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Among the low lying coastal areas of the Tropics are millions
of hectares of land'with either extreme or potential acidity limiting
rice production. (Bloomfield and Coulter, 1973., Van.Breemen and Pons,
- 1978). Pyrite has accumulated in these soils. This gets oxidised on
aeration liberating free sulphuric acid which lowers the soil pH to
3.5 -and below. This has led to the definition of these soils as acid
sulphate soils.

Iron and aluminium toxicities due to high acidity, high phos-
sphorus fixing capacity and consequent phosphate deficiency, deficiency
of micronutrient such as molybdenum, boron and at times Amanganese,
copper and zinc contribute towards limiting crop production in these
soils. Techniques of water management 1o maintain the pyrite laden
subsoil layers well below the water table are important strategies
in the management of these soils. Significant efforts are now being
made to develop and test high yielding and pest resistant varieties
with tolerance to acidity (Ikehashi and Ponnamperuma, 1978).

The acid sulphate soils are not very extensive on the global
scale. However they are found in Vietnam, Thailand, Indonesia, India
and some of the West African countries. Together they cover around
9.2 million ha (Moorman and Van Breemen, 1978, IRRI, 1977; Dent,
1986). In India, the acid sulphate soils are located along the West
coast in the Kerala region and the Sunderbans region of West Bengal.

It is also possibly present in the marshy bog situations, sporadically



in some of /t'he“forests of the Western Ghats, and the mangrove forests
of AndaméI; and Nicobar Islands.' However, the West coast of Kerala
contain the more extensively studied and near typical acid sulphate
soils  of India.

In Kerala the estimated area of acid sulphate soil is about

0.2 mhe along the West coast (Subramoney, 1950) .7 D s e T J. These

soils along the West coast due to local variations have been named

differently as kari, Kkarapadam, kayal, pékkali, kole and kaipad,
based on specific features bf the location, soil broblems presented,
colour of the soils or systems of cultivation adopted. Studies on some
of these soils namely l_<_a£i__.soils were initiated by Narayana Iyer,
as early as 1926 of the erstwhile Department of Agriculture of the
Government of Travancore. Since then, several works on the kari
and the allied soils have been carried out by groups of scientisis
of the State Department of Agriculture, the Soil Chemistry section
of the Central laboratory of the erstwhile University of Travancore
and the Soil Science Deparfment of the College of Agricﬁiture of the
State Department of Agriculture as also the present college of
Agriculture of the Kerala Agriéulturél University, the legitimate legacy

holder of the forerunners.

Most of these studies were on the methods of reclamation
of acid sulphate soils for agricultural and other purposes (Subramoney,
1951) _{_"‘_Y‘ the management of the soils for growing of rice, enhancing

the -productivity of these soils](Kurup, 1967; Alice Abraham, 1984;

Nair et al 198%) methods of amelioration of the acidity with 1liming



materials’(Marykutty. 1986) comparative evaluation of different types
of 1iming materials, etc. Howeverl, no systematic study on the genesis,
mineralogy both macro and micro primary and secondary minerals,
physical and physico-ehemical properties releyant to their classi-
fication, pedogenic processes étc., had been attempted earlier. Further
an apprisal of these acid sulphate soils in relation to other similar
soils elsewhere in the world became essential, not only to classify
them but to -explore the adoption of some of the tree cropping systems
practiced' elsehwere such as Malaysia (Brinkman)1976) and successful
technologies such as aguaculture adopted in the Philippines (Brinkman
and Pons, 1973). The question whether the acid sulphate soils of Kerala
would be amenable to such strategies warranted such - fundamental
studies on the genesis -especially aboit the nature and extent of
pvrites and the ripeness of the soils. In order to fulfill this major
overriding objecive the current work has been undertaken with the
following investigations as the main themes:

i. Stage by stage morphological studies (macro, meso, micro
and submicro) of the different horizons of the soil profiles.

ii. Coarse sand, fine sand and silt mineralogy for primary
minerals and X-ray, thermogravimetric and chemical methods for
secondary minerals.

iii. Ishy"sical and physico-chemical studies of the profile

samples and evaluation of the ripeness of the acid sulphate soils.

iv. Placement of these soils in the various systems of classi-

fication.
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Acid sulphate soils suffer extreme acidity as a result of

oxidation of pyrite. Often they are unripe, and some times saline

as well. Some occur naturally but most have developed as a result

of drainage of previously water logged coastal alluvium and peat.

Investigations already conducted on different aspects ~of the

acid sulphate and related acid soils are classified and reviewed in

this chapter:-

“ 1.
2.

3.

9

9

9

10.
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Acid sulphate soils—Defini_tiéh and significance
Geographical distribution

Land forms

Acid sulphate environments
Vegetation

Macromorphology

Meso and micromorphology
Submicroscopy of soils clays
Physical properties

.1 Granulometric composition

.2 Aggregate analysis

.3 Moisture retenfion characteristics

Chemical properties

.1 Soil acidity

10.1.1 Dynamics of tidal environments and the formation of
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acidity

.2 Soil ‘Eh—Redox potential

.3 Iron content

potential



10.4 Aluminium content

10.5 Sulphur content

10.6 Organic Carbon, Organic matter content
10.7 Soil CEC |

11. Sand mineralogy

12. Clay mineralogy

13. Chemical and physical process iﬁ acid sulphate soils
14, Soil genesis and weathering
15.‘ Soil classification

1. Acid sulphate soils - definition and significance

Van Breemen and Pons (1978)6\-‘?\dBloomfield and Coulter (1973)
considered acid sulphate soils to have the following attributes. These
soils are poorly productive. They contain accumulated pyrites. Such
soils are usually found in tidal swamps.  When these areas are drained
the pyrite gets oxidised generating sulphurc acid causing pH values
as low as 3.5 to 4.0. They also considered these soils>to have a
pH below 3.5 (Entisols) or 4.0 (Inceptisols) within a depth of 50cm.

In Soil Taxonomy (USDA, 1975) potential acid sulphate soils
have been recognised by the presence of sulfidic materials - "Water-
logged mineral or organic soil materials that contain 0.75 per cent
or more sulphur (dry weight') mostly in the form of sulphides and
that have lesé thén» three times as much carbonate (CaCO3) as sulphur".

Dent (1986) required that acid sulphate soils are recognised

more by the presence of a Sulphdric: horizon which he defined as



mineral or organic material' ‘that has both pH less than 3.5 (1:1 watér]
and jarosite mottles (hué 2.5 Y or yellower and chroma of 6 or more).
Essentially) Dent's definition is only an elaboration of the USDA (1975)
definition of s:ul?phuric horizon. This evidently indicates the recognition
~of organic matter énd iron sulphides such as FeSZ.(Pyrites) in these
soils to be the source for oxidation to free sul'phuric acid and jarosite.
Segalen - . (1979) distinguished acid sulphate soils within
the class of saline soils in thé ORSTOM classification. Two sub classes
are distinguished:- Thiols - soils with a reduced 'Thion'. within
60 cm dépth from the surface. A thion has more than 0.75 per cent
oxidisable sulphur and becomes acid upon oxidation. Sulfosols - soils
with oxidised sulfon within 60 cm of the surface. A sulf‘on.has jarosite
mottles, free sulphuric acid, more than 0.75 per. cent sulphur and
pH less than 3.5. |
The FAO/UNESCO soil map of the world regend (FAO/UNESCO,

1974) groups both potential acid su_lphéte soils and actual acid sul-

phate soils' together as: Thionic Fluvisols -- acid sulphate soils

‘Ong Jin et al (1985) reported that a soil may be termed
" as potential acid sulphate soil if = on oxidation. by treatment with
’HZOZ soil pH 1is considerably reduced to 3.5 within 100 cm depth
from the surface.

Brinkman and Pons (1973) suggested a tentative limit of dange-
rous acid sulphate soils of pH 2.5 aftér hydrogen peroxide treatment

of the soil.



'2. Geographical distribution

Money andi Sukumaran (1973) reported that kayal soils are
found in the reclaimed lake bed in Kottayam and Alleppey districts
and they occupy an area of 0.08 million hectares. The land is situated
2-3 m below the sea level. Karapadom soils occur’ élong the inland
waterways and rivers and spread. over a large part of the upper
Kuttanad covering an area of. 0.41 million hectares. The fields lie
at about 1-2 m_ below the sea:’ level. Kari s_oils are peat soils found
in large’ isolated patches in the Alleppey and Kottayam Districts cover-
ing an area of about 0.2 million hectares.

Van Breemen and Pons (1978) reported that on a global basis
there are 2 million hectares of acid sulphate socils in Indonesia,‘ 1
million hectares in Vietnam, 0.7 million hectares in Bengladesh, 0.67
million hectares in Thailand and 0.39 million hectares in India, 0.2
" million in Khemer (Kampuchea) 0.18 million hectares in Burma and
about 0.15 million hectares in Malaysia.

Moorman and Van Breemen (1978) reported that large areas
of acid sulphate soils are found in Vietnam, Thailand, Indonesia.India
and in several West African countries. Throughout the -world an
estimated 15 million hectares of acid sulphate soils are found
(IRRI/1975). It is a total of about 9.8 million heactares in the problem
areas of south and south east Asia (Brady, 1982).

Van Breemen (197é) reported that there are about 5 million

hectares of acid sulphate soils in south and south east Asia, about



/" .
3.7 million hectares in Africa and about 2 million hectares in South

America. The variat"i(jné in the reported hectarages of acid sulphate
soils synchronise \.Nith- thé"c'ovnc‘e'ptual- change in thé definition of acid
sulphate soils.

Bhargava and Bhattacharjee (1982) r‘epofted that in India
saline and acid sulphate soils occur along the Malabar coast of Kerala
occupying marshy depressions (lagoons). These have developed on
the alluvium derived from laterites under humid tropical climate.
These soils undergo fresh water submergence from May to December
and sea water innundation under tidal cycles during subseqguent lean
months.

Bharg',‘"‘_ava and Abrol (1984) had reported that the acid
sulphate soils confined to Malabar coast in the South wéstern part
of India have developed under humid tropical” climate on the alluvium
derived mainly from laterite and lateritic soils and occupy lagoons
and similar low lying geomorphic situations. ’

Bhandyopadhyay and Sarkar (1987) reported. that about 5
million .ha of coastal area of South western Bengal to be saline and
acid. They observed a field to have a pH 3.0 throughout the year.

They explained the low pH as due to high content of iron and sulphur.

Pons (1988) reported that in the estuaries of Guinea and Bissau

and Mekong delta sulphidic deposits occur. In the coastal plain of



Surinam and Guyan’é sﬁlphidic materials have been located. The Dutch
coastal plains also i_nciude areas of older sulfidic materials, whereas
younger deposits are poor in sulphide. In all these cases sub-recent
sediments are not potentially acid.

3. Landforms

Diemont and Van Wijngaarden (1974) working in West Malaysia
reported that in the reduced horizon of the strait coast, field pH
values varied between 8 and 8.4 and pyrite sulphur contents were
less than 0.5 per cent. In contrast in the estuarine swamps pH values
of reduced horizons were between 6.2 to 6.8. Organic matter content
were higher and pyrite sulphur content were between 1 and 2.5 per
cent. Concentrations of dissolved sulphide were similar in the two
environments, except during spring tides when they were decreased
to undetectable levels in the estuarine soils.

Pons and Van Breemen (1982) attributed the apparent removal
of dissoved sulphide and bicarbonate, and the increased accumulation
of pyrite, to more effective tidal'flushiﬁg. Flushing"-wil}lv be enhanced
by a net work of tidal creeks and by greater soil permeability asso-
ciated with the higher content of organic matter. Tidal flushing sould
promote pyrite formation, Hy removing the bicarbonate ion (HCOE).
supplying the limited amount of dissolved oxygen necessary to form
pyrite from the reduced sulphide and by accelerating rate limiting
-processes that are otherwise dependent on diffusion.

Dent (1986) reported that sulphide soils develop most extensi-

vely where clayey sediment accretes slowly in saline water and simul-
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taneously . COIﬁOUS organic matter is éupplied by swamp' vegetation.
Sedimentation hydl."ology' or water chemistry can result in the burial
of 'sulphidic material by noﬁ suiphidic alluvium or peat. So that poten-
tial acid sulphate soils may be found in fresh water or dry land
environments or pyrite may accumulate in péat or alluvium orginally
laid down in fresh wéter. He also reports that within any region
of acid sulphate soils there are significant local_' patterns that are'
related to the vertical and horizontal distribution of pyrite and cal-
cium carbonate, so0il texture-aﬁ.dvthe depth and length of time over
which déep drainage has operated. He also reports that soil ripening
) of acid sulphate-soils is arrested by severe acidity, so that acid
sulphate soils may remain for many years unripe and therefore poorly
structured and poorly drained. The highest, ripest soils are- mast
effectively leached. Low lying, unripe, severely acid soils are most
likely to remain saline even after reclamation.

4. Ac.i'd ‘sulphate environments

Pons and Van Breemen (1982) report the combination of factors
required for the accumulation of sulphides that occur in three distinct
environment.

Marshy inland wvalleys and basins flushed_ by‘ sulphate rich

waters draining from older sulphidic sediments. He reports that these
are not extensive, but- - he has examples including sulphidic peats
in Uganda (Chenery, 1854) and Leningrad (Krym, 1982) and sulphidic

sands in The N.etherlands (Poelman, 1973).
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- Bottoms of saline and brackish seas and lakes:

Organic rich sediments .deposited in saline or brackish water may
accumulate significant concentrations of reduced sulphur, both as Fe(II),
monosulbhide and pyrite. The littorine bottom sedimenté of the Baltic
contain upto 2 per cent reduced sulphur. Isostatic recovery of the
land, following glaciation, has brought some sediments above sea level,
leading to the development of acid sulphate in coastal areas of Sweden
and Finland (Wieklander, et al 1950:. Kivinen, 1850).

Saline and brackish water tidal swamp and marsh

It includes tidal flats, salt marsh and mangrove swamp. This
is the potential acid sulphate environment.

5. Vegetation

Money and Sukumaran (1973) reported that the pokkalli or
Kaipad lands of Ernakulam and Cannanore Districts are over grown
with mangrove and other salt loving vegetations. Chapmen (1976)
reported that individual species or plant associations exert no specific
effect on pyrite accumulation.. However, species do occupy particular
niches related to climate, .exposure. depth of flooding, drainage and
salinity.

Dent (1986) reported that vegetation fuels the process of
pyrite formation by supplying readily decomposed drganirc matter,
mainly through the decomposi.tion of the root systems since most debris
is carried away by the tide.

very high pyrite contents have beenv reported. in peat soils
that have been subject to long periods of flooding with brackish

water.
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Ramachandran et al (1986) reported thajc/f in~ Kerala about a
century ago its backwaters were fringed with ric;l mangrove vegétation.
At that time there were about 7 million hectares of mangroves in
Kerala which is now reduced as isolated patches and discrete stands
of a few species covering only a few hundred hectares.

6. Macromorphology

Hsii (1964) reported that one plough layer will be formed
in every 60—')0 years and weak eluviation of iron and manganese due
to low permeability.

\<a@d%-uckiand Ky waxnia  (1964) suggested that the plough sole
should not be regarded' as an independent genetic horizon of rice
soils.

Money and Sukumaran (1973) reported that karapadam soils
of Kerala are river-borne alluvial soils. Kari soils are deep black
in colour characterised by heavy texture, pbor aerationq_r:\dbad drainage.
Large amounts- of woody matter at various stages of decomposition
occur embeded in these soils. Limeshell deposits of lacustrine origin
are commonly observed in the surface and sub surface layers of kayal
soils. Yellowish brown spots, mottlings, streaks, incrustation are
found in almost all the layers of kari and karapadom soils. Clayey
texture of kari and .karapadom soils accounts for their poor drainage
while the silty clay loam texture of kayal soils affords good drainage.
Clay content variations with depth is irregular in all those soils.

Vvan Breeman (1973) has used a chronosequence to demonstrate
profile development in acid sulphate soils. In the young soils the

pyrite distribution reflects the situation in original mud. Shallow
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drainage results in acidification of surface soils. In the next stage
as the soils be_comes oi/c/ler “and better drained, the horizons of jarosite
and pyrite occur at progressively greater depth. The change from
a horizon containing a little pyrite to one with a large content is
abrubt, so the oxidation is apparently confined to a narrow Zzone.

Rickard (1973) reported that in the mangréve soil, the huge
amount of organic material added by the mangrove root system, is
broken down under reducing.,conditions of the profile by sulphate
reducing bacteria. Fibrous roots aﬁd spongy tiésues disappear rapidly
laying behind blackened corky and vascular tissues. A strong smell
of hydrogen sulphide, inky bléck mud accumulation in surface depress-
ions and oozes from pores in the face of the soil profile.

Money and Sukumaran (1873) have indicated that acid sulphate
soils of Kerala are clays and clayloams. They are Very rich in
unhumified organic matter. The lower layers contain calcium t;arbonate.
They -are nearly neﬁtral in reaction but becomes extremely acidic
on drying. From the surface to the lower layer a decrease in acidity
is observed.

Dent (1980) proposed models for predicting the probable deve-
lopment of acid sulphate soils based on the extent of drainage.

Dent (1986) reported that the Gr horizon is the main horizon
of pyrite accumulation. However, total sulphur content varies widely.
He also reported that intense mottling(red) = is associated with the
liberation of large amounts of soluble iron from pyrite during a period
of extreme acidity and intense weathering. This process will as well

bequeath a high proportion of exchangeable aluminium.
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Bhargava and Abrol '(1984) reported that the soil matrix

“ colours in the hue of 2.5 Y, .5Y and 5GY indicate distinctly wet to
gleyed and reduced'nature of these saline 'soils. .They have reported
on .the basis of mechanical aﬁélysis ‘of the soil that  only f-ine
sediments are.beihg deposited in recent times to give rise to the
acid sulphate soils in Kerala.. |
| Schoute (1988) reported that between peat layer and adjacent
clastic deposits there are indications of a more aerated stage at the
time of transgressive sequence caused by channel development in the
peat under the influent;e of the encroaching sea.

7. Meso and Micromorphology

Kubiena (1938) introduced - microscopic and  stereoscopic
investigations of {mdisturbed samples of soils. This lead to the new
era in Soil Science Aknown as micromorpﬁology. Micromorphologic
technique was formalised by Brewer A(1964).

Schmidt-Lorenz (1564) and Gopalaswamy and Néir (1972) were
the pioneers in the mlicromorphologic.al' studies of the soils of Kerala.

They studied the lafel;ite soils of fhe State. éimilalr studies-
on rice &oils of Kerala were conducted by Gopalaswamy (iQSZJde
Subramonia Iyer (1985) and on laterite soils by Subramonia Iyer (1985)
and Sankarankutty Nair (1986). 4

Moorman (1963) reported - that the accumulation of pyrites
is quite common in marine and estuarine deposits all over the world.

‘Miedema et al (1974) studied the micromorphology of pyrite

and its oxidation in four alluvial soils in Newzealand. In a non-

calcareous environment the oxidation products of pyrite are amorphous



15

ferric hydroxide and jarosite. Gypsum and~goethit53- were found in
the same sit-ua‘tion in small gquantities. : “

Pons (1964) and Easwaran (1967) by micromofphological inves-
tigaltions showed that pyrite is Cbmmoﬁly associated with root channel,
and orgaﬁic debris in the acid sulphate soils and marine sediments.

Brammer (1971) reported that the clay coatings which are
referred to as ferriargillans in the field, normally reéult from natural
clay illuviation process. They can also be the . result of irrigation,
localised alteration of clay mi-neréls, weathering and neoformation
insitu under certain management practices.

Turisina et -al (1980) in their macro, ' meso and micro-
morpholigical aﬁd' mineralogicél study of saline soils established that
concentration of salt alters significantly the make up and structure
of soil profile as well as the mibr‘ostructure of the entire soil mass;
the individual mineralogical ‘na{ure of salt affects the development
of a specific structure.

Sehgal and Stoops (1976) :reported that the salt affected soils
of semiarid environmeﬁts have a spongy, vesicular, platy salt crust
with a well developed lamellar structure and many spherical pores.
They have moderate to densely packed soil fabric with dominance
of plarﬁf.ar voids, the plasma and skeleton predominates over voids.
The related distribution is dense, intertextic tending to porphyric.
The plasmic fabric is asep ic and inseptic in the surface horizon;
with depth, weakly developed sepic (locally crystic) fabric is
noticed. In the lime enriched horizon plasmic fabric is masked by

the presence of calcite microlites.
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Brewer (1964) rep(ir;ted that the preferred orientation observed
within the plasma of thc/a S—I%latrix of soil materials is due to the
effect of pressure produced by wetting and drying. He reports that
flocculation during transport and sedimentation of alluvial material
is the most probable cause of asepic plasmic fabric.

Kampf (1983) reported. the occurrence of young iron oxide
accumulations in hydromorphic soil and water courses -in various parts
of Brazil. They contairgferrihydrite and lepidocrocite of widely varying
crystallinity. The Fe-oxides are mostly formed by mbfé or less rapid
oxidation of Fe (II) containing waters and indicate rejuvenation under
hydromorphic conditions of more stable Fe-oxides.

Sehgal et al (1985) reported that the frequent presence of
orthoagrotubules in the surface and subsurface horizon of the soil
is indicative of high biological activity. Channels and compound packed
voids are also suggestive of high biological activity. They report
that absence of ferruginous concretions is further supportive of poor
mobility of iron.

Stoops and Easwaran (1985) reported that the best
micromorphological indicator of hydromorphiém is the presence of
typic sesqui-oxidic features, manganese segregations (mainly coatings
and hypocoatings) and lower chromas in the peds. They also reported
that in the strongly hydromorphic soils low chromas dominate and
Fe-hypocoating énd quasicoatings may occur around larger voids.

Magaldi (1987) reported that the degree of orientation of
plasma is reduced in proportion as the age and evolution of soil
increases, while unaltered sediments and younger soils exhibit most

strongly oriented plasma.



17

8. Sub Microscopy of Soils and Clays

The large depth of focus, the high degree of resolution and
the p_g&ssibility of obtaining stereo pictures, makes scanning electron
microscopy a hi.ghly suitable technique for soil fabric studies.
(Bisdom, 1980) |

Blask (1969)', Gillot (1969), Bohr and Hughes (1971) presented
scanning electron micrographs and emphasised the poésibility of the
SEM technique to bring direcf information on‘soil-fabric by pont’inuously
varying the examined specimen area from the optical microscope range
of magnification upto a few square um.

Tovey (1971) in his work on clay minerals emphasised the
oriented character of a clay structure and presented an optical tech-
nique for quantifying the tqpographic information obtained from scanning
electron micrographs.

Wells and Norrish (1968), Von Reichenbach (1976), correleted
parficle size and shape to Adiffusion path of exchangeable cations
and strﬁctur‘al imperfections were attributed to . an increase In inter
layer penetration of the exchangeable cations.

Lohnes and Demirel (1978) made thorough review of the rese-
arch on clay and clay soil fabric using VSEM and pointed out a good
correlation between the structure and tests that characterised their
mechanical behaviour.

Von Reichenbach (1976), presented SEM evidence that potassium
dissolve in mica minerals at the exchange fronts penetrating into them.
These evaluations were limited by the resolution of the pet/rographic

~

microscope. Higher magnifications are needed to study the arrangement
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pattern of clay-platelets to form domains.

Stoops et al (1977) reported .that highly soluble and
practically insoluble authegenic - sulphate minerals may be present
in soils under different climatological and geomorpholigical conditions.
Their crystallisation is a reflection of specific micro and macro
environmental anditions; The normal environment of the soluble
sulphate mineral 1is where evapotranspiration exceeds precipitation
during most of the year as in an aridic soil moisture regime (écs;
1975).

Micrographs of soluble sulphate minerals were published by
Driessen (1970) and Driessen and Schoorl (1973) (thenardite, bloedite),
Chevery et al (1972) (Gypsum and AJarosite) and Easwaran and Barzanji
(1974) (Gypsum). |

Sfoops et al (1977) reported SE' micrographs of the thenardite
efflorescence on ped faces in the C-horizon of a saline alluvial soil.
Crystals have clearly a prismatic habit some times with a tendency
to lath shaped - individuals.' Different habits of gypsuin have been
recognised in other soils eg.A short prismatic in acid sulphate soils
(Miedema et al, 1974) rosette like aggregates of gypsum prisms in
a catclay from Nigeria (Moorman and Easwaran, 1977).

Arora et al (1978) reported that scanning electron micrographs
of pyrite separated from lignite coal showed the occurrence of several
morphological forms of simple and compound particles. Porous and
non poréus pyritev occur as irregular grains. Individual pyrite crystals
are sometimes.scattered on the surface of the grains. Framboids of
individual pyrite crystal are porous and weakly aggregated into spher-

oids that are commonly 20 to 50 um in diameter. Polyframboids are
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made up of framboids cemented together into irregular aggregates.
/o
Pyrite microcrystals are 0.25 to 1.5 um across and they have a 1arge_
exposed surface area. These findings suggest that sulfide oxidation
and‘ acidity formation will proceed at a relativeiy rapid rate when
mine spoil is exposed to weathering proces.
9. Physical Properties.

9.1 Granulometric Composition

Soil sur‘véy staff (1978) reported that kayal soils of Kerala
are clay loam throughout the profile while karapadom soils are with
clay loam texture for surface soils and silty loam for lower layers.
In the case of @ soils they are silty clay with sub-surface soil
with clay texture.

Sreedevi et al (1975) reported that clay is the dominating
particle size fraction in kari, kole and kayal soils, silt and clay
are the dominating fractions in Kkarapadom soils. Kole soils have
highest percentagé of cl_éy.

. 9.2 Aggregate analysis

Tabatabai and Hanwéy (1968) studying the chemical and
physical properties of different size natural aggregate of Iowa soils
found that organic carbon increased as the aggregate size decreased.

Kolarkar et al (1974) found that there was highly significant
p-ositive correlation between soil aggregation ‘on the one hand and
clay + silt content, clay content, silt content on the other hand in
the decreasing order. They also obtained a significant co¥relation
and negative covrelation between soil ag.gregation and clay ratio. High

fraction ranging from 60 to 75 percent had an adverse effect on

aggregate formation.
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Subramonia Iyer and Yagin ‘,,Thomas(1983). based on the
sensitivity analysis of the structﬁ;al indices made an attempt to find out
the most effective index which describe s'tructurallindit:es of soils.
The _str'uctur‘al indices in the order of their rank with respect to
their sensitive measure are:- percentage aggregate less tha.n 0.2bmm,
(9.47), aggregation index, (6.30), stability index (5.55) and MWD
of aggregate (4.40).

9.3 Moisture retention characteristics

Ali (1965) réported the influence of brganic carbon on the
moistﬁre retention in soils. He observed a beneficial effect of- soil
organic carbon in improving the soil moisture retention characteristics
of soils 'irrespective of their texture and rhinera_logical- composition
of the soil clays. The correlation between organic carbon and available
moisture was found to be +0.683. |

Ali et al (1966) made studies on the moisture retention
relationships of some Indian soils. Surface (0-15cm) and subsurface
(15-30 cm) samples from .alluvial and saline soils exhibited 'simil_ar
retention curves but différed only slightly. The general trend of
curves is that moisture content changed 1in all soil groups rapidly
in lower than higﬁér tension range. Curves of alluvial soils which
were clayey texture indicated release of moistufe even at very high
tention.

10. Chemical Properties

10.1. Soil acidity
Schachtschabel (1971) studied the causes and nature of soil
acidity and indicated that soil pH less than 5 was governed by the

release of protons (mainly hydrated ions of exchangeable aluminium)
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in soil/:‘solnution'whereas high pH value were associated with biological
y
reduction of carbondioxide.

Ponnamperuma et al (1973) reported that the main disorder
on the acid sulphate soils is considered to be soil acidity.

Kuruvilla and Patnaik. (1973) in their study of the acid sulp-
hate soils of Kerala indicated that both aluminium toxicity and ferrous
iron toxicity could limit rice growth, ferrous iron being developed
in the presence of excess of organic matter contained in these soils.

Aiyer et al (1971) have reported that the problem due to
continuous submergence such as ferrous iron accumulation and HZS pro-
duction in Kuttanad soils could be reduced by establishing blue green
algae in the rice fields.

Alice Abraham (1984) studied the release of soluble aluminium
in the rice soils of Kerala under submerged conditions and reported
that exchangeable aluminium was the main constituent of soil acidity.

Grinsven : (1986) reported that initial proton consumption
of the surface soil on submergence 1is greater than the subsoil, due
to higher CEC and base - saturation values. With progressive proton
consumption and increasing reaction times, the proton consumption
of the subsoil becomes wider due to higher rates of mineral dissolution
in the sub so;l. Lower dissolution rates in the surface soil was due
‘to lower content of easily weatherable minerals, and also due to
excessive leaching.

Ananthanarayana et al (1988) reported that the soil pH
decrease or increase depend upon the relative magnitude of negative
and positive charges and -exchangeable hydrogen.

Curtin et al (1987) reported that titratable acidity was found
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to be present in substantial quantities in non colloidal (2-5 and 5-20
}ij as well as in colloidal (< 0.2 }Jm) fractions. Titrable acidity,
CEC and effective CEC was significantly correlated with their contents
of organic carbon and Al and Fe extfactéd by NH4OAC (pH 4.%}),
pyrophosphate and citrate dithionite-bicarbonate. The results also
indicate that the non-colloidal fractions may be more important in
jron retention and related aspects of soil chemistry.

Raju (1988) reported that texturally Kuttanad soils were
predominently clay to clay loarh. Sandy pockets were much more in

kari soil. Bulk and particle densities were significantly lower in kari

soils due to their higher organic matter content.

Raveendran Nair (1988) reported that pH of low land wet soils
varied from 3.6 t 6.5, drying resulted in lowering of pH. According
to him this increase of acidity is due to oxidation of ferrous iron
to ferric iron and loss of ammoniacal form of nitrogen by drying.

Swarup (1988) reported that high concentrations of CO, and
reduced redox potential (Eh) influence the soil pH

Verma and Hu Neu (1988) reported that the higher ihitial

soil pH decreases the redox potential, EC, and concentration of Fe2+.

Mn2+, Zn2+, K", Mng, Na® and NH4+ in the soil solutions regardless
of duration of submergence. There was a constant decrease in redoXx
potential and increase in solution pH with an increase in period of
submergence. The EC increased during the first few weeks of submer-

gence, after which they showed constant decrease.

10.1.1Dynamics of tidal environments and the formation of

" potential acidity.

The time required for the formation of potential acidity in
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appreciable quantity (ie. formation of pyrite) is probébly in or;der'
of decades to centuries so the tidal _marsh vegetation has to pe/r:sist
at a given location for at least such a period of time in order to
build up sufficient quantities of pyrite. This implies that sedimentation
must be slow (Moorman and Pons, 1974). During the spring tides the
concentration of dissolved sulphide in estuarine sediments droped
to undetectable levels; whereas they remained almost constant along
‘the accreting coast. These observations can be explained by‘much
more effective tidal flushing in tidal marshes with well developed
creek system. Tidal flushing would favour temporary limited aeration,
necessary for C'omplete pyritization of ferric iron and leaching of
interestitial water and concentration of HCOé‘ so that a relative low
pH (6.5 - 7.0) is maintained (Dent 1986).

Acceleration of CaCO3 dissolution is also the result of’tidal
flushing, oxidation of some pyrite during low tides would also remove

CaCO. (Kooistra, 1978).

3

Van Breeman (1976) argues that in acid (pH less than 4.4)
oxidised environments (Eh greater than +400mv) jarosite is more stable
than amorphous ferric oxide; and field observation confirm that the
more sever e the acidity, the more dominant is the jarosite deposition,
over ironoxide deposition. In terms of acid production per mole of
pyrite is equivalent to 3 moles of u*. Jarosite is-ultimately hyrolysed
to goethite releasing a further mole of H+, this reaction goes to
completion over many years rather than months under field conditions.

He also reported that once atmospheric oxygen has penetrated. into

pyrite substratum, oxidation of pyrite is not stopped instantaneously
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on subsequenf floodihg and restoring ,_reduc.ed conditions, because
oxidative capacity is stored in the,’;f/e'rr_{c iron. It. maintains the
further oxidation of pyrite .

Ponnamperuma (1972), Yamane (1978) and Ponnamperuma (1978)
reported that peat soils and some of the acid sulphate soils have
pH values of 5 even in the floodéd state. .

Ponnampéruma_ (1965) - reported that increase in pH of ’most
acid soils are largely due to- the reduction of Fe (III) to Fe (II).
Although increase in pH of acid soilAis _brought about by reduction,
tfle fairly stable pH attained after few weeks of flooding is regulated
by partial ‘pressures of carbondioxide (pCOZ).

| Money and Sukumaran (1973) reported that the kari and
karapadom soilé of Kerala record pH below 5.0. They also reported
that there are instances where some samples of thes’e‘ two soils have

recorded pH as low as 3.0. The pH of these soils are found to

decrease on air drying.

10.2 Soil Eh - Redox potential

Patrick and Mahapatra (1968.)' reported tr_l'at redox potential
(Eh) of aerated (v(rell dfained) soils range between + 'fOO and + 500
mV. It ranges between + 100 and - 100 mV in reduced soils while
in highly reduced soils it ranges between -100 and -300 mV.

Ponnamperuma (1972) reported that the lowering of Eh
increases the availability of N, P, 5i, Fe,- Mn and Mo and reduces
the availability of S, Cu and Zn.

Ponnamperuma (1981) repofted that soils low in active iron

- and manganese and high 1in organic matter showed the quickest Eh
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decrease. Eh/,-falls sharply upon flooding and reaches a minimum within
few days,- r/ises “rapidly to a maximum and then decrease asymptotically
with time. Presence of organic matter and low content of nitrate and
mangnese dioxide and temperature of 35°C favour the decrease in Eh
and values as low as -0.25 V may be attained within two weeks of
flooding. He also reported that the specific conductance of the solution
of most of the soils decrease after submergence attains a maximum
and decline to a fairly stable value which varies with soils.
More et al (1988) reported that EC of soil ranged from 0.8
to 19.0 dS m_l. Soluble cations CEC and EC were higher in the surface
and decrease down the profiles.

10.3 Iron content

Ponnamperuma et ai (1973) reported that values upto 90 mole
m_3 within two weeks of flooding. |

Dent (1986) repof‘ted that values between 9 and 18 mole m"3
of iron are more commdn. Soils may yield very little soluble iron
gither because of small total iron content or small amounts of iron
in an easily reducible form. Old acid sulphate soils in which most
iron is in the form of well defined crystaline goethite and haematite
because of small amounts of easily redugible iron. Young acid sulphate
soils with abundant colloidal iron are .1il<e1y to yield higher dissolved
iron concentrations following flooding. |

Brinkman (1970) reported that displacement and loss of bases
by,Fe2+ may cause acidification or ferrolysis.

Ponnamperuma (1972) and Parfit (1978) reported that sulphate
is dissolved by both crystalline and amorphous iron oxides. The

increase in concentration of water soluble iron when acid‘ soils are
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flooded is/,-due to desorption of 804— following reduction of oxides.
| M/oney and Sukumaran (1973) reportéd that water soluble iron
upto 140 and 100 ppm is found in the E_zaﬁ and karapadom soils
respéctively. Maximum value’ of soluble iron observed in kayal soil
was only abouf 40 ppm | |
Pisharody (1968) studi_ed forms and distribution of iron and
manganese in six soil prbfileS of Kerala. He noted that variation in
the water soluble, exchangeable, reducible and active forms of Fe
- were from 9.0 to 45.1, 6.2 to 58.6, 5.0 to 100.8 and from 26.9 to
202.4 ppm fespectively. These results indicate that the soils wére
adequately supplied. with available form. of Fe.

Aiyer et al (1975) reported that on a comparative basis kayal
soils have a significantly lower amount of available iron compared
"to the kari and karapadom soils. 'They alsd reported that iron toxicity
is likely to be more serious in kari and karapadom soils than kayal
soils.

10.4 Aluminium content

Nikolsky (1963) reported that the toxicity limit of aluminium
and irpn for fish is 0.2 mg/l and 0.5 mg/l respectively. Such
Concehtrations deVelop in the overlying water of acid sulphate soils.

Van Breemen (1973) has shown that A13+ activity is inversely
related to pH, increasing roughly ten fold per unit pH decrease. He
also reported that aluminium concentrations of ground water from acid
'sulphate soils in Thailand will rénge from 0.4 ppm at pH 5.5 to 54

ppm at pH 2.8.
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10.5. Sulphur content /.‘
. — p

Moorman (1963) reported that the accumulation éf sulphides
and iﬁ particular pyrite 1is qhite common in marine and estuarine
deposits all over the world.

Sukumara Pillai and Money>(1967) have réported that sulphate
sulphur per cent of kari soils of Kerala ranges between 1.2 and 4.3.
In these soils free sulphuric acid is formed by the oxidation of
sulphur compounds present in the wood fossils found under the soil.

Money and Sukumaran (1973) reported that the amount of
sulphate in kayal soil is much lower than those of kari and karapadom
soils. Total content of sulphur is high, it varies with layers in the
profile. Sulphide is found in the lower layers and sulphate in the
exposed upper layers.

Karwasara et al (1986) reported that inprganic sulphur was
more than organic sulphur due to rapid oxidation by high soil
temperature. Total inorganic and organic S were positively correlated
with organic carbon texture, clay, -clay + silt, and CEC. Heat soluble
S has significant correlation with organic carbon only. Generally in
heavy textured soils more organic carbon and sulphur are present.
Available forms of S namely Morgan's Reagent, water and heat soluble
were not correlated with texture and CEC. pH was found to ha\}e
no effect on any of the forms of S.

10.6 .Organic carbon, orgahic matter

Money and Sukumaran (1973) reported that the Kari and

karapadam soils of Kerala contain fair amounts organic matter. Kayal
soil have low status of organic matter. Kari and karapadam soils

have organic carbon of about 15 percent, while kayal have wvalues
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below 4.0 percent.

10.7 Soil Cation Exchange Capacity (CEC)

Money and Sukumaran (1973) reported that the kari, karapadam

and kayal soils recorded values of cation exchange capacity in the
range of 15.4 to 40.7, 16.4 to ‘37.8, and 12.8 tol7 milli equivalents
per hundred grams of soils respectively.

Venugopal and Koshy (1978) observed that CEC of the clay
fraction of the laterite and red soil indicafed the pfepondérance of
kaolinite type minerals.in them. |
1. Sand mineralogy

Siddiquie (1966) and Viswanathan (1965) reported that the
heavy minerals of. beach sand and coastal soils are ilmenite, zircon,
rutile, monazite, sillimanite and others such as garnet, staurclite
and tourmaline. They are products of the action of rivers which
carried them to the coast. The heavy minerals are thought to be
derived from crystalline basement rocks chiefly granitic - gneissic-
charnokite - norite types.

Sharma et al (1984) reported that light mineral fraction
accounted for 94 to 97.2 percent of fine sand mainly quartz followed
" py feldspars and mica. Among the light minerals the quantity of qﬁartz
ranged from 53.0 to 75.8 percent. They also reported that the
formation of seconéary quartz requires alternate wetting and drying
cycles in the soils, and that the silica redissolved on wetting is
.ndt completely removed by leaching. Chlorite was present due to
alkaline reaction and reducing conditions. Heavy minerals constituted
2.8 to 5.5 percent- of the fine sand fraction. Among these the opaque

minerals magnetite, and ilmenite were 50 to 70 percent of heavy
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minerals. Presence of euheq/ral crystals of zircon to the tune of 2.5
to 14 percent in the heé;y. mineral isolated and tourmaline between
3 and 5 percent was also detected.

villar Celoria et al (i985) reported that thé reducing
conditions prevalent in the hydromorphic soils curb the weathering
of their component materials ras is shown by higher proportion of
weatherable minerals (feldspars and ferromagnesions) in their sand
fraction, and their low levels of free iron, aluminium oxides. The
low level of free iron oxide 1is favoured by the solubility, and
leaching of reduced ferrous iron.

12. Clay mineralogy

Gopalaswamy (1961) reported that the clays of Monc_ ompu profile
showed an appreciable amount of alumina. Calcium oxide existed in
traces in the clay fraction of most soils. The percentages of MgO

and K.O .were appreciable. Clays of most of these soils had high

2
content of non-exhangeable potassium indicating the presence of illitic
as well 2 ‘ as montmorillonitic minerals.

kawq%ucl«iandeuma (19¢9) reported that three types of clay mineral
composition in the world rice soils. Of the three types 7 -dominant
type (kaolinite type) be regarded as the most weathered and 14
dominant type (2:1 minarals}) as the least weathered. The 14-7 and
7-14 combination occur most frequently among the soils developed
on recent alluvial as well as deltaic sediments.

Hattori (1978) reported that acid sulphate soils derived from
brackish alluvial sediments contain a considerable amount  of

Al-interlayered minerals (Thailand and Cambodia). He has reported

that soils derived from riverine alluvial sediments contain 2':1 type
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(o]
/o"f minerals of vermiculitic nature, 10 A minerals and minerals without

the dominance of species (Western Japan, Central Plain of Thailand,

.Burma, Bangladesh, India and Sri Lanka).

Kawaguchi and Kyuma (1969) measured the amount of
exchangeable Al and silica released in the course of drying of Fe2+
- montmorillonite. Depending on the partial pressure of oxygen during
the drying process the extent of clay destruction varied ie. higher
tfle oxygen partial pressure, the higher the amount of aluminium and
silica released. The intenéity of the charactaristic peak of clay in
the X-ray diffractogram showed a corresponding difference; the most
drastically oxidiéed clay showed the lowest peak height. Brinkman
(1970) gave attention to the same phenomenon and named the process
"ferrolysis". This 1is in effect chloratisation under a reduced
environmen’ﬁ .

Yoshida and Itoh (1974) postulated the possibility of Al -
interlayering of expanding 2:1 type clays, leading to lowering of
cation exchange capacity. |

Van Breemen (1976) identified haeﬁatite in the red mottles
occurring in_ certain acid sulphate soils of Thailand. He ascribed
its occurrence partly to the dehydrating terrain conditions and partly
to the strong acidity.

Gho'sh et al (1976) in his studies on the acid sulphate soils
of Kerala revealed the occurrence of Kaolinite and halloysite (18-32
per cent), in association with ‘smectite (18-32 per cent), illite (6-12
per cent), chlorite - (4-11 per cent). In addition gibbsite (upto 4
per cent) and traces of amphibole together with guartz and feldspars

were detected.
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Douglas (1981) reported that the formation of smectites 1is
highly dependent on both the type of parent material and on' a soil
envifonment ~that discourages formation of aluminium polymers ie. a
low pH or the presence of organic Al complexing compounds.

Pombo et al (1982) reported the presence of Maghaematite
in the coarse ciay fraction of both Ap and B.ZZ‘ horizons of the
1atésols.

Wakatsuki. et al (1984) had reported that prolonged paddy
cultivation brought about modification in the clay minerology of Ap
horizons. Characteristic changes consisted of the formation of 18 -
25 /?; minerals, composed of interlamellar humus-smectite complexes
and interstratified minerals..

Huang et al (1987) reported the clay-mineralogy and elemental
composition of 7 clayey -low land sbils in the tropical an sub tropical
regions of China. The predominant clay minerals . varied from kaolinite
to illite and montmorlllomte, dependmg on parent materlal A tendency
to desilication was observed. Totallrlon decreased w1th depth while Al |
increased. Factor analysis showed that the major elemental compositions
were Si-Al, Si-Al-K-Mg, Si-Al- Fe-Mg or Si—Al—Mg—Fe.

Shamshuddin et al (1986) reported that the acid sulphate soils
of peninsular Malaysia have yellowish mottles of jarosite and/or
natrpjarosite...' The other minerals present are -kaolinite, mica,
mica-smectite and smectite. TheA soils were highly buffered at pH
3 - 5, which was due to the presence of high levels of aluminium.

13. Chemical and physical pfocess in Acid Sulphate Soils

Dent (1986) reported that the main chemical process in the

development the acid sulphate soils is the gradual formation of pyrite
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in a waterlogged environment. Subsequéntly this pyrite gets oz;idised
by aeration due 10O natural or artificial drainage. He aiso ;eported
that the essential conditions .for pyrite formation are an anaerobic
environment, a source of dissolved sulphate, organic matter, a source
of iron, and time. He reported that waterlogged sediments rich in
organic matter create reducing conditions, reduces sulphates.

Pons et al (1982) reported that from elemental sulphur poly
sulphides are generated in the acid.sulphate soils due to intermittent
or localised oxidation.

Chenery (1954), Thom.son (1972) and Poelman (1973) _reported
that the source of dissolved sulphates for pyrite formation in the
acid sulphate soils may be from sea water, brackish water or sulphate
rich ground water. '

Harmsen (1954) and Berner (19;70) reported that the amount of
sulphide produced 1in acid sulphate soils are related to the amount
of organic métter metabolised.

Van Beers (1962) and Rickard (1973) repofted that the  supply
of organic’ matter is the common limiting factor fof the amount of
pyrite produced in acid sulphate soils.

Goldhaber and Xaplan (1974), Howarth (1979) reported that
pyrite is formed within ten days by direct precipitation from
dissolved F¢2+ and polysulphide under favourable conditions in the

acid sulphate soils.

Arkesté\j’m(1980) reported that at low pH Thiobacillus ferroxidans
oxidises reduced sulphur species and iron II thereby returning iron

ITI to the system in the acid sulphate soils.
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Singer and Stumm (1970) repor:/t‘ednthat at pH value lower than
3.5 chemical oxidation of pyrite is a slowprocess, with a half time
of the order of 1000 days in the acid sulphate soils.

Dent (1986) reported that whenever there 1is waterlogged soil
or sediment with a pyrite sulphur content greater than 0.5 per cent,
the amount and distribution of carbonates determines whether or not
an acid sulphate soil can develop.

Kooistra (1978) suggested that sulphide- oxidation at low tide
may also generate acidity. Under this condition carbonates are
dissolved. Dent (1986) reported that in tropical estuarine sediments
the conditions for insitu carbonate and high pyrite accumulation is found
to be mutually exclusive. Dent (1986} further reported that goethite
1s the most commonly identified iron oxide in the acid sulphate soils.
Someltimes it will be slowly tr‘ansfolrmed to haematite. Characteristic
pale yellow deposits of jarosite precipitate as pore fillings and coating
on ped faces under strongly oxidising severe. acid conditions, has
been noticed. |

T De‘n‘h; (1986) reported that reaction of pyrite with oxygen
is slow, whereas that with ferric ion is fast and is catalysed Dby

the bacterium - Thiobacillus ferroxidans. In this and similar situations

it is the view of Arkesteyn (1880}, that autotrophic organisms like
this, which also appear to be ubiquitous in acid sulphate soils help
to overcome the kinetic barriers that exist in purely chemical sytems.
The usual way to control this oxidation is to add large amounts of
lime which maintain a pH at a level where ferric ions are insoluble,

and Thiobaccilus ferroxidans is rendered inactive. At high levels

of pyrite the rate determining step is oxidation to ferrous ion, at
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low levels it is the oxidation of pyrite by ferric 1ion. They have
also reported that they have achieved ,to deter this process in the

laboratory using either a bactericide to kill Thiobacillus thioxidan S

or 1:10 orthophenanthroline, wﬁich is specific‘ chelating agent for
ferrous ions.

14. Soil gehesis and weathering

Zhang Xiao - mian (1981) report_ed» that in the process of
gleysation of rice soil a large part of free iron oxides in the clay
fraction is reduced and leached, with a resulting formation of greyish
blue or grey éley horizon.

Brammer (1971) reported that the clay coatings which are
referred to as argillans in the field, normally result from the natural
clay illuviation process but ‘they can also be the result of irrigation,
localised alteration of clay minerals.

Nettleton et al (1987) reported that the climatic shifts and
continued intense weathering- apparently are. responsible for the
formation of Ca-clays land the Fe and Mr;—oxide concentrations causing
poor dispersion.

Carsow and Dixon (1985) had reported that SEM indicated jarosite
occurred as cubes and octahedra. These isometric form suggest jarosite
formation from pyrite present in the parent material. Smectite and
kaolinite are the major clay constituents and they are both poorly
crystalline in the major A. and B horizons.

Slager et al (1987‘) réported that during the geogenesis stratified
sediments are formed, above which are the sedements with slightly
disturbed stratification with or withoﬁt a matrix of faecal pellets.

Pedogenesis during the sedimentation phase included development of
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Channels in the ‘sediment, formation of channel neo ferr%ns,‘ biological
homogenisation, pyrite accumulation' and partial 'V/oxidation and
precipitation of iron as ferric hydroxidé. During brackish water phase
pyrite accumulatejs in various amounts, mass el':"fuviation may occur,
part of -the pyrflte may be oxidised and precipitation of iron, as
ferric hydroxide occurs, ferric hydroxide crystallises into goethite.
Pyrite becomes oxidised resulting in the formation of jarosite, gypsum,
silica and ferric hydroxide.

15. Soil Classification

Dent (1986) reported that the broad. concept of acid sulphaté
soils encompassés unripe saline soils that will become acid if drained,
unripe severely acid éoills, and ripe aluminium saturated soils that
are severely acid or potentially acid in the deep sub soil.

Central to the classification of actual and potential acid
sulphate soil in Soil Taxonomy (USDA, .1975) are the occurrence of
a sulphuric horizon or sulphidic mate-rial, A sulphuric horiion is
composed of mineral. or organic soil material with a pH less than
3.5 and yellow -jarosite mottles. Sulphidic materials are waterlogged
mineral or organic soil materials 0.75 percent sulphur and less than
3 times as much cabonatg (CaCO3 equivalent) as sulphi.de' sulphur.

Potential acid sulphate soils are either Sulfaquents (Aquents
with sulphidic material within 50cm of the mineral soil surface),
Sulfic Fluvaquent (Fluvaquenfs with sulphidic material between 50
and 100cm depth}).

In most cases mineral acid sulphate soils cropped to rice

can be classified as Sulfaquepts (Aquepts with a ‘sulphuric horizon
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tha/t- has its upper boundary within 50 cm of the soil surface), Sulfic
Trfopaq;lepts tTropaquepfs with jarosite mottles and a pH 3.5 - 4
- somewhere within the 50 cm depth or with jarosite mottles and a
pH less than 4 ip some part between 50 - 150 cm depth), or. Sulphic
Haplaguepts (comparable to Sulfic Tropaguept but wunder a more
temperate climate). But the clay content in these horizons does not
show sharp change as compared with horizons just above or beneath
it. The smectite peaks increased steadily with depth hence no evidence
for clay translocation or destruction can be drawn.

Gorbunov (1963) repofted thét the sodic Conditién bring about
degradation of clay minerals leading to accumulation of ambrphous
oxides of slica, alumina and iron associated with repeated synthesis
of clay mineral).

The FAO - UNESCO Soil Map of the World, scale 1:5,000,000

(FAO/ UNESCO, 1974) distinguishes Thionic Fluvisols with a sulphuric

horizon of sulphidic material or both, within the 125 cm depth.
So Thionic Fluvisols include potential and actual acid sulphate soils.

Kawaguchi and Kyuma (1969], Tanaka and Yoshida (1970),
Van Breemen (1976) and Van Breemen and Pons (1978) have reported
that within the limits of the diagnostic criteria, acid sulphate soils
vary widely in their physical and chemical properties. |

van Breemen and Pons (1978) reported that in acid sulphate
soils eventhough the content of clay and organic matter is high the
unbuffered CEC is normally low (10-25 meq/100g) due to low pH and
chloratisation of swelling clay minerals. They also reported that the
pH of surface soil is normally 3.5-6.5 in sulfaquents, 3-4 sulfaguepts

and 4-5 in sulphidic Tropaguepts; a pH below 3 is exceptional.
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In Soil Taxonomy (USDA, . 1975) i/t- ﬁas been reported that
the pH of potentally acid soils drops b'e/low 3.5. Simple air drying
of the soils in the shade give inconclusive results because microbially
induced pyrite oxidation is hampered once the soil is» dry. |

Paramanathan and Gopinathan (1982) reported that a 'cat clay'
or acid sulphate layer 1is -one with a pH of about 3.3 or less on the
air drying soil and a soluble' sulphate content in the air dried soil
exceeding 0.1 per. cent. They reported that in acid sulphate soils
the main diagnostic horizon for the inceptisols have been oOVer ruled
by the sulphidic subséil where its upper limit occurs within 50 cm.
The sulphidic material derives its importance from its chemical
acidifying potential, to which the genetic significance of the cambic
horizon has been sacrificed. The presence of sulphidic material
between 50 cm and 100 cm in Incep{isols without a clear sulphuric
horizon, could be given due recognition. With this. critearia such soils
are classified as Typic Tropaguepts. They proposed that a sulphidic
subgroup be established to indicate soils having a cémbic horizon
overlying sulphidic material within one metér. The above rﬁentioﬁed
situation in Malaysia would thus be classified as sulphidic Tropaquept.
Soils with sulphidic material within 50 cm but overlain by a well
developed' cambic and/or sulphuric horizon would then fall into
sulphidic Tropaquepts and Typic Sulfaquepts respectively.

Segalen (1979) distinguished acid sulphate soils as per ORSTOM
classification within the class of saline soils. Two sub classes are
distinquished, Thiosols - soil ‘with a reduced 'thion' within 60 cm

of .the surface. A Thion has more than 0.75 per cent oxidisable
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sulphur and becomes acid -Upon oxidafion. Sulphosols - soil with an
oxidised ‘'sulfon' wihin 50 cm of the surface. A/lfsulfén has jarosite
mottles, free- sulphiuric acid, more than 0.75 per cent sulphur and
a pH less than 375. These correspond to potentiél acid sulphate soils
and actual acid .'sulphate. soils.. The definitiohs are based on Soil
Taxonomy and suffer the same difficultiés.
Dent '(1986) reported that in the ILRI nomenclature for acid
~ between '
sulphate soils a distinction “was made, peat and non_ peat. _Distinction
of sandy and clayey groups within the mineral sQils distinction of raw
acid sulphate soils, ripe acid sulphate soils and acid aluminium soils
according to reservés of pyrite and sulphate acidity has also been
made in the . ILRI classification. Separation accdrdng to climate has.
been tackled bfy adopting different diagnostic.dép’th limits according
‘to the potential soil water deficit.

Bharghéva and  Abrol . (1984) classified soil as tropaquents
because the meanA summer (March, April, May), and winter (Nov.
_De(;.) temperatures at 50 cm dépth differ by le.ss than 5°C.. Soils
at Arikulam, Calicut are sulfohemist since sulphuric horizon has its
upper boundary within 50 cm of the surface, at Elakunnapuzha,
Ernakulam, 1is hemistic _aquents, ie, aquent with hemic material
underneath, ahd Amb‘a‘lapuzha Alleppey soils. are sulfaquents; aquent
with sulphidic material that has its upper boundary within 50 cm.

Osborne (1984) in the acid sulphate soils reportea that the
mean pH of the jarositic horizons was 3.64 + 0.20 within 40- 60 cm
- depth. This suggests that definition of sﬁlphuric horizon reguires
an amendment. Pyrite, may according to ﬁim, reform during the

flooding period.
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MATERIALS AND METHODS '

In ordep to study the stagé by stage morphology (macro, meso,
'~micr6 and submicro), sand and clay mineralogy as weli as physical
and chemical properties of the acid sulphate soils of Kerala two
profiles each: from kari (Karumadi) _karapadam (Moncompu), kayal
(Mathikayal)  pokkali (Vytilla) 1<0+1'g (Kattukambal) .and kaipad
- (Kattampally) areas were collected. These locations selected repf‘esenf
the different acid -sulphate soil .environments of Kerala. The soils
profiles of all the sites are 1ocatea 1—2met.res. below mean sea‘ level;
waterlogged during the major part of the year and are under rice
and fish culture. \

Kari, karapadom, kayal, and pokkali areas receive moderate

rain fall and kole and Kkaipad receive moderate to heavy rainfall.

1. Kari land is situated in marshy inland basins.
2. Karapadom is situated in reclaimed marshy basins.
3. Kayal lands are situated in marshy inland basins flushed

with sulphate rich waters.

4. Pokkali and kaipad areas are situated in saline and brackish

water tidél swamp and

5. Kole lands are situated at marshy inland valleys flushed

by sulphate rich waters.

At kari, karapadom, kéyal, pokkali, and Kkole areas two crops

of rice are raised while only one .crop is raised at kaipad areas

‘of Kattampally.
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Two profiles were dug at each location 100 meters apart as
per prescribed procedures. The profiles were dug to a depth of one

meter.

Field description-Macromorphology

The p.rofile features and insitu observations were re-corded
as per FAO guide lines for soil description (1978).

After demarcating each h‘orizon, undistur-béd soil samples
were taken using 'Kubiena box'.: Core samples were collected to
determine - bulk density, aggregate analysis and moisture retention
characteristics. The bulk samples were also collected from each
horizon for other physical and chemical analysés. Composite samples
were also collected from 0-50 cm depth from each profile, for
mineralogical analysis. The colour of the soil was recorded using
Munsell Soil Colour Chart. ‘The colour on field moist and air dried

. soils were recorded.

Laboratory Studies
All bulk samples were air dried in shade. Clods were broken

with a wooden m'allét. Then the samples were sieved through a 2mm

sieve.
1. Physical properties.

1.1. Soil Colour
The Soil colour was determined using the Munsell Soil Colour

Chart (1958).
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Granulometric analysis

The granulometric analysis of the soil samples from each
horizon and 0-50 cm depth samples from each soil profiles
were determined by the Robinson's International Pipette method
after oxidation of organic matter with 30A percent v/v hydrogen
perexide. Cementing‘ agents were removed by treating with
hydrochloric acid and sodium hexametaphosphate was used
for soil dispersion (Black, 1965).

Bulk density

Bulk density was determined by core method as described

by Gupta and Dakshinamurti (1980).

Aggregate analysis
Aggregate analysis was done by wet sieving using Yoder's
apparatqs as described by Gupta and Dakshinamurti  (1980).

Moisture retention characteristics

Moisture retained by .the soil at 1/3 and 15 bars
were determined by pressure plate apparatus as described
by Black (1965).

Chemical properties

Soil reaction (pH)

The soil pH was determined using 1:1 soil water suspension
with Perkin Elmer pH mefer.

Soil pH was determined in N soil (De_ﬂ{_) 19%6)

S_oil pH was determined in air dried soil (Dent, 1986)

Soil pH was determined in air dried, 30 percent v/v hydrogen

peroxide treated soils (Dent, 1986).



2.2

2.3

2.4

2.5

2.6
2.6.1
2.6.2
2.7
2.8

2.8.1

42

Redox potential (Eh)

Redox potential of the soil samples was ‘determined using
1:1 soil water suspension using platinum electrode with Perkin
Elmer pH meter.

Electrical conductivity (EC)

Electrical conductivity was determined in 1:1 soil water

suspension using direct reading conductivity meter 'Systronics'

model 303 by the method described in -

Agriculture Handbook No.4% (1951).

Organic carbon

Organic carbon of the soil samples were determined by Walkley

and Black's wet oxidation method (Jackson, 1973}.

~ Total Iron and Total Aluminium

Total iron and total aluminium content was determined iﬁ~a
diacid (Nitric acid and perchloric acid) extract of the soil
using Atomic Absorption Spectro Photometer as per the

procedure sugested by Black (1865).

Water soluble iron «  Jackson (1973)
Exchangeable iron :  Jackson (1973) .
Active iron . Asami and Kumuda (1959)
Exchangeable aluminium . Jackson (1973)

Sulphur content

Organic sulphur was extracted by the method of Evans and

Rost (1945)
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Sulphate sulphur

Sulphate sulphur was extracted with 0.15 per cent CaCl2
solution. (Hesse, 197{)

Heat soluble sulphur

- S 0SS

Water soluble sulphur

‘Water soluble sulphur was extracted by the method of Freney

(1958)
Sulphur in soil extracts was determined by colorimetric method
(Jackson, 1973).

Cation exchange capacity

Cation exchange capacity ‘was determined using neutral normal
N ammonium acetate at pH. 7.0, (Black, 1965).

Mineralogical analysis of fine sand fraction of soils

The fine sand was separated from 0-50 cm depth from each
of the profiles and exam.irzled under Leitz ortholaux petrological
mibroscope. Separation was based on Stoke's law (Carvéf‘, 1971).
Preparation of fine sand was done by combined methods of
Kilmer and Alexanélgx(1949), Jackson (1956), Mehra and Jacksoﬁ
(1964).

Slides of the fine sand was preparéd'(Car\ier, 1971) for micro-
scopic examihation.' Microscopic analysis of the sand mineral
slides were ddne following the procedure described in USDA

Soil Survey Investigation Report .SCS’(197'5)) (B\ack, \qla5>
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Meso morphology

From undisturbed samples collected in the Kubiena box after
impregnation with Canada balsam (Refractive Index 1.54) and
curing, a small chip was sawn off, one side was ground flat
and polished and fixed on a flat microséoﬁic slide with
Lakeside Cement - 70. The upper surface of the chip on the
slide was ground aﬁd poliéhed using different grades of -
carborandum powder 'and alloxite powder respectively. These
polished blocks were then - examined under reflected light
and under magnification of 100x. PhoAtomicrographs were taken
and interpreted (Fitzpatrick, 1980).

Micromorphology

The poliéhed blocks prepared ‘for mesomorphological observat-
ions are then thinned by grindinglwith carborandum 60; 120,
400 .and G(jO grade powders. Final polishing was done with
alloxite powders of 800 and ‘1.000 grade till the chip attained
a thickness of 20'1.1. A cover glass was then fixed on the
thinned section using .molten Canada balsam, avoiding air
bubbles. Excess Canada balsam was removed by careful
cleaning and washing with iylene. The slides were then put
under Leitz ortholaux Petrological Microscope and observations
were recorded under plane polarised light and- crossed niﬁols
(Brewer, 1976). Photomicrographs were taken and inter-
pretations were made as per the procedures outlined by Brewer
(1976), Stoops and Jongerius (1975), Easwaran and Banos (1975)

and Fitzpatrick (1980).
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Quantitative determination of Pyrite

Quantitative determination of Pyrite of the soils by micro-
scopical method as described by Pons (1964) was done.

100 mg dry soil was weighed and mixed in a beaker with
10 ml of water. Homogeneous suspension was made by stirring
with a policeman. Pipetted out a drop and placed on a micro-
scopic slide. Nearly all the moisture was removed. by evapora-
tion and a small drop 6f glycerine was added. Covered with
a cover glass of knoWn surface area. Pyrite bodies were
measured with an oOcular micrometer at a magnification of
200X. They were counted in four size groups. Average weights
of pyrite bodies within these pyrite size classes, calculated
and then the per cent of pyrite was computed.

Mineralogical analysis of Clay fraction

X-ray diffraction Analysis (XRDA)

The clay for X-ray analysis was separated by the method

of Jackson (1973). The clay samples was thoroughly washed

. with distilled water and then with methanol. The X-ray

diffraction was carried out in a Philips 1140 X-ray diffracto-
meter using copper K#¢radiation. An iron filter with a scanning
speed of 59 per minute was used. Estimation of clay mineral
composition by determination of the relative areas of the

diffraction peaks were made (Black, 1965).
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Thermogravimetric Analysis (TGA)

The Thermogravimetric analysis were performed using Digital

Thermogravimetric Analyser fabricated by Regional Research

. Laboratory, Trivandrum. Loss of weight for every 5° temp

rise were. recorded up to 1000°¢.

Scanning Electron Microscopic Analysis of soils and soil

- fractions (SEM)

'Soil chips of 5mm3 size, silt and clay sample suspension
in glycerine were- examined. Soil chips were fixed on the
brass studs with Dotts Electro Conductor adhesive, clay
suspensions were evaporated in these studs by air. These
studs were fitted in the circular receptacles of the JFC fine
coat ion sputter and under vacuum and 8 ma and 8 KV gold
was coated (Blueith Violet fluorescence) for 4 minutes. Removed
and placed in SEM and scanned. Qbservation of the samples
was made under different magnification and SEM photographs
were taken by ORWO Panchromatic NP 27/120 27 Din 400 ASA
Films and interpreted (Easwaran, 1971; Stoops, 1974; Chen
et al, 1976 and Bisdom, 1980).

Particle size distribution of soil fraction(<0.005 mm)

The Sedigraph 5000 D particle gsize analyser was used to
measure the particle size distribution ranging from 45 to

0.1 [.Jm (350 mesh).
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RESULTS

Acid sulphate soils cover an estirﬁated area of 0.2 million
hectares in Kerala State as discontinuous pockets within a narrow
belt on the West coast. Locally these are known as kari (Karumadi),
karapadom (Moncompu), Kkayal (Mathikayal) pokkali (Vytilla)  kole
(Kattukambal) and kaipad (Kattampally) isoils. A study was
undertaken to characterise macro, meso and micromorphology and clay
mineralogy of these soils taking two representative soil profiles in
each of these soil types.

