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INTRODUCTION

The importance of sulphur in plant nutrition need
not be over emphasized, In plant, sulphur is present in
proteins, enzymes and vitamins; and it plays a pivotal
role in metabolic processes like respiration, growth and
photosynthesis. A sulphur deficiency in soil causes a
slackening of protein synthesis in plants and disrupts
metabolism, thereby adversely affecting the growth and
vield of plants. Even without visible symptoms, sulphur
deficiency can reduce crop yields by 10 to 30 per cent

(Saalbach, 1973).

The Kuttanad region of Kerala 1s a unique
agricultural area in the world. Practically, the whole
area lies 1 to 2.5 m below the sea level and is submerged
under water for the major part of the year. It is also
periodically inundated by saline water of tidal inflow
from the sea. During the periods of south-west monsoon
and north-east monsoon, the rivers pour fresh water into
the area and as the north-east monsoon recedes, sea water
"again enters the Vembanad lake and the whole area gets
saline. Ku?tanad area is therefore concurrently faced

=

with serious problems of hydrology, floods and salihity.



Earlier studies have indicated that the soils -
of Kuttanad region is rich in sulphur. The soils of
this region have often been called as acid sulphate,
acid saline etc. But as a result of the kayal reclammat-
ion programmes, construction and deepening of the spillway
at Thottappalli and of late, the commissioning of the
Thaneermukkom barrage in 1976, the entire ecosystem of
Kuttanad would have undergone considerable changes, The
oxidation of organic matter and sulphur containing
compounds has been hastened and the intrusion of sea
water has been regulated. So the forms and availability
of sulphur in the changed soil conditions have to be

ascertained.

Kuttanad is the major rice growing tract of the
state. OSulphur being an important plant nutrient, the
need of its application in Kuttanad soils can be confirmed
only after the status and availability of sulphur in this
region are evaluated., This study was thereforé undertaken
with the following objectives in view:

1) To study the forms and availability of sulphur in the

karappadam, kayal and kari soils of the Kuttanad region

of Kerala; and

2) To predict whether application of sulphur containing

fertilizers is necessary in the Kuttanad region of Kerala,
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REVIEW OF LITERATURE
1. General description of the area under study

The name Kuttanad denotes the low-lying area
situated between the coaétal belt and the uplands in
Karthigappally, MavelikXkara, Chengannur, Ambalapuzha,
Kuttanad, Thiruvalla, Kottayam, Shertallai and Vaikom
taluks., It measures approximately 25 km east-west and

60 km north-south on the west coast of Kerala.

From the very early days, Kuttanad has been

acknowledged as the rice bowl of Kerala, According

to Pillai (1940), millions of years ago, this land was
dense foreét. In succeeding geological ages, the sea
advanced and engulfed many places including this area.
Several thousand years later, the sea receded exposing
part of the present midlands and the coastal region.
During these geological upheavals, the entire forest
area was submerged far below the groﬁnd and thereafter

silted upto varying levels.

- The geographical area of Kuttanad is 870 sg km
in which 290 sq'km is garden lands rising 1 or 2 m

above mean sea level (Kuriakose, 1974). The remaining




area is below the sea level. Of this, an area of
520 sq km was progressively reclaimed by the const-
ruction of bunds., The area left unreclaimed is the
present Vembanad lake. The Vembanad lake extends

upto Cochin and there it is connected to the sea.

Geologically Kuttanad is an alluvial belt, the
main formation being delta alluvium. This alluvium
is alternating layers of clay and sand of varying
sizes and variable percentages of organic matter,
These alluvial formations exist in layers varying
upto 30 em depth underlaid by sand stone and mottled

clay of tertiary formations.

The rivers Achancoil, Pampa, Manimala and
Meenachil discharge their water into the Kuttanad
region. These rivers on entering the .area flow through
a2 network of channels, leading to the Vembanad lake.
During the south west monsoon the entire area will be
submerged under flood waters. The flood waters gradu-
2lly drain through the water courses and Vembanad lake

'into_the sea through the Cochin gut.

The soil characteristics in a water-logged

region like Kuttanad is entirely different from those



of a normal well-drained region.' Accumu}ation of toxic
products of anaerobic¢ decomposition of organic matter,
production of ammonis reduction of nitrates and sulphates,
mobilisation of iron and manganese, increase in avail-
able phosphorus, variatibn in soil reaction and
electrical conductivity are the resultant of water-
logging which in turn cause drastic changes in soil
environment and influence crop growth (Money and
Sukumaran, 1973). Seasonal fluctuation of salinity due
to high monsoonal discharge has further modified the
.chemical and blological characters of the soill. Again
human intervention in controlling the water-flow has

added a new dimension.

Soils of Kuttanad are known as acid saline or
acid sulphate soils. Acid saline soils occurring in
Kuttanad proper has been further sub-divided and named
according to the morphological conditions, like
karappadam, kayal and karil soils. These three types
fall in great soil groups of Tropaquents (karappadam

and kari) and Tropopsamments (kayal) {Chattopadhyay
and Sigharthan, 1985).

' Karappadam soils occur along the inland waterways

and rivers and are spread over a large part in the upper



Kuttanad covering an area of 41,b00 ha, They are river-
‘ borne alluvial soils., The-fields lie at about 1-2 m
below the sea level, The solls are characterised by
high acidity, high salt content and a fair amount of
decomposing organic mattér (Chattopadhyay and Sidharthan,

1985),

Kayal soils are found in the reclaimed lake bed
in Kottayam and Alleppey districts and they occupy an
area of about 8,000 ha, The land is situated 2-3 m below
the sea level. As they are seriously affected by
salinity, crop failures are common in them {Chattopadhyay

and Sidharthan, 1985).

Kari soils are peat soils found in large isolated
patches in the Alleppey and Kottayam districts, covering
an area of about 20,000 ha, They exhlbit characteristics
of the submerged forest area. Deep black in colour, the
solls are characterised by heavy texture, poor aeration,
high acidity, high salt content and high organic carbon
gontent. Large amounts of woody matter at various stages
of deFomposition occur embedded in these soils (Koshy

et al., 1977; Chattopadhyay and Sidharthan, 1985). Kari
solls are termed as peaty marine mud clay and the soils

belong to Histosols (Gopalaswamy and Raychaudhuri, 1969).



2., General properties of Kuttanad soils

2.1, Soil reaction (pH)

The Kuttanad soils, in general, are acidic in
reaction. The pH values depend on the location of the
soils from which they are collected. Among karappadam,
kayal and kari soils the kari soils are more acidic.

The pH wvalues fdr karappadam and kayal soils ranged
from 2,6 to 5.8 and 3.0 to 7.3 respectively (Koshy and
Brito-Mutunayagam, 1961; Nair and Aiyer, 1968; Sreedevi
and Aiyer, 1974:; Kabeerathumma and Bidappa, 1975; Aiyer
et al., 1975; Venugopal and Koshy, 1978; Amma et al.,
1979; Alyer and Nair, 1979; Nair and Padmaja, 1983;
Bhargava and Abrol, 1984; Amma, 1988). Kari soilg
registered lower pH values than karappadam.and kayal
soils. The pH values reported by different workers for
different locations ranged from 2.6 to 5.9 (Koshy and |
Brito-Mutunayagam, 1961; Money, 1961b; Subramoney, 1961;:
Nair and Aiyer, 1966; Pillai and Subfamoney, 1967; Nair
and Aiyer, 1968; Koshy, 1971; Sreedevi and Aiyer, 1974;
Praseedom and Koshy, 1975; Aiyer et al., 1975; Venugopal
and K&shy, 1976a; Ghosh et al., 1976: Aiyer and Nair,

1979; Amma et al., 1979; Kabeerathumma and Patnaik,



1980; Mathews and Jose, 1984; Marykutty and Aiyer, 1987;
Amma, 1988). The lowest value of 2,6 was recorded by
kari soils from Kallara, Kottayam (Marykutty and Aiyer,

1987).

2.2. Electrical conductivity (EC)

The Kuttanad soils are, in general, saline in
nature. The degree of salinity varies from patches to
patches., Among the three types of acid saline soils,
i.,e., karappadam, kayal and kari, the kari soils are
more saline, The EC valuesdepend on the location of the
soil and the season in which they are collected. Maximum
values of EC were generally seen during summer (March-
April) while the minimum values were observed during
October-November (Kurup and Aiyer, 1973). The EC values
recorded by different workers ranged from 0.1 to 43.6
dS/m (Ghosh et al., 1976; Kabeerathumma and Patnaik, 1978;
Aiyer.and Nair, 1979; Kabeerathumma and Patnaik, 1980;
Bhargava and Abrol, 1984; Marykutty and Aiyer, 1987;

Amma, 1988).

2.3.:brganic carbon

Acid saline soils are reported to contain fairly

high amount of organic carbon.



In karappadam, kayal and kari soils, the organic
carbon content ranged from 1.3 to 13,9, 0.4 to 5.5 and
1,8 to 25.0 per cent respectively (Subramoney, 1961;
Koshy and Brito-Mutunayagam,-lQGl; Money, 1961a;
Zachariah and Sankarasubramoney, 1961; Nair and Aiyer,
1968; Alexander and Durairaj, 1968; Koshy, 1971; Nair
and Money, 1972; Money and Sukumaran, 1973; Sreedevi
and Aiyer, 1974; Aiyer et al,, 19757 Sreedevi et al.,
1975; Praseedom and Koshy, 1975; Ghosh et al., 1976;
Venugopal and Koshy, 1976b; Kabeerathumma and Patnaik,
1978; Aiyer and Nair, 1979; Amma et al.,, 1979; Bhargava
and Abrol, 1984; Mathews and Jose, 1984; Marykutty and
Aiyer, 1987; Amma, 1988; Saraswathy, 1989), 1In the
organic matter of kari soils, cellulose and hemicellu-

lose were entirely absent (Koshy, 19790).

2.4. Available phosphorus and potassium

In karappadam soils, the available P (Bray No.1)
ranged from traces to 45 ppm as reported by various
workers (Money and Sukumaran, 1973; Kabeerathumma and
Patnaik, 1978; Aiyer and Nair, 1979; Amma, 1988)., The
range of available P in kayal soils was 6-51 ppm

(Money and Sukumaran, 1973; Kabeerathumma and Patnaik,
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1978; Aiyer and Nair, 1979) and in kari soils, it
ranged from traces fo 63 ppm (Alexander and Durairaj,
1968; Money and Sukumaran, 1973; Kabeerathumma and
Fatnaik, 1978; Aiyer and Nair, 1979; Mathews and Jose,

1984; Amma, 1988),

The content of available K (1N neutral ammonium
acetate) in karappadam, kayal and kari soils ranged
from 35-72, 37-72 and 37-78 ppm respectively showing
that these s0ils are relatively deficient in available
K (Alexander and Durairaj, 1968; Money and Sukumaran,

1973),

r

2.5. CEC and exchangeable cations {(Ca, Mg and Na)

The CEC of Kuttanad soils is comparatively
highef as compared to the other acid soils of Kerala
due to the larger amount of organic matter contained
in these soils. The range ¢of CEC reported wére 8-35,
10.4~31.6 énd 16,6 to 50,0 me/100 g for karappadam,
kayal and kari soils respectively (Pisharody and
Britq-Mutunayagam, 1966; Pillai and Subramoney, 1967;
Alexander and Durairaj, 1968; Praseedom and Koshy, 1975;

Aiyer et al., 1975: Sreedevi et al., 1975; Kabeerathumma
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and Bidappa, 1975: Venugopal and Koshy, 1976b, Venugopal‘
and Koshy, 1978; Amma et al., 1979 Kabeerathumma and
Patnaik, 1980; Bhargava and Abrol, 1984y Amma, 1988;

Saraswathi, 1989).

Though the soils of Kuttanad possess high CEC,
they have low base saturation. The dominance of Na ion
has been cbserved in saline patches. The low base
saturation has been attributed to the reaction of
sulphuric acid formed by oxidation and hydrolysis with
available bases in the scils, The ranges of exchéngeable
Ca, Mg and Na in karappadamvsoils were reported to be
0.9-4.,7, 1.3-3.5 and 3.,3-15,2 me/100 g respectively -
(Sreedevi and Ajyer, 1974:; Aiyer et al., 1975; Kabeera-
thumma and Bidappa, 1975; Kabeérathumma and Patnaik,
1980; Amma, 1988). Kabeerathumma and Bidappa (1975)
and Kabeerathumma and Patnaik (1978) observed that the
content of exchangeable Ca in soils studied by them
was 4.49-39.0 me/100 g soil while the content of exchange-
able Mg was 1.7 me/100 g. The exchangeable Ca, Mg and
Na in kari soils were in the range of 1,0-7.4, 2.5-4.9
and 5.2-19.6 me/100 g soil respectively (Sreedevi and

Alyer, 1974; Aiyer et al,, 1975; Venugopal and Koshy,
1976a; Kabeerathumma and Patnaik, 1978; Amma, 1988).
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2.6. Particle size analysis

In general, the Kuttanad soils contain larger
proportion of clay and silt due to its riverine nature.
The kari soils invariably retain large amopnts of clay
in combination with organic matter. The Kuttanad soils
are strongly hfdromorphic with aquic characteristics
like low chroma and mottled horizons. Reduction of
ferric compounds to ferrous compounds as shown by grey
colours is common in these soils, 8ilty clay and clay
are the dominant features (Nair et al., 1981). In kari
soils, clay content of upto 64.5% has been reported

(Marykutty and Aiyer, 1987).

3. Sulphur and plant growth

Sulphur is one of the sixteen nutrient elements
which all plants must have fof normal growth and develop-
ment. Sulphur deficiencies in soils have so far been
reported from 65 countries including India, Sulphur is
best known for its role in the formation of amino-acids
-(hethionine and cystine), synthesis of proteins,
chloréphyll, 01l in o0il seeds and nutritive quality

of forages. Sulphur is also associated with the synthesis



of vitamins, metabolism of carbohydrates, proteins and
oils and formation of flavour imparting compounds in
crucifers. Sulphur reduces the HCN content in cassava,

promotes nodulation in legumes, produces heavier grains’

e

of 0il seeds and improves the quality of sugarcane juice.

Even without visible symptoms, S deficiency can reduce
crop yields by about 10-30 per cent (Saalbach, 1973),.

An uptake value of 6 kg of S per every tonne of food
grain produced has been taken as the average fﬁr tropical

countries (Kanwar and Midahar, 1985).

During the past few years, S has been receiving
increasing attention worldwide. While reports of S
deficiency and crop ;ésponses tc S application are
increasing, the contribution from traditional sources
of 8 is on the decline. Sulphur improved the quality of
sugarcane juice (Saroha and Singh, 1979). An increase
in the starch content of potatoes due to application of
S had been reported (Ramamurthy and Devi, 1981)., The
content of HCN in cassava was reduced due to the effect
of S (Mohankumar and Nair, 1983), Sulphur containing
fertiiizers were found to imprqvq the oil content of

mustard by 8.5 per cent, rai by 7.3 per cent, taramira

[}
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by 7.6 per cent, Soybean by 6.8 per cent, groundnut

by 5.1 per cent and sunflower by 3.6 per cent (Tandon,
1986)., Sulphur also increased the proportion of S
containing amino acids in onion (Balasubramanian et al.,
1978), cassava (Mohankumar and Nair, 1983), mustard
(Singh and Singh, 1983) and groundnut (Kamala et al.,

1986),

Yield response to S application had been reported
in crops 1like groundnut (Patil et al., 198la; Ankineedu
et al., 1983; KAU, 1987), soybean (Jain et al., 1984},

rice {Tiwari et al., 1983b), cowpea (Nad and Goswami,

1984) and cassava (Mohankumar and Nair, 1983; KAU, 1984),

4. Forms of sulphur in soils

The main source of S8 for plants is the soil,
where its concentration ranges widely from 0,02 to 0.2
per cent. Sulphur enters the soil from the parent
material, mineral fertilizers that contain it as an
impurity and precipitation, During soil formation, the
mineral forms of 8 are redistributéd énd organo-sulphur
compoﬁnds are synthesised and accumulated. The concent-
ration and distribution of & depend on the.genetic

characteristics of the spil, nature of the parent



material, particle size composifion and humus content,
Sulphur occurs in two principal formé, organic and
mineral. Mineral S is present as sulphate, sulphides
'and sulphites. In humified soils, 1t i1s present
chiefly as organic comp&unds, i.e., estgrs of sulphuric
acid, thiols, disulfides, and sulfones, Plants use
the oxidised sulphate form. Thus organo;sulphur

—

compounds are potential sources of the element which

become available to the plant after mineralisation

(Bramyan and Galstyan, 1986).

4.1. Total sulphur

The total S content 1in soils is present in
varied amounts depending upon ifs contents in the primary
minerals, organic compounds and sulphate ions adsorbed
and present in the soil solution. Since India is a
sub-continent with a wide vaéiety of tropical climate
and soils supporting different agro-ecosystems, the S
content among and within soil types as well aslregions/

varies to a great extent (Takkar, 1988), '

A twenty nine fold variation existed in total S

content of alluvial soils of India, the maximum 851 ppm
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was found. in the fine textured soils of Bihar (Ahmed
and Jha, 1969) and the minimum 26 ppm in Ustochrepts
from Panjab (Arora and Sekhon, 1977). The mean S
content in the soil subgroups identified in Punjab
ranged from 59 ppm in sand to loamy sand Ustochrepts
and Ustipsamments (Arora and Takkar, 1988) to 213 ppm
in séndy loam to loam Ustipsamments and Haplustalfs
(Ghai, 1980), Coarse texture and low organic carbon/%
content in the former soil as compared to the latter
spil with fine texture and high organic carbon content
were the main reasons for such a large variation. The
soils of West Bengal were felatively poor in total S
(74 ppm) than those from the Uttar Pradesh (143 ppm)
despite having finetexture of the former soil (Kanwar
and Mohan, 1964; Bhaﬁ and Tripathi, 1973). The coastal
saline soil from West Bengal contained three times more
S (226 ppm) than that in the normal soil (74 ppm)
because of the accumulation of sulphate salts from sea

water (Mukhopadhyay and Mukhopadhyay, 1980).

The solls of Himachal Pradesh contained lower S
contents (189 ppm) as bompared to the other hill soils

of Himachal Pradesh (276 ppm), West Bengal (221 ppm)
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and tea and coffee soils of Tamil Nadu (1323 ppm)

(Kanwar and Takkar, 1964; Singh et al., 1976; Palani-
appan et al., 1978}. The finetexture and high organic
carbon content in the latter two as compared to the
former tea soils were the factors that lead to these
variations in the S content of soils. In various soil
types of India, the mean content of total S was 213 ppm
in red, 329 ppm in alluvial, 350 ppm in lateritic,

456 ppm in hill, 530 ppm in black and 6319 ppm in

saline soils (Hegde:.et al., 1980). The variations in

S content within a soil type was 5,3 fold both in hill
and lateritic soills, 4.6 in red soils, 3.5 in black and
21 in alluvial soils. The red soils from Andhra Pradesh
contained very high amount of sulphur i.,e., 1783 ppm
(Prasad et al., 1983)., Highly weathered lateritic soils)/
as compared to the others contained markedly less S, //
Total S content of the benchmark soils of Punjab varied

from 87-222 ppm (Arora et al,, 1988),.

