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INTRODUCTION

Deforestation -~ temporary or permanent removal of
forest cover whether for agricultural or other purposes =
has became a matter of serious concern throughout the
world. According to the Food and Agricultural Organie
zation (FAQ, 1981), 50% of the world's forests have
disappeared since 1950, It is estimated thft in humid
tropics about sixteen million hectares of land are
deforested every year. If the present trend of deforesta-
tion is allowed to continue, developing countries will
loose 40 per cent of their existing forests by 2000 AD.
Puri et al (1983) have reported that India has lost
4,04 million km2 of its forest land between 1951=52 and
1975 «76 as a result of deforestation.

In Kerala, the entire forest area is confined to
the eastern half of the State mainly in the rolling
plains and mountains of the Western Ghats region. At
the beginning of this century, about 44 per cent of the
total geographical area was under forest cover. The
data from Landsat, 1973 indicate thut forest is confined
to around 17 per cent of the total geographic area.
Though legislation was passed in 1956 reserving the
forest as Government property, depletion of forest

continues unabated.



According to Chattopadhyay (1985), the rate of
deforestation in Trivandrum district was found to be
0.5 per cent per annum between 1973 and 1984 and if that
rate of depletion per annum is taken for granted, the
State is now left with only 9-10 per cent of natural

forest.

The deforestation is caused by the combination
of a number of factors. A large area of forest has
been felled for plantation crops such as tea, coffee,
caxdamom, rubber, cashew and economically valuable trees
such as teak, eucalyptus etc, After independence different
development activities, such as river valley projects,
road construction, agricultural expansion aggravated
the situation. The mounting pressure of population
caused encroachment upon forest land and clearance of
forest became a regular practice for settlements, roads,
agriculture, collection of fire=wood and other develop=

mental works.

Deforestation brings asout a number of environe
mental problems which have far reaching consequences,
Changes in soil properties due to forest denudation are
well known. GClear felling removes a large portion of
biomass and nutrients from the ecosystem and affects
the long term productivity of the soil. Changes in

rainfall pattern, increasing rate of soil erosion,



changes in groundwater condition and seasonal flow of
rivers are other important adverse impacts of deforesta=

tion.

Laterite formation occurs mostly in humid tropies
both in agricultural as well as in forested regions.
Deforestation and subsequent hardening of the soils
become a constraint to agricultural development. Continu-
ous denudation of forest along the Western Ghat has also
brought about hastening of the process of laterisation,
In Kerala, there are different types of forests such
as the deciduous, the semi-evergreen, the evergreen and
the shola. Deforestation of these difrerent types of
forest may bring about laterisation to different extent.
Deforestation and monoculture with different econcmically
important tree species and plantatlion crops such as
eucalyptus, acacia, cashew and tea may delay or hasten
the process of laterisation to varying extent. The
consaquent changes in soil properties have not besn
evaluated in any published works. In view of this, it
is felt necessary to study the ef.ect of vegetation,
especially monoculture vegetation deliberately planted
in recent years in forested areas, on soil properties in
comparison with the soils of adjoining virgin soils.

The present study with this broad objectives has the
following working objectives;-



(1

(2)

(3)

Collection and compilation of available data
on forest vegetation and planted forests/
plantation including that of the geography
and geology relatang to the sites proposed
to be studied,

Delineating the micro and macro morphological
differences between soils of forest and

plantation sites,

Bringing out the physical, chemical and
minaeralogical differonces among the soils

under study.



REVIkW OF LITERATURE

Any soll that has developed under the influence
of a forest cover can be considered as a forest soil
{Pritchett, 1979). Forest soils are inherently fertile
and aze frequently younger than the agricultural soils.

Kollogg(il{i} (1557) defined forest land as one
bearing a stand of trees at any stage or stature of
growth including seedlings and of specles attaining a
mininum of 6' average height at maturity or a land from
which such a stand has been removed but which has not

been put to any other use.

Thomas {1958) emphasized the role of soil in
determining the distribution of tropical forests and
stated that forests were the cause rather than the
effect of fertility in tropical soils.

Devassy (1957) in his report on the working plan
for Trivandrum Division, gave a detailed account of the
different types of forests found in Trivandrum Forest
Division and also the chief species prevailing in each type

of forest.

Chandrasekharan (1962) reported that the differences
in temperature and precipitation at different altitudes



were responsible for the variation in forest vegetation

found in Kerala State.

Lffact of deforestation

Muller (1887) was of the opinion that cloarfelling
had no hormful effect. Mc Donald (1953) came to essen=-

tially the same conclusion.,

tiledemann (1934) while reviewing the cffect of
deforestation has concluded that the effect of clearw
felling of forests cannot be generalized for all situa=
tions. In some cases an unfavourable effect and in

others a favourable influence is optained.

Soil degradation

Clear-iclling of natural forests and railsing pure
crops are detrimental because of the resultant hazards
such as soil erosion, depletiuvn of nutrients etc. that

may alter the natural equilibrium of the soil (Riquier, 1953).

kvans (1976) stated that without proper soil manage-
ment practices, clear felling of natural or nlantation
forests and continuous cropping might result in soil
deterioration and the intensity of deterioration would
depend on initlal soil conditions, topography, climate

and management practices,



Greenland (1981) identified important factors
responsible for dsgradation after forest removal as soll
erosion, high soll iemperatures, imbaiznce in water uses,
decline in organic matter content and nutrient capacity,
removal of nutrients in crops and leaching of cations.

He summarlsed that deforestation might xesult in
disturbances of the equillibrium of microclimate, hydro=
logical, chemical and biotic environments. Increase in
soil temperature of surfacs laysrs as a result of low
moisture content and high air temperatures are the direct

results of the forest removal.

Delgardo Galva Flores et al (1985) has supported
the above views and has reported that deforested soils
have undergone soil and water erosions and physlolegical
and bioleglical degradation,

Physical propertiles

The important physical properties affected by
deforestation are soil pariicle size distribution, soil
structure, bulk density, porespace, water holding capacity

and soil temperature,

Particle siza distribution

Thomas (1964) observed that 20.3 to 45 per cent
gravel in the forest land while 1.1 to 20.7 per cent in
the cleared land 2 years after deforestation. According to



him sand fraction increased steadily with depth in forest
soll whereas it decreased with depth in deforested land,
Fine sand fraction in both solls showed a decrease with
depth,

Koyamu and Nambiar (1978) studled the changes brought
out in surface soil characteristics of a virgin forest
land after 11 years of growing plantation crops in the
District Agricultural farm, Koothall and they observed
an increase in coarse fraction (sand) and a decrease in
the finest fraction (clay) in the soils of all fields but
with different degrees of variation.

Alexander et al (1981a) observed that sand content
decreased and silt and clay Increased with depth in
deforested soils indicating the downward movement of the
latter due to leaching. “ study of 3 plantations in
comparison with natural forests has shown that sand and
silt contents increased with depth in all profiles
(Premakumari, 1987).

From a study of the impact of forest clearance in
a low land of evergrean forest (Furky, 1987) observed
that the fine fraction and soil depth were greatly affected
by the clearance. He also found that the proportion of
clay diminished on the upper and increased at ‘the foot
slope zone whilst soil depth thinned at thg submid and

increased markedly over the low land,



Structure

The favourable structure of the forest soils is
often found to be damaged due to deforestation.Pathak et al
(1964) in a study of the physico=chemical properties of
soils under cultivation and forest cover showed the forest
soils exhibited more aggregation than cultivated ones,
Hulton (1976) came to the same conclusion that the mean
weight diameter of surface soil aggregates was larger
for forested soils than for soils under cultivation. The
percentage aggregates > 0,25 mm size were generally higher

in the non=forest than in the forest sites.

Mechanical disturbances such as removal of stumps,
logging and other activities can damage soil by compaction
(Pritchett, 1979).

Wilfred Godwin (1986) while studying the fertility
status of soils in South Kerala found that water stable
aggregates were hagher in the sub surface soils than in
the surface solls. He ascribed this to the lesser mechani-
cal disturbances as well as to the binding action of

roots and organic matter,

Duchaufour (1987) has revealed that the structure
of a moraine forest soil has been degraded under cultivae
tion, He also found that organic matter has a marked

effect on the soll structure. Physical entanglement of
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soll particles by roots, the production of polysaccharide
materials (root exudate) from roots and microblal activiily
and the wetting and drying cycles of the soil are more
probable reasons for the observed increase in stubility

of the soils (Monroe and Kladioko, 1987).

Bulk density, particle density, pore space énd watex
holding capacity

Engler {1919) noticed a lower porg space for agri=
cultural and pastural soils compared to that of the adjacent

forest soils.

Pathak et al (1964) found that porosity, water
holding capacity and moisture of soils under forest cover

were higher than those of the soils under cultivation.

Deforestation and continuous cropping resulted in
an increase in bulk density and particle density and a
reduction in pore space of the surface soil ijue to the
destruction of soil organic matter (Pritchett, 1979)
Gent et al, 1983).

While studying the nutrient racycling under mono=
culture conditions in tropical forest Premal Kumari (1987)
observed higher values for bulk density, particle density
and lower values for water holding capacity, pore space

and volume expansion in plantation soils compared to

'
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natural forest where organic matter content was higher.

Hulton (1976) found that infiltration rates were

higher in soils under forest than under agriculture use,

Chemical properties

Riquier (1953) found that removal of forest
increased the pH of the soil by checking the subsequent

accumulation ox organic matter.

Nye and Greenland (1960) re.orted that acidifica-
tion on forest removal is aggraved by a decrease in

nutrient recycling.

In a comparative study of forest and deforested
soilsof Kerala, Thomas (1964) observed that lhe surface
s0ll of deforested land after 2 years was less acidlc due
to incoxrporation of ash in the s0il during burning opera=

tion connected with the deforestation.

Jose (1968) found increase in pH of the deforestad
soila as a result of the checking of subsequent accumulaw
tion of organic matter., Fuller (195%) attributed this change
of pH to the removal of soluble salts by leaching., Koyamu
and Mambiar (1978) believed that the lowering of pH might
be due to the application @r acid forming fertilizers,

production of organic acids in the process )»f decomposition
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of organic matter and uptake of cations from the soil by
the crop.

Mc Coll (1978) in a study of ionic composition of
forest soil solution and effects of clear cutting concluded
that pH and specific conductance of soil solutlons decreased

following clear cutting.

Stoin et al (1983) observed that following clear
cutting and burning, soll pH was generally higher than in
uncut forest soil, The difference in pH was greater within
several months and gradually decreased until thc end of the

second year.

pH when determined in 0,01 M CaGl2 solution recorded
a lowering of 0.2 to 2,9 units compared to pH in watex
(Meena, 1987).

Raveendran Nair (1988) noticed that pH in KCl was

always lower than that in water,
Cation Exchangae capacity (CLC)

Yadav (1963) reported that the CEC of the forest soils
in Chakrata division of U.P., varied from 9.4 to 44 me/100 g
of soil and the top A=1 hoxrizon had the highest CEC resulting
from an accumulation of humus,

Thomas (1964) observed a higher CEC for the subsoils
of cleared land than for natural forest. He attributed this
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to the greater content of clay and organic matter in those

horizons.

Based on a study of the effect of deforestation on
the soils of the Anteguera zegion of Malga, Delqardo Calvo
Flores et al (1983) suggested ihat the removalof forest would

result in a reduction of CEC.

Organic matter status

Trimble and Tripp (1949) found that all organic mattexr
disappeared and even after 15 years its content was very low.
The practice of slash burning leads to the destruction of
organic matter upto 70 per cent in the surface 7.5 cm of

soil (Youngberg, 1953).

After clearing a forest in Chana, organic matter
content of the top soll decreased by 57 per cent after 3
years of exposure, whereasQ)undershaée the decrease was only

27 per cent {Cunningham, 1963).

According to Thomas (1964) organic carbon has been
leached to a greater depth in deforested areas as compared

to natural forest.

From a study on the effect of deforestation on organic
carbon nitrogen and potassium, Chaly (1965) has reported that
organic matter is considerably reduced after denudation,

He has also observed a tendency for the level of carbon in
the lower layersto incrcase with incressed perilod of denuda-
tion.
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Groenland (1981) showed that the rate of decay of
organic carbon was significantly increased on forest

removal,

Stoin et al (1985) reported that soil organic matter
was lower lmmediately following clear cutting and burning
and increased to lavels greater than those of uncut forest
soils. He also reported that no difference was noticed in

the content of organic matter by the end of the second year,

Kawaguchi and Yoda (1986) observed that organic carbon
accumulation decreased in the soil remarkably in the first

40 years after clearing and then gradually increased.

Khanna et al (1986) have observed that the higher
contents of organic carbon of the soils are correlated with

increase in CEC,

VWadsworth et al (1988) have studied the effect of
fallow length on organic carbon of some tropical udults
and have found that the organic carbon content of surface
solls decreased for 10 ysars following ¢learing and then
gradually increased to approach the original content after
90 years. They have alsc found that bulk density and
organic garbon are statistically significant and negatively

correlated.
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Nutrient status
Duchafour (1953) pointed out that destruction of
forest cover led to heavy leaching and loss of plant

nutrients.

Chaly (1969) presented that appreciable amount of
potassium was lost by percolation and drainage and solls
examined 10=1%5 years after denudation contained reduced
amount of potassium in the surface layer. He concluded
that as soil was denuded by deforestation the action of
climatic factors like rainfall and temperature became
very intensive resulting in accelerated erosion and

enhanced leaching.

Jose (1968) noticed a higher percentage of nitrogen
and a low C|N ratio in the lower horizons one year after
deforestation indicating that decomposition of organic
matter, mineralisation and leaching of nitrogen into
these layers were at & faster rate immediately after
clearing of the forest. He also found that phosphorus
accumulated in the second horizon in a deforested soil
rather than the surface as in forest. During the pro=
longed process of thinning and clearfelling of forests,
the bases liberated from the decomposing organic matter

got quickly and preferentially leached down the profile.
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Chandrasekharan Nair (1969) found that the calcium
content was highest in the surface soil and it decreased
down the profile. He also found that the content of

magnesium was invariably proportlonal to the rainfall.

According to Alifanov (1979) forest soils contain a
spall amount >f available phosphorus and a laxrge amount of
exchangeable potassium., The available phosphorus and
potassium in the ploughed soill depends upon the fertilizer
applied,

Wollum and Gilbert (1975) suggested that nutrients
in the forest floor were inversely proportional to the
degree of thinning.

Koyamu and Nambiar (1978) noticed a gencral increase
in the phosphorus and magnesium contents in deforested solls
11 years aftex cultivation. They atitributed the increased
nutrient availability to the decay of abundant organic matter
release and accumulation of nutrients and lesser utilization

by the crops.

Adams and Boyle (1980) from a study of the effect of
fire on soil nutrients in clear cut and whole harvesting
sites concluded that the abundant slash from clearcutting
contributed to significant and persistant increase in

calcium, magnesium, potassium and nitrogen following a fire,
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as compared to the whole tree harvest. Five months
after a fire, soil calcium, magnesium, potassium and
phosphorus at both sites found generally decreased in
some cases to the pre-~fire levels. The ledching losses

of calcium were significantly greater in clear cut site.

Silk worth and Grigal (1982) revorted that calcium
showed a significant loss associated with wholewtree
harvest in the first 5 years after harvest. They also
reported that over a 60 years rotatlon, precipiiation and
normal weathering would replace nitrogen, phosphorus and
potassium lost by product removal and deep leaching,
about one half of the magnesium but would not replace
calcium. The loss of calcium and magnesium might lead

to accelerated soil acidification,

While evaluatin the soil fertility at the time of
1 and & years after clear cut and whole tree harvest of
adjacent oakwaspen forosts Adams and Boyle (1980)cbserved
that the surface soil showed an increase in potassium and
a decrease 1ln nitrogen concentrations one year following
the haxvest while similar to original level 5 years after
cutting. Calcium and phosphorus levels at both sites five
years aiter culting were higher than the levels at the
time of h.rvest while potassium and nitrogen were simllar to
the original levels, Calcium and magnesium concentrations

at the clear cut site were 88 and 75 per cent higher than
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the levels at the whole tree harvestsite 5 rears after

the harvest.

Lear et al (1983) observed that whole tree harvesting
of above stump biomass removed more than twice the nitrogen
and phosphorus and almost twice the potassium and calcium
as conventional harvest of boles only. They also observed
that harvesting and/or prescribed burning were the major
causes of nitrogen and phosphorus loss. They suggssted
that harvesting of boles only on rotations of moderate
length and leaving the forest floor and logging slash in
place would help to minimise the adverse effect of cleare
cutting on the nutrient status and thus improve the producti-

vity of the sites from being degraded.

While studying the nutrient dynamics in decomposting
lobollypine slash Barber and Van (1984) have reported that
woody=logging slash acts as a nutrient sink and may be

important in nutrient conservation on cut over areas.

Bruijnzeal and Wiersum (1985) summerised that the
whole tree harvesting should not be practised to avaoid

future shortages of nutrients, especially of phosphorus.

Storage of nutrients nitrogen, phosphorus, potassium,
calcium and magnesium in undisturbed forests and minimally
disturbed plantation was atleast 10 times greater than in
intensively prepared (windrowed) plantations{Morris and
Pritchett, 1983),
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Available phosphorus levels decreased until there
was little difference between the clear~cut and uncut
forest soils by the end of the second year. Soil inorganic
nitrogen levels were variable but usually were greater
on the clear~cut sites than on the uncut sites (Stoin et al,
1985) .

tiagnesium increases with increase in depth while
calcium falls. The low calcium values in B and C horizons
result in acid B horizon (Little and Smith, 1986).

C/N ratio

In a comparative study o: Indlan soils with specilal
reference to C/N ratio, Satyanarayana et al (1946) observed
that the general levels of carbon and nitrogen were very
low in many soils and the C/N ratic was lying between 5
and 25,

Yadav and Pathak (1963) reported that C/N ratio of
forest soils of India varied from 1.5 to 25.4. Accordang to
Viro (1974) burning causes marked decrease in C/N ratio.

The C/N ratio narrowed from surface horizon to the lowest
horizon in the forest as well as In plantation soils
(Prema Kumara, 1987),
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Iron and aluminium

D' Hoore (1954, 1957) found that iron mobilized to
a great degree and to greater depth under tropical grasses

than under forest,

Mc heague and Day (1966) studied the dithionite and
oxalate extractable iron and aluminium as an aid in
differentiating various classes of soils. According to
them, the active iron ratio that is the ratio of oxalate
extractable iron (Fe(o)) to dithionite extractable iron
(Fe(d)) is an index of the degree of aging or c¢rystallinity

for Free iron oxldes.

Schwertmann (1966) illustrated the inhibitory effect
of organic compounds in crystallisation of ironoxides and
the high Fc(o)/ Fe(d) ratios in the surface soils showed
presence of high organic matter content in the epipedon.

In all the soils studied the values of dithionite extracta-
ble iron were considerably higher than the pxalate extracta-
ble iron.

Iron is found translocated from the upper to the
lower solum along with clay and clay sized particles probae
bly as coatings on layer lattice clays, In well drained
soils the iron remained in the clay fraction and is more
crystalline as evidenced by the increase of Fe(d) with
respect to Fe(o) (Richardson and Hole, 197.).
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LeveMinzi et al (1971) found that exchangeabls

1 and was

aluminium varied from a trace to 370 png g
negatively correlated with hydrogen ion concentration.
They obtained no correloticn between soluble 2luminium

and iron. «<amprath (1972) while studying tho level of
aluminium in soal sclution found that organic matter
formed a very stroag complex wiih aluminium and that

as organic matter increased aluminium in the soil solution

decreased,

Gallez et al (1979) showed that extractable iron
and aluminium oxides were found in soils derived frem
basalts. In all cases iron oxides existed predomlnently

in crystalline {orms.

Tuomas {1975) observed that exchangeable aluminium
content in the soils decreased with increase in organic
matter. Hoyt (1977) concluded that exchangeable aluminium
decreased while pH dependent acidity increased with increa-
sing organic matter. Karthikakutty Amma at al (1972)
estimatea the extractable aluminium in rice soils of

Kerala and found that it ranged from 85 to 3700 M9 9'1.

Thomas Yarghese (1981) while studying the genesis,
morphology and physico=chemical characteristlcs of the
laterite soils of Kerala has found that in high land
undex forest vegetation there is no increase in iron
content with depth.
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Verma (1982) while comparing pedogenic distribution
of aluminium and iron forms in selected soils of Himalayan
region identified considerable accumulation of organic
matter and amorphous aluminium and iron in B horizon and
higher active aluminium and iron ratios in podzols than

in the non=podzolic solls.

In a study of the exchangeable aluminium as an
index of liming for acid upland soils of Kerala, Meena
(1987) showed that at higher values of exchangeable
aluminium in the soil the concentration of phosphorus in the
top soil decreased due to the strong antagonestic relation

between aluminium and phosphorus.

Manganese, Zinc and Copper

Fugltomo and Sherman {(1959) estimated copper contents
in B7 representative soll samples and found that the
content ranged from 16 to 357 ug g"'1

of 124 ug 9.1'

with an average value

Karim and Sedberry (1967) obsexrved a positive signie
ficance with total zinc and clay minerals in selected soils

on Louislana.

Ravikumar Praseadom (1970) es.imated that the total

copper in different soils of Kerala ranged from 5 to 325 ug ¢

and available copper from 0.13 to 4.6% ug 9'1. A positive
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correlation was found between total and available copper,
between available copper and organic matter and between
avallable copper and fine fractions of alluvial soils of
Kerala. No regularity was noticed in the downward distrie
bution of total and available copper in different soils.

He also reported that the total zinc in the soils variled
from 3.5 to 100 M9 91 and available zinc ranged from

0,25 to 8 M9 gii in the soils of Kerala. He found a positive
correlation between total and avallable zinc and there

was no regulariity in the downward distrioution of total zinc,
Available zinc increased steadily with depth,

George Varghese (1971) observed that the contents
of zinc and copper decreased with depth in most of the
alluvial soils of Kerala. There was no psotive correlation
between zin¢ and organic matier, total nitrogen and potassium,
A nonesignificant positive correlation was noticed between
total zinc and the silt and clay content. The total zinc
was negatively and signiflcantly correlated to pH. He
also obsexrved that the total copper was significantly and
positively correlated to organic matter and silt and clay
fractionsand positively and non=significantly coxrelated
to total nitrogen, phosphorus and potassium. The available
zanc and copper contents in the soil were foun? to decrease
with depth,

Bhdhewar and Omanwar {1980) estimated the average DTPA

extractable zinc in some Tarai soils under field capacity



24

moisture reqgime as 1.88 Mg 9-1 of soil at 10°C which
increased significantly to 2,54 and 2.8 M9 9 of so1l at
25%C and 43°C respectively, They concluded that temperature
exercised a greater influence on Increasing available zinc

in soils as compared to moisture.

Mukhopadbyaif?%QBS) studied the forms and distribution
of manganese in some soils of northern region of Uest Bengal,
He calculated the mean value of total manganess content and
ranked the soils in the order Brown forest (794. 4 M9 9-1)
Teesta and Tarai root hills (704.4 M9 g-1) and old alluvial
soil (576.6 M9 g-1). He observed that the neutral amnonium
acetate extracted the least amount of manganese which consti=
tuted only 0.2 to 2.2 per cent of the total amount present
in the soils. He also observed that on an average the quantity
of menganese extracted by the neutral normal ammonium acetate

was higher in the surface than in the subsurface.

The tota% content of zinc for all the soils varied from
12 0 92 M9 8 | 108t of the soils had the highest concentra-
tion of total zinc in the surface horizon (Chude et al.,1985).

Smirnova and Motuzova (1983) while evaluating the
status of copper, zinc and manganese in the soils of sikhote-
Aline biosphere preserve have found that zinc concentrations
are higher and copper and manganese concentrations are lower

than clerks levels in the soil forming rocks and in soils,
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They also have found that the contents of the elements=
copper, zinc and manganese = extracted by ammonlum acetate

golution are higher in the upper horizon than in the lower.

Available copper formed a greater portion of its
total content than the corresponding values for zinc¢ and
not much variation was noticed in the lateral and vertical
distribution of copper and zinc in the soils of South Kerala
(Uilfred Godwin, 1986).

influence of vegetation

According to Burger (1926) the quality of a soil is

to a great extent & function of the forest stand it supports,

Marbut (1932) studied the relation of soil type and
environment, He considers that vegetation was the most

important soil forming factor.

Joffe (1936) observed that plants acted directly as a
factor of soil formation. He rovealed that the type of
vegetation=grassland and timber = and the physiological
functions of the plants and their composition influenced
the constitution of soil profils,

Jenny (1941) recognised vegetation both as a dependent
b

and as an independent variable., He studied the prairie-timer
transition zone and emphasized the role of vegetation as an

independent variable by illustrating that under equal
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climatic circumstances a deciduous vegetation stimulated
leaching and accelerated soil development more than a

prairie vegetation.

Yadav (1968) found that solls under difierent forest
vegetation differed considerably in thelr physical and
wone.
chemical characteristics., Wick, and Cowell (1975) reported

a correlation between vegetation type and soil.

KWilfred Godwin (1986) has suggested that vegetational
cover of the solil seems to superimpose the influence of
slope in the retention and redistribution of nutrients as
well as different sized soll aggregates and soll particles

by altering the amount and velocity of water running through.

Weathering process seems to be quite active in soil
under teak followed by eucalyptus cover (Tofey et al. 1986).
From a preliminary investigation Alexander (1986) showed
that Acacia albjda was more effective in improving the soils,

Saverson et al. (197%) have reported that the major
differences in the amount of materlals lost from the eco=
system were ralated to soil type rather than to treatment
or vegetation,

While comparing the effect of type of vegetation on
erosion on catchment area Avolilo et al (1980) found that

erosion value was lowast in Eucalvptus occidentalis high
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forest., They suggested that as canopy cover increased
erosion was found to be decreased,

slca T t

Thomas (1964) observed that more clay content was
obtained in soils of moist deciduous forests than in other
type of forests,

Robinson ot al (1966) observed no significant differ~
ences in physical properties of soils under indigenous forests

and under a sixteen year old tree plantation.

From a study Jose and Koshy (1972) found that consti-
tution of clay was not altered to any marked extént by the
removal of natural forests and by maintaining a pure teak

vegetation.

Gary and Boggers (1973) showed that bulk density was
lower in soils under forests cover than under pine or old

field cover.

Rajamannar et al (1979) studied soll samples collected
from low and high level lateritic solls under Eucalyptus
plantation and found that they were sandy loam in texture.
Among the properties of soils under eucalyptus, gravel
content was the most and particle density was the least
variaole fuctor. Sand silt and clay contents were highly
1able wiers a3 WHC, pore space, bulk density were only

Wt
6dLE® (Alexander and Thomas, 1985).
kel
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Elizebath Chacko (1988) in a study of physico chemical
and blological properties of high elevation twa soils of
Ponmudi has reported that the texture of tea solls is of
uniform clay loam type, indicating the dominance of clay
compared to silt and sand fractions. Higher values for
bulk density and particle density were noticed in the soils.
A higher content of clay (39.,98%) in rubber and eucalyptus
(37.614) compared to 27.98% in the natural forest probably
indicated a higher degree of weathering and clay formation

under the influence of rubber and eucalyptus (Prenakumari,1987).

Chem, roperties
Doyne (193%5) observed that surface soils were generally
less acidic than deeper layers because of the stand of species

of trees whose follage contained a high content of bases.

Most of the tea solls of South Indla show a pH value
between 4.9 and 6.0, the figure is higher in some cases
(Mann and Gokhale, 1960).

Thomas (1964) observed a higher degree of acidity in
soils of moist deciduous forest while Gary and Boggers(1973)
studled that pH and exchangeable bases were higher in soils
under a native forest cover than under pine or old fileld
cover. Samples collected for low and high level laterite
solls under eucalyptus plantation were acidic in reaction

(Rajamannar, 1979).
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From a study on properties of teak soils Alexander et al
{1981 a) concluded that though the teak plantations tended to
change pH, organic carbon, CEC and particle size distribution,
increase of organic carbon and CEC of the solls during a long
rotation of 70 years teak recuperated the soil parameters to
its original level. They reported that the pH value of teak
soils ranged from 4.2 to 6.6 (extremely acid to neutral)
and the pH decreased or remained steady with depth, They
also presented data that indlcated no marked changes in

cation status due to teak cropping.

Alexander et al (1981 b) showed relatively higher
levels of organic carbon and CEC in the surface horizon of

the profiles under eucalyptus,

Alban (1982) found that soil pH and CEC were highest
under pines, which were direccly related to the soil calcium
content.

In an imvestigation on 22 spruce fir sites Fernandez
and Struchitemeyer (198%) noticed that soil pH increased
with depth. They reported that significant correlation
existed between exchangeable aluminium and extractable

aluninium throughout the profiles.

Tofey et al (1986) studied the effect of forest cover
on physico=chemical properties of the s30ll and found that
»0il pH was lowered more under eucalyptus plantation than

under teak plantation.
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Singh et al (1987) stidied the chemlcal properties
of soils developed over gneilssic rocks under different
forest ¢cavers and found that CEC was higher under a mixed
stand with sal, Termjpa)ia melanoxylon and others. Soil pH
was higher in A horizon than in ths B horizon for all the
samples. A lower subsoil pH was noticed under sal., Cation
Exchange Capaclity of solls cultivated with teéa is found to
be low (Elizebath Chacko, 1988).

Fertility status

Mann and Gokhale (1960) studied the tea soils of India
and reported that the tea soils of South India were generally
well supplied with nitrogen that varied about 0,15 per cent
to about 0.40 per cent.

vihile studying the influence of teak plantation on the
morphological, physical and chemical properties of deforested
solls Jose (1968) found that in natural forest content of
calcium and magnesium were higher in the surface soll and
decreased with depth. The maximum amount of potas:ium was
present in the second layer., In teak plantatlon these sle~
ments were present more in the lower layers. The surface
soils of the natural forests exhibited relatively higher
values for G/N ratio and phosphorus content compared to the
teak plantation.

Koyamu and Nambiar (1978) observed a reduction in
total nitrogen content of soil after a period of 11 years

of growing plantation crops except in soils where glyricidia



31

was grown on field bunds and 7.5 to 10 tons of glyricidia
leaves per hectare were appglied. They also observed a

general reduction in potassium and calcium content as well
as an increase in phosphorus and magnesium content, A general
reduction in organic matter was noticed in top soils except
in the field where cocoa was grown as mixed crop with

arecanut.

Rajamannar et al (1979) found that the organic carbon
content decreased with depth in soils under eucalyptus
plantation.

Alban (1982) while studying the efrect of different
species on soll properties found that organic matter and
nitrogen tended to be the lowest under aspen and spruce than
under the pines, whereas phosphorus and potassium did not
differ with the specles. The difference in the soils related
to the species were most pronounced in the top 10 cm but

only a few occured below 25 ¢m.

Balagopalan and Jose (1983) observed that the C/N
ratio of the soils was little influenced either by depth
or by the type of vegetation. The ratio of total nitrogen
to available nitrogen increased with increase in depth of

soil under teak and mahogany.

In & nutrlent balance study in a tropical rain forest
in Venezuela, Jordan {1982) has concluded that if the forest

is not successional and aggarding, the weathering of parent
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material dossnot play an important role in the nuirient

econony of the ecosystem.

According to Samra et al (1983) vegetation is one
of the most important factors affecting the course of
soil development under natural wood land ecosystem. They
have shown that under natural waod land with deep rooted
vegetation, about 4 times more of calcium and magnesium
were phytocycled enriching the A horizon. They have also
shown that high content of organic earbon throughout the
profile is an indication of the dominant role played by
vegetation in the genesis of soil,

Compared to natural forests, higher levels of organic
carbon occured in teak, eucalyptus and albizzia plantations.
Being leguminous, albizzla plantation enhanced nitrogen
fixation as well as organic carbon build up in the soll
{Balagopalan and Alexander, 1983).

O' Connell and Menage (1983) reported that the order
of release of nutrients from decomposing eucalyptus litter
was p<N xCa «SEMgLClIX K< Ra, The rates of decomposition
of green leaves differed between soll types in the order
of reddish gravels > dark sandy duplex soil> yellow gravels,
These differences may be related to the higher nutrient
status of the reddish gravel soils.
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Adams and Attiwill (1984) have reported that

relative abundance of nitrogen in Acacia spp. was

& result of nitrogen fixation. They have also found
that large amounts of N, Ca, lig and K are immobilized
in acacia biomass, much of which is returned to the

soil after canopy closure.

Jna and Pande (1984) concluded that eucalyptus
monoculture in natural soll areas causes no damage to

soil fertility and is superior to sal monoculture,

Adams and Attiwill (1985) estimated the rates of
nitrogen fixation by Acacia dealbeta as 12-32 kg ha'1y£'1
which confirms role of acacla as a fast growing pioneer
species important in maintaining the nitrogen pool of
the forest ecosystem,

Planting of eucalyptus and acacia as monoculture has
got very deleterious impact on soil characteristic and
fertility (Byju, 1989),

Effoct def at aterjsat
History, definition and nomenclature

Buchanan (1807) first gave the name 'laterite! to a
weathered material occuring in masses vith full of cavities
and pores and without any appearance of stratification,
overlaying the granitic bed rocks of Malabar, Following
this, laterite waes found and studied in many places in
India and abroad. Kellogg (1949) suggested the term *latosol’
to denote the laterite soils and restricted the word laterite

to ferruginous which harden upon exposure and fossil forms
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of these matorial.(:ﬁﬁbinson (1949) coined the texrminology
tforrallitization' for pedogenesis and 'ferrallitisols!

for the resultant pedon, while Fitz (1974) named laterite
soll as 'Kraznozems' and suggested the possibility of their

designation by numerical analysis.

verner Schellmann (1986) has defined laterite as the
product of intense subaerial rock weathering which consists
predominently of mineral assemblages of goethite, hematite,
aluminium-hydroxidos.anolinlto minerals and quartz,
uspA (1960, 64, 67 and 75) introduced the term *Oxisols®
to cover the laterite soils in general where the diagnostic

characteristic is an oxic subsurface (B) horizon.

Cenesis

D'Hoore (195%) showed that laterite can be a conss=
quence of either or both of the following two processes
(1) concentration of sesquioxides by removal of silica
and bases or (2) concentration of sesquicxide by accumulae

tion from an outside source,

Satyanarayana and Thomas (1961) while studying some
profiles of laterite and associated soils in Kerala and
South Canara district of Mysore found both gneissic and
basaltic rocks beneth laterite.

According to Mary Mc Neil (1964) laterisation occurs
most commonly in tropic belt between the latitudes of 30°
North and 30° South were high temperatures and heavy raine
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feli previls at least during & part of the yezr,

Latexisation is favoured by fins textured basic
rocks derived undexr humid troplcal climate with high
temperature and rain fall with interaittent dry period,
As a result of this, oxginic autter gets decamposed
rapidly leaving bases as residues, which porcblat-
down on receipt of rain ciusing alkaline hiydrolysis
and the silica is leachad down the profile leading to
accuzulation of sesquloxide in the surface of the soil
(Patnaik, 1971). The schexe of laterite formation is
one where iaolinite clay minerals with absorbed amorphous
ferric hydronide in situ gets trinsformed to hematite,
optionally also to giobsite and nat to ¢rethite but in
suboxdinate quantities (Schaidt Lorenz, 1979).

Honiz ot al (1982) sugjested thut the lateral
resilication process is very important in tropical region
because it counterbalances the sllitization process and
explain the accurrence of relatively less weathsrsd clay
minerals on lower slope position in the soil scape,

necording to “hatelat (1938) laterite soil develsops
undexr high precipitation in forest vegetation, Humbert
{1948) suggjested that laterite formed in a climate that
had wat and dry season. The laterite he observed was in
an open savannah that wan§§iadualfyroplactng the forasst,
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a common condition where a dry season was prominent,
Maignien (1958) reported that laterite was most extensive
and strongly expressed at the boundaries of forests and
savannah, He also reported that ferruginous laterites
might develop on a variely of materials, provided there
was a source of iron e¢ither in the parent rock or in an
adjacent area from where water introduced ferruginous
materials. Alexander and Cady {1962) in support of the
above views stated that an adeguate supply of iron
appearsd to be essential for laterite formation irrespece
tive of the material in which it was formed. They further
noted that the thickness of the laterite crusts vas some
times related to the irone-richness of the associated rocks.

Sivarajasingham et al (1962) revealed that the
laterite could be formed over a variety of parent rocks
ranging from basic rocks like basalt and diorite on one
side to acld rocks like granite and gneiss on the other
side,

In a review of research on laterite, Maignien (1966)
stated that most of the contemporary laterite soils
developed at mean annual temperature around 25°C and upto
an altitude of 2000 m. tHe reported that laterites were
not confined to huwid tropics alone but also present in
the semi-arid and arid tropics. Lateriie soils were mostly
seen in tropical environment where annual precipitation was
atleast 1200 rm.
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Buringh (1970) expressed that the formation of
ferrallitic soils was favoured when the soil temperature
was 24°C to 27°C throughout the year with mean precipitae
tion of 30006000 mm per annum.

Morphology

Harrossowltz (1930) described the four levels of
horizons in ascending order from bottom to surface of a
characteristic laterite profile develcped under a tropical

savannah as undert=

a) a fresh zone

b) a zone of primary alteration to Kaolinite

¢) a laterite bed proper

d) a surface zone with a ferruginous incrustation

and concretions.

Satyanarayana and Thomas (1961) have reported that the
colour of laterite soils depends on the content and forms
of iron hydroxide and oxides which impart the yellow,
pink brown and red colours to ths ground matrix and earthy
clay. They described the moxphology of an ideallssd in
situ laterite profile from Malabar region of Kerala as

followsg=
Horizon designation Characteristic features
A =« Surface soil usually loamy or

clayey with iron oxide aravel
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BL1 Crumbly or slag like laterite layer with
embedded laterite pebbles of varying
sizes

BL, Hard, honey-combed or cellular structure

having iron oxide skeleton and cavities
filled with kaolinitle clay.

BLg Vermicular layer, usually quarried having
probably equal proportions of iron oxide
and kaolinitic material

BL‘ Soft laterite layer (does not retain
shape when cut into stones) having
greater kaolinitic material.

BLy /s Kaolins layer and/or sand layer
Sy Weathered rock
G, Rock

Gopalaswamy (1969) while preeenting the morphological
description of 5 laterite profiles in Kerala found no dis-
tinct variations in the colour even upto a depth of 230 cm,

P ca & [-x]

According to Kellogg (1949) and Manickom (1972), the
intensive weathored laterite solls have very iow silt
content. Gopalaswamy {1969) and Gowalkar and Detta (1971)
reparted a decrease in the content of sand fraction with
depth in most of the laterite soils examined,
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Manickom (1977) in studies on the east coast laterite
observed that the values for porosity and water holding
capacity registered an increasing irend with depth showing
a positive influence of clay arid a negative influence of
sand fractions with depth,

The bulk density and particle density are uniform in
different horizons of laterite soil proiiles in Kerala
indicating more or less squal weathering for all depths
(Gopalaswamy and Nelr, 1972).

Ghemical properties

Bauer (1898) was the first to recognise chemical
characterisation of laterite by pointing oul the elevated
contents of Fe, 0, and Al,05 and the low content of Si O,.
He also recognised the presence of aluminium hydroxide in

a specimen under migroscope.

