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IRTRODUCTION

Spil is the most important nonrenewable natural
resource which forms tﬁe main stay of livelihccd and eccnomy
of a country. In recent years there has been an increasing
concesn of the widespread misuse and dagradaticn of soils
due to over exploitation for agriculture, industxy and other
activities, The sezriousness cf the probiem has prompted the
Food and Agriculture Organisation, the International Soil
Ecience Soclety and the United MNations Environrental
Programme to conceive the idea of a World Soils Policy
giving pricrity to issues like degradation, conservation
and judicious use of soill resources, without impairing its

preductivity,

Kerala is endowed with an abundance of forest wealth,
rich in its veriety of floristic compositicn. Variation in
rainfall, temperature and elevation has been r&éponsible for
the extra ordinary diversity in the forest rescurces of the
state, Chandrasekharan (1962) has identified six major
types of forest ecosystems in Kerala viz. tropical ever-
green, seml-avargreen, moist deciduous, grasslands, Shola

foreat and Adry declduous types.



Aecording to the estimates of the Fccd and
Agriculture Organisétion (1924) the forest ccver in Kerala
is only 24% of the geograrhic area of the State. The
dwindling forest cover as a result of indiscriminate
felling 2nd intensive cultivation has given rise to large
scale degradation and loss of scil by erosion, The heavy
rain€all apd high temperature conditioancxisting in Kerala
are conductve to the 1aéeriaation prccesa which is hastened
on removal of the foreit cover causing rapid deterioration—

in the'productiva capacity of the goll.

A perusal of the literature would reveal considerable
work on soils of forest ecosystems .of the world., Special
mention may be made of the work carried cut by Cunningham
(1963), Jaiyeto and Mcore (1964), Reynolds and Wood (1577),
Singhal and Sharma (1985) and Banerjee et al, (1986)., In
Kerala, studies on various aspects of forest soil have been
taken up earlier by Chaly and Koshy (1967), Jose and Koghy
(197?), Alexander and Balagopalan (1980), Balagopalan and
Joss (1986) and Sankar et al, (19587).

The recent decade haa shown a tremendous increase in
the awareneas on forestry and forestry management practices.
The understanding of the naturs and properties of forest

scils is of utmost importance in their proper management



and efficient utilisntion. Hence comprehensive invent-
cries on soll resources are prereguisites to serve as

basic information for efficient management,

With this objective in view the present investi-
jation covering =olls of six major forest ecoéystem
located in Trichur and Palchat districts of Kerala was
uvndertaken with emphasis on morphology, physico-chemical
characteristics, genesis and clasgsification, This has
been achicved by a systematic study of the following

agrectst

(1) Korphological features of the soil preofile
(2) Physio~chemical characteristics of soils

(3) Extractable iron in relation to genesis of
" soils

{4) Fhosphorus fraction and genesis of scils

{5) Chemical composition of clay fraction and
molay ratios and

(6) Classification of scils under soil taxencmy

It is hopsd that the present investigation will
form the data bage for improved forest land management
practices for enhancing forest productivity and sustained

use of these soils,
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REVIEW OF LITERATURE
Attempts have beem made by many earlieéfworkcrs
to examina the inter-relationships beotween/the two basic
natural resources namely s0il and vegetation (Jenny, 1941;
Gupta, 1956; Bryson ot al., 1965; Daniels et al., 1983).
The dynamic relationship between s0il/and vegetation hams

been receiving greater attention in/the recent past.

/

In a study of forest succeuiion and socil development
near the Chena River irn interior Alaska, Viereck (1970)
found that soil temparafure, soll moisture and depth of
thawing varied directly in a 15 year 0ld willow stand
succeeded by a 20 year o0ld white spruce forest and followed,
by a climax black spruce-gphagnum moss stand. In the early
willew and poplar successions, the s0il was colder and
frozen rapidly to a greater depth than in the mcre advanced
stages of succession. &Soll-moploture regimes in the willow-
white spruce forest, ranged from xeric to mesic, but were
replaced by hydric regimes in the black apruce sphagnum

stage.

Studies on the changes in soil properties brought
by pure plantations and mixed plantations of long rotation

crops have teen carried out by Jose and Koshy, 1972,



Interaction of biotic factora like foreste~prairie ecotones
and soil formation has bteen rerorted by Severnson and

Arneman, 1573.

The effect of vegetation cover on soil propsrties
is not limited to the impact of different plant communit-
ies. Individual plants especially trees, can spatially
dAnfluence the soil., These spatial wvariations occcurring
in the proximity of a single tree were more intense near
the tree stem and decreased towards the edge of the canopy

(Loahi, 1977).

Alexander and Balagopalan (1980) had carried out .
vegetational and soll studies in areas repregenting the
évergreen. semi evérgraen. moist deciduous =2nd dry deci-
duous types of forests, One among the concluéions was
that soilas under dry deciduous and to some extent molst
deciduous foresats were more resiljent and can be develgped
for forestry or agricultural purroses through sclentifie
soil management practices while soils under evergreen and
seni evergreen forésta were fraglle and the vegetational
cover needed protection. Balagopalan and Jose (1982)
reported that scoils under teak vegetation were more acidic

than those under mahogiany.



Doescher et al, (1984) chserved that surface
_concnntrgtion of nutrients was greatest under shrubs in
comparison to interspace and graas inflpéhch soils. |
Differences in soil chemicgl levals between sites with
‘a8 high proportion of ﬁerennial grasses to shruts and
sites pith a low proportion of pozannial‘qraateo tg
shrubs vere noted., However, no consistent pattern was

£

- evident,

Banerjee et al, (1985) in a study on chemical
properties of soils under different cold stands on upper
-forest hill of (Darjeeling) West Benéal-hgve reported
that a0l differences related to vegetation were most
pronocunced in the surface layer (0~1% cm) and the effect

decreased with depth,

Study of the soil properties at three sites under
different vegetations, overlying almost similar parent
material in the Tarail region of Kurseong Forest Division,
West Bengal by Baneriee gs,élqj(lgpa)ruvealed considerable
differcnce among the pedons., This was primarily due to
rooting and litterfall characteristics of the perennial
vegetations they suprort. 511 the solls were acidic, 7The
values of exchangeable 5 were ﬁighelt under mixed specics,

intermediste under sal and lcowest under tesnk,



1, Morphelocical characteristics of the soil profiles

. The'most éiau?ical work on vegetation soil
xclationaﬁip relates to the studies in the fbte-t prairie
transition areas in the United States which have been
described by numeroﬁa workers (White, 19417 Jenny, 1541;
Kilburn, 1959y Al-Barrak and lewis, 1976: Buol et al,,
1973, 1980 and Birkeland, 1974), The worrhological
prorerties of these gcils revealed thinner organic
horizons in prairie socil than the adjacent forest soils,
The B horizons were more developed and redder in the
latter thanp the former, In rc?pect of the clay distri-
bution, the surface soils of prairie areas had higher

‘clay content while in the foreat soils, clay accumulation

was cbserved in the subsurface herisons,

Eingh and Ramam (1979) have rerorted that the scils
under Pinus patula in Eastern Himalayas were brown in
colour, and the upper two horizons were dark brown dve to

the relatively greater humification.

Banerjee and Badola (1980) in a study of the forest
soils of Chakrata Forest Division, Uttar Pradesh, have
reportad'that the colour of scils varied from 10 ¥R
(greyish brown) to 7.% ¥R and § YR (readish brown) .



Surface scils were granular, wigh svbangular blocky at
lower depths. Clay translocation could be observed in the
fbrm of cutans, which vere patchy, broken and continuous,

Organic cutans were also observed on scme red surfaces.

‘Based on the study of several pedons in two
dcminant soils of the warm.tempe:atc and humid region of
the central Himalayas, Jawahar et al, (1985) have reported
that the ﬁountain goils on slopes formed Sn thorite-séhiSt
und;r deciducus forest had a mollic epipedon followed by
a cambic'hérizon; The\goila in the valleys developed on
colluvium (dérivéﬁ nainly £rom gneissés) showed a clay-
en:icheé Bt=horizon and an ochric epipehon and were
classified as Typlc Hﬁplﬁﬂolls and Mollié Hapludalfs

respectively,

Gangopadhyay et al, (1926) have cbserved intense
fiovenent of clayJin the soil profiles of some high altitude
s0ils of Sikkim Forest Division, within an altitudinal
range of 1970 m and 2425 m,

Sankar et al. (1987) vorking on the soils of the
Trichur Forast Division rerorted differences in their level
of ervuioﬁ, rresence of mottled horizon and concretions,

which were attributed to the impact of forest degradation



(felling, graeing, fires etc.). Most of the soil profiles
showed the presence of iron concreticns indicating the
onzet of the lsterization, which have beccire pronounced,

with the removal of the forest cover.

The morrhological studies of five representative
scil profiles develored under Pine forest in East Khasi
Hil1 district of Meghalaya by Nair. and Chamuah (1988)
revealed that all the solls were very deep except the
profile on steep slor=s with severe ercsion. They have
variable cclours btoth at surface and subsoils erendinq
upon the degree of oxidation of Fe = Mn bearing minerals,
Surface layers were granular, while subsurface layers ware
subangular blocky, The clay di,tribution down the profile
did not follow any regular pattern.

2. Fhyaieal prorerties

Bulk density, mechapical comroajition and mpisture retention
characteristice

Jose and Foshy (1972) in their studies on the forest
s801l1s of Nilambur Division, Kerala have obaesrved that the
surface soils of the young tesk plantationsz exhibited
remarkably higher values for apparsnt density and absolute

specific gravity and relatively lcwer values for pore =pace,
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water holding qapacity and volure exransion indilcating
that physical conditions of the soils have been markedly
altercd as a result of Jdeforestation and planting of
teak, '

In a atuéy-qn the influence of altitude on the
rhysicochemical characters of forest soils in Western
' Ghats in South India, Rajamannar and Krishnamcorthy (1578)
rerorted that bulk density was reduced slightly at higher
- elovation principally due to the higher organic matter
content, The mamimum water holding capacity, total pore
srace and moisture egquivalent ghowed an increasing trend

with increasing elevation.

Shamra et al, (1980) reported bulk Gensity values
ranging from 1.06 to 1,41 g/cc with mean value of 1,20
g/ec in the acidic soils of Kangra district in Himachal

Pradesh,

/in a study on Ehe properties of soils in the natural
forests and plantations of Trivandrum forest Alvision
Balagopal (1987) has reported efficlent nutrient cycling
in moist deciduous forests, In the plantations, mono-
cultures have relatively low organic carbon‘apd high

exchange acidity in the surface as well as decper layers.
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‘oreover ronocultures have stronger acidifying effect on
the soils than mixed stands, Relatively hicher valuss
of pH, organic carbon and exchangeable bases have been

cbserved in the mixed stands of t2ak and banbax,

lair and Koshy i!970) reported a textural range
between clay and clay loam in respect of soila from the
Bigh Ranges of Kerala, situated in lDevicolam faluk‘of
Kottayar district. The surface horizon generglly cont-
ained the maximem amcount of clay which decreased with depth
down the rrofile. The translocation of clay was maximunm
in the z0ils at an elevation of 1200 m vhere the highest
amount of rainfall was received, At 1200 m, the clay
content showed 3 sudden decrease in the intermediate

layers with the trend continuing to the lower depths.

In a study on the influence of altitude on the
physicochsnical characters of forest soils in Western
Ghats areas in South India, Rajamannar and Krishnamoorthy
(1976} observed that the clay content of the scil decre-
aaed with dapth and varied from 5.8 to 8.1 per cent for
1010 m ana‘xs.o to 29.2 per cent for 2237 m elevations.

Baneriee and Badola (1580) in a study of the

nature and properties of some Dsodar (Cendrus decdara)

11
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forest sclls of Chakrata Fcrest Division in Uttar Pradesh,
. observed that the so0il horizons were fine textured. No
definito trends were however ohserved in the §istribution

of the rechanical separates in any of the profiles,

Pragad st al, (1985) in the study of soil prorerties
under different vegetations, observed that rercentage of
sand was highest in the £0il of natural forest followed by
mixed and teak plantation, Hichest rercentage of clay
was noticed in teak plontation and lowest in the natural
forest, It vas also observed that translocation of clay
with depth was hichest in tezk plantation followed by
mixed plantation anﬂ_natural fo:est. Highegt rercentage
of clay an& lowest percentage of sand on two Aifferent
sites indicated the effect of deforestation activities on

the sites.

Sankar et al. (1987} cbserved in the case of soils
in natural forests of Trichur Forest Division, high content
of gravel with sandy loam texture, indiecative of intense

erosional activity. ’

All (1965) observed a beneficial effect of soil
organic carken in improving #20il meoisture retention

characters irrespective of the texture and mineralogical
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composition of clays. OCrganic carbon and available

moisture were found to be pésitivcly ¢orrelated.

In the Deodar Forest soils of Chakrata Forest
Division in Uttar Pradesh, Banerjee and Badola (1980)
reported high water holding capacity (42.1% to €69.9%) and
lattzibuted this to the higher organic matter and finer
scll fractions, The deeper horizons had in general, lover

‘water holding capacity. ' d

In a study on the moisture retention characteristics
of :nd and ro:tst s0lils of K-rala. Hathow (1985) revealed
that 53% of the available water was removed as the tension
increased frorm 0,3 tc one bar, When the tension reachsd

three bars more than 80% of water was depleted,

The fine fractions of =0i1l, clay and silt, showed
significant positive correlation with moisture retention
at all the tensions, An increasing influenco of clay at
1ncrnaning tensions was cbservad., The relation with sﬁnd
f£ranction ﬁaa. a; expected, negative. The organic carbon
content was not found important in deciding mo;uturo

retention in these soils,
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3. Total Chemical Composition

In the case of Forsst soils of Western Ghats in
South Indis, Rajamannar ond Krishnamoorthy (1978) reported
that the iron content of =s0il from lower altltude was
very low (4,37 per cent) when compared to soils of the
higher altitude (14,26 rer cent),

In the- study on the pedological characteristics of
scme solls of the Darjoeling Hiralayan regicn, Pal et al.
(1984) rororted that next to silica. sesquioxidea vas the
dominant fraction, with alumina contributing the greater
proportion, than 1ron oxides. The 51203 content of these
soils varied from 7.83 to 32.0 per cent,

In the Forest ;oila of Darjeeling Himalayan region

~ under Eipus patula, Pal et al, (1985) observed that the
mobile form of 1:06 and particularly aluminium increased
down the profile upto certain depth indicating their
interaction with organic.constituentt.t They alsc rerorted
- that hoth silica and sesguioxide contents more or less
uniformly increased with depth. The relative accumulation
of_s&tquioxides»in the lower horizone appeared to be
resulting partly from the breakdocwn of the silicate

minerals and partly from downward translocation of mobile



segquioxides vhich were otherwise profusely rresent in

Hirmalayan soils.

Alexander and Balagopalan (1980} rerorted a
decrease in the organic carbon content with depth in the
profiles 4in the case of retervad and vested forests in
Attappady area of Kerzla. HMost of the surface samples
of the evergreen, sexni evergreen and moist deciduocus soils

wege rich in organic carbon.‘

The organic carbon content decreassd from evergreen
to moist deciduous soil, further there was considerable’
reduction (about 50%) in dry deciduous., This has been

mainly attributed to the differences in the canopy cover.

A cﬁose correlation ketween the organic carbon
content and that of bases was rerorted in the soile in
natural forests of Trichur Forest.Diﬁision by Sankar
et nl, (1987). They also observeé that these constituents

were concentrated only in the upper horisen.

Singh et al. (1983) found the level of total N, of
Bundelkhand forests that were tropical dry deciducus type
to vary from 0.09 to 1,037and also observed wide variation
-in C/N ratio in these soils (8,0 to 22,1).

13



venkatamman_gg al. (1983) compared the nutrient
status at different scil depths in the patufal forests
and man made protected planfationa of Milgivia in Tamil-
nadu and obssrved that the total U status was very high

in 0+1% ¢m soll layer as com:g:amd to 30=60 cmn =0il layer.

In a study on the forms of P in some Vidarbha
soils (Maharsshtra) Bapat et al. (1965) found that the
surface layar of all the profiles were rich in total P,
Singh and Ramam (1980) found the level of total P in
different izmature =acll profiles in Eastern Hirmalayas was
more or less uniformly distributed and ranged from 0,04%
to 0,084%,

Pal et al. (1984) reported that the P,0, in the
solls of Darjeeling Himalayan region ranged from 0.13 to
0.60%, while the total X,0 varied from 0,32 to 2.1%.

Ghabru and Ghosh (1979) found that the total CaQ
and Mgl content in a soil profile from Kangra district of
Himachal Pradesh varied frcm 0,20-0,24 and 0.65-0.96 per
cent respectively while Banerjee and Badola (1980) cbserved
Ca as the preponderant cation in 3ll the horizons of the
forest soils of Chakrata forest Division in Uttar Pradesh.

16
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Menon and Shah (19€2) studied the vegstation soil
relationships in 33 localities of four major forest divi-
-ion; in Sauraghtra and observed that there were nct much
variations in the contents of Ca and Mg to that of typical

dary deciduous and molst deciduous forests.

3,1, EH and Cation exchangs propsrties

~ +~Alexander and Balagepalan (1980) in a case study of

. the reserved and vested forests in Attappady, Kerala
reported that rost of the surface ho;jzons were slichtly
acid to neutral in reaction. In the profiles, pH increased
with ﬂeﬁth. _Bvergreen soil was the most acid followed by
the slightly acid semi evergresn and near reutral mcist
deciduous and dry deciduocus scils.) CEC values were highest
for moist decidyous foreste and lowest for Ary deciducus |
type. In the profiles CEC generally decreased with dspih
and varied from 1825 me/100 g for semi evergreen, 14-26 me/‘
100 g for moist deciduous and 10«26 ma/lod g for dry
diciduous type of forest, |

Banerjece and Badola (1980) reported that the soils
of Chakrata Forest Division in Uttar Pradesh were acidic
and even theugh develored on limestone were non-calcarecus.

Surface horizons had pH ranging from 6.1 to 6,5 and subsoil
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horizons betueen 5.3 to 6.7. The CEC was medium to scme~

wvhat low and manifested rno regular pattern in the profiles.

Bingh et al, (1983) observed wide variation in CEC
in the forest soils of Sundelkhand division (tropical ary
deciducus type) (5.2 to 19.2 me/100 g 2041}, The exchange-
able Ca varied from 2.7 to 10,00 me/100 g soil. Exchangeabla
Ca content of the s0ils of high CEC was found to ke relatively
higher than the soils of low CEC which might 3= possibly
be due to formation of some of these solls from mica, lime-

stone and slate minerals,

Dhar et al, (1984) in the study of clay mineralogy
of some teak bearing soils of Maharashtra observed that
11lite and kaolinite were the dominant mirerals and quarts
occurred as an accessory minera; in the clay fraction. it
was inferred that the loss of bases due to kaolinizaticn
might not get adeguately rnplen%shud by the nutrient cycling
through inorganic and org;nic substances, if the balanced

ecosystem was disturbed,

Pa) gt al., (1985) cbaerved that in the Forest soils
of Darjeeling Himalayah regioh, the total exchangeable
bases were highest in the surface layers. CEC ranged

between 11,5 and 46.5 me/100 g sci) and decreased uniformly



down the profile. The bage saturation in the- surface

" horizon was greater in comparison to the subsurface and

———

more 20 in the lowland profile, Exchanéér lénca and Mg -

wera high in the surface layers.

For the subalpine eucalyptus forest of Australia,
. Khanna et al. (1988) observed that most of the exchange
sites in the red and yellow earths were occupied by Al and

vere associated with goil organic matter,

Balagopalan (1987) in a study 6n the properties
of uoilc in the natural fqreats aﬁé plantations of
Trivandrum forest divisicn reported that in the natural .
forest seguence, exéhangoable hases..exchange acidity,
cation exchange capacity and base saturation were high
in moist deciducus forests. As regards plantations,
exchangeable bases, cation exchange capacity and base
saturation were high in teak + bombax., In the plantaéions.
organic carbon was relatively low, while exchange acidity
values were high in monoculture. Also monocultures had
a stronger acidifying efféct on the 20ils than mixed

stands,

Sankar gt al. (1987) found a close correlation

betwéen the orgnanic carbon content and bases in the cass

13



of soils in natural forests of Trichur Forest Divisien.
The exchangesble bases were seen concentrated in the hurus

rich surface horizon.

3.2. Iron fractiona and active iron ratio of soils

Mo Keague (1965) reported that the brownish Bfyg
horizons of the solls of upland catena je. podrols,

uplands and Rubicon were high in free iron oxilide but low

in organic matter and £ree aluminium, OCxidation of ferrous

iron £rom the underlying roduced gzone apparently contrie-

buted towards thc development of this horizon,

Mc Feague and Day (1966) showed an cverall decline
of active iron with depth for scre Canadian soils, but
"Bt" horizons tended to show an accumunlation of active
iren, They concluded that oxalate, as,well as dithionitce
were useful as extractants in identifying horizons of

acoumuliation of secondary seguioxides.

Blure and Schwertmann (i969) have cbserved the
efficacy of acld ammonium oxalate in extracting “amorphous®
iron fractions in soils. The ratioc of oxalate-soluble
iron to dithionite soluble iron {(activity ratio) has been
made use of to provide a relative measure of the degree

of aging or crystallinity of Iren oxides. They also

20




21

indicated that an cestimate of the iron that existed as a
structural component of silicate minerals was provided by
that fortion of the total iron not extracteé by dithionite,
(Fct - Pea) unless significant arount of magnetite was
present., According to them the constancy of the Pcd/total
clay ratic with depth could be considered indicative of
the co=-migration of clay and iron 6xidel; They also
reported that the iron, aluminiun and manganese were

gréatly affected by the processes of soll profile genesis,

Mc Keague et 21, (1971) rerorted that haematite
occurred in some reddish brown parent materials having a
high ratio of-éithionite to oxalate extractable ircon, but

mottles formed in these 80ils contained secondary goethite.

Juo gt a)., (1974) observed a decline in active-
iron with depth for scre well drained Nigefian soils.
They reported that the amount of amorrhous iron oxides
of Alfisols and Uléiaola derives? from acidic parent rocks
of Vest Africa was rolativelyhsmall. The content of
oxalate extractable iron oxideg in these soils ranged
from 0.05 to 0.20%, which comprised less than 10% of the

total free iron oxides,

Richardson and Hole (1979) used the Fea/Fot ratio

as an indicator of the degree of weathering in soiis. it
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was evident that the Boralfs from Wisconsin studied by
them with ratios nearer to 0,6 were more highly weathered

than those frem northern Saskatchewan.

Banerjee et al, (1961) in a study of free iron
oxide in relation to aggregation in lateritic soils of
East Midnapur Forest Diviaion, West Bengal, summarived
that these ;oiln were low in the physico-chemmical agents
resronsible for soil aggregation except total iron and
free iron oxides, The state of aggregation in the five
depths studied considered along with the vertical distri-
bution pattern of free 1ron'oxidel'and of clay in these
soils indicated that free iron oxides had rarticipated
rather actively in the formation of the ncndispereible

aggregates stable to water action,

Ugolini and Edmonds (19683) observed that, out of
the wvarious forms of iron, Ped showed rapid decrease with
der:th in the forest poil and a gradual decrecase in the
prairie soil. Both Feo + Fa_ displayed an accumulation

p
in the B horizon in the forest scil but not in prairie.

