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INTRODUCTION
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iflm ojocnos

Tho oharactcsSstlcs of a soil are determined for 
the most part ly climatic influences such aa precipitation, 
temperature, ovaporatioa, humidity ana wine velocity, ly 
the nature of the vegetative cover, ty the composition of 
tho paront notarial Iron which the soil is derivod and fey 
the topography of the lanu.

The Importance of climate ana elevation on the 
development of soil characteristics cannot to over emphasised. 
Jenny (1941) by attributing functional concepts to soil forming 
processes evolved the following equation depleting tho role of 
climate on the development of soil properties.

Where

s S3 f CnT) o,r,p,t
3 S3 Soil property
m = tloistm*©
T * Temperature
0 a Organism
r 53 reii it
i> = parent material
t B tin®
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Sha allmatie factors express theoselves through 
tho Eolstnre and energy they contribute to an environment*
She rainfall, which is a component of climate, imprints its 
effect on the soil through the cycle of water «diich enters 
the soil and which is used for the production of organic 
matter or for hynation and hydrolysis or is released by the 
reverse process and removed through evaporation, transpiration 
and percolation*

Several works to study the influence of climate and 
olovatlon on the development of soil properties Lavs been 
undertaken by Kirth {1986), Costln (1956}, Caoes (196b) and 
Kuir (19S6). Asong tho investigations on Indian soils, the 
work of Sen and bob (1941, 1949), hay Chauohuri (1943, 1957, 
1966) whir (1967) anti Gopalaswmay (1967) deserve special 
mention* Vijayacfaandran (1963) and bhanaraj (1966) have 
studied the effect of rainfall ana elevation on the properties 
of soils in Kerala ena Ely sore States.

2he present investi gafclou to atuay the influence of 
rainfall and elevation on soil progjbtiss is confined to the 
High Sanges ©f Kerala vhero the elevation ranges from 600 saatres 
to 2100 meteres end rainfall varies from 326 Cm. to 6S5 Cm,
She main objectives of the investigations ere*-

(1) to study the physical and chemical properties of the 
soils as influenced by rainfall end elevation;

(£) to assess the extent of soil deterioration aw  to high 
rainfall and elevation.
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Sh® investigation la of apodal practical 
significance la tho nanagassent of tho soils of «fae High 
Ranges. She High Ranges has a highly significant place In 
the economy of Kerala as the dollar earning crops especially 
tea are grown in this area, the Kansan Mewua Mills proeueo 
Go. ltd,, aloi’o cultivate atout 45,000 acres of land under 
tea. Every year the plantation spends about Ho.70-80 lakhs 
on manuring alone and ©van if 40-60$ of the soluble nutrients 
ara 1cached lolow tho root zone of the crop, the loos is 
treaendous and of serious consequence. It is hoped that this 
study will throw sob® light on the leaching loss of nutrients 
in tho soils of tho High Bonges and that the inferences drawn 
will bo applicable to the high-1 oval plantations of htsrala.
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BBEtgSf o r  U T E R A I O R E  . ■
\

m  m *  m m e t m w  ( m m )  nn» m » %  m n

m  til#- M u t t  mi tbm c m M m &  activity and reciprocal 
influoac# of parent mterfei, plant ami m t m t  organisest - 
©li»t€| «g* of load and topography, faff* \iwm) olodslfiod
tit© factor# involved in the- fro®##®.'of soil fora&tioii into 
t m $  m%% active sad. p m s i m *  m ®  passive factors 'included. 
peredt ■laaicital# tcp&imphf.§ sad tia® ani the active factor# 
m m  comprised of tit# Clascal®. of hi.mph&m$ atmosphere. and
tydm^hom*

?apii|i {1934) rcgMKpted jtfeaft lo..aovtb*ooot frimsvaal, 
latent# soils travo foraed'on soy tdad of geological foimtloiw

