C %0 constant weight and the loss in weight was expressed as
per cent on oven dry basis. The moisturae percentage was detor=

mined for computing the various components on moisturs free basis,

{111) Soil reaction {pH) Tho pH was determined in a 1:2.5 soil
water suspension using a PeorkineElmer pH metexr and glass

alectirede,



{iv)

(v)

(vi)

(vig)

o4

Electrical conductivity (EC) The electrical conducti-
vity was determinad in the 122 water extract using a
*Solubridge®*.

Organic _carbon Organic carbon was estimated by the
Walkley and Black's rapid titration method as given by
Jackson (1973).

Cation Exchange Capacity The cation exchange capacity
was determined by the neutral N Ammonium acetate method
as described by Jackson (1973).

Iron Total iron, as well as the wator soluble, exchan
geable and active forms of iron in the moist samples

woere determined as follows

(a) Zotal iron

Total iron was determined in the hydrochloric acid

extract of 10 g of the air drled soll. 20 ml of the extract

was transferred to a 230 ml Erlenmeyer flask reduced with zinc

and dilute sulphuric acid, filtered through glass wool and

the filtrate titrated with standard 0.1 N potassium dichroe

mate using potassium thiocyanate as the external indicator.

From the quantity of dichromate consumed,the percentage of

iron (Fe) in the soil was calculated and expressed on moise

ture free basis.



{b) wWater soluble iron

To 10 g of the soil taken in an Erlemmeyer flask 100 ml
of distilled water was added and the suspension shaken in a
shaker for two minutes. It was then filtered through a
Whatman No, 42 filter paper and tho clsar filirats collectod,
To an alliquot of the filtrate 2 ml of 10 per cent hydroxylamine
hydrochloride {in water) was added followed by 1 ml of a 1.5
percent solution of orthophenanthrolene in 95 per cent alcohol,
The pH was adjusted to 2.8 = 3.2 with a few drops of a 25 per
cent aqueous solution of sodlium citrate. The mixture was kept
in a water bath at 70°C for 10 minutes and then allowed to
stand outside for 30 minutes till the development of the
colour was complete. The colour was then read in Klettw
Summerson Photoelectric Colorimeter using a green filter
(480.520 };) .

(c) Exchangesble iron

To the soil loft after the extraction of the water solu=
ble iron was added 200 ml of noutral N ammonium acetato solu=
tion. The suspension was shaken vigorously for 20 seconds
and filtersed quickly through a Whatman No.5 filter paper
fitted to a Buchner funnel under suction. The filtrate was
ovaporatad to dryness over a sand bath until all the amwonium

acetate was oliminated. The last traces of organic matter
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were removed by treatment with a few drops of aqua regia
and then evaporated to drynoss. Tho evaporation was ree
poeated with aqua regia till dark colour completaly disaw
ppeared and the residue became white. The residue was
taken up vith a fow drops of NICl, made upto a convenient
volume and the iron deotermined in a suitable aliquot colow
rimotrlically as 4in the case of water soluble iron, after
reduction with hydroxylamine hydrochloride and tha develog-
mont of the colour with orthophenanthrolsnoe roagent.

(d) Actlve iren

Active iron was dstimated by tho method suggested by
Asomi and Kumada (1959). One gram soil was wolghed into a
250 ml Erlermoyaer flask and treated with 3 g sodium dithionite
and 100 ml of 0,02 ¥ EDTA, The reaction mixture was placed in
a water bath maintained at 79°C for 1% minutes with occasional
shaking. The supernatant liquid was filtered 4nto a 250 mi
volumatric flask and the residue washed down with 10 per cent
sodium chloride solution and made upto volume. Iron was detere
mined in an aliquot after reduction with hydroxylamine hydroe
chloride by the orthoghenanthrolone colerimetric method and

exXpressad as active iron.

Statistical analysis
The analytical data obtainod as above were subjected to

statlistical aneslysis to make a comparative study of the chamical
propertios of the kayal, ksri and karapadom soils of Kuttanad
and to hring about the interxelationships between pH and the
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wator soluble, exchangesble and active forms of iren in

the soils as well as with othsar scll chemical characteristics,

2. Profile studioes

The studies were undertaken on the soil profiles
rapresenting Kuttanad as woell as the sandy Cnettukara and
brown hydromorphic soils which are the major acid soils
where iron toxicity %o rice is cncountered occasionally.

Two profiles each £rom the kayal, kari and karapgadom sreas

and one profile each of the Onattukara and brown hydramorphic
aroups were used in this studys Profile pits were cut to

2 depth of 100 cm and solls were collected from depths of
Owl5,y 25«30, 30=75 and 75100 cm immediately after hsarvost,
The moist solls were packed in polythene bags and transferred
to the laboratory. Half of each sample was ailr dried, powdered
sloved and stored in labolled polythence bags for mechanical
analysis and tha determination of tho genersl physico=chemical
characteristics. The othor half was kept in the polythone
hags 4in the moist condition and used for the determination of
the different forms of iron.

The mechanical analysis of the solls was carried out
by the International Pipstte method aa given by Piper (1966).
Motsture, pH, organic carbon and cation exchange capacity as
well as total, water soluble, exchaongeable and active forms
of 1ron wore determined by the methods used for the studies

on the surface soils as describod above.
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Statistical analysis

The analytical data obtained as abave were subjected
to statistical analysis to study the profile-wise and dopthe
wise variations in the chemical properties of the soil types

and also the forms of iron,

3, Incubation studlos
The effect of salinity, crganic mstter {farm yard

manure) and ammonium sulphate on the release of iron in the
soluble form was studied in the solls representing the typle
cal submerged rice flelds viz,, tho kayal, kari and karapadom
soils as well as a brown hydromorphic soil in & series of
incubation experiments, The major physiccoechemical characte-
ristics of the surface solls used for the incubation studias

are presented in Table 1 (a).

(a) Salinity

Glazed, cylindricel porcelain pots of capacity 2,% 1
were used in this study. The pots were fitted with a delie
very tube amd pinch clip st the bottom and placed on table
in such a way that the leachate could be collected from the
delivery tuba. A half inch layer of coarse sand was placed
at the bottom of each po%’and over it were placed small broken
granite pleces to facilitate gasy drainage and to avold clogge

air dried
ing of tho outlet, Two kileograms oach of the/solls were



Table la Physico-chemical characteristics of solls used for incubation studies

Mechanlical analysis

Iron
Sl. Electr Organic
No. Soil type Coarse Fine S5ilt Clay N P K CEC pH cond carbon Total Water Fxchan- Active
sand sand (per (per (ver (per (per (omol (+)kg™1) (H.0) -1 {per iron solu- geable (pom)
(per (p~r cent) cent) cent) cent) cent) ‘'°MC g 2 (dsm™ ) cent) (per ble
cent) cent) cent) {ppm) (pom)
1. Kayal 1,2 72,0 2.6 16,6 0,21 0,03 0,08 75 5.2 3.2 3.96 9.1 45 198 1010
2, Kari 1.5 5,0 19.1 63.4 0,31 0.12 0,08 23,5 3.8 3.0 6,12 12.5 65 168 1818
3. Karapadom TS A7,2 19,1 18.0 0.24 0.4 0,13 7.2 4,4 2,86 2.90 17.6 56 220 1222
4, Brown hydro- 9.0 10,2 20,2 54.3 0,15 0.03 0,09 7.G 5.1 l.1 J.30 12,5 25 160 858

morphic

6G
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transferred into the pots and treated with water of different
salinity levels. The salinity levels used were the following

1. No salinity 100 per cent water
2. 2% per cent salinity 25 per cent sea water + )

75 per cent water

3. 90 per cent salinity 50 per cent sea water +
90 per cent water }
4. 79 per cent salinity 79 per cent pea water + )

25 per cent water

5, 100 per cont salinity Sea water

The sea water used in this study was collected from the
sea at the Kovalom beach. The data on the analysls of sea
water used in the study are oresented in Table 1 (b). The water
of different salinity levels was added to the soll in each
pot and allowed to stand to a helght of 5 cm. A layer of
paraffin oll was also added to prevent oxidatlon of ths iron
going into solution by contact with atmospheric oxygen. The
level of water in the pots was maintained at the same height
by the periodical addition of water of the respective
salinity level,

Samples of dralnage water were collected from each pot
at intervals of 0, 3, 10, 25, 40, 50, 75 and 90 days. While
collecting the drainage water the inltial fow ml wero dis-



Table 1 b Analytical data on sea water

pH 8.0
Salinity 32 %o

Specific conductivity 57000 micromhos/cm
Total salts 1253 me/1

Dissolved oxygen 4.2 mi/1

61
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caxded and 11 was collected in baaker under a layer of
1iquid paraffin., The iron was estimated in the leachate
colorimetrically by the orthophenanthrolena method.

(b) Organic matter

The procedure was similar to the one adopted for studying
the effect of salinity. Two kilograms of eachzslgifrv%:ga mixed
with dried farm yard monure at the rates of 0, 1, 2, 4 and 0 g
per pot. The soll tredied in this manner was taken in the pots
and thon water was added to a level of 5 cm above the scil
surfaca. A layer of liquid paraffin was added shove the water
to prevent the oxidation of iron going into solution. Leachates
were collected after 0, 5, 10, 25, 40, 50, 75 and 90 days and

the iron estimated,

{c) Ammonium sulohate

Two kilograms each of tho soils were trsated with
ammonium sulphate at the rate of 0, 30, 100, 150 and 200
kgit/ha and the experiment conducted as in tho case of the
organic matter treatment, Leachates ware collacted at the

samo intervals and the iron going into solution estimated.

Statistical analysis

The following analysis of variance was performad to
study the changss in iron rolease from soils on flooding with
water alone and in the presence of differant ameliorants for

various periods,
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Souxco daf
Botwaen soils (S) a

Betwoon treatmont lovels (T)
Betwaon perfods {?) 7
Betwoen solls and treatmont levels (ST) 12
Betwoan traaiment levels and period {TP) 23
Botween soils and pertod (SP) 22
Between soils, ireatment lovels and period (STP) 84
Total 153

4. Amolioration of iron toxicity 4in submergad rice sosls hy
the use of ;_i,mg

The restraining effect of lime on iron solubllisation
was studied in ancther set of incubation trial using the
snmofg':ud:vas detailed under experiment 3. The ordinary
builderts lime containing 98 per cent Cz0 was used in this
experiment. Thres lovels of lime werse used viz,, 0, 600 and
1000 kg/ha and the experiment was carried out as indicated
under oxperiment {3). Leachates were collected at the same
intervals and the iron estimated in the leachates as in the

earlier treoatments.

Statistical analysis

The analysis of variance performed to study the changes

in iron release from solls on flooding in water alcne and in
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the presence of lime used as an ameliorant, for varilous

perlods was as follows.

ANOVA

Source df
Betwasn soils (8) 3
Between treatment levels (T) 2
Boetween perlods (P) 7
Betwaen soil and treatment lovel (ST) 6
Botween troatment lovel and period (TP) 14
Botween soils and period (SP) 21

Botwoen solls, treatment level and peried (STP) 42
Total o5

Since the experiment was singly repllcated, SxTxP intere
action was treated as error and the treatment lovels were tested

agalnst this interaction for the significance of tholir effacts.
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RESULTS

I Eorms of iron in surface soils in relation to their
physico=chemical oprepertios
Kaval soil
The results in relation to the physicc«chemical properties
of six surface soils from the kayal lands of Kuttanad along
with the contents of different fomms of iron are presented

in Table 2 and mean valugs are given in Table 5,

Active iron represented the major form of iron in the kayal
solls of Kuttanad. 1Its content varicd from 1642 to 3595 ppm in
different locations, with a mean value of 2506 ppm. The least
content of active iron was found in the soils from Kavalam while
Sreemoolam kayal soil registered the maximum. Exchangeable
iron content varied between 144 ppm at Kavalam and 208 ppm at
Marthandom kayal with a mean content 175 ppm. Wator soluble
1ron which constituted a comparatively lowar proportion was
found to have the lowest value of 94 ppm at Chathurthiakari
and highest value of 130 ppm at Kavalam and Marthandom kayals
with an average content of 114 ppm. Textural analysis indi-
cated that the kayal soils were predominantly clayey with
fairly high values for catlon exchange capacity which ranged
between 12.4 cmol(-i')kg'l at Chathurthiakari and 19.5 at Kavalam.
The organlc carbon status was also fairly high and ranged from

4,0 to B.8 per cent with a mean of 6.4 per cent. The solls



Table 2, Forms of iron in the surface layers of kayal soils in relation to their
physico~chemical propertics

Organic Elg:;.ri— - c iorms of iron (ppm)
Si. Soil carbon Water Exchane
No. Location group Texture pH (per gg:g:;’ *~(cmoL(+) kgj"‘ solu= geable Active
cent) (d&n"l) . ble
1. Kavalam Kayal Clay 3.9 4.0 2.2 19.5 130 144 1642
2, Pulinkunnu s2» Clay locam 4.5 6,1 1.2 -~ - 14,5 101 167 2414
3. Chathurthiyakari ss Clay loam 4.9 7.0 0.8 12.4 94 173 2555
4. Marthandam kayal - Clay 4.0 6.6 3.0 15.5 130 208 2460
9. Sregemoolam kayal sy Clay loar 4.9 8.8 5.0 16.0 120 172 3595
6, Neslamperoor ss Clay loam 5.0 6.0 2,5 13.3 110 135 2367
Mean 4.5 6.4 2.5 16.1 114 175 2506

a9
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were acidic with pH values ranging from 3.9 at Kavalam to
5,0 at Neelamperoor and averaging 4.5. The electrical con=-
ductivity recorded the highest value of 5 dsm™t in the
Sreemoolam kayal soil and minimum of 0.8 dSm ™1 at Chathurthia-

kari,

Table 6 provides results of intercorrelation between
physico=chemical properties and forms of iron. The results
reveal that the water scluble iron in the soll was negatively
and significantly correlated (r = =0,3136) with the pH of the
soil., Positive and significant correlatvion was found botween
the active iron and the organic carbon contents (r = 0,9798)
of the soil, The CEC was found to be correlated negatively
with exchangeable iron and active iron and positively with
water soluble iron contents but none of these was significant

even at 10 per cent level.

Kari soil

Table 3 presents data on some of the physico-chemical
properties of typical kari soils collected from nine different
locations in Kuttanad. As in the case of kayal soils, active
iron represented the major form of iron in these soils also.
The active iron content was higher than in kayal soils and
ranged from 2410 to 5200 ppm with a mean content of 3862 ppm.
Karumadi III recorded lowest content of active ircn while

appreciably high values were recorded by Thottapally I soil



Table 3. Forms of iron in the surface layers of kari seils in relation to their

physico-chemical properties

°’gg';‘° Elgta:{rl- Forms of iron (ppm)
1. Location Sotl ‘o, conduc~ cec  Water Exchan-
per solu~ geable Active
No. group Texture pH cent) tlvifg @mol(-l') kg"l) ble
{dSw™)
L. Karumadi I Kari Sangy clay 3.8 9.6 4,% 13.8 1489 172 4850
oam
2. Karumadi IT . s 3.9 7.8 3,8 “° 14.5 138 170 3316
3. Karumad!i IIT »s Clay loam 4.0 6.3 3.7 16.9 121 14% 2410
4, Puyrakad I ’e Clay 3.8 10.5 3.9 16.9 122 213 5178
5. Purakad II . Clay loam 4,0 7.9 3.0 17.5 138 164 3330
6. Thottappally I . Clay 3,2 10,2 4,1 14.9 18 218 5200
7. Thottappally I s Clay 4,0 8,5 3.0 18,% 136 210 3482
8. Mundar . Clay 3.7 9.0 5.2 la.8 148 223 3585
9, Vadayar . Clay 3.5 858 4.9 1.6 165 230 3410
Maan 3.8 8.7 4.0 16.7 140 194 3862

29
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followed by Puraksd I, Exchangeable iron varied from 145 ppm
at Karumadi III to 230 ppm at Vadayar and averaged 194 ppm,
In all the soils the exchangeable iron content was more than
the water soluble iron, Water scluble iron ranged from 121
ppm at Karumadl III to 165 ppm at Vadayar with a mean of

140 ppm. All the solls were predominantly clayey in texture,
However, tha soils from Karumadi I and II were found to belong
to the textural class of sandy clay loam. The cation exchange
capacity of kar!i soll was found to be the highest among the
Kuttanad soils and ranged from 13.8 cmol(+)kg'l at Karumadi I
to 18.8 at Mundar with a mean of 16.7. Karl solls registered
appreciably high contents of organic carbon ranging from 6.3
per cent at Karumadl III to 10.5 per cent at Purakad I followad
by 10.2 per cent at Thottappally I and'avaraging 8.7 per cent.
All the samales were highly scidic with pH values ranging from
3.2 at Thottapally I to 4.0 &t three sites-Karumadi III,
Purakkad IT and Thotitapally II. Mean pH of the karl soil was
found to be 3.8. S5imilarly, all the samples recorded high
electrical conductivity values ranging between 3.0 and 5.2
dsm~! with a mean of 4,0 dSm~l. Mundar soil recorded the
highest conductivity while Purakkad II and Thottapally II
solls the lowest.

Table 6 provides the results of intercorrelations between

some of the physlcc—=chemical properties of the karl soil and
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forms of iron contained in them. It was noticed that signi-
ficant negative correlation oxisted between the pH of the
soll and water scluble iron (r = =0.6110). Exchangeable iron
was also significantly and negatively correlated (r = ~0.6327)
with pH. Water soluble iron and electrical conductivity of
karl soll were positively and significantly correlated
(r = 0,6740). Active iron content of the kari scil was signi-
ficantly and positively correlated (r = 0.9554)} with organic
carbon.
Karapadom soil

Table 4 presents the data on gome of the physico~-chemical
characters of typical karapadom solls of Kuttanad collected from
12 different locations.