Bhattacharys et 2l. (1983) observed the level of
citrate=biecarbonate-dithionite extractable iron content

in red scils of Karnataka derived from granite gneiss

#
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ranged from Q.88 to 4,.3% and constituted 20,6 to 73,74

. of the EOtal iron content,

Aprduino 2t a). (1964) rerorted that the relative
age of soll could ke estimated frcm the amount of iron,
' extfacted by dithionite and oxalate, The larger the
proportion of total iron extracted by these reagents
especially by dithicnite, the older the terrace was the
proportions of total iron extracted by dithionite over
and &hovo those removed by oxslate offered ihe best basis

for discriminating the age.

Hineralcgy of the clay from soils of northern
Italy showed dominabce of 2:1 minorals in the younger
profile and sbundance of kaolinite in s0ils from older
terraces (Arduino et al., 1986)., They also observed an
‘increase in the Fe,/Fe, and ?‘d ~ Pe /Fe, ratios with age

of the terrace.

Santos et al, (1986) studied the transformation
and translocation of ircn in three Boralfs (Gray luviscls)
of Saskatchevan, in relatiocn tc the iron contained within
silicate minerals and that existed in oxide forms;}and
concluded that losses of iron f£rom E horizons and gains
in B, horizons were largely accounted by the translocation

of iron rich fine clays that were relatively unaffected
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by chemicsl weathering during transport. Coarse clay
was found to be weathering to fine clay in the sola,

rarticularly in the ¥ horizons.

~

3.3. Phoschorus fractions

Chang and Jackson {1958) postulated that in the
case of chemical weathering and soil develogpment, Ca.P
would decreaxse considersbly followved byrhlvp resulting
| in an increnge of Fe-P, oOccluded P and reductant soluble
P; They found that 1norganié P increased in the order
Ca=F (1%), AleP (0-3%), FeeP (10-13X%) and occluded and
 reductant goluﬁla P (66-768%) in two latoeols.

Gupta and Fhanna (1564) reported that eroded soils
were roor im organic and Ca bound P and had greater
proportions of iron and Al bound P,

Bapat et al., (1965) 4n a itudy on forms of P in
‘some Vidarbha soils (Maharashtra) found that the surface
layerﬁ of all the profiles vere rich in total P, Inor-
ganic fraction constituted a sicnificantly high proportion
of the total. Aluminium occiuded P was found to be in
traces, The organic P content was low ond generally

. decrenged with depth. Three rrofiles which contained
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sufficiently high amounts of free C‘aCo3 and total Cal
vare rich‘in Ca-PO‘ form, Profiles having less of Caco3
or Ca0 were rich in iron and aluminium rhosphates, The
reductant soluble F was cbserved to excced 25% of the
total P, It was found to be related with sesquioxides

or iron content. All the socil profiles were poor in

availlable P, 3ignificant correlations of available P
with Ca<-P had been observed in soils containing more

CaC03 and with iron and@ Al-F in other soils.

-‘The concept that Calcium éhosphate in soils vas
of primary origin and that iron and aluminium phosphate
in contrast were largely of secondary origin formed in
the course of geological and redolcgical weathering was

suprorted by Juo and 211is (1968),

Singh and Gangwar (1968) rerorted that in the
Vindhyan soils of Mirzapur, calcium bound P was found to
be maximum representing on an average 58.5 and 70,1% of

the inorganic P in upland and lowland soils respectively.

Syers et a), (1969) and Bmeck (1973) reported

that reductant soluble P reflected the age of the soils.



26

Smeck (1973) also reported that as chemical
weathering and soill develorment advanced, the cccluded P
would increase at the expense of Ca=-P and Al-P, Ag pH
ard other ioniec concentrations changed with soil rrofile
developnent, form of P also changed. Generally pH dropred
with developrent, relatively soluble form of P decreaszed
and occluded form increased., Consequently, relative
guantities of P forms could serve as a measure of soil

development,

Pathak et al., (1977) estimated different fractions
of s0il P in four alluvial soil pnafiies of Hardol distriet
in Uttar Frodesh and were corrciated with variouws rhysical
and chemical characteristics. Ca-P was found to be
maximum followed by Fe~P, Al-P, organic-P and available P
respectively. The normal alkzline scil contained greater
proporticn of Ca-P. &ignificant negative relationships
of available P with AI-P, Fo-P, Al,0,, Fe, 0, and clay
content were observed betwsen organic carbon and organic

P, Alzﬂa and Al=P, 31203 and Fe-P, szo angd Fe-D, CaC03

3
and CaeP, 3e203 and Al-P and pH and available . Organic
carbon, Caéaé and pi were also found negatively and

significanily associated with Ca-P?, organic-P and organie

F resjectively,
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Singh and Ram (1977) reported that thae totasl
amount of P recoversd as saloid P, Al-P, Fe-P and Ca-P in
different soils accounted for 55 to 98% of the added
amount. The unrocove:e& P to the extent of 45X of the
added P might have traneformed into reductant soluble Fe
and or occiudad Al-Fhosphates.

In the case of Tamil Nadu soils, Kothandaraman and
Krishnamoorthy (1979) found that fractions of P vie, Al.P,
. Pe=P, reductant soluble P and cccluded P were relatively
more in high altitude laterite soils, whereas Ca-P domi-
nated in black and alluvial soils.

Tiessen et al, (19€4) reported that correlation and
regression analysis of P-distribution and chemical analysis
confirmed the partial dersndence of organic matter accumule

ation on available forms of F.

Sah and Mikkelson (1986) observed that when soils
vere flooded, typieally the Fe-P fractions increased and
Al-P fractions decreased, He also rerorted that the P
fractions occurred in all solls, but differed in proportion
according to scil characteristics. Strongly acid soils
which are usually highly waathered, were dominant in Al.P,
Fe-P and reductant soluble P. Neutral and slightly acid
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soils usually contained all four P fractions Ca-P, Te-P,
Al-P and RS«P in comparable amounts. Alkgline and
calcareous #0ils were often dominant in Ca-P. The most
gtable Al-P, Fe~P and Ca«P minerals were variscite,
strengite and flourapatite respectively, ?he mrost common

Ca=P mineral in soil howev;r was Ca-apatite..

4. Chenical characteristics of clay fraction

Lissonite (1960) observed the ratio of silica
sepquioxides ranging fxqm 1.60 to 2.09 in red earths of
Italy, ie used the ailicq/aelquioxide ratios for

characterising the clays.

Satyanarayana (1968) reported that the silica
content of clay fraction of red soils of Andhra Pradesh

ranged from 30.20 to 41,90%,

Bouma znd Schuylenbergh (1969) cbserved that the
8102/R203 and 8102/%1203 ratios of clays apreared to be
more relevant as a index of pedogenic processes. Decre-
asing 8102/R203 and 3102/51203 with depth in the pédon
were belleved to be ipéicativt of movement of alumiﬁium
and iron or clay migration where as increasing ratios were
interpreted as movement of silica to lower depth in the

Pﬁdon.



23

Ameer (1970) found the ratio of 5i0,/R,0, of red
goils of Tamil Nadu as 1.97 and that for laterites as
1,23, 8ignificant positive correlation was obtained
between c¢lay content and 8102/R203.

Gupta gt al. (1577) in a atudy of 27 surface scils
from Jammu and Kashmir observed that the CEC of the clays
was mostly in the range of 20 to 40 me/100 g though a
few had somewhat higher values of 40 to 50 me/100 g.

Manickam (1977) rerorted a li}ica/hlumina ratio
of 1,57 to 3,96, silica/iron oxide ratio of 3,96 to 12.43
and silica/sesguioxide ratio of 1,12 to 2,71, in respect

of the lateritic soils of Tamil Nadu,

Greenland (19681) repcrted that the free iron oxide
of the clay fractions of hunid tropics acted as cementing
agents, stabilizing their porosity and these soils

possesscd free drainage characteristics.

Studies on tropical soils by Eswaran (19683) rovealed
that. théaa soils were dominated by low activity clays and
had effective CEC of less than 12 me/100 g soll, when
soll pH was less than 6,5 and had CEC less than 1€ me/100 ¢
clay in 1 K HH OAc pH 7. BSome of this low activity soils
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were Oxisols while others were Ultisols and Alfisols and

even Inceptiscls and Mollisols,

S. Taxoncrmy of forest soilse

~ Das ggugi. {19280) in a study on genésis of red
and lateritic forest sclls of West Eengal on catenary
basis have classified all the ten sm0il nrofiles of the
three catenas, under Alfisol except in the case of upland
and midland rroflles of ona catena and the upland profile

of another catena which was placed under Entisol,

Banerjee and Singhal (19583) arranged the scils
representing four tyres of Bifinor forest division, Uttar
Pradesh from Entisol at the dry end of a moisture and soil
deve'lomant gradient to Molliscl on the other end with
Letter moisture and crdanic matter status and alsgo soil

developmeqt.

Sarma et al, (1965) classified some scil biosequences
coccurring in a nearly similar torography with special
reference to the role of matural vegetaticn on their genesis,
in the Bijnor plantation division., Sandy hyperthermic
Typic Haplurbrept and Ustochrepts were the major silvicult-

urally important scils of this arecas. From the organic
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earboﬁ cantent, and its rolative distribution along depth,
comparison of base status in 4ifferent horirens and clay -
migration, it appeared-that marks of grassy wcodland

;cbtonea on the genesis of Argiustolls were quite evident., -
Thick B horizcons, migration of clay, lower base saturation
gradual éecraa;e in organic carton and redistribution of
exchangeable Ca and Mg po.siblytdue to rhytocyciing among
varicus horizons indicated the dcminant role played by tree
species in the comparatively more weathered habitats of

Haplustalfas.

Jalalian and Southard (1986) reported that the
underlying seguum of all three scils in northernUtah
studied by them had the morphelogy of Alfiscls - thick B
horizons and thick red and reddish brown B, horizons with
mineralogy dominated by kaolinite, quartz and chlorite and
a4 base saturation greater than 60% through out. The f£ine
clay in the upper seguum of all three soils was dcminated
by amorrhous material sugbacting an early'stage of weath=-
ering. Results of these stqdiec suggeated that the older
ceries (lower sequum) were Alfisols, Recent adﬁitiona of
eclian material from lake Bonnaville sedimsntas and Enake
River plaiin have coversd the Alfisols and molllc epiredons

have devcloped in the msclian material and these solls vere
clagsified as Paleborolls.



Sankar et al. (1987) reported that the soils of
the Trichur forest divisidn belong to the group of red

g8cila or Oxisoles or rad ferralitic solls.

Biswas (15€8) classified the forest soils and
assoclated typifying pedons of Mahanadi Catchment district
Raigarh, Madhya Pradesh, India, as Entiscl, Inceptisnl

and Alfisols upto subgroup level.
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MATERIALS AND METHODS

The investigations carried out in this htudy relate
mainly to six 3011 profiles located. from different forest
ecosystems in the central region of Kerala. The areas

selected for the study'are indicated in the map (Fig. 1). ~

FPleld studien

The sampling areas were selected after initial
1dentification of the forest type characterized by the
State Forest Department, The profile pits were dug in
typifying areas and morphological features vere observed
horizon wise and recorded as per Soil Survey Manual

(AISLUSO, 1970), The salient features of the areis in
respect of locations, physiography, drainage, vegetation
and forest types were alsc recorded. The morphological
descriptions of the profiles are presented in Appendix I,
The abbreviated morphology of the profiles are givén in
Table 2. .

1. Sample collaction

After morphological examination of the profile,
801l samples represonting the different horizons in the )

profile ware collected for laboratory characterismation,

The particulars of samples c¢ollected are presented in
Table 1.
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Table 1. Details of profile samples collected '
Profile VQQetatioh Lcéation Sample iHorison Depth
Ho, . ‘type (dtstrict) No, (cm)
I Tropical Sholayar 1 hp 0-10
evergreen (Trichur) 2 A, 10-20
3 A 20-40
4 81 40-70 _
% 512 T0=150+
C ) 6 A 0-10
11 Eemi evergreen Kupmattl 7 &2 10-27
(Trichur) & Bl 2746
9 Byy  46-68
10 Bao g0-150+
11 Aq 0~13
111 Moist Athirapalld 12 Ay 13-32
deciduous (Trichur) 13 By 3266
14 : ‘21 66«95
15 Boo 95-165+
| 16 Ay 0-10
v Grasalands Siruvani 17 A 102
{Palghat) 2 5
‘ 18 321 25-60
19  Byy  60-110+
20 Ap 0=13
V. Hilletop 8iruvani 21 Ay 13-29
ogargrnon {Palghat) 22 Ay 2952
{Ghela forest) 23 By §2-83
24 Bgy 83120
25 Bayn  120-150+
26 ﬁl 0=12
Vi Dry deciduvous Walayar 27 921 13-33
' (Palghat)  og By,  33-70
2%

B, 70-150+




2. In ato studies

2.1, Freparation of gsamples

The scil samples collected were air dried, ground
with a wooden mallet and passed through 2 rm sieve, The
sleved samples were utilized for the study of various

phyaico-chemica; properties,

2.2, Ehymica) properties

The particle size distribution was carried out by
the International Pipette Method (Piper, 1942),

Moisture retention studies were conducted in a
pressure plate apparatus using ceramic plates (Richards,
1554) . Physical constants were determined using Keen-

Raczkowski boxes by the method suggested by Sankaram-(1966)-.

3, Chemical properties

The chemical properties of samples were deteimined
by standard analyticai procedure and expresged on moisture

free basis,

3.,1. Analysis of profile samples

‘8011 reaction was determined in 1:1 soil water

suspenasion using a Systronic pH meter, Determination of
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organic carbon was done by Hélkley and Black method and
total nitregen by semiemicro-kjeldahl method (Soil Survey
stasf, 1967). |

Anaiyses for total 8102. sigﬁf A1203. Fbaoa. Kﬁo,
Ca0, MgO and Na,0 were done using the HCl extract (Pipér.
1942). Total 8102 and 8203 vere determined gravimétrically.
Total iron was determined using volumetric potassium
permanganate method and total A1203 by difference.fzom
sesquioxides (Sankaram, 1966). EDTA method as outlined
by Hoasc.(1971) was used for the determinmation of totai
Ca0 and Mg0, while 9205 was estimated by wanadomolybdo-
. phosphoric yellow colour method {Jackscn, 1958). Total
potassium and sodium were estimated using an EEL flama

photometer,

‘Cation exchange capacity was determined by the

JﬁHiQAc method 2nd exchange acldity, by BuC12~TEA method
(Goil Burvey Staff, 1967) . Exchanganble potassium and
i;dium in the EH4OAc extract were read using ECL flame

photoreter (Jacksom, 1958),

Exchangeable calcium and magnesium in the neutral
N BH,OAc extract were estimated by EDTA titration method
(ilesse,1971), '



Armorphous lrcon oxides were eétimatea Qsing amropium
oxalate (Mc Keague and Day, 1966) and free iron oxide by
dithionite-citrate~bicarbonate method (Mehra and Jackson.
1960). Iron was determined in the extracts by the ortho-

rhenanthroline rathod (Hesse, 1571).

Fractionation of P wap carried out using the
modified procedure of Chang and Jackson as described by

Hesse (1971).

3.2, Eeparation_and annplysis of clay fraction

The clay fracticn of samples was separated by the
methed outlined by Jackson (1975), Total $i0, and R,0, were
determined gravimetrically from sodlwun carbonate fusion
gxtract and total iron by volumetric rotassiuvm permanganate
method (Sankaram, 1966). Total A1,0, was determined by
difference from gesguioxides and the molar ratios of ths

clay were calculated.

3,3. Statistical analysis

Simple correlation coefficlents between the variocus
rhysico-chemical characteristics of soils were calculated
as suggested by Snedecor and Cochran (1967). The signifi-
cance of the correlation coefficients was tested by using

students 't' test.
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RESULTS

1. Profile morphology

The atbreviated morrhological descriptions of the
801) profiles are presented in Table 2 and the detailed

morrhological descriptions in Appendix I,

The colour of the surface soil was moltlylin the
hue of 10 YR, the colour ranging from greyish brown to
brown, .The surface horizons under trﬁpical evergreen
foreats and the dry deciducus forests had husas of § YR
with reddish colourg predoninating. In respect of the
subsurface layefu. dark brown colours deminated with hues
of S ¥R, 7.5 YR and 10 YR, The profiles of seml evergreen
and Shola forest had yellowish red coloura in the lower
layers, while conspicuous red célour was observed in the
lower horizons of the soil profile under dry deciduouas
forests. Increase in intensity of red colour with depth

was 3 feature obaerved in this soil.

Y

The surface horizons had the characteriatic granular
structure, but were only weakly developed. The subsurface
horizons revealed good structurai develorment as evident

from the moderate subangular blocky structufe. This was

35



Table 2. Abbreviated morrheclogical description of the =0ill profj,leg

- — . ST W

;;ofile Ko. Horizon and Hunsell notation Texture . Structure Consistence Beoundary - Remarks
& depth {cm)
vegetation Dry Moist
tyre
1 2 3 4 5 8 7 8 o
Ap 0-10 5YR 3/4 gls m,gr mvEir, wcs, wro cs
I : ,
Tropical ) 10~20 T.5¢R /6 qgls ngr mvir, ws, wps Gw
evergreen AB 20~-40 TIR 5/8 gal mzsbk mfr, ws, wp éw
Bl 40-70 EY¥R 4/8 gl mbabk mfi, we, wp aw
312 70-150 YR §/8 gsl mzlbk mfi, ws, wp, T8 -
AI 0-10 10¥R 3/3 gal m,gr mveir, wss, wrs [t
Iz 32 10-27 i0YR 3/2 csl mgsbk mfr, wss, Wps aw
0
"*f;iei?f" B,  27-46 10YR 4/4 gscl m bk wfr, wa, wps dw
821 46-£8 10YR ¢/4 gscl mzabk mfr, ws, Wps dw
faint to dAist-
' inct 10¥YR 5/3
B,, 86-150 10YR 5/6 gsel m - ws, Wp3 and 10YR 7/

rottles plenty

(%) Spil Survey Staff, 1951

Contd.

§E
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Table 2. Continuead
B 2 0] 3 4 5 6 - 7 '8 9
) | Very lcGze .iayel
’ - ’ ' th fluffy £
A, 0-13 10YR 4/2 10YR 3/2 gl m,gr 41, mvfr, w0, Wpo gimpoeﬁyorégf
TIX : - : nic material
Moist 53 13-32 775YR 8/2 1 mlgr a1, mvfr, wso, wpo ow .
deciduous 1-31 32-66 SYR 3/3 cl mysbk mfi, wss, wps 8w
821 66-95 sYR 4/4 gsel mlubk nfl, wes, wprs dw
B,, 95-165 2.5¥R 4/84 ¢ mysbk  mfi, ws, wp -
A, 0-10 10YR 5/3 10YR 3/3 gsc m,gr  dsh, mfr, wes, wpo cs
v A, 10=25 10YR 4/4 gel m,gr  mfi, wss, Wps aw
Grasslands g 25-60 7.5YR S/6 bk mfl aw
21 - Qc ml’ m " wsl wp
J\p 0-13 10¥YR 3/2 gcl n,0r mfr, wss, wWps cs
v Ay 13-29 7.5YR 5/6 gsl t'azsbk mfi, ws, wp cw
H11l top J\z 29-52 7.5YR 4/4 gcl czsbk mfi, wa, wWp dw
evergreen g 5283 7.5YR 4/4 Q1 ,abk mfi, ws, aw .
1 - - 9 ¢2 ™m e WH, WP
821 83-120 SYR 4/5 gel e, 8k nfl, vs, wp dg A .
Bzz 120-150 SYR 5/8 gel :azshk nfr, wsa, wWps - 15;;? compac

Contd -

07



Table 2., Continued
1 2 3 4 5 6 7 e 9
VI A1 - 0=13 SYR 3/23 gl mogr mvEr, wss, WpS es The egtim
’ \ , . prcfile was
Dry 521 13-33 2.5YR 2.5/4 gcl m,sbk  mfi, ws, wp dw very hard and
deciduous !322 33-70 2.5YR 2.5/4 go ¢, bk mvEl, ws, wvp dw layers compact
Ba 70-150 10¥YR 3/4 ge <y 8bk mvEi, wvs, wvp -

1%
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true for 5ll the moils under investigation, In the dry
deciduous profile, the structural aggregates were very

£irm in the subsurface horizon.

PR -
1

‘The coarse fragments foiqu the predeminant part
h of the soill ranging from 15.4 to 87,3 per cent, #11 the
horizons in the soil profile had gravel conkent méko
than 20% and qualified to Le termed gravelly, with the

exception of subsurface layers in moist deciduous forests.

Sandy textures were observed in the profiles from
tropiecal evergreen and semi evergreen forests while loamy
texture was a feature observed in moist deciduous and hill
top evergreen forests, Clay loam and clayey texture were
cbserved in grasslands and dry deciduous forests, Increase
in clay content with depth was observed in all the s=oil
profiles with marked accumulation noticed in the last layer
of moiat deciduous, graselands and Ary deciluous forests,
In the‘dry deciduous soll profile, marked increasze in clay
wns observed even from the second layer with marginal

increase Cownwards,

The soila from all the locations under investigation
were well drained both internally and externally being

lccated in upland physiographic condition, However, the
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scils from semi evergreen profile were logated in 2 valley
bottcm and develored mainly frem colluvial derosits. The
absence of internal drainage was evident from the mottles

i

observed in the 92 horizons,

2, Phypiecal Egggﬁggiai

¥echanical com;asitipn. moisture retention.character—
istics, thysical constants, mean and range values for
profilee are given in Table 3 to 6, The depth wise
distributicn of clay in soil profiles is given in Fig. 2.