Generally, total S content in the tropical soils
of India, is lower than the values reported for the
tempefate zone soils. Since the content of total 8 in

a soil depends primarily on its orgénic matter and or
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organic S content, the low S reserve in the tropical
Indian soils appears to have resulted largely from their

poor organic matter status (Takkar, 1988},

4.1.1, Factors affecting total sulphur

Sulphur in soils is generally present aé sulphides,
sulphates and organic forms. Sulphides of the plutonic
rocks upon weathering get converted into sulphates and
depending upon the conditions, either these are adsorbed
by soil or precipitated as Ca, Mg and Na salts or are
ingressed'by plants and soil micro-organisms and form a
part of organic combinations with C, N and P or some are
reduced to sulphides and elemental S under anaerobic

conditions.

Soil organic matter: Total S in most of the soils
of India had been shown to be a function of the soil /
organic matter as they are significantly and positively
inter-related (Kanwar and Takkar, 1963) Kanwar and
Mohan, 1964; Virmani and Kanwar, 1971). A positive
significant correlation between total S and organic /
carboh had been observed by many workers (Bhan and |
Tripathi, 1973; Palaniappan et al., 1978; Dolui and

Nayek, 1981; Singh and Sharma, 1983; Singh et al., 1985;
Acquaye and Kang, 1987; Arora and Takkar, 1988).
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Salt content: Accumulation of S is generally
accompanied by the accumulation of sulphates. Very
high wvalues éf 8 in saline soils of Canning had
resulted from the accumulation of salts of sulphate
in these soils (Hegde et al., 1980)., The significant
positive relation of the total S with sulphate S had
been reported By many workers (Bhan and Tripathi, 1973;

Aulakh and Dev, 1976; Kumar et al., 1985).

Soil texture: Total S is a function of clay
content as shown by Halder and Barthakur (1976), Ruhal
and Paliwal (1980b), Dolui and Nayek (1981), Patil
et al, (1981b), Singh et al. (1985) and Arora and

Takkar (1988). This may be due to the association of

organic matter with the clay fraction of the soils.,

Soil reaction:t Acid soils contained higher S
content than the alkaline soils (Kanwar, 1976). As
the acidity in the soil of Himachal Pradesh and Tamil
Nadu increased, a sharp and successive increase in total
S occurred (Singh et al.,1976;Palaniappan et al,, 1978).
'Acid_soils are high in free Al and Fe oxides which have

high adsorption capacity for sulphates.



Altitude: Twenty fold increase in S content in
Tamil Nadu soils and 1.5 fold in Himachal Pradesh soils
were noticed as one moved from low to high altitude
soil regions. This has resulted largely from the
increase in organic matfer content of soils because
of higher rainfall and lower temperature at high than
at low altitudes (Singh et al., 1976; Palaniappan et al.,

1978),

Types of vegetation: The sulphur content
declined markedly in cultivated soils than forest and
virgin soils because of low 6rganic carbon content

(Palaniappan et al,, 1978).

4,2, Organic sulphur

Most of the S 1is present as ester sulphates and
bonded to carbon as a constituent of amino as well as

other acids.

Likxe total S, the organic S content in the
glluvial soils varied widely from 7 ppm in Ustochrepts
in Punjab (Arora and Sekhon,‘1977) to 109 ppm in the
fine textured soils of Bihar {(Ahmed and Jha, 1969).

The organic 5 in West Bengal soils constituted as high



as 98 per cent of total S whereés in a soil from Bihar
it accounted only for 16 per cent of the total (Kanwar
and Mohan, 1964; Ahmed and Jha, 1969)., The soils of
West Bengal had higher amount of organic 5 as compared
to the calcareous sdils-of Uttar Pradesh. Calcareous
nature of Uttar Pradesh soils and high organic matter
content of the West Bengal soils were the reasons for
the large difference between the two soils. The mean
content of organic S was the highest in the red soils
of Andhra Pradesh (1783 ppm) followed bf 189 ppm in
lateritic, 165 ppm in red and reddish brown, 143 ppm

in greyish black and 141 ppm in non-lateritic soils of
Maharashtra, 98 ppm in the coastal saline soils. of

West Bengal, 46 ppm in Bundelkhand and the least 34 ppm
in the black soils of Gujarat (Reddy and Mehta, 1970;
Bhan and Tripathi, 1973; Mukhopadhyay and Mukhopadhyay,

1980; Patil et al., 1981b; Prasad et al.,, 1983).

According to Joshi et al. (1973) though the red;
black and desert soils of Rajasthan had higher ofganic
S (134-153 ppm) yet it accounted for only 39-50 per
cent éf the total S compared to 89-98 per cent in the
hill, terai and alluvial soils of West Bengal with

similar range of S content (125-156 ppm), Higher
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proportion of organic S comparea to the inorganic S
appears to be the consequence of leaching of inorganic
S and its conversion to organic forms by plants in
hill and terai soils (Mukhopadhyay and Mukhopadhyay,
1980). Generally, soils high in organic S were also
high in total S and organic matter content and vice

versa.

4,2.1. Factors affecting organic sulphur

Altitude: Organic 8 content was markedly higher
in the profiles of tea solls located at higher altitude
compared with lower altitudes. Similarly acid soils in
hills of Himachal Pradesh contained five fold more
organic S than the alkaline soils of the alluvial plain
of Punjab, This had resulted largely from the increase
in organic matter content of soils because of higher
rainfall and lower temperature at high than at low

altitude (Kanwar and Takkar, 1964).

Soil texture: Fine textured soils of Bihar
éonta}ned strikingly higher content of organic S (104 ppm)
than 70 to 96 ppm in coarse to medium textured soils,
even though organic S constituted barely 12 to 20 per

cent of the total S. 8ilt + clay fractions had been
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(100 : 1.2) (Joshi, 1984). Further more, intimate
relationship of organic S with organic P, as well as
with organic C and total N indicates that N, organic
5 and organic P are important constituents of the
soil organic matter and the accumulation of one is
accompanied by the simultanpeous accumulation of all

others (Kanwar and Takkar, 1964).

4.3. Sulphate sulphur

Plants absorb S as 50, ions from the growth
medium to meet their nutritional requirements. The
SO4-S ﬁool comprises largely of water soluble, adsorbed
and easily reieasable 5 fgom soil organic matter, Since
the discovery of'widespread deficiency of 5 in groundnut
soils of Ludhiana, Punjab (Kanwar, 1963) and in the
tea solls of Kangra, Himachal Pradesh (Kanwar and
Takkar, 1964), role of S in crop production in the
country has gained momentum and over the years its

deficiency has been noticed in many soils and crops.

In hill soils, the 0.1% per cent CaCl2 extractable
S in 101 soil samples collected from all over the tea
gardens of Himachal Pradesh varied from 0.5 to 25 ppm

with a mean value of 7.2 ppm and it formed a small



shown to be significantly related with organic S
content of the Langarian series of Sangrur, Punjab
(Ahmed and Jha, 19697 Aulakh and Dev, 1976), This
perhaps partly explains the huge difference between

the organic S content in the relatively coarse textured
soils (5 ppm) of Gujarat and fine textured soils

(170 ppm) of Andhra Pradesh (Reddy and Mehta, 1970;

Prasad et al., 1983).

Organic matter: Since S is a constituent of
organic matter, its contents in Indlan soils have
been ‘shown to be governed by the amount and nature of
organic matter (Kanwar and-Takkar, 1964; Venkateswarlu
et al., 1969; Virmani and Kanwar, 1971; Kumar and Singh,
1974; Ruhal and Paliwal, 1980b; Mukhopadhyay and
Mukhopadhyay, 1980; Dolui and Nayek, 1981; Singh and
Sharma, 1983; Reddy et al., 1985; Arora and Takkar,

1988; Pandey et al., 1989).

Carbon : Ofganic S ratio: Since S is an
integral constituent of the soil organic matter, its
énricbment with S generally determines the sulphur
suppl&ing capacity of soils. The soils of higher
altitude had better 5 supplying capacity than those

at the lower altitude, because of narrow carbon : organic

S ratio (100 : 1.4) in the former than the later
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(100 : 1.2) (Joshi, 1984). Further more, intimate
relationship of organic S with organic P, as well as
with organic C and total N indicates that N, organic
S and organic P are important constituents cf the
soll organic matter and the accunulation of one is !
accompanied by the simultaneous accumulation of all

others (Kanwar and Takkar, 1964).

4.3. Sulphate sulphur

Plants absorb S as SO4 ions from the growth
medium to meet their nutritional requirements. The
SO4-S pool comprises largely of'water soluble, adsorbed
and easily reieasable S from soil organic matter. Since
the discovery owaidespread deficiency of S in groundnut
soils of Ludhiana, Punjab (Kanwar, 1963) and in fhe
tea soils of Xangra, Himachal Pradesh (Kanwar and
Takkar, 1964), role of S in crop production in the
country has gained momentum and over the years its

deficiency has been noticed in many soils and crops.

In hill soils, the 0.15 per cent CaCl2 extractable
S in 101 soil samples collected from all over the tea

gardens of Himachal Pradesh varied from 0.5 to 25 Ppm

with a mean value of 7.2 ppm and it formed a small



percentage of the total S. A linear relationship
existed between this and the water soluble fraction.
Nearly 74 per cent of the samples were deficient in

S (Kanwar and Takkar, 1964: Takkar, 1987),

Kanwar (1963) had shown extensive deficiency of
S in 75 per cent of the 84 soil samples from the ground-
nut area of Ludhiana, Punjab. Kanwar and Mohan (1964)

showed that S0,-S in the soils of different agro-climatic

4
zones of Punjab varied from 1.4 to 48 ppm and constituted
a very small fraction of the total S. By and large,
SO4-S decreased from 10.1 to 3.4 ppm as one moved from
alluvial soil groups in arid and semi-arid climatic

zones towards hill soils in semihumid and hot, humid to

subtropical and prehumid to humid climate (Kanwar and

Mohan, 1964).

" Ahmed and Jha (1969)'had shown a widespread
deficiency of S in neutral, acidic and alkaline soils
of Bihar. Bharadwaj and Pathak (1969) showed that in
-the soils of Uttar Pradesh 804-5 content in the 0-15 am
and 15-30 om depth varied from 5.7 to 105.6 ppm and
3.1 to 31.5 ppm. Nearly 50 per cent decrease in the

15-30 cm layer has resulted from comparatively high pH
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and carbonates iﬁ the fine textired sub soil. Cheema
and Arora (1984) showed that S0,-5 ranged between 0.3
to 56.3 ppm and the extent of S deficiency was 75 per
cent in 1983 and 82 per cent in 1984 based on the
analysis of 500 surface soil samples from Ludhiana,
Punjab. The deficiency was confirmed by the response
to S application of wheat grown in some of these fields.
In general 804-8 content for Indian solls ranged from
3.4 to 81 ppm (Sureshlal and Mathur, 1985). The pro-
portion of SO4-S to total S ranged from 2 per cent in
hill soils of Punjab (Kanwar and Mohan, 1964) to 24 per
cent (Ghai, 1980). Except with total S, all the forms
of S significantly correlated among themselves (Ruhal

.and Paliwal, 1980a).

4,.3,1, Factors affecting sulphate sulphur

Organic matter: Takkar et al. (1984) and Takkar
et al. (1985) had shown that soll organic matter regulates
markedly the content of S0,-S in the alluvial soils of
'Ludhiana and Bhatinda. As the organic carbon increased,
the per cent samples deficient in S strikingly decreased.
Significant positive relationship between the two had
been shown by Bharadwaj and Pathak (1969}, Kumar and

Singh (1974), Ruhal and Paliwal (1980b) and Arora and
Takkar (1988),
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Texture: The content of 504-5 was shown to be
a function of the silt plus clay fraction and clay
fraction in tybic Ustipsamment of Hoshiarpur, Punjab
. (Aulakh and Dev, 1976; Ghai, 19807 Patil et al., 1981b;

Singh and Chhibba, 1987).

Salt content (EC): Ghai (1980) found that EC was
significantly and positively correlated with 304—5 in
alluvial soils of Ludhiana (Cheema and Arora, 1984) and
in Typic Ustipsamment soils of Bhunga block of Hoshiarpur
(Singh and Chhibba, 1987),

Leaching: Because of the anionic nature and
high solubility of most of the common salts of sulphate,
the leaching losses of 504-8 were generally large
especially in coarse textured soils (Rawat and Sriniwas,

1979; Cheema and Arora, 1984).

Temperature: Bharadwaj and Pathak (1969) showed
that temperature increased the 804-5 content., The
duration of heating was more effective in increasing

.the 804—5 content than the absclute temperature.




4.4, Nonsulphate sulphur C :

This is the form of 5 that remains unextractable

after the removal of organic (H,0, extractable) and $0,-5
(0.15 per cent CaClz) and is mostly made up of insoluble
S compounds of Ba, Ca etc. occluded in and absorbed on

carbonates of the soils (Evans and Rost, 1945),

By and large, the contents of nonsulphate S5 in
solls of India varied from as low as 1 ppm to as high as
462 ppm and constituted 1 to 75 per cent of the total S,
Barring hill and terai soils, by and large, the content |
of this form is much smaller in the surface soils as |
compared to that in the subsurface layers and is also !
considerably higher in the alkaline, calcareous high pH
soils of plains of Punjab, Haryana, Rajasthan, saline
solls of West Bengal and Rajasthan., Also medium black
soils of Rajasthan, terai, lateritic and even alluvial
soils of West Bengal contained small amount of non-
sulphate S. The presence of CaCO3, alkaline pH and low
organic matter content are probably the contributing
factors leading to higher amounts of nonsulphate S in
alkaiine soils. Comparatively small amount of nonsulphate

S in acid hill soils which are relatively high in organic

matter suggests that the soill forming factors in operation



under these conditions continuously break down these
forms in the surface layers and leach them down to
subsurface horizons, thereby increasing their content
in relation to total S in the subsurface horizons.
High acidity and rainfsall have accelerated these
proceéses over the years in these solls. Depending
upon thgse conditions, either decline or rise in non-
sulphate 5 were noted with depth of soll profile
(Kanwar and Takkar, 1964; Kanwar and Mohan, 1964;
Ahmed and Jha, 19€9; Reddy and Mehta, 1970; Joshi et al.,
1973; Bhan and Tripathi, '1973; Mukhopadhyay and
Mukhopadhyay, 1980; Ghai, 1980; Patil et al., 1981b;

Sureshlal and Mathur, 1985; Sharma et al., 1988),

5. Available sulphur

Since sulphate sulphur is the major source of S
supply to plants, it has been estimated by extraction
with water, neutral salt solutions, phosphate solutions

and buffered acidic solutions. Available S content of

and Das, 1964).

-

Indian soils, in general, is less than 40 ppm (Naik /7




5.1, Water soluble sulphur

The values of water soluble S ranged from 1.8
to 1161 ppm’ for soils from different states of India.
The minimum vélue of 1.8 ppm was reported for soils
of Madhya Pradesh (Bansal et al., 1979). Water soluble
S content of soils of Udéipur, Rajasthan was 151 ppm,
the range being 9-32 ppm (Rawat and Sriniwas, 1979),
The respective values for soils of Himachal Pradesh,
Uttar Pradesh, Punjab (benchmark soils) and Tamii
Nadu were 17, 15, 22 and 18 ppm (Palaskar and Ghosh,
1982; Tiwari et al., 1983a; Ghai et al.,, 1984; Bala-
suﬁramanian and Kothandaraman, 1985), While reviewing
the water soluble S content of Indian soils, Sureshlal
and Mathur (1985) concluded that the value ranged from
12 to 1161 ppm. Mehta et al. (1988) and Sharma et al.
(1988) observed that water soluble S content was less
than 35 ppm and it constituted only a small per cent

of the total 8,

For rice, water soluble 504-8 was found to be

‘suitable for predicting 5 availability (Venkateswarlu

and Subbiah, 1969).
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5.2. Calcium chleoride extractable sulphur

The range of 804—5 extracted by 0.15 per cent
CaCl2 was between 2 and 45 ppm. The respgctive mean
values for soils from Madhya Pradesh, Rajasthan,
Himachal Pradesh, Uttar Pradesh, bench mark soils of
Punjab, Andhra Pradesh and wet temperate zone of
Himachal Pradesh were 9, 9, 14, 11, 17, 38 and 13 ppm
S (Bansal et al., 1979; Rawat and Sriniwas, 1979;
Palaskar and Ghosh, 1982; Tiwari et al., 1983a; Ghal
et al., 1984; Reddy et al., 1985 and Sharma et al.,
1988) . Calcium chloride (0,15 per cent) was a good
extractant for assessing the available S status of

soils and it extracted about 10.9 ppm in alluvial

soils (Mehta et al., 1988),

5.3. Phosphate extractable sulphur

For soils from differént states of India, the
values of 500 ppmPextractable S ranged from 2 to 1264 ppm.
The respective values for different states, Madhvya
Pradesh, Rajasthan and Uttar Pradesh were 9, 5.4 and
12 ppm S (Bansal et al.,, 1979; Rawat and Sriniwas, '1979;
Tiwari et al., 1983a). For major soil types of India,

the values reported were 27, 50, 26, 39, 80 and 1264 ppm
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for hill, laterite, red, black, alluvial and saline

soils respectively (Hegde et al., 1980)., Sharma gt al.
(1988) observed that the content of phosphate extractable
S was below 25 ppm for soils of Himachal Pradesh. For
alluvial soils, KH2P04 was found to be a very good

extractant (Mehta et al., 1988).

5.4. Morgan's reagent extractable sulphur

Morgan's redgeént extractable S ranged from 2 to
1733 ppm for soils from different states of India
(Bansal et al., 19797 Hegde et al., 1980; Tiwari et al.,
1983a; Ghai et al., 1984; Balasubramanian and kothanda-
raman, 1985; Mehta et al., 1988; Arora and Takkar, 1988;
Sharma et al,, 1988), The corresponding value for soils

from Mannuthy, Kerala was 40 ppm (George, 1989).

5.5. Factors affecting available sulphur

Organic mattert Takkar et al. (1984) and
Takkar et al. (1985) had shown that soil organic carbon
.reguiates markedly the cohtent of available S in the
alluvial soils of Ludhiahd and Bhatinda. As the organic
carbon increased, tha per tent samples deficient in S

strikingly decreased,
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Texture: ‘The content of 'S extracted by 0.15 per
cent CaCl2 and water in five soil series of Sangrur was
shown to be a function of the silt plus clay fraction
(Aulakh and Dev, 19763 Ghai, 1980) and clay fraction in
typic Ustipsamment of Hoshiarpur, Punjab (Singh and

Chhibba, 1987},

pH: An intimateé relationship between the pH énd
- water soluble form of S in some soil series of Punjab
was shown by Aulakh and Dev (1976) and Ghai (1980)., The
increase in avajilable S with a'decrease in pH had been
shown in Tamil Nadu and Himachal Pradesh (Singh et al.,
1976; Palaniappan et al., 1978). The per cent samples
deficient in S appreciably increased as the pH of the
alluvial soils of Ludhiana and Bhatinda increased beyond

8.5 (Takkar et al., 1984; Takkar.et al., 1985).