1. Geology and Geomorphology

The Western Ghats on the- Eastern boundary of the lState are
archean and are steep intially, followed by flat topped hills, terraced
hills etc. many of them are laterite and lateritic formations. These
formations constitute .the midland' region of the State. The coastal
laterites are rem nants of these oldest -features. Small outcrops of
upper tertiary strata are found at places ‘beneath the superficial cover
of laterites. Along the coastal belt where acid sulphate soils are
confined, other significant geologic formations are bright coloured
sand and clay enclosing bands of lignite with lumps of fossil resin
and pyritous clay - Warkalli formation (Wadia 1966). Occasionally
these lie over limestone strata wﬁich are full of fossil molluscs,
corals and forminiferers (Kayal lands and  Kaipad lands of the

present study). The most abundant being gastropodé, mainly of middle

miocene period.
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The laterite cap varies from pliocene to post tertiary
(pleistocené) in age. The West coast of Kerala has a highly irregular
inner shore of submergent aspect which encompasses several lagoons
and lakes locally known as. "kayals" with numerous islands within
them. The lagoons oOr backwaters coincide with the lower reaches
of the streams. Vembanad lake (75 Km in length) is parallel to the
shoreline and elongated. Some 'of the lagoons are transverse like
Kattukambal lake and Kattamp-ally swamp. The formation of lagoons
probably began with the submergence of the irregular terrain in the
remote geologic past. Subseqﬁént to this submergence as the major
geographic event, the straighfening of the outershoreline has been
effected by the growth of offshore bars, spits bay mouth bars etc.
The lagoons are continuously being silted up by the sediments brought
by the streams and tidal flow. The profile sites are within 9°-11° N
and 750—7.6O E and their phyéiographic position 1is coastal lowland
and elevatian to mean sea level is 1.0 to 2.0 m. parent material of
the profile soils are lateritic alluvium (lateritic falls and recent
outwash}).

2. Climate

The climate of the region is humid tropical. The mean annual
rainfall ranges between 2342.7 mm' at Karumadi and 2981.1 mm at
vytilla, Ernakulam District. .The bulk of the rainfall is received
from May to October. The lean period is from December to March.
Due to excessive rainfall and subst.antial runoff received, these soils
occupying lowlands remain submerged and wet from May . to December

with  some/occasional . rains from March to May. The annual
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Pan &vapotranspiration (PET) of these regions is around 1500 mm.
and deficit conditions prevail from December to March. Humidity is
very high and it is 77.5 per cent at Kattukambal, Trichur District
and 79.0 per cent at Karumadi in Alleppey District. The mean maximﬁfn
temperature is 30.0°C at Moncompu, Kottayam District and 31.8°C at
Karumadi in Alleppey District. Mean minimum temperature 1is 22.3°%C
at Moncompu, Kottayam District and 24.9 at Vytilla, Ernakulam District.
The mean annual temperature of this region isA26.ZOC at Mathikayal,
Kottayam District and 28.0°C at Vytilla, Ernakulam District.
3. Vegetation |

A variety of vegetation exist near the backwaters 1in the
coastal region. Mangrove varieties in swamp followed by inland,
saltswamps and salt pan veg .etatidn‘. |

Mangrove formations .o_f this region are wholly arborescent
though the trees become shrubby at the northern and southern
geographical limits. The characteristic feature of mangroves are the
tangled  proproots where Rhizophora species' predominate, of short
aerial pneumatophores with Avicinnia and Sonneratia and knee roots
associated with Bruguira. In the transition to brackish condition

Acrostichum, Acanthus etc. are the principal undergrowths  of

mangroves.

The nearby dominant mangrove veg @tation of these soil profile

sites are Rhizophora apiculata and Bruguira gymnorrhiza at Karumadi,

Moncompu, Kattukambal, while mangrove vegetation of vytilla consists

of Rhizophora mucuronata R. apiculata, Bruguira gymnorrhiza and

B. parviflora and at Kattampally it consists of Avicinnia officinalis
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A. marine, Exoccaria agallolcha, Kandelia cadela, Bruiguira gymnorrhiza

and B. parviflora.
Mangrove fauna of this region is primarily composed of
-arthropods and molluscs with a variety of fish in the creeks and

rivers. There are a variety of avian fauna such as Terns, Ardeoloa

and leﬂg in this region.

Mangrove transition via brackish water swamp to fresh water
of this region is characterised Dby reed communities. Phragmite , Typa
and Scirpus are all taxa observed in this region. Mangrove areas
of this region comes under the category known as "Tidal forests'.

4. Agriculture

Rice is a natural crop of choice for the vast stretches of
these wetlands in the West coast -of Kerala State. Floods, saline water:
intrusion, soil acidity and iron and aluminium toxicity are some of
the major hazards to agriculture in this region. |

Thanneermukkom barrage and Thottapally spillway at Kuttanad
-and Kattampally spillway at Kattampally have  Dbeen constructed to
protect flood and salinity intrusion endangering rice cultivation.

5. ‘Drainage

The lagoons of this region ére flooded with fresh rain water
received from the uplands (May Ato ‘November). The drainage problems
of this region are further com.poun'ded' by the ingress of sea water
with alternate cycles of high and ebb tides. In view of this the-.
drdinage of the région is poor. The entire flood water of the Kutanad
are through the Thottappally spillway Kkept open during the monsson

seasons.
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6. Soil Macromorphology

The comparative macromorphological features of the soils
are presented tablel § fig1-1.5.Thesoils occupy depositional surfaces which
continue to receive alluvium mainly from the surrounding laterite and
lateritic hills. A great deal of heterogenity is revealed by the
morphological characteristics.

6.1 Soil colour

The soil matrix colours.in the epipedon are black (2.5 Y
2/0), very dark grey (2.5 Y 4/0), very dark greyish brown (2.5
Y 3/2), dark yellowish brown (10 YR 3/1), dark brown (10 YR 4/3)
and dark yellowish brown (10YR 3/4). |

6.2 Colour mottles

Variety of coiour mottles are observed in different pedoﬁs.
At Karumadi the prominent mottles observed are dark greyish brown
(10 YR 4/4), pale yellow (2.5 Y 7/4), and light olive brown - (2.5
Y 5/4) in epipedon and olive yellow (2.5 Y 6/8) in the subsurface
layers. At Moncompu the epipedon is with olive yellow (2.5 Y 6/8),
olive brown (2.5 Y 4/4), red (10 YR 4/6) and (10 YR 4/8) yellowish -
brown (10 YR 5/8) mottles and at lower layers yellowish brown (10
YR 5/8), brownish yellpw (10 YR 6/6), dark brown (7.5 YR 4/4)
to olive yellow (2.5 YR 6/8) mottles are observed. Similarly at
Mathikayal the mottles present: at epipedons and in the lower layers
are yellowish Dbrown (10 YR 5/8) to dark brown (7.5 YR 5/8). At
vytilla the colour mottles are light oliVe prown (2.5 Y 5/1) to dark
yellowish brown (10 YR 4/4) through yellowish brown (10 YR 5/6)

to brownish yellow (10 YR 6/8). In the epipedons and at lower layers



iable 1.0

Macroanrphology of the acld sulphate soil profiles

/I.ocnl o of the soil KART S3IL KARUMADL
j. Informalion on the site hl h2 h3 hu
a) Profile muber 1 and 2
»  Soil nme Kari soil
¢)  lNigher catogory classification ——ntisot
d) bate of exaninalion ' 17-8-1982
e) Aulhor of description M.Subrenonia lyer
f) Location —  Karumadi, Amebalapuzha, Alleppey District ——————
g  Flevation - 1 neter
h  Land-Torm - Low land
1) Slope on which profile is sited Class 2 Gently sloping 2-6%
J)  vegetation or land-use Rice cultivation.drainage experimental field of Kerala Agrl.University
k) Climate Humid tropical climate; Mean amwal rain fall: 2342,7 mn; Mean maximun
: ' taerature: 31.8°C; Fean minimm tewerature 23.9°C; tean amual R.H: 79,08
11. General Information on the Soil .
a) Parent. mater jal Lateritic alluviun
b) Drainage roderate to slowly drainedQ————————
¢) toisture conditions Moist throughout the profile ————————
d) Depth of ground waler table ' 76 On
e) Presence of surface stones or Nil
rock oulcrons .
[y Evidence of erosfon sheet erosion to rill erosion ——————
“@ Presence of salt or alkall Class 1. Sulphate, chlorlde present. Class 2. Moderately affected by salinity
h)  Iumen influence Rice cultivated, drainage experimental field of KAU
111, Briel General Description Black and grey coloured, silty clay soil wilh partially decomoosed wood

of Uk Profile

. Description of Individual

Soil florizons

a)
b)
c)

i)

e
N

9)
i
3
3

b

“m)
)]

o)
p)
()}
N
s)

lorizon synbol
Deoth
Colour

Colour mottling
Texture
Strurcture

Consistence
Culans
Egmnlallon
res
Content of rock and

mineral fragnents
content of mineral nodules

Pans

Conlent of carbonate,
solwle salts

Artefacts

Features of biolugical origin
Content of roots

Nature of houmdary

oH

V. Special observations

a)  Deplh of jarosite nottle
laden layer, colour
b) Presence of line shell/
ol juscan shell
- ¢)  bominant surrourding
mangroove and olher vegitations
vI. Sofl Classification "
L Hk

Vil a
b)

Plate mnber
Figure nuiber

wnder different stages of decomosition. Pale yellow jarosite nottles present
within 50 an. Other motilings present are dark vellowish brown to olive yellow

in collour. Decaved iron oxide coaled nongrove plant parts are present throughout
the profile.lhe soll is noist tmoughout the profile with ground water below 76 an.

his
58-100", 60-100" am
Rlack(2.5Y 2/0)
plack (2.5 2/0)

0live brown

3
35-58, 38-60 un

Black(2.5Y 2/0)
Black (2.5Y 2/0)

hl h?2
0-9, 0-12 an, 9-35, 12-38 an
Nark grey(2.5v 4/0) Black(2.5Y 3/0)
very dark arey Black(5Y 2/2)
(5Y 3/1)
Olive Yellow Olive yellow
(2.5Y 6/8) (2.5Y 6/6) - (10YR 4/4) L5Y 4/4) ’
ellowlsh brovix JOYRS5/2)PaleYel low(2.5Y8/u)Pale Yellow(2.5Y 7/6)Pale Yellow(2.5Y 7/4)
Silty clay,SiC Silty clay.SiC Silty clay,SiC Silty clay,SiC

ve) lewish brovin

Coarse prismatic  Coarse nrismétic sibangular blocky  Subangular blocky

very sticky and plastlc when wet and woist , hard when dry

groken and continuous thick clay sesquioxides and organan on the ped faces

Camentation is by organan,ferran and ferriargillan :

Few fine and medim discontinuous horizontal and oblic inped and exped vesicular opet

and closed pores il
- i

Both concretions and nodules (sesauioxidic) present as nodules and hypocoatings

Ihin disrpted plough pan and plough layer preseit
Chloride, sulphate and carbonate present

Nil
partiatly decomosed wud fossils, relics of lime shell present
Many flne to median roots of rice and weeds, fossi1 pneumatophorse of mangroves
Gradual smooth Gracual vavy Gradual wavy
5.5 5.5 5.5

6.0

Jarosite mottla rich \ayer 1s wilhin 50 on, shallower with 40-50 cm thickness
It is pale yellow coloured (2.5Y 7/4) and olive yellow coloured(2.5Y 6/6)

Both lime shells and molluscan shell are absent but fine 1ime shell microlites
are prescit In the stbsurface lavers '
Rhizephora aplculala, Brugirea gywiorrhiza

ILRI system :-Unripe, saline, sulphldic clay, potential acid sulphate
Soil Taxonomy : Sulfaquents : oo ‘
ORSTOM : Thiosols
FM0/UNESCO : Thtonic Fluvisols - )
S s T —
1.0




Table 1.1

Macromorphology of the acid sulphate soil profiles

Local name of the soll KARAPADOM SOIL MONCOM PU-
1. Information on the site hi h2 h3 hy
a) Profile nuber 3 and 4
b) Soil name Karapadam soil
¢) Higher catogory classification Entiso}-
d) Date of examination 18-8-1982
e) Author of description M, Subramonia Iyer:
f) Location Rice Research Station. Moacomou., Kuttanadu,Kottayam District
@) Elevation - 1 meter:
h) Land-form Low land
7 i) Slope on which profile is sited Class 2 Gently sloping 2-6%
j) Vegetation or land-use Bulk rice croped field, RRS, Moncompu
k) Climate Humid tropical climate; Mean annual rain fall: 2510 mm; Mean maximum
temperature 20%C; Mean minimum temperature: 26.2%C; Mean annual temperature
; Mean relative humidity: 78%
I1. General Information on the Soil
a) Parent material Lateritic alluvium from the granitic rock
b) Drainage Class 1 poorly drained
¢) IMoisture conditions pProfile moist throughout
d) Depth of ground water teble 50 cm
e) Presence of surface stones or Nil —
rock outcrops .
f) Evidence of erosion Sheet erosion to rill erosion
g) Presence of salt or alkali —  Class 1, salinity class 1, 4-8 mS cm‘1 slightly affected —
hy Human influence Rice cultivated for about 40-50 years
III. Brief General Description Deep, poorly drained, dark grey to very dark grey with clay loam surface
of the Profile and silty clay loam subsurface horizons. Subsurface horizons show thick iron
ochre on profile face and ped faces,gleying,streaks and abundant mottles
of olive brown,dark brown and few red colour,sesquioxidic concretions and
nodules,sand pockets. Organic matter at different stages of decomposition
are present which decreases with depth.Pale vellow jarosite mottles and pyrite present
1V. Description of Individual

Soil Horizons

a) Horizon symbol
b) Depth inan
¢) Colour moist

i)

e)

)

)]

h):

Colour mottling

Texture
Strurcture

Consistence

Cutans

hl h2 h3 hi
0-14,0-10 14-34, 10-35 34-65, 35-60 65-100",60-100
Very dark brown very dark brown Very dark greish brown Very dark grey
(2.5Y 2/2) (10YR 2/2) (10YR 3/2) (10YR 3/1)
very dark greish  Very dark greish Very dark grey Very dark grey
brown(2.5Y 3/2) brown(2.5Y 3/2) (2.5Y 3/0) (2.5Y 3/0)
0live brovn 0live brown Yellowish brown  Dark greish brown
(10YR 4/®) (10YR 4/4) - (10YR 5/8) (10YR 3/1)
Dark brown Red Light olive brown 0live brown
(7.5YR 4/4) (10R 4/8) - (2.5Y 5/6) (2,.5Y W/

Silty clay loam Silty clay loam Silty clay loam Silty clay, -
' Silty clay loam
Coarse prismatic Coarse prismatic to Subangular blocky  Subangular blocky
sub angular blocky
o very sticky and plastic when wet and hard when dry

Broken and continuous thick ferran, clay sesquioxides and organan
on ped faces



VI

Vi

—

i)  Cementation
j)  Pores

k) Content of rock and
mineral fragments

1) Content of mineral nodules
m) Pans

n) Content of carbonate,
soluble salts

0) Artefacts
p) Features of biological origin

q Content of roots

r Hature of boundary
s} pH

Special dbservations

a) Depth of jarosite mottle
laden layer,thickness and
colour

b) Presence of lime shell/
molluscan shell

¢) Dominant surrounding mangrove
and other vegetations

-Spil classification

a) Plate nuiber
b) Figure nuiber

Cementation is by ferran,ferriorganan,organan and ferriargillan

Few fine and medium discontinuous horizontal and oblic,inped ahd exped vesicular
open and closed pores -

Rock nil but few lateritic aravels present

Both concretions and nodules are present. They are lateritic and ferritic
They are present as free cqncretions and nodules and as hypocoatings.

—————— Thin disrupted plough pan and plough layers present

Carbonate,chloride and sulphate present

Nil

7

WOrm-casté of burrowing fauna and relics of lime shells present

Fine to medium rice and weed roots, pnematophores of earlier mangrove vegetation

" [were present in abundent quantities within 0 to 70 am.

Gradudl wavy  Gradual smooth Gradual smooth —

Jarosite mottle laden léyer is present within 0-50 an. It is shallower with
20-25 cm thickness and light olive brown (2.5Y 5/6) to Olive brown (2.5Y 4/4)

Lime shell pieces are present in the subsurface horizons

Rhizophora apiculata, Bruguirea gymorrhiza

ILRI system & Unripe, saline, sulphidic clay, potential acid sulphate
Soil Taxonomy : Sulfaquents : L

ORSTOM : Thiosols
FAO/UNESCO : Thionic Fluvisols

—_— N
oo




Table 1.2

Macramorphology of the acid sulphate soil profiles

Local nate of the soil ~ KAYAL SOIL MATHIKAYAL
1. Information on the site hi h2 h3 hy
a) Profile nurber Sad & :
b) Soil namre Kayal soil
¢) ~ Higher catogory classification Entisol
d) Date of exanination 19-8-1982

1.

1.

Iv.

e) Author of description

f) Location
g) Elevation
hy Land-form

i) Slope on which profile is sited
J)  Vegetation or land-use
k) Climate

General Information on the Soil
a) Parent material

b) Drainage

c) mistur’e conditions

d) Depth of ground water table

e) .Presence of surface stones or
rock outcrops

f) FEvidence of erosion
g) Presence of salt or alkali

hy  Human influence

Brief General Description
of the Profile

Description of Individual
Soil Horizons

a) Horizon symbol
p) Depth in an
¢) Colour noist

d  Colour mottling

e) Texture
f) Strurcture

g) Consistence

hy Cutans

M. Subramonia Iyer
Mathikayal ,Kuttanad,Kottayam District
- 1.5 meter

Low land
Class 2 Gently sloping 2-6%
Rice cultivated,cultivators field
Humid tropical climate; Mean annual rain fall: 2510 mm;  Mean maximum
tenperature 30°C; Mean minimun temperature: 22,3°C; Mean annual temperature
26.29C; Mean annual relative humidity: 78%

Lateritic alluvium from granitic rocks

Class 1 poorly drained

Profile moist throughout

40 cm
Nil

Sheet erosion to rill erosion
Class 1, salinatic class 1, 4-8 mS cm'l slightly affected

Rice cultivated for about 40-50 vears

very deep,poorly drained, dark greish brown to very dark greish brown,

silt loam to silty clay loam profile with subsoil lime shells, lime shell

layer, vellowish brown, strong brown, yellowish red and brownish yellow

mottles and stresks. Organic matter comparatively less which remain almost

same throughout the profiles. Jaroste and pyrite mottles present even in

the surface horizons.biotite mica is present in high quantity in the profile face.

hl h2 h3 hy
0-10,0-9 10-22,9-26 T 22-46,26-45 u6-100", u5-100"-
very dark grey Very dark brown very dark grey Very dark grey
(10YR 3/1) (10YR 2/2) (10YR 3/1) (10YR 3/1)
very dark brown Very dark greish brown very dark brown very dark brown
(2.5Y 2/2) (2.5Y 3/2) (10YR 3/2) (10YR 3/2)
0live brown 0live brown Yellowish brown Yellowish brown
(10YR 3/1) (10YR 4/4) (10YR 5/8) (10YR"5/8)
Strong brown Dark brown Yellowish red- Yellowish brown
(10YR 5/8) (7.5YR 4/4) (10YR 4/8) (10YR 5/8)

- Clay loam throughout the profile

Coarse prismatic to Coarse prismatic to Subangular blocky Subangular blocky
subangular blocky subangular blocky o
slightly sticky and slightly plastic wheri ‘wet and hard when dry

Broken and discontinuous sesauan., ferriargillan, ferran



VI,

Vi1

i) Cerentation

j)  Pores

k) Content of rock and
mineral fragrents

1) Content of mineral nodules
m  Pans

nm  Content of carbonate,
soluble salts

0) Artefacts
p) Features of biological origin

@ Content of roots

ry Nature of boundary
sy pH

Speclal observations

a) Depth of jarosite mottle
laden layer,thickness and
colour :

b) Presence of lime shell/
molluscan shell

“¢)  Dominant surrounding mangrove

and other vegetations

Soil classification

a) Plate nuber
p) Figure nuber

Weakly cemented by ferriorganan, ferran and organan

Few, fine to medium continuous and discontinuous vertical and oblic
inped and exped vesicular open pores

— . Rock nil but many lateritic gravels present

Both concretions and nodules are present as free and as hypocoatings. They
are lateritic and ferritic

very thin disrupted plough pan and thin plough layers present

Carbonate chloride and sulphate present —————

Nil

Faunal faecal materials and relics of lime shell pieces

Fine to medium rice and weed roots, very few pnemotophores of earlier mangrove
vegetation are present in abundant quantities within 0-60 am
Gradual smooth

Gradual wavy Gradual smooth

6.0 5.5 5.5 5.5

Jarosite mottle laden layer is within 0-50 cm, it is with 25-35 am thickness
and olive brown (10YR 4/4) o0 yellowish brown (10YR 5/8) coloured.

Lime shell layer present below 65 ai ————

Rhizophora apiculata.Bruguierea gyimorrhiza —

ILRI system . saline,sulphidic sand,potential acid sulphate soil
Soil Taxonomy Sulfofluvaquents
ORSTOM Thiosols
FAQ/UNESCO Thionic Fluvsols
3.0
1.0




Table 1.3

Macromorphology of the acid sulphate soil profiles

Local name of the soil POKKALT SOIL WTTUA

I. Information on the site hl h2 - h3 h
a)  Profile nuber 7 and 8 -
by Soil name Pokkali soil
¢) ligher catogory classification Entisol
d) Date of examination 8-9-1982
e) Author of description M, Subramonia lyer
f) Location Bulk rice cultivated field of RRS, Wtilla, Erhekulam District
1)) Elevation - 1,5 meter
)y  Land-form - Low land

’ i) Slope on which DrOfile is Slted - Class 2 Gently Sloping 2-6%—
j)  Vegetation or land-use ' - Bulk rice cropped field of RRS, wtille—m—————

K Climate Humid -tropical cllmate, Mean annual rain fall: 2981 1 mm; _Mean maximum

a
(1))
c)
d)
e)

)
)]

m

1.

v,

. General Information on the Soil

parent material
Drainage .

‘Moisture condltmns

pepth of ground water tahle

" Presence of surface stones or

rock outcrops
Evidence of erosion
presence of salt or alkali

Huren influence

prief General Descrlption
of the Profile

pescription of Individual

Soil Horizons

a) Horizon symbol
b) Depth indm
¢) Colour moist

@ Colour mottling
e) Texture

f) Strurcture

g) Consistence

hy-  Cutans

temperature: 31.19C; Mean minimum temperature: 24. 90c; Mean annual teiverature:
289C; Mean annual relative humidity: 79%

_ Lateritic alluvium from the éranitic rocks ———m

Class 1 poorly drained

profile moist throughout—;

6l cm
Nil

Sheet erosion to rill erosion—

Class 1, salinity class 2, 8-15MmS an

R1ce cultlvated for- about 35 to 40 years —

Deep, poorly drained, highly saline, soft, very dark grey to very drak -greish

~ {brown coloured soil with silty loom texture throughout the profile. Fair

anounts of, decaying organic matter present. Throughout the profile is soft
blastic,sticky with shining ped faces. Very few yellowish brown, olive Drown
and brownish yellow mottles are present in the subsurface horizons. Jarosites
mottles are not clearly observable due to high soluble salt masking.

hl h2 h3 ht
0-16,0-10 - 16-33,10-30 33-60,%0-57  60-100",57-100"
very dark arey very dark grey very dark grey Very dark greish brown
(10YR 3/1) (7.5YR 3/0) (10YR 3/1) (10YR 3/2) '
Very dark brown Very dark arey Very dark grey  Very dark grey
(10YR 2/2) (10YR 3/1) (10YR 3/D) (10YR 3/1)
Pale vellow  Light yeilowish brown Yellowish brown Absent
2.5Y 7/8) (2.5Y 6/4) (10YR 5/8) ’
Dark yellowish brown Yellowish brown Yellowish brown 0live brown
(10YR 5/6) " (10YR 8/6) (2.5Y 4/4)

(10YR &/4)°

Silty clay throughout the profile ————————

Coarse prismatic Coarse prismatic to Coarse prismatic to Subangular blocky
subangular blocky — subangular blocky
very sticky and plastic when wet and very hard when dry

Broken and continuous thick organan, ferriargillan and sodium sulphate
on ped faces, :



Y

1))

k)

D

m

n

0)

p)

Q

r

s)

Cementation

Pores

Content of rock and
mineral fragrents

Content of mineral nodules
Pans

Content of carbonate,
soluble salts

Artefacts
Features of biolegical origin

Content of roots

Nature of boundary

pH

-y, Special observations

a)

b))

()

B

Vil @

b)

Depth of Jarosite mottle
laden layer, thickness and
colour ’

Presence of lime shell/
molluscan shell

Dominant surrounding mangrove
and other vegetations

V1. Soil classification

plate nurber
Figure nurber

—___ cementation is by sodium sulphate organan and ferriargillan——m—

Many fine to medium discontnuous and continuous vertical and horizontal
inped and exped vesicular,tubular open and dentritic pores

. Lateritic concretions and few nodulés present but rock fragrents nil

Lateritic concretions and nodules are present as free and as hypocoatings -
they are few in distribution '

— —— Thin disrupted plough pan and plough layers present————

—  _ less carbonate and more sulphate and chloride present——————

Nil
Faunal faecal materials and relics of lime shell pieces present

Fine to medium rice and weed roots and very few fosil pnematophores
_ present within 30 cm depth
Gradual wavy

Gradual smooth Gradual smooth

6.0 5.5 5.5 5.5

Jarosite mottle laden layer is present pelow 5 an, deeper and thinner
(6-10 cm) and pale vellow (2.5Y 7/4) 10 light yellowish brown (2.5Y 6/4)

pieces of relic lime shells and microlites present In the subsurface
hor izons ’
Rhizophora mucronata, R. apiculata, Bruguierea gymorrhiza and B.

ILRI system saline sulphidic sand, potential acid sulphate soil
Soil Taxonomy sulfofluvaquents
QORSTOM : Thiosols
FAQ/UNESCO Thionic Fluvisols
4,0
1.0

Parviflora

L=l S S )



Tahle 1.4

Macromorphology of the acid sulphate soil profiles

Local nane of the soil KOLE IL KATT UKAMBAL
1. Information on the site hl h2 h3 hy
a) Profile nuber 9 and 10
b) Soil name Kole soil
¢) Higher catogory classification Inceptisol
d) Date of examination 7-11-1982
e) Author of description M. Subramonia lyer
f) Location ___ Kattukambal, via Kunnankulam, Trichur District
g) Elevation - 1.5 meter
hy Land-form Low land
/ i) Slope on which DrOfile is sited Class 2 Gently sloping 2-6%
j) Vegetation or land-use Rice cultivation.cultivators field
k) Climate Humid tropical climates; Mean annual rain fall: 2647.8 mm; Mean maximum

I1.

General Information on the Soil

a)
b)
0)
d
e)

)
9)

h)

11T,

Iv.

Parent material

Prainage

Moisture conditions

Depth of ground water table

Presence of surface stones or
rock outcrops

Evidence of erosion
Presence of salt or alkali

Hunan influence

Brief General Description
of the Profile

pescription of Individual
Soil Horizons

a)
b)
c)

d

e)

D]

9

hy

Horizon symbol
Depth in an
Colour moist

Colour mottling

Texture
Strurcture

Consistence

cutans

tenperature: 31.6°C; Mean minimum tenperature: 23.99C; Mean annual temperature:
27.99C; Mean amual relative hundity: 77.5%

— Lateritic aluvium from granitic rocks
Class 1 poorly drained
profile moist throughout

35 an
Nil

Sheet to rill erosion

Class 0, salinity class 0, 0-4 ms am*

Rice cultivated for 40-50 years

shallow, poorly drained,yvellowish brown to dark grey with abrupt textural
difference between horizons, The lateritic aluvial soil with partially

decomposed organic matter is present on the gravelly hard red to dark brown
subangular blocky laterite laver. Gravels are also present in the surface

layers. The subsurface horizons indicate the presence of high degree of gleying
with streeks and traped fossil organic matter and yellowish brown, yellow mottles.

ht h2 h3 ' iy
0-16,0-15 16-29,15-25 29-66,25-60 - 66-100,60-100"
Dark vellowish brown Dark brown Dark brown  Dark yellowish brown
(10YR 4/W) (7.5YR 4/ (10YR 3/3) (10YR 4/3)
Dark yellowish brown Dark grey Dark brown Dark red
(10YR 4/W) (10YR 4/1) (10YR 3/3) ¢2.5YR 3/6)
Brownish yellow Yellowish brovn strong brown Dark reddish brown
(10YR 6/8) (10YR 5/6) (7.5YR 5/8) (5YR 3/2)
Light red Brownish vellow Dark yellowish brown Yellowish brown
(_2.5YR 6/6) (10YR 6/6) (5YR 3/2) (10YR 5/6)
Gravelly silty clay Silty clay silty-clay.z Gravelly silty clay
Coarse to Coarse prismatic to subangular blocky Subangular blocky

subangular blocky  subangular blocky
slightly sticky and slightly plastic when moist and hard when dry

Thick continuous ferran, ferriargillan and ferriorganan



vI.

Vi

—

i) Cementation

> Pores

k) Content of rock and
mineral fragments

) Content of mineral nodules
m  Pans

nm  Content of carbonate,
soluble salts

0) Artefacts
p) Features of biological origin

@ Content of roots

r)y Nature of boundary
s) pH

Special observations

a) Depth of Jarosite mottle
laden layer,thickness and
colour

b)  Presence of lime shell/
molluscan shell

¢) Daminant surrounding mengrove
and other vegetations

Spil classification

a) Plate nurber
b) Figure nuber

—_——

Cementation is by ferran, ferriargillan and by ferriorganan

Few fine and medium discontinuous oblic and random; inped and exped

vesicular open and closed pores

Rock nil but many weathered angular lateritic gravels present

Many lateritic and faritic angular weathered concretions and nodules as

free and as hypocoatings

—_—

Thin disrupted plough pan and plough lavers present

Less chloride and sulphate present —————————

Nil

Gradual wavy

very few faunal fecal materials and worm casts present

Fine to medium roots of rice and vieeds present upto 30-40 cm

Gradual wavy Abrupt wavy

5.5

very few scatered jarosite mottlings cbserved in the subsruface layer

but few pyrite present

Absent

e

Rhizophora apiculata, Bruguiera gymorrhiza ————

ILRI system Ripe clay with acid sulphate suhsoil,
Soil Taxonomy ¢ Sulfic Tropaguepts
ORSTOM Thisols
FAO/UNESCO Thionic Fluvisols
5.0
1.0 -




Table 1. 5 Macromorphology of the acid sulphate soil profiles

Local name of the soil - KALPAD S0IL _ KATTAMPALLY
1. Information on the site hi . h2 h3 ht
a) Profile nutber : 11 and 12
b) Soil nare . . Kaipad soil
c) Higher catogory classificati Entisol
d) Date of examination 8-11-1982
e) Author of description M. Subramonia lyer
f) Location Near to.the Kattavpaily: spillway:on_the barks.of:the Kattampal ly_river,Ganannore
g) Elevation : - 1.5 to 2.0 meter
hy  Land-form : Low land
/1) Slope on which profile is sited Class 2 Gently sloping 2-6%
j) Vegetation or land-use Bulk rice cultivated, cultivators field
k) Climate Humid tropical climate; Mean annual rain fall: 2864,9 mm; Mean maximum

temperature: 31.2°C; Mean minimum temperature: 23.89C; Mean annual temeprature:
A 27.59C; Mean annual relative humidity: 78%
11. General Information on the Soil

a) Parent material - : Lateritic alluvium from granitic rocks
b) Drainage Class 2 imperfectly drained
c) toisture conditions - Profile moist throughout
d) Depth of ground water table : 65-70 cm
e) Presence of surface stones or - Nil
rock outcrops
f) Evidence of erosion Sheet erosion to.rill erosion
g) Presence of salt or alkall Class 1, salinity class 1, 4-8 ms ai L, slightly affected
h)  Human influence __Rice cultivation for about 20-30 vears -
I11. Brlef General Description Deep, moderately drained, dark grey to dark greish brown with abrupt and

of the Profile widely different soil texture with abundant partially decomposed fibrous

fossil wopdy matter at mixed with silt and clay. Iron pipes, limeshells,
moluscan valves small iron enriched concretions and nodules present. Iron
mottles are more in the lime shell laver., gravels are present in the surface

horizons but not in the subsurface lavers.In the subsurface horizons sandy
IV. Description of Individual . pockets present.

Soil Horizons

a) Horizon sybol _ hi h2 h3 N
b) Depth inam 0-9,0-9 . 9-22,9-25 22-36,25-41 3%-100" ,41-100
¢) Colour moist Dark greish brown Greish brown Dark grey ' Dark grey
(2.5Y 4/2) (2.5Y 5/2) (2.5Y w/0) (2,.5Y &/O
Dark greish brown  Dark greish brown Very dark greish brown Very dark grey
(2.5Y 3/2) (2.5Y 4/2) (2.5Y 3/2) (2,5Y 3/0
d) Colour mottling Not clearly observable in the field but very few dark greish brown (2.5Y 3/2)
mottles present in the subsurface lavers
e) Texture \ Silty clay doam Clay loam Silty' clay loam Clay' _
_ Clay Clay loam Silty clay Silty clay
f) Strurcture Coarse granular  Coarse prismatic Coarse prismatic to Subangular blocky
Subangular blocky
g) Consistence slightly sticky and slightly ‘plastic when wet and slightly hard when dry

h): Cutans : Broken and continuous thick and thin ferran, sesquioxides and ferriorganan,



i)  Cementation

i Pores

k) Content of rock ad
mineral fragrents

1) Content of mineral nodules
m)  Pans

n) Content of carbonate,
soluwble salts

0) Artefacts
p) Features of biological origin

@ Content of roots

ry Nature of boundary
s) pH

V. Special observations

a) Depth of Jarosite mottle
laden layer,thickness and
colour

b) Presence of lime shell/-
molluscan shell

¢) Dominant surrounding mengrove
and other vegetations

VI. Soil classification

vil a) Plate nurber
b) Figure nutber

Cementation is by ferran ferriorganan and organan

Few mediun discontinuous horizontal and oblic inped and exped vesicular
and tubular open and dentritic pores .

Rock nil but many lateritic gravels present in the sufrace layers

Lateritic concretios and nodules few present in the surface layers

Plough pan absent but very thin disrupted plogh layer present

Carbonate chloride and sulphate present —————————

Nil

Fossil limshells, molluscan valves, faunal faecal materials

Medium to coarse grass roots up to 30 to 40 am. Below this whole roots,
preumatophores of ‘Kandamaram’, fossil mangroves present

Gradual wavy Gradual wavy Gradual wavy to Abrupt wavy
abrupt wavy
6.0 6.0 6.5 6.5

Jarosite layer absent but jarosite mottles present, shllower very thin less

than 10 cm and pale yellow coloured (2.5Y 7/6)

Both lime shells and molluscan shells present as ‘a layer below 61 cm

Avicinnia officinalis, A. marine, Exocaria agallolcha, Kandelia candela
Bruguiera gymorrhiza and B. parviflora

ILRI System . Unripe, saline, sulphidic play, potential acid sulphate
Soil Taxonomy : Sulfaquents
ORSTOM : Thisols
FA0/UNESCO :+ Thionic Fluvisols
6.0
1.0
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it is brownish yellow (10 YR 6/8 or absent. At Kattukambal, in the
epipedons it is yellowish brown (10 YR 5/6) to light red (2.5 YR
6/6) through brownish yellow (10 YR . 6/6) to strong brown (7.5 YR
5/8) while at lower layers, it is dark reddish brown (5 YR 4/2)
to reddish brown (2.5 YR 5/4) and dark brown (10 YR 4/4) to dark
reddish brown (5 YR 3/2). At Kattampally prominent colour mottles
are absent both in the epipedoné and lower layers.

6.3 Texture

At Karumadi, Vytilla and Kattukambal the pedons are silty
clay throughout the profile While at Moncompu it is silty clay 1oam.
througout the profile.The soil texture of the last layer at Kattukambal
I and Kattampally I is clay and the second and third horizons of
both the profiles are clay loam and silty clay, respectively.

6.4  Structure

Except the surface horizon at Mathikayal and subsurface
horizons at Kattampally, all other soils are with coarse prismétic
to subangular blocky structure.

6.5 Stickiness and plasticity

At Karumadi, Moncompu and Vvytilla the soils are Very sticky
and plastic and turns Vvery hard on drying. At Mathikayal the soils
are slightly sticky and slightly plastic at subsurface horizons when
wet, and moderately friablé on drying. At Kattukambal and Kattampally
the soils are slightly sticky and slighly plastic when wet,and slightly
hard when dry.

6.6 Boundary

At Karumadi, the boundary is gradual smooth in the epipedons,
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and gradual wavy in 1ower- layers, while at Moncompu, Mathikayal,
and Vytilla a reverse pattern in the epipedons and lower horizons
are observed. At Kattukambal and Kattaméally gradual wavy boundary
in the epipedons and abrupt wavy boundary in the lower layers are
observed.

6.7. Presence of roots

Irrespective of the locations, "the root activity of the current
vegetation is observed, upto a depth of 30-40 cm- from the surface;
while root channels of pneumatophores ‘of earlier mangrove vegetations
and other epiphytes are even beyond the depth of observation made
in all the locations. Wood fossils noticed at Kattampally are partial‘ly
decomposed barks and roots of earlier - mangrove vegetations locally
named as "Kandamaram'.

6.8 Permegability

Except the surface horizons ‘at Mathikayal and Kattampally
the internal soil permeability is slow to very slow throughout the
profiles. At the surface horizons of Mathikayal and Kattampally the
observed permeability are moderately slow.

6.9 Concretions/nodules

Irrespective of the locations- in all the soil profiles typic'ali
sesquioxidic features are observed, except at Kattampally, where
scattered occurrence of manganese concretions are observed in the
epipedons. They are present as coatings and hypocoatings. Sesqui
oxidic features observed in these Soi_ls. except at Kattampally are
"diffused nodules" and hypocoatings. The sesquioxidic diffused nodules

are dominant feature in the epipedons and lower layers at Kattukambal

profiles.
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6.10 Jarostie horizon-depth of occurrence, thickness and

colour

Irrespective of the locations jarosite mottles rich horizons
are found (pale yellow 2.5 Y 6/6, 2.5 Y 6/7) within the depth of
50 to 90 cm. Its thickness ranges from 40-50 cm at Karumadi, 20-25cm
at Moncompu, 20-35 cm at Mathikayal and 6-10 cm at Vytilla. Though
such mottles are present at Kattampally and Kattukambal "jarosite"
-rich horizons. are absent. Jarosite mottled horizons are shallower
at Karumadi, Moncompu, Mathikayal, Kattukambal and Kattampally,
while comparatively deeper (below 50 cm) and thinner (6-10 cm)
at Vytilla. Irrespective of the locations jarosite mottles are observed
within a depth of 50 cm from the surface.

6.11 Drainage

Surface horizons are modérately drained and subsurface
horizons are illdrained. In the profile as a whole, at Karumadi,
Moncompu, Mathikayal, Kattampally and Kattukambal the soil drainage
is comparatively moderately slow, while that at Vytilla, is very
slow.

6.12 Evidences of erosion

Irrespective of the locations in all these sites, the soils
have experienced moderate sheet erosion with indications of advanced
sheet and rill erosions in pockets.

7. Granulometric composition

The granulometric composition of soils a_t different locations

are presented in tables 2 to 2.3. Thé profile distribution pattern

is illustrated in figurés’hl to 4.



- Table 2.0 Grénulometric composition of acid sulphate soil profiles (percent by weight)

Location Kari soil Karapadom éoil Kayal soil

Karumadi I : Moncompu I Mathikayal I
Horizon No. hil h2 h3 h4 hl h2 h3 h4 hil h2 h3 h4
Depth in cm 0-9 9-35  35-58 58-100+ 0-14  14-34  34-65 65-100+ 0-10 10-22 | 22-46  46-100+
Coarse sand 1.5 1.7 1.5 2.0 16.0 18.3 3.2 2.0 1.0 1.5 1.2 0.30
Fine sand 6.0 4.9 7.5 12.8 25.0 24.5 3.0 2.1 50.1 52.4 55.3 57.6
Silt 26.3 24.7 26.1 29.5 17.0 16.6 28.2 27.8 19.3 18.0 12.3 12.0
Clay 51.0 49.8 46.0 43.1 28.0 31.0 58.0 63.0 28.0 26.5 30.0 28.5
Partially
%%g%mposed 15.2 18.9 18.9 13.6 14.0 9.6 7.6 5.1 1.6 1.6 1.2 1.6

Texture SiC ~ §iC SiC Sic SicCl SiCl Sic Cl Cl CL Cl ' Cl




Table 2.1 Granulometric composition

Location

Kari soil

Karumadi II

of acid sulphate soil profiles (Perc

Karapadom soil

Moncompu 11

Horizon No. hi h2 h3 h4 hl h2 h3 h4
Depth in cm 0-12 12-38 © 38-60 60-100+ 0-10 10-35 35-60 60—100+.
Coarse sand 1.6 1.7 1.7 1.7 17.0 19.0 4.5 1.5
Fine sand 7.8 5.5 6.8 10.8 24.0 23.5 4.0 3.8
Silt 28.0 26.8 27.3 26.9 18.0 16.0 26.8 27.5
Clay 52.6 56.0 49.2 44.5 28.7 33.0 55.0 61.3
Partially

decomposed 10.0 10.0 15.0 16.1 12.3 8.5 9.7 5.9
wood

Texture sic SiC siC gicC 8iCl SiCl SiCl siCl

ent by

hil

1.3
51.3
18.6

27.3

1.5

Cl

weight)

Kayal soil
Mathikayal 1I

n2 h3
9-26 26-45
1.5 1.0
53.9 54.4
17.4 15.6
26.1 28.3
1.1 0.75
Cl Cl

h4

45-10(

53.

12.

28.

1.

.75,

8

8

9

1



Table 2.2 Granulometric composition of acid sulphate soil profiles

(percent by weight)

Pokkali soil

, : Kole soil Kaipad soil

cation Vytilla 1 Kattukambal I Kattampally I

rizon No. hl h2 h3 h4 hi h2 h3 h4 hi h2 h3. hé
pth in cm 0-16 16-33 33-60 60-100+ 0-16 16-29  29-66 66—1’00'+ 0-9 9-22  22-36 36-100+ .
arse sand 13.5 9.6 2.8 1.5 13.0 9.0 8.0. 15.0 14.5 16.2 6.5 12.0
ne sand 16.5 13.0 10.1 15.0 12.5 11.0 12.0 13.5 28.8 29.0 18.8 16.5
11 ' 20.5 22.3 21.8 20.8 23.0 22.2 27.0 20.0 25.1 18.2 20.0 20.5
ay 45.0 54,2 56.3 59.0 51.0 51.3 52.0 50.2 30.0 35.0 45,5 48.2
irtially |
composed 4.5 0.6 9.0 4.0 0.5 0.7 1.0 0.3 1.6 1.6 9.2 3.8
yod

X ture SicC SicC SicC " SiC | siC Sic Sic C SicCl C SicC -C




Table 2.3 Granulometric composition of a

cid sulphate soil profiles (percent by weitht)

Logation Pokkali soil Kole soil Kaipad soil

Vytilla I Kattukambal II Kattampally II
Horizon No. hl- h2 h3 h4 hil h2 h3 h4 hl ' h2 h3 hé
Depth in cm 0-10 10-30 30-57 57-100+ 0-15 -'15—25 25-60 60-100+ . 0-9 9-25 25-41  41-100+
Coarse sand 11.6 6.2 2.2 1.8 11.0 8.5 7.8 10.0 13.2 15.5 7.6 12.8
Fine sand 15.8 13.7 12.1 14.9 12.9 11.6 11.5 12.0 29.8 30.2 11.5 12.8
Silt 21.8 23.8 22.3 21.0 26.3 28.0 30.8 27.5 22.5 16.3 15.8 . 21.0
Clay 43.0 56.0 57.3 60.0 48.5 50.5 49.6 50.0 33.0' 34.5 51.6 50.4
Partially
decomposed 9.1 1.3 6.1 2.3 1.3 1.4 0.3 0.5 1.5 3.5 13.5 3.0
wood
Texture SicC SiC SiC SiC SiC siC SiC SicC Cl Cl SiC SiC
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7.1 Coarse sand

Mean coarse sand content ranges between 1.5 and 18.5 percent
in these soils. Their content are in the 'increasing order at Mathikayal<
Karumadi < Vytilla < Moncompu < Kattampally < Kattakambal.

There is significant difference between the coarse sand content
at different locations. Irrespective of the locations, except at
Karumadi and Mathikayal, there 1is a significant difference in the
content of coarse sand between_horizons.. Higher coarse sand content
is present at Moncompu profiles and lower at Mathikayai profiles.

7.2 Fine sand |

Mean fine sand content ranges between 3.5 and 55.7 percent
in these soils. Their content are in the increasing order at Karumadi<
Kattukambal < Vytilla < Kattampally< Moncompu? Mathikayal.

In the case of the fine sand content there 1is significant
difference between locations. Irrespective of the locations within the
profiles there 1is significant difference between the content of fine
sand except at Kattukambal. Higher fine sand content is found at

Mathikayal and lower at Karumadi.

7.3  Silt

Mean silt content ranges between 12.4 and 28.9 percent. With
regard to the silt content there . 1is 'significant difference between
locations. Except at Karumadi.' vytilla and Kattukambal, there 1is
significant difference between soil horizons. The silt content of these
soils are in the increasing order at Mathikayal<1<attampally< Moncompu
vytilla < Karumadi < Kattukambal. Higher silt content is found at

Kattukambal and lower at Mathikayal'.
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7.4 Clay

Mean clay content ranges between 26.3 and 62.2 percent in
these soils. The clay content‘ of these soils are in the decreasing
order at Karumadi > Kattukambal > Vytilla > Kattampally > Moncompu >
Mathikayal.

In the case of clay content significant difference between
soil horizons has been observed.

7.5 Partially decomposed wood

Mean content ranges between 0.40 and 19.65 percent. They
are in the decreasing order at Karumadi.> Moncompu.> vytilla.>
Kattampally - > Mathikayal and > Kattukambal. At Karumadi. Mathikayal
and Kattukambal there is no significant difference between soil horizons
with respect to their partially decomposed wood content.

8. Textural rafios

The textural ratios of the soils are presented 1In tables 3

to 3.3 and in figures 5,6 and 7.

8.1 Fine sand/Coarse sand (FS/CS)

Mean FS/CS ratio ranges between 0.91 and 131.85. FS/CS ratios
are in the decreasing order at Mathikayal.> Vytilla.> Karumadi .>
Kattampally > Kattukam‘bala Moncompu.

Significant differences in the FS/CS ratios are observed
petween locations, while between horizons significant differences are
observed at Mathikayal. Wider ratios are observed only at Mathikayal
~and narrower at Moncompu.

8.72 Silt/Clay -

Mean Silt/Clay ratio ranges between 0.35 and 0.76. Silt/Clay



Table 3.0

Textural ratios of the acid sulphate soil profiles

Location

Kari soil

Karumadi I

Karapadom soil

Moncompu 1

Kayal soils
Mathikayal I

Horizon No.

hl h2 h3 h4 hl h2 h3  h4 hil h2 h3 h4
Depth in cm 0-9 9-35 35-58  58-100+ 0-14 14-34 34-65 65-100+ 0-10 10-22 22-46  46-100+
Fine sand 4.0 2.9 5.0 6.4 1.6 1.3 0.94 1.1 50.1 34.9 46.1 192.0
Coarse sand :
Silt 0.52 0.49 0.57 0.68 0.61 0.54 0.49 0.44 0.69 0.68 0.41 0.42
Clay
Sand+Silt 0.66 0.63 0.76 1.03 2.1 1.9 0.59 0.51 2.5 2.7 2.3 2.5
Clay :
e 3.1
- Kari Soil Karapadom soil Kayél soil
L i - —_—
ocation Karumadi II Moncompu II Mathikayal II
Horizon No. hi h2 h3 h4 hl h2 h3 h4 hil h2 h3 h4
Depth in cm 0-12 12-38 38-60 60-100+ 0-10 10-35 - 35-60 60-100+ 0-9 9-26 26-45  45-100+
Fine Sand 4.9 3.8 4.0 6.4 1.4 1.2 0.89 2.5 39.2 35.9 54.4 71.7
Coarse sand
Silt 0.53 0.48 0.55 0.60 0.63 0.48 = 0.49 0.45 0.68 0.67 0.55 0.44
Clay
Sand + Silt 0.71 0.61 01.73 0.89 2.1 1.8 0.64 0.54 2.6 2.8 2.5 2.3



Table 3.2 Textural ratios of the acid sulphate soil profiles

Location .

Pokkali soil

Kole soil

Kaipad soil

Vytilla I Kattukambal I Kattampally 1
Horizon No. hi h2 . h3 hd "hl h2 h3 h4 hil h2 h3 . h_4
Depth in cm 0-16 16-33 33-60 60-100+ 0-16 16-29 29-66 66-100+ 0-9 9-22 22-36 36—100+\
Fine sand 1.2 1.4 3.6 10.0 0.96 1.2 1.5 0.90 1.9 1.8 2.9 1.4
Coarse sand .
Silt 0.46 0.41 0.39 0.35 0.45 0.43 0.52 0.39 0.84 0.52 0.43 0.43
Clay .
Sand + Silt 1.1 0.83 0.62 0.63 . 0.95 0.82 0.90 0.97 - 2.3 1.8 0.99 1.02
Clay : — '
> 3.3
Location Pokkali soil Kole soil Kaipad soil

Vytilla II Kattukambal II Kattampally 1II

Horizon No. h1 h2 h3 h4 hl. h2 h3 hé hl hZ‘ h3 h4
Depth in cm 0-10 10-30 30-57 57-100+ 0—15 15-25 25-60 60-100+ 0-9 9-25 © 25-41  41-100+
Fine sand 1.4 2.1 5.5 8.3 1.2 1.4 1.5 1.2 2.3 1.9 1.5 1.0
Coarse sand . '
Silt 0.50 0.43 0.39 0.35 0.54 0.55 0.62 0.55 0.68 0.47 0.31 0.42 .
Clay _
Sand + silt 1.14 0.78 0.64 0.63 1.04 0.95 1.01 0.99 1.98 1.79 0.68 0.92

clay
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ratio of ;chese soils are in the increasing order at Kattampally
Mathikayal< Moncompu< Karumadi <Kattukambal < Vytilla.

As in the case of fine. sand/coarse sand ratios there is
significant difference between the silt/clay ratios of locations. Except
at Vytilla and Kattukambal there is significant differences between
soil horizons. Wider ratios are obtained at Kattampally and narrower
at Vytilla.

8.3 Clay ratio

Mean clay ratio rangeé '_between 0.53 and 2.75. Mean clay
ratios of the soil are in the increasing order at Mathikayal <
Kattampally < Méncompu < Vytilla <Kéttukambal< Karumadi.

As in the case of fine sand/coarse sand and silt/clay ratios,
clay ratios are significantly different between locations. Except at
Kattukambal there is significant 'differehce between horizons with regard
to their clay ratios. Clay ratios.are wider at Mathikayal and narrower
at Karumadi.

9. Structural indices of soils

The percentage aggrega'tves greater than 0.25 mm diameter and

stability index of the soils is presented in table 4 to 4.3 and in

figures 8 and- 9.

9.1 Percentage aggregate above 0.25 mm diameter

Mean percentage conten-t of soil aggregates above 0.25 mm
diameter ranges between 4.65 and 6.8.0‘. They are in the increasing
order at Vytilla < Mathikayal < Kattukambal< Kattampally < Moncompu <

Karumadi.

<



ble 4.0 structural indices of the acid sulphate soil profiles

. Kari soil Karapadom soil Kayal soil
Location Karumadi I Moncompu I Mathikayal I
Horizon No. : hi h2 h3 h4 hl h2 h3 h4 hl h2. h3 h4
Depth in cm 0-9 9-35 35-58 58-100+ 0-14 14-34 34-65 65-100+ 0-10 10-22 22-46  46-100+
Percentage
aggregate 50.7 48.1 54.5 51.9 - 52.3 53.9 55.5 58.1+# 58.1 58.5 58.6  57.0
above 0.25 mm
Stability Index 7.9 8.8 6.5 7.4 7.3 6.7 6.1 6.2 5.2 5.1 5.1 5.0
Organic matter % 13.9 18.3 7.4 11.7 - 11.2 8.4 5.7 6.0 1.3 1.1 1.0 0.75

Clay % 651.0 49.8 46.0 43.1 28.0 31.0 58.0 63.0 28.0 26.% 30.0 28.5




ble 4.1 structural indices of the acid sulphate soil profiles

Kari soil Karapadom soil Kayal soil
Location Karumadi II Moncompu II Mathikayal II
Horizon No. hil h2 ~h3 h4 hl h2 h3 h4 , hi h2 h3 h4
Depth in cm 0-12 12-38 38-60 60-100+ 0-10 10-35 35-60 60-100+ - 0-8 9-26 26-45  45-100+
Percentage :
aggregate 53.5 51.2 57.8 53.9 53.2 56.1 50.5 58.3 57.5 60.0 58.9 57.8
above 0.25 mm
Stability Index 8.1° 9.0 7.9 11.5 6.8 6.0 6.5 5.5 6.1 6.0 5.5 5.0
Organic matter % 12.9 17.5 6.5 11.9 11.7 9.0 6.5 6.2 1.5 1.5 1.3 0.95

Clay 52.6 56.0 49.2 44.5 28.7 33.0 55.0 61.3 27.3 26.1 28.3 28.9




e 4.2

Structural indices of the acid sulphate soil profiles

Pokkali soil

Kole soil

Kaipad soil
Kattampally I

Location vytilla I Kattukambal I

Horizon No. hi h2 h3 h4 hi h2 h3 h4 h1l h2 © h3 h4
Depth in cm 0-16 16-33 33-60 60-100 0-16 16-29 29-60 60-100+ 0-9 9-22 22-36 36-100+
Percentage

Aggregate 57.5 56.6 56.7 58.9 56.7 57.8 58.0 58.3 54.2 55.2 53.6 53.9
abve 0.25 mm

Stability '

Index 5.7 5.7 5.6 5.3 5.3 5.3 5.2 6.1 5.5 6.3 6.9 6.8
Organic matter % 3.9 3.8 3.6 3.2 2.0 1.8 1.5 1.0 2.8 6.3 8.9 8.4
Clay 45.0 54.72 56.3 59.0 51.0 51.3 52.0 50.2 30.0 48.2

35.0 45.5




yle 4.3

structural indices of the acid sulphate soil profiles

Location

Pokkali soil
Vytilla II

Kole soil
Kattukambal II

Kattampally II

Horizon No. h\l h2 h3 h4 hil h2 h3 h4 'hl_ h2 h3 h4
Depth in cm 0-10 10-30 30-57 57-100+ 0-15 15-25 25-60 60-100+ 0-9 9-25 25-41 41—100+
Percentage

Aggregate 62.5 60.3 61.0 58.5 58.7 60.0 60.3 57.7 56.2 55.7 55.6 53.2
above 0.25mm )
Stability Index 6.1 7.7 5.8 5.7 5.8 5.8 6.2 6.0 5.6 6,8 7.0 5.9
Organic Matter % 4.1 3.9 3.8 3.1 2.5 2.0 1.9 1.1 3.0 6.1 8.5 9.0
Clay % 43.0 56.0 57.3 60.0 48.5 50.5 49.6 50.0 33.0 34.5 51.6 50.4
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There 1is significant differences in the percentage content
of soil aggregates above 0.25 mm diameter between locations. Within
the profiles significant differendes are "observed only at Karumadi
and Moncompu. Both maximum and minimurﬁ soil aggregation are found
at Vytilla.

9.2 Stability index

Mean soil stability index of the soils ranges between 5.0
and 9.45.

They are in the increasing order at Karumadi < Moncompu < Vytilla <
Kattukambal < Kattampally < Mathikayal.

Though there are significant differences between stability
index of soils between different locations, significant dii‘ferénces within
the profiles are found only at Karumadi.

10. Soil moisture content

Soil moisture characteristics of the soil is presented in tables

5 to 5.3 and figﬁres 11 and 12.

10.1 Soil moisture retained at 0.3 bars

Mean moisture content retained at 0.3 bars of these soils
ranges between 5.55 and 30.0 percent. They are in the increasing
order at Mathikayal < Kattampally < Kattukambal < Vyttilla < Moncompu<
Karumadi.

There is significant difference in the soil moisture content
retained at 0.3 . bars, between locations. Similarly significant

differences within the profile are found except the profiles at Vytilla.



le 5.0 Moisture rentention characteristics of the acid sulphate soil profiles (percent by weight)

Kari soil Karapadam soil Kayal soil
Location Karumadi I Moncompu ! Mathikayal I
Horizon No. hl h2 h3 h4  hi h2 h3 hd hi h2 h3 h4
Depth in cm 0-9 9-35 35-58 58-100+ 0-14 14-34  34-65 65-100+ 0-10 - 10-22 22-46  46-100+
Moisture :
retained 6.1 5.3 - 6.1 9.6 - 15.1: 16.4 10.8 11.0 26.7 27.5 -+ 28.8 26.4
at 0.3 bars % .
Moisture '
retained 5.3 3.3 5.9 7.7 14.1 16.1 8.2 8.5 23.5 24.3 25.9 25.4
at 15 bars %
Available
water % 0.8 2.0 0.2 1.9 1.0 0.30 2.6 2.5 8.2 8.2 4.5 1.0
(by difference)
Orgamic
matter % 13.9 18.3 7.4 12.7 12.2 8.4 5.7 6.0 1.3 1.1 1.0 0.75

Clay % 51.0 49.8 46.0 43.1 28.0 31.0 58.0 63.0 28.0 - 26.5 30.0 28.5




e 5.1 Moisture retention characteristics of the acid sulphate soil profiles (percent by weight)

Kari soil Karapadam soil Kayal soil _
Location: Karumadi II Moncompu II Mathikayal II
Horizon No. hil h2 h3 h4 hi h2 h3 h4 hl h2 h3 hd
Depth in cm 0-12 12-38 38-60 60-100+ 0-10 10-35 35-60 60-100+ 0-9 - 9-26 26-45  45-100+
Moisture :
retained 5.8 5.8 6.4 9.2 12.1 17.4 11.8 10.5 23.5 24.7 31.2 24.5
at 0.3 bars %
Moisture .
retained 5.5 3.8 5.2 8.5 11.0 15.5 9.5 8.8 21.8 21.5 27.9 24.1
at 15 bars % :
Available ,
water % 0.3 2.0 1.2 0.7 1.1 1.9 2.3 1.7 1.7 3.2 3.3 0.4
(by difference) .
Organic matter % 12.9 17.5 6.5 11.9 11.7 9.0 6.5 6.2 1.5 1.5 1.3 0.95

Clay % 52.6 56.0 49.2 44.5 28.7 28.7 55.0 61.3 27.3 26.1 28.3 28.9




Table 5.2 Mbis’ture retention characteristics of the acid sulphate soil profilens. (percent Dy weight)

i : Kaipad soil

i Pokkali soil ~ Kole soil Kaipad S0l
Location V?/til?a 1 Kattukambal I Kattampally I
Horizon No. hl h2 h3 ha  hil h2 h3 h4 hl h2 h3 hé
Depth in cm 0-16 16—33 33-60 60-100+  0-16 16-29  29-66 66-100+ 0-9 9-22 22—36 36-100+
Moisture ) | 4
retained 17.6 16.4 17.0 15.1 21.6 18.8 19.9 16.0 24.0 24.8 19.1  14.2
at 0.3 bars % :
Moisture . ‘ :
retained 17.1 14.4 16.5 13.7 15.9 14.2 15.0 13.2 18.8 21.8 15.2  11.8
at 15 bars %
Avilable ' :
water % 0.5 2.0 0.5 1.4 5.7 4.6 4.9 2.8 5.2 . 3.0 3.9 2.4

(by difference)

6.3 . 8.4
Organic matter % 3.9 3.8 3.6 3.2 2.0 1.8 1.5 1.0 2.8 6.3 8.9




e 5.3 Moisture retention characteristics of the acid sulphate soil profiles (percent by weight)

Location Pokkali soil ' Kole soil Kaipad soil
Vytilla II Kattukambal II- Kattampally II
Horizon No. hi h2 nh3 . h4 hi h2 h3 " hé hi h2 h3 . h4
Depth in cm 0-10 10-30 30-57 57-100+ 0-15 15-25 25-60 60-100+ 0-9 9-25 25-41  41-100+
Moisture
retained 17.5 17.4 18.5 15.3 23.5 20.1 21.8 15.0 22.5 23.8 20.8 16.3
at 0.3 bars %
Moisture
retained 16.0 14.7 17.0 14.1 17.4 16.3 17.8 12.4 16.3 20.5 17.6 13.5°

at 15 bars %

Available water % 1.5 2.7 1.5 1.2 6.1 3.8 4.0 2.6 6.2 3.0 3.2 2.8
(by difference)

Organic matter % 4.1 3.9 3.8 3.1 2.5 2.0 1.9 1.1 3.0 6.1 8.5 9.0
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10.2 Soil moisture retained at 15.0 bars

Mean mositure content retained at 1'5 bars of these soils ranges
between 3.55 and 34.40 percent. Th.ey are in the increasing order
Mathikayal < Kéttampally < Vytilla <Kattukambal < Moncompu < Karumadi.

Though there is significant difference in the moisture retained
at 15.0 bar, between locations. Significant differences within the
profile are found only at Kattampally. | |

10.3 Available water

Mean available water content of these soils ranges between
0.5 and 5.90 percent. They are in the decreasing order at Kattukambal >
Kattampally > Mathikayal > Vytilla > Karumadi> Moncompu.

There is significant difference between locations with respect
to the avilable water content: Significant differences between horizons
are found only at Mathikéyal, Kéttukambal and Kattampally profiles.

11.. Organic ma.tér

The content of organic matter are presented in tables 5 to
5.3 and figure 10.

Mean organic matter content of the soils ranges between 0.85
and 17..90 percent. They are "in the decreasing order at Karumadi>
Moncompu > Kattampally > Vytillé > Kattukambal> Mathikayal. Soil organic
matter content of these soils differ_significantly between locations‘,
while within profiles they differ significantly at Karumadi, Moncompu
and Kattampally only.

12. Measurement of soil acidity and related chemical properties

The results are presented in tables 6 to 6.3A and figures 15

to 33.



vle 6.0 Measurement of soil acidity and related chemical properties of the acid sulphate soil profiles
e Kari soil Karapadam soil Kayal soil
Location Karumadi I Moncompu I Mathikayval 1
Horizon No. hl h2 h3 hé .hl h2 h3 h4 hi | h2 h3 h4
Depth in cm 0-9 9-35  35-58 58—1004 0-14 - 14-34 . 34-65  35-100+.  0-10 10-22. © 22-46  46-100+
* Wet soil pH 3.0 2.5 2.6 2.4 4.1 3.6 3.0 3.0 4.1 3.3 3.1 3.1
pH (HYZO) 1:1
-Air dried
5011 2.5 1.8 2.0 2.2 3.0 2.2 4.0 5.2 3.2 2.6 3.9 3.2
pH (HZO) 1:1
Air dried 30% HZOZ ‘
treated soil 1.8 1.5 1.4 1.4 2.4 2.0 1.6 1.6 2.0 1.8 2.2 1.9
pH (H,0,) 1:2 ' -
Wet soil
electrical 5.0 12.3 9.0 10.8 1.60 1.68 8.7 4.7 0.89 2.28 2.60 2.64
condectjvity '

mS cm

1 :'2

AN



ble 6.0

Measureme

nt of soil acidity and related chemical properties of the acid

sulphate soil profiles

Location

Kari soil

Karumadi I

Karapadam soil

Moncompu I

Kayal soil
Mathikayal 1

Horizon No. hil h2 h3 hl h2 h3 h4 hil h2 h3

Air dried soil

electrical 6.2 12.6 10.8 0.37 2.47 5.9 7.5 0.81 2.67 2.82
conductivity ECe

mS cm 1:2

Soil pH in

0.01 M CaCl 2.8 2.1 2.5 2.8 2.0 3.8 2.9 3.8 3.1 2.8
solution 1:2

Redox potential :

(Eh) (mV) 1:1 +490 +520 +510 +490 +460 +510 +520 +485 +500 +510
Organic carbon 8.1 10.6 4.3 6.5 4.9 3.3 3.5 0.73 0.63 0.58
Total FeZOSS% 10.3 10.8 11.4 7.2 7.4 8.1 8.4 6.2 6.6 7.3




> 6.0

Measurement ©

f soil acidity and related chemical P

_ocation

Kari soil
Karumadi I

roperties of the acid sulphate

Karapadam soil
Moncompu I

soil

profiles

Mathikayal I

h2 h3

Horizon No. n1 h2 h3 hd hi h2 h3 ha hi ha
Depth in cm 0-9 9-35 '35-58° 58—100+ 0-14 - 14-34 34-65  35-100+ 0-10 10-22 09-46  46-100+
Total A12C‘3 % 11.6 12.4 12.0 11.9 82 9. 10.>1 10.3 8.2 8.'3 8.5 ,9.1
Sesquioxide % 21.9 23.2 23.4 24.0 15.4 16. 18.2 18.7 14.4 14.8 15.8 15.9
xchangable

Al of soil _ 19.3 18.3 16.5 18.5 4.5 5. 5.8 5.0 3.5 4.0 4.5 4.2
C mol(p+) kg .