2.1, Hechanical compogition

Coarse sind formed the predominant sise fraction
ranging from 25.63 per cent in dry déciﬁuouq {¥o,.29) to
82,32 per cent in semi evergreen{Ho.7). The fine sand
fracticn ranged frem 10,76 per cent in grasslands (¥o,16)
to 41,58 por cent in tropical evergreen {(Ho.,2). In the
qrasslaqés and ary deciduous forest types, the content of
sand (coarse sand + fine sand) shoved a decreasing trend
with dopth. In respect of the other profiles, no definite
patte;n could ke observed, in the distribution of the sand -
fraction with depth in the profile. Silt was the lowest

I

among the sige fractions and its content ranged from 1,85
per cent in grasslands {¥o.16) tc 24,01 rer cent in roist




FIG. 2. DISTRIGBUTION OF CLAY AND ORGANIC CARBON
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Table 3, Mechanical composition of solls

Size class and particle diameter
(rran) Coarse

Vegetation type Coarze

fragments s
sample Mo, and - - sand/ S5ilt/
depth (cm) (> ;‘é ) Coarse Tine 531t Cla 2?::2“1 fins - clay
sand sand ¥ sand
% % % % .
i 2 3 4 5 6 7 8 S
Tropical evergreen
1 0=-10 1 29.95 48.21 31.67 10.28 9.85 Gravally loamy s3nd 1.52 1.04
2 10-20 41.67 41,37 41.58 4,93 12,11 Gravelly loamy sand 1.00 0.41
3 20-40 34.82 46,99 32.26 7.45 13,30 Gravelly sandy loam 1.46 0.56
4 40-70 27.80 44,59 24,37 T 12,72 18.32 Gravelly loam 1.83 0.€9
5 70=-150 30.99 44,26 34,70 6.7C 14.34 Gravelly sandy loam 1,28 C47
Semi evergreen
& 0-10 24 .90 56.45 15,06 7.95 20,54 Gravelly sandy lo2nm 3.75 0.39
7 10=-27 28,35 58,32 15,10 11.36 15,22 Gravelly sandy loam 3.86 0.75
8 27-46 34.93 54 .04 16,02 . 6412 23,82 Gravelly sandy clay locam 3,37 0.26
9 46~-88 44.20 55.87 14.14 - 9.66 20.33 Gravelly sandy clay loam 3.93 0.40
10 88-150 35,76 53.74 15,18 5e22 25.86 Gravelly shndy clay loam 3.54 0.20
Moist deciduous . .
11 0=13 28,57 43,83 17.14 15,36 . 23.67 Gravelly leam 2.55 0.65
12 13-32 15.42 37.74 15,95 19.85% 26,46 Gravelly loam . 2.37 0,75
13 32-66 16,29 38,29 16.46 11,31 33.94 Gravelly clay loam 2,33 ° 0,33
14 66=-95 23,73 35,99 12.68 24.01 27.12 Gravelly sandy clay lcam 2,79 0.89

15 95.165 17.75 30.62 12.76 11,32 45,30 Gravelly clay 2.40 0.25
| o Contd.
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Table 3. Continuved

et - -

i 2 3 7 8 9
Grasslands _ _ _
16 0-10 87.39 55.74 Gravelly sandy clay 5.18 0.06
17  10-25 21,72 48,31 Gravelly clay loam 3.84 0.19
18 25-60 28,64 36,07 Gravelly clay 2,39 0.32
19 60-1190 34,63 28.74 Gravelly clay 2.01 0.21
11111 top evergreen :
20 0-13 54.90 45,38 Gravelly <lay loom 2.49 0.23
21 13-29 50.10 39.26 Gravelly sandy loam 1.14 0.35
22 29-52 56.06 34.32 Gravelly clay loam 2.25 0.83
23 52-83 52.71 36.08 Gravelly loam 1.28 1.12
24 B83-120 58.23 35,86 Gravelly clay loam 2.50 0.76
25 120--150 40.24 48,98 Gravelly clay lo3m 2.52 0.17
Dry d=ciducus
26 0=-13 27.49 40,00 Gravelly loam 1.46 0.77
27 13-33 33,11 34,76 Gravelly clay loam 1.77 O.34
28 33-70 24,47 34.92 Cravelly clay 1,78 C.09
29  70-180 45.29 25,63 Cravelly clay 2.37 0.51

LY
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Table 4., HMoisturs retention characteristics of soils (per cent
by weight)
Vegetation-typ; So0il molsture A;ailable Ratio of
sample ¥o, and tension(bars) vater. 15 bar
depth (cm) ———an 0.3=15 bar moisture
0,3 -18 to clay
Tropical evergresn
2 10-20 18,32 10,25 8,07 0.85
3 20=40 19.76 9.21 10,55 0,69
4 . 40=70 16.23 6.94 9.29 0.38
5 70-150 13,13 4,79 O34 0.33
Semi evergreen
6 0-10 11.06 7.54 3,52 0,37
7 10-27 10,37 5.07 5+30 0,33
8 27~46 11.53 5.85 5.68 0,25
9 46-86 13.12 6.70 6.42 0.33
10 88-150 7.20 6,03 1.17 0.23
¥oist deciduous '
11 C=-13 36,72 12,42 24,30 0.52
12 13-32 37.02 18,40 . 18,62 0,70
13 32-66 32,99 14,55 18,44 0.43
14 66-95 28,08 15,20 12.88 0.56
15 95-165 29.39 16,73 12.66 0.37
Grasslands
17 10-25 16,13 10,07 6.06 0.31
18 25=-60 20,36 13,75 6.61 0.37
19 60-110 23.08 16,95 6,13 0.36
Hill top evergreen :
<0 0-13 18,63 12,23 6.40 O.41
22 2952 18,18 12,28 5.90 0.45
23 52-83 19,71 12,59 7.12 0.60
24 - 83-120 22,31 14,09 Be22 0.50
25 120-150 16,986 9.90 7.08 0.37
Dry deciduous ) ' '
26 0«13 1p,88 8,18 10,70 O.44
27 13-33 168,95 10,63 8,32 0.31
28 33.70 21,63 11,021 9.82 0.28
29. 70-150 24,93 12,98 11,95

0.31




Table 5, Physical consztants of s£oils

47

Vegetation ;ype Apparent Absolute Maxwimum Fore Volure
sanple No. and dengity specific water space expan=
depth {(cm) g/tms gravity holding (%) sion
' capacity (%)
Tropical evergreen
1 0-10 1,07 2.00 51,84 45,82 5,13
2 10-20 1,21 1.95 31.5% 48,57 7.09
3 20-40 1,09 2.02 43,43 49,35 3,59
4 40-70 1,14 2.60 40,24 46,56 4,42
5 70-150 1.24 2,04 35,63 43,60 5.93
Semi evergrecn
6 0-10 1,23 207 36,93 44.50 5,49
7 10-27 1,20 2,06 34,60 42,93 0,70
8 27446 1,22 2415 37.07 45,72 2,34
9 46-88 1.21 T 2.14 37.26 45,97 257
" 10 88-150 1,12 2,09 36,31 24,54 0.8%
Molst deciducus : .
11 0=-13 1,00 1,88 51.38 52.36 8,01
12 13=32 1,04 2.C0 52.84 55,76 6.57
13 32466 0.90 1,73 69 .67 52.58 5,64
14 66-95 0.99 1,93 53,22 53.19 6.59
15 95-165 1.00 2001 . 53.32 54 .05 6.93
Grasslands
16 0-10 0.99 1,90 50.93 50.46 5.81
17 10-25 1,01 1.93 47.69 49,81 3.02
18 25=-60 1.01 2,04 49,50 53,31 2,31
19 60-110 C.04 1.86 51.45 52,72 2.14
Hill tor evergreen
20 0=-13 1,02 2,00 50.37 52 .66 3.40
21 13-29 1,06 2.94 46,82 51,45 5,40
22 20-52 1,03 1,97 47.71 51.42 3.99
23 52-03 1,11 2:06 43.01 49,68 538
24 83=120 1.10 2,06 45,25 51,12 1.12
25 120-15%0 1,18 2,10 40,36 49.29 6,17
Dry deciduous .
26 0=13 1,23, 1,98 38,58 45,47 14,32
27 13-32 1,22, 2,08 36,51 46,63 B.98
28 33-70 1,23 2,19 51.23 49,42 10,64
29 70-150 1,13 1,69 80.62 49,73 10,20
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Table 6.

rhysical prorerties of soils, mean and range values for profiles

HA1l top

Tropical Seml ever- Moist Grass Dry
Conatituents evergreen  green deciduous lands evergreen deciducus
Coarge fréqments 27.80=11,67 24,90=44 .20 15.42=-28,57 21.78«87.39 40.24-5€,23 27.49-45.29
{ 2 m) (33,05) -(33.63) (20,38) (43.11) (52.04) (37.59)
Coa!.‘ﬂe sand % "1 .37-48.21 53o74-58032 30.62-43.93 28.74—55.7‘ 3‘. 32-48.96 25.63-40.00
(2.0-0.2 mm) (45.08) (55.88) (37.28) (42.22) (39,98) (33.83) -
Fine sand % 24 ,37-41,58 14.14~16.02 12,76-17.,14 10,76-15.,12 14.37-34.49 10.80=27.42
(0.2-0.02 mm) (32,92} (15.10) (15.04) (13.19) (20.16) (19.35)
Silt % 4.93=12,72 5.,22-11.36 11,.31-24,01 1.85-11.80 4.,67=23,62 3.84-21,51
(0.02~0,002 mm) {(c.42) {(2.06) (16.37) (7.42) (14.35) - {12,.79)
Clay % 9.85=18,32 15,22=25.86 23,67-45,30 31.,65-47.08 19.41.29,57 18,39-42,06
( £ 0.002 men) (13.58) (21.15) (31.30) (37.18) (25.47) (34.04)
Ccarse sand/fine sangd 1,00-1.83 3.37=3.95 2,33=2.79 2,01=5,18 1.14-2,52 1.,46-2,37
{1.42) (3.69) (2.49) (3.36) (2.13) (1.85)
5ilt/ciiy Qedl=1,04 0.20=0,75 0.25-0,29 0.06=0,32 0.,17=3,12 0.09=0,77
(0.63) (0.42) (0.5M (0.20) (0.5€) (0.43)
Aprarent density 1.07-1.24 1,15-1,23 0.50=-1.04 0.94=1,01 1.,02=-1,12 1,13-1.,23
g/cm3d) (1.15) (1.21) (0.99) (0.99) (1.08) (1.20}
Absolute sp, gravity 1.95-2.04 2,06-2,15 1.,73=-2,.01 1.86=2,04 1,97=2.18 1.98-2,19
(2.00) (2.10) (1.90) (1.93) (2.058) (2.06)

Marimun water
holding capacity %

Percentage of pore
apace

(40,54) (36.45)

51,.38«£5.67 47.69~51.45 40.36-50,37 36,91-80.62

{56.05)

(49.90)

(45.59) (51,.24)

43.60-49,35 42,93«45.97 52,36=55,76 49,81-53.,31 49,29-52,66 45,77-49,.73

(46.84) (44.23)

(53.59)

(51.58)

(55,94) (47.81)

-

o Ay g -
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Table 6.

Continued
1 2 3 : 4 - -6 . 7
\;01‘;3'49 exp&nsion % 3.59"7.09 . 0.70“'5. 49 5.64-8-01 2. 1‘-5. 81 1.12"6.17 8098-14 .32
. (5e423) {2.39) (5.75) (3,32) (4.24) {11.C4)
Soll moisture tension 13,13-19,76 - 7,20-13,12 28,08-37.02 16,13-23,08 16,98=-22,31 18,88-24,93
(bars) 0,3 (15.41) - (10.66) = (32.684) © (19.00) {18.29) (21.10)
15 4.79-10,25 5.07-7.5¢ 12,42-1£.40 10.07-16,95 . 9.90-14.09 8,18-12,98
' "(8.13) (6.24) (15.46) (13.51) (12, 10) (10.90)
yvvailable water 5.17-10,55 .2.17-6.42 -12,ss~24.30 3.15=5,61 S5.,20-8.,22 £,.32-11.,95
0.3-15 bar) {e.28) (2.42) (17.38) {5.49) (6.79) (10,20}
Ratio of 1% bar 0e3320,06 0e23=0.37 0.37=0e70 0o31=0.42 0.37-0.60 0.28-0.44
noisture to clay (0.30) (0.52) (0.37) (0.49) (C.34)

(0.64)

5%



deciduous (Mo.14). The pattern of distribution of silt
along the profile followed no definite trend. The clay
content varled from 9.85 per cent in tropical evergreen
(No.1) to 47.08 per cent in grasslands (No,19). Trans-
location of clay was noticed in all the soils excert in
hill éop evergreen, in which the highest content of clay
was noticed in the surface layer, Tropical evezrgreen
soile showed maximum accumulation of‘élay in the inter-
mediate layers, whereas in all the other cases, clay

accumulation was observed in the lowest layer,

The highest value (%,18) for coarse sand/fine sand
ratio was obtained in the case of grasslands (No.16),
while the tropical evergreen soils had the lowest value
of one (No.2). 1In the case of gramslands, this ratio
was found to decrease with depth, whereas the reverse
pattern was obscrved in the seil from dry deciducus type.
The silt/eclay ratics of the soil waried from 0,06 in the
case of grasslands (No.16) to 1,12 in the case of hill
top evergreen (lo,23)., FNo definite patterm of variation
could be discerned with depth, in 21) the scils investi-

gated.

Highly significant rositive correlation was
obtained between fine sand and clay (0.556%*),

50
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2,2. Moiasture retention characteristics

The amount of water held at 0.3 bar and 15 bar is

presented in Talle 4,

'The amocunt of water held at 0,3 bar often taken
as field capacity of soll, varied frcm 13,13 to 19,76,
7.2 tec 13,12, 28.08 to 37.02, 16.13 to 23.08, 1€.98 to
22,31 and 18,88 to 24,93 per cent for tropical evergreen,
semi evergreen, molist deciduvous, grasslands, hlll'top
evergreen and dry deciduous type of soils, respesctively,
The highest value (37,02) was obtained for moist deciduous
(No.12) and the lowest value (7.20 per cent) for semi
evergreen (No.10), An increase in fi;ld capacity with
'depth was oﬂserved in the case of soil profiles represent-

iﬁg grasslands and dry deciducus tyre of vegetations.

The moisture held at 15 bar, designated as wilting
point, ranged from 4,79 to 10,25, 5,07 to 7.56, 12.42 to
15.40, 10,07 to 16,95, 5.50 to 14,09 and B,18 and 12.98
per cent in the case of soll profiles representing
tropical evergreen, semi evergreen, moist d-éiduous,
grasslands, hill top evergreen and dry deciduous type of

vegetations, respectively. The maximum content of 18.40



per cent was observed in the profile from moist deciduous
vegetation (No.i2) and the minimum content of 4.79 per
cent, in the profile representing trorical evergreen type

of vegetations (Ko.S).

An increase in water retenticn at 15 bar with depth
was observed in the dry deciduous, whereas ro definite

pattern of variation with depth was noticed in other cases,

'Clay content and moisture ﬁetention at /3 anpd 15
bar showed a pesitive and highly significant correlaticn
(r = 0,568**, »r = 0,755**),

The difference botween water held at 0.3 bar and 15 -
bar, often considered as the availsble water content, wﬁa
highost (24.30%) in moist deciduous (No.11) and was lgwaat
(1.17%} in semi evergreen (No.10). The range obssrved
vere 5,17 to 10.85, 1,17 to 6,42, 12,66 to 24,30, 3,15 to
6,61, 5,90 to 8,22, 8,32 to 11,95 per cent, in the cage of
scil profiles reopresenting tropical evergreen, semi ever-
green, moist deciduocus, grasslands, hill top evergreen and
dry deciduous tyre of vegetations respectively. The
ﬁvéilable water content showed a decrease with depth in
the case of profile representing roist deciduous, while

no definite pattern of variaticn with depth was noticed
in the other so0il profiles investigated,

52
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Ratlos of 15 bar moisture to clay varied from 0,23
in semi evergreen (No.10) to 0.96 in tropical evergreen
(No.1). This ratio was found to decrease with depth in
the case of solls representing troplcal evergreen veget-
ations, while the other =20ils 214 not reveal any definite

pattern of variation with depth.

2.3. Physical conatagtb

Physical constants of solls are given in Table 5

and the mean and range values in Table 6,

The apparent density varied from 0,20 g/'cm3 in
moist deciduous (110,13) to 1.24 g/'cm3 in tropical aver-
grasn (No.5). The values followed no definité trend with
depth along the profiles. The highest value (2,19) for
absolute specific gravity was cbtained in @ry deciduous
(No.28) and lowest value (1.73) for meist deciduous
(M10,13). The absolute specific gravity also ald not
reveal any definite pattern of variaticn with depth, in

the profile.

‘aximum water holding capacity was highest (80,62%)
for dry deciduous (Nc.28) and lowest (31.55%) for tropical
evergreen (No.2). A decrease in the maximum water holding

capacity with depth was observed in tropical evergreen



J4%

arnd hill top evergreen and a reverse trend wis observed
in the cape of dry deciduous. Ko definite pattern of

variation was noticed in other spils,

Parcentage of pore space varied from 42.93 in
seni evergresn (No,7) to 55.76 in moist deciduous (No.12).
The wvalues showed a decreasing trend with depth in the
case of hill tor evergreen while a reverse trend was
observed in dry deciduous. The other soils did not show
any definite pattern of variation with depth. Highly
significant and rositive correlation was obtained between

parcentage of rore space and clay (r = 0,595*%),

The percentage volume expansion was maximum (14,.32)
in the case of Ary deciduous (No.26) and it was minimurw
{0,70) in the case of semi evergreen (Fo.7). A definite
decreasing trend with derth was observed ln psrcentage
volure expansion in the case 6f grasslands. The highest
value was obtained for the surface horizons in the cage
of serl evergreen, moist deciduous, grasslands and dry
Ceciducus vhereas naximum volume expansion was observed
in the subsurface herizons in tropical evergreen and hill

top evergreen.




3. Chemical characterigtices

3,1. Soil reaction and organic constituents

The values for soil reaction and organic constituents
arelélven in Table 7({a). Mean and range values are
presented in Table 7(b). The depthwise distribution of

organic carbon in soil profiles is given in Fig. 2.

The solls were in general acidic with pH (1:1 soil
water) ranging from 4,00 in tropical evergreen (No.2) to
6,95 in dry deciduous (No.26). The pH QhQWed a decreasing
trend with depth in moist deciduous, hill top evergreen
and dry deciduous. In the other soills, no definite trend

was observed with depth.

The organic carboﬁ content of soils raﬁged from
0.58 per cent in semi evergreen (No.10) to 5.36 rer cent
in.moist deciduous (No.ll); The surface horizons invari-
aﬁly héd greater organic matter content. A steady decrease
with depth was observed in all the soils except in the

solls from the hill top evergreen forests,

The total nitrogen content varied from 0,09 per cent
in hill top evergreen (No.25) to 0.56 per cent in moist

deciduous (No,11). As in the case of organic carbon, the



Tﬂble 7(a). Sc;l reaction and organic constituents

Veqezatio;—iype_ Eoil Crganic Total Carbon /

sample Ho, and reaction carbon nitrogen nitrogen
depth (cm) {121 HéO)i (%) (%) ratio
Tropical evergreen -
1 0-10 " 54,75 3,08  0.34 8.94
2 10-20 4,00 2.4 0.28 Be36
3 20=~40 4,60 1.59 022 7423
4 40-70 5.00 1.10 0.14 7.86
5 70-150 4,45 0,72, D.11 6.55
Bemi evergreen .
6 0=10 T 4,50 2431 0.22 10,50
7 10-27 - 5.00 1.27 0.17 7.47
10 . 88=150 4.90 0.58 0.10 5.80
Moilsat deciduous , | , :
11 0-13 - . S.60 536 056 2.57
. 12 - 13=32 550 3495 0.42 9 .40
.13 . 32=66 - 5.55 3,19 0.33 9.67
. 15 - 95165 S.10 1,13 0.18 6.28
Grasslands
16 0«10 5,40 246 0.27 9.11
- 17 -+ 10«25 5.15 1.68 G.158 11,20
- 18 - 25«60 S.20 1,33 0,13 B.69
. 19 60-110 5455 " 099 0.10 9.90
Hill top evergroen i )
20 0=13 6,20 2.51 0e27 930
21 13-2% ~ 5455 1,43 0.19 7.53
- 22 29=52 555 1,60 0e316 10,00
23 F2=R3 S.45 1,26 0.16 7.88
- 25 "120-350 5.45 0.60 0.09 6.67
Dry deciducus ‘
‘26 ~ 0=-13 6,95 2,45 0.21 11,67
27 13-33 6,20 1,40 + 0416 B8.75% .
128 33-70 6,05 1.05 0,15 7.00

29 - 70-150 6.00 0.82 0,14 5.86

A ——— L] L



Table 7(b). Soil reaction and organic constituvents, mean and range valuas for profiles

Nl S e il ol G S Y PN S -

Constitusnts

Vegetation type

—— —

T e e e G il S gl W oty oy S Gk A -

Tropical Seml ever- Meist Crass 11l top Dry
evergreen qgreen deciduous lands evergraen deciduous
Soi1l reaction 4,00-5,75 4,50=5,00 5.10=5,60 5,155,585 5,45-6.20 6.C0~-6.95
1:1 H0 - (4.76) (4.87) (5.43) (5.33) (5.61) (6.30)
Organic carbon 0.72-3,04 0.58~2,31 1,13-5,36 0.55=-2,.46 C.6C0=2,51 0.82=2.,45
(%) (1.76) (1.27) (3.12) (1.57) (1.36) (1.43)
Total nitmgen 0.11-0.34 0-10—0.22 0_,.18-0.56 0.10-0.27 . 0.09-0.27 0.14"'0.21
(%) (c.22) (c.i6) (0.35) (0.16) (0.17) (0.17)
Carbon/nitrogen 6.55=3,94 5.80-10.50 6,28=9,67 8,69-11,20 5,29=-10,00 5,86-11.67
ratio (7.79) {7.80) {B.41) (2.73) (7.78} (e.32)

LS
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distribution of nitrogen along the rrefile showed a steady
decrease with depth in the solls f£rcm all the lceations
investigated. Highly significant rositive correlation
between organic carbon and nitrogen was cobserved (r-0.971f*).
Significant positive correlation was cbtained for organic
carbon with available water (r=0,636**) fieid capacity
(§-0.571**) aﬁd a negative si¢gnificant correlation was

obtained between organic carbon and bulk density (r=-0.388%),

The C/K ratio was highest (11.,67) in the csse of
dry deciduous forest (Nc.26) and lowest (5.29) in hill top
evergreen (No.24). The C/N ratio showed a steady decrease

'with depth only in dry deciduous forests.

3.2.. Totnl chemical analysis of scils

The total elerental composition cf soils and the
mean and range values for profiles are given in Tsble 8(a)

and 8(b) resrectively.

3102 formed the pradorinant constituent in all the
solls with contents ranging frem 56.4 per cent in tropical
evergreen (ii0,3) to 78,62 per cent in dry deciduous (ll10.26).
In semi evergreen, an increasing trend with depthf—in the

‘distribution of silica was chserved while in all the other
) i



Table 8(a).

Total chemical analysis cof =oil

Vegetation typa
semple No, and

Per cant whole no;l

depth {cm) sio, - A1,0; - Fe,0, MgO Ca0  Fa 0 KO PO
1 2 . 3. 4 5 € 7 24 9
Tropical evergreen
i 010 €l1.24 14.87 €.06 0.156 0.15 0.00%  0.1¢é. 0;14
3 <0=-40 5640 26,08 "~ B.,08 0,116 0.19 0,020 0.23. 0.18
4 40«70 59,60 22.73 B.,5%53 0,034 0.18 0.023 0. 3¢ Gel7
5 70=-1%80 62,40 29,64 9.09 0,054 0.23 0.020 0.16 0.23
Semi evergreen , .
‘ 6 " 0=10 74.62 6.2 3.43 0,109 0.16 0,018 0.100 0,08
7 1027 74.32 10.66 4,04 C.150 0.27 0.048 D12 0.10
B 27-46 76.44 9.24 4,04 0,109 0.30 _ 0,053 0.14 0.12
9 ‘6-88 78.32 9.29 ‘.24 0.054 0023 0.04" 0011 0011
10 88=-150 76.40 7.63 4,44 0.298 0.1¢6 0,043 0.11 C.09
Moist deciducus
11 0=13 59,44 13,02 525 0.298 Ded3 0.058 0.21 0.13
12 13-32 64.63 15.96 S.46 0,298 0.28 0.083 0.22 0.17
13 32-66 62,72 15,80 6.30 0.311 0.14 0.043 0,20 0.1%8
14 66-95 63,65 16,43 B.11 0.281 0.26 D050 0,26 0,14
1s 95-165 $8,63 23,61 9.57 0.295% 0.16 0.051 0.28 0.15
Ccntd.