As with kayal and kari solls, the karapadom soil also
contained appreclable amounts of actlive iron ranging from
1450 ppm at Monkompu I %o a maximum of 3980 ppm at Edathwa X
with a mean of 2683 ppm. Exchangeable iron varied from 130 to
310 ppm with a mean of 197 pom. Thakazhi II solls had the minimum
exchangeable iron while Kidangara had the highest content. In
all the soils studied the exchangsable iron content recorded
highor values than water soluble 1ron. The water soluble iron
content varied from 79 to 121 ppm with a mean of 10l ppm.
Moncompu I soil recorded the lowest water soluble iron and

Monkompu II racorded highest content. All the soils wore



Table 4. Forms of 1ron in the surface layers of kaorapadom soils in relation to their
physico-~chemical properties

) Organic E].ec;:.ri- _Eorms of iron (ppm)
31 . Soil carbon ong o Wator EXChahe
0. Location group Texture pH (g:ﬁt y tivity CEC s‘o)i.\;n geabla Active
(a8n™)  (cmol(+) kg)

1. Ambalapuzha Karapadom Clay 4.2 4.2 2.4 12.0 T 10 203 1816
2, Vezhapra .e Clay loam 4.4 4.9 1.9 11,5 24 190 192%
3. Monkompu I . Clay loam 4.9 3.9 1.3 15,8 79 161 1460
4, Monkompu IT . €Clay loam 4.3 6.3 2.4 14.2 121 170 2354
5, Thalavady I 0 Clay loam S.0 5.8 0.9 9.8 110 2489 3010
6. Thalavady II " Clay loam 4.5 2.9 1.8 15,2 98 165 3909
7. Edathwa I 5 Clay 4.8 10.} 2.0 15,5 97 220 3980
8. Edathwa IT . Clay loam 4.5 6.0 2.5 12.0 120 155 2034
9, Thakazhi I »s Clay loam 4.9 10.0 2.8 16.2 84 154 3920
10, Thakazhi I o8 Clay locam S.l 6.1 1,1 17.0 89 150 2284
11, Neaerettupuram ™ Clay loam 9.5 3.7 0.8 10,5 89 243 2190
12, Kidangara . Clay loam 5.0 8,0 0.8 8.0 115 310 3308
Mean 4.8 6.7 1.7 13,1 101 197 2683

TL
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either clayey or clay loam with pH values varying between 4.2
and 5.5 with a mean of 4,8. Ambalaouzha soil recorded tha
lowest pH while the soll from Neerettupuram had the highest
pH. The cation exchange capaclity of Karapadom soll varied
betwsen 8,0 and 17.0 cmol{+)kg™ with a mean of 13.1 cmol(+)kg™t
of the soll. The soll from Kidangara recorded the lowest CEC
and Thakazhi 1I soil the highest. The contents of organic
carbon ranged from 3,9 per cent in Monkom»u I soil to 10,1
per cent in the soils from Edathwa I with a2 mean of 6.7 per
cent. The electrical conductivity values were found to be
comparatively lowar than those of kayal and kari soll , with
a minimum of 0,8 asm™t recorded by the solls from Neerottu-
puram and Kidangara and maximum of 2.8 dsm! recorded by the
soil from Thakazhi I.

Table 6 provides results of intercorrelation between
physico=thsmical properties of the karapadom soil and forms
of iron. It was found that pH and water soluble iron were
negatively correlated but was not significant. Significant
positive correlations, however, existed between active iron
and the corcanic carbon content (r = 0.9600) of the soil.
The exchangeable iron was significantly and negatively corre=-
lated with the catlon exchange capacity of the soil (r==0.8052),

Water soluble iron was negatively correlated with catlon
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exthange capacity but was significant at 10 por cent level
only (r = =0,5316). Exchangeable iron and elactrical conduc-
tivity were also negatively correlated (r = -0,5886).

A comparilson of these three soil types with respect to
their physico=-chemical progerties and forms of iron and their
contents ({Table 5) indicates that the pH of karl soil was
significantly less than that of the kayal and karapadom soils.
Kayal and karapadom soils had the same pH status. It was also
found that the organic carbon content of kari soil was signi-
ficantly higher when compared to karavadom and kayal soils
which did not significantly differ. Electrical conductivity
was also significantly higher for the kari soil followsd by
kayal and karapadom soils which were on par, The cation ex=
change capacity of karapadom soll was significantly low com=
oared to kari and kayal soils which were on par. Among the
three soils kari soll had the highest CEC, Karl soil recorded
significantly higher contents of water soluble iron while no
significant difference could be seen between the kayal and
karapadom soils. Among the three solls the karapadem soll
had the least content of water soluble iron while the kayal
so0il had the least content of exchangeable iron and active
iron., Exchangeable iron did not diffor significantly among
the three soils., Similar to water scluble iron, the active
iron content of karl soil was also signiflcantly high compared
to kayal and karapadom soils which did not differ significantly.



Table 5., Comparison of Kuttanad surface soils with respect to physico-chemical
properties and forms of iron: Mean values

Organic Electri- Iron {ppm)
Sotl tyee i ?‘Egg:’; 2‘1’5‘3”:"" o solve 5’53‘3?2‘ Active
(dSm'}i) (cmol{+)kg™) ble
Kayal 4.47 6,42 2,43 16.07+  114.17 175,17 2605.50
Kari 3.77 8.7 3.97 16.66 140,44 193,67 3862.33
Karapadom 4,76 6,73 1.69 13,14 100.50  197.42 2633.00
F,, 24 19.26%% 3,00% 14,78 5.66%%  20,20%% 0,67ns 6,04%¢
CD kayal vs kari 0.40 1.9 1.04 2,76 15,56 42,39 953,81
CD kayal vs karapadom ©0.38 1,89 0.98 2.62 14.76 40.41 906,76
CD kari vs karasadom  0.33 1,67 0.87 2,31 "13.02 35,63  799.68

#* Significant at 5 per cent level
# gignificant at ! per cent lovel
ns Noi significant

bl



Table 6. Correlation between the physico-chemical properties of Kuttanad surface soils with farms of iron

Chemical Kayal [n=6) Kari (n=9) Karappadom {n=12) Kuttanad soil {n=27)
properties Iron (ppm) Iron {pom) Iron (ppm) Iron (ppm)
Water Exchan- Water Exchane Water Exchan- Water Exchan-
soluble geable Active soluble geable Active solubla geable Active soluble geable Active
pH -0,8136** 00,1503 00,3483 -0,6110*% =0,6327% ~0,5553 -0,4810 00,3749 0.1418 =0,E464%%% 0, 0870 =0,4314%*
Organic
carbon -0,2327 0.4389 0,979g#%% 0,2355 0.6480% 0.9554%+# .0,0610 0,0480 Q,9600%%%  (Q,3443% 0.2030 0,5429%%*
Electrical
conduocti- 0.6151 0.1826 0.6397 0. 6740#% 0._.4274 0.1i28 0.2079 =0,5886%#% 0, 1425 0.7770%x* .0, 1046 0.52)15%%%
vity
CEC 0.6602 =0.2207 =0.4148  0.1162 0,4353 -0,4780 ~0 5316# -0,8052#x» 0.1463 0,3528%  -0,4574%% 0,1328
* Significant at 10% level
L1 Significant at 5% level

wre Significant at 1% level

n Sample size

GL
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Table 6 contains the results on the intercorrelation
betwean the physico-chemical properties and iron content of
the 27 Kuttanad surface soils considered together. Both water
soluble and active forms of iron contents showed significant
negatlve correlation with pH, the former at 1 per cent level
(r = =0.8464) and the latter at 5 per cent level (r = =0,4314),
The active iron content was significently and positively corre=
lated with organic carbon at 1 per cent level in all the three
soils of Kuttanad (r = 0.9429)., Positive correlation also
existed between the electrical conductivity and the water
soluble iron (r = 0,7770) and active iron (r = 0,5215). The
catlion exchange capacity was found to be significantly and
nagatively correlated at 5 per cent level (r = =0,4574) with
the exchangeable iron content of the soil.

Distribution of forms of iron in the soil nrofiles in relatio

to the physlico=chemical properties

a) Physico=chemical features of the soil profiles

Data relating to the physico=chemical characteristics
of the profiles of the kayal, karil and karapadom soils of
Kuttanad, sandy soils of Onattukara and midland brown hydroe
mornhic soil from Kottarakkara, and depth=wise distribution
of forms of iron in these soil profilegfire presented in Tables

7(a) and 7(b) and Fig . 2 to 5, Table 8 provides data on the



Table -~ 7 ® Fhyslco~chamical characteristics of the soil (Profile)
Coarse 83t Clay Organic Electrical
gc,;: st’gglcation) KOs (em) pand E(‘Ij;r; igg {per  (per 3 CARBH  condyce
{(Por cent) cent)} cent) (H,0) (Per ti.vity_i
cent) (38 m =%
1 Rayal I 1 0=25 0462 43,75 35,25 12,45 4.4 3,9 4.5
{srecHoolam
Kayal) 2 25«50 0.60 43,62 33.60 15,00 4.2 4,5 4.0
3 50=75 . 0.80 47.40 21,00 22,50 4.0 4.5 4.0
4 75-100 0,80 48450 18,50 23,50 4.0 4.5 4,0
2 Kayal I 5 D=25 1.20 51.38 32,52 728 54 4,1 246
(Chithira Rayal)
1) 2550 0.30 56,09 26422 7.03 5.6 4,1 245
7 50=75 0a92 57.00 30,00 5.02 4.5 4.0 2.3
8 75-100 1.10 55.00 31,80 4.74 4.4 4.1 2.5
3 Reri X
(Purakad) 9 0=25 1.80 7420 18,20 59,03 3.8 8,3 3.0
11 50=75 2,30 5.94 16.10 58,30 4.0 9.7 2.9
12 75=100 4250 1.32 15,90 20,70 3.4 10.4 3.5 ~3



Clay

Organic Electrical

Coarse
sle So0il type Depth Finc sand Silt ?n -
No. Qocatlom) ¥ e (2900, (Per cem) (rer cont) GF, mp00 FE W
- cent) (&8s m -1
4 Xardi XTI 13 Q=25 6420 8460 10.60 §1.50 3.5 12.6 4.1
(Mundar)
14 28«50 10.50 8490 10460 © 48,50 3.5 12,8 4.2
i5 50=73 50,40 10,20 | 10,98 21.85 3.5 10.5 4.6
i6 75100 59.50 D425 10,50 17,90 3.1 2.1 4.8
5 Xarzpadom I 17 0=25 2.00 31.60 45,20 10,30 4.9 5.8 3.5
(Thakazhi)
18 25«50 1.80 334,40 22450 - 364,50 3,7 2.4 4,3
k2] 50=75 1.%0 35.20 11,10 - 39.40 3.8 4.1 4.8
20 75=-100 2,00 38,40 9.20 42,10 3.9 4.0 4.7
2] Karapadom IT 21 0=25 30450 15.50 4460 38,90 5.3 5.1 3,1
(Edathwa) i
22 25=50 _58.20 23.60 8.00 5,00 5.1 2.4 3.4
23 50=75 59,20 22,20 S«00 7.00 5.7 243 2.7
24 75«100 59,50 20.10 7.00 BeSO 546 | 2.4 3.0

8L



Coarse Siig¢ el Organie Electrical
5. Soll type Depth Fine sand Clay -
Ho.  {location) Noe  “tcm) sand (Per cent) (Pex (Per (H.O) cazbon conduc

(Par ceat) cent) "oy - 2 (ggrnt) (dtév:;qi N

b § Sandy 25 0=25 14.20 45.80 25400 11,10 5.9 1.2 0.5
Onattokara

{(xxrishnapuran) 26 25=50 3,10 46,00 27400 15,02 5.0 1.4 0.4

27 5075 3.20 4Bl45 26.50 16,50 5.7 200 Oed

28 75=100 2,60 42,10 28.50 20,00 3.7 2.0 0.6

8 Rrown hydro- 29 0=25 16,20 16.50 25,56 37.00 51 3.9 1.3

%?tgrmam:a:a) 30 25=50 14.80 12.60 23.12 44,00 5.3 4.2 1.1

31 50=75 14,00 1260 23,00 45,00 5.3 4.0 1.0

32 75«100 12,60 11.10 22,80 4B,50 5.2 3,7 1,2

474



80

nmean values of each proiile of the concerned soll tyos and

Table 9 provides data on the mean values for each soill type.

a. Physico~chemical features of the soil profiles

1) Size fractions in the soil

1. Coarse sand

The coarse sand content differed significantly in
profiles sampled from different locations. However, no signim
ficant difference was seen between depths. The coarse ssnd
content of the kayal soil profile was the lowest and was not
signiflcantly different from that of the kari, karapadeom,
sandy and the brown hydromorphic soil profiles. However,
Proflle II of karl and Profile II of karapadom had high coarse
sand contents. The highest mean content of 51.8% per cent

coarse sand was seen in Profile II of karapadom soil (Table z)

11, Flne sand

Both tha profiles of kari soll recorded tha lowest
contents of fine sand and were on par. The kayal and korapadom
soil Profiles and the sandy soil profile had high contsents of
fine sand., Among the profiles, the Profiles I and II of kayal
had the highest fine sand content (45.82 per cent and 54,87
per cent respaectively), followed by Profile I of karapadom
with 35,65 per cent. However, in kayal and karapadom soil
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profiles. location wise difference was also seen. Depth wise

differonce was not noticeable,

iii, silt

Profileg I and IT of kayal soil, the sandy soil profile
and the brown hydromorphic soil profile were not significantly
different, Silt content in these profiles was significantly
higher when compared to Profiles I and II of karl and the
Profile II of karapadom goils. The Profiles I and IX of kari
were also similar in their silt content. Highest silt content
was found in the Profile II of kayal soil and least in the
Profile II of karapadom soil,

iv. Clay

Clay content was not significantly different in the
different locations of tho kayal, kari and karapadom soils.
Howesver, the clay contents in kayal soil, karapadom soil
Profile II and the sandy soll profile were significantly low.
Highest clay content was seen in the Profile I of the kari
soil and least in Profile II of the kayal soll.

Chemical properties
1) pH

The lowest pH was recorded by both the profiles of kari
soil (3.8 and 3.4) and was on par with Profile I of karapadom
soil (3.6). Sandy soils had the highest pH (5.6). Significant
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differance could be noticed between the profiles of kayal,
karl and karapadom soils. However, the sandy soil profile
and the Profile II of karapadomimgre on par. Profile II of
karapadom soil and brown hydromorphic soil profile, Profile I
of kari and Profile I of karapadom soil and Profile II of

kari were also on par.
11) Organic carbon

The organic¢ carbon contents of Profiles I and II of kari
soll were significantly high. These two profiles recorded the
highest mean organic carbon content (9.2 and 9.4 per cont rose—
pectively) and were on par. However, ProfilesX and II of
karapadom soil wore not similar in their organic carbon cone
tents. In Profile II of karapadom soil organic carbon was
significantly low. Sandy soil profile had ths lowest mean
organic carbon content {1.65 per cent) which was significant.
Compared to the Profile II of karapadom soil and the profile
of sandy soil the organic carbon contents of all the other

profiles were higher,
1i4) Electrical conductivity

Electrical conductivity value was highest in the Pro=
file II of kari soll amd Profile I of karapadom soil and were
on par. These were significantly higher compared to others.
Profile I of kari and Profile II of karapadom were also on
par, Sandy soil profile had the lowest electrical conducti-
vity and was significantly low.
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b. Forms of iron in the soll profile

{1} Total iron

From the data presentad in the mean Tahbles 8 and 9 and
figures 2 to 5 it could be seen that the total iron content
decraased with depth in both the kayal soill profiles, Profile
II of karl and Profile I of karapadom soil. In Profile I of
kari, Profile II of karapadom and the profiles of sandy and
brown hydromorphic solls increases were noted though not
appreciable. The total iron content in the kayal soil pro=-
flles varied from 4,93 to 10.8) per cent with a mean value
of 6,93 per cent. In the karl soil it ranged between 3.57 per
cent to 6,84 per cent (with moan of 4.66 per cent) while in
karapadom soil it wvaried between 3.14 per cent and 7.66 per
cent with mean content 5.15 per cent, From the mean value
Table®it was clear that sandy soil had the least contant of
total iron (1.8 per cent), while kaysl soils had the highest
content, which however appreciably decreased with depth, The
total iron in the brown hydromorphic soil was found to vary

batween 5.4 and 6.6 per cent, with a mean of 5.35 per cent,

Mean Table 8 indicates that Profiles I and II of kayal
soll and Profile II of karanadom soil were on par and recorded
the highest content of total iron. Profile II of karanadom

soil and the profile of brown hydromorohic soil were on par.



Tablae - 7 b Depth wise distributdcn of iron in soil (Profiie)

81, Soil type Pro- Smaple Iron {pmm)
Ho. (locatian) £llo SFPICS gonpy Total irom
() s‘gi&aei o Dxchangesble  Active
i Kayal
(Sree Moolam kayal) I 0=25 8.52 135 274 2820
2 25=50 G086 i85 359 3016
3 S50=75 €.58 204 3120 343z
4 75~100 G432 195 302 3566
2 Kayal
(mﬂ]’.ra kayalb IZ 5 0"25 :’.0&80 105 336 2920
& 25-50 6456 141 3z2 2810
7 50=75 5.25 214 348 3434
8 75-100 4495 225 354 3584
3 Kardl
(Purakad) T 9 625 5.77 124 238 4682
10 25«50 5.30 210 255 4540
11 50=75 2.42 225 276 3624
12 75=100 6.84 198 243 4982

re



Si. Soil type Bro= Sample  poeay aron Zron (ppm)

Samples depth
Ho, (iccation) file (cm) (Per cent) sﬁ%ﬁ%{e Exchangeable Active

4 Raxl
(Mundar) Ix 13 Qw25 8.70 132 298 4715
14 25=50 3.67 145 290 4740
s S50=T75 3463 200 275 4812
16 75=100 3.57 190 330 5216
5 Karapadon
(Thakazhd) I 17 COm25 4.10 110 278 2820
18 25=50 5.00 130 396 3432
19 50=75 3.14 172 354 3616
20 75=100 3420 193 399 3750
6 Karapadom
(Edathva) i 21 De25 4.26 135 320 2912
22 25=50 G095 3198 an 3630
23 50«75 7.66 124 168 2832

24 75-100 685 120 175 2660



Sample Iron (ppm)
si. Soil type Pro~ Total iron
Samples  depth
Noe (location) £ile (cm) ({Per cent) sgggge Exchongesble Active
7 Sandy X 25 0=25 0,92 é 22 212
Onattukara
{&rishnapurarn) 26 25«50 1.28 12 134 414
27 50=75 2402 64 212 672
28 75=100 2.86 57 210 695
§ Brown hydromorphic I 29 0=25 Seé 23 146 1640
{Kottarakkara) .
30 2550 5.6 14 119 2080
31 50«75 5.8 15 121 2104
32 75=100 6¢06 14 135 2122

a8
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Fig.2 YARIATION OF TOTAL JRON CONTENT WITH 501 DEPTH(vide TABLE 7b)
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The mean iron content was least in the profile of the sandy
soil and was significantly less compared to the others. Pro=
file II of karapadom soil recorded high content of total iron
in comparison with Profiles I and II of kari soll, Profile I
of karapadom soil and the profile of the sandy soil.

(11) Water soluble iron

Water soluble iron was found to vary between 105 and
22% ppm in the kayal, 124-225 ppm in kari and 110 to 198 ppm
in karapadom soil profiles. This form of iron recorded an
increase with depth in all the wet land rica soil profiles of
Kuttanad oxcept karapadom soil Profile II. The pattern of
increase, howaver, slightly varied. Among the Kuttanad solls,
kayal scil Profile II had the least content of 105 ppm water
soluble Fe2+ saen on the surface, while kayal soil Profile I
and karapadom soll Profile II registered the highest surface
contents of 135 ppm, followed by kari soll Profile II with
132 ppm Fo2', 1t was noticed in Table 7(b) that the Profile
II of karapadom soil alone, howasver, showed décreases with
depth, though not appreciably. It has to be noted from
Table 7 a that this profile has registered increased pH with
depth and decrease in the organic carbon content from 5,1 at
the surface to 2.4 per cent at 75=100 cm depth. The mean con=
tent of water soluble ivon in tho two profiles (Table 9) was,
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however, highest in kari soil amountling to 178 ppm, followed
by kayal soil with 176 ppm and karaspadom soil with 143 ppm.
Among the sandy Onattukara and brown hydromorphic paddy soil
profiles, water soluble iron was, In general, low, In the
sandy soil proflle, the F02+ content increasod from 4 ppm on
the surface to 57 ppm at 75=100 cm depth while in the brown
hydromorphic soll profile the water soluble iren fell from
23 ppm on the surface to 14 ppm down the profile at 75100 cm
depth.