Exchangeable -

Fe ppn 36.4 35.4 34.6 34.8 25.5 26. 39.4 40.9 26.3 25.3 24.6 23.9
Soil CEC _ )

C mol(p+) Kg 43.6 44.1 45,5 46.3 | 14.0 13. 15.0 14.3 10.8 11.3 11.8 12.3
Effective CEC ~ : A ;

C mol(p+) kg 21.8 21.4 22.0 22.2 9.4 9. 9.5 10.0 8.9 8.1 9.7 9.7




ble 6.0 Measurement of soil acidity and related chemical properties of the acid sulpahte soil profiles

Kari soil Karapadam soil 1<_a_ya_1 soil

Location Karumadi I Moncompu 1 Mathikayal 1

Horizon No. hl h2 h3 . h4 hl h2 h3 hd - hil . h2 h3 h4

Al Saturation '

of effective CEC %~ 88.5 85.5 75.0 -83.3 47.8 62.4 61.1 60.0 39.3 19.4 46.4  43.3

Active Fe ppm 269.9  385.7 339.4 416.6 228.7 187.5 146.3 151.5 80.2 77.6 76.3 72.7
. Total sulphur % 0.26 0.34 0.15 0.22 0.22 0.17 0.12 0.12 0.04 0.03 0.03 0.02

Suphate

sulphur ppm 119.3  236.8 203.7 342.3 12.3 50.8 113.8 143.2 20.4 47.4 57.3 90-.0

Water soluble :

sulphur ppm 148.6  285.9 247.3 311.6 37.3 68.5 141.1 176.5 32.9 72.8 76.0 114.2

Organic

sulphur ppm 56.1 63.7 61.6 65.2 49.1 51.6 556.7 57.6 49.6 51.9 52.0 54.2

Heat soluble
sulphur ppm 259.9 515.1 440.3 562.9 37.4 111.1 247.9 311.7 44.9 119.1 125.1 196.1




ble 6.1 Measurement of soil acidity and

related chemical properties of the acid sulphate soil profiles

Kari soil 'Karapadam soil Kayal soil

Location . Karumadi II Moncompu II Mathikayal II
Horizon No. hil h2 h3 h4 hil h2 h3 h4 hi . h2 h3 h4
Depth in cm ~ 0-12 12-38 38-60 60-100+ 0-10 10-35 35-60 60-100+ 0-9 9-26 26-45  45-100+
Wet soil pH' : : - .
pH (H,0) : 2.8 2.6 2.5 2.5 3.9 3.7 3.0 3.8 3.7 3.0 3.0 3.1
ratio 1:1
Air dried soil '

pH (HZO) 1:1 2.3 2.1 1.9 2.0 3.0 2.5 3.8 3.0 3.5 2.6 3.5 3.3
Air dried 30% . :
H505 treated 1.6 - 1.8 1.4 1.5 2.4 2.1 2.0. 1.5 2.2 1.9 2.5 2.0
soil pH 1:2
Wet soil electrical , '
conductivity 8.6 11.6 8.5 9.7 1.5 8.6 3.0 4.3 1.5 2.0 2.4 2.8
mS cm-1
Air dried soil : : _
electrical con- 9.8 12.0 10.0 13.0 0.50 1.68 3.5 6.2 0.92 2.3 . 2.6 4.5
ductivity mS cm-1 |
Soil pH in 0.01
M Ca(312. solution 2.6 2.4 2.4 2.5 3.2 2.3 3.6 3.4 4.0 1.5 3.0 3.5
1:2 : . _
Redox potential . : :
(Eh) (mV) 1:1 +505 +515  +530 +540 +495 +370 +515 +490 +510 +500

+520 +470



ble 6.1

Measurement of soil acidity and related chemic

al properties of the acid

sulphate soil profiles

Location

Kari soil
Karumadi II

Karapadam soil
Moncompu II

Kayal soil
Mathikayal II

Horizon No. hl h2 h3 hé hl h2 h3 hd hl h2 h3 hé
Organic carbon % 7.4 10.1 3.7 6.8 6.7 5.2 3.7 3.5 0.86 0.86 0.75 ~ 0.5b
Total 'FeZ'Oa“Z( 11.2 11.5 12.1 13.0 7.3 7.8 8.1 8.5 6.8 7.2 8.0 8.3

Total A1203'E'!°/0 12.0 12.5 12.7 11.8 9.3 10.2 11.1 11.4 9.0 9.3 8.9 9.3

Sesquioxide % 23.2 24.0 24.2 24.8 16.6 18.0 19.2 19.9 15.8 16.5 16.9 17.6

Exchangeble Al_4q

C mol (p+) kg 16.3 17.2 18.2 18.5 6.0 6.9 7.2 6.8 4.6 5.1 5.5 5.3

Exchangeable Fe -

ppm 36.0 ©35.0 35.2 34.7 33.2 39.4 41.0 39.7 27.5 26.5 25.4 24.7

Active Fe ppm 327.8 362.0 392.6 404.3 189.5 211.1 189.5 195.0 73.5 70.2 68.9 65.5

Soil CEC C mol

(p+) kg 43.5 45.1 46.5 46.9 15.2 14.8 15.5 14.0 11.5 12.3 12.5 13.0




ble 6.1

Measrement of

soil acidity and related

chemical properties of the acid sulphate

soil profiles

Location

Kari soil
Karumadi II

Karapadam soil

Moncompu 1I

Mathikayal II

Horizon No. hl h2 h3 h4 hi h2 h3 hé hl h2 h3 hé
. Soil effective ‘

CEC, Cmol (p+) 22.0 21.5 22.0 22.1 10.2 10.4 10.2 11.0 9.9 9.5 10.1 10.4

g of the soil '
7. Al saturation

of effective CEC% 74,1 80.0 82.7 83.7 58.8 66.3 70.6 61.8 46.5 53.7 54.5 50.9
8. Total sulphur % 0.30 0.34 0.20 0.25 0.30 0.256 0.23 0.20 0.08 0.07 1.0 0.9
9. Sulphate sulphur >

Ppm 185.4 225.8 189.1 244.1 14,7 36.4 69.8 119.3 22.4 47.8 53.3 58.1
0. Water soluble

ppm 225.8 273.0 230.1 294.5 26.2 51.6 © 90.6 148.6 33.25 64.9 71.3 112.1
1. Organic sulphur

ppm 60.4 63.0 60.6 64.2 49,3 50.7 52.9 56.1 49.8 49.9 51.8 54.1
2. Heat soluble

sulphur ppn 403.4 491.2 531.1 32.6 79.6 152.2 259.8 49.3 54.8 116.3 192.1

411.4




ble 6.2

Measurement of soil a

cidity and related chemical properties of the acid sulphate soil _profiles

Pokkali_soil Kole soil Kaipad_soil

.Location Vytilla I Kattukambal I Kattampally I
Horizon No. -hl h2 h3 hé hil h2 h3 - h4 hil h2. h3 ha
Depth in cm 0-16 16-33 33-60 60-100+ 0-16 16-29 29-66 66-100+ 0-9 9-22 ~ 22-33  33-100+
Wet soil pH | |

pH (HZO) 1:1 2.9 2.9 3.2 3.3 4.4 4.6 4.4 4.4 3.1 4.6 3.5 6.4
Air dried soil .
S pH (HZO) 1:1 2.8 2.6 2,4 2.9 3.8 3.9 3.8 3.5 2.4 3.8 2.8 6.1
Air dried 30%- :

H,0, treated 1.6 1.4 + 1.6 1.6 2.2 2.2 2.2 2.2 2.2 2.0 1.8 3.3

2.2 :
s6il” pH 1:2 :
Wet soil elec-
trical condugt- 5.8 6.7 7.2 7.2 0.75 0.28 0.29 0.34 2.76 1.95 2.28 4.0
vity mS cm 1:2
Air dried soil - : : :
electrical 6.8 8.0 10.5 8.5 0.36 0.49 0.27 0.37 3.3 2.95 3.4 5.4
conductivity mS ' |
cm 1:2
Soil pH in 0.01 ' : : o ' :

M CaCl, - - 2.4 2.3 2.0 2.5 3.4 3.6 3.4 3.0 2.0 3.8 . 2.8 5.8

sotution 1:2




6.2 Measurement of soil acidity and related chemical properties oI the acid sulphate s01L piiisie=s

Pokkali soil

Kole soil Kaipad soil
.ocation Vytilla I Kattukambal I Kattampally I
forizon No. hl h2 h3 h4 hl h2 h3 h4 hl h2 h3 ~ h4a
Redox potential (Eh) ‘ .
nV) 1:1 : - +470 +490 +480 +470 +450 +450 +440 +520 +480 +485 +480 +450
Jrganic carbon % 2.3 2.3 2.1 ‘1.9 1.2 1.0 0.87 0.58 1.6 3.7 5.2 4.9
Total Fe,0g % 4.2 4.5 4.3 4.3 3.4 3.6. 5.9 5.2 6.3 5.2 6.1 5.0
Total A120_3"/0 4.8 5.2 5.5 5.3 4.6 4.5 6.1 4.3 5.3 ‘6.6 6.6 4.0
Sesquioxide %.' 8.4 9.4 9.8 9.6 8.0 8.1 12.0 9.5 11.6 11.8 12.7 9.0
Exchangeable
Al of the soil 4 5.9 3.5 3.4 4.5 5.7 5.2 8.2 8.5 8.5 5.3 5.0 4.8
Cmol (p+) kg .
Exchangeable - .
Fe ppm 33.0 36.1 1 39.8 37.2 35.8 36.6 35.5 34.6 28.9 28.3 36,1 32.0
Active Fe ppm 120.6 118.0 115.5 110.3 93.3 87.1 83.8 76.3 102.6 156.6 195.2 187.5
Soil CEC L
Cmol (p+) kg 24.9  23.9 22.5 21.6 17.9 18.1 23.5 23.8 23.0 21.5 15.8  13.5
soil
Soil effective o
CEC Cmol (p+)kg'  16.8 15.0 14.5 11.8 10.8 10.0 13.2 14.2 13.6 12. 11.2  10.5

1



Measurement of soil acidity and related chemical _properties of the acid sulphate soil profiles

ble 6.2
. ‘ - ' ipad soil

Pokkali SOil Kole soil Kaipad SOLl
Location Vytilla I , Kattukambal I Kattampally 1
Horizon No. ~ hl h2 h3 h4 hi h2 h3, h4 h1l h2 ~ h3 h4
All saturation .
of effective 35.1 64.7  23.4 38.1 52.8 52.0 62.1 60.7 - 62.5 43.8 44.6 45,7
CEC % ' ‘ .
Total sulphur % 0.08 0.07 - 0.08 - 0.07 0.056 0.04 0.04 0.03 0.06 0.13 0.17 0.16
Sulphate sulphur ' , ' A
ppm 130.3 152.4 198.2 161.5 12.2 14.6 10.5 12.3 66.1 60.1 67.9 123.0
Water solu ble : ‘ :
sulphur ppm ©161.4  187.2 240.8 197.9 23.2 26.0 21.3 23.5 86.3 79.2 88.5 152.9
Organic sulphur - -
ppm 56.8 58.2 61.2 58.8 49.1. 49.3 48.9 49.1 52.6 52.2 52.7 56.3

Heat soluble : . :
sulphur ppm 283.8 331.7 431.4 351.6 - 26.9 32.2 23.4 27.4  144.2 131.1 148.2 267.8




6.3 Measurement of

soil -acidity and related chemical properties of the acid sulphate soil profiles

Pokkali soil

Kole soil

Kaipad soil

Location Vytilla 1II Kattukambal II Kattampally II
Horizon Nao. hi h2 h3 h4 hl h2 h3 h4 -hl h2 h3 hé
Depth in cm 0-10 10-30 30-57 57-100+ 0-15 15-25 25-60 60-100+ 0-9 9-25 25-41  41-100+
Wet soil pH

pH (HZO)l:l . 2.9 2.1 3.2 3.4 4.5 4.5 4.4 4.6 3.9 4.1 4,6 5.9
Air dried soil

pH (‘HZO),l:l 2.7 2.8 2.8 2.8 3.9 3.8 3.5 3.9 3.2 3.3 3.3 5.6
Air dried 13%

Hs04 treated 1.8 2.0 2.0 1.5 2.3 2.2 . 2.9 2.5 2.0 1.5 2.3 2.7
soil pH 1:2

Wet soil . . .

electrical con- 6.3 6.5 7.0 6.9 0.52 0.31 0.33 0.40 2.4 2.1 2.4 4.4
ductivity mS cm~ :

Air dried soil '
electrical 7.4 8.0 10.3 8.2 0.68 0.51 0.40 0.45 2.91 3.3 3.5 6.5
conducﬂvity

mS cm

Soil pH in

0.01 M CaClz 2.3 2.4 2.3 2.0 3.2 3.5 3.3 2.9 2.2 2.8 3.3 5.5
solution :

Redox poten- . -

tial (Eh) +480 +490 +500 +460 +455 +510 +480 +490 +490 +450

(mv) 1:1

+450




6.3 ' Measurement of soil acidity and rel

Pokkali soil

ated chemcial properties of the acid sulphat

e of soil profils

. Kole soil Kaipad soil
[.ocation vytilla II Kattukambal II Kattampally IIL.
Horizon No. hi h2 h3 h4 hl h2 h3 h4 hi h2 ‘h3 hd
Organsc carbon % 2. 2.0 2.8 1.9 1.0 0.95 0.75 0.83 2. 3.3 5.5 5.2
Total Fe Fezo3 % 4. 5.0 4.4 4.3 3. 3.7 6.0 5.5 6. 5.8 6.0 4.8
Total Al A1203 % 9. 5.4 5.4 4.9 4, 4.7 6.3 4.4 5. 6.4' 6.6 5.0
Sesquioxide % 9. 10.4 9.8 9.2 8. 8.4 12.3 9.9 12. 12.2 = 12.6 9.8
Exchangeable
Al of the spil 4. 3.3 3.5 4.6 5. 5.0 7.8 8.2 7. 4.5 4.1 4.9
Cmol (p+)kg
Exchangeable i
Fe ppm 34. 36.5 40.1 38.0 36.0 36.8 35.7 34.5 29. 28.5 33.1  31.5
Active Fe ppm 115. 112.9 107.7 110.3 87. 85.0 80.7 82.8 118. 146.3 202.9 190.1
Soil CEGC .

1 Cmol (p+) 25. 24.2 . 23.8 21.5 18.1 - 18.3 22.5 22.2 22. 20.7 18.5  16.3
kg .
Soil effective_ :
CEC Cmol(p+)Kg 15. 14.8 14.5 12.3 11. 10.7 9.9 12.5 12. 11.2

13.3 - 12.0



ble 6.3 Measurement of soil acidity and related chemical properties of the acid sulphate of soil profils

Pokkali soil . Kole soil _ Kaipad soil
Location Vytilla II ' Kattukambal II Kattampally II
Horizon No. hl h2 h3 h4 hl h2 h3 h4d . hl h2 h3 hé
Al saturation of , ,
effective CEC% 30.3 22.3 24,1 37.4 49.1 46.7 78.8 65.6 60.8 33.8 34.2  43.7
Total sulphur % 0.06 0.06 0.08 0.06 0.04 0.04 0.03 0.04 - 0.08 A 0.15 0.16 0.15
Sulphate sulphur .
ppm 141.4 152.4 194.6 150.5 18.0 14.9 12.9 13.8 53.2 66.1 69.8 124.8
Water soluble
sulphur ppm 174.3 187.2 236.5 191.5 30.1 26.5 24.1 25.2 77.7% 86.3 90.6 ' 55.0
Organic sulphur . _
ppm 57.5 58.2 60.9 58.5 - 49.5 +49.3 49.1 49.2 52.1 52.6 - 52.9 5674

Heat soluble ‘
sulphur ppm « 307.7 331.7 423.3 339.6 39.7 32,9 28.6 30.6 122.3 144.2 152.2 271.8
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12.1 Wet soil pH [pH(HZO) 1:1]

Mean wet soil pH of these soils ranges between 2.45 and
6.15. It is in the decreasing order at Kattukambal > Kattampally>
Moncompu > Mathikayal > Vytilla > Karumadi.

There 1is sigriificant difference in the wet soil pH between
different locations. Except at Kérumadi and Kattukambal there is

significant difference in the wet soil pH between horizons.

12.2 Air dried soil pH [pH(HZO) 1:1]

Wet soil samples collected a;e‘ air dried and pH determined
in 1:1 soil water suspension aftef 30 minutes equilibrium. Mean air
dried soil pH ranges between 1.95 and 3.90. It is in the decreasing
order at Kattukambal > Kattampally > Moncompu > Mathikayal> Vytilla >
Karumadi. Irrespective of the locations the air dried soil pH differed
significantly. Significant differences within the profile are found only

at Moncompu, Mathikayal and Kattampally.

12.3 Air dried 30 peréent HZQZ treated soil pH(1:2)

Mean value of air dried H‘202 treated soil pH of these soils
ranges between 1.40 and 3.0. They_ are in the decreasing order at
Kattukambal > Kattampally > Mathikayal > Moncompu~ Vytilla> Karumadi.
Air dried HZOZ treated soil pH of these soils differ significantly‘
between locations. Significant difference for the same within the
profiles are observed only at Moncompu, and Kattampally.

12.4 Soil pH in 0.01 M CaCl, solution (1:1)

Mean soil pH in 0.01 CaClz solution ranges between 2.15 and
5.65. They are in the decreasing order at Kattampally > Kattukambal”

Moncompus Mathikayals> Karumadi> Vytilla.



Table 6.4 Shift in soil pH by different methods from wet soil pH (H,O0) 1:1 of the acid sulphate soils

2
: Kari soil Karapadam soil Kaya% soil

Location Karumadi I Moncompu I Mathikayal I

Horizons h1 h2 h3 h4 hil h2 h3 h4 hi h2 h3 h4

Depth in cm 0-9 89-35 35-58 58-100+ 0-14 14-34° 34-65 65-100+ 0-10 10-22 22-46  46-100+
1. Wet Soil pH ) _ o :

pH(HZO) 1:1 3.0 2.5 2.6 2.4 4.1 3.6 . 3.0 3.0 4.1 3.3 3.1 3.1
2. Shift in air

.dried soil : _

pH (H,0) 1:1 -0.5 -0.7 -0.6 -0.2 -1.1 -1.4 -1.0 -0.2 -0.9 -0.7 -0.8 +0.1
3. Air dried

30% H.O, treated

Soiljl [ZJHZ -1.2 -1.0 -1.2 -1.0 -1.7 -1.6 -1.4 -1.4 -2.1 -1.5 -0.9 -1.2

pH(HZOZ)l:Z

4, Shift in soil
pH in C.01 M _ -
CaCl2 sclution -0.2 -0.4 -0.1 -0.2 -1.3 -1.6 +0.8 -0.1 -0.3 -0.2 0.3 0.2




Table 6.5 Shift in soil pH by different methods from wet soil pH (I{ZO) 1:1 of the acid sulphate soils

Scil Profile Kari soil Karapadam soil Kaval soil
Location . Karumadi II . Moncompu II | Mathikayal II
Horizons hi h2 h3 h4 hl . h2 h3 ha hl h2 h3 h4
Depth in cm. 0-12  12-38  38-60 60-100+ 0-10  10-35  35-60 60-100+ 0-9 9-26 26-45  45-100+
1. Wet soil
pH (H,0) 1:1 2.8 2.6 2.5 2.5 3.9 3.7 3.0 2.8 3.7 3.0 3.0 3.1
2. Air dried soil .
pH pH(H,0) 1:1 -0.5 -0.5 -0.6 -0.5 -0.9 -1.2 -0.8 +0.2 -0.2 -0.4 +0.5  +0.2

3. Air dried 30% :
HZO treated -1.2 -0.8 -1.1 -1.0 -1.5 -1.6 -1.0 -1.3 -1.5 -1.1 -0.5 -1.1
soi% pH 1:2

4. Soil pH in ‘
0.01iM CaCl -0.2 -0.2 -0.1 - -0.7 -1.4 +0.6 +0.6 " +0.3 -1.5 - +0.4
solution




Table 6.6 Shift in soil pH by different methods from wet soil pH, pH(H)0) 1:1 of the acid sulphate soils

Soil profile Pokkali soil Kole soil Kaipad soil

Location Vytilla II Kattukambal I Kattampally I

Horizons : hl h2 h3 h4 hl h2 h3 hd hl h2 h3 hd
bepth in cm 0-16 16-33 33-60 60-100+  0-16 16-29 29-66 66-100+ 0-9 0-22 22-36 36-100+

1. Wet soil pH

DH(HZO] 1:1 2.9 2.9 3.2 3.3 4.4 4.6 4.

[Is

4.4 3.1 4.6 3.5 6.

1=

2. Air dried :
soil pH -0.1 -0.3 -0.8 -0.4 -0.6 -0.7 -0.6 -0.9 -0.7 -0.8 -0.7 -0.3
pH(HZO) 1:1

3. Air dried
30% H,O
treattzadz -1.3 -1.5 -1.6 -1.7 -2.2 -2.4 -2.4 -2.2 -0.9 -2.6 -1.7 -3.1
soil pH pH(HZOZ)
1:2

4, Soil pH in

0.01 MCaC12 -0.5 -0.6 -1.2 -0.8 -1.0 -1.0 -1.0 -1.4 -1.1 -0.8 -0.7 -0.6




Table 6.7 shift in soil pH by different methods from wet soil pH, pH(HZO) 1:1 ¢f the acid sulphate soils

Soil profile ' Pokkali soil Kole soil Kaipad soil

Location vytilla II Kattukambal II Kattamaplly II
Horizons hl h2 h3 h4 hl h2 h3 hé hl h2 h3 h
Depth in cm 0-10 10-30 30-57 57-100+ - 0-15 15-25 25-60° 60-100+ 0-9 9-25 25-41 41-100

1. Wet soil pH,
pH[HZO) 1:1 2.9 2.1 3.2 3.4 4.5 4.5 4.4 4.6 3.9 4.1 4.6 5.9

2. Air dried soil
pH, pH(H20)1:1 -0.2 +0.7 -0.

JIsN

-0.6 -0.6 -0.7 -0.9 -0.7 -0.7 -1.1 -1.3 -0.3

3. Air dried 30%
HZO treated
Soi% pH, -1.1 -1.1 -1.2 -1.9 -2.2 -2.3 -1.5 -2.1 -1.9 -2.6 -2.3 -3.2
pH(HZO) 1:2

fisN

Soil pH in
0.01M CaCl2 -0.6 +0.3 -0.9 -1.4 -1.3 -1.0 -1.1 -1.7 -1.7 -1.3 -1.3 -0.4
solution.
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Locations differ significantly for their soil pH in 0.01 M

CaCl, solution. Significant difference within soil profiles for the same

2
are found only at Moncompu, Mathikayal and Kattampally.

12.5 Shift in soil pH by different methods from wet soil

pH (HZO)(l:l)
The shift in soil pH by different mefhods from wet soil pH
are presentedin tables 6.4 to 6.7.
The shift in soil pH of air dried soil pH from wet soil pH
ranges between-0.9 to +1.4 units. - They are in the increasing order

at Moncompu Mathikayal< Kattampally < Kattukambal < Karumadi< Vytilla.

12.5.2. Shift in air dried 30 percent H,0, treated soil pH

(1:2)

The shift in soil pH of éir dried 30 percent Hz'Oi treated
soil pH ranges between - 0.2 and - 0.5 units. They are in the
increasing order at Moncompu < Mathikayal < Kattampally < Kattukambal
Karumadi < Vytilla.

12.5.3. Shift in.soi pH in 0.01 M CaCl, solution

The shift in soil pH in 0.01 M CaCl2 solution ranges between
-1.7 and + 1.4 units. They are in the increasing order at Karumadi <
Vytilla<Mathikayal < Moncompu < I(attukambal< Kattampally.
13. Soil electrical conductivity

The wet soil electrical conductivity and air dried soil
electrical conductivity of the profile samples from different locations

are presented in tables 6 to 6.3 and figures 21 and 22.
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Table 6.8 Shift in Air dried

soil electrical cond

uctivity from wet soil electrical conductivity of acid sulphate soils

Soil profile
Location

Kari soil
Karumadi I

Karapadom soil
Moncompu I

Kayal soil

hi

h2

h3

h4

hil

h2 h3 h4 hl

h2

1. Wet soil ele-
ctrical con-
ductiy}ty
s cm

2. Air dried soil
electrical
condugiivity
ms cm

3. shift in Ele-
ctrical con-
ductivity of air
dried soil
from Wﬁt soil
ms cn

5.0

6.2

+1.2

12.

12.

+0.

3

6

3

9.0

10.8

+1.8

Mathikayal I

h3

hé

10.

13.

+3.

8

8

8

1.60

0.37

-1.23

1.68 3.7 4.7 0.89

2.47 5.9 7.5 0.81

+0.79 +2.2 +2.8 -0.08

2.28

2.67

+0.39

2.60

2.82

+0.22

2.64

4.60

+1.96



Table 6.9 Shift in Air dried soil electrical conductivity from wet soil electrical conductivity of acid sulphate soils

Soil profile Kari soil Karapadom soil Kayal' soil
Location Karumadi I1 Moncompu II Mathikayal 1II
h1 h2 h3 h4 hl h2 h3 h4 hi h2 h3 h4

1. Wet soil
electrical

Condugiivity 8.6 11.6 8.5 9.7 1.5 2.6 3.0 4,3 1.50 2.0 2.4 2.8
mS cm ‘

2. Air dried soil
electrical

conduciivity 9.8 12.0 10.0 13.0 0.50 1.68 3.5 6.2 0.92 2.3 2.6 4.5
mS cm

3. Shift in
electrical con-
ductivity of +1.2 +0.4 +1.5 +3.3 -1.0 -0.92 +0.5 +1.9 ~-0.58 +0.3 +0.2 +1.7
air dried soil

from wet soil
mS cm




Table6.10 Shift in Air dried soil electrical conductivity from wet soil

electrical conductivity of acid sulphate soils

Soil profile
Location

Pokkali soil

vytilla I

Kole soil
Kattukambal 1

Kattampally I

hl

h2 h3

h4

hl

h2 h3

hé

hl

h2 h3

1. Wet soil
-gelectrical

condug{ivity 5.8

‘mS cm

2. Alr dried soil
electrical
condug{ivity 5.8
mS cm

3. Shift in Air
dried soil
electrical
conductivity
from wet
snil
mS cm

+1.0

6.7 7.2

8.0 10.5

+1.3 +3.3

7.2

8.5

+1.3

0.75

0.36

-0.39

- 0.49

+0.21

0.28 0.29

0.27

-0.02

0.34

0.37

+0.03

2.76

3.30

+0.54

1.95 2.28

2.97 3.4

+1.02 +1.12

(=)}

+2.

1SS




Table6.11 Shift in Air dried soil electrical conductivity from wet soil electrical conductivity of acid sulphate soils

Soil profiles
Location

Pokkali soil

Vytilla II

'Kole soil
KattuKambal II

Kaipad soil
Kattampally II

" hi h2 h3

hi

h2 h3  hé

hi "~ h2 h3

h

1. Wet soil
electrical
’ 'conduc{1v1ty
mS cm

2. Air dried
soil electrical
conduc}1v1ty
mS cm

3. shift in air
dried soil
electrical
conductivity
from w?t soil
mS cm

6.3 6.5 7.0

10.3

+1.1 +1.5 +3.3

6.9

8.

+1.

2

3

0.52

0.68

+0.11

0.31 0.33 0.40

+0.20 +0.7 +0.5

2.4 2.1 2.

©2.91 3.3 3.

+0.51 +1.2 +1.

JisS




13.1 Wet soil electrical conducfivity (1:2)

Mean wet soil electrical con.dqctivity~ranges between 0.29
and 11.95 mS cm_l.- They are in the increasing order at Kattukambal <
Mathikayal < Kattampally<Moncompu < Vytilla and < Karumadi‘. Irrespective
of the locations it exhibited signi-ficant difference. Within the profiles

it exhibited significant differences at Karumadi, Moncompu and
Kattampally only.

13.2 FElectrical conductivity of air dried soils (1:2)

Mean electrical conductivity of air dried soil ranges between
0.41 and 12.30 mS cm—l. They are in the increasing order Kattukambal <
Moncompu < Mathikayal < Ka‘ttampaliy< Vytilla<Karumadi.

Irrespective of the locations it differs sigﬁificantly within
the profiles except at Kattukambal.

13.3 Shift in soil electrical coductivity of air dried soils

from wet soil electrical conductivity

The shift in electrical conductivity of air dried soil from
" that of wet soil is presented in tables 6.8 to 6.11.

The shift in electrical conductivity on air drying of ‘the soils
ranges between -1.23 and + 3.8 mS cm—l. They are in the increasing
order at Kattukambal < Moncompu < Mathikayal< Kattampally. < Vytilla <
Karumadi. |

Irrespective of the  locations '.the shift in soil electrical-
condutivity on drying differs sigriificantly. »Within the profiles élso
it differs significantly at all locations ekcept that at Kattukambal.

14. Redox potential (Eh)

Redox potential (Eh) of air dried soils are presented in
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tables 6 to 6.3 and figure 23. Mean redox potential of the soil ranges
between +445 and +540 mV. They are in the increasing order at
Moncompu Kattampally < Kattukambal « Mathikayal < Vytilla < Karumadi.
Irrespective of the locations the redox potential of these soils differ
significantly. It differs signifidantly within the profiles only at
Moncompu and Kattukambal.
15. Organic Carbon

Organic carbon content of soils are presented in tables 6
to 6.3 and figure 14.

Mean organic carbon content of the soils ranges between 0.50
and 10.35 percent. They are in the increasing order at Mathikayal
Kattukambal< Vytilla<Kattampally < Moncompu <Karumadi.

‘The soils differ significantly in -their organic carbon content

irrespective of their locations. Organic carbon  content differs
signifincantly = within the profiles at Karumadi, Moncompu and
Kattampally.

16. Total Iron (FeZO3 percent)v

The total content of F9203 of soils are presented in tables
6 to 6.3 and figure 24.

Mean total Fe203\ content of these soils are in the increasing
order at vytilla < Kattukambal < Kattampally < Mathikayal < Moncompu
Karumadi.

Irrespective of the locations total F8203 content of the soils
differed significantly. Significant. differences between total Fezo3
content of the soils are found within the profiles at all locations

except at Vytilla.
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17. Total Aluminium (A_lzo3 percent)

The total A1203 content of the soils are presented in tables
6 to 6.3 and figure 25.

Mean A1203 content of the soil ranges between 4.35 and 12.45
percent. They are in the increasing order at Kattukambal < Kattampally <
Mathikayal < Moncompu < Vytilla < Karumadi. Total A1203 content of
the soils differs significvantly irrespective of the locations. Except
at Moncompu, Kattukambal _and Kattampally, 1its content differ
signifincantly within the profiles at all locations..

18. Sesquioxide Content

The sesquioxide percent content (percent F8203 + A1203) of
the soils are presented in tables 6 to 6.3 and figure 26.

Mean values of sesquioxide soils range between 8.15 and
24.45 percent. They are .in the increasing order at Vytilla'\'
Kattukambal < Kattampally < Mathikayal < Moncompu < Karumadi. It differ
significantly between locations. Significant differences in tﬁe
sesquioxide content within the profiles are found only at Mathikayal,
Kattukambal and Kattampally'.

19. Exchangeable aluminium

The exchangeable alumnium content of the soils are pfesented
in tables 6 to 6.3 and figure 29, |

Mean exchangeable aluminium content of the soil raﬁges
between 3..4 and 18.5 Cmol(p+)Kg__1. They are in the increasing order

at Mathikayal < Vytilla < Moncompu < Kattampally < Kattukambal<

Karumadi. It differs significantly irrespective of the locations
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Exchangeable alumnium content of the soil within the profiles differs
significantly only at Kattukambal and Kattampally. |
20. Exchangeable iron

Exchangeable iron content of the SOil;S are presented in tables
6 to 6.3 and figure 31.

Mean exchangeable iron content of the soil ranges between
24.'3 and 40.2 ppm. They are in the increasing order at Mathikayal<
Kattampally < Moncompu < Kattukambal? Vytilla < Karumadi.

Irrespective of locations exchangeable iron content of the
soil differs si_gnificantly. Exchangeable iron content differ within
the profile significantly only at Moncompu and Kattampally.

21. Active iron

Active iron content of soils are presented in tables 6 to 6.3
and figure 32.

Mean active iron contént of the soils ranges between 69.1
and 410.5 ppm. They are .in. the increasing order at Mathikayal <
Kattukambal < Vytilla <Kattampally < Moncompu < Karumadi. Active iron
content of‘ the soil differ sighificantly irrespectilve of‘ the locations.
Within the profiles it differed significantly only at Moncompu and
Kattampally. |
22. Cation Exchange Capacity (CEC)

The cation exchange capacity of the soils are presented in
tables 6 to 6.3 and figure 27.

Mean cation exchange' capacity of the soils ranges between

11.15 and 46.60 Cmol(p+)Kg—1. They are in the increasing order
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at Mathikayal < Moncompu < Kattampally < Kattukambal < Vytilla <
Karumadi. | |

Cation exchange capacity of these soils differ significantly
between locations. Within the profiles it differ significantly only
at Karumadi, Vytilla, Kattukambal and Kattampally.

23. Effective Cation Exchange Capacity (ECEC)

The effective cation exchange capacity of the soils is
presented in tables 6 to 6.3 and figure 28.

Mean effective cation exchange capacity of the soils range
between 8.8 and 22.0 Cmol(p+)Kg;1. They are in the increasing order
at Mathikayal < Moncompu < Kattampally < Kattukambal < Vytilla<Karumadi.

Effective cation exchange capacity of the  soils differ
significantly between locations. Within the profiles it differs
significantly only at Karumadi, Vytilla, Kattukambal and Kattampally.
24, Percent aluminium saturation of the effective cation exchange

capacity |

They are presented in tables 6 to 6.3 and figure 30.

Mean percent of aluminiﬁm saturation of the effective cation
exchange capacity of the soil ranges between 23.8 and 83.%. They
are in the increasing order at Vytilla < Mathikayal < Kattampa11y<
Moncompu < Kattukambal < Karumadi. It significantly differ between
locations. Within the profiles it differed significantly only at
Kattukambal and Kattampally.

25. Distribution of different forms of sulphur inv the soil
The distribution of ‘.different forms of soil sulphur are

presented in tables 6 to 6.3 and in figures 33 to 37.
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25.1 Total sulphur

Mean total sulphur content of the soil ranges between 0.04
and 0.34 percent. They are in the increasing order at Kattukambal <
Vytilla < Kattampally <Moncompu < Karumadi < Mathikayal. Total sulphur
content of the soil does not differ significantly between locations.
‘Within the profile it differed significantly only at Mathikayal.

25.2 Sulphate sulphur

Mean sulphate sulphur content of the soil ranges between
13.1 and 231.3 ppm. They are in the increas;'mg order at Kattukambal <
Mathikayal <« Moncompu < Kattampally < Vytilla < Karumadi. Sulphate
sulphur content of the soil differs significantly between locations.
Within the profile it differs significantly only at Mathikayal and
Kattukambal.

25.3 Water soluble sulphur

Mean water soluble sulphur content of the soil ranges between
22.7 and 303.1 ppm. They are in increasing order at Kattukambal
<Mathikayal < Moncompu < Kattampally < Vytilla < Karumadi. It differs
significantly between locations. Wwithin the profile it differs
significantly at all locations except at Kattukambal.

25.4 Organic sulphur

Mean organic sulphur content of the soil ranges between 49.0
and 64'.7 ppm. They are in increasing order at Kattukambal <
Mathikayal < Moncompu < Kattampally < Vytilla < Karumadi. It differs
significantly between locations. Within the profiles it differs

significantly at all locations except at Kattukambal.
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25.5 Heat soluble sulphur

Mean heat soluble sulphur content of the soils ranges between
26.0 and 547.0 ppm. They are in the increasing order at Kattukambal <
Mathikayal < Moncompu <Kattampally < Vytilla< Karumadi.

Heat soluble sulphur coritent of the soil differs significantly
between locations. Within the profiles it differs significantly at
all locations except at Kattukambal.

26. Mineralogy of the coarse sand fraction of soil

Percent content of coarse sand and percent content of minerals
and partially decomposed wood in the coarse sand fraction of the
soil from 0-50 cm depth of different locations are presented in
table 7.0, figures 38 to 39.1 and plates 156 to 161.

26.1 Coarse sand (0-50cm depth)

Coarse sand content of the soil ranges between 1.25 and 13.0
per’cént. They are in the increasiﬁg order at Mathikayal < Karumadi<
Vytilla < Kattukambal < Kattampally < Moncompu. Its content differs
significantly between locations. |

26.2 Quartz

Mean quartz content of the coarse sand fraction ranges
between 85.50 and 93.25 percent. They are- in ..the increasing order
at Karumadi <Moncompu <Vytilla <Mathikayal < Kattukambal < Kattampally.
Its content differs significantly between locations.

26.3 Feldspar

Feldspar content of the coarse sand fraction of. these soils

ranges between 0.25 and 0.75 percent. They are in the increasing



Table 7.0

Table 7.0 Coarse sand mineralogy of the acid sulphate soils (0-50 cm depth)

Coarse Quartz Feld- Bio- Magne- Time-  silli- Rutile Pyrite Lateri- Partially
Locations Sand% % spars  tite tite nite manite % % tenodule ggcompsed
. % % % % % wood %

1. Kari soil 1.6 86. 0.5 0.1 0.25 0.5 1.0 0.5 0.01 0.04 3.
Karumadi I

2. Kari soil 1.7 85. 0.3 0.2 0.1 0.7 0.3 0.3 0.01 0.01 4.
Karumadi IT

3. Karapadom scil 12.5 89. 0.6 0.1 0.25 0.5 1.0 0.5 0.05 0.08 0.
Moncompu I

4. Karapadom soil 13.5 88. 0.2 0.1 0.2 0.5 0.8 0.25 0.05 0.05 1.
Moncompu II -

5. Kayal soil 1.2 89. 0.5 0.5 " 0.5 1.5 1.5 0.5 0.01 0.01 0.
Mathikayal 1 ‘ '

6. Kayal soil 1.3 90. 0.8 0.3 0.1 0.8 1.0 0.4 0.02 0.05 0.
Mathikayal TI '

7. Pokkali soil 8.6 88. 0.5 0.5 0.5 1.0 1.5 0.5 0.01 - 0.

- Vytilla I

8. Pokkali soil 6.7 90. 1.0 0.2 0.1 0.6 0.7 0.8 0.01 0.01 1.
Vytilla II

9. Kole soil 10.0 94. 0.3 0.05 0.8 1.8 2.0 1.5 0.01 1.0 0.
Kattukambal I

10. Kole soil 9.1 90. 0.2 0.05 0.5 1.0 1.3 0.9 0.04 1.4 0.
Kattukambal II :

11. Kaipad soil 12.4 92. 0.5 0.5 0.5 0.5 2.0 0.5 - 0.04 3.
Kattampally I

12. Kaipad soil 12.1 94. 0.5 0.3 0.1 0.5 1.0 0.08 0.03 3.

Kattampally II
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order at Kattukambal <Moncompu < Karumadi < Kattampally < Mathikayal

vytilla. Its content do not differ significantly between locations.

26.4. Biotite

Biotite content of the coarse sand fraction ranges between

0.5 and 0.40 percent. They are in the increasing order at Kattukambal
Moncompu < Karumadi < Vytilla < Kattampally < Mathikayal. Its content
do not differ significantly between locations.

26.5. Magnetite | |

Magnetite content of the coarse sand fraction of the soils
ranges between 0.18 and 0.65 percent. They are in the incfeasing
order at Karumadi <Moncompu < Vytilla < Mathikayal < Kattampally<
Kaftukambal. Its content do not differ significantly between locations.

26.6. Ilmenite

Ilm.enite content of the coarse sand fractions of these 'soils
ranges between 0.50 and 1.40 percent. They are in the increasing
order at Moncompu < Kattampally < Karumadi < Vytilla< Mathikayal <
Kattukambal. Its content do not differ significantly between locations.

26.7. Sillimanite

Sillimanite content of the caorse sand ranges between 0.65

and 1.75 percent. They are in the increasing order at Karumadi <

Moncompu <Vytilla < Mathikayal < Kattukambal< Kattampally. Its content

do not differ significantly between locations.
26.8 Rutile
Rutile content of the coarse sand fraction of the soil ranges

between 0.38 and 1.20 percent. They are in the increasing order at

<
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Moncompu < Karumadi < Mathikayal < Vytilla < Kattémpally < Kattukambal.
Its content do not differ significantly between locations.

26.9. Pyrite

Pyrite content of the coarse sand fraction or the soil ranges
between 0.01 and 0.05 percent. They are in the increasing order at
Karumadi ,<Vy-tilla < Kattukambal A< Mafhikayal < Kattémpally < Moncompu.
Its content do not differ significantly between locations. |

26.10 Laterite nodule

Laterite nodule content of the coarse sand fraction of these
soils ranges between 0.01 and 1.20 percent. They are in the increasing
order at Vytilla < Mathikayal < Karumadi < Kattampally <- Moncompu <
Kattukambal. Its content significaﬁtly differs between locations.

26.11 Partially decomposed wood

Content of partially decomposed wood present in the coarse
sand fraction of these soils ranges between 0.40 and 3.90 percent.
They are in the increasing order at Kattukambal < Mathikayal < Vytilla
Moncompu < _Kattampally < Karumadi. Its content differ significantly
between locations. | |
27.0. Mineralogy of the fine sand fraction pf the soil

The fine sand content, fine sand ratios, fine sand mineral
ratios and content of different m_inerals and partially decomposed
wood in the fine sand fraction bf the soil within 50 cm at different
locations are presented in table 8, figures 40 to 42 and plates 162

to 173. .



Table 7.1 . ) : Fine sand mineralogy of the acid sulphate soils {(0-50 cm depth)

Locations Clay % Fine Parti-  Light Heavy RAT10S : LIGHT MINERALS HEAVY MINERALS

oo . sand ally mingral mineral po Fi 0t 15 -
¥ decom- ¥ ¥ FS ) L ine Quartz Felc- Biotite Musco- Chlo-  Zircon Black  Red Silli=  Mone-  Rutile Garnet  Stauro- Tourme- Pyrite

posed IF HE W sand % spars £ vite rite % opagues opaaues menite  zjte % b 11te line %

w008 % Clay .k % % [lmeninte Haema- % 3 % %
: % tite % ’
Kari soil ' .
Karumadi 1 50.8 6.4 76.8 87.5 12.5 1.1 8.0 7.0 0.13 10.8 0.0 1,50 0.03 0.5 0.04 4.5 -0.08 1.0 0.50 0.10 0.03 0.10 0.05 1.70
Kari Soil N .
Karumadi Il 52.6 6.7 74,3 83.0 11,0 1.2 8.3 8.1. 0.13 9.5 0.08 1.8 0.04 0.3 0.02 3.9 0.05 15 6,30 0.20 0.04 0.08 .10 2.0
Karapadom Sof | ‘ o : :

Moncompu | 38.9 17.3 4,0 96.3 3.7 1.04  26.7 25.7 0.45 73.8 0.75 166 0.21 0.4 0.2 3.3 0.10 1.3 0.30 0.22 0.10 0.15 0.1 0.80

Karapadom soil ) . ; _ .
Moncompu IT -38.8 17.7 16.0 97.0 3.0 1.1 25.5 32,3 0.u4 8L.5 0.15 1.3. 0.3 0.20 0.05 3.6 0.08 1.6 0.20 0.25 0.15 0.10 0.13 0.80

Kayal soil . : SR '
Mathikayal I 28.2 53.3 2.8 80.5 9.5 1.24 5.1 4.1 1.89 845 1.0l 1.50 0.84 0.50 ° 0.05 2.95 0.76 1.80 0.88 0.40 0.10 0.10- 0.66 0.65
Kayal soil - . .
Mathikayal 11 27.2 53.2 2,1 84,0 16.0 1.26 4,9 5.3 1.95 8u.1 0.8 2.0 0.10 0.35 0.06 3.05 1.0 1.70 0.50 0.3 6.20 0.20 0.33 0.45
Pokkali soil : g
vytilla 1 51.8 13.6 3.8 86.8 3.2 1.15 6.6 6.6 0.26 82.8 0.8 2,10 0.08 0.48 0.10 3.95 0.80 1.85 0.60 0,20 0.0 0.20 0.20 0.48
Pokkal i soil . .
vytilla 11 5.1 13.9 3.5 88.8 11,2 1.2 5.8 7.9 0.27 78.8 0.50 2.3 0.10 0.50 0.08 4.3 0.66 2.2 0.75 0.35 0.20 0.20 0.15 0.28
Kole sofl’ A - . . )
Kattukambal 1 51.4 11.9 0.60 86.2 13.8 1.16 6.3 6.25 0.23 35.8 0.05 1,50 0.35 0.25. 0.50 50.80 1,85 2.0 1,50 0.75 0.25 0.33 0.75 0.05
Kole soil ' " ' -
Kattukambal 11 49.5 12.0 1.1 90.0 10,0 1.18 6.1 9.0  0.24 61.5 0.03 1.03 0.05 0.20 0.40 2.8 1.33 1.4 2.2 111 0.80 0.33 0.20 0.18
Kaipad soil . 0.5 0.8 .

Kattampally 1 36.8 24.7 1.2 73,2 26.4  1.36 2.79 2.79  0.67 . .85 1.80 (.60 0.75 0.80 . 2.85 1.50 2.8 0.75 0.80 0.60 0.50 0.78 . 0.8

Kaipad soil )
Kattgmpallyll 39.7 3.8 2.2 77.5 22.5 1.4 2.9 3.4 0.60 85.4 0.90 2.3 0.80 0.55 1,10 3,10 1.22 3.3 0.60 0.70 0.54 0.60 0.30 1.0
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27.1. Fine sand content of the soil within 50 cm depth of

soil

The fine sand content of soil ranges between 6.55 and 53.25
percent. They are in the inci"easing order at Karumadi < Kattukambal <
Vytilla < Moncompu < Kattampally < Mathikayal. Its content differs
significantly between locations.

27.2. Light mineral fraction of the fine sand fraction of soil

Content of light mineral ranges between 75.35 and 96.65
percent. They are in the increasing order at Kattampally < Mathikayal -
Vytilla < Kattukambal < Karumadi < Moncompu. Its content differs

significantly between locations.

27.2.1 Fine sand/light,r.nineral fraction ratio

Fine sand/light mineral fraction ratio of the soil ranges
between 1.07 and 1.38. They are in the increasing order at Moncompu <
Karumadi < Kattukambal < Vytilla < Mathikayal< Kattampally. It d‘iffers
significantly between locations.

27.2.2 Quartz

Content of quartz present in the fine sand fraction of the
soil ranges between 10.15 and 83.95 percent. They are in the
increasing order at Karumadi < Kattukémbal < Moncompu < Mathikayal <
Kattampally < Vytilla . Its content differs significantly between
locations‘.

27.2.3 Feldspar

Feldspar content of fine sand fraction of the soil ranges

between 0.04 and 1.47 percent. They are in the increasing order at
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Kattukambal < Karumadi < Moncompu < Vytilla < Mathikayal < Kattarﬁpally.
Their content do not differ signifiéantly between locations.

27.2.4 Biotite

Biotite content of the fine sand fraction of the.soil ranges
between 1.26 and 2.20 percent. They are in the increasing order at
Kattukambal < Moncompu < Karumadi< Mathikayal < Kattampally <Vytilla.
Its content do not differ significantly between locations.

27.2.5 Muscovite |

Muscovite content of the -fine sand fraction of the soil ranges
between 0.04 and 0.07 percent. They are in the increasing order at
Karumadi < Vytilla < Kattakambal < Moncompu < Mathikayal < Kattampally-.

27.2.6 Chlorite

Chlorite content of the finelsand fraction of the soils -ranges
between 0.23 and 6.65 percent. >They are in the incr‘eas‘ing ordér at
Kattukambal <Moncompu <Karumadi < Mathikayal < Vytilla < Kattampally.

Its content do not differ significantly between locations.

27.3.0 Heavy mineral fraction of the fine sand fraction of

soil

Heavy mineral content of the fine sand fraction of these soils
range between 3.35 and 24.45 percent. They are in the increasing
order ath Moncompu < Vytilla < Kafumadi < Mathikayal < Kattampally <
Kattukambal. Its content differé significantly between locations.

27.3.1 Fine sand /Heavy mineral fraction (FS/HF)

FS/HF ratio of the soil ranges petween 2.85 and 26.10. They

are in the increasing order at Kattampally <Mathikayal < Kattukambal
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<Vytilla < Karumadi < Moncompu. It differs significantly between locations.

27.3.2 Light mineral fraction/Heavy mineral fraction ratio

(LF/HF)

LF/HF ratio of the fine sand fraction of the soil ranges
between 3.10 and 29.0. They are in the increasing order at Kattarﬁpally<
Mathikayal < Vytilla < Karumadi < .Kattukambal < Moncompu. It differs
significantly between locations.

27.3.3 Zircon

Zircon content of the fine sand fraction of these soils ranges
between 0.03 and 0.99 perce.nthhey are in the increasing order at
Karumadi < Mathikayal < Vytilla < Moncompu < Kattukambal < Kattampally.

Its content differs significantly between locations.

27:3:47 Ilmenite

Ilmenite content of the fine sand fraction of the soils ranges
between 2.98 and 38.8 pércent. They are in the increasing order at
Kattampally < Mathikayal < Moncompu < Vytilla < Karumadi < Kattukambal.
Its content differs significantly between ‘locations.

27.3.5 Haematite

Haematite content of the fine’sand fraction of the soils ranges
between 0.07 and 1.59 percent. .'-T‘hey are in the increasing order at
K-arumadi < Moncompu < Vytilla < Mathikayal < Kattampally < Kattukambal.
Its content differs significantly between locations.

27.3.6 Sillimanite

Sillimanité content of th'e. fine sand fraction of the soils range

between 1.25 and 3.05 percent. They are in the increasing order at
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Karumadi < Moncompu < Kattukambal < Mathikayal < Vytilla < Kattampally
Its content differs significantly between locations.

27.3.7 Monazite

Monazite content of the fine sand fraction of these soil ranges

between 0.30 and 1.85 percent. They are in the increasing order at

Moncompu < Karumadi < Vytilla < Kattampally < Mathikayal < Kattukambal.
Its content differs significantly between locations.

27.3.8 Rutile

Rutile content of the fine sand fraction of the soil ranges

between 0.15 and 0.93 percent. They are in the increasing order at

Karumadi< Moncompu <Mathikayal < Vytilla < Kattampally <Kattukambal.

Its content significantly differs between locations.

27.3.9 Garnet

Garnet content of the fine sand fraction of the soil ranges

between 0.04 and 0.57 percent. They are in the increasing order at

Karumadi < Vytilla < Moncompu < Mathikayal < Kattukambal< Kattampally.
Its content do not differ significantly between locations.

27.3.10 Staurolite

Staurolite content of the fine sand fraction of the soils ranges

between 0.01 and 0.55 percent. They are in the increasing order at

Karumadi < Moncompu < Mathikayal< Vytilla < Kattukambal< Kattampally.

Its content differs significantly between locations.

27.3.11 Tourmaline

Tourmaline content of the fine sand fraction of the soil ranges
between 0.01 and 0.54. They are in the increasing order at Karumadi <

Moncompu < Vytilla < Kattukambal < Mathikayal < Kattampally. Its content
do not differs significantly between locations.
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27.3.12 Pyrite

Pyrite content of the Afine sand fraction of the soil ranges
between 0.12 and 1.87 percent. They are in the increasing order at
Kattukambal < Vytilla < Mathikayal < Moncompu < Kattampally < Karumadi.
Its content differs significantly between locations.

27.4.0 Partially decomposed wood in the fine sand fraction

Its content range between 10.08_ and 75.55 percent. They are
in the increasing. order Kattukambal < Kattampally <Mathikayal< Vytilla <
Moncompu < Karumadi. Its content differed significantly bet\n}éen-
locations. |
28.0 Mineralogy of the silt fraction of the soil

Silt content, silt ratids, partially decomposed wood present
in the silt fraction and silt fraction mineral content of 0-50 cm depth
soil from different locations are. presented in table 8, figure 43 and
pates 138 to 143. |

28.1.0 Silt content of 0-50 cm depth of soil

It ranges between 16.85 and‘ 28.50 percent. They are in the
increasing order at Mathikayal < Kattampally < Moncompu < Vytilla<
Karumadi <Kattukamabal. It differs significantly between locations.

28.2.0 Silt/clay ratio

It ranges between 0.43 and A'O.56. They are in the increasing
order at Vytilla < Mathikayal < Kattampally < Moncompu < Karumadi <
Kattukambal. It do not differ significantly between locations.

28.2.1 Silt/clay ratio

It ranges between 1.12 and 10.05. They are in the increasing



Table 8.0 : silt mineralogy of the acid sulphate soils (0-50 cm depth)

Ratios ' -
1 silt Silt Silt Silt Parti-Quar- Feld- Bio- Mus- Chlo- Ile- Sill- Mono- Hae- Gee-- Pyrite
1%0' Locati % Clay Coar- Fine ally 12 spar tite covi- rite meni- imen- site mati- thite %
» hocations ‘ se sand dec- % % s te % % te% ite% &% te% %
sand mposed
wood %

1. Kari soil 25.7 0.51 16.1 4.01 6.6 48.3 0.3 2.5 0.03 7.0 21.0 3.8 0.05 0.03 2.2 4.6
Karumadi I.

2. Kari soil 27.4 0.52 4.116.1 8.0 51.0 0.08 0.05 0.03 4.1 22.5 0.5 0.03 2.8 2.7 5.1
Karumadi II ,

3. Karapadam soil 20.6 0.53 2.6 2.29 4.3 50.5 0.5 1.5 0.02 6.8 18.8 3.2 0.05 0.20 2.1 2.8
Moncompu I .

4. Karapadam soil 20,3 0.52 1.2 1.5 3.5 48.5 0.20 0.08 0.05 6.9 20.0 1.8 '0.08 1.680 3.0 4.4
Moncompu II .

5. Kayal soil . 16.5 0.31 13.8 0.31 2.1 55.8 0.2 2.8 0.05 6.3 23.5 4.1 0.10 0.05 1.8 2.5
Mathikayal II ' .

6. Kayal soil 17.2 0.63 0.3213.2 3.0 58.3 1.0 0.5 0.04 4.5 26.0 2.4 0.05 1.50 2.2 2.0

- Mathikayal II

7. Pokkali soil 21.5 0.42 2.5 1.58 3.3 47.5 0.6 2.1 0.05 5.3 20.4 4.5 0.15 0.02 1.3 2.0
Vytilla I :

8. Pokkali soil 22.5 0.43 1.6 3.4 2.8 51.0 1.3 0.8 0.07 7.7 25.8 3.0 0.08 1.00 1.8 2.3
Vytilla II . .

9. Kole soil ~28.4 0.55° 2.8 2.38 1.1 59.9 0.05 1.6 0.01 2.8 9.80 2.3 0.03 2.80 4.9 0.5
Kattukambal I _ ‘

10. Kole soil 28.6 0.57 2.4 3.1 0.80 53.6 0.03 0.4 0.02 6.2 18.3 3.3 0.01 3.8 4.1 0.30
Kattukambal II . ' :

11. Kailpad soil 18.2 0.49 1.5 0.74 5.5 52.1 0.2 3.1 0.07 7.8 22.50 4.9 0.20 1.1 1.1 3.9~
Kattampally I : '

12. Kaipad soil 18.1 0.46 0.76 1.5 4.3 48.4 1.1 1.0 0.04 7.8 26.0 3.2 0.05 1.50 1.30 5.0
Kattampally II A
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order at Kattampally < Moncompu < Vytilla < Kattukambal < Mathikayal <
Karumadi. It do not differ significantly between locations.

28.2.2 Silt/coarse sand ratio

It ranges between 1.13 and 10.10. They are in the increasing
order at Kattampally < Moncompu < Vytilla < Kattukambal < Mathikayal <
Karumadi. It differs significantly between locations.

28.3.0 Partially decompoed;wood content of silt

Content of partially decomposed wood present in the silt
fraction of the soil ranges between 0.95 and 7.30 percent. They are
in the increasing order at Kattukambal < Mathikayal < Vytilla <Moncompu <
Kattampally < Karumadi. Its content differs significantly between
loca;cions. | |

28.4.0 Quartz

Quartz content of silt fraction of the soil ranges between
49.5 and 57.05 percent. They are in the increasing order at Vytilla <
Moncompu < Karumadi < Kattampally <«Kattukambal < Mathikayal. Its content
.do not differ significantly between locations.

28.4.1 Feldspar

Feldspar content of'the silt fraction of the soil ranged between ‘
0.04 and 0.65 percent. They are in the increasing order at Kattukambal <
Karumadi <« Moncompu < Mathikayal < . Kattampally < Vytilla. Its conten_f
differed significantly between locations. |

28.4.2 Biotite

The biotite content of silt fraction of the soil ranges between

0.79 and 2.05 percent. They are in the increasing order at Moncompu
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Kattukambal < Karumadi < Vytillas <« Mathikayal <Kattampally. its content
do not differ significantly between locations.

28.4.3 Muscovite

The muscovite content of the silt fraction of the 'soil ranges
between 0.02 and 0.06 percent.v They are in the increasing order at
Kattukambal <Karumadi <Moncompu < Mathikayal < Vytilla < Kattampally.
It do not differ ‘significantly between locations. |

28.4.4 Chlorite

The chlorite content of -the silt fraction of the so0il ranges
between 4.50 and 7.80 percent. .They are in the increasing order at
Kattukamabal < Mathikayal < Karumadi < Vytilla< Moncompu <Kattampally.
Its content do not differ signifi(‘:a‘ntly between locations.

28.4.5 Ilmenite

The ilmenite contenf of fhe silt fraction of the soil ranges
between 23.10 and 24.75 percenf. They are present in the increasing
order at Kattukambal < Moncompu < Karumadi < Vytila <Kattampally <
Mathikayal. Its content do not differ significantly between locations.

28.4.6 Sillimanite

The sillimanite contént of the silt fraction of the soil ranges
between 2.15 and 4.05 percent. They are in the increased order at
Karumadi < Moncompu < Kattukambal < Mathikayal < Vytilla < Kattampally.
Its content do not differ significantly locations. |

24.4.'; Monazite

The monazite content of thé silt fraction of the soil ranges

between 0.02 and 0.13 percent. They are in the increasing order at
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Kattukambal < Karumadi < Moncompu < Mathikayai < Vytilla < Kattampally.
Its content do not differs significantls; between locations.

24.4.8 Haematite

The haematite content of the silt fraction of the soil ranges
between 0.51 and 3.30 percent. .They are in the 'increasing order at
Vytilla « Mathikayal < Moncompu < Kattampally <«Karumadi < Kattukambal.
Its content do not differ significantly betwreen locations.

28.4.9 Goethite

The goethite content of the silt fraction of the soil ranges
between 1.20 and 4.50 percent. They are in the increasing order at
Kattampally <« Vytilla <Mathikaya_l < Karumadi <« Moncompu < Kattukambal.
Its content differs significantly between locations.

28.4.10 Pyrite

The pyrite content of the silt fraction of the soil ranges
between 0.40 and 4.85 percent. They are in the increasing order at
Kattukambal < Vytilla < Mathikayal < Moncompu < Karumadi. Its content
differ signifcantly between locations. |
29.0. Particle analysis of finer soil fractions

(40.105 mm soil fractions from 0-50 cm depth)

The results of sedigraphic analysis of finer fractions of the
soil from 0-50 cm depth are presented in table 12 and_figures 44
and 45.

29.1.0 Coarse silt (20-50 !um)

The coarse silt content of the soils ranges between zero and

5.50 percent. They are in the increasing order at Karumadi <



Table 12.0 Particle size distribution of soil finer fraction of acid sulphate soils
(percent) (sedigraph 5000 D particle analysis) (50-0.1 \lm) (0-50 cm depth)

sl. . Coarse silt Medium silt Fine silt Coarse clay Fine .clay

No. Location (20-50 Pm) (5-20 Pm) {2-5 Fm) (0.2-2 l_lm) («0.2 }Jm)

1. Kari soil ~0.00 12.00 10.50 33.50 6.00
Karumadi I

2. Kari soil 0.00 ' 12.00 11.50 48.50 33.50
Karumadi II .

3. Karapadam soil - 4.00 23.00 12.00 9.50 52.50
Moncompu I ‘

4 Karapadam soil | 0.00 5.00 ' 11.50 : 78.50 6.00
Moncompu II

5. Kayal soil g 10.00 17.50 : 11.50 13.50 36.50

A Mathi kayal

6. Kayal so0il 1.00 21.50 13.00 11.50 52.00
Mathikayal II

7. Pokkali soil 1.00 11.00 9.00 11.00 65.00
Vytilla I ‘

8. Pokkali soil 0.00 11.00 -~ 11.50 ‘ 25.00 51.00
Vytilla II

9. Kole soil 0.00 - 12.00 10.00 14.00 _ 63.00
Kattukambal I .

10. KXole soil 0.00 15.00 12.00 20.00 52.00
Kattukambal II

11. Kaipad soil 0.00 10.00 13.00 17.50 59.00
Kattampally I

12. Kaipad soil 0.00 5.00 14.00 _ 12.00 . 59.00

Kattampally 1II
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Kattukambal < Kattampally < Vytilla < Moncompu < Mathikayal. They-
are absent in Karumadi, Kattukambal and Kattampally. It do not order
at Karumadi Moncompu Mathikayal Kattukambal Vytilla Kattampally..
Its content do not differs significantly between locations.

29.1.1 Medium silt ( 5-20 um)

The - medium silt cor_ltent of the soils ranges between 7.50
and 19.50 percent. They are in the increasing order at Kattampally <
Karumadi < Vytilla< Kattukambal < Moncompu < Mathikayal. Its content
do not differs significantiy between locations.

29.1.2 Fine silt (2-5 um)

The fine silt content of the soils ranges between 10.25 and
13.50 percent. They are in the increasing order at Vytilla< Kattakambal <
Karumadi < Moncompu < Mathikayal < Kattampally. Its content at
. Kattukambal and Karumadi ére equal. Its content do not differ
significantly between locations.

29.2.0 Coarse clay (0.2-2 jum)

_The coarse clay content of the soil ranges between 12’.50
and 44.0 percent. Théy‘ are in the increasing order at Mathikayal <
Kattampally < 'Vytiila < Kattukamﬁal < Kafumadi < Moncompu. Its content
do not differ significantly betv;/een locations.

29.2.1 Fine clay (40.2 um)

.The fine clay content of the soil ranges between 19.75 and
59.0 percent. They are in the increasing order at Karumadi < Moncompu<
Mathikayal < Kattukambal < Vytilla < Kattampally. Its content do not

differ signiciantly between locations.
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30.0 Chemical composition of soil clay
The results of the total chemical analysis of soil clay and

their molar ratios are presented in table 13 and figures 46 and 47.

30.1.1 .Silica (SiOz) contenf of soil clay

The SiO2 content of soil clay ranges between 35.40 and 56.30
percent. They are in the increasing order at Kattukambal < Kattampally<
Karumadi < Vytilla < Mathikayal < Moncompu. Its content differ
significantly between locations.

30.1.2 Alumina (Alzgq) content of soil clay

The A1203 content of soil clay ranged between 27.5 and 43.95
percent. They are in the increasing order at Karumadi < Kattikambal <
Mathikayal < Moncompu < Kattampally < Vytilla. Its content. differs

significantly between locations.

30.1.3 Iron (Fezgq) content of soil clay

The FeZO5 content fo soil clay ranges between 12.01 and 20.39
percent. They are in the increasing order at Moncompu < Vytilla <
Kattampally < Kattukambal < Mathikayal< Karumadi. Its content differs

significantly between locations.

30.1.4 Calcium (CaO) content of soil clay

The 'CaO content soil" clay ranges between 0.02 and 0.27
percent. They are in the increasing order at Karumadi < Kattukambal <
Vytilla <Mathikayal < Moncompu - < Kattampally Its content differs
significantly between locétions.

30.1.5 Magnesium (MgO) content of soil clay

The MgO content of soil clay ranges between 0.81 and 4.67



Table 13.0. Chemical composition of clay fraction of acid sulphate soils and molar ratio (0-50 cm depth)

Molar ratios

S1. Locations S.iO Al,Q, Fe O. CaO MgO Na,0O K,O0O ZnO .CuO SiO, Si0O, Si0, SiO SiO '
2 2737473
% g $° g % g ¢ % % A1253 F%O% CaG> ch? Naz?D
‘ MgO

1. Kari soil - 43.6 27.59 20.19 0.028 1.31 2.39 1.61 1.76 0.088 2.68 5.71 3.96 '52.20 42.44
‘Karumadi I '

2. Kari soil 50.0 26.90 20.60 0.023 1.50 2.43 1.75 1.70 0.062 3.15 6.42 4.57 52.67 44.74
Karumadi II

3. Karapadam soil 57.0 37.79 11.67 0.168 1.08 3.16 1.12 5.16 0.050 2.56 12.60 4.57 73.54 79.72
Moncompu I _ ' ’

4, Karapadam soil 55.6 38.20 '12.05 0.171 0.99 3.05 1.33 5.88 0.060 2.74 12.21 4.80 77.12 65.63
Moncompu II ' : .