68



Table 8(3). 'Continued

Sloge WS- S E SO

l 2 3 4 5 . € 7 8 9
Grasslands i
16 0-10 76.54 6.43 4.28 0.083 0.16 0.C40 0.16 0.16
17 -10=25 TB.22 B.44 4.74 0.083 0,26 0.038 .16 0.08
1g 25=60 . 72.42° 13.62 7.28 0.084 C.z26 0.040 010 0.22
15 60-110 €e.52° 18.59 7.35 0.128 G.12 0,038 0.10 C.15
i1l éop evefgreen .
20 0-13 76.42 12.61 5.36 0.167 G.30 0.045 0,20 0.16
21 13"'29 69.68 15¢63 7.00 0.172 G¢22 0.033 0.18 0-17
22 29-52 75,86, 9.22 5.97 0.211 0.23 0.040 0.16 0.16
23 52-83 740‘.{7 9.89 7.34 0.110 0.23 0.048 0.15 0.10
24 83-120 68.64 15,86 9.68 0.209 0,30 0.048 0.22 0,22
2% 120-150 68.43 10,04 6.86 0,197 0,31 0.045 0,19 0.12
Dry deciduous
26 0-13 TE.62 $.36 5,56 0.195 Q.44 0.043 0.88 0.21
27 13.33 765.43 6,03 6.45 0,253 0,31 C.084. 0,88 0,17
28 33-70 76.86 10,53 6.91 0.265 0,37 0,044 O.43 (.13
29 70-150 77-67 13.41 9.54 0.473 0033 0.036 0081 0307

09




Table G(b).'Tbtal chemical z2nalysis of soils, rmean and range values fo; profiles

Constituents

Vegetation type

Tropical Semi Foist Ei1ll top Dry
evergreen evergreen declducus Grasslands evergreen deciduvous
s10, |56,40-62.40 74,32-78,40 58.63-64.63 66.52-78.22 60,43-76,43 76,43-78.62
. (60.4) . (76.42) . (60.61) - (73.93) (72.25) (77.40)
A1.04 14 ,87~29.64 6.82-10.66 13,02-23.61 6.43-18.59 9.,22-15.866 5.36-13.41
(22.64) (8.73) (16.96) (11.77) (12.21) (8.83)
) \ (7.82) - (4.04) {6.94) (5.91) (7.04) - (7.12)
Mgo 0,034=0,156 0,054+0.296 0.,281=0.311 0.083=0.128 0.111-0.209 0.195-0.473
Ca0 ' 0,09-0,50 0.16-0.30 0.14=0.43  0.12-0.26 0.22+0.31 0e31-0.44
(0.23) (0.22) (0.25) {0.20) (0.27) {0, 36)
Ha,0 0.,009=0,023 0.018-0.,053 0.043+«0,058 0,038-0.040 0,033=0,048 0.036~0,044
(0.019) (0.041) (0.051) (0.039) (0.043) (0.062)
K,0 . 0,15-0,34 0.10-0.14 0.2000,28°  0.10-0.16 0.15-0,.22 0.43-0.686
(0.21) (0.14) - (0.23) (0.13) (0.18) (0.75)
(0.17) (0.10) (0.15) (0.12) (0.16) {0.15)

13



£0ils under investigation, no definite pattern of

variation could bp noticed,

-

.The content of Alécs in the soils varied from
5.35 per cent in dfy deciduous (No.26) to 29.64 per cent
in tropical evergreen (Fo.5). The Al,0, content folloved
a definite increasing trend with depth in the ¢asme of
roist deciduous, érasalands and dry deciduous forests,
while others showed no definite trend in ﬁariation with

depth,

The Pb203 content varied from 3.43 per-cent in memi
evergraen (No.6) to 9.68 per cent in hill top evergreen
(80,24} . A steady incresse in the Fe,O, content with
depth was a feature exhibited by all the scils except
soils from hill top evergreen ferests, where irregular
distribution with depth was obﬁerved. Clay content and
totsl Fa203 showed a positive correlation, but was not

significant, ;

The content of MgO ranged from 0,034 per cent in
tropical evargreen (Ho.4) to 0.473 rper cent in dry
deciducus (No.29). Tﬁe MgO content showed aﬁ increasing
trend with depth in éhe case of graﬁslahda and dry

deciduous while no'definite variation with depth was noted

in all the other =oils investigated,



Both the lowest and hichest values cf tﬁe Cal
content was observed in the tropical evergreen, lowest
value of 0,08 was observed in the Az‘horizon. while the
highest value of 0.5 per cent in the By horizon. The
distribution of CaC content within the profile did not

raveal any definite pattern of variation with depth.

The content of Nazo varied from 0.009 rer cent,
in tropical evergreen (No,i) to 0.058 per cent in moist
deciduous (¥c.11), The Na,0 content showed no definite

depth wime varia=tion in the profile.

The highest value for K0 (0.88% was obtained in
dry deciducus (N¥o.26 and 27). The lowest value (O.IQ%’
was observed in semi evergreen, (lc.6) and also in
grasslandz, (¥o.18 and 19). The K0 content showed a
dedreasing trend with depth in the case of grasalands,
while no definite pattern of variation with depth wa2s )

ckserved in all other profiles,

The total ?205 content in soils varied from 0,07 -
rer cent, in Adry deciducus (No.29) to 0.23 per cent in
tropical evergreen (Ne,5)., The distribution pattern of

pzos within the profile was 1rreguiér.
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4, Crtion excharnge preparties

Cation exchange propertlses oflsoils are given in
Table 9(a), Mean and range values are prosented in

Table 9(b).

4,1, Cation exchange capacity

The CEC determined by sum cf cationa wis hichest

wmefwo G- wa [0 g
(36,43) 4in moist deciducus (Ko,11) and lowest (21.62% in

A~
hill tor evergreen (lo.2%5). 1In all the :srofiles studied,
the CEC, values did not show any regular pattern of

variation with depth.

The CEC found out by KH4OAc method ranged from 3,80
me/100 ¢ in seml evergreen (No,1C) to 17.50 me/100 g scil
in moist decidvous (No,11). Within the profiles, the
surface layer showed the highest CEC wvalue in all the
scils except in dry deciduous where the highest CEC was
obtaingd in the lower rmogt layer. Clay was positively

correlated with CEC, but was not signifiecant.

4.2. Exchange acldity

wae /(00
The exchange acidity was maximum (30.862 in moiat

declducus (No,12) 2nd minimuwr (17.73) me/1C0 g soil in



Table 9(\3) .

Cation exchange propertics of sclls

——

Bagse zaturate

: CEC fon (%)
Vegetaticn type Exchang;ggie cations . Exch- CEC
sample Ko, and e/ g soi un - ange = iope NH,OAC s o) SUm NH CAC
Septh (em) . 9f acidity s 4 E 4 E¥] of
Ca Mg K Ha bages me/i00g 7 re/100g cat- pi7
clay ions
1 2 3 4 5 6 7 8 9 10 11 12
Tropical evergreen
1 0=-10 3.92 .17 0,13 0.08 4,30 25,35 29.65 8,60 87,31 14,50 50.00
2 10-20 1.12 0.0 0.05 0.07 1,32 26,92 2€,.24 5.40 44,59 4.67 24 .44
3 20-40 0.70 0.08 0.03 0.04 0.85 27.45 28,30 5.30° 39.85 3,00 16,04
4 40-70 0,56 0.08 0.03 0,04 .71 26.81 27,52 4.20 22,93 2.58 16.90
S 70-150 0,98 0.17 0.03 0.05 1,23 26,79 28.02 4.40 30,68 4,38 27.95
Semi evergre=en
6 0-10 1.40 0.17 0.06 0,06 1.69 27.58 29.27
7 10-27 1,12 .08 0.0T 0.05 1.33 . 26.79 28,12
g 27-46 1,40 0.08 0.04 0.0% 1.57 26.79 28.36
o 46-28 1.40 0.08 0,03 0.04 1.55 27.58 29.13
Hoist decicucus
11 0=13 7.00 1.00 0,21 0,12 B.33 28,10 36.43
12 1332 1.96 0.08B 0.08 0.04 2,16 30,86 233.02
13 32«66 1.12 0.17 0.09 0.05 1.43 28,76 30.19
14 €6-95 1.40 Oe34 0.08 0.05 1.87 20,34 31.2%
15 25-165 1.82 050 0.10 0.09 2.51 28.7¢ 31.27

*CEC, (Sum of bases + Exchange acidity)




Tsble 9{(a)., Continued

L F T 2

2

b
Grasaslands
16 C-~10
17 10=25
‘18 2560

‘19 €0=-110

2,10
l1.02

0.84
Co34

| 0.25
| 0.25

O O -

21,28

.21.67
22,85
22,85

24,35

23,92
24,78
24.8B

8.20

- 6480
- 570
- 8,20

25.%91

- 20461
- 15.40
- 17.42

H111 top evergreen

20 0-13
21 13-29
22 29252
23 52-63
24 £3.120

25 120-150

=0 .76

D.42
Ce34

. De34

0.25
0.34

18,52

18,52

21,67
21.28

Dry deciduous

26 0-13
27 13-33
2B 33-70
29 70-150C

0.76
0.17
1,09
1.34

19.70

17.73
19.70
15,70

-——

26,96

22,02

25.73
25432
24 .74

21,62

26,92

26,22
27.87
29.42

10.60

5.10

" 740
" 720
" 7.00
" 510

- e s S i e Al e Gy e G -

11,20
10.60C
10.30
11.80

35.85
26.28

- 26.85
- 34.19

24.74
18.92

60.90
31,17
24.70
28.06
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Table 9(b).

Cation axchange properties of soils, mesn and range values for profiles

. Vegetation tyre

T e I ol W o

Constituents Tropical Semi ever- Iloist Grasslands Hill top
evergreen green deciduous evergreen deciduouu
E 2 n cat
me/100 g soil' 0.56-3,92 1.12-1.40  1,12-7.00  1,54-2,10  2,25-7.42  6.62-8.10
(1.46) (1.29) {2.66) (1.79) (3.52) (7.76)
oy 0.08-0.17 0.,08-0.17 0.08=1,00 0.25-0.64 0.25=0,.76 0.17-1.34
(G.12) (0.10) (0.42) (0.42) (0.41) (0. e4)
K 0.03-0.13 0.03-0.13 D.08=-0.21 0.03-0.07 0.03-0,.15 0.14-0.22
(0.05) (0.07) (0.11) (0.04) (0.07) (0.18)
(0.06) (0.05) (0,07 (0.07) (0.08) "(0.12)
Sum of basges 0.71-4.30 1.33-1,69 1,43-8,33 1,93-3,07 2,71-8.44 Be17-9.72
(1.68) (1,.51) {3.26) (2.32) (4.17) {8.90)
Exchange acidity 25,3527 .45 26,79-27.58 28,10-30.86 21.,28-22.85 18,52-22.46 17.73-1%.70
me/100 ¢ soil, (26.66) (27.26) (25.16) (22.16) (20,.23) (:9.21)
CEC (me/100 g soil)
CECs (sum of cations) 27.52+29,65 28.,12=29.27 30.19-36.43 23.92-24.88 21.62-26.,96 26.22-29.42
(28,35) (268.,77) (32.42) (24.48) (24.40) (28.11)
Ki,Ohe  pHT 4,20-B.60 3,85-13,50 10.60-17.50 5,70-8,2C 5.10-10,6C 10,30-11,.80
(5.58) (7.14) (13.00) ~  (7.20) (7.10) {11.00)
CEC (IH,CAe) 22.93=£7.31 14.69~67.67 26.49=73.93 15.40-25.91 18.92-35.65 24,70-60.90
me/100 g clay (45,07) {34,95) (44.64) (19.£4) {27.81) (26.21)
Base gaturation % :
Sumn of cations 2.56-14,50 4.73=5,77 8.,74222.57 7.79~12.61 12.,53-31,31 29.31-33,04
(5.83) (5.24) {9.63) (5.49) (16.81) (21.65%)
NH,CAc pH7 15.04-50,00 12.20-36.80 12.30-47.60 24.80-37.40 44,20-79.60 79.30-82.,40
(27.07) (24.70) (23.00) (32.30) (57.60) (21.00)
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dry deciduous (No.27). The highest profile mean was
also obtained in the case of moist deciduous (29.16)mce [roog

and lovest for dry deciduous (19.213;«5ﬁwo§

w1l [ (0o
CEC (HH40Ac)/100 g clay varied from 14.69 in semi

- mcfoo 4
evergreen (No,10) to 67.31 in‘tropical evergreen (No,1).
Within the profiles this value was found to be marximen

in the surface horicons, in all the profilea;

4.3, Exchangeable cations

Ca formed the major element under the exchangeable
cations and it varied frcm 0,56 me/10C g soil, in tropical

{0
evergreen (No.4) to 8.1dwiﬂ’dz%—deciduoua (No.26).

The sxchangeable Ca was concentrated in the uprer-
most horizon in all the six rrofiles studied., The distri-
bution with depth in the profile was irregular for all
the redons studied, The exchangeable calcium showed
rositive and significant correlation with CEC and percente

age base saturation (r = 0,541**%, r = 0,888¢*),

Mg formed the sacond major element among the
exchangeable cations, The content of Mg ranged frem 0.08?ngmm&L
in tropical evergreen, seami evergreen »nd moist deciduous

to 1,3¢ me/100 g s0il in Ary deciduous (No.29). Here also



the highest content wiéhin the profile was observed in
the uppermost horigon in all the soils, except in dry
deciducsus in which case, the highest content was in the
lover most horizon. The exchangeable magnesium showed
rositive and significant correlaticn with CEC and

percentage base saturation (r = 0,514*%, r = 0,660**),

Exchangeable potasaium content of the soils ranged
from 0.03 to 0,22 me/100 g scil. The lowest value of
Q.Oiitéﬁoobtainad in tropical evezqréen. semi evergreen,
grasslands and hill top evergreen anéd the hichast value
was obsgrved in dry deciducus (No,26). Its distribution
“throughout the pféfile was 1rfegular in all the soils,
The exchangeable potassium showed poaitive and signifi-
cant correlation with CEC and pereentage bage saturation
(r = 0.625**. r = 0,665%¢),

wm/(oaé),
Exchangeable sodium content ranged from 0.04 in

tropical evergreen, seni evergreen and meist deciduocus

to 0.1$r§gm;ry deciduous (No.26). Positive and signifi-
cant correlation was also obtaired for the exchangeable
sodium with CEC and percentage base saturation (r = 0.,479%¢

rms 0.783"") .
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we ftoo
Sun of bases recorded highest value (9,72) in dry
deciduous and lowest value (G.TIfT;ﬁmtrcpical evergreen
(3i0.4). In all the scils except in dry deciduous, the
"highest'valum for sum of bases was obtained in the
gurface horizon. In the dry deciducus basge saturation

was highest for the lower most horizon.

Percentage base saturation was calculated by sum of
cations, as well as NH, OAe method. The base saturation
calculated by sum of catione method recorded lover values
in all the scil samples. The values varying from 2,58 %
in tropical evargreen (No,4) to 33.047in dry deciduous
(N0.29). All the soils recocrded higher values for base
saturation in the surface horizons excepting dzy.deciduoul.
where the highest value was obtained for the lower most

horizon,

Percentace base saturation calculated by amronium
acetate method varied from 12,20 in semi evergreen (MNo.6)
to B82.4 in dry deciduocus (No.29). Within the profiles,
the hichest value was obtained in the surface horizons in
trerical evergreen, moist deciduous, grasslands and hill
top evergreen, while the lowermest horizon recorded the
hishest value in the case of semi evergreen and. dry

deciduous forenmsts.
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Se Extractable'iron and active iggn'ratio

The iron oxide fractions and active iron ratic are
presented in Table 10{a) and mean and range values for
profiles are given in Table 10(b), The depthwise variat-
ions in £r=§ iron oxides and total iron are shown in

?190 3.

The r.d ranged from 1,37 per cent in ssmi evergreen
(N0,8) to 4.69 fin tropical evergreen (c.5). The lover
most layer showed maxifum accuwulation cf Fey in the case
of tropical evergrean ard Adry deciducus. . The ?od alsc
showed a steady increase with depth in these two profiles.
ko dafinite trend was obszervad in the 4distribution pattern
of Fe, in the other soils. This fraction was found to be
the highest among the three fractions of iron seperated,
in all the samples, Ccrrelation of Fe, with the iand
fraction was negative and significant {r =-0.946**),

The Faoﬁ varied from C.47 in tropicai evergreen
(¥0.5) to 3,64 in dr} deciduous (Xo,29). Only in the case
of dry decidupous forests, a steady increase of FhO%. with
Qepth was oksarved, FRegative and significant correlation

was gbtained for-ihb with sand fracticn (r & -0.487*),
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Table -10{a).  Iron oxide fractions in soils

Active

: : . Fe .
Vegetation tyrpe x F”zos quloo P Fed/
sample Ho. and *Fa re ema o i;g?o ®a/ aiite
depth (cm)_ € 4 o e Fe_ /F"d clay sand
1 3 4 ] 6 7 8
Tropical everbreen _ )
1 ' 0-10 . 6.06  2.38 0.55 38,68 0-2¢ 0.24  0.026
2 1020 T34 3,13 0.86 42.64 0.27 0.26 0,036
3 20=40 8,08 3.52 0.20 43,56 0.23 Ce26 C.041
4  4C=70 - 8.53 3,52 1,72 41,27 0.49 0.19 0.043
Semi evergreen . : : )
G 0=10 .43 1.76 0.72 51.31 O.41 D.09 0,022
7 1027 4,04 1,76 C.21 . 43,56 0.52 0.12 0.021
8 27=-46 . : 4,04 - 1,37 0.50 3.’ 0.326 0.08 0.018
9 46-88 ) 4,24 . 2415 0.58 50.71 0.27 0011 0.027
10 §8j150 ‘ _ 4.44 1.76 0.62 - 39.64 0.35 0.07 0,024
Hoist deciduvous ) ) . :
112 C=13 : 5.25 2.34 1.41 44 .57 D60 0.10 0.031
12 13=32 S48 2.69 0,78 49.26 0.29 0.10 0.037
13 - 3256 6430 2,34 0.63 37.14 0.27 0.07 C.03%
14 £56-95 S.11 2.15 0.63 26,51 0.29 0.08 0.030
15 95-16% 2.57 1.95 0,78 20,38 0.40 0.04 0,036
*Fe, - Total iron ‘Fe, - Dithionite citrate bicarbomite Conta.
“Fe - Oxalate extractsble iron extractaple iron

¢l




.Table 10(a). Continu=d

O P G S S A e s A S A S S S

1.
Graszslands |
16 "C=10
17 10-25
1e 25«60
19 60-110
Eill top evergreen
.20 0=13
21 13-29%
22 29=52
23 52-83
24 83120
25 120-150
Dry ‘deciducus
26 Q=13
27 13-33
28 33=70
29 70-150

5 6 8
. 68,22 0.22 0,043
69.62 0.19 0.049
40,25 0.96 0.047
42,59 0.80 0.059
. 47.20 0.81 0.036
- 43,14 0.94 0.037
52,53 0.32 0.044
42.64 0.85 0.040
38,53 0.89 0.052
- 36.88 0,59 0,035
. 47.30 0.B6 0,032
42,33 0.92 0.041
42,11  0.86 0.050
41,51 0.92

G.068

£l



Table 10(b).

Iiron oxide fractions in soils, mean and range values for profiles

Vegetaticn type

Conatituents - -
Tropical Sami ever- Molst Hil) top Dry
evezrgresen green daciduous Grasslands evergreen deciduous

Fe. % - €.06-9,09 3.43~4 .44 5 e 25«9 ,57 4,28=7.35 5436=8,.58 ' 5,.56=0,54
_ (7.82) (4.04) (6.94) (5.91) (7.04) (7.12)
Feq 2.34-4,69 1.,37-2,.185 ' 1.,55~.2.69 2,92=3.30 2.53-3,73 2.63=3.96

(3.44) (1,76) {2.29) (3.07) {3.02) {3.06)
Feo 0.47-1.72 0.50-0,91 Ce63=1,41 0.54-2,.81 1.02-3,34 2.50~3.64
(0.88) (0.67) (0.85) {(1.65) (2.41) (2.73)
Fe, x 100 38,61=51,60 33,91-51,31 20,38-49,26 40.,25-69.62 36.86-52,93 41.,51-47.30
Te (43.54) {43.83) (35,.5%7) (55.17) (43.55) (43,.31)
t
Fe_ 0¢10«0,49 0.27=-0,52 0 ¢29=0,60 0.19-0.96 0e33=0,99 0.86-0.92
o " (0427) (0.38) (0.37) {(0.54) (0.80) (0.£9)
d .
Fe, 0.19-0,33 0e06=0,12 0.,04-0,10 0.07=-0.10 0.09-0,16 0.,07-0.14
=in (0.25) {0.09) (c.08) {0.09) {0.12) (0.055)
4
Fe, 0,026-0.055 0.018=0,027 0.030+0,037 0,043=0.059 0.,035~-0.052 0.032-0,068
(0.040) (c.022) (0.034) {0.050) (0.041) (0.045)

811t + aand

O A O Y- - -
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_F°d expressed as a percerntage of total Aivon,
referred to al’“degree of frseness of iron oxide” wél
highest (69.62) in grasslands (No.17) and lowest (20,38)
in moist deciduous {(No,15). The values showed a steady
decrease with depth in dry deciducus while no definite
trend in the ratio with depth was observed in the other

profiles investigated.

The ratio of Fbof?od. designated as active iron
ratio ranged from 0,10 in tropical evergreen {(No.5) to
0.9% in hill top evergreen (No.25), The active iron ratio
- showed no definite trend of variation with depth im any

of the profiles studied.

" The ratio of Fod/blay was highest (0.33) in tropical
overqrteh (No.5) and lowest (0,04) in moist deciduous
(No.15). This ratio showed no definite pattern of variat-
ion with depth in all the profiles studied.

Fed/silt + sand varied from 0,018 in semi cvergreen

(No.8) to 0.C68 in dry decidusus (No.29). A steady increase

-with depth waé observed for this ratio, in trorical
evergreen and d;y deciduous, wherszag the Adistribution aia
not follow any definite pattern with depth in the other

solls, -
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6. Ehoaphorus fractions

Data on phosphorus fractions are presented in Table
11{a) and mean and range valves for profiles are given
in Table 11{b), The depthwise Aistribution iz shown in
Fig. 2.

Fﬂ -l -

Fe-F formed the major part'oﬂ active 1norquﬁic
P-fractions and ringed from go Pem in hill top evergreen
‘Ko.zo) to 183 ppm in semi evergreen {(MNo.8). Significant
poaifivn corse}atiqﬁ wis cbtained for fe-l with sand
(r = 6,551**) and significant negative correlation ﬁns
cbtained for Fe-P with clay (r = =0,509%**) apd pl
(r = <0.591%+), ’

Al-P ~

The AleP ranged from 16,5 ppm in moist deciducus
(Ho,11) to 87 pym in tropical evergreen (Xc.3),.

No regular pattern in the distribution of Feel and
Al-P was observed with depth in all the profiles.