Mean Table 8 indicates that the water soluble iron was
significantly different in the different profiles. Depthwise
differences were also noticed., Water soluble iron was found
to increase with soil depth upto B0=75 cm and then a slight
decrease was noticed at 75100 cm depth, Howsver, there was
no difference in the water soluble iron content at 50=75 and
73100 cm depths. In sandy soil and brown hydromoxrphic soil
the mean content of water soluble iron was significantly low
with the least mean content {17 ppm) 4n brown hydromorohic
soll. No significant difference could be noticed between the
two proflles of kayal soil and betwean the two profiles of
karapadom soil, while in the kari soll the water soluble Fe'r
in Profile IXI was significantly less compared to that in

2+

Profile I. Highest mean water soluble Fe“ was noticed in



Table B. Physlico-chemical properties in relatlon of forms of iron in soil (Profiles): Mean values

s1 Pro~ Coarse Fine Silt Clay Organic Elec. Total water Exchan- Active
No- Soll type flle sand ~ sand {per {per pH carbon cond, iron solu- geable iron
. Yp Num- (per (per cent) cent) (per -1 per ble iron
ber cent) cent) cent)  (d9m ™) cent) iron
(ppm) (pom) (ppm)
1. Kayal soil I 0.705 45,817 27,088 18,362 4,150 4,350 4,12% 6.945 180,25 311.25 3208,%50
{Sreemoolam kayal)
2. Chithira kayal II 0.880 54,868 30,135 8,518 4,975 4.075 2,475 6,915 171,25 340,C0 3187.60
(Chithira kayal)
3. Kari soil 1 12,150 5,145 17.075 49,258 3.775 9,225 3,100 5,583 189,25 253,00 4457,00
(Purakad)
4, Kari soll II 31.650 9,238 10.670 34,538 3.400 9.425 4,425 3.643 166.75 298,25 4870,75
(Mundar)
5, Karapadom soil I 1.925 35,650 22,000 32,075 3,.57% 4,075 4,325 3.5660 1%51,.2% 356,50 3404.%0
(Thakazhi)
6., Karaoadom soll II 51.850 20.350 6,400 14,930 5,425 3,050 3.050 6,430 144,25 258,50 3008. %0
(Edathwa)
7. Sandy soil I Te275 45,588 26,730 15,695 3.575 1.650 0.300 1.770 34,25 144,50 498,25
(Onattukara)
8. Brown hydromorohjc I 14,400 13,200 23,620 43,625 5,225 3.950 1,150 5,850 X6.50 130,25 1986,50
so}
(Kottarakkara)
FT’ 21 B8,200%"% 214 188%% 6,958%% B 275k 15, 20]1%% 8, 277#% 92 OO8RE 7, 363%% 2] ,£90%* 9 ,256%% {4,637
CcD 18,531 3.530 9,372 19,075 0.646 2,684 0,448 2,008 42,355 8l.724 500,368

*= Significant at 1¥ level

68
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Profile I of kari soil (189 pom) and least (17 ppm) in the
brown hydromorphic soil.

(314) Exchangeable iron

As in tha case of water soluble Fez*

» exchangeable iron
also recorded an increase with depth in all the wet land rice
soll profiles of Kuttanad, except karapadom soil Profile 1.
The surface content of exchangeable iron was least (239 ppm)
in kari soll Profile I, while it was highest (336 ppm) in
kayal soil Profile II, followed by karapadom soil Profile IIX
with 320 ppm. In karapadom Profile I, the exchangeable iron
droppad from 320 ppm on tha surface to 173 ppm at 75<100 cm
depth. The exchangeabls iron varied from 168=-393 ppm in
karapadom soil profiles, from 238 to 330 in the kari soil
profiles and from 274 to 359 ppm in kayal soll profiles with
mean contents of 308, 277 and 326 ppm resgpectively. Sandy
soil profile ragistered tho lowsst content of 22 ppm exchane
geable iron on the surface layer and this increased upto 212 ppm
wlth deoth. In the brown hydromorphic soil profile, however,
exchangeable iron showsd dacreasing trend with depth. From
the mean value Table 9 it is clear that kayal soil had tho
highest content of 326 ppm exchangeable iron, followad by
karapadom soil profile with 3089 ppm. The brown hydromorphic
soil had the least exchangeable iron content of 130 ppm, It
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Table 9. Mean content of different forms of iron in soils (Profiles)
Organic Eleg. Forms of iron
bon conduce
Sl. Samp= pH car Total Water Exchan~ Active
No. Soil type les (H20) éggi) t1VitV (por solu~ geable
(asm™ ) cent) ble
(ppm) (ppm) (ppm)
1. Kayal 8 4,0=5,6 3,9=4,5 2,3=4,5 4,95=10.80 105225 274-359 28310=3584
(4.6) (4.2) (3.3) (6.93) {176) (326) (3299)
2., Kari 8 3,1=4,0 2,1=12,6 2,%=4,8 3.,57=6,84 124225 238=330 3624-=5216
(3.6) (9.3) (3.8) {4.66) (178) (277) (4672)
3. Karapadom B 2,8=0.7 2.3=5,8 2,7=4.,8 3,14=-7,66 110=-193 168=398 2660~3730
(4.5) {3.6) (3.7) (3.15) {143) (308) {3207)
4, Sandy 4 5,0=5,9 1l.2«2,0 0.4=0.6 0.92=2,86 AuB7 22=212 212=672
{3.6) (1.63) (0.5) (1.77) (34) (145) (a98)
S5, Brown 4 5,1=5,3 l.7=2.2 10=1.3 5.,40=6.60 B 23 119=146 1640=2122
hydromorphic (5.2) (2.0) (1.2) {5.85) (17) {120) (1987)
type

Figures within paranthesls indicate average for the soil

16
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was also noticed that the exchangeable Fe2+ content was

invariably higher than the water soluble Fe2+.

Mean Table 8 indicated that the exchangeable iron
content was highest (357 ppm) in Profile I of karapadom soil
and lasast (145 ppm) in sandy soll profile. Profile wise
difference was noticed in the kayal and kari solls, Depth

wise difference could not, however, be seen.
(1v) Active iron

Active iron content varicd from 2810 to 3584 ppm in
the kayal soil profiles, from 3624 to 5216 ppm in the kari
soil profiles and from 2660 o 3750 ppm in the karavadom soil
profiles with mean valuss of 3198, 4572 and 3207 ppm respeCw
tively (Table 9). From the mean value Table it is clear that
kari soil has ‘the highest content of active iron, followed
by karapadom and kayal soils., The active iron contont in
sandy (Onattukara) soil ranged from 212 ppm on the surface
to 695 pom at the 75-100 cm depth, while in brown hydromorphic
soils 1t ranged between 1640 on the surface and 2122 opm at
lowex depths studied, registering a mean content of 1987 ppm.
The least active iron content (498 ppm) was noticed in the
sandy soil. The actlive iron content progressively increased
with depth in all the soil profiles,except Profile II of
karapadom soil where a decrease from 2912 to 2660 ppm was

noticed,
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It was noticed from the mean Table 3 that the highest
active iron content was in the kari soil profiles (mean 4457
and 4871 ppm) and minimum in sandy soil (498 ppm). Profile-wise
differonce could not be seen in kayal soil, while in kari and
karapadom soils there was difference. However, no significant
difference could be seen in the Profiles I and II of kayal and

karapadom soils.

Incubation of solls under floodod conditions with added

amendments and thelr sffact on iron solubilisation

The results of the incubation study of soils carried out
under laboratory conditions using kayal, karl and karapadom
soils of Kuttanad and brown hydromorphic paddy soil from
Kottarakkara for a period of 90 days maintained under the
submerged conditions are presented in Tables 10 to 27 and
graphically i1llustrated in Fig, 6 to 12, The major physico-
chemical characteristics of the surface solls used for the
{ncubation studies are presented in Table 1{a).

(1) Influenco of sea water submergence on the reloass of Feo

Data relating to the influence of sea water submergence
on the release of F92+ from soils are presentad in Tables 10
tc 15 and Fig . 6 to 8, Mean values are given in Table 14,
Fig. 6 relates to iron release from the four soils when sube

merged under water (comtrol). The Tables and the Fig ., indicate
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that sea water submergence can release Fo2t in to soll solu-
tion. The extent of Fezy release progressively ilncreased
with increasing concentration of salt water. Accordinaly,
sea water mixed with water in the ratlo 25:75 released the
least Fezf while sca water without any dilution could release
the maximum Fe2+ from the soil. Kari, karapadom and brown
hydromorphic soils werae found to release maximum iron during
the samoling on the 25th day of submergence while kayal soil
continuad to release F92+ up to the 40th day, after which

progressive decreases were noticed,

Kayal soil

Table 19D and Fig. 7anvovide data relating to iron
release from kayal soll under the influence of sea water sub-
mergence. The Table and Fig. indicate that the rate of role=
ase of F92+ decreased with increasing dilutions of sea water
and that sea water submergence resulted in the maximum release
of 1868 ppm F92+ around the 40th day of submergence which
decreased to 706 ppm on the $0th day. Submergence with water
itself (control) resultad in progressive increases in the F92+
release attaining a peak value of 420 ppm on the 23th day,
which later decreased and reached the level of 100 ppm on the
90%th day of submergence, Mixture of 23 per cent sea water and

73 per cent water used for submorgence of the soll released



Table 10, Influence of sea water submergence on the release of iron (ppm} (kayal soil)

S1., Treatments Period of submergence - days
No. Sea water: Water
mixture 0 5 10 25 a0 52 7 90

1, Control 02100 45 120 416 420 268 130 121 100
2, 25:75 45 175 350 720 940 645 456 292
a. 50250 45 220 385 700 1202 700 605 540
4, 73225 45 270 496 754 1605 1303 704 603
5. 100:0 45 330 480 856 1868 1693 905 706

Table 1l. Influence of sex water submergence on the release of iron (ppm) (kari soil)

Sl. Treatments Period of submexrgence = days
No. Sea water: Water

mixture 0 5 10 25 40 50 73 20
1. Control 0:100 65 235 384 320 192 120 98 58
2, 25:75 65 3%0 545 690 475 500 340 350
3. 80150 65 400 610 288 752 555 495 450
4, 75225 65 540 675 1080 950 692 605 545

S 100:0 65 585 800 1825 1305 720 650 575
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940 ppm Fe™ on the 40th day which dropped to 292 ppm on the

90th day of submergence. Mixture of sea water and water in

the 30:50 ratio caused further ralease of Fe2+

amounting to
1202 ppm on the 40th day while 73:25 mixture of sea water and
water released a maximum of 1605 ppm during the same perlod,
after which it got reduced when the submergence was continued
with the sea water of the same composition up to 90 days, The

2+ ralease during different periods of sube

nean values for Fe
mergence also indicated the same trend with maximum release

of 1177 ppm F92+ on the 40th day.
Kari soil

Data on the influesnce of sea water submergence on the
iron releasas from karl soil with time are furnished in Table
11 and Fig, 7b. Untreated control ,where water was used for
submargence, gave the peak release of 384 ppm Fe2+ even on the
10th day of submezgence whlch decrgased to 38 ppm on the 70th
day. Mixturesof sea water apd water used for submergence
were found to result in further incrsases in the Fe2+ release
dopending on the concantration of ions, Sea water as such
used for submergence released a maximum of 1823 ppm Fe2* in
25 days which later subsided to 575 ppm in 90 days. Mean
values for the Fe2* release with period of submergence indica-

2+

tedomaximun of 961 ppm Fo“ released on the 25th day.
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Karapadom soil

Data relating to the iron release from karapadom soil
under the influence of sea water submergence are furnished
in Table 12 and Flg. 8a When the control had released a maxi=
mum of 448 ppm Fezk on the 25th day of submergence with subze~
quent gradual decreasa to 83 ppm on the 90th day, sea water
submergence rosulted in the peak release of 1241 ppm F92+
during the same period which later gradually dropped and
reached 340 ppm on the 90th day of submergence. It was also
notlced that appreciable releases of iron-occurred particularly
with dilutions of sea water at 50230 and above. Mean values
for F92+ with perlod of submergence revealed maximum release

of 938 ppm F02+ on the 25th day.

Brown hydromorphic soil

Data relating to iron release from hrown hydromorphic
soll as influenced by sea water submergence with time are
prasented in Table 13 and Fig, 8p. It 1s seen from the Table
that sea water submergence had hastened the iron release from
the soll and the rate of release increased with the perlod of

submergence upto 25 days when the peak release of Fe?¥ occu=

rred, In the control the psak relecase of P92+

amounted to
736 ppm which later decreased with time and attalned a level

of 105 ppm on the 90th day of submergence, The rate of release of



Table 12. Influence of sea water submergence on the release of iron (ppm)
(karapadom soil)

51, Treatments Period of submergence = days
No. Sea water? Vater

mixturs 0 5 10 25 40 50 75 90
1. Control 0:100 56 260 416 443 160 128 110 88
2. 25273 %6 300 505 642 475 302 285 305
3. 50150 56 845 728 83% 756 403 270 252
4, 7512% 56 550 775 1002 985 820 350 320
Se 10020 56 530 834 1241 1228 902 500 340

Table 13. Influence of sea water submergence on the release of iron (ppm)
(Brown hydromorphic soil)

8l. Treatments Perlod of submdérgence = days
No. Sea water: Water

mixture 0 3 10 23 40 50 73 90
1. Control 02100 25 183 288 736 360 l42 120 105
2. 25375 25 300 440 782 600 305 202 180
3, 50250 25 202 375 356 630 270 220 215
4, 75325 25 335 470 1054 720 380 295 280
S. 10010 25 338 496 1260 1070 A95 380 302

¢6
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F92+ in the treated soils varled according to the comoosition

of saa water used for the submergence. As wlth the other
soils, sea water: water mixtures appeared to have released
iron roughly in prosortion to the concentration of the salt.
Sea water used for submergence roleased a maximum of 1260 ppm
F92+ on the 25th day which gradually decreased with further
periods of submergence and reached 302 ppm on the 90th day.
Mean values for Fe2+ on different periods of submergence
indicatedzﬁaximumibsa ppm F92+ releaséd on the 25th day,

Amonyg the different Kuttanad solls, 1t was noticed that

2* on the 40th

kayal s0ils released the maximum of 1858 ppm Fa
day of submergence followed by karl soll with 1825 ppm Fe2¥
and karapadom soll releasing the least F92+ {1241 ppm) on the
25th day of submergence with sez water, Under simllar condie
tions, brown hydromorphlic soil had also released 1260 ppm F32+.
It has to be noted that the Fe2+ releoase on the %0th day did
not decrease to much lower values. This is probably due to
the continued influence exerted by the lons stlll present in

the soll solution.

Mean Table 14 brings out the results of interaction
batween soil type x level of treatment x period of submergence.
It was noticed that under the conditions of sea water submere

gence the kayal, kari and karapadom solls released signifie



Table 14, Effect of sea water submergence on the release of iron in the different soil types : Mean values

{1) Soil type x Level of treatment

{11)

Soll type x Period of submergence

51. Composition of sea water Period of submergence - days M
No. Soll Mean Soll ean
0 25% 50% 75%  100% 5 10 25 40 50 75 90
1, Kayal 203 453 530 723 867 559 Kayal 43 233 425 690 1177 895 558 448 559
2, Karl 184 414 527 644 824 519 Kari 65 422 603 961 735 531 438 396 519
3. Karapadom 208 359 483 607 714 A74 Karapadom 56 449 656 838 720 511 303 261 474
4, Brown hydro- 245 354 349 445 552 289 Brown 25 281 414 938 676 318 243 216 389
morphic hydro-
morphac
Mean 21 395 477 605 739 Meaan 48 346 524 856 827 564 386 330
{1ii) Level of treatment x Period of submergence
Sl, Period of sub- Composition of sea water Mean
No. mergence - days &
0 25% 50¥ 73% 100%
1. 0 48 48 48 48 48 48 CD at 5% for Soil 54
2. 5 199 281 342 424 486 346 vs»  for Treatment 60
3. 10 376 460 525 604 658 524 »s for Period 76
4, 25 481 709 825 973 1296 856 »» for Soll x Treatment 120
5. 40 245 623 835 1065 1367 827 »s for Soll x Peried 152
6. 50 130 438 482 799 971 564 y»Treatment Level x Perlod 170
T 75 112 321 398 489 609 386
a8, 90 88 282 364 437 481 330
Ylean 210 395 477 605 739

COT
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cantly high amounts of F92+ over the hrown hydromorphic soil.
Karl and karapadom soils were on par, highest mean release of
F92+ resulted in kayal soil but was not significant. However,
between kari, kayal and karapadom solls there was no signifi=
cant differenca. The same trend of significance was noted in
the four soils when submerged under 75 per cent and 50 per cent
sea water levels., However, in the treatment of 29 per cent

sea water submergence and the control, all the four soils bee-

haved similarly.

With regard to ths influence of the period of submergence
of the four soils on Fo2" release, it was noticed that during
the first 950 days of submergence the three Kuttanad soils
roleased significantly higher amounts of F92+ when compared
to brown hydromorphic soils, However, on the 10th day kari
and karapadom soils released significantly more Feg+ than the
kayal and the brown hydromorphic soils and the two were on
par. Period of 25 days submergence resulted in the karil soils

releasing the highest amount of F92+. Though the kayal soil
released lower amount of F92+ than the kari and karapadom
soils t111 the 25th day, it continued to release more Fezr with

signlflcantly hlgh release on the 40th day and thereafter sub-
sided but still continued to retain significantly higher amounts

of released Fe2+ than the other 3 solls till the 75th day.
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However, after the 75th day no significant difference could
be noticed among the four soils. In the kari, karapacdom and
brown hydromorphic soils the subsidence from the peak release
of F92+ was noted after the 2%th day with no significwint
difference among thom throughout the subsidence period. 1In
general, the brovm hydromorphlc soil gave significantly lower
release of F92+ over kayal, kari and karapadom soils which
behaved similarly. Mean values for solls indicated that kayal
so1l released maximum Fe2' {559 ppm) followed by kari soil (519
pom) and karapadom soil (474 ppm), brown hydromorphic soil
releasing the least Fe2t {389 ppm).

Result of interaction between level of tregtment ard
period of submergence revealed that the maximum release of
1367 ppm Fe2+ which occurred on the 40th day of submergence
under sea water was on par with the F92+ release on the 25th

day of submergence, irrespective of the soil type.

The results of quadratic regression of the experimental

data furnished in Table 15 tndicate the maximum days of sube

a+ viould occur in soils

mergence at which peak release of Fe
under the influence of submergence under the sea water of
different compositions. From the Table it is notlced that
kayal soils would need 47 to 51 days for maximum iron release,

and the
karl soils would require 44 to 47 days, karapadom solls would
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Table 15. Days of submergence for maximum release of iren as

influenced by levels of sea water in solls

Soll  Lavel of
type traatment
(S No)

Quadratic regression

Period
(days)

Kayal 1
2
3
4
S5
Kari 1
2
3
4
5
Karapadom 1
2
3
4
5
Brown 1
hydro= 2
morphic
3
4
5

[ - <G K
i

LT L

[t}

it

168,9123+6, 362524X~0, 0868X2
63.28119+31.02302X=0, 3271X2
78.55371+33, 298=0, 3259X %
25, 15979+51, 60518X=0, 5192X>
-4, 714844+63,58787%=0, 6343X

211,3193+2, 394323K=0, 04982
261, 3277413, 8248X=0, 15362

279,5919+20. 6062H=0, 22082
329,4163+26,09402%=0, 2739%%
382,7024+4)., 14287X=0, 4632X2

235, 8378+2, 633776X=0, 0537%2
248, 3495410, 83501X=0, 1248X>
374.6582+16,56353(=0, 2163K%
330.0733+29, 734221, 3520X%
343,7941+37,94739X=0, 44342

155, 8141+12.00292K=0, 1524% 2
207.,6395F17. 12446X=0, 2088K2

= 161.393+19,05146X=0,2217X>

n

228, 6331:+22, 20047X=0, 2594% 2

= 222, 1434+32,53212X<0, 3746X2

37
47

51
50
N

24
45
47
47
44

25
43
38
42
43

39
41
43
48
43

¥ = Period ~ Y = Iron release
* Tables 10, 11, 12 and 13
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require 38 to 43 days while brown hydromorphic soil would
need 41 to 43 days for the peak release of Fe2' under the in-
fluence of sea water of varying compositlons. then the sea
water as such was used fer submergence, the peak relsase of
Fe?* from kayal soll rose to S0 days, karl soil to 44 days and
karapadom and brown hydromerphic soils to 43 days.