Satyanarayana and Thomas (1962) revealed that the
in situ laterite profiles from Angadipuram and Kasargode
were acidic in pH (4=3) and extremsly low in; CEC (2.5 to
7 m.e/100 g of soil) Iron content was high in soil in the
surface and intermediate layers, Silica content was found
to decrease with depth while alumina content showed a

general tenuency to increase. The soills were low in bases,

From a study of the chemical composition of five
latexite profiles in Kerala Gopalas/amy and Nair (1972)
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showed that the solls were acidic, The decrease of pH in
lower layers was attributed to the advanced decomposition
in the clay ma2ss at lower depth. The value of CILC was
extremely low with a range of 1.932 to 10.72 me/400 g.

Subramonia Iyer (1979) has observed that laterite
soils in gencral have a low conitent of available P and K.
He also observed that the P content decreased with depth.

According to Thomas Varghese (1981) an organic matter
level less than S per cent in the surface soil leads to
ferrallitization in a conducive laterite environment.

Influence of vegetation

According to Glinka (1927) a forest vegetation was
necessary for laterite formation, More detalled studies
have shown that while laterite occurs in regions with a
xain forest vegetation, well developed laterites are most
commonly found under a low forest and that haxd superficial
laterite is a common feature of the open savannmah.

It would appear from the literature that luterite
was most extensive in ar¢as of savannah but the laterite
forms under forest though its hardening was favoured by

lack of forest cover.
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Davis (1940) observed that denudation of forest
followed by planting of teak resulted either in the
formation of laterite or in the exposure of the laterite
beds originally present as a result of erosion of the
top soil.

Ghani (1951) believed that soils in the evergreen and
gemie=everyresn forests in Last Bengal wexe in a delicate
palance with the opposing forces of laterisation .nd
podsolization.

Hatgnen (1966) expressed the view that there are
raciprocal interaction between vegetatlon and formation

of laterite and incrusied solls.

According to Thomas Varghese (1981)geveclimatic environe
ment, though found to exert a significant role in dociding
the oxtent of ferrallitization, its effect was inhibited
by forest canopy and abundance of organic matter in the

pedons,

In a comparative study of micromorphological and
physico=chemical properties of uplend and midland laterite
soils of Kerala, Sankarankutty (1986) reported that vegetaw
tion and high organic matter conbtent in the mideupland
forests could stop alluviation of eroded material relic
ox otherwise from the upper region of the slope to a
greater extent than was possible In corresponding mide

slope in denuded region.
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Hazdening and softening of laterite

Rosevear {1942) cited a case where reforestation
softened hard laterite significantly in as little as

16 years.

Sivarajasingham (1961) reported that in mosi cases
the chemical, mineraloglcal and micromorphological
differences 0of soft and hard minerals were not great.

A dec.ease in kaolin was associated with an increase in
crystallinity and continuity of goethite which was
belisved to be the primary cause of the change from
soft to hard material.

From a study, Sivarajasingham et al (1962) have
observed that maintenance of a moist condition and
actively growing vegetation appears to be associated
with the process of softening of hard laterite. The
process involved the complexing of iron by organic
compounds and destroying continuity of crystalline
materlal. They further reported that maintenance of
a forest cover, protecting the unconsolidated soil
cover and minimising exposure to high temperature and
dehydration, prevents hardening of laterite that
are still soft.
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walker et al (1969) in a study of titani-
ferrous latosols in an environment of 30-60"
rainfall with altering wet and dry seasons have
observed that under normal vegetatlon these soils
consist of friable silt material with very little
horizon differentiation, but when the natural
vegetation is removed, a surface indurated horizon
developed in which bulk density and particle density
increased two fold.

Shadfan et al (1985) studied the strength
of materials from laterite as well as iron-glaebules
and surrounding matrix in Paleudult scil and found
a positive linear relationship with dithionite
extractable iron and a negative linear relation-
ship with the proportion of oxalate to dithionite
jron. They further showed that a suitable crystallie
zation environment allowed the formation of large crystal
especlally of the goethite type and in large amounts
that link together to form a rigid net work and
thereby cause the hardening of iron rich

materials,
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Mineralogy

In a review of research on laterite Maignien (1966)
reported that the principal factors determining the
nature of alteration of minerals for a given type of rxock
were essentially drainage condition and ionlc content of
percolating waters, Conditions of unsaturated and acid
pH favoured the formation of Kaoline, delonisation condi-
tions and high precipitation promote crystallisation of
aluninium hydroxide in gibbsite.

Manickom (1977) observed that the fine sand mineralogy
of majority of east coast laterites in India showed a
pattern of mineral distribution containing quartz, iron
minerals, zircon, garnei, rutile, anatase, ilmenite and

pyroxene.

Chakravarthy et al (1979) xeported that mixed weatherae
ble minerals like mica, feldspar, chlorite etc. showed an
expression of weathering from parent rocks. He attributed
the decrease of resistant and a corresponding increase of
weatherable minerals with depth in the pedons in upland to

higher rate of surface weathering.

Subramonila Iyer (1979) studied the fine sand fraction
of laterite and red soils associations in Kerala and reported
that quartz was the dominant light mineral fraction and

mica in traces,
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Roy and Tan (1981) found that the main minerals of
laterite soils in Pulau Langkawl were haematits and
ilmenite,

Thomas Varghese {1981) showed that resistant minerals
are abundant in coastal and midland laterite soils while
highland laterite solls contained a few weatherable

minerals

Subbalah and Manickom (1985) while working on fine
sand mineralogy of vertisols of Andhra Pradesh observed
that feldspars were the dominant minerals, followed by
quartz and mica in the fine sand fraction of six out of
seven vertisols. They also observed that the occurrence
of early weatherable minerals indicated the low degree of

weathering and high nutrient reserves of some profiles,

Samra et al (1985) suggested that difference in soil
characteristics developed from the same source may be due
to their diverse plant cover., To illustrate this they
studied the soils of 4 vegetational sequences of south
Khari Forest Divisions 1n U.P. and showed that under a
purestand of Shorea robusta, lllite was present in relatively
high quantity in Udic Ustochrepts and more alteration of
illite or neo~synthesis of vermiculite and chlorite
seemed to have takan place in comparatively wet soils under

Syzvgium cumini and ITerminalia alata,
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Accoxding to Anand and Gilkes (1987) muscovite is
most abundant in laterite developed from granitic parent
rock. They estimated O~17 per cent silt size muscovite
in bauxitic laterite of Darling range,

Microorganisms may play a significant role in dissolv-
ing (weathering) of feldspars, which is confirmed by the
presence of a large number of biogenetic formations on the
weathered surfaces of feldspar grains not subjected to
eluriation (Shoba et al 1987).

Wwhile studying the mineralogy of soils from basaltic
ash Naidu ot al (1987) have observed 3 stages of weathering
as followsie

(1) Weakly weathered soils contain significant amounts

of Cawfeldspar in sand fractions.

(i1) Moderately weathered soils contain subordinate
Ca=feldspar in sand fractions and
(111) Strongly weathered solls contain very little
‘ Ca=feldspar,
They have concluded that short range order allophanic
materials are intermediate weathering products, and that
there 1s a poor or no relationship between precipitation

and the amounts of 4:1 mlnexrals and allophonic materials,

rororpho

Alexander et al (1956) reported that thin section

studies and mineralogical analysis of hard and softened
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boulders of some laterites revealed an increase in
porosity, removal of gibbsite near large pores and
cavities, apjearance of truce of kaolin, conspicuous
arrangenents of constituents in tho softer specimen.
Some pazts were highly depleted of iron while othorx
parts were very densely impregnated suggesting that
the softening was associated with a decreass in

continuity of the impregnating material,

From micromorphological studies Sivarajasingham (1961)
found the gridlike net work of oriented materials in the
matrix of many haxd spetimons worse composed principally
of goethite or hematitqg,

Eswaran (1972) observed clay migration in oxisols.
He recognised that the process was not an active one,
Relic features in thin section indicated that the oxisols
had undergone through an ultisol stage of soil formation,

In a micromorphological siudy of indurated laterite
concretions Eswaran and Raghu Mohan (1973) noticed that
iron formed a vascular naet work,the vacuoles being composed
of original kaolinite. The net work was formed by closely
crystallising goethite which gave the form and hardness
of petroplainthita.

Isuji ec al (1973) attributed the higher water holding
capacity of oxisols and ultisols to the presence of intra-

aggregated vold space.
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Saad anc Lavid (1978) showed that the presence of forest
hastened the mobilization of clay and the formation of an
argsllic horizon. The development of an illuvial horizon

was usually associated with encroachment of torest.

Eswaran et al (1979) in a micromorphological study of
some highly weathered soil of Peurto Rico observed that
physiographic position of pedons would have provided the
conditions for wsathering intensively but the dizfercnce in
molsture and temperacture reglmes was more declsive in that

aspect.

Manchanda and Hilwing (1983) observed that the primary
bireiringient c¢lay cutans and matrans increased vith increase
in the amount of rainfall, Pedons with 1165 mm rainfall had
well developed clay skin to qualify it for argillic horizon
and those wuth 946 and 837 mm rainfall also showed clay cutans
but not sufficlent to qualify for argillic horizon., The pedon
with 426 mm rainfall lacked clay cutans due to low rainfall,
They also observed in situ weatnered nica grains aim all <he
pedons.

Chartres {1985) in 2 study of thin sectrons of hard p<n
horizons of New 2outh Lvales soils recognisad a number of
different fabrlc elements which included porphyroskelic
zones with emorphous silica in the S. malrlg™ zones composed

v
almost entirely of amorpnous gilica, chlamydic zones with
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clay coatings on skeleton grains and calcarious materials
filling the fissures,

Pawluk (1986) studied the characteristic properties
of black chernozemic solls after 17 yaurs continuous forest,
grass and grain cover as well as susmer fallowing. The
notable changes in morphological features were associated
with fabric rearrangemeni as reflected in increased
compaction and decreased porosity under cropping and
fallowing and development of banded fabric and broken down

of basic mullgranic fabric units under forest cover,

Cnartres {1987) observed fine grained void cutans and
grain capping in A and upper B horizons of two podzolic soils
in Canberra, They consisted of quaritz, mixed clay minerals
and traces of feldspar, iron and titanium., He also observed
that 1lluvial clays in the lower B and € horizons consisted
of clear reddish orange ferri-argillans.

Righi (1987) reporied that deposition of organic
mineral compounds in the B horizon would give diffezent kinds
of microstructures depending upon the invensity o¢f pedzolizaw
tion process and on the texture and mineralogical composition
of the mineral mass of the horizon. In sandy quarﬁ21t1§:5
materials a strong podzolization process led to a coated
microsiructure. If a weak podzolization process occuxred a
microaggregated microstructure of biological origin would
form. These two structure occurred in the same horizon.

in loamy maoterials rich in weatherable minerals such as
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biotite, vermiculite or chlorite, a micronodular structure

of physicowchemical origin was formed.

wadsworth et al (1988) studied the micromorphology of
soils under eight different ages of forest regrowth and
found that the particle sice distributzon had a large effect
on subsoil micromorphology. Arglilic horizon fabric within
the finest gralned pedon wis moatly mosepic with few discrete
cutans suggesting that ln situ weathering is a dominant clay
forming process, Coarser textured pedons had well oriented
argillans in the skelvosepic to vomasepic¢ fabric of the
argillic horizons.
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For the present study entitled "Comparative morphology
and Physico=chemical properties of some forest and deforested
soils of Kerala" four different forest ecosystems represent-
ing deciduous, semi-evergreen, evergreen and shola were
selected. From each ecosystem, two profile sites were located
one in a virgin forest «nd the other in an adjacent planta~

tion., The sites located were as followss

kcosystem Profile site
Deciduous 1. Deciduous forest
2, Cashew plantation
Semi-evergreen 3. Semi-evergreen forest

4, Eucalyptus plantation

Evergreen 5, Evergreen forest
6. Tea plantation
Shola 7. Shola forest

8. Acacia plantation

All the sites were located in Vithura and Théynoor
villages of Nedumangadu taluk in Trivandrum district. The
entire locations lie within latitude 8°41' and 8°46 N and
longitude 77°6' and 77°8'E with varying elevations ranging
from 230 to 1030 ms The areas enjoy an annual normal rainfall
ranging from 2170 to 4190 mm. The map showing the revenue
district and selected sites for the study are indicated in
Plate 1,



Plate 1

3 kv
THEN MALA b IViston

1 Decaiduous forest

2,Cashew plantation

3,S5emi-evergreen forest

4,Eucalyptus plantation Vegetation

5 kvergreen forest -

6.Tea Flantation | | Declduous

7.5hola forest LI Semi-evergreen
vergreen

8 Acacia plantation [ 1 Shola

Map of Irivandrum forest division and location of

soill profiles
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Climatological data of the locations relating to a
period of 70 years were obtained. From the quantity of
precipitation, seasonality and temperature the 'laterite
numbsr! {Karnereparilaun) for each sclected ecosystem was
calculated. # value above 50 was considered to be a favouraw

ble climatic parameter for laterite formation.

Data relating to vegetation, geography and geology

of different sites were also collected and recorded.
d of actio

At each location pit of size 1.5 x 1.5 x 1.2 to 1.5 m
was dug as the diagnostic horizon could be obtained within
this depth. Profile features and insitu observations were
recorded as per F,A.0. guide lines, After demarcating each
horizon, undisturbed samples were taken using a 'Kubilena
box'. Then bulk samples were also collected from individual
horizons of the eight profile pits for analysis. Core
samples were also collected to determine the bulk density

and other physical properties.

The colour of the s0il on field moisture condition

was recorded using a 'Munsell soil colour chaxt'.

Soil analysis
eparatio 5 83 8
A total of 29 sam les were collected, air dried,

crushed with wooden mallet, passed through a 2 mm sleve
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and stored in plastic bottles for chemical analysis.

Gravel content

The gravel content retained in the 2 mm sleve was

weighed and expressed as percentage.

Physical properties
Mojsture percentace

Ten gram of air dried soil taken in a previously
weighed China dish was placed in an oven kept at 105°C for
24 hours cooled and weighed. The process was repeated till
constant weight was obtained, From the difference in weight

moisture percentage was calculated.
echanical _analys

The mechanical composition of the soil was determined

by International plpette method,

S & va stants

Particle density, water holding capacity, volume
expansion, pore space etc, were determined by using
'Keen=Raezkowski! box method. T N

T e
Bulk density

Bulk density was determined by taking eore samples

as described by Dakshinamwrthy and Gupta (1967).
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A agat alysis

Aggregate analysis was carried out by wet sieving
using Yoder's apparatus as described by Dakshinamuxthy
and Gupta (1968). Mean welght diameter was used as

~ -,
structural index ~ T

—r

Chempic characteristics

Soil reaction

Soil pH was determined in distilled water, potassium
chloride (IN), “odium fluoride (IN) and calcium chloride
(0.01M) solutions in ithe ratio of 135 scil solution suspene

sion using a Perkin Elmer pH meter.

Electracal conductivity
Spacific conductivity was measured in 1: 2.5 soil

water extract using conductivity bridge.

Qrganic _carbon
Organic carbon was determined by Walkey and Black's

rapid titration method (Jackson, 1973).

Iotal nitrogen

Nitrogen was estimated using the micro kjeldahl method
(Jackson, 1973).
Avajlable nitroge

Available nitrogen was estimated using permanganate
titration method by Subbiah and Asija (1956).



59

Total phosphorus

Total phosphorus was estimated by colorimeitry using
perchloric nitric acid digest.

Available phosphorus
The phesphorus was estimated by Dickman and Bray's
molybdenum blue method (Jachson, 1973},

Total potassium

Total potassium present in the soal was read in a
flame photo metex (EEL) using perchloricenitric acid digest
diluted 10 times with dastilled water.

Availab tass
Avallable potassium present in the soil sample was
read in a flame photometer using neutral normal ammonium

acetate extract (Jackson, 1973).

Cation exchange ecapacity

Cakion exchange capacity was determined by using
neutral normal ammonium acetate method as described by
Jackson (1973).
Total iron

Iron was determined on atomic absorption spectrometex
PE 3030, using perchloric nitric acad extract 10 times
diluted,
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Exchangeable iron

Exchangeable iron present in soil samples was
datermined colorimetrically by the thiocyanate method
in a spectronic 2000 using neutral normal ammonium

acetate as extract. The colour was read at 490 m °.

DIPA = extractable iron

Twenty grams of soil and 40 m)l DTrA exuractant
(0.005M Diethylens triamine penta acetic acid + 0,01 M
calcaum chloride 1 0U.1 M Triethanolamine adjusted to pi
7.3 (Lindsay and Norvell, 1969) shaked fox 2 hours and
filtered through Whatman No.42 filter paper. Content of
iron in the extract diluted to 200 times was determined by

atomic absorption spectrometry.

Dithionite-extragtable iren

Finely ground soil weighing 0.05 g (bulk passing
60 mesh) was placed in a 75 ml test tube, 8 ml of 0,034
trisodium citrate/ 0.125 M sodium bicarbonate solution
was added and the suspension was heated in a waterbath at
80°C. Two millilitres of a freshly prepared 20 per cent
W/v sodiume dithionite solution, was ad cd, and the suspen-
sion was maintained at BOOC, with occasional mixing, for
13 minutes. Two millilitres of saturated sodium chloride
were added, mixed and the tube was centrifuged for 10 minutes
at 2000 r.p.ms The clear solution was decanted into a

100 m) volumetric flask and extraction repeated, Fuinally



the soil was washed with 8 ml of the tri-sodium citrate/
sodium bicarbonate solution, centrifuged, and the clear

washings added to the 100 ml flask.

The combined extractions and washings were gpade up
to 100 ml with distilled water, and the iron in sclution

was determined by atomic absorpiion spectrometry.

Pxalate=extractable iron

Finely ground soil weighing 0.2 g (bulk passing
60 mesh) was shaken in the dark for 4 hours in a 15 ml
stoppered test tube with 10 ml of 0,2 M acidified (pH 3,0)
amnonium oxalate. Jhe suspension was centrifuged at
2000 r.p.m for 10 minutes. An aliquot of the clear solution
was taken, diluted 10 times with distilled water and the
iron in solution was determined by atomic absorption spectroe

metry.

Tota)l aluminium
Total aluminium was detarmined by atomic absorptlon

spectroscopy using perchloric nltric acid extract, diluted
10 times with distilled water.

Exchangeable aluminium

The aluminium present 1in the soll samples was deter-
mined colorimetrically using neutral normal ammonium
acetate extract. Plpetted one milli litre of extract into
a callbrated test tube, diluted to approximately 20 ml
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with distilled water. Then two milli litres of thioglycolic
acid was added, stoppered and shaked. Ten milli litres
aluminon was pipetted into the tube and diluted to exactly
50 ml. The pH adjusted to 4.0 and allowed the colour to
develop over night and read in spectronic 2000 at 53% m u

PA acta alumi

Aluminium was extracted with DTPA extractant used
for iron. Lontent of aluminium in the extract was determined

by atomic absoxrption spectrometry using PE 3030 AAS,

Iotal manganese
Total manganese was determined by atomic¢ absorption

spectrometry using perchloric-nitric acid extract.

Excha ble manganese
The manganese present in the soil samples was read
in atomic absorpilon spectrometer PE 3030 using neutral

normal ammonium acetate extract.

BIPA_extractable manganese

Manganese was extracted with DTPA extractant used for
iron. Content of manganese in the extract was determined by
atomic absorption spectrometry using PE 3030 AAS,
Total Zinc

Total zinc was determined by atomic absorption spectrow

metry using perchloric nitric acid extract.



59

Lxchangeable c

The zinc present in the soil samples was read in
atomic absorption spectromeier using neutral normal

ammonium acetate,

DIPA gxtractable zinc

Zinc was extractea with DTPA extractant used for
iron. Content of zinc in the extract was determined by

atomic «bsorption spectrometry.

Calciym

Calcium was determined by atomic absorption spectro-

metry using perchloricenitric acid exiract.

tiagnesium

Magnesium was determined by atomic absorption spectro-
metry using perchloric-nitric acid extract diluted to
100 times.
Water soluble elements

Ten grams of soil was placed in a container and 100 ml
of distilled wuater added. The suspension was shaken for 30
minuces and then filteresd usaing a dry filter paper. Iron
was determined by atomic¢ absorption spectrometry using a
PE 3030 model AAS,
Aluminium was determined by atomic absorption spectromatry.
Manganese was determined by atomlc absorption spectrometry.

Zinc was determined by atomic absorption spectrometry,

o ——

Copper was determined by atomic absorption spectrometry,
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neraloglcal analysis of fine sand fractio

The fine sand was separated and examined under
Petrological microscope, Preliminary treatment and
saparation of fine sand was conducted during mechanical
analysls by the International Pipette method. The dried
samples were used for separation of heavy and light
mineral fractions using bromoform of specific gravity
2,8 using the method outlined by Carver (1971). The
separated fractions were thoroughly washed in alcohol

followed by distilled watexr dried and weighed.

The heavy and light fractions of the fine sand
were separated by the method of cone and quartering

and mounted on microscope slides using canada balsam,

The slides were then examined under a petrological
microscope, The minerals wemne identified on the basis
of shape, colour, pleochroism, relief, istropism,
anlsotropism, angle of extinction and twining,
Quantitative estimatlon of the minerals was carried

out following the line method (Carver, 1971).

¢rom calanalysis
Thin section of soils flor mlicromorphological study
was made following the procedure described in the soil
survey Investigation Report No.1, Soil Conservation

Service, USDA (1967).
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Undisturoed soll samples were collected in Kubiena
boxes as well as clods oi convenient size were selected.
The orientation of the clods oxr the samples in the boxes
were marked. They were then individually cooked carefully
in canada balsam taking care to avoid overheating. The
cooking process was continued till bubbles almost ceased
to appear indicating the filling of voids by the resin.
The sample was taken out carefully and cooled slowly fox
a while by placing inslde an oven maintained at 60°¢.,
After every 2 hours the temperature was raised by 10°C
till the tanmperature reached 110°C. The sample was taken

out und cooled in a desleccator for 24 hours.

The sample block was then taken out and ground one
surface smooth by hand on a groundglass plate, using
successively finer abrasives (first coarse abrasives like
carborandum in the oxder of grades 60, 120, 400 and 600
and finally finer abrasives like alloxite 800 and 1000 grades)
until the surface 1s highly polished. The polished surface
was then mounted on a smooth glass slide using lakeside
70 cement.

After mounting, the other side of the chip was ground
in the same way moving the chip in opposite direction of the
earlier rotation to ensure grinding at all parts of the

specimen and at the same rate, Coarse abrasive was used
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until the sample was relatively thin and then used
successively finer abrasives., JThe sample was frequently
examined during the final stages. The final polishing wikh
finest abrasive was done when the chip was ground to a
thickness of about 0.03 mm. YWashed the section free of
abrasive zand dried thoroughly.

A small quantity of pre-cooked canada balsam was
spreaded over the surface of the thin section and heated
on & slide warmer until it was liquid. A cover glass was
placed obliquely on one end of the section and lowered
gently, squeezing out any air bubbles by pressing lightly
on the cover glass. Excess canada balsam was removed with

the help of a razer blade after cooling.

The slide was put under a petrological microscope
and observations were recorded under plane and polarised
(Crossed Nicols) light, Photographs were taken and interw

pretations made.
Statistical apalysis

Data pertalning to the various characteristics were
analysed statistically by applying the technique of
variance. Simple correlations were also worked out betwaen
different characteristics. (Snedecor and Cochran, 1967).
The correlation between different soal properties as

given in Appendix X(2) and X(a1).
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siogra t f soi file:

Table 1 presents the geomorphology of the locations
of the eight soil profiles studied. The elevation of the
locations in the deeiduous forest and cashew plantation
therean was 230 m while that of the semiegvergreen forest
and eucalyptus plantation thereln was 200 m above M.S.L.
The elevatlion of the locations of soll profiles in ever~
green forest and tea plantation therein as well as of
shola forest and acaclia plantation therein were at 630,
609, 1030 and 1020 m respectively.

All profiles were located in rolling or undulating
lopography. Profiles c¢f deciduous forest and cashew
plantation were locateo in the middle slope of mxd upland
hills while that of semieevergreen forest and eucalyptus
plantation ware in the lower slope of upland hills,
tvergreen forest and tea plantation profiles were located
in the middle slope while profiles of shola forest and
acacia plantation were in the upper slopes of highland
hills. The slopes of profile sites varied from 8 to 50
per cent. With respect to Lopography there was similarie.

ties between profilos witnin c¢ach ecosystom,



Table 1

Geomorphology of the locations of soil profiles

Physio- Eleva Degree Tovogra Parent
ﬁi Profile name Location name Latitude Longitude graphic tion from of phy material
N La E Lo division MSL (m) slope

1 Decaduous forest Apappara in 8%41 - g°%2 77% - 77%7 Mid uoland 230 189 H lly Granite
Vathura gneiss
Village

2 Cashew plantataion Anappara an 8°41 g%42 77°% - 77%7 } 1d usland 230 15% Hilly "
Vithura
village

s semevergreen Thalathootha g0, _ go23  77% yoland 200 & U ly
Village (lower slope)

4 cucalyptus plantation Iﬁa&itgagzha g°42 8%43 77% Uoland 200 10% Hilly "
Village (lower slope)

S5 Evergreen forest Thennoor 8°44 - 8%45 77°7 - 77% Haigh land 650 50% Mountain- n
village ous

6 Tea plantation Thennoor 8°44 - %5 7 %7 - 77%8 High land 665 40 Mountain- "
Village ous

7  Shola forest Thennoor 8%45 - %6 77%6'- 77°7 High land 1030 12% Mountain- "
Village ous

o o % - 77° High land 1020 10% + n

8 acac1a plantation ThennooT 8v45 8 46 776 777 g ﬁﬂ:n ain

Village

9



Table 2 gives monthly and annual normals of rainfall
and rainy days of the locations of profiles. The data
related to mean values complled from 70 yeaxs obsexvations
showed that in all the locations the rainfall was fairly
distributed over a major part of the year. Though the
highest rainfall of 4184 mm was recorded at locations B
to 8, more than 1500 mm of it was received in three months
viz. June, July and August. A dr; spell was noticed in
all locations during the months of January and ebruary

when the number of rainy days was less than two per month.

The mean maximum, minimum and annual temperatures of
different locations are shown in Table 3. Deciduous forest,
cashew plantation, semi-evergreen forest and eucalyptus
plantation recorded the mean maximum, mean minimum and mean
annual temperatures of 32.6°c, 21.99C and 27.3% respec=
tively, while that for evergreen forest, tea plantation,
shola forest and acacia plantation were 29.4°C. 19.,3%
and 24.4°C respectively.,

There was no diffcrence between profiles within each

ecosystem as far as temperature and rainfall were concerned.

Table 4 shows relation between annual precipitae
tion seasonality and temperature on expected latevisation
of dirferent profile sites. This table is used to find

out laterite number (Kerner- Marilaun) whose value above



Table 2

of the soi1l profiles

Variation in monthly and annual normals of rainfall and rainy days of the locations

51 Location ﬁg January rebruary HNMarch Apral May June July August Septem Octeo Novem Decem Annaul
N ber ber ber ber
o years
1 Deciauous forest 3
2 Cashew plantatien 3 a 24 5 27 6 62 7 170 6 233 1 389 3 2807 175 5 180 4 332 9 231 5 74 5 2177 3
70
3 Sem-evergreen ; b 17 16 6 S 101 175 156 109 9 6 13 6 06 41 1079
)
4 rucalyptus plante g
tion
5 Evergreen forest g
6 Tea plantation ) a 25 8 27 1 89 2 179 5 413 6 2913 722 6 524 2 471 6 663 7 266 5 89 4184 1
] 70
7 Shola forest | b 16 21 48 116 161 229 21 214 17 2 213 119 41 159 1
8 ~Acacia plantation )
Rainfall in mm b Rainy days Source Department of Economics & Statistics

99
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Table 3, Annual mean maximum and minimum temperature
of the locations of soil profailes

Sl.

Temperature (°C)

o g,
Mean Mean Mean
max1mum manimum annual
1 Decaduous forest 32,6 21.9 27.3
2. Cashew plantation 32.6 21.9 27.3
3. Semi-evergreen forest 32.6 21.9 27,3
4  Eucalyptus plantation 32,6 21.9 27.3
5. Evergreen forest 29.4 19.3 24,4
6. Tea plantation 29,4 19.3 24,4
7. Snola forest 29.4 19.3 24.4
8 Acacia plantation 29,4 19.3 24,4

Table 4 Relation between annual precipatation, seasonality
and temperature on the expected laterasation of
different locataion.

ey

>l, Semi-annual rain- Mean Laterite
No. Location égizal fall mm mini, number
fall Wet Dry temp.
season season
om
1 Decaduous forest 2177 1590 587 21.9 32.1
2, Cashew plantation 2177 1590 587 21,9 32.1
3. Semi-evergreen forest 2177 1590 587 21.9 32,1
4, Eucalyptus plantation 2177 1590 587 21 9 32,1
5. Evergreen forest 4184 2860 1324 19.3  36.8
6. Tea plantataion 4184 2860 1324 19.3 36.8
7. ®hola forest 4184 2860 1324 19.3 36.8
8. Acacia plantation 4184 2860 1324 19.3 36.8

* Laterite number (Kerner-Marilaun) above 50 indicates
claimatic lamits favourable for laterite formation
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50 indicates that the climatic limits are faVourablo for
laterite formation. The laterite number (L) 1s calculated
by taking into consideration the values of annual rainfall
in mm (R), semiannual rainfall in mm of wet season(s) and
of dry season ( D } and the mean minimum temperature

in degree celsius (tm). Thus L = R'V4(S -D ) itm 100‘1,
From the derived data it is observed that the locations =
deciduous and semi-evergreen forests and their correspond-
ing plantations recorded an 'L' value of 32,1 while loca-
tions evergreen and shola forests and thelr corresponding
plantation had a value of 36,8, In all the lgcatlons the

values recoxrded were below 50,

Distribut f ve ation

Major pozrtion of the forest fell under the deciduous
type. The seml-evergreen type occurred along water coarses
and in pockets in the reserves, and evargreen formed only
a very small portion confined to the higher slopes. The
shola forests were distributed in the rolling downs of
the hills. Important species that prevalled in different
profile locations were:

(1) Becadypus forest (Plate 2)

It consisted of trees of all ages and species, conspi~

cuously mixed up, thereby affording more than enough light

for rank undergrowth to come¢ u3., The dowinant ones were



1".luto 2,

Deciduous forest - a view of the profile location

Deciduous forest soil profile
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deciduous. The moxre importent species generally found

in the location weres

Tree s.ecles: Iectona grandis, Palbergia latifolla,
Prerocarous maxsueium. lezzinalia lomentosa, Ierminalia
Rdniculata, Ligexstrosais lanceolats, Vitex altissipa,
adina cordifolia, Albizzis gdoratissiga, 2dina wedisr and
sombax galsbaricum.

woody climbers: zpasholobus agxbuighi, Bauhinia vahli,
Asacia intsia

Undergrowth: Glerodendyeon infertunatum, fellcteres lsors
Lantana cageya and Uren Jobata

wrasss Andropogon schasnanibus
(2, washew plantation
Cashew (apacaxdiug aceidentals L.) planted in the

year 1948 after cleasring a deciduous foiest adjacent to
profile iocation No.1. The treee were full grown with

less broken and moderately dense canopy (Plate 4).

(3) semi=evercxeen forest (Flate 6)

A closed forest containing a mixture of species
belonging to tne evergreen and deciduous forests, many of
the tallest evergreen trees being absent.

The chief species that prevailed in the top cinopy weres
Tres species: Artoceious hitsuld, Hopea paxviflora,
adi0g sordifelds, Lagerstrosnls lanceglata, Lagerstroemis
£leaxeginde, Yerninalia pani¢ulata, Bombax malabaricum



Cashew plantation soil profile



Plate b.

oGini-evergreen foil est-a view of the profile
location.

Plate 7.

.Semi-evergreen foiest soil profile
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Ietzapeles nudiflexa, tiokeptelia integrefolis.
Lower canopy of smaller trees: Polyalthia fragrans,
CAnsEium stxictum, Sinnamogum sp. Aporosa lindlevana
Xanthophvlilup flavascens; Bamooos and reeds.
Undergrowth : Clexodendron infortunatum, Glycosmls
R2entsphviia, 23K0brlanthus sp.
Climoers: Entada scandens, Spatholobus Xexbupgndd.
4. uycelyptus plantation

The eucalyptus monoculture plantation was established
in the year 1983 after clearing a semi-evergreen forest
adjacent to profile location No.3. The trees were in the
active stage of growth and canopy was not fully covered
(Plate 8).
5. syergreen forest

The trees were grown very close together and consis-
ted of entirely evergreen species. The trees were tall
and the canopy was unbroken and extremely dense (Plate 10),
Tree species: Mesus fesxes, Calaphvilug tomentosus.
kalaguim elliptica, Sluta ravancexica, Dysoxvium
Augenis jappolena and Hopea paxviflers.
Lower Canopy of amaller trees: Polvalthis fragrans,
Slnpamonum <evlanicum. tvdnocazpus wightiana, Evedia
Zexburghlana, Yateria Andica.



Plate 8.

Eucalyptus plantation - a view of the profile
loca tiun.

Plate 9.

Eucalyptus plantation soil profile



Plate 10

Evergreen forest - a view of the profile location

Plate 11

Evergreen forest soil profile.



Plate 12

Plate 13

Tea plantation soil profile
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Climbers: Entada acandens, Calveoptexis floxibunda,
Risscoxea spp. Daxxis srp.
Undergrowth was very dense and consisted of canes,

thorny creepers and large variety of evergreen shrubs,

6. lsa Plantation

The plantation was established in the year 1885 with
an area of about 200 hectares. The stand and performance
of the toa erop rovealed that the plantation was a well
maintained one (Plato 12).

7. Shela forest

It consisted of shext evergreen and extraordinary
variety of species. The trees were grown very close together
and canopy was extremely denso (Plate 14). The important

species found in the location were:

saanthephvilua flavescens, Bersed macrantha, Apoross
Aindlevana, Pelvaithia frasrans, Eimocarpus longum.
Glexodendron yiacasup, Pascilonewron indicum, Eugenia
Jambolana, Hollgdzns axnotiiana Scheicheri oleosa,
sinnamopua sp. and EL3gocazpus serxatus.

Climbers: Lntada seandens, “assaleinis honducells and
Riascozrea spp.



Plate 14

Shola forest a view of the profile location.

Plate 15

Shola forest soil profile.



8. acacis plantation (Plate 16)

The acacia plantation was one established in the
year 1984 very adjacent to the shola forest (location No.7)
Tha traas had attained a height of about 3 to 35 m and the

canopy was not dense and fully covered,

Macromerehelogy

The comparative macromerphological profile descri-
ptions namely colour, texture, structure, consistency,
boundary, presence of roots, permeability, ottling, land
use, drainage, depth of greundwater, erosion etc. of the
four forests and their corresponding plantations erxre given
in tables 5.1, 5.2, 5.3 and 5.4 as per F.A,0, guideline
(1968).

SlouE

Deciduous forest had a dark brown surface soil over
a yellowish red subsurface soil. Simlilar obserxvations
were recorded for profiles of shola forest, cashew and
eucalyptus plantations. The profiles of semi-evergreen
forest and tea plantation had subsurface soil wit: dark
red colour while the evergreen forest prafile had a very
dark grey surface soil and yellow subsurfice soil. The
acacia plentation profile remained unique with dark reddish
brown colour throughout the profile depth.



Plate 10

Acacia plantation - a view of the soil profile

Plate 17.

Acacia plantation soil prolile.