In the latent© SotI# of iswttitts Craig, and Bslais 
{1934} sfeaemd that m & m  Increased rainfall red soils m m  ■ 
fotnod W  -anna, of Interfile deeesqpooltioa without a high 
leaching' factor* whereas hrovaish yellow highly latent© soils 
m m  dardved- from latoriti® wmtMwi-m followed fcy a high 
leaching factor#

vender I t e m *  (193S) studied t h e  s o i l s  of fransiwaal. 
and found, that two- different soil typos had davala»*d unde? 
conditions of heavy rainfall «ad high humidity*
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Froia a soil survey of Puerto-Rleo Roberta (1948) 
observed that there was no apoclfia relationship letup a 
rainfall aones and soil groups.

la tha soils of luadelizhona Maiserjeo and Agsrwal ^  
(104b) observed that hot sususers followad by aaavy ralnf&ll 
favoured weathering and consequent leaching coupled with the 
tonography of the region gavo rise to different types of soils.

Viswanath and Skyl (1944) obaervoo that geological 
differences sight be obliterated under the influence of 
elisaate oca that soils with similar prop rtics night be 
covering the nost varied rock systems. They divided Inesia 
longitudinally into four brood divisions baaed on Moyer's 
K.S. quotient,

Costla (1955) observed that ia Australia under 
conditions of increased precipitation the climatic sequence 
of soils on basalt wore chornosena, chocolate soils ana 
transitional charnotcas,

Barnes (1956) describing the soils of Java noted th® 
occurrence of rad laterite soils, brot® latorite soils ma 
b m m  I ram soils arrives fron similar basic volcanic rocks 
under different rainfall conditions.

On the soils of Scotland Muir (19S6) noticed vory 
pronounced of feat of rainfall. Hill peats, peaty poduols
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and peaty gleis oocuplod the high rainfall regions whereas 
brown forest soils and aon-calcareous gleis were formed 
in areas where the rainfall was lowor.

Donahue (1988} stated that any soil profile ia the 
result of loth the direct, as wall as the indirect action 
of centuries of climatic forces.

Mote (1913) found that la Java, the average temper­
ature was largely a function of elevation above sea-level.
He divider the island into four climatic aonos based on 
elevation* Describing the soils of these aones he concluded 
that latsrito was formed in tropical low-lsnda with abmu&nt 
rainfall and podsoliaation occurred la the tropical high 
mountain nones with high rainfall and miotic laterite 
temperature, la the hill zones with lower temperature than 
the low lands transitional stages between those two were 
found. •

In the Kumaoan hills Hukorjaa and was (1949) found 
that three different soil types had developed, namely podools, 
brown forest soils and red loams, Shey have given descriptions 
of the soil formations unoer the teiuporate climate observed 
in that hilly area.

Jenny (1941) stated that soil properties varied in 
the same direction with Increasing altitude.
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Befczer (1948) investigated the characteristics 
of sails developed from basalt under successive eliaatic 
vegetational zones of testers Colorado with elevation 
varying from £000 to 30800 feet* He found many of the 
soil properties altering regularly with variation in 
altitude.

Co9tin and Ballgworfch (196S) observed that soil 
properties uo not vary in the some direction with Increasing 
altitude. Biey aoticfed that in the rfonaro region of Haw 
South w'alea, at lower extremes, soil fornation was United 
by insufficient moisture and la upper oxtrenes toy insufficient 
teaperature.

banes (10SS), studying tho soils of Java, noticed 
tho formation of red laterites si elevations below 300 metres 
brown iatarites between 300-1000 metres end humus brown soil#
at altitudes above 1000 metres.

3FFKCT Of K m  FAL1 OK SOIL PHOPlBflUS

I Rainfall and physical uropertiefl
a) Colour

Hiteher (1931), describing the soils of Hawaii, 
stated that the soils showed all gradations of colour from 
almost pure yellow through the differant shades of brown and
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rod to grey end black In the different rainfall regions*

Dnrairaj (19S1), in bis study of the soil typos 
of south India in relation to their colour and physical 
properties, observed that the orange hue of colour was 
closely associated with the composition of clay minerals*

She physical properties of u soil are dependent 
principally upon its colloidal content.