Postive and significant correlaticn was obtained

for ALP with sand (r = 0.640°%) and significant negative
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Table 11(a). Phosrhorus fracticns in soil (ppm)

-

Vegetaticn Total Active Sum Saloid Reduct- Occlud- Active Al-F %
type, sample P inorganie P P ant P ed P fraction % Fa=P
No. & depth - == C3-P
{cm) Ye-P Al-P Ca-P Fe-P Al-P Ca-P
Tropical evergreen : : )
3 0-10 611,00 105 66 - 17 - 188 4,0 . 125 78 £S9.9 35,1 9.0 10.06
2 10=20 6%4.6 147 &0 14 223 23 130 15 ‘GBS '27.2 6.3 14,79
3 20-40 785%.6 177 87 22 286 3.8 225 75 61.9 30.4 7.7 12.00
4 40-70 T741.9 105 66 - 23 194 2.8 185 81 C4.1 34,0 11.9 T 43
S 70-150 1003.8 S6 81 54 231 3.5 240 102 41,5 35,1 23.4 3.28
Semi evergreen ' . '
6 0=10 349,1 96 66 21 183 4.,% 50 54 52,5 36,1 11.4 7.71
7 10-27 436.4 141 81 23 245 5.3 65 60 £7.5 33.1 9.4 9.65
8 27-46 523.7 183 66 25 - 274 4.8 70 72 66.8 24.1 9.1 9.96
9 46-88 480,1 99 €6 36 201 3.8 155 60 49.3 32.8 17.9 4.58
10 88-150 3%2.8 126 78 41 24% 2.8 50 36 s1.4 31.8 16.8 4.58
Moist deciducus
11 . 0-13 £67.3 86 16,5 20 132.5 3.3 205 66 72.5 12.4 15.1 5.63
12 13-32 741.9 120 30 26 176 .0 6.0 90. 102 68,2 17,0 14.8 Ce77
13 32-66 654,.6- 84 27 26 137.0 3.0 110 72 61,3 15,7 19,0 4.27
14 66-95 6£11,0 87 33 21 141.0 4,3 140 54 61.7 23.4 14,95 S.71
15 952165 €%4.6 75 27 23 125.0 S.0 75 39 60,0 21.6 12.4 4,43
Contd.
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Table 11(a). Continued

1 2 3 4 5 6 - 7 8 9 10 11 12 13

. - - £ 2 -
Crasslands i _ ' : '
16 0-10 698.3 @ 90 5S4 11 158 3.3 9% 72 50,1 34.8 7.1 13,09
17 10-25 349.1 93 48 9 150 2.5 150 27 62.0 32,0 6,0 15.67
18, 25-60 960.1 75 sS4 9 138 4.0 230 75 S4,3 39.1 6.5 14,33
19 60-110 654.6 69 45 21 135 4.0 ~ 225 33" 51,1 33.3 15,6 S.43
Hi:_ll top avergreen :
200 0-13 698.3 60 48 21 129 4.0 170 75 46,5 37.2 16,3 5.14
21 13-29 41,9 66 51 30 147 4.8 130 78 44,9 34,7 20.4 3.90
22 29-52 698.3 63 4% 20 128 4,3 108 48 49.2 35,2 15.6 5.40
23 52-83 436,44 75 48 15 138 5.8 130 e1 S4,3 34.8 10.9 8.20
24 83-120 960.1 81 5S4 20 155 4.8 135 57 2.3 34.8 12.9 6.75
25 120-150 523.7 75 75 14 164 4,5 90 54 45.7 45.7 8.6 10.71
Dry deciducus ‘
26. 0-13 916.5 75 51 57 183 5.5 75 72 41,0 27.9 31.1 2.21
27. 13-23 741.9 63 57 22 142 6.0 90 75 44.4 40,1 15%5.5 5.45
28 33-70 567.3 7¢ 51 34 163 4.5 120 78 47.9 31.3 20,8 3.79
29 70-150 305.5 81 sS4 22 157 3.8 100 78 3¢.4 14.0 6.14

51.6
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Table 11(b), Phosrhorus fractions in soil (prm) mean and ran

ce values for profiles

-

Vegetation type

Constituents : - _—
Tropical Semi: ever- Yoist Crasslands Hill tep
evergreen green deciduous= everJgreen
Total P (prm) 611,0~-1003.8 2349.1-523.7 611.,0-741,% 349.1-560.1 436.4-960.1
(759.4) (436.4) (645.9) (665.5) (676.5)
Active inorganic P
FeP ' ; 96-177 96-183 75-120 69-93 60=-81
j (126.0) (129) (92.4) (e1.8) (70)
Al-P 60-87 66-81 16.5-33,0 45-54 45.75
. (72.0) (71.4) (26.7) (50.3) (53.5)
Ca=l 14-54 21-41 . 20=26 9-21 14-30
(26,0) (29.2) {23.,2) (12.5) (20).
Sum ' , 188-286 193-274 125-176 135-155 128-164
: (224) (229.6) (142,3) (124.5) {143.5)
R Saloid-p 2.3"4 .0 2.8-5.3 3'6 2.5-4 .0 4.0-5.8
(3.320) (4.2) (4.2) (3.5) (4.7)
Reductant-P 125-240 50-155 75-205 95-230 90-17C
. _ (175) (78) (124) (175) {(126.7)
Occluded-P 75=102 36~-72 39-1C2 27=7% 48-81
. . (82.2) (S6.4) (66.6) {51.8) (65.5)
Percentage of active
fraction
Fe~F 41 .5-656,5 49 ,3«66,.8 60,3=72,.5 51.1-62,0 44,9-54,3
(56.0) (s5.5) (64.7) (56.4) (48.8)
Al.p 27 «2-35,1 24,1=-36.1 12.4~23.4 32,0-3%9.1 34.,7-45.7
(32.4) {31.6) (18.8) {34.8) (37.1)
Ca-P 6.3-23.4 9.1-17.9 14,8-19,0 6.0-15.6 Be.6-20.4
(11.7) (12,9) (15.4) {s.8) (14.1)
FQ-P '} Al"'P 3.28-14 079 ‘.58-9.96 4.27-5.77 5.43-‘15.67 3.90-10071
Ca-P (9.51} (7.358) (5.16) (12.13) (6.68)

Dry
deciduous

(643.7)

63-81
(74.3)

51-57

22-57
(33.2)

142-183
(161.3)

3.8-6,0
(5.0)

- 75-120
(96.3)

7278
(75.8)

41.0-51.6
(46.2)

27 09-40 01
(33.4)

14.0-31 .1
(20.4)

2.21-6014
(4.40)

T — — -

305,.5-916.5

6L
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correlation was obtained for AleP with silt (r » -0.444*),

clay (r = -0,502**}, CEC (r = -0,717**) and fi(r= ~0.409),

Ca=p

Ca~P ranged from 9 ppm in grasslands (Kos,17 & 18)
to 57 ppm in dry deciduous (Rc,26). The Ca-P? showed a
steady increase with depth in semi evergreen while no
regular pattern in the distribution was observed with derth

1ﬁ\§11 the other soils.

Saloid-p

Saleid-R was found to be the mawximum (6 ppm) in
moist deciduous'xyo.lz) and dry deciducus (X0,27) and
minimum (2.3) in é;opical evergreen (No,2) and this
constitutéd the lowest among the varicus fractions of
total P. Its distribution throughout the profile was
irregular in 51l the =0il profiles investigated. BSignifi-
cant positive correlaticon was obtaired for SaloldeP with

silt (r = 0,380*), pH (r = 0,453*),

Reductant-soluble ©

Thias fraction constituted a fairly large propertion
cf inorgeanic~F and ranged from SO prm 4n semi evergrean

(No.6 & 10) to 240 ppm in tropical evergreen (No.S).



There was no definite pattern in the diatribution of
reductant-P uiih depth in the profiles., Significant
rositive correlation was obtained for reductant-P with

total A1203 (r » 0,576*), total P0203 (r = 0,387*%).

Occluded-P

In the case of occluded-P, 1ta content varied from
27 ppm in grasslands (Ho.l?) to i02 ppm in tropical
evergreen (No.5) and moist deciducus (Ho.12), Its
distributicn within the profile showed a steady increase
with depth in Ary deciduous but no definite pattern of

varlation with depth was cbserved in other zolls.

Arong the active fracticns, Fe-P formed the
prefiominant rortion, in all the solls. This was followed
by Al«P and Ca-P respectively in all the scils.

The ratic of Al-P 4 Fe-P was hichest (15.,67) in

Ca=-PF )
grasslands (No.17) and lowest (2.21) in dry deciduous:

(No.28). Sicnificant megative correlation was chtained

betwaen occluded-P and clay (r = «0,373%),

7. Chemical ggmgos;tigg of_clay fraction Snd molar ratios

Ths data on chemical comrosition snd molar ratios
of clay fraction are presented in Table 12(a) and its mean

and range valucs are given in Table 12({b).
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Table 12(a). Chemical componition and molar ratio of clay

fraction '
Vegetation 510, ALD, Pe,0, Si0/ 610,/ 810,/
type, sample
number ard % X % A0, TFe0y; RO,
depth {(cm)
Tropical evergreen
1 0-10 34,0 23.2 26,0 2.49 3.56 1.46
2 10-20 T33,7 27,0 23,5 2.15 3.73 . 1,37
3 20-40 26,5 34.2 18.4 1.29 3.67 0,96
4 40~70 33,0 28,2 21,0 1,96 4,23 1,34
5 70-150 40.0 28,0 12,0 2,48  B,38 1,91
Semi evergreen .
6 010 "26,3 4.0 18,00 1,33 4,00 1,00
7 10-27 30,0 28,0 20.0 1,85 3.85% 1.25
8 27=-46 30,8 30,5 21,9 1,70 3.64 1,12
9 46«80 "36,8 25,9 21,6 2,44 4.34 1.56
10 BE-150 35,6 35,0 14,4 1,74 6,56 1,37
Moist deciduous . _
11 ’ 0*13 ) 33.0 27.5 2000 2.12 ‘023 1.“1
13 32«66 " 36,7 27,0 20,0  2,3% 4,69 1,56
14 66+95 36,0 3.5 18,0 1,76 5.45 1,33
15 95-165 " 34.4 30,7 21.8 1,90 4.07 1,30
Grasslands :
16 0-10 - 34,8 28,0 21,0 2,15 4,46 1.45
17 10.25 - 3B,2  27.1 23,0 2,37 4,57 1,56
1g ‘25«60 - 38,8 27.2 18,4 2,41 S5.42 1,67
19 60=110 - 39.6 28,0 23,1 2.64 4.7 1.69
Hill tor evergreen
20 - (=13 - 38,9 .23.4 19,6 2,83 S.42 1.86
21 13-2% 40,00 26,5 14,5 2.%8 T.44 1,91
22 29=-52 - 4242 25,1 20,4 2.80 5,38 1.4
23 52«03 - 43,0 24,4 18.0 3,00 6.55 205
24 83-120 . 39,9 23,1 18,2 2,91 €.09 1.97
- 25 120-15%0 40,1 23.4 18.0 2,91 5.58 1.91
Dry deciduous _ _ ‘ -
26 0«13 . 3%9,.1 22,0 29.0 2,95 3461 1.63
27 - 13«33 . 41,0 18,4 30,1 3,78 3,56 1.84
28 . 33=70 41,2 16,2 29.5 4,31 3.83 2,03

29 . 70=150 . 38,9 19,5 30,2 3.42 J.42 1,71

B NS T




Table 12(b).

Chemical coﬂrosition and molar ratio of clay fraction mean and range values
for profiles

Constituents

g -y

Vegetation type

Tropical Semi Moist ' H111 top Dry
evergreen avergreen deciduous Grasslands evergreen dJdeciduous
(33.4) (31.9) (34.4) (37.9) (40.7) (40.1)
A1203 4 23:2=34,2 25,9-35.,0 27.0=34.% 26.0-28.0 23.1=26,5 16.2-22.0
' (28.1) (3c.7) . {30,8) (27.1) (24,3) (19.0)
Fe,04 % 12.026,0 14,4-21.9 18,0-21.8 18.4-23,1 14.5-20.4 29.0-30.2
(2C.2) (15.2) (19.6) (21,4} (18.3) (29.7)
Molar ratigs ' ‘
5102/A1203 1.29-2.48 1-33-2.44 1.59"2.35 2.15-2.64 2.58-3»00 2.95"4 031
(2.07) (1.81) (1.94) (2.39) " (2.84) (3.62)
(4.71) (4.48) (4.67) (£2,79) (6.08) (3.61)
5102/R203 0096"1 -91 1.00—1. 56 1.20-1.56 1.“5-1.69 1.84"’2&05 1.63“'2.03
(1.41) (1.26) (1.36) (1.59) {1.92) {21.80)

T -, T . dion
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811ica conatituted the major part of clay and it
varied from 26.3 per cent in semi evergreen (No.G6) to 43
per cent in hill top everqrien (¥0,23). The silica
content showed an increase with depth in grasslands,
while no regular pattern of distributicn with depth was

obtained in a2ll the other scils,

The Alzda content ranged@ from 16.20 per cent in
dry deciduous {(Ho.28) to 35 per cent in semi evergreen
(No,10). The Al,04 content decreased with depth in grass-
lands while no definite variation in the distribution

pattern was cbserved in all other profiles.

The highest contént of Fe,0, (3&.2%) Qan obtained
in dry deciduocus (No.29) and the lowest content (12.0)%4in
tropical evergreen (No.5). The distribution pattern of
Fcaoa along the profiles did not reveal any regular
variation with depth,.

The 510,/21,04 ratio varied from 1,29 in tropical
evergreen (No.3) to 4.31 in Ary deciducus (No.28). This
ratio showed a steady increase with depth in grasslands
vhereas all other s=oils showed no definite pattern of

variation, with depth. ‘
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~ The 8102/F0203 ratio ranged from 3,42 per—csst in

" dry deciduous (No0.29) to 8.38 par—cent in tropical ever-
green (No,S). This ratio showed a definite increase with
depth in the casge of tropical evergreen, but no definite
trend in variation wes observed with depth in all the |

other soils.

The ratio of 810,/R,0, was found to be highest (2,05)
in hill top evergreen (¥o.23) and lowest (0.98) in
tropical evergreen (No.3). This ratilo 4id not follow

any cefinite trend with depth, in the soils. invastigated,

8. 01l classification

- The  classification of solls according to Soil
Taxonomy (1975) was attampted based on the morphological
and analytical characters of the pedons. The classificat-

ion has been done upto the subgroup level,

- Padons XI and V under semi .evergreen and hill top
evergreen have been classified under Inceptiscls., Fedons
'I, 1XI, IV and@ VI from tropical evergreen, mﬁist deciducus,
grasslands and dry deciduous forgsts coerre undar Ultisols.

The taxonomic names of the scils are given in Table 15.



Table 13, Coefficients of smsimple linear correlation (r) between soil characteristics
{number of pairs = 29)

G x g ; ;

1 Clay Hoilsture retension at 1/3 bar 0.5609*
2 Clay Moisture retension at 15 bar 0.755%*
3 Clay Available water 0.267

4 Clay Apparent density 0.112

5 Clay Absolute specific gravity 0.363
6 Clay Percentage rpore space 0.595%*
7 Clay Volure expansion rercentage 0.20%
2] Clay Coarse sand -0.098
9 Clay Fine sand 0,556+
10 Clay Total Al,04 -0,132
11 Clay Total Fe203 0,267
12 Clay Total P5Cc ~0.141
13 Clay Total Kzo 0.211
14 Clay Cation exchange capacity 0.184
15 Clay Fed 0.020
16 Clay . Peo 0.406%
17 Clay Crganic carkton =0,196

T " . W b S g S W b
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Table 13,

4

Continued
1 2 3
1e Silt Fad
19 Sile Feo
20 8ile Apparent density
21 511t Absolute specific gravity
22 811t Maximum water holding capacity
23 511¢ Percentage rorespace
24 Silt Volure expansion percentage
25 Sand {coarse sand + Feg

fine sand)

26 Sana Feo
27 Sand Apparent density
22 Sand Absclute specific gravity
25 Sand Maximmen water holding capacity
30 Sand Percentage pore space
a1 Sand Volure expansion percentage
32 Sand Total Feéoa
33 Sand Total é\lzo3
3 Total iron ch
35 Total iron Fho
36 Organic carben Fey
37 Organic carbon Fe_
a8 Organic carton Total nitrogen

---ﬂ-------------q---

- T S G A S e A -

0.156
0.278
-0,247
«0,202
0.353
0.344
0.121
=0,946%%

w0 4 5T*

0.476%%
0.226
«0,656%*
=0,630**
-0,148
-0,367*
-0,098
0.648%*
0.450*
-0,236
=0,309
0.,971%*

18



Table 13, Cecntinued

i 2 3 4

3% Organic carbon Cation exchange capacity 0.690%¢
40 Exchangeable calcium Cation exchange capacity 0,541%*
41 Exchangeable magnesivm Cation exchange capacity 0.514%%
{2 Exchangeable potasgsium Cation exchanga capacity D.625%*
43 Eschangeable scdiun Cation exchange capzcity 0,.,470%%
44 Exchangeable caleclium Percentage base saturation 0.888%*
45 Exchangeable ragnesium Percentage basz saturation 0.660%*
46 Exchangeable potassium Percentage base saturation 0.665%%
47 Exchangeable scdium Percentage bage saturation 0,783»*
48 pH Percentage base saturation 0,764**
49 Bulk density brganic carkon -0,3868*%

S0 Water holding capacity Crganic carbon 0.229

51 Fileld capacity Crganic carbon 0.,571%*
52 Wilting coefficient Crganic carbon 0.253

53 Available water Organic ¢arbon 0.636%*

** Significant at 1 per cent level
* Significant at S per cent level
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Table 14. Correlation coefficient between soil properties and P fractions (n = 29)

- -

s1.

No. Soil property Fe-P Al.p Ca-P Saloid-P Reductant-P-Occluded-pP
1 Clay =0,509*+ «0.502%* 0,216 ~ 0.0EA -0,017 -0,373%
2  Bilt -0,264 ~C.444%* 0,080 - 0,380* -0,013 0.068
3 Sand . 0,551%* 0.640%* 0,217 -0,267 6.021 0.230
4 Total ALO, 0.208 0.052 0.09% =0.256 . 0.576%* ,oéz7¢
5 Total Fe,0, ~0.240 " =0,097 0,003 , 0,004 *  0,387* 0.179
6 Total Cal ~0.144 -0.098 0.219 . 0.213 0,027 04261
7 Cation exchange -0.284 -0.717** 0,037 0.253 ~0,165 0,045

‘ capacity .
8 pH . =0,591%* =0, 409% 0.166 0.453* -0,157 0.086

* Significant at S%-level
*% Significant at 1% level ,



Table 15, Classification of s0ils according to soil Taxoncrmy (1975)

Frofile Ko.

Vegetaticn type

LOC&‘EiOﬂ

Taxonomic name
(subgroup level)

W A ancr gy S S

I

i3

IiX

Tropical evergreen

Semi evergreen

Yoist deciduous
Grasglands
Hill top svergreen

(Shola forests)

Dry deciducus

Shdlayar
(Trichur)

Kiamatti
(Trichur)

. Athirapalli

{Trichur)

Siruvani
(Paighat)

S4ruvani
(Falghat)

Walayar
{Palghat)

Typic Haplchunults

Typic Humitropepts

Typic Haplohumults

Typic Baplohumults

Oxlc Humitropepts

Typice Haplochumults

06
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DISCUSSION

The results of the gtudy pertaining to profile
morphology, physice-chemical characteristics, behaviour
of iron and pHosphorus fracticns, chemical composition .

of clay and classification of solils are discussed,

1. Frofile morpholegy

The surface soils from all the profiles had darker
colours ranging frcm greyish brown to brown indicating
the influence ¢of organic zatter accumulation, Increasing
radness in the subsurface horizon was a feature ccmmon
to 2cils from tropicalrev-rqrean. noist deciduous, ﬁill
top evergreen and dry deciduous., The total iron content
and free iron oxides (Table 10(a) showed a definite incr-
ense in éhe.sub-urfaéo horizons. Iﬂteﬂﬂelrod colours
according to Webster (1§85) ha?e been aegscciated with
fres iron oxide céntqnt ard hence reddish colours of the
subsurface layers can be attributed to the influence of
iron oxides. Sankar et al, (1987) have reported the
occurrence of red ferrallitic #oil in Trichur foreat
division and attributed thié to the presence of crystal-

lized iron in sizeable proportions.
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Heak granular structure in the aurfsca horizon
follbwed by subangular blocky structure in the subsurface
layers was observed in the soils £rom all the locations.
The granular structure is characteristic of the vigorous
forest cover which favours maiﬁtanancc of good solil
structure, Good structural develorment was mainly the
result of conducive Arailnage conditions, temperature,
binding action of microbes, sesquioxides and products of
microbial gynthesis that were features of forest floor.
The product of microbial decomposition formed complexes
wiéh sesquioxides and clays dum to the cementing action
of yesistant humus, which gave ﬁighent atabilify to the
aggragatea{ The structural develorment observed 15 the
profiles under investigation was mainly the effect of

these processes,

The soils from all the profilés under investigation
showed an abundance of coarse fragments. Coarse fragments
normally occury a considerable fraction of forest soil
mostly in the form of rock fragrants, But in the present
investigation, the coarse fragments were mostly secondary
gravels, Another striking feature was the increase in the
coarse fragments in the subsurface layers in the profiles

from all the locations, except in grasslands, where the

—
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highest gravel content (£7,3%) was observed in the

surface horizon. Rangaswamy et 2l. (1978) postulated

that the granular iron component and subksequent induraticn
after the Xaolinite has.been saturated with iron oxides
was the possible process for the psdoganesis of thess
coarse fragments, in iron rich scils. Hence the formation
of gravel in these z0ils under investigation can ke as a
result of'the operation of this procéas. in the case cf
grasslands, as part of afforestation programve, tree
species have been planted by pitting 2long contours,
howaver, intense ercsion with the pits as focus roints

has been responsible for the removal of surface layers
exposing thea gravel rich subsurface horizons and this may
be the probable‘raalon for the high accunulation of gravel

in these layers. N

Texture of a forest soil influcnces its productivity.
But this influence may be indirect through its effect on
the air and water moﬁement. Sandy texture wag dominant
in the 301l profile from the tropical evergreen and semi
evergreen forests. No appreciable difference in the clay
content with depth was noticed in both these profiles.
Wide variations in texture wers observed between the soils

.frem the various ecosystems. Another feature was the



increase in the content of clay with depth. EBalagopalan
{1987) working on forest in Trivandrum and Trichur has
reported the predeminance of sand fraction in the tropical
evergreen and'semi evergreen forests of these areas, ¢Cn
the other hand soils frem moist deciduous forasts of
grasslands and dry deciduous forests revealed clayey
textures with more pronounced clay illuviation to the
lover depth. The maximum accumulation of clay being

obsorved in the last layer of the profile from grasslands,

High reinfall conditions in the study area (1988 mm) have
been ra&ﬁonsthle for ¢lay migration tc the lower layers.
Tha absence of caﬁopy in the grasslands has heen further
responsible for the intense leaching and washing down of

the clay to the lower layers,

Anong the wvarious size-fractiona. silt was the
lowest, ranging from 7.4'(graaslanda) to 16.4% (moist
deciduous). Intense weathering conditioﬁa in all the
locStiona under study have been responsible for the
complete transformation ¢f the primary minerals especi- -
ally feldspars to clays with insufficient proportion of
811t (Radwanski and Olier, 21959).
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Among the texturnal raties, the silt/clay ratic was
taken as an index of weathering in soils, Van (1967)
has reported silt/clay ratios less than 0,15 and weather-
able minerals less than 3% as indicative of highly
wveathered ccnditlons. Judged from the above, all the
solls registered values above the stipulated limit and
hence consldered as less mature. The mean wvalue for the
proflles decreased in the order 0,63, 0.58, 0,57, 0.43,
0.42 and 0,20 for tropiecal evergreen, hill top evergreen,
roist deciduous, dry deci@uoua. seml evergreen and grasse
lands respectively. The maturity sequence also followed
the above order. The mogt mnture so0ils belng those from
the graszslands, this again points to the intense weather-
ing conditions in the sbsence of canopy as compared to

other forest ecosystems,

2, Moisture retentioﬁ characteristics

Variations in mcisture retained at 0,3 bar, field
capaclity and 15 bar, wilting coefficient (Table 4) were
cbserved in meost of the s0ils under investigation. These
differences have been reflected in the available water
content of the solls, The meang of the profile (Table 6)

showed the highest avajilable water content for moist
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deciduous followed by dry deciducus, tropical evergreen,
hill top eveigraen, grasslapds z2nd semi evergreen,
Correlations of moisture at 0,3 and 1% bar with clay
were rositive and significant (0,568¢*, 0,755%*¢ respect-
ively) while that betwaen available water content and
clay was positive but not significant. The dominating
influence of clay fraction in ceciding the moisture
retention characteristics at various téﬁsions was evident
from the rositive correlations obtained, Hence the
differences obtained in the soils under investigation
were mainly due to the variations in content of clay.
- This was further strengthened with the increasing trends
in field capacity moisture observed in grasslands and
dry deciduous concomitant with the definite increase in
clay. Another important observation was the presence of
coarse fragrents in scils from all the loc2tion which
reduced the total soil volume exposed to roots, thus

further reducing the available water capacity of the soils.