5. Kayal soil 53.0 36.66 17.00 0.154 2.10 4.67 1.85 -9.850.038 2.45 8.22 4.28 31.70 45.01
Mathikayal o -

6. Kayal soil ' 49.5 36.80 16.850.165 2.36 4.89 1.50 10.11 0.029 2.28 7.77 4.01 31.44 51.82
Mathikayal " : ~ '

7. . Pokkali soil _ 49.0 43.46 13.07 0.098 4.79 37.74 4.47 14.94 0.088 1.91 9.92 3.76 16.09 17.17
Vytilla I ‘ :

8. ' Pokkali soil 51.00 44.44 13.33 0.103 4.55 26.80 4.22 13.49 0.093 1.95 10.12 3.83 17.58 18.95
Vytilla II ‘ - B :

9. Kole soil 36.0 27.21 15.23 0.028 0.79 2.0 0.51 0.98 0.038 1.98 5.52 3.25 62.95 48.96
Kattukambal I :

10. Kole soil 34.8 28.06 14.98 0.068 0.83 1.89 0.63 1.050.050 2.10 6.15 3.51 62.28 86.45
Kattukambal II . _

11. Kaipad soil - 38.0 39.68 13.68 0.280 2.06 2.66 2.20 0.C#°0.050 1.43 6.48 2.73 22.97 23.85
Kattampally I o :

12. Kaipad soil 39.2 40.10 13.90 0.251 1.99 2.45 2.28 0.080.030 1.43 7.46 3.15 28.13 26.96

Kattampally II
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percent. They are in the increasing order at Kattukambal < Moncompu
Karumadi < Kattampally < Mathikayal < Vytilla. Its content differs
significantly between locations. "

30.1.6 Sodium (NaZO) content of soil clay

The NaZO content of the soil clay ranges between 1.95 and

32.27 percent. They are in the increasing order at Kattukambal <
Karumadi < Kattamplly <Moncompu < Mathikayal < Vytillua. Its content
differs significantly between locations.

30.1.7 Potassium (K,0) .content of soil clay

The KZO content of soil clay ranges between 0.51 and 4.35
percent. They are in the increasing order at Kattukambal < Moncompux
Karumadi < Mathikayal < Kattamp_ally < Vytilla. Its content differs
siénificantly between locations. .

30.1.8 Zinc (ZnO) content of soil clay

The 2Zn0O content of the soil clay ranges between 0.7 and
14.22 percent. They are in the incfeasing order at Kattampally <
Kattukambal < Karumadi < Moncompu < Mathikayal' < Vytilla. Its conteﬁt
differs significantly between locations.

30.1.9 Copper {(CuO) content of soil clay

The Cu0 content of soil clay ranges between 0.03 and 0.09

)

percent. They are in the increasing order at Mathikayal <Kattampally <

Kattukambal < Moncompu < Karumadi <Vytilla. . Its content differs
significantly between locations.
30.2.1 8102ﬁ/A1 93 ratio

2 L |
The §i0,/Al,0, ratio of the soil clay ranges between 1.43
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and 2.92, They are in the increasing order at Kattampally < Vytilla <
Kattukambal < Mathikayal < Moncompu < Karumadi. They differ
significantly between locations.

30.2.2 8102/1782_0_3 ratio

The SiOZ/FeZO3 ratio of the soil clay ranges between 5.84
and 12.41. They are in the increasing order at Kattukambal< Karumadi ©
Kattampally < Mathikayal < Vytilla < Moncompu. They differ:
significantly between locations. |

30.2.3 81025_293 ratio

The §iO,/R ratio of the soil clay ranges between 2.94

203
and 4.89. They are in the increasing order at Kattampally .
Kattukambal < Vytilla < Mathikayal < Karumadi < Moncompu. They differ

significantly between locations.

30.2.4 S1OQLCaO + MgO ratio

The SiOz/CaO+MgO_ratioé lof the soil clay ranges between' 16.84
and 75.33. Théy are in the increasing order at Vytilla< Kattampally <
Mathikayal < Kattukambal< Moncompu; They differgf significantly between
locations.

30.2.5 slozﬂzo ratio

The SiOz/KZO ratio of .tt.le soil clay ranges between 18.06
and 72.68. TheyA are in the increasing order at Vytillac Kattampally <
Karumadi <Mathikayal < Kattukambal <Moncompu.

31.0 Thermogravimetric Analysis (TGA) of soil clay
The results of the thermbgravimetric analysis of soil clay

are presented in table 14 and figures 47 to 54.
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31.1.1 Loss of water/100 g clay at 1000—_C

The loss of water/100 g clay at 100°-C ranges between 6.17
and 9.92 percent. It is in the increasing order at Kattampally <
Mathikayal < Moncompu < Vytilla < Kattukambal < Karumadi. It doesnot
differ significantly between locations.

31.1.2 Loss of water/100 g clay at 2000:9

The loss of water/100 g clay at 200°-C ranges between 10.58
and 16.30 percent. It is in the increasing order at Moncompu <
Kattampally < Mathikayal <Vytilla < Kattukambal < Karumadi. It doésnot

differ significantly between locations.

31.1.3 Loss of water/100 g clay at 3000—_C

The loss of water/100g clay at 300°-C ranges between 15.23
and 29.09 percent. It is in the increasing order at Moncompu%
Kattampally < Vytilla < Kattukambal < Mathikayal < Karumadi. It differs
significantly between locatione.

31.1.4 Loss of water/100 g clay at 400°-C

The loss of water/100 g clay at 400°-C ranges between 21.85
and '35.69 ‘percent. It is in the increasing order at Moncompu <
Kattampally < Mathikayal < Vytilla < Kattukambal < Karumadi. It differs
significantly between locations.-

31.1.5 Loss of water/100 g clay at 5000—_C

The loss of water/100 g clay at 500°-C ranges between 21,05
and 35.69 percent. It is in the increasing order at Moncompu<
Kattampally < Mathikayal <Vyt111a< Kattukambal < Karumadi. It differs

significantly between locations.



Table 14.0 Thermogravimetric analysis of soil clays from acid sulphate soils
(0-50 cm depth) (loss of water/100 g of day)

. 0
Temperature in - C

Sl. Location 100%¢  200%c  300%c 400%c 5002 6002 7002c s00%c 900%c  10002C

1. Kari soil 9.52 15.87 25.39 31.75 34.92 36.51 38.09 42.86 46.03 47.62
Karumadi I

2. Kari soil 10.33 16.73 26.78 33.18 36.46 38.10 39.65 44,40 47.53 47,53
Karumadi II : . .

3. Karapadam soil 6.49 11.69 15.58 22.08 22.08 24.68 24.68 25.97 25.97  25.97
Moncompu I

4, Karapadam soil 8.11 9.46 14.86 17.57 21.62 21.62 24.32 25.68 27.03 28,38
Moncompu II ‘

5. Kayal soil 5.88 10.58 18.82 22.35 24,71 28.24 30.59 31.76 31.76 31.76
Mathikayal I

6. _ Kayal soil 6.98 12.79 19.77 24,42 25.58 26.74 26.74 27.91 33.72 33.72
Mathikayal II '

7. Pokkali soil 7.79 12.99 18.18 22.08 25.97 27.27 31.17 35.06 36.36 37.36
Vvitalla I : '

8. Pokkali soil 7.41 12.35 18.52 22.22 25.93 29.63 30.86 33.33 33.33 34.57
Vytilla II

9. Kole soil 7.04 11.84 17.11 23.68 26.32 30.26 31.58 34.21 34.21 34.21
Kattukambal I

10. Kile soil 11.90 15.48 202.4 26.19 27.38 28.57 28.57 32.14 33.33 33.33
Kattukambal 1II ' )

11. Kaipad soil 6.89 10.34 17.24 20.69 22.41 24.14 25.86 25.86 25.86 27.59
Kattampally I '

12. Kaipad soil 5.45 12.73 16.36 18.18 21.82 23.64 24.25 24.45 27.27 27.27

Kattampally II
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31.1.6 Loss of water/100 g clay at 600°-C

The loss of -water/100 g clay at 600°-C ranges between 23.15
and 37.32 percent. It is in the increasing order at Moncompu <
Kattampally < Mathikayal <Vytilla <_Kattukambal <Klarumadi. It differs
significantly between locations.

31.1.7 Loss of water/100 g clay at 7000_—_C

The mean loss of water/100 g clay at 700°-C ranges between
24.50 and 36.37 percent. It is in the increasing order at Moncompu <
Kattampally < Mathikayal < Kattakambal < Vytilla < Karumadi. It differé
significantly between locations. |

31.1.8 Loss of water/100 g clay at 8000_—_C

The loss of water/100 g clay at 800°-C ranges between 25.16
and 43.63 percent.. It is in the increasing order at Kattampally <
Moncompu < Mathikayal < Mattukambal < Vytilla < Karumadi. It do not
differ significantly between locations.

31.1.9 Loss of water/100 g clay at 900°-C

‘The loss of water/100 g clay at 900°-C ranges between 26.50
and 46.78 -percent. It is in the increased order at Moncompu <
Kattampally < Mathikayal < Kattukambal < Vytilla < Karumadi. It differs
significantly between locations.

31.1.10 Loss of water/100 g clay at 10000;(2

The loss of water/100 g clay at 1000°-C ranges between 27.18
and 47.58 percent. It is in the increased order at Moncompu <
Kattampally < Mathikayal < Kattukambal < Vytilla < Karumadi. It do not

differ signifincantly between locations.
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31.2 Categories of water loss of soil clay

The different categories. of water loss of soil clay are
presented in table 14.1 and figure 54.

31.2.1 Loss of water/100 g clay below 1000—_C

The loss of water/100 g clay below 100°-C ranges between
19.60 and 28.14 percent. It is in the increasing order at Mathikayal <
Karumadi <Vytilla < Kattampally <Moncompu < Kattukambal.

31.2.2 Loss of water/100 g clay below 3000_—_(3

The loss of water/100 g clay below 300°-C ranges between
50.92 and 61.24 percent. It is in the increasing order at Vytilla, <
Karumadi < Kattukambal < Moncompu <Mathikayal< Kattampally. It do

not differ significantly between locations.

31.2.3 Loss of water/100 g clay below 600°-C

The loss of water/100 g Aclay below 600°-C ranges between
78.42 and 87.10 percent. It is in the increasing order at Karumadi <
Vytilla,< Mathikayal < Moncompu .< Kattukambal < Kattampally. It do not
differ significantly between locations.

31.2.4 Loss of water/100 g clay beyond 6000—_(3

The - mean loss of water/100 g clay beyond 600°-C ranged
between 12.91 and 21.59 percent. It is in the increasing order at.
Kattampally < Kattukambal < Moncompu < Mathikayal < Vytilla < Karumadi.
It do not differs significantly betweén lbcations.

31.2.5 Adsorbed water percent

Absorbed water percent of soil ranges between 61.46 and

71.40 percent. It is in the increasing- order at Vytilla < Karumadi



Table 14.1. Different categories of total water lost (water lost in terms of %

total water lose per 100 g of clay) :

i

Below Below Below Beyond Adsorbed  Crystal Adsorbed water
sl. Locations 1002 300°C 6002C 600°C water lattice Crystal Lattice
No. water water
1. Kari soil 19.99 53.32 76.67 23.32 66.67 33.33 2.00
Karumadi I

2. Kari soil 21.73 56.34 80.16 19.84 69.81 30.19 . 2.31
Karumadi II '

3. Karapadam soil 24.99 59.99 95.03 4.97 . 80.02 19.98 4.01
Moncompu I

4. Karapadam. soil 28.58 - 52,33 76.18 23.82 61.91 38.09 1.63
Moncompu II ‘

5. Kayal soil 18.51 © 59.26 88.92 11.08 ‘ 70.37 29.62 2.37
Mathikayal I ' :

6. Kayal soil 20.69" 53.65 79.30 20.10 72.42 27.58 2.63
Mathikayal II

7. Pokkali soil 20.69 48,27 72.41 27.59 58.63 41,37 1.42
Vytilla I

8. Pokkali soil 21.43 53.57 85.71 14.29 64.28 32.72 1.80
Vytilla II

9. Kole soil 20.58 50.01 88.45 11.55 69.22 30.78 . 2.25
Kattukambal I

10. Kole soil 35.70 60.73 85.72 14.28 78.58 21.42 3.67
Kattukambal II

11. Kaipad soil 24.97 62.49 87.50 12.50 74.99 25.01 2.30
Kattampally I

12. Kaipad soil 19.99 59.99 86.69 13.31 66.67 33.33 2.00

Kattampally II
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Kattampally < Kattukambal < Moncompu < Mathikayal. It do not differ
significantly between locations.

31.2.6 Crystal lattice water percentage

The crystal lattice water percent of the soil clay ranges
between 20.10 and 38.55. It is 1n the increasing order at Kattukambal <
Mathikayal < Moncompu < Kattampally < Karumadi < Vytilla. It do not
differ significantly between locations.

31.2.7 Adsorbed water/crystal lattice water ratio

The adsorbed water/crystal lattie water ratio of the soil
clay ranges between 1.61 and 2.96. it is in the increasing order at
Vytilla <Kattampaly < Karumadi < Mathikayal < Moncompu < Kattukambal.
It do not differs significantly between locations. Increased loss in
as the organic matter in the clays had not been destroyed. All the
samplés show a decrease in loss of water/100 g clay around or at
600°-C due to the presence of kaolinite. Similarly a small decrease
around 700°-C is indicative of chloritic type of minerals. The rétio
of absorbed: crystal lattice water in all the clay samples from
different locations are more that one indicating the preponderaﬁce
of 2:1 type of clay minerals.

32.0. X-ray Diffraction Analysis of clay samples (XRDA)

The results of X-ray diffraction analysis of soil clay samples
from 0-50 cm depth at diff'erent locations are presented in figures
55 and 56 and table 9.

The X-ray diffraction data and the approximate quantities

of minerals identified are giveh in table 9. The major minerals



Table 9.0 X-ray diffraction data of clay fractions (untreated) of the acid sulphate soils

(0-50 cm depth)

Mineral .identified

Soil-Locations d-spacing Relative intensity Approximate Composition
‘ AC (Approximate)
3.34 10 Quartz mica Mica quoytz50 percent
4.81 2 chlorite Kaolinite 30 percent
‘1. Karisoil 7.2 7 Kaolinite . Chlorite, mica and others
Karumadi-I 3.59 5 Kaolinite 20 percent '
' 4.03 2 Mica
3.34 9 QuariZz, mica Mica quartz 50 percent,
4.29 2 Quartz, mica Kaolinite 20 percent and
2. Kari soil 7.2 7 Kaolinite others 20 percent
Karumadi-II 4,81 2 Chlorite
3.34 10 Quartz, mica Quartz 50 percent.chlorite
3. Karapadom soil 4.81 5" Chlorite 20 percent, Kaolinite
Moncompu-I .2 2 Kaolinite 10 percent and others
20 pecent.
3;.34 9 Quartz, mica Mica quartz 50 percent,
4. Karapadom soil 4.81 2 Chlorite Chlorite 10 percent,
Moncompu II 7.2 7 Kaolinite Kaolinite 20 percent and

others 20 percent.




Table 9.0 X-ray diffraction data of clay fractions (untreated) of the acid sulphate soils (0-50 cm depth)

Mineral identified Approximate compesition

Soil-Location d—'spacing Relative intensity

A0 (Approximate)

3.34 10 Quartz, mica Quartz 50 percent,
Kayval soil 4,81 5 Chlorite Chlorite 20 percent,
Mathikayal-I .2 2 Kaolinite Kaolinite 10 percent,

Mica and others 20 percent

3.34 9 Quartz, mica Quartz 60 percent,
Kayal soil 4.81 2 Chlorite Kaolinite 20 percent,
Mathikayal-II . 4.29 2 Quartz Chlorite and others

7.2 7 Kaonlinite 20 percent

3.34 10 Quartz, mica Quartz, mica 60 percent,
Pokkali soil 3.59 5 Kalinite Kaolinite 25 percent
Vytilla-I 7.2 2 Kaolinite -and others 15 percent.

3.34 9 Quartz, mica Micaquartz 50 percent,
Pokkali soil 3.59 5 Kaolinite Kaolinite 30 percent,
Vytilla-II 7.2 7 Kaolinite Chlorite 10 percent and

4.81 2 Chlorite Others 10 percent.

3.59 10 Kaolinite Kaolinite 60 percent,
Kole soil 3.34 7 Quartz, mica Mica quartz 20 percent,
Kattukambal - 4.81 5 Chlorite Chlorite 15 percent

7.2 7 Kaolinite and others 5 percent.



Table 8.0 X-ray diffraction data of clay fractions (untreated) of the acid sulphate soils, (0-50 cm depth)

Soil~Location d-spacing Relative intensity  Mineral identified Approximate composition
' A0 (Approximate) ‘ -
.59 5 Kaolinite Kaolinite 50 percent,
10. Kole soil 3.34 9 Mica quartz Micaquartz 30 and others
Kattukambal - .2 7. Kaolinite 10 percent. ‘
3.34. 10 Quartz,mica Micaquartz 50 percent,
11. Kaipad soil 3.59 S Kaolinite 30 percent Kaolinite
Kattampally 7.2 7 Kaolinite 10 percent chlorite and
4,81 2 Chlorite others 10 percent.
3.34 7 Micaquartz 00 percent
12. Kaipad soil 3.59 5 Kaolinite 30 percent Kaolinite
Kattampally-II 7.2 7 Kaolinite 10 percent chlorite
4.81 2 Chlorite and others 10 percent.
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identified are micaquartz, chlorité, mica énd kaolinite. Minor -
quantities of smectitie, feldsparé, goethite and pyrite are also
identified. The content of micaquartz are 50 percent at Karumadi II,
Mathikayal II, Vytilla while it is 50 percent in remaining sites and
locations, except Kattukambal where it is 30 percent in both the
sites. Kaolinite content is 60 pércent at both the sites at Kattukambal.
It is 30 percent at Kérumadi I, Vytilla Ii and both the sites at
Kattampally. At Vytilla I the kaolinite content is 25 percent while
at Karumadi II, Moncompu I, Mathikayal I and II it is 20 percent
and at Moncompu II. The chlorite content is 10 and 20 at Moncompu
I and II Mathikayal I and II Mathikayal I and II respectively. It
is 30 percent at Karumadi I, ahd 15 percent at Kattukambal I.
33. Mesomorphology

The comparative mesomorphology of the soil at different
locations are presented inTabl_e 7.3.0-7.3.% aﬁdthe meso photomicrographs
“are presented in plates 26 to 52.

33.1. Colour of plasma

At Karumadi the colour of the soil plasma is yellowish brown
to brownish yellow in the first horizon followed Dby pale pinkish
white to reddish brown in _thé second horizon, yellowish red to
reddish yellow in the third horizon and is brownish yellow in the
fourth horizon. (Plates 26,27,28 and 29).

| It is yellow in the first followed Dby yellowish brown to
brownish yellow in the second, yellowish red to reddish yellow 1in

3rdf fourth horizons at Moncompu (plates 30, 31 32 and 33).



Table 7.8.0

Mesomorphology of the Acid Sulphate Soils

Local name of soils

KARI SOIL.

KARUMADI .

Horizons

hl

2

h3

ht

1. Colour of plasma Yellowish brown to Pale pinkish white to Yellowish red to Brownish yellow
brownish yellow reddish brown reddish yellow
coloured .

2, Soil fabric Skelplasmic Skelplasmic Plasmic, Asepic to Skelplasmic

: insepic and. skelsepic
rarely isotic
3. Relative Distri- ) )
bution pattern (RDP) Granic Granic Plasmic Granic
4, Normel Related Granic to Granic to Plasmic to Granic to
Distribution Pattern porphyric porphyric porphyric grani plasmic

5. Finer/coarser Coarser Coarser Finer Coarser

6. Skeletons Shining sngular to Shining engular to Few or absent Subrounded to
sub angular sub angular rounded, fractured
sillimenite, sillimenite , sillimanite ,
ilmenite ilmenite ilemenite,quartz

7. Voids Not observable Not observable Channels Not observable

8. Humus Melanified humus Opaque shining, dark Ferri organan, Ferriorganan
with ferri crganan reddish brown wood organan

fossil in the shape
of palm

8, Cutans Ferran,argillan Ferran, ferriorganan Ferran.ferriorgenan, Ferriorganan,ferran
ferriargillan geothan,ferriargillan ferriargillan

10. Aggregates Ferriorganan, Ferriorganan Ferriargillan, Pyrite with ferriorganan,

cuartz aggregates ferriorganan with ilmenite with '
end lateritic quartz ferriorganan
micro aggregates

11. Laterite noduies /  Absent Absent Opaque present with  Absent
Concretions sharp margins

12, Lithorelics _Absent Absent Absent Absent

13. Presence of Finer, shining Absent Present Jarosite present as
Jarosite/pyrite cubular jarosite Neoquasi jarositan neoquasi jarositans,

crystals present surrounding Comparatively more cubular,

surrounding hign channels spheroidal pyrite crystals

relief skeletons present in uneven depression

and in depressions and channels surrounding
skeletons.,

14, Special Signs of iron On the wood fossils The white areas More skeletons, less plasma
observations removal and iron ironoxide framboids inside the channel Signs of iron, ferriorganan,
if any enrichment is with very few are regions of iron  leaching and lessivage in

observed, Opaque Jarosites are present  removal.The dark red &ctive operation depicting
fine silt sized margins and sharp margins to skeletons.
pyrite cubular surrounding sub
crystals are present, channels are regions
Wook fossils as of haematite enrichment,
such are not The yellowish orange
observable regions with sharp
margins are goethites.
The yellow to pale
yellow are neojarrositans
and quasineojarositans.
The white spots in
and surrounding the
channels are quartz ,
Opaque brownish vellow
regions of the channels
are accurulation of
pyrite crystals,
ferriorganan. Lavering
of reddish regions and
sharp margins indicated
repeated deposition
of ironoxide.
15. 26 27 28 . 29

Plate number



Mesomorphology of the Acid Sulphate Soils

Table 7.3.1
Local name of soils KARAPALOM SOIL MONCOMPU
Hor izons hl h2 h3 ht
1. Colour of plasma Yellow to Yellowish brovn to Yellowish red to Yellow to
vellowish red brownish yellow reddish vellow yellowish broin
2. Soil fabric Skelsepic Skelsepic Plasmic.Asepic Skelsepic
3, Relative Distri- Granic Granic Plasmigranic Graniplasmic
bution patter(RDP)
4, Normal Related Granic to Granic Plasmigranic Graniplasmic to
Distribution Pattern graniplasmic : porphyric
(NRDP)
5. Finer/Coarser Coarser Coarser Finer Finer
6. Skeletons Subangular to Angular weathered and Coarse sand and more ~ Silt sized, subangular,
subrounded quartz , fractured sillimanite, than coarse sand sized subrounded quartz with
angular to subangular quartz and non weathered quartz and sillimanite striated orientation pattern
sillimanite,ilmenite  sillimanite with silt to fine sjlt on the plasma
pyrite Sized opague minerals
with abunaant pyrite
present
7. Voids Planar packing voids Not observable Channels Few channels and Charbers
with jarosite inside
and iron oxide
ouside as margins
8. , Humus Ferriorganan aid Macro aggregation of Few as ferriorganan  Ferriorganan
few organan ferriorganan and
organan
9. Cutans Ferran,ferriorganan  QOrganan, ferrjorganan Ferran,ferriorganan  Ferrijarositans, jarositans,
ferriaraillan, and pale yellowish ferrijarositan and ferriorganans,
jarositan ferri argillans and neoquasi jarositans

ferrijarositans

goethan

10, Aggregates

Opaque minerals w1th
ferran and

Fractured quartz,
opaque minerals with

Opaque minerals with
ferran and

Few aggregates of opaque
minerals with

ferriorganan ferriorganan ferriorganan ferriorganan
11, Laterite nodules/ Few weahtered silt Absent Absent Absent
concretions sized present .
12, Lithorelics Absent Absent Absent Absent
13, Presence of Jarosite present Present as jarositanic  Fine jarositic Present as

Jarosite/Pyrite

inside and outside
decaying root seen
jarosite is also
present in the plasma
surrounding the
skeletons

coatings

neoformations present
throughout the plasma
and inside channels

neoquasi jarositans through
out the plasma and on margins
of quartz

14, Special
ooservations
if any

Silica as diatoms and
tubular transparent to

bluish colour spicules.

Yellowish red plasma
with subangular

to subrounded quartz
pyrite and other
opague skeletons (fine
sand to silt sized)
and long tubular
siliciceous spicules.

Jarositans present

Quartz are seen
undergoing advanced
stages of physical
weathering,entangled
with ferriorganan and
ferrijarositans
skeletons more and
very few plasma

Miare than coarse sand
sized quartz pitted
and fractured bigger
channels with

aCCLnulatlon of pyrite

and other opag
minerals insige and

Less than silt sized
subrounded to rounded quartz
erbedded 00 yellowish plasma
with striated orientation
pattern. Jarosite present

as yellow coloured -
neoquasi Jarostttans throughout

towards outer boundary the plasma., Pyrite also
of channels. Repeated present surrounding the

ironoxide deposition
with flacked
orientation pattern
in the plasma and in
the channels

quartz and in channels and
charbers

15, Plate nurber

30

31

32

33




Table 7.3.2

Mesomorphology of the Acid Sulphate Soils

Local nare of soils KAYAL SOIL MATHIKAYAL
Horizons hi h2 h3 hy
1. Colour of plasma Brownish yellow Reddish yellow Yellowish black Reddish brown
vellowish red and yellowish brown reddish vellow
vellowish black vellowish orange ]
2. Soil fabric Skelsepic Skelsepic Skelsepic Skelvosepic
3. Relative Distri- Plasmic grenic Graniplasmic Granic ranic
bution Pattern(RDP) P ¢
4, Normal Related Granic Plasmigranic Granic Graniplasmic
Distribution Pattern
5. Finer/Coarser Coarser Coarser Coarser Finer
6. Skeletons Highly weathered Highly weathered Heighly weathered Highly weathered
fractured subanguiar  fractured fron oxide fractured,pitted subrounded to rounded
to stbrounded quartz, coated quartz, coarse sand sized silt sized and less than
feldspars lateritic  sillimanite,ilmenite quartz and fine sand silt sized quartz, laterite
nodules haematite,pyrite sized opaque minerals nodule, red opagues = ma
ferrihydrite ferrihydrite and few
black opaques
7. Voids Not observable Channels . charbers Not observable Channels -, i charbers
- and vughs and vughs
8, Humus Present as fine Ferriorganan Organan, and few - Ferrihydrite
aggregates of ferriorganan,
ferriorganan ferriargillan,
ferrijarositan
9. Cutans Organan, ferriorganan Ferran,ferflargillan Organan and few Ferran,ferriargillan
and very few goethan, ferriorganan ferriorganan and ferrijarositan
Jarositan and many ferriargillan
minute ferrihydrite ferrijarositan
10. ‘Aggregates Macro ferriorganan Weathered quartz, Amoeba shaped pyrite, Ferrihydrite,fine quartz,
' and microferrihydrite ferrihydrite, opaque minerals and  ferriorganan and ferriargill
ferriargillan and ferriorganan form
ferriorganan macro aggregates
11. taterite nodules/  Silt sized few Absent Few present, silt Few less than silt sized
Concretion s present, High reliefed sized, low reliefed low reliefed present
sharp margined and faint margined
weahtered
12, Lithorelics Absent Absent Absent Absent
13. Presence of Present as " Few neoquasijarositans, Very few present as  Few jarosite and many cubul.
Jarosite/pyrite neoquasi jarositans - pKrlte present in  neoquasijarositans. pyrite in the voids, ]
channels and surrounding Amoeba shaped more associated with ferrihydritc
weathered quartz fine sand sized
pyrite
14, Special Major portion of the Few fine sands and Presence of few Very weakly anisotropic
servations plasma is occupied by many less than silt more than coarse sand matrix, with random
if any highly weathered sub  sized highly weahtered  sized subangular distribution of small domei!
angular to rounded and fractured iron highly weathered Innumerable fine ferrihydri
?uartz skeletons and  oxide coated massive fractured pitted highly weathered subrounded
eldspars. Numercus channels and chatbers,  quartz, amoeba shaped less than silt sized quartz.
minute less than vughs with pyrite pyrite, ferrihydrite laterite nodule, chamnels
clay sized haematite and black opaques and and charbers, vughs with
ferrihydrite and few  ferrihydrite in it few red opaques pyrite in it
laterite nodules and  surrounding weathered
neoquasi jarositans quartz
15. 3u 35 % 37

Plate number




Table 7.3.3 Mesomorphology of the Acid Sulphate Soils
Local name of soil FOKKALI S0IL VYTILLA
Horizans hl h2 h3 hiy
1. Colour of plasma Reddish yellow, Brownish yellow, Yellowish brown. Highly coarse granular,
highly iron yellowish brown reddish yellow , Yellowish brown
enriched fine coarse granular reddish brown
grained
2, Soil fabric Skelsepic Skelsepic Skelsepic Skelsepic
3. Related Graniplasmic Granic ani i
Distrtibution Pattern branic branic
(RDP)
4, Normal Related Graniplasmic to Granic Granic ~aniplasmi
Distribution Pattern porphyric Graniplasnic
(NRDP) .
5. Finer/Coarser Coarser. Coarser Coarser Coarser
6. Skeletons Highly pitted and Angular to subangular Less than fine sand  More than fine sand sized
weathered subangular  pitted less than fine sized partially " highly pitted but not
to subrounded, fine sand sized quartz, weathered angular to  fractured quartz, fractured
sand sized quartz felspar less than subangular quartz, feldspars amoeba shaped
less than silt silt sized opaques, feldspars, opaques,  less than silt sized pyrite
sized black opaques pyrite, ferrihydrite pyrites aggregates
and pyrite and
few laterite
nodules
7. Voids Channels,charbers and  Channelsand charbers Chamnels and chatbers Channels and charbers
vughs few metavughs
8. Humus Few intimately Ferriorganan Ferriorganan Ferriorganan
mixed as ferriorganan organan ferriargillan
9, Cutans Ferren, ferrisiltan,  0Qrganan, ferriorganan, Ferriorganan, Ferriorganan,
ferriqurtzans ferriargillan, ferriargillan ferripyritan and
ferriargillan ferriJjarositan ferrijarositan ferrijarositan
10. Aggregates Micro aggregates are  Pyrite,opagues, Opaques, pyrite, Opaques, pyrites, fine quartz
formed by the ferrihydrite with less than silt with ferriorganan
combination of ferran ferriorganan and sized weathered quartz
ferrisiltan,. ferran with ferriorganan
ferriquartzan in
ferri argillan with
?uartz and
errihydrite
11. Laterite nodules/ More than fine sand Less than silt sized Low reliefed yellowish Absent
Concretions sized few present high retiefed with red coloured present
high reliefed sharp sharp margin and with faint margins
mar9ined red coloured
12. Lithorelics Absent - Absent Absent Absent
13. Presence of Pyrite silt sized Pyrite and Jarosite present Few present as intimately
Jarosite/pyrite skelatons with fine neoquasi jarositan as neojarositans and  mixed jarositan oo the
Jarositic spheroids surrounding biggar neoqifsi jarositans plasma near to pyrite
present throughout skeletons, finer surrounding skeletons aggregates :
th2 plasma plasma and in and in channels and
channels and chambers charbers
14, Special Highly Fe enriched fine granjed, granular reddish yellow plasma with highly pitted but not fracutured
Observations quartz, silt sized pyrite, fine Jjarositic spheroid, ferrihydrite and few laterite nodules embedded.
if awy Channels, chambers and vughs present
15. Plate number 33 33 - 4o 0




Table 7.5, 4

Mesomorphology of the Acid Sulphate Soils

Local name of soil KOLE SOIL” KATT LKAMBAL .
Horizons hl h2 h3 hy
1, Colour of plasma Reddish yellow, pale  Highly coarse grained,  Reddish brown,reddish Yellowish brown
yellowish brown, reddish vellow yellow,coarse grained
fine grained
2. Soil fabric Skelsepic Skelsepic Skelvosepic skelsepic
3. Related Granic Granic Plasmic Granic
Distribution
Pattem (RDP)
4, Normal Related Granic Granic Plasmigranic Granic
Distribution :
Pattern (NRDP)
5. Finer/Coarser Coarser Coarser Finer Coarser
6. Skeletons More than coarse sand Fine sand sized Less than silt sized Pitted, few coarse sand
sized highly pitted many laterite nodules many opaques., few sized quartz and meny fine
but not fractured and concretions, Many pyrites and very few sand sized quartz, less than
quartz, and bigger silt sized black more than coarse sand silt sized, opaques and few
laterite subrounded - opaques sized fractured quartz,pyrites . .
nodules. Less than haematite, ferrihydrite
silt sized many
opaques
7. Voids Not observable Channels and Bigger charbers and  Chambers and channels
due to iron oxide charbers few chamnels
mask ing
8, Humnus Ferriorganan Not observable Not observable Ferriorganan
9. Cutans Ferran,ferriargillan  Ferran,ferriargaillan ferran.ferriargillan ferriargillan
and few ferriorganan  ferriquartzan,goethan
10. Aggregates Absent Fine guartz,opaques, Opaques,pyrites, Opaques,pyrites,
. with ferran and haematite,ferrihydrite fine quartz along chamnels,
ferriargillan with ferriargillan charbers, skeletons with
ferriargillan
11. Laterite nodules/ Bigger subrounded Many shining reddish Absent More than coarse sand sized
Concretions Iron oxide enriched  brown coloured present orange red coloured quartz
laterite nodules with sharp margins rich, sharp margins, iron
with faint margins oxide enriched
12, Lithorelics Absent Present, highly Absent Absent
weathered with quartz
and opaques
noticeably comact,
sharp margined
13. Presence of Absent but pyrite Not observable but Absent,but few pyrite Absent but few pyrites present
Jarosite/pyrite present along few pyrites present present along with along and inside voids and
margins of bigger ferrihydrite towards skeletons
skeletons outer margins of
bigger charbers
14, Sgecial ) Bigger pitted quartz, Coarse grained plasma Iron oxide enriched  More coarse sand sized
opservations laterite nodules form with many quartz, Opague rich,charbers laterite nodules with pitted
if any more than 90 percent  colour of the plasma rich horizon with fine sand sized quartz and
of soil plasma with is reddish yellow. pyrite, ferrihydrite less than silt sized gpaques,
less than silt Latric nodules of and haematite Byrltes on coarse yellowish
sized pyrites and fine sand sized are rown plasma
many high reliefed present. Jarosite _
black opaques and absent
red opaques
15, Plate number 42 43 4y 45




Table 7.3.5

Mesomorphology of the Acid Sulphate Soils

Local name of soil

KAIPAD SOIL

KATTAMPALLY

Horizons

hl

h2

h3

hl

1. Colour of plasma Yellowish brown. Yellowish brown., Yellowish brown, Brownish yellow,
coarse grained yellowish black yellowish red reddish brown
2. Soil fabric Skelsepic to Skelsepic Skelsepic to Skelsepic
argillasepic skelvosepic
3. Related Granic Granic Granic Granic
Distribution
Pattern (RDP)
4. Normal Related Graniplasmic Granic Granic Granic
Distribution
Pattern (NRDP)
5, Finer/Coarser Coarser Coarser Coarser Coarser
6. Skeletons Fine sand sized More than coarse Non weathered more Highly pitted,fractured more
subangular, sand sized pitter, than coarse sand than coarse sand sized and
subrounded quartz subangular quartz. sized subangular silt sized quartz with bigger
and innumerable less  Many amoeba shaped quartz,ameba shaped  limeshells and valves of
than silt sized pyritic aggregates pyrite, and many molluscs and ameba shaped
quartz, opaques and forming more_than silt sized opaques pyrites
many pyrites and 30 percent of plasma
Jarosites surrounding
skeletons
7. Voids Channels and Channels and Charbers and Metavugh and few
charbers charbers and channels charbers
few vughs
8. Hunus Qrganan and Qrganan and few Ferriorganan, Organan, ferriorganan
ferriorganan ferriorganan and ferriargilan,
: pyritic organan ferrijarositan
9. Cutans QOrganan, ferriorganan  Qrganan, few Ferriorganan, Organan, ferrorganan and
ferriargillan ferriorganan ., ferriargillan, ferripyritan
pyritic organan and ferripyritan and '
very few neojarositans  ferrijarositans
10. Aggregates Opaques,fine quartz,  Amoeba shaped pyrites Amoeba shaped pyrites, Amoeba shaped pyrite and
pyrites and jarosite  with opagues and quartz and opaques opaque with ferriorganans
with ferriorganan organans with ferrijarositans
, and ferriorganans
11. Laterite nodules/  Absent Few present, Absent Absent
Concretions yellow coloured
12. Lithorelics Absent Absent Absent Absent
13. Presence of Few jarosite present  Many amoeba shaped Many Jjarosites and Absent
Jjarosite/pyrite as neoquasi Jarositans., pyritic aggregates pyrites present along
Amoeba shaped pyrites forming more than channels and
few observed 30 percent skeletons
surrounidng
skeletons and
charbers
14, Special Innumerale less Ver% less plasma Jarositic ferriargillan Many less than silt sized
ohservations than silt sized with Skelsepic rich quartzitic horizon iron oxide spheroids and
if any quartz,opaques.,pyrites, fabric. More than with few alteration pyrite spheroids on the
Jarosites and more 30 percent of the to ferrihydrite and lime shell, Highly pitted
than fine sand sized lasma is occupied limeshell microlites  quartz and apoeba shaped
nonweathered y amoeba shaped and flakes pyrite with ferriorganans
subangular quartz pyrite with opaques forming aggregates. Less
on coarse grained and organans fomring plasma
yellowish brown aggregates along
plasma skeletons and voids
15. Plate number U6 u7 48 and 49 50,51 and 52
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At Mathikayal it is brownish yellow, yellowish red, yellowish
black in the first horizon followed by reddish yellow in the second,
yellowish black, yellowishbrown, yellowish orange in the second ad e
third and reddish brown to reddish yellow in the fourth horizons
(plates 34,35,36 and 37).

At Vytilla it is greyish yellow in the first horizon followed
by gre ish yellow to yellowish brown in the second, brownish yellow
to yellowish brown in the third and brownish yellow, yellowish brown
and dark brown with less plasma in the fourth horizons (plates 38,
39,40 and 41).

At Kattukambal it is .yellowish brown to reddish brown in
the first horizon followed by .brownish‘yellow to opaque in the second,
.dard brown, brownish yellow, or reddish yellow in the third'and
brownish yellow, gre ish yellow, reddish brown and less plasma
in the fourth horizn (plates 42,43,44 and 45). |

At Kattampally it is yellowish brown in ‘the first horizon
followed by reddish yellow ‘-co‘grey'ish yellow in the second, greyish
brownv to brownish grey with. less plasma in the fhird and opaque
to greyish brown in the fourth horizon (plates 46,47,48,49,50,51 and
52).

33.2. Soil fabric

At Karumadi the soil '.fabric in the mesomorphic stage  of
observation is skelsepic in the first horizon and second horizon.
In the third horizon, it is pl-asrﬁic, "asepic to insepic and rarely

isotic. In the fourth horizon it is skelsepic (plates 26,27,28 and
29).
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At Moncompu the soil fabric is skelsepic throughout the profile
except the third horizon where it is plasmic to asepic fabric (plates
30,31,32 and 33).

At Mathikayal meso soil fabric is skelsepic throughout the
profile. (plates 34,35,36 and 37). |

Meso soil fabric is skelsepic throughout the profile at Vytilla
(plates 38,39,40 and 41).

As in the case of Moncompu and Mathikayal, at Kattukambal
also the meso soil fabric is skelsepic throughout the profile (plates
42,43,44 and 45).

At Kattampally the meso scil fabric is skelsepic to
agrillasepic in the first and third horizons while in the second and
fourth horizons it is skelsepic (plates 46,47,48,49,50,51 and 52).

33.3. Relative Distribution Pattern (RDP)

At Karumadi it is grani.’c throughout the profile except the
third horizon where it is plasmic¢ (plates 26,27,28,29).

It is granic in the first and second horizon at Moncompu,
while in the third horizon it is plasmigranic and graniplasmic in
the fourth horizon (plates 30,31,32 and 33).

At Mathikayal the RDP in the meso morphic stage of
observations 1is plasmigranic in ‘th_e first horizon.., graniplasmic in
the second horizon. But in the third and fourth horizons it is granich
(plafes 34,35,36 and 37).

At Vytilla the RDP is granic throughout the profile except

the first horizon where it is grani plasmic (plates 38,39,40 and 41).
At Kattukambal the meso morphologic .RDP of the soil is granic

throughout the profile except their third horizon where it is plasmic
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(Plates 42, 43, 44 and 45).
At Kattampally it is granic ~throughout the profile (plates
46,47,48,49,50,51 and 52).

33.4. Normal Related Distribution Patter(NRDP)

It is granic to porphyric in the first and second, plasmic
to porphyric in the second and granic to graniplasmic in the fourth
horizon at Karumadi. It is Agranic, to grani plasmic in the first,
granic in the second, plasmiéranic in the third and grani plasmic
to porphyric in the fourth horizon at Moncompu. At Mathikayal it
is granic in the first and third, plasmi granic in the second and
grani plasmic in the fourth horizon. It is graniplasmic to porphyric
in the first, grani plasmic in the fourth and granic in the second
and third horizon at Vytilla. It is granic throughout the profile at
Kattukambal except the third horizon. It is granic throughout the -
profile at Kattampally except the first horizon.(Plates 26 to 52).

33.4.1 Coarser/Finer

It is coarser in the first and second and finer in the third
and f_ourth horizon at Karumadi and Moncompu. It is coarser throughout
the profile except the fourth horizon at Mathikayal, except third
horizon at Kattukambal. It is coarser throughout the profile at Vytilla
and Kattampally. |

33.5. Skeletons

At Karumadi the soil skeletons are shining subangular to
angular, sillimanite and ilmenite in the first two horizon with few
quartz grains. They are few or absent in the third horizon. The
skeletons in the fourth horizons are subrounded to rounded, factured,
sillimanite, ilmenite and quartz (plates 26,27,28 and 29). The

skeletons present in the soil are subangular to subrounded quartz,
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angular to subangular ilmenite and pyrite in the first horizon at
Moncompu. In the second horizon angular weathered and fractured
quartz and nc'm‘weathered sillimanite are found. Coarse sand and more
than coarse sand sized quartz and sillimanite with silt to fine sand
‘ sized opaques with abundant pyrité are present in the third horizon.
While in the fourth horizon silt sized subangular to subrounded quartz
with striated orientation pattern on the plasma is observed (plates
30,31,32 and 33).

At the Mathikayal the skeletons in the first horizon consisted
of highly weathered fractured subangular to subrounded quartz,
feldspars and lateritic nodules followed by highly weathered fractured
iron oxide coated quartz, sillimanite, ilmenite, hematite,k pyrite and
ferrihydrite in the second horizon. In_ the third and fourth horizon
the skeletons present are constituted by highly weathered, fractureq,
pitted coarse sénd/ sized quartz, laterite nodules, red opaques many
ferrihydrite and few black opaques (plates 34,35,36 and 37).

At Vytilla highly pitted and weathered subangular to
subrounded fine sand sized quartz, silt sized black opaques and pyrite
and few laterite nodules are present in the first horizon. In the second
horizon angular to subangular, pitted, less than fine sand sized quartz,
feldspar, less than silt sized opaques, pyrite and ferriyhydrite are
present. Less than fine sand sized partially weathered angular to
subangular quartz, feldspars, opaques and pyrites are found in third
horizon, while in the fourth horizon more than fine sand sized highly

piited but not fractured quartz, fractured feldspars, amoeba shaped
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less than silt sized pyrite aggregates are present (plates 38,39 and
40).

The skeletons present in the first horizon at Kattukambal
are coarse sand sized highly pitted but not fractured, quartz and
bigger subrounded laterite nodules - and less than silt sized many
opaques. Fine sand sized,- many laterite nodules and concretions, many
silt sized black opaques are present in the second horizon. In the
third horizon less than silt sized many opaques, few pyrites and
very few, more than coarse sand sized fractured quartz, hematite,
ferrihydrite are present in the third horizon followed by pitted,
few coarse sand sized quartz ‘and many fine sand sized quartz, less
than silt sized opaques and few pyrites in the fourth horizon (plates
42,43,44 and 45).

At Kattampally the skeletons present in the first horizon
are fine sand sized subangular and subrounded quartz and less than
silt sized quartz, opaques and. many pyrites and jarosites followed
by more than coarse sand sized, pitted subangular quartz, many amoeba
shaped pyrite aggregates forming more than 30 percent of plasma
surrounding the skeletons in the second horizon. In the third horizon
non weathered more than coarse sand sized subangular quartz, amoeba
shaped pyrite, many silt sized opaques are present while in the
fourth horizon highly pitted, fractured more than coarse sand sized
and silt sized quartz‘ with bigger limeshell pieces and valves of
molluscans and amoeba shaped pyrites are present. (plates 46,47,48,

49,50, 51 and 52}.
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33.6. Voids

Specific ‘type of wvoids are not observablle at ‘first, second
and fourth hofizons of Karumadi profiles, while channels are observed
in third horizon (plates 26,27,28 ana 29). Plannar packing voids
with jarosite inside and iron oxide outside are observed in the
first horizon at Moncompu, while in the second horizon specific void
types are not observable. Channels are present in the third horizon
and few channels and chambers are present in the . fourth horizon
(plates 30,31,32 and 33).

At Mathikayal specific voids are not observable in the first
and third horizons, while channels § chambers are present in
the second horizons and fourth horizons (plates 34,35,36 and 37).

Voids are dominantly channels, chambers and V ughs in all
‘the horizons at Vytilla. V ugh's are few or absent in the second
and fourth horizons. Few metév‘ughs are also found in the third horizon
(plates 38,39,40 and 41).

Voids are not observable due to iron oxide masking up by
coating in the fil’"St horizon at Kattukambal. There are channels and
chambers in all the other horizons. Bigger chambers and only
few channels are present in the third ‘horizon (plates 42,43,44 and
45).

At Kattampally theye are dominantly channels, chambers and
vughs throughout the profiles. Vughs are few in the se_cond‘horizons

but in the first and third horizons channels are absent Vughs and

metavughs are present in the fourth horizon (plate 46,47,48,48,49,50,

51 and 52).
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33.7. Humus

Humus present are in various stages of decomposition and
are highly iron oxide coated. It is highly humified with ferriorganan
in the first horizon at Karumadi followed by opaque shining dark
reddish brown, coloured wood fossil structures in the shape of 'palm'
in thé second horizon,  highly decomposed organan with intimately
mixed ferriorganan in the third horizon, highly mixed ferriorganan
in the fourth horizon (plates 26,27,28 and 29).

It is present as ferriorganan with few organans in the first
horizon at Moncompu followed by macro aggregates of ferriorganan
and organan in second horizon. Humus 1is present as ferriorganan. -
in the third Thorizon followed by intimately organised, mixed
ferriorganan in the fourth horizoh (plates 30,31,32 and 33).

The humus present in the first horizon at Mathikayal is as
fine aggregated ferriorganan. followed by patchy errriorganan in
the second horizon, as ‘organan, ”and few ferriorganan mixed with
ferrargillan and ferrijarositans in third horizon. In the fourth horizon
humus is not observable by enrichment of horizon with ferrihydrite
(plates 34,35,36 and 37).

At Vytilla few humus particles are present as intimately mixed
ferriorganan in the first horizon followed by similar organisation'
in the second horizon. In the fourth horizon it is present. as
ferriorganan (plates 38,39,40 and 41).

Humus is not clearly observable in subsurface horizons except
' their observed presence as fefriorganan in the first horizon at

Kattukambal (plates 42,43,44 and 45).
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At Kattampally humus 1is present as organan, ferrior'ganan
in the first horizon. In the second horizon it is dominantly organan
with few ferriorganan, pyritic organan and few neojarositans. In the
third horizon humus is present as ferriorganan with ferriargillan and
ferrijarositan followed by organan and ferriorganan in the fourth
horizon (plates 46,47,48,49,50,51 and 52). |

33.8. Cutans

Ferrans, argillans and ferriargillans are the type of cutans
present surrounding skeletons or as aggregated materials on plasma
in the surface horizons at Kapumadi. Ferriorganan and ferriargillan
are found in subsurface horizons also, while goethan is found only
in the third horizon and ferran and ferriargillan in third and fourth
horizons (plates 26,27,28 and 29);

Cutans present are dominantly ferran, ferriorganan, organan,
ferriargillén and ferrijarositan in all the horizons at Moncompu, while
goethan is present only in the fhird horizon and neoquasi_jarositans
in the fourth horizons (plates 30,31,32 and 33).

There are ferrioriganan, ferran, ferriargillan in all the
horizons at Mathikayal. Organon are present only in the first and
third horizon, goethan only at second ﬁorizon, ferrijarositan in the
first, third and fourth horizons. Aggregates of many minute
ferrihydrite spheroids are observed only in the first horizon (plates
-34,35,36 and 37).

The cutans present at Vytilla in all the horizons are

ferriorganan, ferran and organan. Ferriargillan is present in all the
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horizons except the fourth one. Ferrisiltans and ferriquartzans are
_present only in the first horizon while ferrijarositans are present
in all the horizons except the first. (plates 38,39,40 and 41).

" 'Ferriargillans are present in all the horizons at Kattukambal,
ferran is present in the first three horizons. Few ferri orgénan are
present only in the first horizon. Ferriquartzan and goethan are
present only in the third horizon (plates 42,43,44 and 45).

At Kattampally organan followed by ferriorganan are present
in all the horizons. Ferriargilians are present in the first and third
horizons. Pyritic organan is present ony in the second horizon.
Ferrijarositans and ferripyriténs are present in the third and fourth
horizons (plateds 46,47,48,49,50,51 and 52).

33.9. Aggregates

Ferriorganan forms the dominant aggregate on the soil plasma
in all the horizons at Karumadi. Nucleus of aggregation is of quartz
and laterite microaggregatés in the first horizon, while they are
absent in the second and fourth horizons. Ferriargillan and quartz
are present in the aggregates in the third horizons, nyite and
ilmenite forms aggregate with fefriorganan in the fourth horizon (plates
26,27, 28 and 29).

At Moncompu aggregate in fhe first horizon are composed of
ferran, ferriorganan, ferriargillan and jarositans followed by organan,
ferriorganan, pale yellowish ferriagillan, ferrijarositans organise the
aggregates in the second horizon. In the third horizon ferran,

ferriorganan, ferrijarositan and goethan form the aggregates followed
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by thé aggregates of ferrijarositans, jarositans, ferriorganans and
neoquasijarositans in the fourth horizon (plates 30,31,32 and 33).

Macro ferriorganan and micro ferrihydrite constitute the
aggregaters in the first horizon at Mathikayal. It is also observed
along with weathered quartz,  ferrihydrite, ferriargillan  and
ferriorganan in the second horizon. In the third horizon amoeba shaped
pyrite, and minerls such as quartz, ferrihydrite, ferriargillan
and ferriorganan - form . aggregates , amoeba shaped pyrite,
opaque minerals and ferriorgnan form macro aggregates followed by
agéregates of ferrihydrite, fine quartz, ferriorganan and ferriargillans
in the fourth horizon (plates 34,35,36 and 37).

Micro aggregates are- formed by the combinations of ferran,
ferrisiltan, ferriquartzan, ferriérgillan, quartz and ferrihydrite in
the first horizon at Vytilla. The aggregates in the second horizon
are constituted by pyrite and other opaques, ferrihydrite with
ferriorganan and ferran. Opaques, pyrites less than silt sized quartz
with ferriorganan constitute the aggregates of the third horizon
followed by aggregates of the fourth horizon with opaques, pyrites,
fine quartz and ferriorganans (plates 38,39,40 and 41).

At Kattukambal aggregates are absent in the first horizon,
in the second horizon it is composed of fine quartz, opaques with
ferran. In the third horizon the aggregates are constituted of opaques,
pyrites, hematite, ferrhydrite with ferriargillan followed by aggregates
of opaques, pyrites, fine quartz along channels, chambers, skeletons

with ferriargillan in the fourth horizon (plates 42,43,44 and 45},
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- Opaques, fiﬁe quartz, pyrites, jarosites from aggregates with
feriorganan in ‘the first horizon‘at Kattampally.. Aggregates in the
second hofizon are organised by the combination of amoeba shaped
pyrites with opaques and organans. In the third horizon the aggregates
consist of amoeba shaped pyrites, quaftz, opagues, ferrijarositans
and ferriorganans followed by aggregates of amoeba shaped pyrites,
opaques with ferriorganan in the fourth horizon (plates 46,47,48,49
and 50);

33.10 Laterite nodules/Concretions

At Karumadi where opagues, laterite nodules with sharp
margins are present (plate 26,27,28 and 29). |

At Moncompu they are absent in the subsurface horizons.
In the first horizon few weathered silt sized laterite nodules are
present (plates 31,32 and 33). |

"They are present in all the horizons except fhe second horizon
at Mathikayal. They are silt sized, high reliefed sharp margined
weathered and few in number in the first horizon. Similarly in the
third and fourth horizons ' " few laterite nodules are present
(plates 34,35,36 and 37).

They are priesent in all the horizons except the fourth horizon
at Vytilla. In the 1first horizon few_ more than fine sand sized high
reliefed, sharp margined laterite nodules are present. In the second
horizon less than silt sized, high reliefed, sharp margined fed
coloured few laterite nodules are present. Few yellowish coloured,
low reliefed, 1ater£te nodules are present in the thimd horizon with

faint margins (plates 38,39,40 and 41).
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At Kattukambal they are present in all the horizons except
the third horizon. Bigger sub rounded iron enriched laterite nodules.
with faint margins are present in the first horizon. Many shining,
reddish brown coloured, sharp margined laterite nodules are present
in the second horizon while the laterite nodzﬁﬁ-e‘s present in the fourth
horizon are more than coarse sand sized, orange red coloured, quartz
rich, iron enriched and sharp margi_ned (Plates 42,43,44 and 45).

Laterite nodules are present only in the second ‘horizon at
Kattampally and they are sharp margined and yellow coloured (plates
46,47,48,49,50,51 and 52).

33.11 Lithorelics

They are absent in 'all the profiles (Plates 26 to 41 and
46 to 52) except the second horizon at Kattukambal. They are highly
w.eathered:_ compact, sharp margined with quartz and opaques (Plates
43,44 and 45).

33.12 Presence of jarosite/Pyrite

They are present in all the horizons except the second horizon
at Karumadi. Finer shining, cirb'ular, -jarosite crystals are present
“surrounding high reliefed skeletons and. in depressioﬁs on the soil
plasma of the first horizon. In the third horizon neoquasijarositané
are present suprounding the channel while in the fourth horizon jarosites
are present as néoquasijarositans comparatively more cubular,spheroidal,
Pyrite crystals _arepresent int‘hedepressions and channels surrounding
the skeletons (Plates 26,27,28 and 29).

Jarosites are present in all the horizons at Moncompu.'Iﬁ

the first horizon jarosites are present inside and outside the decay_{ng
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plant roots and in the surrounding plasma along the margins of the
skeletons. In the second horizons théy are present as jarositanic
coatings along- the wood .fossil, voids and “skeletons. In the third
horizon fine jarositanic neoformations are present throughout thé plasma'
and on the margins of quartz in the fourth horizon (plates 30,31,32
and 33). "

At Mathikayal ﬁeojarositans are present in the first horizon.
In the second horizon few neoquasijarositahs and pyrites are present
in channels and surrounding the weathered quartz Very -~ few
neoquasijarositans and less than finé sand sized amoeba shapéd pyrites
are present in the third horizon. Few jarosites and many cubular
pyrites are present in the voids ‘associated with ferrihydrite in the
fourth horizon (plates 34,35.36 and 37).

At Vytilla less than silt sized pyrite with fine jarositic
spheroids present throghout the plasma in the first horizon. In the
second horizon -pyrite and neoq‘uasijarositans are present surrounding
the bigger skeletons, finer plasma.' in channels and chambers. In
the third Thorizon jarosites are present  as neoquasijardsitans
surrounding skeletons and in channels and chambers. In the fourth
horizon jarositan present on ‘the plasma near the pyrite aggregates
(plates 38,39,40 and 41).

Jarosites are absent but 'pyrites are present along the margins
of bigger skeletons in the first horizon at Kattukambal. Similarly
only few pyrites are found in third and fourth horizons also. In the
third horizon pyrites are present along with ferrihydrite towards

the outer margins of Dbigger chambers while in the fourth horizon
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they are present along and inside voids and .skeletons (plates 42,43,44
and 45). |

At Kattampally few jarosites are pfesent as neoquasijarositans
‘and few amoeba shaped pyrites are also found in the first horizon.
In the second horizon many amoeba shaped pyritic aggregates from
more than 30 percent surrounding skeletons and channels. In the third
horizon many jarosites and pyrites are present along channels and
skeletons. Both jarosites and pyrites are absent in the fourth horizon.
(plates 46,47,48,49,50,51 and 52).

33.13. Special mesomorphological ‘observations

Signs of iron removal and iron enrichment are observed in
the first horizon at Karumadi. AOpaque, fine silt sized cubular pyrite
crystals are observed. Wood foosils under various stages of
decompositions are also found. In the second borizon, on the wood
fossils iron oxide framboids with very few jarosites are present.
As in the case of first horizon in the third horizons also iron removed
white areas inside the channeis -and iron enriched margins surrounding
channels are found. The yellowish orange regions with sharp marginsv
are with goethites. The yellow to pale yellow regions are with
neojarositans and neoquasijarositans. The white spots in and
surrounding the ‘ch'annels are (ju_artz; Opaque, brownish yellow regions
of channels are pyrite crystals and ferriorganan. Layering of reddish
regions of sharp margins are indicative of repeated iron oxide
deposition. In the fourth horizon more skeletons and less plasma are .
observed. Signs of iron oxide, ferriorganan, leaching and lessivage
in active operation depicting sharp margins to skeletons (plates 26,27,

28,29).
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Silica is present in the form of diatoms, tubular transparent
blue coloured spicules in the first horizon at Moncompu. Yellowish
red plasma with subangular to subrounded quartz, pyrite and other
opaque skeletons are also presen‘t. Jarositans are also present in
the second horizon. Quartz are seen undergone advanced stages of
physical weathering entangled with ferriorganan and ferrijarositans.
Very less plasma and more skeletons are another observvation found
in this horizon. In the third horizon the special observation noticed
are the presence of more than coarse sand sized pitted and fractured
quartz, bigger channels with accumulation of pyrite and other opaque
minerals inside and towards outer bordersof channels. Another special
observation of the horizon is Ifepeated iron oxide deposition with
flecked orientation pattern with in the plasma and in the biggér
chamnels. In the fourth horizon less than silt sized rounded to
subfdunded quartz embedded on yellow coloured plasma with flecked
orientation pattern. Jarosites are present as neoquas:ijarositans
throughout the plasma. Pyrites are also present surrounding the quartz,
channels and chambers (plates 3D,31,32 and 33)

At Mathikayal in the first horizon major portion of the plasma
is occupied by highly weathered subangular to subrounded quartz
skeletons, and feldspars. Other specific <R L observations are
presence of numerocus minute clay sized ferrihydrite, neoquasijarositans
and few laterite nodules. In the second horizon few fine sand sized,
many less than silt sized, highly weathered and fractured quartz

are present. Iron oxide coated channels, chambers, vughs with pyrite,
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hematite and ferrihydrite in it and surrounding the weathered quartz
are also present. Special observation noticed in the third horizon
is the presence of few more than coarse sand sized subangular, highly
weathered,  fractured, pitted quarfz, amoeba shaped pyrite,
ferrihydrite, black opaques and few red opaques. In the fourth horizon
very weakly isotropic matrix with random distribution of small domains
are noticed. Innumberable fiﬁe- ferrihydrite, highly weathered
subrounded less than silt sized quartz, latéri.te nodules, channels,
chamber and vughs with pyrites are also noticed in the fourth horizon
(plates 34,35,36, and 37).

At Vytilla in the first horizon highly iron enriched, fine
grained, granular reddish yellow plasma with highly pitted but not.
fiiractured quartz, silt sized pyrite, fine jarosite spheroid,
ferrihydrite‘ and few laterite nodules embedded in voids channels,
chambers and wvughs. In the second horizon skeletons formed the major
portions of the soil plasma. Signs of iron oxide removal at the margins
~of skeletons are observed. Less than silt sized ﬁyrites, opagues,
organans, laterite nodules and néOquasijarositans are also present.
In the fourth horizon the soil fabric is skelsepic. Fine sand -sized,
highly pitted, weathered but not fractured quartz present in this
horizon. Jarosite is present as intimately mixed jarositan on the plasma
near to pyrite aggregafes (plafes 38,39,40 and 41).

Bigger, pitted quartz, and laterite nodules form more thén-
90 percent of the soil plasma of the first horizon at Kattukambaln.

It is with less than silt sized pyrite and high reliefed black -and
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red opaques. In the second ho_rizoﬁ, the sbil plasma is coarse grained,
quartz rich and reddish yellow coloured with many fine sand sized
laterite nodules. Jarosites are absent. In the third 4horizon, the plasma
is iron enriched with opaques, pyrite, ferrihydrite, hematite and
chambers. In the fourth huorizon more than coarse sand sized laterite
nodules with pitted, fine sand sized quartz and less than silt sized
opaques, pyrites on coarse yellowish brown plasma (plates 42,43,44
and 45).

At Kattampally in the first horizon innumerable silt sized
quartz, opaques, pyrites, jarosite and fine sand sized nonweathered
subangular quartz are present on the coarse grained yellowish brown
plasma. The soil fabric of the second horizon is skelsepic and plasma
present is very .less. Amoeba shaped pyritic aggregates occupies more
than 30 percent of the soil plasma along with opaque organan,
skeletons and voids. The third horizon 1is rich in jarositic;
ferriargillan, quartz, with few accumulation of ferrihydrite. Special.
observation noticed in this horizon is the presence of pieces of lime
shell. In the fourth horizon many iron oxide spheroids and pyrite
spheroids less than silt sized are present on the lime shell. Quartz
are highly pitted. Amoeba shaped pyrite present as aggregates with“
ferriorganan forming more than 30 percent of the plasma (plates 46,47,
48,49,50, 51, and 52). |
34. Soil Micromorphology

The comparative micromorphological description of the soils
are presented in tables8 to 8.5 and detailed photomicrographs are

presented between plates 52 to 100.