Keen and RaekzKowQki (1921) investigated the relation­
ship between pores: <-ee and cl&„- content anu I'ouna that those 
two ware positively correlated. The correlation between 
specific gravity and clay content was found to be negative. 
Volume of expansion was found to be directly connected to 
the percentage of clay.

Merchand (1924) determined the specific gravity,
porespace, water holding capacity and volume expansion of 
soils by tho j£aea Raehzskowakl method and observed that 
certain of the above properties could be roughly correlated 
with the clay content of the soil.

doubts (1929) studied tho volume expansion of data! 
soils in relation to their clay content and obtained a 
positive correlation between the two.
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Jenny and Leonard (1934) observed positive correlation 
between annual rainfall and clay content of soils of temperate 
regions.

Wilcox (1939) reported that the sand content of soils 
was negatively correlated with the Maximum water holding 
capacity.

Joachims and Kandiah (1947) in their study of the 
soils of Ceylon found that a high correlation existed 
between clay contest and the water-holding capacity,

Coatin and Balieworth (3962) observed that in the 
Alpine humus soils of 3outh dales, silt and clay wero a 
maximum at m  elevation of 6600-6000 feet ana that these 
decreased significantly with lacrosse, as well as decrease 
of altitude. This was attributed to the optimum temperature 
and moisture conditions prevailing in the sub-Alpine regions 
at altitudes of 6000-6000 feet.

Sinha al (1957), in thoir study of the morphology 
of some red soils of Ranchi in relation to topography, con­
cluded that down the slope tho depth of profiles increased, 
the texture varied fra® sandy to clayey and the structure 
changed from single grain to granular or blacky,

Harradine and Jenny (1968) observed that soil texture 
became finer vith increase in rainfall as a result of more
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Intense weathering but the relationship was not linear.
High rainfall Is less effective on texture than low rain­
fall* possibly on account of higher run off et high preci­
pitations,

Unaiitsrishnon (1961) stated that above 60" of rain 
the physical properties of laterite soils w-ar̂  aot influenced 
by variations in rainfall,

la a study of Milgiri soils !<abalingsm (196S) found 
that day content too no relationship to rainfall. He found 
a significant correlation between clay content and water-holding 
capacity and a positive correlation botv/ean loss on ignition 
and clay content.

Bhanaraj (1066) found than moisture and water holding 
oapacity did aot show any significant correlation with rain­
fall or elevation but e close con elation existed between 
water holding capacity end pore space*

Crowther (1930) found that tho slliea-sesqui oxide 
ratios of the clay fraction were correlated negatively with 
raiafell.

Craig and Balcds (1934) found that the silica- 
elunina ratio was lower and the iron oxide-alumina ratio
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constant la the high rainfall laterite areas of Mauritius.

la a comparative study of several ‘ Indian soils ,
Ubyl ,§£ jal (1944) found that there ms eansiv,eratl© decrease 
in the silica - alunina ratios with increase in the annual 
preeepitation.

Hay Chaudhuri and ISian (1944) observed a cosgaritively 
low slliea-alusnlaa ratio ana silica-sesquioxido ratio for the 
west coast sails fortsad under conditions of high rainfall.

Tsunso famura (1966) found that the clay content of 
paxton soil clays increased abruptly at rainfalls ranging 
from 33-SS".

In th® rod soils of %sor© state Pattaawaiay Gouda
(1960) observed that under high Rainfall conditions leaching 
of calcium frost soils lowered tho pH and the silicate structures 
tenuod to disintegrate. Consequently tho silica so released 
tended to accumulate in tbs lower horizons.

Onniteisshasn (1961) concluded that alumina and total 
sesquioxldee increased and ths silica soaquioxida ratio decreased 
progressively with increasing rainfall.