Table 1

Macromorpholoagy of sc 1 prof les under dec duous ecosystem

Profile o 1 LECID O » FOR ST 5 2 C SHF L TTDON
Lo a bout ¢ 5 k o th est o nap a Forest m Northwest of nanpara osres rd Stat on
wsuaro 2t t 1t a lage eoum aau nurs aa Nea mangac Talu T andrum
Taluk T van rut t ct t ct
>e 1es al nage Hapludolls o tr lar asso t n a lueolls ko tur hallar assoc a2 on
@ n 1 177 2 77
30 ny adle slope o land ge ung L t ¢ cdle s ope o u lan aen u 1 t ng
e f m m o]
P g > eI t n op  an ) e a an
11 cn x gtyc c 2
€ ¢ 20 1 e
15 e t o 3 1 tt u
et w t n 7 7
ige ee €
r e 1 o
¢ o cxr o <]
ne € tu al o es t o k anc ™ aerately Cultivated meinly cashev b oken a @
ge se canapy moagerately den e canooy
o 1zon ce t  {(cm (0 -4 ) (4 = o} {10 57) (57- 20} (0 - 19} {16 4 { 46 2c
2 3 4 1 2
wolour D re pon L rk redd sh Yellow sh reo Yello sh ery cark orey ar o ello bk e
75%® /2) bon {5 R /6) red {3y /1) 75 YR 2 5 YT s/e
® 2 /2) 5 Y /8
Te tu e Sandyloam nd clay Gr ve vy a e ly Loam Cra e o} C y ¢l
loa v ay clay oam loam
lom
T u e 12e ne 4 u e um e F ne ec um 0T e
rade eak oce e o er te od te
t str e eak eak o eor te
T pe Crumb C umb Suba gular Subangu  Granular to Granular %o Subangular vplocky
blocky lar crumb crumb
blocky
ons s ence cast Fr aovle e umt m Fairm F rm Fr able F rm F rm :\1
s
et Non si cky o»lightly 3t cky Stack on st cky 51 ah v st kv S ght y st cxy
N n as t
P 5 ;Htiyy s ¢ la c n olast ¢ 51 ght 51 ghtly olastic

5 [

1l s

o




Taple 5 1 (contd )
Profile bec ducus orest Cashew plantation
Ho 1zon depth (cm) (o0 -4) { 4 16) (16 - 57) (57 - 120) (0 -19) {( 9 48) (46- 20)
1 2 3 4 1 2 3
orosity size Fine and edium Medium Medaum Fine to medium F ne to Fipe
medium medium
<uality hany Commen Comron Common Many ! any Comman
poundary Clear srooth Gradual avy Gradual w vy Clea smooth Gradual wavy
resence of roots Fine many ine to "edium ine few Ve y f ne Fine common Fine common Fine few
(s ze and yuantity) medium common many Very ew Med um many medium many
and co rse few
Faunal actavity carth orm
cast ngs ants
fermean laty . pad ode a 1y Noderate dloder ely Rap a oderate Slowly vermeable
rap d slow
ottling - Fed(2 5 YR Brownyellow vark red - - Red(2 5 VR 4/8)
4/6 (10 YR 6/8) (2 5 vP 3/6) Very oale brown
and reddish and recdash (10° YR 7/4) and
yellow (7 5 YR yello {7 5 YR Vello sh red
6/8) 6/8) { 5 R o/8)
Pallad zone - - - Laterite - Present mederately
present soft and fraiable
slightly ha d
and friable
Depth of laterite - - - > 63 cm - > 74 cm
layer {cm)
Gravel percen ge 32 63 38 64 51 95 48 81 38 36 46 95 43 05

Jthexr features

|74



Table 5 2

hsacromorphology of soil profiles under Semi-evergreen ecosystem

Profile

No 3 SE IEVERGHREEN FOREST

No 4

FUCALY?TUS PLANTATION

Location

Tnalathootha 2 5 km ¥ of ~anappara

V thura V llage
aluk Trivandrum D stract

Nedumangadu

Thalathootha
Vithura Village
T ivandrum District

25 km M

of Anavpara

Nedumangadu Taluk

series and local rdapludolls Kottur Kallar assocciataon Hapludolls Kottur Kallar associat on
name
Rainfall (mm) 2177 2177
Topograpny Lower slope o wuplanc hill wundulating Lower slooe of upland hill wundulat ng
zlevatio from 5L 200 200
(m)
Slope S St Slightly concave along the slope and =lmost s raigh across 10 S Slaghtly convex alono and across
the slope the slope
Drainage ell draained ell drained
oxrsture $20§2§e oast } oxst
Depth o ground 4 4
water tanle(n)
cviaence of sheet and rill Sheet an rill
eros on
rresence of salt
or alkali No No
Rock out crops No No
Land use hatural forest moderately dense canopy Cultivated Fucalyptus monoc lture
canopy not fully covered
Horizon Depth{em) (@ 10) (10 - 3 ( 4 170 0 1) (11 26) (26 57) (57 130)
1 2 3 4 1 2 3 4
-
Colour( 1eld moist) Very aark Very dark brovwn Dark reddash Dark red Dark reddaish Yellov sh Yellowash Yellowish
brown brown brown ed red red
(10 YR2/2) (10 YR 2/2) (5 YR 3/2) (25 W 3/6) (5 YR 3/3) (5 Y] 4/6) (5 YR 5/6) (5 YR 5/8)
Texture Sandyloam Sandy loan Gravelly sandy G avelly sandy Gravelly Gravelly Gravelly Cravelly
clay loam clay loam sandy sandy clay clay loam clay
Joam loam
Structure b5aze Coarse Medium  — ledium Coarse Coarse Medaum Medium Medaum__
Grade eak Moderate Moderate Moderate Veak Moderate Moderate Aoderat
ely
strong
Type Crumb Subangular Subangular Subangular Crumb ?:?angu i:gangu ig?angu—
blocky blocky blocky blocky blocky blocky
Consistence hoist Friable Fraable Farm Farm Friable Firm Ver farm Very firm
Vet Non staicky Slaghtly sticky Staigky Stacky Non-sticky Slightly Sticky Sticky
stick
Non-plastac Slightly plastic Plastic Plastac Non plastac Slioht{y Plastac Plastic

plastac

-1
n



Taple 5 2 (contd )

Other features

Profile No 3 Semi-evergreen forest 4 ucalyptus plantation
Horizon depth{cm} (0 =10) (10 23) (23 - 42) (42 - 120) (o = 11) (11 = 26) (26 = 7) {57-130)
1 2 3 4 1 2 3 4
rorosity  Saze dedaium Fine X;zy fine Very 1ne Medium ine Veory fine Ver faine
Luant vy Common Common Common Common Comrmon Common Common Comrmnon
Bounaary Clear Clez smooin Graaval wavy Clea wavy Clear way Gracual vavy
smoo h
Pres?giz 0 ng°°t5 edium many hedium ana ne ano rine few edium many edium Fine comron Very f ne few
and coarse coarse common medium few many
quan 1ty) com on
Faunal act vziy Eart“ worm Territe nests
castines
Fermeapil Ty Rapid foderately slowly per- Slovly ! oce ately Slovly Slo ly pe Some hat am
permeable permeanle meable permeaple permeable permeable meable pe mreable
I ottling Yellowish red Dark red Yello ish Yellowish
(o YR 4/8)and (10 YR 3/6) red(5 YR brovm(10 VR
red(2 5 YR4/8) red( 5 YR 4/8) Red 5/8)B own sh
4/6)and 25 ¥R 5/8) vyellow(10 YR
yellowvish brownish 6/8) and
brown(10 YR yellow{10YR dark reddish
5/8) 6/8)and the brown 5 YR
least yellow s5/4) are the
(10vR 7/8) dom nants
Pallad zone Present rria Present
ble when moxist Slichtly hard
and hard hen and friable
dry
Lepth of laterite
layer(cm) > 78 =73
. Gravel percentaye _ 28 94 40 5 48 53 49 02 48 68 44 g2 47 69 44 06

Quartz gravel
present in
abundance

34



Table 5 3 Macromorphology of soil profiles under evergreen ecosystem

Profile

No 5 EVE GRzE FOPeST

No 6 TEA PLANTATION

Location

oe 1e5 and local name
nainfall {mm)

opography
lgvation row SL{m)

>lope

Drainage

oisture in Ine
°rofile

Lepth of grounc
water table (r)

vaiagence of erosion
Sresence 01 sa t or

alka
nock out crops

Land use

Near Jerchiston ea Fsta e aosut 6 km away from
Kallar on Trivancrum — Ponmud: road, Thenncor

rivandrum Dastract
Hapludolls hottur hallar association

Village dedunangadu Talu

4184

iddle slope of a h gnland ste o h

650

50 facirc S
bu slightly convex across

ell crained
Moi1st throughout

6
Sheet and r2ll e osaon

No

No

Natural forest cense {fully stocked with canopy

«lmost stra ht clong the slope

} e cniston Tea estate Thennoor Vil
Taluk Trivandrum D strict

lage Nedumangadu

Hapludolls Kottur Kallar association

4184

aale slope of a h gh land steep hall roll ng

665

4 SE almost straigh along h s

convex across
11 drained

! o1st th ough out

6

Sneet and rall
ho

o
Planteo th ea

lope but slaichtly

Hor zon depth(cm)

(0-21) (27 - 51)
1 2

(0 = 14)
1

(14 - 50)
2

(30 = 130)
3

Colour(fiela moxst)

exture
structure vize
Grade
Type
Consistence ! oaist
et

Readzsh brown

Very darkz?rey R

(10'YR 3/

Sandy loam Cravelly sandy
loam

~edium Medaun

eak ‘oderate
Crumb Subangular blocky
Fraable Fairm
Non-sticky Slightly stacky
Non=plastic Slightly vlastic

(10 YR 8/6)

loamy sand

Subangular

Non-sticky
Non-plastaic

Very aark g eyish
prown
{10 ¥ 3/2)

Gravelly sandy
clay loam

Medium
eak
Crumb

Friable

Slaightly sticky
51 ghtly plastic

Dark brown
(10 YR 3/3)

Gravelly sandy
clay loam

Medaum
Moderate

Subanoular
blocky
Firm

Stacky
Plastac

Reddish brown
(5 YR 4/4)

Clay loam

M edaum
Strong
Subangular blocky

Very firm
Staicky ~
Plastic ~I

(contd )



Table 5 3 (contd )
Profaile No 5 Fvergreen forest o 6 Tea plantation
Horizon deputh (crm) 1 2 3 1 2 3
Porosaty Size hedium fedium dedium edium } edium A edaum
Guan 1ty Common Common Common Comman Common Common
Boundary Gradual avy abrupt smooth Graaual srooth ~brupt smooth
Presence o roots
(s ze & quantity) Coarse and Coarse and meaium rine few Fine many med um edium anc hed um and  1ne
medium many many com o7 ine cornmon common
Faunal =ctavity -~ -
Permeability oderately doderately Mode ate oae ately ! ooerate toae ate
rapid rapic ran ¢
attling Few bro mish Yello ish oro n Very pale Abs n ea(2 5 YR 4/8) Ma nly red( 5Y 4/8)
yellow{10¥R6/€) (10 YR 6/4) brown Light red Ye lowish red
ellowish provn Very oale cravn {10 Y& 8/9) (2 5 YR 6/8) (5 v 4/8) nd fe
10 YR 5/8) {10 v~ 8/4) Yellowish red ano Reddash multicoloured
neddish yellow Yellowvish oprown (5 YR 4/8) el ow motilies vresent
(5 YR 6/8) and (10 YR 5/8)and light gre 5 YR 7/8)
multicoloured multicoloured (5 Y= 7/1¥
stones and stones and are he
cobbles cobbles dominants
Pallad zane - - Present soft - resent slightly
anc friable hard anc “raiable
in the initial
stagesof latera
sation
Depth of the > 69 > 100
laterate layers(cm)
——Gravel percentaae 23 62 T 52 75 T 41 43— 50 48 — 7T 4495 - 38 92 - ==

Jther features

84



Table 5 4 Macromorphology of soil profiles under Shola ecosystem

Profaile
L.ocation

series and
local name

Rainrall (mm)
Topagraphy

“lev tion
from oL(m

slop

Dra nage

035 U € in
the ofile

Deoth of
groun water
table (m)

yviaence o1
exros on

Pres rce of
salt/ lkala

Rock out
crops

Land use

Hori on
Lepth (cm)

Colou

(f eld roist) bro r(5¥R 3/2)

Texture

Structure
Saize

Grade
Type

Consastence
Aoist

wet

No 7

SHOLA FO EST
Ponmudi top 50 m behand the Deer pa k Thennoor village Nedumangad Taluk

Travandrum Laistract

Hapludolls

4184

Uoper slope of & gently sleping hagh land hall

1036

1Z o

ell drained

sl ghitly convex ¢

015 ‘tnroughout
4
Snee an rill
Jo
Hara
prof le sate

Nature forest dense

(o 12)
1
Dark read sh

Sandy loam

ediun
eak
Crumb

Friable
Non plastic

Mon s acky

(12 27)
2

Redaish
DTown
(5YR 4/4)

Sandyloam

Faine
eak
Crumb

Fraable

Slaghtly
plastac

Slagntly
st cky

0SS

Kottur Kallar association

(27 56)
3

Reddash
brown

(5 YR 4/3)

Cravelly
sandyloam

Medium
Moderate

Subangular
blocky

Farm

Slightly
plastac

Slightly
sticky

nd alo g the slope

fully stocked w th canopy

(56 67)

Yellowisn red
(2 YR 5/8)

Gravelly sandy
clay loam

} edaum
Moderate

Subangul r
blocky

Fairm
Plastic

Staicky

undulatang

aterite out crops lently in the surroundaings but scarce at the

(67 ~ 140t)
5

Red(2 3YR 5/8)
and ye lowish
red z5 YR 5/8)

Gravelly sandy
clay loam

Fine
Moderate

Subangular
blocky

Firm
Plastic

Sticky

No B8 AC CIA PLANTATION
Ponmudi top 500 m away from the Desr Par by

the s de of Pormudi-Tr van rum Roaa
Village Nedumangadu Talu'

Hapludolls
4184

Thennoor

ravandrum D1 trict
Kottur Kallar associatinn

Upoer slope of a gently slooing hiah land h 11

undulataing
1020

1% S
the slope

Vell dra ned

Subsoal moast

4
Sheet anc gully

No

sliahtly concave a oro and convey acro s

Hard late 1te outcrons plently in the surround

indas

Cultivated +~cac a plantat on

dense anc fully
(0-24)

1

Darx redd sh
brovn(5YR 3/2)

CGravelly sandy
loam

Coarse
Veak
Crumb

Fr able
Non plastic

on=sticky

covered
(24-79)

2

Dark reddish
brovn{5YR 3/3)

Sandy loam

M edaium
Moderate

Subanaular
blocky

Farm
Slichtly
plastic

Slaigh ly
stacky

canopy no

(79 120+)
3

Dark redc sh
brown{ ®YR 3/4)

Sandy loam

Medaum
hModerate

Subangular

blocky -3
Lo

Firm
S1 ghtly plastic

Slaghtly st cky




able 5 4( contd )

Profile o 7 Snola Trest o 8 ~acac a nlant on
norizon (o 12) (12 27) (27 50) (56 67) ( 7 140+) 0 ~84) 24 79 79 120+
depth (em) L 2 3 4 5 ( 1 ( 2 ) ( 3 )
20rosity size Coarse edium ine Fine ine Coa se Med um Fine
wuantity Common Common Common Common mmon Common Common Cor on
pounc vy Gradual Gradual radual G agual Abruot wavy Gracual
smooth vavy wavy wavy smooth
esence of roots Coarse and edium ed ur and ec um ne bed um to edaum to ed um to
(s1ze a d g antity) medium man any ine comnor few aw ine many fine common co e fe
un 1 activi y ant No dist nct
5
erme o lity oderately oaer ely oder te Slo ly lowly lod ately hoder e to 1Zb1e
rapid ranic pe meapl o TeaeDle ravid P
ottlaing - ro sh Yello isnh red Pale ey ale grey
ello {5 v 5/8
10 VR 6/0) anc ligh o ey
and very (7 3 Y& 7/0)
pale brown
(10 v 7/4)
allid zone - - Soft and
friable
Lep h of laterite - - > 73 - -
laye {cm)
uravel per ent 20 00 7 46 49 52 51 38 28 83 31 47 29 21 24 73
age
Other reatures Relic fea 1caceous Leptyraite Fen stones Fewv boulders
ture present  more pressure rocky pieces and cobbles and cobhles
ore quartz faces fa nty present part ally partially
and ¢ avel discontinucus Ve y fainty weathered we therea
_ __  noticed clay skan discontinous present present
— present clay skan
present

08
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The subsurface soils were found to be darker as
compared to the surface solls. The intensity of hue
varied from 10 YR to 2.5 YR showing a decrease in the
value with increase in depth, except in evergreen forest

profile where the bottom horizon had a light hua of 10 YR,

There was no marked cifference in soi) colpur
between deciduous {orest and its corresponding plantation
(cashew), but some differences existed between forest
and corresponding plantation profiles in semi-evergreen,

evergreen and shola ecosystems.

Jextuge
In all the forest profiles, the subsoils were

gravelly textured, The soil texture lied between sandy
loam to gravelly clay loam in forest profiles whereas in
plantation profiles it was from gravelly sandy loam to
gravelly clay (Tables 5.1, 5.2, 5.3 and 5.4),

Stryctyre

The depthewise variation in soil structure in forest
proflles was from weak medium to fine crumb to medium to
coarse subangular blocky. The same pattern of structure
with no marked difference was observed in plantation
profiles with slight variation in grade and size
(Tables 5.1, 5.2, 5.3 and 5.4).



Consistency

All soil profiles, except thaet of evergreen,
behaved in a like manner with respect to consistency,
The surface soils remained friable, non-sticky and none-
plastic while the subesurface soils were firm, sticky
and plastic of intermediate. The lower layer of
evergreen forest profile on the other hand remained
non=sticky and noneplastic with depth (Tables 5.1, 5.2,
5.3 and 5.4).

Boundaries

The horizon boundaries of deciduous and semie
evergreen forests and the.r corresponding plantations
were clear smooth in top and gradual wavy at bottom.

In the case of evergreen forest, the boundary was gradual
wavy to abrupt wavy while in shola forest it was gradual
smooth to gradual wavy, In the tea plantation, the
boundary was gradual smooth to abrupt wavy «nd in acacia

plantation it was abrupt wavy to gradual smooth,

¥While comparing profiles wuitbain cach ecosysienm,
theze was marked difference in herizon bcundaries betwaen
forest and plantation profiles in evergreen and <hola
eco=systems, vhereas such difference was noliced in
deciduous and semi-evergreen ecosystems (Tables 5.1,
5.2, 5.3 and 5.4).
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Presence of roots

The activity of coarse and medium roots was more
abundant in the surface soil as compared to the subsurface
soil. In acacla plantation, few medium and coarse roots

were noticed in the lowest horizon (Table %5.4).

Betlween profiles within each ecosystem there was

not much difference in the extent of root activity,

Permeabllity
In all soil profiles permeabillity was rapid or

modertately rapid in the upper horizons and slowly
permeable in the lower horizons. In evergreen forest,
permeability was moderate in the lower layer, while it

was almost impermeable in the case of eucalyptus plantation
(Tables 5.1, 5.2, 9.3 & 5.4),

Comparing the profiles in each ecosystem, there
was not much difference in permeability except in the
case of semiwevergreen ecosystem where marked difference
was noticed in the lowest layer of the seni-evergreen forest
profile and its corresponding plantation (eucalyptus)
profile.
Mottling
Mottling was rarely observed in surface horizon in
all profiles except in the cuse of evergreen forest where

multicolourede brownish yellow (10 YR 6/6),Yellowish brown
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(10 YR 5/8) and reddish yellow ( 5 YR 6/6)-stones and
cobbles were noticed as mottles. In all lower horizons
multicoloured mottles= brownish yellow, reddish yellow,
yellowish red, dark red, yellowish brown red etc. were
invariably noticed in all profiles except that of acacia
plantation where grey mottles alone were observed in

2nd and 3rd horizons (Table 5.1, 9.2, 5.3 and 5.4). In
the case of deciduous forest profile few small red

(2.5 YA 4/6) mottles alone were noticed (Taole 5,1).

No similarity was observed in the case of wottling

between profiles in each ecosystem.

Land use
The four forest profiles were located in virgin

forests coming under different ecosystems namely deciduous,
seniwevergreen, evergreen and shola, whereas plantation
profiles were locatea in nearby land, oraginally forest,
but cleared and cultivated with plantation crops such as

cashew, eucalyptus, tea and acacia respectively.

Drainage
All profile sites were situated in well dralned

locations with no stagnant water even after heavy rains.
There was similarity with respect to drainage in all the
profiles,
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Depth of ground water

Depth of around water varied from 4 to 7 m. In
locations coming under semi-evergreen and shola ecosystams,
it was 4 m deep where as in locations under deciduous
and evergrean ecosystems it was 7 and 6 m respectively at
the time of observation (Tables 5.1, 5.2, 5.3 and 5.4).

Between profiles within each ecosystem there was

no significant difference in ground water table,

vidence o gio

In deciduous forest and acacia plantation profile
sites evosion was slightly severe resulting in the
formation of gulllies. In all other profile siltes only
sheet anu rill erosions were noticed (Tables 5.1, 5.2,

5.3 and 5.4).

Laterite horizon

Laterite horizon was generally soft and friable in
the forest proflles where 1t was present at tho bottom
horizon after a depth of 40 cm (approx.). In the planta=
tion proflles except acacia, it was present at the bottom
horizon. It was soft and friable in cashew, semiwevergreen
and shola soils (Table 5.1, 5.2 and 5.4) while slightly
hard and friable in eucalyptus,tea and deciduous soils
(5.2, 5.3 and 5.1).
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Rrofile description

Profile No.1 Deciduous forest
Higher category of

classification s Hapludolls
Soil name Kottur Kallar association
Date of examination 10=2=1988

Brief description

Dark reddish brown to yellowish red clay loam
profile with thin dark brown sandy surface. The influsnce
of organic¢ matter is high due to forest vegetalion and
which imparts the dark brown colour to the surface layer.
llottling increasingly noticed in the subsoil, Boulders
are noticed within the rrofile at various stages of weather-
ing, The profile 1s well drained with modecrately slow
internal permeapility (Plate 3)

Brofile description

Horizon Bepth
1 0 icﬂ) Dark brown (7.5 ¥t 3/2 rioist) sandy

loamj weak fine crumb structureg
fraable, non-sticky, noneplastics
many fine to medium pores; many
fine, common medium rootsj clear
smooth boundary.

Iz 4 « 16 Dark reddish brown ( 5 YR 2,5/2

moist) sandy clay loamj few small
faint red (2.5 Y& 2/6) mottled
laterite; moderate medium crumbj
medium firm, slightly sticky,
slightly plastic; common medium
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pores; common fine and medium roots,
gradual wavy boundary.

I1I 16 - 57 Yellowish red { 5 YR 5/6 moist)
gravelly sandy clay loamj many medium
to fine disiinct and faint brownish
yellow (10 YR 6/8) and reddish
yellow (7.5 YR 6/8) mottles; moderate
medium subangular blocky structure;
firm, sticky, plastics common medium
pores; few fine rootsj gradual wavy
boundary. Many medium to large

laterite gravels present.

v 57120+ Yellowlsh red ( 5 YR 5/8 molst) gravelly
c€lay loam; common medium to large
dastinct and clear dark red (2.5 YR
3/6) and reddish yellow (7.5 YR 6/8)
mottlesy moderate to strong medium
subangular blocky structure; firm,
stlcky, plasticy commen medium pores;
very few very fine roots. Soft sube
angular, subrounded and irregular
laterite boulders and gravels presaent;

slightly hard, friable pallad zone.

{General and site information of the profile are given
in Appendix- 1)
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Profile No.2 Cashew plantation

Higher category of
classification, ¢ Hapludolls

So0il name t Kottur Kallar association
Date of examination 3 10=2-1988

Brief description

Very dark grey medium textured loamy surface soil
with dark brown to yellowish red gravelly loam in deeper
layers. Moderately hard and friable pallid zone presents
in the bottom horizon below a depth of 46 cm, Surface
layer fairly rich in organic matter (Plate 3).

Profile description
Horizon Depth(cm)
I 0«19 Very dark grey ( 5 YR 3/1 moist)

loamj weak fine granular to crumb
structure; friable, nonwsticky,
non-plastic; many fine and medium
pores; many medium, common fine

rootsj clear smooth boundary,

i1 19 = 46 Dark brown (7.5 YR 3/2 moist)
gravelly loamj weak medium granular
to crumb structure; firm, slightly
sticky, slightly plastic; many

fine to medium poresi common fine,
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many medium, few coarse roots;
gradual wavy boundary,

Iz 46 « 120+ Yellowish red (5 YR 5/8 moist)
gravelly clay loamj moderate coarse
subangular blocky structure; firm,
slightly sticky, slightly plasticy
common fine poresi few fine rootsg
few small faint mottles mainly red
(2.5 YR 4/8), very pale brown
(10 YR 7/4) and yellowish red
(5 YR 5/8)3 moderately slow permeable;
soft, friable pallid zone.

(General and site information of the profile are given in
Appendix-I11)

Proflle No.3. Semi-evergreen foragst
Higher category of

classafication. t Hapludolls
Soll name :+ Kottur Kallax assoclation
Date of examination : 10=2=1988

Bxjef descriptiop

Very dark brown coarse sandy loam in surface
horizony dark reddish brown and dark red in deeper layers,
The profile is well drained with slow internal permeability.
Gravel content increases with depth., Slight indication of
soft plinthite foxrmatlon at the lower horizon below a depth
of 40 cm. The surface layer is fairly rich in organic
matter (Plate 7).



Profile description

Hoxrizon
1

II

111

Depth (cm)
0« 10

10 = 23

23 = 42

30

Very dark brown (10 YR 2/2 moist)
sandy loam; weak coarse crumbj
friable, nonesticky, noneplastic;
common medium interstitial poresg
few faunal voidsj many medium,
common coarse roots; clear smooth

boundary.

Very dark brown (10 YR 2/2 moist)
sandy loamj moderate medium subangue
lar blocky structure; friable,
slightly sticky, slightly plastic;
common fine poresj many medium

coarse rootsy clear smooth boundary.

Dark reddish brown (5 YR 3/2 moist)
gravelly sandy clay loam; few fine
to medium faint yellowish red (5 YR
4/8) and red (2.5 YR 4/8) motiles;
moderate medium subangular blocky
structure; firm., sticky, plastic;
common very fine pores; few fine
and medium roots; gradual wavy

boundary.
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v 42 = 120+ Dark rod (2.5 YR 3/6 moist)
gravelly sandy clay loamj common
small dark red (10 YR 3/6), red
(2.5 YR 4/6) and yellowish brown
{10 YR 5/8) mottles; moderate
coarse subangular blocky
structure; firm, sticky, plastic;
common very fine tabular poresg
few fine roots; Moist friable and
soft pallid zone.

(General and site information of the profile are given in
Appendix III)

Profile 4. Eugalyptus aptatio

tiighexr category of 1 Hapludells

classification.
Soil name t Kottur Kallar assoclation
Date of examination $  10-2-1988

Brief description

Yellowish red gravelly sandy clay loam to gravelly
clay soil with dark reddish brown, coarse, gravelly sandy
loam surface soil; the profile is drained throughout,
internal permeability is very slowj gravel percentage is
comparatively high throughout the profilej coarse sand
decreases with depthy slichtly hard and friable plinthite
formation at the bottom horizon after a depth of 55 em
(Plate 9),
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Profile description

Horizon Depth (cm)
I 0 -1 Dark reddish brown (5 YR 3/3 moist)

gravelly sandy loamj wsak, coarse
crumb structurej friable, non=sticky,
non=plastic, highly porous, common
medium channel and tubular voids
including termite nests; many medlum

roots; clear wavy boundary.

i1 11 - 26 Yellowish red (5 YR 4/6 moist)
gravelly sandy clay loam; moderate
medium sub-angular blocky structure;
firm, slightly sticky, slightly
plastic; few medium and common fine
tubular pores; many medium rooisj

clear wavy boundary,

111 26 - 57 Mottled, gravelly clay loam;
yellowish red ( 5 YR 5/6 moist)
matrix with many fine and medium,
distinct and prominent yellowish red
(3 YR 4/8), red (2.5 YR 5/8),
brownish yellow (10 YR 6/8) and
yellow (10 YR 7/8) mottles; moderate
medium subangular blocky structure;
very firm, sticky, plastic; common
very fine pores; common fine roots;

gradual wavy boundary.
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v 57 « 130+ Yellowish red (5 YR 5/8 moist)
generally gravelly clay, common fine,
medium and large distinct brownish
yellow (10 YR 6/8), dark reddish
brown (5 YR 3/4) and yellowish
brown (10 YR 5/8) mottles, prominent
an patches; moderately strong medium
sub=-angular blocky structure; very
firm, sticky, plastic; common very
fine pores; distinct clay movement
in some poresj subangular and sub
rounded quartz gravel fragments,
mostly less than 1 cmj few very
fine rootsj slightly hard and
friable pallid zone.

(General and site information of the profile are given in

Appendax W)

Profile No.5 kvergreen forest
Higher category of classie

faication: Hapludolls
Soil name : Kottur Kallar association
Date of examination 3 O=2-1988

Braef dgscription
Reddish brown gravelly sandy loam profile with

very dark grey sandy loam surface and yellow weathered
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rock C horizon. Surface rich in litter. Gravels and coarse

sand increasingly noticed with depth. The profile is well
drained with moderately rapid internal permeability, Soft
and friable laterite presents below a depth of 50 cm(Plate 11)

Brofile description
lorizon  Depth(cm)
I 0 - 21
I 21 = 51

Very dark grey (10 YR 3/2 moist) sandy
loam; few multicoloured - mainly
brownish yellow (10 YR 6/6),Yellowish
brown (10 YR 5/8) and reddish yellow

(5 YR 6/8) weathered stones and cobblesj
weak medium crumb stxucture; friable,
non-sticky, noneplastic; common medium
interstitial pores; many coarse and
mediun roots; gradual wavy boundary.

Reddish brown (% YR 4/4 moist)

gravelly sandy loamg containing common
medium to large distinct and rarely
faint multi-coloured-yallowlsh brown
(10 YR 6/4), very pale brown (10 YR 8/4)
and yellowish brown (10 YR 5/8) stones
and cobbles; moderate medium sub=
angular bocky atructure;

firm, slightly sticky,



slightly plastic} common medium
tubular and interstitial voids;
many medium and coarse root; abrupt

wavy Dboundary.

I11 5120+ Yellow (10 Y& 8/6 moist)loamy sandj
weathered roclk; common fine and
mediun, faint to locally distinct
light grey (5 YR 7/1), very pale
brown (10 Yh 8/4) and yellowish red
(5 Wit 4/8) 1ottles; weak, medium
subangular-blocky structure;
friable, non-sticky, non-plastic;
comimon medium tubuler voids; few
fine roots.

(General and site information are given in Appendix-~V)

Profile No.6 ITea plantation
Higher category of classiw

fication. 3 Hapludolls
Soil name : Kottur Kallar association
Late of examination ! Ow2=1988

Braef description
Dark brown gravelly sandy loam soil over laying
reddlish brovm clay loam. iulticoloured weathered rock

fragrnents are increasingly noticed at depth. [he profile
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s well drained. Gravel content is more at surface borizon

and decreasingly noticed with depth. Presence of slighily

hard and moderately friable laterite layer after a depth
of 30 cm {Plate 13).

Bxofile description

Hoxrizon
I

11

Depth( em)

C = 14

14 = 30

Very dark greyish brown (10 YR 3/2
moist) gravelly sandy clay loam;
veak, medium crumb siructurej
frlable, slightly sticky, slightly
plasticy common medium interstitlal
pores; many fine, common medium

roots; gradual smooth boundary.

Daxh brown (10 YR 3/3 moist)gravelly
sandy loauw containang commen fine
to medium distinct and faint multie
coloured= malnly reddish yellow

(5 YR 7/8), light red (2.5 YR 6/B)
and red (2.5 YR 4/8) wealhered rock
fragments; moderate medium sube
angular blocky structure; firm,
sticky, plastic; common medium
interstitial and random tubular
pores; common medium and fine
rootsy tongued abrupt wavy

boundary.
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Reddish brown (5 YR 4/4 moist)
clay loam; contalining many medium
to large distinct and rarely faint
multicolourad=malnly red(2.5 YR
4/8) yellowish red (5 YR 4/8)
mottles of weathered rock frage
mentsy strong medium subangular
blocky structure; very firm,
sticky, plastic; common medium
tubular voidsy common medium and
fine roots; soft, moderately

friable pallid zone.

(General and site iInformation of the profile are given in

Appendix~ VI)

Profile No.7. Shola forest

Higher category of classi-

fication.
So0il name

Date of examlnation

Bxief description

Hapludolls
kottur Kallar association

1 B=2~-1988

Deep well drained dark reddish brown sandy loam sux-

face soll to 55 cm overlaying yellowlish red sandy clay loam;

sand fraction increasingly noticed with depthj weak structure

but finer particles are strongly aggregated; well developed

cutans; root distribution normal with majority within 55 cmj
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gravelly below approx. 27 cm depthi presence of soft and
friable laterite layer below 67 cm (Plate 15).

Brof

Horizon

I

11

III

17

Depth{cm)

0 - 12

12 = 27

27 = 96

Dark reddish brown (5 YR 3/2 moist)
sandy loamj weak medium crumb
structure; friable, non=sticky,
non=plastic; common coarse random
tubular and chamber voldsj many
coarse and medium rootsj gradual

smooth boundary,

Reddish brown (5 YR 4/4 moist)
sandy loamy few weatherad boulders;
weak fine crumb structurejfriable,
slightly sticky, slightly plastic;
common medium interstitial and
random tubular pores; many medium

rootsy gradual wavy boundary,

Reddish brown (5 YR 4/3 moist)
gravelly sandy loany common medium
faint to locally distinct very pale
brown (10 YR 7/4) and brownish
yellow (10 YR 6/6) mottles, many
angular to subangular quartz gravels

mostly less than 2 cmj moderate
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medium subangular blocky structurej
firm, slightly sticky, slightly
plastic; common fine interstitial
pores; common medium and fine

roots; gradual wavy houndary,

Yellowish red ( 5 YR 5/8 moist)
gravelly sandy clay loam; mottled
with dominant colours of light grey
(7.9 YR 7/0) and yellowish red

(5 YR 5/8) medium moderate subw
angular blocky structure; firm,
sticky, plastic; fainty discontinue~
ouse clay skin and more pressure
faces; common fine mica flakesj

few lyptyrite rocky pieces less
than 3 cmj; common fine pores;

few medium roots; gradual wavy
boundary.,

Yellowish red (2.5 YA 5/8 moist)
gravelly sandy clay loamj moderate
fine subangular blocky structure;
firm, sticky, plastici very fainty
discontinuous clay skin; few stone
slze lyptyrite rocky fragments;

black micas; common tine pores;
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few fine rootsy soft and friable
laterite.
(General and site information of the profile are given in
Appendix - VII)

Profile No.8 Acacia plantation

Higher category of classi-

fication. t Hapludolls
So0il name s Kottur Kallar association
Date of examination ! B-2=1988

Brief description

Dark reddish brown coarse sandy loam soil; rarely
mottled; gravel and sand fractlons more at the surface
and decreasingly noticed with depth; partially weathered
boulders and cobbles scattered below 24 cm depth; well
drained profile with moderately rapid permeability (Plate 17).

txof es n
Horizon Depth{cm)

I 0 =24 Dark reddish brown (% YR 3/2 moist)
gravelly sandy loamg weak coarse
crumb structure; friable, none
sticky, none-plastics common coarse
random tubular and interstitial
voldss many medium and fine roots,

abrupt wavy boundary.
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ix 24 = 79 Dark reddish brown ( 3 YR 3/3 moist)
sandy loam; rarely medium and fine
pale grey mottles, moderate medium
subangular blocky structure; firm,
slightly sticky, slightly plastics
few partially weathered stone and
cobbles; common medium interstitial
pores; common medium and fine roots;

gradual smooth boundary.

11X 79 « 120+ Dark reddish brown (5 YR 3/4 moist)
sandy loam; wedium and large
distinct pale grey mottlesg
moderate medium subangular blocky
structure; firm, slightly sticky,
slightly plastic; partially
weathered stones and cobbles;
common fine tubular and chamber

voids; few coarse and medium roots.

(General and sitse information of the profile are given in
Appendix = VIII)
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Physical characteristics
Grave) (Table 6)

In all the soil profiles, proportion of gravel was
significantly high. In forest profile 1% ranged from
17,46 to 52,75 per cent while 24,73 to 50.48 per cent 1n
plantation profile., The maximum value was recorded in
the profile from evergreen forest (52,75%) and the minimum
in shola forest (17.46%). In forest profile gravel content
was more in subsurface soil and 1t showed an uniform
increase with depth except in the case of shola forest
where the increase was only upto a depth of 67 cm and
thereafter a sudden decxease was noticed in its content.
In plantation profile, distribution of gravel showed no
definite pattern but, its content was more in the surface
s0ll except in the case of cashaw plantation where a steady
increase with depth was noticed. While comparing botween
profiles in each eco~-system, deciduous and shola forests
had a higher gravel content and sami-evergreen and aver-
green forests had a lesser content ihan their corresponde

ing plantations.

Coarsa sand (Table 6)
The coarse sand fraction in forest profile varied

from 34,16 to 64.89 per cent while 28.89 to $6.67 per cent
in plantation profile. The highest value of 64,89 per cent

was recorded in the bottom horizon of evergreen forest



Table 6 Granulometric composition and textural ratios of soil samples

Sample Percentage on oven dry basais Textural ratios
Na Deg;h i (g:ivzint) —— Textural name Fine sangd S It Sand+silt
2 mm Coarse sand Faine sand silt Clay Coarse s nd Clay ~Clay
>20 O02mm O 2 0 02mp O 02-002 < O 002mm
mm
Profile No 1 Deciduous forest
1 04 32 63 34 16 7 40 32 19 93 Sandy loam 0 22 1 62 3 70
2 4=16 3o 64 35 05 11 81 20 70 27 64 Sandy clay loam 0 34 o 5 2 44
3 16=357 51 9o 38 42 6 27 21 61 31 60 Cravelly sandy clay loam © 16 0 é8 2 10
4 57 120 45 81 36 24 6 79 19 35 36 19 Gravellv clay locam ¢ 19 0 53 172
Srofile No 2 - Cashe plantation
S 0-19 38 oo 3 54 9 74 30 58 19 79 loam 0 27 1 55 3 83
6 19 46 46 95 36 16 14 83 24 21 20 11 Gravelly loam 0 41 20 R 74
7 46-120 4 05 33 87 12 91 20 94 30 40 Cravelly clay loam 0 38 0 67 2 15
Profile No 3 semi—evergreen forest
8 0 10 28 94 53 23 11 98 18 06 11 89 Sandy loam 0 23 52 7 00
9 10 23 40 35 55 81 8 76 16 49 15 06 Sandy loam 0 16 1 09 5 37
10 23 42 48 53 43 62 8 23 16 02 29 56 Gravelly sandy clay loam O 19 0 54 2 20
" 42 120 49 02 42 05 8 74 18 40 28 78 uvravelly sandy clay loam 0 21 0 64 2 40
Profile No 4 - zucalyp us plantation
12 c 1 48 68 48 31 7 38 21 48 18 47 Gravelly sandy loam 0 15 1 16 4 18
13 11=26 44 B2 34 27 9 48 19 93 28 56 Gravelly sandy clay loam O 28 0 70 2 23
14 26=-57 47 69 30 81 10 21 24 14 32 72 Gravelly clay loam 0 33 0 55 1 67
15 57-130 44 06 28 89 9 86 16 37 43 59 Gravelly clay 0 34 0 38 1 26
Profile No 5 = Evergreen forest
16 0-21 25 62 47 81 15 20 15 15 16 84 Sandy loam 0 32 0 90 4 64
17 21-51 52 75 51 42 13 98 11 69 19 72 Gravelly sandy loam 0 27 0 59 3 91
18 51-120 41 43 64 89 12 87 10 23 11 80 Loamy sand 0 20 0 87 7 46
Profile No & — Tea plantation s
19 0-14 50 48 41 40 14 14 16 28 23 87 Gravelly sandy clay loam O 34 0 68 301 &
20 14-30 44 95 43 07 10 37 17 36 26 44 Gravelly sandy clay loam O 24 o 66 2 68 ce
21 30-130 38 92 40 B6 10 05 16 91 31 51 Clay loam 0 25 0 54 2 15

{contd )



Table 6 (contd )

Sample Lepth in Grave) Percentage on oven dry basais Textural rat os
No cm (per cent) Textural name — -
> 2mm Coarse sand Fine sand Silt Clay g De_ 253200 3 g it Sandt T
20 O 2mn 02 O 02mm 0 02 002 g ngs carse san ay lay
mm mm
Profale No 7 = Shola forest
22 =12 20 Q0 44 68 9 42 28 32 11 84 Sandy loam 0 21 2 39 & 96
23 12-27 17 46 45 25 9 94 24 95 16 36 Sandy loam 0 22 1 53 4 90
24 2 6 49 52 47 02 11 67 19 23 19 79 Gravelly sandy loam 0 25 0 97 3 04
25 50 o7 51 38 47 70 12 43 12 47 29 14 Gravelly sandy clay loam Q 26 0 43 2 49
26 67=140 28 83 51 45 13 09 14 86 20 00 Gravelly sanay clay loam O ?5 0 74 2 97
°rofile No 8 - Acacia plantation
27 0-24 31 47 56 67 6 82 21 65 10 79 Gravelly sandy loam 012 2 01 7 89
28 246=T79 29 21 50 10 11 98 22 04 12 66 Sandy loam 0 24 1 74 6 64
29 79-120 24 73 43 78 17 33 19 96 17 17 Sandy loam 0 40 1 16 4 72

borl
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profile whercas the lowest value was in the bottom horizon
of eucalyptus plantation .rofile. In evergreen and shola
forests, coarse sand fraction increased with depth while
in esucalypius and acacia plantations 1t decreased with
depth. In the remaining sites, coarse sand content was
highest in tne middle horizons 10 to 57 cm depth., There
was no significant difference in the average content of
¢courSe sand betwaen forest and plantation profiles in
decidupus and shola ecosystems while in the case of semi-
evergrecn and evergreen ecosystems, they differed signiw

ficantly.

Fine sand (Table 6) [

The fine sand fraction ranged from 17.33 per cent
in acacla plantation to 6.27 per cent in deciduous forest.
In shola and 1ts corresponding acacla plantation, fine
sand content uniformly Increased with depth while in evere
green forest and tea plantation, it decreased with depth.
No definite pattern of distribution was noticed in the case
of other profiles. Significant difference in the average
content of fine sand was noticed between profiles within
decidupus ecosystem (deciduous forest and cashew planta-
tion) whereas in other ecosystems no marked difference was

noticed.
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Silt (Table 6)

811t content of different soil profiles under study
showed no definite pattern of distribution but in most
cases the surface layer contained higher percentage of
silt than the subsurface soil, The highest value of
32,31 per cent was obsexved in deciduous forest while the

lowest value of 170.23 por cent in evergreen forest.