Table 8.0

Micromorphology of the Acid Sulphate Soils

Local name of soil

KART SOIL

KARUMADI

Horizons

hi

h2

h3

hi

1. Colour of plasma

Blueish vellow,
yellowish brown.
Less plasma and not

Yellowish brown to
reddish yellow

Brownish vellow to
reddish yellow, Very
less plasma and is

Opque, reddish brown,yellowish
brown, less plasma

easily recognisable not easily
recognisable

2. .Soil fabric Voskelsepic Vosek1sepic Vosepic Vosepic
3. Related Granic Dominantly granular Granular to Granular

Distrubution followed by chalmydomorphic

Pattern (RDP) intertextic and

porphyroskelic

4, Normal Related Phyric Granular Granular Granular

Distribution

Pattern (NRDP)
5. Finer/Coarser Finer Coarser Coarser Coarser

6. Skeletons

Very few less than
silt sized quartz
opaues

Very few less than
silt sized quartz
and opaques.
Opaques dominantly
cubular pyrites

Innumerable nurber
of cubular silt
sized and less than
silt sized pyrite
in and on spongy

lasmafide and raw
umus and in vughs
and channels

Less than silt sized
innumerable nurber of
framboidal pyrites and
few ilmenite present

7. Voids Charbers and Chambers and Vughs and few Chambers and very few channels
channels channels with iron channels and
oxide enriched raw charbers
and plasmafide
" humus on the margins
8. Humus Raw humus in Rew humus in different  Major portion of Organans and ferriorganans
different stages stages of the S-matrix is
of plasmification, Blasnaf1cat10n, dark occupied by raw and
-dark brown to opgue rown to opaque with plasmafide humus
in colour, fragments fragments present as with iron oxide
present irregular shaped enriched retained
masses in the cellular structure
interangular spaces
of skeletons
9. Cutans Ferriargillan, Qrganan and Ferriorganan, Organans and ferriorganans
ferrijarositan and ferriorganans organan and
ferran ferripyritan
10. Aggregates Raw humus, Organans and - Ferriorganans Framhoidal pyrite with
ferriargillan, ferriorganans with and ferripyritans ferriorganans and
fine quartz, pyrites and few ferriargillans
pyrites and opaques opaques
11. Laterite nodules/  Absent Absent Absent Absent
Concretions
12. Lithorelics Absent Absent Absent Absent

13, Presence of
Jjarosite/pyrite

Few present as

voidneoquasi jarositans.

pyritan inside
decayed plant cells
and in the plasma

Very few jarosites
and pyrite present
in and on raw and
plasmafide organic
matter. Pyrites are
cubular in shape

Innumerable cubular
and framboidal pyrite
masses on raw and
plasmafide organic
matter

Jarosite absent but
innurerable crowdy less than
silt sized framboidal pyrites
present

14, SBecial
Observations
if any

Basic structure is
characterised by
voids with relatively
less than silt sized
skeletons, compact
plasma not easily
recognisable. Bigger
charbers and channels
and many cubular

Plasma very less,The
basic structure is
characterised by
dominance of voids
entangled by

irregular shape masses
of raw and plasmafide
organic matter with

in and on cubular

Fine frarboids of
Jjarosites are present
on the plasmafide
cellwalls of organic
materials with lron
oxide enrichment,
Porous,humus rich,
pyrite rich and
jarosite rich -

Raw organic matter rich

less than silt sized
framboidal ﬁyrlte rich porous
horizon with iron enriciment
and ferriargillan deposition
in the form of hexagons,

Ferrihydrite is absent

phytoliths, jarosites, pyrites, Margins of horizon
pyrites present on voids and skeletons
humus and along and in are iron oxide
charbers and channels enriched
15. Plate number 53 and 54 55 and 56 57 and 58

59 and &0




Table 8.1

Micromorphology of the Acid Sulphate Soils

Local nare of soil KARAPADOM ~ SOIL PONCOMPU
tor {zons hl h2 . h3 ht
1. Colour of plasma Yellowish brovn, Brownish yellow to Reddish rellow, Brawnish yellow,
plasma less opaque, less plasma yellowish brown reddish yellow
2. Soll fabric Skelsepic to vosepic Vosepic
skelargillasepic ple Vokelseplc
3. Related Granic " Gan 5
Distribution Ganular “Granular _Granular to plasmigranic
Pattern(RP) '
4, formal Related Graniplasmic to Granular Granular ' Plasmigranic to
Distribution phyric
. Pattern(NRDP) Inter textlc
S. Finer/Coarser Coarser Coarser Finer. Flnér
6. Skeletons Fine sand sized to High relief angular Few coarse sand sized SIlt sized swbangular quartz ,
less than silt {Imenite and cubular . opagues.pyrites less than silt sci“éed o
sized subangular pyrite,They are frambolds, fracturing, {nnurerable nunber. of cubular
quartzpyrites,other  less than silt subrounded quartz, and framboidal pyrite,few
opaques and sized : meny less than jarosite and very few
feldspars s{1t sized quartz flmenite
and mica,cubular and
frarhoidal jarosites
7. Volds Not ohserveble Plasma highly compact ~ Volds not observable Channels,vughs and chanbers
specific shapes of . .
voids not observable
_but few small
channels
8. Humus Ferriorganan Ferrlorganans,Clusters Ferriorganans,clusters Organdn, ferr lorganan and
of plasmafide organic of plasmafide organic ferriargillan
matter present on matter and opaques
decaying plants cells
enriched with
repeated deposition
of 1ron oxide on
cell valls
9. Cutans Ferriorganan, Ferriorganon, Qrganan Ferran, ferriorganan and
ferrihydrite, Jarositan organan and few ferriorganan, ferriargillan
and pyritan ferriargillan ferriargillan form
incomplete marginal
coatings of skeletons
10. Agaregates Frawoldal Jarosite,  Quartz,mica, Jarosite, ferrihydrite, Silt sized iron oxide coated
) pyrite an feldspars with pyrite and phytolith quartz,haematite and other
ferrihydrite with clusters of with ferriargillan opagues Wi th ferrigrganan
ferriorganan plasmafide organic . and ferriorganan form clusters and finer
matter and ’ ones form {ncaplete marginal
ferriargilian coatings of skeletons
11, Laterite nodules/ Absert High rellefed long ° Absent Absent
Concretions quartz rich,iron oxide -
enriched opaques,nhore
than coarse sand
sized present with
sharp margins
12, Uithorelics Absent Absent Absent Absent

Jarosite present as fine
franboids and frampoidal Jarostte  frenboids and on retalned
poly- frawboids of and few pyrites cellular structures,
Jjarosites on the raw present on the plasma specifically cell walls of
and plasmafide enriched towards volids plasnafide plant materlals

Jarosite few present  Innumerable minute Many cubular and
many fine pyrite
franbolds present in
the Interangular

margins of auartz

13. Presence of
jarosite/pyrite

skeletons organic material along
. with near by cubular
and theroldal
ferrihydrite crystals
14, SEeclal ‘Ferriargillan- - yoid rich,hus rich Granular,reddish Fine pyrite rich,organic
observations cavering subangular fine franboldal vellow,wide rich _ matter rich, {ron enriched
if any quartz rich horizon. Jjarosite rich cubular Jarosite compact and granular horizon

rich horizon with with few ilmenite and quartz

ferrihydrite rich
few coarse sand

Less plasma and s
hor1zon with sone

partly birefreingent

many fine pyrite and
jarostte frambolds
present {n the
interanqular margins
.of quartz skeletons

720 e Linenite

and pyrite. The
horizon 1is hlghl%
iron oxide enriched

sized {lmenite,pyrite
frarbold and quartz,
Ferrlhydrite present
along the margins of
volds, The granular
structyre reveal
current active faunal
activity

. 15. Plate nuber

61 and 62 -

65 and 66

67 and 68




Table 8.2 Micromorphology of the Acld Sulphate 5011S
Local name of soil KAYAL SOIL MATHIKAYAL
Horizons hl h2 h3 ht
1. Colour of plasma Greyish brown, Greyish yellow to Bronish yellow, Brownihs yellow,
Brownish yellow, yellowish brown to opaque greyish brown
reddish yellow less plasma
2, Soil fabric Vosepic to Skélsep@c to Skelsepic to Skelspic to
Voskelsepic Skelargillasepic Skelargillasepic Argillasepic
3, Related Granic Granic Granic Granic
Distribution :
Pattern (RDP)

4, Normal Related Granic to Granic Granic Graniplasmic
Destribution granular
Pattern (NRDP)

5. Finer/Coarser ~Coarser Coarser Coarser Coarser

6. Skeletons Few subrounded fine Less than silt Fractured few Slender subangular more than
sand sized quartz sized angular quartz ,  feldspars and many fine sand sized quartz,
and many less than feldspars ilmenite subanqular fo silt sized mica, opaques ,
silt sized ilmenite,  and few more than subrounded fine iron oxide coated quartz
Innumerable framboidal coarse sand sized sand sized quartz. haematite, pyrite and other
jarosite,pyrite, quartz,biotite mica, Few pyrites,opaques  black opaques
ferrihydrite on muscovite mica and less than silt
decaying fresh sized jarosite and
rocts and near the ferrihydrite
margins of these franboids
roots

7. Voids Vughs and planar Chambers,vughs vughs and channels vughs and meta vughs
packing voids -

8, Humus Ferriorganan with Qrganan, Ferriorganan Organan,
ferriargillan ferriorganan. ferriorganan

9. Cutans Ferriorganan, Qrganan, ferriorganan Ferriorganan and Qrganan, ferrorganan and
ferriargillan cover  ferrijarositan, newquasi Jarositan, ferran
the skeleton margins ferrihydrite and ferrihydrite
as incomplete coatings ferran :

10. Aggregates Pyrite,ferriargillan Jarosite fratboids Fine agaregates with Pyrite and Jarosite with
jarosite and ferrihydrite with ferriorganan, ferriorganan and fine quartz
ferriorganan ferriorganans and neoquasi jarositan,

ferran ferrihydrite and
fine quartz
11. Laterite nodules/  Absent Absent Absent Absent
Concretions
12, Lithorelics Absent Absent Absent Absent
13, Presence of Very fine innumerable Very few jarosite Few jarosite and Less than silt sized
Jarosites/Pyrites frawoidal jarosites framboids in the pyrite franboids frarhoidal and cubular pyrite
and pyrites are interangular spaces and many ferrihydrite present along quartz and
present on the of skeletons and on are present in the other soil coatings
decaying fresh cell walls of interangular spaces
roots of paddy plant material.Few of quartz and
plant pyrites are also other skeletons.
present Pyrite is also
present on decaying
plants cells. They
are fratboidal and
cubular
14, Special Porous rootzone of  Less than silt sized Comact,quartz Tich,  Skelargillasepic fabric
observations paddy plant with quartz rich,skelsepic skelsepic horizon with with shinging and grainy
if any innurerable horizon with clusters few fractured more unoriented whole soil coatings
frarboidal jarosite of plasmafide organic than fine sand sized surrounding fine sand sized
and pyrite on the matter in and on the feld spars, silt angular and slender quartz
root cells and near - cells of decaying plant sized mica less than
the outer margins parts silt sized framboidal
of root hairs. pyrite, jarosite and
Innumarable number ferrihydrite
of ferrihydrite
framolids are also
present on the
root cells
15. Plante nurber 69 and 70 71 and 72 73 and 74 75 and 76




Table 8.3

Micromorphology of the Acid Sulphate Soils

Local name of soil

FOKKALL S0IL VYTILLA
Hor1zon h1 h2 h3 hi
1, Colour of plasma Greyish yellow Greyish yellow, Brownish yellow Brownish yellow
i ' yellowish brown to yellowish brown yellowish brown
dark brown,less plasma
2. Soil fabric Voskelsepic Skelargillasepic Argillasepic to Argillasepic
Skelargillasepic
3. Related Granic Granic Graniplasmic Aglomeroplasmic
Distribution . to chlamydomorphic
Pattern (RDP)
4, Normal Related Graniplasmic Graniplasmic Graniplasmic Intertextic to
Distribution - Chlamydomorphic
Pattern (NRDP)
5. Finer/Coarser Finer Coarser Finer Coarser
6. Skeletons Silt sized and Coarse sand to fine Silt sized faint Less than fine sand sized
less than silt sand sized subangular margined low reliefed and silt sized many nurber
sized Iow reliefed  to subrounded eguartz, subangular quartz with of subangular quartz,
suwrounded to -« fine sand sized - more than quartz sand frawboidal pyrite, quartz
rounded quartz. Few highly fractured few sized lateritic rich lateritic concretions
more than coarse sand feldspars present concretions of 0.39 mm diameter ’
sized quartz present
7. Voids Charber Channels and chambers Channels and charbers Voughs and few channels
8. Humus Highly plasmafide and Highly plasmafide and Ferriorganan Ferriorganan and ferriargillan
- less Iron oxide ferriargillan coated
coated
9. Cutans Argillan, Highly plasmafide Ferriorganan and Ferriorganan and ferriargillan
ferriorganan grganan and ferriargillan spread  surrounding,bridging skeletons
ferriargillan coated on the matrix and voids and concretions
and silt sized soil surrounding corpletely :
coatings voids,skeletons and
concretions
10. Aggregates Fine quartz and shining.grainy silt Ferriorganan, Quartz with ferriargillan
gpaques vith sized skeletons with ferriargillan with S
ferriargillan ferriargillans in pyrite and other
the interanqular opaques
spaces of quartz as
complete bridging
11, Laterite nodules/  More than coarse sand Absent’ Laterite concretions Few 0.39 mm diameter laterite
Concretions sized iron oxide- of 0.38 mm diameter  concretions present with
enriched quartz rich present quartz rich margins and
shining subrounded quartz rich inner core
nodules with
sharp margins
12, Lithorelics Absent Absent Absent Absent
13, Presence of Very few pyrite Silt sized pyrite Jarosite absent Jarosite absent
Jarosite/pyrite present framboids in the but few silt sized silt sized clusters of
, interangular spaces pyrite present frarboidal pyrite surrounding
of quartz with little in the chanbers inner and outer margins of -
conversion to channels present
Jjarosite and :
ferrihydrite
14, Spcial Voskelsepic febric  Skelargillasepic Skelargilasepic fabric Argillasepic fabric with
Observations silt sized fabric,coarse sand with bigger concretions many quartz silts sized
f any ferriargillceous to fine sand sized and silt sized frarboidal pyrite comlete
plasma with shining guartz,highly subrounded quartz, and interangular briding of
silt sized and less fractured fine sand few pyrite frarboids  skeletons with ferriargillan
than silt sized sized feldspars, and other opaques in - and ferran, Outer margins
subrounded to rounded less than silt sized the chamers. of concretions are with
quartz and few - pyrite frayboids. Concretions are linearly arranged -
runic(wusten)quartz  Ferriargillan and soil relatlvel% homogeneous  subspherical quartz,
coatings are present . in shape having outer Concretions are in intimate
in the interangular coating of ferriorganan conctact with plasma
spaces forming bridges ferriargillan and ‘
between skeletons inner coating with
organan and quartz -
15. Plate number 77 and 78 79 and 80 81 and 82 83 and 84




Table 8.4

Micromorphology of the Acid Sulphate Soils

Local. name of soils

KOLE SOIL

KATT UKAMBAL

Horizons

hl

h2

h3

i

1. Colour of plasma

Yellowish brown to
reddish brown

Brownish yellow to

" opague

Dark brown, brownish
vellow, reddish

Brownish yellow. greyish
yellow, reddish brown, less

vellow -plasma
2. rgillasepic’ Argillasepic to Argillasepic to Argillasepic, concretionary,
~ 2. Soil fabric A .g b Vogepic _ Voskelsepic comact -
3, Related Plasmigranic Plasmic Plasmigranic Graniplasmsic
Distribution '
Pattern (RDP)
4. Normal Related Plasmigranic to Plasmic Plasmigranic " Graniplasmic
Distribution porphy roskelic .
Pattern (NRDP)
5. Finer/Coarser Coarser Finer Finer Coarser and gritty

6. Skeletons

Fine sand to less
than fine sand sized
subangular quartz,
0.63 mn dia meter

- lateritic nodules

with sharp margins

Spherical, iron oxide
enriched,quartz rich
laterite nodule of
0,25 mn' diameter and
silt sized ilmenite
and subrounded quartz

Less than silt sized
subrounded to rounded
quartz,few coarse
sand sized subangular
quartz and 0,32 mn
length laterite
nodules

Few 0,50 mm diameter and
many 0,13 mn diaveter
laterite concretions,
few opaque and less than
silt sized to very fine
Subrounded to rounded
innumerable quartz

7. Voids Fine channels and Chambers and few vughs  Fine charbers Channels and fine chambers
bigger chambers of 0.33 mn length running diagonally
: present with fine
argillaceous margins
(bleached)
8. Hunus Ferriorganan Intmately mixed as Ferriorganan with Ferriorganan surrounding
ferriorganan and ferriargillan concretions
fine quartz )
9. Cutans Ferriargillan, Ferriorganan, Voids and skeletons  Ferran,ferriargillan,
argillan, ferriargillan - surrounded by ferriorganan form

ferriorganan and
ferran

ferran, .
ferriargillan and
Jarositans

complete bridging
between skeletons and voids

10. Aggregates

Fine quartz and
ferriargillan

Ferriorganan and
ferriargillan with
fine quartz and
Opaques

Ferran,ferriargillan,
ferriorganan and
Jarositans with fine
quartz

Fine quartz and opaaues
with ferrargillans

11. Laterite nodules/
Concretions

Sharp mardined iron
enriched 0.63 mm
diameter laterite
nodules with
fractured quartz

0.25 mm diameter
spherical iron
enriched quartz
riched laterite
nodules

Sharp margined iron
enriched opaque
0.38 mn length
laterite nodules
with quartz

Few 0.50 mm diameter and

many 0,13 mm diameter
lateritic concretions

12, Lithorelics

Absent

Absent

Absent:

Absent

13. Presence of
Jarosite/Pyrite

Jarosite absent
but few less than :
silt sized
frarboidal pyrite
presents in the
vughs and channels

Jarosite absent

but very few

less than silt sized
pyrites

Jarosite present
as jerositanic
dzposition
surrounding the
voids as hallow,
aureole -

Jarosite absent but very
few fine cubular and
fratboidal pyrites

14, Special
observations
if any

Thin sections shows
both the signs of
translocations and
accumnulation of
iron oxide and
argillaceous
materials In the
same horizon,
Argilasepic fabric
with big oval
lateritic nodules
and few less than
Silt sized pyrite
fram,boids. Few
fractured hornblende
biotite feldspar
The S-matix fs iron
oxide enriched

Plasma rich less-
porous horizon with
argillasepic to

. Vosepic fabric with

laterite nodules.

The dark brown colour
shows the regions of
ferriargillan and
organan accumnulation
while the yellow and
yellowish brown regions
indicate signs of
translocations of these
materials :

Compact, iron oxide
enriched argillasepic
with fine charbers

Highly compact concretion
rich fine quartz rich
argilasepic horizon with

and jarosite surrounding complete skeleton

the porse. The white
areas penetrating red
iron enriched matrix
without proper

orientation closer to

bridging with ferriargillan

the fissures, Jarosites

has been transformed

to ferricoxides masking

the colour of the clay

15, Plate nurber

85 and 86

87 and 88

89 and 92

91 and 92




Table 8.5

Mmicromorphology of the Acid Sulphate Soils

Local name of soils

KAIPAD SOIL

KATTAMPALLY

“Horizons

hl

h2

h3

hy

1. Colour of plasma

Yellowish brown

Reddish vellow to
greyish vellow

Greyish brown to
brownish grey,

Opaque to greyish brown

less plasma
2. Soil fabric " Argillasepic Vosepic Skelsepic Argillaskelsepic
3. Related Plasmigranic to Plasmic Granic Plasmigranic
Distribution graniplasmic
Pattern(RDP)
4, Normal Related Plasmigranic to Plasmic to granular Granic Plasmigranic
Distribution graniplasmic
Pattern(NRDP)
5. Finer/Coarser Coarser Coarser . Coarser Coarser
6. Skeletons 0.32 mm diaveter very fine quartz ,pyrite Slender subangular Limeshells, valves of
sharp margin quartz  and othe ropagues more than fine sand  molluses, ferrihydrite
rich slender iron in the channels sized quartz with spheriods and less than
enriched porous ferriargillan " silt sized pyrites and
concretions and marginal coatings, other opaques
less than fine Few fractured
sand sized feldspars and
subrounded to opaques
rounded quartz
7. Voids Fine channels and Bigger charbers Less voids but at Compact with few fine
bigger chambers and channels of pockets bigger channels and vughs
) of 0.80 mn width 0.80 mm width charbers
8. Humus Ferriorganan Ferriorganan and Ferriorganan Organan, ferriorganan
organan and few ferriargillans
9. Cutans Ferriorganan. Ferriorganan and Ferriorganan, Qrganan,ferriargillan,
ferriargillans organan ferriargillan forming

marginal coatings of

" skeletons

ferriorganan

10, Aggregates

Fine quartz,
ferriargillan and
ferriorganan

Faecal material of
soil fauna with
ferriorganan

Fine cpaques with
ferriorganan and
ferriargillan

Ferriorganan and
ferriargillan with
pyrites and other
Opaques

11. Laterite nodules/
Concretions

0.32 nm diameter
sharp margined quartz
rich iron enriched
slender concretions
with cracks running
through the whole

or only in the

outer pheripheral
coatings

. Absent

Absent

Absent

12, Lithorelics

Absent

Absent

Absent

Absent

13, Presence of

Jarosite absent

Jarosite absent but

Jarosite absent

Jarosites absent but

© Jarosite/Pyrite but very few many fine pyrite but very few many fine framoidal
pyrite framboids framboids present fine cubular pyrites present along
present in the charbers and framboidal with ferriorganan
along with faunal pyrites present
fecal materials
14, Special Dense bleached Orthoagrotubules and Skelsepic fabric Lime shells and valves
observations plasma with bigger charbers with less plasma are being attacked by
if any concretions and filled with founal and complete marginal silty soil and ferriorganan

many less than fine
sand sized
subrounded to
rounded quartz.
Concretions are
irregular shape
quartz rich iron
oxide coated opaque
iron cracked

faecal materials are
signs of active faunal
activity, These
chambers are coated
with ferran and
ferriargillans on the
outer margins and
spongy faecal materials
in the inner margins.
Silica deposition

in the form of
hexagonal shape is
also present

coatings of skeletons
by ferriaraillans.
very few pyrites,
jarositee and fine
sand sized subangular
quartz

leading to marginal and
surficial cracking

15. Plate nurber

93 and 94

95 and 96

97 and 98

99 and 100




105

34.1. Colour of Plasma

At Karumadi in the first horizon the plasma is blueish yellow
to yellowish brown coloured and is scarce and not easily recognisable.
In'the second horizon yellowish brown to reddish yellow plasma is
present, while in third horizon colour of the soil plasma is brownish
yellow to reddish yellow. Plasma is Very less and it is not easily
recognisable. In the fourth horizon the plasma is opaque, reddish
brown coloured. Plasma is very less (plates 53,54,55,56,57,58, 59,
and 60). | |

At Moncompu soil plasma of the first horizon is less and
yellowish brown coloured. In the second horizon it forms less than
40 percent and is brownish yellow to opaque. In the third horizon
plasma is reddish yellow to yellowish brown coloured, while in the
fourth horizoon it is brownish yellow reddish yellow coloured (plates
61,62,63,64,65,66,67 and 68).

Colour of the soil plasma are greyish brown, brownish yellow
and reddish yellow in the first horizon ét Mathikayal, while in the
second horizon it is very less and greyish yellow to yellowish brown
coloured. In the third horizon the colour of the soil plasma is
brownish yellow to opaque and in- the fourth horizon it is brownish
yellow to greyish brown (plateé 69,70,71,72,73,74,75, and 76).

At Vytilla the colour of the soil plasma is greyish yellow
in the first, greyish yellow to yellowish brown in the second,
browinish yellow to yellowish brown in third and fourth horizons.
It is less and also in some places dafk brown in colour (plates 77,78,

79,80,81,82,83 and 84).
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It is yellowish brown to reddish brown coloured in the first,
brownish yellow to opaque in the second, dark brown, brownish yellow
and reddish yellow coloured in the third and less plasma with
brownish yellow) greyish yellow, and reddish brown coloured in the
fourth horizons at Kattukambal (plafes 85,86,87,88,89,90,91 and 92).

At Kattampally it is yellowish brown in the first, reddish
yellow to greyish yellow in thé second and less plasma with greyish
brown to brownish grey in the - third and opaque to greyish brown
in the fourth horizons (plates 93,94,95,96,97,98,99 and 100).

34.2. Soil fabric

It is Voskelsepic plasmic farbic in the first and second
horizons follbwed by Vosepic fabric in the third and fourth horizons
at Karumadi (plates 53,54,55,56,57,58,59 and 60).

The soil fabric is s&kelargillasepic in the first horizon,
Vosepic in the second and third 'h-orizon and Voskelsepic in the fourth
horizon at Moncompu (plates 61,62,63,64,65,66,67 and 68).

At Mathikayal it is Vosepic to Voskelsepic to Skelargillasepic
in the first, second, third and fourth horizons (plates 69,70,71,72,73,
74,75 and 76). |

At Vytilla it 1is Voskelsepic in the first, Skelargillasepic
in the second, Argillasepic to Skelargillasepic in the third and fourth
horizons (plates 77,78.79,80,81,82,83 and 84).

It is Argillasepic in the first, Argillasepic to Vosepic in.
the second, Argillasepic to Voskelésepi_c in the third and Argillasepic,
concretionary and compact in the fourth horizons at Kattukambal (plates

85,86,87,88,89,90,91 and 92).
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At Kattampally the soil fabric is Argillasepic in the first,
Vosepic in the second, Skelsepic in the third and Argillaskelsepic
in the fourth horizons. (plates 93,94,95,96,97,98,99 and 100).

34.3. Related Distribution Pattern (RDP)

It is granic in the first followed by intertextic to
porphyroskelic in second, granular to chlamydomorphic in the third
and granular in the fourth horizon at Karumadi (plates 53,56,57,58,59
and 60).

At Moncompu the RDP isigranic in the first, granular in the
second and third followed byi-granular to plasmigranic in the fourth
horizon (plates'61.62,63,64,65,66,67 and 68).

| At Mathikayal the RDP is granic throughout the profile (plates
69,70,71,72,73,74,75 and 76).

It is granic in the fir‘st and second, graniplasmic in the tﬁird
and aglomeroplasmic to chlamydomorphic in the fourth horizon at
vytilla (plates 77,78,79,80.81.82.834and 84).

The soil RDP at Kattukambal is plasmigranic in the first
and third, plasmic‘in the second and graniplasmic in the fourth
horizon (plates 85,86,87,88,89,90,91 and 92).

At Kattampally it is plasmigranic to graniplasmic in the first,
plasmic in the second, granic in the third and plasmigranic in the
fourth horizon (plates 93,94,95,96,97,98.99 and 100).

34.4. Normal Related Distribution Pattern (NRDP)

At Karumadi the soil NRDP is phyric in the first and granulur
in the second, third and fourth horizons (plates 53,54,55,56,57,58,

59 and 60).
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It is graniplasmic to phyric in the first, granular in the
second and third and plasmigranic to inter textic in the fourth horizon
at Moncompu (plates 61,62,63,64,65,66,67 and 68). -

At Mathikayal the NRDP is granic to granular in the first,
graniplasmic in the second , . third and fourth fourth
horizon (plates 69,70,71,72,73,74,75 and 76).

It is graniplasmic in the first, second and third horizons
and intertextic to chlamydomorphic in the fourth horizon at Vytiila
(plates 77,78,79,80,81,82,83 and 84).

At Kattukambal the NRDP is plasmigranic to porphyroskelic
in the first, plasmic in the second.
plasmigranic in the third and graniplasmic in the fourth horizon
(plates 85,86,87,88,89,90,91 and 92).

The soil NRDP at Kattampally is plasmigranic to graniplasmic
in the first, plasmic to granular in the second, granic in the third
and plasmigranic in the fourth horizon (plates 93,94,95,96,97,98,99
and 100).

34.5. Finer/Coarser

Except the first horizon vall the horizons at Karumadi is coarser
(plates 53,54,55,56,57,58,59 and 60).

At Moncompu it is coarser in the first and second and finer
in the third and fourth horizons (plates 61,62,63,64,65,66,67 and
68). | |

At Mathikayal it is coarser throughout the profiles (plates

69,70,71,72,73,74,75 and 76).
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It is finer followed by coarser in the alternating horizons
at Vytilla (plates 77,78,79,80.81.82.83 and 84).

At Kattukambal it is coarser in the first, finer in the second
and third and coarser and gritty in the fourth horizon (plates 85,
86,87,88,89,90,91 and 92).

It is coarser throughout the profiles at Kattampally (plates
93,94,95,96,97,98,99 and 100).

34.6. Skeletons

Very few less than silt sized skeletons of quartz and opagques
are present in the first and second horizons at Karumadi, opaques
are dominantly cubular pyrites. In the third horizon innumerable
numbers of cubular silt sized and less than silt sized pyrite on spongy
plasmafied and raw wood fossils and in vughs and channels present.
In the fourth horizon less than silt sized framboidal innumerable._
crowdy pyrite and few il menite are present (plate 53,54,55,56,67,
58,59 and 60).

At Moncompu the ékeletons present are fine sand sized to
silt sized quartz.. subangular pyrite and few other pyrites and
feldspars in the first horizon. In the second horizon ilemenite and
cubular pyrite are present. They are -high reliefed and are less than
silt sized. Less than silt sized quartz and ferrihydrite are also
present. In the fourth horizon silt sized subangular quartz, less than
silt sized innumerable number of cubular and framboidal pyrite, few
jarosites and very few ilmenites are present (plates 61,62,63,64,65,‘“

66,67 and 68).
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Few subrounded, fine sand sized quartz and many less than
silt sized ilmenite on soil S-matrix are found in the first horizon
at Mathikayal. Innumerable framboidal jarosite, pyrite, ferrihydrite
are present on the decaying roots and near or on the margins of such
roots in this horizon. In the second horizon less than silt sized
angular quartz, feldspars, ilmenite and few more than coarse sand
sized quartz, biotite muscovite and mica are present. In the third
horizon fractured few feldspars and many subangular to subrounded
fihe sand sized quartz, few - pyrites and opaques and less than silt
sized jarosite framboids and ferrihydrite are present. In the fourth
horizon slender, subangular more than fine sand sized quartz, silt
sized mica, opaques, iron coated quartz, haematite, pyrite and other.
black opaques are -present (plates 69,70,71,72,73,74,75 and 76).

At Vytilla, silt sized and less than silt sized low reliefed
sub rouned to rounded quartz, féw more than coarse sand sized laterite
nodules are also present in thv(.av first horizon. In the second horizon
coarse sand to fine sand sized subangular to subrounded quartz with
few fine sand sized highly fractured feldspars are present. In the
third horizon silt sized, faint margined low reliefed subangular quartz
with more than coarse sand sized lateritic concretions are present.
In the fourth horizon less thah fine sand sized and silt sized many
number of quartz, framboidal pyrite, quartz rich laterite concretions
of 0.39 mm diameter are present (plates 77,78,79,80,81,82,83 and
84).

At Kattukambal fine sand to less than fine sand sized

subangular quartz 0.6 mm diameter laterite nodules with sharp margins
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are present in the first horizon. In the second horizon spherical
iron enriched quartz rich laterite nodules of 0.25 mm diameter and
less than silt sized ilmenite and subrouned quartz are present. In
the third horizons less than silt sized, few subrounded to rounded
quartz and many 0.13 mm diameter laterite concretions, few opaques
and less than silt sized very fine subrounded to rounded innumerable
quartz are present (plates 85,86,87,88,89,90,91 and 92).

The skeletons present in the first horizon at Kattampally
are 0.32 diameter sharp margined quartz, slender, porous, iron r.ich
concretions and less than fine sand sized subrounded to rounded quaftz
are present. In the second horizon fine quartz, pyrite and other
opaques are present in the channels. In the third horizon slender
subangular more than fine sand sized quartz with ferriargillan 'marginal
coating and few fracturing feldspars and opaques are present. In the
fourth horizon.lime shells, valves of molluscs, ferrihydrite spheroids,
less than silt sized pyrite and other opaques are present (plates
93,94,95,96,97,98,99 and 100).

34.7. Voids

‘Voids present in the first horizon of Karumadi soil profile
are chambers and channels. In the second horizon chamber and channels
are present with iron enriched raw and plasmafide humus margins.
vughs and few channels and Chérﬁbers are present in the third horizon.
They are dominantly chambers followed by few channels in the fourth
horizon (plates 53,54,55,56,57,58,59 and 60).

At Moncompu they are not observable in the first and second

horizons. The second horizons are highly compact with finer materials.
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Voids present in the third horizons are also not observable while
channels, vughs and chambers are present in the fourth horizon (plates
61,62,,63,64.65.66,67 and 68).

Few Vughs .and planar packing voids are present in the first
horizon at Mathikayal. They are chambers, vughs and metavughs in the
second horizon followed by vughs and channels in the third horizon
and vughs and metavughs in the fourth horizons (plates 69,70,71,72,
73,74,75 and 76).

At Vytilla voids present in the first horizon is chambers.
Similar observation is found in the second horizon also. Channels
and chambers are present in the fourth horizon (plates 77,78,79,80,
81,82,83 and 84).

They are fine channels, and bigger chambers in the first
horizon at Kattukambal. In the second horizon chambers and few vughs
of 0.38 mm length are present. They are with fine argillaceous margins.
In the third horizon fine chambers and in the fourth horizon fine
channels are present (plates 85,86.,87,88.89,90,91 and 92).

At Kattampally fine channels and bigger chambers with 0.8 mm
width are present in the first and second horizon followed by bigger
chambers and channels with 0.8 mm width in the third horizons.
In the fourth horizons they are fine channels and vughs. The horizon
is compacf and only few voids are present (plates 93,94,95,96,97,
98,99 and 100). |

34.8 Humus

Dark brown to opaque fragments of raw humus and humus

at different stages of plasmafication are present in the first horizon
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at Karumadi. In the second horizon dark brown to opaque fragments
of humus under different stages of plasmafication are present in the
interangular spaces of skelétqns and voids. They are irregular in
shape. Iron enriched raw and plasmafied humus with cellular stfucture
formed the major portion of the third" horizon, while.in the fourth
horizon they are organans and ferriorganans (plates 53,54,55,56,57,58,
59 and 60). |

They are present as ferriorganans in the first horizon at
Moncompu. Ferriorganan clusters of plasmafied opaque organic matter
are present in the second horizon on decgy'ing plant 'cells, .enriched
with repeated deposition of irqn oxide on the cell walls. In the third
horizon also similar observations are noticed. They are present as
organans, ferriorganans, ferriargillans in the fourth horizon (plates 61,
62,63,64,65,66,67 and 68).

At Mathikayal they are present as ferriorganans with
ferriargillans in'_the first horizon followed by = organans with
ferriorganans in the second horizon. In the third hofizon they are
ferriorganans followed by orgénans_ with Iferriorganans in "the fourth
horizon (plates 69,70,71,72;73,74,75 and 76).

The humus are highly plasmafied and less iron oxide coated
in the first horizon at Vytilla. In the second horizon they are highly
plasmafied with  ferriargillan C('Jating‘. They are present as ferriorganans
in the third and as ferriorganans with ferriargillans in the fourth

horizon (plates 77,78,79,80,81,82,83 and 84).
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At Kattukambal they are present as ferriorganans throughoubt
the profiles. In the second horizon it is noticed to be intimately
mixed with fine quartz. In the third horizon ferriargillans are present
along with ferriorganans. In the fourth horizons the ferriorganans
are present surrounding the concretions (plates 85,86,87,88,89,90,
91 and 92). |

The humus present in the soil profile atﬂ Kattampally are
as ferriorganans. Along with -ferriorganans, organans are present in
the second and fourth horizons. Along with these, few ferriargillans
are also present within the fourth horizons (plate 93,94,95,96,97,98
99 and 100}.

34.9 Cutans

They are ferriargillan, ferrijarositan and ferran in the first,
organan and ferriorganan in the second, ferriorganan, organan and
ferripyritan in the third and- organan and ferriorganan in the fourth
horizons at Karumadi (plates 53,54,55,56,57,58,59 and 60).

At Moncompu the cutans present in the first horizon are
composed of ferriorganan, fer'rihydrite.' jarositan and pyritan. They
are ferriorganan, organan with -few argillan in the second horizon.
In the third horizon they are -ferriorganan, ferriargillan and ferran
as complete marginal coating of skeletons. Cutans of the fpurth horizon
are composed of ferran, ferrorganans aﬁd Ferriargillans (plates 61,62,
63,64,65,66,67 and 68).

In the first horizon at Mathikayal the cutans present are

ferriorganan and ferriargillan. They are present as incomplete marginal |
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coating of skeletons. Organans, ferriorganans, ferrijarositans,
ferrihydrite and ferrans are present in the second horigon. In the
third horizon they are ferriorganans, nebquasijarositans with few
ferrihydrite. Cutans present in the fourth horizon are organans,
ferriorganans and ferrans {plates 69,70;71,72,73,74,75, and 76).

At Vytilla cutans present in the first.hdfizmd are argillans and
ferriorganans. Highly plasmafied organans, ferriargillans and silt sized
soil coatings are present in the second horizon. In the third horizon
ferriorganans and ferriargillans are noticed on the soil plasma and
surrounding completely voids, skeletons and concretions. CutansApresent
in the fourth horizons are ferriorganans and ferriargillans surrounding,
bridging skeletons, voids and concretions (plates 77,78,79,80,81,82,
83 and 84). |

They are ferriargillans, argillans, ferriorganans and ferrans
in the first horizon, ferriorganans and ferriargillans in the second
horizon. Ferriargillan and jarésitans are seen surrounding voids,
skeletons in the third horizon, | ferrans, ferriargillans and few
ferriorganans  are Vpreéent iﬁ the fourth horizon at Kattukambal.
Ferriofganans‘ form complete bridgiﬁg batween skeletons and voids
- (plate 85,86,87,88,89,90,91 and 92).

At Kattampally cutans present are ferriorganans and organans
in the first horizon and second horizon. Ferriargillans and ferriorganans
are present as marginal coatings of skeletons in the third horizon.
In the fourth hofizon .the cutans preseht are organans, férriargillans

and ferriorganans (plates 93,94,95,96,97,98,99 and 100).
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34.10 Aggregates

Soil microaggregates present in the first horizon at Karumadi
is composed of raw humus, ferriargillans, fine quartz, opaques and
pyrites. While in the second horizon they are composed of organans,
ferriorganans, pyrites with few opaques. In the third horizon
férriorganans with ferripyritan constituted the soil microaggregates.
Framboidal pyrite with ferriorganans and ferriargillans constituted
the microaggregates in the fourth horizon (plates 53,54,55,56,57,58,
59 and 60). |

At Moncompu they are formed by the combination of framboidal
pyrite, jarosite, ferrihydrite With ferriorganans in the first horizon._
while in the second horizon they are with quartz, feldspars and
clusters of plasmafied organic matter and ferriorganans. In the third
horizon the soil microaggregates are organised by the combination
of jarosite, ferrihydrite and pyrite with ferriargillans and ferriorganans.
In the fourth horizon they are with silt sized iron oxide coated quartz,
hematite with ferribrganans forming clusters with finer fractions of
soil. They are with incomplete mérginal coatings of skeletons(Plates 61,
62,63,64,65,66,67 and 68).

At Mathikayal they ‘are with pyrites, other opaques and
farriorganans in the first horizon followed by jarosite framboids,
ferrihydrite with ferriorganans and ferrans constituting the soil
microaggregates in the second ho_rizo.n.' In the third horizon they are
formed with ferrorganans, neoquasijarositans, ferrihydrite and fine

quartz. Pyrite with ferriorganans and fine quartz form microaggregates
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in the fourth horizon (plates 69,70,71,72,73,74,75 and 76).

They are with fine quartz, dpaques and ferriargillans in the-
first horizon at Vytilla. Microaggregates. of second horizon are present
in the interangular spaces of quartz as complete bridges. They are
with shiny grainy silt sized skeletons and ferriargillans. In the third
horizon they are with pyrites and other opaques, ferriorganans and
ferriargillans. In the fourth horizon they are with quartz and
ferriargillans (plates 77,78,79,80,81,82,83 and 84).

At Kattukambal the soil microaggregates are with fine quartz
and ferriargillans in the first horizon followed by the aggregates
with ferriorganans, ferriargillans, fine qﬁartz and opaques in the
second horizon. It is with ferrans, ferriargillans, ferriorganans and
- jarositans with fine quartz in the third horizon. They are with fine
quartz, opaques and with some ferriargillans in the fourth horizon
(plates 85,86,87,88,89,90,91 and 92).

‘ At Kattampally they are with fine quartz, ferriorganans and
ferriargillans in the first horizon. Faecal materials of soil fauna
with some ferriorganans formed the microaggregates in the second
horizon. It is with opaques, ferriorganans and ferriargillans in the
third horizon. In the fourth horizon they are with ferriorganans,
ferriargillans, pyrites and other opaques (plates 93,94,95,96,97,98,
93 and 100)..

34.11 Laterite nodules/Concretions

They are absent in the soil profiles at Karumadi (plates 53,54,

55,56,57,58,59 and 60). At Moncompu they are present - only in the
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sgcond horizon. More than coarse sand sized,. high reliefed, sharp
margined few opéque laterite nodules are present in this horizon..
They‘are quartz rich and iron oxide enriched (plates 61,62,63,64,65,
66,67 and 68).

They are absent throughout the profiles at Mathikayal (plates 68,
69,70,71,72,73,74,75 and 76). |

Moré than coarse sand'sized ifon oxide enriched, quartz rich
subrounded laterite nodules are presenf in the first horizon at Vytilla.
Their margins are 'sharp. They are absent in the second horizon.
In the third horizon few numbers of 0.38 mm diameter 1'ater"ite.
concretions are present. Few laterite concretions 6f_ 0.39 mm diameter
are- present lin the fourth horizbn with an inner core of quartz. Quart.z
is also present in 'their ~margins (plates. 77,78,79,80,81,82,83 and
84). | |

At Kattukambal they are present in all the horizons. In the
first horizon 0.63 mm diamet‘er_iron oxide enriched laterite n_oduies
are present. Inside these nodules fractured quartz are seen. In the
second horizon spherical, quartz rich, iron oxide enriched laterite
nodules of diameter 0.25 mm are present. Opaque,. sharp margined,
quartz rich, iron oxide enriched 0.3.8 mm length_laterite nodules are
present in the third horizon. Few 0..50 mm diameter and many 0.13mm
diameter lateritic concretions are present in the fourth horizon
(plates 85,86,87'.88,89,90,91 aﬁd 92}.

- Sharp margined, quartz rich slendef, iron oxide enriched,

0.32 mm diameter porous laterite concretions are present in the first
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horizon at Kattampally. Cracks running through the whole of the
peripﬁeral coatings of lateritic concretions are noticed. Laterite
hodules/concretions are absent in the fourth horizons (plates 93,94,
95,96,99 and 100). |

34.12. Lithorlics

They are abssnt throughout the profiles at Karumadi(plates 53,
54,55,566,57,58,59 and 60), Moncompu (plates 61,62,63,64,65,66,67
and 68), Mathikaya} (plates 69,70,71,72,73,74,75 and 76), Vytilla
(plates 77,78,79,80,81,82,83 and 84), Kattukambal (plates 85,86,87,
88,89,90,91 and‘92) and at Kattampally (plates 93,94,'95,96,97,98,99
and 100).

34.13. Presence of jarosite/pyrite

Irrespective of the .locations they are present in all the
horizons. In some, the jarosites are dominant and in others pyrites.
In certain horizons and profiles both the jarosites and pyrites are
prusent in abundant quantities. In the first horizon at Karumadi few
jarosites ‘are present as neoquasijarositans. ~Pyrite cubular crystals
are present in the decayed plant cells and on the soil plasma.
Jarosites are not observable in the second horizon but cubular shaped
pyrites are present in and on ‘the raw and plasmafied organic matter.
Innumerable cubular and frambonidal pyrite masses aré present on réw
and plasmafied organic matte.r of the third horizon. Similarly silt
sized ffamboidal pyrites are present in the fourth horizon (plates 53,
54,55,56,57,58,59 and 60). |

In the first horizon at- Moncompu framboidal jarosites and
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pyrites are present. Pyrite framboids .are present in the interangular
regions of quartz’ skeletons of the first horizon while in the second
horizon innumerable framboidal and polyframboidal jarosites are present
on the raw and plasmafied organic mafter. Surrounding these cubular
ferrihydrite and iron oxide spheroids are present in abundant quantities.
Many cubulér énd framboidal jarosites and few pyrites are present
on the soil plasma towards the voids in the third horizon.. In the
fourth horizoq fine framboidal pyfites are present inside the retained
cellular structures especially cell. walls‘ of plasmafied organic mat.ter
(plates 61,62,63,64,65,66,67 and 68).

At Mathikayal very fine innumerable framboidal jarosites and
pyrites are present on the decaying roots of paddy plant in ‘the first
horizon. Very few jarosite framboids are present in the interangular
spaces of skeletons and on the cell walls of plant materials in the
sacond horizon. Few pyrites'arq_a.-also present in the third horizon.
Few  jarosite and pyrite framboids and many ferrihydrite framboids
.are present in the interangular spaces of quartz and other skeletons.
Both cubular aﬂd framboidal pyrites are also pres:aht on the decaying
plant cells. vIn the fourth horizon silt sized cubular .and framboidal
pyrites are present along - quartz skeletoris and in soil coatings
(plates 69,70,71,72,73,74,75 and 76).

At Vytilla only fe'w pyriteé are present in the first horizon.
In® the second horizon Asilt sized framboidal pyrites are present in -
the interangular spaces of quartz skeletons. They are with little

conversion to jarosites and ferrihydrites. In the third horizon jarositesA
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are absent but silt sized few pyrites are present in the chamber
slhaped voids. Similarly jarosites are absent in the fourth horizon
but silt sized framboidal pyrites are present surrounding the channels
along their margins (plates 77,78,79,80,81,82,83 and 84).

Jarosites are absent but few less than silt sized framboidal
pyrites are noticed to be present in the wvughs and channel of'the
first horizon at Kattukambal. Similarly in the second horizon also
only very few less than silt'-s_ized pyrites are pres-elnt. Jarosites
are present as jarosite deposﬁitions surrounding the voids. In the
third horizon as in the case of upper horizons only very few cubular
and framboidal pyrites are present. Similar observations are also
made in the fourth horizon (plétes 85,86,87,88,89,90,91 and 92).

At Kattampally jarosites are absent but very few framboidal
pyrites are pre_sent ih the first horizon. Similarly many fine
framboidal pyrites are present 'in the chambers along with faunal
faecal materials in the second horizon. Only few jarosites and fine
cubular .and framboidél pyrites are présent along with few organans
in the third and fourth horizons. Ferriorganans are seen associated
with these in the fourth horizon (plates 93,94,95,96,97,98,99 and
.100). |

34.14. Special micromorphological observations

Basic structure is characterised by voids with relatively
few silt sized skeletons in the first horizon at Karumadi. Plasma
is compact and is not easily recognisable. Bigger chambers and channels
and many tubular phytoliths are present in this horizon. Jarosite

and pyrites are present on the humus, and along and in chambers
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and channels. In the second horizon, .the plasma is less and the basic
structure is characterised by the dominance of voids entangled by
irregular shaped masses of raw and plasmafied organic matter. Within
these and on- these structures cubular pyrites are present, surrounded
by iron enriched zones. Fine framboidal jarosites. and pyrites are
present in the humus present in ;che third horizon. They are present
on the plasmafide plant cell. walls enriched with iron. The fourth
horizon is a horizon of raw organic matter rich, silt sized framboidal
pyrite rich, pbrous with iron enrichment, and ferriargillan deposition
in the form of hexagons. Ferr.ihydrites are absent. (plates 53,54,
55,56,57,58,59 and 60). |
The first horizon at Moncompu is with ferriargillan surroupding
subangular quartz and other skeletons. Fine and partially birefr'[ingent
plasma. Many fine framboidal pyrite and jarosites are present in
the interangular margins of skeletohs. The -horizon is with phyric
RDP. The second horizon is void rich, humus rich, fine framboidal
jarosite, ferrihydrite rich with some silt sized ilmenite, pyrite
framboids and qilartz. It is iron enriched with few ferrihydrite along
the margins of the voids. The structure reveal faunal activity. In
the fourth horizon the characfteristic feartures observed are the
presence of abundant humus, abundant fine pyrite, iron enrichment.
It is compact, with few ilmenite and quartz (plates 61,62,63,64,65,
66,67 and 68). |
The first horizon of Mathikayal soil profile is porous. Root
zoné_ of paddy field is with innumerable framboidal jarosite and pyrite

on the root cells and near the outer margins of roots and root hairs.
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More than taiese is the presence of abundant ferrihydﬁte spheriods
end framboids on the roots. Plasma ‘are less pdrous in the second
horizon. It is rich with less than silt sized abundant quartz. The -
sbil fabric is skelsepic with C(jating of plasmafied organic matter and
amoeba shaped.pyrite mass in and on the cells of decaying plant roots.—
The third horizon was compact with Skelsepic fabric, abundant quartz,
few fractured more than fine sand sized feldspars and less than silt
sized ‘framboidal pyrite, jarosite 'énd ferrihydrite. The soil fabric
of the fourth horizon is Skelargillasepic with shining and grainy dark
coloured whole soil coatings surrounding fine sand sized angular, slender
quartz skeletons. (plates 69 to 76).

At Vytilla the soil fab‘ric of the first horizon is- Voskelsepic
with silt sized ferriargillaceous plasma, shining silt sized énd less
than silt sized subrounded to rounded quartz, few runic quartz are
also present. It is with Skelargillasepic soil fabric in the second
horizon with coarse sand to fine sand sized quartz, highly fractured
fine sand sized -quartz, highly fractured fine sand sized feldspars,
less than silt sized pyrite framboids. Ferriargill_an and whole soil
coatings formed bridges between skelétons within their interangular
spaces. In the third horizon the soil fabric is Skelargillasepic with
tigger Calcifce concretion and silt sized subrounded quartz. Few pyrite
framboids and other opaques are present in the chambers. Concretions
are relatively homogenous in shape having outer coatings 'df

ferriorganan, ferriargillan and inner coatings of organans and fine
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quartz: Soil fabric of the fourth horizon is Argillasepic. It is with
abundant quartz, less than silt sized framboidal pyrite and complete
interangular bridging of skeletons, concretions with ferriargillan,
ferran on their margins. They are with characteristically linearly
arranged quartz concretions and are with intimate contact ‘with the
plf';lsma. (plates 77,78, 79,80.81.82,83 and 84).

At Kattukambal the first horizon is characterised with signs
of both translocation and accumulation of iron and argillaceous materials
with in the same horizon. The soil fabric is Argillasepic with high
oval laterite and lateritic noduies and' few less than silt sized pyrité
framboids. Few fractured hornblende, biotite and feldspars are also
noticed in the iron oxide enriched plasma of this horizon. The second
horizon is plasma rich, compact, less porous with Argillasepic to
Vosepic soil fabric with lateritic nodules. The dark brown coloured
zones are regions of fine ferriagillan and organan accumulation, while
the yellow and yellowish brown regions indicate the translocalation
of these materials. In the third horizon the special observations
noticed are compactness, iron énrichment, Argillasepic soil fabric
with jarosite aureoles surrounding. ‘the pores. Jarosites of this horizon
are noticed to be transformed to ferrihydrite. The fourth horizon
was highly compact with abundant concretions and abundant fine quartz.
The soil fabric is Argillasepic with complete skeletal bridging with
ferriargillan (plates 85,86,87,88,89,90,91 and 92). The peculafity
of the first horizon at Kattampally is the presence of bleéched plasma
and many less than fine sand sized subrounded to rounded quartz.

Concretions aré irregular shaped, quartz rich, iron oxide coated and
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cracked. In the second horizon the peculiar observation noticed are -
thé presence "of orthoaggrotubules and bigger chambers filled with
faunal faecal materials indicating current faunal activity. These
~chambers are coated with ferran and ferriargillan on the outer margins
and 'spongy' faecal materials in the inner margins. Silica depositiqn
in the hexagonal shape was also observed in this horizon. The soil
fabric of the third horizon was Skelsepic with less plasma and
complete marginal coating of -skelétons with ferriargillan, very fine
pyrite, jarosite and fine sand - sized subangular quartz. The special
observations noticed in the fourth horizon are the action of silty
soil‘mass and ferriorganon on the limeshell, valves of mollucs leading

to their marginal, surficial craking (plafes 93,94,95,96,97,98,99 and

100).

35, Scanning Electron Microscoi)ic Analysis of Soils, Silts and
clays (Submicroscopy of the Soils,Silts and Clays)

3‘5.1. Scanning electron fnicroscopy of soils |

The SEM Photographs of the soils of different locations are
presented as plates 101 to 137. The description together with the
interpretation of the observation are follows: |

At Karumadi in the kari soil profile first horizon a thic‘k'
iron oxide accummulation on both sites are seen. Soil wood fossils
coated with 1.0 mu sized jarosite framboids and few other opaques
coated with thick flakes of iroﬁ oxide afe observed. Thickly iron -
- oxide coated jarosite framboids .of 1 to 10 mpf..j size are preseﬁt on
~ thickly iron oxide coated wood_ fossils.'and other soil skeletons. Few

iron oxide coated cubular pyrites, is also seen (plates 101,102).
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In the second horizon on the wood fossiils highly thick iron coated,
hexagonal ‘and spherical shaped regions with 5 m 3 sized polyframboids
of jarosites with_in them are seen. The marginal iron coating is of
10 m u thickness. Highly shirnked wood fossil fabric with ridge
gnd furrow structure with opaque thick iron encrustations on these
ridges and furrows are also -noticed. Highly -iron oxide enriched
framboidal» jarosites of 7 m P diam_etef, are observed on these wood
fossils (lplate' 103,104). Iron oxide smeared thick, dense, soil fabric
with 10 m B diameter polyframboidal jarosite, characteristic spherical
nodules of pyrite and jarosites, showing separable hexagonal shc;llp,;&d
migrocrystals of framboids are the charaf:t__eristic feature of the third
horizon. The soil is with. Skelsepic fabric with thick iron coating
of skeletons yvith few 30 m M -diameter‘ framboidal pyrites. Highly
iron oxide coated, pdrous soil matrix lead to the Skelvosepic fabric.
260 m F dia highly iron__oxidé cbated pyrite framboid showing cracks
and multifaced microcrystals of | the framboid. Framboids shows
cracking and trapping of a flake like diatomaceous material in this
horizdn. Hi'%htly shrinkedl-iron coated ridge and furrow structured
fabric of wood fossils showing innumerable number of 1 to 2 m s
diameter pyrite framboids and many 10 m f‘l diameter pyrite framboids
on the wood fossil are also present. A richly iron oxide deposited,
Vosepic S—mat;r_.i'x with few framboidal pyrites of 2 m Iu diameter is
another feature noticed (plates 105,106,107,108 and 109). In the fourth
horizon hexagonal shaped marginal iron oxide deposition in wood
fossils with few numbers of 2 m M diameter pyrite framboids and

innumerable numbers of 1 m P pyrite framboids are noticed. In the
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partially decomposed root channels innumerable number of spherical
unattached 20 m M diameter pyrite framboids are present. Some of
the framboids ‘are smooth while others are rough and porous. The
margins of the roots are with repeated ferric iron oxide deposition
and are free of pyrites. (plates 110, 111,112).

| At Moncompu karapadam soil profile in the first horizon the
soil fabric is Skelvosépic with high iron oxide coating and flaky
wood fossils opaque minersls, and few jarosite framboids of 3 4m M
diameter, flaky diatomaceous materials (plate 113). In the second
horizon highly iron oxide coated Skelvosepic fabric with densely
iroﬁ oxide coated wood fossils showing cellular structure with many
opaque mingrals and many 2 m }1 diameter framboidal jarosites. One
flaky diatomaceous ma;terial ofl about 100 m u is also noticed (plate
114). In the third horizon cellular,type of repeated ferric iron oxide
deposition on the wood fossils, with 2 m M diameter innumerable
number of jarosite framboids and pyrite framboids seen. The ‘wood
fossils with cellular structure exhibit a striated orientation pattern.
Hexagonal shaped broken pouch like structures of iron oxide with
many number of euhedral crystals of pyrite and gypsumand authigenic
quartz are also noticed in this horizon (plate 115,116,117}, AIn. the
fourth horizon the sub microtopography is "undulating" with striated
orientation paftern of skeletons. The soil fabric is Skelvosepic with
innumberable number of oval shaped flakes of diatoms and lateral
discontinuous irreguar shaped iron deposition. (plate 118)

At Mathikayal kayal soil profile ‘the first horizon is

iron oxide coated, high reliefed skeleton rich soil with 10 m /J
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diameter paddy roots and root hairs. The skeletons include subangular
quartz, few.mica and many opaques, dominantly ilmenite (plate 119),
The second horizon is com paratively compact, more iron oxide coated,
skeleton rich with few 10 m M diameter jarosite framboids. The soil
fabric is Skelvoéepic (plate 120). While the third horizon is highly
iron oxide coated with Skelvosepic fabric. Thick iron encrustations
with many number of 10 m ,.1 diameter pyrite framboids, highly
undulating submicrotopography aré the charasteristic features of this
horizon. On the wood fossils. cellular type localised iron deposited
surface fabric with spots of repeatéd .ferric iron oxide depositqd
regions, few 5 m /U diameter pyrite framboids and iron oxide coated
skeletons arel present (plate 121,122). In the fourth horizon the
soil is highly dense, repeatedly ferric iron oxide deposited with uneven
submicroscopic. topography. The soil fabric is Vosepic with 10 to
20 m }u width channels, chambers and quartz and many 3 m 2 diameter,
pyrite framboids are present. Here on the same horizon high reliefed
iron oxide coated, pitted and weathering ilmenite are also noticed
(plates 123,124,125).

At Vytilla pokkali soil profile ‘the first horizon soil fabric
is Skelsepic. Few higher reliefed undulating, ilmenite and many 20
m u -sized ilmenite, other opaques, fe-w numbers of 0.5 m Iu size
jarosite framboids are present. Dense iron oxide coated skeletons
with very few non coatéd or incompletely - coated skeletons is the
specific feature observed. Few oval and flaky diatomaceous materials»

are also present (plate 126).
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In the second horizon dense ferric iron oxide coated sodium
sulphate salt rich Vdsepic fabric with flaky mica, diatomaceous
material and few densely iron oxide coated 1 m I diémeter jarosite
framboids. Vughs and chambers are the dominant -voids. Iron oxide
coating is noticeably repeated (plate (127). While in the third horizon
wood fossils are present with few more than 30 m /u width ilmenite,
other opaques and many 10 m /u sized densely iron oxide ‘coated pyrite
on the ridge and furrow structures of._.shrinked wood fossil fabric.
In the third horizon repeated densé_ ferric iron oxide coating on ridge
and furrow structured surface of wood .fossﬂ» and on jarosite framboids
and on the skeletons are noticed (plate 128, 129).

At Kattukambal kole soil profile first horizon is with iron
oxide coated ilmenite and other opaque minerals. Soil fabrics is
Skelsepic to Skelargillasepic. Iron oxide coating on the opaques are
peripheral and marginal, but not surficial (plate 130). In the second
horizon iron ,oxide <coated 10 m P size opaque mineral rich,
Skeargillasepic soil with few jarosite framboids, 100 to 200 m /u sized
laterite nodules and quartz skeletons present. Iron oxide -coating is
with a fibrous pattern (plate 131.]. In the third horizon the soil
is with-thick iron oxide deposition, marginal and peripheral iron
oxide coatings of skeletons. Many 1.0 m lu diameter pyrite framboids
are present. Macro channels, filled with iron oxide coated skeletons,
silt sized opaques present (plate 132). The fourth horizon soils is
with highly localised dense narrow iron oxide coated nodule rich.
Iron oxide deposition is peripheral and marginal with few patches
on the skeletons. Skeletons and nodules are above 50 m IJ size (plate

133).
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At Kattampally kaipad soil profile in the firsf horizon many
flaky, slender wood fossil pieces with repeatedly ferric iron oxide
coating present. Ilmentite and other opaques and few iron oxide Coated
jarosite framboids of 10 m Iu diameter. (plate 134) are present. The
soil of the second horizon is flaky, fibrous, localised iron deposited
and wood fossil rich. The soil fabric is Voskelsepic with cellular
type of iron oxide deposition on shrinked wood fossils.Many ilmenite,
opaques and few 10 m u sized pyrite and jarosites with iron oxide
coating present (plates 135). The third horizon is with densely iron
oxide coated, Skelsepic fabric, partially decomposed, slender pieces
of wood fossils, few 10 m P.l sized iron oxide coated pyrite framboids
and other opaques (plates 136). The soils of the fourth horizon is
highly iron oxide coated. The soil fabirc is Skelsepic. Majority of.
skeletons are opaques, smeared with sharp iron dxide coating. Other
skeletons are high reliefed and devoid of iron oxide coating. Many
microlites of calcium carbonate, fine (5 m ,u sized) pyrite framboids,
ferric hydrite spherioids are present. (plates 137).

35.2, Scanning electron microscopy of less than 0.05 mm soil fraction

from 0-50 cm depth

Karumadi kari soil profile densely iron oxide coated, high
reliefed, angular ilmenite, sillimanite, “quartz and wood fossil pieces
of 50 m [u length and 5 m Iu breadth with fevY gypsum crystals and
framboidal iron oxide coated jarosites present (pate 138).

At Moncompu karapadam soil profile densel'y iron oxide coated
subangular to subrounded ilmenite, sillimanite, quartz, framboidal
jarosites and few pieces of densely iron oxide coated wood fossils

are present (plate 139).
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In the Mathikayal kayal soil profile denseiy iron oxide Co'ated
15 m lu sized ilmenite, sillimanite, quartz, many angular to subangular
and 3 m r_\ diameter jarosite framboids, ferrihydrite spheriods, and
few pieces of densely iron oxide coated wood fossils are present
(plate 140).

At Vytilla pokkali soil profile iron oxide coated ilmenite,
quartz of 10 m ‘u size, few 15 m [u sized sillimanite, few 5 m rJ sized
densely iron oxide coated jarbsite framboids and 2 m Iu sized
ferrihydrite spheroids are present (plate 141).

At Kattukambal kole soil pro'file completely densely ferric
iron oxide coated, subrounded to rounded 10 m r_\ sized quartz, ilmenite
haemetite and goethite are present. (plate 142}.

At Kattampally kaipad soil profile densely iron oxide coated,
high reliefed, 100 m [u sized sillimanite, ilmenite, quartz, 5 m ‘u
diameter frambidal jarosite and few pieces of lath shaped wood fossils

are present (plate 143).

35.3. Scanning Electron Microscopy of Clay (<0.002 mm fraction

from 0-50 cm depth

At Karumadi kari soil profile highly dense clustered ferric
iron oxide coated angular -to sﬁbangular quartz, framboidal jaros-ite,
ferrihydrite, pyrite, haematite and goethite and few pieces of densely
iron oxide coated flaky wood fossils, flakes of webby diatoms are
present (plate 144,145).

At Moncompu karapadam soil profile densely ferric iron oxide
coated subangular to subrounded 10 m [u sized quartz, sillimanite,

ilmenite, many 3 m ‘u sized framboidal jarosites, haematite and goethite
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are present ‘(plate 146).

At Moncompu karapadam soil profile few 20 m rJ sized angular
quartz and many iO m Iu sized angular to subangular densely ferric
iron oxide coated quartz, ilmenite, 3 m M dia framboidal deﬁsely'
iron oxjde coated jarosites, haematite- and goethite are present (plat.e
147).

At Mathikayal kayal soil profile densely ferric iron oxide
coated, angular to subangular, about 10 m rj sized quartz, sillimanite,
ilmentite, 2 m r.l diameter spheroidal iron oxide coated framboidal
jarosites are present (plate 148,149).

In the Vytilla pokkali soil profile densely ferric iron oxide
coated, sodium sulphate coated 5.15 m F sized angular quartz, 6 m
[u sized ilmenite, very few 5 m u diameter framboidal jarosite and
many 2 m Iu framboidal jarosite and many 2 m r.l sized framboidal
jarosites are present (plate 150,151).

In the Kattukambal kole soil profile angular to subangl;llar
densely‘ iron oxide coated quartz, ilmenite, few framboidal jaroisites
of 2 m [u size are present (plates 152.1’53].

At Kattampally kaipad soil profile densely ferric iron oxide
pherpherially coated ‘subrounded quartz of 15 m [u size, many 5 mr. :

sized densely iron oxide coated high reliefed quartz, ilmenite,
haematite; many 2 m iu sized framboidal jarosite, ferrihydrite are-
present. The quartz skeletons are seen to be highly flaky, mica quartz

(plate 153,154,155).
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36. Forms and distribution of pyrite

The results of the observation of the. forms and distribution
of pyritevbodies by the. polarised and scanning electron rﬁicroscopy
is presented in table 10. |

Three types of pyfites viz primary pyrite, secondary pyrite.
and teritiary pyrite identified in these soils.

Primary pyrites are present as- pyrite bodies as spheres,
similar to a bunch of grapes. 'These framboidal bodies of different
diamensions mixed with clay and silt particles occur iﬁ the subsurface
horizons. At Karumadi, Moncompu and Mathikayal they are present
in the fourth horizons. At Vytilla and Kattampally they are present
in the lower parts of the third- horizons and in the fourth horizons'.
They are not observed in any of the horizons at Kattukambal.

Secondary pyrites are found as pyrite bodies more or less
cubes, spheres, strings of spheres and framboidal spheres in the
cells of plant tissue remnants of. the soil organic matter.. They are
present inside the walls of partially decomposed plant tissue remnants
of the second and third horizons of all locations except Kattampally
where they are noticed to be present in the first, second and rarely
in the: third horizons within the partially decomposed plant tissue
remnants and on the shells of molluscs.

Ter_tiary pyrites are | similar to secondary pyrite . .
microscopically but are present with in the surface horizons of these
soils, At Karumadi, Moncompu, Mathikayal and Kattampally they are
present in the first and second horizons while at Vytilla and

Kattukambal they are 'present in the second and third horizons. The

-



Table 10. Pyrite content, distribution, size classification, fibre content, bulk density and 'n' value of the dcid sulphate soils.

Sl. Soil profile/ Pyrite Depth of Depth of Size classes and distribution Rubbed Bulk 'n'Value
~ No. Location coqtent% Max . " Min. A Zm/J' 2-7 my- 7-15 m}l 15 m}.l fibre% density (Mean)
(percent) . :
1. Kari soil . 1.20 1.27 10-36 . 36-59 76.9 15.4 7.7 - 12.6 1.9
Karumadi ‘ 1.12 1.25 IT horizon  III horizon . 23.3 46.5 23.3 6.9 14.5 2.2
' ' 36.7 - 63.3 © - 16.9 2.3
6.7 . 14.5  43.6  38.2 14.3 2.0 1.2
2. Karapadam soil 0.66 - 0.72 63-100 0-12 68.2 22.7 9.1 - 13.2 1.8
Moncompu 0.81 0.90 IV horizon I horizon 100.0 - - - 9.1 1.6
' 100.0 - - - 8.7 . 1.9
100.0 - - - 5.5 1.5 1.1
3. Kayal soil ' 0.66 0.72 24-46 0-10 89.0 11.0 - - 1.6 1.6 '
Mathikayal 0.78 0.76 IIT horizon I horizon .95.0 5.0 - - 1.4 1.5 |
‘ 91.3 6.5 2. - 1.1 1.5
: 82.0 10.0 8.0 - 1.4 1.5 1.0
4. Pokkali soil 0.96 1.02 32-59 0-13 100.0 - -~ - 6.8 1.9
Vytilla 1.07 1.02 IIT horizon I horizon 96.5 .5 - - 0.9 1.1
91.0 7.0 2.0 - 7.6 1.6
88.0 12.0 - - 3.2 1.3 1.0
5. Kole soil 0.40 0.37 39-100 0-29 98.0 2.0 - - 0.9 1.2
‘Kattukambal ©0.26 0.20 IV horizon I horizon 97.0 3.0 - - 1.1 1.1
| | 84.0  10.0 . - 0.7 1.1
_ : 96.0 3.0 1. - 0.8 1.2 0.6
6. Kaipad soil 0.76 0.74 39-100 9-24 92.0 6.0 2. - 1.6 1.2
Kattampally 0.75 0.92 IV horizon II horizon 96.0 4.0 - - 2.6 1.3
' 92.0 8.0 - - 11.4 1.8
90.0 _3._0 7.0 - 3.4 1.3 . 0.8 __
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only difference of the tertiary pyrite from -secondary pyrite is that
it occurs in remnants of all kinds organic matter (paddy roots at
MathikaYal first horizon) similar to its occurrence in mangroves roots
and other tidal dominant vegetation. |

Among the forms' secondary pyrite is mainly responsible for
the acid sulphate soils in the present study.