Salt content: Ghai (1980) found that EC was
significantly and positively correlated with available
S extracted by 0,15 per cent CaCl2 and water in some of

the bench mark soil series of Punjab,

Flooding: Hegde et al., (1980) showed that in all
the major soil types of India, available S markedly

increased with flooding,
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Altitude: Available S content in hill soils
of Himachal Pradesh and Tamil Nadu markedly increased

with increase in altitude (Palaniappan et al., 1978).

5.6. Critical limits of available sulphur in soils

Since the capacity of differént methods to
extract available forms of S wvaries substantially, high
and low critical values of available S in a soil type
for a crop are expected with different extractants, The
critical limits of available S in alluvial soils of
Punjab for wheat were 12.5 ppm for heat soluble, 15 ppm
for 0.15 per cent CaCl, and 25 ppm for N NH,OAc. The
cr}tical values iﬁ such soils for oats were 11 ppm for
10 per cent NaCl, 20 ppm for ammonium acetate + acetic
acid and 22 ppm for 0.5 M NaHCO, extractable S§ (Arora
and Sekhon, 1977; Arora and Takkar, 1985). The critical
values of the same extractant for available S differed
for various crops. The critical values of 500 ppm P as
Ca(H2P04)2 for available S was 9.3 ppm for alfalfa,

. 10 ppm for cluster bean, and 14 ppm for maize. Similarly
the critical level of ammonium acetate-acetic acid
afailable S in alluvial soils for oats was 20 ppm and

rice 11 ppm (Virmani, 1971; Arora and Sekhon, 1977:
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Bansal et al., 19797 Tiwari et al., 1983a; Jaih et al.,
1984) . Also the values of 0.15 per cent CaCl, available

S in alluvial soils of Punjab was 9 ppm for mustard,

10 ppm for groundnut, 15 ppm for wheat and 19 ppm for
sunflower (Kanwar, 1963; Marok and Dev, 1979; Ghal et al.,
1984; Arora and Takkar, 1985), This suggests that there
is a need for establishing critical values of available

S for a crop and a method in different soils as well as for
different crops in a soil. This will provide basis for
isolating the S deficient soils from the non deficient

in a region for different crops and thus will help in
making a sound fertilizer recommendation of 8 for obtain-

iné optimum crop yields.

6. Sulphur in Kuttanad soils

Acid sulphate soils, confined to the Malabar coast
iﬁ south western pért of India have developed under humid
and_ tropical climate in the alluvium derived mainly from
laterite and lateritic soils and occupy lagoons and similar
low-1lying geomorphic situations. The soills are geherlly
" rich in organic matter. Prolonged submergence from May
to December due to heavy discharge from numerous rivers

and streams is followed by sea water inundation during

the subsequent loan months as a result of tidal cycles.
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As early in 1931, Pillai.and Subramanyan reported
that the kari soils of Travancore contained large amounts
of sulphur compounds principally mineral sulphates, They
inferred the presence of ferrous and alumium sulphates
in the soil and thg production of free sulphuric acid
by the hydrolysis of the mineral sulphates. Nair and Iyer
(1948) reported that wood fossils in the kari soils
contalned 5-8 per cent 8, The soil also contained iron
sulphide similar to marcasite yhich on exposure produced
sulphuric acid and ferrous sulphate. They attributed the
high écidity of the kari solls to the production of
sulphuric acid, possibly by S-oxidising bacteria. Subramoney
(1959) proposed a sulphur bacterial cycle as a probable
mechanism of toxicity in dcid soils of Kerala. The kari
soils and the wood fossils associated with them were
found to contain different forms of sulphur such as free,
organically combined, sulphide and sulphate forms. From
the presence of sulphur oxidising and sulphur reducing
bacteria in these soils, it is assumed that there exists
a sulphur bacterial cycle which involves the conversion
of organic forms of 8 to the sulphuric acid form through
the inorganic sulphides and sulphates. The production

of st in this manner is considered to be responsible

for the extremely acidic nature of the karl soils.
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Money (1961a) was of the opinion that the chief
sources of toxicity.in the area are extreme acidity,
solubility of iron and soluble salts especially
chlorides and sulphates. All the soils studied were
of low pH range. Water soluble sulphates were very high
in all the samples, Subramoney (1965) reported that the
Kerala soils exhibited the capacity to produce st.
Studies on HZS injury to rice_piants revealed that black
ferrous sulphide deposits are seen on the roots and
base of the stem of paddy which on smearing with dilute
HC1l evolved st gas, Locking up of earheads and develop-
ment of black spots on the grain were also noted as a
result of H28 toxicity. Hydrdgen sulphide injury is
one of the most serious physiological -diseases of rice
(Nair and Subramoney, 1969). Micromorphological studies
of the acid sulphate soils of Kerala indicated that
sulphides especially iron pyrites are common in all
profiles especlally in the Ambalapuzha series of kari
soils of Karumadi area (KAU, 1984), Chaftopadhyay and
Sindharthan (1985) reviewed the studies on kari soils
and-goncluded that free sulphuric acid is formed by the
oxiéation of sulphur compounds present in the wood

fossils found under the scil,




6.1. Forms of sulphur in Kuttanad soils
6.1.1. Total sulphur

Jacob (1966) in his studies on the sulﬁhur status
of Kerala soils observed that surface soil samples from
Neelamperur which represeﬁted karappadam soils contained
6398 ppm S which when compared to the other soil types
of Kerala, was very high, Hegde et g;..(1980) reported
that karappadam soils contained 491 ppm S, Jacob (1966)
studied the total S content of kayal soils from R-block
and Chitrapuram which contained 4821 and 4873 ppm S
respectively. Hegde et al. (1980) observed that total S
content was less than the reported values in the kayal
soils i.e., 1505 ppm S. Kari soils contained more S
than karappadam and kayal soils. Money (1961a) repofted
a value as high as 19200 ppm, i.e., 1.92 per cent S in
kari soils, Jacob (1966) observed that the maximum
reserves of sulphur were found in the kari soils of
Kerala. Xari soils from Mundar contained 15534 ppm S
which was the highest value among_different soil types.
'Leelg (1967) also reported a more or less similar high
value for the kari soil of Vaikom (9200 ppm), The

highest value of total sulphur for kari soils ever



reported was 30,000 ppm, i.e.,.3.0 per cent (Varghese,
1973). The total S con£ent varied from location to A
-1ocation. Kari soils from Thottappally, North Parur

and Kattampalli contained 5600, 7400 and 4950 ppm §
respectively (Ghosh g;-gl.,.1976). In a study conducted
for evaluating S status of different rice soils of
India, Kottayam kari and Thottappalli kari were found

to contain 8794 ppm § (Hegde et al., 1980),

Total sulphur was found toc be significantly and
positively correlated with organic carbon content of

the soil concerned (Jacob, 1966),

€.1.2, Organic sulphur

Organic sulphur generallf constituted the major
portion of the total § ih most of the soils (Jacob,
1966). In karappadam soils, the contribution of organic
S to total S was 64 per cent while it was 95 per cent
in kayal soils. The content of organic sulphur reported
was 4061 and 4585 ppm respectively in karappadam and
.kayal soil. 1In kari soils the content was 13819 ppm
which was 90 per cent of the total S. Leela (1967)
also obtained a similar result that in kari soils from

Vaikom more than 95 per cent of the total S was
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contributed by organic S. For the kari soil collected
from Kattampalli, the contribution was only 46 per cent.
Value as’high as 24,000 ppn organic S in karil soils was
reprorted which accounted for B0 per cent of the total S
(Varghese, 1973). The content of organic sulphur was
more in the kari soil from North Parur than kari soils
frem Kattampalli and Thottapalli. Thé contribution of
organic S to total S alsoc varied among soils collected

from different locations (48-64%) (Ghosh et al., 1976).

6.1.3. Sulphate sulphur

Money (196?a) could detect only trace amount of
sulphate sulphur in karappadam soils while in kayal
soils, the content was 400 ppm. In kari soils, the
content was 3667 ppm, which was in agreement with the
further studies conducted. Ghosh et al. (1976) observed
.that soils from North Parur contained more sulphate 8
than soils from Thottapalli and Kattampalli which was
in the range 1500 - 3110 ppm S, Bharga%a and Abrol
(1984) observed that kayal soils contained more sulphate

S than karappadam soils by analysing the saturation

extract.




6.1.4., Non-sulphate sulphur

Kari soils were reported to contain fairly good
amount of nonsulphate S which may be sulphide, sulphite,
polysulfides, thiosulphate and elemental sulphur. Kari
sclls from North Parur, Thottappalli and Kattampalli
were reported to contain 730, 230 and 250 ppm S which
constituted 19, 10 and 14 per cent of the total S

respectively (Ghosh et al., 1976).

6.2, Available sulphur

6.2.1., Water soluble sulphur

* Money (196ia) reported that water soluble sulphates
were very high in éhe kari soils, i.e.,1,4100 ppm., The
range was from 1,8200 to 4,3100 ppm (Money, 1961b).
Jacob (1966) observed that all the sulphates in soils
were not extractable with water and most of the soils
retained some sulphates by adsorption. The proportion
of water soluble sulphates to total S was high in the
karappadam soils (32,5 per cent) while it was only 3
. per cent and 8'per cent in the kayal and kari soils
respectively. The easily available form of S 1i.e.,
water soluble sulphate 1s low in kayal and kari soils,

while more avallable sulphur is present in the
karappadam soils (Jacob, 1966).



6.2.2. Phosphate (500 ppm P) extractakble sulphur

Leela (1967) reported that kari soils from
Kattampallil and Vaikom contained 325 ppm and 930 ppm X
S which accounted for 20 and 10 per cent of the total
S respectively. In a study.on the evaluation of sulphur
status of different rice solls ¢of Kerala, it was found
that kari soils contained very high amount of phosphate
extractable S than kayal and karappadam soils. In
karappadam soils, the content was very low i.e., 17 ppm.
Kottayam kari and Thottappalli kari contained 1439 and
1135 ppm S which was P extractable and which constituted
about 16 and 13 per cent of the total S respectively

(Hegde et al,, 1980).

6.2.3, Morgan's reagent extractable S

Lleela (1967) reported that kari soils from
Kattampalli and Vaikom contained 200 ppm and 600 ppm S
respectively which was less than 10 per cent of the
total S, Hegde et al., (1980) reported that Morgan's
' reagent extractable S content was more in kari soil than
kay&l and karappadam soils, the respective mean values

were 1500, 233 and 20 ppm S respectively.



Amma (1988) observed that extractable S content
varied from patches to patches. The range was 55-554
ppm and 1106-1%,000 ppm S for karappadam and kari soils

respectively.
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MATERTALS AND METHODS
1, Collection and preparation of samples

The material for the present study consisted of
151 surface soll samples represeriting karapparam, Xkayal
and kari soils, The detalls of solls collected are

given in Table 1.

Surface soils of 0-=15 cm depth were collected
during summér. The samples were air-dried, gently
powdered, passed through a 2 mm seive and stored in

properly labelled polythene bags.,

2, Analytical procedures

2.1, General properties of soils

The pH of the soill water suspension (1:2.5)
was determined using a pH meter. Electrical conductivity
of the supernatant liguid of the soil water suspension
was read with the help of a conductivity bridge (Jackson,
1958). The hydrometer method (Piper, 1942) was followed

' for the particle size analysis of the soil.

Organic carbon content was determined by the
method of Walkley and Black (1934) as described by
Jackson (1958).



Table 1. Location of the soil samples collected
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Soil No, Padasekharam Villiage Taluk District

T T T . T s s 5

KARAPPADAM SOILS (KP)

KP1-KPh Thekumpuram Ramankari Kuttanad Alleprey
South of Road

KP6-KP15 Kidangupadam Ve liyanadu Kuttanad Alleppey

KP16-KP22 Pongapadam Nedumudy Kuttanad Alleppey

KP23-KP33 Pongabrapadam Moncombu Kuttanad Alleppey

KP34-KP38 Vezhapurampadam Thakazhy Kuttanad Alleppey

KP39-KP42 Changanadipadam Thalavady Kuttanad Alleppey

KP4 3-KP48 Ashtamompadam Thalavady Kuttanad Alleppey

KAYAL SOIL (KY) |

KY49-KY53 Ettilchira Pulinkunnu Kuttanad Alleppey

KY54-KY59 Vadakkekari Pulinkunmy Kuttanad Alleppey
Madathanikari

KY 60 Madathikayal Pulinkunnu Kuttanad Alleppey

KY¥Y61-KY71 Othimada and Kainakary Kuttanad Alleppey

T Punnathuram

KY72-KY73 6-Share Kayal Kainakary Kuttanad Alleppey

KY74-KY78 Seminari Kayal Kumarakom Kottayam Kottayam

T e Contd




Table 1. Continued
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KY76-KY82
KYB3-KY86
KYB87-KY90
KY91-KY95
KY96-Ky103

KY104-KY108

KY109
K¥Y110

KARI S0ILS (K)

K111-K1123
K114-K129

K130-K133
K134
K135
K136
K137
K138
K139
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" ' Methran Kayal

12-Share Kayal

Maran Kayal

KL-Appu Kayal
Cherukara Kayal
E-block Kayal (24,000)
R-pblock Kayal
Marthandam Kayal

Edacheripadam

Kavil Thelkumpuram-
padam

Kunnumma West
Pallithodukari
Chengaramkari
Thuravurkari - North
Thuravurkari - South
Thuravurkari -~ East

Chempakasserikari -
East

Chempakasserikari -
West

Kumarakom

Neelamperur
Chennamkari
Chennamkari
Chennamkari

Chennamkari

Kainakary

Kainakary

Nedumudy
Ambalapuzha

Thakazhi
Thuravur
Thuravur
Thuravur
Thuravur

Thuravur

Vayalar West

Vayalar East

Kottayam
Kuttanad
Kuttanad
Xuttanad
Kyuttanad
Kottanad
Kuattanad
Xattanad

Kuttanad

Ambalapuzha

Kuttanad

Shertallal
Shertallai
Shertallai
Shertallai
Shertallail
Shertallai

Shertallail

Kottayam
Alleppey
Alleppey
Allepprey
Alleppey
Alleppey
Alleppey
Alleppey

Alleprey

AllYeppey-

Alleppey
Alleppey
Alleppey
Alleppey
Alleppey

Alleppey
Alleppey

Alleppey

[
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K145
K146-K148
K149
K150
K151
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Valiyavelichampadam
60-Attethazha
Poovathinkari

Kattukari
Kolampurathkari

Puthankari
Appathikari
Malayilthodinu Thekku
Ezhavankari

Vazhamkari
Pulimpikari

Vechoor
Vechoor
Vechoor

Vechoor

Vechoor
Purakkad
Karuvatté
Karuvatta
Karuvatta

Vaikom
Vaikom
Vaikom

Vaikom
Ambalapuzha
Karthigappally
Karthigappally
Karthigappally

Kottayam
Kottayam
Kottayam
Kottayam

Kottayam
Alleppey
Alleppey
Alleprey
Alleppey

-
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Available pho.phorus was extracted by Bray No.l
extractant (0,025 N HC1 + 0.03 N NH,F: soil solution
ratio -1:10; period cf extraction 5 min)and the P content
was determined colorimetrically by the chlorostannous
reduced molybdo-phosphoric blue colour method in HC1‘

system (Jackson, 1958).

Available K was extracted with 1 N neutral
ammonium acetate (soil sclution ratio 1:5{ period of
extraction 5 min)and the K content was determined using

a flame photometer (Jackson, 1958).

Cation exchange capacity was determined using
1 N neutral ammonium acetate. A known weight of the
s0il was saturated over night with neutral ammonium
acetate to displace the cations. Excess ammonium acetate
was washed with alcohol. The soil was distilled with
excess NaOH in a macrokjeldahl distillation apparatus.
The .liberated NH3 was absorbed in boric acid and
titrated against standard HC1l using bromocresol green -
methyl red mixed indicator and CEC was expressed as

me/1J0 g of soil (Jackson, 1958).

The ammonium acetate leachate obtained at the
time of determination of CEC was made use for the deter-

mination of exchangeable cations (Piper, 1942), Exchang-

eable Ca and Mg were determined by the versenate




titration method (Hesse, 1971). Exchangeable Na of
the leachate was read in a flame photometer and

expressed as me/100 g of soil.

2.2, Forms of sulphur

Thirty nine szirples representing karappadam,
kaval and kari soils were analysed for different forms
of sulphur. However, all the surface samples were
analysed for available S as extracted by four extract-

ants.
2.2.1., Totel sulphur

Sulphur in soil was first oxidised to sulphate
following the method of FAO (1988)., Weighed out 1 g of
0.15 mm seived soil into a 100 ml conical flask and
5 ml of digestion mixture was added. (The digestion
mixture was prepared by dissolving é g potassium
dichromate in 146 ml ¢f deionised water. It was then
added to a mixture of 434 ml 70 per cent perchloric
acid of specific gravity 1.65 and 420 ml concentrated
nitric acid. Added 10 ml of bromine to each litre of
this mixture). The flask was then covered with a funnell
Aand heated on a hot plate. After completion of the

oxidation stage (when the dichromate turned to an orange
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precipitate), allowed the flask to simmer on the hot
plate for cne hour, Lt was then cooled and the funnel
was washed down with 10 ml of deionised water. About

40 ml1 water was added 50 that the final volume was 50ml.
After keeping it overnight, an aliquot was decanted off

for the determination of sulphur.

Sulphur in the aligquot was determined turbidi-
metrically according to the method of Chesnin and Yien
(1951). To 5 or 10 ml of the aliquot taken in a 25 ml
volumetric flask, added 1 g of 30-60 ﬁesh BaCl2 crystals
followed by 2 ml of 0.25% gum acacia solution. The
solution was made upto the volume. Turbidity readings
were taken between 5 and 30 min aféer the precipitation

in a Spectronic-20 spectrcphotometer and the sulphate

is determired by reference to a standard curve.

2,2,2. Sulphate sulphur

Sulphate sulphur was estimated by the method of
Williams and Steinbergs (1959). Soil and 0.15 per cent
CaC12 in the ratio 1:10 were shaken for 30 min. It
was filterea and 504-5 in an aliquot of the extract was

determined turbidimetrically according to the method of



Chesgnin and Yien (1¢51). As the extract was coloured,
about 1 g of activated charcoal was added to the seoil

solution mixture before shaking.

2.2.3. Organic sulphur

'Total organic sulphur was estimated by the method
of Evans and Rost (1945). Depending on the amount of
‘organic matter, 5 to 10 g of the soil was first léached
with water, then with 1 per cent hydrochloric acid and
finally with distilled water till free of chloride. The
soil was transferred to a beaker and oxidised with 30
per cent H202. When the oxidation was completed, it was
filgered through Whatman No.3 filter paper; The residual
coclour that may appear in the solution was destroyed by
addition of a small quantity of bromine water. The
‘filtrgte was then made upto 250 ml and sulphate.in an
aliquot of the extract was determined turbidimetrically

accerding to the methsd of Chesnin and Yien (1951).
2.2.4., Non~sulphate culphur

Non-sulphate S which may be sulphide, sulphite,
thiosulphate, polysulphides, elemental sulphur etc. were
calculated as the difference between total S and the sum

of organic 8 plus sulphate S,
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2.3. Available sulphur

Since SO4~S fraction is the major source of S
supply to plants, it was estimated by extracting with
(i) water

. {ii) neutral salt solution, 0.15 per cent CaCl,
(iii) phosrhate solution, 500 ppm P as KH,PO, and

(iv) acidic solution, Morgan's reagent.
2.3.1. Water soluble sulphur

The method of Freney (1958) was adopted. Fresh
wet soil and distilled water in the ratio 1:5 were
shaken for 30 min. The suspension was then filtered
and SO, content was determined turbidimetrically in the
extract according to the method of Chesnin and Yien
(1951) . To obtain clear extract, 1 g of activated
charcoal was added to the soll solution mixture before

shaking.