Clay (Table 6)

The clay content of the soil samples from forest
profile ranged from 11.80 per cent (lowest horizon of
evergreen forest) to 36.19 per cent (lowest horizon of
deciduous forest) while 10.79 per cent (1st horizon of
acacia plantation) to 43,59 per cent (lowest horizon of
eucalyptus plantation) in plantation profile. In forest
profile, clay content increased with depth upto the penultie
mate horizon and in the lowest horizon 1t decreased except
in the case of declduous forest where it increased steadily
with depth. In plantation profile, the clay content increased

uniformly down the horizon.

The greatest dirference in the average content of
clay was found between eveigreen forest (16.12%) and tea
plantation (27.27%) while in deciduous, semieevergreen and
shola ecosystems no significant difference was noticed

between torest and plantation profiles.
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Textural ratios
Fine sand/ coarse sand

The textural ratio of various horizons of differont
soil profiles are given in Table 6. The fine sand/coarse
sand ratio of forest soil ranged from 0.16 to 0.34 while
0.12 to 0.41 in plantation soil. The ratio showed no
definite trend over depth, Marxked difference in the ratilo
was found between forest and plantation profiles in deciduous
ecosystem while in other ocosystems the difference was

marginal,

831t/Clay (Table 6)

The silt/clay ratio of forest soils ranged from 0.43
to 2.39 while 0.38 to 2,01 in plantation soils. Between
profiles within each ecosystem, no signiilcant difference

was evident,

Sand + silt/ clay ratio {Table 6)

The sand + silt/clay ratio of forest soil varied from
1.72 1o 7.46 while 1.26 to 7.89 in plantation soil. 1In
most profiles, the ratlo showed a declining trend with
depth. There was no significant difference in the ratio

bejween forest and plantation soils within each ecosystem
T

[P—
—
T G

—D
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except in the case of evergreen ecosystem where significant

difference was noticed.

Single value constants
Bulk densaty (Table 7)

The bulk density of surface horizons of forest profile
ranged from 1,07 to 1.23 while 1.17 to 1.28 in plantation
profile. For surface soil, bulk density was found to be
lower at forest sites as compared to that of the correspond-
ing plantation sites. Generally, the bulk densities of
forest solls were found to be higher in the subsurface
horizons than in the surface horizons while a reverse trend
was evident in most of the plantation solls. There was

not much difference between profiles in each ecosystenm,

Particle density (Table 7)

The particle density of fores! soil ranged from 1.86
to 2.16 while 1.86 to 2,15 in plantation soil, The particle
density was found to be slightly higher for subsurface
horizons than for the surface horizons. There was not
much difference in particle density betlween profiles

within each ecosystem.

Porosity (Table 7)

The porosity of soil samples from both forest and
plantation sites was found high in the upper horizons than
in the lower horizons, values ranging from 34.80 to 46.24

per cent. There was not much difference in porosity between
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Table 7 Physical properties of soil samples

Sample Depth in Bulk Particle Pore A aximum Volume Aggregate Mean
No cm density density space water stabllity weight
%% holding exES?sion (%) diameter
capacity { mm)
(%)
Profile No 1 Deciducus forest
1 04 1 Q7 1 86 45 58 40 88 7 46 80 5 2 83
2 4.16 112 1 95 44 18 41 32 6 30 96 62 3 52
3 16-57 119 2 16 45 28 42 49 7 51 83 o1 2 82
4 57 120 1 18 1 96 40 17 37 37 10 29 71 10 2 90
Profile No 2 Cashew Plantation
b) 0-19 117 1 86 42 88 37 38 7 85 79 47 2 62
6 19-46 116 2 07 44 24 37 00 5 57 68 57 2 36
7 46-120 117 1 83 38 83 32 79 8 32 77 03 2 81
Profile No 3 Semi-evergreen forest
8 0-10 1 22 197 40 78 34 53 3 83 89 66 373
9 10~23 1 22 1 99 39 40 38 47 4 Q7 80 95 3 91
10 23 42 125 2 02 40 42 38 90 5 80 75 91 3 91
11 42-120 123 211 41 28 38 39 6 38 41 57 4 08
Profile No 4 Eucalyptus plantation
12 0=-11 1 24 2 10 41 23 32 32 5 94 54 27 3 27
13 11-26 114 1 86 39 26 38 01 5 55 68 99 3 54
14 26 57 22 19 37 B6 37 39 5 71 87 27 3 40
15 57-130 1 23 165 38 08 37 77 8 02 65 78 2 3
Profile No 5 Evergreen forest
16 0-21 1 10 2 06 43 76 40 08 4 11 81 74 2 70
17 21-51 1 20 1 98 40 98 33 31 4 71 63 54 323
18 51 120 1 26 1 97 34 80 26 40 3 84 52 11 3 34
Profile No 6 Tea plantation
19 0 14 117 2 14 44 94 37 o7 4 00 56 79 2 51
20 14~30 113 212 39 34 30 99 4 01 31 58 2 82
21 30-130 1 16 2 00 42 69 34 37 5 24 82 65 3 52
Profile No 7 Shola forest
22 0=12 123 2 14 42 65 35 34 8 44 73 44 319
23 12 27 1 17 2 09 44 93 38 38 5 87 88 93 2 0%
24 27=56 1 26 2 00 37 51 29 15 4 89 28 57 4 49
25 56 67 1 21 2 00 40 g6 33 87 5 26 21 26 2 56
26 67-140 1 28 2 00 36 29 30 7 4 45 47 29 2 22
Profile No 8 Acacla plantation
27 0=~24 128 2 11 40 11 30 05 4 92 83 44 3 10
28 24.79 117 2195 46 24 37 46 4 37 75 30 2 84

29 79120 113 197 43 00 36 07 4 70 84 72 2 81
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profiles within sach ecosystem,

Watex holding capacity (Table 7)

The water holding capacity was found higher in upper
and milddle horizons of most of the forest profiles whila
in plantation profiles no specific pattern was evident,

No marked difference was noticed between profiles within

each ecosystem.

Volume expansion (Table 7)

The volume expansion of the soils was found to range
from 3.83 to 10.29. Tnere was not much difference in

volume expanslon between profiles within sach ecosysten,

fgqgregate analysis
Aggregate stability (Table 7)

Aggregate stability percentage of forest solls varied
from 21.26 (shola) to 96.62 (deciduous) while 31.58 (tea)
10 87.27 (eucalyptus) wn plantation soils. In forest
profile, aggregate stabillity was found to be more in the
uppexr horizons than in the lower horizons while a reverse
trend was evident in plantation proiile., Though there was
net much dlfference in the stability percentage between
profiles within each ecosystem, the forest profiles, except
shola, showad 2 higher value than the corresponding planta=

tion proflles,
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Mean weiaht diameter (Table 7)

In forest soil, the mean weight diameters were witlll:l.n
a range of 2.05 to 4,49 mm (shola) while in the plantation
soil, it ranged from 2.31 to 3.54 mm(eucalyptus). 1In
forest profile, the mean weight diameter was found to be
higher in the lower horizons than in the surface horizons
but in plantation profile, except tea, a reverse trend was
evident. Within each ecosystem forest and plantation
profiles showed only marginal differences. In all the
cases the surface soils of forest had a larger mean welght

diameter than that of the corresponding plantation.

Chemical properties

o ( in distilled waterx)

The pH of soil samples of different profiles in
distilled water showed an acid reaction, the value ranging
from 4.2 to 6.4. 1In forest profile it varied from 4.2 to
4,9 while in plantation profile 4.2 to 6.4. In profiles
from evergreen and shola foresis lower horizons recorded
an increase in pH, whereas in other profiles the value
decreased from surface downwards. The mean value of pH
from tea plantation was significantly higher as compared
to that of the corresponding forest profile (evergreen)

while in cashew and acacla plantations the increase over



their respective forest profile was marginal. The
eucalyptus plantation on the other hand had a relatively
lower mean value than that of corrgsponding semi-evergreen
forest (Table 8).

gH (in N NaF)

The pH in NaF of all the soil samples was higher than
that in distilled water. In the neutral salt solutlon the
pH increased by about 2.7 (evergreen forest) to 6.4(shola
forest) (unit Jas compared to that in water in the case of
forest profiles while 1.6 (tea plantation) to 6.6(cashew
plantation) units in plantation profiles. Tho maximum
value of 11.2 was recorded in the 2nd horizon of cashew
plantation, whereas the minimum of 7.4 in the 1st horizon
of evergreen forest. No significant difference was noticed
in the pH value between profiles within each ecosystem
(Table 8).

pH(in N KC1)

The pH in N KCl solution of all the soll samples was
lower than that in water. In shola forest profile, the
3rd and 4th horizons recorded a higher pH than the other
horizons of the profile and in evergreen forest a constancy
of pH in successive horizons was noticed. In other profiles

the value decreased from surface downwards although thers
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Table 8 Soil reaction electrical conductivity and cation exchange
capacity of soill samples

Sample  Depth in Seil (1 5) Electri Catﬁon
No cm Distilled N Sodium N Potassium 0 Ok galtion exc agge
water fluoride c loride calcium v;z capacity

chloride (1 5) CMol(p+)kg 1

m mhos cm

Profile No 1 Deciduous forest

1 0-4 49 8 4 43 4 3 0 15 12 81
2 4-16 4 2 9 4 4 0 3s 0 10 11 13
3 1657 4 2 9 8 40 38 0 05 777
4 57-120 4 2 98 40 37 0 05 11 13
Profile No 2 Cashew plantation
5 0=-19 4 8 10 6 42 45 016 15 75
6 19-46 4 6 11 2 4 2 4 1 o 06 11 34
7 46=120 4 2 9 7 4 1 40 0 05 10 92
Profile No 3 Semi-evergreen forest
8 ¢ 10 4 7 75 4 4 4 2 010 10 92
9 10 23 4 6 9 3 4 1 39 c 07 10 92
10 23 42 4 4 10 2 41 39 0 05 9 45
11 42-120 4 3 98 40 39 0 04 6 93
Profile No 4 Eucalyptus plantation
12 011 4 6 77 4 2 41 0 09 9 24
13 11-26 4 3 88 4 0 is C 07 8 86
14 26=57 43 9 5 40 37 0 06 7 56
15 57-130 4 2 98 39 37 0 04 10 69
Profile No 5 Evergreen forest
16 0 21 47 74 4 0 4 1 0 08 6 5
17 21-51 4 4 9 6 40 3 0 04 7 14
18 51 20 4 6 75 40 4 1 0 04 4 20
Profile No &6 Tea plantation
19 0-14 6 4 80 6 3 60 0 21 6 72
20 14=30 60 8 2 58 57 0 18 6 72
21 30-130 4 4 8 6 1 4 0 o o7 6 51
Profile No 7 Shola forest
22 0-12 4 2 80 4 0 3s o 11 8 19
23 12 27 4 2 10 © 4 0 38 0 06 9 66
24 27-56 4 4 10 8 4 2 40 0 05 777
25 56-67 4 4 10 4 4 1 39 0 04 9 03
26 67-140 4 2 91 40 38 0 04 8 30
Profile No 8 Acacia plantation
27 0-24 4 9 20 4 4 43 0 06 8 61
28 24-79 4 5 111 4 2 40 0 04 8 34

29 79 120 4 4 10 6 4 2 40 0 04 6 82
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was not much difference in pH of the surface and sube
surface soils as compared with that in water. Significant
difference in the mean value of the pH was observed
between profiles in evergreen ecosystem while the
difference was marginal between profiles within other

ecosystems,
g (in _0,0IM CaCl,)

The pH in 0.01M CaCl2 solution of all the soil
samples recorded a lower value and in genseral, showad a

trend quite similar to that in K C) (Table 8).

Conductivity (Table 8)

In general the conductivity recorded a decreasing
value with depth irrespective of the profiles. There was
no significant difference in conductivity between forest

and plantation profiles within each ecosystem,

Cation exchange capacity (Table 8)

The CkC was found to be very low in all the profiles
studied, value ranging from 4.2 to 12.81 (3m<31(p+)lcg"1 in
forest profile while 6.51 to 15.75 Cmol{p') ko™ in planta-
tion profile, In semiwevergreen forest, cashew, tea and
acacia plantations, CLC was found to decrease with depth
while in deciduous and eucalyptus plantations the louest

horizon recoxded an increase in value. In gvergreen forest
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profile the highest value was noticed in the middle horlzon.
liith rogard to CEC no significant difference was noticed
between forest and plantation profiles within each ecosystem
but in general, a higher value was observed for surface
soils of plantation profile than for thelr corresponding
forest profile except in the case of semi=evergreen Qco=-
system whexre the surface soil of eucalyptus plantation had

a lower value than that of the semi=evergreen forest.

Organic _carbon

The percentage of organic carbon is presented in
Table 9. The maximum organic carbon percentage was found
to be 3.05 in the surface hori-on of deciduous forest while
the minimum of 0.12 per cent in the lowest horizon of ever
green forest, In all the profiles, organic carbon content
was found to decrease steadily with depth. Within each
ecos ystem there was no significant dirference between
forest and plantation profiles but, in general a lower
value for surfuce soils and a higher value for subsurface
soils were observed in all tha plantation profiles as come

pared to that of the corresponding forest profiles,

Total and available njtrogen
Table 9 presents the distribution of total and

available nitrogen in various horlzons of different soil

profiles. The total nitrogen content of the surface soil
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Table 9 Chenical characteristics of scil samples- Organic carbon N P K Ca

and Mg
Organic Nitrogen Phosphorus Potassium Calcium Magne- C/N
Sample D‘fg;})‘ "af;‘)’“ Tofal Avail Tygtal Availa T}.oétal Ayaila total  sium ratio
pg g ! po g ! nga! mog'! nggo’
Profile No 1 Deciduous forest
1 0-4 3 05 0 26 104 0038 6 6 0 234 261 256 1026 11 7
2 4-16 2 24 0 20 94 0043 2 9 0 237 45 139 806 11 2
3 16-57 1 12 012 89 0129 0 6 0 135 50 61 582 93
4 57-120 083 009 80 0031 1 4 0 209 38 78 533 9 2
Profile No 2 Cashew plantation
5 0-19 2 60 0 24 93 0 187 1 Q0 227 246 251 1015 10 8
6 19-46 196 020 88 Dog6 2 4 0 37 76 58 1141 98
7 46=120 0 85 (O Iy | 54 0053 39 0 199 23 56 612 77
Profile No 3 Semi-evergreen forest
8 O=10 2 81 0 22 91 0036 30 0 318 114 135 1065 12 8
9 10=23 2 22 0 19 74 0054 20 0 30% 59 79 1070 M1 7
10 23-42 1 03 01 65 0117 0 2 0 348 44 283 1070 9 4
11 42 120 0o 70 0 07 85 0074 0O 2 0 260 43 126 964 10 ©
Profile No 4 Eucalyptus plantation
12 0-11 2 53 0 24 118 0113 31 0 196 49 101 728 10 5
13 11-26 2 18 0 18 100 0213 10 D 245 39 35 802 12 1
14 26-57 139 013 B2 00és 10 0 236 46 126 823 10 7
15 57-130 0 98 o 11 76 0058 12 0 274 44 45 773 8 9
Profile No 5 Evergreen forest
16 0-21 290 022 121 0064 30 0 180 182 63 1182 13 2
17 2151 1 85 0 20 102 0073 69 0 204 Q9 27 1172 9 3
18 51=120 0 12 0 05 25 0051 55 ©0 138 173 90 112 2 4
Profile No 6 Tea plantation
19 0-14 2 50 0 23 104 0057 17 1 0 195 139 1070 4467 10 9
20 14-30 160 018 92 0089 11 0 0142 95 801 3832 89
21 30-130 0 3% 0 06 75 0106 10 0 075 97 36 316 65
Profile No 7 Shola forest
22 0=12 3 01 0 25 165 0057 16 0 209 116 173 1670 12 0
23 12.27 1 85 0 17 108 0 034 trace 0 280 65 05 2156 10 ¢
24 27 56 113 012 79 0171 Q 2 0 311 53 43 2061 9 4
25 56-67 0 73 0 08 66 0 143 +trace 0 249 51 115 1467 1
26 67-140 0 35 0 03 61 0076 06 0 130 46 39 487 1 6
Profile No 8 Acacia plantation
27 0-24 2 36 0 24 63 0134 0 4 0 254 152 101 3144 98
28 24-79 1 67 0 19 78 0 09 trace 0 290 55 44 3468 8 8

29 79-120 0 92 012 78 0 115 trace 0 328 54 29 3227 77
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of forest profiles varied from 0.26 to 0.22 per cent while
0.24 to 0,23 per cent in plantation profiles. In all the
profiles, pexcentage of nitrogen was found to dectrease
with depth. Though the content of nitrogen did not differ
significuntly among the profiles, its value averaged over
depth was relatlvely highexr in almost all plantation
profiles as compared to that of the corresponding forest
profiles, the greatest difference (0,053%) being noticed
in shola ecosystem followed by semi-evergreen (0.0175%),
deciduous (0.0155%) and the least (zero) in evergreen
ecosystem, Moreover, in all the plantatlion proflles,
percentage of total natrogen showed a comparatively higher
value in the lower horizcons than that of the respective

forest profiles.

The available nitrogen content showed no significant
difference between forest and plantation profiles in each
ecosystem. Ir almost all profiles percentage of available
nitrogen decreased with depth except in semieevergreen
forest and acacia plantation, where the lowest horizon showed

an increase in the value.

Carbon=Nitrogen Ratio

The C/N ratio varied from 2.4 to 13.2(evergreen forest),
The surface soil of forest profile showed a relatively

higher value as compared with that of respective plantation
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profile. In all the profiles C/N ratio declined uniformly
with depth except in the case of semiwevergreen and shola
forests where the lowest horizon showed an increase in the
ratio (Table 9). The C/N ratio did not differ significantly

between profiles within each ecosystem,

Total and available phosphorus

The total and available phosphorus statas of the
different soil profiles are presented in Table 9. The
total content of phosphorus in forest soil ranged from
0,031 to Q.171 poexr cent while 0.039 to 0.213 per cent in
plantation soil. In forest profile, phosphorus was found
to accumulate in the middle horizons whereas in plontation
profile its distribution did not follow a regulax pattern.
The average value of total phosphorus in plantation proflle
was slightly higher as compared to that of the correspond-
ing forest profile while in the acacia plantation the value
was slightly lower than that in the shola forest.

The available phosphorus status of{the different soll
profiles varlied from trace to 17.1 g9 Though no
regular pattern of distribution was evident its content in
general, was more in the upper horizons irrespective of the
proflle. Between profiles in each ecosystem no significant
difference was noticed in the content of available phos-

phorus.
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Total and available tagsium

The total and available contents of potassium are
shown in Table 9, The total content of potassium in
forest soil ranged from 0,130 to 0,348 per cent while
0,075 to 0.371 per cent in plantation soil., In forest
and older pldantations (cashew and tea) profiles, potassium
was round concentrated in the upper horizons, whereas in
young plantation (eucalyptus and acacia) profiles it
accumulated more in the lowexr hor.zons. The average
content of potassium aid not differ signiflicantly between
profiles within each ecosystem but its value was slightly
higher in cashew and acaclia soils and slightly lower in
eucalyptus and tea soils than their respective forest

solls,

The available potassium status of forest soil
ranged from 38 to 261 P9 9-1(d861duous forest) while 23
to 246 M9 gw‘(cashew) in plantation soil, Irrespective of
tha profile, available potassium was found to accumulate
more in the surface horizons, The distribution of average
contont of avaellable potassium was found to be the same

as thal observed in the case of total potasslum,

Calcium opd Magnesium (Table 9)
The calcium and magnesium status of various horizons
of different profiles ranged from 27 (evergrcen forest) to

» -1
1070 M9 97(tea plantation) and 112 (evergreen) to 4467 M99
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(tea plantation) respectively. In many profiles their
distribution showed a declining trend with depth., Signie-
ficant difference in the content of calcium was found
between evergreen forest and its corresponding plantation,
whereas in the case of magneslum marked difference was
noticed between evergreen forest and tea plantation and
between shola forest and acacla plantation in everg.een
and shola ecosystems respectively. Within other ecosystems
the diffe—~ence in the content of calciun and magnesium

was marginal,

Eerti)ity status

The fertility status of forest soll and correspond-
ing plantation soil are presented in Table 10. In most
casas surface soils of forest were superlor in organic
matter content than the corresponding plantation soils.

In forest soll organic matter conteni renged from 5.25

per cent (18t horizon of deciduous zorest) to 0.21 per cent
(lowest horizon of evergreen zorest) uhile 4.48 per cent
{1st horizon of cashew plancation) to 0.67 per cent(lowest
horizon of tea plantation) in plantation soil. 1In all

the profiles, orgqnic matter was found to decreczase uith
depth., No significant difference was noticed in the content
of organic matter among the profiles. The average contents

of nilrogen and phosphorus showed a higher value for the



Table 10 Fert lity status of soal profiles
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Sﬁmple Eepth f? 5) Per cent on oven dry basis
o n cm 1n
bl TET CHAT Wb mete | B
u
Profile No 1 Deciduous forest
1 O-4 4 9 3 05 5 25 0 26 0 038 0 234
2 4-16 4 2 2 24 3 86 0 20 0 043 0 237
3 16 57 4 2 112 193 o 12 0 129 0 135
4 57-~120 4 2 v 83 1 43 o 09 0 031 0 209
Profile No 2 Cashew plantation
5 0 19 48 2 60 4 48 0 24 0 187 0 227
6 19~46 4 6 196 3 38 0 20 0 086 0 37
7 46 120 4 2 0 85 0 95 o 1 O 053 0 199
Profile No 3 Semi evergreen forest
8 0 10 4 7 2 81 4 B4 0 22 0 036 0 318
9 10 23 4 6 2 22 3 83 0 9 0 054 0 305
10 23-42 4 4 1 03 178 01 0 117 0 348
11 42 120 4 3 0 70 1 21 0 07 0 074 0 260
Profile No 4 Eucalyptus plantation
12 0-11 4 6 2 53 4 36 0 24 0 113 0 196
13 11 26 4 3 2 18 3 76 0 18 0 213 0 245
14 26 57 4 3 1 39 2 40 0 13 0 068 0 236
15 57 130 4 2 0 98 2 03 0 11 0 058 0 274
Profile No 5 Evergreen forest
16 0~21 4 7 2 90 5 00 0 22 0 064 0 180
17 21 51 4 4 1 85 3 19 0 20 0 073 0 204
18 51-120 46 012 0 21 0 05 0 051 0 138
Profile No 6 Tea plantation
19 0-14 6 4 2 50 4 31 0 23 0 057 0 195
20 14-30 60 1 60 276 018 0 089 0 142
21 30-130 4 4 0 39 0 67 0 06 0 106 0 073
Profile No 7 Shola forest
22 0-12 4 2 301 5 19 0 25 0 057 0 209
23 12 27 4 2 1 85 3 19 0 17 0 034 0 280
24 27-56 4 4 113 1 95 0 12 0171 0 31
25 56-67 4 4 0 73 1 26 0 08 0 143 0 249
26 67-140 4 2 0 35 0 60 0 03 0 076 0 130
Profile No 8 Acacia plantation
27 0 24 4 9 2 36 4 07 0 24 0 134 0 254
28 24-79 45 1 67 2 88 0 19 0 039 0 290
29 79=-120 4 4 0 92 1 59 0 12 0 115 0 328
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plantation profiles than for the corresponding forest
profiles. No marked difference was noticed in the status

of potassium between profiles within each ecosystem.

D byt f iron a 2 n soils

Table 11 presents the distribution of various forms
of iron and aluminium down the profile at different sites.

Iotal Jron

The total iron percentage in forest soil varied from
0.636 (lowest horizon of evergreen) to 3.485 (middle horizon
of shola) while 2.267 (1st horizon of cashew) to 4,772
{middle horizon of acacia) in plantation soil. In general,
the total iron content was found to be concentrated in
the lowexr horizons than in the upper horizons in all the
profiles except in the case of acacia and evergreen profiles.
The average value of total iron was found more in plantae
tion profile than in the corresponding forest profile.
Significunt difference in the total content of iron was
noticed between profiles within semi-evergreen, evergreen
and shola ecosystems while no marked difference was

observed within the deciduous ecosystem.

Water solub iro

In the forest so%l, water soluble iron content varied
from trace to 14 M9 ¢ (deociduous) while that in the



Table 11

Chemical characteristics of soll samples -~ Iron and aluminium

Total IRON Actaive Total ALUMINTUM
Sample Depth -1 pug g iron g 100g 1 ug g |
Neo i; (g 100g™ ) yater Ammonaum DTPA Dithionite Oxalate ratao¥* Yater Ammon2aum CToA
soluble acetate extract extractable extract soluble acetate extract
extracta-  able able extracta=- able
ble ble
(exchange (exchange
able) able)
Profile No 1 UDeciauous forest
1 o4 2 740 8 154 218 8820 2450 0 28 7 928 63 146 116
2 4=16 2 477 14 98 388 12260 2930 0 24 8 571 155 125 366
3 10-57 2 751 3 66 45 18490 3200 0 17 g 816 83 280 10
4 87 120 s 120 trace 42 38 23 00 2310 0 10 10 074 2 183 6
Prof le 2 Casnew olantation
¢ 19 2 207 11 192 398 11480 3060 27 7 407 102 284 486
6 1y 46 2 871 12 103 188 13700 3450 0 25 10 182 102 246 247
7 40=120 4 J74 1 31 11 30400 5660 C 19 11 033 3 186 3
rrofile No 3 oseTi-evergreen fo est
8 ¢ 10 2 002 8 128 159 7610 2320 0 30 7 427 72 63 159
9 10=-23 2 178 8 115 174 9490 2700 0 28 8 859% 83 122 161
10 23 42 2 379 1 69 61 13250 2950 0 22 10 520 62 160 25
1M 42-120 2 428 trace 41 25 15150 2850 0 19 10 871 15 167 12
Profile No 4 cucalyptus planta xon
12 0=-11 3 095 8 147 132 20120 2620 0 13 7 928 69 143 91
13 11=26 s 291 8 96 323 21140 3120 0 15 11 208 67 128 279
14 2057 3 023 trace T4 23 26790 2850 o 11 13 577 19 145 6
15 57=-130 3 348 trace 45 7 24650 2590 011 14 082 8 304 42
Profile No 5 Evergreen forest
16 0=-21 1 442 5 131 145 5480 2070 0 38 5 333 63 162 28
17 21=51 1 910 4 79 34 9140 2720 0 30 8 141 €9 67 8
18 51-120 0 636 trace 43 3 1100 190 017 4 853 6 86 5
Profile 6 Tea plantation s
19 0-14 2 719 14 59 13 12630 2590 021 7 665 94 75 31 )
20 14-30 2 799 50 33 trace 12830 2460 0 19 8 152 185 43 4 Co
21 30-130 2 957 trace 24 10 20020 1080 0 05 9 837 3 225 2

Contd



Table 11 {contd )

IRON

Active Total ALU* INTU!
S;mple Depth otal ; ua 9-1 iron 9 100¢ Hg g 1
in - *
° cm {9 1009 ") —3e¥  Ammonzum  DIPA Dithionite Oxalate 1o02° ater  Ammonium CT2n
soluble acetate extract extractable extract soluble acetate extract
extract aple able extracta able
able ble(exch
(exchange angeable)
able)
rofaile lo 7 Shols forest
22 o 12 2 213 3 142 439 11110 4190 0O 38 6 124 25 126 179
23 12-27 3 1430 1 81 259 14790 5640 0 38 9 192 20 106 147
24 27-56 3 485 3 58 99 18210 5590 0 31 10 487 115 103 o1
25 56-~67 3 465 2 47 22 25440 3720 0 15 10 573 12 105 15
26 67-140 3 180 trace 28 12 24390 1980 0 08 14 213 2 155 9
Profale No 8 Acacia plantation
27 0=-24 4 250 15 142 456 18100 4010 0 22 9 530 35 150 388
28 2479 4 772 9 87 77 25570 7030 0 27 11 837 30 101 220
29 79-120 4 091 trace 29 es 31160 10470 0 34 11 531 13 142 5

* natio of oxalate to dithionite extractable iron

bl
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plantation soil it ranged from trace to 50 M9 g-1('l:e:a).
The maximum content of water soluble iron was observed
in the upper and middle horizons while in the lowest
horizon its amount was practically zero. There was
significant difference in the content of water soluble
iron batween profiles within the evergreen ecosystem.
In other ecosystems the difference between profiles was

marginal.

Exchangeable iron (Ammonium acetate extractable)

The exchangeable iron content varied from 28(shola)
to 154 M9 g-“l(dm:;‘.dv.lous) in forest soil, whereas in planta-
tion soil the variation was from 24(tea) to 192 P9 9—1(cashew).
In all the cases its distribution showed a steady decrease
with depth. There was no marked difference between

profiles within each ecosystem,

BISA axtractable dron
The DTPA extractable iron content in the forest soil

varied from 3 (evergreen) to 439 M9 gﬂ(shola) while trace
(tea) to 486 M9 g (acacia) in plantation soil. Irrespec-

tive of the profile, the content of DTPA extractable iron

was found to decrease with depth. No marked difference

was noticed in the content of iron among the profiles.
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Bithionite extractable iron

The dithionite extractable iron content in the
forest soll ranged from 5480 (evergreen) to 25440 M9 g
(shola) while 11480 (cashew) to 31160 M9 g-’l(acac::l.a) in
pirantation soil. The distribution in successive horizons
in general was found to increase with depth in most
profiles. Significant difference in the content of free
iron oxlde was noticed between profiles within the semi-
evergreen ecosystem. No marked difference was observed
between forest and plantation profiles within other ecoe
systems, The average content of the fres iron oxide in
plantation profile showed a comparatively higher value

than the corresponding forest profile.
alat xtractable iro

The oxalate extractable iron in forest soil consti-
tuted 190 (evergreen) to 5640 M9 gﬂ(:aho).a) while 1080 (tea)
to 10470 kg gl-'1(:=wacj.a) in plantation soil. In all the
forest profiles, the distribution of oxalate extractable
iron followed a pattern of initial increase and a subse-
quent decline, The same trend was observed in eucalyptus
plantatlion also. In cashew and acacia plantation profiles
there appeared a steady increase in the value with depth
while a reverse trend was noticed in tea plantation., In
all the plantation profiles the average content of the

oxalate extractable iron recorded a comparatively higher
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value than the corrasponding forest profiles, Marked
difference was noticed between profiles within shola
ecosystem while the difference was marginal within other

ecosystenms,

Active jron ratio
The active iron ratio was obtained by divlding the

content of oxalate extractable iron (amorphous form) by
dithionite extractable iron (amorphous and crystalline).
The values of active iron ratio were within the range of
0.05 to 0.38., 1In most profiles the values in successive
horizons showed a general decrease with depth. No marked
difference was noticed between forest and plantation

proflles within each ecosystem.

Total alum

The percentage of total aluminium in forest soils
ranged from 4.853 (evergreen) to 14.213 {shola) while
7.497 (cashew) to 14,082 (eucalyptus) in plantation profiles.
It was found to increase with depth and a maximum contene
tration was observed in the lowest horizon of all the
profiles except in the case of evergreen forest where
the lowest horizon recorded the minimum value, The
plantation profiles in general, showed a comparatively
higher value of average total aluminium content than the

corresponding forest profiles. There was no significant



differance between rogcest and plantation profiles within

each ecosystem,

Water soluple aluminium

Water soluble aluminium constituted 2 to 185 M9 g
of the soil. The value was obsexved to be higher in the
upper horizons than in the lower. No significanti difference
in the content of watexr soluble aluminium was noticed

among the profiles.
Exchangeab. a in

The exchangeable aluminium content extracted by

1

ammonium acetate solution varied from 43 to 304 M9 9
No definite pattern was evident in the distribution of

the exchangeable aluminilum.

DIPA extractable alupinium

The content of DTPA extractable aluminium was higher
in the upper horizons than in the lower horizons, Itt's
value ranged from 2 to 566 ng g1 of the soil. There was
no significant difference in the content of the aluminium

among the profiles.

Distribution of manganese, zinc and copper

The table 12 gives the dlstribution of different
forms of manganese, zinc and copper in various horizons

of the profiles investigated.
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Manganese

The total content of manganese varied from 48 to
201 b9 o~1 (deciduous) in forest soll while 21 (Lucalyptus)
to 748 M8 g‘1 (acacia) in plantation soil. The concentra-
tion of total manganese was higher in the upper horizons
than in the lower horizons except in the case of acacia
plantation wnere the lowest horizon recorded the highest
value., Significuent difference was noticed between forest
and plantation profiles within the shola ecosystem, whereas

the difference was marginal within other ecosystems.

Tne content of exchangeable manganesc axtracted by
ammonium acetate solution was found to decrease with depth
in all the profiles. The same trend was observed in the
dissribution of DTPA extractable manganese but of a
higher magnitude. There was no significant difference in

the content of manganese among the profiles.

The amount of manganese extracted with distilled
waler at the pH of the soll was practically zero for all
the soils studied.

Zinc
The total content of zinc varied from 37.17(evergreen)

to 310,02 M9 g™t (semi=evergreen) in forest soil and 55,54
to 306,65 M9 g4 (eucalyptus) in plantation soil. No definite
pattern was evident in the distribution of total zine with
depth,



Table 12 Chemacal characteristics of soil samples ~ manganese zinc and copper
L
ssgple Digth Manganese = glnc Copper
cm Total {ater Exchange- DTPA Total Water Exchange DTPA Total Nater Exchange~ DTPA
solu~ able extracta- solu=- able extract solu- able extract-
ble ble ble able ble able
Profile No 1 Decaduous forest
1 0-4 201 trace 10 7 220 42 2 27 5 83 2 83 28 trace O 6 1 04
2 4-16 129 n é 38 107 96 0O 58 3 58 321 34 " 06 1 22
3 16-57 53 n 2 Ki:] 100 92 0 26 3 36 1 39 34 06 0 73
4 57-120 48 " 1 13 93 10 0 15 3 18 0 98 37 " 06 Q75
Profile No 2 Cashew plantation
5 0-19 94 trace 5 28 87 28 3 43 5 47 1 56 44 n 08 1 39
6 19-46 86 " 2 17 233 84 2 65 5 22 3 29 57 n 08 2 03
7 46=120 99 " 1 10 127 65 0 29 3 04 0 85 61 n 0 4 0 32
Profile Yo 3 Semi evergreen forest
8 0=-10 135 trace 5 32 260 50 O 05 5 37 0 88 25 02 0 78
9 10-23 117 " 2 17 51 11 4 06 511 0 76 25 0 o8 0 91
10 2 -4 68 " 1 14 316 02 2 86 4 26 0 67 29 " 06 2 69
1 42-120 29 n 1 15 116 41 1 64 3 94 0 61 36 " 12 1 03
Prorile No 4 Eucalyptus plantation
12 0-11 104 t ace 5 24 306 65 trace 4 69 0 92 109 " 06 0 98
13 11-26 63 " 2 19 55 94 3 44 3 96 0 78 35 " 04 0 36
14 26-27 43 " 1 13 192 37 1 56 3 34 0 46 43 " 06 1 25
15 97-130 31 " 1 14 172 57 2 08 2 88 5 A3 49 " 06 0 24
Profile No 5 Evergreen forest
16 0-21 198 trace 20 53 55 05 4 25 598 0 92 20 * 10 0 28
17 21-51 148 " 4 15 3717 3 23 4 60 0 4 17 " 10 0 08
18 51-120 85 " 2 14 305 78 1 55 4 61 1 03 278 n 10 0 08
Profile No 6 Tea plantation
19 0-14 202 trace 13 12 137 56 5 75 7 10 6 08 55 " 10 2 19
20 14-30 122 " 5 24 66 19 1 46 5 57 3 92 56 " 08 2 98
21 30~130 56 " 1 11 166 80 1 89 3 95 1 94 108 " 08 0 M

(contd )

0tl



Table 12 (contd )

ng g
sample Lepth Manganese Zinc Copper
No on Total ater  xchange- DIPAa Total  Water cxchange DIPA Total Wate  Exchange  DIPA
solu able extracte solu- able extract solu- able extract
ble able ble able ble able
Profile No 7 Shola forest
22 0=12 136 trace 9 46 73 81 2 10 4 81 1 56 26 trace 08 1 81
23 12-27 122 2 93 107 05 4 71 4 43 1 91 33 n 08 1 42
24 27 56 125 1 12 60 61 193 4 12 0 35 41 08 1 29
25 S50=07 130 1 16 59 60 1 37 4 10 C 47 43 n 10 1 17
26 67-140 58 trace 22 76 55 3 26 2 49 2 90 44 " 10 0 &7
Profile No 8 Acaciae plantation
27 0-~24 291 trace 16 15 84 66 2 72 512 2 25 34 n (o] 0 70
28 24-/9 422 n () 50 113 49 2 13 4 90 0 37 40 n Q6 1 08
29 79-120 748 4 30 96 63 4 74 3 07 1 14 38 " 08 0 90

el
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The amount of wator soluble cinc varied within the
range of 0,05 to 4.71 Mg g1 in forest soll while trace
to 5,75 M9 g""in planiation soil. No significant difference
among the nrofiles was observed with res.esc¢t to the content

of total and water soluble zinc,

The concentration of exchangeable zinc extracted
by ammonium acetate solution was higher in the upper
horizons than in the lower. In forest soil, the exchange-
able zinc varied from 2.49 to 5.98 M9 ¥ 1 of 5011 while
2.88 to 7.10 9 9 'in plantation soil. The content of
DTPA extractable zinc showed no definite pattorn of distrie
bution. Its value in forest soil ranged from 0.3% to
3.21 9 91 of 5011 while 0.37 to 6,08 M8 8 in planta-
tion soil. No marked variation in the content of these
two forms of zinc was noticed between profiles within each

ecosystem,

Copper

The total content of copper in forest soil ranged
from 17 to 278 M9 gM‘(evergreen forest) of soil whilec 34
(acacia) to 109 M8 g‘I(eucalyptus) in plantation soil.
The value of total copper was found to be higher in the
lower horlzons than in the wupper horizons in all the
profiles except in the case of eucalyptus plantation where
the highest value was recorded in the surface horizon.
There was no significant difference in the content of total

copper among the profiles.
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The amount of water soluble copper extracted at
the pH of the soil was practically zoro for all the
solls studied.

The concentration of exchangeable {ammonium
acetate extractable) copper of the successive horizons
of the same profile did not show much variation among
themsclves but in plantation profile the value was
slightly hagher for surfuce soil than for subsurface soil,
The value of DIPA extractable copper varied from 0.08 to
2.98 M9 97 of 5011, The distribution with depth in most
profiles followad an initilal increass ana a subsequent
decrease. In evergrecen and shola forest profiles there
was a uniform decrease in the content with depth vhile
in semi=evergreen forest profile the lowest horizon

recorded a higher value than the §Vezi@yinghorizons.

Mineralog £ fine sand fraction

Tablc 13 gives the distribution of both light and
hsa’y mineral fractions present in var.ous soll samples
and their percentage in the fine sand fraction. lhe
heavy mineral fravtion varied from 0,30 to 2.40 per cent
in forest soil whule it was in the range of 0.47 to 2.79
per cent a2n plantation soil, It constatuted about 2.5
to 19,80 per cent of the fine sand in forest soil, whercas
3.70 to 27.60 per cent ot the fine sand an plantation soil.