DhanaraJ (1966) found la high level later!tes a high 
percentage of the sesqui-oxlde.

mailto:csqoi@3d.te
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III RoHrfall-and- so-il.E&at&laa

In a study of Maquilllng soils Aristorenaa (1937)
found no relation between the pH and dopth of soil*

In tho case of tho rod soils or Mysore State* 
Putta3waisy Gouoa (1960) indicated that under high rainfall 
conditions leaching of oalaim from soils lowered the pH. 
Under conflations of low rainfall the case was reverse.

In his study of tho soils of Madras State ISa> Liar 
(1963) had indicated that laoreasa in rainfall resulted in 
a progressiva increase in the hydrogen lea concentration 
and prevalonoo of soil acidity* He obtained a significant 
negative correlation betweon pH ana rainfall*

Bhanaraj (1966) found a profound influence for 
rainfall on soil reaction* as rainfall increase there was a 
gradual decrease in the cation saturation. In tho saors humid 
zones leaching assumed significant proportions rosuiting in 
progressive inoreasa in i§?drogen ion concentration and pre­
valence of soil acidity.

IV Rainfall .and nutrient... jjtafcus

a) iHJaaeaa
Alvay si (1916) noticed that in tho loose soils 

of Nebraska nitrogen content was a linear function of the 
rainfall.
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Slovens and Holts <1923) demonstrated that in the 
soils of o’astoingtoa tho total nitrogen content increased 
with iaeraacs ia altitude and rainfall*

In aub-trapleel timber soils Somy (1930) found 
that nitrogen content was aot influenced by humidity factors.
Bo found, that it increased logarithmically with iacraase in 
K,3* quotient ia grassland soils*

noekonsalth and fucker (1033) found that the nitrogen 
content of rocky souataia soil® of Calarado increased with 
increase la elevation.

fisaa (1937) xVaaa that nitrogen content increased 
with incrsaso ia rainfall.

Jenay (1941) found that tho general trend of who 
nitrogon-depth curve was exponential. Ho also found that
nltrogsa generally penatratod vesper into the soil with iaereaso 
in rainfall*

Fron a study of 43 cultivated soil profiles distributed
all over India Sea gfa (1910) fomd no correlation between 
clisats and nitrogen content.

Eay Ohaudtauri (3367) found that both nitrogen and 
organic natter content Increased with r,..infill ia tho high 
altitude soils of India.
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M  a ttotfp of the effect of ©lia&te ©a the nitrogen ■' 
content t o  organic matter reserves: of' M i n a  soils' Jenny t o  
tlftF toutori (1958) found tot those factors increased with
i n c r e a s e  t o  r s l a f c l l *  .

Hsrtoine .to Jenay C195B) fount tot generally 
soil# wore richer in nitrogen to©r etolhlo&s of increased 
prccifttstiom#:

imtor t o  s*y Gfetobnvl (Its®)' foto tot la took 
t o  alluvial coll® nitrogen iacrtsso# with rainfall to, II# S* 
quotient*.

faaHailsha® (19©U, Hsh&llng&m (1968) t o  fliaya* 
toners*. (i®$8> ■ tlitwti tot nitrogen content lacresto with 
rainfall .la to- soils of Ililiw sai

■ Humeral (19861 noted a close relationship between 
total nitrogen -to rainfall la %sore soils*

<b> Psm/i&j&si

€1991) fjmd tot t o  surface soils of 
6®ras»F core soao _ tines richer m d  m m -  times poorer la 
phosphates than t o  .eosr«#po»8-lxif sub-soils*.

lophias (1910) found in t o  prcirl® soils of Illinois 
t o  lows,* * high percentage of phosphorus in t o  surface than 
la the smb-soils*



Rasaann (1911) noticed that the distribution of 
phosphate in successive horizontal soil layers was not 
governed ty any universal rule.

Alvar an-- Islam (1916) observed thet the proportion
of phosphate vas gene, elly ocnller in the first and second foot
then in t! a lover layers.