36.1. Quantity, size and distribution of pyrite in the soils

The results of the polarising and scanning electron microscopic
observations on the quantity, size and distribution of pyrite bodies
in the soils are presented in table 11.

At Karumadi mean pyrite content raﬁges between 1.12 and
1.27 percent. Maximum is observed in the second horizon and the
minimum is in the third horizon. Among the three size classes of
classification of pyrite bodies made under 2 m rl diameter class mean
content ranges. between 3.3 and 76.9 percent, the maximum being in
the first horizon and the minimum in the second horizon. Similarly
under the size class 7;15 m [u diarﬁeter it. ranges between zero and
46.5 percent, the maximum being in the second horizon and ‘the
mimimum in the third horizon. While under size class of more than-
15 m P diameter it ranges between 7.7 and 63.3 percent, the maximum
being in third horizon and minimum.in the first horizon.

At Moncompu mean pyrite content of the soil profile ranges
between 0.66 an.d 0.90 percent, maximum is recorded in the fourth
horizon and the minimum in the first horizon. Under 2 m M diameter
size class mean content ranges between 68.2 and 100 percent. The

maximum is at second, third and fourth horizons and the minimum



Table 11.0

Forms and distribution of pyrite bodies in the acid

sulphate soils

(Polarising and scanning electron microscopic observations)

Soil-Locations

Primary Pyrite

Secondary -Pyrite

Tertiary pyrite

Kari soil
Karumadi I

Kari soil
Karumadi II

Karapadom soil
Moncompu I

Karapadom soil
Moncompu II

Kayal soil
Mathikayal I

Kayal soil
Mathikayal II

Pokkalil soil
Vytilla I

Pokkali soil
Vytilla II

Kole soil
Kattukambal I.

Kole soil

Kattukambal II -

Kaipad soil
Kattampally I

Kaipad soil
Kattampally II

Occurs mixed with
clay and silt in the
IV horizon

occurs mixed with
clay and silt in the
IV horizon

Occurs nmixed with
clay and silt in the
IV horizon

Occurs in the part of
the III horizon and
in the IV hcrizon
mixed with clay

and silts

Not observed in
any of the horizons

Occurs mixed with silt
and clay in the III
and fourth horizons

Observed in the II
and III horizons inside
the partially decom-

posed plant tissue
remnants

observed in the II

and III horizons inside
the partially decom-
posed plant '
tissue remuants

observed in the II
and III horizons
inside the partially
decompos«d root
tissues

Observed in the II and
IIT horizons inside
partially decomposed
plat tissueé’ remnants

Observed in the II

and III horizons within
the partially decomposed

plant tissue remnants

Observed in the I. 1II

and rarely in the III
horizons within the

partially decomposed plant

tissue remnants zng

on the shells of mclluscs

Observed in the
I and II horizons

-

observed in the
I 'and II horizons

observed in the
I and II horizons

Observed in the
ITI and III horizons

Observed in the
IIT horizons

Observed in the
II horzons .
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in the first horizon. Under the 7-15 m rj _diameter class and more
15 m F diameter class it ranges betWeen zero and 22.7 and 9.\1 percent
respectively. They are nil under these size classes in the second,
third and fourth horizon.

At Mathikayal mean pyrite content of the soil ranges between
0.66 and 0.78 percent, the maximum content being in the third horzon
am_i the minimum in the first horizon. Under 2 m r_l diameter size
class it ranges between 82.0 and 95.0 percent with maximum in the
second horizon and minimum in the fourth horizon, under 7-15 m ’u
diameter size class»it ranges between 5.0 and 11.0 percent wi_th
maximum in the first horizon ‘and minimum in the second horizon.
While under more than 15 m P'diameter size class it ranges between
zero and 8.0 percent. The maximum is recorded in the fourth horizon
and zero in the first and second horizon.

At Vytilla it ranges between 0.96 and 1.07 percent.Maximum
is recorded in the third horizon and minimum in the second and four.th_
horizons. Under 2 m r.l diameter size class it ranges between 91.0
and 100 percent, the maximum being in the first horizon and minimum
in the third horizon. Urnder 2-7 m'_rl size class it ranges between zero
and 2.0 percent, with the maximum in the third horizon and minimum
in the first ﬁorizon, and under 7-15 m r.l size class it ranges between -
zero and 6.0 percent with the maximum being in the third horizon
and zero in the first and second horizons. Under 15 m rj size class
it ranges between zero and 2.0 percent. The maximum being in the‘
third horizon and zero in the first, second and fourth horizons. |

At Kattukambal it ranges between 0.12 and 0.40 percent. The
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minimum is recorded in the third horizon and the' maximum is in
the fourth hori.zon. Under the 2 m r.l diameter size class it ranges
betwen 84.0 and 98.0 percent.The maximum is observed in the first
horizon and minimum in the third hofizon. Under 2-7 m-rj diameter
class it ranges between 2.0 and 10.0 percent. The maximum is in
the ‘third horizon and the minimum in the second and fourth horizons.
Under 15 m }_1 diameter size classes it ranges between zero and 6.0
percent with the maximum in the third horizon and zero in the first
-and second ‘horizon. |

It ranges between 0.74 and 0.92 percent in the soil profiles
at Kattampally. The maximum is recorded by the soils in the fourth
horizon and the minimum by the second horizon. Under the size class
2 m P diameter it ranges between 90.0 and 96.0 percent with the
maximum in the second horizon and the minimum m the first and third
horizon under 2—7 m P diameter size class it ranges between 3.0 and
8.0 percent with maximum in the third horizon: and minimum in the
first horizon, under 7-15 m P diémeter size class it ranges betWeen
zero and 7.0 percent, with the maximum being in the fourth horizon
and zero in the other horizons. Uner"’ .the size class of more than
15 m IJ diameter is nil at all the horizons.
37. ' Soil Classification

Acid sulphate. soils studied from different locations have
been observed to bé associéted with sets éf characteristics.

37.1. Kari soil-Karumadi

Peats soils with high salinity and acidity, ' poor aeration,

innundation by sea water, woody materials in = various stages of
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decomposition, deep black colour,Sulphaquent with sapric soil material
underneath.

37.2. Karapadom soil-Moncompu

Typical saline acid sulphate soils with higher order of
salinity and acidity with fair amounts of organic matter. Sulphuric
horizon has its boundary within 50 cm of the surface, presence of
jarosite mottle lad en layer within 50 cm depth. ‘

37.3. Kayal soil-Mathikayal

Saline, slightly acid to acid, low to medium level of organic
matter with lime shells or lime shell layer, Aquent with mean summer '
(March, April, May) and winter (November,December) temperature
within 50 c¢m depth differ by less than SOC. with jarosite mottles
within 50 cm depth

37.4. Pokkali soil-Vytilla

Exist in the mouths of s-tfeéms of rivers subjects to tidal
innundation, over grown with mangroves and other salt loving plants
represehting acid saline marshes. Aquents with sulphidic materials.
that has its upper boundary within top 50 cm. Only jarosite mottles
and ﬂarrow jarosite layer with 50 cm depth.

37.5. Kole soil-Kattukambal

Saline, slighty acid, low to medium in organic matter with
gravelly laterite lower horizons, exists near streams and lakes, Aquent‘
with mean summer (March, April, May) and winter (November,
December) temperature of 50 cm depth differ by less than 5°¢. Only

very few jarosite mottles within 50 cm depth.
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37.6. Kaipad soil - Kattampally

Exist in mouths of streams and rivers subjected ot tidal
innundation, these are over grown by mangroves and other salt loving
plant and répresent acid saline marshes (Swamps), Aquent with
sulphidic material has its upper boundary within top 50 cm. Narrow
jarosite layer with jarosite mottles within 50 cm depth.

All the soil have more than 1.05 (1.05-17.90) percent organic
matter. The total .sulphur content of all the soils studied have more
than 0.04 (0.04-0.34) percent. All these have low chromas except
at Karapadam, and Kattampally, where high chromas are noticed in
these soils irrespective of locations (2.5Y, 5Y, 5YR, 7.5 YR). Jarosite
mottle and jarosite mottle ladden layers are pale yellow coloured

with hue 2.5 Y and value and chroma ranges between 6 & 7.
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DISCUSSION

In Kerala the saline and acid sulphate soils occur along the West
coast- occupying marhsy depressions and lagoons. They are locally known

as kari, karapadam, kayal, pokkali, Kkole ‘and kaipad soils. They

represent different acid sulphate soil: environments in the state. Earlier
work on these soils reveal that they are clay to clay loam in texture,
highly acidic and saline with partially decomposed wood in the various
stages of decomposition. These soils are with fossilz. limeshells and
other molluscan shells. Forms of sulphur, Fe aﬁd Al are high. Clay
minerals are dominantly kaolinite with minor quantitiy of 2:1 types.
Wadia (1966) énd Geological survey of India (1976) reported the presence
of pyrite in the West coast soils and the macasite and pyritous clay
in the lignite layer of 'Warkalli' formation. Detailed and integrated
methods of stage by stage morphology with mineralogical and physico-
chemical analysis of soils and soil fractions are essential to characterise
these unique soils. The study of their micro morphological variation,
location of centres of acidity and studying the morphology, distribution
and forms of pyrite and its quantity are necessary to study the micro-
pedogenesis operated in these soil formation and development. In order
to ascertain and bring of out detailed information on the above, the
present study was conducted. This study encompassed different locations
in the State along the West coast namely Karumadi, Moncompu, Mathikayal,

Vytilla, Kattukambal and Kattampally.
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1. Geology and Gemorphology

As per the field observations it is indicated that along the
West coast where the acid sulphate soils are confined the significant
geological formation is the 'Warkalli' formation (Wadia, 1966; Bhargava
and Abrol, 1984; S-oil Survey Staff, 1978). At places these formation
lies over fossil lignitle layer and limestone strata. |
2. Climate

These soils are situated- in the low:lands. The substantial
raiﬁ:fall received in this region and these ‘lands are submerged
throughout the year. The climatic parametres recorded represented
a humid tropical climate.
3. Natural vegetation and fauna

The observed near by mangrove vegetation in the swamps
and that in the brackish conditions nearer to these profile sites are
rem:'/nants of earlier mangrove vegetation classified as 'Tidal forest'.
Mangrove fauna are seen living and active in the near by swamps
and brackish water and in the surface horizons of these soils, though
fossil arthropods and molluscan shells are observed in the lower
layers dominantly at Vytilla and Kattampally. In all the locations
in fresh water région, vegetation of reed community is observed

indicated by the presence of thagmites, Typha, and Scirpus taxa.

4. Agriculture

Rice is the crop of Choibe of this region. As already
discussed the major hazards in this regions to agriculture - is saline
water intrusion, floods, soil acidity and Fe and Al toxicity. Saline

water intrusion hazards of this region for rice cultivation and fish’
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culture is prevented by the construction of .Thanneermukkom barrage
and Thottapally spillway at Kuttanad, and Kattampally spillway at
Kattampally.
5. Drainage

The drainage of this region is poor, as thé lagoons are flood-ed
with fresh rain water received frorﬁ the up lands during rainy season.
Further it is compounded: by seawater ingression with alternate high
and ebb tides..
6. Soil macro morphology

6.1 Soil colour

The dark grey to black soil matrix colour observed in these
soils can be atributed to the partially decomposed wood fossil present
(Money and Sukumaran, 1973; Bhargava and Abrol, 1984 The oxidation
of the .organic matter by 30 percent v/v HZOZ resulting in oxidation
of dark coloured organic matter as well us pyrite still leaves black
coloured residues. Examination of these residues reveals higher
concentration of opaque grains such us ilmenite and haematite. The
soil thin sections (plate 57 to 83 and 94) and sand' mineralogy (plate
163,165,167 and 169 to 171,173) reveal the existance of abundant
‘opaque minerels. The soil matrix colour with hue 2.5 indicate
distinctly wet gleyed and reduced nature of the soils (plates 1 to
6 and 7 to 25). In the field the increased ov'ccurrence of reduced
mottles with depth are due to shallow ground water level. Only one
type of water regime is recognised in these soils that is ground water.

6.2 Colour mo ttles

The observed colour mottles of the' hue 5 YR, 7.5 YR and
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10 YR in the epipedons of these soils is indicative of the alluviation
of lateritic soil. material up to a depth of 1m. (Plates 7 to 25).

6.3 Soil texture

Though the surface horizons are coarser, the observed fine
texture in the subsurface horizons suggests that only fine sediments
have been deposited to give rise to these soils (Plates 7 to 25 and
table 2.0 to 2.3).

In all the locations closer morphological observation indicate
the presence of stratification at Moncompu, Mathikayal, and Karumadi
(Plates 7 to 14) and absence of stratification at Kattampally,
Kattukambal and Vytilla (Plates 15 to 23). Faunal homogenisation is
suggested due to the absence of stratification. Homoéenisation in the
- upper horizons and presence of - fossil founa in the lower horizons
especially at Mathikayal and Kattampally (Plates 3,69 to 76 and 6,93
to 100) is observed. This suggests that the subsoils of these soils
are very poorly drained, too wet and never dry enough for a
sufficiently long period of time.to be colonised by the fauna. It may
also be due to the high acidity prevalent in these subsoils, limiting
the funal habitation.

6.4 Soil coatings

Of the observed clay and soil coatings in the field (Plate
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7 to 25) the soil coatings appear as that with shining grained surfaces
covering the surfaces. v

Kawaguchi and Kyuma (1969), Amimuddin (1981) studied the
clay coatings and soil coatings in the fluvial soils of Malaysia. Clay
coatings are observed as cutans in the voids and surrdunding skeletons
with different colour and composition. Brammer (1971) suggested that
a suspension of soil material in irrgation or flood water will flow
into cracks formed during dry season and form coatings. This will
be repeated in the following years. Another plaussible explanation
is the «colloidal leaching of soil material including lower sized
fractions of clay dimensions which get coated over other particles
and interspaces. It is also possible that the constituents of clay
materials like colloidal slica and alumina under waterlogged conditions
may be getting synthesised to clay sized partilcles. The types of
" soils and clay coatings are not clearly observable in the fields.

6.5 Structure

Field observations show that all the soil pedons have
structured B horizons 'and C materials are either weakly structured
or massive. At K:gttukambal (plates 5,18,19) and Moncompu. (plates
2,11,12) profiles the observed subangular blocky structure confirms
this view. In the subsurface horizons the fomration of prismatic
structure begins to appear in Karumadi (plates 1,8,9) and Moncompu
(plates 2,11,12) pedons. They have »subangular blocky prismatic

structure (Plates 1,2,8,9,11,12).

6.6. Effect of rice cultivation

Being cultivated soils all pedons have plough layers, the
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depth of its occurrance and thickness differs from location to location.
The plough layers are strongly reduced with characteristic brown
mottles on ped faces, consistency of peds range from firm to friable
(plates 1 to 6). -

The plough pans have brighter colour and are very firm as
compared to the plough layers(plates 1 to 6). The absence of well
defined plough pans in some of these profiles is because, these soils
have become cultivable and under rice only within the last 50 years.

6.7 Stickiness and Plasticity

The observed variation in the stickiness and plasticity can
be attributed to the variation in clay content, electrical conductivity,
finer fractions and content of partially decomposed wood fossils.

6.8 Boundary of ho¥i{z&ns

The grédual smooth boundary observed in these soils(plates
1 to 6) is due to lack of stratification and more intimate homogenising
of soil materials while the gradual wavy boundary (plates 1 to 6)
are éuggested to be formed dUe-.'tO'stratification, mass flow and
presence of fossil remnants of wood fossils and fauna (plates 1 to
6). The abrupt wavy boundary observed at Kattukambal (plate 5)
and Kattampally (plate 6) suggests that they are formed due to the
presence of relic graveliy laterite layer and stratification of fossils
of wood and fauna (plate. 1 to 6).

6.9 Presence of roots

Medium fine to very fine abundant roots in the upper horizons
of these soils are due to continuous paddy cultivation and weeds

present in these fields. The observation of fossil pneumatophores



145

and barks in subsurface horizons can be due to silting up and
neoformation on an- earlier mangrove‘ vegetation, in the recent geologic
past. The observed partial decomposition or raw stage of these root
materials is due to the waterlogged nature, together with the
retardation of decomposition by micro organisms due to higher salinity
and acidity (Plates 67 to 70 and 72).

6.10 Permeability

The observed variation in the internal soil profile permeability
is due to the .variation in their granulometric composition and the
'var'iation in the presence and distribution of partially decomposed
wood fossils. Accumulation of finer fractions and compactness of the
horizons prevent the flow of water through the profile. The occurrence
of a sandy layer or horizons with sand pockets accelerated the water
flow though some of the profiles resulting in moderate permeability
(plates 1,2,3,4,6).

6.11 Concretions/Nodules

Laterite concretions and nodules present in these pedons,
especially at Kattukambal (platess 5,18,19) with hue 10 YR, 7.5 YR,
5 YR confirm the views on soil colour mottles discussed earlier (6.2)

6.12. Jarosite rich horizon - depth of occurrence, thickness

and colour
Irrespective of the locations the occurrence of jarosite mott les
or the diffiused jarosite mottled layer within 50 cm depth indicates
recent deposition (plates 1 to 4 and 6). In the last 30-40 years the
Kuttanad and other coastal regions, due to more intensive rice

cultivation are not subject to wet fallowing as was the practice in
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some of these acid sulphate soil regions of the State. This lack of
wet fallowing has drastically decreased the extent of stratification
in the regions (plates 1 to 6). Further it leads to greater disturbance
of the surface soils and aeration' leading to the accumulation of
jarosites near the surface(plates 1 to 6). In effect the human influence
possibily has been decreasing the acid sulphate nature of these soils.
Higher Eh and higher Fe content may be reason for their lower content
or absence in the Vytilla (plate 4) and Kattukambal (plate 5). The
observation of jarosite mottlings and its enriched layer at a shallow
depth at Karumadi (plate 1), Moncompu(plate 2), Mathikayal (plate
3), Kattampally (plate 6), and Kattukambal (plate 5) and deeper and
thinner occurrénce at Vytilla (plate 4) can be attributed to be due
to the observed variation in electrical condgctivity. redox potential
and Fe content. High salt concentration even masks the observation
. of jarosite at Vytilla (plates 4,15,16) in the field.

6.13. Drainage

The observed variation in internal drainage of the pedons
at different location can be due to a wide variation 1in their
granulometric composition, distribution of partially decomposed fossil
(plates 1 to 26)§ table2.0-2.3 organic matter.Presence of sand pockets and
less homogenisation of soil materials (plates -1to 23) can be attributed
as the reasons for the variation in soil drainage observed.

7. Granulometric composition

The observed variation in the content and distribution of
different mechanical fractions in these soil pedons resulted in several

soil textures. Irrespective of the locations the finer texture resulted
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by the accumulation of silt and clay fractions (Table 2.0 to 2.3,
plates 1 to 23).

7.1  Partially decomposed fossil wood

The observed variation in quantity, stage of decomposition
and distribution of par'tially decomposed wood in the pedons at
differents locations (plates 1 to 23 and Table 2.0 to 2.3) are due
to variation in soil pH (Table 6.0 to 6.3), stratification and soil
homogenisation processes by the faunal activity. The observed lack
of significant difference within the -profiles at Karumadi (plates 1,
7 to 9), Mathikayal (plates 3,13,14), and Kattukambal (plates 5,18,
19) are due to their similar profile distribution as they might have
been deposited in the same recent geologic period with little or. no
stratification between thé horizons. Over a stretch of varied land
feature along the West coast of Kerala, the marine vegetation in the
recent geologic past got incorporated as a peat layer. Due to continuous
process of alluviation)silty, s‘andy and often clayey material got
deposited giving rise to the present day soils of this region. The
variation observed relates to the stage of decomposition of the
partially decomposed wood fossils (plates 67 to 70 and 72).

8. Textural ratios |

The observed lower silt/clay, clay ratios and higher fine
sand/coarse sand ratios of the pedons irrespecti\}e of locations (Tables
3.0 to 3.3) confirm earlier generalisation that these soils are formed

with finer deposits in the more recent geologic past.
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9. Structural indices of sails

9.1 Percentage of aggregates more than 0.25 mm diameter.

The observed significant differences in the content of soil
aggregate percentage more than 0.25 mm diameter between locations
and their distribution within the profiles at Karumadi and Moncompu
are (Tables 4.0 to 4.3) due to the observed difference in their
electrical conductivity (Tables 6.0 to 6.3) and the content of partially
decomposed wood fossils (Tables 2.0 to 2.3).

9.2 Stability index

Significant differences in the soil stability index between
locations, within profiles observed at Karumadi (Tables 4.0 to 4.3)
can be due to the corresponding variation in the content of partially
-decomposed wood (Tables 2.0 to 2.3).

10. Soil moisture characteristics

10.1 Soil moisture retained at 0.3 bars

The observed significant difference between the percentage
of soil moisture retained at 0.3 bars between locations and within
the profiles at all locations except Vytilla (Tables 5.0 to 5.3) can
be attributed to the corresponding variation in the contents of fine
sand, silt and clay ratios (Tables 2.0 to 2.3 -and 3.0 to 3.3) and
the content of clay, soil ‘ organic matter and partially decomposed
wood (Tables 2.0 to 2.3)',

10.2 Soil moisture retained at 15.0 bars

The observed significant differences in the percent content
of soil moisture retained "at 15.0 bars between locations and within
the profiles at Karumadi (Tables 5.0 to 5.3) are due to the

corresponding difference in the content of coarse sand,fine sand and
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clay ratios(Tables 2.0 to 2.3 and 3.0 to 3.3) and corresponding
moisture retained at 0.3 bars (Tables 5.0 to 5.3).

10.3 Soil ‘available water

The significant differences in the percent content of available
water at different locations and within the profiles at Mathikayal,
Kattukambal and Kattampally can be atributed to the percent moisture
retained at 15.0 bars (Tables 5.0 to 5.3), and content of soil organic
matter (Tables 6.0 to 6.3).

11. Organic matter

| The obseri/ed significant difference in the content of soil
orpanic matter between location and with in the profiles at Karumadi,
Moncompu and Kattampally (Tables 6.0 to 6.3) can be atributed to’
the corresponding variation in their wet and dry soil EC, sesquioxide
content, active iron contént, total and exchangeable aluminium content
and soil CEC (Tables 6.0 to 6.3). |
12. Measurement of soil acidity and related chemical properties

12.1. Wletgoil pH

Significant difference the W\é‘t soil pH between locations are
noticed (Tables 6.0 to 6.3). Within the profiles also significant
difference is noticed at all locations except that at Karumadi and
Kattukambal (Tables 6.0 to 6.3). These observed variation in wét
soil pH of soil samples may be due to corresponding variation in
soil Eh, Exchangeable aluminium, 804— sulphur and water soluble
sulphur contents (Tables 6.0 to 6.3). L\le’t $.0il pH is indicative of
the active acidity of the soil. Active acidity in'turn depends on

CEC, exchange acidity, exchangeble Al, exchangeble Fe and such other
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facters contributing to acidity. Sulphide sulphur by its capacity to
oxidise and hydrolyse to mineral sulphuric acid is another factor.
This is in conformity with the findings reported by Marykutty (1986).

12.2. Airdried soil pH

The observed significant variation in air dried soil pH between
locations and within the soil profilés at Moncompu, Mathikayal and
Kattampally (Tables 6.0 to 6.3) are due to the corresponding
concentration of H® realeased due to the oxidation pyrite and
subsequent hydrolysis to sulphuric acid. These variation can be
attributed to the corresponding increasing in water soluble sulphur,
sulphate sulphar and organic sulphur, CEC (Tables 6.0 to 6.3). As
in the case of wet soil pH similar observations are also reported
by Marykutty (1986). High acidity of kari soils have been reported
as due to the production of sulphur by sulphur reducing bacteria
(Subramoney, 1960). The cause of this is also can be afgtributed as
due to production of organic acid by decomposition of organic matter
(Varghese, 1973).

12.3. Air dried.hydrogen peroxide treated soil pH '

As in the case of air dried soil pH the observed variation
of these between location and within the profiles only at Moncompu
and Kattampally (Tables 6.0 to 6.3) are due to the release of still
higher concentration of H by the further oxidation of pyrite and
subsequent hydrolysis of the oxidised products of pyrite present
in these soils as revealed by corresponding variation in the content

of sulphate sulphur, water soluble sulphur and organic sulphur and
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CEC (Tables 6.0 to 6.3). This is in conformity with the observations
reported by Dent (1986) and Paramanathan (1987).

12.4. Soil pH in 0.01 M CaCl, solution

The obseryed significant difference in soil pH in 0.01 M CaCl2
solution between locations and within the profiles at Moncompu
Mathikayal and Kattampally  (Tables 6.0 to 6.3) are due to the
corresponding variation in soil CEC and soil effective CEC, Sulphate
sulphur content (Tables 6.0 to 6.3). This is in agreement with the
observations reported by Varghese Q't—Q',l'-."z,:}T’-‘ i

12.5. Shift in soil pH by different methods from wet soil pH

12.5.1 Shift in air dried soil pH (Tables 6.4 to 6.7)

The observed variation ™ in the shift in air dried soilA pH
from wet soil pH may be due to the H" ions and 804_2 ions released
by sulphuric acid formed Dby the oxidation and subsiquent hydrolysis
of pyrite present in these soils. Kurup and Aiyér (1973) reported
seasonal fluctuation in soil pH of kari soils.

12.5.2 Shift in airdried H,0, treated soil pH (Tables 6.4

to 6.7
As in the case of shift in air dried soil pH .here further
higher shift observed in the samples between locations and with in
the soils at all locations is due to increased release H' due to further
oxidation pyrite and subsiquent hydrolysis to more sulphuric acid.
‘similar observation are reported by Brinkman and Pon s (1973), Dent

(1986) and Paramanathan o.nd\N oov¥din DoLu.oL (19 %Ca).



152

12.5.3 Shift in soil pH in 0.01 M CaCl2 solution (Tables 6.4
to 6.7) W
The observed difference in shift in soil pH between locations
and within the profiles is due corresponding variation in Sulphate
Sulphur, CEC and effective CEC (Table 6.0 to 6.3).
13. Soil electrical conductivity

13.1. Wet soil electrical conductivity

The observed significant difference in wet soil electrical
coﬁductivity between locations, within the profiles except at’
Mathikayal, Vytilla and Kattukambal (Tables 6.0 to 6.3) may be due
to C.orresponding variation in their partially decomposed wood (Tables
2.0 to 2.3), organic matter, exchangeable aluminium, soil CEC,‘soil
effective CEC, Al saturation of ‘effective CEC and forms of Sulphur
(Tables 6.0 to 6.3). Similar high electrical conductivity have been
" reported for kari soil by' Kurup and Aiyer (1973)

13.2 Air dried soil electrical conductivity

The observed significant difference in the airdried soil
electrical conductivity of soils between locations and within the
profiles except_ at Kattumkambal (Table 6.0 to 6.3) can be atributed .
4 2 ions of high mobility from

the sulphuric acid released by the oxidation and hydrolysis of pyrite

to the addition of further H' and SO,

in these soils (Tables 6.0 to 6.3). Raju (1988) also observed similar

difference in change soil EC of some of these soils due to drying.
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13.3. Shift in air dried soil from wet soil electrical

conductivity (Table 6.8 to 6.11)

The observed variation in shift in between locations and within
profiles is due to increased release of H" and 804—2 ions to the soil
solution by the oxidation and hydrolyéié of pyrite present in these
soils (Tables 6.0 to 6.3).

14. Redoxpotential (Eﬁ)

The observed significant difference in soil Eh between
locations and within profiles at  Moncompu and Kattukambal (Tables
6.0 to 6.3) is due to corresponding variation in the content of total
iI‘OI‘l-, Alumina, sesquioxide, sulphate sulphur, water soluble sulphur
organic sulphur and heat soluble ‘sulphur (Table 6.0 to 6.3). As
reported by Dent (1986) these soils satisfy the Eh conditions of +400
mV with pH less than 3.7 to occur jérositev along with solid solution
of natrojarosite and hydronium jarosite.

The Eh of the air dry. séils ranges between +445 to +540
mV. Submerging these soils in water for a period upto 1 month reveals
that the Eh of the soils are not decreased to +380 to +420 mV. This
indicates that the natro and hydronium jarosites along with jarosites
are not easily reduced to corrésponding sulphidic materials. Their
submergence to 3 'months also indicate' that equillibrium Eh values
are not attained. Further intrinsic Eh values of these soils are still
on the oxidative side. This shows: that the acid sulphate soils due
to human influence in the 1last few years have sufficiently been
oxidised on the surface to jarosite and other oxidised products. A

rice cropping season, of 3 to 4 months and is sufficiently low, anaerobic
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situation is not attained. This attainment is also prevented in
agricultural operations by periodic letting in and letting out of water.
15. Organic carbon

Significant difference in their organic carbon content between
locations and within profiles at Karu.madi', Moncompu and Kattampally
observed (Tables 6.0 to 6.3). The reason for this variation can be
attributed to the corresponding variation in their partially decomposed
wood (Tables 2.0 to 2.3).content.

16. Total Iron (FeZO3)

The observed significant_difference in the total iron oxide
- content between locations and with in profiles at all locations (Table
6.0 to 6.3) can be attributed to the corresponding variation .observed
in the partially decomposed wood content (Tables 2.0 to 2.3). The
relationship with partially decomposed wood content reveals its
relationship with iron pyrites in the wood fossils of these soils.

17. Total Aluminium (A1203)

The total A1203 content soils differed significCantly between
locations and within profiles at all locations except at Moncompu,
Kattukambal, and Kattampally (Table 6.0 to 6.3). This observed
difference may be due to relative variation in coarse sand, partially
decomposed wood content (Tables 2.0 to 2.3) and wet soil pH, total
iron content in these soils (Tables 6.0 to 6.3). Increased acidity
below- pH 3.5 will release more A1++7.+ to soil solution from Aluminium

silicate clay minerals. This is in conformity with the findings reported

by Marykutty (1986).
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18. Sesquioxide content of soils

The observed significant difference in the sesquioxide content
~of soils between locations and within profiles at Mathikayal,
Kattukambal and Kattampally (Tables 6.0 to 6.3) can be attributed
to the correspamdiigvariartion in partially  decomposed wood content
(Tables 2.0 to 2.3) and wet soil pH (Tbales 6..'0 to 6.3). As in the
case of the relation of total Ale3 and wet soil pH noticed here also
it confirms that the low pH releases of more and more Al**" from
aluminosilicate clay minerals. Similar observations are also reported
by Mer‘ykutty (1986) on these soils.
19. Exchangeable aluminium content of the soil

Significant difference 1is noticed in the soil exchangeable
aluminium content between locations and within the profiles at .~
Kattukambal and Kattampally (Tabies 6.0 to 6.3). It can be attributed
to the corresponding variation in the Partially decomposed wood
(Tables 2.0 to 2.3), total alurﬁinium, total iron, wet soil pH eoil
CEC, soil effective CEC, Al saturation percent of ef‘fective CEC and
forms of sulphur - sulphate, sulphur water soluble sulphur, organic
sulphur and heat soluble sulphur (Tables 6.0 to 6.3). Negative relation
with wet soil pH indicalts that the soil pH of these soils are more
due to exchangeable Al (Tables 6.0 to 6.3).
20. Exchangeable iron content of the soil

The observation of significant diffefence in the exchangeable
jron between locations and within profiles at Moncompu and Kattampally
(Tables 6.0 to 6.3) may be due to the corresponding variation in

their fine sand, silt.clay (Tables 2.0 to 2.3). The relationship with
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and clay sized lateritic fells and out wash from the near by upland
lateritic hills.
21. Active iron content

Significant difference in the soil active iron content between
locations and within profiles (Tables 6.0 to 6.3) is due to the
corresponding variationtotheir partially decomposed wood content (Table
2.0 to 2.3), Al saturation of soil effective CEC, soil effective CEC
and forms of sulphur -- sulphate sulphur, water soluble sulphﬁr,organic
sulphur and heat soluble sulphur (Tables 6.0 to 6.3).
22. Cation exchange capacity of soils

Significant ‘difference in soil cation exchange capacity between
locations and within profiles at Karumadi, vytilla, Kattukambal, and
Kattampally (Tables 6.0 to 6.3) reveals that their dependence on
silt, clay, partially decomposed wood (Table 2.0 to 2.3), wet soil

pH, wet soil EC, total Fe ‘exchangeable Al, active iron, Al

203"
saturation of effective CEC, and forms of sulphur sulphate sulphuf,'
water soluble sulphur, organic sulphur and heat soluble sulphur (Tables
6.0 to 6.3). Kurup (1967]), Venugopal (1969) Sreedevi and Aiyer (1973), )
Marykutty (1986) observed high cation exchange capacity for kari
soils. |
23 Effective cation exchange fcapaqity of soils

The observed significant difference in the effective cation
exchange capacity of soils between location and within profiles at

vytilla, Kattukambal and Kattampally (Tables 6.0 to 6.3) are found

to be due to the corresponding variation in the partially decomposed
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wood (Tables 2.0 to 2.3), active iron, Al saturation percent of effective
CEC, silt and clay content and forms of sulphm;— sulphate sulphur,
water soluble sulphur, . organic sulphur and heat soluble sulphur
(Tables 6.0 to 6.3).
24 Aluminium saturation of effective soil CEC

'Significant difference observed between locations and within
profiles at Kattukambal and Kattampally in the aluminium saturation
of effective CEC (Table 6.0 to 6.3) be due to corresponding variation
in Silt partially decomposed wood (Table 2.0 to 2.3), total aluminium,
soil CEC and active iron (Tableé 6.0 to 6.3)."
25. Distribution of different forms of sulphur in the soils

25.1. Total sulphur

Lack of significant difference in soil total sulphur content
between location and Within the profiles except at Mathikayal (Tables
6.0 to 6.3) can be attributed to the relationship between total iron
and aluminium (Tables 6.0 to 6.3) indicating that the total sulphur |
- content 1s contributed not only the wood fossils and by the pyrite
present in the soils but also due to the major contribution from sea
water. ' : oo

25.3. Sulphate sulphur

It exhibited significant ‘di-ffere'nce between locations and within
the p#ofiles at Mathikayal and Kattukambal (Table 6.0 to 6.3). It
~ can be atributed té the observed corresponding variation in the clay,
partially decomposed wood (Table 2.0 to 2.3), wet soil pH, air dried
Hy0, treated soil pH, wet soil "EC, totaln iron, soil CEC, and active

iron (Tables 6.0 to 6.3).
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25.4. Organic sulphur

The observed significant wvariation iﬁ the organic sulphur
content between locations, within‘ the profiles except at Kattukambal
(Table 6.0 to 6.3) isf_ may be due to the relative variation in the
clay, partially decomposed wood (Table 2.0 to 2.3) ,air dried H202
treated soil pH, total iron, active iron content (Tables 6.0 to 6.3).
Its relationship with total and active iron 1is indicative of its
occurence in combination | with iron as iron pyrites than other
compounds.

25.5. Heat soluble sulphur

They differed significantly between location and within the
profiles except at Kattukambal (Table 6.0 to 6.3) is may be due
to the corresponding relative variation observed in clay, partially
decomposed wood (Table 2.0 to 2.3) content, wet soil pH and air
dried HZOZ

Close relationship of total sulphur with organic carbon have

treated soil pH, active iron (Tables 6.0 to 6.3).

been reported by Varghese (1973). Similar profile pattern was reported
by Subramoney (1960), ..;‘ - 3 Jaasy, Leela (1967) and Varghes'e (1973).
26. ‘Coarse sand mineralogy of the soils (Table 7.0)

| Locations are different significantly for their quartz, laterite
nodules and partially decomposed wood contént. It indicates that these
soils are transported and silted at signifi_cantly different rate between
locations, wide difference between location in terms of rate, frequency
laterite feils and - eutwash' brought to these soils. Wood fossils are
under wider rate of decomposition between -locations. Another important

information that can be ob'tained is that all these soils are formed
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on the similar parent materials but with different soil forming
environments. In the specific .study of coarse sand minerology of acid
_sulphaté soils, wood fossils also come into the analysis along with
lateritic nodules. This study was.done to utilize the data for
fibre analysis for classification purposes.

27.0 Fine sand mineralogy of the soils (Table 8.0)

Among the cons%itﬁents of fine sand fraction and ratios it
differed significantly between locations eXxcept that for feldspars,
Biotite, Muscovite, Chlorite, Garnet and Tourmaline indicating the
uniformity of parent materials with wider rate and frequency of its
sedimentation in different locations. Acidity prevalent in all these
soils uniformly weather their minerals.

28.0 Silt fraction mineralogy of the soils (Table 9.0)

Among the constituents of silt fractions, its ratios, silt/ciay,
silt/fine sand, quartz, biotite, chlorite, sillimanite.- monazite,
Haematite do not differ‘ significéntly between - locations indicating still"
uniformity of parent materials of these locations. Significant difference
noticed between silt/coarse ratio, contents of partially decomposAed
wood, feldspars, goethite and pyfite is indicative wider rate of
decomposition and weathering between locations.

29.0. Soil ripening (Table 10.0)

The observed variation in 'n' the soil in value indicate their
comparitive ripening. The concept of soil ripening embraces all the
physical, chemical and biological procesess by which a freshly deposited
mud is transformed into a dry land soil (_Den:t_’ rqge) -A -

f'l—'-{g'f‘a Jea -~ found that physical ripening was complete up to
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60 cm within 40 years.
30. Particle analysis of finer fractions ( < 0.005 mm) of soils

from 0-50 cm depth (Table 12.0)

As there is no significant difference in 'the finer sub fraction
of the soils between locations, it can concluded that all these soils
though formed in different environments. They are formed in same
recent geological past from finer deposits. This observation is
confirmatory of earlier \genell“alisation' in this study. By mechanical
analysis Money and Sukumaran (1973) and Bhargava and Bhattacharjee
(1982), and Bhargava and Abrol (1984) conjectured that these soils
are formed from finer deposits.

31. Chemical composition of soil clays (Table 13.0)

Chemical compositions, and molar ratios of the soil clay
samples differ significantly beetweee ‘locations. Silica occurs in the
soils mainly in the form of aluminium silicates (Grim 1953). Beckweath
and Reeve (1964) observed that siiica may also occurs as sorbed
by sesquioxides, further free silica -may also be present. Here in
these soils free silica exits in the three forms. The free silica occurs
as spongy transparent (plate 54} or biue coloured microscopic spicules
(plate 30) and diatomaceous materials of translucent platy (plates
107,113,114 and 127), oval structures (plate 118).

The iron and aluminium are found to be more concentrated
in the clay fraction as compared to the whole. soil. Mc Farlane (-1976)
has observed that Fe203 content being matched by a decfease in A1203

and vice versa. The results of present study also shows also the

same trend. It is in agreement with results obtained by Venugopal otnd koshy
(laga)
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=~ for paddy fields in toe slopes of some lateritic catenary
sequences in the state. The highér amounts of Al at Vytilla,
Kattukambal, and Kattampally are indicative of the presence of smectite
minerals, intermedite values of Al at Mathikayal indicates illite type
of mineral and the lower values observed at Moncompu and Karumadi
are indicative of the comparitive dominance of kaolinites. Needless
to state that in all these soils the dominent clay mineral iska‘olinite.
In addition to this miner quantities of &thestype of minerals present
it include Chl_orites. smectite and illite. From the chemical analysisr
(Table 13.0) it is seen that the alumina and iron oxide content is
~around 40 to 50 percent.” This can be considered to bs a high value.
However their. silica alumina ratio (Table 13.0) is less than 4.69
which is typical for pure vermiculite. This indicates the possible
pres. ence of miner amounts of vermiculite. A physical breakdown of
chlorite mica from out of the silt fraction into the clay ffaction is
probable. In acid soils limiﬁg is  well known to result in
chloratisation. In micro locations of these soils conditions suitabls
for chloratisation sué}é’ests excessive Abases leading to precipitation
of ferric hydroxides, aluminium hydroxides functioning as the nucleii
for chloratisation may be an aspect worth considering. Varghese (1973)
conjectured the presence of 2:1 type of blay minerals in the kari
soils by the high Sa value. Similarly Pillay and Subramoney (1967)
reported the possible presence of " more than 2.0 SS value indicating
the predominance of montmorillonite clay minerals in these soils.
Comparaf:tiveiy high potash and low CaO + MgO (Table 13.0)

suggest the absence of montmorillonite c¢lay mineral as a minor
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Compara tively high potash and low CaO + MgO (Table 13.0)
suggest the absence of montmorillonite clay mineral as a minor
constituent in these soils. Higher sodium, calciuAm, and magnisium
(Table 13.0) content of clay samples is also indicative of the probable
presence of minor amounts of amphiboles and pyroxenes. High sodium
and calcium content also indicate the presence of plagioclase feldspars.
High iron indicates the probable presence of goethite, while the high
aluminium content indicate the presence of gibbsite. Comparatively
high content of zinc and copper (Tablé 13.0) increases the probability
" of the presence of pyroxenes, biotite, mica and hornblende.

31.1 X-ray diffraction and Thermogravimetric analysis of Soii clays

X-ray and thermogravimetric analysis of clay samples (Tables
9,14, and fig53,55,56) showA the predominance of mica quartz followed
by kaolinite and 2:1 type of minerals in all locations. However the
presence of pyroxenes, biotite, mica, smectite is also indicated.
However, the presence of chlorite, mica, smectite is also indicated.
According to Millot (1970) kaolinisation develops when lessivage
accelerates and the medium becqmgs more acid. The kaolinite present
in these soils is a neo formation from the alluvial laterite fells and
outwash silted up in these regions. The conditions prevailing in ths
waterlogged soils are not suitablé to give a high degree of
crystaliinity to kaolinite and chlorite when formed in situ. The
present observation of a high degree of crystallinity to the domindnt
kaolinite mineral and also to the minor mineral chlorite (Figures 55
and 56), indicates the relic nature of these minerals. The widening

of the basal spacing of the peaks of chlorite indicate changes in

AR TAard+a drcdiieord sy o vrmtbeeT e a2 1 3T v ae
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32.0 Microscopic morphological observations and soil pedogenesis

32.1. Nature of sediments/deposits

The field obéervation and microscopic morphological
obser‘vations- at all levels indicated iron oxide coated wood fossils
throughout the soil profiles (Platés 23,30,55 to 60,67 to 69,72‘,74,109
to 115,122,128,129,134 to 155). The occurrence of wood fossils in
abundance in the acid sulphate soils, and there parent material like
role in these soils has been discussed later.

The soils vary in their granulometric composition as observed
by a coarse texture'for the surface horizons (Tables 2.0 to 2.3 and
Plates 7,8,11,13,15,17,20,26,30,34,38,42,46,53,54,61,62,64,70,77,78,85,
86,93 and 94) and fine compact ed lower horizons (Tables 2.0 to 2.3
Plates. 9,12,16,19,22,29,33,37,41.45,50,51,52,59,60,67,68,75,76,83,84,91,
92,99 and 100). Microscopic observation on the frequency of sketetons
(grains) confirms this observation.

The higher content of fossil wood at all locations prominently
~at Karumadi and Kattampally (Table 2.0 to 2.3) indicate théir
stratification and lesser degree' of homogenisation. Their. dominance
in the physico-chemical properties of‘ these sbils indicate the parent.
material like role.a¥tviButed to them.

The shape of grains in the surface horizons and in pockets
in the lower horizons with lack of mechanical, abberation and a high
degree of angularity (Plates 26 to 173) show their transportation over
short distances. It is indicative of the lesser chances of mutual
attrition of the particles had unlde_rgone during the transport. It is

thus conjectured to be as due to the short distances over which they
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have been tramsported. The Kuttanad base where in the major acid

sulphate soils are located és well as the kole &nd -kaipad lands of
Kattampally are I_je.gions into which some of the major rivers of the
state empty’ themselifes._ However it has to be realised that th=
average width of the state .is oniy of_ the order of 80Km. The lack
of mutual attrition in the particles transported and deposited in these
regions are mainly due to the short distaces over which they ars
moved. The existance of the bright Acolour-ed lateritic nodules and
concretions as discussed could be carried from the midland regions
of the state which are _wéll known lateritic belts and only :30-40
kilometer away from the site -of the profiles. The arrangement of
grains in the profile as revealed by all the levels of .microscopic
observations (Plates 26 to 173) suggeét stratification. This view 1is
strengthened as lamination in each horizon with minor changes in both

its composition and horizontal anisotropic. pattern. The predominent
minerals throughout the profiles are quartz and opaques (Ilmentite
and pyrite). The highly pitted nature and irregular margins of the
opaques as revealed by mesomorphology (Plates 26 to 52) indiclata
the ineténsity of the ‘chemical weathering environment which has left
its indelible marks on even the opagques, ‘known to be resistant
minerals.

32.2 Soil homogenisation'

The absence of stratification observed in the soil profiles
at Vytilla and Kattampally are  strengthened by  microscopic
observations. This -can be attributed to various processes of soil

homogenisation. The effects of fauna as the main homogenising agents'
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around the profile s‘ites at Vytilla and Kattémpally, has been
recognized and recorded (Table 1). From micromorphological soil
studies, featureé like distribution of grains in circles and clusters
(Plates 53,54,60 to 64,75,76) vermicular clusters (Plates 65,66) the
anisotropic vermiforms and pé_ssé_ges (Plates 65,66) and faecal
orthotubules (Plates 95,96) have been pointed out as signs of the
effects of fauna. These observations are dominant in the upper horizons
at Vytilla and Kattampally only, but the subsoil is stratified which
can be recognized even in the field. This feature is also " . °
weakly indicated 1in all the "upper and lower horizons of other
locations. In short there is homoegenisation in the upper horizons
with stratification in the lowér_mhorizons. One possible explanation
is the sequential nature of the deposits taking place over a long
geological period, So that biological activity in the subsoil might
“have ceased. Tﬁis cessation might have triggered by the depositibn
of an unsuitable and: non conducive conditions for faunal habitation.
This has been revealed by field and microscopic morphological
observations of fo.ssil fauna, especially at Mathikayal and Kattampally
fourth horizons (Plates 51,52,99 and 100). The extreme acidity (Tables
6.0 to 6.3) in these ‘horizons which constitute the environmelnts' of
the habitat might have rendered it uninhabitable for the soil fauna.

32.3. Soil Colour

The colour characteristics in thin sections of " these soils
confirm many of the field observations. The soil variation in soil
colour matrix, frequency and distribution of reduced and bright mottles

are also observed in the thin sections. (Table 1) Changes in soil -
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colour are mainly a function of the water regime. Moisture is
responsible for dissolving certain constituents .from certain localion,
facilitate their oxidation, and reduction of some 'these and deposition.
In thin sections the profile colour variations due to changes in water
regime could be- observed. As observed in the field thevrange of
colours vary from black, yellow, brown, olive yellow and white.

32.4. Matrix anisotropism

Matrix anisotopism is the prominent feature observed at all
levels of microscopic morphological observations (Plates 26 to 173).
It is related to the moisture conditions in the soil, and is to a higher
degree néar the ground water level. The matrix apisotropism are
influenced by variation in texture, stress, biological activity and
soil colour in addition to wetness. The lack of matrix anisotropism
in the surface layer is more 'due to cultivation apd consiquent
homogenisation. Th difference in- field texture is revealed by the
variation in the organisation of -domains in thin sections. They are
due to reorientation of clay particles. The direction of orientation
is mostly due to the direction of the movement of water. Larger
domains and anisotropic zones are not observed, in the coaser textured
surface horizons and sand pockets. It can be attributed to the
comparatively prolonged wetness in all these soil horizons, as all
are below one to two metreo from mean sea level. The role of stress
in the formation of matrix anisotropism can be illstrated by genesis
of anisotropic lines. These are produced by soil movement along slip
surfaces due to stress which was responsible for orienting the clays.’

These are insignificant in all the layers except the lower part of
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the first horizon and the upper part of the second horizons. In the
surface horizons the anisotropic lines can = be intérpreted as being
related to shearing produced by cultivation operation such as
ploughing, levelling etc. The presence of 1lines in the subsoils on
the other hand, can be interpreted as related to the stresses produced .
by the shrink-swell mechanism of - these soils due to periodically
wetting aI.]d at‘times partial drying . The role of pressure in the
genesis of anisotropic aureoles around the grains is doubtful. The
presence of aureoles around grains _has been interpreted as due to
the ’reorientation of clay on.the hafd surfacess of grains as a résult of
pressure (L\B‘S’;e“iq;@ié::{,. 1976). However, in all the sandy pockets and
sandy horizons it is observed thét aufeoles are mostly found around
segregations/concretions .(Plates 77,78,81 and 84 to 94) and not around
- grains, although the surface of fhe latter are harder. This suggests
that other factors beside pressure are responsiﬁble for the formatioﬁ
of aureoles around segregati,ons“{ and concretions. The absence of
aureoles are markedly observed in .the surface horizons around circular
pores due to the pressure exerted by gas bubbles generated by the
decomposition of organic matter and coming out of the system. The
absence éf aureoles around the pores of other shapes especially in
the lower horizons seem to lend supbort to the view that circular
pores are formed by gas bubbles. Stress and Iwetness may account
for the genesis of anisotropic Zones, but_i{ can also be possible that
the =zones of vrelics are assimilated soil or clay coatings, or
depositional laminations. The preseﬁce of zones with colours slightly

different from the surrounding matrices seems to support this
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‘suggestion. In all the profiles the anisotrop’y is better developed
in the gleyed or reduced areas of the soil profile. Weakly anisbtropic
yellowish brown mottles are nearly the isotropic red mottles. This
suggests that the presence of amorphous hydrated iron oxides mark
the development of matrix aniéotropism. It 1is possible that the
cultivation and ploughing of the surface sopil to a puddled condition
in these soils results diéorientation of the clays and the very method
of domaiin formation. These observations stengthen the major role
of organic matter and forms of iron and their transformationos.

32.5. Forms of iron and its distribution (Plates 26 to 173)

Iron occurs as intim ately mixed with organic matter in the
surfacce .as. iron coatings, iron ochre (ferran and ferriorganon with
few goethan) in the subsurface horizons. Tfle enrichment of iron in
the subsurface has been shown by the occurrence of thick ochre on
the ped faces during the micromorphological observations. This is
been to be to a greater extént at Moncompu profile followed
by Kattampally profiles. The microscopic studies also reveal the
occurrence of haemetite in association with bright orange coloured
mottlies of goeth-ite (Plates 28,30, 38 and 42 to 44). The present day
occurrence - of a layer of ochre on-the ped faces up to a depth 1
m in the Moncompu soils indicates. their possible role as electron_
. acceptor/donor in the oxidation and formation of pyrites.

Pyrite (cubular FeSz. hexagonai pyrfohtite FeS), its oxidation
products, jarosite and intermediate products, ferrichydroxide and-
gypsurﬂ, are all present, dominantly in the fossil woods, root channels

and as free grains or as cutans in the margins of voids (channels
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and chambers) and skeletons (Platesl _30 to 173). This has been
observed at all levels of microscopic morphological examination of
soils. 'This confirmed the closer association between iron oxide
coatings of organic matter in particular and root channels and fossilised
wood remnants with formation of pyrites .in it. This has been observed
within 50 cms and upto a depth of 90 -cm. This asspciation is due
to the physico-chemical relationship among these constituents. Below
50 cm depth, the jarosite framboids retain their pyrite nucleus
indicating incomplete oxidation of pyrite framboids or intermediats-
Pyrite and jarosite present in the piant tissues (Plates 57,67 to 70,
72,74,102 t‘o 117, 122 to 124, 128,129,137,144,146 and 150) and
limeshells (Plate 51) are dominantly framboidal followed by cupular
crystals. SEM studies Cléarly revealed the polycrystalline framboidal
feature of - pyrite and jarosite present in association with iron oxidé.
coated fossilised wood remains (Plates 105,107,111 and 112).

A field observation of orange coloured mottles in the ﬁoist
subsurface horizons of the profile-at Karumadi, Moncompu, Kattukambal
and at Kattampally (plates 1,2,5 and 6), when  examined
mesomo’rphologically (Plates 26,33,40,41 and 44) indicated as a "green
_rust". This was found to be due to lepidocrocite (Fe-0-0OH). In acid
sulphate soils, though several oxides‘and hydroxide forms of iron
have been reported earlier (Tarzi and Protz, 1972, Schwertmann and
Taylor, 1977) no significant observation .on lepidocrocite has been
made. Lepidocrocite appears to be.another intermediate product between
the stages of oxidation of pyrite or pyrrohtite to jarosite. They

are significantly present in the chambers and channels. The chemical
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relationship between pyrrohtite (FeS) and 1lepidocrocite (Fe-0-0H)
as compared to Pyrite (FeSZJ and lepidocfocite suggest that the
predominant occurence of Pyrrohtite in the acid sulphate soils of
Kerala might be partially responsible for the observed occurrence
of lepidocrocite, its oxidation product. In the écid sulphate soils
around the globe Pyrrohtite has not been reported so far though acid
sulphate soils have been examined for their mineralogy E\"“swaran,
19871, " and Dent, 1986).

| Another possibility is the reported observation of Schwertmann
and Taylor (1977) on the .occurrence of lepidocrocite (Fe-0-0OH) in
lateritic hydromorphic soils. The occurrence of lateritic fells,nodules
and concretions have been observed abundantly in the meso aﬁd
miéromorphological studies of all the horizoﬁs and of all locations
(Plates 53 to 100 and 156 to 173).> The present observation and' the
.oclourrence of lepidocrocite therefore needs to be connected. The
specific occurrence of . these ma»terials at Karumadi, Moncompu,
Kattukambal and Kattampally and its absence in the other locations
has to be investigated. More .detailed studies have to be made on
the ramifications of iron in waterlogged and- acidr sulphate soils. The
mineralogy and chemistry of Fe 'has to be studied both
thermodynamically and kinetically.

The jarosite occurs mainly aé neo and quasi cutans along
channels and chambers. The_quasijarositané are also associated with
neoferrans observed in the structure of jarosite framboidds as shown
in plates 32,79 and 82). The ‘ém.orphous ferric hydroxides occur

regularly throughout the soil as channel and chamber neoferrans (Plate
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26-100), and as iron impregnated wood fossil remains (Plates 53 to
49, 67 to 70 and 74). Locally admixed ferric hydroxides occur along
with some goethite and gibbisite in channels, wood fossil remains
.and on lime shells. Ferric hydroxides (Ferrihydrite) appear as
spheroids or associated with pyrite ‘and jarosites, especially in root
channels, (plates 26 to 100). Certain measurements of the size of
the framboidé_of the ferric hydfoxides, jarosites and pyrites indicate
that they have a similar size and 'less than 2 M- Even the individual
crystals of the framboidal structure have the éame size and .shape,
Further the absence of disrupted relics of either the ferric hydrofcide
or pyrite or several of its oxidation products is marked and significant.
These observations irrespective of the locations leads one to conjecture
as follows:

The isometric nature with the existence of sharp margiﬁs
of both framboids and individuai' crystals suggest the relic natura
of the pyrite in the soil. Their existence aé framboids and different
oxidised and reduced products indicates the possibility of chemical
changes to these isometric crystalé' in the solid phase. The formation
of ferric hydroxides from jarosites af higher pH values in an immobile
form and formation of jarosites from pyrite at low pH wvalues in a
mobile state has been indicated that mobile ifon hydroxides are
produced at low‘ pH values from p’yrite_.-. These observations when
viewed in the light of the earlier discussion suggest the need for-
more clear information on their formation. The occurrence of pyrite
and its oxidised pljioducts near (Plates 82,91), in (Plates 61,72,74)

and on (Plates 111 to 116,122 to 124, 128 to 139) fossil woods (Plates
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~57,58,63)., limeshells (Plates 51,52) and molluscan shells (Plates 99,
100) is. a universal feature in the Kerala acid sulphate soils. The
occurrence of pyrite with limeshells. has however been considered
as mutually exclusive by Dent (1986), The present observation on ths
occurrence of pyrite framboids on the limeshell in the fourth horizon
at Kattampally and Mathikayal indicate partial oxidation of some of
the microcrystals of the fl;amboidal pyrite. to ferric hydroxide (Plates
51,52,102,104 to 108, specifically plate 107). While in the first two
layers of the soils the stages of oxidation to jarosite 'stage could
be noticed. Their predominant absence in the fourth layer has to
be attributed to the lack of electron acceptors such as oxygen and
also ferric ions in view of the close presence of limeshells (Plates.
51,52,102,104 to 108). The present observation appears to suggest
that they are not rigidily mutually exclusive. This may be due to
the non reactiven_ess between the 1irﬁes-hells and the pyrite framboids.
The non reactivity, it is' conjectured, might have to bé attyibuted
to some of acid resistant organic constituents secreted to cement
together the CaCO3 microlites of the molluscan shells.

The gleyed feature observed in the subsurface horizons at
' Kattukambal, Kattampally, Moncomnpu and Karumadi and the reddish
- mottles in these and other locationé are indicative of regions of iron
removal and iron accumulation respectively (Plates 1 to 100). The
two types of iron mottles namely those found on pedfaces and those
found within the soils are essentially iron impregnations and coatings,
as revealed by micromorphological observations. Mottles occuring within

the peds, in the subsoil horizons have uneven staining, small



173

subspherical clusters in thin sections. Mottles on the ped faces are
formed as a result of cultivation, while the other forms of mottles
support the suggestion that they are fovmed as a result of iron
accumulation. Other informations  regarding the iron enriched
segregations and concretions present in- these soils are indicated in
the meso and micromorphological observations (plates 26 to 100).
The bright red colour and sharp margins reveal their relic nature,
while the subrounded to rounded shc;.pe reveal the alluvial nature of
their deposition, and composition indicate "that they are from tﬁe.
laterite fells and outwash of the nearby laterite hills and hillocks.

The occurrence of pyrite in the shape of amoeba under
mesomorphological observation (Plates 30,31,34 to 41,45 to 50 and
52) could not be confirmed in the micro and submicro morphological
levels of observations. ‘At higher resolution it is possible that the
mesomorphological observation became non significant.

All the levels of mi-Crbscopic observations indicate the
isometric nature of pyrite, jarosite and ferric hydroxide crystals.
Further they are highly intervelated to one another. In view of thihs.v
atleast one of them is allochthonous in nature. This evidently is the
Amost reduced one among them namely the pyrite. The isometric nature
of all the three minerals is revealed by the fact that they have
the same size, shape and polycrystalline framboidal feature. This
is in agreement with the observation. reported by Carsow and Dixon
(1985). The retention of the uniform shape, size and structure of
pyrite, pyrrohtite, ferric hydroxide' and jarosites leads one to

visualise the probability of oxidation reactions of pyrite and
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pyrrohtite to jarosites through the intermediate stages of ferric
hydroxides in the solid state itself, however this requres detailed
and confirmatory studies.

32.6. Soil Translocations:

Micromorphologibal observation confirmed the existance of
two types of coatings, whole soil coatings appear as grainy and
oriented (Plates 26 to 100). True clay and other colloidal coatings
which ean be considered as clay coatings are present on the walls
of channels, chambers and vughs_ 61’ lesser size range (Plates 26 to
100). They are formed in the illdrained subsurface horizons by tha
slowly percolating water. Soluble constituents of chemical weathering
is deposited by this flow of water. The lamellation/layering of these
features " indicates that. this depositon occurs slowly, disruptedlyand
repeatedl;y_"The fragments of these coatings observed in the lower
horizons are due to the activated action of percolating water by the
sudden drainage to the ground water as well as fluctuating movement
of the ground water due to tidai actions. One more type of soil coating
is observed. in the field and in micromorphology from the soils of
Karumadi,Mathikayal, Kattukambal and Kattampally. ‘These coatings
are seen as dark coloured, grained but unoriented whole soil coatings.
Genetically they can be interpreted as having beeﬁ formed by a
process of masé flow (Brammer 1971). In addition to the fragments
of clay coatings, yellow to red and roundea are seen in the subsoil
horizons at all locations except at Mathikayal and Kattampally. These
coatings retained a bright colour and have sharp margins suggesting

their alluvial origin. Considering the soil coatings as a whole four
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types of coatings are observed.

1. Light coloured, grainy, oriented whole soil coatings,

2. Dark coloured, grainy unoriented whole soil coatings,

3. Clay coatings of different colour and Compésition and

4. Fragments of yellow and red rounded clay coatings of

allocthonous nature. -

The colour mottles observed in the field appear as Fe
impregnation/coatings mostly occurring around voids and rarely
assimilated in the matrix. The bright colour and sharp margins suggest
that they are relatively recent in origin. Kawaguchi apd Kyuma (1969),
and Aminuddin (1981) Ahave recorded the occurrence of similar soil
and clay coatings in the fluvisols of- Malaysia.

32.7. Soil Structure

structureless surface followed by progressive compaction in
the subsurface horizons at all 1pcations in the field are confirmed
.by the meso and micromorpllologidal observations (Plates 26 to 100)
as free grained coarse textured surface with less plasma which 13
progressively enriched by finer fractions and plasma in the subsurface
horizons. The:. observation of cutanic materials, organan,’ ferran,
ferriorganan and ferriargillan with coalesced margins and dull colour
in the subsurface horizon indicate slow, active, elluviation of ‘colloidal
sized materials in ‘these soils. Here the composition and structural
features still strengthens the view that there has been leaching in
these soils. In thin sections blocky, prismatic structure is observed
especiall‘y'in the locations Karumadi,Moncompu, Mathikayal, Kattukambal

and Kattampally. It is also noticed that the higher compaction of
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the iron ochre at Moncompu and Kattampally as composite, subangullar
prismatic structure with complete bridging b‘y haemetite and goethite.
In the meso and micromorphology the peds'of the compacted subsurface
are observed to be mostly incomplete.‘ It is a phenomenon not noticed
in the field indicating that the field structure is constituted by. the
combination of such multi micropeds.

32.8. Effect of Gultivation

As discussed earlier in the context of mécromorphology except
at Kattampally all the locations are uﬁder continuous rice cultivation
for a period -of ébout 50 years onlly. HsU (1964) reported that one
plough layer will be formed in ever'BO to 70 years. In none of the
locations a clear plough pan is observed in the field, However weak
plough layers have developed. This is maximum at Moncompu and
least at Kattampally. Thesé obsérved differences in the field, under
microscopy appear as mottles of Fe impregnations/coatings mostly
occuring around micro voids and organic matter and rarely assimijated
to the matrix (Plates 54,55,62,63,70,71,78,79,85,86,93,84). The iron
impregnation/coatings around microvoids are relatively of recent orign
resulting from ploughing operations in the field. Thin sections also
revealed the presence of a massive structure, fracture of microvoids
and a surface crust. The plough panAs though insignificant and disrupted
appear as bright . yellowish  brown. coloured Zones. In the
micromorphology these plough pané appear as zones with few clearer
and larger domains and w.eakly developed anisotropic lines (Plates
54,55,62,63,70,71,78,79,85,86,93,94). The least presence of these

features at Kattampally is indicative of lesser distrubance at the
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surface horizons, due to cultivation (Plates 93,94)

As already indicated and discussed the chemical and physical
changes taking place in the soil at a depth upto and beyond the plough
pan are significant than the changes caused by the.destruction of the
structure due to cultivation. Further these soils, it appears from micro-
morphology, has not been cultivatedv sufficiently for long period of
time to create a significant plough pan.

32.9. Biological Activity

Field observations of the nearby salt loving and other
m'angrove under root faunal population, indicate the activity - by
molluscans, gastropods and shell .fishes. As discussed earlier, though
they are not observed in the field in these soils, their living
presence in nearby areas, and the relic features of their habitation
and activity in the immediate%eological past of these soils has been
observed from lower horizons (Plates 6,12,21,22,25’,51,52,'99 and 100).
In thin sections the faunal activity are characterised/noticed as
distribution of skeleton grains in circles and clusters (Plates 53,54,60
to 64 75 and 76). Vermicular structures (Plates 65,66) of anisotropic
nature formed by the combination of faunal faecal materials and soil
materials, passages with orthotubules of black and white coldured
faunal faecal and soil materials (Plates 95,'96). The orthotubules are
prominently noticed at Kattampally (Plates 95,96). As already explained
the fossil limeshells, valves of shell fish observed in the fourth
horizon at Mathikayal and Kattampa_lly respectively with miniumum
disturbance on shell structure with less chemical weathering and -

presence of ferric hydroxide and pyrite framboids on their surface
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(Plates 51,52,99._ and 100) as revealed by meso and micromorphologicai
observations strengthen these faunal habitation in a recent geological
past in these soils. The high acidity observed in these soil horizons
(Tables 6.0 to 6.3) even do not w'hether these resistant relic structures.
A plausible suggestion is that they are not entirely composed of CaCO3
as already discused. |

The micro and submicro morphological observation reveal
the presence of free silica as diatomaceous materials in these soils.
As :already discussed t-hese are due to the water-logged nature of
the soils, a highly suitable meilieu for diatoms. The diatomaceous
bioliths found as colourless tranparent tubular spicules, blue coloured
transparent spicules, oval platy materials, flaky mica like materials.
Oval like materials are observed in abundant quantitites in the surface
horizon of Moncompu (plate 118) while the coloured (Plate 30) and
colourless (Plates 53,54) spicules are observed at the subsurface
horzons of Moncompu, Karumadi, Mathikayai and Vytilla profiles. The
high reduction. higher acidity, high soil temperature favour the
accumulation of these forms (Giesking 1974).