The heavy minerals were found to be lower in the lower
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Table 13 Mineralogy of heavy and light fractions in fine sand
Sample Depth in g 1009”7 oven dry soil Percentage
No cm Heavy Tight Total Heavy Light
fraction fraction fine sand faction fraction
fine sand fine sand in fine in fine
sand sand
Profile No 1 Deciduous forest
1 0-4 0 66 6 74 7 40 9 00 91 00
2 4-16 2 30 9 51 11 81 19 50 80 50
3 16 57 0 34 5 93 6 27 5 50 94 50
4 57-120 0 31 6 48 6 79 4 30 95 50
Profile No 2 Cashew plantation
5 0-19 2 68 7 06 9 74 27 60 72 40
6 19-46 1 89 12 94 14 83 12 80 B7 20
7 46-120 1 00 11 91 12 91 7 80 92 20
Profile No 3 Semi evergreen forest
8 0-10 2 09 9 89 11 98 17 50 82 50
9 10-23 1 63 7 13 8 76 18 €0 81 40
10 23-42 120 7 03 8 23 14 60 85 40
1" 42-120 0 76 7 98 8 74 8 67 91 33
Profile No 4 Eucalyptus plantation
12 0=11 0 86 6 52 7 38 11 67 88 33
13 11=26 0 97 8 51 9 48 10 20 89 80
14 26-57 0 91 9 30 10 21 9 00 91 00
15 57-130 0 47 9 39 9 86 4 75 g5 25
Profile No 5 Evergreen forest
16 0=21 1 52 13 68 15 20 10 00 90 00
17 21-51 111 12 87 13 98 8 00 92 00
18 51-120 0 32 12 55 12 87 2 50 97 50
Profile No 6 Tea plantation
19 0-14 279 11 35 14 14 19 75 80 25
20 14-30 1 34 9 03 10 37 13 00 87 00
21 30-130 1 35 8 70 10 05 3 40 86 60
Profile No 7 Shola forest
22 0=-12 1 56 7 86 9 42 16 60 83 40
23 12=27 0 54 9 40 9 94 5 50 94 50
24 27=56 0 58 11 06 11 64 5 00 95 00
25 56 67 0 69 11 74 12 43 5 60 94 40
26 67=140 07 12 38 3 09 5 30 94 70
Profile No 8 Acacia plantation
27 0=-24 079 6 03 6 82 11 60 88 40
28 24=79 oM 11 27 11 98 6 00 94 00
29 79-120 0 64 16 69 17 33 3 70 96 30
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horizons than in the upper horizonsirrespective of the

profiles.

The 1light mineral fractlon varied from 5.93 to
13.68 per cent of the forest soll while 6.03 to 16.69
per cent of the plantation soil. The percent value of
light fraction in the fine sand was comparatively higher
in the lower layers. The value of heavy mineral fraction
was comparatively much lower than that of the light mineral
fraction in all the soil samples.

Tho mineraloglical composition of flne sand fraction
is presented im Tables 14,1, 14.2, 14.3 and 14.4. The
hecvy mineral fracti~n comsisted of translucent and
opaque minerals representing black opaque (ancludung
ilmenite), sillimanite, red opaque, 2izrcon, kyanite,
rutile, leuocoxene, amphibole, tourmalline, wonozite,
chlorite, garnet, titanite and spinel. Among the heavy
minerals black opaque, sillimanlte, red opaque and zircon
were the most dominant ones. Profiles from deciduous and
semleevergreen ecosystem and acacia plantation had a
sequence of black opaque~sillimanite-~red ovaque=zircon
while that from evergreen ecosystem and shola forest had

the sequence of sillimanlte~black opaque-~red opaquewzircon.

The light mineral fraction chlefly comprised of

quartz with & arall amount of feldspars and micas except



Table 14 1 Mineralogical composition of fine sand fraction from various horizons of

so1l prof:iles - Deciduous forest and Cashew plantataion

Percentage of total fine sand

Profile E - Heavy minerals Light mainerals
and & l.E) @
harizons 2| = = © ©
No ol & a3 S * c o g o H 3 ) Remarks
— @ e R > o o —~ ~ Q + o H H
=X (&) = [} Q3 Q - -~ 42 ksl S ] [}
E &0 0 o % + - et c + = £
a 0 E 3 o -l =] n C m O o P
w 0~ @ =% N @ bl @]
~ i [ | a] b4
[a2]
beciduous 1 4 275 050 125 075 025 275 075 - 91 00 -
Subangular and
subrounded
= 2 LE - - - - S - 80 50 Subangular =
and subrounded
11T 3 275 - 0 25 G 25 - 1 75 0 30 - 94 5 (Iron coated
35% and Runzic
quartz 7 8%)
v 4 125 - 10 0 25 0 25 175 - - 82 25 subangular Maca 13 25 OGreyish brown
and subrounded organic ma ter
noted
Cashew I 5 16 40 1 00 1 0O 2 00 0 40 6 80 - 68 40 Uneven Mica-4 Q0
Plantation angular and
subangular
Il 6 54 0 20 1 80 2 00 0 80 180 080 - 87 20 (Iron coated Subrounded
23% Angular to - Ovate and
subangular) platy tar
brownish
coatedwith
organic
matter 37 Nos
noted
111 7 1 00 - 1 20 - - 120 0 20 Chlorite 79 60 angular Mica 12 6 Decomposed
4 2 to subangular organic matter
brownish-
vellow in colour
with granular
to play struc-
ture-noticed ,
numerous in
number o
(op]
* Hematite limonite goethite



Table 14 2 Maneralogical composition of fine sand fraction from various horizons of soil profiles -
Semi evergreen forest and Eucalyptus plantation

Percentage of total fine sand
Profale 2 Ei Heavy minerals Light mainerals
and o | = ° * o Remarks
horizon - P o o © P o
No el |86 | oo | B85 8 = e b
3 |0 |Ame | 6 |xw Y e, - P P Others Quartz Others
w3 ~O.E J o =3 | =] wl ]
Mo~ v x o N = n >
~ — v
Semi cvergreen
forest 8 7 90 - 200 065 035 135 2 30 Garnet - 0 65 79 15 Mica 3 5 Mica brown in
Monozite % 00 Subrounded to colour
Pyroxene 0 65 rounded and
Tourma 4 (g rarely angular
1 lane
9 9 50 - 1 40 4 80 O 70 Monozite O 60 76 60
Amphibole 1 60 (ferri organic %z;gs ai %060
coated 4% P
subangular
subrounded and
angular
II1 10 10 2 - 140 {60 - 2 80 0 60 76 40 Mica 2 60
Low relaef Feldspar 5 40
platy sub-
angular and
subrounded
v 270 033033 067 - 0 67 O 67 amphibole 2 30 77 33 Feldspar 14 0O Brownish red
Subangular decomposed oraanx
and sub- matter platy and
rounded granular found
numerous
cucalyptus 80 67
plantation I 12 7 00 1 67 1 0O 2 00 - platy angular Mxca 7 66
subangular &
subrounded &
3 6 2 0 40 2 80 4 iron coated
I1 1 0 - 0 40 - 8 0 40
82 60 Dominantly Feldspar 7 20 Dark brownish
platy rarely g
with high relaef organic m32 er
and 1ron oxilde flakes <0 2mm
coated size 7 nos
111 14 S 00 - 1 Q0 1 00 - 2,00 - 81 00 Angular to Mica 2 00 noticed
subangular Feldspar 2 00 Brownish-yellow
Brown }¢ oo iron ctoated
p1ca) play and decom
posed organic
magtgr {10Nos) »a
050 05 - 1 00 0 25 Monozate 0 25 95 25 note
v 150 garnet -0 25  Highrelief sub 3
Pyroxene 0 50 angular and - -
angular having
bigoer size
* dematrite 1 mon te aoethite
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Table14 3 1ineralogical compos %tion of fine sand fract on from var ou horizons of soil profiles -~
Eve green forest and Tea pl ntation
rercentage o total 1ine sand
Prgflle —
an g t rals
horizon b ) Hea y m ner lsb - L oht m ne Remarks
No o 5 @ ® @ w @ +
— o |le>5c © * 2 : :13 E
% é' nS%i‘i ‘;’;8 e HoE L ~C g Others Qu tz Others
n — O zo |xo A 5 > m ES
wn = OH | [+ N O oo n E hv4
Evergreen I 16 o0 1 25 00 125 74 75 Baicger Brownmica Bromish yel ov
forest subanj,ular and 7 50 decomposed
subrounded Feldspar o ganic matter
7 75 globules F
ce lula ea
tures oresent
17 80 120 GCGo0 v 60 £ 20 cnlor te 0 23 86 00 Subarg Feldspar
so nel 0 40 lar and suo & 00
1 1e ¢ 4 rounaec having
gur—-al ne 0 €0 s ze <60 R
{ un ¢ guartz
€ o)
111 18 50 1 00 97 50 Subangu
lar and sub
rounded
gi;nta I 19 25 125 - g 50 25 Chlorate 125 77 50 Aedium to 1ca 2 75 Decomposed
Yion low relief sub organ c matter
angular and sub vlaty b ownash
rounded black in colour
44 Nos br sent
I1 20 o 80 1 60 1 40 - 3 60 Tourrmalaine 0 60 87 00 Low to _ Platy brownish
very low relief black oraanic
platy subangu matter aagre
lar and sub gates 26 Nos
rounded noted
III 21 3 80 1780 040 0 40 3 8O 0 60 Spinel 0 20 79 00
. garnet 0 20 Angular to sub- Mica 7 60 Ferriorgan
onoz te 0 20 angular rarely plates "12 Nos
T 1i 0 60 iron coated and noted
ou mallne bigger grains
Amphinole 1 40 ;,8 1 mn size
* Hematate limonate goethite



Taple 14 4

Shola forest and acacia plantataion

1neralogical composation of fine sand fraction from various horizons of soll profiles =

Eg Percentage of totzl fine sand
Prgflle 2 - neavy minerals Light manerals
an Remarks
homazon 12 1% .82 |4, 235 | S |a2
o g | & Lo @ e |To o —~ - @ Others Quartz Othe s
5aE =l ] [ » —~“c m
Q ~ ool o @ frog ey - > - o
n DoHL| A x [3) N [+ (1 0=] ¥
mola 1 2 4 40 140 080040 600 ” B8O honozate O 40 60 00 DPlay low 1ca = 23 40
1o Tournaline O 40  relie 1ron coated
1th faint margain
1I 2 < 50 0 75 175 0 50 73 50 Subangular }ica - 14 75 2laty ovaque
and subrounded Feldsvar 6 2o te brownish
black ferra-
orcan vith
readish brovn
rma ain
I1I 2 200 - 4900 025 125 050 - 84 40 Subrounded eld par 10 &0 @ ri=o gan
1o rounaed platy aggre-
gate < 0 04 mm
opague to
brownash-black
1n colou =
ound numerous
Iv 2 200 - 120 C 40 - 160 020 - B4 00 Subrounded Mica - 3 40
teo rounded Feldspar -7 00
(Iron coated brownish yello sub
angular and subrounded cuartz comes
about 30¢)
Vv 26 1 80 c25 025 - 280 020 - 41 00 Subangular and Aica - 42 00
subrounded (Ironcoated)
Feldspar 11 70
Acacia I 27 8 20 - 0 40 2 40 0 40 Titanzite 0 40 55 00 Subrounded Mica— 21 40 Decomposed orga-—
planta to rounded and rarely nic matter with
tion subangular Fieldspar- 2 00 ferr: oraan 67
Nos notaced
II 28 500 - 0 40 0 20 0 2Q Tourmaline -0 2¢ 68d00 bSubaggglar Mica=26 00 Decomposed
and sSubprounde blackish brown
¥ ferri organ
plates numerous
Iil 29 2 70 0 30 -0 50 22 60 Platy and sub dica 67 20 Blackish-brown
anagular (about 60 Feldspar-11 50 platy organic
are iron coated) matter present
L 3
* nematite 1limonite goethite Caz

DO
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in the shola ecosystem where mica was the predominent
mineral in the lowest horizon. The amount of quartz ranged
from 41 to 97.50 per cent of the fine sand in forest soil
while 22,6 to 95.25 per cent of fine sand in plantation
soll. The average content of quartz fraction in fine sand
was observed to be more in forest soil than in the corres-
ponding plantation soil within all ecosystems except in
seni=cvergreen where the plantation soll had a higher
average value compared to the forest soil. The quartz
grains varied in size from 30 to 200 microns and had
angular to subangular and sub rounded shapes irrespective
of the soil. Some of the grains were seen coated with

organic matter and/or oxides of iron.

There was no definite pattern of distribution for
quartz while other resistant minerals like zircon and
tourmaling showed a decrease with depth. The content
of weatherable minerals like feldspars, micas and chlorite

was found to increase with depth in all the profiles.

Micxromorphology

The detalled micromorphological description of the
soils in different profiles are presented in Tables 15.1 to
15.8 and related photomicrographs in plates No.18 to 68.



Table 15 1

Micromorphology of deciduous forest profile

Prorile No 1

Decaduous forest

Horizon No

1

2

3

4

Slasma

So1l tarbac

Dominantly yellowvish brown and
at places dark yellovish brown
and light grey forms small
pertion of the socilmass

Skelvosepic
skelsepic

Yellowish brown to dark
brown in colour forms
najor portion of the
so1l mass argillaceous
in nature

Lvominantly masepac
skelvosepic and rarely
isotic to argillasepic

Strong brown an colour
forms major portion of
the soi1il mass

Argillasepic and
skelvosepic followed by
insepic and asotzc

Reddish yellow in colour
dense with fractured and
weathered quartz gra n

Skelsepic voseparc and
argillasepac

skeleton 22%:i?raﬁg i§§2?gu%§§ctt§zd Quartz present are mostly Angular to subangular Anoular to subangular
artz highl fzact red <C 4 mm in size sub- silt=sized quartz
au gnly b angular subrounded and embedded 17 dense
biotite hornblende and feldspar
rounded embedded in dense plasma
observed ain the concretaionary lasma forms small por—
lithorelic skeletons in general P 4
tion of S matrix rarely
fractured and weathered with 1ron coarse sand—sized Guartz
deposition an sutures pgesent - q
RDP Chlamydomorphic Dorphyrac Porphyric Dorphyric
NRDP Granic Plasmic Plasmic Granic and plasmic
Coarser/ oarser Finer Finexr Coarser, at places
finer fraction f ner
Voids Hignly porous bigger in size Channel and chamber shaped Cha
mber and channel Channel and chamber
dominantly planar and packing vughs and metavughs present shaped rarely vuchs shaped vughs oresent
and metavughs
humus Cominantly yellowish=brown Present in pockets Less present as Absent
followed by dark yellowish brown coated with iron microagaregates
plasmified melanans look like
mull
{contd )

v



Table 15 1 (contd )

Profile No 1

Decaduous forest

Horizon No 1 2 3 4
Chlamydomozr- Discontinuous vyellowish
phac brown to dark yellowish Absent Absent Absent
coatings brown chalmyaomorphic
b i1dging the quartz
skeletons
Lithorelics Present subangular and
subrounaed blackish brown Absent iggiig: magnetic Absent
concretionary lithorelics <
containing hornblende lateratac “ragments
biotite quartz feldspar
etc A ll skeletons are
embedded and fixed by
the anfilling o opaque
fine 1ron oxide deposition
Cutans Ferri organan and rarely Ferri-argallan Ferri-argillan Ferri-arg:illan pure
ferri-argillan at pockets kaolinite 1s also
observed in fissures of
fragmented quartz
concretions and in
the channels
Special Plasma forms small portion No otner minerals More plasma Bigger angular fractured
observation of the soi1l mass and present are observed

as localised plasmified
iron mixed agg egates
haghly porous

less skeleton

and weathered guartz and
magnetite iron nodules
present channel type
followed by chamber
shaped voids

o



Table 13 2

I acromorphology of Cashev plantation o ofile

Profile No 2

Cashew plantation

Horizon No

1

2

3

Plasma

sc1l raprac

sxeleton

RDP

NEKE2

Coarser/Faner
fraction

Voids

Humus

Chlamydo-
morphic
coatings

Brownish yellow in cclou well aggre
gated 1orms major portion o the sgil
mass

Vosepic followed by skelvosepic

Subangular and subrounded gquartz
empedcded i1n dense plasma ‘{agnetite
hematite and few feldspar present

2lasmic folioved by granac
Porphy 1c

Coarser

Channel and chamber shaped noted
the presence of one bigger channel type
voids

elanans— plasmified brownish yellow

1n colour ferri-organan present
surrounding skeletons and voaids

Absent

Brownish yellow to 1ght grey
in colour well aggregatec
ferri argillan observed as
discrete ent taies

Skelvosepic followea by arc lla
sepic and insepic at pock ts
tendency to form vosepic nlaces
of argillan agg egates

rew coarse sand sized late 1tzc
nodules present with quartz
dense opague to Dblac ish rec
iron coatings subancular and
subrounded few opacue minerals
and ra ely feldspar present

Dlasmic to granic
Porphyric

Fainer

Dominantly vughs and metavughs
fine channel and chamber shaped
voids are also present

Highly decomposed plasmified
well aggregated dense humus
present as brownish yellow
ferrz organan

Present

B ownish yellow 1in colour
rarely laaht grey aacreg ted
forms small portiosn o the
so1l mass

Dominantlv skelsepic ollowed
by insepic and 1sot

83 ge and fractured wuwartz aith
iron depos taion an th Fissu es
subangular and subrounded few
subangular low relie opnague
minerals also p esen

Porpyraic
Parvhyrac

Coarser

Channel type followed by chamber
type, rarely ortho and metavuahs

Browmash yellow vplasmified

humus present as ferri-organ
aggregates surround ng the
skeletons their fissures and voids

Discontinuous clay o @anic b idging
of skeletons not observed except
at places of their aggregated field

{(contd ) D
Co



Table 15 2 {contd )

Profile No 2

Cashew plantation

rHorizon No

4 2

3

Litho relics

Lutans

Specral
observation

nbsent Few present

Fe thin layer or ellovash

arg llan present an the Absent
inner me gin of channel type

voics some fine channels

are filled wzth translocated

ciay resulting r clay pluggs

anc papules

Dense and brownish yellow ferri
argillan forms the major
portion of the soil mass
less than 30% occupied by
sunanqular and subrounded
unweathe ed quartz

lell aggregated dense ferri-
organ and high relief lateraitic
nodules skeleton and lithorelic
are subangular and subrounded
few opaques present

Few coarse sand-sized weathered
and fractured lateratic fragments
present

Arg llic horizon ain 1ts inaitaa

stages of formation clay translocation
and accumulation is active and the
process seems a current one

Plasma forms small portion of the
so1l mass ovague minerals less
lathorelac present are fractured
with i1ron devosition in the fis ures

b



Table 15 3 Micromorphology of Semi-evergreen forest profile

Profile No 3

Semi-evergreen forest

Ho 1zon o

2

3

4

Plasma

Soal ferpic

sReleton

NnDP

C0qr5er/
fainer fractions

Very ausky red to reddish
nlack and rare y 1 ght grey
in colour forms about

30 4C¢ of the so1l mass

lo relaef

sgkelsen ¢ 1nseoic and

sotic

up ounaed ar subangular
non frdctured low r lief

guartz nor olenae ana
eldspar s lt to 2ine sapd
in size med um to very

ine 5 1t size limonaite
and henatite few medium
s 1t saized opaque minerals

Porphyric tending to become
chlamycomorphic which 15 in
ihe an tial stages of ats
format on

Porphy ic tending to
pecome chlamydomorphic

LoaXrser

Mainly dusky red dense Less
denser brownish yellow also
observed forms less than 10%
of the soil mass

Skelsesic 70 to 80% of the
so 1 mass 1s octcupied by
sxele on Plasm ¢ fabr ¢ 1s
insepic rar=ly isotic

Coarse s )1t s zed lo e e
non- actured subangular
an s rounded quartz

granic

Dominantly s anic followed
by plasmic/gran: oplasmic

Coarser

Dary red red and dense rron
oxide(dominantly hematite
followed by limonate)

forms 40 to 50% of the soil
mass and in aintimate contact
with the weatherang mass

Skelvosepic ansepic and

sotic

Sun ounded to rounded
lo rel ef gquartz
fe dspar and ho nblende

granic

granic

Coarser massive

Dusky red to yellowa h
b own and white
(bluish white or arey)
less dense to dense

f2 ms ma or portion

o the so 1 mass

At places plasma is
1ight brown to
brownish yellow

Ins nic vosep ¢
and voskelsewvic

No unaformly dist
buted subangular

and subrounded low
re 1ef auartz

present n channels

la e it c nodules and
concret ons a Dplaces
more than coarse sand
sized subrounded lated
tic nodules blackish
red to dusky red ron
oxide coating in the
lateritic nodules
quartz nucleii of the
nodules are h ghly
weathered and
fragmented

Plasmic 2and
granic

Plasmic granic
and massive

Coarser and f ner
at places

¢pi

{contd )}



Table 15 3 (contd )

rrofile No

3 2em1 evergreen forest

Horizon No

2

3

4

vozds

Hunmus

Cnlamydomer
phic coatings

Litho rel c¢s

Cutans

Special
observa=-
tions

Porous and plana
connected m tavugns

rarely ipnter

Completely decompnosed melanan
aggregeies presen as d screte
entit es at pl ces coalesced
occuoylng nore area S gns o

13u alac 1 ties esvec ally that
of ezrtnworms den 1f ed oy the
presence of pecul ar organ:c
matter agg egation

Present 1n 1ts init al stages
of tormat on-bridging o the
fe ri organic materials is
complete marginally on tne
fine sand skeleton

Absent

Dorinantly ferri-organan followed by

organan and ferri-argillan
revealed oy tne faint yellowish
prown to yellov margins of the
coated cutanic materials on he
skeletons and voids andicating
the possibility of nucleat on
for the rormation of argillaic
horazon 1s remote

Highly weathered
medium to fine sand-
s12ed guartz

Planar and packino oval
voilds bigger in size
fine and interconnected
channels present

el]l agcre ated dense
dusky red to reddish
orown plas fied o oanaic
matter present su round
ing the skeleton and voias
forming dema cating
boundary

8ridging of organic

mate 21als surroundang
the skeleton 1s comolete
appears to pe as similar
to that in the temperate
podzols

Absent

Organan followed by
ferri~organan ferra
argillan apsent no
sign o accumulation
( nxtiation) of
argrllaceous material

Conspicuous
Chlamydomorphic
formation and
absence of argillan

Planar and rarely oacking
surrounded by dense dark
red/red/yellow 1ron devosi
tion from per phery towards
the centre

Absent

Absent

Absent

Ferran and goethans
present surrcunding the
skeleton and voids-
appearing a weboy
structure

Cleavages of feldsovars
hornblende quartz are
partially filled with
rron and clay Coating of
iron oxide in a peciliar
pattern observed Dark
areas are wmpregnated
with iron Haigher popula
tion of quartz grains w:ith
low 1ron noted above the
dark area

Channel and chamber
shaned follawed by
orthovughs

Absent

Absent

Absent

Fe ran ferri-aro llan
and argillan

argillan present
surround na biocer
guartz o 1insand

bigger voids Tejor
portion is occupied by
ferran yellow margins

of the cnannels are
goethite tendency to
form an arg llic heorizon
Tlluviated arg llans alsc
present sarrounding the
channels and skeletons

Few dense nodules with
highly fractured dense
nuclei1 oresent The vellow
par s a crystalline
goethite especaally on the
walls of small channel The
dark streak through the
centre ¥s former channeI™
f lled with fine-arainsds
hematite hites ots 2arg)
qua tz g aans




Table 15 4

Micromorphology

Eucalyptus plantation profile

Profaile No

zucalyptus plantation

horizon No

1

2

3

a

Plasma

202l fabrac

Sxeleton

hup
NrDP

Coarse/
faner
fractaon

Voids

Humus

Chlamyaonor
phic coat
ings

Litho relacs

Dark reddaish bro n forms

major portion of the so1l mass

Voskelp ¢

Fine sand to s 1 size
subangalar and low relief
guar z embedded n the dense
plaesma 21ron coa ngs in the
cent e ana periph ry of
coarse anc fine sand size
quartz g 2 ns opserved

Plasmic

Plasm ¢ ang porohy ac

Coarser

tHic ly porous
champer shaped

cnannel and
brgger volds

Haighly decomposed well
aggregated dense  dark
reddash brown

Present

Absent

eddish brown to yellowish
red f{forms major portion
(about 60%) o the soil
mass

Skelsepic followed by
kelvoscepic

» 1t s zee subangular to
angular quartz embecded 1n
compara vely less acense
nlasma less vractured low

relief concre ionary later tic

nodules = 2 mm s ze o es nt

with i1ron cecos 1 ons exceed
ang 7¢° fe 1t saze
late f a ments also
resent

Crani olasnic follow d
oy plasm: granic

€ anac plasmric and
Dorphyric

Coarser

Channel and chamber
shaped followed by
ortho vughs

Absent thouah present
are leached

Absent

High relief dense
margin subrounded
more than coarse sand
si1ze lateritic nodules
less than medium salt
sized laterit c frag
ments

wavy

Dark brownish to dusky
reddish brown dense forms
less than 40% of the so1il
mass

Skelseplc
Asep €

insepic and

®» gaer s zed quartz
fracturec and weathered
reveatedly translocated
clay fine clay and

e v argallan through
tne fissures to lower
layers seen few opacue
s leton- 1lm nite
o esent

G zanic followed by
grany plasmac

G ana pnlasmic

ffectively coarser

Vuahs very few
metavuochs

~bsent

Absent

Absent

Dary brown sh red to
dusky brownish red
forms more than S0¥
of the so 1 mass

Ske sep c and
nsevic

Bia er more than
Coé Se Sanc sizec
subancular an sub-
rouwnded au tz

ve y few omague

r ne als lmenate
obs ved at
poc s

Pl sm gra ic

Plasm grn ¢

Effect vely finer

Though the NRDP 1s
plasmic  he layer
2s 1ch an vughs
Channel and cnambexr
shaved surrounded
by nner marginal
fer an

Absent

Absent

Absent

bl




Table 15 4 (contd }

Profile No 4 Bucalyptus plantation

Horizon ho

2

Cutans

special
observation

Orcanan and ferri organan
su roundang f ne sand~
sized quartz grains
skeletons are seen
empedaed 1in tne dense
plasmified cutanic

matler als

Lense ed i1sh brovn
g s a D2Doe vouds
ana skeleton

Fe ran argillan and
arely fe ri argillar

More dense recdash
brown to yellowish red
plasma less fractured
quartz ine silt
sized 1lmenite

few later tic nodules
of si1zes more than
coarse sand and less
than medium sil

Ferran

Highly tr ctu ed
bigger guartz th
re eated v trans
locatea cutanaic
materials an the
fissures

Clay plucgs

panules stained with ron
present 1 channels
surround ng the bigce
skeleton

The horizon rach in
ferran cu anic m3ater als
voirds ard biger aur z
grains The voids are

wi b iron sta ned

clay pluggs and

papules

81



Table 15 5 Maicromorphology of ev rgreen forest profile

Prof le No & Evergreen orest
Horizon No 1 2 3
Plasna Dar redd sh bren n colour Yello ish red to dark reddash brown Absent a rock in the nat 3l
acgrecated xro coate forms dense plasra pr sents as asolated stagesof weathering more than
arou 500 o the soil nass patche o ms major portion of the 70 of the Toc sur ace rev 1s
soll mass oh sical weather ng
5011 apraic S e sep ¢ 1nseo ¢ anc 1sotic Vose 1c SeD1It
skeleton Co rse sa o to s s e medium
to low relief suba g lar to Few prese subangular subrounded Ro k pieces and qua 2
and rounce low relief quart fe
subrounced qua z med umr to
fine s 1t 5 zed 1lmen t { A) r ctu ed zu rtz are alsp present
an few s 1 imanite as other i tae L tno xel cs
s eletons
ROP Cran plasmic Plasm =gr nac granic
NRDP Grani plasric to por nyric lasm gran ¢ a anic
Coarser/ Coarser Co rser Coarser
finer ®
fract on
Voids Po ous planar ana pack ng 0 tho and metavughs channel and Ch nnel and chamber shaped
ra ely channel snaped chamber shaved oraentataon of
plasma gives a spongy appearance
to the so 1 fabr ¢
Humus Present as well decomposed Present 1r combination vith zron Absent
plasmafied aggregates w th as shininc ferri oraanan aggre
fa nt margans ron oxide gates one peculaar feature
glaebules are present as noticed 1s the presence of sub-
regions of concentration ang lar and subroumed and less
than salt sized qu rtz particles
1n the aggregates
Chlamydo Generally absent but very A
morphic few present Absent bsent
coatings

(contd )

6P



Table 15 5 (contd )

Profile o 5

tvergreen forest

Horazon No

1

2

3

Litho relics

Cu ans

Specaal
observation

Fine sand-sized subrounced
and very few

Farri organan organa few
ferran and very few 1e ra
arg llan ( < 1.) present

Plasna not weel oriented and
not well aggregsted specific
types of voids are not
opservable

More than coarse sand size
dark dusky brown to opaque

high relief subanocular to sub-
rounded present shiny lateratic

nodules w th sharp maroin
sxl size subangular and

sub-rounded quartz at ocirfferent

stages of weather ng

Ferri-organan few ferran
and goethans and very ew
ferriarg llans present

Fer i-organan aggregates
present as 1sole ed dense
patches gquartz w~ithan

g Ving a spongy appearance
to the soil mas transported
ferri organan cutanac
materials are seen deoosated
or accumulated closer 1o

the parent rock as dense
well aggregated mass giving
voskelpic to masepic plasm c
fabrac

Absent

Ferran goethan and arely
ferri-argillan foun as f 1lled
clusions in the f ssu es o
phvsically wea hered varert
rocks and in the ma gins of

voids

Parent rock n the inatial
stages of weathering

(Plate 46) aindicated inatial
srgns of lateraisation

here as a general or ncanle
ohys cal weathsrinc preceds
the chemical weatheraing
which 1s also actave by
enrichment of dissolved
ferran and goethan reoeatedly
in the fassures of fractured
parent rock and inner margin
of voids They are formed by
a significantly slow process
in a reacting medium of faine
and highly compact soil-

a plinthate horizon or rock
in the initaial stages of
weathering

06T



Table 15 6

dicromorphology of tea plan ation pro 1ile

2 ot le No b

lea plantat on

Ho 1zon o

1

2

3

Plasma

50 1
apr ¢

skeleton

“LP

NRDP

Coarse/
fine
1ract on

Voads

numus

Chlamycomor-
phic coatings

Ligh grey to dusky brovn/
blackish brown few

Skelsepic

511 to coarse sard sized

less ractured anc meaaum to
low r lie quartz p esent
a re sillimanite a ve y few

ilme 1te also present
aom nen ly suba gular nd
rarely suo ounded

G anic

Granic

Coa ser

Vughs and metavuchs pl ner
and packing

Granular ana crumby well

agg egatea dense anc subrounded
to rounded humus w th sharp margan
presen more on the skele on and
less below the skeleton dusky
brown to oplackish brown in colour

Signs of chlamydonorphi¢ coatings
NED? in few places surrounding
bigcer s eleton forms about

5% only

Dusky prom o ye o
colour dense fe r
fcrms about 60" o

sh oown n
organan co =d
he so 1 ma s

Skelsep  skelvose c and nsec ¢

ne and t 1t sized sub la
and sup ounaed oua tz quartz ns
weath ed very e oo guenmin & S
nresent Hhematit go th e anc e
1 mon t» ( ne s zed) esen
embeddea n olasm 1 o € aic
matter

Plasmy gran ¢

Plasmi=-granic

Coar er

Vughs and metavughs channels
and chambers present at the
lower boundery of the hor zon

Dusky brown to bro nish red
humus present as soherical
bodies and as fainemat

Pre ent but incomplete

Ve lowvash red to ye lo sh

comcarat ely less ocense
arg llaec us {for m jo
po on o he so1l m ss

Plasm ¢ fab 1c 1s a2n ovac

ne sanc s zed ¢ tz
subanqular ve fe a
and bl ck onacues al o se

Plasmi-granic

Plasmi granic
porphy—aic

at pl ces

Fine

Channels and chambers
followed by bigcer vughs

Present as ferri organan

Absent

(o]

Ier

{contd )



Table 15 6 (contd )

r o 1le o 6

Tea plantation

or zon O

Litne
re cs

Cutans

soecial
obsexrva
tion

nbsent

v anan and r rely 1e rai-
0 Genar

o ds are not clear y
observable as there 1s
lack of orientation of
pac aing blacgisn-brown
1o dusxy brown organic-—
matter few opaque
minerals oresent

nbsen

Sians of orma on or erra-
a g llan on tne voids and o
merg ns of sil sized guartz
ara ns ormation of 1erra
arg llan n h 1initiel sta e

The vyellowsh owr 1a1nt

mg gin o the we 1 grenulated
dense plesma indicates current
and act ve translocation of
ferran-organan cutanic
materials formation or fer i-
a g llan in the initial staoce
skeleton rorms less than 50

o the so 1 mass ©oresence o
numerous faine silt s ed

hen tite and 1 monite
particles 1s another
peculiarity orientation of
the plasma 15 flaked

L te 1t c nodules th
few quartz s eleton ano
more r on coat ng p esent

Arg llan erran arri
a2 gillan and he least
1erri=-o ganan In he
same horaizor t o To ally
d ffe or pe oaen sis

2 € 1n opera ion

Tnough ithere are s ons of
active fo mat on 0o ferr -
argillan 1t 1s seen blocked
oy the presence of dense
argillaceous plasmc

mater al with comparatively
less airon Thin sec 1on
reveals the diageneis -

arg llation and er i-
argillation as inseparable
brozones a rupt and wavy
poundary is clear varalithaic
contact 1s less pa ent rock
below 1s highly weathered

¢Sl



Table 15 7 Micromorphology of shola forest profale
Profile o 7 Shola forest
Horizon o 1 2 ] 4 A
Plasma G ey to orownish yellow Greyish brown to yellow Yellovaish g ey to grey Forms small portion Few o absent
in colou occuples very brown in colour forms in colour forms & of the soil mass
srall po tion of the about 70% of the soil small portion of the
scil mass mass so1 mas
?o t Ase 1c nsepic and Plasmic and voskelseoac Asepic to skelsepic Asepic and ASe C
arbic 10 1c skelvosep C
RDP Crani=plesmic Dlasmi-granic Grani-plasmric Grani~plasmic Cran 1o ¢crani-
vlasm c
NnwLP Crani~plasmic and @lasmic granic to Grani plasr ¢ C an -plasmic Gran ¢ to
rerely ps ony ic norphyraic cran =0 as
%oarser/ Cc rser Coarser Coarser Coa ser Coars r
iner
fraction
Keleton rew fine to coarse A few coarse to fine Coarse sana sized Quartz under vaTious ausrtz apd pare t
sana-sized Subangula sand size sudangular subangular and sub- staas o vphysical TOC  COMD2S
and subroundea guartz fractured and rerri- rounded £ actured weathering exhibat p1 es anaular
less than faine sand- organan coa ed quartz guartz and haghly ang lines poiats and coa od w h
si1zed hematite present and the remzining ones coated with 2 on and and plane of iron marginslly
are less than silt- ferry o qanan are cleavVages
s zed and subrounded present
to rounded
Volds hignly po ous specafac Channel and cnamber Highly porous no Ortho and metavughs Absent
ypes Qflv°ldi nOtl and shaped voids orm speca¥ic tyves of voids
oosegvao ﬁ cdaened n about 50} of voad not observable due to
cnageei s ania gz scire space and the rest lack of orientatzon
g:el n in p sm ry conposed of ortho and of plasmlc mater al
gion metavuahs and pedological
features
Humus Lark pro m to dusky Leached well aecomposed Highly aron coated Absent Absent

reddish prown iron
coated ana medium to
high relief ferra
organan th ir egular
Me gin umus acgregates
present not an a well
oriented orm

and plasmafaied
ferriorganan The organic
matter ip the rorm of
aggregate s compara
tively less

and well aggregated

conpared to the uppex
layers fer 1 arganan
pPresents as aggregates
of flaked oraientation

S

{con d )



Table 15 8

dicromorphology of acacia plantation profile

Profile No

Acacia plantation

Horizon Yo

2

3

Pleasma
So01l

al 1C

aL?®
NRDP
Co rse /

ner
fracti n

skele on

Voads

Humus

Chlemycomor-

phrc coatincs

Litho relaics

Grey to yellowish grey an colour
occupres apout S0 of the soil mass

onelsenac

arani—-plasmic
Grana-plasmaic to porphy ic

Coarser

Fine to coarse sand-sizec heatched
subangule and fractured quartz
11ssu es ond hetched areas o the
sheletons are 1illed wi h dus y
redcish orown ferri-organan-cu ans

orous clannel and vughs

Iron rach ferIrorcanan surrounding
the s eleton, their fissures and
hetched areas and surrounding the
cnannels and vughs

rew oresent

Few fractured and hetched
laterafac latho relic

Grey to yellowish brom nr
co our forms small vortion of
the soil mass

Asepic 1nseprc anéd sSo 1C

Plasma-granic
plasmi-granic

Finer

Fe s1lt to fine sand-sizec
fractu ea and subanaular
quartz presen

No specafic type 1s observa
ple due to lacx of orrentat on
of plasmic and skeleton
materials which are lesser in
content

Fine sili-sized dusky reddish
brovn fern-arg:illan aggregate
present as plasmified humac
materaals

Absent

Dusky reddish brown fractured
subrounded with sharp margan,
haghly iron coated and quartz
rach lateritaic nodules present

Yellowish brovr to dusky reddish
brown plasmifisd orcanan fo ms
major portion o the soil mass

Voskelsenic to osenic

Dlasmic to © asmi- ranic
Plasmic to po pnyric

Faner

Less than fine sand-sized
subangula an subrounoed
cuartz o low elye’ ev
opagues hemat te ocoe hi e
and limonite also present

Channel and chamber shaped

Absent

Absent

Absent

S8l

{contd )



Table 15 8 (contd }

Profile No

ncacia vlan at on

rdorizon No

1 2 3
cutans re -0orgenan erran and erri-organan Ferran ferri-organan
:r:izgonzuzﬁgugglgg_the very few ferri-arc an
11 nas o1 their and translocated ¢ ay
ractu es argillan~ p esent
surrounding the sxelaton
and voaids
ogecial Fine to coarse sand=sized oth sxeleton and vlasma erra org nan cresent as
opservation acturea ana hetcned

guartz 1 thorel:cs
anc thick ferri-
orgdnan humus present

ma eri ls form less

oo tion of he soil mass
QuUartz rich ron coated
ana fractured lateritic
nodules present fe ran
and ferri-argillan ‘orm
he maain cutanac
naterials specific type
of voxds not observable

yello 1sh brown to dusky
reddash b ovn platy
aggregates well o 1ented
channel and chambe

shaped fine voids vresent
skeletons are of low
relie® subangular and
subrcunded and less than
si1lt-sized few black
yellov and ed opaoues
present

961



187
Soil fabric

Irrespective of the profile, the dominant soil
fabric was skelvosepic followed by voseplic and argilla-
sepic., Asepic fabric 1s a universal feature of the

laterite layer or lower laterised layers.