Influence of organic matter on the release of F92+

Data relating to the influence of added organic matter
{farm yard manure) on the release of Fe2+ from the kayal, kari
and karapadom solls of Kuttanad and from the brown hydromorphic
solls from Kottarakkara are presented in Tables 16 to 21 and
graphically 1llustrated in Fig . 9 and 10. It was notiged
from the Tables and Fig . that even without addition of orga~-
nic matter, submergence 1tself resulted in enhanced relsase

2+

F92+ as svidenced by the changes in Fe“ concentration in

the soil solution in the contrel. Presence of organic matter

2* 4n

reglstered further increases in the concentrations of Fe
the soil solution, In all the soll types progressive incre=
ase 1in the levels of adddd organic matter caused progressiva
increases in the releass of F92+ with the duration of submere
gence and this continued upto a peak release of F92+ and there=
after deocreased with further periods of submergence. The peak

release of Fez+ was found to be different for different soils.



Kayal soll

Data on the influence of level of organic matter on iron
release from a typical kayal soll under submerged conditions
are presented in Table 16 and Fig. 9a. It is seen in the
Table and Fig. that increased levels of application of orga=-
nic matter increased the rate of iron solubilisation. In
the control, maximum concentration of 420 ppm Fe2+ was ob=
tained on the 25th day of submergence after which the F92+
release into the soil sclution subsided, Treated kayal
soil alone continued to release Fe2* t1ll the 40th day of
submorgence after which the concentration of F92+ in the
soil solution dropped of . The maximum release of 2726 ppm
Fe2+ could be noticed on the 40th day of submergence of the
501l which received organic matter at 8 g per pot of the soil,
being the highest level studied. This concentration of Fez,
howaver, decroased to 161 ppm on the 90th day of submerdence.

Lower levels of crg anic matter released lower centents of Fe2¥,

Kari soil

Table 17 and Fig. 9bpertaining to kari soil indicate
that all the treated soils and the control raleased imcreasing
amounts of Fea+ with period of submergence. Paeak release of
Fe2+ could be noticed around the 25th day of submergence

except in the control. As with the kayal soll, increased
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mabls 16, Effeck of lavels of organic mattar on the releasa of
iron (ppm) (kaygl goil)

s1. Level of Period of submergence « Qays
Hoe (grgg%n‘;aggar 0 5 20 25 40 S0 75 90
a0il)
1 0 45 120 4316 420 268 130 120 100
2 1 45 152 320 960 2060 650 404 156
3 2 45 175 280 €80 2304 390 296 21%
4 4 45 203 495 880 2528 585 260 167
5 8 45 261 420 1048 2726 S25 208 161
Teble 17. Bffect of levels of organie matter on the release of
iren (ppm) (kari soil)
ﬁé’ 0532332 ggﬁtar Period of sulbmergsnce - days
* g ngﬁ;“‘ of 6 5 10 25 40 S50 7B 90
1 0 65 235 384 320 192 120 98 57
2 1 65 420 650 1100 450 S85 440 1S3
3 2 G5 460 G95 1340 525 720 800 256
4 4 65 450 750 1525 BBO 630 S75 316
5 8 65 600 975 21285 825 805 450 384
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applications of fresh organic matter resultad in the progre=
ssive increase in the Fa>® release in to the soil solution
and the highest level of 8 g organic matter applied to the
s0ll released a maximum of 2125 ppm F92+ on the 25th day of
submergence, after which a downward trend in Fe2+ release
wlth prolonged submergence to reach 384 ppm on the 90th day
could be noticed. The contxol treatment of the kari soil

on submergence was found %o releasa a maximum of 384 ppm
even on the 10th day of submergence which was gradually redu-
ced 1o 57 ppm on the 90th day.

Karapadom soil "

Table 18 and Fig. l0a relating to the bahaviour of the
karapadom soil with respect to iron release under submerged
condition in presence of organic matter, indicate that submer-
gence of all the treated samples, as well as the control,
resulted in the solubilisation of iron which progressively
increased with the time of submergence releasing the maximum
concentration of iron on the 23th day of submergence. Increg-
ased amounts of organic matter released progressively increas—
ing amounts of F92+ and tha highest level of 8 g organic
matter resulted in the maximum release of 1465 ppm F92+ on the
25th déy of submergence whlch decreased with further periods
of submergence to 390 ppm on the 90th day. In the control,
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Table 18, Effect of levels of organic matter on the release of
iron (pom) (karavadom soil)

S1l. Level of organic Period of submergence . days
No. matter (@ per pot)
- e 3 0 25 40 50 75 90

1 0 3% 260 416 448 160 128 110 88
2 1 56 455 700 813 630 420 400 323
3 2 56 500 715 950 850 355 370 300
4 4 56 952 ©0% 1215 765 505 350 350
5 8 56 645 985 1465 975 590 480 390

Table 19. Effect of levels of organic matter on the release of
iron (ppm) (Brown hydromorphic soil)

Sl. Lovel of organic . Perlod of submergence - days
No. matter (g per pot)

0 5 10 25 40 50 75 90

25 180 233 736 360 140 120 105
25 226 310 832 1016 530 432 217
25 315 413 904 888 500 326 316
25 388 510 1100 864 750 360 207
25 450 620 1632 852 525 402 307

g & W N -
o DD N = O
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howsver, the maximum release of 448 ppm F92+ could be notliced
on the 23th day of submergence and later it got reduced pro=-
grassively to 88 ppm on ths $0th day of submergence.

Brown _hydromorphic soil

Table 19 and Fig. l0brelating to the influence of organic
matter on iron release from brown hydromorphic soil under
submerged conditions, indicate that submergence brought about
increased solublilisation of iron in the soil. Addition of
organic matter enhanced the solubilisation of iron. Increase
ing levels of organic matter resulted in increased solublilisa=-
tion of iron and the peak releasc was noticed betwean the 25th
and 40th days of submergence. In the contrcl, the peak release
of 736 ppm F62+
got redugced with time to reach 105 ppm on the 90th day. The

was noticed on the 25th day which subsequently

peak ralease of irom in the treated soll was noticed on the
25th day of submergence except for the lowest level of organic
matter which gave a peak release of 1016 ppm iron on the 40th
day. The highest release of 1632 ppm iron was noticed in the
s0il which received the highaest level of organic matter and
this got decreased progressively afier the 25th day and reached
307 ppm on the 90th day of submargence,

Among the Kuttanad soils, in general, the maximum release

of F92+ raesulted in all the treated soils during the submergence
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period between the 25th and 40th days and the peak appeared
to be nearer 4o the 25th day period except for the kayal soil
where the period of peak release was around the 40th day.
Kayal soil was found to release a maxXimum of 2726 ppm F92+
under the influence of 8 g organic matter per pot on the 40th
day. This was followed by kari gsoil which released 2125 ppm
F92+ and karapadom soil releasing 1465 ppnm F92+ both under

the influence of B g organic matter estimated on the 25th day
of submergence. Brown hydromorphic soil released upto 1632 ppm
iron on the 25th day in the presence of 8 g organic matter.

2+

Comparison of the extent of maximum Fe“ released by levels of

organic matter and that of the control indicated that, in

general, higher levels of organic matter treatment resulied

2* rolease in all the soils than the

2+

in much higher rate of Fe
lower level treatments where the rate of Fe“ release was also
correspondingly lower. The same trend couldTBbserved in the
reverse manner during the post peak periods as well. Among
the untreated control of Kuttanad soll types, karapadom soil
raleased the maximum of 448 ppm iron on the 25th day of subw
mergence. This was followed by kayal soil which gave the
peak release of 420 ppm Fe2' on the 25th day. In kart soil,
the peak concentration of 384 ppm iron was noted on the 10th
day of submergence. This being the case with Kuttanad soils,
the brown hydromorohic soil released a maximum of 736 ppm iron

on the 25th day of submergence.
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Mean Table 20 provides results of interaction between
soil P level of treatment and period of submergence. The
effect of levels of organic matter on the release of F92+
was not significantly different among the four soils studied,
Kari soil released significantly higher amount of F92+ on
the 25th day of submergsnce which decreased thereafter,
Howaver on the 40th day, the kayal soil released’significantl
higher amount of F92+ with no difference between the other
three solls in the lower releases after thelr poak values

on the 25th day. It was also noticed that among the highest
releases of F92+ on the 25th day by the kari soil and 40th
day by the kayal soil, there was no significant difference.
Beyond the 40th day,subsidence in Pe2+ was noted till the
90th day in all the four soils with the kari soil always
retaining the higher mean levels of F92+, though thexre was
no significant difference., Mean values for soils indicated
that the kari soll released maximum Fe2¥ (547 ppm) followed
by kayal soil (538 ppm) and karapadem soil (494 ppm), brown
hydromorphic soil releasing the least Fo2¥ (457 ppm).

Result of interaction between the levels of treatment

and period of submergence revealed that the effect of organic

2+

matter on Fe“ release was significant with respect to treat=

nments at various periods of submergence.



Table 20. Effect of levels of organic matt=r on the releass of iron in different soils: Mean values

(1) Soil type x treatment level

{1i) So1l type x period of submergence -~ days

Sl., Soil Treatment level of organic(mﬁtg% - Soxl Period of submergence - days
No. type - Ldrp Mean type Mean
0 1 2 4 g8 0 5 10 25 40 50 75 S0
1. Kayal 202 593 573 645 674 538 Kayal 45 182 386 838 1977 456 253 160 538
2, Kara 184 483 658 630 779 547 Kari 65 441 699 1282 608 572 473 233 547
2
3. Karasadom 208 478 512 575 698 494 Karaocadom 56 482 724 979 680 400 342 291 494
4. Brown 244 451 461 527 602 457 Brown 25 312 428 1041 796 495 323 230 457
hydromor- hydromor=-
ohic phic
Mean 210 501 551 594 688 509 Mean 48 354 559 1035 1021 481 350 229 509
(111) Treatment level x veriod of submergence
S1., Period of Level of treatment of organic
No. submerge- matter ot
nce ~ days (g{E ) Mean CD at 5% level for Soil 76
0 1 2 4 8
- ~ ’s for Treatment 85
1. 0 48 48 48 48 43 48 s for Period 108
2. 5 199 313 363 408 439 354 for S
3, 10 176 495 526 650 750 559 » or Soxl %X Treatment 171
4. 25 481 927 1019 1180 1563 1035 »ys for Soil x Period 216
5. 40 245 1044 1242 1202 1370 1021 ,» for Treatment x Period 241
6. 50 130 551 491 620 611 481
7. 75 112 419 448 386 335 350 ':'_
8. 90 88 213 272 260 311 229 o
Mean 210 501 551 594 638 509




Table 2l. Days of submergence for maximum release of iron as
infiluenced by levels of organic matter in soils

Soil * Level of Period
type trgeszlat'\gn%nt Quadratic regression (days)
kayal = 168,9746+6,35714~0,0866X> 37

~32,50928+56, 86296X-0, 63352 45
= =19, 19824+33, 98169K~0, 6038K> 45
=

fl

U oS W N
<K

11.26843+60, 92097K=0., 6944%X > 44

= 15,80737+64, 73808X=0, 7445K> 43

Kari 1 Y = 211,2321+2,408596X~0,0500X> 24
2 Y = 307.6798+21,21271%=0.2614X2 a1

3 Y = 281.2612+35,04127X=0,3944%X> a4

4 Y = 380.975+27.07482%=0.3227X2 42

5 Y = 483,4573+36,04556X=0,4462X2 40

Karapadom 1 Y = 235,8378+2;633776X=0,0537X" 25
2 Y = 335,9416+15,48L67X=0, 1849X2 42

3 Y = 386, 1793+18, 92582X=0,2335K> a1

4 Y = 409,396+21,0751X=0,2635K2 40

5 Y = 476,32+27.2306X=0. 3369K2 40

= 186.0572+11,96374X~0. 1520X% 39
73.43634+32, 71248K~0, 3569X> 46
170.3616+26, 38493K-0, 2934X2 45
= 193,9661+33, 30568%=0, 3836X2 43
= 305, 1655+33, 3912X=0,3972X2 42

Brown hydroe
morphic

b wWwN -
KRR
i

X = Period Y = Iron release
*Tablos 16, 17, 18 and 19
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The results of quadratic regression of the cexperimental
data indicating the maximum numbor of days of submorgence at

2+ would occur in soils under the

which peak release of Fe
influence of graded levels of applied organic matter are
furnished in Table 21. The Table indicates that kayal soil
would need 43 to 45 days of submergence for maximum iron solue
bilisation in presence of organic matter, kari soil would need
40 4o 44 days and karapadom soils would require 40 to 42 days.,

24

In brown hydromorphic soil, the peak release of Fe“ as influ=

enced by organic matter would occur between 42 and 46 days of

2* undar the influence of

submergence. Maximum release of Fe
8 g organic matter has occurred in kayal soil on the 43rd day,
kari soill and karapadom soil on the 40th day and brovm hydro=

morphic soil on the 42nd day of submergence.

3. Influence of ammonium sulphate on the release of F92+

Tables 22 to 27 and Fig . 11 and 12 provide datz on the

releasse of Fe2+ from solls under submerged conditions as influ=-
enced by five levals of added ammonium sulphate ranging from

0 to 230 kg N/ha. In all these soils, in general, a progre-
ssive increase in the level of ammonium sulphate had resulted
in the progressive increase in the release of F92+ in the soil
solution with the duration of submorgence and this continued
till the fourth week of submergence after which it decreased
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with further periods of submergence and ultimately tended %o

aporoach a more or less steady value.

Kayal soill

Table 22 and Fig. llsbnrovide data on the influence of
graded levels of ammonium sulphate on the release of F92+
at specified periods of submergence of a tyoical kayal soil.
In the control treatment of the kayal soil length of submer-
gence resulted in the release of F92+ which progressively
increased upto 25 days (third samoling period) after which
subsidence from peak value was noticed. It was alsc noticed
that increasing levels of ammonium sulphate applicatien, in
general, resulted in the increased solubilisation of iron to
attain a peak value around the 25th day of submergence and
thereafter the release of Fo2t progressively declined with
further neriods of submergence. It vwas observed that while
the untreated control under submerged conditions could release

2+, graded levels of ammonium sulphate

2%

a maximum of 412 ppm Fe
added to the soll could releass increasing amounts of Fea
and the highest level of 200 kg N/ha released a maximum of

915 ppm Fe2' during the 25th day of submergence of the kayal

2+ concentration in

soil, which was more than double the Fe
the control. After attaining the concentration of F92+ in

the soil solution, iron release decreased and on the 90th day
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Table 22, Effect of levels of ammonium sulphate application on
ths release of iron {ppm) (kayal soil)

$1. Levol of N Period of submergence = days
No. apnlied

ko/ha o 5 10 25 40 S50 75 90
1 0 45 120 4)J0 412 256 132 122 102
2 50 45 245 435 504 220 168 156 118
3 100 45 222 408 575 410 202 180 130
4 150 45 350 665 725 290 174 162 158
5] 200 45 362 668 915 188 134 123 120
Table 23, Effect of levels of ammonium sulphate application %o

soils on the release of iron (ppm) (kari soil)

§1., Level of N Period of submergence - days
No. applied

(ka/ha) 0 5} 10 25 40 30 7% 90
1 0 63 230 382 313 195 125 97 60
2 30 65 235 385 564 229 133 120 68
3 100 65 246 383 1079 356 180 132 115
4 1990 65 570 990 695 194 172 156 127
3 200 65 474 960 730 172 150 145 123
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2+

of submergence the Fe™ concentration in all the treatments

including control attained values around 100 to 160 ppm, with

the control having the least concentration of 102 ppm Fe2+.

Kazrl soll

Data on the influence of added ammonium sulphate on

2+

the nature and extent of Fe“ release with period of submere

gence of a karl soll of pH 3.8 ars given in Table 23 and
Fig. 11} Kari soil having, in general, - higleracidity
than the other scll types, gave indications of decrease from

2+

the peak release of Fo® even from the 10th day of submergence

{in the control). It was noticed that addition of increased
concentrations of ammonium sulphate to karl soll under sube
merged conditions resulted in progressively increased releases
of Fez+. However, it was found that the maximum F92+

was restricted to 100 kg N/ha level, At this level of N, the
2+

release

release of Fe™ was 383 ppm on the 10th day as against the
maximum of 382 ppn Fez+ in the control treatment on the sams
day, However, all the levels of ammoniut sulphate except the
two highest levels of N cculd relesase still more Foot with
further period of submergence thus releasingfgéximum Fe2t
around the 25th day of submergence, Ammonium sulphate at the
rate of 100 kg N/ha released 1075 ppm Fe2¥ on the 25th day of

submergence, after which this peak concentration of F92+
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drooped to lower values and reached 115 ppm on the 90th day

of submergence. Ammonium sulphate applied at 150 kg N and

200 kg N/ha released a maximum of 990 ppm and 860 ppm Fe?t

respectively on the 10th day of submergence and thereafter

decreased to lower values to reach a concentration of 127 and

2 on the 90th day of submergence. It was also

e2+

123 ppm Fe
noted that the rate and extent of F release in the control
and In the lowsr lsvels of ammonfum sulphate treatments upto
109 kg N/ha, was more or less uniform till the 10th day of
submergence after which the rate of release changed in the

differeant treatments.