3. Physica) constants of acils

The apparent density did not reveal appreciable
differences within the soil profile from different

loecations. The mean value for the profile varied from




0.99 to 1.21¢ The surface horizons invarisbly recorded
a lower valua evidently due'to the effect of'organic
matter which was characteristic of forest floor accue~
mulation, Fositive significant correlations were
obtained for the coarse fractions with apparent density
(6.476**). The dominating effect of the coarse fract-
ions on the bulk density has been rerorted by Ushakumari
(1983) for laterite soils of Kerala,

The absolute specific grawity 4id not roveal
app}eciable differences betwesn the rrofiles from various
lccations indicating the more or less similar range in
the occurrence of primary minerals in the scils. All
the soils were rich in seaqﬁioxidol and this contributed
to the high aksolute lpeéific gravity which agreed with
the observation of Antony (19682) in the lateriteé soils
of Xerala,

Forosity was calculated from particle density and
bulk density and.therefo:e factors which influsnce thase
pararmeters affect the porosity too. One such factor was
the clay content. There was an indication that the pore
space increaged with clay content as was evident from

the positive correlations with clay which agreed with the
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findings of Ushakumari (1983). Wilde et al., (1972)

had cbserved that reasonable rore velure of solls
varied f£rom 30-70% which implied that the solls under
study A14 not offer any resistance to rocot renetration
and infiltration of rain water. This was further
strengthened by the reports on hicher infiltration

rates for the upland laterites of Kerala by Ushakumari
(1983). All the soils under investigation came undey
ferrallitic group and the results obtained were consist-

ent with the cobservaticns made by earlier workers.

The maxirum water holding capacity and volure
expansion were closely related to the nature and content
of clay and organic matter. The data revealed erratic
rrofile trends. The predcminant clay minerals in all
the solls under investigation were a mixture of kaolinite
and hydrous oxides and hence thé negative correlation
observed with clay can be attributed to the predcminance
of & 1 1 tyre of clay minerals, which have 2 low capacity
to hold water and are nonexpansive. The ccmbined effect
of organic matter and clay was clearly evident in the
uprer horiezons of all the profi;es which registered
higher values. However, the scils under dry deciducus

forests registered the hichest volume expangion and water



holding ecapacity and may be attributed to the pressnce
of an admixture of 1 ¢ 1 and 2 t 1 minerals in the clay
fraction. The highser silica sesquioxide ratio (Table 17)

alsc adds strength to this contention.

4. Chemical characteristics
4.1, Soil reaction and organic constituents (Table 7(a)

The soils were 2ll acidic in reaction and most of
the s0ils were expected as develored under intense humid
condi tions, where leaching has depleted the bases from
the surface and subsurface layers of the so0ll profiles, .
The lower rH wvalues of tropical evergreen and semi ever-
green observad were again reflected in the higher rainfall
(1988 mm) and consequent low percentage base saturation
(Table 11) observed. The profile under the dry deciduous
forasts recorded the highest pH of €,3 and had a very higﬁ
percentage base saturation of B87% arong the different
scils under investigation. fhese s0ils ware developed
under lower rainfall areas (745 mm) as compared to other
location and hence the accumulation of bases and consequent
higher pH values. Balagopal (1987) has rerorted least
variation between pH values in moist deciduous and semi

evergreen forest divigions in Trichur district and has

J4J
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attributed this to the higher buffer caﬁacity of the

soils.,

Organic carrton, nitrogen and C/N ratios were high
in the surface horizons with decreasing profile trends
from all the locations except in hill top eﬁergtuen.

The organic carbon content and its distributien in the
profile are features of forest ecosystems with its
characteristic forest floor litter, Hpoi-ébcon and
Jin-Econg (1983), Thus the upper horizons showed higher
organic carbon content which decreased with depth. The
organic matter'minurali¥ation under tropical conditions
according to Sanchez (1976) was very high and hence its
depletion, inspite of very high litterfall. 7The nitrogen
content of the z0ils and the variations obsafved in the ‘
profile followed the pattern of organic matter Adistribute
ion and this was strengthened by the rositive significant

correlation (0,971*%),

4.2, Total chemical) analysis

540, formed the predominant constituent. The
primary mineral assemblage was doeminated by quartz, which

was highly resistant to weathering and insoluble in the



normal pH range of weathering. The movement of 8102

‘within the profile was seldom observed except under

conditions of intense laterisation. This pointed " to
the abzmence of definite patterns of moverent within

the profile.

51203 was the next predominant constituent apd
formed a major portion of the hydrous oxide rich clays
which dominateﬁ the s0ils vnder investigation. Tha
hydrous oxide also occured as cocatings éround the clay
and sand grains as free oxides, This also contributed
to its content {n scils. However, the major fracticn was
held by clays and 1tq movanent in the profile could bring
about gignificant changes in the &1203 content also, as
was clearly evident from the pattern of h}zos distribut-
ion down the crofile in the =0ils from moist deciduous,
grasslands and dry deciduous typres which parallels the

Clay content,

The Fozoa'content though less, compared to A1203
was also held both in the clay €raction and sand particles
as free iron oxides. The correlation with clay was '
posi;ivn. The profile trend alsc revealed steady increase

with depth., The clay fraction of these soils being rich
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in sesguioxides, has the capacity to retain the oxides

on the clay fraction (Jacob, 1987).

The total reserves of MgO, Ca0, Kzo and ons\wera
lov as is expected of humid tropical soils, vhere intense
weathering conditions leave very little of the primary
minerals except quartz. The soils of the studf area
vere derived mainly from acid crystalline rocks which
were again roor in bases. Thus the low total nutrient
content of the soils was a reflection of the pérent
geology as revealed from the results of the prea?nt

investigation,

4.3, Cation exchange properties (Table 11)

The cation exchange capacity was low as is expected
of highly weathered tropical soils rich in 1:1 and -
hydrous oxide clays. 7The profile trends in CEC indicated
-that the surface horizons invariably recorded higher
values clearly indicating the,role of the organie féact-
fons. The fact that the low activity clays dominated
the mineralogy of the clay fraction of all the soils
under study was clearly brdught out by the narrow range
in variation cbserved im the CEC values between soils

from various locations. Appreciable differences in clay
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content (Table 3) between the tropicﬁl evergreen and
grasslands have not registered a significant change in
the CEC of the soils, highlighting the importance of
nature of the clay fraction. This is further strength-
ened by the correlation betwéen CEC and clay which is
nonsignificant. Coleman and Thomas (1967) have observed
that soils rich in kaolinite, halloysite, hydrated
oxides of iron and aluminium and other low activity
clays usually have low CEC, lending credence to the

observations made in the present investigation,

Organic mattef of tﬁe scils has a very high CEC
and a small increase in the organic matter levels can
bring about a significant change in the CEC vaiues.

The dominating influence of organic fraction on CEC

is clearly brought out by the,ﬁariationl in the profile
with depth cbserved. The calculated CEC per 100 ¢ clay
showed that the upper horizons of the soils from all the
locaticns had higher CEC while in the lower horizons
with lesser organic matter, greater clay content and the
inert oxides, the CEC was less., Thus the variations
cbserved in the CEC in the soils under study can mainly
be attributed to the Aifference in organic matter content
and its Adistribution, |

10



The CLEC datermined by the sum of cations method
cbagerved higher values as compared to NH@OAC method in
all solls under investigation and is in agreement with
the observations made by earlier vwvorkers, Iin scils with
higher proportion of 111 clay,. Jacocb (1987) had made
similar observations cn laterite scils of Kerala.
According to Coleman and Thomas (1967), the higher values
of CECs suggested that the higher prorortion of the
exchange sites in the soil is pH deperndent and prrobably

blocked by iron and aluminium hydroxides.

4,4, Exchange acidity

The exchange acidity values did not reveal much
variation within the s0il profile and also between locate
icns. The values recorded were evidently higher than the
earlier rerorts by Jacob (1987) on laterite golls of
Kerala. Récerding to Sancher (1976) the acidity extracted
by Ba012-TEA mathod includes the noneexchangeable hydrogen
associated with COOH groups and also the iron and aluminiwm
hydrated oxides. The organic carbon data (Table 7{a)
revealed that the moist deciduous soills with the highclt‘
organic carbon content (profile rean 3.12) evidently had

the highest exchange acidity of 29.2 ne/100 g soil. Hence



the higher valugu obtained in the prresent investigation
can be attributed to deminating influence of organic

colloias. It i1s alsc interesting to note éhat the soils
frem the dry deciduous forests recorded lower valuss for
exchange acidity, which is possibly due to the influence
of free calcium carbonates present. The pe:cgntaqo base
saturation recorded (31.65%) for these soils was also

the highest among the soils investigated.

S. Exchangeable bases and perceantage base saturation

The exchangeable Ca and Kg were the predcminant
cations in the exchange eomplex. The mean values of the
profiles showed that the exchangeable cations were in
the order Ca > Mg > K > Ha for soils from semi evergreen,
moist deciduous and dry deciduous forests while in the
case of tropical evergreen, gragslande and hill top .
evergreen the exchangeable sodium showed a glight
increase over exchangeable potassium, Another feature
observed was the greater accumulation of bases in the
uprer horizon of all the profiles, clearly highlighting
the influence of organic matter, This feature of the
forest floor hae been rerorted by many workers (Gelley
&t al,, 1975, 8tark and Jordan, 1978). The broad leaf

hY




srecies according to these workers have higher reguirerent
of bases and have a more intense cycling, where by more
bases are returned to the soil. Another observation was
the greater accumulation of bases in the dry deciduous
forests evidently due to the influence of lower rainfall

conditions as compared to the other regions,

The percentage base saturation was calculated by
using CECs and MH,OCAc, The'formgr recorded lower values,
The percentage base saturation shcwed higheyr values in
the surface in tropical eﬁergreen. molist deciduous, grass-
lands and hill top evergreen, indicating the less intense
leaching of bases. Increaze in base content in subsurface
horizons was observed in semi evergreen only; while in
dry deciduous, though the base saturation was high, the

variation in the profile was rot appreciable,

6. Extractable iron and active iron ratiocs (Table 10(a)

The dithicnlte extractable iron, Fed gives a
reasonable estimate of the .edogenic free iron oxides in
soils, whils those extracted by amronium oxalate, Feo
repregent the more or less amorphous form (Mehra and

Jackson, 1960; Mc XKeague and Day, 1966).
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The Fed constituted the major rortion of the total
iron in all the scils under investigation. It varied
from 35.,57% 4n the soils from moist decidvous to 55.17%

in grasslands. The correlation botween Fet and Fe, was

a
positive and significant (0.648%%), The accumulation of
Fed was in the subsurface hqrizon of the profiles. No
definite profile trends was observed., The accumulation

in the subsurface layers followed the pattern of total
clay content suggeating a passive moverent of these oxides
into the lower layers by absorption (Biume and Schwertmann,
1969). The positive correlation with silt and clay also
lend support to the observation that, there is passive

movenent of Fed with finer fractions, during the illuviat-

ion proceas,

ThefFed-expresmed as rercentage of the total,
raferred to as degree of freeness of iron is'often taken
as an indicator of the age cf scils (Alexander, 1974).
Judged by this, the grasslands were the most weathered
féllowed by meml evergrecn, hill top evergreen, tropical
evergreen and Jdry deciduous ond the leazt wsathered was
moist dsciguous. The grasslands with its abrence of

canopy were exposed to the elements of weathering to a




greater extent and thus reflected in their more weathered
niture. The soils from other forest ecosystems with

good canopy covar were less mature evidently due to the
lesser impact of the weathering forces. Jacob (1987)
observed in the case of upland cultivated laterite scils
of Kerala, that the crystalline oxides constituted 57-99%
‘_of the total iron. This clearly indicates the need for
the higher temperature and .other weathering conditions
for crystallinity of iron oxides, a condition which sets

into oreration as socn as the forest cover iljdenuded.

Arother interesating cbservation was the outstanding
influence of iron oxides in soil colour which was clearly
brought out by increasing redness down the profile
folloving the distribution of iron oxides. The impact
of free 'iron oxides on soil colour has teen rerorted by

earlier workers (Webster, 1985 and Sankar et al., 1987).

The Feo recorded locwer values of the scils from
tropical evergreen, semi evergreen and molst deciducus

while grasslands and hill tor evergreen showed slightly -

‘higher values and-the highest was observed in Jdry deciduocus

forests. Organic matter had an inhibiting effect in the

crystallinity of iron oxides (Juo st al., 1974). The
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lower value of Feo ocbserved in the upper horizons of
tropical evergreen and semi evergreen can be attributed

to the influence of organic matter,

Consistent with the low values of Feo, the active
iron ratio also registered low value, Alexander (1574)
has rerorted strikingly low values aprroaching zero for
. all tropical epilla. Judged from this, the tropical
gvergreen was the most mature followed by nolst deciduous,
semi evergreen, grasslanda, hill top evergreen and dry
daciduous. Very low values for active iron ratioca have
been reported by Jaccb (1987) on laterite scils of Kerala,
The slightly high wvalues observed in the 2cils under
investigation suggest the lesser maturity of the solls,

because of the effect of the forest canorye.

The negative correlation of sand with Fed wag
significant (-9D46**) indicating that the oxtides occupied
mostly in the clay fractions. This 1s most evident from
the distribution of Fad by silt + sand which 314 not
raveal anf characteristiec profile trend. The silt baing
the lowesat among the size fraction, the positive correlat-
jon (0.156) with Fe, has been masked by the over riding
influence of dcminating sand fraction in all the soils

under investigation. In respect of Fed/blay ratio,




subsurface layers chowed an increase in tropical evergreern,
seml evergreen, grasslands and hill top evergreen, while
slightly higher values near the surface werse obgserved in
moist deciduous and dry deciduocus forests. In general,

the movement of iron oxide by suspensicn with finer
particles by adsorption and sukseguent movement with clay
have been postulated by Farks (1965), The variationa
observed in the present study suggest the oparation of

the above process.

7. Phoschorus_fractions Table 1i(a)

The transformation of inorganic P during weathering,
followed a sequence of Ca-P, Al-P, Fe=P and occluded=P
and is often taken as an index of pedogenesis (Chang and
Jackson, 1958), Fe-P the dominant conatituent in all the
profiles under investigation, formed the major portion
of the active fraction, represented by Ca=P, Al-P and
¥Ye~P, The neans of the peécentage active fraction show
the hichest of 64,7% for moist deciduous followed by 56.4,

56,0, 55.5, 48.8 and 46,2%fcr grasslands, trxopical ever-

green, seml evergreen, hill top evergreen and dry deciduous

respactively, Preponderance of ¥e-F over the other

fractions has been reported for laterite gsoils of Kerala

10
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by Jacod (1987). The Fe-P distribution did not have anf
relationship to the total iron, Fey and clay as revealed
by tﬁe absence of correlation. These observations,
reaffigym the earlier suprort by Chang and Chu (1961) that
the distribution of Fe=FP is governed to a little extent

by the above facts, but is more influenced by the pedogenic
process. The predominance of Fe-P in all tho-aoil investi-~
gated also indicated the highly weathered nature of the

soil consistent with cbservation of Chang and Jackeon (1958),

8lightly highef amounts of AI;P wvere obaeryad ;n
tropical evergreen and semi evergreen. AI;P was negatively
‘correlated with clay and silt (-0.502*‘; ~0,444* vearectively)
but'corre;ations were vositive with sand and Al,0, {0.640%*,
0.052 respectively). The vafiations observed in Al-P
fraction can be attributed to the difference in the content

of free Al,0,, 1t1 clay and water movament (Smeck, 1973),

Low level of Ca-P 1; taken as an index of advanced
stage of weathering in soils (Chang and Jackson, 1958).
All the soils under investigationwere acidic, had low CEC,
low exchangeakble Ca and these have contributed to the small
levels of Ca-P, Judged from the above, grasslands wera

the mest mature followed by hill top evergreen, moist
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deciduous, tropical evergreen, scmi evergreen and d4ry
deciduous, The abeence of correlations vwith. particle
size fractions revealed that the content of Ca-P was more
1nf1uonced by pedogenic procssses. The rslationship of
total Cal0 and Ca-P was rositive but not significant. The
higher content of Ca~P observed in dry deciducus forests
may be attributed to the higher content of exchangeable

and total Ca observed in these soils.

The 33loid bound P was the lowest among the P
fractions studied., The profile means showed the lowest
of 3.3?:2: tropical evergreen followed by 3.5, 4.2, 4.3,
4,7 and Sfﬁgr grasslands, semi evergreen, kcist decidusus,
hill top evergreen and dry deciduous. All the scils under
inveatigation vere rich in sesquioxides and 1311 type of
minerals and comaquentg,vcry high P fixingcapacity. Hence
the low value of saloid bound P may be attributed to the
above factor {Kothandaraman and Krishnamcorthy, 1979),.

The reductant-P showed higher levels than occludedeP,
Profile means showed highest valus ©of 175 prm for tropical
oforg:een and grasslands followed by 126,7, 124, 96.3 and
78 PE®? for hil) top evergreen, meoist deciduous, Ary

deciduous and semi evergrazen respectively. All soils



' had appreciable quantities of Fe, and this acccunt for

- the higher content of this fraction, Swindale {1566).
Positive significant correlations of tetal iren anad "a
(0.367* and 0,566"*) with this fraction further supported
the aktove view, Thus the tropica; evergreen with the
highest Eod had the highest reductant ¥, while the semi
evergrean had also the lovest Ftd.' The results of the
present investigation confirmed earlier report by

Manickam (1977) .on laterite scile of Tamil Nadu.

The Sccludud P was hiﬁhaat in tropical evergreens
with a mean of B82.2 prm followed by 75.8, 66.6, 66.5,
56+4 and 51.9T;;Jary deciduous, moist deciduous, hill
' top evorgreen, semi evergreen and grasslands. The
correlations of this fraction with silt and sand were
positive, but not significant, while with clay fraction,
it was nagative and significant (~0,373*%*)., Kothandaraman
and Xrishnamoorthy (1979) have rerorted higher values
for occluded P in laterite soils of Tamil Naduy, Fife
(1963) concluded that the Jdistribution of occluded P was
more dependent on chemical reaction 2nd age of the soil
rather than texture and chemical composition as was

observed in the prasent study.
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Tl P fractions and pedogenssis

Thc ratio of s-P +-A1-P gives an indication of the
dcqrte of weathering of the s0ils, As weathering rroceeds
~ Ca=P is transformed to Fe~P and Al-P, The ratios in the
present study indicated erratic profilé trends. The mean
valuss for the profiles varied from 4,4 for the dry
decidupus soils to 12,13 for grasslands, The ratio
according to Mausbach (196€9) increased with ircreasing
goil development and corresponded to transformation of
Ca=p io ¥e=-P and Al-P, Judged from this contention, the

grasslands measured further along the soil development

scale as compared to the Ary deciduous soils. As explained

earlier, the grasslards with less of canopy cover were
better expoaed to the waathe:ihg alertents and hance éo:e
rature, The moils f:oﬁ the moist deciduous and dry
deciductis forests had low values for this ratio viz., 5.16
and 4;4 respectively. The moist deciducus =0ils were
located in the valley and formed mainly frcm colluvial

debris. The high water table condition also impecded soil .

development process, as revealed by the macromorphology
of the profiles, The distribution of the phesphorus
fracticn also lended support to the-above conclusion. In

the case of the dry deciduocus foresis, the lower ratios
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observed were mainly due to the higher exchangeable
calcium content, The soils of this location had free
calcium carbonate also. The lower rainfall conditions
(?&5 mm) as compared to the other locations added to the
greater exchangesble calcium content of the scils and
hence the lover ratios. 8o based on the weathering
theory put forward by Chang and Jackson (;958) and later
confirred by Maulbaéh (19€9) the maturit& sequence of
=0ils under investigation were 12.1 5 9.5 > 7.4 6.7
5.2 % 4.4 Tor grasslands, tropical evergreen, semi ever-
- green, hill top evergreen, molist dec!duoﬁs and drcy

deciduous respectively.

8. Chemical composition of clay fraction (Table 12(a)

Chemical composition of clay fracticn and molar
ratios served mainly redogenic purpose and throw light
on the mineralogy of clays. In all the soile under
investigation, 9102 forrmed a very imrortant constituent
and ite content does not revealed much variations in the
profile and-allo betveen sclls from varicus location,
suggesting similaricy in the cléy m;neral make ur of

solls.
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The sesquioxide content of all moiles also does not
revealge: any appreciable variaticon, Hcowever, the sub-
surface layer in all the profile recorded greater accumu-
lation. 7he kehaviour of Fe203 and 31203, Mo Parlane
(1975) were antipathetic in that increase in Ye,0, was
matched by a decrease in Alzos and vice versa, The -

results of the study brought out this trend,

The molar ratio Sioz/hlzos is taken as a criterion
in designating laterite scils, Buringh (1570) suggested
a §02/A1203 ratio of two for ferrallitic solls and a
value of 1,33 for 8102/R203 was suggested by Martyn and
Doyne (1527) for true laterites. Judged from the above,
mosé of the soils under iﬁvestigatlon could not be
designated as true laterits, but copformed more to the
fer;allitic group. High molar ratio for laterite soils
of Ferala has been reported by Jaceb (1687). The méjor
processes affecting the composition of soils and clays
in hunid climate were Jdifferential leaching of 8102 angd
retention of highly immobile Fe and Al, (Crompton, 1960).
The slightly higher molar raotics cbserved in the present
study indicated the lesser impact of the high temperature

and® rainfall conditions which was maasked by the forest



égnapy. thus retarding the intense weathering and
differential leaching conditions characteristic of
humid agricultural ecosystems., Removal of forest
‘eover and subsequent exposure of scila to weathering
element hastened the pedogenic process which £inally
lead to the development of true laterlte, there by
lowering the ratio. Thus the results cf the present
study pointed to the importanca of maintenance of
forest cover. Removal of virgin vegetatibn and change
. over to agricultural ecosystem would result in hagteno
ing the process of laterization and consequent deteriorat-

icn in the productlve capacity of the soll, -

9, 031 classification

The classification of the pedons up to the subgroup
level is indicated in Table 15, Pedons_;, 111, IV and
VI had the characteristic argillie horizon and also
satisfied the requirement of base saturation and hence
‘classified under Ultisols. Pedons II and V have got koth
ochric epipedon and carbic horizon and hence classified

under Inceptisola.
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At the“auborder level, redons I, Iil, IV anad VI
satisfied the requirement of organic carbon content of the
profiles and hence classified under Humults, Fedons II

and V have -benn Clas=ified as Tropepts.