Soll plasma

The soil plasma was predomlnantly dark reddish brown
in colour even in solls under evergreen ecosystem, No
specific characteristic influence was obsexrved in the
colour of the plasma by different vegetatlon except that
in shola (plates 56 to 63) and tea (Plates 49 to 55)
g0ils where the colour strength was comparatively lesser.
A lesser plasma was the characteristic feature generally
observed in the soll except evergraen {Plates 41 to 48)
shola and tea solls which presented more plasma and less

skeleton.

Skeleton

The soll skeleton consisted of angular to subangular,
fracgtured or nonefractured quartz with low relief and
biotite mica,
Related disiributlon pattern/Normal related distribution
pattexr (RDP/NRDP)

The RDP of the soil was dominantly chlamydomoxrphic
in the surface and porphyric and granic to grani-plasmic in
the subsurface. Even in soil under evergreen, shola and

tea granic and grani-plasmic BDP was observed. The NRDP



Plate

Plate

Plate

Plate

Plate

Plate

Plate

18

19

20

21

22

23

24

Tle yellio 1 brow dart yellowish rown and light grey
portions 1 dit te pla ma wf1ct consisls mainly of ferri-organan
a rarely ferri-arjillan S 1vosepic plasmic fabric voaids
plannar and packi g Th blackish brown area (right) 1s a
lateraitic nodule

Lec d ous f rest 1st lay r (0-4 cm) thin section in plain light
Ngf  x 25

Subangular and subigunded guartz grains (white spots) embedded in
den e plu ma de atite agn t te a d few feldspars are also

seun present DNote Ir e riched qu rtzitic subung lar

sore t an couarsesa 1 size luteritic nodule (right)

The above frane (Plate 18) nder Crossed Nicols Mgf x 25

The yello ist b wr and dark brown argillan and ferri-argillan
occupyl g major portib 1s the plasma Vosepic to skelsepic plasmic
fabric

Dec d f st ?nd Jayer (4-16 cm) thin section in plain 1ight
Mgf x 2%

Note the vanish ng boundaries of the plasma indicating translo-
cation of clay and cutanic materials Subrounded to rounded,
less than fine sand s ze low relief quartz grains present

Few opaques are also present The infilli g of the fissures

in large quartz grain (Lop central) i1s ferriorganan

The sa_e frane (Flaste 20) nder Crossed N _¢ols Mgf x 25

The strong bro n colour occupying major portion is the plasma
whacl consast of f rra and ferriarqg 1lan WNote the presence

of ¢ an 1 & d chuanler shaped voids Fev all lat ritic litho
relics are also se resent

Decad ou forcest 3rd Jayer (16-57 cm) thin section_in plain light
Mgf x O

Yellow brown plasnd occupies the major portion Note the sub-

angul hi h relief 1 teritic latlo relics and kaolin filled
channels H 3jhly; fract el juartzitic nodules (right), silt size
qQuartz scattered 1 t lense plasma

The above frane { 1 te 2 } nder crossed Nicols [gf x 2o

The reddish yello port on 1is the pla a whach con ts of
ferriargillaen sule jJular 1ron rict fractured yuar zatic nodules
are nore t aun oarse sa d 1ze Note tle presence of pure kaolan
45 L fill gy n fractures and voics

lec d [ L aycd ( 7= 20 ¢ ) t in ct on in plain light

gf x 2






Plate

Il te

Plate

Plate

20

27

28

bro 1t y 1 wpo t the plas a which 1 well aggregat d
ot biy L p d voids (Ce tral) a d very fine channel
g o F lo relief less than f1 s nd size sub-
a u I ur n Jd artz grains Few magnetite hematite
el f 1 1 e et
L t t 1y (0=19 er) thin section n 3l in 1 ght
hyf
T 1 { nse plas a1 wll r g ted
tr 11 d tt Iron enrichea ubangular
to ocouvlt t noaul s {right) Few opaques ani low
elr f ot u Tt ¢ lso p e ent
C 4l tat ;. r (13=46 cn) thin s ct o In nlain liq t
af
Iron ¢ r1 he zone of ] teritic nodules (rig t) are dominantly

ferr g ta T fai t margins of the plasmic aggregate
indicate t tr sloc t n ot cutdric materials Voids are mainly
c a el d c Ler h ed, f llowing pla ar and p ck g

Te v f ( _ate €) der Crossed Nicols dAgf x 5

Dusky brown pldasma Fe more than coar e sand size high relief

fractur d t grain (Up r r ght) witl translocated ferran and
a g 11 1t f s Vaids ¢ 1l o tly channel d ¢ amb ¢
s ed lew le t It 1 e opaq es are alsu ee prese t
Cashew plantat = 3rd layer (46120 cm) thin section n plane

l gt qf






Plate 29

Plate 30

Plate 31

Plate 37

Flate 43

late 3%

Plate 35

The very y d t 1 ddist Lluck dense plas a consists

or ferrio ° k 1vo ¢ fla ic f b 1c follo ed by
1 1 Lo vipl  1e 11P 1 Lendi g to b cone
¢ loydoo | c¢cv y [ v riieargill r also p sent

s5e 1= v rirecn fo t 1st layer {0=10 ca) tlin section

an jlaz 1 3t 9 5

Nolc¢ th 0 tev lerri-argill s, 131 onite and
at t s t nd th chlamylo orphic br Iiging
ot t Lt v I 1-01gd an Wuertz jrains are
voa 5 L 1z , 4 jular to trour d low
rclief ¢l d
T ¢ v f { late J) nder cros d Nicol Mgf,x295
vee T d oy Jdiis b o flasma Granaic FLP and
ehla ydo o 1 L2 Jrtho o | metavughs and planar
volld int ected voids
e 1=V L { layer {(10=23cm) thi ection
ir jiain 1 4 1 i &
1 It o ls Lt nfiesads ze, non=
f1 ¢t r o 1 lier Ltz grain tt ferri-
U Jd d 1 ¢ t
T auv v fr (1 t 31) nder Cros ed Micols
f
OIS S
l 1 r t 1 gjjrejete with ferra ,
g L r - 11 t1  incre sing or jer in
t 1t ] Lun(left; Note t e lecvage
o o 1 a {1ight) is 1 on
8 1 s 1— vergreen for st 3rd layer
-1 ) n L nl an light, figf x 75
T Harh a 3 uted with 1ro by local
rd tr bt fio t 11 3;ht areas The higher
ulut > 1 t To ne hite azeas) in t e
rts tb v lo t 1 1 di ote ttal tlese ports
hav b coll g I e y llow parts are crystallire
yoethite hiclt forn u t1 Jous net work especially

in the wvall ot cla n 1s d nedarby areas The dark
tr ak t ro 3t th « trc s o former channel filled
1t faire g1 1 el i m tite T e white sports are

uartz yr
o . =—cverqg e fore t 41t 1 _ver {42-120 cm) ihip

cti Jd b 1 Maf  x 25
Subang 1 i To n ¢ tz rict n 1iron

ric i 1 o1 les (up er ant
10 er riglt) 1 nd bijjer § artz
grairs and void a rg lun Yellov margins of
tte ¢ a 1 i I Major jortion 1is
occupi y t 114

semi=evergree  fo t 4ti_layer (42-120 cm) on

other 1ev n jlain light, Mqf, x 63,







Plate

Plate

Plate

Plate

Plate

36

37

38

39

40

The d rk r dd o portin consist of iron coated
plas if1 0 J 1c it r igg r ¢ch nel ahi chamber

s aped vods T e s L juluar, low relief white spots are
the quartz grai s Fine sand 1ze quartz grain are seen
coated 1th 1ro 3de 1n t  cenire and periphery

E calyit ;o atatioy 1st 1 ver {0=11 cm) thin section in

pl_in lizht Mgf, < 6

Tie yello h r n o erately iJense plaswma Skelvo ep c

1l sm1 ¢ T t f n irregul r streaks re
cha nel c ber o d Vughs are also present Iron en-
riched su ¢ 1 t lat r1t ¢ nol les(upp r left)
The faint 0 ot 1¢c t tr slocation of clay
a } clay t f o L s
Buc Jvit s ;1 t t 1_ver (11-20 ) than secti n in
plan Jag t 6,

dda d J [ ctu 1 bg r u tz grain with
1 p atelly tr 1 [ rran the fis ures
Eucalvyptu pla tut on 3rd layer (26-57 cm)} than section in_plain
lijht _3f, x
Clay lugjy 4 a ul ta1 ed witl iron oxides are present in
channels surrou d J t e bigger guartz sekeleion Litho relics absent
Eucalyjt  pl tat 4th laver (57-130 cn) t n section in plain
ligtt qt, x5

eatheri j or Ligger itron juartz grains with cleavages stained with

ferri~arg llans Vug s, ¢ a ls and chamber voids Few ilmenites are
observed t pockets

Eucalypt s pla_tati n 4th laver (57-130 cn) on _ther field of obser-
vation of t et 1n 5 ct 1n plain light 4gf x 25







Plate

Plale

Plate

Plate

Plate

Plate

Plate

Plate

41

42

43

44

45

46

47

48

Dark reddis brown agregated lasna t 1r n ¢ at ngs surrounding
the skeleton [he plasmic fabric is skelsepic insepic and 1sotic

Porous in structure Planar d ck n voids d rarely channel

shaped Very f w 11 u ro 1t relic e~ t

Lve green forest 1st layer { O c t n section in plain 1 ght
gf  x 29

Jote the pre e ce of co rse to f e d s ze wartz medium to
fine s 1t sized 11 enite and few 111 te unus present as

well decom osed plasmified «ggregates Iron oxide globules
prese t as reqions of ¢ ncent t
The albove frane {Plate 41} un er L ossed c ls gf x 29

rellowish red to dark redd sh br n de se plasma Vosepic

plasnic fabric Ortho and meta vug s ¢ an el and chamber shaped
voids The orientation of the plasma gives a syongy ap earance to
the soi1l fabric Small s lt sized subangular and s brounded quartz
gral s d4re seen fixed on the ferr orga an agg ea tes

Lvergre n for st 2 d laver (21 [ iﬁt 1 _sect n_ plain lig t
gf x 2

few L ul 0 b ou L u q Te t
some yuartz gr ins a e fractured C rs s s ze du ky brown

subangular to sub ounded h 3 rel ef Ll ter t c nodules with
sharp narg n

The above ob  vat n ( late 43) u d 0 d N 1 gf
Illustrate t e tra s t on staa b t ee he nd nd 3rd horizens
Pare t rocks in the in tial t g a T g{lo r} T n nrted
ferri-o ganan cut mater s seen accu 1 ted o er the parent
mater al {upp r)

Lvergreen forest tr sitio zo e b tw e d an__3rd ogrizons

Thin section 1 plain light qgf x

The light areas of the crystal agjr g tes (lo er r oht) are

Jiobsite forred upo weat f aoln Tew te s ot ae
yuartz grains lhe few fra wu rtz cate d4 ff ent st g s
of weat er ny lhe fissur s of t t rng q rtz (central)

are seen filled up by 1iren or ferr - rga 3In
The above obse vation (plate 45) er Lrossed c 1f_ x

eat 1 ¢ of ar t r c¢hks er 1c 1 at er g is preceed ng
the ¢ enical weather ng whic s 1lso active by enr chment of dis-
solved ferran nd gyoethan i t f ss of y ally weat e ed
parent rocks nd t 1r nerg s

Evergreen forest 3rd layer {51 120 ¢ ) t n section plain light
vgf x 25

The yellows ade 1nd cates t e frese ce d ssol d goethite The
ferran forms a continuous network esp c 1lly on t e walls of the
¢ annels The dark areas of t e ¢ ferr argillan

The above obse vatio (plate 47) C { 1s, qgqf x 2
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Plate

rlate

Plate

Plate

Plate

Plate

49

30

51

52

33

54

55

The blackish bro n area is the plasma wh ch consists of

organan The so 1 fabric is skelvnsepic ell aggregated
uu wit s rpmrgn Vol s e uj d meta v 5
pl ar a d p ckr g e v 1d a e not clearly obse va le

due to the lack of oriestat on
Tea plantation 1st layer { O- 4 ) t in secti n in pla n
light J4gf x 25

5 1t to coarse sand size nred um to low rel ef quartz grains
few sillimanite and lwne 1te dre also seen present
[ & above observat o {i1late 49) under Crossed Nicols Ngf x 25

Tre dusky brown 4 t ey ll 1 wn p rt1 ns ind: te

plasna w ¢ 1 ense a d ferri- rg a coated T e soll fabr ¢
1s skelse 1c skelvose 1c nd 1 sepic Voids are vughs and

meta vug s C a nel dand ¢ amber shaped voids are seen at t e
lower porti n uu pes t asspheric 1 bodie

lea plantatio 2 3 layer (1 =30 ¢ )} t in sectiuv 1 plai light

yt  x 25

Fine sa to s1lt size suwa gul r to ubrounded less weathered
quartz grain Few henatite joet te a d linonite (fine sized)
are also present embedded in the lasrified organic matter

The above obse vation {plate 51) under Crassed Nicols, Maf x 25

The yello ish red to yellovish brown portion 1s the plasma which

1s less dense and argillaceous Plasmic fabric is insepic
lateratic nodule wit few quartz skeletonsand with more iron

coating {lower left) oids are ¢ annel and c ambers followed

by bigger vughs

Tea plantation 3rd laver (30-130 cn) tF n section in plain light
gt x 25

Fine sand size few qu rtz gra ns re present as ite spots
V 1y few ed an black us N | ee resent
ihe above obse vatio (plate 53) u der Lrossed § cols /#gf X 25

Tt e active foxnation of ferr arg llan 1s seen blocked by the
presence f dense argillaceous plasnic moterials with compara-
tively less 1iron brupt an wavy boundary 1s clear “aralathic
contact 1s less and the parent r ck below 1s hig ly weathered
Tea plantation 3rd layer a th r view of tte t 1n section under
Crossed Nicols igf x 25







Plate

Plate

Plate

Plate

Plate

Plate

Plate

Plate

6

57

58

59

61

62

63

Brownish yellow portion indicates plasma 11 farbic is asepic
nsepic and 1sotic Highly porou and s ecific types of voids
are not observable The dark brow to d sky brown with rregular

narg 5 t e ron coated fer o a G nl lasric and rarely
porphyric DP  Clannel and chapber ed vo ds 1n plasma rach
reg on Few fine to coarse sand size subangular and subrounded
quartz grains and less tha fi e s zo tite are present

Iron coated lateritic litho relic are als seen present

Shola forest ist layer ( O=1- cm) thin section ain plain light
Fagf x 25

The greyish brown to yellowish brown port o s the plasma which
15 well decomposed and leached ferri organan The so 1 fabric is
plasmic a d voskel epic Plasmi-granic to po phyric NRDP Voaids
are channel and ¢ amber shaped witt irregular margan Few coarse
to fine sand size subangul r fractured ferri organan coated

and less than silt size qu rtz grains present

hola forest 2nd layer {12 27 cm) t i sectio in plain light

pgf x 25

The yellowi grey to gray ort n indicates plasma The scil
fabric i1s ase 1c to skelsepic Graniplasmic NRDP Highly porous
No specific volds are evident due to lack of orientat on of
plasnic material The dark brown portion with irregular margin
is the well aggregated tig ly iron coated h nrus

ohola forest 3rd layer (27-56 cm} thin section n plain light

hgt x 25

Coarse sand size suba jular and subrounded quartz highly coated
with 1ron and ferri-organan present
The above observation ?plate 58) under Crossed Nicols, Mgf x 25

rlasna forns snall portion of the soi1l mass The soil fabric is
asepic 4 d skelvosepic Uranaplasmic NFDP UWuartz grains under
different stages of p ysical weathering exhibit lines points
and planes of cleavages Volds are ortho and metavughs

Shola fo est 4th layer (56-67 cn) thin secti n plain light
Mgt  x 63

The horizon 1s rich ro a d 1s under diffe ent stages of
active physico-chemical weattleri g Ferran and goethans are
present as regions of concentratio n the forms of webbs
surrounding the vughs and skeletons

Tte above gbservatio (plate 60) u der Crossed N cols, qgf, x 63

T e plas a 1 rarely pr sent T so 1 f brac granic to grani-
plasmic oids are ab ent T e pa t rock seens under t ve
phys co=-chem cal weathering Ferran and few ferri arg llans are
seen surround g the skeleto s Lomp red to the upp r th s

layer is w th more iron e c ent

bhola forest th layer (6 40 ¢ ) t in sect n n pla n light

Mgf  x 25

Note t e a gular quart g ains are 1t rock ¢ posit pieces
marginally cocated w th iro
The above observation (plate 62) under Cros ed Nicols, aqf, x 25




Plate 64 T e grey to yellowash grey porti n is the plasma of the
so1l lhe so 1 fabric is skelse Grani lasn ¢ to
ory yric DI 1 e so11l o u t ¢ nels ad
vughs 1chly iron ampregnated h m s 1s seen surrounding
t e channels
Acacia pla tation 1st layer (0 — 24 ¢ ) thin section in
plain 1l1q t gf x 25

Plate 65 tote the fine to coarse s nd size hetched subangular
and fractured quartz g a1 s The fissures and the
hetched areas of the skeletons a e seen filled with
dusky reddish brown ferri o ganan Few fractu ed
litho relics are also present
The above observati n (plate 64) under Crossed Nicols

Agf  x 25

Plate 66 The y ey t yellowis b ort sc 1 plasna
ihe so1l fabric 15 asepic 1insep ¢ a d otic lasm
granic LP o specifr ty e f o bev le
Lusky redd brown (1 t d 1) fr ctu 4
suprounded wit sharp m rg ij ly ron co ted nd

u rtz rich 14 eritic nodule
cacia _pla tation 2nd laver (24-79 cn} thin section 1in
plain 1 gyht, aqf x 20

Plate 67 fhe yello 1sh brown to dusky bro n porti n s
lasmified organan T s 1 v el e ¢
Plasnic to porphyrac L r an el c am er

shaped voids frerran ferr o g an v ry f w ferri
arg llan a tr nsloc e rg 1la are ee p esent
urrou d t e kelet s a

cacia jld tation Jrd layver {79 20 can} t n sect on
n tlain light vgf x 25

FPlate 68 e t e le t f i r
sub ou ded lo relief t aq r 3 s
e at te joethite and 1 t
e terr a 3

dusky reddis rown laty agy cqg te
Ihe above vbservatic (plate 67) under ¢ os ed col
gt x 25
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of the s0il was granic to graniwplasmic except that under

cashew where the NHDP was porphyric,
Coarser/finer

Irrespactive of the profile, the surface soil was
coarser and free and the lower layers were finer and
compact. When compared these features under different
vegetation, soil under evergreen forest exhibited a pecuw
liar coarser feature throughout the profile (Plates No.41
to 48).

Voids

The surface soil was porous and the compaction
progressively increases down the profile, In general
surface soll was with planar and packing volds while
massive compacted subsurface laterised layexs were with
channels, chambers and vughs., 1In shola forest, the soll
towards the surface was compacted with channels and
chambers. This feature was progressively expressed in
eucalyptus and cashew plantations. The dominance of vugh
and metavugh was a peculiar feature observed in soils under

tea and semieovergreen forest.

Humus

Humus was present intimately mixed with iron as macro
aggregates of scattered entity, The macro aggregates were
with reinforcement by less than silt sized subangular to

subrounded quartz skeletons. A peculiar feature of this
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arrangement of macro and micro aggregates were evidenced
by the characteristic dark brown, reddish brown and

yellowish brown colour with sharp or faint dark margin.

Cutans

The dominant cutans observed were faint margined
ferri~organan in the surface, sharp margined feorxran and
ferriargillan in the subsurface layers. Organic matter
was seen present as intimately mixed ferriorganan even
in soils under pure plantation {Acacia). Cutans were
present surrounding the skeletons and voids. Cutans and
their macro aggregates and finer fraction together consti=
tuted the whole soil coatings surrounding the comparatively
big _er voids., Gomplete bridging of skeletons with micro
and macro organic matter aggregates of daxk brown to dusk
brown colour was predominant in the evergreen, semi-
evergreen, shola, tea and even in acacia while this was
not noticed in the other forests and plantation soils
studied.

Lithorelic

All the profiles were gravelly throughout except in
the case of shola, evergreen and cashew where the sub=-
surface soil was finer, massive and argillaceous. Ine soils
under acaclia and eucalyptus were finer to granular in the

surface and without gravels almost throughout the profile.
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The soil under acecla exhlbited light grey colour to
dark grey throughout the prcfile and they were firm dry
almost throughout the profile.



DISCUSSION



h a positio at an

Q@ s dev ent I

The geomorphology of the eight profilJ loca
1s presented in Table 1. The different profiles
located within the latitude of 8° 41' to 8° 46' a
logitude of 77%' to 77°8' but at different eleva
ranging from 200 to 1030 m. The profiles reprase
deciduous and semi-evergreen ecosystems are locat
lower altitudes of 200 to 230 m above MSL wh%lo £
evergreen and shola ecosystems are at higher altl
(650 to 1030 m). The profile locations at lower
higher altitudes enjoy different climate maiAly d
the manifestation of the latitude. The mean maxl
minimum and annual temperature of the low land lo
are 32.6°c, 21.9°C and 27.3°C respectively while -
the high land locations are 29.4°C, 19.3°C and 24
respectively (Table 3). The amount of pracipitat
the high land locations is 4184.1 mm, whereas tha
the low land locations is only 2177.3 mm (Table 2
the profiles are located in rolling or undulating
graphy which provides good drainage, a pree-requsi
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Geologically, all the soils studied are developed
from the same parent material granite~gneiss of Archaean
age., Since the s0il under the natural forests are protecs
ted by the forest vegetation from the direct action of
weathering forces such as solar radiationj]@&vcipitation
and wind, they are not subject to severe movements and
therefore retain the juvenile nature, whercas those from
planted forests are found to be in a more senile state,
The laterisation index of the low land locations is 32.1
while that of high land locations is 36.8 (Table 4).
inspite of the high rainfall, the low 1. value observed
1s due to the modifying effect of the mean minimum

temperature,

Type of vegetation and its influence on the soils

Important species prevailing in different profile
locations are described undexr the hoading:)'Distribution
of vegetation in 'Results'. They are also depicted in
photo plates 2, 4, 6, 8,10, 12, 14 and 16.

The dominant tree species in deciduous forest shed
thelr leaves regularly and remain leafless during a part
of the year, especially in autumn., The shola and evergreen
forests on the other hand consist entirely of <vergreen
species which do not shed thelr leaves as noticed in
deciduous specles and remain green always. In semim

evergreen forests, the dominant species include both
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deciduous and evergreen types. The planted vegetations

studled here are cashew, eucalyptus, tea and acacia.

The nutrient uptake and that biocycled through
dead roots and litterfall vary largely with the type
and age of the vegetation, The annual litter production
and its chemical and physical nature are also influenced
by the type of vegetation. Premakumari (1987) has reported
that among the planted forests and plantations the litter

production is in the oxder of eucalyptus > teak > rubber.

The canopy structure of different forests and
planted vegetatlons vary widely with the type and age of
the vegetation., The canopy of the deciduous forest is
not dense while those of evergreen and shola are dense,
many storied and unbroken., The solar radiation reaching
the ground 1s comparatively more in deciduous forest than
in semi-evergreen, evergreen and shola. The difference in
canopy structure and litter layer on the floor due to
the different types of vegetation also influence the micro-
climate, moisture status and erodability of the soils in
varying degree, which in turn affsect the decomposition of
organic debris on the floor, The decomposition of organic
matter is found to be more in soils under planted vegeta=

tion and deciduous forest than under evergreen and shola,
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The root activity of different vegetatlon varies
very much, The tea and acacia have sent their roots deep
in to the subsurzace soil compared to the other type of
vegetation. The increased root «ctivity exhibited by
these two vegetations halps them to withdraw nutrients
from the lower illuvial zones where elluvial mineral
nutrlents are accumulated. Moxreover, the binding action
of the deep roots has strengthened the structural stability
and improved the single value constants such as low bulk
density, higher porosity and water holding capacity of
the subsurface soll under tea and acacia (Table 5.3, 5.4
and 7},

The present study also reveals that acacia enriches
the nitrogen status of the soll at a faster rate by its
ability to fix atmospheric nitrogen.

Macromorphology

Colour

The surface soils of plantation as well as forest are
dark brown or dark grey in colour due to the different soil
content of humified oxganic matter, These colours also
indicate that the solls are mostly ureroded. The yellowish
red or ysellow colour of the subsurface soils of deciduous,
cashew, eucalyptus, evergreen and shola locations may be
due to the influence of iron oxides mosily in its hydrated
form which is a characterlstic of moist soils, The dark

red or reddish brown colours of sub=surface soils at semie
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evergreen, tea and acacia sites indicate that these soils
are rich in iron or iron oxides. These colours are also
characteristic of intense weathering and emphasize the
well aerated conditions that prevail throughout the
profiles at all the locatlons.

The colours of laterite horizons are reddish brown
or red vhere a hard plinthite 1s present. The yellow
shade in evergreen (lowest horizon} shews {hat the plinthite
is soft.

Structure

The structure of the soil in elfforent ecosystems
i3 not seen markedly altered as the same pattern of struce
ture 1s observed in the corresponding plantation wrofile
as well with only minor variations in size and grade. The
granular and crumb structure observed in the surface soils
may be due to the presence of high organic matter, faunal

activity and lesser sesquioxide content,

A close examinaticn of diffeient profiles reveals
that due to deforestation, the structure of the surface
30il has been damaged to a certain extent. But the subsge-
quent influence of different plantations has improved the
structure almost to the original level. The increased root
activity observed in tea and acacia plantations has improved
the structure of the subsurface soil more than that of the

corresponding forests.



166

Gonsistency

The friable, non=sticky and non-plastic nature of
the surface soil irrespective of the profile are due %o
the ¢omparative low content of clay and higher content
of organic matter while the sticky and plastic nature
of the subsurface soll indicate the presence of more clay
and lesser content or oxrganic matter. In evergreen
forest profile, the lowest horizon exhibits a nonesticky
and nonwnlastic consistency which is due to a very low
content of clay and organic matlier and a corresponding

higher propoxtiion of coarse sanu.

Boundary

The smooth boundaries mostly seen in the forest
profile indicate that the processes of leaching anJd
capillary migration are balenced whereas the wavy bounde
arles observed in eucalyptus and acacla oroflles are due
to the intensive leaching and lessivage. Since the canopy
of the two plantarions ls neither dense nor completely
clogsed, the high precipitation and its dirzect action on
soil without =much interception by the canopy might have
facilitated more lntensive leaching leading ;u the rorma-
tion of a wavy boundary.

Root activity
Medium and fine roots ore seen commonly in the bottom

soils of tea plantation while a few medium and ¢oarse roots
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are observed in the bottom soil of the acacia plantation.
In all other sites medium and coarse roots are almost
absent in the lowest horizon. The increased root activity
generally noticed in the surface soil irrespective of the
location and in the subsurface soil of tea and acaclia can
be related to the structural stability of the soils.,

Permeability

Irxespective of the location, all soils studied are
found well drained and no water stagnation is noticed within
the profile depth due to its optimum porous nature. The
lowaest horizon of sucalyptus plantation 1s seen somewhat
impermeable which ¢ ay be possiblydue to the high content
of clay and/or the massive structure of the pallid zone.

Mottling

The mottling 4s rarely obsexrved in most of the
profiles under investigation. The mottling is generally
found more in the lower layers with irregular colourations,
which may be characteristically caused by alternate periods
of dry and moist conditions. The reddish yellow, brownish
yellow, red and yellowish brown streaks and spots indicate
the oxide forms of iron and manganese¢. The grey mottles
observed in the subsurface soil of acacia profile might

be due to the absence of sufficient oxygen in that reglon.
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Laterite horizon

Laterite horizon is generally soft and friable in
forest profiles, It is present at the lowest regiom.
The low content of clay and a corresponding higher
content 0f sand fraction in addition to the yellow
colour in the C horizon of the evergreen forest show
that the vegetative cover results in less intense
chemical weathering and 1s thus only in the initial
stages of laterisation. In ell plantation prof.les,
exgept acacia, laterite is present at the lowest horizon.
In eucalyptus and tea plantations it is slightly hard
and friable while in cashew 1t is moderately soft and
friable., All these laterite layers are red, reddish
brown and yellowlsh red in colour, massive and conslsts

of more ferruginous clay and sand.

Erosion
The extent of eroslon 1s slightly severe in deciduous
forests and acaclia plantation where the canopy closure

is not complete.

Bhvsical propertiess Granulometric compositio

The granulometric composition and textural ratios of
the different soils collected from various profiles are

presented in Table 6.
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Gravel

The proporties of grsvel 1s significantly higher in
all the profiles studied. Among the varzious components
of the granulometric composition gruvel is the wost
varlable ranginj from 17.46 to 92,79 per cent, In
forest prufile gravel content is found to be more in the sub-
surface soll and its distribution shows a genoral pattern
0f increwse with depth., Though a definite pattern of
distribution is not noticed in plantation profile, gravel
cotent 4% generally more in the surface soil except in
cashew profile. The Te.oval of forest cover and subsequent
land preparation and cultural operation coupled witn high
rainfall might have facilitote. downward translocation of
the finer fraction, The consejuent accunulation of gravel
in the surface mey be the prime cause for the comparatively
higner cuntent of gravels found in the surfuce soll of the

plantation profile,
Coarse sand

The content of coazse swnd fraction is significantly
higher in forest profile thun in the corresponding plontae
¢ion profile in pemiwevergreen and evergredn ocosystems
whereas in deciduous ecosystem it is =wnwsignificant, In
most of the forest orofiles the sand content increases
witn degth while in plantation profiles it decreases with
depth (Fig.4). This ouservation 1s in agreement with the
findings ot Thomas (1964). Gowalkar and Latbta (1971)
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reported a decrease in the content of sand fraction with
depth in most of the laterite soils. The decrsase in
sand content with depth noted In plantation profile
might be an indication that laterisation is advanced as

a result of deforestation.
Fine sand

The fine sand fraction increases with depth in shola
ecosystem and decreases with depth in overgreen ecosystem
while no definite pattern is observed in its distribution
an declducus and semieevergreen ecosystems. No signifi-
cant difference is noticed in the average contcnt of fine
sand between forest and plantation profiles within each
ecosystam except in the case of desiduous where the average
fine sand fraction s significanily higho~ in cashew soil
{12.49 per cent) than in the deciduous forest solil (8.07
per cent)
5ilt

In most of the profiles siudied, the proporticn of
silt content is more in the surface soil than in the subw
surface soil, The distribution of silt within the profils

is found 1o be lrregular.

Clay

The clay content in the forest soil vazries from 11.80
to 36,19 per cent while in plantation soll 1t ranges from
10.79 to 43,59 per cent, In all the foresi profiles except

deciduous, the clay content increases with depth upto an
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intermediate horizon and then decreases whereas in
plantation profiles it increases uniformly with depth.
This observation is in confirmity with the findings of
Thomas (1964) and Alexander et al (1981a).

The progressive decline in the content of sand
fraction and a corresponding increase in the content of
clay fraction with depth noticed in plantation profiles
as compared to the torest profiles clearly indicate the
fact that deforestation causes mechanical eluviation with

a higher migration of clay colloids from surface downwards.

Among the forest profiles the highest content of
average clay is cbuecved In deciduous forxest {28.85%)
follawed by semieevergreen (21.32%), shola (19.43%) and
evergreen (16.12%). Thomas (1964) has reported more clay
in the soils of molst deciduous forest than in other types
of forests, This indicates that so.l weathering and clay
foxmation is moxe advanced in deciduous foresi followed by
semlwevergreen, shola and evergreen, Because of the low
temperature, high altitude and dense fully stecked canopy,
weathering and clay foxmatlon »roceed slowly in evergreen
and shola forests as compared to deciduous and semieeverw
green forests. Among the plantation profiles a higher
average content of ¢lay is rccorded in cucalyptus (30.83)
and tea (27.27%) than their coxresponding forest profile
viz. semiw=evergreen (21.33%) and evergreen (16.12%)
respectively. The average conlent of clay in cashew(23,43%)
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and acacia (13.59) soils is comparatively lower than their
correspondiny forest soils. This observation probably
indicates that while the influence of tea and eucalyptus
accelerates the process of weathering, influence of

cashew and acacia delays the process compared to that of
{ihe vorcesponding forest vegetation. A high degree of
weathering has been reported in the case of eucalyptus

by Premakumari (1987) and in the case of tea by Elizebeth
Chacno (1988).,

Textural ratios

The fine sand to coarse sand ratio of forest soil
varles from 0.16 t¢ 0.34 while 0.12 to 0.41 in plantation
so1l, 1he mean values of the ratio for decidwous, senie
wveryreen, evcrgreen and shola forests are 0,23, 0.20, 0,26
and 0,24 respectively while 0,35, 0.28, 0.30 and 0,25 for
cashew, eucalyptus, tea and acacie plantations respectively.
The silt to clay ratioc of forest seil varies from 0.43 to
2.39 while 0,38 to 2,01 in plantation <oil., The eucalyptus
soil records the lowest valie of 0,38 whilc the highesl
value of 2,39 in soil under shola. The silt to clay ratio
is an index ot weathering and as such tre highsr values
of the ratio registered in all the diagnostic horlzons of
the ineerstigated profiles indicate a lov degroe of ferralliw
tization of tne soils. There is no szignificant difference

in the mean silt/clay ratio between :orezt and plantation
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solls within each ecosystem. But based upon the ratio,
the soils can be arranged in the order according to the
degree of weathering: eucalyptus > tea > deciduous > semi-

evergreen > cashew > shola > evergreen > acacia,

The mean sand + silt to clay ratio of semi-evergreen
forest (4.27) and evergreen forest (5.34) is higher than
that of corresponding plantation soil viz., ecualyptus (2.34)
and tea (2.61) respaectively indicating that predominance
of non=clay fraction contributes to tha texture of the
forest s$oil under semi-evergreen and evorgreen forests.

In all the forest solls except evergreen, the soil texture
ranges from sandy loam in the surface to gravelly sandy
clayloam in the subsurface, In evergreen forest the sube
surface soil contains more sand and hence the texture is
loamy sand. In the case of plantation soll, the texture
ranges from loam (surface) to gravelly clay loam (sube
surface) in cashew, gravelly sandyloam to gravelly clay
in esucalyptus, gravelly sandy clay loam to clay loam in
tea and gravelly sandy loam to sandy loam in'acacia.

The observation relating to eucalyptus and tea soils is
in agreement with the findings of Rajamannar et al (1979)
and Elizabeth Chacko (1988).

Single va constant

The data relating to the single value constants are

presented in Table 7. Analysis of the data reveals that
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the effect of deforestation and subsequent influence of
daifferent plantations are reflected on the physical
condition of the soil.

Bulk density

The bulk density for the surface soil is zround
lower at forest sites than for the corresponding planta-
tion sites, The low bulk density of the surface soil of
the forest profile is related to the high organic matter
content and ats very stable structiure, The higher bulk
density in the lower horizons of forest profile may be
due to the filling up of pores by eluvial material. 1In
plantation profile, the bulk density shows a higher value
in the upper horizons as a result of the lo;s of stable
structure due to the eluviation of materialé and low

organic matter content. Because of this the, surface soil

at plantation site is more sandy in texturei The low
organic matter content and the sandy texture together with
the loss stable structure of the soil tend the particles
to be packed more closely together which might have been
the cause for the higher bulk density exhibited by the
surface soil at plantation site. Moreover, the clear
cutting, removal of logs anu subsequent land preparation
and usual tillage operations for raising the plantation
might have contributed to a certain extent compaction of
the surface soil at plantation site resulting in higher

bulk density.
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Particle density

The particle density is slightly higher for the surface
soil of plantation profiles compared to the forest profiles
within the semi~evergreen, evergreen and shola ecosystems
while it is almost same for profiles withan the deciduous

ecosys*em,

Porosity, water holding capacity and volume expansion

The porosity and maximum water holding capacity of
the soil samples range from 34.80 to 46.24 per cent and
26,40 to 42.49 per cent respectively. In all the profiles
except evergreen and acacla, the porosity and the maximum
water holding capacity are relatively higher in the surface
soil than in the subsurface soil. Though the average values
for porosity and maximum water holding capacity show no
significant difference betwaeen forest and plantation
profiles within each ecosystem, it records a lower vzlue
for cashew and eucalyptus plantations and a higher value
for tea and acacia plantation compared to the corresponding
forest profiles. Pathak et al (1964), Pritchett (1979),
Gent et al (1983) and Premakumari (1987) have reported
that deforestation and continuous cropping result in an
increase in bulk density and particle dcnsityland a
reduction in porespace and water holding capacity. In
the present study also a similar variation is observed in
solils under cashew and eucalyptus plantations in deciduous

and semieevergreen ecosystem respectively. The above
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single value constants oftea and acacla on the other
hand exhibit & reverse trend wherein lower average
values are recorded for the bulk density and highexr
values for the porosity and maximum water holding
capacity. The unusual trend as noticed in tea and acacia
plantations might be largely due to the increased root
activity of the tea and acacia preferably in the sube

surface soll.

The volume expansion of thae soll samoles of different
profiles ranged from 3.83 to 10.29 per cent. Among the
profiles, deciduous forest registers the highest average
value of 7.89 per cent. The observed difference within
and between the profiles can be related to Lthelr clay
content%*A strong positively significant correlation
(+0.4996) found to exist between these two characters of
the soll highlights the influence of clay on volume
expansaon of the soil. The comparatively low volume
expansion of the soil attributes the presence of non
expanding type of colloidal matorial -« a qunijue characteri-
stic or laterite solls. No significant differsnce is
noticed between forest and plantatlon profilaes within
each ascosystem indicating that the effect of plantation

on volume expansion 1s less pronounced.
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Aggregate stability and mean weight diameter

The pexrcentage aggregate stability of soll samples
varies from 27,26 tc 96.62 in forest soil while 31.58
to 87.27 in plantation soil. The percentage aggregates
are generally higher an forest soil than the correspond-
ing plantation soll in all ecosystems excap. in shola
where it is significantly hagher in acacia plantation
{81.15) than the corresponding shola forest (51.91).
The mean weight diameters (MWD) in Fforest soil are within
the ringe of 2.05 to 4.49 mm and in the plantation soil
from 2.21 to 3,54 mm. The greatest differerce in MWD
is found betueen profiles within the semi=cvergreen eco=
system though the difference is marginal. In general,
the average MWDs of forest profile are comparatively
higher than the plantation profile in all scosystems
except shola. The water stable aggregates are higher in
surface than in the subsurface soil in all the forest
profiles whereas in plantation profiles it is relatively
higher in the subsurface soil. This observation is in
agreement with the findings of Hulton, B.wood (1976) and
Wilfred Godwin (1986), A significant positive correlation
(+0.366§) is observed betwaen percentage soil aggregates
and organic matter and between percentage aggregates and
DIPA extractable iron (+ 0.4380) . Tho difference in
aggregete stability observed among the soils is largely
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related to the difference in the contents of organic
matter, DTPA extractable iron and the binding action of
roots.