2.3.2. Calcium chloride (0.15 per cent) extractable
sulphur
The method of Willjams and Steinbergs (1959) was
adopted. Snil and 0.15 per cent CaCI2 in the ratio 1:10

were shaken for 30 min. The suspension was filtered and



S content in an aliguot of the extract was determined
turbidimetrically according to the method of Chesnin

and Yien (1951),

2.3.3. Phosphate extractable sulphur

The method of Ensminger (1954) was adopted as
500 ppm P as KH2P04 can extract soluble and adsorbed
sulphate frcm soils. Seil and 500 ppm P scolution in
the ratio 1: 10 were shaken for 30 min and S content
in an'aliquot of the extract was determined turbidi-

metrically according to the method of Chesnin and Yien

(1951).

2.3.4, Morgan's reagent extractable sulphur

The method of Chesnin and Yien (1951) was
followed. Soil and Morgan's reagent (100-g of sodium
acefate and 30 ml 99.5 per cent acetic acid dissolved
in 500 ml of water and the volume made upto 1 litre)
in the ratio 1:10 were shaken for half an hour and the
suspension was filtered and S content in an aliguot of
the extract was detertined turbidimetrically. 1In all
the cases of available S determination, to overcome

the problem of residual colour of soil extract, 1 ¢g




activated charcoal was added to the soil soluticn

mixture before shaking.

3. Btatistical analysis

Simple correlation and regression were
established between the various parameters of soil
determined as per the methods of Snedecor and Cochran

(1967).

[ ]
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RESULTS AND DISCUSSION

The Kuttanad region of Kerala is the low-lying
area situated around the Vembanad lake in the districts d
of Alleppey and Kottayam. Out of the total area of
870 sq km only 290 sq km is garden land at 1 or 2 m
above mean sea level while the remaining area is below
the mean sea level., . A major part of this area incigdes ‘
kayal lands progressively reclaimed by construction of
bunds. Geologically, Kuttanad is an alluvial belt.
The area situated at relatively high elevation (1-2 m)
is the land originally suited for rice cultivation,
known as "karappadam", The area reclaimed from the
lake which is 1 or 2 ﬁ below the MSL, but put under rice
by a strenuous system of cultivation is the "kayal"
land. The kayal land which is separated from the lake
by bunds is brought urder cultivation by the continuous
pumping of water from the reclaimed land to the lake,
a system of cultivation unique to Kuttanad. It is
believed that thousands of years ago, the Kuttanad
region was dense forest which later got buried under,
due to geological upheavals. This hypothesis i;

supported by the presence of large amount of organic
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matter and partially burned wooden logs often excavated
from the fields of Kuttanad. The patches of land which
are very rich in organic matter, possessing extreme

acidity are known as "kari" lands (kari means carbon).

- The soils .of Kuttanad are said to be rich in S,
since the soil-usualiy cﬁntains good amount of organic
mattér. Recently, the Kuttanad region of Kerala has
undergone cqnsiderable ecological changes. The entry
of salt water from the sea through the Cochin gut is
prevented by the construction of Thaneermukkom barrage
in 1976. The conétruc£ion and deepening of the spill
way at Thottappalll in order to drain the stagnant
baékwater to the sea has alsc ccntributed to the changes
in the ecosystem of tﬁe region. The oxidation of organic
matter and S containing compounas would have been
hastened under this changed situations. Under the study,
48 karappadam soils, 62 kayal soils and 41 kari soils
were examined for the content of available S extracted
by differept chemical agents. The fractioﬁation of S
was cafried out in 39 soils selected from the karappadam,

kayal and kari soils. The results obtained are presented

and discussed.
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1, General properties of soils

The data on general properties of soils are
presented in Table 2. The coefficients of correlation
and regression equations relating to the general

chemical properties are given in Table 3.

1.1. Soil reaction {pH)

411 the soils were acidie in nature, the pH
ranging from 2.7 to 5.6 with a mean value of 3.92. The
lowest valﬁe of 2.7 was recorded by the kari scils of
Kavilthekumpurampadani, Ambalapuzha (K 119, K 120,

K 121, K 124). 1In general, the electrical conductivity
of the soil increased with decrease in pH (r = -0.5972*).
This is due to the increased electrical conductivity

(EC) contributed by hydrogen and aluminium ions, the
concent%ations of which increase with increase in
acidity. Moreover, when the soil become highly acidic,
the solubility-of many soil constituents increases,
resulting in an overall increase in the EC of the soils. -
The soil pH was also negatively correlated with the

total content of organic matter in the soil. This

relationship was significant in the case of kari soils

(r = -0.4459**) whicl contained relatively large amount
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Table 2. General propoerties of soils

Soil No. pH EC(ds/m) Organic Avajilable, ppm
carbon ———mmmmme e
(%) P K

—— — i ————— o ——_—
—— - P ————— L -—
—— i ——— - ————— —— i —

KARAPPADAM SOTLS

KP 1 4.4 1.8 2.04 .5 148
2 4.4 2.1 2,01 7.8 150
3 4,3 1.9 2.02 5.8 150
4 4.5 1.1 1.75 . 140
5 4.0 1.8 1.99 . 138
6 4,0 0.7 2.81 174
7 4.0 0.9 3,12 174
8 3.9 G.S 3,40 . 180
9 4.0 0.5 3.30 3.2 175

10 3.9 1.5 3.38 2.1 175
11 3.9 0.9 3.41 2.9 173
12 3.9 0.8 3.66 2.8 170
13 3.9 0.9 2.98 . 172
14 3.9 0.9 3.24 2.9 174
15 4.0 1.3 3.35 2.9 169
16 4.0 0.8 1.91 1.9 122
17 4.0 0.6 2.02 . 112
18 4.0 0.7 1.71 130
19 4.0 0.9 1.60 . 142
20 4.0 1.0 2.61 .0 135
21 4.0 1.2 2.12 .1 143
22 3.9 1.2 2,22 2,0 140
23 3.8 1.0 2,44 4.8 158
24 3.7 1.1 2.70 5.7 162
25 4.2 0.9 2.72 5.1 160
26 4.1 0.8 2.87 5.5 157
27 4,2 0.9 2.14 5.2 162 !

e - ——— . A ——— . — —
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Table 2. Continued
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1 2 3 4 5 6
KP 2g 4 .6 2.60 . 162
29 4. . 2.72 . 140
30 ] 2.41 . 130
31 . 1.71 163
32 .2 .5 1.63 4.7 160
33 4.2 0.6 1.71 4.6 142
34 4.4 0.4 2.20 . 63
35 4.2 .5 2,70 . 62
36 4.8 0.4 2,40 7.3 61
37 4.7 0.4 2.77 7.5 64
3g 4.5 0.5 2.65 6.8 . 59
39 4.7 0.3 2.56 6.0 170
40 4.6 0.4 2,79 6.0 164
41 4.9 0.3 2.56 6.0 162
42 4.8 0.3 2.59 6.0 165
43 4.5 0.9 1,95 9.8 90
44 4.2 0.7 1.65 9.9 87
4s 4.9 1.1 2.28 10,3 100
46 4.6 0.8 2.28 9.8 98
47 4.7 0.9 2.28 10.0 99
48 4.8 1.2 1.91 9,5 78
Mean 4,24 0.87 2.44 5,24 137.60
Range 3.7-4.9 0.3-2.1 1.60-3.66 1.7-10.3 59-180
KAYAL SOILS
KY 49 4.8 0.8 3.01 3.8 140
50 4.6 1.0 4.11 3.9 150
51 4.8 0.8 ~ 2.84 ) 162
52 5.4 0.6 3.03 3.8 159
53 . . 3.18 . 149
54 . 0. 3.51 ] 220
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1 2 3 4 5 6
KY 55 5.0 0.6 3.42 6.5 224
56 3.9 1.4 3,54 6.3 225
57 3.9 1.6 3.01 .1 230
58 5.1 0.4 4,30 .1 217
59 5.0 0.4 3,18 .0 218
60 4.2 0.9 1,23 . 217
61 4.8 0.4 1.54 5.1 178
62 4.8 0.7 1.71 5.0 179
63 4.7 0.5 1.88 5,3 177
64 4.7 0.5 1.99 . 101
65 3.9 1.6 2.08 .9 174
66 3.9 1.6 2.25 4.9 175
67 3.9 1,6 2.92 4,8 179
68 3.8 1.6 2.95 4.9 172
69 3.8 1.4 2.93 4.8 180
70 3.8 1.5 2.48 5,0 187
71 © 3,9 1.5 2.19 4.8 186
72 4.3 0.8 2.47 7.7 86
73 4.3 0.8 2.19 7.6 87
74 4.2 .4 2.48 7.5 182
75 4.2 1.4 2.33 7.5 174
76 4.2 i.4 1.74 8.5 150
77 3.2 5.3 1.74 2.8 175
78 4.2 1.4 2.00 6.8 180
79 3.6 2.8 . 2.32 3.0 328
80 3.6 2.8 2.25 3,2 325
81 3.6 2.8 2.08 3.2 300
82 3.6 2.8 2.25 3.2 321
e3 3.8 3.2 4.08 5.0 437
84 3.5 3.8 4.19 4.8 438
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1 2 3 4 5
KY 8% 3.2 a2 4,25 .
86 3.5 3.8 3.96 .
87 3.8 3.4 3,92 .
8g 3.8 3.4 3.60 .
89 3.e 3.4 4.02 .
90 3.8 3.4 3,52 3.
91 3.5 3.9 1.68
92 3.5 3.9 3.29
93 3.5 3.9 3.91 .
94 3.5 3.9 3.37 .
95 3.5 3.5 2,70 .
96 3.8 2.3 2,50 .
97 4.0 1.7 2,84
o8 4.0 1.7 2.84 5.4
99 4.0 1.7 2.e4 .
100 3.7 2.4 2.59 6.6
101 3.7 2.4 2.39 5.5
102 3,7 2.4 1.71
103 3.7 2.4 2.42 .
104 3.3 3.5 2.99 .
105 3.3 3.5 3,07 .
106 3.3 3,5 2.95
107 3.3 3,5 2,81 .
108 3.6 2.9 3.17 )
109 5.5 1.4 1.38 3.6
110 4.3 .9 1.84 .
Mean 3.e¢ 2.11 2.77 4.99
Range 3.2-%5.5 0.4-5.3 1.23-4.30 1.5-8.5

. —— o —— Lk R T ——— [ —— -
- - — -
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235
240
248
213
218
214
216
212

25
180

231,75
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1 2 3 4 5 6
KARI SOILS
K 111 3.9 0.8 2,33 3.5 110
112 3.9 0.9 4.93 3.0 118
113 3.9 3.4 2.33 3. 125
114 2.9 v 5.3 3.42 . 11
115 2.7 6.1 3.83 1.9 10
116 2.9 5.3 3.81 1.9 11
117 3.4 3.4 3.33 1.9 10
118 2.9 5.3 3.33 2.5 10
119 2.7 6.1 3.67 3.0 9
120 2.7 €.1 5.13 1.8 8
121 2.7 5.1 5.21 2.5 11
122 3.4 3.4 4,87 5.0 17
123 3.4 .4 5.04 2.8 12
124 2.7 6.1 5.23 2.9 12
125 2.9 5,3 5.07 1.4 10
126 2.8 3.8 4.73 1.3 14
127 3.1 3,8 4,98 1.8 12
128 3,1 3.8 4.33 1.8 8
129 3.1 3.8 4,16 1.8 8
130 i.e 1.0 2.26 5.5 12
131 3.9 1.0 2.16 5.9 10
132 4.5 1.1 2.14 6.6 12
133 4,5 1.1 2.53 5.5 15
134 3.0 12.5 5,32 2.5 125
135 2.8 13,0 2.79 5.5 12
136 4.7 5.8 3.02 2.0 12
137 4.4 2.0 3.18 2.8 58
138 5.6 4.7 2.89 2,8 50
139 4.0 6.7 Z.58 6.1 725
140 5, 4 2.5 4.11 6.1 718

[N}
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Table 2. Continued
YT T 3 4 5 6
K 141 2.9 7.0 5,71 18
142 3.3 3.1 3,12 . 19
143 3.0 8.7 6.72 . 15
144 3.1 7.1 5.72 5.0 16
145 3.7 1.7 5.72 5.0 19
146 3.6 2.2 4.14 7.0 18
147 3.6 2.2 2.79 7.5 25
148 3.6 2.2 2.94 7.2 19
149 3.6 3.4 5,41 1.8 29
150 3.6 1.8 3.07 1.2 28
151 3.4 2.0 1.83 2.8 43
Mean 3,49 4.19 3.90 3.59 61.59
Range 2.7-5.6 0.8-13.0 1.83-6.72 1.2-7.5 8-725
Grand
Mean 3.92 2,18 2.97 4.69 155.64
Range 2.7-5.6 0.3-13.0 1.23-6.72 1.2-10.3 8-725
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Table 3. Coefficients of simple linear correlation and
regression equations relating to general chemical

properties
X b4 T Regression equation
1 2 3 4

i —— S S T —— e R — S e S G — e W ] Sy ——— A ——

KARAPADAM SOILS (n = 48)
Av P pH 0.7375%*

Y = 0.095 X + 3.739
Av K " -0.4878%* Y = -0.004 X + 4,828
S, .. .o -0,4219%* Y = --0,002 X + 4.452
5, " - -0.3323% Y = -0.001 X + 4,454
Ay P ocC ~0,3232% Y = -0,071 X + 2.812
Av K " 0.3699% Y= 0,006 X+ 1,673
8, " 0.3204% Y = 0,002 X + 2,092
Av K Av P -0,6041%*% Y ¥ .0,042 X + 10,96
8, - " -0, 3405%* Y = -0.018 X + 6.579
5, " ~0,4042%* Y = -0.012 X + 6.856
S, " -0.3469% Y = -0,009 X + 7.019
S, Av X 0.4109*% Y = 0,159 X + 107.0
S, " 0.3678%* Y = 0,127 X + 111.1
S, Sy 0.6683%% Y = 0,668 X + 24,54
8, " 0,2989%* Y = 0.152 X + 46.68
S, S, 0.7021%% Y = 0,606 X + 13,09
S, o 0.7002%* Y = 0,550 X + 17.28
S, S, 0.9553%% Y = 1.050 X + 2,605
KAYAL SOILS (n = 62)

EC pH -0,6254%% Y = -0,354 X + 4,702
S, " -0,3374%% Y = -0.003 X + 4.408
S, " -0.3840%% Y = 0,00 X + 4,337
S ! -0.4353%% Y = -0.001 X + 4.399
S, . -0.4224%% Y = -0,001 X + 4.381
oC EC -~ 0.2794% Y = 0.448 X + 0.867
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Table 3. Continued

1 2 3 4
Av P EC -0,3420%* Y = -0,307 X + 3,638
Av X " U.6202%* Y = 0.009 X + 0.020
S, " 0,6688%* Y = 0.010 X + 0.523
S, " 0.7784%* Y = 0.005 X + 0,741
S, " 0.8360** Y= 0,003 X + 0,601
S, " 0.8363%* Y = 0,003 X + 0.618
Av K ocC 0.5309*%%* Y = 0.005 X + 1,637
cH " 0.3229% Y = 0.003 X + 2,296
5, " 0.3768%* Y = 0,001 X + 2,350
S, . 0, 3809%* Y = 0,001 X + 2.350
5, Ay P -0.2759* Y = -0,002 ¥ + 5,528
S, " ~0.2674* Y = -0,001 X + 5,525
S, " -0.2831% Y = -0,001 X + 5,550
5, Av K 0,5659%* Y = -0,578 X + 141.1
S, " 0.,4258%% Y = 0,171 X + 181,32
S, " C.5539%* Y = 0.151 X + 164.3
S, " 0,5467%* Y = 0,134 X + 165,9
s, s, 0,7347*% Y = 0,289 X + 71.41
s, " 0.7269*%* Y = 0.194 X + 70.13
S, " 0.7209%* Y = 0,173 X + 71.83
S S, 0.8325%% Y = 0,564 X + 43,06
S, " 0,8573%% Y = 0,522 X + 38.56
Sy S, 0,9884 %% Y = 0.888 X + 10.31
KARI SQILS (n = 41)

EC pH -0 ,4702%% Y = -0,117 X + 3,979
olo " ~0.4459%% Y = -0.253 X + 4,478
Av P " 0,3740% Y = 0,143 X + 2,975
Av X " 0.4327%% Y = 0,002 X + 3,367
oc  EC  0.4144%% Y = 0,948 X + 0.492
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Table 3., Continued
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1 2 3 4
g, EC 0.3800%* Y = 0,015 X + 2,130
S, " 0.6111%% Y = 0.004 X + 2,691
5, " 0.6506** Y = 0,004 X + 2,266
S, " 0.6348%% Y = 0,003 X + 2.301
Sy ocC 0.5032%* Y= 0,009 X + 2,708
S, " 0.4407%% Y = 0.001 X + 3,428
S, " 0.5002%% Y = 0,001 X + 3,254
S 4 " 0.4903*%* Y = 0,001 X + 3,263
S, S, 0.6836** Y = 0,107 X + 96.59
S, " 0.,6095** Y = 0,089 X + 93,34
S, " 0.5939%%* Y = 0.080 X + 94,24
5 4 S, 0.9042*%% Y = 0.848 X - 36.68
5, " 0,9099** Y = 0.784 X - 42,37
S, 54 0.9921** Y = 0.911 X + 0.750

Pooled analysis (n = 151)

EC pH -0.,5975%* Y = -0,190 X + 4,350
oc " -0,3681%* Y = 0,237 X + 4,621
Av P wo- 0.4386%* Y = 0,145 X + 3.238
Av K w7 0.2087** Y = 0.001 X + 3,736
s, oo C —0.3164%% Y = -0,003 X + 4.261
s, " ~0,3893*%* Y = -0,001 X + 4,155
S5 " ~0,4195%* Y = 0,001 X + 4,224
S, " -0,4202%* Y = 0,001 X + 4.222
oC EC 0.5503%* Y= 1,114 X - 1,031
Av P . ~0,3047%* Y = -0,317 X + 3,768
S, " C.4527%+ Y = 0,012 X + 0.702
s, " ‘0,6B835%% ¥ = 0,005 X + 0,970
S5 s 0,7073%* Y = 0,004 X + 0.656
Sy " 0.6996*%* Y = 0.004 X + 0,686
Av P O -0.3475%* Y = -0,179 X + 3,812
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3 4
0,3674** Y = 0.005 X +
0.4404%* Y = 0,002 X +
0,4992** Y= 0,001 X +
0.4972*%* Y = 0.001 X +

-0.1821% Y = -0,005 X +
-0.1627* Y = 0,001 X +
-0.1611* Y = -0.001 X +
0,2425%% Y = 0.370 X +
0.6476%* Y= 0,169 X +
0.6509** Y = 0,143 X +
0.6459%* Y = 0,129 X +
0.8831%* Y = 0.746 X -~
0.8908** Y = 0,683 X -
0.9912%* Y= 0,900 X +

T R G T Sy S e e e e e . o —— T T ——— —— = — g ————

Table 3., Continued
1 2
S1 OC
u
Sy
n
53
1]
Sy
S1 Av P
1]
S3
"
84
S1 Av K
Sy Sy
S ”
3
n
S4
S3 S2
n
S4
84 S3
*

Significant at 1 per cent level of significance
Significant at 5 per cent level of significance

K

Available P
Available K

Organic carbon

Available S extracted by water

’

s

[

’

s

by CaCi
by KH

2

2P0,

by Morgan's reagent
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of organic matter. The slow anaerobic decomposition

of organic matter releases large amount of organic
acids causing extreme acidity. The increase in acidity
caused a decrease in the availability of soil P as
indicated by the significant positive correlation
bet@een pH and available P (r = 0,4386**)., When the
acidity increases, more iron ana aluminium- become
soluble, which could react with soluble phosphates in
the soil thereby decreasing the availability of soluble
phosthates. The availability of S increased with
increase in acidity of the soil indicated by the signi-
ficant negative correlation between pH and available S
extracted by 4 different extractants. This is due to
the increased dissolution of the different forms of S,
especially organic S‘at-lower values of pH. The mean

‘ values of pH for the Earappadam,_kayal and kari soils
observed in this study were 4.24, 3.§5 and 2.49-res-

pectively.