Pedons I, IXI, IV and VI have been classified
under Haplohurults at the great group level, while pedons
II and V patisfied the reguirement of organic carbon
content and bage saturation in the profile and hence

classified under Humitropepts,

At the subgroup level redons I, II, IIX, IV and VI
were typic vhile redon V hadan Oxic suhgroup.'

o
n
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SUMMARY

A study was conducted to evaluate the morphological,
physico-chemicai characteristics and genesis of soils
representing different forast ecosystems in Kerala. Soil
rrofiles representing six vegetation tyres viz. tropical
evergreen, semi evergreen, molst deciduous, grasslands,
hill top evergreen (Shola forest) and dry deciduous types
wora selected for the atudy. Soil profiles were exca§ated
in these locations and detailed mprpbologigal studies wv;e
carried out. Soll samples representing the different
horizons were collected for laboratory atudies. The
physico-chemical characteristics of the socils and distri-
buticn of iron and phosphorus fractions were investigated
with a view to study the 1nter-ralationship between various
soll properties and to relate them to the genesis of soills.
Attempts have' also been made to clascify the soils accorde-

ing to Spil taxoncmy.

The salient £indings are summarized below,

. 1) The surface soils from all the profiles had darker
colours ranging from greyish brown to brown, evidently
due to higher organic matter content. Increasing

redness in the subsurface horizon of the scill profile



2)

3

4)

5)

€)

though present in all the éoils, was a feature conspi-
cuously observed only in the soils from dry deciduous

forasts,

Weak granular structure in the aurface horizons
followed by subangular blocky in the svbsurface lavers
wias a feature characteristic of all the soils under

investigation,

Coarse fragments in the form of secondary laterite
gravel occcupied a major portion of the soils under

investigation.

Texture of the so0ils varied widely between the soils
from the various ecosystems. However the clay content
of the soil increased with depth in all the soil
profiles.

Positive and significant correlation was obtained
between moisturs at 0.3 and 15 bar with clay, bringing
out the dominating influence of clay fraction in

deciding the moisture retention characteristics.

The apparent density and absolute specific gravity
did not réVeal appreciable diffsrences within the secil
profile and between different locations.
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8}

9)

10)

11)

The maximum water holding capacity and volume expansion
were closely related to the nature and content of clay
and organic matter, The s2ils under dry deciduous
forests registered the highest volure expansion and

rpaxinum water holding capacity

All the smoils under investigation were found to be
acidic in reaction, with little variation observed
within the #o0ll profile or between locations, Organic
carbén. nitrogen and G/N ratios were high in the surface
horisons with decreasing profile trends in all the soils

except from hill top evergreen. Highly significant {

}
{

positive correlation retween organic carben and pitfcqen.

wag als¢c obtained, ' \

\

Silica constituted the predominant portion in all the

soils followed by A1203.-

Iron oxide content was less than A1203 and shoved a

positive correlation with clay,

The total reserves of MgO, CaD, xzo and ons were low

as is exrected of hurid tropical soils, whers intense

weathering conditions leave very little of the primary
minerals except guarts,
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12)

13)

14)

The CEC was low, a feature characteristic of highly
weathered tropical scils rich in 181 and hydrous oxide
clays, The CEC determined by sumr of cations methed
recorded higher values as cormpared to ammonium acetate

method,

The exchange acidity recorded higher values and 4id

not reveal much variatiocn within the soll profile and
also betw;eﬁ lecations. The moist deciduous solls with
the highest organic carkon content had the highest
exchange acldity and the soils from the dry Geciduous
foreats recorded lower values for exchange acldity.

The percentége basa saturaticn recorded for those aoils

was also the highest among the so0ils investigated.

The exchangeable Ca and g were thae predominant

caticons in the exchange complex. The exchangeabla
cations were in the order Ca > Mg > K > Na for aoils
from seml evergreen.moist deciduous and dry deciduous
forests while in the case of tropical evergreen, grasse
lands and hill top evergreen, the exchangeable sodium
shoved a slight increase over exchangeable potassium,
The distribution of other cations however followed the
same order. OGreater accumulation of bases in éhe upper
horizons was a characteristic feature observed in the

soils from all locations.
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15)

16)

17)

18)

19)

The percentage base saturaticn was calculated by
using CEC' and NH40Ac method. The former recorded -
lower values. The percentage base saturation was ‘
higher in the surface horizens in tropical evergreen,

moist deciduvous, grasslands and hill top evergreen.

The dithionite extractable iron (!bd)‘constitutod

the major rortion of the total iron in all the soils.
Fositive and significant correlations were cohtained
betveen total Fe and Fey. Subsurface accumulation of

Fod was observed in all the profiles,

The influence of free iron oxides on soil colour has
baen clearly brought out by the incraasing redness
down the profile, following the distribution of iron

oxides,

The active iron ratio (Ehb/Pbd) was low for all the

30ils undexr investigation,

Among the active inorganic P fractions, Fe-P formed

the dominant conatituent in all the s#oils indicating
their highly weathersd niture. Based on the contents
of Ca-P, grasslands with minimusm Ca<P wag the most
mature, followed by hill top evergreen, moist deciduous,

tropical evergreen, semi evergreen 2nd A4ry deciduous.
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20) Judged from the ratic of Fe~P + Al-P which is an
indicateor of the degree.of wegz;Zring. the grasslands
were the most mature along the soil develcormaent scale
and the soils from the dry deciduvous forests were the

least mature,

21) Analysis of clay fraction revealed that silica formed
a very important constituent and its content did not
vary in the profile and also between goils from
various locations. Juéged from the 8102/A1203 ratio
of clay fractlon, most of the solls undér investigation

belonged to ferrallltic group.

22) Based on the available data, the soils have been
clagasified under soil taxonory. Fedons I, III, IV
and VI have been clasgified ag Typic Haplohumults,
Pedon I1 as Typic Humitropepts and pedon V as Cxic

Humitropepts,

Based on the deqgree of freeness of iron which is an
indicator of the age of roils, grasglands wera the most
weathered folleowed by semi evergreen, hill top evergreen,
tropical evergreen, dry deciduous and the least wceathered

molist deciduvous.



}‘Qéé egences




REFERENCES

-AISLUE0, 1970. Soil Survey Manual. All India Soil and
Land Use Survey Organdzation, IARI, New Dedhi.

Al-Bark, 8, and Lewis, T.D. 1978, Solls of ¢grassland
foreat ecotone in Eastern Nebraska, 3Sojl Sei.
SHC. -'A_fn_. go ﬁgl334-338¢

Alexander, E,B, 1974, Extractable iron in relation to
soil age on terrace along the Truckee River,
Nevada. Prog. Soil Sgi. Sce. Aw. 383121-124,

Alesander, T.,8. and Balagopalan, M. 1980, ESgil changes.
In Studies on the Choapging Pattegp Qﬂ Man-Forant

Manaqament - A gase Stuéx gf th@ Rageggpd 1£§

Vestgd Forests in Attappadv. Kerala Forest
Research Institute Res. Report 5. pp.181-204,

All, K.H. 1965, Soil suetiop moisture yelationships
Interaction to organie carbon, ¢ation and

mireralogy of sojls, Ph.D, thesis. I.AR.I.,
Now De 1h4 .

Ameer, M. 1970, Study of soil sgtructural indices in

relation to_certain chysical apd chemical
proepearties of four major eoil series of Tamil
Nadu., H.5c,{Aqg,) thesis, Tamil Nadu Agricultural
Univereity, Coimbatore,

Antony, F.C. 1982. Studjes on the physical vroperties
of the major sedl groups of Kernla with special

reference to_ the effect of salinigation and
desalinization. Ph.D. thesis submitted to Kerala

Agricultural University, Trichur.




i1

Arduino, A.R., Barberis, E., Carrarc, ¥. 2nd Fornmo, M.G,
19684, Estimating relative ages from iron oxide/
total iron oxide ratios of soils in the Western
Po Valley, Italy. Ssoderma 33139-52.

Arduino, A.R,, Barteris, E., Marsan, P.,A.J., Zainini, E,
and Franchini, M. 19B€E. Iron oxides and clay
minerals within profiles as indiecator of scil age
in Northern Italy. GCeordeyma 37:145-85,

Balagopalan, M. and Jose, A,I. 1982, Distribution of
organic carbon and forms of nitregen in soill under

mahogany and teak, Agri. Res. J. Kepala, 20(2):
16~21.

Balagopalan, M, and Jose; A.I, 1986, Distribution of
organic carbon and different forims of nitrogen in
a natural forest and an adjacent eucalyptus
plantation at Arippa, Kerala, 1In Sharmg. J.K.

et al. (Eds) Euecalyptus in India Past, Present and
Futuye. KFRI, Peechi. pp.112-119,

Balagopalan, M. .1987. Propertie Boil the Natural
Forest snd Plantations of Trivandrum ¥orest Division.
Mimeograph. Kerala Forest Research Institute,

Peechl, Kerala. pp.%2.

Banerjee, 8.X,, Rath, S5, and Bangrjee, S,P. 1966,
Characteristics of the scils under different
vegetations in the Taral region of Kuruseong forest

division, West Bengal. J. Indian Soc. So0il Eci.
2.‘:.3“3-3‘90



111

Banerjee, S8.X,, Nath, S. and Pal,D.X, 1985. Sore
chemical properties of so0ils under different old
stands on upper forest hill of Kalimpong (Darjeeling)
Hest Bengal. J. Indiap Sec. Soil Sei. 33:7e8.

Baperjee, S.,P. and Badola, K.C. 1980, HRature and propert-
ies of some deodar (Cendrus decdara) forest soils
of Chakrata forest division, U.P. Indian Forester
106(8) : 558~560,

Banerjee, 3.7., Pande, P., Pant, R.C,, Suri, R.,K., and
Badola, K.C., 1981, Free iron oxide in relation '
to aggregation in lateritic moils of Last Midnapur
forest division, West Eengal, Indian Forester
392(1)124-29.

Banerjee, S.,P. and 8inghal, R.,M. 1983. Soils of scme
areas of Bijnor forest division, U.F. J. Soc.

Indian Forgstersf g£(1&2)333.

Bapat, M.V,, Padole, G.C., Totey, N.G. and Badekar, VG,
1965, Forms of P in Vidarbha soils., J. Indian
Soc. Soil Sci. 13331,

Bhattacharya, 7., Ghosh, X.S5. and Prakash, N. 1983,
Chamical and morphologienl characteriatics of
amorrhous materials present in red soils derived
fror granite - gneiss. Clay Res. 2(1):20-27.

Birkeland, F.W, 1974, Padology, Weatherinc and Gecrmor-
phological Research. Oxford Univ. Prea, New York,

N.Y. + PPa 285.



iv

Biswaps, R.R, 19588, <Classification of five forest anad
asscciated typifying pedons of Mahanadl catchment
(Dist, Raegarh, M,P. India) into subgroup level,

Indian Forester. 112(3)1229-235.

Blure, H.P, and Schwartmann, U, 1969, GCenetic evaluation
of profile distribution of Al, Fe and Mn oxides.
Proc. 8oil Sci. Zpc. Am. 23:1438-444,

Boura, J. and Schuylentergh, J.V. 1965, On soil genesis
on texrerate humid climate, VII. The formation
of Glossaqualf in silt loam terrace depoesit,

Bryson, R.,A,, Irwing, W.N, and Larsen, J.A. 196%,
Radiocarbon and soil evidence of former forest in
the Southern Canadian (Arttic) Tundra. Science
147146-48.

Buol, S,W,,-Hcle, F.D, and Mc Cracken, R.J. 1973, Soil
Genegis and Classification. Iowa State Univ, Press,
Ares, Iowa, 360 pp. Quoted by Wilding, L,.P.,
Smeck, N.E. and Hall, G,F, 1983 (Eds) In Pedo-

genesisg and Soj) Taxonomy I, The Sojl Orders.

Developments in Soil Scjence II A, Elsevier
Science Publighers.

Buol, S.W,, Hole, F,D. and Mc Cracken, R.J., 1980, Spil
Genesis and Clagsification (2nd ed). Iowa State
Univ, Press, Ames, Iowa, 404 pp. (ucted by Wilding,
L.P., Smeck, N.E. and Hall, G,F, (Eds) 1983. 1In

Pedogenesis and Scil Taxonomy I, The Soil Orders.
Develormente in Soil Science II A, Elsevier Science

. Publiehers,



Buringh, F. 1970, Ferrallitic soils. In Introducticn

to_the Study of Scils in Tropical and Subtyopical
Regions. Oxford and IBH Fublishing Co., New

Dﬁlhi' pc‘ 5-550

Chaly, J.I.M. ard Koshy, M,M. 1967. Studies on the
effect of deforestation on organic carbon,
nnitrogen and potash status of szome forest soils
of Kerala. Agri. Res. J. Kerala, 5145-33,

Chandrasskharan, €. 1962, Forest types of Kerala State,
Indian Forester. 881837-847,

Chang, S.C, and Chu, W.K, 1961. The fate on soluble
phosphate applied to soils. J. Spil Sgi. 323
286-293,

Chang, 8.C. and Jackson, M.L, 1958, Ecil phosrhorus
fractions in some representative scils. J. Spil
Sei. 93109-119. ‘

Coleman, W,T, and Theras, G.W,., 1967. The Chemiatry of
soil scidity. In Soil Acidity and Liming,

Agronomy No.,12, American Society of Agrorcmy,
Madison, p.l-41,

Crompton, E. 1960. The significance of wenthering/
leacning ratio in the differentiation of major

s0il groupas. Irans. 7th Int. Cong. Soil Sci.
ds406-412.

Cunningham, R.K, 1963, 7The effect of clearing a +tropical
forest soil. J. Soil Sci. 14:334-345,



vi

Paniels, %,L,, Ames, D.F, and Baker, J.C, 1983. The
influence of forest and pasture on the geneais
of a humid temperate -~ reglon Ultisol. Sopil Scji. Scc.
Am. J. §731560-569.

Das, &5.N,, Maiti, T.,C,, Banerjee, S,K, 1980. Genesis of
red and lateritic forest s=oils of Weat Bengal on
catenary basis, Part I. HMHorrhological studies.
Indian Forester 106(1):704-714,

Dh'ﬂrp B.Loa Jha, bllfsog B-‘:lnerjee, S.?.) Ku}imtee' sap.
1984, Mineralecgy of scme teak bearing sclls of
Maharashtra. Indian Forester. 110(7):662-672.

Doescher, P,S5., Miller,R.F, and Winward,lh;ﬂgf ios4., Soil
cherical patterne under eastern Cregon plant
communities dominated by big sagebrush. ggil Sci.
Scoe Am. J. 48(3):659,

Eswvaran, K. 1983, Recent efforts to refine s0il taxonomy
for the clasnification of the soils of the tropics.
In Proceedings of the Internatlional Workshop on
Soils. GCueensland, Australia, 12-16 Septembar,
163: 27-30,

FAQ, 1984. Inptensive Multiple Use Forest Management in
Ferala, FAC Forestry Paper 63, Forest Resources
Develcopment Branch, Forest Division, Forestry
Department, Rome.

Fife, C.V, 1963. An evaluation of anroniur fluoride as
a selective extractant for 2luriniuvm bound soil
pPhosrhates 4, Soil Sei. 96:112.120,



vii

Gangopadhyay, B.K., Debnith, ¥.C, and Banerjee, S.K,
1986, Characterisation of scme high altitude
#soils c¢f Sikkim forest division. J. Indian Scc.
Seil Sci. 34(4):830-838,

Jhabru, 8.K. and Ghosh, S.,K, 1979, ‘Characterisation of
801l profiles from Kangra district, Himachal

Pradesh, Indian Agric. 22(2):73—84.

Golley, F.B., Vc Ginnis, J.7,, Clements, R,G,, Chila,G.I.
and Duever, M,J., 1975, Mipneral Cveling ip a
Tropical Moist Forest Ecosystem, University of
Georgia Press, Athens, 248p.

Oreenland, D.,J, 1981, Characterxisation of Soils in
Rolationship to Their Classification and Management
for Crop Production. Clarendon Press, Oxford,
Pp.446.

Supta R,D,, Jha, K.,K. and Sahi, B,P, 1977. Hineralogy
of the go0il clays of Jammu and Kashmir, Indian
J. 2gric. Chem 10(1&2)1177-184.

Gupta, R,N, and Ehapna, M.L., 1964, P fertility status
on fertiliger needs of eroded alluvial s=oils of
Uttar Pradesh, J. Indian Soe. Soil Sci. 12(2):
113-118,

Supta, R.S, 1956. 8So0il survey and soil clagsification
in India with special reference to forest conditicns,
Indian Forester §(2):107.

Hesse, P.R. 1971. A Text Book of Soil Cherical Analyais,
John Murray Fublishers Ltd, London. p.520.




viii

Jackson, M.L. 1958, Soil Chemical Analysig. Prentice
Hall Inc. U.S.A., pp.498,

Jackson, M.L. 1975. Scil Chemical Analysis Advanced
Course. L.B. Fublighers anAd Distributors Ltd,
Bangalore, pr.£o4,

Jacob, 8, 1987. Characterigation of laterite scils from
ffersnt rarent matarials in Kerala. M.Sec.(Ag.)

thesis, Kerala Agricultural University, Trichur,

Jalyebo, E.0. and Moore, A.H, 1964, Soil fertility and
' nutrient storage in different soil vegetation
systems in a tropical forest environment. Irxop.
 Agric. (Trinidad), 41:1129-139,

Jalalian, A, and Southard, AR, 1986, Genesis and
classification of some pale korolls and cryoboralfs
in Northern Utah. Soil Sci. Bog. Am. J. 50:6686.

Jawahar, L., Seghal, C,, Bys, G.8, and R-Javarnier, 1985,
Merrhology, genesis and classification of two
dominant soils of the warm temperate and humid
region of the Central Himalayas. J. ind;an ggs.
8oil Sci. 33:846-857. '

Jenny, H. 1941. Facters of Soil Formation., A System
of_(uantitative Pedology. Megraw-Hill, New York,
H.Y., pp.281.

Jose, A,I, and Koshy, M.M, 1972, A study of the
morrhological, physical and chemical character=-
istics of soils as influenced by teak vegetation.
Indian Yorester. 98(6}:133g-348,



ix

Jeo, A.S.R, and Ellis, B,G. 1968, Partiele size distri-
bution of Al, Fe and Ca phosphate in soil profiles,

Scil Sci. ;gg8374—380.

Juo, A.8.R., Moormann, F.R, and Maduakor, H.0.  1974.
Forma and distribution of extéactable iron and
aluminiur in =elected soilas of Nigeria. GCecdsrma
112167-179.

¥hanna, P.X., Raison, R.J. and Falkiner, R,A. 1986,
Exchange characteristics of some acid'organic rich
forest soile. Aust. J. Soil Res. 24(1)167.

¥ilburn, P.D. 1959, The foreste-prairie ecotone in north
eastern Illinois. 2Am. midland Nat, 62:206-217.

Kothandaraman, G.,V. and Krishnamoorthy, K.K. 1979. Forms
of inorganic phosphorus in Tamil Nadu soils., Eull,
Indiap Soc. Seil Sci. 12:243-248,

Lissonite, L.E, 1960, The red earths and colloids of
red earths., J. Soil Sci. 11:77-81.

Lodhl, M.A K, 1977. The influence and comparison cf
individual forest trees on spil rroperties and
posaible inhibition of nitrification due to intact
vegetation. Am. J. Bot. 64:260-204.

Manickam, T.5., 1977. BStudies on the enst coast laterites.
Ph.D. thesis, Tamil Nadu Agricultural University,
Coimbatore,

Martin, P.J, and Doyne, H.C. 1927, Laterite and lateritic
scils of Sierra leon. J. agric. Sci. 17:530-547.



Mathew, R, 1985, DMoipture retention characteristics of
red_and forest soils of Kerala. M.Sc.(Ag.) thesis,
Kerala Agricultural University, Trichur.

Mausbach, M. J. 1969, Iporganic pho s of some Iowa

goi) profiles. M.Bc. thesis, Iowa State Univ. Ares,
Iowa, Quoted by Wilding, L.P., Smeck, N.E, and

Hall, G,F, 1983 (Eds). 1In Pedogenesis and Soil
Taxoncmy II. The Scil Orders. Elsevier Science
Publishers.

)
Mec Farlane, M. J. 1976. pategite and lLandscapa. Academic
Fress, London,

Fc Keague, J.A, 1965, FProperties and genesis of three
rembers of the uplands catena ie, podzols, uplands
and Rubicon. _c_aﬂo g. 801l Sei. :2(1) 3163, -

Mc Keague, J.A. and Day, J.H, 1966, Dithionite and
oxalate extractable iron and aluminium as aids in
differentiating various classes of soils, Can,_J.
Epi) Sej. 461:13-21.

Mc Keague, J.A., Brydon, J.E. and Miles, N.M. 1971,
Differentiation of forms of extractable iron and
Al in soils. Seil Sci. Soc. Am. J. 35133,

Mehra, O,7, and Jnékson, M.L, 1960, 1Iron oxide removal
from soils and clays by a dithionite ~ citrate
system with sodium bicartonate. Clays Clay
Mirerals 7:317-327.




xi

Menoﬁ. A,R.,R, 2nd Shah, G.,L, 1982. Vegetation and soil
relationships of the forests of Saurashtra in
Gujarat. Ipdian J. Ecol. §(1):1-6,

Nair, K.C, and Koshy, M,M. 1570. Effect of elevation
and rainfall on the physico-chemical properties
of the soils of the high rangea of Kerala. Agri.

Res. J. Korala. @(1)129-38,

Nair, K.M. and Chamuzh, G.S. 1968. Characteristics and
classification of some pine forest scils of
Meghalaya. J. Indian Bog. Spil Sei. 30t142-145.

'Pal, P,K,, Hath, 8, and Danerjee, 8,K, 1984, Fedological
chatnctcrisgics of some so0ils of the Darjeeling
Hiralayan Regicn. J. Indian Sog. Spil Sci. 43
716-724.,

Pal, D.K., Nath, 8., Sing, 8.B. and Banerjee, 8,K, 198S.
Genesis cf red and lateritic forest soils of West
Bengal on catenary basis: Part 1I FPhysicochemical .
Properties. JIndian Forester ;;£(4):195-207.