Karapadom soil

The influence of level of added ammonium sulphate on
the extent of iron release from a karapadom soil 1s presented
in Table 24 and Filg. }2a It was noticed that increasing
levels of ammonium sulphate resulted in increased releascs of
Fo2* upto the level of 150 kg N/ha. 1In all the treatments
including the control, release of F92+ occurred in prograssie
vely increasing amounts with time of submergence and reached
peak values on the 25th day,excepﬁi&he highest level of ammonium
sulphate, wherein a lesser peak value was obtained on the 10th
day of submergence whereafter it dimimished toc lower wvalues

with a tendency towards asttaining a more or lasss steady value
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Table 24, Effect of levels of ammornfum sulphate application

to

soils on the release of iron {ppm) (karapadom soil)

sl. Level of N Pariod of submergence - days
No, applied

(kg/ha) 0 5 10 25 40 5 73 90
1 o] 56 260 409 433 1537 1283 115 92
2 350 5 380 695 795 162 165 140 95
3 100 56 475 850 958 290 130 128 111
4 150 56 344 610 1232 230 132 130 102
9 200 5 333 975 910 195 145 100 93
Table 25, Effact of levels of ammonium sulphate application to

to solls on the rolease of iron {ppm
{Brovm hydromorphic soil)
SY. Level of N Period of submergence - days
No. agplied
(kg/ha) B 10 25 40 50 75 90

1 4] 25 183 275 715 358 130 118 112
2 50 25 430 84p 527 510 126 112 96
3 100 2% 372 695 868 357 190 18f 115
4 150 25 395 690 1050 373 167 161 112
S 200 25 350 666 843 220 145 1i8 106
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on the 90th day of submergence. Ammonium sulphate at 130 kg
N/ha could rolease a maximum of 1232 ppm Fo2¥ around the 25th
day of submergence as against the control which relcasecd

438 ppun Fe2t during the same pericd,

Brown hydromoxphic soil

The influence of level of ammeonium sulphate application

2+ under sub-

to brovm hydromorphic soll on the release of Fe
morged conditions 1s pvesedted in Table 25 and Fig. 125.The
treatment which received 150 kg N/ha resulted in the maximum
of 1030 ppm Fo'

thersafter. In the control the iron release on the 25th day

on the 25th day of submergente and decreoased

of submergence was 715 ppﬂvwhich was the maximum which decre-
ased afterwards, It was also noticed that ammonium sulphate
treatment at 200 kg N/ha suppressed iron release to 843 ppm
on the 25th day of submergence which later dropped to lower

values with further perlods of submergence.

Among the four soll types studled karapadom soil with
ammonium sulphate applied at 150 kg N/ha recorded the meximum
relaase of 1232 ppm F92+ in the soll solution during the
third samoling period, followed by karl soils with 100 kg
N/ha which released upto 1075 ppm Fe2+ during the same period
and by brown hydromorphic soil with 150 kg N/ha releasing

2+ 2+

1050 ppm Fe™ ., The peak release of Fe“ was minimum in the
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kayal soil even with the highest level of 200 kg N/ha, It
released only 915 ppm F62+ during the third sampling period
corresponding to the 25th day of submergence. Among the un~
traated control of the four soils peak release of Fez+ was
obsarved with 412 ppm in kayal soil, 438 ppm in karapadom
soil and 715 ppm in brown hydromorphic soil, all measuraed on
the 25th day of submergence while kari soll alone released a

2 on the 10th day of submergence. Mean

maximum of 382 ppm Fe
values for solls indicated that karapadom and brewn hydro-
morphic solls released maximum F92+ (325 ppm and 320 ppm
respoctively); the kaval soils releasing least Fe2+ (270 ppm)

which was on par with kari soll (289 ppm).

The average effects of ammonium sulphate on the rele-
ase of Fe?t in the different soil typos with respect to the
levels of treatment and periods of submergence are presented
in Table 26. It 1s noticed from the Table that the treate
ments behaved consistantly over the different soils with res=

ode
2 release

pect to FaZ¥ release, However, the average Fe
varied significantly among the soils and also among the treate
ments. Among the solls studlied, karapadom soil released the
maximu£f325 ppm F92+ followed by brown hydromorphic soil and
kari soll wherein mean releases of 320 ppm and 289 ppm
raspectively of Fe2+ were noted, These three were not signi-
flcantly different, However, the kayal soil resulted in a

significantly lower release of F92+.



Table 26, Effect of levels of ammonium sulphate on the release of irén in different soll types: Mean values

{1) Soll type x Treatment levels (11) Soil type x Period of submergence
Sl. Soil Level of treatment kg N/ha Sl. Soil Pariod of submergence - days
Mo, tyoe ————————— === e———————  M@an No. type Mean
50 100 130 200 0 5 10 25 40 B0 75 90
1, Kayal 200 236 272 321 319 270 l. Kayal 43 260 517 626 273 162 149 126 270
2. Kari 184 224 319 371 347 289 2, kari 65 351 600 688 228 152 130 99 289
3. Karapadom 207 311 375 355 377 325 3, Karavadom 55 399 708 867 207 140 1?2 100 325
4, Brown 240 333 350 367 309 320 4, Brown 25 338 633 801 364 132 138 108 320
hvdro~- hydro-
morphic morphic
Mean 208 276 329 354 438 Mean 48 337 615 745 268 151 135 108 338
(111) Treatmant level x Period of submergence
CD at 5% level for Soil 42
S1. Pariod of Level of treatment kg N/ha Mean i for Treatment 47
No. submerg-
ence-days 0 50 100 150 200 v for Period 60
»» for Soil x Treatment 94
1. 0 48 48 48 A8 48 48
y» for Soil x Period 119
2. 5 199 323 329 405 430 337
»» Treatment x Period 134
3. 10 369 589 584 739 792 615
4, 25 470 598 869 926 865 ?45
S. 40 242 279 353 272 194 268
6. 50 129 148 176 161 144 151
7, 75 113 132 155 152 i22 135
], 90 92 94 118 123 112 108

Mean 208 276 329 as4 a3s

ool
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With regard to the eoffects of treatment levels and
poriod of submergence 1t was notlced that 150 kg N/ha applied
as ammonium sulphate roleased maximum FeZ (334 ppm), but when
the nitrogen level was increased further to 209 kg/ha, the
average F92+ release wags found lower, though not significant.
It has thorefore to be inferred that, in general, the F92+
release increased with the levels of N upto 150 kg/ha and

then gradually decreased,

With regard to the effect of interaction between the
treatment and the period of submergence it was seen that
2* Las on the 25th day 1t
was not significantly differemt from that on the 10th day of

though the maximum release of Fe

submergence,

The data on the number of days of submergence for the
maximum release of Fo2* as influenced by lavels of armonjium
sulphats in the four solls under study as worked out based
on quadratie regression are furnished in Table 27. The Table
$ndicates that higher levels of treatment would need lesser
period for maximum release of Fe2+. Thus, in the kayal soil
ammonium sulphate added at 200 kg N/ha would need 26 days,
in the kari soil 8 days, in the karapadom soll 9 days and in
brown hydromorphic soils 28 days of submergence. Application

of 50 kg N/ha noeded 34 days in kayal soll, 32 days in ksri,
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Table 27. Days of submergence for maximum release of iron as
influenced by levels of ammonium sulphate in soils

Soil *Level of Period
type N/ha Quadratic regraession (days)
(sl:no)

Kayal 1 Y = 167.6126+0., 1024X=0, 0832X2 a7

2 Y = 223,7002+5,2864X~0.0785X> 34

3 Y = 192,1705+10,6978X=0., 13572 a9

4 Y = 335,6284+5, 8283X=0,0990X2 29

5 Y = 363,6317+5.3203X=0, 1036X2 26

Kari 1 Y = 208,0266+2,5386X=0,0508K2 25

2 Y = 220,6985+5, 8442X=0,0012X2 32

a Y = 240,3873+13,9450X=0, L876X> 37

a4 Y = 520,2728+=1, 1038X=0,0467X% 12

8 Y = 458,8502+1,0716X=0,0650X° 8

Karapadom 1 Y = 233,6077+2.4812X=0,0509K2 24

2 Y = 371.2259+3,9787X=0,0891X% 22

3 Y = 454,8279+5,0067X0, 1140X 2 22

4 Y = 358,9139+10,0833X 0,1620X2 31

5 Y = 515,2199+1,5284X=0,0839X> 9

Brown hydro~ 1 Y = 155,2255+11,4053X=0, 14472 39

morphic 2 Y = 379,2877+5,9004X=0, 1135X% 26

3 Y = 338,5545+9,6168X=0, 1476X> 33

a Y = 343,5178+11.6334X=0, 1747X> 33

3 Y = 340.3683+6,1370X=0, 11092 28

X = PerIod Y = Irdn release

¥rables 22, 23, 24 and

23



22 days in karapadom and 26 days in the brown hydromorphic
soills for maximum release of F92+. Days required for maximum
jron release when 100 kg N/ha was applied to solls, ranged
batween 33 to 39 N , 1n all the soils excopt karspadom soil
which needed only 22 daysigubmergence. Application of N at
150 kg N/ha required, 29 days in kayal soil, 12 days in kari
soil, 31 days in karapadom soil and 33 days in brown hydroe

morphic soil,

4, Influence of lLime on the suppregsicn of iron releass

Data pertaining to the influence of level of apolied
lime on the release of F92+ from the kayal, kari and karapadom
solls of Kuttanad region and the brown hydromorphic soil of
Kottarakkara under the conditions of submergence are presented
in Tables 28 +o 30 and Fig . 13 and 14, It was noticed from
the Table and Fig. that the asplication of lime had consider=
ably reduced the soluble iron content in the soil solution
irrespective of the soil types. The extent of suppression
of iron release, however, was different for different soils,
Among the two levels tried, lime applied at the rate of
1000 kg/ha reoleased much less irom than the lower level of
lime treatment.

Kayal soil
A comparison of the F92+ content of the treated kayal



Table 28, Effect

of levels of lime application to solls on the relcass of Fo2¥ {ppm)

under submerged conditions

S1l. Soll type Levels of Poriod of sampling (days)
No. line
{ka/ha) 0 5 10 25 40 S0 75 0]
l. Kayal o] 43 120 416 420 268 124 120 100
600 45 102 164 410 1327 330 259 133
1000 45 70 109 302 744 290 137 110
2., Kari 4] 65 235 382 315 193 122 100 60
600 65 90 162 330 328 312 275 210
1000 65 80 110 293 165 118 114 112
3, Karapadom 0 56 260 416 444 160 123 ‘110 as
600 56 100 120 157 148 128 124 121
1000 55 70 85 132 120 11y 98 96
4, Brown hydro=~ 0 25 180 236 728 358 135 118 107
morohic

600 25 100 105 133 248 116 68 60
1000 25 65 65 96 165 77 62 58

3c¢tT



Fig., 13 Effect of lovels of lime on the supprassion of
soluble iron in soils

a, Kayal soll
b, Karli soil
Fig. 14 &, Karapadom soll
b, Brown hydromorphic soll
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soll with the untreated control (Table 28 and Fig. 13) would
roveal that lime applied ar the rate of 600 kg/ha has been
helpful in suppressing the iron release from 416 ppm (control)
to 164 ppm on the 10th day of submergence. FHowsver, on tha
25th day lime applied soil released 410 pom F92+ as against
420 ppm recorded by the control. Again, on the 40th day the
lime treated soil was found to have released as much as 1327
opm Fe?t while the control 1tself had released only 268 ppm.
These higher value tremds for Fe2+ resulting from the lime
aoplied soil continued to be retained, though in lesser inten-
sitles, throughout the subsequent period of submergence. On
the 90th day of samoling, the lime applied soil had 133 ppm

F92+ while the control had only 100 ppm,

Lime applied at 1000 kg/ha was, however, found to hava
a better effect in reducing the iron release up to the 25th
day. A concentration of 105 ppm Fo2¥

soll solution on the 1l0th day and 302 ppm on the 23th day.

was estimated 4in the

However, further periods of submergence were found to release
as high as 744 ppm as against 268 ppm in the control., As in
tho case of lower level lime, subsequent release of soluble

Fe2+ continued to remain at higher levels than in the control
up to the 90th day of submergence when 110 ppm F32+ was found

in the soll solutlion as against 100 ppm in the control,
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Karl soil

It is clear from Table 28 and Fig. 13bthat kari soil
which received 600 kg lime/ha released much lower amounts of
soluble $ron than the untreated control, till the l0th day
of submergence., However, on the 23th day the treated soil

2+

released 390 ppm Fo© as against 315 ppm estimated in the

control. During the subsequent periods of submergence the
2%
Fe

control 11l the 90th day when 210 ppm Fe

contents wore found to be invariably higher than in the

2+ could be estima~

ted as against 60 ppm in the control, However, the higher

level lime treatment was found to be more effective than

2+

the lower lime level in bringing down the Fa“ release to

110 ppm on the 10th day, 298 ppm on the 25th day and 165 ppm

on the 40th day as against the corresoonding releases of

382 ppm, 313 ppm and 193 ppm FeZ

2+

recerded by the control.

Those lowered releases of Fe© in the limed soil continuad

%11l the 50th day, However, during the further periods of

2+

submergence, Fa“ was rcleased at higher levels than in the

control, Thus on the 90th day of submergence there was a

24

release of 112 ppm Fe®™ as against 60 ppm estimated in the

control.

Karavadom soil

1"‘(\9-
From Table 28 and Fig. l42it 1is clear that application



129

was helpful in maintaining reduced concentrations of iron

in the soil solution till the 40th day of submergence. Thus,
the lower lavel of lime reduced thae iron solubilisation to
100, 120, 157 and 148 ppm as against the corresponding rele-
ases of 260, 416, 444 and 160 ppm recorded by the control

on the 5th, 10th, 25th and 40th day respectively of submer-
gence. However, from the 50th day onwards, the released F92+
exceeded the corresponding F92+ levels in the control, which
continued till the 90th day when 121 ppm F92+ was estimated
in the soil solution of the limed soil as compared to 83 ppm

in the control.

The soil which received lime at 1000 kg/ha could further
improve the situation by maintaining lower levels of iron
solubilisation than in the control throughout the period of
submergence, except during the last sampling period when
96 pom Fo2' was estimated in the soil solution.

Brown hydromorphic soil

Table 28 and Fig, l4bclearly reveal that both levels of
lime were helpful in maintaining reduced iron concentrations
in the soll solution throughout the entire period of submer-
gence. Lime applied at 600 kg/ha resulted in lowsr releases
of F92+ compared to that of the control. Lime applied at
1000 kg/ha brought about further suppression in the concene

tration of iron in the soll solution.
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Table 29 brings out the results of interaction
soll type % levels of lime x pericd of submergence. The mean
values indicated that 600 kg lime/ha could not bring about

2+ release in kayal

the desired level of suppression of the Fa
and kari soils. However, in karapadom soil and brown hydro-
2+ could be noticed

though not significant. Lime at 1000 kg/ha was also found

morphic soll, more reduced releases of Feo

not very beneficial in kayal soil in relation to suppression

of F02+

release, However, 1n karli soil some benefits were
noticed. Karapadom and brown hydromorphic soils responded
more favourably to the higher lime level.

From the mean values of F92+

release by soils during
the different periods of submergence under the influence of

"} 1ime it could be seen that the suppressing effect
on soluble F92+ was evident only upto 25 days. Beyond 25 days
both the levels of lime falled to bring about any control of

2+ rolease. ©n the contrary, tho relsases of Fa2t even

the Fe
exceeded those of the control inm some solls, Between 25 days
and 40 days of submergence there was no significant difference

in the Fo2'

release due to lime application. Though both the
levels of lime were helpful, in general, in prolonging the
peak F92+ release upto 25 days in Kuttanad soils, the higher

level of lime was found more effective. Lime treatment at



Table 29, Effect of levels of lime application on the release of iron in different soil types Mean values

{1) Soil type x levels of lime {11) Soil type x period of submergencns
sl. Lime level kg/ha Period of submergence = days
No, Soll type Mean Soil type Mean
o] 600 1000 0 5 10 25 40 50 75 90
1. Kayal 202 346 225 258 Kayal 45 97 228 377 780 248 172 114 258
2. Kari 184 229 133 182 Kari 65 135 218 334 229 184 163 127 182
3. Karapa-om 207 119 96 141 Karapadom 56 143 207 244 143 121 111 102 141
4. Brown hydro- 236 107 77 140 Brown 2% 115 135 319 257 109 83 75 140
hydromorphic
Mean 207 200 133 180 Mean 48 123 197 319 352 166 132 105 180

(111} Level of lime x period of subme¥gence

Sl. Period of

No. f“g’;'f;:g""ce 0 600 1900 Mean
1. 0 48 48 48 48 CD at 5% for Soil 62
2. ] 199 98 71 123 s» for Treatment 53
3. 10 363 138 91 197 ys for Period 87
4, 25 477 273 207 319 sy for Soil x Treatment 107
5. 49 245 513 299 352 y» for Soil x Period 175
6. 50 126 222 149 166 ,» for Treatment x Peried 151
7. 75 112 181 103 132
A, 90 89 131 94 105

Mean 207 200 133 180

T€T
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more than tha 1000 kg lsvel may probably bring about further

suppression of Fe?t rolease and its toxic level.

The results of guadratic regression of the experimental
data indicating the maximum number of days of submergence
needed for the peak release of iren in soll solution under
the influence of lime are contained in Table 30, The Table
indicates thatfgéximum rolease of Fa>¥ from the kayal solls
raceiving the two lime levels would occur on the 46th day of
submergence while the control would need 37 days only. Optimum
days required by the lime-treated kari soil would range bet-
ween 45 and 51 as agalnst 24 days needesd by the resvective
control. Karapadom soll receiving the tuo levels of lime
would require 51 days of submergence for maximum iron release
as compared to cont=ol which would require 24 days only. In
the brown hydromorphic soils, however, much difference could
not be noticed between the control and the lime treated solls
and the peak release of Fe2+ would result from the treaw
ted soil as well as the untreated control between tho 40th
and 4Gth days of submergence.
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Table 30. Days of submergence for maximum release of iron as
influenced by levels of lime in soils

Soll *Level of Period
type treatment Quadratic regression {days)
(Sl Na)
Kayal 1 Y = 169.7037+6,239586X=0,0853%> 37
2 Y = =21,56323+32,04086X=0, 3503X> 46
3 Y= 4775301+19,53101X-0,2141X> a6
Kari 1 Y = 210.211+2,392899K=0,0429X> 24
2 Y = 68,34134+11,43489X=0, 1124X> 51
3 Y = 82,91127+4,344487X=0,0507X2 45
Karapadom 1 Y = 236,2196+2,493134X=0, 0521X2 24
Y = 81,15001+2,714421X~0,0267X2 51
'3 Y = 62,63975+2,398516X~0,0237X> 51
Brown hydro~ 1 Y = 142,2564+12,00379%=0. 15032 40
morphic >
Y = 52,75215+5,416846X=0,0627K a3
Y = 38,11415+3,383401%=0,0371X> 46

* X = Period Y = Iron release
Table 28
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DISCUSSION

l. Forms of iron in Kuttanad surface solls as influenced

by soll chemical proporties

(1) Water soluble iron

The mean Table 5 indicates that the kari soils had the
highest mean content of water soluble iron which was signifi-
cantly higher than that of kayal and karapadom solls, Between
the kayal and karapadom solls, howaver, significant difference
in the water soluble iron could not bs noticed. The main
factor which appears to control the content of water soluble
iron is the soil pH. Thae concentration of water scluble iron
is highly sensitive to PH changes. The practical implications
of pH-F92+ relationship for the fertility of submerged soils,
brought out by Ponnamperuma {1955, 1972) and IRRI [1968) in
the equation pH-éPFe2+=5.4 are that at higher pH values, rice
suffers from iron deficiency (as in alkzline soils) and that
at low pH values rice 1s affected by iron toxicity (Tanaka and
Yoshida 1970). In the karl soil, the lowest pH and the highest
content of reducible iron might have contributed towards the
increased iron solubllisation. High content of water soluble
iron may be assoclated with the highest active iron content in
the soll which in turn must have influenced the release of solu-
ble iron from the ferruginocus mineral constituents of the soil
as roported by Kabeerathumma (1975).
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It may be observed from the correlation matrix (Table 6)
that a significant nogative correlation between the pH and
water soluble iron exists in all the threc soll types of
Kuttanad considered individually. The highest significance
at } por cent lovel could be obtained whep the three soil
types were together considered (r = «0,8464). Iron is slightly
amphoterlc in nature and its dlssclutlon requires acid.]gieater
the acidity, greater will be the dissolution. The result is
in agreement with the findings of Sukla et al. (1973), Mlsra
and Pande (1975), Patel and Dungarwala {1983) and Sakal et al.