At Mathikayal fossil foraminiferers are also observed. The
presence of diatomaceous materials and foraminiferers in acid sulphate
soils have been reported byE swaran @363},1{5;{{'065‘35_Cmo\ £. swazon (1a¥5)D
33. Chemic:;ll transformation of pyrite

When oxygen enters this soil system pyrite oxidation starts
according to the reaction. |

3 FeS, + 6H' + 105 0,+ 3H,0 — sre’ioH® + 650,77
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log [K+] = -3.3, log [Fez+ + Fes+] = -5 and 1 atm total pressure.

(Derived from van Breemen, 1972).



179

This lqads to a decrease in the pH of the soil system when
- it is devoid of CaCO3 deposits.'

As the figure 58 indicatés basicélly two processes may occur:

(a) " When oxygen enters the soil ;elatively slowly the pH
is also lqwered .slowly‘, the _fe'rrous'iron produced according to the
above reaction are oxidised into férric hydroxides. As the pH
continues to - decrease under oxidative .(aerobic) conditions the ferric
hydroxides are transfomed into jarosite. .
3 Fe(OH), + K* + 2 50,%7 + 3H'———) KFe,(S0,),(OH); + 3 H,0

The sulphate ions necessary. for this reaction originate from
the first reaction, the "_.'Pj.qtassium ions inay be derived from the soil
solution and/or soil complex. When the hydrogen ions are r'emoved
by percolation the jarosite is hy.drolyzed into relatively immobile
ferric hydroxides (above reaction "in the reverée d‘irection). The
potassium> and sulphate ions are removed by percolation. The final
ferric hydfroxides occur in 6ther places than the original pyrite.
This follows. from the fact that ferrous an.d férric compounds present
before the formation of jarosite, occur at low pH levels and
cons'equently are .mobile  in solution. The ferric hydroxides formed
from jarosite, however, occur at relatively high' pH levels and are
relatively immobile. Thus there are mobile and immobile ferric
hydroxides, the former formed from pyrites and the latter from
jarosite.

(b) During dewatering and dry fallow situations and also
during ebb tide the oxygen eﬁters the soil system fairly quickly

and the pH is lowered rather abruptly. The system is not in
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Figure 57 Model of pyrite oxidation taking place in the root channel in an acid sulphate soil
(Modified after van Breemen 1976)

.a) During the dry season, Oxygen diffuses into the spil thrﬁugh the pores and fissures.' Fez+
ions in solution are oxidised to Fe3+ ions which remain partly in solution and partly
get precipitated. At low pH, some F83+ remains in solution, diffuses to the pyrite surface
where it is again reduced to Fe2+. liberating acidity. Fez+ diffuses back towards the
oxidation from where it is again oxidised, liberating more acidity. This process thus
continuously make the system a proton source.

b) Some oxidation of pyrite can continue under acid., waterlogged conditions, using the reserve
of iron III oxides. In this case, F83+ ions function as the intermediate electron acceptor

permitting oxidaticn of pyrite to  jarosite and finally to liberation of free sulphuric acid.

This system function as aPVotgnsource.
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equillibrium and formation of jarosite occurs at the same place as
the original pyrite. The jarosite finally is transformed into ferric
hydroxides as the hydrogen ions are removed.by percolation under
oxidative conditions. The SEM observations on the framboidal pyrites
indicate an inner core of pyrite with outer ring of jarosite with an
intermediate in between region of ferric hydroxide (plate 107). This
zonation of the products of pyrite oxidation are black coloured inner
core of poly crystals with outer coating of white coloured jarosite
and an in between region of .grey coloured ferric hydroxide under
SEM (plate 107).

At the walls of the root channels the ferrous ions are oxidiéed
to the ferric hydroxides (Figure 57 and plates 111,112). This is
followed by the movement by_. diffusion of ferrous ions from the
surrounding ground maass to the walls of the root channel. This results
in the process of the formation of neoferrans and iron impregnated
wood fossils. This process haé not been active and long enough in
all locations to lower the pH to such a level in the field that
appreciable amounts of jarosites could be formed. Ferric hydroxide
occurring as neoferrans - are consequently dominant in these soils. Thé
neoferrans present in these Ilocations have been transformed either."
totaly into neojarositans or partially into neoquasijarositans. The
irregular bodies of jarosite containing skeleton grains and wood fossils
remain at all locations especially at Vytilla (Plates 77 to 84) and
Kattampally (plates 93 to 100) can be assumed to have been transported
mechanically as pieces of neojarositans ét or near the surface horizons

of these profiles.
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Along the most aerated voids and éandy pockets these
processes proceed with greater intensity than the surrounding ground
mass. This may be the reason for the wavy boundary observed in
the lower horizons of these soils in the field. .In the wvoids this
type of tonguing phenomenon may occur which result from the rapid
oxidation of pyrites and consequently. rapid bH lowering. The jarosite
formation with pyrite nucleus. 'observed in these soil is by insitu
formation by a rapid oxidation. It may happen during sudden drainage
of ground water as is observed at Karumadi subsurface horizons. The
occurrence of gypsum in the éuface horizons of these soils are due
to the reaction of free sulphuric acid formed with CaCO3 applied
in experimental fields where profile studies were conducted  at
Karumadi (Plate 117). Gwmethites formed in and out of the voids in
these soils especially és Monéompu (plates 30 to 33 and 61 to 68)
and Karumadi (plates 26 to 29 and 53 to 60) might have been formed
from the amorphous ferric hydroxideé by dehydration according to
6 Ca” + 6 8042' + 12 H,0 — 6 CaS0,.2H,0

The goethite is found in the larger channels. The initial

stages of pyrite oxidation operating in these soils thus appear to

be through the following reactions:

1. 3 FeS, + 6 H + 105 0, + 3 HO — 3 Fe'' +128"
+ 6 50,27
4
2. 12 Fe?t + 30 Hy0 + 4 0, — 12 Fe(OH), + 24 H
3. 6 CaCOy + 12 H' ——3> 6 Ca’F + 6 H,0 + 6 CO,
2+ 2~
4. 63"+ 650, + 12 H0 —— 6 CaS0,.2H,0

In' this context it is noteworthy that in the kayal and kaipad
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lands (Mathikayal and Kattampally), there are lacustrine deposites
of calcium carbonate in the form of molluscan shells in the fourth
horizon. Pyrrohtite and pyrite framboids occur: closely and at times

on the CaCO, shells.

4

When oxygen enters the pyrite containing calcareous horizon
that is when the gound water level is lowered, the pyrite is expected
to be oxidised.

2+ . 12 H" + 6 50.%7

3 FeS, + 6 H' + 105 0, —— 3 Fe 4

Situations like this are likely to occur in completely bunded
areas like the R block in Kuttanad in summer where the ground water
level could get lowered to a  level below the calcareous deposits.
However, both at Mathikayal and Kattampally at the time of study
the calcareous layer were just above the ground water level (plate
3,6,51,52,99 and 100).

The oxidation reactions (1) and (2) in a calcareous
environment do not give rise to a lowering of pH. However the
" calcareous fourth layer has a -soil which is highly acidic and non
reactive with the lime shells. In view of this though under the’
conditions of liming in the surface layers formation of gypsum by the
reaction with the HZSO4 produced-Afrom reaction (1) take place (plate
117) in the fourth horizon at Mathikayal, the reaction between the
CaCO3 molluscan shells and the HZSO4 does not appear to take place
(plates 11,12,21,22,25,51,52,99 and 100). Attempts to locate gypsum
crystals in thin section of soils from the fourth horizon has not

succeeded. Further in the fourth horizon though framboids of ferric

hydroxide as the oxidation product have been located jarosite
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framboids have not been located.
34. Soil Genesis and Weathering

The 'n' values of all ‘the locations reveal that these soils
are half ripe to ripe acid.sulphate soils or soils with a reserve pyrite
accumulation in the subsurface horizqns. Comparatively the ripeness
of these soils are of the increasing order at Karumadi < Moncompu<
Mathikayal < Vytilla < Kattampally and< Kattukambal. It indicates
that except at Kattukambal all -.these soils have reserve of pyrites
in the subsurface horizons as coﬁf_irmed by the earlier discussion
on py-:;rite_accumulation by micrdscopic morphological observations.
This may lead to continuous progressive potential acidity problems
in these soils in the years to come which cannqt be neutralised even
with several tonnes of liming m’aterials. Water management and flushing
with rain water in the rain y season and méin.taining the waterlogged
state in summer are some of the acidity allevieizihg,measures. More
than 90 percentage of pyrite framboids are £ 2 numsized , irrespective
of locations (Table 11 and plates 57,60,69,72,74,79,82,83,102 to 112,
115 to 117»,122 to 124, 128,129,134,137 to 154). As the pyrites are
finer they enter the oxidation -process. more easily than when they .
are larger sized the more easily the release of free mineral sluphuric
acid and consequently their management more difficult. Further these
microframboids are seen to be associated with wood fossils (Plates
57,58,67,69,72 and 74) and root Chém_lels (plates 111,112) and soil
channels (Plates 79,82). It is to be noted that these microframboids
of pyrites observed in these soils have a size of less than 2 Pm

as compared to 50 pm reported in the majority of the acid ’sulphate'

soils of the world.



184

Finer fractions (silt +. caly) and angularity of their grain
as revealed by microscopic studies indicate that the soils are formed
from soil deposition in the recent geological past. The differential
accumulation of fossil wood and fauna are indicated due to the
statification observed in these soilé.

From the data and observations in the present study there
are indications to assu_me that insp-ite of wvariations in the locations
the genetic pattern of the development of these acid sulphate éoils
is similar with microvariations.

Another important observation noticed in this study is the
presence of free silica as diatomacéous materials of different shapes
like coloured and colourless transparent spicules, oval platy
structures, and flaky structures.

Among the oxidation prodﬁcts of these soils lepidocrocite
(Fe-O-0H) was the specific form of ferric hydroxide noticed. It is
an intermediate oxidation product dﬁring the oxidation of pyrite to
jarosite.

Another important specific observation noticed in the present
investigation is the formation of authigenic euhedral quartz. Gypsum
formation 'in the surface horizon at Karumadi and Vytilla are also
the result of lime application in the experimental fields where these
investigations were conducted.

The pedognesis started with stratification of coarse structured
sediments followed by soil sediments over it with lesser stratification
with fossil and faunal shells and faecal pellets. This is "“followed®

by acretion of sediments by elluviated materials. During these



sedimentation phases, formation of channels, .neocutans, biologicél
homogenisation, accumulation and stratification of wood fossils, pyrite
accumulation, partial oxidation and precipitation of Fe as ferric
hydroxides occurs. These are some of the sequential and simultaneous
pedogenic processes operating in .these soils.

In the brackish water phase pyrite accumulation, mass
e luviation and slow el uviation are the major pedogenic processes
operating. During this phase palft of the pyrite oxidation and
continuation of oxidation and precipitation of Fe as ferric hydroxides
occurs. They crystallise into goethite. Pyrite becomes finally oxidised
resulting in the formation of . jarosite, gypsum, silica and ferric
hydroxides.

Though "the saline sea water ingression and higher acidity
and soil reduction are thé major forces operating in these soils, from
the soil development point of view their operation is significant only
in fhe surface horizons. Some of these processes have le sser influence
in the development of the lower horizons.

35, Soil Classification

As per the informations gathered during the study an attempt
is made to classify these soils as per ILRI system (Dent, 1986),
Soil Taxonomy (USDA 1975) ORSTOM Classification (Segalen, 1979) and
as per FAO/UNESCO Soil Map of the World Legned (FAO/UNESCO 1974).

35.1 ILRI System of Classification

As per the ILRI nomenclature, the acid sulphate soils of

Kerala can be classified as:

At Kattukambal the soil. profiles -are classified as ripe clay
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Fig. 5 9. Bulk density as a function of fiber content. Ranges given in Soil TaXonomy
(Soil Survey Staff, 1975). (Modified from Boelter, 1969.) . o
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with acid sulphate subsoil. The profiles at Karumadi Moncompu and
Kattampally is unripe, saline, sulphidic clay and they come under
the principal soil groups of potential acid sulphate soils. While the
profiles at Mathikayal and Vytilla are ripe, sulphidic sand in the
ILRI system of soil classification. They are classified in the principal
soil groups of potential acid sulphate soils.

35 .2. Soil Taxonomy (USDA, 1975)

Though the content of sulphidic sulphur (organic) in all thesé
soils are less than 0.75 per cent, their change in pH due to HZOZ
oxidation recognised all the locations as potential acid sulphate soils
in the increasing order Kattukambal< Kattampally< Mathikayal <Vytilla<
Moncompu and< Karumadi. At Karumadi as per Soil Taxonomy the s0il
profiles are classified as sulphosapric though the content of organic
matter is less than 30 percent with the presence of sapric fetures.
The observed feature in the preser_lt ' is not hemic as reported
by Bhargava and Abrol (1984) for Ambalapuzha location of Kerala
but is sapric as revealed by the relationship between the bulk density
and partially decomposed fibre rhaterial content of the soil (plates
55 to 59 and figure 59).

At Moncompu, the soil profiles are classified as sulfaquents
while the soil at Mathikayal and Vyttilla are classified as
sulfofluvaquent, At Kattukambal the soil profile are clayey in nature
in the subsurface horizons with acid sulphate subsoil and is classified

as Sulfic Tropaquepts.

35.3. ORSTOM C(Classification (Segalen, 1979)

As per the ORSTOM Classification all the soil profiles of
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acid sulphate soils investigated can' be classified as Thiosols though
they do not satisfy the requirement of total sulphur content.

- 35..4. FAO/UNESCO S0il Map of the World Legend (FAOQ/

UNESCO, 1974)

As per this system all the soil profiles studied can be

classified as Thionic Fluvisols, - though they do not satisfy the
requirement of total sulphur content.

As per the suggestion of Brinkman and Pons (1973) a tentative
limit for dangerous acid sulphate soil is soils with pH 2.5 after
HZOZ treatment. In the present study at all locations the pH after HZOZ
treatment is below 2.5. for a ae‘pth up to 50 cm. It can be suggested
that the acid sulphate soils of Kerala along the West coast are
dangerously al";.'\.i'dtisulphate'soilé. The earlier discussions and present
attempt on classification has generalissed that these soils have
reserves of finepyrites. The lime requirement to bring these soils
to a pH suitable for growing arable crops and fish culture is normally
prohibitive and the pyrite willl continue to generate mineral sulphuric,
acids over many years.

Soil Taxonomy classifications of these soils were attempted
earlier by Bhargava and Bhattacharjee (1982) and Bhargava and Abrol
(1984). In the present study it is seen that in the majority of soil
profiles no typical sulphuric hbrizon is observed. Though in theée
profiles jarosite mottles are present they are masked/buried in the
subsoils by the cambic epipedon, especially at Kattukambal aﬁd
Vyttilla. Though on the basis' of the sulphur content and the

requirement of sulphuric horizon these .soils cannot be called as
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'"Acid Sulphate So‘ils". its pH change on the HZOZ oxidation and
attainment of pH 2.5 to qualify them as dangerously acid sulphate
soils (Brinkman and pons 1973). Though they do not have a sulphuric
horizon they do have sulphidic materials within a depth of 50cm.
The present day occurrence of a layer of ochre on the ped faces
up to a depth of about 30 to 50 in the Moncompu soils indicates their
possible role as an electron acéptor in the oxidation of pyrites.

Pyrite (cubular FeS hexagonal pyrrohtite Fe4) its oxidation

90
products, jarosite and intermediate products, ferfic hydroxide and
gypsum are all present dominant in the fossil woods, roo t channels
and as free as cutans in‘the m_argins of voids (channels and chambers)
and skeletons. This has been observed at all levels of microscopic
morphological examination of soils. This éonfirmed the close association
between iron oxide coatings of organic matter in particular and root
channels and fossilised wood .remnants with formation of pyrites in
it. This has been observed within 50 cm: and upto a depth of 90
cm. This association is due to-the physicochemical relationship among
these constituents. Below 50 cm depth, as aiready mentioned'thé
jarosite framboids retain their 'pyrite nucleus indicating incomplete .
oxidation of pyrite framboids to jarosite framboids. Pyrite and jarosite
present in the plant tissues and lime shells are dominatly frambloidal
followed by cubular crystals. SEM studies clarly revealed the
polycrystalline framboidal feature "of' pyrite and jarosite present in

association with iron coated foSsilised wood remains.
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SUMMARY AND CONCLUSIONS

In Kerala saline and acid sulphate soils occur along the West
coast occupying an area of 0.2 million hectares in marshy depressions
on the fringes of lagoons, and flood-plains of rivers especially near

estuaries and deltas. They are locally known as kari, karapadom,

kayal, pokkali, kole and kaipad soils based on soil factors or

location or type of cultivation practiced. They represent the_ major
acid sulphate soil environment of the Kerala region. Earlier work
on these soils gathered information on their morphology, chemistry,
agronomy and microbiology. No specific information on the combarative
morphological characteristics of these soils, and micromorpholbgical
variations, location of centres of acidity or proton sources in the
soils and their genesis had been made earlier in relation to evolving
suitable methods of management.' Though reports on the possible
existence of pyrites had been conjectured no demonstration of their
actual presence, estimate of quatities, morphology, and trénsformations
to wvarious iron compoqﬁds like ferr/ic hydroxides, jarosites, etc had
been made earlier. Comparison of their characteristics with other
acid sulphate soils around the -globe had also not been attempted.
For .filling up this objective a well integrated study was undertaken
on the stage by stage morphologyvv physico-chemical and mineralogicall
properties of the acid sulphate soils of Kerala taking two soil profilesi
each from Karumadi, Moncompu, Mathikayal, Vyttilla, Kattukambal

and Kattampally along the West coast. The salient observations and
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conclusions of the investigations conducted are as follows:

1.

The major geological formations of the acid sulphate soils
along the West coast of Kerala are the Warkalli formations
foliowéd. by lateritic hills and hillocks. At places the
Warkalli formations lie over fossil lime stone and lignite
strata.

The natural mangrove vegetation in ana around the acid
sulphate soils are dominantly Rhizophora sp., Avicinnia sp.
and Sonneratia sp. and even Bruquiera sp. with associated

brackish water vegetation of Acrostichum, Acanthus sp. and

fresh . water vegetation of Phragmites, Typha and Scirpus taxa.

Rice is the agricultural Crdp of choice for these regions.
Floods, saline water intrusion, soil acidity, Al and Fe toxicity
are some of the major hazards to agriculture in this région.
The drainage of this region is poor, water logging compounded
by ingression of sea-water during high and ebb tides makes
the soils moderately éaline.

Wide variation in field morphology was noticed in the acid
sulphate soils at differ‘er;t locations in the State. Soil colour
ranges from dark yellowish brown 'to black with intermediate
colours of greyish brown and very dark grey.

The soil texture ranges between silty clay loam and clay
with intermediate texture of clay loam. Surface horizons are
coarser while the lower horizons are finer and compacted.

surface horizons are structureless to weakly structured- due
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to continuous rice cultivation, while the subsurface horizons
have coarse prismatic to subangular blocky structure.
Sesquioxide concretions and lateritic nodules of hue & YR
and 7.5 YR are observed in all the epipedons and horizons
lower to it. Partially decomposed wood fossils under different
stages of decomposition are pr‘ésent in abundant quantities
as homogenised or as aA stratified layer. They are intensely
coated with iron oxide.

Jarosite mottles or a layer of enriched jarosite mottles are
found within 50 cm from the ‘surface. Its thickness ranges
from 6 to 50 cm. The colour of the mottles is pale yelloxv/vn
with 2.5 Y hue and less than 6 value and chroma. Wetness,
high soluble salt concentratién and coating of finer opaques
and coloured grains of colloidal sized material mask their
identification in the field. Such a mottlled enriched jarosite
rich horizon is buried to subsurface layers by other epipedons
like cambic epipedon and umbric epipedon, etc. Thus though
sulphuric horizons are absent, sulphidic materials are present
up to a depth of 50 cm. A sulphuric horizon of jarosite
material typical of acid sulp‘hate soil could not be observed
in any of the locations. |

Dark grey to black soil matrix colour is observed due to
the presence of abundant quantities of fossil wood, opaque
minerals admixed with quartz. The predominant soil matrix

colour of hue 2.5 Y indicate the reduced and gleyed nature
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of the soil. The dominance of the hue 5 YR, 7.5 YR, 10 YR
for soil mottles, laterite nodules and concretions indicate
alluviation of lateritic soil material from the midland region
of Kerala.

Size, shape and frequency analysis of soil fractions (skeletons)
indicate the formation of these soils with recently deposited
fine sediments after a short distance of. alluviation.

Size and frequency of wood fossil, skeleton distribution and
presence and nature of horizon Dboundaries leads one to
conclude the sequential nature of the deposits. Micromorpho-
logical studies revealed the admixed relic features of fauna
and their faecal materials, reveal the earlier role of fauna
as a soil homogenising agent.

The nature, composition, and deposition of whole soil coatings
and colloidal sized clay ahd cutanic coatings, matrix aniso-
tropism etc indicate'the'role of mass flow of water from
the surface to ground V\;ater, sudden drainage of ground water,
slow movement of percoléting water and the direction of such .
moving water in soil developfnent. )
Compaction, presence of composite prismatic sub angular blocky
structure and presence of illuvial cutans in lower horizons
indicate active slow percolation, at times disrupted, and at times

the activated leaching of clay and colloidal sized materials.
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Abundant quantities of partially 'decomposed fossil wood and
root channels under different stages of de.composition in
association with pyrite and. pyrrohtite and its oxidation
products are present. FPresence of partially decomposed wood
fibre in all soil fractions, ofganan and ferriorganan observed
in association with soil skeletons established the parent

material like role of wood fossil in soil formation and

~ development.

High shift in acidity on air drying and HZOZ treatment of
the soils and similar shift in EC on air drying haé been
observed. The finer nature of the framboidal pryrite and -
pyrrohtite ( < 2 lu) indicate easy oxidation of these sulphidic
materials to free sulphuric acid and subsequent ionisation
resulting in the release of H' and 8042— accounting for the
shift of both pH as well as electrical conductivity.

The soils in general have a high total and exchangeable Al,
high total, exchangeable and active Fe.

High Cation Exchange Capacity, Effective Cation Exchange
Capacity, percent Al ‘saturation of the effective CEC are all
indicative of'.the role of ofganic matter and 2:1 type of clay
minerals on CEC. Alumiﬁium plays a significant part in the
exchange complex in storing the high acidity ‘generated.

Iron sulphide is present as cubular and framboidal pyrite
primary, secondary, and tértiary pyrite along skeletons as

neojarositans and neoquasijarositans and pyritan while the
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framboidal iron sulphide is present in the root channels
dominantly as pyrrohtite (FeS).

The oxidation products of pyrite and pyrrohtite are Ferric
hydroxide, jarosite and gypsum in non-calcareous acid horizons
while in the calcareous horizon the oxidation of pyrite to
ferric hydroxide with little further oxidation to jarosite
is noticed. Calcium Sulphate and jarosite are noticeably abselit
due to various reasons like lesser acidity, non .reactivity

of CaCO, shells with acidity produced etc.

3
Lepidocrocite is the foi‘_m of ferric hydroxide noticeable in
these soils followed - by wusual oxidised product of pyrite
and jarosite viz. goethite (ferric hydroxide). The observation
of lepidocrocite Confirrri the chemical possibility of the
existence of iron sulphide as framboidal pyrrohtite than pyrite
as observed in fossil root channels under SEM.

Free silica is present in the surface horizons of thésé
waterlogged acid sulpf.lévte soils as different forms of .
diatomaceous materials like colourless and coloured (blue)
transparent, spongy spicules, oval platy structures and flaky
mica like strutures indicating a conducive milieu for its habi-
tation. Authe.genic formation of euhedral quartz is also noticed.
Type and shape of sand - and silt rilinerals éuggest the
uniformity of parent material (material) of these deposits
and their recent deposition after a short distance of alluvi-

ation. Sedigraph analysis of finer fractions exhibit constancy
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in the frequency of occurrence of sub size f{raction in all
these soils. The higher. content of pyrites in the silt fraction
and clay fraction establish the finer nature of pyrite present
in these soils as confirmed by. their SEM analysis.

Lateritic nodules and concretion, relic léteritic cutanic materi-
als present in the sand and silt fraction and in the polished
block and thin section with bright colour, angular to sub-ang-
ular shape with sharp margins are indicative of the alluviation
of lateritic fells and ‘their influenée in the pedogensis of
these soils.

Clay mineral analysis by XRD and TGA indicated the dominance
of non-clay fraction like mica quartz, followed - by
predominence of clay mineral of kaolinite type followed by
minor amounts of “c__l:V)'thype. of minerals which include chlorite,
chloratised smectite, illite and vermiculite. Minor amounts
of feldspars, amphiboles, pyroxene, goethite and gibbsite
were also observed. Tﬁe presence of pyrite, pyrrohtite,
jarosite and wood fossil fibre in the clay has been revealed
by the SEM analysis of clay. The SEM analysis of silt and.
clay established the preponderanceiof quartz and minor amounts
of ilmenite.

The chemical traﬁsformation of pyrite at low- pH ranges: in
waterlogged situations under mild aeration to ferric hydroxide'
and then to jarosite has been indicated. Under abrupt aerobic

situations with a quick drop of pH, pyrite is oxidised to
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jarosite in. the place of the original pyrite (jarosite with

retained pyrite nucleus) which finally is transformed to ferric

hydroxide. Transformation of pyrite to ferric hydroxide stage

alone is observed in the CaCO3 shell layer with the absence

of CaSO4 formation. This 'may be due to non-reactive nature
of the CaCO3 shells.

26. The 'n' value of these soils revealed that all of them are
half to full ripe acid sulphate soils.

27. The pedogenesis of these soils started with the stratification
to fossil fauna, fossil wood, and pyrite which now exists
as the lowest layer. Above this are found some of the lesser
stratified sediments and aCtively' tranformed and translocated
relics of organic matter, pyrite and colloidal sized products.
Superimposed on this are the structureless, disturbed,
coarser surface soil sediments, recently deposited.

This study on the genesis, physico chemical and mineralogical
properties of the acid sulphate soils of Kerala, has enabled them
to be placed as a class separate from other reported typical acid
sulphate soils from the rest of the world. Thus these soils are now
recorded to be more dangerously acid sulphate than others though
they do not satisfy either the total sulphur or the presence of typical
sulphuric horizon. Further the pyrite framboids have a size ran'ge
of only 1/25th of the framboidé reporte_d elsewhere from the globe.
This has made them much more dangerously acid. All the same,

they require to be placed as soils ‘with sulphidic materials rather
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soils with sulphuric horizon as per Soil Taxonomy (USDA, 1975).
Nevertheless, the fact remains that these soils are highly acidic
with cansiderable amounts of reserve pyrites and hence reserve
acidity. These solls call fo‘r~utmost care in their management. The
acid sulphate soils of Kerala, are thus to be -continuously managed
under a waterlogged milieu to enable optimum productivity with minimum
problems due fo acidity and related aspects. The poss_ibility’ of
growing perennial crops such as rubber and oil palm in these require
partial to fully aerobic situations. These conditions are likely to
result in oxidation of the pyrite laden layer generating enormous.
quantities of free sulphufic acid. The pyrite laden layer extends
up to 90 cm in the present study.

The acid sulphate soils of Kerala are definitely different
from the Malaysian acid sulphate soils in that the surface layer is
not completely free of pyrites. .In view of the fact that the surface
soil contains only jarosite and no pyrites the Malaysian acid sulpﬁaté
soils have been subjected to cultivation with oil palm and rubber.
However, the Malaysian experience cannot ‘be transplanted as such
to Kerala in view of the very serious initial- problemé likely to be
thrown off by the generation of acidity by the oxidation of pyrites
under aerobic situations. | |

Being half to unripe, the acid sulphate soils of Kerala are
still dangerously acid as to warrant the continuation of the existing ‘

management practices and cropping systems.
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Appendix T

Mean Values of Physico-Chemical Properties of the Acid Sulphate Soils
sl. Soil name, location Kari sofl Kara S -
¢ padom soil Kaval soil kole soil kaipad soil
No. Property Kerunadi Moncompu r-i‘a'thika_val Pokkall sofl
vytilta Kattukambal Kattampally
hi h2 h3 h4 n1 h? h3 h4 h1 h2 h3 hd ni h2 h3 hé h1 h2 h3 h3 hl h2 h3 hd CD for CD for
_ soils _ horizons
1. Coarse : 3 .= = - - L :
2. Fi ) s:ni ' 185 170 360 185 165 183 3.85  1.75 115  1.50 1.0 0.53 12.55 7.9  2.50 1.65 |12.00 8.7 .50 12.50 13.85 1s.85  7.05 1z.40  1.08 2.17
2, ne san 5 s . N
silt % 6.80 520 7.5 1.0 24.85 2300 3.50 2.95 50.70  53.15 54.85 55.70 16.15 13.35 11.10 14.95 12.70 11.30 11.75 12.75 23.30 29.60 15,15  14.65 1.58 3.16
‘ Clav § 2.15 2575 26.70 28,20 17.50 16.30  27.30  27.85 18.95 17.70  13.95 12.40 21.00 23.05 22.05 20.90 24.65 25.1 28,90 23.75 23.80 17.25 17.90  20.75 1.99 _ - 3.98
. " . .
1 51.80 52.90 47.60 43.80 28.35 32.00 56.50 62.15 27.65 26.30  20.15 28.70 44.00 55.10 56.80 59.80 49.75 50.00 §0.80 50.10 31.50 34.75  48.55 49.30 1.0:  3.61
Partially decom- :
nosed wood ¥ 12,60 14.45 16.95 1435 1315  9.05 865 5.50 155 1.35 .98 1.35 6.80 0.8 7.5 215 9.90 1.0 0.65 0.0  1.55 2.55 11.35  3.40 2.11 4,22
6. Fine sand/Corse : . :
) . . . 50 1.05 2.0 1.8 220 1.20 18.04  36.09
sand 4.45 3.05 °4.50 6.40 1,50 1.25 '0.91  1.85 44.65 35.40  50.25 131.85 Lo 175 4SS 8as 108 L8O s ° . .
7. Silt/Clay 0.53 0 : 0.48 0.4z 0.39 0.35 , 8.49  0.49 0.57 0.47 076 0.49 037 0.43 5.45 0.11
. .49  0.56 0.64 0.62 051  0.49  0.45 0.69  0.68 0.48 0.43 79 0.84  0.97 9.27 0.19
8. Cley ratio 0.6 0.62 0.75 0.96 2.0 '1.85  0.62  0.53 2.55  2.75 2.40  2.40 iz os  0.63 0.6 088 089 00 o8 214 b ’ ’ ’ ’
9, % apgregates more - :
than 0.25 mm 52.10 49.65 56.15 -52.90 52,75 53.00 53.00 - 58.20 57.80 59.25  58.75 57.65 60.00  58.45  58.85 1 S0.70 5770 ©56.90 5915 .00 8820 E5H 54":0 5855 1.89 a.sg
10. Stability index s.00  B.89 7.0 9.45  7.05 6.35  6.30  5.85 o5 58 s30 5.0 s 6.70 570 5.50 5.5  5.55 s.70 6.05 5.55 6.35 6.8  6.35 0.80 1.8
11. Organic matter %  13.40 17.90 6.5 11.80 11.45 8.0 6.20  6.10 140 1.30 t1s 0.85 1.0 3.85 3.0 0 315 225 490 1.70 105 295 620 870 8.70 0.34 0.68
12, Moisture retained ’ s ) .
a 5 .95 . . .35
at 0.3 bars (%) 5.95  5.55 6.25  9.39 13.60 16.9 11.30  10.75 25.10  26.10 30.00 25.45 47.55 16.80 17.75 15.20 22.5% 19.45 20.85 15.50 23.40  24.30 19.95 16.25 1.18 2.3
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Appendix 1.

Mean Values of Physico-Chemical Properties of the Acid Sulphate Soils

kalpad sofl

" 81, Soil name,lccation Kari soil . Karapadom soil Kayal sofl Pokkali soll kole soil s
No. Property , Karumadi - °. Moncompu Mathikayal N vytia Kattukambal L . Katlampal_{y
h1 h2 h3 h4 n1 nzom o m h2 h3 ht - n1 h2 h3 h4 h1 h2 h3 hs hi h2 h3 ha g‘f‘u;‘”. Et[:rifzu:ns

13. Molsture retained N .

at 15.0 bars (%) 5.40 3.55 5.55  8.10 12.55 15.80  8.85  8.65 22.65 22,90  26.90 24.75 16.55 14.55 16.75 13.90 16.65 15.25 16.40 12.80 17.55 21.15 34.40 12.65 5.13  10.26
14. Avaflable water($) 0.55 -2.00 0.70 1.30 1.05 1.10  2.45  2.10 2.45  3.20 3.0 0.70 - 1.00 2.35 1,00 1.30 5.90 4.2 4.45 2.40 5.70 3.00 3.55 2.60 0.61 1.21
15. Wet sofl pH(H,0)1:1 2.90  2.85  2.55  2.45 4.0 3.65  3.00 2.9 3.90  3.13 3.05 3.10 2.90 2.50 3.20 3.45 4.45 4.55 4.40 4.50  3.50 4.35 4,05 | 615 0.28 0.56
16. Afr dried sofl pH . . .

(Hy0) 1:1 240 1.95 1.85 2,25 3.00 2.35 3.90 3.10 3.35  2.60 3.70 3.25 2,725 2,70 2.60 2.85 3.85 3.85 3.65 3.70 2.80  3.55  3.05  3.85 0.22  0.47
17. "Air dried 30% H,O. - .

- treated soil pHd:2 1.70 1.65 1.40  1.45  2.40  2.05 1.80  1.55 .  2.10 - 1.85 2,35 1.5 1,70 1.70 1.80 1.55  2.25  2.20 2,55 2.35 2.0 1.75  2.05  3.00 - 0.24°  0.47
18. Wet soil EC mS Cm™'6.80 11,95 8,75 10.25 1.5  2.14  3.35  4.50 118 2.14 2.50 2.72  6.05 6.60 7.0 ,7.05 0.64 0.20 0.31 0.37 2.58 2.03  2.34  4.20 0.63 1.26
19. Air dried soil . ' ‘ ' .

EC mS cm 8.00 12.30 10.40 13.40  0.44  2.08  4.70  6.85 0.87  2.49 2,71 4.55 7.10 8.00 10.40 8.35 0.52 0.50 -0.34 0.41 - 3.1 .14  3.45  6.45 0.73 1.45
20. sofl pH (CaCly) 1:2 2.70  2.25  2.45 2,35 3.00 215  3.70  3.15 3.90 2.30 . 2.%0 3.20 2.35 2.3 2.5 2.25 3.30 3.55 3,35 3.95  2.10 - 3.30 3.05  5.65 0.35 0.70
21, Redox pottential (Eh) ’ .

(mV) +487.50 +517,50 +520.00 +540,00 +492.50 +415.00 +512,50 +520,00 +477.50 +495.00 +510.00+485.00 475.00 +490.00 +490,00 +480.00 +455.00 +452.50 +445,00 +515.00 +480.00 +487.50 +485.00 +450,00  16.97  33.93
22. Organic carbon % 7.75 10.35  4.00 6.80 6.60 5.05  3.50  3.50 0.80 0.75 0.60 0.50 2.20 210 2.45 1:90 1.1 0.98 0.81 0.71  1.90 3.50  5.85  5.05 0.25 0.51
23. Total Fe,0g % 10.75 11,15 11.75 12.55  7.25  7.60 B8.10  B8.45 5.50 ° 6.80 7.65 75.55  4.25 4,75 4.3 4,30 3.45 3.65 5.95 5.35  6.40 , 5.50 6.05  4.80 ' 0.40 0.80
24. Total Al,0; % 11.80 12,45 12,35 11.85 8.75 9.75 10.60  10.85 8.60 8,80 8.70 9.20 4.90  5.30 5.45 5.10 4.70 4.60 6.20 4.35 5.55 ° 6.50 6.60 4.50 0.43 0.86
25. Sesqui oxide % 22.55 23.60 24.10 24.40 16,00 17.35 18.70 19.30 15.10 15.70 = ‘16.35 16.75  8.85 10.05  9.80 9.3%  8.15  8.25 12,15  9.70 11.95 12,00 12.65  8.39 0.70 1.41

26. Exchanggable _ql .

cmol (p*) kg 17.80 17.75 17.35 18,50  5.25  6.35  6.50  6.40 4.05  4.55 5.00 4.75 5.30  3.40 3.45 4. 5.60 5.10  8.00 8.39  8.05° 4.90 4.55  4.85 0.79 1.57

ot
o




Mean Values of Physico-Chemical Properties of the

Appendix 1

Acid Sulphate Soils

sl

Soil name,location

kaipad soil

5 ¥ Kari soil Karapadom .soﬂ Kayal soil Pokkall soil kole sofl ],
0. ropert ' 1
perty Karumadi Moncompu Mathikayal vytilla Kattukambal Kattampally
. 4 2 h3 hi Cb for CD for
h1 h2 h3 h4 h1 h2 h3 ~  h4 h1 h2 h3 h4 hi hz n3 h: hi h2 h3 hé . n1 h CD for horisens
’ - 5 5 kR 31.75 2.35 4.72
27. Exchengeable Feppm 36.20 35.20 34.90 34.75 28.35 32.90 40.20 40.80 26.90 25.80  25.00 24.30° 39.75 36.30 3¢.95 37.60 35.20 36.70 35.60 34.5% 28.95 28.40 31.60 31.73
28. Soil CEC : - 5 : 2
- - ; 7.1 14.90 0.81 1.62
cmol (p') kg™t 43,55 44.60 46.00 46.60 14.60 14.20 15.25 14.45 11.15 11.80  12.15 12.65 24.85 24.05 23.65 21.55 18.00 18.20 23.20 23.00 22.50 21.10 17.15 (
29, Effective CEC R ’ .85 54
= - s . 10.85 0.77 1.5
cmol (p°) kg " 21.80 21.45 22.00 22.00 9.78  9.85  9.85 10.50 9.39  8.80 0.8 10.05 16.15 14.80 14.50 12,05 11.00 10.35 11.55 13.25 13.05  12.70 :: f)? b ns e
= s ) 4 . . .34 .62
30. Active Feppm 298.85 373.85 366.00 410.45 209.10 199.30 167.80 178.25 76.85 73.90  72.60 69.10. 118.05 115.45 111.60 110.30 89.70 86.50 82.25 79.55 110.30 151.45 199.05 ‘
31. Al. saturation of . . . ~ I, 40 44.70 8.30 16.58%
effective CEC % 81.30 81,75 78.85 83.50 53.30 64.35 65.85 60.90 42.90 51.55 50.45 47.10 32,70 43.50 23.75 37.75 50.93 49.35 70.45 63.15 61.65 38.80 3!(3].1_ e 020 090
32. Total Sulphur § 0.28 0.3¢ 0,18 0.24 0.26 0.21 0.18 0.16 0.06  0.05 0.52 0.46 0.07 0.07 0.08 0.07 0.05 0.04 0.05 0.0 0.07  0.1% .17 . .
33. Sulphate Sulphur . : 68.85 123.90 20.32 40.6+
ppm 152,35 231.30 196.40 293.20 13.50 '43.60 91.80 131.25 21.40  47.60  55.30 74.50 - 135,85 152.40 106.40 136.0 15,10 14.75 11.70 13.0 59.65 63.10 .
34. Water soluble Sulphur 167.85 187.20 238.65 194.70 26.65 26,25 22,70 24.35 82,00 82.75 g9.55 153.95  15.60  31.18
ppm 187.20 279.45 238.70 303.05 31,75 66.05 115.85 162.55 34.08  68.85 73.65 113.15 : : ’ . s 0.91 1e2
: - < 56.35 . .
8. Organic Sulphur . © §7.15  58.20 61.05 56.65 49.30 49.30 49.00 49.13 52.35 52.40 52,80
ppm 58.25 63.35 61.10 64.70 49.20 51.15 54.30 56.85 49.70 50.90  51.90 54.15 60.87
i 50.20 269.80  30.44 .87
: : 33.30 32.55 26.00 29.00 136.25 137.65 150.
36. Heat soluble ) 295.75 331.70 42.70 34,80
Sulphur ppm 331.65 503.15 427.35 547.00 30.00 95.35 200.05 285.75 47.10  86.95° 120.70 194.10




Appendix II

'Mean.values of physico-chemical and mineralogical. properties of the Acid Sulphate soils (0-50 cm depth)

S1. Soil name location Kari soil Karapadam soil Kayal soil Pokkali soil Kole soil Kaipad soil ~ CD for
No. Property Karumadi Moncompu Mathikayal Vytilla Kattu- Kattam- soils
kambal pally

1. Coarse sand minerology

Quartz % 85.50 88.50 89.50 ~89.00 92.00 93.25 3.
2. Feldspars % 0.40 0.40 0.65 0.75 0.25 0.50 0.
3. Biotite % 0.15 0.10 0.40 . 0.35 0.05 0.40 0.
4. Magnetite § 0.18 0.20 0.30 0.30 0.65 0.30 0.
5. Ilmenite . 0.60 0.50 1.5 ©0.80 1.40 0.50 0.
6. Sillimanite % , 0.65 . 0.90 1.25 1.10 1.65 1.75 1.
7. Rutile % . 0.40 ©0.38 0.45 0.65 1.20 0.75 - 0.
8. Pyrite % 0.01 0.05 0.02 0.01 0.33 0.04 ' 0.
9. Laterite nodule % 0.03 0.07 . 0.02 0.01 1.20 0.04 0.

10. Partially decomposed ,
wood % 3.90 0.75 0.45 0.75 0.40 3.20 1.

11. Fine sand mineralogy
partially decomposed

wood % 75.55 10.00 2.95 3.65 0.85 1.70 8.
12. Light mineral % 88.25 96.65 82.25 87.80 88.10 75.35 5.
13. Heavy mineral % 11.75 3.35 12.75 7.20 11.90 24.45
14. Fs/LF ratio 1.15 1.07 1.25 1.18 1.17 1.38
15. FS/HF ratio 8.15 26.10 5.00 6.70 | .6.20 2.85

.32
.01

.91



Mean values of

Physico-Chemical and mineralogical properties of the Acid Sulphate soils

(0-50 cm depth)

Sl.

Soil name location

Kari soil Karapadam soil

Kole soil

Kayal soil Pokkali soil Kaipad $oil CD for

No. Property Karumadi Moncompu Mathikaval Vytilla Kattu Kattam Soils
kambal pally -

16. Fine sand/clay ratio 0.13 0.45 1.92 0.27 0.24 0.64 0.07
17_- Quartz % 10.15 80.65 82.78 80.80 48.65 83.95 1‘8.64
18. Feld spars % 0.07 0.45 0.90 0.55 O.Q4 0.47 0.77
19. Biotite % 1.65 1.48 1.75 2.20 ' 1.‘26 2'.05 0.70
20. Muscovite % 0.04 0.26 0.47 0.09. 0.20 0.70 0.59
21. Chlorite % 0.40 0.30 0.43 0.49 0.23 0.65 0.27
22. Zircon % 0.03 0.13 0.05 0.09 0.45 0.99 0.19
23. Ilmenite % 4,20 3.45 3.00 4.13 38.80 2.98 16.93
24. Haematite % 0.07 0.10 0.88 0.73 1.59 1.36 0.46
25. Sillimanite % 1.25 1.45 1.75 2.03 1.70 3.05 0.74
26, Mona zite % 0.40 0.30 0.69 0.68 1.85 0.68 0.60
27. Rutile % 0.15 0.24 0.37 0.28 0.93 0.65 0.30
28. Garnet % 0.04 0.13 0.15 0.11 0.53 0.57 0.42
29. Staurolite % 0.01 0.13 0.15 0.20 0.33 0.55 0.11




Mean values of Physico-Chemical

vi

and mineralogical properties of the Acid Sulphate soils (

0-50 cm depth)

" sl..

Soil name location Kari soil Karapadam soil Kaval soil Pokkali soil Kole soil Kaipad soil CD for
No. Property Karumadi Moncompu Mathikayal Vytilla Kattu Kattam Soils
kambal pally
30. Tourmaline% 0.01 0.12 0.50 0.18 . 0.48 1 0.54 0.57
31. VPyritve 5% '1.85 0.70 0.55 10.37 0.18 0.90. '0.36
32. Coarse sand _ 1.65' A l13.00 1.25 | .1.65 9.55 V12:.25 : 3 1.'66.
33. Fine sand. % 6.55 17.45 53.25 - 13.75 \11.95 24.25 9.7'9
| 34. Silt % 26.55 20.45 - -.16.85 122.00 © 28.50 | 18.‘15' 1.50 -
. 35. Clay % = | 51.70 38.85 27.'70 51.95 50.45 38.25 2.86-
36. Silt/Cléy ratio 0.52 0.52 0.47, 0.43 0.56 . 0.48 0.23
37. Silt/coarse sand ratio 10.10 1,40 7.06 2.05 2.60. 1.13 12.78
38. Si.lt/fir'le sand ratio 10.05 135 6.78- 2.49 2.75 1.12 12._57_
39.. Fine sand minerdlogy
partially decomposed B
wood % ' 7.30 3.90 2.55 3.05 0.95 ,4'90 1.61
40. Quartz % 49,65 49-.50 57.05 49.25 56.75 50.25 6.44.
41. Feldspar %- 0.19 0.35 0.60 0.95 0.04 0.65 1;02
42. Biotite % 1.28 0.79 1.65 1.45 1.00 2.05 3

.23



Mean values of Physico-Chemical and minerdlogical properties of the Acid Sulph.at‘ej soils (0—50 cm depth),

Vv ik

2 0

80

00

Sl. Soil name location Kari soil Karapadam soil Kayal soil Pokkali soil Kole soil Kaipad soil - CD for
No. ‘Property " Karumadi Moncompu Mathikayal Vytilla Kattu -Kattam Soils .
: : , kambal pally

43. Muscqvite % | 0.03 6.04 0.05 0.06 0.02 0.06 0.003
44, Chlorite % 5.50 - 6.85 5.40 6.50 4,;50 7.80 3.84
45. Ilmenite % 21.75 19.40 24.75 23.1d 14.05 24.25 7.85
46. Sillimanite % 2. 15 | 2.50 3.25 .3.-’75 - 2.80 4.05 - 3.30
47. Monazite % 0.04 0.07 0.08 6.02 ' 0.02 - .0.13 | 0.13
48. Haematite % 1.42 0.90 0.78 0.51 . 0.30 | 1.30 2.‘6'3
49. Goethite % 2.45 2.90 ~2.00 1.55 4.50 1.20 -1.40
50. Pyrite 4 4.85 3.60 $2.25 2.15 0.40 4.45 1.48
_51. Coarse silt (20-50 um)% '0.00. 2.00 5.50 0.50 0.00 0.00 6.99
52.. Medium silt (5-20 um)$% 8.50 14.00 19.50 11.00 13.50 7.50 14.-53
53. Fine silt(2-5 um) % | 11.00 11.75 12.25 10.25 11.00 13.50 2.71
54. Coarse 'clay(vO.Z—Z um) % 41.00 44.00 12.50 18.00 17.00 1'4-'.75‘ 51.19
55. Fine clay(.O.Z um) % A19.75 29.25 44,25 58.00 .57.50 59.00 41.65
56. Chemical composition . ‘ .

of soil clay SiO, % 46. 56. 30 51.25 50. 35.40 38.60 5.56



Mean values of Physico-Chemical and mineralogical properties of the Acid Sulphate soils (0-50 cm depth)

Soil name location

Kari soil Karapadam soil Kayal soil Pokkali soil Kole soil Kaipad soil CD_ for
Property Karumadi Moncompu Mathikayal Vytilla Kattu Kattam Soils
i kambal pally

57. A1203 % 27.25 37.99 36.73 43.95 27.64 39.89 1.12
58. Fe203 % 20.39 12.01 16.95 13.20 15.11 13.79 0.44
59. CaO0 % 0.03 0.17 0.16 0.10 0.05 0.27 0.04
60. MgO % 1.41 1.04 2.23 4.67 0.81 2.03 0.30
61. Nazo % 2.41 3.11 4.78 32.27 1.95 2.56 7.73
62. KZO % 1.68 1.23 1.68 4.35 0.57 2.24 0.37
63. Zn0 % 1.73 5.52 9.97 48.23 1.02 0.07 1.16
64. CaO % 0.08 - 0.06 0.03 9.05 0.04 0.04 . 0.003
65. SiOzAlzo3 2.92 2.52 2.37 1.93 2.04 1.43 0.37
66. SiOch—zZO3 6.07 12.41 7.99 10.02 5.84 6.97 1.06
67. SiOZ/RZO3 4.27 4.89 4,15 3.79 3.38 2.94 0.61
68. SiOz/CaO+MgO 52.44 75.33 31.57 16.84 62.65 25.55 4.60
69. SiOz/Kzo 43.59 72.68 48.42 18.06 67.71 256.41 28.54
70. Thermogravimetric

analysis of clay

loss of water/100 g clay

at 100°C 9.92 7.30 6.43 7.60 9.47 6.17 3.89




Mean values of Physico—Chemical and minerqlogical properties of the '‘Acid Sulphate soils (0-50 cm depth)

Pokkali soil

S1. Soil name location Kari soil Karapadam soil Kayal soil Kole soil Kaipad soil CD' For
No. Property Karumadi Moncompu Mathikayal Vytilla Kattu Kattam Soils
kambal pally

71. Loss of water/lOO g :

clay at 200°C 16.30 . 10.58 11.69 12.67 13.66 11.54 3.86
72. Loss of water/lOO g

clay at 300°C 26.09 15.23 19.29 18.35 16.05 16.80 ‘2.65
73. Loss water/lOO g : oo .

clay at 400°C 32.47 19.83 23.39 22.15 24.94 . 19.44 4.43
74. Loss water/lOO g .

clay -at 500°C 35.69 21.85 25.15 25.95 26.85 22.12 1.56
75. Loss of water/lOO g

clay at 600°C 37.31 23.15 27.49 28.45 29.42 23.89 3.37
76. Loss of water/lOO g : :

clay at 700°C 36.37 24.50 28.67 31.02 30.08 25.16 5.87
77. Loss of water/lOO g ‘

clay at 800°C 43.63 25.83 29.84 34.20 33.18 25.16 1_.05
78. Loss of water‘/lDO g '

~ clay at 900°C 46.78 26.50 32.74 34.84 33.77 26.57 3.09

79. Loss water/lOO , _ .

clay at 1000°C ° 47.58 27.18 32.74 36.12 . 33.77 27.43 3.17
80. fategorles of water

0ss of 5011 clay .

below 100 C 20.86 26.79 19.60 21.06 28.14 22.48 11.71



Mean values of Physico-Chemical and minerqlogical properties of the Acid Sulphate soils (0-50 cm depth)

Kayal soil

Sl. Soil name location Kari soil Karapadam soil Pokkali soil Kole soil Kaipad soil CD for
No. Property Karumadi Moncompu Mathikayval Vytilla Kattu Kattam Soils
kambal pally

81. Below 300°C 54.83 .56.18 58.85 50.92 '55.37 61.24 10.41
82. Below 600°C 78.42 85.60 84.11 79.06 87.09 87.10 17.94
83. Beyond 600°C 21.59 14.40 15.89 20.94 12.92 12.91 17.94
84. Adsorbed water % 68.44 71.01 71.40 61.46 73.90 70.83 16.23
85. Crystal lattice water% 31.76 29.04 28.61 38.55 26.10 29.17 16.27
86. Adsorbed water/

crystal lattice water 2.16 2.82 +2.50 1.61 2.96 2.15 2.01
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Appendix III

GLOSSARY OF MICROMORPHOLOGICAL TERMS

ACCUMULATION: The build-up or increase in the amount of one or
more constituents in the soil at a given position as a result of translo-
cation. The build-up may be a residue due to the translocation of
material out of the‘ horizon or may be ‘due to an addition of material;
Usually refers to soluble substances and clay particles.
Agglomeroplasmic (A related distributioﬁ pattern). The plasma occurs
as loose or incomplete fillings in the i_ntergranular spaces between
skeleton grains. |

AGGREGATE: Small 1oosé structural bodies of various origin, formed
in nature witﬁ_ variable shape and origin often called crumbs.
Aggregates are either true crumbs, or small fragments, or small clods
or droppings of small soil animals.

Aggregates: Soil material ’separéfé-'from and only touching other soil
material, divided into fragmehts and crumbs.

ANISOTROPIC: 1. Possessing different physical properities in.different
directions. |

Argillané: Cutans composed dominantly of clay minerals.

Argillasepic Fabric: A type of Asepic Plasmic Fabric. The plasma
of this fabric consists dominantly- of aniéotropic clay minerals and
exhibit a flecked orientation pattern with recognisable domains. Sea

Asepic Plasmic Fabrics.
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Asepic Plasmic Fab‘rics:- These fabrics havev dominantly ani'sotropic )
/
plasma with anisotropic domains that are unorientated ;wit_h régard
to each other; that is, they have a flecked extiﬁction patter; There
are virtually no plasma separations. There are two types; see Argilla-
sepic Fabric and Sillasepic Fabric of. Scaly fabric..
ASSIMILATE: Make similar, absorb into the system, become alike,
refers mainly to the assimilation of various features in the matrix.
Basic -distribution pattern: The distribution pattern of like individuals
with> regard to each other-.
Basic fabric: The fabric of the S-matrix, that is the arrangements
and relationships of the plasma, skeleton grains and voids.
Basic orientation pattern: The orientation pattern of like individuals
with regard to each other.
Basic Structure: The structure of the S-matrix, that is, the size,
shape, and arrangement of the simple grains (plasma and skeleton
grains) and voids in primary peds or apedal soil material, excluding
pedological features other than plasma separations.
BLOCKY: Many sided with angulaf or rounded corners, used for des-
cribing peds.
CHAMBER: A relatively large circular or ovoid pore with smooth
walls and an outlet through channels fissures or planar pores.
CHANNEL: A tubular—sﬁaped pore. of. Faunal passage, root passage.
Chlamydomorphic fabric: Mineral graiﬁs are surrounded by uniform
‘colloidal coatings which may grow together at the points where the

grains touch each other. The intergranular spaces are generally empty.
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COATING: A layer of a substance completely or partly covering a
surface. Coatings are compoéed of a variety of substances separately
or in combination. AThey include clay coatings (clay skins), calcite
coatings, gibbsite coatings, gypsum coatings, salt coatings.. hematite
coatings, organic coatings, while soil coatings, etc. Coatings may
become incorporated into the matrix or b.é fragmented.

Concentration. = The process and state of accumulation of mineral and
or organic material. See ACCUMULATION.

CONCRETION: 1. A feature caused by local conce’n‘érations of compounds
that irreversibly cement the soil grains together.

CRYSTAL VERMIFORM: AAtube filled with secondary crystalline materi-
al such as calcite. The arrangement of the crystals may vary from
loosely to densely packed. | |
Cutan: A modification of the texture, structure, or fabric at natural
surfaces in soil meterials due. to concerntration of particular soil
Cdnstituents or in situ modification of the plasma; cutans can be com-
—~posed of any of the component substances of the soil material. They
include Ferri-argillans, Gibbsans, Goethans, Gypséns, Halans, Hemataﬁs,
Humicans, Kalinans, Mangans, Matrans, Organas, Organo-Argillans,
Palygorskans, Quartzans, Sesquans, Silans, Skeletans.

DEPOSITION: The sedimentation of méterial on the surfaces of pores
Some deposited materials eVentually become integrated or amalgamated
into the matrix.

DETRITAL GRAIN: Individual mineral grains originally present 1in

the parent material.
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DOMAIN: 1. Small units of parallel oriented clay about onelv micron . .

. . . / .
diameter and randomly arranged in tHe matrix.

EUHEDRAL: From of mineral grains bounded by distinct (own) crysta-
llographic faces. of. ANHEDRAL and SUBHEDRAL

FAUNAL PASSACE: A tubular pore produced by faunal activity.

FERRAN: A sesquan (cutan) consisting of iron oxideé or hydroxides.
FERRI-ARGILLAN: A cutan consisting of a mixture of clay minerals
and iron oxides and hydroxides, coloured in shades of yellow, 'red,
green or blue depending on the degree of hydration and oxidation
of the iron oxides or hydroxide.

FINE MASS: Micromorphologically indistinguishable part of the soil,
composed mainly of clay particles- sesquioxides and humus, can be
moved énd/or reorganised.

FINE MATERIAL: Soil material in thin sections comosed of particles
less than about 2 u which are difficult or impossible to resolve with
the petrological microscope. |
FOSSIL FORMATIONS: Preserved features resulting from bioelogical
activity suéh as borrows.and root channels. -These may ‘of may not
be filled with various materials.

FRAGMENTS: Irregular shaped aggregates of soil material prodced
by physical disturbance such as ploughing.

GLAEBULE: A three dimensional unit within the Si—matrix of the soil
material, and usually approximately prolate to equant in shape; its
morphology }Eespecially size, shape, and/or internal fabric) is incompa-

tible with its present occurence béing within a single void in the
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present 'soil material. It is /r"eco_gnised as a ﬁnit either because of
e .

great concentration of some 'v'constiituents and/or differences in' fabric

compared with the enclosing soil material, or because it has a distinct

boundary with the enclos.ing soil material.

GRAIN CUTANS: Cutans associated with the surfaces of skeleton grains

or other discrete units such as nodules, concretions, etc.

GRANULAR: (A related distribution pattern). -Theré is no plasma

or all the plasma .occ':urs as pedological features.

GYPSAN: A cutan composed of gypsum. |

HISTON: A natural aggregation of d.ifferent tissues (grown together

in a plant or animal body) such as a leaf, branch, root, seed, fruit,

etc. or the remains of that if these are larger than 2 mm. Present

orgahic plasma is part of the histon unless it has been formed info

a pedological feature. Pedological features can occur within histons.

They are subdivided into brancohist - derived from branch; folichist

- derived from a leaf; histonoids - aggregates of tissues smaller

than 2 mm.

HISTONIC: The O-matrix is mainly composed of intact, or apparently

intact tissue. Plasma is not present, neither in the cell lumena nor

in the cell walls.

HUMICAN:; An organan consisting almost entirely of humic substances.

HUMICOL: Plasmic material consisting of strongly decomposed organic

residues of colloidal size. |

HUMON: 1. The collection of macroscopically and/or microscopically

(magnifications up to 200:1) observable organic bodies in soil which

are characterized by a specific morphology and spatial arrangement;
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it is a "natural, three-dimensional, genetic, organic individual" exis-
| ting in soil.
HUMUS FORM: Refers always to the humus formation as a whole 1i,e,
it includes particular chemicai and physical characteristics as well
as a particfular profile development with all its horizons, their inter-
nal structure and the totality of their life.
ILLUVIATION CUTANS: Formed by .movement of cutanic material in
éolution or suspension and subsequent deposition.
INTERCALARY CRYSTALS: Crystallaria that consist of a single large
crystal or groups of a few iai“ge crystals set in the soil material
and apparently not associated with voids of equivalent size or shape
to that of the crysfallaria as a whole, the crystals are euhedral
to subhedral having at least somé well developed crystal faces.
INTERTEXTIC (related- distribution): 1. Bare mineral grains united
by iﬁtergranular braces or embedded in a porous mass of flocculated
or crumbled colloids. |

2. The skeleton gfainsAare linked by intergranular braces
or are embedded in a porous groundmass (matrix in the semdimentary
petrological sénse).
MANGAN: A cutan composed of manganess oxides.
MATRIX: The fine material (generally 2 lu m) forming a continuous

phase and enclosing coarser material and/or pores.

I-MATRIX: The mineral material within this unit of study being simpl-

est (primary) peds, oOr composing' apedal soil materials (in which

pedological features occur), or pedological features. It consiss of
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mineral plasma and/or minveral skeleton grains.

S-MATRIX: The material (plasma and/or skeleton grains and associated
voids) within the simplest (primary) peds, or composing apedal soil
material that does not occur as pedological features’ other than plasma
separations; it may be absent in some soil materials, for example,
those that consist entirely of pedological features.

MELANONS: Glaebules formed by melanosis of histons, or remains
of histons, or melanized éoil materials, which may be unrecognizable
remains of sclerotia. If part of a histon is melanized, only this is
the melanon.

METAVUGHS: Vughs whose walls appear to be significantly smoother
than would result from the normal random packing of plasma and ske-
leton grains.

MICROSTRUCTURE: Soil stfucture fhat' can be seen only with optical
means.

- MODER: Well decomposed éerobic organic matter -containing NUMEerous
faecal pellets.

MULL: An intimate blend of ofganic and mineral material crumb or
granular structure. | |

NEOCUTANS: Occur subcutanically immediately adjoining the natural
surface with which they are associated. They include: neocalcitans,
neoargillans, neocalcans, neoferrans, neomangans, neomatrans, ‘neo—organ—
ans, neosesquans, neostrians.

NEOFERRAN: A neocutan composed of a concentration of iron oxides.
NEOMANGAN: A neolcutan composed of a concentration of manganese

oxides.
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NEOORGANAN: A neocutan composed of 'a concentration of organic
matter.
NODULES: Glaebules with an undifferentiated internal fabric; in this

context undifferentiated fabric includes recognisable rock and soil
fabric.

OPTICAL ANISOTROPY: All crystalline materials except those belonging
to the cubic crystal system are optically anisotropic as is expressed
by their birefringence. Interference col‘ours can be observed when
the substances are examined between crossed polarizers. see
ANISOTROPY and SOIL ANISOTROPY

ORGANAN: A cutan composed of a cbncem:ration of organic matter.
ORGANIC PLASMA/O-PLASMA: That part of the organic soil material
which is. capable of being or has been moved, reorganized and/or
concentrated by processes of soil fdrmation. It includes all organic
material of colloidal size smallef t:han 2 uom and relatively soluble
organic material,v which is not ‘bound up in the skeleton grains or
tissues. The colloidal-sized material is composed of high molecular
weight constituents and. of very small fragments of tissue.

ORGANIC SKELETON GRAINS: Individual organic grains which are
relatively stable and not readily translocated, concentrated or
reorganised | by soil-forming ,proéesses; they include fragments of
aggregations of tissues, spores, pollen grains; and' fragments of fungal
hyphae; they are larger than u m and commonly smaller than 2 mm.
ORIENTATION PATTERN: See the three major groups viz basic, referred

and related orientation patterns.
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ORTHOTUBULES:  The tubulic material has been derived from the soil
material of the horizon in which they occur.

PACKING VOIDS: Voids due to random pack_ing of individuals.

PAPULES: Glaebules composed dominantly. of clay min'fals with conti-
nuous and/or lamellar fabric; they have sharp external bound-aries.
Most commonly they are prolate to equant and somewhat rounded.
PASSAGE: A tubular pore which has a Circﬁlar or ovoid cross sec-
tion. see CHANNEL.

PED: A ped is an individual natural soil aggregate consisting _of
a cluster of primary particles, and separated from adjoining peds
by surfaces of weakness which ‘are recognizable as nature voids or
by the occurrence of cutans. .

PEDOLOGICAL FEATURES: Recognizable 'units whthin a soil material
which are distinguishable from the associated material for any resason,
such as origin (deposition as an entity), differences in concentration
‘of some fractions of the plasma, or differences in arrangement of
the constituents (fabric). |

PEDORELICS: Features formed by erosion, transpo‘rtv and deposition
of nodules of an older soil material or' pedological features from it,
or by preservation of some part of a previously existing soil horizon
with_in a néwly formed horizon.

PLANAR PORES: ~ Pores that appear in thin sections to be linear or
sinuous but are planar in three dimensions.

PLASMA: 1. All the material of colloidal soze, and felatively soluble
méter‘ial that is not bound up in skeleton grains; it consists of mine-

ral (amorphous and crystalline) and organic material.
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2. That part of a soil' material which is capable of being
or has been moved, reorganised, and/or concentrated by the processes
of soil formation. It includes all the material, mineral or organic,
of colloidal size and relatively soluble material which is not bound
up in the skeleton grains.

PLASMA CONCENTRATIONS: Concentrations of any of the fractions of
the plasma in variqus parts of the soil material. Examples of these
are carbonate nodules, iron oxide nodules and clay mineral coatings.
PLASMA SEPARATION: Features characterised by a significant change
in the arrangement of the constituents, rather than a change in the
concentratibn of some fréction of the plasma. An example of this is
the c_hange in orientation of the clay mineral fraction near.the surface
of slickensides. Plasma separations are not three-dimensional entities,
but their internal organization can be described and related to that
of the rest of the soil material:

PLASMIC FABRIC: The fabric of the plasma of the s-matrix, that
is, the arrangement of the plasma grains and intergranular voids.
see Asepic plasmic fabrics,"Sepic plasmic fabrics, Undulic plasmic
fabricsm, Isotic plasmic fabrics, nystic plasrﬁic fabrics.

PORES: .Spaces in the soil filled or partly filled with the soil solu-
tion or soil atmosphere. They- can be discrete or continuous. With
time they may become filled wifh_ clay, crystalline material or other
substances.

POROUS STRUCTURE: Isolated cavities and devoid of aggregates.
PORPHYROSKELIC (related distribution): The plasma occurs as a dense

ground mass in which skeleton grains are -set after the manner of
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phenocrysts in a porphyric rock.

QUASI-CUTAN: A pedological feature that occurs within the S-matrix,
not immediately adjoining natural surfaces, but with an obvious relati-
onship to them. -

RELATED DISTRIBUTION: Plasma occuré as’ uniform coatings covering:
skeleton grains or pedological- features.

RELATED DISTRIBUTION PATTERN: The distribution pattern of like
individuals with regard ‘to the distribution of groups of individuals
of a different kind: it can usually be inferred from the referred
distribution pattern of thé two groups of individuals exhibiting the
relationships.