1.2, Electrical conductivity

The electrical conductivity of the soil ranged
from 0.3 to 13.0 d5/m with a mean value of 2.28 dS/m.

The mean specific conductivity of karappadam, kayal
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and kari soils were 0.87, 2.11 and 4.19 d45/m
respectively. As per the USDA norms, a soil is
declared to be saline, when the EC of the saturation
extract is more than 4 dS/m. In this study, the EC

of the 1:2.5 scil water extract is measured, instead
‘of the EC of the saturation extract. The soil testing
laborateories of the state.consider a soil to be saline
when the EC of the 1:12.5 soll water extract is more
than 2 d5/m. Taking this criterion, out of the 48
karappadam soils examined, only one-was saline. In
the case of kayal soils, 28 out of 62 were saline,
while in the case of karil soils, 31 soils were saline
out of the 41 selected. The EC of the so0il water
extract was more than 4 4S/m for 17 kari soils. The
conductivit& is so high that the growth and yield of
rice in these soils aré affected by salinity (Ponnam-
peruma, 1981). The salinity of Kuttanad soil is caused
by the intrusion of salt through sea water. Though
the magnitude of intrusior has been considerably
reduced after the construction of the Thaneermukkom
barrage, by and large, the soil continues té e saline,
hence called. acid saline. As already explained,

salinity increased with the increasing acidity of the




soil. The EC was sicnificantly correlated with the
organic carbon content of the soil (r = 0,5503**),

As already pointed out, accumulation and anaerobic
decomposition of organic matter in kari lands result

in high acidity, which in turn cause increased salinity
contributed by-the hydrogen ion and other soil const-
ituents made scluble at lower values of pH. The EC of
the so0il registered significant positive correlation
with available S extracted by all the 4 extractants

(r for S;, S,, 55 and §,
0.7073** and 0.6996** respectively). Such a relation-

are 0,4267**, 0,6835*%%,

ship was pronounced even when the karappadam, kayal and
kari solls were sepaqately grouped. The influence of
salinity on the contént of available S is two fold.
First, the sulphate content of the sea water causes

ar. increase in the total available S in the soil.
Second, tne high EC, recorded in kari soils, may also

be a function of the extreme acidity observed in the
soil, At very low pH values, a relatiyely higher
proportion of the total S may become soluble, thereby

registering high values for available S.

1.3. Organic carbon

The organic ¢+ rbon content of the soil varied

frem 1.23 to 6.72 per cent with a mean value of 2.97

70




per .cent. As per the soil fertility ratings followed
by the soil testing laboratories of the state, the
averade oréanic carbon content of a loam or cléyey

soil is taken as 0.5 per cent. Based on this criterion,
the soils of Kuttanad are, in general, rich in organic
.matter. The minimum value of organic carbon cbserved
in the soils selected under this stud? is 1.23 per cent.
The mean values for karappadam, kayal and kari soils
were 2,44, 2.77 and 3.90 per cent respectively. The
maximum value of organic carbon 6.72 per cent which
corresponded to 11,58 per cent organic‘matter, was
found in the kari soil of Vechoor (K143). Based on
earlier works, one may expect very high values for
organic carbon in karl soils. During 1960's values of
organic carbon reported for kari soils from different
areas ranged from 2.9 to 25 per cent andvduringj1970's
the values reported ranged from 2.3 to 18,9 per cent
(Subramongg 1961; Koshy and Brito-Mutunayagam, 1961;
Money, 196la; Zachariah and Sankarasubramoney, 1961;
Nair and Aiver, 1966; Pisharody and Brito-Mutunavagam,
1966; Pillai and Subramoney, 1967; Nair and Aiyer,
1968; Alexander and Durairaj, 1968; Koshy, 1971; Nair

and Money, 1972; Money and Sukumaran, 1973; Sreedevi
et al., 1975; Praseedom and Koshy, 1975; Aiyer et al.,



1975; Ghosh et al., 1976; Venugopal and Koshy, 1976b;
Kabeerathummra and Patnaik, 1978; Ajyer and Nair, 1979;
Amma et al., 1979). In the present study, the range
of organic carbon in kari scils was 1.83 to 6.72 per
cent. This shows that there is a progressive decrease
in the total content of-organic matter in kari soils
with advancing pericd of time. It is presumed that
after the construction of the Thaneermukkom barrage,
the entry of sea water into the Kuttanad region has
been very much regulated hastening the éxidation of

crganic matter.

As already pointed out, an increase in the
organic matter content of the soil increased the acidity
and EC, At low pH, microbial activity is greatly
reduced resulting in very slow oxidation of organie
matter (Alexander, 1961). It was observed that in
karappadam soils, organic carbon was negatively corre-
lated with available P (r.= -0.3232*), This can be
attribﬁ&ed to the iﬁéreasé in acidity associated with
the higher content of organic mattef and role of so0il
acldity in the fixation of soil P (Mathews and Jose,
1984). Organic carbon was significantly and positively
correlated with available S irrespective of the extract-

ants used. This 1s quite expected since on an average

62.0 per cent of the total S in the soil was in organic
form. :




1.4. Available phosphorus

The available P, extracted by Bray No.l
extractant ranged from 1.2 to 10.3 ppm with a2 mean
value of 4.69 ppm. In general, the content of
available P in Kuttanad soils is low which is mainly
attributed to the high rate of P fixation taking place
in the-.acid saline soils. The mean valués for avail-
able P in karappadam, kayal and kari soils were 5.24,
4.99 and 3.59 ppm, respectively. The karil soils are
highly deficient in available P, even though they have
good amount of organic matter. The relationships of
available P with pH, iC and organic carbon have already
been described. Acidity and accumulation of organic
matter always result in decreased availability of P in
soil duve to enhanced P fixation., A significant negative
correlation was observed between available P and avail-
able S'in the soil. This is due to the fact that high
organic matter was associated with high acidity which
causea decreased P availability whereas more S5 was
brought to.solufion with increaéing acidity. This
relationship was observed irrespective of the extractant

used for the estimaticon of available S.



1.5. Available potassium

The avallable K content of the soil, as extracted
by 1N neutral ammonium acetate, showed very high variat-
ion between the samples. The values ranged from 8 to
725 ppm with a mean value of 155.6 ppm. As compared

to karappadam and kayal soils, the kari soils contained

[
i

only very low amount of available K, the mean values

for karappadam, kayal and kari soils being 137,6, 231.8
and 61.5 ppm respectivelvy. The low content of available
K in kari scoill has been reported by Alexander and Durairaj
(1968), Money and Sukumaran (1973) and Ghosh et al. (1976).
The relationships of avallable K with other soil chemical
properties like pH, EC, organic matter, available P and
available S were not consistent. It was positively
correlated with available S in karappadam and kayal soils
but féiled to eétablish significant correlation.with the
available S content of kari soils. Similarly, available

K was found to be significantly and positively correlated
with organic carbon content of karappadam and kayal soils

but not in kari soils.

2. Available sulphur,

Plants absorb'sulphur as sulphate ions from the

Soil to meet their nutrient requirements. The sulphate
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S pool comprises largely of water soluble S, sulphate

5 adsorbed by the soil and sulphur that can be easily
released from the soil organic matter., The plant
avajlable S has been extracted byla variety of chemical
agents and the estimates are mainly a function of the
ability of the chemical agent to extract different

forms of S in the soil. The extractants usually employed
include water, neutrél salt solutions, phosphate solut-
ions and weak acld solutions. Accordingly, in the
present study, available S has been estimated by four
extractants viz., (1) water (2) 0.15 per cent CaCl,

(3) 500 ppm P as KH,PO, and (4) Morgan's extractant
(sodium acetate plus acetic acid buffered to pH 4.0).
Available S extractéd by these extractants are presented
in Table 4 and the correlation and regression of avail-
able S with other chemical properties of the soil are

presented in Table 3,

2.1. Available S extracted by water

The content of available S in the soil ranged
from 25 to 395 ppm, the mean value being 126.6 ppm. As
reported by the earlier workers (Money, 196la; Jacob,

1966) the Kuttanad soils contain relatively higher



Table 4. Available sulphur extracted by different extract-

ants, ppm
Soil No. Water 0.15% 500 ppm P Morgan's
Colle as KH.?PO4 reageit—:__
Ty T 2 3 s 5
KARAPPADAM SOILS
KP 1 86 180 220 217
2 62 162 250 250
3 63 168 215 217
4 70 115 250 242
5 26 127 167 162
6 66 79 100 115
7 81 101 147 . 135
8 86 191 375 . 375
9 115 100 160 245
10 _ 76 422 557 700
11 © 132 200 245 250
12 120 138 250 287
13 36 135 187 200
14 34 128 232 200
15 30 120 275 260
16 145 165 190 180
17 67 175 190 175
18 42 115 162 137
19 82 103 177 175
20 320 450 225 222
21 170 262 245 250
22 57 68 165 182
23 45 65 80 112
24 40 262 237 262
25 a8 108 212 210
26 126 146 200 2605
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Table 4, Continued
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1 2 3 4 5

Kp 27 95 125 330 335

28 45 75 145 160

29 88 128 312 240

30 91 218 a1g 437

31 73 93 180 195

32 107 127 217 237

33 70 90 117 137

34 76 96 115 147

35 25 37 135 147

36 a1 61 172 167

37 45 65 100 115

38 32 52 50 97

39 63 83 165 175

40 a2 142 217 215

41 33 37 67 117

42 55 s 165 187

43 57 105 160 195

44 g3 103 110 160

45 125 170 312 375

46 35 55 68 72

47 32 52 67 69

48 34 53 69 72
Mean 76 .50 131.85 195,92 208,25
Range . 25-320 37-450 50-557 69-700

KAYAL SOQILS

Ky 49 107 lg9g ' 202 167
50 128 92 165 200
51 145 165 217 27
52 45 65 . 115 155
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Table 4, Continued
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1 2 3 . S
KY 53 113 133 160 210
c4 57 77 110 147
55 225 325 475 500
56 105 187 407 425
57 100 140 217 236
58 100 180 222 250
59 57 157 210 250
60 87 107 137 167
61 121 141 152 . 195
62 71 81 85 135
63 95 105 115 167
64 67 80 115 147
65 75 275 535 590
66 132 350 406 375
67 88 105 187 225
68 76 116 181 197
69 70 123 181 187
70 87 115 260 250
71 90 170 181 230
72 120 142 290 300
73 72 122 220 222
74 145 245 450 468
75 287 387 245 215
76 107 237 150 192
77 165 1175 1000 1250
78 207 375 575 612
79 142 198 250 250
80 351 535 675 687
81 320 680 825 800
82 232 342 550 612

e
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Table 4. Continued
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1 2 3 4 5
KY 83 225 650 1050 1250
B84 297 382 1200 1250
85 300 350 487 590
86 207 482 657 702
87 263 550 950 1140
88 307 582 825 1000
89 300 515 775 832
90 170 370 537 537
91 220 420 737 £00
92 188 650 1140 1250
93 180 380 1140 1250
94 270 470 867 897
95 245 687 942 1025
96 122 150 250 275
97 95 167 182 197
98 68 128 202 195
99 120 300 375 425
100 132 179 245 250
101 125 250 305, 310
102 95 192 350 375
103 57 115 395 400
104 220 382 675 700
105 337 650 625 915
106 245 400 800 825
107 145 219 650 680
108 200 475 722 737
109 95 150 _ 225 250
110 105 100 145 150
Mean 156.8 2952 447,1 481.7
Range 45-351 65-1175 85-1140 150-1250
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Table 4. Continued
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1 2 3 4 5

KARI SOILS |

K 111 70 188 295 315
112 75 198 500 485
113 67 180 375 485
114 70 195 375 485
115 59 135 210 255
116 188 215 240 270
117 57 126 185 240
118 42 86 70 100
119 107 . 286 406 445
120 100 255 425 485
121 100 503 525 550
122 151 237 400 462
123 _ 220 385 535 570
124 290 450 535 570
125 266 . 650 1000 1150
126 80 150 125 185
127 182 420 468 468
128 145 415 - 543 575
129 120 300 343 405
130 57 175 275 290
131 95 250 245 250
132 80 112 125 187
133 138 280 306 400
134 - 113 651 1900 1950
135 175 1625 1300 1400
136 170 205 375 - 380
137 113 200 230 240
138 245 420 440 440
139 175 425 475 485
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Table 4. Continued
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1 2
K 140 73
141 ‘ 170
142 157
143 . 395
144 245
145 195
146 188
147 145
148 116
149 120
150 71
151 107
Mean : 139.8
Range 42-395
Grand
Mean 126,66
Ranga 25-395

116
235

405,78
B&-2400

207.07
37-2400

575
275
2450
2000
475
255
320
245
335
200
710

521,60
70-2450

387.47
50-2450

310
2500
2400
495
255
400
230
365
210
730

571.63
100-2500

419,19
£9-2500
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amount of water solutle S, The ranges of water solgble
S for .the karappadam, kayal and kari soils were 25-320,
45-351 and 42-395 ppm, respectively. On an avérage,
nearly 6.3 per cent of the total S was in water soluble
form. The maximum content of water soluble S was
observed in kari soils, The kari soil from Vechoor

(K 143) recorded 395 ppm water soluble 5 while the total
content of S in this soil was 9900 ppm., Comparing to
the values reported for other Indian soils, the scils
of Kuttanad retain large amount of water soluble S.

The mean values of water soluble S in the soils of
Madhya Pradesh, Rajasthar, Himachal Pradesh, Uttar
Pradech, Puniab and ?amil Madu were 1.8, 15,1, 17, 15,

22 and 18 ppm respectively (Bansal et al., 1979: Rawat

and Sriniwas, 1979; Palaskar and Ghosh, 1982; Tiwari

«t

et al., 1983a; Ghal ¢t al., 1984; Balasubramanian and
Kothandaraman, 1985). In the case of kayal soils, the
values of water solulile S were found to be significantly
and negatively correlated with pH (r = -0,3374%%),

This is due to the fact that increased acidity was
associated with higher content of organic matter and

high salinity: both inturn, caused an increase in the

total as well as the sulphate S confent of the soils,
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The EC of the sofl was positively correlated with water
soluble S in all soils except karappadam soils, tﬁe
respective r values for kayal and kari soils being
0.6688*%* and 0.3800*. This may be due to the presence
of Qater soluble sulphates contained in the scil at
higher level of salinity. Water soluble S was also
found correlated with the organic carbon content of the
scil. The coefficientsof correlation of water sqluble
S with organic carbon for kayal, karl and all soils
taken together were 0.3229%, 0,5032** and 0,3674**
respectively. As pointed out, the major form of S in
the soils under study was organic 5 and therefore the
water éoluble S rel=eased due to the mineralisation of
soil organic matter declsively contributes towards the
water soluble sulphate pool of the scil. The signifi-
cant positive correlation between water soluble S and
avai}able K in kayal soils may be due to the indirect
influence of soil organic matter, since there was a
positive correlation between organic carbon and available
K in the soil (r = 0,5309**), The water soluble S was
found to be correlated with the available S extracted
by CaCI2 irn all soills and with available § e¥tracted

by phosphate in kayal and kari soils. The relationship
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among available S extracted by different extractants
is well anticipated since the composition of the
available sulphate pool does not vary much with

differences in the extractants employed.

2.2, Available sulphur extracted by 0.15 per cent

calcium chloride

The available S as extracted by CaCl2 widely
ranged from 37 - 2400 ppm, the mean value being 207 ppm.
The ranges of values for karappradam, kayal and kari

soils were 37 - 450, 65 - 1175 and 86 - 2400 ppm
-respectively. The highest value was recorded by the
karil soil of Vechoor (K 143), As compared to the range
of values rerprorted for other Indian soils, the Kuttanad
soils are very rich in availlable S extracted by CaClz.
The values of CaCl, extractable S for the soils of
Madhya Przdesh, Rajasthan, Himachal Pradesh, Uttar
Pradesh, Punjab and Himachal Pradesh were 9, 9, 14, 11,
17 and 13 ppm, resnectivelyv (Bansal et al., 1979; Rawat

and Sriniwas, 1979; Palaskar and Ghosh, 1982; Tiwari

|

t al., 1983a; Ghai_et al., 1984; Sharma et al., 1988),

The high content of available S in the Kuttanad soil

has also been observed by earlier workers (Ghosh et al.,

1976). The CaCl2 extractable & increased with the total



S content of the soil. It contributed to 17,4 per

cent of the total S in the soils under study. Since
the CaCI2 extractable S represents the sulphate form
gf S, the values for CaCl2 extractable S was almost

double (1.6 times) thain the values of water soluble S.