(1988),

Benckiser et al. (1982), however, reported that soil
iron cogtent and pH values did not appear to be related. In
the present study, the kari soll which possessed the highest
content of 140 ppm water soluble iron was found to be the
most acidic (mean pH 3.8). Kari soil is characterised as a
sulphidic soil and its low pH can be ascribed to the presence
of sulphuric acid formed through the hydrolysis of ferric
sulphate derived mostly by the oxidation of iren pyrites
(Fesz) which occurs abundantly in these soils (Gopalaswamy,
1958; Subramoney, 19603 Money, 1961; Abraham, 1984), Van Breemen
and Moorman (1978) awi Verma and Neue (1988) reported that a
rapid rise in Fe<' is favoured by, among others, a low initial

soll pH and the presence of easily reducible ferric oxide
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(active iron). Experionce with flooding of acid sulphate

soll for rice and fish production .ix' Philippines, has shown
J;hat once atmogpheric oxygen has penetrated intc a pyritic
substratum, oxidatlon of pyrite 1s not stopped instantanecusly
again on flooding and restoring reduced conditions, because
oxidative capacity stored in ferric iren maintains further
oxldation of pyrite ard production of soluble ferrous iren

and sulphate (Van Breemen, 1976). A part of this ferrous
sulphate reaches the soll surface and the overlying water
where 1t forms ferric hydroxide and sulphuric acid. Thus, the
overlying water keeps acidifying although the acldity of the
underlying soil may be decreasing due to chemical reduction
caused by flooding.

Takkar (1969) observed that in acid soils higher

amounts of Fe2+ was due to hicgh content of free iron and low

pH values, This observation is in agreement with Kumada and
Asami (1958) who fourd that the rate of formation of Fe2t
dependad upon the nature and amount of free Fe comoounds,

tha pH and the organic matter content of the soll. Very low

pH values for kari soll have also been reported by Money (1948),
Subramoney and Kurup (1961) and Alyer et al, (1973). The deove=
lopment of acid was found to increase when the kari soil was

exposed to alr, with wide variations of pH betwsen lccations
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at different periods of the year. The kari soil is charace.
terised by low base status, high organic matter and high
exchangeable A13* unich also might have contributed itowards
the higher acidity.

A significant positive correlation (r = 0,777) exists
between the water soluble iron and electrical conductivity
in Kuttanad soils. Ponnamperuma (1965, 1972) reported that
in normal submerged solls the peak specific conductances are
of the order 2«4 mmhos/em at 25°C, ‘The higher water soluble
iron and manganese, at low PE values, along with HCOE increase
the specific conductivity of the soil solution and displace

2+, Mg2+ and K* by cation exchango reactions

large amcunts of Ca
and thus may contribute to a higher elactrical conductivity of
the karl soil to levels (3,97 dSm'l) injurious to the rice
crop. At the same time the high content of salt in these

solls derived from salt water ingression and seepage from the
adjoining Arablan sea, may have a direct effect in releasing
more of soluble iron from the soil by the operatlion of exchange
roactions. Pasricha and Ponnamporuma (1976) have proposed
that high salinity would favour the production of F92+ by

2+

lowering the activity coefficient of Fe“ causing higher

equilibrium concentrations after the peak in water soluble

F32+. The effect of salt in building up toxic concentrations
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of F92+ in strongly acid soils contalning adequate amounis of
organic matter and reactive iron oxides has bsen confirmed by
Ponnamperuma (1976, 1977b). Bandyopadihyay and Bandyopadhyay
(1984) obtained considerable increases in soluble Fo2t fraction
due to submergence of coastal saline soil, with more severe
affect in the presence of undecomposad organic matter. The
findings are in agreement with ilhose of Gerei (1959)/ Ponname
peruma (1272), Kumar et al. (1981), Menswoort ot al. (1985)
and Sadana and Takkar (1985). IMRI {1967) has reported that
spacific conductivity values exceeding 4 mmhos/cm would indi-
cate the presence of toc much salt for the healthy growth of
rice and values considerably in excaess of 4 mmhos/cm are
possible in submerged soils that have low CEC and hich orgae

nic matter contents and in acld sulphate soils,

Water soluble iron was also found positively and
significantly correlated with organic carbon (r = -0,3443)
when the three soll types of Kuttanad were considered together
eventhouch the relationship with individual soil types was
random. Similar positive and significant correlation of avall-
abla iron with organic carbon could be observed by Sakal (1938).
Karl soils of Kuttanad have vast organlc deposits as also
fossils of timber in varylng depths. Anaerobic decomposition
of the bulk of the organic matter under waterlogged conditions
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can lead to the generation of phenolic compounds related

to fulvic acids and various organic acids which may reduce
ferric oxides as reported by Takijima (1964), IRRI (1971),
Okazaki and Wada (1976) and others., This might have naturally
resulted in an enhanced iron solubllisation. High active
iron content in the soll favoured by organic matter has
contributed towards increased water soluble iron in the

soil solution,

With regard to the influence of cation exchange capa=-
city on the water soluble iron in the Kuttanad soils, a posi-

W
tive correlation existed but, was not significant.

2., EBxchangeable iron

The exchangeable iron contermt was not significantly
different among the thres soll types. Highest content of
exchangeable iron could be recorded (197 ppm) in the karapadom
soil, followad by kari soil with a marginal difference, A
positive correlation with pH in the kayal and karanadom soils
and significantly negative correlation with uvH in the kari
soll (r = =0,6327) were noticed. However, in the Kuttanad
sodls as a whole, a positive correlation batwoeen pH and ox=-
changeable iron existed butﬁ&as not significant. Significant
negative correlations between pH and exchangeable iron and

available iron (r = =0,36) have boen reported by Pathak et al,

(1979).
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Exchangeable Fo' was positively correlated with organic
carbon content of the thr~s soll types when the soils were
consldered individually as well as when conaidered together,
The relatlonship was, however, found significant in kaxl soils
alone, Similar correlation has been obtained by Bao et al,
(1964) (r = 0.9334)}. High active 1ron and exchangeable iron
contained in the kari soil (Mean Table 3) indicates the rela-
tionship betwaen the two forms of iron. Kabeerathuwmma (1975)
reported that exchangeable iron was dependent on the active
iron content of the soil. ©Orgsnic metter added to the soil
is known to enhance the availability of soluble forms of iron.
It may be noted that karl soil possesses a comparatively
higher content of organic carben than the other soil types.
Thao high CEC of the soill resulting from 2 high organic matter
content in the soil can hold a greater part of soluble iron
on the exchange comolex, resulting in increased exchangeable

iron.

A similar negative and highly significant relationship
was noticed beotween the CEC and the exchangeable iron content
of the karapadom soil {r = =0.8032). The negative relatione
ship can be attributed to the competition of hydrated aluminium
(A1%*, AL(om)* and AL(CH)?¥) and monovalent cations of Na® and
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K+ for the exchange positions. In kayal seil also such negative
rolationship existod but was not significant {Tanaka and
Yoshida, 1970). On the other hand, kari soils exhibited a
positive non significant correlation between CEC and exchane
gegble iron, Yu Tlaneren (198)) reported that the amount of
exchangeable ferrous iron increases with the cation exchange
capacity of tho soll, 1In the present study, however, when the
three solls wore together considered the relationship was nega=
tive and significant. In low CEC soils which are acidic,
exchangeable aluminium and iron will take care of the acidity
in the exchange comolex to a greater extent. Where the exchane
geabla u* is high vhen the pH is less than 5,5 the tendency
for exchangeable iron and Al to be present is more. Contradic-
tory reports are available in literature indicating both posi~
tive and nefiative relationshlps between exchangeable iron and
CEC of soils., The influence of CEC on the exchangeable iron
and correlation betwesen the amounts of iron extracted from a
s0il and its organic matter content have been stressed by Bao
et al. (1964). The high content of organic carbon in the kari
soll, by decomposition can Increase the CEC of the soil which
in turn must have enhanced the exchangeable cations include

ing Fe2', On the other hand, a low CEC of a soll implies

both a restricted buffering feature as well as a limited supoly
of available nutrients (Yoshida and Tanaka, 1970). Ottow et al.
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{1982) reported from analysis of solls from iron toxic locae
tions, a relatively low CEC with insufficiont exchangeable
bases, particularly K and Ca znd low contents of available P
and Ki From the results of leaf analysis he ascribed iron
toxicity to multiple nutritionsl soll stress; rather than

to a low pH or a high amount of easily reducible iron in the
s0il, This conclusion was supported by their observation
that the pH of the many iron toxic soils in Philippines ranged
from neutral {pH 7.4) %Te. acid (pH 4.4) with wide variations
in the total iron as well as its ‘active! part.

3. Active iron

Active iron content was highest in the karl and least
in the kayal soil. Its content differed significantly among
the soils.

The active iron content was significantly and negatively
correlated with the pH of the Kuttsnad solls as a whole. Howe
ever, when the three scil types were individually considered,

the relationshlp was random and non=significant.

Highly significant and positive correlation could be
noticad betwean the organic carbon and active iron content of
the thrae soil types considered individually and together.

Bao et al. (19564) noticed that the amounts of iron extracted
from a soil were correlated with the organic metter content

of the soil.
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Electrical conductivity of the soll was also found to
have a significant influonce on the activa iron content of
the 201l (r = 0,5213). It has to be noted that tn Kuttanad,
presence of salt is possible in tho irrigatiocn water particue
larly during tho summer months of January %o April while dur=
ing the monscon months tho water is fresh. Submergencs brings
about 4n increase in the slectrical conductivity of soil solu-
tion with time (Pomnamperume, 1976). In coastal saline soils
of EC 13.6 mmhos/cm Bandyopadhyay and Bandyopadhyay (1924)
noticed sharp fall in Eh and considerable increases in water
gsolubla iron with more severe effect whan tha soil was treated

with undecomposed organic matter,

Distribution of forms of iron in the soil profiles in relation
to _ths ohysicomchemical nronsriios

a. Physicowchomical features
Kayal soll

Table 7 a and 8 indicate that the kayal soil has domie
nance of fine sand and silt in the surface layers, Both the
profiles had recorded high contents of theso two soll fracte
fons. (Mean content 46 per cent and 3% per cent fine sand
and 27 par cent and 30 per cant silt in Profiles I and II
respoctively). Tha high content of fine sand is ascribed %o
estuarine influoncas of the adjoining Vembanad inke on

theso soils resulting 4in cumulative depositions of
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these coarser soil fractions through canals, rivers and
flood waters. Electrical conductivity was also fairly high
in these profiles throughcut the depth examined (4 and 2.5
dsm~t respectively). High conductivity particularly in
Profile I must be mainly due to the tidal influences of the
adjoining sea. The kayal soils are reclaimed beds of lakes
located mainly on the fringes of Vembanad in the Alloppey

and Kottayam districts. The rice fields thus reclaimed lie

0.5 = 2 metres below MSL and remain submerged under water

for nearly four to five months annually, {May to September)

It 4s seen from the Table that fine sand increased while

silt content showed decreasing trend with depth, with nearly
30 per cent decrease in silt in one location., This decrease

1s geen accompanied by nearly similar rise 4in clay content
with depth. Howaever, in Profile II of the kayal soll, decre-
ases in silt and clay contents were not marked. Organic carbon
increased with depth which reveals the possible presence of
organic matter in the lower layers. Both the profiles indie
cated decreases in pH with depth which is attributed to the
increased organic matter contents and resultant accumulatilon

of CO, and organic acids in the sublayers.

Kari soil
Study of the kari soll profiles indicated high clay con-

taent on the surface. However, the clay decreased to nearly
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one third in the two profilas and coarse sand iIncreased
towards the lower horizons which 4s atiributed to estuarine
influences over the years, In Profile I this decrease was
from 59.0 to 20.7 per cent and increase in coarse sand was
from 1,8 to 42,5 per cent. A simllar situation was notice-
able in Profile II also. The clayey nature of the kari soil
thus appeared to be dominant mainly on the surface layers.

As with the kayal soil, a decrease in soil pH with
depth was clearly noticeable. The decrease in pH noted in
the sub=soil reglon is due to the acid sulphate nature of
these soils and presence of axchangeable aluminium and organic
aclds accumulated from slow decomposition of vast organic
matter reserves characteristic of this soil. The result is
in agreement with the findings of Money (1961) that "the lower
horizons of most of the profiles have mankedly low pH which
goes down as low as 2,5", OCccurrance of sulphides and ihe
axistence of "Sulphur microbial ecycle™ operating in this soil
leading to sulphuric scid have been indicated by Maney (1960,
1961)- Organic carbon contert showed increases with depth,

From 8.3 oer cent on the surface the organic carbon rose to
10.4 per cent with depth in Profile I. High organic carbon
seen down the profile is indicative of tha presence of organic
matter in eXcessive quantities in the sub scil, Presence of

partially decomposed organic residues including the wood
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fossils in the sub soil has been proved. Electrical conduc-
tivity increased with depth which indicated the presenca of
salts in the sub surface layers. These salts must have accu-
mulated over the years as a result of earlier freguent saline
intrusions from sea which has been controlled rocently by a
barrage at Thanneermukkom. Investigations carried out by the
adjacent Karumadl Centre of the All India Coordinated Project
(ICAR) on Agricultural Drainage has also confirmed high salt

content in the sub surface layers.
Karapadom soil

Examination of Profile I of karapadom soil indicated
high contents of fine sand and silt. The silt content
showed decreases from 45.2 percent to 9.2 percent and clay
increased from 10.3 por cent to 42,1 per cent with depth,
while Profile II revealed dominance of sand (30.5%) and clay
(38.9%) on the surface with considerable decrease in clay in
the sublayers. In both the profiles of karapadom soil increase
in sand with depth was noticed. In Profile I fine sand incre-
ased from 31,6} to 38,4% while in Profile II coarse sand
Increased from 30.5% to 59,5% with depth. The profiles of
this soil type thus showed variation with regard to particle
siza. Money (1961) has reported that considerable variation
oxisted in the character of the soils in different karapadom
regions. Karapadom solls are the slightly raised filelds
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sltuated on the banks of rivers and other waterways. The
s0ils are enriched by the sand and silt brought down by the

rivers and flood waters.

Organic carbpn decreased from 5.8 per cant to 4 per cent
with depth in Profile I while in Profile II it decreased from
571 ko 2.4 per cent with depth, ;gﬁ decreased from 4.9 to 3,9
in Profile I while slight increase was seen in Profile II, The
karapadom soil orofiles thus showed variatlons in pH and texe

ture.
Sandy Onattukara and brown hydromorphic soils

The size fractiong remalnzd wlthout much change except
Ln the coarse sand content which appreciably decreased from 14
per cent to 2 per cent with depth., Mean content indicated
dominance of fine sand {45.6 per cent) and silt (26.8 per cent).
In hrown hydromorphic solls the mean values lndicated that the
soll had high clay content (43.6 per cent) on the surface,

b, Forms of iron in the soll profile

It could be seen in the Table that the total iron content
in general, decreased with depth in 211 the soil profiles of
Kuttanad under study except Profile I of karl and Profile II
of karapadom soils, Sandy soll nrofile and the profile of
brown hydromorphic soil also showsd increases in total iron

content with depth, though variations were not marked. Thay
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differad from Kuttanad soils in this respect. More accumulae
tion of tolal iron on the surface soil may be due to the
uptake of iron from lower horlzons by vegetation and through

sediments of eroded materials.

Water soluble and exchangeable iron recorded increases
with depth in most of the rice soll profiles of Kuttanad
though the pattern of increase slightly varied., Lowest con=
tent of water scluble iron was sesn in the upper horizon of
the kayal soil {103 ppm) while the surface soil of karapadom
recorded the highest content {139 ppm). It was however,
noticed that among the Kuttanad solls, the varlation between
profiles vith regard to the surface content of water soluble
iron was not appreclable. Decraased acidity in the lowsr
layers of the profile is responsible for the increased contents
of water soluble iron with depth. In brown hydromorphic soils
the content of water scluble iron decreased with depth and
in this profile the oH had not changed.

Exchangeable iron was maximum in the upper horizons of
kayal and karapadom soll profiles which increasod with depth
except in Profile II of karapadom soll vhich showed decreases.
In kari soll, however, much variatlion in exchangeable iron
could not be observed. Sandy soil profile recorded the lowest
content of 22 ppm which showed increases with depth up to
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210 ppm probably due to increased clay content in this profile
at lower layers which may lead to higher CEC wvalues, In the
brown hydromorshic soils the exchangeable iron decreased with
depth.,

Increases In active iron content with depth were noticed

in all the soil profilos except karapadom soil Profile II.

Low pH and high organic matter in the lower layers have
caused incrcased iron solubilisation, resulting in the higher
contents of all forms of iron including active iron which has
complexing effoct with organic matter, In the kayal and karae
padom soils of Kuttanad there 1s occurrence of jarosite
minerals upto a depth of 50 cm together with small amounts of
pyrites, The occurrence of small guantities of pyrites bayond
50 ¢m has baen indicated from the studies conducted in the
Department of S0il Sclence and Agricultural Chemlstry . Kuttanad
soils have thus bsen shown to be coming under the ecategory of
acid sulphate solls. The hich release of both water soluble
exchangeable iron in the sub surface soils (ie below the plough
sole) is thus clearly warranted by the occurrence of Jarosites
admixed with pyrites., Active iron was lowest in sandy soil
which is tracaed to its lowest organic carbon content., The
Incroased contents of forms of iron with depth in sandy soil
proflle might be due to the low water holding capacity of the

soil leading to oluviation of soluble iron to lower horizons.
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The decreases in all the soluble forms of iron in the
Brofile II of karanadom soil is explalned as due to the
increased pt! and decroased organic carbon with depth (Table
7(a)) observed. Moreover, in the various micrcenvironments
in the soil, partial decrease in anasrobicliiy can occur.
Though the soil may be submerged there may be small pockets
of aarobic enviromment existing which can zetain the iron

in the ferric form,

Water soluble and exchangeable forms of 1ron together
raprasent the available iron conbent in the soil which would
give indlcation of toxicity symptoms in plamtes on immediate
planting. Karapadom s0lls racorded the maximum in this res—
pect whereas in the sandy Onattukara soll, this fraction
vas negliglble. These twe forms are deoendant very much on
soil proverties. The increase in the content of these forms
i1n the upper horizons appear to be related to soil acidity,
soil organlc matter content ot€. and these soll propertics
are found to increase with depth. Moreover, undar the condi-
tions of tropical humid climate excessive leaching due to
high precipitation may be an additional factor contributing
towards the accumulation of these forms in the lower horizons

in some of the soil profiles examined, The active iron content
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also followed ths same trond in almost all the profiles
studiod and 1% appoars to be related to the organic matter
content of the soil as is evident from intercorrelation
studias conducted,

Correlation studies indicated that the pH and water
soluble iron content in tho Kuttanad soil profiles (kayal,
kari and karapadom solls consideraed together) were signifi-
cantly and negatively correlated (r = =0,4278). Significant
nagative correlation (r © =0,7326) existed betweon pH and
active iron content in the profiles of Kuttanad soils at one
per cent level. Significant and positive correlation
{r = 0,6292) of organic carbon and active iron content at
one per cent level and of olectrical conductivity and active
iron (r = 0,3664) at 10 per cont level axlsted in the Kuttanad
soil profileos as a whole. Negative correlation between pH and
wéter soluble iron and active iron and positive roelationship
between organic carkon and actlive iron and betwzen olectrical
conductivity and soluble iron have been reported by many

workers.,
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III Influence of added amendments and toxicants on the nature of

iron releasa

Although under the submerged conditions of a soil it
has been ohserved that the presence of cartaln substances can
enhance iron solubilisation to toxic levels in soll solution
while some others can suppross it to below the toxic level,

the extent and pariod upto which such F92+ 2+

release or Fa
suppression contlinues to occur under the influence of varying
lavels of added amendments to Kuttanad rice soils have not
been investigated earlier and hence the praesent study was
undertaken with Kuttanad soils. For comparison purposes,

brown hydromorphic soil was also included in the study.