Chemical properties

Seil reaction

Table 8 presents the soil reaction of various horizons
of different profiles. The pH value in distilled water{pH w)
shows that the solls are acidic in xreaction. In forest
soil it varles from 4.2 (decidious and shola) to 4.9
(deciduous) while 4.2 (cashew and eucalyptus) to 6.4 (iea)
in plantation soil. Among the forest profiles the mean
value of pH w recorded a minimum of 4,28 in shola and a
maxioun of 4,57 in evergre¢en. The mean value of pli w in
plantation profiles reglstered a minimum of 4.6 in acacia
and a maximum of 5.6 in tea. The data indicate thai the
soils of natural foxests are slightly moze acldic than
their corresponding plantation solls except in Jemiecvergreen
ecosystem where the eucalyptus plantation shows a rela.ively
lower pH than the corresponding forest soll. Between
forest and plantation profiles, no marked difference is
noticed viithin the deciduous, semieavergreen and shola
ecosystems while in evergresn ecosystem the pH of tea
plantaticn 1s significuntly higher than the corresponding
avergreen forest., The increase in pHw observed in plantation
s0i)l may be due to the incorporation of ash in the soil

during burning operation connected with tha deforestation
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( IThomas, 1964) or by checking the subsequent accumulaw
taon ox orgenic metier (Riquier, 1953) or due tc the
romoval of soluple salts by leaching or by any combina-
tions of the above (Fuller, 1955). The higher accumula-
tion of organic matter on the forest flcor and its
docomposition releases organic aclds which are responsible

for lhe higher acidity of the forest soil,

Tho piiw value recorded in the deciducus forest is
the lowest among the forest solls. This observation is
inconfirmlty with the findings of Thomas (1964). Accozding
to him the soils of mQ}t deciduous forest have a higher

degree of acidity,

A lowering of pH observed in eucalyptus plantation
than the coxrrespond.ng .erdeevergreen forest is in
agreement with the findings of Tofe;i(#986). The eucalyptus
leaves and litter have a low ash content (Premakumasi,1987)
or the uptake of more cat.ons from the soil by the planta
tion might be ithe probable reason for the lower pH of

the soil under eucalyptus,

The low acidity (higher pHw) of tea soil cam be
attzibuted to the presence of a highar content of bases
such as caleium (1070 M8 g-‘I) and magnesium (4467 P9 9=1)
ofTZOil. The regular use o. fertilizers such as rock
phosphate wontaining the bases and the relatively low
uptake of the bases from the soil by tea might have led
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%o the bulld up of these baslc elements in the tea soil.

A similar observation has been reported by Mann and
Gokhale (1960) that most tea soils of south India show a
pH value between 4.5 and 6,0, the figure is! higher in some

cases.

Irrespective of the profile, the surface soil is
generally less acidic than the subsurface soil, This
observation is in lime with the findings of Doyne (193%).
According to him such & conditlon tends to prevall in
soils that support the type of vegetaticn whose foliage

contain a high content of bases,

The pH in I N sodium fluoride ( pils) registers a
higher value for all the soils than the pH obtalned in
distilled water. The rise in Llhe pHs 1s duve to the
displacement of OH by tha fluoride lons indicating that
the solls have net positive charges due to the dominance
of the exchangeable complex by hydrous iron oxides. The
ptis 1s increased by 2,7 to 6.4 units in forest goil while
1.6 to 6.6 units in plantation soil. Cashew soil shows
the maximum increase of 6.6 units while ithe minimum
increase of 1.6 is observed in tea soil, No significant
difference 13 observed between forest and plantation

profides within each ecosystem.

The pii in I N potassium chloride solution (pHk) of
all the soil samples is found lower than that in watex,
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the lowering being in the range of 0.7 (cashew and tea) to
0.7 (evergreen) units. A significantly higher pH 1is observed
in tea soil than the corresponding forest soil. When the
s0il is treated with the neutral KCl solution the hydrogen
ion gradient across the double layer around the clay
colloidal system gets compacted liberating H+ in to the
soil solution and the conseguent reduction in pH gives an
indication of the exchangeable acidity. The minimum lowering
of the pHk compared to the pHw in cashew and tea soll may be
due to the low exchangeable acidity of the soil while the
maxioum lowering of the pHk noticed in the evergreen forest
soil indicates that the soll has a high exchangeable

acidity compared to other soils,

The pH value of the soils in 0,01 M calcium chloride
solution (plc) shows a reduction of 0.2 (cashew) to 0.7
(semiwevexrgreen forest) unit than that in distilled water.
A significantly highexr pH ¢ value is observed for tea soil
as in the case of pik.

The present lnvestigation reveals that the tea soil
is weakly acidic, soils under semi=-evergreen, evergreen,
cashew and acacla are medium acidic while deciduous, eucalyp=

tus and shola soils are strongly acidic,
Conductivity
Table 8 presents the data pertaining to the electrical

conductivity of various soll samples in different profiles.
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The electrical conductivity for tea soil is significantly
higher than the corresponding forest (evergreen) soil
indicating that the soil is abundant in soluble salts.
Irrespective of the profile, the electrical conductivity
is found to be decreasing with depth. This observation
shows that water soluble salts are predominant in the
surface soil than in the subsurface soil in all the
profiles under investigation. No significant difference
is observed in the mean v.lue of electrical condcutivity

among the profiles except tea.

Cation exchange capacity

Being an integrative property of the soil, cation
exchange capacity (CLC) is a measure of soil fertility,
From the data presented in Table 8 1t can be seen that in
most of the profiles CLC decreases with depth. Inspite of
the low clay content, the higher CEC observed for the surface
soil raeveals that the CEC is mostly contributed by the
organic matter, In deciduous and eucalyptus profiles an
increase in CEC is noted at the lowest horizon, which may
be dus to the presence of a comparatively higher content
of clay In that horizon, Though a higher content of clay is
present in the diagnostic horizons, the low CEC (4.2 to
12.3 Caol (p') kg™7) observed in these horizons indicates
that clay is of nonwexpanding Kaolinitic type., The low CEC
exhibited due to the predominance of clay is a characteristic

feature of laterite solls as evidencedby Satyanarayana and
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Thomas (1962), Gopalaswamy and Nair (1972) and Thomas (1981).
Though no significant diffarence is noticed betuecen the
forest and plantation profiles within each ecosystem a
higher mean value is observed for cathew profile (12,67
Cmols (p+)kg'1) than for other profiles., GEC is found
positively and significantly correlated to organic matter
(+0.3794%) and DIPA extractable izon (+ 0.4545). A strong
positively significant correlation is also observed between
CEC and DTPA extractable aluminium (+ 0.3555 )

Organic carbon and organic matter

The data presented in Table 9 suggest that irrespactive
of the proflle, the surface soils generally hase a higher
content of organic matier which decreases steadily with
depth. The organic carbon content is highexr in the surface
soil of forest compared to the corresponding plantation soil,
The distribution of organic carbon with depth in different
soil profiles is illusirated in Fig.2. The highest value
of 3,09 per cent 1s recordec in deciduous forest. The higher
content of organlc carbon in the surface soil of forest
can be attrlbuted to « comparatively slow rate of decomposi-
tion of organic matte: as a resull of canopy closure or
to a higher rate of accumulation oforganic matter by way of
profuse litter fall which is more pronounced in deciduous

forest during winter season or both. !
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The average content of orgsnic carbon shows a higher
value for eucalyptus and acacia profiles while 2 lower value
for cashew and tea profiles compared to the corresponding
forest profiles. Balagopal and Alexander (1983) reported
that higher levels of organic carbon occurred in teak,
eucalyptus and albizzla plantations compared to the
natural forests, The plantation profiles in general show
a comparatively lower value for the surface soil and a
higher value for the subsurface soil with respect to that
for the corresponding forest soil, This observation in fact
indicates that organic carbon has been partly leached off
and eroded off and partly burnt faster due to denudation.
Thomas (1964) working with the forest soils of Kerala
has reported a similar observation. According to Chaly
(1965) the organic matter content is considerahly reduced
after denudation and there is a tendency for the level of
carbon in the lower layers to increase with increased period

of denudatlion,

The influence of organic matter on the extent of
laterisation has been subjectdto the study of many soil
scientists. 3chwertmann (1966) and Walker et al (1969)
have observed a negative relationship between organic matter
content and induration. They have also observed that increase
of organic metter content inhibits ferrallitization in a

conducive laterite environmenti.
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According to Thomas Varghese (1981) an organic
matter level less than % psr cent in the surface soil
leads to ferrallitization in a conducive lateriie environe
ment. However, the present study indicates that ferralliti-
zation advances more in the shola forest even if ihe
level of organic matiexr in the surface soil is 5.19
per cent and at the same time significant ferrallitization
has not been aobserved in acacla seil havingl4.07 per cent
organic matter in the surface soll under the same eco=-
system., The intricacies of the role played by different
types of ve _etation in the manifestation of laterisation
are yet to be explored and ths extent of laterisation
thus cannot be discussed merely on the basls of the

level of oxganic matier in the soll,
Nitrogen (total and ivailable) and C/N ratio

The duta presented in the table 9 indicate that there
is no significant difference among the profliles in the
case of total nitrogen, available nitrogen and C/N ratio,
Irrespective of the profile, the total nitrogen decreases
with depth, Based on the content of average total nitrogen,
the forest profiles can be arranged in the decreasing
order ofs deciduous, svergreen, semleevorgréen and shola.
The average content of total nitrogen is relatively
higher in plantation soil than in the forest soil within

deciduous, semiesvergreen and shola ecesystems, the
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difference belng greatest between acacia and shola (0.053%)
in the shola ecosystem. The present study reveals that
acacila enriches the nitrogen reserves of the soll at a
faster rate by its ability to fix nitrogen, much of which
is returned to the soil. Adoms and Attiwill (1985) have
estimated the rate of nitrogen fixation by Acagla spp.

as 12=32 kg ha~" year =7 which confirms the role of
acaclia as a fast growing pioneer species important in

maintaining the nitrogen pool of its ecosystem,

Though acacia and cashew profiles ragister the
highest value in the content of average total nitrogen
{0.1836), the content of average available niitrogen recorded
in those profiles (73 and 78.33 M8 o To¢ sot1 respectively)
is the least compared to other profiles. At ithe same
time, the shola forest which has recorded the lowest
content of average total nitrogen (0.13%) conlains, the
highest amount of average avallable nitrogen{$5.8 kg 9‘1)_
The comparatively higher amounts of avazlable nitrogen
observed in eucalyptus and tea soils than the correspond-
ing forest soils reveal that nitrogen mineralisation is
at a faster rate in these soils., In plantation profile

Penetner of-
the subsurface soil ls characterised bxhrelatively higher
values of %“otal and available natrogen than the corresponde
ing forest profile indicating that the decomposiilon and
mineralisation of org«ni¢ malter and leaching to a lower

depth have been taken place at an increased rate in
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plantation sites immediately after clear felling. The
total nitrogen shows a strong significggtly positive
correlation with organic carbon (+0.9684), silt/clay
ratio (+0.6403), electrical conductivity (+0,6113) and
poxe space (+0.52ﬁg). A significant positive correlation
is ulso observed between total nitrogen and mi in water

(+0.4118) and between total nitrogen and GEC(+0.3695).

The C|N ratio varies from 13,2 to 2.4 in forest
soil while 10,9 to 6.5 in plantation soil. The higher
lavel of C|N ratio in the surface soil of forest profile
compared to that of the corresponding plantation profile
indicates the accumulation of relatively highor amount of
undecomposed organic matter in the forest floor while the

process of decomposition is quite rapid in plantatlion site,

Total and available phosphorus

The total and available phosphorus status of different
soils are presented in Table 9. The total content of phos=
phorus in forest soil ranged from 0,031 to 0.171 per cent
woile 0.039 to 0,213 per cent in plantation soil. Among
the foresi proriles, shola recorded the highest value of
average total phosphorus (0.0962%) followed by semi-evergreen
(0.0701%) , evergreen (0.0627%) and decicuous (0.06035). A
slight increase in the content of average total phosphorus is

noticed in plantation profile compared to the corresponding
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forest profile irrespsctive of the ecosystem. This observae
tion is in line with the findings of Thomas (1964). According
to Adams and Boyle (1980) such an increase in phosphorus
content after deforestation might be through the mineralisae-
tion of organic matter. Phosphorus is generally seen accumula-
ted in the middle horizons in forest profile, whereas in
plantatlon profile its distribution shows no definite pattern,
The higher content of clay present in the middle horizons of
the forest profile might have retained more phosphorus in

this region,

The available phosphorus status of the soils studied
is poor and varies from trace to 17.1 Mg g-'10‘:‘ soll., A
simllar observation has been reported for laterite soils by
Subramonia Iyer (1979). Irrespective of the profile, its
distribution down the profile is random. Among the forest
profiles, evergreen registered the highest value of average
available phosphorus (5,13 M9 g‘1°f soil) followed by deciduous
semi=gvergreen and shola. The content of average available
phosphorus is found to be higher in tea and eucalyptus soils
compared o the corresponding forest soil. This observation
can be attributed to the higher pH and availability of calclum
as evidenced in tea soil or due to the higher activity of
micro organisms which increases the rate and amount of
organic matter decomposition. The available phosphorus is**
significantly and positiv:&y correlated with soll pﬂfﬁ2.8488),
water soluble iron (+0.5423), exchangeable zinc(+0.6137),
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K% *
calcium (+0.8387), water soluble aluminium (+0.4540) and

magnesium (+ 0.423?) which show the intimate relation of
availaple phosphorus with these soil parameters.

Total and available potassium

The total and available contents of potassium are
showed in Table 9., In forest profile potassium is concentraw
ted in the solls of upper horizons. 1In soils of younger
plantations such as acacia { 3 year old) and eucalyptus
(4 year old) it is accumulated more in the lower layers.

A similar result has been reported by Joss (1968) in 1 year
old teak plantation. The higher accumulation of potassium
in the lower layers of younger plantation might be as a
result of increased leaching following deforestation.

In older plantations (cashew and tea) as well as in

natural forest potassium is rapidly and efficiently phyto-
cycled and in effect a very little potassium 4s appeared

to be leached downwards. Among tho forest soils, semi
evergrecn shows the highest value of average total potassium
(0.308%) followed by shola (0.236%), deciduous (0.2044%) and
evergreen (0.174%). This gradient in the content of
potassium among the forest soils can be related to the
potassium bearing minerals such as mica, feldspar etc.
present in these soils. Though no significant difference
is observed in the average content of total and avallable
potassium between forest and plantation profilss within
each ecosystem its contents are slightly highor in cashew
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and acacia solils, whereas slightly lower in eucalyptus and
tea solls than the corresponding forest soils. The distrie
bution of available potassium is found to be similar to
that observed in the case of total potassium. The avalla-
ble potassium content of the soil is significantly and
positively correlated tg silt/clay ratio (+0.4552),*sand +
silt/clay ratio (+0.3996), and pH in water (+ 0.4486).

It is strongly signifigint and positively correlated to
organic garbon (+ 0.23046) and elactrical conductivity

(+ 0.5707) while total potassium*%s strongly and positively
correlated to the pH in NaF (0,5317).

Calcium and magnesium

The calcium and magnesium status of various soils
are presented in Table 9. Among the forest profiles,calcium
concentration is found highest in semi-evergracn forest
(283 M9 9‘3 while the lowesi. concentration is in evergreen
forest { 27 M9 9.1 ). The average content of calcium is
relatively lower in all plantation soils except in the
case of tea, compared to the corresponding forest soll:
Jose (1968) observed that during the prolonged process of
thinning and clear felling of forests, the bases liberated
from the decomposition of organic matter got quickly and
perferentially leached down the profile. Koyamu and
Nambiar (1978) observed that calcium content of soil is
lowered by 4.3 to 63.2 per cent as a result of cultivation.
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S41k worth and Grigal (1982) have reported that calcium
losses as a result of deforestation is not compensated by
inputs. In the present study a significant increase in

the content of calcium 1s observed in tea so0il(635,67 ug 9-1)
than the corresponding evergreen forest soll (60 M9 g~ Yo
The higher build up of calcium in tea soil can be attrie
buted to the regular application of fertilizers containing
this element.

The loss of calcaum beyond the soil profile favours
ferrallitization provided other condaitions are conducive
for the process. The estent of laterisation can be related

to the low content or calclum of these soils.

In the case of nagnesium the highest concentration
of 2156 M9 g-1noticed in shola forest while the lowest
concentration of 112 M g an svergreen forest. The average
content of magnesium shows a significant lucrease in acacila
(3279,67 M9 9-1) and in tea (2871,67 P9 97) and a nonesigni=
ficant increase in cashew (922,67 bg 9‘5 soll than the
corresponding forest soils namely shola (1568.20 M9 g7 )
evergreen (822 M9 97) and deciduous (736.75 M9 g'1) Tespoce
tively., Mineralisation of abundant organic matter and release
of magnesium coupled wlth lesser utilization by the planta-
tion crops are considered to be the cause for the increase
in the concentration of ithe element. At the same time, a

lower content of magnesaum in eucalyptus soil than the
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corresponding forest (semi-svergreen) soil and an increas-
ing trend in 1ts concentration down the profile give
evidence of preferential leaching of the element following
deforestation, The highest concentration of magnesium

in tea soll may be due to the application of fertilizer
containing this element.

In most profiles calclum and magnesium are found
accumulated in the upper rorizons than in the lower horilzons,
Samra et al (1983) have reported that deep rooted vegeta-
tion phytocycled about 4 times or more calclum and magnesium
enriching the A horizon with more of calcium and magnesium

as compared to B and € horizons,

Fertility status

Forest soils are inherently fertile though it varies
with forests in different ecosystems, The average CEC varies
from 5,95 to 10,71 Cmol (p*) k™! 4n forest soils in the
order of cvergreen -« shola < semi=evergreen < deciduous,

The fertility status of deciduous forest soil is superior

in the content of organic matter and nitrogen while medium

in the content of potassium and calcium and comparatively
poor in phosphorus and magnesium when compared to other
forest soils, The semieevergreen forest soil is superior

in the content of calcium while medium in the status of
organic matter, nitrogen, phosphorus, potassium and magnesium.

The fertillty status of evergreen forest soil is medium in
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organic matter, nitrogen and phosphorus while pooxr in

bases such as potassium, calcium and magnesium. The

status of shola forest soll is superior in the content

of phosphorus and magnesium while medium in the case of
potassaium and calcaum and poor in orgcnic mattei and
nitrogen compared to other foresi soils. Yadav (1968)
reported that solls under different forest vegetatlon
differed conslderably in their physico=chemical characteri

stics,

There axre different opinions about the effect of
deforestation on soll fertllity. Mullsr (1887) 4¢ Donald
(1955) came to the conclusion that clear felling had no
harmful effect while Riquier {1953) and Evans(197G) stated
that clear felling and raising pure crops are detrimental
because of the resultant hazards such as soil erosion,
depletion of nutrients etc. that may alter the neutral
eyuilibrium of the soil. While raviewing the effects of
deforestation Wicdemann (1934) has pointed out that the
effect of clear felling of forests c.nnot be generalised
for all situations. In some cases an unfavourable cffect,
in others a favourable influence is obtained as a result

of deforestation.

The present investigation reveals that deforestation
and subsequent r«asing of plantation have marginally affected
the fartility status of the soil and it varies depencing
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upon the anfluence of the type of plantation. The CEC

of the soils has been increased in deciduous and evergreen
ecosystems due to the influsnces of cashew and tea respece
tively while it is found lowered in semi-evergreen and
shola ecosystems where eucalyptus and acacia are planted
respectively, Status of nitrogen, phosphorus, potassium

and magnesium has been increased while organic matter and
calcium contents are decreased in deciduous ecosystem due
to tne influence of cashew. As a result of the influence

of eucalyptus, organic matter and phosphozus status has
kesen marginally increased while nltrogen, potassium,
calciunm and magnesium status decreased in the semiwsvergreen
ecos ystem. In evergreen ecosystem the status of phos=
phorus, calcium and magnesium has been increased while

that of organic matter and potassium has decrgased due to
the influence of iea. The nitrogen status of the evergreen
ecosystem has been found little affected by tea. Vhile
enhancing the status of organic matter, nitrogen, potassium
and magnesium, acacia lowers the status of phosphorus and

calctium in the shola ecosystim,

Iron and aluminiums

Forms and distribution of iron and aluminium in
different profiles are given in Table 11, All the soils
studled here are cominated by iron and aluminium. The

distribution of iron 2nd aluminium shows an increasing trend
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with depth in most profiles. The lower content of iron

and aluminium in the surface soll compared to subsurface
$0il in most profiles might be due to intense weathering
and distribution of the primary minerals and subsequent
leaching of the products including iron and aluminium

which 1s an expression of the juvenile nature of the

soll., The percentage of total iron in forest soil varies
from 0,636 {evergreen) to 2.485 (shola) while 2.267 (cashew)
to 4.772 (acacia) in plantation soil, The content of aluminium
ranges from 4,853 per cent (evergreen ) to 14.213 per cent
{shola) in forest soils and 7.497 per cent (cashew) to
14,082 per cent ( eucalyptus) in plantation soils., In
general, the plantation profile contains relatively higher
amount of average total iron and aluminium than the correse
ponding ferest profile. Based on the total lron content,
the profiles can be arringed in the decreasing order of
acacla, eucalyptius, shola, cashew, tea, deciduous, semi~
evesgrgen and oveﬁ:green. A higher proportion c¢f aluminium
noticed in all the profiles with respect to iron place

the soils under the category of ferrallitic soils,

The total iron is significantly «nd positively
correlated to pH in NaF (+0.449§) and negatively correlated
to avallable potassium (-0.4085). The total aluminium is
highly significant and positively correlated 1o clay(+0.55§§).
The correlation and distribution of aluminium indicate that
aluninium released during the course of weathering might

have passed into the clay minerals.
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The water soluble iron varies from trace to 14 M9 9~
in forest soil while in plantation soil it ranges from
trace to 50 M9 9.1. Irrespective of the profile, the
maximum content of this form tends to concentrate in
the upper and middle horizons leaving only traces in the
lowest horizon. The water soluble iron is signif&cantly
and positively correlated to pH in water (+ 0.,7207), total
calcium (+ 0.6355) and magnesium (+ 0.548%). A significantly
higher content of average water soluble iron observed in
the tea soil (21.3 M9 9') night be due to the intimate

relation of thls form of iron with the above parametors,

The ammonium acetate extractable iron (exchangeable
iron) varies from 28 to 1%4 hg 9‘105 forest soil, whereas
from 24 to 192 M¢ 9.1 in plantation soil, The DTPA extracti-
ble iron content at the same time ranges from 3 to 439 M9 gt
and from trace to 456 M9 9-1 in forest and plantation soils
respectively., In all the profiles studied, the distribution
of these forms of iron shows a steady decrease with depth.
The average contents of these forms of iron are relatively
more in plantation profile though no significant difference
is noticed between forest and plantation profiles within
each ecosystem, The DTPA extractable iron is significantly
and positively correlated to silt/clay ratio (+ 0.7135),
aggregate stability (+ 0.4385§1 CEC (+ 0.45407 and organic
matter (+ 0.6865) and negatively correlated to clay(-0.4385).
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The water soluble aluminium constitutes 2 (deciduous)

to 185 M9 g-1(1:@&1) of the soil while ammonium acetate extracte
able aluminium ranges from 43 (tea) to 304 M9 9—1(eura1yptus)
and DTPA extractable "4L from 2 (tea) to 566 M8 g1 of soil
(deciduous), The water soluble and DTPA extractable aluminium
are observed to be higher in the upper horizons than in the
lower horizons while no definite pattern is evident in the
distribution of exchangeable aluminium, The water soluble
aluminium 1s positively and significantly correlated to pH

in water (+ 0.5355), available phosphorus (+ 0,4%40) and
organic matter (+ 0.4903). The DIPA extractable aluminium

is significantly and positively correlated to silt/clay

ratio (+ 0,5078), aggregate stability (+0.3914), CEC
(+O.55§3) and organic matter (+ 0.53%#).

The dithionite extractable iron (Fe(d)) varies from
5480 (evergreen) to 25440 ng g (shola) in forest soll
while 11480 (cashew) to 31160 M9 g (acacia) in plantation
soil. Among the forest profiles, the highest average value
of dithionite iron 1s observed in shola followed by decidious,
semi-evergreen and evergreen., The average value of dithionite
extractable iron is found to be higher in all plantation
profiles than the corresponding forest profiles and the
increase in the content is significant in acacla and eucalyp-
tus solls compared to the corresponding forest soils.

Irrespactive of the profile, the content of Fe(q) increases
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with depth, A close examination of the data reveals that
in ail these solls iron is mostly in its crystailised form,
The colour of the snil c¢an be related to the degree of
crystallization and its mobility with in the profile. The
Pe(d) 1s significantly and positively correlated to clay

(+ 0.4603) and negatively to organic matter (-0.4693) which
confirm the fa¢t that tne iron moves along with clay
¢olloidal fractions down the profile.

The orxalate extractable iron (Fo(o)) represents the
-1

amorphous form of iron which ranged from 190 to 5640 Mo g
in forest soil and 1080 to 10470 M 1 in plantation soil.

Based on the average F“(o) content the forest soils can

be arranged in the order: shola > deciduous > semi-evergreen-

evargreen, Higher values are observed in pléntation profile
than the corresponding forest profile. Though a definite
pattern of distribution is not evident, the values of Fe(o)
in most of the profiles ar. generally greater in the middle
horizons. The Fe(o) is present relatively in smaller
quantitlies when compared to the re(d) which reveals that

in well drained soals iron remalns mostly in crys*alline
foim. The Fe(o) i1s signaficantly and pnsitively correlated
to the organic master (+0.56gQ) and negatively and none
signiricantly to clay. This obsexvation shows tane intimate
relation of this form of iron with organic matter. The
strength of Lhe soil has a positive relation with the Fa(d)
and a negative relation with the proportion of Fe(o)
(Shadfan et al, 1985).
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Active iron ratio

The values of active iron ratio are within the range
of 0,05 to 0,38. The higher value in surface soll 1is
recorded in shola and evergreen {0.38) followed by semi-ever-
green (0.30), deciduous (0.28), cashew (0,27), acacia (0,22),
tea (0.21) and eucalyptus (0,15). The higher values observed
in the surf«ce solils of forest profiles compared to that of
the plantation profiles explains the relative enrichment of
amorphous oxides of i-on than the crystilline fora and
thereby the relative juvenile nature of the forest soil.

The active iron ratio steadily decreases with depth in all
the profiles except acacia where a reverse trend is observed
(Fig.3). The ratio is correlated significanily and positively
to silt/clay ratio (+ 0.6133) and organic matter (+o.5631)
but significantly and negatively to clay (=0.6486). These
relationships cleaxly show the inhibitory effect of organic
matter in the crystallization of iron oxides. Schwertmann
(1966) has demonstrated the inhibitory effect of organic
compounds in the crystallization of iron oxides. A similar
observation has also been reported in high land forest soils by
Thomas Varghese (1981).

On critical examination of the average value of the
active iron ratio it is found that the ratio is higher in
forest soil than in plantation soil within semiwevergreen

and evergreen ecosystems while a reverse trend is noticed
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within the deciduous and shola ecosystems., This clearly
suggests that the type of planted vegetatlon has a marked
influence on the extent of laterisation in each ecosystem.
The present study rcveals that the process of laterisation is
delayed i1 deciduous and shola acosystems by the influence

of cashew and acacia respactlvely while at is favoured in
semleavergreen and eveigreen ecosystems by the influsnte of

eucalyptus and tea respectively.
Manganese, zinc and copper

Mangancse, zinc and copper are¢ micronutrients which
are essential to plant life. The forms and content of these
elements are highly vuriable and related to the leaching
environmwent of the profiles. The comtent of total manganese
is higher in acacia followed by evergreen, shola, deciduous
and semiwevergreen. The average content of total manganese
1s lower in plantation profile, except acacia, compared to
the corresponding forest profile. This lowering .n the
content of manganese in plantation soil compared to the
corresponding forest soll might be due to the leaching of
this element beyond the depth of the soil profile as a result
of deforesstation or due to the higher uptake of the element
by the plantation crop. The higher accumulation of mangansse
in the subsurface soll of cashew and acacia might be due to
the increased leaching and accumulation at the lowest horizon

where a barrler exists to prevent the escape of the element.
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Water soluble manganese is found to be practically absent
irrespective of the solil, The value of DTPA extractable
manganese is found to be higher than that of ammonium
acetate extractable manganese(exchangeable). The relatively
higher contents of exchangeable and DTPA extractable
manganese in the surface soil than in the subsurface soil
might be as a rasult of the soil forming process. The
higher content of manganese in the surfuce soil of forests,
attributes to the lesser degree of weathering and ferralli-
tization in the soil compared to the corresponding plantaw
tion soil. A significantly positive correlation is noticed
between total manganese and silt/clay ratio(+0.377?) and
a significantly negative correlation between the manganese
and clay(-0.44og). The exchangeable and DTPA extractable
manganese is significantly and positively correlated to
porespace, The exchangeable manganese is positively and
significantly correlated to pH in water(+0.490§).eloctri-
cal conductivity (+0.4713) and organic mattor(+0.6855).

The total content of zinc in the forest soil varies
from 37.17 to 316.02 M9 ¥ uhile 55.94 to 306.65 19 I
in plantation soil. Among ths forest profiles, the average
content of zinc is highest in semi-evergreen followed by
svergreen, deciduous and shola. No regularity is noticed in
the downward movement of this element. The avarage content
of total zinc as lower in the tea and eucalyptus plantations

while it is higher in acacia and cashew plantations compared
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to the corresponding forest profiles, At the same time

the surface soll of eucalyptus and tea is comparatively
richer in zinc than the corresponding forest soil. The
variation in zinc content may be due to the effect of
deforestation and the influence of the type of plantation
vegetation. The water soluble zinc in forest soll ranges
from 0,05 to 4.71 M8 9 unile trace to 5,75 997 4
plantation soil. The concentration of water soluble and
DTPA extractable zinc shows no definite pattern of distrie
bution. Tne concentration of exchangeable zinc extracted

by ammonium acetate sclution 1s relatively higher in the
upper horizons than in the lover horlzons irrespective of

the pxofile. This may be as a result of the soil forming
procets59s. The exchangeable zinc 1s correlated significantly
and positively to silt/clcy ratio (+0.4164), pore space(0.4100),
CEC(+0.70§§) and available phosphorus (+0.61§%).

The total content of copper in forest soil is Sound
%o range from 17 to 278 MO o while 34 to 109 B¢ T 4
plantation soll. Among the forest profiles, the highest
average content of total copper is in evergreen (105) followed
by shold (36.8), deciduous (33.25) and semieevergreen
(28,75 M9 g.‘1) . The copper concentration is very low
compacred to thai of manganese and zinc. In most of the
protiles investigated, the content of total copper is related to
the coarse sand (+0.365$). The amount of water soluble copper

is traceable while the ammonium acetats exbtractable copper
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varies from 0.2 to 1.2 M8 951 of the soil and its distribu-
tion is uniform in most of the profiles. In plantation
profile, the surface soll generally shows a slightly higher
value for exchangeable copper than the subsurface soil
which indicates that the plantation soill is more advanced
in the soil forming process than the forest soll, The DIPA
extractable copper viries from 0,08 to 2.98 pg g1 of soil
and is seen actsumulated in the Intermediate layers in most
profiles. The DTPA aextractable copper is signif{icantly and
positively coxrelated to pH in water (+ 0.593’3')F g in KC1
(+0.665%) , mi in CaCl, (0.5968), elsctrical conauctivity
(+0.6488), available nitrogen (+0.3726) and available
phosphorus (r0.407§).

The concentrations o1 mangdnese, zinc ani copper
extracted by amroniun acetal.e are hagher an the upper horizons
than in the lower hoxizons in most of <theo profiles studied,
This observation 1s an coni_rmity with the faindings of
Smirnova and Motuzova (1985; and the, atcributew ihls to the

soil formlng process.

Mineralogy

The mineralogy of fine send fraction sf ihe suils
under study is given in Tables 13, 14.1, 14.2, 14.3 and 14.4,



207

The heavy mineral fraction variles from 2,5 to
27.60 per cent of the fine sand and is seen accumulated
more in the upper horizons than in the lower horizons.
The heavy mineral fraction consists of black opaque,
zircon, Kyanite, rutile, leucoxene, amphibole, tourmaline,
monozite, chlorite, garnet, titanite and spinel of which
the dominant ones are black opaque, sillimanite, red
opaque and zircon. The light mineral fraction constitutes
mainly of quartz with small amounts of feldspars and micas.
But in the lowest horizon of shola forest mic¢a is the
dominant mineral., It is evident from the data that the
light fraction mineral 1s distributed relatively more in
the lower layers than the upper ones. In all the soils,
the values of heavy mineral fractlon are much less compared
to the light mineral fraction. The grains vary in size from
30 to 200 micron and have angular to subangular and sub
rounded shapes. A close examinatlion of the type, content
and distribution of these minerals suggests that the soils
are likely to be formed from the same parent material

namely gr«nite gneiss,

The profiles from deciduous and semi=evergreen
ecosystems and acacia plantation have a sequence of black
opaque « sillimanite« red opaque- zircon while those from
evergreen ecosystem and shola forest have the sequence of

silliminite=black opaque = red opaque~ zircon with respect
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to heavy minerals. The heavy minerals appear to be more in
plantation profile (3,7 to 27.6 per cent of the fine sand)
than in the forest profile (2.5 to 19.5 per cent of fine

sand) .,

The amount of quartz ranges from 22,6 to 97.5 per cent
of the fine sand which indicates that quartz is the predomie
nant fine sand mineral. Subramonia Iyer (1979) has observed
that quartz is the dominant fine sand fraction in laterite
and red soils of Kerala. The average content of quartz
fraction in fine sand is found to be a little high in most
forest soils compared to the corresponding plantation soil.
No definite pattern is observed for the distribution of
quartz, At the same time distribution of other reslstant
minerals like zircon and tourmaline show a decrease with
depth. The content of weatherable minerals such as feldspars,
micas and chlorite are zound to increase with depth irrespec-
tive of the profile. Chakravarthy (1979) attributed this
to the higher rate of surface weathering. This observation
also suggest that the soils are young and are at & higher
stage of pedogenic develo.ment., The occurrance of weatherable
minerals indicates the low degree of weathering(Subbiah and
Manickom, 1985). Among the forest profiles the amount of
weatherable minerals is highest in shola followed by semi-
evergreen, evergreen and deciduous, The content of weathera-

ble minerals is found to be more in cashew and acacia soils
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while lesser in eucalyptus and tea soils compared to the
corresponding forest soils. This observation clearly
indicates that while eucalyptus and tea hasten the intonsity
of weathering of the soil, cashew and acacla delay the
process of weathering compared to that of the corresponding

forest vegetation,

Micromogphology

The study of thin sections reveals that the nodules
in the middle horizons of all the soil profiles are intact
and stable whereas those from the surface horizons are
apparently dissolving leaving quartz rich grains protruding
from the iron rich matrix. Similar observation has been
reported in southern Bhodesia and parts of Australia by
Sivarajasingham et al (1962).

Harrison (1933) found that igneous rocks of the
tropics with free drainage is accompanied by the complete
removal of silicon, calclum, magnesium, potassium and sodium
leaving an earthy residue of gibbsite, limonite, a few unaltered
fragments of fieldspars, secondary quartz and the varlous
resistant minerels *the primary laterite'. The conversion of
ferrous to ferric iron can be seen in all the thin sections
as a characteristic change in colour and staining of the rock

fragments with iron oxides (Plates No. 18 to 68).

Under theo mricroscope it can also be™ seen that

feldspar laths of original rock have been replaced by gibbsite
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which are embedded in a reddish brown mass having the
appearance of fine grained clay stained by iron (semi-
evergreon, Plate No.33), When observed from the bottom to
the surface of the profile, opaque minerals present are
appeared to be slightly more irrespective of the location,
The microprocesses suggest that solulion of gibbsite and
its combination with silica in solution form Kaolin in the

laterisang layers,

Weathering of biotite and plagioclase {eldspars are
seemingly operative in the surface soils than in the sube
surface soils which indicates that the cegres of weathering
is low an the subsurface soils. The accurrance of the
weatherable mineral is found to be more in the shola soil
(Plates No. 56 to 63). Among the plantation soils it is
more 1n the cashew (Plates No. 25 and 28) and less in
Eucalyptus (Plates No. 36 %o 40). Irrespective of the profiles
Kaolinization and coincident weathering of the primary
minerals are apparently not complete in the upper horlzons.
No gibbsite 1s observed in this reglon., From the above
observations it is inferred that Kaolinlzation proceedsd
directly from the primary minerals or that resilication, 1f
i1t occuried, proceeded concurrently with the disruptionoef

the primary minerals,
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The study of the thin sections and single grain

analysis further reveal that the character and distribution
of quartz indicates the residual origin of the profiles
irrespective of the vegetation. The guartz grains in the
uppexr layers of cashew, semi-evergreen, eucalyptus, tea

and acacia profiles are seen placed closely than in the
lower layers suggesting loss of values upwards. Consider-
ing the lorge part of the Slo; is quartz some mechanism

as external enrichment of iroh or of a discontinuity in
the profiles is probable.

Iron is seen mobilized to a greater dogree and
greatexr depth in the declauous, cashew, semiwevergreen,
eucalyptus, tea and shola profiles. The condition of high
acidity, presence of reducing agents and presence of chelating

agents might be responsible for the increased mobilization.

Large part of the thin sections of the lataritic
horizons irrespective of the profile are composed of nets of
small flakes orlented iron stained clay. The sections contain
more quartz per unit arsa than the deeper material and this,
with the discontinuity of clay nets and clay skins, suggest
some break down of kaolin accompanied by loss of volume and
release of iron that had been observed on clays. Some red
highly birefringent pore linings, crack fillings, and
other spots observed in the laterite horizon of semi-
evergreen are goethite (Plate No.34).
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In the soils undexr evergreen forest, the materials
required for laterite genesis namely iron is presant in
smaller amount compared to the other soils. The evergreen
soil 1s coarse textured throughout while others have a fine
texture., The small specific surface of the coarsa textured
soil to take up iron as coatings might be the reason for the

expression of the above character,



SUMMARY AND
CONCLUSIONS



SUMMARY AND CONCLUSIONS

Wwath regarxd to geology, geomorphology and climate,
the forested regions of Kerala fall within the limits
¢onducive for laterization, Continuous denudation of
forest along the Western Ghats region has brought about
hastening of the process of laterization. Deforestation
and subsequent hardening of the soll has become a constraint
to agricultural development. Important typealof forests
found in the State are deciduous, semi—overgrLen, evergreen
and shola. Deforestation of these different typses of
forests may bring about laterisation to different extent.
Deforestation and monoculture with different economically
important tree species and plantation crops such as eucalyp-
tus, acacia, tea and cashew may delay or hasten the process
of laterasation to varying extent. The subsequent changes
brought cbout in tha soil properties have not been evaluated
in any publisned work. The present study is, therefore, to
understand more about the effect of different monoculture
vegetations such as cashew, eucalyptus, tea and acacla on
soil prop:arties in comparison with the solls of adjoining
virgin soils in deciduous, semi-evergreen, evergreen and
sholc. foresi ecosysvems respectively. With this objective,
detailed zield and laboratory studies, including that of the
mineralogy and the micromorphology, have been conducted on
eight representative soll profiles from four different forest

ecosystems,
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Some of the salient observations from these gtudies

are presented belows

1. Geologically all the solls from the eight loca~
tions representing the four different ecosystems are developed
from the same parent material namely granite gneiss of
Archaean age. The unlformity of ithe parent material of all
the profiles is evident to a reasonable certainty on the
basis of the particle size analysis, bulk density, soil

colour and the types and distribution of fine sand minerals,

2, The proflles representing the semi-evergreen and
deciduous ecosystems are located at lower altitudes while
that of evergreen and shola ecosystems are located at higher
altitudes. Thougn the soils are oxposed to different climate,
mainly dug to the manifestation of altitude, all the locations
fall within the limits with regard to geology, geomorphology

and climate conducive for ferrallitization,

3. The soills under natural forests, irrespective of
the ecosystems are not subject to severe movements and,
therefore, retain the juvenile noture, whereas the soils

from planted foresis are found to be in a more senile state.