The content of available S extracted by CaC12
increased with the increasing acidity of the so0il as
shown by the significant negative correlation with pH,
the r values being ~0.4219**%, -0,3840** and -0,3893**
foflkafappadam, kaval and all soils taken together,
respegtively. This relationship is the indirect
influence of the significant correlations between pH
and organic carbon and between pH and EC already
described. Accumulation of organic matter has been
associated with a decrease in pH and increase in EC
and the higher content of CaCl, extractable S is the
outcome of higher content of organic matter and salinity
observed in the soil. This is further supported by the
significant positive correlation of CaC12 extractable
S with EC (r values being 0.7784**, 0.6111%* ang

0.6835** for kayal, kari and all soils taken together,

respectively) .

o




Sulphur extracted by CaC12 was significantly
correlated with the avﬁilable S extracted by other
agents, irrespective of the group of the soil. Thus
the coefficients of correlation with water soluble S
for karappadam, kayal and kari soils were 0.6683*%,

0,7347** and 0.6836** respectively. The corresponding

[
values with phosphate extractable S were 0,7021**,

0.8325** and 0.9042** while those with Morgan'’s extract-

able S were 0.7002**, 0,8573** and 0.9099** respectively

for karappadam, kaval and karil socils,

2.3. Available S extracted by 500 ppm phosphorus

solution

The content of available S extracted by 500 ppm
P solution as KH2PO4‘ranged from 50 - 2450 ppﬁ with a
mean value of 387.5 ppm. The mean values of phosphate
extractable S in karappadam, kayal and karil soils were
195.9, 447.1 and 521.6 ppm respectively. 1In general,
tﬂe content of phosphate extractable S was 21.9 per
cent of the total S content of the scil. It was

approximately three times .that of the water soluble S

and 1.9 times of the CaCl2 extractable S, The relatively

higher values fér the S extracted by the phosphéte

Qo
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solution may be attributed to the relatively higher
efficiency of phosphate to exchange the sulphate

iong from the soil colloids, Spencer and Freney

(1960) and Williams and Steinbergs (1964) also observed
that generally phosphate solution extract more.504-5
from soil than can be extracted with water or CaC12
solution because phosphgte ion displaces the adsorbed
sulphate more efficiently than by chloride. As in the
case of water soluble and CaCl, extractable S5, the
available S extracted by 500 ppm P solution was signi-
ficantly correlated with the content -of organic carbon
in kayal (r = 0.3768**), karl (r = 0.5002%*) and all
solls taken-together (r = 0.4992**), The influence

of soil organic matter on the content of available S

in soil has already bheen explained. Since the major
source of S in soill is the-organic matter, the available
S is expected to in;rease with the increase in eccontent
of soil organic matter. The pH of the soil decreased
with increase in content of organic matter as a result
of which available S extracted by phosphate solution
established a significant and negative correlaticn with
pH (r = -0.4196**)_, Avajlable S extracted by phosphate

was significantly corselated with the EC of the soil.
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This may be either due to the higher content of
sulphate sulphur in the soluble salts contained in
the s0il or due to the indirect effect of increasing
acidi£¥ observed with increasing salinity of the soil.
A significant negative correlation (r = -0.1627*) was
seen between available P and S extracted by the
phosphate solution. It may be recalled that at lower
values of pH, the zvaillability of P decreased contin-
uously whereas S availability increased thereby
registering a negative correlation between available

F and S. The sulphur extracted by phosphate solution
showed significant positive correlation with the
available K content of the karappadam {(r = 0.4109%%)
and kayal (r = 0.5539**) soils. It is pointed out
that the content of total organic carbon was signifi-
cantly correlated with available K in karappadam

(r = 0.3699*) and kayal soils (r = 0.5309%*), Probably,
this may be the reason for the relationship between
available K and available S in these two types of
soils. The‘decisive role, of Qrgaqic matter on the
pool of available é‘)n!soil has already been stressed.
As expected, available S extracted by the phosphate
solution established significant positive correlation

with water soluble 3, S extracted by CaCJz, and S
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extracted by Morgan's reagent, irrespective of the
soil type. This is mainly because, the main source
of‘available S in soil is the sulphate S which is
extracted by all the four extractants tried, though
slight variations exi;ﬁ yn their ability to extract
this form of S, Evsn.if a small proportion of the
other forms of S is accounted by the available S!
their contribution 1s not significant enough to shift
the pattern of relationship between available S and

sulpnate sulphur.

2.4, Available S extracted by Morgan's reagent

The available S extracted by Morgan's reagent
ranged from 69 - 2500 ppm, with a'mean value of 419.2
ppm. The highest amount of available S was found in the
kari soil of Vechoor (K 143). As in the case of avail-
able S extracted by cther reagents, S5 extracted by
Morgan's reagent was uiigh in kari soils in proportion
to the high content of total S in these s0ils. The mean
values of Morgan's extractable 5 in karappadam, Xkayal
and kari soils were 208.3, 481.7 and 571.6 ppm respect-
ively. The magnitude of available § extracted by
Morgan's reagent was almost similar to that extracted

by the phosphate solution showing that the ability of



Morgan's reagent’ to extract available S from the acid
soils used in this study is almost equiva}ent to that

of the 500 ppm KH P04. Similar observations were also

made by Hegde et al. (1980), As a result, the relat-

BN

ionships between S extracted by Morgan's reagent aqd
the other soil properties like pi, EC, organic carﬁon,
available P and available K were simllar to those
between phosphate extractable S and the above soil

properties,

The foregoing observations clearly showed that
the soils of Kuttanad are very rich in available S in
the increasing order of karappadam, kayal and kari
soils. ﬁhile the critical values of available S
suééesfed for vériouJ-soils are restricted to a-range
of 10 - 25 ppm dependikg on the extractant employed
and the type of test crop used, the content of available
S in most of the soils studied confined to a range of
100 to 500 ppm. In general, nearly 6.3 per cent of the
total § remains in water soluble form and approximately
one-fifth of the total S exists in the aviilable form
extracted by CaClz, rhosrhate or Morgan's reagent.

Thus, considerable amount of available S5 still persists
in the soils of Kuttanad and the addition of 8 contain-

ing fertilizers may not be necessary in these soils for

many vyears to come.




3. Fractionation of sulphur

To study the pattern of distribution of different
forms of S in Kuttanad soils, fractionation of S was
carried out in 39 selected solls. They consisted 10
karappadam soils, 18 kayal soils and 11 kari scils. The
general chemical properties of these scils and the
content of available S as extracted by different agents
have already been discussed. Additional soil properties
associated with transformition of S in soils were studied
in these 39 soils so as to gain better understanding on
the distribution of different forms of S in them in
relation to the properties of the scil. The additional
soil properties thus examined were soil texture, CEC
and exchangeable plus water soluble cations. The data

on the additional soil properties are given in Table 5.

3.1, Soil texture i

Out of the 39 soils examined, 38 were loam and
only one soil was cliy. The most dominant subgroups
under loam were sandy loams and sandy clay loams. All
the 10 karappadam soils were sandy clay loam in nature.

On an average, the spils contained £2.13 per cent sand,




Table 5. General properties of soils selected for sulphur fractionation
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Exchangeable + water

CEC soluble cations, me/100 g
No. TTeanyTTTTTTT R Clay | oxrural €lass (me/100 q)  —-mom-mmmmomomemoomoo—o-
Ca Mg Na
1 2 s ;-__‘_-_---—__-g ____________ g—_ o 7 8 9
KARAPPADAM SOILS TTTTTTmTTTmmmmmmmmmmmmmmmTees
KP 2 58.8 18.3 22.9 Sandy clay loam 14.5 3.3 3.4 2.6
9 57.5 15.0 27.5 Sandy clay loam 25.0 2.5 1.2 0.4
16 71.2 12.4 16.4 Sandy clay loeam 24.5 4.5 4.2 1.0
17 65.82 . 17.1 17.1 Sandy clay leaiu 21,7 3.C 4.7 O.%
21 54.% 20.7 24 .8 Sarndy clay lcam z0.8 6.7 1.6 G.9
24 50.6 26.4 23.0 Sandy clay loam 13.4 2.8 1.0 0.8
28 62.9 8.4 28.7 Sandy clay loam 13.3 2.1 2.7 0.8
35 50.0 22.5 27.8 Sandy clay loam 20.3 2.9 1.2 i1.¢C
4z 7.5 17.5 25.0 Sandy clay loam 21.8 2.5 2.5 0.5
45 58.1 12.6 29.3 Sandy clay loam 19.3 3.2 3.2 1.5
Mean 58.69 17,09 24 .22 19.46 3.35 2.57 1.03
Range 50.0-71,2 8.4-26.4 16.4-29.3 13.3-25.0 2.1-6.7 1.C0-4.7 0.4-2.6
KAYAL SCILS
KY 50 79.3 8.3 12.4 Sandy loam 29.6 4.3 2.5 1.1
56 65.8 17.1 177 Sandy loam 20.0 3.7 6.2 2.7
64 71.0 20.7 2.3 Sandy loam 26.4 4.8 4.3 0.3
---------------------------------------------------------------------------------- Contd.



Table &, Continued
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1 2 3 4 5 6 7 e 9
KY €6 50.1 31.6 18,3 Sandy loam 20.8 4.4 6.1 7.1
70 58,9 25.9 15.2 Sandy loam 29.6 .2 5.0 1.0
76 74.0 9.% 16.5 Sandy loam 14.8 3.0 3.3 1.5
77 0.0 4.0 ZFE.0 Sandy loam 14,0 9.1 6.2 0.2
g0 57.8 24.°%5 17.7 Sandy leoam 17.6 5.6 2.8 2.9
83 69.0 17.0 14,0 Sandy loam £3.6 8.3 5.4 4,3
87 71.0 10.5 1£.5 Sandy loam 62.9 7.2 5.1 4.2
92 72.5 1c.0 17.5 Sandy loam 3£.9 4.0 &0 g.1
G5 73,0 9.C 18.C Sandy loam 3.7 2.2 Z.8 4.1
o3 3.5 14.0 22.% Sandy clay loar 29.0 4,2 £.6 1.7
101 ES5.¢€ 16.4 2e.0 Sanéy clay loam 34,5 4.5 £.7 5.4
ic5 5C.€ 16.4 23.0 Clay loam 38.0 4.8 £,2 €.3
108 62.9 8.4 20,7 Sandy clay loam 31.8 8.5 1.2 32.6
163 78.0 9.C 13.0 Sandy loam ic.8 2.0 t.4 2.9
110 75.0 9.0 16.0 Sandy loam 16.4 3.1 €.9 3.8
Mean 66,55 14.52 1g.93 27.08 4.77 5.0C 5.01
Range 50,1-79.3 4.0-31.6 8.3-33.0 10.8-63.6 2.0-9.1 1.2-8.6 0.2-32.6
KARI SOILS
K 113 60.1 31.6 8.3 Sandy loam 40.5 4.4 1.2 1.1
122 49.8 41.8 e.4 Sandy loam ‘39,0 3.1 5.6 1.2
124 56.9 25.9 17.2 Silt loam 44.5 2.5 5.6 1.3
---------------------------------------------------------------------------------------------- Eontd.



Table 5. Continued

1 2 3 4 5 6 7 8 a
K 125 £0.0 7.5 12,5 Sandy loam 39.8 4.6 5.6 2.0
130 53.0 16.5 30.5 Clay loam 3g.8 5.6 2.2 0.5
132 63.5 14.0 22.5 Sandy clay loam 37.¢% 6.1 2.3 0.3
135 75.0 8.5 16.5 Sandy loam 45.4 18.5 2.6 4.3
139 62.0 27.5 8.5 Sandy loam 32.3 12.1 4.2 4.2
143 31.8 15.6 52.5 Clay 78.8 16.1 5.8 8.9
147 24.5 57.8 17.7 Silty loam 1.0 4.0 1.8 1.5
15l 62.0 29.5 8.5 Siity loam 58,4 2.1 3.6 c.8
Mean 56 .23 25.1 18.46 ' 42.27 7.19 3.68 2.38
Range 24.5-80.0 7.%5-57.8 8.3-52.5 10,0-78.8 2.1-18.5 1.2-5.8 0.3-8.9
Grand
Mean 62.13 17.99 19.88 29.41 5.09 4,01 3.25
Range 24.5-80.0 4,0-57.8 8.3-52.5 10-78.8 2.0-18,5 1.0-§.6 0.2-32.6
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17.99 per cent silt ind 19.88 per cent clay. The clay
soil from Vechoor (K 143) contained 52.5 per cent clay,

the maximum value recorded in the study.

The clay fraction of the soil was found to be
negatively correlated with pH and sand (r = -0,4771%*
and r = -0.3515* ). Clay was positively correlated
with total S, organic S, sulphate S, nonsulphate 35 and
available 3. Since fthe sulphate ions are adsorbed by
the soil colloids, tiie content of the sulphate S
increased with increasing content of clay fractions
thus establishing a peositive correlatién. Since the
sulphate 5 is the major constituent of available S and
partly that of total S, ﬁhe relationship between 804-8
and éiay content, in turn, .give rises to the positive
correlations of clay with available S and total S, 1In
general, soils dominating in clay fraction tend to
retain relatively higher content of organic matter and
this can be attributed to the positive significant
lirear relationship between clay and organic S

(r = 0.4€600%**),
3.2. Cation exchange capacity
The cation exchange. capacity of the Kuttanad soijl

varied from 10.0 - 78.8 me/100 g soil with a mean value




of 20.41. The wide variation observed in the CEC of

the soil is aue to the variaticen in the content_of
organic matter 3and clay in these soils. In general,
kari soil possessed very high CEC. The mean values of
CEC for karappadam, kayal and kari soils were 19,46,
27.08 and 42.27 me/100 g soil respectively. The highest
CEC of 78.8 me/100 g soil was recorded by the kari soil
from Vechoor (K 143), This soil contained 6.72 per cent
organic carbon, the highest value recorded in this
studv. In general, the soils of Kerala are pocr in CEC,
since the predominant clay mineral in them is the i:1
type kaolinite. However, the relatively high CEC of

the Kuttanad soil projécts the role of soil organic
matter in considerahly ircreasing the CEC of the soil.
Marykutty and Aiyer “i$87) also observed thnat kari

soils from Kallara, :>ttayam had high CEC, i.e,, 43,6
me/100 g soil. The role of organic matter in increasing
the CEC of s0il was reflected in the significant positive
linear relationship between CEC and organic carbon

(r = 0.6022**)f Since the pH of the soil décreased

with increasing content of organic matter, a negative
linear relationship was observed between pH and CEC of

-

the soils (r =—0.3930%). Also the positive correlation |



between CEC and EC {r = 0.5247**) appears to be a
reflection of the relationship between soil acidity
and CEC, since EC of the soil increased with increas-
ing acidity. The contents of sulphate S, available S
extracted by all the four extractants, organic S and
total S were significantly correlated with CEC (r
values are 0.5834**%, (0,5140** (Sl)' 0.5834%* (82),
0.7011%* (S,), 0.6826** (S,), 0.5055** and 0.6407**
respectively). As already mentioned, sulphate 8 is
the major constituent of the available S5 and therefore,
the ability of the soil colloids to retain S in the
form of sulphate ilons increased with the increasing
content of so0il colloids as. indicated by the positive
significant correlation between CEC and SO4-S. Also,
the CEC was positively correlated with total S, probably
as an indirect effect of the relationship of total S

with organic matter, organic S and SO

4=S-

9
3. Exchangeable plus water soluble cations

In general, the solls showed high variation in
the content of exchangeable plus water soluble Ca and
Mg. The highest amount of Ca was found in the kari

soil from Thuravur (K 135) which also recorded the



highest value for EC. The Ca and Mg contents were
significantly and posjtively correlated with water
oluble and available $ content of the soil. In
Kuttanad, periodic ingress of brackish water takes
place during summer, resulting in the accumulation of
sulphate containing soluble salts. This may be the
reason for the significant positive relationship of
exchangeable plus water soluble Ca and Mg with water
soluble and available fornrs of S. In general, Ca
content ranged from 2.0 to 18.5 me/100 g soil with %
mean value of 5.09 me/100 g. The mean value for water

soluble plus exchangéab]e Mg was 4,01 me/100 g soil.

The values of exchangeable plus water scluble
Na ranged from 0.2 teo 32.% me/100 g soil. The content
of Na showed positive significant linear relati&nship
with EC (0,7295**), water soluble S (0.7448**), avail-
able S, 50,-S (r = 0.9244**), organic S (0.6976*),
total S (r = 0.9034%*) and clay (r = 0.6248*) content
of the kari soil. The intrusion of sea water would
have caused the accumulation of sulphates along with
soluble and exchangeable Na resulting in above positive
correlations. The iﬁﬁrease iﬁ.EC and acidity observed

with the accumulation of organic matter could explain

35



the posifive relationships between organic S and

exchangeable plus water soluble Na content in the soil.

4, Forms of sulphur

The data on the forms of 5 in soil are
presented in Table 6 and the data on the proporticn of
the forms of S expressed is percentage of total S are
precented in Tablé 7. Table 8 shows the coefficients
of correlation and linear regression equatiomsof the

different forms of S in soil.

4.1, Total sulphur

The so0il derives its S from the primary minerals,
organic compounds and sulphate lons present in exchange-
i

able and water soluble form. In humid tropics, S mainly

occurs in organiec form.