Parke, G,A, 1965. The lsc-electric roints of solid
oxides, sclid hydrcoxides and acqueous hydrovo
complex systemi. Chem. Rev. £5:177-198,

Pathak, A.H,, Singh, R.S, and Yadav, A.8, 1977. Distri-
bution of phosphorus in alluvial scils of District
Hardoi. Indian J. agri. Res. 1111-5,

Piper, C.8. 1942. Soil and Plant Analysis, Hansg
Publishers, Hichol Road, Bombay. pp.368.



#xii

Trasad, ¥,8., Singh, S.B., Gupta, G,N., and George, M.
1985, &tudies on changes in soll properties under
different vegetations, Indian Forester 111(10):
794-.801,

3

Radwanski, S.A, and Olier, C,D. 1959. A gtudy ¢f an
East African Catena. J. Seil Sci. 10:149-1€€.

f

Rajamannar, A, and Krishnamoorthy, K.,K, 1978. A note
' on the influence of zltitude on the prhysicochemical
characters of forest scils. J. Indian Scg. Soll
Sci. 26:399-400,

Rengaswamy, P., Sharma, V.AK., Murthy, R.S. and Murtd,
G.5.ReKa 1978, Kineralogy, genesis and clageifi.
cation of ferruginous soils of the eastern Mysore
platean. India J. Soil Sei. 20:431-445,

Reynolds, E.R.C. and Hood, F.J. 1977. Ratural versus
mane-made forests as buffers against envircnmental
deterioration. Forest Ecol. Manage. A:83-%6.

Richards, L.A, 1954. Diagnosis and Imrroverment of
Saline and Alkall Sodls, V.S.0.A. Hand Book No.60,.

Oxford and IBYH Publishing Co,, New Palhi. pp.123,

Richardscn, Je.L. and Hole, ¥,D. 1978. Mottling and iron
" @istribution in a Glossoboral f-Haplaquoll hydro-
gsequence on & glacial wmoraine in norwestern
Wisconsis. Soil Scl. Soc. 2m. J. 43:552-558,

iy P

Sah, R.N. and Mikkelscn, 0.S. 1986. Transformations of
ihorganic P during the flooding and drainage cycles
of SOiln Soil SCi' SGC- "Eﬁ. _‘Zo 52‘62.



xii4

T

Sanchesg, P.A. 1976, Prorerties and Managemert of Soils
in the Tropics. John Wiley, New ¥ork. p.618.

Sankaram, A, 1966. A_Laboratory Mapual for Agqricultural
Chemistry. Asia Publishing House, Bombay. pp.340.

Sankar, 8., Thomas, T.P., Maey, ¥.V,, Balagopalan, M. and

Alexander, T.G. 1987. Froperties of Soils (Profiles)
in Natural Forests of Trichur Forest Division.

Rerort of the Project on Preparation of a Soil cum
Vegetation Map of the Forests of Trichur Division., .
Kerala Forest Research Institute, Peechi. p.3S.

Santos, M.C.Da, Sé. Arnaud, R,J, and Apderson, D.,V., 1986,
Iron redistribution in three Boralfs (Gray lLuvisols)
of Saskatchevan. Boll Sci. Sog. 2Am. J. 5081272-1277. -

Sarma, J.5., Banerjee, S5,P,, 8inghal, R,M. 1985,
Classification of =0il biosequences in relatién to
vegetation I. Bijnur plantation division. Indian
Forester. 111(7):525-532, '

' Satyanarayana, B, 1968. Study on the physical and_chemjcal

characteristics_and nutrient status of red _soils of
Apdhra Pradesh. M.S8c.{Ag.) thesis, Tamil Wadu

Agricultural University, Coimbatore.

Severnson, R.C. and Aypeman, H.F. 1973. Eoil character-
istics of the forest prairie ecotone inNorth-Western
Mirmnisota. Proc. Spil Sci. Soc. Am. 372:593-599,



xiv

Sharma, P,K., Sethi, A.S,, Mishra, V.K. and Sharma, D.K.
1920, Effect of organic matter, clay and silt on
sore Thysical parameters and cation exchancge
capacity in some -acid soils of Himachal Pradesh.

Indian J. Agric. Res. 143241-246,

Sinch, B. and Ramam, 8,8, 1979. FPhysio-chsmical
properties of soils under Pipug patula in Eastern
limalayas, Indian Fopreatexr 108(6):482-490.

Singh, D., Srivas, N.C., Mannikar, N.D. 1683. 8oil
characteristics as influenced by closure of forests
of Bundelkhand AQivisicn and the native gugefation
associated with it. Indian Forester 109(2):101-110,

'Singh, R.8, and Ram, H, 1977, Effect of'organic matter
on the transformation of irorganic phosphprua in
soils. J. Indian Soc. Soil Sci. 25s118-121,

Singh, S, and Gangwar, D.M, 1968, Forms of inorganic P
in the Vindhyan soils of Mirzapur. J. Indian Scc.

Soll Sci. 16:383.

Singhal, R.M, and Sharma, S.D, 1925, Study on the soils
of Doon valley forests. J. Indian Soc. Soil Sci.
§§3521 .

Bmeck, N,E. 1973. P an indicator of pedogenic weéthering
process. Soil Sci, 115:199-206.

Sredecor, G.W, and Cochran, W.G., 1967. Statistical Yethods.
6th ed. Oxford and IBH Fublishing Co§. Hew Delhi.
PPe 593,



8911 suw&y staff 19 51 - Sﬁj.l Surv@ Y Hanual ® U 3 -D-A -
Hand book No,18, U.S. Govt. Printing Office,
Washington, pp.503. '

Spil Survey staff 1967, B8gil Survey laboratory Methods
and Procadures for Collecting Soil Sample. Soil
Survey Investigation Report No.l, U.S.DJA., U,.S5,
Govt.Printing Office, Washington, pp.S0.

Soil Survey Staff 1978, Soil Taxonomy. A Basgic System
of 60l Classification for Making and Interpretting
Seil Surveys. Agric. Handb., No.436 U.3, Govt,
Printing Office, Washington. prp.754.

Stark, Y. and Jordan, C.F. 1978. Hutrient retention by
the rcot mat of 2n Amazonian rain forest.
Eccloay. §g=434-437.

8windale, L.D. 196€6. A mineralogical study of solls
derived from basic and ultrzbasic rocks in
Newzealand., New Zealand J. Sci. 2:424-50€,

gyers, J.K,, Shah, R, and Walker, T,W, 1969. Fraction=
ation of P in two alluvial =0ils arnd particle size
separates, Soil Sci. 108:283-2869.

Tiessen, H., Stewart, J.W.B., Cole, C,V, 1984. Pathways
of P transformation in solls of differing pedogeresis,
So0il Seci. Scc. Am. J. 48:853-838,

Ugolini, F.C. and Edmonds, R,L. 1983. Boil ﬂiologg.
Quoted by Wilding, L.P,, Smeck, N.E, and Hall, G.F,
19583 (Eds) In. Pedogenesis and Soil Taxcnomy 1.

Concepts _and_Interactions. Elsevier Science
PubliSherB .




xvi

Ushakumary, K. 1983. Aggregate size distribution and
1ts_reistionship to physical and_chemiecal propert-
ies of acme typical soils of Kerala. M.Sc.{Ag.)

thesis, Kerala Agricultural University, Trichur.

Van Wambeke, A. 1967. Recent developments in the
clagsification of soils of the tropics. BSoil Sei,
1043309-313.

Venkataramanan, C,, Haldorai, B., Samraj, P., MNalatwadmath,
8.K. and Henry, C. 1983, Return of nutrient by
the leaf-litter of bluegum (Eucalyptus globulus)
and black watthe (Acacia mearnsii) plantations of
Wilgiris in Tamil Nadu. Indiap Forester 109(6):
370-378.

Viereck, L.,A, 1970, Torest succession and sbil develop-
nent adjacent to the Chena River in interior -
Alaska. Arect, Alpine Res, 381-26.

YWebster, R, 196%., A eatena of soils in northern
Rhodesian plateau, J. Soil Sci. 1€:31-43,

White, D.,P, 1941. Prairio soil a3 a medium for tree
growth. Eecology. 22:398-407,

W!.lde' sohoc Voigt. G-KC and IYG:'; J.G, 1972, Spi)

and Plant Analysias for Tree Culture, Oxford and

IBY Fublishing Co., New Delhi.

Wool-Khoon, G. and Jin-Econg, C. 1983, Litter production
and decompcsition 1ln a coastal hill dipterocarp
forest. Guoted by Button, 8.L., Whitemore, T.C.
and Chadwick. A,C, {eds.) 1In. Tropical Rainforest:

Ecology _and Hapagemegt. Blackvell Scientific_
Publications, Oxford. p.275-265.



-Qp)aen / [X



APPENDIX X

Description cf Soil Frofiles

Profile I
location
Topography

Drainage
Ground water table
Hatural vegetaticn

Hordizon Depth
{om)
Al 0=10
&2 10-20
AE 20=40
.Bl 40=70

Sholayar project area - Ambalappara
Rolling - Top of Hillock
20% in the west direction

Vell drained
50 m

Vet evergreen forests -
treesand shrubs

Description

Dark reddish brown (8 ¥/R 3/4),
gravelly loamy sands medium weak
granular structuresy molsty very
friable; wet slightly sticky and
nonplasticy mederate permeabilitys
fine roots plenty: ¢lear smcoth
boundary.

Strong brown (7.5 ¥R 5/6), gravelly

loarny sand? medium moderate granular
structure; very friaskle; wat sticky
and slightly plasticy medium roois
plentyr diffuge wavy boundarys
mcderate rapid rermeable,

Strong brown (7 YR §/8), gravelly
sandy loam; medium moderate sub-
angular blocky structure; moist
friable, sticky and plasticy big
roots fews moderate rapid rermeable:;
Adiffuee wavy boundary.

Yellowish red (S YR 4/8), gravelly
leamy mediuwn moderate sub-angular
blockys firm, sticky and plastic:
roots dominant; moderate permeability,



12 70-150+

Profile-1I
location

- Topography

Slo

Drafﬁage

Ground water table
Hatural vegetation

Remarks

Horizon Depth
(cm)

Al 0-10

Az 10-27

Bl 27-46

-2-

Yellowish red (5 YR 4/8}, gravelly
sandy lcam: medium moderate sub-
angular blocky: firm sticky and
plasticy rcots absent; moderately
slow permeability,

Side of Chalakudy-Gholayar route,

10 KM from Athirapalli, Parivaram
Village, Mukundapuram Taluk, Trichur
District.

Bottom cf slope, level area

Fadta 85, Ul ggroction
A2 Im

. Semi evergreen

Profile is located in the valley
bottom and mostly colluvial debris
form side slopes

PBescripticn

Dark brown (10 YR 3/3), gravelly
sandy loamy medium weak granular
structure; moist, very friable,
allghtly sticky and slightly
plastic; medium roots plenty:
moderate permeabllitys clear smooth
boundary.

Dark brown (10 YR 3/2), gravelly
sandy <¢lay loamy wmedium weak sub-
angular blocky structure; moist
friable, wet slightly sticky and
sticky and slightly plasticy medium
roots few: moderate parmeabley
Jdiffuse wavy bourndary.

Dark yellowish brcwn (10 YR 4/4)
brewn (10 YR 5/3) mottles few,
gravelly sandy clay loam; medium
weal sub-=angular blockys moist
friable; wazt gtichy and slightly
plasticy medivm sized roots few;
mocderately slow rermesbilitys Siffuse
wavy boundary,




21 46-28

9595;15-131
Location

Topography

8lore

Surface drainage
Ground water table
Natural vegetation
Remarks

Horizon Depth

(em) -
As 13-32

-3-

Dark yellowish brown (10 YR 4/4)
vellow (10 YR 7/8) mottles plenty,
gravelly sandy clay loams medium
moderate sube-angular blocky
structure; moist firm, wet sticky
and plasticy medium sized rcoots
Plenty; moderately low permeability;
diffuse wavy boundary.

Yellowish brown (10 YR $/6), gravelly
sandy clay loamy massive structure;

10 YR 5/3 (brewn) 10 YR 7/8) mottles
plentys moderately low permeability,

left side of Chalakudy-8holayar yoad,
1 ¥M from Athirapally Junction,
Pariyaram Village, Mukundapuram Taluk,
Trichur.

Gently sloping ridge, which breaks
off to strongly sloping side slopes.

2%% in south direction

Hell drained
sgr AH5m
Moist deciduous forest

The area is 2 side alopé. The upper
‘reaches are thick forest with rock
out crops.,

ﬁoscription

Cark greyish brown (10 YR 4/2) ary,
very dark greyish brown (10 YR 3/2)
gravelly loamy medium weak granular
structurey dry lcose, moist very
friable, wet sticky and nonplastics
f£ine roots plentyr rapid permeability:
clear smooth boundary.

Dark brown (7.5 YR 8/2) loams medium
weak granular structure; dry loose,
meist very friable, wet nonsticky and
nonplastic: fine roots plenty; moderat-
ely rapid permeability; clear wavy
boundary.



B 32-66

B, 95-165+

Profile-1V.

Location 2nd access

‘Topography

Slope

DPrainage

Grcund water table
Natural vegetation

Horizon Depth
(cm)

Ai 0-10

Az 10-25.

-‘-

Dark reddish brown (5 YR 3/3) clay
loam, medium weak sub-angular blocky;
moist £firm, wet slightly sticky and
slightly plasticy; few medium roots;y
moderately rapid@ rermeability)
diffuse wavy boundary,

Reddish brown (5 YR 4/4), gravelly
sandy cley loam; medium moderate
sub-angular blocky structures moist
£firm, wet slightly sticky and slightly
plasticy few moderate rootsy; moderate
permeability; diffuse wavy boundary.

Reddish brown (2,5 YR 4/4) clays
medium moderate sube-angular blocky
structurey moist firm, wet aticky and
plasticy fine to medium roots fews
mnccerate rermeability.

Profile IV - Siruvani d4am site -~

Sholayar Village, Mannarghat Taluk,

Palghat District,.

Crest of Hillock - nearly. level.
Relling upland, elevation 900 m.

20% in the east diraction
Kell drained

$ES A5

-Grags lands .

Description

Brown (10 YR 5/3) dark brown (10 ¥R
3/3) moist, gravelly sandy clays weak
medium grapular structures slightly
hard, moist friable, wet slightly
sticky and nonplasticy fine roots
Plentys rapid rermeabilitys clear

- smoeth boundary,

Dark yellowish brown (10 YR 4/4),
gravelly clay loamp mediuwn weak
granular: moist £irm, wet slightly
sticky and slightly rlastier moderately
rapid permeabilityy diffusec wavy
boundary, ' '



21 25-60

522 60=110+

Proflle-V

location

Topography

Slope

Surface drainage
Natural vegstation

Horizon Lepth
S (cm)
Al 0-13
A, 29-52

-5—

Btreng brown (7.5 YR 5/6), gravelly
clays medium weak sub-angular blocky
structurey moist firm, wet aticky and
plasticy moderately slow permeability:
diffuse wavy boundary,

Strong brown (7.5 ¥R 5/8), gravelly
clays coarse moderate sub-angular
blocky structure; moist firm, wet
aticky and plasticy wmcderately slow
permeability.

v

Siruvani Dam Project area, near dam
quarter.,

Relling upland - elevation 600 m
33% south direction

Well drained

Shola forest

Description

Very dark greyish brown (10 YR 3/2)
gravelly clay loam? medium weak
granulars moist friable, wet mlightly
sticky and slightly plasticy large and
medium sized roots plenty’! moderately
rapid rermeabllity; clear smooth
bﬂundary.

Strong brown (7.5 YR 5/6) gravelly
sandy loamy weak medium sub-angular
Plocky structure; moist firm, wet
aticky and plasticy medium sized roots
plenty? moderate permeabilitys clear
wavy boundary.

Dark brown (7.5 YR 4/4) gravelly clay
loam; moderate coarse sub-angular
blocky? moist firm, wet sticky and
plasticy large mediuvm sized roots
plenty? loose with gravel; moderate
permeabilityy; diffuse wavy boundary,



81 52-83

321 83~120

522 120-150+

Profile=Vl

Location

Zopography

Slore

Brainage

Ground water table
Hatural vegetation
Remarks

Horizon Depth
: (cm)
A1 0-13

—6-

Dark brown (7.5 YR 4/4) gravelly loamy
moderate ceoarse sub-angular blocky
structurey moist firm, wet sticky

and plasticr moderate permeabilitys
dlffuse wavy boundary.

Yellowish red (5 YR 4/6) gravelly

clay loams moderste coarse sube
angular blocky; moist £4irm, sticky and
plastics moderate to slow permeabilitys
rediuvme roots plenty; <¢ompact layer.

Yellowish red (S YR 5/8) gravelly clay
loamy mediuvm sube-angulzr blocky
structurey moist f£riable, wet slightly
sticky and slightly plasticy medium
roots fewy weathered gneisss slow
rermeability,

Left side of Falghat-Coimbatore rosd,
Near Valayar, Check post.

Flat level land

1%

Well drained

3t R

Dry deciduous forest

All the layers except for the surface
horizon is very hard and compact and

break into very large clods, redness

increases with Jdepth.

Description

Reddish brown (5 YR 3/3) gravelly loam;
medivm weak granulary moist very
frisble, wet slightly sticky and
8lichtly plasticy mediuvm sized roots
few; rapid preweability; clear smooth
houndary .



21

22

13-33

3370

70-150+

- T =

Dark reddish brown (2.5 YR 2,5/4)
gravelly clay loam: medium weak sube
angular blocky:; moist veory firm, wet
sticky and plastic; moderate perneabs
1litys diffuse wavy boundary.

" Dark reddish brown (2,5 YR 2.5 7/4)

gravelly clay:; moderate coarse sub-
angular blocky structure; moist very
£firm, wet, very sticky and very
Plastic; moderate tc slow permeabllitys
diffuse wavy boundary,

Red 10 R 3/4, gravelly clay; moderate
coarse sub-angular blocky atructure?
nmoigst very £ipm, wet, very sticky and
very plastic; medium roots few: very
Blow permeabilityy very compact layer.
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ABSTRACT

A ptudy was conducted to evaluate the morpheological,
physical and chemical characteristics of solil reprssenting
different forest ecosystems in Kerala, 8ix soll profiles
representing predominent vegetation types of Kerala, were
selected for the study,., The stﬁdy areas were rspresentat-
ive of the tropical evergreen, semi evergreen, moist '
deciducue, grasslands, hill top evergresn and dry deciducus
types of foressts. Profiles were excavated in these areas ’
and detailad morrhological studies of’the solls were carried
out, S04l samples representing the different horizons were
'collected for labor;tory characterisation.' The inter-
relationships of various physico-~chemical characteristics
and the Aistribution of ircn and phosphorus fractions in
80ils were studied with a view to relate these character-
istics to the genesis of the soils. Bassd on the available
data attempts have also been made to classify the soils

under soll taxonomy.

The surface soils from all the profiles were rich in
organic matter and had darker colours, ranging from greyish
brown to brown. Increasing redness in the subsurface
horizon though notiéod in all the scils, was a conspicuous

feature cbserved in the soils from the Ary deciduous forests,




Weak granular structure in the surface followed by sub-
angular blocky structire in the subsurfacs layers was a
feature common to all the soils. Coarse frapments,

rnostly in the form éf secondary laterite gravel constit-
uted a major portion of the scils under investigation.

Wide variations in texture was observad betwean the scils
from various ecosystems. Increase in ciay content with
depth was another feature oPlerved in all the scils. 8ilt.
was the lowest, among the vatrious size fractions. FPositive
and significant cor;elétion was obtained between moisture
at 0,3 and 15 bar with clay, vwhile avallable watex énd
clay showed a positive but nonsignificant correlation.

The maximum water holding capacity and volume expansion
were found to be closely related to the nature and contént
. of clay and organic matter. The soils under dr§ daciduous
forests registered the higheat‘volume expansion and maxiﬁum

wateyr holding capacity.

" All the soils under investigation were found to be
acidic in reaction. Organic carkton, nitiogaﬁ and C/N
zat}os were high in the surface horizons with decreasing
: profile trends in solls from most of the locations. S51lica
constituted the predominant constituent in all tho soils
followed by Al,0,. Iron oxide content was less than AL,



and shoved a positive correlation with clay. %he total
resexrves of MgD, Cal, K20 and 9205 veres lcw as is

expected of humid tropiecal =oils,

The CEC wag low as is evpected of highly

. weathered tropical soils. The CEC determined by the sum
of eations methods recorded higher values as compared to
ameonium acetate method. The exchange acidity recorded
higher values and 4id not reveal much variations within
the soll rrofile ard also between locations. The moist
deciduous scils with the highest organic carbon content
had the highest exchange acidity and the soil from ths
dry deciduous forests recorded lower values for exchange
acidity. The percentage base saturation recorded for
dry deciduous soils was also the highest among the soils
investigated. The exchange complex was predominantly -
occupled by the exchangesble €Ca and Mg, The exchangeable
cations were in the order Ca > Mg > K > Na for soilas from
semi evergreen, moligt deciducus and dry deciduous forests,
while in the case of tropiecal e?ergieen, graeslands and
hill ¢op evergreen, the exchangeable sodium showed a
slight increase over exchangeable potassium. Greater
accumulation of bases was also cbserved in the upper

horizons of all the_profiles. The percentage base saturate
lon was calculated by using CBCg and N540Ac methods. The



percentage base saturation showed higher values in the
surface in tropical evergreen, molet dsciducus, grass-

lands and hill top evergreen,

The dithionite extractable iron (¥e,) constituted
the major portion of the total iron in all the soils
‘under investigation. Positive and significant correlat-
ion wans obtained batween total Fe and Fe,. Accumulation
of ¥e, was noticed in the subsurface horizons of the
profiles, Baged on the degree oflfreenens of iron in
soils, the graselands were the most weathered, followsd
by semi evergreen, hill top evergreen, tropical everqre-ﬁ
and the least weathered, the moist deciduous. An interest-
ing observation was the outstanding influence of iron
oxides 1n'loil colour wvhich was clearly brought out by
increasing redness down the profile, following the
distribution of iron oxides. Very low values were
cbserved for the Pe, and the active iron ratlo (?eo/FodJ

for all the scils under investigation.

Among the active inorganic P fractions, Fe-P formed
the dominant constituent in all the soils indicating the
highly weathered nature of the soil. Based on the contents

of Ca=P, grasslands wers éhe moat mature follocwed by hill



top evergreen, moist deciduous, tropical evergreen, semi
evergreen and dry deciducus. The ratio of FesP_+ Al.P
had heeﬁ worked out as indicator of the degree g;r:aathe:-
ing of soils and judged frcm this, the soils from the
grasslands were riore mature than those from dry deciduous

foresta,

811ica formed the dominant constituent of the clay
fraction. Judged from the 5i0,/A1,0, ratio of clay
fraction, most of the soils under investigation belonged

to ferrallitic group.

Based on the available data, the soils have been
classified under soil taxonomy upto sub groupr level,
" Pedons I, IIX, IV and VI have been classified at Typic
Haplohumults, Fedon II as Typié Humitropepts and Pedon V
as Oxic Humitropepts.