ROOT PASSAGE:. Circular or ovoid pores formed by rciots}. The roots |
may be alive or dead and present or they may have decomposed
leaving the pore unoccupied but it may be filled later by a variety
of other substances including clay, calcite gypsum, and jarosite.

SEPIC FABRICS: Plasmic fabrics in which patches and/or zlones of
plasma have striated extinction patterns “under crossed polarisers.
The followihg types are recognised:

1. Insepic: isolated - patches with a striated

extinction pattern. -

2. Mosepic: - Frequent patches.
3. Vosepic: ' zones associated with voids.
4, Skelsepic: zones associated with gréins and

or glabules.

5. .Masepi.c: ' _elongated zones through the plasma.
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b. Bimasepic: : elongated zones in two directions
through the plasma.

7. Omnisepic: all the plasma has a complex stria-
ted extinction pattern.

8. Compound fabrics can also occur such as skel-ma-insepic fabric

in which several fabric elements are -present; in these the weaker

elements are named first (skel-in the example) and the stronger eleme-

nts last (insepic in the~e§<ample). Sepic fabrics can also be fompou-

nded with other types, e.g. Skel-masepic undulic fabric.

SEPI.C PLASMIC FABRICS: These . fabrics have recognizable anisotropic

domains with various patterns of 'preferrAed orientation; that is, plasma

separations with a striated extinction pattern are present. They can

subdivided on thé characteristics of the plasma separation into seven

types; Insepic, Mosepic, 'Vosepic, Skeléep_ic, Masepic, Lattisepic,

Omnisepic fabrics. |

SESQUAN: A cutan composed of sesquioxides or hydroxides.

| SIMPLE PACKING‘ VOIDS: Voids due to random pécking ‘o\f individuals

(eifher single grains or such compound units as peds).

SKELETAN: A cutan composed of skeleton grains.

SKELETAN: © Grains of rock forming 'rninerals; rock frégments and "’

bioliths. - ’ .

SKELETON GRAINS: 1. Individual - grains larger thén colloidal size;

they consist of imineral grains orginally present in the parent material

and resistant siliceous and organic bodies.
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SKELSEPIC FABRIC (A type of Sepic Plasmic Fabric): Part of the
plasma has a flecked orientation pattern, but plasma separations with
striated orientation occur subcutanically to the surface of the skeleton
grains; the étriated orientation of the plasma separation is dominantly
parallel to the surfaces of the skeleton grains.

SOIL ANISOTROPFPY: The occurrence of a vertical horizon sequence
in soils causes vertical anisotrop;y to be .an essential characteristic.
Frequently this vertical anisotropy can also Dbe observed in thin
sections. see ANISOTROPY AND OPTICAL ANISOTROPY.

SOIL FABRIC: The arraﬁgemeﬁt, gize, shape and frequency of the
individual soil constituents.

SOIL FABRIC: 1. The structural arrangement of the soil constituents.
Used not only in the narrow sense to refer to aggregate formation
but also in a general sense to- refer to the inner fabric of dense
soil masses, the effect of the prdcess of precipitation and solution,
the movemént of substances, thev '”alterations caused by organisms and
the like. |

SOIL NODULES: Nodules with recognisable soil fébric.

SPONGY FABRIC: Biologically favourable soil fabric consisting of
aggregates bound to each other in such a way that a system of conne-
cted cavities is formed, as in a sponge. The inner structure of the
aggregates is generally porous, not dense.

STREAKS (doubly refractive): Strikingly prominent, irregular, striped
to flame-like fabric parts of higher double'refraction produced by

arrangement of particles in the clay substance either by movement
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(fluidal structures) or by deposition' of drying out colloidal masses
on walls of cavities, shrinkage cracké, earthworm, channels, surface
of granulees,l concretions, etc.

STRUCTURE: The spatial distribution and total organisation of the
" soil system as expressed by the degree and type of aggregation and
the nature and distribution of pores and pore space.

VOIDS: Entities, which are interconnected with each other either
through voids of dissimilar size and shape, through narrow necks,
or through intersection with voids of similar size and shape PORES.
VOSEPIC FABRIC: A type of ‘Sepic Plasmic Fabric. Part of the plasma
has a flecked orientation patterh', but plasma separations with striated
orientation occur subcutanically associated with the walls of voids;
the striated orientation of the plasma separations is dominantly para-
llel to the walls of the voids, especially planes.

VUGHS: Relatively large voids, other than packing voids, usually
irregular and not normally interconnected with other voids of compar-
able size; at the magnification at which they are recognised they
appear as discrete entities. °

WUSTENQUARTZ: Sand grains with a red coating of intimately mixed

clay minerals and iron oxides; presumed to have a presedimentary

origin.



APPENDIX

PHOTO PLATES



1. Karumadi kari soil profile

The profile is moderate to slowly drained,
with slow internal bermeability. Black .and
dark grey coloured, with silty clay ‘texture
throughout the profile. 'Partiélly decomposed
wood present tnroughbut the profile which
are under various stages of decomposition.
Pale vyellow jarosite mottles of hue 2.5 Y
and less than 6 value and chroma’ is scantly
present up to 25 cm depth and at a greater
concentration of frequency below 25 cm. The
other mottles below 25 cﬁ depth are dark yello-
wish brown and light- ofive brown. Decaved
and iron cbateq‘ mangrove roots are present
throughout the profile, Water .level is from
76 cm. A ' -



2. Moncompu karapadom soil profile

soil is very deep, poorly- drained, dark’ arey
to very dark grey with clay loam surface and
silty clayloam subsurface "horizons. The sub-
soils show the presence of gley horizons.
streaks and abundant mottles of olive vellow,
‘olive brown, dark brown and few red. Presence
of concretions and small *“sand pockets” and

. iron ochre in the sub surface horizons 1s
another specific feature of Kkarapadom soils.
Fair amounts of decaying orgénic matter and’
iron encrustations on the ped faces is present
throughout the profile. Pale yellow jarosite
mottlings and pyrite are present in the sur-
face and subsurface horizons within 50 cm
depth.




3. Mathikaval kayal soil profile

Soils are very deep poorly drained, dark gre-
yish brown to very dark greyish brown in colour
“having silfy loam"to silty clay loam texure.
The subsoil shows liméshells, limeshell "layer
with silt and clay infillings. The subsoi{s
exhibit pfominent yellowish brown, strong
brown. yellowish red, brownish yellow mottles
and streaks. The subsoils are comparatively
'sandy in nature. Fair amounts of organic matter
is present. Jarosite and pyrite mottles are:
ﬁresent even in the surface horizons. Biotite
-mica 1is present in abundant quantities on
exposed profile face. Ground water level is.
at 40 cm



4, vytilla pokkali soil profile

The soil 1s deep, poorly drained, highly
saline., very dark grey to very dark greyish
brown  in colour, with silty clay texture
throughoit the profile. Faif amounts of.
decay1ng:organic matter is present. Throughout
the profile is soft, plastic, sticky, with
shining ped faces, indicating salt enrichment
in the profile.. Very few yellowish brown,
olive brown, brownish yellow mottles are
present in the subsurface horizons. Ground
water level is at 61 cm.



5. Kattukambal kole soil orofile

soil is shallow, poorly drained, yellowish
brown to dark grey coloured with wide
cifference 1n texture between horizons. These
are accumulation of lateritic—élluvial material‘
over red to dark brown gravelly, hard sub
angular blocky laterite layer., Gravels are
also present in surface layers. The subsurface
norizons indicate the presence of highly gleyed
horizons with streaks and trapped oartiaily
decomposed organic matfer . and  abundant
prominent yellowish brown, yellow, brownish-
vellow and dark brown mottles. Biotite mica
are present on the ped faces of subsurface
horizons and hard laterite layer.



6. Kattampally kaipad soil profile

Sorl is very deep, moderately drained
Wwith moderate to slow internal permeability,
Dark grey to dark greyish brown in colour
with abundant amounts of partially decomooséd
fibrous woody materials, in the subsurface
horizons. Below 60 <cm depth there is a
consoicuoqs abrupt limeshell laver admixed
with partially decomposed wood and silt and
clay. 1Iron pipes and thick sharp margined
small concretions are present in the profile,
Iron mottles are more 1n the opartially
decomposed wood and limeshell layer. Gravels
are present in the surface horizons but ndt
in the subsurface layers. In between the
horizons sandy layered pockets-are present.

Ground water level is from 61 cm



7. Air dried surface horizon Karumadi kari

soil profile Mgf 2X

send admixed with partially decomposed -
wood-barks of “Kangamaram” with more infilled
jarositic materials (pale yellow ;oloured
with huz 2.5°Y)

N

8. Alr dried surface horizon Karumadi kari

-soil profile. Another, view Mgf 2X

pale vyellow coloured Jafoslte present

in and between air dried peels, flakes of
'Kandamaram’ wood fossil.



9. Air dried third horizon Karumadi kari soil
profile Mgf 2X ° '

Channels, with inner ferric iron oxide
incrustations (reddish vyellow) followed by
innermost coating of - goethitic incrustations
(vellowish orange) are present. These are
the key sites of oxidation and reduction in
the active acid sulphate soil horizons, due
to alternate wetting and drying. Inside - the
Channels and root channels jarosftes are
present. - 4

|',Il]

10. Air dried wood fossil pieces from second

laver Karumadi kari soil profile Mgf 2X

Morst. wood fossils are soft with flesh
coloured internal core and soiled outcore.
On arying the whole mass becomgs dark grey
1o plack coloured and MOderatély hard and
‘brittle.



11. Air dried surface horizon of Moncompil

karapadam soil profile Mgf 2X

Dark grey to greyisﬁ brown colour. sandy
showing cracks due to drying. The white spots
are quartz without iron oxide - coating. The
dark areas are regions with partially
decomposed organic matter under different

stages of decomposition,

12.‘Air dried. second horizon of Moncompu

karapadam soil profile Mgf 2X

Sandy texture with reddish lateritic

nodules with ‘high relief yellow coloured iron

coated (limonitic) quartz. The cracks observed

are the regions with more partially decomposed

wood. The white spots are non-coated quartz

and limeshell pieces,



13, Air dried second hoiozon of AMathikaxgl
kayal soil profile Maf 2X

Yellowish brown coloured with prominent
sharp margined channels and coalesced channels
with irregular margins. The channels are with’
bright reddish ferric iron oxide and dull
light reddish hydrated ironoxide coatings.
The vyellowish brown to brownish yellow .
encrustations of the channels. are geothite
depositions. The pecuiiar shape of some of
the channels indicate the operation of faunal
activity in the horizon. The admixed black
and white coloured vermiform observed in-the
channels are faecal materials.

14, Another view of air dried second horizon

of Mathikayal kayal soil profile Mgf 2X

Brownish yellow «coloured, with sandy

'loam texture with few brownish vellow mottles
with faint margins, )



15. Air  dried surface horizon of vytilla

pokkali soil profile Mgf 2X

sandy textured light grey to dark grey
coloured with fine, small, white, skeletons
of sodium sulphate and.calcium sulphate encrus-
tations. The cracks are due to drying, where
partialiy decomposed organic matter enrichment
is noted. very few, small lateritic nodules

are present embedded on the soil.

16. Air dried second horizon of vytilla pokkali

soil profile Mgf 2X

Soil is sandy in texture with brownish

grey to grey colour. Mottles- of yellowish
brown and orange brown ironoxide 1is also
noted.AThe cracks seen are due to air drying.
where partially decomposed organic matter
enrichment are seen.



17. Air dried "second ‘horizon of Kattukambal
kole soil profile Mgf 2X

silty loam textured. yellowish brown
coloured soil showing cracks.' Inner core of
the soil is yellowish orange .wlth sharp
margined natural channels. The yellow to orange
yellow ferriargillanic cutans are present

*in and out of these channels.

18, Air dried third horizon of Kattukambal

kole soil profile Maf. 2X

. Gleyed soil with irregular oriented ferri-
argillan are intimately mixed while, in

general, they are with sharp separable margins.



119, Air dried fourth horizon of Kattukambal

kole soil profile Mgf..2X

" Compact, reddish yellow coloured, gravelly
lateritic horizon, without alteration by

overlying soil material.

20. Air dried surface horizon of Kattampally

kaipag soil profile Mgf 2X

Light grey to grey colourged, sandy, with
many sharp high reliefed reddish brown and
brownish yallow lateritic nodules.
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21.pir dried third horizon of Kattampally

kaipad soil profile Maf 2X

Light grey coloured lpamy sand enriched_
with partiatly decomposed wood. Cracks due’
to air drying, presence of partially decomposed ‘

wood, limeshells are also present.

22. Air dried fourth horizon of Kattampally

kaipad soil profile Mgf 2X

Light grey or greyish brown limeshell
layer. Limeshells are present with irregular
stacking. Soil finer fractions and decomposed
wood are present inside-and in between these
lime shells. Reddish brown iron oxide mottles
with faint margin covering 'ébouf 5-10 per

cent of the area observed. The limesnells
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3. Another view of Cxivelwied third horizon
of ‘Kattampally kaipad-soil profile Mgf

2X

Compact. sandy., loam grey coloured soil -
with natural root channels and chambers with
remains of decomposed roots with iron oxide

coating.

24, Air dried wood fossils 'from Kattampally

kaipad soil profiles Maf 2X

‘Wood fossils are of roots of ‘Kandamaram'’
~with advanced internal decomposition indicated
by shrinking and - infilling of finer soil

materials.




o

25 Air dried valve type molluscs from fourth
horizon of Kattampally kaipad soil profile

Mgf 2X

white .to light grey coloured mica like
opaque valves with finer (silt and clay)

infillings between these valves of- molluscs.

26. Karumadi kari soil first horizon polished

black in reflected light Mgf'loox

Signs of iron removal and iron enrichment
_is observed. Opaque fine silt sized pyritic
cubular crystals are present in the wood

fossils.



27. Wood fossils from second horizon of

Karumadi kari soil profile polished blbck'
in reflected light Mgf. 100X

on the wood fossils deposits of iron
oxide framboids with very few jarosites are

present.

28, Karumadi kari soil profile third horizon

polished block in reflected light Maf.
100X

The white areas inside the channel are
regions of iron removal, the red margins are
naematite surrounded by orange regions wrfh

‘sharp margins of geothite. Yellow to pale
vellow regions are neojarositans. The white
spots in and surrounding the channels “are
fine quartz. Opaque brownish yellow regions
of the channels are accumulations of pyrite
crystals and ferriorganan. Layering of reddish

region and sharp margin indicate repeated



29. Karumadi kari soil profile fourth horizon

polished  block in reflected light Mgf

100X
more skeletons, less plasma. Signs of

iron, ferriorganan leaching and lessivage

\n active operation depicting sharp margins .

to skeletons.

30. Moncompu _ karapadam soil profile first

norizon polished block 1in reflected light
Mgf. 100X

vellowish red plasma with sub angular
to subrounded quartz, pyrite and other opaque
skeletons (fine sand to silI.sized) and long
tubular silicicious spicules, yellow jarositans

are seen.



31, Moncompu karapadam soil profile' ‘second

horizon polished block in reflected light
Mgf. 100X ' ' ‘ '

Quartz are.seen undergoing advanced stages
of physical weathering, entangled with
ferriorganan and ferrijarositans. Skeletons
are more and plasma is very less.

32, Moncompu karapadom soil profile, third

Horizon polished block in reflected light
Mgf 100X

More than cqafse sand” sized pitted
fractured quartz, Dbigger channels with

agcumulatlpn of pyrite and other opaque
minerals 1inside and towards outer boundary
of the channels. Repeéted iron oxide deposition -
with flecked orientation pattern in the plasma-
and in the channels are seen.



33, Moncompu karapadam soil profile -fourth
horizon polished block in reflétted light

-Mgf 100X

Less. than silt sized, subrounded” 10
rounded aquartz embedded on yellowish plasma
with striated orientation pattern. Jarosite
present as yellow coloured neoquasijarositané
throughout the p}asma. pyrite also present
surrounding the ‘quartz and in channels and

chambers.

34, Mathikayal kayal soil profile first horizon

: polished block in " reflected light  Mgf
100X o

Major portion of the plasma is occupied
by highly weathered subangular to rounded
quartz anq feldspar skeletons. Numerous minuté,
less than clay >sized “ferrihydrite énd few
latg:ite nodules and neoquasijarositans are
present,



35, Mathikayal kayal soil profile second

horizon polished block in reflected light
Maf. 100X

Few fine sand sized .and many less than
silt sized highly weathered and fractured
iron oxide coated quartz, massive channels
and chambers are present. Vvughs with pyrite,
haematite and ferrihydrite surrounding
weathered quartz are present,

36. Mathikayal kayal soil profile third horizon

polished block in reflected light Mof
100X

Presence of few greater than coarse sand
sized subangular highly weathered, fractured.
pitted quartz, ameeba shaped pyrite, ferric
hydrite, black opaques and few red opaques

are present,



37. Mathikayal kayal soil .profile fourth

horizon polished block in reflected light
Mgf 100X

very weakly -anisotropic matrix, with
random  distribution of  small  domains.
Innumerable fine ferrihydrite, highly weathered
subrounded, less than silt sizéd' quartz,
laterite nodule, channels and chambers; vughs
with pyrite in it are presént.

38. Vytilla pokkalj soil profile first horizon

polished block in reflected light Mgf
100X

Highly iron enriched fine grained granular
reddish yellow plasma with highly pitted but
not fractured quartz, silt sized pyrite, fine
jarosite spheroid, ferrlhydrite and  few
laterite nodules present. Channels and chambers

and vughs- are the voids present.



39, Vytilla-pokkali soil profile second hirozon
polished block in reflected light Mof -
100X ’

Skeletons form & major portion of the
plasma. .Signé of iron removal at margins of
skeletons and voids, less than silt sized

o pyrites 6oaques and few ferrihydrites are

seen.

40. vytilla pokkali soil profile third horizon

polished block in reflected light Maf
100X

Skelesepic fabric, .signs of iron removal,
enrichment of pyrite, opaques ferriorganan
aggregation presence of laterite nodule and
neoquasijarosites are seen,



42,

41, Vytilla.pokkali soil profile fourth horizon
polished block in reflected light Maf
100X

Skelsepic, fine sand sized, highly pitted
but not fractured quartz, fractured feldspar
on yellowish brown coloured coarse grained
plasma are present.

Kattukambal :vle soil profile first horizon

polished biock in_ reflected light Mgf
100X

Bigger, pitted quartz and laterite nodules

form more than 90 per cent of soil plasma

with less than silt sized pyrite and many

-high relief black opaques and red opaques.



43, Kattukambal kole spil profile second

horizon polished block in reflected light
Mgf 100X '

Coarse grained, quartz rich, reddish yellow
plasma with many laterite nodules of fine

sand size are seen,

44, Kattukambal kole soil profile third horizon

polished block in reflected light Mgf
100X

lron enrichment, abundant opaque., chambers
with pyrite, ferri hydrite and haematite are

seen.



45, Kattukambal kole soil profile fourth
horizon polished block in reflected light

Mgf 100X

Greater than coarse sand sized laterite

‘nodules with pitted, fine sand sized quartz
and less than' silt sized opaques, pyrites

on coarse yellowish brown plasma is present,

Le., Kattampally kaipad soil profile first

horizon polished block in reflected light
Mgf 100X

Innumerable less than silt sized quartz,

Opaques., pyrites, Jjarosite and less than fine
sand sized non weathered sub angular quartz
on coarse grained vyellowish brown plasma is
noticed. '



47, Kattampally kaipad soil profile second

horizon polished block in reflecfed light .
Maf 100X - '

Skelsepic, plasma very less, greater than
30 per cent amoeba shaped pyrite-with opaque
organan forming aggregates along skeletons
and voids, '

48 & 49 Kattampally kaipad soil profile third

P horizon polished block in reflected

light Mgf 100X

More jaroslte, feFriargillan, quartz with
few alterations to ferrihydrite limeshell
microlites and flakes are present.
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53, Karumadi kari soil profile first horizon

soil thin section in plane polarised light

Mgf 160X

sy, Karumadi kari soil profile first horizon

thin sectien under crossed polarisers
Maf 160X

Basic structure is characterised by voids
with relatively few skeletons of silt sized,
compact plasma not easily recognised. Bigger
chambers and channels and many tubular
phytolithes present, jarosite and pyrite
present on humus and along chambers and
channels.



55, Karumadi Kari .so0il profile second horizon
thin section in plane polarised light

Mgf 160X

56. Karumadi kari soil profile second horizon

thin section under crossed polarisers

Mgf 160X

pPlasma is very less. The basic structure
is characterised by -dominance of voids
entangled by irregular shaped masses of raw
and plasmafide organic matter within and on

cubular pyrite on iron enriched margins.



57. Karumadi kari soil profile third horizon

thin section in- plane polarised light

Maf 160X

58, Karumadi kari soil profile third horizon

thin section in plane polarised light
Maf 160X

Cell walls of organic material with iron
enrichment, porous, humus rich pyrite and
jarosite rich horizon.

)



59, Karumadi kari soil profile fourth horizon

thin section in plane polarised light

Mgf 160X

60. Karumadi kari soil profile fourth horizon

thin section _in plane polarised light
Mgf 160X

Raw  organic matter rich silt sized
framboidal pyrite rich, porous horizon with
iron enrichment and ferriargillan deposition
in the form of hexagons.



rofile first

61. Moncompu karapadam soil D
horizon_thin section in plane polarisers

mgf 160X

62. Moncompu karapadam _ soil profile first

horizon thin section under crossed

polarisers Mgf 160X

Ferriargillan and sub angular quartz rich
horizon, Skeletons are partly birefringent.
Few plasma, many fine pyrite and jarosite
framboids in the interangular margin of aquartz
skeletons., Phyric RDP.



63. Moncompu karapadam soil. profile second
horizon thin section in plane polarised

light Mgf 160X

64, Moncompu karapadam _soil profile second

horizon thin section under crossed

polarisers Mgf 160X

Void rich, humus rich, fine framboidic
and polyframboidic, jarosite rich, ferri
hydrite rich horizon with some silt sized
ilmenite and pyrite.



65. Moncompu___karapadam soil profile third

norizon thin section in plane_ polarised

light Mgf 160X

66. Moncompu _karapadam _soil profile third

horizon thin section under crossed

polarisers Mgf 160X

Reddish yellow to vyellowish brown plasma
with vosepic plasmic fabric, few coarse sand
sized opaques, pyrite frameboids. subrounded
quartz silt sized quartz, and cubular and
framboidal Jarosite, vughs and channels are
oresént. Ferriorganan and neoguasijarositan
are present. Few ferrihydrite, jarosite and
ferrihydrite framboids are present on the
margins of voids and skeletons. Humus present

as ferriorganans.



6£7. Moncompu karapadam _ so0il profile fourth

horizon thin section in plané polarised
light Maf 160X
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68. Moncompu karapadam _soll profile fourth

horizon thin section under crossed

polarisers Mgf 160X

Brownish vyellow to reddish plasma, with
voskelsepic plasmic fabric. The NRDP s
plasmigranic., Silt sized subangular quartz,
silt sized innumerable number of cubular and
framboidal pyrite and very few Ilmenite are
present, Voids are vughs and metavughs., Humus
present as organan and ferriorganan. Pyrite
is present in the framboidal form around and
on cellular retained structure of partially

decomposed wood fossils.



69. Mathikayal kayal soil profile first horizbn

soil thin section in plane polarised light

Mgf 160X

70. Mathikayal kayal soil profile first horizon

soil thin section under crossed

polarisation Mgf. 160X

The colour of the plasma 1s greyish brown,
brownish vyellow and reddish vyellow, and the
plasmic fabric, Iis vosepic to voskelsepic and
the NRDP is granic.  Humus present as
ferriorganan. very fine innumerable framboidal
jarosite and pyrite on the decaying roots of
paddy are present. Few ferrihydrite framboids

are also present.



" 71. Mathikayal kayal soil profile second

horizon soil thin sectign_ _in__ plane
polarised light Maf 160X

72. Mathikayal kaval soil profile second
' horizon soil thin  section _in plane
polarised light Mgf 160X

Greyish yellow to vellowish brown plasma.
Plasma form very less -portion of the soil
S-matrix. The plasmic fabric is skelsepic 1o
skelargillasepic and NRDP is granic. Silt
sized angular quartz, feldspars, 1lmenite and
few coarse sand sized quartz and biotite mica
are present. Specific type of voids are not
obsefvable but few numbers of fine channels
are noticed. Humus present as clusters of
ferriorganan. Plasmafied organic matter on
decaying plant parts are with repeated ferric
iron oxide deposition. very few jarosite and
pyrite framboids in the interangular spaces
of skeletons and on the cellwalls of decaying

plant material are seen.



73, Mathikayal kayal soil profile third horizon
soil thin section in plane polarised light
Mgf 160X

74. Mathikayal kayal soil profile third horizon

soil thin section in plane polarised light
Mgf 160X ‘

Brownish yellow to opague plasma, skelsepic
to skelargillasepic plasmic fabric, with granic
NRDP. Fractured fine sand sized few feldspars
and many subangular to subrounded fine sand
sized quartz present. Few pyrite and other
opaques are also present. Framboidal jarosite
pyrite, and ferrichydrite are present in the
inter ahgular spaces of skeletons and in

decaying plant cells.



75, Mathikayal kayal soil profile fourth
horizon soil thin section _in ‘plane

polarised light Mgf 160X

76. Mathikayal kayal soil profile fourth

horizon soil thin section under crossed
polarisers Mgf 160X

skelvosepic fabric with yellowish brown plasma.
Subangular to sub rounded coarse sand sized,
many silt sized quartz, agregates of .fine
quarfz, pyrite and other opaques with ferri-
organan, organan, ferran and few ferriargillan
present. Certain bigger quartz are highly
fractured and iron oxide coated. Voids are
vughs, chambers and few ‘fine channels,



77. Vytilla pokkall soil profile first horizon

soil thin section in plane polarised

light Mgf 160X
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78. Vytilla pokkali soil profile first horizon

soil thin section under crossed polarisers
Mgf 160X

_Greyish "yellow to grey coloured plasma with
voskelsepic soil fabric. Vvolds are bigger
chambers and channels. Few fine sand sized
and less than sized silt sized subrounded
to rounded faint margined gquartz and few more
than coarse sand sizéa sharp margined reddish
brown laterite nodules present, Very few pyrite
and other opaques are present,



79. Vytilla pokkali soil profile second horizon

soil thin section in plane polarised light

Mgf 160X

80. Vytilla pokkali soil profile second horizon

soil thin section under crossed polarisers

Mgf 160X

Greyish- yellow to vyellowish brown plasma
with skelargillasepic plasmic fabric. The NRDP
is graniplasmic. Coarse sand sized to fine
sand sized subangular to subrounded quartz,
few fine sand sized highly fractured feldspars,
silt sized pyrite framboids in the interangu-
lar spaces of quartz with their oxidation
products jarosites and ferrichydrite present.
Humus highly plasmafied, ferric iron oxide
coated, The conversion of pyrite to its
oxidation product, jarosite and ferrihydrite
is less. Ferriargillan and soil coating form
interangular bridges between skeletons.



g1,vytilla pokkali soil rofile third horizon

soil thin section in plane golarised light

Mgf 160X

82. vytilla pokkali soil profile third horizon

soil thin section in plane polarised light

Mgf 160X

Brownish vyellow to yellowish brown plasma
with argillasepic “to skelérgillaseplc plasmic
fabric. The NRDP is graniplasmic. The skeletons
are silt sized, faint margined, low reliefed,
subangular quartz. Voids spherical and fine
channels, Humus present as  ferriorganan
Laterite concentrations of 0.38 dia few number
present. Silt sized jarosites and pyrites are

present in the channels.




83, vytilla pokkali sbll profile fourth horizon

soil thin section in plane polarised light

Mgf. 160X

8y, vytilla pokkali soil profile fourth horizon

soil thin section in plane polarised light
Mgf 160X

Plasma forms very less portion of the soil
S-matrix and is with brownish yellow., yellowish
brown and dark brown colour. The plasmic fabric
is argillasepic with agglomeroplasmic to
chlamydomorphic RDP. Fine sand sized and silt
sized many number of subangular quartz,
framboidal pyrite, quartz rich laterite
concretions are present. Vughs and few channels
present. Humus present as ferriorgaﬁan in
combinatioh with ferriargillan. Laterite
concretions of 0.39 mm diameter, few present,
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85. Kattukembal kole soil profile flrsﬁ horizon
soil thin section 1in plane polarised light

_ Mgf, 160 X

86. Kattukambal kole soil profile first horizon

soil thin section in plane polarised light

mgf. 1160 X &

Yellowish brown to 'reddish brown coloured
plasma with argillasepic plasmic fabric. The
NRDP "~ is plasmigranic 1o .porphyroskelic. The
skeletons present are fine sand sized and less
than silt sized quartz. Laterite nodules with
sharp margins, very fine channels and bigger
. channels present. Humus present as ferriorganan.
0.63 mm dia, sharp margined laterite nodules.
Théy are iron enriched, gquartz rich and
fractured. Few framboidal  silt sized pyrite
present in the vughs and channels.



87. Kattukambal kole soil profile second horizon
soil thin section in plane polarised light

Mgf. 160 X

88. Kattukambal kole soil profile second horizon

soil thin section under crossed polarisers
Maf., 160X

Brownish yellow to opague plasma with
argillasepic to vosepic plasmic fabric. The
NRDP is plasmigranic. Spherical 1iron oxide
coated quartz rich laterite nodules of 0.25
mm diameter and silt sized quartz is present,
Voids are channels and few vughs. Humu§ present
as intimately mixed ferriorganan and fine
quartz. Few silt sized pyrite present.



89, Kattukambal kole soil profile third horizon
soil thin section in plane polarised light

Mgf 160 X

90, Kattumkambal kole soil profile third horizon

soil thin section under crossed polarisers

Mgf 160X

Dark brown, brownish vyellow, and reddish
vellow coloured plasma with argillasepic to
voskelsepic plasmic fabric. The NRDP is
plasmigranic. Many silt’ sized subangular to
sub rounded quartz. Few subangular quartz,
and laterite nodules of 0.38 mm diameter are
present. Voids presefit are chambers running
diagonally giving & - striated orientation
pattern. Humus present as ferriorganan, 1in
combination with ferriargillan. Jarosite present
as jarositic depdsltion surrounding the pores
as yellow halo, aureole.



9]. Kattukambal kole soil profile fourth horizon
soil thin section in plane polarised light

Mgf 160X .

92. Kattukambal kole soil profile fourth horizon

soil thin section .under ‘crossed polarisers

Mgf 160X
Brownish vellow, greyish yellow, and reddish

brown plasma forming very less portion of soil
matrix. The soil fabric is argillasepic and
concretion rich, The NRDP 1Is graniplasmic.
0.13 to 0.50 mm sized subangular laterite
concretions, few opaques and silt sized, very
fine subrounded to rounded quartz are present.
voids present are channels and fine chambers.
Humus present as ferriorganan surrounding the

concretions. Very fine cubular and framboidal



g3, Kattampaliy kaipad soil profilé first

horizon soil thin section in plane polarised
light Mgf 25X

9y, Kattampally kaipad soil profile first’

norizon 'soil thin section in plane polarised

light Mgf 25X

Yellowish brown plasma with argillasepic
plasmic fabric. The NRDP 1s -plasmic granic
to grahiplasmic. Sharp margined quartz rich
porous laterite nodules with cracks ~running
through whole or only on the outer, peripheral
coatings are present, Framboidal jarosite and
pyrite present, fine sand sized sub rounded
to rounded quartz are seen. Fine channels and
bigger chambers present. Humus present as
ferriorganan.



95, Kattampally kaigadA soil profile second

horizon soil thin section in plane polarised

light mMgf 25X

96. Kattampally kaipad soil profile second

horizon soil thin section in crossed

polarisers Mgf 25X

‘Reddish yellow to greyish yellow plasma
with vosepic plasmic fabric. The NRDP is plasmic
to granular. Very fine quartz, pyrite and other
opaques are seen in the channels. Bigger
channels and chambers present. Humus present
as organan and ferriorganan. Many frambojdal
pyrite present, along with the faunal faecal
material. Ortho agrotubules and bigger channels
filled with faunal faecal material are signs

of active current faunal activity.



97. Kattampally kaipad soil profile  third

!

horizon soil thin section in plane polarised

light Mgf 25X

98, Kattampally kaipad soil profile third

horizon soil thin section in plane polarised

light Mgf 25X
Greyish brown, brownish grey plasma forms

less portions of the soil matrix. The plasmic
fabric is skelsepic and NRDP is granic. Sub
angular fine sand sized, ferriorganan marginal
toated, fractured quartz, feldspars and opaques.
Few bigger channels present. Humus present
as ferriorganan. Few fipe cubular pyrite
present.



99, Kattampally kaipad soil profile fourth

~horizon soil thin_section in'plane polarised.
light Mgf 25X

100, Kattampally kaipad soil profile fourth
horizon soil thin section under crossed

-polarisers Mgf 25X

Greyish yellow to brown plasma with
argillaskelsepic plasmic fabric.  NRDP 1is
plasmigranic. Few fine sand sized., sub angular
quartz, many fine sand sized spheroidal
ferrichydrite pyrite and few opaques are
present. Humus present as organan. Few
framboidal pyrite and many framboidal
ferrihydrite present on and around the shells
of molluscs and on the limeshell pieces.
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101.Scanning electron photomicrograph of
Karumadi kari soil profile first horizon
Mgf 1200X
Thick iron accumulation on soil and wood
fossils;- with 1.0m,u sized many number of
jarosite framboids. Few opague coated with
thick flakes of iron oxide are also present.
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102.Scanning electron -photomicrograph of '

Karumadi kari soil profile first horizon
mgf 1200X _
Thickly iron ;oated jarosite framboids

of 1 to 10 m,u size are present on thickly
iron coated wood fossils and other soil
skeletons. Few iron coated cubular pyrites

is also seen.




103.Scanning  electron _ photomicrograph __of
Karumadi Kkari soil profile second horizon
Mgf 600X

Highly thick iron coated, hexagonal and -

spherical shaped regioned soil fabric with
5 m,u sized polyframboids of jarosites within
them. The marginal iron deposition is of 10
m/u thickness. These encrustations are on the
wood fossils,
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104.Scanning © electron photomicrograph of

Karumadi kari soil profile second horizon
Mgof 2000X%

Highly shrinked wood fossil with ridge
and  furrow strucfure opaqgue thick iron
encrustations on these ridges and furrows.
Highly iron enriched framboidal jarosites of
7 m /u diameter are present on these structures.




105, Scanning . electron photomicrograph of

Karumadi kari soil profile third horizon .
Mot 4000X

Iron oxide smeared thick, dense, soil fabric '
with 10 m u dia polyframboidal jarosite, _
Characteristic spherical nodules of pyrite .
and jarosites, showing separable hexagonal
shaped microcrystals of framboids.

106. Scanning electron photomicrograph of
Karumadi karj soil profile third horizon
Mgf 1200X%

Skelsepic fabric with thick iron coating
of skeletons with few 30 m/u dia framboidal
pyrites. Highly iron oxide coated, porous soil
-matrix leading to skelvosepic fabric,
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107. Scanning electron . bhotomicrograph of

Karumadi kari soil profile third horizon

Enlarged view of pyrite framboid Mgf 2600X

260 m/u dia highly iron coated pyrite
framboid showing cracks and multifaced micro-
crystals of the framboid. Framboids shows
cracking and trapping of flake like diatomaceous

material.

108. Scanning electron photomicrograph of

Karumadi karis soil profile third horizon

showing fabric of wood fossil _with
framboidal pyrites Mgf 600X

Highly shrinked iron coated ridge and furrow
structured fabric of wood fossil showing
innumerable number of 1 to 2 m/u dia pyrite
framboids and many 10 m/u dia pyrite framboids

on the wood fossil



109, Scannlng‘ electron photomicrograph of

Karumadi kari soil profile third horizon

Mgf 1200X

Repeatediy iron oxide deposited, Vosepic,

S-matrix with few framboidal pyrites of

m/u dia.
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110. Scanniné electron _ photomicrograph  of

Karumadi kari soil profile fourth horizon

Mgf 1000X

Hexagonal shaped marginal iron oxide
deposition in wood fossils with few numbgrs
of 2 m/u dia pyrite framboids and innumerable
numbers of 1 m/u pyrite framboids inside these
structures.
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111. Scanning electron bhotomicrograph of

Karumadi kari soil profile fourth horizon

showing mangrove root section Mgf 6000X

Root channel partially decomposed with
innumerable - numpber  of spherical unattached
20 m/u dia pyrite. framboids. Some of the
framboids are smooth while others are rough .
and porous. The margins of the root is with
repeated ferric ifon oxide deposition and are

free of pyrites.
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112. Scanning electron photomicrograph - of

Karumari kari soil profile fourth horizon

An enlarged view of Photomicrograph no.
111,

An enlarggd view showing porous~framboidal
and non porous smooth surface framboidal pyrite

inside the mangrove root,
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113. Scanning electron photomicrograph of

MonCompuy karapadam _ soil profile first
horizon Maf 600X

Highly iron oxide coated, skelvosepic soil
fabric with flaky wood fossils., opaque minerals.
and few jarosite framb01ds of 3 m/u dia flaky

diatomaceous materials are also noticed.

114, Scanning electron photomlcrograph of

Moncompu karpadam _soil profile .second
horizon Mgf 600X

Highly iron oxide coated skelvoseplc fabric
with wood fossils showing cellular structure
with many opaque minerals and many 2 m/u dia
framboidal jarosites on dense iron oxide coating
of skeletons and wood fossils. One flaky
diatomaceous material of about 100 m/u is also

seen.
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115. Scanning electron photomicrograph of

Moncompy _karapadam soil profile third
hor izon Mgf 600X

Repeated ferric iron oxide deposition on
the wood fossils, cellular type deposition
with 2 m/u dia innumerable number -of Jjarosite
framboid and pyrite framboid inside these
cellular structures. The wood fossils with
cellular structure exhibit a striated orient-

ation pattern.
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116. Scanning electron phbtomicrograph of

Moncompu karapadom soil profile third

horizon an enlarged view Mgf 7200X

Ferric iron oxide deposited cellular shaped
structure on wood fossil with innumerable number
of unattached framboidal pyrite of 0.5 m/u
dia.
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117. Scanning glectron ghotomicrogragh of

moncompu___Kara adam _ soil rofile third

horizon Mgf 1200X

. groken pouch of iron oxide with many number
of euhedral crystals of pyrite and gypsum,

quartz are seen.
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©.118, Scanning electron photomicrograph of

Moncompu karapadam _soil profile fourth
horizon Mgf 1200X

The sub microtooagraphy is *undulating”

_ with straited orientation pattern of skeletons.

' skelvosepic fabric with innumerable number

of oval shaped flakes of diatoms and lateral
discontinious irregular shaped iron deposition.
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119. Scanning electron photomicrograph of
Mathikayal kayal soil profile first horizon

Mgf 200X S o _

Thin marginal 1iron oxide coated, high

reliefed skeleton rich soil with 10 m/u dia
paddy roots and root hairs. The skeletons are
subangular quartz, few mi'ca and many'0paques,

dominantly ilmenite,

15KV X280 7898 180. BU.EELéH

120. Scanning electron photomigrograph of
Mathikayal kayal soil profile second

horizon Mgf 200X

Gomparatively compact, more iron oxide
coated, skeleton rich soil with few 10 m/u
dia jarosite framboids. Skelvosepic fabric.
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121, Scanning electron photomicrograph of

Mathikayal kayal soil-profile third horizon

Mgf 200X

Highly iron oxide coated skelvosepic fabric
with thick iron encrustations and many numbers
of 10 m/u dia, pyrite framboids. Highly

undulating sub microtopography.

122. Scanning _electron _ photomicrograph of

Mathikayal kayal soil profile third horizon

Mgf 600x
Wood fossils with cellular type localised

iron deposited surface fabric with spots of
repeéteq ferric iron oxide deposited regions,

" few S mu dia pyrite framboids and iron oxide
coated skeletons present,




_;#b 2 ol

_giAﬁ

A e N s
13KV ¥1280 7876 18.8U RRLSH
123, Scanning  electron photomicrograph  of

Mathikayal kayal soil profile fourth

horizon_Mgf 1220X

Highly dense, repeatedly ferric iron
oxide deposited soil wWith uneven submicro-

topography, Vvosepic fabri% Wwith 10 to 20 m
u width channels and chambers, gquartz 3 m

u dia and many framboids,

< o *
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124, Scanning electron photomicrograph  of

Mathikayal kayal soil profile fourth

horizon enlarged view Mgf 3000 X

Highly dense ferric iron oxide coated
soil with skelvosepic fabric and with innu-
merable number  of dense ironoxide coated.
(Smeared) unattached pyrite framboids of 5m

u dia.
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125. Scanning electron photomic}ograph of
" Mathikayal kayal soil profile fourth
horizon - showing the weéthering of -
ilemenite ‘Mgf 600X _
. High relief, Iron oxide coated, pitted

and weathering ilmenite of the fourth horizon
of the kayal soil profile.

| 15KV X686 7873 16.8U RRLSM

126. Scanning electron__ photomicrograph of

Vytilla pokkali soil profile first horizon

" Mfg 600X
Skelesepic fabric with few higher rel-

iefed, undulating, ilmenite, many 20 mu sized
ileminite, other -opaques and 0.5 m u size.
few number of Jjarosite- framboids. Dense iron
oxide coated skeletons with very few noh coated
or incompletely coated skeletons. Few oval

and flaky diatomaceous material present.



127. Scanning _electron photomlcrograph df
vytilla pokkali soil profile second hor i-

zon Mgf 4000 X
Dense ferric 1iron oxide coated sodium

sulphate salt rich Vosepic fabric with flaky
mica, diatomaceous material and few densely
iron oxide coated 1 m u dia jarosite framboids.
vughs and chambers are the dominant voids.

1ron Oxide coating is noticeably repeated.
repeated.
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128, Scanning electron photomicrograph of

Vytilla pokkali soil grofile'third horizon
Maf 1200 X
Wood fossils with few 30 m u width ilme-

nite and other opaques and many 10 m u Ssized
densely 1ironoxide coated jarosite framboids
on the wood fossils. Wood fossils show ridge
and furrow, shrinked fabric.



129. Scanning  electron photomicrograph of

yytilla pokali soil profile third horizon,
enlarged view Mgf 3200 X
Repeated dense ferric iron oxide coating

on ridge and furrow structured surface of

.. wood fossil and on jarosite framboids and

other skeletons. -

130. Scanning electron photomicrograph of
Kattukambal kole: soill profile first
horizon Mfg 600 X '

g e -

Iron oxide coated angular ilmenite and
other opaque mineral rich soil with skelsepic
fabric to skelargillasepic fabric. Ironoxide
coating on the opaques are peripheral and

marginal, put not surficial.




131. Scanning _electron photomicrograph _of

Kattukambal kole soil profile second
horzon Maf 600 X

gl ey F e

Iron oxide coated 10 m u sized many opaqueé

mineral rich skelagillasepic soil with few
jarosite framboids and 100" to 200 m u sized
laterite nodules and quartz skeletons. 1Iron-
oxide coating is with fibrous pattern.
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132. Scanning electron photomicrograph _of

Kattukambal kole soil profile third hori-
zon Mgf 200 X
s0il with thick iron oxide deposition

and marginal and peripheral ironoxide coatings
of skeletons with many 1.0 m u dia pyrite
framboids. Macro apedal channels, filled with
iron oxide coated skeletons of silt sized

opaques.




133. Scanning _electron photomicrograph of
Kattukambal kole soil profile fourth

horizon Mgf 600 X
Highly localised dense narrow iron coated

gravel and nodule rich soil. iron oxide depo-
sition is peripheral and marginal with few
patches on the skeletons. Skeletons and nodules

are about and above 50 m u sized.
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134, Scanning electron photomicrograph of
Kattampally kaipad soil profile first
horizon Mgf 400X

Flaky, slender wood fossil pieces rich,
repeatedly ferric ironoxide coated soil with
. ilmenite and other opaques. and iron oxide
coated jarosite framboids of 10 w u dia,
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135. Scanning __electron photomicrograph  of

Kattampally kaipad soil profile- second
horizon Mgf 200X )
Wood fossil rich, flaky, fibrous. loca-

lised iron deposited, voskelsepic fabric with
cellular type of iron oxide deposition on
shrinked wiod fossils. Many ilmenite, opaques
and few 10 m u sized pyrite and Jjarosites .
with iron oxide coating present.
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136. Scanning  electron photomicrograph__of

Kattampally kaipad soil profile third
horizon Mgf 1200X
Densely iron oxide coated, skelsepic

fabric with partially decomposed, slender
pieces of wood fossils with few 10 m u sized
iron oxide coated pyrite framboids and other

opaques.




- 137, Scaﬁning electron photomicrograoh of .
Kattampally kaipad soil profile fourth

horizon Mgf 200X
Highly 1ron coatéd localised deposited

skelsepic fabric. Skeletons are'0paques,smeared
with sharp ironoxide coating. The skeletons
are high reliefed and devoid of iron oxide
coating. Many microlites of Calcium carbonate.
fine (5 m u sized) pyrite framboids. ferri

hydrite spheroids are present.

138, scanning electron photomicrograph of

less than 0.05 mm_soil fraction from

0-50 cm depth of Karumadi kari soil pro-
file Mof 1500X

Densely iron oxide coated, high reliefed
angular, ilemenite, sillimanite, quartz and
wood fossil pieces of 50 m u length and S
m u breadth with few gypsum crystals and fram-
boidal ironpkide coated jarosites present.
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139. Scanning_ electron phqtomicrograph of
less than 0,05 mm soil fraction from
0-50 cm depth of Moncompu karapadam sojil
profile Mgf 600X
Densely iron oxide coated subangular

to subrounded ilmenite, sillimanite, quartz,
framboidal jarosites and few pieces of densely

iron oxide coated wood fossils present.
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140, Scanning electron photomicrograph of

less than 0.05 mm soil fraction from

0-50 cm depth of Mathikayal kayal soil

profile Mgf 2000X
Densely iron oxide coated 15 m u size

angular' to subangular ilmenite, sillimanite
quartz and many 3 m u dia jarosite framboids
and ferrihydrite spheroids, and few pleces
of densely iron oxide coated wood fossils

are seen,
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141, Scanning _electron photomicrograph  of
less than 0,05 mm, soil fraction from
0-50 cm depth of Vvytilla pokkali soil

profile Mgf 600X
Densely iron oxide coated ilmenite and

quartz of 10 m u sized and 15 m u sized,
few syllimanite 5 m u sized, densely 1iron
oxide coated few jarosite framboids and 2

m u sized ferrihydrite spherioids are present.
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142, Scanning  electron photomicrbgraph of
less than 0.05 mm sojl fraction from
0-50 cm depth of Kattﬂkambal kole soil
profile Mgf 1300X
Completely, densely ferri-iron oxide

coated., subrounded to rounded 10 m u sized
quartz, ilmenite, haemetite and goethite pre-

sent,



143, Scanning _ electron  photomicrograph  of
less than 0.05 mm_soil fraction from
0-50 cm depth of Kattampalli kaipad soil
profile Mgf 480X
Densely ferric iron oxide coated high
reliefed uneven 100 m u sized syllimanite,
ilmenite, quartz and 5 m u dia tramboidal

jarosite and few pieces of lath shaped wood .

fossils are seen.
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144, Scanning electron photomicrograph of

less than 0.002 mm soil fraction from

0-50 cm depth of Karumadl kari soil pro-

file Mgf 130% '

Highly dense clustered ferric iron oxide
coated angular to subangular quartz, framboidal
jarosites, ferric hydriete, pyrite, haematite
and goethite and few pieces of densely iron-

oxide coated flaky wood fossils are present.

19.8U RRLSH
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145. Scanning__electron photomicrograph  of
less than 0,002 mm_ soil fractionl from

0-50 cm depth of Karumadi_ kari soil pro-

file Mgf 2400X '

Densely and completely ferric iron oxide
coated subangular quartz of size 10 m u, many
high releifed angular non iron oxide coated
opaques dominantly ilminite,haematite,goethite,
framboidal, 2 m u dised jarosite flakes of
webby diatoms are present.

-
Y

15KU X2400

146. Scannlﬁg election  photomicrograph _of
Jess than 0.002 mm soil fraction from
0 - 50 cm depth of Moncompu karapadam
soil profile Mgf 2400X

Densely ferric. iron oxide coated subangular

to  subrounded 10 m/u sized quarts,

sillimanite, ilmenite, many 3 m/u sized

framboidal jarosites, haematite and goethite ;

are present.




147, Scanning _ electron  photomicrograph  of

0.002 mm_soil fraction from 0O - 50 cm

depth of Moncompu karapadam soil profile
Mgf 2000X ' '

Few 20 m/u sized angular quartz, 10
m/u sized many angular to subangular
densely ferric iron oxide coated quartz,
“ilmenite, 3m/u dia framboidal densely

iron oxide coated jarosites, haematite

18.8U RRLSM

148. Scanning _ electron  photomicrograph  of

less than 0.002 mm soil fraction from
0 -~ 50 cm depth of Mathikayal kayal soil
profile Mgf 2400X

Densely ferric liron oxide coated, anéular-

to sub angular, about 10 m/u sized quartz
sillimanite, ilmenite, 2 m/u dia sphero-
idal haematite, goethite, ferrihydrite



e
150, Sscanning _electron photomicrograph of

149, Scanning _electron photomicrograph _ of
less than_0.002 mm soil fraction from

0 - 50 cm depth of Mathikayal kayal soil

profile Mgf 3600X

Densely ferric iron oxide'coated subangu-

lar to sub rounded quartz, many number
of 5 m/u sized ilmenite, few gypsum,
few densely iron oxide peripherally coated
sillimanite, less than 3 m/u dia framboi-
-dal jarosite, spheroidal ferrihydrite,

-
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less than 0.002 mm soil fraction from
o - 50 cm depth of V tilla pokkali soil

profile Mof 2000X
pensely ferric iron oxide coated, sodium

sulphate coated 5 - 15 m/u sized angular
quartz. 5 m/u sized ilmenite, 5 m/u
dia very few framboidal = Jjarosite and
many 2 m/u sized, framboidal - jarosite

are geen.

o
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151. Scanningl electron photomicrograph _of

less thén 0.002 mm soil fraction from
0 - 50 cm depth of vytilla pokkali soil
profile Mgf 2000X

Densely ferric iron oxide and salt coated

15 m/u’ sized, high reliefed aquartz,

ilmenite, sillimanite, 5 m/u sized
densely' iron oxide coated,  coated,
framboidal‘jarosite are seen,

152, Scanning eleqtron photomicrograph of

less than 0.002 mm_soil fraction from
0 - 50 cm depth of Kattukambal kole s0il
profile Mgf 2000X

Angular to sub angular densely iron oxide

coated quartz, llmenite, few framboidal.
jarosite of 5 m/u size are present.
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--153. Scanning __electron ' photomicrograpﬁ of
less than 0.002 mm soil fraction from
0 - 50 cm depth of Kattukambal_kole’soil
profile Mgf 2000X :

f' Densely ferric 1iron oxide coated sub
angular 15 m/u sized quartz and ilmenite
are seen.

Lo
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154, Scanning electron .photomicrograoh

less than 0.002 mm_soil fraction,
0 50 cm depth of Kattampally kaipad
soil profile Mgf 1600X

Densely ferric

iron oxide peripherally
coated subrounded quartz of 15 m/u size,

many 5 m/u sized densely iron oxide

coated high reliefed quartz, ilmenite,

haematite, many 2 m/u sized framboidal
The

quartz skeletons are seen to be highly

jaroslte,-fef'rihydrlte are present.

flaky mica like - mica quartz,

=
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155. Scanning _electron photomicrograph of

0.002 mm_sized soil fraction from O
5o cm depth_of Kattampally kaipad s0il

profile Mgf 2000X
Densely iron oxide coated, flaky, 20

m/u sized quartz and ilmenite are seen.

156. Karumadi kari soil 'profile-'o - 50 cm

depth coarse sand fraction photomicrograph
in plane liéht Maf 63X

Angular to subangular 0.56 mm sized quar-
tz, 0.36 mm size to 0.07 mm size. Quartz
_are with high relief, wood fossils are
with low relief, liron oxide coated., Few
‘iron oxide and organan coated sillimenite

are also noticed.



157. Moncomou Karapadam soil profile 0 - 50

cm depth coarse sand fraction, photomicro-

graph _in plane light Mgf 63X
sub angular to sub rounded 0.48 mm sized

flaky iron oxide coated wood fossil,
0.24 mm sizeed low relief ilmenite,

0.71 mm sized quartz, 0.24 sized reddish
“brown mica, irregular shaped brownish
yellow flaky wood fossils of  0.16 mm

size are present.

158, Mathikayal kayal soil profile 0 - 50

cm depth, coarse sand fraction photomicro-
graph in plane light Mgf 63X

Angular to sub angular high relief, iron
oxide coated quartz of 0.48 mm size,
ilmenite of 0.32 mm size, biotite mica
of 0.16 mm size and very few highly
fractured feldspars of 0,32 size. Slender
reddish brown coloured 0.16 mm length
wood fossil plecrk are predent,



159. vytilla pokali soil profile 0 - 50 cm

depth, coarse sand fraction, photomicro-

graph in plane light Mgf 63X

High heterorel, sub angular to sub rounded
quartz of  0.32 mm size. followed Dy
few ilmenite and biotife of 0.32 mm
size, Few pieces of flaky, tiron oxide
coated, plant materials are present.

160. Kattukambal kole soil profile 0 - 50

cm depth coarse sand fraction, photomicro-

graph in plane light Mgf 63X

Highly iron oxide coated, high reliefed
sub angular sharp margined quartz, ilme-
nite, biotite mica, flaky iron oxide

coated plant materials are noticed.



151. Kattampally kaipad soil profile G - 50

cm depth coarse sand fraction photomicro-

graph in plane light Mgf 63X

Few highly iron oxide coated, high relie-

fed quartz of  0.63 mm size, and many

0.24 mm size hetero and high reliefed

iron oxide coated quartz, ilmenite, blo-

tite mica, flaky, iron oxide coated wood

fossils are present,

162, Karumadi kari soil profile 0 - 50 cm

depth photomicrograph of fine sand light

mineral fraction in plane light Mgf 25X

Highly iron oxide coated flaky wood fos-
sils, tubular phytoliths, sub angular
quartz, very few sub angular 1lmenite

are present.



163.

le4,

Karumadi kari soil profile 0 - 50 cm

depth photomicrograph of fine sand heavy
mineral fraction in plane light Mgf 25X
Abundant, sub angular to sub rounded

moderately reliefed ilmenite, sillimanite
followed by high reliefed angular 1o

sub angular aquartz and very few Zircpn

are present,

Moncompu_karapadam so0il profile 0 - 50 °

¢cm__depth photomicrograph of fine sand.

light mineral fraction in plane light

Mgf 25X

pbundant angular to sub angular moderate
reliefed, sharp margined quartz. followed
by many sub rounded ilmenite. angular
sillimanite, and very few biotita mica
are present -Quartz skeletons have surfi-
cial iron coating, rather than

peripheral (- i,



165. Moncompu kar apadam soil profile 0 - 50

cm depth .pnotomicrogragh of fine_ sand,
Heavy mineral fraction _in plane light

Maf 25X
slightly neteroreliefed angular .to sub

angular iron oxide coated quartz followed
'by many number of sub angular lath shaped
ilmenite and few iron oxide coated angular

sillimanite.

166. Mathikayal kayal soil profile 0 - 50

cm depth photomicrograph of fine sand

light mineral fraction in plane light

Mgf 25X

Abundant angular to sub angular 1ron
xide coated quartz, sillimanite, bilotite
mica, iron oxide coated flaky plant mate-.
rial, and few marginal shadowed long
zorcon are present.



167. Mathikayal kayal soil profile 0 - 50

cm depth photomicrograph of fine sand

heavy mineral fraction- in plane light

Maf 25 X
Abundant high reliefed, angular to sub

angular quartz, followed by ilmenite,

few Zircon and sillimanite are present.

168. Vytilla pokkali soil profile 0 - 50 cm

depth photomicrograph of fine sand light

mineral fractions in_plane liéht Maf
25X
Abundant high -reliefed angular to sub

angular slender quartz, sillimanite, -
followed by sub angular to sub rounded
- ilmenite,



169. Vytiila pokkali soil profile 0 - 50 cm

- 170.

- depth photomicrograph of fine sand heavy

mineral fraction in plane light Mgf 25X

pbundant flaky ‘and high reliefed angular
to sub angular quartz, -few with 1iron
oxide coating, followed by abundant sub
angular to sub rouhded slender 1ilmenite
and few Zircon, sillimanite and monazite

are present,

Kattukambal kole soil profile 0 - 50

cm__depth photomicrograph of fine sand

light mineral fraction in plane light

Mgf 25X
Abundant sub angular sub rounded and

even, rounded opaques, dominantly ilmenite -
followed by flaky high reliefed sub angu-
lar many quartz, sillimanite and very
few to few sub rounded laterite micro-
nodules are present.




171. Kattukambal kole soil profile 0 - 50

cm__depth photomicrograph of fine sand

heavy ‘mineral fraction in plane light
Mgf 25X )

abundant high reliefed sub angular to
sub  rounded highly iron oxide coated
gquartz sillimanite followed by abundant
sub rounded to rounded and few sub angular
ilmenite other opaques and very few late-

rite micro nodules are present,

172, Kattampally kaipad soil profile O - 50

cm__depth photomicrdgraph of fine lsand

_light mineral fraction in plane light

Mgf 25X
Abundant heteroreliefed slender, flaky

sub angular sub rounded and even, rounded
quartz, followed by few faint margined
subrounded to .Eoﬁnded ilmenite and very
.few sub angular biotlfe, sillimanite,

zircon are present.



173. Kattampally kaipad soil profile 0 - 50

cm depth photomicrograph of fine sand

heavy mineral fraction in oplane light

Mgf 25X .

Abundant sub anéular to rounded, ilmenite
and other opagues followed by high reliefed
striated kyanite, -sillimanite, zircon and
few slender subrounded to rounded flaky quartz

are present.
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ABSTRACT

The acid sulphate soils of Kerala cover an area of approxi-
mately 0.2 million hectares on the ldest coast of Kerala. |

A well integrated study-on the genesis, morphology, mineralogy
and certain physico-éhemic‘al properties of these soils. was conducted.
Aspects of its genesis, position in the global system of classification,
macro, meso and micro morpholoéy. mineralogy both macro and micro
"as well as primary and secondary, physical and physico-chemical
properties relevant to claésification and management have received
~attention. Tﬁe salient points of the study are _hig‘hliéhted emphasising
conclusions pertinent to the expanding fr.ontiers of our 1<nowledge' on

these soils.

The abid sulphate soils occurring along the West coast of
Kerala based on ,morphologicai- observatifms as well as stage by stage
microscopical study are ind‘ic:‘atéd:to have been formed by sedimentation
of finer material overlying and oft.en impregnating wood fossils, faunal
and floral relics in the recent geological past. The extent of alluvia-
tion, staige of Adegradation of the fossilised wood aﬁd incorporation
of sediments and. formation of secondary products vary from location

.to location as indicated in the study.

In almost all the acid sulphate soils around the globe, pyrite

is the major mineral component contributing to acidity. They have



framboidal micro structure with size ranging from 15-50 u, However,
in the acid sulphate soils of Kerala pyrrohtite (FeS) 1is the
predominant sulphide mineral with a Siz‘e range < 2 ju along with small
amounts of pyrite (FeSZ] which also are <. 2u. These minerals have
been formed in the recent. geological past, under the anaerobic
environment releasing ferrous iron from the alluviated soil materials
especially laterite falls and the sulphur from the sulphates added
by the ingress of sea water, fossilised wood and decaying organic
matter.

The pyrite (Fesz) and pyrrohtite (FeS) undergo oxidation
especially when the aeration is encouraged by tidal influences, and
acidity donditions. As has been demonstrated in the present study

they are oxidised initially to ferric hydroxides and then to
jarosites. The end product of oxidation of pyrite, however, varies
from situation to situation in Kerala. Thus it may be jarosites as
encountered in the surface soils of all the locations while the
oxidation may be only to the stage of ferric hydroxide as observed
in the fourth horizon of Mathikayal and Kattampally where the pyrite
occurs overlying a bed of lime shells.

Thekripeness of the acid sulphate soils generally are decided s
by the extent of acidity generated on oxidation with HZOZ aﬁd also
the 'n' value of the soil which .1is related to the pH as well as the
organic matter and clay content'. On this basis all the acid sulphate
soils of Kerala vary from half -_ripe to fully ripe. The ripe soils

have been encountered only at Kattukambal in the kole area. Another



factor, is the depth of occurrence of the jarosite mottle laden layer.
In - the acid sulphate soils of the pfeseht study, the jarosites have
been iocated, within 50 cm. Below 50 cm pyrite and pyrrohtite aré
the dominant sulphur containing minerals. Among the oxidation products,
the mineral lepidocrocite (Fe-0O-OH) a variant of goethite has been
fo_und to be associated with pyrrohtite especially at the Karumadi
location. The occurrence of lepidocrocite in acid sulphate soils has
not been reported earlier. It is possible that it is the intermediate
Astage in the oxidation of pyrroh-tite to jérosite.

The lower{ layers - of the acid sulphate soils have lime shells
in some locations such as Mathikayal, other Kkayal areas of Kuttanad
and some of the pokkali and kaipad soils. 'The' pyrités are found
to be closely overlying thé lime shells without suffering major alter-
ations to either of thém.. Thus the pyrite framboides have been
transformed partly in a few of its microcrystals to the oxidised form
of ferric hydroxides, but the acidity of the embeddihg soils has
neither dissolved nor reacted with the lime shells. .

X-ray diffraction, thermogravimetric as well as chemical
studies conducted with the clay indicate kaolinite as the dominant
mineral in these soils. _Minor quahtities of ). mineral viz., smectite,
chlorite and iliite.have'been d‘eteﬁted. Mica .and quartz have been
found in quantitiés equal to that of kaolinite. It is possible that
like laterite falls, fine quartz also 1is alluviated iﬁto these soils

from the midland regions of Kerala.



Soils which attain pH of 2.5 by oxidation with 100 pér cent
HZOZ' have been considered to be dangerqusly acid sulphate soils.
The soils in the present study ‘attain pH values less than 2.5 even
with 30 per cent HZOZ' - Though the upper layers are half to fully
ripe, they are still found to be dangerously. acid. The lower layers
with more of reserve pyrites are much more dangerously acid. These
observations on the acid Sulphate'-'SOils are a pointer to the cropping
patterns and water management to be pursued in these areas in the
foreseeable future. Thus the rice crop in. a waterlogged situation
is possibly the only ‘crop that may throw up lesser problems in
soil management. The dangerous nature of the potential acidity
especially in the lower layers have to be considered in ruling out
all propositions of tree crop alternatives such as rubber and oil
palm.

From the present studies it has been found that these soils
have only a sulphidic enrichfﬁént within 50 cm from the surface,
instead of a sulphuric horizon. Further the sulphur content is also
not sufficient enough to include thém in the category of soils with
sulphuric horizon. Soils with .sulphuric horizon only are considered
to attain a pH of 4 by airdrying and 2.5 by HZOZ treatment. The\
soils- in the present study despite an enrichment, only with sulphidic
materials attain a pH of 2.5 to 3.0 by mere airdrying and pH as
low as 2.0 by HZOZ oxidation. ,Thus the lack of a sulphuric horizon
but in its place a mere suiphidic enrichment makes them almost
dangerously acid. Evidently this has to be attributed to the

pyrrohtitic (FeS) nature and the smaller size (K2 pm) of the framboid



conferring .it~to be placed as a class separate from typical acid
sulphate soils reported from the rest of the world. Thus these soils
from the present study are found to be more dangerously acid sulphate
than others though they 'do not satisfy the requirement of either
the ‘total sulphur content or the_ pfesence of a t-ypical sulphuric
horizon. Further the pyrite framboids have a size range of only 1/25th
of that of the framboids repo'rted elsewhere from the giobe. This
has made them more dangerously acid. All the same, they‘ require
to be placed as soils with sulbhidic materials rather than the soils
with sulphuric horizon as per Soil Taxonomy. (USDA, 1975).
Neverthelesé, the fact remains f'hat these soils are highly acidic
with considerable amoun{s of réserve pyriteé and hence reserve
écidity. These soils call for utmost care in their management. The
'gcid sulphate soils of Kerala are thus to be continuously managed
under a _waterloggg@j milieu to enable optimum productivity with minimum
problems due to acidity and related aspects. The possibility of
growing perennial crops such as rubber and - oil palm require partial
to fully aerobic situations. These conditions are likely to result in
oxidation of the pyrite laden layer noticed up to 90 cm in the present
study. This can generate an enormous quantity of free sulphuric acid.
The pyrite laden layer: extends up 'tc; 90cm in the present study.

The acid sulphate soils of Kerala are definitely different
from Malaysian acid sulphate soils in ‘that the surface layer is not
completely free of pyrites. In view of thé fact that the surface soil
contains only jarosite and no pyrites‘ 1he Malaysian peats and acid
5ulphate soils have been subJected to cultivation with oil palm and

rubber. However the Malaysian experience cannot be transplanted as



subh to Kerala inview of the very serious initial problems 1likely
-to be thrown off by ‘Fhe generation of acidity by the oxidation of
pyrites under aerobic - SE#uations.

Being half to full ripe, acid sulphate soils of K.eralé are
still dangerously acid to warrant the continuation of the existing

By

management practices and cropping systems.
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