4. The laterigation index of the locations coming
under deciduous and semi~evergreen acosystems is 32.7 while
that of the lccatiois coming under evergreen and shola ecCo=
systens is 36,8, Inspite of the high rainfall the low L



value observed at the higher altitudes is due to the

modifying effect of the low mean minimum temperature,

3, The difference in the canopy stxucture and the
litter layer on the floor owing to different types of
vegetation influence the microclimate, moisture status
and erodability of the soils to varying extent. The
decomposition of organic matter is found to be more in
solls under planted vegetation and deciduous forast than

under evergree¢n and shola forests,

6., The increased root activity exhibited by tea
and acacia helps tham to withdraw nutrients from the
lower illuvial zones where i1lluvial nutrienis are accumulated.
Moreover, the deep penetration and binding action of their
roots have strengthened the structural stability and improved
the single value constants such as low bulk density, higher
porosity and water holdang capacity of the subsurface soll
under these two plantations (tea and acacia) compared to

others including natural vegetation.

7. Acacia can enrich ithe nitrogen status of the
soll at a faster rate by its ability to fix atmospheric
nitrcgen.
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8. The colour of the surface soil, irrespective of
the vegetation, is dark brown or dark grey due to the
different soil content of humified organic matter. These
colours also indicate that the soil i1s mostly unexoded.

The yellowish red or yellow colours of the subsurface soil
are due to the difference in the status of hydration of
iron oxides. The dark red or raddish brown colours of the
subsurface soll at the semiwevergreen, tea and acacia
locations indicate that the soll is well aerated and rich
in iron and ironoxides. These colours are also characteri-

stic of intense weathering of the soil.

9. The proportion of gravel is significantly higher
in all the eight locations. In forest soil gravel content
is more in the subsurface soll, whereas in plantation soil

it is found more in the surface.

10. The content of coarse sand is higher in forest
goil than that in the corresponding plantation soil in all
the ecosystems. In most of the forest soils sand content
increases with depth while in the plantation soils it
decreases with depth, It indicates that laterisation is

advanced as a result of deforestation.

11. The propoxrtion of the silt content is more in
the surface soil than in the subsurface soil irrespective
of the location.
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12, The clay content in the forest soils varies from
11.8 to 36.19 per cent while in the plantation soils it
ranges from 10,79 to 43,59 per cent. In most of the forest
profiles clay content increases with depth upte an inter-
mediate layer and then decreases, whereas, in the plantation
profiles it increases uniformly with depth. The progressive
decline in the content of sand fraction and a corresponding
increase in the content of clay fraction with depth noticed
in the plantation profiles as compared to the forest profiles
indicate the fact that deforestation causes mechanical elluvia-
tion with a higher migration of clay colloids from surface

downwards.

13. Among the forest soils, the highest content of
average clay is observed in deciduous (28.85%) followed by
semi-svergreen(21.328), shola (19.43%) and evergreen (46.42%)
which indicates that weathering and clay formation is more

in deciduous forest then in other forests.

14. A higher content of clay in eucalyptus and tea
solls and 2 lower content in cashew and acacia soils compared
to the corresponding forest solls indicate that influence of
tea and eucalyptus hastens the process of weathering while

that of cashew and scacia appears to delay the process.

15. A higher sili/clay ratio registered in the
diagnostic horizons of all the investigated profiles indi-

cates a lower degree of ferrsllitization of the soil.
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Based on the ratio, the solls can be arranged in the
following order according to the observable factors on
the degree of weatherings eucalyptus > tea > deciduous

semi-~evergreen > cashew > shola > evergreen >~ acacia,

16. The bulk density of the surface soil under
plantations 1s comparatively higher than that under
forests., The low organic matter content and the sandy
nature of the soil together with the less stable structure
might have been contributed in addition to the clear
felling operatlions and subsequent land preparation in
increesing the bulk density of the surface soil in the
plantation sites.

17. The porosity and the maximum water holding
capacity are relatively higher in the surface soil than
in the subsurface soll in most of the profiles investie
gated. The average values for porosity and maximum water
holding capacity are lower for the cashew and eucalyptus
solls while higher for tea and acacia solls when compared
to their corresponding forest soils. The unusual trend
observed in tea and acacia soils with respect to porosity
and water holding capacity might be largely due to their

increased root activity preferably in the subsurface soil,

18, The comparatively low volume expansion of the

gsoils, drrespective of the location, attributes the
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presence of noneexpanding type of colleidal material

a unique character of laterite soils,

19. The peicenitage soil aggregates and the mean
weight diameters for the forest soils are higher than
that for the corresponding plantation soils in most eco~
systems. The water stable aggregates are relatlvely higher
in the surface soll than in the subsurface in all the
forest soils wnereas a reverse irend i3 noticed in its

distribution in all the plantation soils.

20, In general, the forest solls are slightly more
acidi¢ than the corresponding plantation soils except in
the case of eucalyptus soll which records a lower pH than
the corresponding semi=evergreen forest soll. Among the

foresst soils deciduous forests record the lowest pH value.

21, The investigation reveals that the tea soil is
weakly acidic, the semi=evergreen, svergreen, cashew and
acdacia solls are mediun acidic whlle decaduous, euncalyptus
and shola solls axe strongly acidi¢. The low acidity of the
(fE;sozl ¢an be attributed to the presence of higher
content of bases such as calcium (1070 M9 9’1) and
magnesium (4467 Mg g-1ef 301l) due to the regulayr applica=
tion of fertilizer containing the bases and continuous
bigeyecling of the bases occurs in the soil.
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22, Irrespective of the location, the surface
soil is generally less acidic than the subsurface soll.
This condition tends to prevail in soils that support
the iype of vegetation whose foliage contains a higher

content of bases.

23, The pH in 1 N sodium fluoride registers an
increase by 2,7 to 6.4 units in forest soil while 1.6
to 6.6 units in plantation soil compared to that obtained
in distilled water, This indicates that the soils have
a net pomsitive charge due to the dominance of the exchange~
able complex by hydrous iron and alumninium oxides. The
cashew soil shows the maximum increase of 6.6 units

while the minimum of 1.6 unit is shown b,y the tea soil,

24, The pH in 1 N potassium chloride solution is
found to be lower for all the soils compared to that in
distlilled water, the lowering being in the zange of 0.1
to 0.7 units, The minimum lowering of the p4 in KCl
1n cashew and tea soil (0.1 unit) might be aue to the
low exchangeable acldity of the soal while the maximum
lowering of the pH in KCl (9.7 unit) noticed in evergreen
forest soil indicates a higher exchangeable acidity of

the soil compared to the others,
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25, The pH of ihe soils in 0,01 M calcium
chloride solution shows a reduction of 0.2 (cashew)
to 0.7 (semi-avergreen forest) unit than that in
distilled water.

26, The electrical conductivity of the tea soil
1s significantly higher indicating that the soil is
abundant in soluble salts. Irrespective of the location,
the electrical conductivity 1s found to decrease with
depth which indicates that water soluble salts are

predominant in the surface soil than in the [subsurface.

|
27. Inspite of the low clay content, the relatively
higher CEC observad for the surface soil reveals that
the CEC is mostly contributed by the organic matter.
The low CEC generally observed in all the soils
indicates that the clay is of a non=expanding type.

~

28, Irrespective of the location, the surface
s0il shows a higher content of organic matter which

steadily decreases with depth.

29. With regard to the organic carbon, the
highest value recorded is in the soil under deciduous
forest (3.05%). The organic carbon content of the
plantation soil generally shows a comparatively lower

value for the surface soil and a higher value for the
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sub-surface soil compared to that of the corresponding
forest soil. This indicates that the organic carbon
has been partly leached off and eroded off and partly

burnt faster due to denudation.

30, Ferrallitization advances in shola forest
even if the level of organic matter in the surface
soil is 5.19 per cent while significant ferrallitization
has not been observed in acacia plantation having only
4,07 per cent organic matter in the surface soil
through both the soils fall under the same ecosystem.
The intricacies of the rcle played by different types
of vegetation in the manifestation of laterisation are
yet to e explored and the extent of laterisation,
therefore cannot be discussed merely on the basis of

the level of .he organic matter alone.

31, Based on the content of total nitrogen, the
forest soils can be arranged in the order: deciduous >
evergreen > semi-evergreen and shola. The content of
total nitrogen is comparatively higher in most of the
plantation soils than that in the corresponding forest

solls.

32, ftihile acacia and cashew soil register a
higher value in the content of average total nitrogen,

the value recorded for the average available nitrogen
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is the lower one. Mean while the shola soll which
recaords the lowest content of total nitrogen registers
the highest value in the content of available nitrogen.
It appears that the nitrogen minerallsation is at a
faster rute in eucalyptus and tea soll comparerd to

other soils.

33, The subsurface soll under the plantations
is characterised by the presence of comparatively
higher concentration of total and available nitrogen
than that of the corresponding forest soll which
indicates that decomposition and mineralisation of
organic matter and leaching to a lower depth have
been taken place at an increased rate in plantation

sites immediately after the clear felling.

34, The surface soil from the natural forest
shows a higher C/N ratio than the corresponding
plantation soil. It indicates that accumulation of
undecomposed organic matter is relatively higher in
forest soil while the process of decomposition is quite
rapid in plantation soil.

3%, The total content of phosphorus in forest
soll ranges from 0,031 to 0,171 per cent while in
plantation soil it ranges from 0,039 to 0.213 per cent.
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Among the forest so.ls shola recorded the highest
value of avorage total phosphorxus followed by semie

evergreen , evergreen and deciducus,

36. With regaxd to the content of the total
phosphorus a slight increase is observed in zall the
plantation soils than the corresponding forest soils.
Phosphorus 1is generally seen accumulated in the middle
horizons of the forest profile whereas in plantation
profile its distribution shows no definite pattern,

37. The available phosphorus status of the
soils irrespective of the location is poor and varies

-1
from trace to 17.1 M9 9 of the soil.

38. In older plantations as well as in natural
forests cotassium 1s found to concentrate in the surface
soil as it 1s rapidly and efficiently phytocycled and
very little potassium is appeared to be leached downwards.
In solls under younger plantations potassium 1s accumula=
ted more in the lower layer due to the increased leache

ing of the element following deforestation.

39, Among the forest solls, the semlwmevergreen
shows the highest content of average total potassium

followed by shola, deciduous and overgreen. The gradient
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of the potassium content among the forest soils can

bs related to the potassium bearing minerals such as
mica, feldspar etc. present in the solils, bNo signi-
ficant difference is observed in the average content
of total and avallable potassium botween forest and

plantation solls within each ecosystaem.

40, The average content of calcium 1s lower
in the plantation soll, except tea soll compared to
the corresponding forest soil. The higher conient
of calcium observed in tea soil might be due to the
raegular application of fertilizers containing this
element.

41, In most of tha locations calcium and
magnesium are found accumulated in the upper horizons

than in the lower horizons.

42, The plantation soils, in general, contain
comparatively highcer amounts of average total iron and
aluminium than the corresponding forest soils in all
the ecosystems. The iron and a2luminium content of the
soll 1s found to increase wath depth in most of the
profiles which 1s an expression of the juvenile
nature of the soil.



43. A higher proportion of aluminium noticed
in all the soils with zrespect to iron places the soils
under the category of ferrallitic solls.

44, A highly significant positive correlation
exists between clay and aluminium (+0.5528) indicates
that aluminium released during the course of weathering

might pass into the e¢lay minerals.

4%, The water soluble iron varles from trace to
14 k¢ g™ in forest soils while in plantation soils
it ranges from %race to 80 pe g=1 of s0il. Irrespective
of the2 location the maximuw content of Lthis form of
iron tends o concentrate in tne upper and middle
horizons leaving only a trace in the lowest horizon.
It 1s strongly and positively correlated to pH in water
(+ 0.7207), caleium (+0,6353) and magnesium (+0,5407).

46, The smmonium extractable (exchangeable) iron
varies from 28 to 154 M9 977 o5 forest soil whareas 24
to 192 M9 97V 35 plantation soil. The DTPA extractable
iron ranges from 3 to 439 ng g~ 1 and from trace to
456 M9 g in forest and plantation solls respectilvely.
Irrespective of the location, dlstribution of these forms
of jron shows a steady decrease with depth. The average
content of these forms of iron is relatively high in

vlantatzon soil than in forest soil,
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47. The water soluble and the DTPA extractable
aluminium are more in the surface soil than in the
subsurface soll. HNo definite pattern is evident in
the distribution of the exchangeable aluminium,

48. Irrespective of the locatlon, the dithionite
extractable iron (Pe(d)) increases with depth. The
content of Fe(d) varies from 5480 to 25440 M8 g— in
forest soil while 11480 to 31160 M8 91 44 prantation
soll. The Fe(d) is significantly and positively correla-
ted 1o clay (+0.4607) «nd negatively to organic matter
(=0.4697). It confirms the fact that the iron moves
along with clay colloidal fractinns down the profile
at all the locations.

49, The oxalate axtractable iron is present in
small quantities compared to the dithionite extractable
irvon which reveals that in well drained soils iron

remains mostly in the crystalline form,

50, The higher active iron ratio observed in the
surface soils of the natuxral forests compared to that
of the plantations explains the relative juvenile nature
of the forest soils. The ratio is correlated significantly
and positlively to organic matter (+0.5681) and negatively
to clay (=0,6486) which indicates tho inhibltory effect
of organic matter in the crystallisation of iron.
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51. The average value of activa iron ratlo
is found higher in forest soil than in the plantation
501l within the semiwevergreen and evergreen ecosystens
while a reverse trend is notliced within the deciduous
and snola ecosystems, This clearly suggests that the
type of planted vegetation has a marked influence on
the extent of laterisation in each ecosystem. The
present study reveals that while cashew and acacia
delay the process of laterisation in deciduous and
shola ecosystem respectively eucalyptus and tea favour
the process in semi-evergreen and evergreen ecosystems

respectively.

52. The concentration of menganese is very low
in the plantation soils compared to the corresponding
forest soils which can be attributed to the leaching
of the elenent beyond the depth of the soll profile as
a8 raesult of deforestation, The higher content of
manganese in the surface soll of forest compared to
that of the corresponding plantation indicates the
lesser degree of weathering and ferrallitization in

forest soll.

53, The concentrxation of DTPA extractable and
ammonium accetate extractable manganese is found more
in the surface soil than in the subsurface soil irres-

pective of the location .
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54, The total content of zinc in the forest
soil varies from 37.17 to 316,02 M9 97 while 53.94
t0 306,65 M8 7 45 the plantation soil. Water
soluble zinc in the forest soil ranges fxom 0.05 1o
471 ™ 97 in11e 0,29 to 5,75 P9 977 44 the
plantation soil. No regularity is noticed in the distrie
bution of the element down the profile.

55, The concentration of copper in the forest
50117} ranges from 17,278 M9 9" white 24 to 109 M9 9
in the plantatlon soll ;. The concentratlion of copper
is very low compared to that of the manganese and zinc.
The amount of water soluble copper is traceable to
detect, Exchangeable (ammonium acetate extractable)
copper varies from 0,08 to 2,98 HS 9-1 of soil and
is seen accumulated in the intermediate layers of the

most of the investigated so.l profiles.

56. The heavy mineral fraction varies from 2,5
to 27.6 per cent of the fine sand fraction. It is found
accunulated more in the upper horizons than in the
lower horizons. The dominant heavy minerals are black
opaque, sillimanite, red opaque and zircon. The light
mineral fraction constitutes mainly of quartz (22,6 to
97.5%) with small amounts of feldspars and micas, In

all the soils, the heavy mineral fraction is much less
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compared to the light mineral fraction. 7The heavy
mineral fraction is comparatively higher in the
plantation soils than in the corresponding forest

solls.

57. The distribution of resistant minerals such
as zircon and tourmaline shows a decrease with depth
while weatherable minerals like feldspar, mica and
chlorite are found to increase with depth irrespective
of the location., This can be attributed to the higher
surface weathering and the soils are at a stage of

pedogenic development,

$8. The weatherable minerals are found more in
cashew and acacia soils and lesser in eucalyptus and
ted soils compared to the corresponding foxest soils,
This clearly indicates that while eucalyptus and tea
hasten the process of weathering of the soil, cashew
and acacia delay the process when compared to the

corresponding forest vegetation.

59, The thin section microscopy of the different
profiles reveals that the lateritic nodules in the sube
surface soil are intact and stable, whereas those in
the surface soil are left with iron rich matrix and
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quartz grains embedded in the matrix. Conversion of
ferrous to ferric iron 1s an another observation of

the thin section study of the soils. The opaque
minerals decrease down the profile at all the locations.
The micro-pedogenesis of Kaolinite from gibbsite and
silica in solution is cloarlyna%lcéébféin the laterised
layers of the profiles. The effects of vegetation

and phytocycling are observed as micro and macro
aggregates of the humus alone and in combination

with ferzous iron, The character and distrlbution

of quartz indicate the residual origin of the soil

irraespective of the location.

60. Iron is seen mobilized to a greater degree
and depth in the deciduous, cashew, semi-esvergreen,
eucalyptus, tea and shola profiles. All the soils
are laterised with developing argillic horizons and
clay skins.

The present studies based on soils of monoculture
plantation crops such as cashew, eucalyptus, tea and
acacia in comparison to virgin soils, enough ovidences
are available to show that planted foresis/ plantation
crops favour laterisation in general., Among the various
types of monoculture, eucalyptus enhances laterisation
to the greatest extent while cashew and acacia favour

laterasation to the least extent.
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APPENOIXwI

Profile No.1 DECIDUOUS FOPEST

Classification

50il Name Kottur Kallar association
Higher category Hapludolls

Date of examination 10-2«1988

Author N.SIVADASAN

Site

Location Halfwa~ Kilometer NW of Anappara

forest guard station on Anapparaw
Vamanapuram irrigation project road,
Vithura Village, Nedumangadu Taluk,
Trivandrum District.

Latitude 8%41% and 8°42' North

Longitude 77%6' and 77°7" Last

Elevation 230 m above M.5.L.

Landform fMiddle slope of & mid upland hilljg

gently slopy microtopography;
surroundings have a rolling
topography.

Slope 186 Sk, Nearly straight along the
slope and slightly convex across.

Vegetation Natural forest with less dense canopy

Genera) Information

Parent material Granite gneiss

Drainage Well drained, no stagnant water
after heavy rains,



Appendix~I (contd.)

Molsture

Ground water

Presence of surface
stone,

Evidence of erosion

Presence of salt or
alkali.

Climate

Moist throughout

Deeper than 7 m at time of
observation.

No

Sheet and gully

No

Hot humid tropical with mean
annual rainfall of 2177 mm and
mnean temperature ranges from
21.9°%c to 32.6%



APPENDIX - II

Profile No.2

Classification
So0il Name

Higher categorxry
Date of examination
Author

8ite

Location

Latitude

Longitude
Elevation

Landform

Slope

Vegetation

CASHEW PLANTATIN

Kottur Kallar association
Hapludolls

10-2+1988

N. SIVADASAN

%0 m NW of Anappara Forest Guard
Station % ko from Vithura on
Trivandrum Ponmudl Road, Vithura
Village, Nedumangadu Taluk,
Trivandrum District.

8°41" and %42’ North
t

77%6" and 77°7' East

230 MSL

Middle~slope of a mid upland hill;
gently sloping microtopography,
surroundings have a rolling
topography.

1594 SW, Nearly stralght along the
slope and slightly convex across,

Deforested and cultivated mainly
with cashew,



Genera £ P

Parent material
Drainage
Moisture

Groundwater

Presence of Surface
stone.

Evidence of erosion

Presence of salt/
alkall

Climate

Appendix= II (contd.)

Granite gnelss

Well drained; no stagnant
water after heavy rains.

#odst throughout

Legper than 7 m at the time of
observation.
No

Sheet and rill

No

Hot humid tropical with mean annual
rainfall of 2177 mm and mean
temperature ranges from 21.996 to
32.6°C



Profile No. 3
Clas 1

Soil Name
Highex category

Date of examination

Author

Site
Logcation

Latitude
Longitude
Elevation

Land form

Slope

Vegetation

angra £ a

Parent matexrial

APPENLIX= IIX

SEMI-EVERGREEN FOREST

Kottur Kallar association
Hapludolls

10=2-1988

N. SIVADASAN

Thalathootha, 2,5 km NW of Anappara,
Vithura Village, Nedumangadu Taluk,
Trivandrum District.

8%42' and 8%43' North

7706' East

200 m abopve MSL

Lower part of a gently sloping
upland hill to valley; microtopo~
graphy is gently slopy; surroundings
have undulating topograpghy.

g% SW slightly concave along the
slope and almest straight across

Natural forest with moderately
dense canopy

Granite Gneiss



Appendixe III{contd.)

Drainage Well drained, no stagnant
water aftexr heavy xains

Modsture Moist throughout
Ground water 4 m deeper at the time of
observation.

Prusence of surface

stone, No

Evidence of erosion Shest and rill

i:{ﬁius:o of salt/ Ko

Climate Hot humid tropical with maan

annual rainfall of 2177 ma and
mean temperature ranges from
21.9% to 32.6%,



APPENDIX IV

Profile No.4 EUCALYPTUS PLANTATION

Cla at

Soil Name Kottur Kallur association

Higher category Hapludolls

Date of examination 10=2~1989

Author N, SIVADASAN

Site

Location Thalathootha, 2.5 Km NW of Anappara

Vithura village, Nedumangadu Taluk,
Trivandrum District.

Latitude 8%42" and 8°43' North
Longitude 77°%6' East

Elevation 200 m above M,S.L.

Land form Lower slope of upland hill to a

valley, surroundings have undulating
topography; microtopography is
gently sloping

Slope 10% SW slightly convex along and
across the slope

Vegetation Deforested and subsequently planted
with Eucalyptus.



era ormat

Parent material

Drainage

Moisture

Ground water

Presence of surface
stone.

Evidence of erosion

Presence of salt/
alkali

Climate

Appendix IV (contd.)

Granite, gnelss

Well drained with moderately slow
internal permeability

Moist throughout

About 4 m deep at the time of
obsexrvation.

No

Shaeet and rall

No

Hot humid tropical with mean annual
rainfall of 2177 mm and mean
temperature ranges from 21.9%C to
32,6°C.



APPENDIX = V

Profile No.D EVERGREEN FORLST

Class at

Soil Name Kottur Kallar association

Higher category Hapludolls

Date of Examination Qe2=1988

Author N. SIVADASAN

Site

Location About 6 km awaY fPOuw nmawua svue weew

10th hair pin curve, on Trivandrum -
Ponmudi road; Thennoor Village,
Nedumangadu Taluk, Trivandrum Dist,

Latitute 644’ and 8°45' North

Longitude 77°7l and 77°8' East

Elevation 650 m above MSL

Land form fAiiddle slope of a high land steep

hill; microtopography sloping;
surroundings have a rolling
topography with steep hills.

Slope 50% facing SwW, almost straight
along the slope but slightly convex
across.,

Vegetation Natural forest, fully stocked with

dense canopy.



Appendix- V (contd.)

G a £ 3
Parent material

Drainage

Moisture

Ground water

Presence of surface
stone

Evidence of erosion

Presnece of salt/alkall

Climate

Granite gneiss

Well drained, moderately rapid
permeable, no stagnant water
after heavy rains.

Moist throughout

6 m at the time of observation

No

Sheet and rill

No

Humid tropical. 75 years of
meteoxological data shows a mean
annual rainfall of 4184 mm with
159 ralny days. Mean temperature
ranges from 19.3°C to 29.4°%.



APrLNLCIX = VI

Profile No.6 TEA PLANTATION

ass t
Soil name Kottur Kallar assoclation
Higher category Hapludolls

Date of examination Owl=1983

Author Ne. SIVADASAN
Site
Location Merchiston Tea estate. 7.2 km

from Vithura on Trivandrume Ponmudi
Roadj ThennooZ Village, Nedumangadu
Taluk, Trivandrum District,

Latitude 8°44’ and 8%5' North
a,.* 0"
Longitude 7777 and 77°8 East
Hlevation 665 m above MSL
Land form Middle slope of a high land hill.

Microtopography « slopingg
surroundings have a rolling
topography with steep hills,

Slope 40% SE, almost straight along the
slope but slightly convex across.

Vegetation Tea plantation



Appendix- VI (contd.)
Ia £ at
Parent material Granite gneiss

Lrainage Well drained; no stagnant water
after heavy rains

Moisture Moist throughout

Ground water 6 m at the time of observation
Presence of surface No

stone.

kvidence of erosion Sheet and rill

Presence of salt/ No

alkali

Climate Humid tropical with mean annual

rainfall of 4184 mm and mean
tomperature ranges from 19.3°C to
29.4%.



APPLNDIX = VII

Profile No. 7 SHOLA FOREST
Glassification

Soil Name Kottur Kallar association
Higher category Hapludolls

Date of examination B=2-1988

Author N. SIVADASAN
Site
Location Ponmudi top. About 50 m behind

Deer park, The'nnoor Village,
Nedumangadu Taluk,
Trivandrum District,

Latitude g%5' and 8%6' North
Longitude 77°%' and 77°7' East

Elevation 1030 m above MSL

Land form Upper slope of a gently slaping

high land hill; microtopography =
gently sloping; surroundings have
undulating rolling topography
with hills.

Slope 12% S slightly convex across and
along the slope.

Vegetation Natural forest, fully stocked
with dense canopy.



{Appendix VII (contd,)

Ge 2 at

Parent material Cranite gneiss

Drainage Well drained, no stagnant water
after heavy rains

hoisture Moist throughout

Ground watexr 4 m at the time of observation

Presence of surface
stone Scarce at profile site but
plenty in surroundings.

Evidence of erosion Sheet and rill

Presence of salt/ No

alkali

Climate Humid tropical with mean arnual

rainfall of 4184 mm and mean
temperature ranges from 19.3%
to 29.4%,



Profile ho.8
a fica
Soil Name

Higher category
Dute of examination

Author

Site

Location

Latitude
Longltude
Llevation

Land form

vlope

Vegetation

APPENDIXe VIIL

ACACIA PLANTATION

Kottur Kallar assoclation

Hapludolls

Be2:1988

N, SIVADASAN

Ponnudl top. About 500 m from

Dear Parx on Ponmudi-Trivandrum Road,

Thennoor village, Nedumangad Taluk,
Trivondrum District,

8%45' and 8%46’ North
7706’ and 7707' East
1020 m above MSL

Upper slope of a gently sloping
hignland hilli mlcrotopography «
gently sloping; surroundings

have undulating rolling topography
with hills,

104 SW slightly concave along and
convex across the slope

Acacla plantaticn



(#ppendix=~ VIII (contd.)
enera n mat
Parent material Granite gneiss

Drainage Well drained; no stagnant water
after heavy rains

Hoisture Moist throughout

Groundwater 4 m at the time of observation
Presence of surface Hard laterite out crops plenty
stone in the surroundings

Lvidence of erosion Sheet and gully

Presence of salt/ No

alkall

Climate Humid tropical with mean annual

rainfall of 4184 mp and mean
temperature ranges from 19.3°C
to 29.4°%.



APPENDIX IX (1}
Correlat on bet een soil procert es

Percen-

Electra

silt/ Pore pH Organic Organic
Cla tage ca) con- Total
Y clay space aggre- ductivity CEC (an D carbon matter iron
ratio gate water)
*H % *
Volume expansion 0 4996 0 0187 0 1171 0 2042 =0 0396 0 5234 -0 4113 0 0243 -0 0324 0 1997
* *% * % ¥* *% * e
Organic matter -0 4456 0 6083 0 4902 0 3663 O 6023 0 3794 0 3456 0 997 1 000 -0 204
3% *% *% Py * * *k *3%
Total nitroaen ~0 4762 0 6403 0 5216 O 3523 0 6112 0 3695 0 4118 0 9684 0 9638 -0 0316
* * E = 3 ¥* % *4 ¥
available potassium -0 4447 0 4556 0 2416 0 1525 ¢ 5707 0 1833 0 4486 0 5046 0 5072 -0 4082
* *% * * *% Ex3
LTPA extr?gngle -0 4382 0 7152 0 3016 O 4380 0 2609 0 4540 0 0815 0 6820 0 6800 0 0031
* * * I *%
Lithionite extract 0 4607 -0 2480 0 1087 =0 0631 =0 4032 0 0262 -0 3346 0 4599 0 4697 0 7355
anle Iron X
Oxalate extractable 0 2037 03202 02920 01338 -0 230 0 0221 -0 1757 0 0219 0 0385 0 3835
Iron % *% * %% "%
hctive iron ratio -0 6486 0663 04387 O 2690 0 1646 0 0934 0 0654 0 5777 0 5681 -0 3036
L 2] * * * *¥ *%* *%
Total alum nium 0 5528 0 3765 O 2441 0 0773 -0 4910 0 0919 -0 3895 0 5276 -0 5156 0 6584
L 23 5% *¥ %
Vater soluble -0 1224 00322 0 1947 O 0953 0 6124 0 1942 0 5333 0 4888 0 4903 -0 1611
aluminaium
D 3% # % % E 2 3
TPA extractable -0 2938 0 5018 0 2926 O 3914 0 2518 0 5590 0 0270 0 5353 0 5361 0 1173
aluminium
* *
Total manganese -0 4405 03777 O 3506 0 1928 <0 0248 0 1780 0 1438 0 1158 0 1127 0 0627
* * * * *HH ¥* % * ¥
LXchangeable -
Saapanese 0 4535 0 4618 0 4139 0 2411 0 4713 0895 0 4907 0 6856 0 6832 -0 1275
* w9
DTpa extractable -0 2432 04109 0 4782 0 2985 0 1841 2502 =0 0321 03384 03378 0 0087
9 *% * * E % E 2.3 ¥
£xchangeable zinc ~0 5207 0 4164 0 4100 0 0137 0 7052 0 0337 0 7613 0 6941 0 6928 0 2650
a7 0% 0 3652 * Significant at 5 per cent level
27 01 -~ 0 4678 *% Significant at 1 per cent level



Appendax = IX {1i)
Correlation between soll propertaes

Coarse Available Total Total Water soluble Fxchangeable DTIPA extractable
sand phosphorus potassium Iron iron Z1inc copper
3 * % *% %%
pH (1n D water) 0 1151 0 8488 =0 1512 -0 0968 0 7207 0 7613 0 5943
*¥ *% *¥ *¥
pH {2n 1 ¥KC1 0 0191 0 8384 -0 1467 Q 0297 0 7006 0 6058 0 6682
* *H ¥* *
ph { 1n N NaF) =0 3012 =0 4812 0 5317 0 4498 ~0 27101 -0 3897 0 0715
*# *¥% *x *%
pt ( 1n 0 01  CaCl,) -0 0314 0 8052 0 2474 -0 0244 0 6728 0 6086 0 5966
FHH =¥ *¥% * ¥
Electrical conauc 1- =0 19631 0 7405 -0 2051 =0 1666 O 6498 0 7052 0 0444
vity
* *
Availaple vNatrogen -0 2370 0 1561 0 0005 -0 1247 0 1605 0 3757 0 3720
K ¥* % *
AvVa lable phoschorus 0 0133 =0 3139 -0 2531 0 5425 0 6137 0 4072
*% Ho ¥ X% *x
Calcium -0 0884 C 8387 -0 1689 -0 0837 0 6353 0 5961 0 6809
* ¥ % *% *x
Magnesium 0 1584 0 4231 0 2048 0 2734 0 5407 O 4747 0 5990
* *
Total copper 0 3659 0 1723 -0 3948 -0 3337 -0 0780 -0 0018 =0 1895

To7 05 0 3652 * Significant at 5 per cent level

T, o1 0 4678 *% Significant at 1 per cent level



APPENDIX X

Profile mean / average value of important soil properties

£ |
=4
0 3] o [T, o4 = o
3 —~ A 30 (] + [+]
5t soit Se 1S 3% | &g |E S |38 |3k
No | Properties ve [z ¢B kg4 ah | me [E£8 |0
(ST} £ [akZ] a2 oo I = (733 14 I =4
S8 | 8° § 53 b [ T3 <3
[ v S 3;5 m o o o o
1 Gravel (per cent) 4301 4279 41 71 46 31 39 93 44 78 33 44 28 47
2 Coarse sand ( ) 3597 3519 48 67 3557 5S4 71 41 78 47 22 50 18
3 Fine sand { ) 8 07 12 49 943 923 1402 1152 11 31 12 04
4 Clay (" ) 2885 2343 2132 3083 16 12 27 27 19 43 13 59
S5 Fine sand/Coarse sand ratio 023 035 0 20 028 026 030 024 025
6 Sand + silt/clay ratio 249 324 427 234 534 261 445 6 42
7 Bulk density 114 116 1 23 121 119 115 123 119
8 Max mum water holdang capacity
(hoboeni) 4052 3572 3757 3642 3333 3414 3359 3453
3 Pore space ( ) 4380 4198 40 47 39 10 39 84 42 32 40 45 43 12
10 Volume expansion ( ) 789 725 502 631 422 442 578 4 66
11 Aggregate stability ( ) 8304 7502 720 6908 6580 57 01 51 91 81 15
12 Medn weight diameter (mm) 302 260 391 313 309 2965 290 2 92
13 pH ( in distilled water) 4 38 4 53 4 50 4 35 4 57 560 428 4 60
14 Electrical conductivity
(n mhos tm 1) 009 009 007 007 005 015 006 005
15 Cation exchange capacit
AT 1071 1267 956 909 595 665 863 792
16 Total nitrogen ( per cent) 0168 0183 0148 0 165 0 156 O 156 0 130 O 183
1
17 Available nitrogen{ M9 9 ') 91 75 7833 7875 9400 82 67 90 33 95 80 73 00
18 Total phosphorus ( per cent) 0 0603 0 1087 0 0701 O 1 29 O 0627 O 0838 O 0962 0 0957
1
19 Available phosphorus { M9 9 ) 288 270 3 15 513 970 048 0 13
20 Total potassium ( per cent) 0204 0266 0308 0238 0174 0137 0 236 0 291
21 Available potassium (M9 9 1) 98 50 115 00 65 00 44 50 151 33 110 33 66 20 87 00
22 Calcium (M9 8 1) 133 50 21 67 15575 76 75 60 00 635 67 95 00 58 00
23 Magnesium ( " ) 736 75 922 67 1042 25 781 50 822 00 2871 67 1568 20 3279
24 Total iron { per cent) ] 2772 3071 2247 3314 1329 2825 3 095 4 503
25 ater solube 1ron ( M99 ") 625 800 425 400 300 2130 180 BOO
26 DTPA extracable iron ( ) 172 25 199 00 104 75 21 25 60 67 7 67 166 20 207 00
27 Dithionite extra;ﬁggle( " 15767 18547 11375 23175 3930 11370 18788 24943
28 Oxalate extractable Iron{( ) 2722 50 4056 67 2705 00 2795 00 1660 O 2043 33 4224 0 7170
29 Actave iron ratio 0 1975 0O 2367 O 2475 0 1250 O 2833 0 1500 O 2600 O 2767
30 Total aluminium ( per cent) 9 322 9 571 9 419 11 698 6 109 B 551 10 118 10 966
31 Total manganese ( ¥9 9 7) 107 75 93 00 94 75 60 25 143 67 126 67 114 20 487 00
32 Total zinc ( » ) 130 60 149 58 186 O 181 88 132 67 123 52 75 52 100 26
33 Total copper ( ) 3325 5400 2875 59 00 105 00 73 00 36 80 37 33

67

00
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ABSTRACT

In Kerala, continuous denudation of forests
along the Western Ghats region has brought about
hastening of the process of laterisation which becomes
one of the major constraints to agricultural development.
Deforestation of different typesof forests such as
deciduous, semi-evergreen, evergreen and shola may
bring about laterisation to different extents,
Deforestation and monoculture with different
economically importznt species and plantation crops
may delay or hasten the process of lateraisation,

The present study 1s, therefore an attempt to
understand more about the effect of different mono-
culture vegetation such as cashew, eucalyptus, tea
and acacia on so1l properties 1n comparision with
soi1ls of adjoining virgin soils in deciduous, semi-
evergreen, evergreen and shola forest ecosystems

respectavely,

The present study reveals that deforestation
has harmful effect on soi1l irrespective of the type
of forest vegetation. It causes mechanical eluviation
with higher migration of fainer particles from surface
downwards, increases bulk density of surface soil

and lowers the aggregate stability of the soil,



Organic caroon is found to be partly leached off
and eroded off along with mineral soil, It 1s alsao

burnt faster due to denudation.

The contents of nitrogen and phosphorus
increase while that of calcium and manganese decrease
as a result of deforestation, Higher amounts of 1iron
and aluminium are noticed in deforested soil than in

virgin soils of the natural forests.

The heavy mineral fraction constitutes from
2,5 to 27.6 per cent of the fine sand fraction., The
dominant heavy minerals are the black opaques viz ,
1lmenite, red opaques such as hematite, limonite and
geothite, sillimanite and zircon. The lighter fraction
of the minerals is constituted mainly of quartz (22,6
to 97.5 per cent) wath smaller amounts of feldspars and
micas The heavier fraction of the minerals are found
to i1ncrease i1n soil due to deforestation brought about

by residual accumulation.

The influence of different monoculture/plantations
on deforested soil varies with the type of vegetation,
Increased root activity exhibited by tea and acacia
at lower layers have strengthened the structural

stability and improved the single value constants such



as low bulk density, higher porosity and water holding
capacity of the subsurface soil under these two planta-~
tions compared to soils under other plantations and

virgin forests,

The degree of weathering of soil varies with the
type of vegetation, Based on the silt/clay ratio the
sorls studied can be arranged in the following order
accordang to the opservable factors on the degree of
weatnering. eucalyptus > tea > deciduous > semi-ever-

green > cashew > snola » evergreen > acacia.

f
Deforestation and monoculture with cashew,tea
and acacia enhance the soil pH while monoculture with

eucalyptus lowers tne pH of the soil.

ncacila 1s found to enrich the nitrogen status of
the so1l at a faster rate oy 1ts ability to fix atmo-

spheric nitrogen.

The study also reveals that ferrallitization
advances in shola forest even 1f the level of organic
matter in the surface soil 1s 5,19 per cent while no
signiricant ferrallitization has been observed in
acacia plantation having only 4.07 per cent organic
matter in the surface soil though, both the soils
fall under the same ecosystel The critical role played
by different type of vegetation in the manifestation of
laterasation 1s yet to be studied.



The micropedogenesis of kaolinite from gibbsite
and silica in solution 1s clearly noticeable in
laterised layers of the profile. Conversion of
ferrous to ferric iron is also observable an the
than section study of the soils. All soils are
laterised with developing argillic horizons and clay

skins.

The studies on soils of monoculture plantation
crops such as cashew, eucalyptus, tea and acacia in
comparzson to virgin forest soils offers enough
evidences from the present worg to snow that planted
forests/plantation crops favour laterisation in general
in comparison to virgin forests, Among the various
types of monoculture, eucalyptus appears to enhance
later sation to the greatest extent while cashew and

acacia tavour laterisation to the least,