, The study revealed that the soils of Kuttanad,
which are acid saline in nature, contained large amount
of 5. The walues rangsd from 600-9900 prin with 2 moan
value of 2324.1 ppm. Amcng the three soill tybes,.the
content of total S was maximum in kari soils with a

mean value of 4020 pim, while the corresponding vialues
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Table 6, Forms of sulphur in soil, ppm
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Soil No, Sulphate 8 GCrganic S Nonsulphate Total S
S
TTyTTTTTTTTTTTTT T T T T 4 5

e p——— P PR R Dt e e e

KARAPPADAM SOILS

KP 2 162 397 341 900
9 100 895 230 . 1225
10 422 910 318 1650
17 175 330 95 600 7
21 262 537 426 1225
24 262 576 137 975
28 75 225 350 650
35 37 " 595 48 680
41 37 585 238 860
45 170 812 518 1500

Mean 170.2 586, 2 270.1 1026.5

Range 37-422 225-910 48-518 600-1650

KAYAL SOILS

KY 50 92 700 83 875
56 187 825 238 1250 |
64 80 655 115 850
66 350 507 123 380
70 118 eT? 11e 1110 .
76 237 715 243 1195
77 1175 4460 220 5855
80 535 1317 148 2000
83 650 1277 193 2120
87 550 1150 550 2250
92 650 1150 2Q0 2000
95 687 1580 713 2980
99 300 810 270 1380
101 250 1402 848 2500
105 650 2762 148 3560
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Table 6, Continued
1 2

KY 108 475
105 150
110 100

Mean 401.8

Range 80-1175

KARI SOILS

K 113 180
122 237
124 450
125 650
130 175
132 112
135 1625
139 425
143 2400
147 375
151 235

Mean 624.0

Range 112-2400

Grand Mean 405.10

Range 37-2400

1302.6
420-4460

507
1487
4613
2085
1010

8OO
4322
4475
4367
1470
1777

2446.0
507-4613

1441.6
225-4613

304.1
83-910

438
1476
687
1635
565
213
803
600
3133
405
488

949.4
213-3133

477.4
48-3133

2008.6
750-585%

1i2%
3200
5750
4370
1750
1125
6750
5500
9900
2250
2500

4020.,0
1125-9900

. 2324.1
600-9900
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Table 7. Forms of sulphur expressed as percentage of

total S
QSIIEQST ----------- 55;:5 --------- 6;;;nic S Nonsulphate
"omsoommansemneooes ~oommmneonn .
KARAFPADAM SOILS
KP 2 . 18.0 44.1 . 37.8
9 8.2 73.0 18,8
10 25.6 55.1 19.3
17 : 29,2 55,0 15.8
21 21,4 43.8 34.8
24 26.9 39,0 14.0
28 11.6 34.6 53.8
35 5.5 87.5 ' 7.0
41 4.3 68,0 27.7
45 11.4 54,1 34.5
Mean 16.57 57.11 26,33
Range . 4,3-29.2 34,6-87.5 7.0-53.8
KAYAL SOILS
KY 50 10.5 80.0 9.5
56 ' 15.0 66.0 19.0
64 9.4 77.1 13.5
64 35.7 51,7 12.6
70 10,4 79,0 10,6
76 19,9 59.8 20,3
77 20.1 76.4 3.5
80 26.8 65.8 7.4
83 30.7 60,2 9.1
87 24.5 51.1 24.4
92 32.5 57.5 10.0
95 23.1 53,0 23,9
99 21.8 58.7 19.5
101 10,0 56,1 33.9
105 18.3 77.6 4,1
108 12,7 63.1 24,2
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Table 7. Continued

s e B — . T M W W A e e s S TS o Ty ——

1 2 3 4

KY 109 20.0 56,0 24.0
110 13.4 63.3 23.3

Mean 20.00 64,86 15.15

Range - 9,4-35,7 51.1-80,0 3,5-33.9

KARI SOILS _

K 113 16.0 45,1 38.9
122 7.4 46,5 46.1
124 7.8 80,2 12.0
125 14.9 47.7 37.4
130 10.0 57.7 32.3
132 10.0 71.1 18.9
135 24.1 64.0 11.9
139 7.7 81.4 10.9
143 24.2 44,2 31.6
147 16.6 65.4 18.0
151 . 9.4 71.1 19.5

Mean 15.50 60.86 23.60

Range 7.,4-24,2 44,2-81.4 10,9-46.1

Grand Mean 17.4 62,1 . 20.5%

Range 4,3-35,7 34,6-87.5 3.5-53.8
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Table &, Coefficients of simple linear correlation and
regression equations relating to the forms of S
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* KARAPPADAM SOILS (n = -10)

Av P pH 0.6676% Y = 0.094 X + 3,737
Ex Na EC 0.8234%+ Y = 0.733 X + 0,195
S 4 " 0.6552* Y = 0,003 X + 0,327
Org S oC 0,6693% Y = 0.001 X + 1.746
80,-S Clay -0.A660% Y = -0,025 X + 28,48
s, " -0.6660* Y = ~0,025 X + 28.48
Org S CEC 0.6520* Y = 0,012 X + 12,34
s, Ex Ca 0.7007* Y = 0,020 X + 1,828
Non S0,-5 s, 0.6503%* Y = 0,204 X + 20.58
5, s, 0.9012%%* Y = 0.803 X - 14.26
S, - - D.2451%* Y = 0,601 X + 9,177
Total S " 0.6628% Y = 0,220 X - 55,30
Sy 5, 0.9751** Y= 0,778 X + 21,21
S0,-§ " 0.9012%* Y = 1,012 X + 57,59
Total S " 0.7686** Y = 0.286 X - 63,79
80,-S 5, 0.B451%* Y = 1,189 X + 65,71
Total S " 0.8380** Y = 0.391 X - 133.1
S, 50,-8 0,9012%* Y = 0,803 X - 14,26
s, " 0,845% %% Y = 0.601 X + 9,177
Total S oo U.6620* Y = 0.220 X - 55,30
Total S Org S 0,a278% Y = 0,531 X + 41,44

KAYAL SQILS (n = 18)

EC oH -0,7466%* Y = -0,318 X + 4,704
Av K o -0.5739% Y = 0,003 X %+ 41721
Sand " 0.5161%* Y = 0,032 X + 1,816
Clay " —0,6323%x Y = 0,059 X + 5,033
S, n -0,5860% Y = -0,004 X + 4,599
82 “ -0.7201%* Y = ~0.,001 X + 4,499
Sy - " ~0.6691%* Y = -0.0C1 X + 4,511
54 " -C,6691%% Y = -0.001 X + 4,486

[
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Table 28, Continued
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1 2 3 4
S0,-S . pH -0.7201%* Y = -0,001 X + 4.499
Org S " -C.6430*%* Y = -0.0003X + 4.412
Total S " ~0.6901** Y = -0.0003X + 4,522
Clay EC 0,5865% Y = 0.128 X + 0,013
Ex Ca " 0.5528* Y = 0.330 X + 0.796
S, " 0.6525%* Y = 0.010 X + 0.676
82 " 0.0640%* Y = 0.004 X + 0,645
S, " 0.9053%* Y = 0,003 X + 0,589
S, " 0.9237%* Y = 0.003 X + 0.634
S0 ,-S " 0.9640** Y = 0,004 X + 0,645

‘Org S " 0.8036** Y = 0.001 X + 1,017
Total S " 0.8742%* Y = 0,001 X + 0.670
Av K ' ocC 0,5688* Y= 0,005 X + 1,428
CEC " 0.6583%* Y = 0,057 X + 1.074
CEC : Av K 0.6983%*% Y = 6,417 X 4 48,35
Ex Ca " 0.5042% Y = 21,20 X + 120,9
8, " 0.5805% Y = 0.628 X + 115.9
S5 " C.6382%% Y = 0.165 X + 133,6
Silt Sand -0.6521%* Y = -0.809 X + 7,92
Clay " -0,5028* Y = -0,754 X + 80.42
Ex Na Clay 0.4934* Y 1 0,405 X + 16,34
s, " 0,5169% Y = 0.036 X + 12,24
s, " 0,5772* Y = 0.012 X + 13.65
S0,-8 " 0.35772% Y = 0,012 X + 13.65
Org S- " 0.7294%* Y = 0.004 X + 12,75
5, CEC 0.5006* Y = 0.012 X + 19.62
S, " 0.6232%* Y = 0,005 X + 19,87
S, Ex Ca 0.6232%* Y = 0,005 X + 2,903
s, " 0.5721% Y = 0.004 X + 2.8R86
S, " U.5982%* Y = 0.003 £ + 2.88A
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Table 8. Contlinued
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1 2 3 4

$0,-S Ex Ca 0.6232%* Y = 0,005 X + 2,903
Org S " 0.6400%% Y = 0.001 X 2.965
Total 5 " 0.6595** Y = 0,001 X + 2.623
Non S0,-5 Ex Na 0.6098*%* Y = 0,017 X - 0,133
S, S, 0.,6252*%% Y = 0.18) X + 96.28
S 4 " 0.6596** Y = 0,158 X + 84.61
S, " 0.6792** Y = 0,136 X + 86,00
S0,~S M 0.6252*¢ Y = 0,181 X + 96.28
Total S " 0.4937* Y = 0,031 X + 106.6
S, S, 0.8735%%* Y = 0.715 X + 15.87
8, ' " 0.9030** Y = 0,625 X + 20,77
Org S " 0.8308 ** Y = 0.241 X + 87.46
Total S " 0.8730** Y = 0,190 X + 20,65
5, S, C.9851** Y = 0,828 X + 31,73
so,-S - 0.8735%* Y = 1,061 X + 110.3
Org S S, 0.5589% Y = 0.197 X + 279.7
Total S 83 0,6603** Y= 0.174 X + 186.4
80,~S S, 0,9030** Y = 1,305 X + 186.4
Org S " 0.6222** Y = 0,261 X + 85,44
Total S " C.7031%* Y o= 0,221 X 4 269.6
Org S S0, -8 n,B308%* Y = 0.241 X + 87,46
Total S " U.B8730** Y = 0,190 X + 20,65
Total S Org S 0.9757*%* Y = 0,730 X - 163.9
KARI SQILS (n = 11)

EC pH ~0.6434% Y = -0,094 X + 3,877
oC " -0, 6540% Y = -0,226 X + 4,249
Sy ) -0,7088% Y = -0,004 X + 4,121
Ss " -0.6021% Y = -0.001 X + 13,828
Sy " -0,6137% Y = -0,001 X + 3.864
Total S " -0.6637% Y = -0.0001X + 4,008
Ex Ca EC 0.B242%** Y = 0.56 X + 0,433
Ex Na " 0.7295% Y = 1,120 X + 1,832
S, " 0.6395% Y = 0,024 X + 0.378
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1 2 3 4
s2 EC 0.7945%% Y = 0.004 X + 1,826
S, " G.6793% Y = 0.004 X + 1,614
S, " 0.6830* Y = 0,004 X + 1,378
so4_s " 0.7945%* Y = 0,004 X + 1,826
Org S " © 0.8518%* Y = 0,002 X - 0,457
Total S " 0,8614** Y = 0,001 X - C.430
Ex Mg oC 0.8364** Y = 0.785 X + 38,61
S; . " 0.8978%* Y = 0.014 X + 1.072
S, ' " 0.6503% Y = 0,002 X + 2,346
S, " 0.6559* Y = 0,002 X + 2,247
Non SO,-S . 0,7725%% Y = 0.002 X + 2,209
Total S " 0.7078% Y = 0.0004 X + 1,804
Silt Sand -0.6619% Y = 0,715 X + 74.26
Ex Na Clay 0.6249% Y = 3,217 X + 10,74
s, " 0.6771% Y = 0,012 X + 10.76
= " 0.6522% Y = 0,013 X + 9,108
g, " 0.8328F Y = 0,012 ¥ + B,70%
50,-5 " H,6771% Y = 0.012 X + 10.76
Non S0,-S " 0.7284% Y = 0.011 X + £,637
s, CEC 0.6374% Y = 0.015 X + 33,0°
S, " Q.7633%* Y = 0.019 X + 28,37
S, " 0.7438%* Y = 0.018 X + 27.70
80,-8 " 0.6374% Y = 0.015 X + 33,08
Non S0,-8§ " 0.6968*% Y = 0,014 X + 30,34
Ex Na Ex Ca 0.8202%* Y = 1.836 X + 2.818
S, " 0.8186%* Y = 0,006 X + 3,176
S, " 0,6754% Y = 0.006 X + 2,690
Org S " 0,6303* Y = 0,002 X + j.846
Total S " 0.7233% Y = 0.002 X + 1.158
S, Ex Mg - 0,7867** Y = 0,013 X + 1,406
Total S " 0.6372% Y = 0.0001 X + 2.045
S, Ex Na 0.7445%*% Y = 0,018 X - 0.744
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Crg S
Total S

Total S

Non SO4-S
Total S
Non 504-5
Total &
Org S
Total S

Total 5

POOLED ANALYSIS (p =

Continued

S0, -
0,-8

Non 50,-S

4

EC
ocC

- —— W = e ma -
el R e T X e ——— - ———
-—— Y ——— — -

0,9244%*
0.9010**
00,8892 *
0.6976*

Q.B8415%*
0,9034%*
0.7426**
0,7875%*
0.7866%*
0.8392%*
0,8854**
0.9572%*
0.5485*

1y, 8451 **
0.8911**
0.9979*%*
0.9271*%%
0,8690%*
0.9270**
0,B8567%*
0.6485%

0.8911%**
0.7919**

39)
-0.6681**
-0,4946**
0., 47T1%*
-0,36.30%

0.286
0.730
0.235
0.987
0.735
0.211
0.744
0.210
0.286
0.235
0.242

+ o+ o+ e+ 4




Table 8. Continued
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1 2 3 4
S, PH -0,6390%% Y = -0,001 X + 4,208
S, " -0.6490%* Y = -0.001 X + 4,320
50,-5 ' " -0,6235*%* Y = -0,001 X + 4,206
Crg S " -0.6713%* Y = -0.0003 X + 4,321
Non 80,-$ " -0.4633** Y = -0.001 X + 4,109
Total S " ~0,6985%* Y = -0.,0002 X + 4,349
ocC EC 0.,4372*%* Y = 0.997 X - 0,241
CEC EC 0,5247%% Y = 0.096 X . 0,208
Ex Ca . 0,2065~% Y = 0_872 X - 0,302
S, " 0,53176*%* Y = 0,017 X - 0.068
s, . 0,8412%% Y = 0.005 X + 0.684
S, " 0, 7600** Y = 0,004 X 4 0.434
S, " 0,7530** Y = 0,004 X + 0,362
Org S " 0.8563%* Y = 0.002 X + 0,147
Non S0,-8 " 0.5R30** Y = 0.003 X + 1,343
Total S " 0.BBET** Y = 0,001 X - 0,009
CEC oC 0.6022%x Y = 0,04R X + 1,440
S, " N.5621%% Y = 0.007 X + 1,844
5, " 0.4821%* Y = 0.001 X + 2,374
S, " C.5422** Y = 0,001 X + 2,178
S, . 0.5375%* Y = 0,001 X + 2,155
Org S " 0.4298%% Y = 00,0003 X + 2,316
Non 80, -8 m 0.6642%% Y = 0,001 X + 2,226
Total £ " 0,5793+% Y = 0.0003X + 2,111
Sand Clay -N,3518% Y = -0.204 X + 32,15
s, n 0. 13644+ Y = 0,008 X + 16.58
S 4 " 0.3469* Y = 0.006 X + 16.60
S, " 0,3354% Y = 0.006 X + 16.57
Org S o 0.4600** Y = 0.007 X + 16.58
Total S " 0.3187* Y = 0,001 X 4 16,78
Silt CEC 0.4148** Y = 0.%6 X + 19,23
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Table 8., Continued
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1 2 3 4
Ex Ca CEC 0.4925*%* Y = 1,913 X + 19,67
S, " 0.5140%* Y = 0.079 X + 17.83
5, " 0.5834** Y = 0.018 X + 22,09
S, " 0,7011%* Y = 0.022 X + 18,42
S, .o 0.6826** Y = 0.019 X + 18,25
504_5 H 0,5834** Y = 0,018 X + 22,10
‘Org S " 0,5055%* Y = 0.006 X + 21.45
Non SO,-§ " 0.6841%* Y = 0.018 X + 21,28
Total S " 0.6407%* Y = 0,004 X + 19,09
Ex Na Ex Ca 0.3178* Y = 0,217 X + 4,384
5, " 0,4479** Y = 0,018 X + 2,491
S, " 0.8027** Y = 0,006 X + 2,499
S, " 0.6898*%* Y = 0,005 X + 2,306
S, " 0.6754** Y = 0.005 X + 2,247
S0,-8 " 0.8027** . Y = 0.006 X + 2,499
Org S " 0.6847** Y = 0.002 X + 2,314
Non S0,-8 " 0.5500** Y = 0.004 X + 3.407
Total S " 0.7524** Y = 0,001 X + 1,968
S, Ex Mg 0.3833* Y = 0,008 X + 2,778
8, . " 0.3386* Y = 0,001 X + 3,251
Ex Na S, 0.3366* Y = 5,804 X + 127.6
s, o N.6771%* Y = 0,136 X + 91,28
S " C.7348%% Y = 0.147 X + 71,59
S, " 0.7456** Y = 0,138 X + 67.24
$0,-S " 0.6771%* Y = 0,136 X + 91,28
- Org S S, 0.6174** ¥ = 0.044 X + 83,25
Non SO,-S " 0.5526** Y = 0.094 X + 103.8
Total S " 0.,6E99** Y = 0,031 X + 74,18
S, 5, 0,9395*%* Y = 0.929 X - 69,29
S4 " 0.9277** Y = 0,856 X - 84.95
Org S " 0.7319%* Y = 0.258 X + 32,62
Non S0,-S " 0.7330%* Y = 0.623 X + 1236
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Table 8. Continued

TR 3 4

Total S ) 0.8771+* Y = 0,197 X - 51,73
Ex Na 8, n.33p7* Y = 29,281 X + 415.6
5, " (.9909** Y = 0,922 X - 17.04
Org S ! 0.,6476%* Y = 0,231 X + 178.,5
Non 504—5 " 0.7533** Y = 0,646 X + 219.0
Total S " 0.8164** Y = 0.184 X + 82,06
Ex Mg 84 0,3627* Y = 89,43 X + 214.,2
Org S " 0.6532** Y = 0,250 X + 212,2
Non 504—5_ " QL7077 Y = (0,65%2 X + 277.8
Total & " 0.8062** Y = 0,196 X + 117.4
Org S 50, -8 0.7319%4 Y = 0.258 X + 32,62
Non 504—8 . 0,7330** Y = 0,623 X + 123.6
Total S " 0.8771** Y = 0,197 X - 51,73
Non S0,-S Org S 0.5307** Y = 1,278 X + ped.1
Total S " 0.9391** Y = 0,596 X 56.06
Total S5 Non 804—5 0.7653** Y = 0.202 X - 17,05
* X

Significant at 1 per cent level of significance
Significant at 5 per cent level of significance

Ay P - Avajilable F
Av K - Available K
Ex Ca - Exchangeable plus water soluble Ca
Ex Mg - - e Mq
Ex Na - .o Na
Oc - ©Organic carbon
Org 5 - Organic sulphur
1 - Available S extracted by water
82 - , e by CaC].2
S - ., " by KH,FO,
S4 - ‘e by Morgan's reagent



for karappadam and kasyal soils were 1026.5 and 2008.6
ppm, respeétively. The highest amount of total S was
recorded by the kari soil of Vechoor (K 143). It
should be pointed ou:t that this soil, which contained
the highest amount of total S alsoc recorded the highest
values for organic carbon, CEC and clay. Comparing
with the content of total S reported for other Indian
soils (Hegde et al., 1980) tpe acid saline soills of
Kuttanad can be considered to be very rich in total S,
This is in conformity Qith the observations made by

~ Jacob (1966). Leela (1967}, Varcdhese (1973), Ghosh

t 31; (1976) and FKe:;de et al. (1980) who also reported

high accumulation of S in the Kuttanad soils of Kerala,

The content of total S in soil established
positive correlations with organic carbon (r = 0.5790%%),
EC (r = 0.8867**), CEC (r = 0.6407**) and clay (r =
0.3187*}. Fig. 1 sho%s the relationship between total
S and EC. Total S was negatively cbrrelated wich pH
(r = -0.6985%%) | This relatjonship has been shéWn in
Fig. 2. The significant positive relatlionships of
total S with available S extracted by different extract-
ants i.e., water, CaC12, KH2P04 and Morgan's reagent

are given in Fig. 3, 4, 5 ana 6 respectively. The

1
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Fig. 1 Relationship between total § and EC
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Fig.. 2 Relationship between total S and pH
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Fig. 3 Relationship between total S and water soluble S
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Fig. 5 Relationship between total S and phosphate extractable S
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Fig. 6 Relationship between total S and Morgan's reagent

extractable S
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relationship between total S and organic S was positive |
and highly significant, the r value being 0,9391**,

Fig. 7 shows the relationship between total S and
organic S, Accumulation of organic matter with conse-
guent decrease In ph, increase in EC and CEC explains
the relationship oé total S with pH, EC, organic carbon
and CEC, The significant positive relationships of
total S with available S extracted by dlfferent extract-
ants and the forms of 5 are expected since the availlable

S and forms of S contiributed to the total content of 8

in soiis.

The relatively high content of total S in the
‘Kuttanad soils of Kerala rules put.the possible need
of S containing fertilizers in this region of the state
which is a major rice growing tract. It is possible
that the crops may hive to confront with the complexit-
ies resulting out of the accumulation of reduced S
compounds under highly anéerobic conditions and the
formation of stoq'when the soil.is oxidlised, rather

than a dificiency of this nutrient element.