[
—

(t) Effect- of submergence on the rolease of iron

All the soils under study released increasing amounts
of Fo2¥ with the peried of submergence (Fig, 5). Peak relcase
was observed 25 days after submergence except in karl soil.
Later the iron concentrations dropped gradually to lower
values with prolonged submergence upto 90 days, In the kari

2+ could be noticed on the

soil, however, peak release of Fe
10th day of submergence with gradual decrease thereafter,
The release of Fa2+ during submergence has been demonstrated
by different workers. The increase in pCO, on flooding 1s

due to accumulation of CO, produced by aerobic raespiration
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at the start and follcwsd by anacrobic decomposition of
organic matter. Hence PCO2 in soils high in organic matiter
is higher. The increase in F92+ concentration (water soluble)
is related to Eh and pH of the Fe(OH)s-Fe system (Ponnamperuma
et al. 1967).

Soll reduction under flooded conditions is a direct
consequence of axclusion of oxygen. This culminates in the
release of several reduced ions such as Fe2+. Mn2+, NH4+.
HCO.,

>
in the soil solution thus increases amd 1s characterised by

and other displaced catlons. The concentration of ions

a rise in specific conductivity. Thus, there is close simie
larity between the kinetics of specific conductance and those

2%

of Fe“ " ard an+ and other cations (Ponnamperuma, 1972).

The reduction of iron and increase in its solubility
is a consequence of the ansrobic metabolism of bacteria and
1% appears to be due to the chemical reduction of F93+ by
bacterial metabolites (Ponnamperuma, 1953), Direct bacterial
reduction coupled with respiration might be involved in the
process (Kumura =% al. 1963), At low redox potemtial ferric
hydroxide 4s reducad to ferrous hydroxide according to the
equation

Feo(OH)gte—> Fe(OH) ,40H" (Patrick 1964, Mahapatra, 1968).
The distribution of reduced Fe2' batwsen the solid amd solution
phase is controlled by pH, organic matter, c¢ation exchange

capacity and the duration of submergence.

The role of ferrouseferric hydroxides as the principal
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redox system in submerged soil has boen 1llusimted with
thermodynamic evidences by Ponnamparuma (1967). It is noticed
that the reduction nrocess involving chemical transfermation
1s most active during the initial periods of submergence.
More rapid solubilisation of iron has occurred in the kaxd
soils as compared to the kayal, karapadom and brown hydromoxre
phic solls. Soils rich in organic matter and low in pH are
known 0 undergo rapid reduction due to submergence (Mandal,
1961; Motomura, 1962) with a concurrent increase in co,
(Ponnamperuma, 1965), The karl soils are characterised by

an organic carbon content of 6.2 per cent and pH value 3.8,
These two factors have influenced the more rapld release of

F92+

during submergence. High amount of organic matter and
increasad CO2 production durlng the rapid decomposition of
organic matter during waterlogging are favourable factors in
kari soill for the early formation of FeCD3 (Ann, Report IRRI,
1967) and Fe3(OH)8 {Ann. Report IRRI, 1966). In kari soil
therefore the reduction process is most active within 10 days
of submergence after which the rate of reduction slows down.
Compared to the kari soil, the kayal, karapadom and brown
hydromorphic soils have only a lower organic carbon and slightly
higher pH values which has resulted in a slower release of
soluble iron.

e2+ could be noticed in all the

solls after attaining peak values for F92+. According o

A gradual decrease in F
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Ponnamperuma (1967) the subsequent decrease of Fo’T concen=
tration 1s due to the precipitation of iron as Fe3(OH)8 or
Feao4nHéD brought about by increase in pH followlng a decline
in pCO, and that the final stable conceniration appear to be
regulated by the pH and Eh of the system. The decline in
p002 after the peak value of F92+ release may be ascribed to
escape or diluting effect of CH4 produced in the later stages
of orqganic mattor decomposition, bacterial reduction of 602 to
CH2 or leaching losses or removal of 002 as insoluble carbona~
tes. The Eh-PH diagrams as proposed by Ponnamperuma et al.
(1967) would indicate that Fe(OH)g4 and Fay(OH}g were the possi-
ble iron compounds in cquilibrium with F92+ in the soll solu=
tion. Though Fea(OH)g-Fe2+, Fe(OH)a-Faz+ and Fea(OH)g-Fe(OH)3
are the three major iron hydroxide redox systems operating in
submerged soils Fe(OH)S-F92+ equilibria wouvld alone operate
throughout the pericd of submergence while Fea(OH)a-Fe2+ and
Fea(OH)E-Fe(OH)3 equilibria would operate at the beginning of
the paak or plateau of water soluble iron when rea(OH)8 is
pracipitated,

(11) Salinity

Marine salinisation rasulting from tidal variations of
the Arablan sea is the major source of salt contamination in

Kuttanad solls due to the low lying terrain of the region.



156

In these soils the variations in salt content is mostly sea=
sonal. The dominant salts in Kuttanad soils are those of
chloride, sulohate, carbonate and bicarbonate. The sulphate
owas its oxrigin to the acid sulphate soil itself while carbo=
nate and bicarbonate originate from the organic matter decom~
position. The effoct of seasonal saline intrusion and conssquent
submergence on the release of soluble F92+ has not been inves-

tigated earlier,

Tables 10 to 13 and Fig . 7 to 8 would reveal that sea
water submergence released significantly higher contents of
F92+ in the soil solution. This observation is in general

agreement with the findings of Pasricha and Ponnamperuma (1976).

2%

The release of Fo“ appears to bs influenced by the concen-

tration of salt in the sea water treatment,

Sea water submergence of all the soil types except the

2+

kayal soil resulted in the peak release of Fe“ on the 25th

day of submergence while in kayal soll the release of iron
continued till the 40th day and declined thereafter. Maximum

releasa of F92+

could be noticed in the sea water submerged
kayal soil with 1868 ppm in the drainage water collected on
the 40th day. On the 25th day it was only 856 ppm. In kari

92+ was more or less the same.

soll also the release of F
Karapadom soil released 1241 ppm iron on the 25th day under

the influence of 100 per cent sea water. Brown hydromorphic
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soils behaved almost similarly as karapadom with a marginal

2 release on the 25th day of sampling even=

increase in the Fe
though its control released higher amounts of Fe2+ comparad

to other soil types,

The increase in specific conductance of acid sulphate
soils when submerged (Ponnamperuma 1958, 1977) may get aggrae-
vated by the use of salt contalning irrigation water for the
second crop of paddy in Kuttanad during the months January
%o April. Increase in conductivity during-waterlogging of
a soll is the result of displacement of the cations from the
soll colloids by F32+ formed by the reduction of Feaf IRRI
{1963) reported that low pH and high salinity due to NaCl or
M9612 could aggravate iron toxicity to rice. According to
Ponnamperuma {1977} the accumulation of ioms on submergenca
of a soll increases the ionic strength and alters the ionic
composition of the soil solution, which affects the ilonic
equilibria involving plant nutrients and uptake of ions by
the rice root. In Maahas clay of pH 6.6 amended with NaCl
to give initial specific conductances of 5, 10, 20 and 25
mmhos/cm, it was revealed that as the salt content increased
the concentrations of cations alsoc increased. This increase
in cation concentratlon is attributed 4o the displacomsnt of
cations from soil colloids by Na+, decrease in pH caused by

the presence of extra electrolyte aml effect of increased
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ionic strength on the solubility of soil minerals. In addi-
tion to the direct injurious effect of excess salt, a high
specific conductance of submerged soil may imply the presence

of injurious amounts of Fez+

and ionic antagonisms that hinter
the uptake of lons. Thus iron toxicity is aggravated by add-
ing sodium chloride Ponnamperuma (1977). Bandyopadhyay and
Bandycpadhyay (1984} in coastal saline soil and Sadana amd
Takkar {1983) in s sandy loam soil obtained a fall in Eh and
increased releases of both soluble and exchangeable forms of
iron under the influence of difforent concentratlons of salt.
The Kuttanad region lies in close proximity to the sea coast
at one to two metres below the mean sea level. In addition
to the submergence of the paddy fields in Kuttanad under
water for thres to four months annually, the tldal influence
of the sea can cause salinity problems in these low lying acid
sulphate soils. The problem has of late become less serious
on account of the Thaneerwmukkom salt water barrage constructed
across the Vembanad lake which has access to the sea, but

still salinity problems do arise occasionally.

{111) Organic matter
Submergence causes reducing conditions which are aggrae
vated by organic matter., The intensity of the soil reduction

varies dspending upon the amount and nature of the decomposable
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organic matter applied to the soil and the duration of submere
gence, Hence different levels of organic matter in the form
of farm yard manure were tried. It 1s clear from ths Tables
16 o 19 and Flg . 9 and 10 that organic matter application

2+

to soils under submerged conditions has favoured Fe“ release

in the soil solution. 1In all the s0il types, progressive in-
creagses in the release of F92+ were noted when the concentra-
tion of organic matter in the soil increased. Peak release

2+has occurred during the 25th day sampling in all the

2+

of Fe
soils except the kayal soll where the release of Fe“ continued
£ill the 40th day to attain the peak value., When organic matter
is added, the soil gets more and more buffered amd the CEC
increases., The consequence is that release of Fo?' is delayed
and prolonged till the 40th day in the kaysl soil., After the

2* 30 the soil solution, ths release

peak concentration of Fe
of Fo2t gradually subsided with further perlods of submergence
of the soil due to fall in the concentration of 602 and preci=
pitation of iron as Fe3(OH)8 or Fe,0,nH,0. The maximum release
of 2726 ppm Fez+ has occurred in the kayal soil on the 40th
day, followed by karl soil with 2125 ppm Fo2' on the 25th day
and and karapadom soil with 1465 ppm Fe2+ on the 25th day of
submergence. In brown hydromorphilc soils peak concentrations

2

of 1632 ppm Fe F wore noted on the 25th day. All the above

peak vaslues have resulted from the application of the highest
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level of organic matter. It has been reported that iron cone
centration in the soil solution may reach toxic proportions on
submergence of the soil amd aggravated by the addition of orga=
nic matter, Tables 16 to 19 ard Figs. 9 and 10 qgive sufficient
evidence supporting such earlier findings. (Islam and Elahi,
1954; Gopal Rao, 193563 Mandal, 1961; Motomura, 1961, 1962;
Patnalk and Bhadrachalam 1965; Meek et al. 1968; Takkar, 1969;
Mandal and Nandi, 1971; Ponnamperuma, 1972; Jaggi and Russel,
19733 He Xun and Xu Zu-yi, 1980; Khind et al. 1987 and many
others. However, it could be seen from the Figs. 9 and 10
that the pattern of F92+ Treolease caused by levels of organic
matter was more or less ldentical for a particular soil. It
could also be noticed in the Table that, in general, the

higher level treatments resulted in much higher rates of Fe2
release 1n all the soils than the lower levels where the rate

of F92+

release was also correspondingly lower. Tho same
trend could be observed during the subsidence of the peak
values also, Higher amounts of Fe2+ due to addition of organic
matter to acid soil may be due to the high content of free
iron and low pH values (Takkar, 1969). Formation of Fe?¥ 1n
waterlogged soils in presence of organic matter is also attrie
buted to the reducing compounds present and CO2 produced in
the course of anaerobic decomposition or fermentation of

organic matter. Such substances dissolvae insoluble ferric
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iron compounds in the soil and reduce them to soluble Fo2"

form. This observation is in agreement with those of Islam
and Elahi (1954), Mandal (1961, 1962) and Motomura (1962) and
Takkar (1969).

In general, the intensity of Fe (II) formation incre-
ased under the influence of higher amounts of casily minera-
lisable organic substances added tothe seil, In the absence

3+ compounds are used as Heaccaptors in the

of oxygen, the Fe
course of microbial metabollc energy conservation (ATP synthe=

sis).

Mineralisation:

Organic substances Dehydro esggpoi micro or 3"15m§>ATP+H+4e'+
matabolites

Fa (TII) oxides act as H=acceptors (hydrogenation)
Fa (OH ) 3+H++e_ Ferrireducta ePG (OH) 2+H20

The reductive transformstion of Fes+

oxldes and hydroxides in
submerged solils has beon reported as a direct enzymatic pro-
cess linked to specific reductases of many facultative and
obligately anacroblc bacteria (Ottow aml Glathe, 1973). Thesa
grow using such oxidised soll eomponents as N03' » Mnoz, hydra=-
tod oxldes of Fe (III}, 5042" and even their own metabolites

as glectron acceptors in their respiratlon., According to

Takijima (1964), IRRI (1971) and Okasakl and Wada (1976), this
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reduction may also evidently be due to the increased formaticn
of 002 in the course of dacomposition of organic matter and the
decrease towards the lator period of the experiment may be due
to the fall in the concentration of CO, in soil solution.
Tables 16 to 19 reveal this fact clearly. As the levels of
organiec matier 15 increased there is a concomltiant increase
in the concentration of Fo2T in soll sclution, the maximum
corresponding to the peak period of organic matter decomposiw
tion, After the 4§T}er‘p6@level of organic matter tried,

the influence was not so much as 1t was in the previous lovel
slabs. The difference in the soll types has no definite or
clear out role in deciding the influence of added organic
matter on the released iron, The bulk of the reducing dissole
ved organic substances in the solution of flooded seils, formed
by the microblal actlon on the organic matter often consists
of phenclic compounds perhans relating to fulvic acid amd
other chelating agents which can reduce oxide to soluble iron
comolexes and aggravate iron toxicity by hampering the oxidise
ing capacity of the rice roots. The inhibitory effects on
plant growth due to crganic acids and phenols have been indi-
cated by Chandrasekharan and Yoshida (1973) and Govindaswamy
and Chandrasekharan (1979). High concentrations of reducing
organic substances are common in peaty soils. Patnalk and

Bhadrachalam (1965) considered that organic or green masnure
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can not only aggravate soil reduction, but also lead to the
accumulation of toxic decomposition products. They have,
therefore, cautioned against the application of organic or
green manures to low land areas with imperfect drainage
Leachate analysis conducted by Mandal {1961) and Singh and
Patiram (1979) in soils waterlogged in pots showed shazp

riso of insoluble Fe2' which later with increase in 002 con=
centration in the soil solution entered into the oxchange
comolex and still later with further inecrease of co, 1t
appeared in the drainage water in the soluble form. Mandail
(1961) observed that in the presence of ofganic matter the
raduction process was more intensive and 002 production much
higher. Under such situations, he noticed much larger quanti=
ties of insolubla, exchangeable and soluble forms of iron much
carlier. Mandal (1962) further found that Fe and Mn concen-
trations in drainage water were highest in soll when kept
under an atmosphere containing 10 per cent oxygen concentrae

tion by volume.

(1v) Fertilisers - Ammonium sulphate

Tables 22 to 23 and Figs. 1l to 12 revealed that the acid
forming fertilisers have a definite influsnce in releasing
Fe?' as the fertiliser levol is increassd from O to 250 kg N/ha.
It is noticed from the Tables and Figs, that in the karapadom

and brown hydromorphic soils maximum Fe2' oceurred on the 25th
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day of submergence from ammonium sulphate applied at the rate
of 150 kg N/ha; while in kari soils peak release of Fe2' resul-
ted from the application of ammonium sulphate at 100 kg N/ha.
In kayal solls, however, the maximum Fe2t release occurred

from ammonium sulphate applied at the rate of 200 kg N/ha.

The recommendod dose of nitrogen as per the package of
practices rocommendations of the Kerala Agricultural Univer=
sity (1985) i1s 40 kg N/ha for local rice varieties, 70 kg N/ha
for short duration and 90 kg N/ha for medium and long duration
varieties, irrespective of the soil type in the State. It can
be seen from the Table that even with the package dose, the
concentration of Fe2+ in the soil solution reached toxic
levels within the first three sampling periods invariably in
ail the four soill types studied, indicating thereby the need
to avoid application of such acld forming fertilisers to sub-
merged acid rice soils of Kuttanad, which might lead to incre-
ase in soll acidity followed by the development of iron toxicity,
In case ammonium sulphate itself has to be applied sufficlent
time should be given after application of such fertilisers.
After the 5th week, however, the concentration of F92+ was
coming down to reach more or less stable value. It was noticed
that the progressive release of F02+ continued till the 3th
waek of submergence after which it decreased tending to reach

a more or less steady value. Kari solls which are the most
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acldic; gave indications of decrease from peak release of Fe2+

even from the 10th day of submergence (in the control) whilo
the other soil types showod progressive subsidence from pesak
release of Fe2' after the 25th day. Of the different soils

studied, karapadom soil with N at 150 kg N/ha registered the
maximum iron release of 1232 ppm on the 25th day of submer-—

gence followod by kari soils with 100 kg N/ha releasing 1073
ppm F92+ and by brown hydromorphic soils fertilised with 150
kg N/ha releasing 1050 ppm F92+ during the same psriod., The

2+

peak perlod of Fe“ release in all the soils studied was noti-

ced around the 3rd samnling period, ie; 25th day and the peak

24

release of Fe“ was found minimum in the kayal soil even with

the highest level of 200 kg N/ha tried. The increased releases

of F62+

rust have resulted from the promotion of microbiologi-
cal activity by the NH4+ ion. Ammonium sulphate being an

acid forming fortiliser can induce more acidity to the soil if
the fertilisexr 1s continuously used as 1s besing done by some
farmers in Kuttanad. Similar increases in the iron concentrae
tion in soil solution to toxic levels have been reported by
Sahu (1968) in Orissa soils, who also found that urea applica=
tion alleviated it., Subramoney and Kurup (1961) observed that
ammonium sulphate favoured scum formation in Kuttanad sells
resulting from irom solubilisation, Tanaka and Yoshida (1970)
have roferred to the ™alnsha'! disorder in rice in Orissa as

being similar to bronzing due to iron toxicity which was shown
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to be aggravated by the application of ammonium sulphate.
Sharma and Banerjee (1983) noted that soil application of
ammonium sulphate favoured iron release at a very high rate
due to chemical reduction along with boosted microbial acti-
vity.

(v) Amelioration of iron toxicity by the application of lime

Iron solubilisation eccurs mainly due to the high soil
acidity., Effect of 1lime was therefore attempted to find out
its efficacy in the control of excess iron solubilisation
from soils. Table 28 and Fig . 13 to 14 indicate the useful=
ness of lime in suppressing iron releases. Ponnamperuma (1938,
1960) Nhung and Ponnamperuma (1966), Sahu (1968), Subramoney
and Kurup {1961), Sahu (1968), Tanaka and Tadano (1972),
Ponnamparuma and Solivas (1981), Freire et al. (1985). Bishnoi
et zl. (1988) and several others have reported the effactive-
nass of lime in relation to reduction in Fe?¥

Kabeerathumma {19753) ascribed the reduction of soluble Fo

toxicity.