4,2, Organic S

On an average, the so{ls contained 1441.6 ppm

of organic S. Soils exhibited conslderable variation



Fig. 7 Relationship between total S ‘and organic S
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in the content of organic 8 in them,the range of
variation being 225 to 4613 ppm, The highest amount
of organic S was seen in kari soils, the mean value
being 2446.6 ppm. The kari soil of Ambalapuzha (K 124)
recorded the maximum content of organic S (4613 ppm),

The high content of organic S in the acid saline soils

of Kuttanad had already been reported by different }

workers (Jacob, 1966; Leela, 1967; Varghese, 1973;
Ghosh et al., 1976}, When the relative contribution

of organic S to the total S content of the soll was
expressed as percentage, it was seen that on an average,
organic S accounted for 62 per cent of .the total 5, the
range being 34.6 to B7.% per cent. Kanwar and Takkar
(1964) reporfed that. tea soils of Himachal Pradesh had
45 pem organic S which constituted 72 per cent of the
total S, 1In hill and alluvial soils of West Bengal,
organic S coqtributed B9-98 per cent of the total S
(Mukhopadhyay and Mokhopadhyay, 1980). The high cont-
ribution of organic S to total 5 is often attributed

to the loss of inorganic S consequent to leaching in
humid tropical scils. The acid saline soils of Kuttanad

is subjected to perivdic inundation by salt water or

brackish water and hence, the relatively low percentage

1i4
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of organic S to the total S miy be presumably due to
the accumulation of inorganic forms of S from sea

water,

The organic S was positively correlated with EC
(r = 6.8563**), organic carbon (0.4298**), CEC (r =
0.5055**) and clay content (r = 0,4600**) of the soil
and negatively correlated with the soil pH (r = -0.671§*L
Fig. 8 shows the relationship between organic s and EC
and Fig. 9 shows the negétive relationship between
organic S and pH. The positive significant relation-
ship between organic S and organic carbon showed the i
influence of organlc matter in contributing towards the
organic 5 content of the soil. Organic S was also
positively correlated with available S extracted by
different extractante and other forms of S. This reveals
that the organic S5 plays a decisive role in the total |

available 8 pool of éhe s011.

An examination of carbon : organic S ratio .of
the. soll revealed that, on an average, the soils gave
a2 value of 19.83., The variation between the soil types
was very pronounced, the ratio for the karappadam, kayal

and kari soils being 43.86, 20.11 and 14,36 respectively.
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Fig. 8 Relationship between organic S and EC
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Fig. 9 Relationship between organic 5 and pH
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Thoﬁgh the Kuttanaag s0ils in generaj, can be ccnsidered
as submerged scils, the degree of submergence is compa-
ratively low in the karappadam soils, compared to
prolonged submergence existed in kayal and kari lands.
Under highly anaerobic conditions, mineralisation of S
containing compounds in the soll organic matter is
curtailed due to the nonavallability of electron acceptors
in the respiratory chain of the microorganisms. This
causes preferential retention of S containing compounds
in soil orgaqic matter thereby reducing the C ¢ S ratio
considerably. This would explain the relatively wider

C : 5 ratio observed in karappadam soils and very narrow

C : 8 ratio observed in kayal and kari soils,

4.3. Sulphate sulphur

The content of 504,5 showed very high varlation
ranging from 37 to 2400 ppm with a mean value of 405.1
ppm when all the soils were considered. As in the case
of organic S, the 804-8 also was high in karil soils.

The mean values for the karappadam, kayal and kari soils
being 170.2, 401.8 and 624.0 ppm respectively. The
304—8 accounted for 17.4 per cent of the total S in

the soil. The high content of 504-8 in kari soil may
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be elther due to thz high content of total S or the
relatively high.conéent of organic matter which
_gradually released 804-8 on mineralisation. Moreover,
most of the kari soils are saline in nature as a result
of which the soil may contain inorganic sulphate under
the influence of gea water. The reported mean values

of 804-5 for the soils.from Madhya Pradesh, Rajasthan,
Himachal Pradesh, Uttar Pradesh, Punjab, Andhra Pradesh‘
and wet temperate zone, Himachal Pradesh were 9, ©, 14, |
11, 17, 38 and:13 prm S, respectively (Bansal et al.,
1279; Rawat and Sriniwas, 1979; Palaskar and Ghosh,
1982; Tiwari et g;...1983a; Ghai g£ al., 19843 Reddy

et al,, 1985; Sharma et al,, 1988). 1In comparison with
the above soils, the content of SO4-S in Kuttanad soil
is relatively high obviously due to the acid saline
nature of the soil Qith the accumulation of organic
matter'undgr anaerobic conditions. The Kuttanad soil
is, therefore, quite appropriately called as "acid

sulphate soils”,

The sulphate &xtracted by C.aCl2 solution includes

the water soluble Sd4—S and adsorﬁed sulphates. The

water solubile S in soil has been separately estimated.
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Since the water soluble $ is almost entirely contributed

by the SO,-~S5 the difference between 504—8 and water

4
soluble S will_approxima;ely represent the adsorbed
504—5 in the soll, 1t was seen that the water soluble
S5, on an average, accounted for 36.2 per cent of the
total 804—5. Such a large propertion of water soluble

sulphate is due to the acid sallne nature of the soil.

Plants absorp < mainly in the form of sulphate
ions and therefore, the content of 504-5 in the soll is
of prime importance as far as the availability of this
plant nutrient is éoncerned. It also constitutes major
part of the available S extracted by various chemical
agents, Since 804 ions are adsorbed by the clgy and
organic colloids, the content of 504-8 wiag relatively
high in soil containing high amounts of clay and organic
matter, As the acidity was found associated with
increasing salinity and higher content of organic matterﬂ
the 504 level of the soll increased with increase In
acidity. As a result, S0,-5 established positive
correlations with EQ (¢ = 0,8412%*), o;qanic carbon
(r = 0.4821**), clay (r = 0.4364**%) and CEC (r = 0,5834 ).

Fig. 10 shows the relationship between S0,-S and EC.

4
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The negative relétionship between pH and 504-5 is shown
in Fig. 11. Sulphate S established significant positive
correlation with available S extracted by water

(r = 0,6771**), phosphate solution (r = 0.9395**) and
Morgan's reagent (r = 0,9277**), It was also correlated

with other forms of S,

4.4, Non-sulphate sulphur

The non-sulphate S refers to the form of S that
‘may remain unextractable after the removal of organic S
(H,0, extractable) and sulphate S (CaCl, extractable),
It is mainly made up of insoluble S compounds of Ba, Ca
etc. occluded in and adsorbed on carbonates of the soils
(Evans and Rost, 1945). OGhosh et al. (1976) observed
that a minor part of the inorganic S in soil may remain
as sulphide, sulphite, thiosulphate, elemental S etc,
However, no attempt has been made in this study to find
out the composition of non-sulphate S contained in the
soil, Data presented in fable 6 revealed that the
content of non~sulphate S varjied from 48 to 3133 ppm
with a mean value of 477.4 ppm. The meaﬁ values for

karappadam, kayal and kari soils were 270.1, 304.1 and

949.4 ppm, respectively. Kari soils registered
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Relationship between SO &S and pH
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relatively higher wvalues fo non-sulphate S probably
becauée of the high-cpntent of totai S in these solls.
The contént_of non-su;phate S, on an average, accounted
for 20.% per cent of the total S in the seil. Kanwar
and Takkar (1964) reported a value of 45 ppm nonsulphate
S which accounted for 24 per cent of the total S in the

hill soils of Himachal Pradesh,

Since the Kuttanad solls reméin under submergence
for major part of the year, it is likely that a good
portion of the § remains as highly reduced sulphides,
especially iron sulphide. Nair énd Iyver {194R) reported
that Kuttanad soil contained iron sulphide similar to
marcasite which on exposure produced sulphuric scid and
ferrous sulphate. Xt i3 guite possible that the oxidat-
ion of sulphides on dfying, may not be complete and the
sulphides that persist in air dry soil will be accounted
under the nonsulphate S in the fractionation procedure.
This would exélain the relatively higher proportion of
nonsulphate S obser?ed in the soils under study. As in
the case of other forms of .S, nonéulphate S established
significant positive correlation with organic carbon

(0.6642%*), CEC (r = 0.6841%*), EC (0.5830%*) and
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negative correlation with pH (r = ~0.463F%) . It was

also positively correlated with available S extracted

by different methods and other forms of S, Such relation-
ships have already been described in the case_pf total

and availéble‘s. The nonsulphate S increased with the_
tqfal and other forms of S and hence, the above correlat;
ions are only the reflection of the iﬁter-rélationships
among nonsulphate S, total S and different forms of 8

in the soil.

The foregoing discussions revealed that the acid
saline solls of Kuttanad contained large amount of water
soluble, available and total S, Their content has not
been considerably reduced due to the soil and environ-
mental changes that took place in the.region during the
last one or two decades., Recently it has been opined
whether the application of S fertilizers may become
esseﬁtial due to the enhanced rate of oxidation of S
contained in the soils of Kuttanad subseguent to the
conséfuction of Thaneermukkom bund and the ecological

changes assoclated with it. The present study tends to
suggestlﬁhat the soils of Kuttanad still enjoy a good
supply of available S form its native reserve of total

S and addition of sulphur sources may not be a necessity

in the near future,
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SUMMARY

-

An investigation was carried out to study the"
forms and availability of S in the acid saline soils
of Kuttanad and to underétand yhether the application
of S containing fertilizers is necessary in this region
which is the major rice growing tract_of the state.
Surface soil samples (0-15 cm) were collected during
summer. They consisted of 48 karappadam soils, 62 kayal
soils and 41 kari scils. The available S in these soils
was determined by employing four different extractants,
i.e., water, CaCl, solution, KH,PO, solution and Mqrgan's
reagent. The fractionation of S was carried cut in 39
s0ils sélected from the karappadam, kaval and kari soils.
The fractions estimated were total S, organic S, sulphate

S énd.nonsﬁlpﬁéte S,

All the solls were acidic in nature, the pH
ranging from 2.7 to 5.6. The karil soils were extremely
acidic with a mean pH value of 3.49. The electrical
conductivity of the soils ranged from 0.3 to 13.0 d5/m,
Most of the kari soils were saline in nature. The
electrical conductivity of the soil increased with

decrease in pH (r = =0,5975%%) ,
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The organic carbon content of the soil varied
from 1.23 to 6.72 per cent, with a mean value of 2,97
per cent. Kari soils retained relatively high amounts
of organic matter with a mean value of 6.71 per cent.
Increase in organic carbon content of the soil increased
EC and soil acidity. In general, the Kuttanad solils
were low in available P, values ranging from 1.2 to 10.3
ppm. Available P was positively correlatea with pH and
negatively correlated with EC and organic carbon, On an
average, the content of available K in soil was low, the
value; ranging from 8 to 725 ppm. It Qas positively
correlated with the organic carbon content in karappadam

and kaval soils but not in kari soils:

In general, soils of Kuttanad contained large
amount of water soluble.S, the méan value being 126.6 ppm.
Nearly 6.3 per cent of the total S was in water soluble:
form., Maximum content of water scluble S was found in
kari soils. Water soluble S was negatively correlated
with pH and positively correlated with EC and organic
carbon. It was also significantly correlated with

available S extracted by other agents.

Available S extracted by CaCl2 ranged from

37 - 2400 ppm, the highest values being recorded by kari
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soils. The content of Cacl2 extractable S decreased
with increasing pH and increased with increasing EC
and organic carbon., It was also significantly correlated

with available S extracted by other extractants.

The values of available S5 extracted by 500 ppm
P as kﬁdegmrgﬁdéd from S50 - 2450 ppm with a mean value
of 387.5 ppm. As in the case of CaClz-extractable S,
phosphate extractable S was negatively correlated with

pH and positively with EC, organic carbon and available

S extracted by other agents.

The values of available S extracted by Morgan's
reagent ranged from 69 -~ 2500 ppm. The mean values for
karappadam, kaval and karl soils were 208,3, 481.7 and
571.6 ppm respectively. The magnitude of available S
extracted by Morgan's reagent was almost similar to that
extracted by the phosphate solution. Available S extracted
by Morgan's reagent established significant negative
correlation with pH and positive correlations with EC,
organic carbon, available K énd available S extracted by

other agents.

Most of the soils selected for S fractionation

study were loam and the CEC ranged from 10.0 - 78.8 me/100g



soil.. In general, kari soil possessed relatively high
CEC. The CEC increased with the increasing content of

clay and organic carbon,

The study revealed that soils of Kuttanad
contained 1érge amouﬁt of total S, values ranging from
600 - 9900 pprm with a mean of 2324.1 ppm. The highest
amount of total S was observed in kari soils. Content }
of total S established significant negative correlation
with pH and positive correlation with organic carbon,

EC, CEC, clay, available S extracted by different agents

and other forms of S in soil.

On an average, solls contained 1441.6 ppm of
organic S. The highest amount of organic $§ (4613 ppm)

was recorded in kari soils. In general, organic S

.accounted for 62 per cent of total S. This fraction of |

S was negatively correlated with pH and positively with
EC, organic carbon, CEC, clay, available S extracted by

different agents and other forms of 5.

The carbon : organic S ratio of the soil recorded
a mean value of 19.38. The variation between the soil
types was very pronounced, the ratio for the kari, kayal

and karappadam soills being 14.36, 20.11 and 43.86

respectively.
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The content of SO4—S showed very high variation
ranging from 37 to 2400 prm. The maxirmum conteﬁt was
observed in kari soil. In general, 804-8 accounted
for 17.4 per cent of the total S. On an average, 36.2
per cent of the total sulphate S was extracted by water
as available S. Sulphate S registered significant
negative correlations with pH and positive correlations
with EC, organic carbon, clay, CEC, a;ailable S extracted

by different agents and other forms of S.

The content of non-sulphate é varied from 48 to
3133 ppm, maximum values being registered by karil soils.
Nonsulphate S accounted for 20.5 per cent of the total S,
As iﬁ the case of other forms of 5, it established signi-
.ficant negative correlation with pH and positive correlat-
ions with EC, CEC, organic carbon, available sulphur and

other forms of S.

"The study revealed that the contents of total
and available S in the acid saline soils of Kuttanad are
so high that these soils are not likely to run deficilent

in S in the near future.
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ABSTRACT

An investigation was carried out to study the
forms and availability of S in.the acid saline soils
of Kuttanad and to understand whether the application
of S containing fertilizers is necessary in this regicn
which is a major rice growing tract of the state.
Surface soil samples (0-15 cm depth) were collected
during—summer. They consisted of 48 karappadam scoils,
62 kayal soils and 41 kari soils. The availaﬁle S in
these soils was determined by four different extractants,
ile.{ water, Cacl2 solution, KH2PO4 solution and Morgan's
reagent, The physico-chemical properties like pH, EC,
organic carbon, available P and avéilable K were also
determingd in these soils. The fractionation of S was
carried out in 39 soils selected from the karappadam,‘
kayal and kari soils. These soils were also analysed
for pH, EC, organic carbon, available P, available K,
CEé, exchangeable cations and soil texture. The sulphur

fractions estimated were total S, organic S, sulphate S

and nonsulphate S,

All the s0ils were acidic in nature with a mean
pH value of 3.92, The kari soils were extremely acidic,

the lowest pH value recorded being 2.7. The EC of fhe
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soils ranged from 0.3 to 13.0 ds/m, Most of the_kari

soils were saline in na#ure. The electrical conductivity

was negatively correlated with pH. The organic carbon ‘
content of tﬁe s0il varied from 1.23 to 6.72 per cent

with a mean value of 2,97 per cent., Kari soils retained \
relatively high amounts of organic carbon, the maximum
value recorded being 6.72 per cent which corresponded

to 11,58 per cent orgaﬁic'matter. Increase in organic
carbon content of the soil increased the EC ana decreased
the pH. In general, the Kuttanad soils were low in
availab}e P, values randing from 1.2 to 10.3 ppm. Avail-~
able P was positively correlated with PH and negatively
correlated with EC and-éfgqnic:carbbp;_'In general; the .
. content of available K in §oil:was low, the values

ranging from 8 to 725 ppm. It was positiﬁely cﬁrrelated
with the orgaﬁic carbon conéent ofakarappadam and kayal

soils,

In géneral, soils of Kuttanad contained large
amount of water soluble S, the mean value being 126,6p§m.
_The value ranged from 25 - 395 ppm. On an average,
nearly 6,3 per cent of the total S was in water soluble
form.‘ Maximum content of water soluble S was found.in

kari soils. Water soluble S was negatively correlated
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with pH and positively correlated with EC andlorganic
carbon. Available s extracted by CaCl, and KH2PO4‘
ranged from 37 - 2400 ppm and 50 - 2450 ppm respectively.
The calcium chloride extractable S end rhosphate extract-
able S were negatively correlated'with pH and positively
with EC and organic carbon. 7The mean values of available
5 extracted by Morgan s reagent for karappadam, kayal and
kari soils were 208.3, 481.7 and 571.6 ppm respectively
with an overall mean‘of‘419.2 ppm. The magnitude of
available S ertracted by Morgan's reagent was almost
similar to that extracted by the phosphate solution.
Avajlable S5 extracted by Morgan's reagent established
significant negative correlation with pH and positive
correlation with EC, organic carbon, and available K,
Values of available S extracted by the four extractants
were significantly and pesitively.correlated-among
themselves, the r values.ranging from 0.,6459%*% to

0.,9912*%%,

Most of the soils selected for S fractionation
study were loam and the CEC ranged from 10.0 to 78, 8
me/loe g soil In general, kari soil possessed relatively
high CEC. The CEC increased with the increasing content

of clay and organic carbon. The study revealed that soils



of Kuttanad contained large amount of total S, values
ranging from 600 - 9900 ppm with a mean value of

2324.1 ppm. The highest amount of total 5 was observed
in kari soil. On an average, scils contained 1441.6 ppm
of organic S, the mean values_for.karappadam, kayal and
kari soils being 586.2, 1302.,6 and 2446.0 ppm respect-
ively. Organic S accounted for 62 per cent of the total
S, The carbon : organic S ratio of the soil recordéd a
mean value of 19.83. The variation between the soil
types was verf pronounced, the rétio for karappadam,
‘kayal and kari soils being 43.86, 20.11 and 14.36
respectively. The content of SO4—S showed very high
variation ranging from Bf to 2400 ppm. The maximum
content was observed in kari soil. 1In gene;al, 804-8
accounted for 17.4 per cent of the total 8, ©On an average,
36.2 per cent of the total sulphate S was extracted by
water as available S, Total 8, organic S and sulphate S
registered significant negative correlations with pH and
positive correlations with'EC, CEC, clay and organic
carbon. The content.of nonsulphate S varied from 48 to
3133 ppm, maximum values being registered by kari soils.
It actounted for 20.5 per cent of the total S. It

established significant negative correlations with pH
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and positive correlations withlEC, CEC and oréanic
carbon, Total S, organic S, sulphate S and nonsulphate
S were found to be highly significantly and positively
correlated among themselves (r = 0.5309** to 0,9391%*)
and with available S extracted by different extractants

(r = 0.5526%*% to 0,9395%*),

In general, the soils of Kuttanad are rich in
available S as well as total S and the addition of S
containing fertilizers may not be necessary in the near

future.