2+

in waterlogged soll by lima application to lowering of pH and
precipitation of iron as insoluble hydroxide, It was noticed
from the Table that though lime could suppress iron release
from soils, complete prevention or alleviation of excass release
of F92+ from solls was not possible. In the present study it
was noticed that lime could prolong the iron release from some

soil types for a few days, but thereafter the rolease of F92+
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occurred equally as in the control treatment or even in higher
amounts. It may b2 noted that only two levels of lime viz.
600 kg and 1000 kg/ha, were tried., The usefulness of lime
treatment in the prolonged suppression of soluble Fe2+ in
soils was not much ovident in Kuttanad soils probably due to
the insufiiciency of the lime lavels tried., It is likoly that
increased levels of lime beyond 1000 kg/ha might be able to
bring about the suppression of acidity and soluble iron cone
centzration in these soils more efflciently. In kayal soils

it 1s clear from the Table 35 that lime application at 600
kg/ha could retard iron release from soil for 25 days but
after this period lime failed to prevent iron solubilisation,
During the 25th day of sampling the suppression of soluble
iron in the soll was only marginal. Lime level at 1000 kg/ha
had much more favourable effoct upto 25 days, but beyond this
period it again failed to keep more iron in the insoluble

2+ in quantities substan-

form, Moreover, the relsases of Fe
tilally more than that in the control could be seon during the
advanced stages of the study with both the levels of lime.
Howover, at the close of the experiment the lron levels, in
general, showod a tendency to get stabilised., In the kari
soil also the effect of liming on the suppression'of iron
release from the soil to an extent of more than 50 per cent
was evident till the sampling period betwecen the 10th and

25th days. Beyond this period, the lower level of lime was
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not helpful 4in controlling iron solubilisation, However,

the higher level of lime could prolong the suspression of iron
rgelaease for a fow more days and after 59 days of submergence
oven the higher lime level was not found helpful., It is to be
noted that tho release of soluble Fe2+ in karl soil was low up
to the 10th day only, Howaver, in lowlzand paddy cultivation
the available eovidence would suggest that the susceptibiliuy
of tho rice plant to iron toxicity is much more during the
inltial stages of 4its growth and maximun tillering (Tanaka

and Yoshida, 1970; Haque, 1977) than in the advanced stages.
In such a situation it 1s likely that the purpose of asdlying
lime to iron toxic solls in quantities affordable by tho margi=

2t release for a

nal farmers would only bs to prolong the Fe
fow days so that the plant may be able at 1ts advanced growth
stages to resist the hazards due to excess scluble iron from
the goll through the efficient operation of its root oxidation
mechanism, provided the plant is maintained under proper nutrie
tion management as indicated by Ottow ot al. (1931), (1932) and
Benckiser et al. (1934). Brady (1987) reportesd that iron toxie
city could be ameliorated by liming, but quantitios raguired

are often prchibitive,

Conceptually, the rate of soil acildification should ba
measured in terms of change in H+ activity per unit time. The
sources and sinks of proton (H+) in soil are numerous an’l core

plicated, This 1s wuch more so in Kuttanad soils which are
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known to be acid sulphate solls containing pyrites amd Jarosites,
The subwscils themselves in view of the pyrites, act as source

of protons to the other layers,

Under the environmsntal conditions in Kuttanad, drainage
occurs and any process which produces protons and leachable
anions other than CH™ will result in soil acidification. This
is due to the replacement of exchangeable cations by H+.

Some soil processes which result in the soil aciiifice-
tion aro nitrificatlon, resoiration of carbon dioxida, minora=
1lisation of organic matter preducing organic acids, oxidation
of sulphidic material to mineral sulphuric acid as in acid
sulphate golls etc., Liming on acid solls would thus favour
theso vory processes and result in the accelerated formation
of various products including more of protons, Thus, theori-
tically, though it appears to bo reasonable that liming should
result in the decrease in H© activity per unit of time, the
neutralisation process by 1tself can activate the sources of
protons and suppress the sinks as well. This complicates the
reverse phenomena to such an extont as %o preclude possibilie
ties of making generalisaod sredictions, The above findings of
Marykutty (1986) Ain relation to tho pattorn of rasidual action
of liming to some axtent explains the present apparantly
paradoxical observation of liming that induces the agreator

rolease of F92+ in the kayal and kari solls for a more enhanced
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peried of time than the unllimed treatment. Thus the higher
rates of reacidification consequent to liming has activated
the sources of proton as to liberate more hydregen. The
syppression of ‘the proton sinks by the liming itself wmakes
the sinks nonwcpsrative. This makes the protons release more
F92+.

In the present study with karapadom soil, howsver, lime
had a more favourable effect. Lime at 600 Lg/ha could suppress
iron release up to 30 days while 1000 kg/ha could supprass ax=
cessiva iron rolease throughout the psriod of study. The extents

to which the reolocases of P62+

were suppressed in the karapadom
scl) during esach sampling perlod were found to bo more than

in kayal and kari solls, In brown hydromornhic soils the
effoct on iron suppreossion by both the levels of lime was
clearly ovident throughout the period of study, with more
benefit accrued from the higher level lime treatment, wherein

62+ at each sampling pericd was found reduced

the raelease of F
to nesrly twe thirds from that of the control. Tho results
of the present study are supported by the findings of Nhung
and Ponnomperuma (1966) that 4 per cent Cal0,4 incroased the
pH 3,7 to 4.6, dopressed Fa2+ concentration in soll solution
from 499 to 190 ppm at planting and prevented death of plants
but later high iron concentrations in the 3o0ll solution caused
iron toxicity. Howaever, 8 per coent Caco3 raised the pH 3.7 to

92+

5.5 at planting and deprossed F concentration to 133 ppm
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and prevented iron toxicliy and enabled the plant to produce
yield double that of 4 per cent CaCO3 treatmont. Field experie
ments conducted in iron toxic sandy loam at the Agronomic
Rescarch Station, Chalakudy (1981) and brown hydromorphic soil
at Vellayani {1984) to compare the offectiveness of soll amolice
rants in the alleviation of ircn toxicity rovealed tha usefulnass
of lime, magnosium silicate {stoatite) and potassium chloride

in improved grain yleld of paddy (Kerala Agricultural University
Ann. Rep. 198%3 1983), Verma and Tripathy (1984) reported
that although liming did not alleoviate bronzing it delayed the
appearance of symptoms about 25 days, Thus at flowering stage,
the plants grown under submergence with lime application alsc
started bronzing. The use of lime as an amsliorant for the

acid sulphate and other acid soils is widely known. By cOrrote
ting soll acidity ami bringing about & more favourable soil
envirorment for plant ani microblal growth, lime alsc indirectly

alleviates the toxic concentrations of Fezr.

Though the practice of liming acid soills and washing out
thae toxic soluble iron is popular in Kuttanad, the prohibitive
cost of lime and lack of local availability of the material have
dissuaded some marginal rice farmers from this practice. The
per hoctare profitable and economical doses of lime needed for
‘the amelioration of iron toxic rice soils have thereforae to ba

vorked out for the different soil types. Improvenent of drainaga,
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use of cheaper and indigenous soil ameliorants such as
steatite, prescription of the critical levels of iron in
the soil and in the plant tissue and screening of the
prasently popular traditional and high yielding rice variee
tles for tolerance to iron toxicity need attention by soil

scientists.
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SUMMARY AND CONCLUSIONS

A study was made of the sxutent of solubilisation of iron
in the submerged acid rice goils of Koralas State whers iron toxie
city 4s likely to bs a sarious fiecld problem during rice culti.
vation, The kayal, kari and karapziom soils of Kutianad, sandy
soils of Dnattukara and the brovn hydromorphic soils of the mide
lan? lateritic zone were included in the study, Chemical charae
cterisation of the solls and soil profiloes in relation tc forms
of 1ron and the studios on the release of soluble iron from
these so0ils under submergod conditions as affected by organic
wmatter, sea water and ammonium sulphate as well as on tha methods
of amelloration of such iron toxic scils were asttempied, with a
view %o obtain a batter understanding of tha dynamic aspects of
iron in these subusrged solis.

The major findings from the above study are given below:

1, Among the submerged soils studied kari soil was tha most
acidic with a significently hich organic carbon content,
CEC =nd qlectrical conductivity compared to the kayal and
karapadon solls of Kuttanad.

2, The water soluble iron content &n the Kuttanad rice soils
ranged from 79-16% ppme Significant positive correlation
existed between tho electrical cenductivity and water soluble
iron, Significant nogative correlation existed between tha
pH and water soluble iren.

3. The exchangoable iron content 4in Kuttanad solls ranged from
144=310 ppry and 3t was significantly and positively correla.
ted with the CEC,
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The active iron content constituted the major form of
iron and it varied between 1460 and 3200 ppms A signie
ficant and positive correlation was observed betwoen
active iron and organic corbon content and electrical
conductivity. Significant negative correlation existed

between pH and active iron

In general, the forms of iron such as water soluble
and exchangeable which are responsible for producing
iron toxicity in transplanted Flce oxist in sufficiently
high amounts in the Kuttanad soils

A comparison of the distribution of the different forms
of iron in the orofiles of Kuttanad, sandy (Onattukara)
and the brown hydromorphic soil revealed that while the
total iron content decreased with depth, the water solu-
ble, exchangeable ard active iron increased in all the
soll profiles except one profile of the karapadom soil
and the profile of brown hydromorphic soil where the
water soluble and exchangeable iron decresased with depth

Submergence of tha soils of Kuttanad amd brown hydromor.
phic soils invariably resulted in an increase in the
soluble iron content. Maximum release of soluble iron
was noticed on the lOth day of submergence in the case
of kari soll amd on the 25th day in the other soils,



7.

8.

9.

175

Highest iron release was observed in brown hydromorphic
soil, After the peak release the soluble iron decliined
to lowar values with time and reached fairly stable values
on the 90th day

Submergence of the soll under sea water of different
dilutions resulted iIn the enhancement of iron relaase,
the pattern of release being more or less similar in

all solls. The release of soluble iron was influenced
by the dilution of the sea water used for submergence of
the soll. The highest concaentration of sea water resul=
ted in the maximum release of iron from all the solls,
The peak release of iron was observed on the 25th day in
the kari, karapadom and brown hydromorphic soll, while
kayal soil alone registered peak concentration of iron
on the 40th day of submergence. Further periods of sube
mergence up to 90 days resulted in a decrease'%p soluble
iron concontration, which did not, howsver, reach the

lowast value attained in the control soil

Highest release of 1868 ppm soluble 1irom under the influ~
enca of undiluted sea water was obtained in the kayal

soil on the 40th day of submergence

Under the comditions of sea water submergence, the kayal,

karl and karapadom soils released significantly higher
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amounts of iron compared to brown hydromorphic soil. The
same trend was noticed whon theose s0ils were submerged
under 79 per cont and 50 per cent sea water lavels also.
However, at the lowest level of 25 per cent soa water

submergence, all the four soils bohaved similarly.

Addition of organic matter in the form of farm yard manure

to seils undar submerged conditions influenced iron soluble
11sation considerably. Increasing levels of organic matter
rasulted in the progressivae increase in the concentration of
soluble iren in the soil solutlion in all the soils with time,
In the presence of organic matter kari soll released signifi-
cantly highar amount of scluble iron on the 25th day of sube
mergence which docreased rapidily thereafter., However, on the
40th day the kayal soll released significantly higher amount

of iron.

During the post peak periods of gradual decline in soluble
iron under the influence of submergence and crganic matter,
the keri soil alono maintained higher concentration of iron
compared to other soils, eventhough tha difforence was not

significant,

Addition of ammonium sulphate to soils under submerged

conditions resultaed fn increased relsase of soluble iron



177

in the soil soluticn with time. Peak release of iron
was noticed on the 25th day in all the soils., After
the pealt period the concentration of iron dropped to
lower values and got stabllised around the 90th day

13. The level of ammonium sulphate required to release maxi=-
mun soluble iron was different for the four soils. Maxie
mum release of soluble iron in the kari soil was obtained
with ammonium sulphate applied at 100 kg N/ha level, in
the karapadom and the brown hydromorphic soils with
150 kg N/ha and the kayal soil with 200 kg N/ha level

14. Application of lime had considerably reduced the soluble
iron centent in the different solls; higher lime levels

always showing better suppression of iron release

15, In the kaysl soils, addition of 600 kg iime/ha lovel,
was helpful in suppressing the release of iron only up
to 10 days. However, lime at 1000 kg/ha level could keep
more Ssoluble iron under control up to the 25th day. 1In
both the lime treatments after the 40th day, the soluble
iron concentration considerably exceeded that of the

control

16, In the kari soils the effect of both the levels of lime
was evident only up to the lO0th day of submergence. After
this period, the release of iron continued and excecded

that of the control
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17. In karapadom and brown hydromorphic soil, lime application
was halpful in maintalning reduced iron concentratioen
4111 the 40th day. Lime at 1000 kg/ha however, could maine
tain a lower level of soluble iron throughout the period of

submergence in these two soils,

From the investigation carricd out in the present
study 1t has beon possible to cbtaln useful information
on the relationship betwsaen soil chemical properties and
the forms of iron in the Kuttanad acid rice soils where
iron toxicity frequently poses fileld problams for the
farmers. In Kuttanad surfate soils, the ranges of forms
of F02+ are 79 = 165 ppm water solubls iron, 144 = 310 ppm
exchangeable iron and 1460 = 3200 ppm active 4ron. Water
soluble and exchangeable forms of iron togather represent
tha available iron content in tho soil which would give
indication of toxicity symptoms in plants on imnediate
planting,

A comparison of kayal, kari and karapadom soils
indicated that Kuttanad solls in the submerged conditions,
in general, contain appreciable lovels of soluble iron
and that the kari soil hags significantly higher soluble
iron contents enough to0 produce toxicity to the rice

plant, The rice crop under such situations can produce
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cnly a lower ylold of grain and straw. From the incubation
trisls on soils it was found that emong the traeatments, the
treatment with organic matter resulited in the highast relce

ase of Fg2' (1368 ppm) on the 25th day,

Though in the kayal and kari soils lime at 1090 kg/ha
succoaded 4in supprassing tha iron rolease for 10 tc 29 days,
and gave Indications of possible batter porformance if annlied
at higher levels, &n the karapadom and brown hydromorphic
80113 lime at tho level of 1000 kg/ha was sufficient enough
to bring out an atmost complete control over iron solubili-
sation. The usual practice of thoe farmers in flooding the
soll after treatment with lime is helpful in suppressing
the Fe2t ralease from scils under submerged conditions.

Vary often the high degree of potential acidity in acid sulphate
soils makes reclamation through liming economically imorac—
tical. Proper drainage and water managoment practices will

be useful 4in such situations. Fleooding the fiold for 25

days to onable maximum releass of Fo?t and then washing out
can thersfore be recommended for the submerged rice soils

to minimise the iron toxicitye.
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ABSTRACT

A study has been made of the extent of solubilisation of
iron in the submerged acid rice soils of Kerala State where iron
toxicity is likely to be a serious field problem during rice
cultivation. The kayal, kari and karapadom soils of Kuttanad,
brown hydromorphic soils of the midland lateritic zons and the
sandy solls of Onattukara were included in the study. Chemical
characterisation of the soils and soil profilos in relation to
forms of 1ron were investigated with a view to obtain a better
understanding of the dynamic aspects of'irqn in these soils,
The nature, and extent of periodical variations in solubls iron
as influenced by levels of sca water, organic matter (farm yard
manure) and ammonium sulphate added to kayal, kari, karapadom
and brown hydromqrphic solls under submerged corditions were also
studied along with the influence of levels of applien lime on the

amelioration of iron toxicity.

Among the Kuttanad soils, karl soil was most acidic with
a mean pH of 3.77, high organic carbon content and CEC compared
%o others, The water soluble iron rangsd from 79-165 ppm 4in the
Kuttanad soils..This form of lron and pH ware negatively corro=
lated, Electrical conductivity and water soluble iron ware
significantly and positively correclated. The asxchangeable iron
varied betwean 144-310 ppm ard was positively correlated with
CEC, Active iron ranged betwesn 1460 and 5200 ppm. Active iron
had a significant positive correlation with organic:carbon and
electrical conductivity. Kuttaznad solls contained high contents
of water soluble and exchangeabls iron, together known to contrie
bute towards the development of iron toxicity to transplanted

rice in these soils.



High contents of water scluble, exchangeable and active
iron were noticed in the profiles of Kuttanad soils as well.
Compared to these. the brown hydrozorphic and sandy (Onattukara)
soils had much Lowsr contents of soluble iron, Total iron cone
tant decreascd with depth in most of the profiles whilo water
soluble, exchangeable and active iron, increassd with depth
studied upto 189 em. In brown hydromexrphic soil tho water
soluble and exchengsable iron ware found to decrease with
depth,

.Incubation studices under laboratory conditicns inticated
that submergsnce of soils resulted in an increase in the solue
ble iron with tima, reached a peak value on the 10th day in
korl soll and 25th day in the other soils, after which the

soluble Fez* decreased o lower.valucs,

Sea watar submergence resulted in enhenced raleases of Fel¥
with time to reach poaﬁ value around the 25th day followed by
decrease. Kayal s=0il alone, however, nceded 40 days for peak
reloase of Fe<', The ralease of Fe2' was influenced by the
dilution of sea water used, Kayal, karl and karavadom soils
released significently hicher amcunts of Fcz* compared to brown
hydromorphic soils, However, at the lowast level cfi 23 per cent
sea water all soils behsved similarly.

Prosence of organic matter under the submerged conditions

enhance: the Fez* release consicderably depeniing on the content



of organic matter in the soil, Karl soll on the 25th day amd
kayal soil on the 40th day of submergonce relesasd significantly
higher amounts of Fez*.

Addition of zmmonium sulphate to solls under submergsad
conditions resulted in incroased relesses of Fe>' in the soll
solution with tims, Peak releases of D
24%th day in all tho solls, Maximum roloase by kari soil was
influented by ammonium sulphate applled at 100 kg M/ha, in the

karapadem and brown hydromorphic solls by 200 kg N/ha.

were noticed on the

Tho beneficlal effect of 1imas on the suppression of iron
relesse was clearly evident in tho soils though to varying exients,
In kayal soll 600 kg lime/hs suppressed iron release upto 10 days
and 1000 kg/ha could suppress more soluble iren for 25 days,
Howevar, aftar the 40th day, scluble iron exceaded that of the
control. In kari soll the iron suppressing effect of both the
lovels of 1ime was evident only up %o the 10th day after which
the release of soluble iron oxceeded that of the control, In
karapadom and brown hydromorphic soils, limo at 600 ko/ha was
2* £111 the 40th day.
Lime at 1000 kg/ha, however, could suppress mere of the soluble

helpful in suppressing the relesss of FPe

F02+ throughout the peried of submergence. In kayal gnd karl
solls, levals of lime upto 1000 kg/ha appear to be inadequate
in controlliing iron toxicity.

Flooding the field for 25 days anl loaching out the relcased
F02+ just before planting of rice 1s suggested as an alternate
solution to mininmiss iren toxicity to rice in Kuttanad soills,