In a study of 10 typical profiles of the major soil 
groups of Kerala Brito Muthunsyagan and ftosky (1961) noted that 
the level of total phosphorus varied from 0.024 to 0.866$.

Aldrich ana Buchanan (1964) observed that 60$ 
of tho South California soils examined ly them baa higher 
total phosphorus values ia tho first foot then in the second 
foot suggesting that rainfall associated with the downward 
movement of phosphorus was of rainor .importance in these soils.

Karim anu Khan (1SS6)» In a study of the vertical
distribution of phosphorus In the soils of -ast Pakistan,
found that it increased upto a depth of ?” and thereafter 
decreased sharply upto 35".

Walker and Adams (1958), in their study of the 
organic matter of soils formed on similar parent material 
bus unuer a range of climatic conditions, found that as 
rainfall increased the phosphorus content of organic matter
tended to b® lover.
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Kaawar and Grav?al (1965)) found that the total 
reserves of native phosphorus are greater In the plains 
than In cha hills where tho soils are acidic.

Wild (1961) , in a pedologies?! study of phosphorus 
in 12 soils of Australia, founct no correlation between lose 
of phosphorus and rainfall,

ffaribiar (1963) in his study of the soil groups 
of Madras State observes that total phosphorus increased 
with rainfall significantly, bhanaraj (1966) also made a 
similar observation with regard to Mysore soils.

(e) EojaaalM

Hilgard (1914) found that th® relative migration 
and leaching of potassium in the soils was aefinifcely sore 
pronounced in hu/J.d regions with heavy rainfall than in the 
arid regions of scanty rainfall.

Sen a£ jgJ (1949) revealed that lower values of 
potassium for Indian soils are only to be expected in view 
of the prevailing leaching eondlti as leading to lateriaatioa 
in the humid tropics.

In a study of the vortical distribution of potassium 
ia the soils of Sast Pakistan Karim and Khan (1956) found that 
this element decreased to a depth of 7" and thereafter increased 
progressively upto 36".



27

Shanaraj (1560) found no correlation between 
potassium content and rainfall in the soils of %sora.

(«) fioAsiaa..ana.iagflfig.te
In a study of the iiofcraska loess soils Alway (1916) 

found a pronounced negative correlation between annual preci­
pitation and hydrochloric acid soluble calcium. as well as 
hydrochloric acid insoluble calcium.

Russel and Sagle (1925) observed that the depth of 
tho lima horizon increased with increasing rainfall in the 
soil horizons of the Central province of America.

In a study of certain soils of Eastern liashington 
Vlasoff ,8£ nl (1937) found that the percentage of calcium ia 
the soil colloids decreased and that of magnesium increased 
with increasing depth of the profiles.

Vs® £& Si (1946) found a high percentage of magnesium 
in tho blaeh type of soils of India. Ihts oleosat tended to 
Increase with depth in the profiles studied.

JosM nt Hi (1M) showed that rainfall had a definite 
effect on the free lima content of the soil and tbs depth of lima 
accumulation zona in the soils of Kolhapur district.
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(®> 2mala^aMa£„safl»s^£aMa

fiesauscwro C1796) was of opinion that climate 
factors were responsible for tho existence of different 
organic matter levels ia soils,

3aoliek(lt26} found that the chemical composition 
of humus was affected by climate. The amount of hums, however, 
rsmiaod unaffected by tho disable factor.

Craig and Balais (1934) pointed out what the organic 
matter content increases and the C/JS ratio became wider with 
increase ia precipitation ia Mauritius soils.

In their investigations on the seiaiarid sails of 
Case Province, loses ant. Curtail! (1936) found a slight increase 
in S/B ratio with increase in rainfall.

In Hawaiian soils bean (1937) found that organle 
carbon increased with increasing nitrogen, rainfall and 
elevation.

In thoir study of CtaJLnsura and EhaJsJahaiipur soils 
of che humid regions Saty&narayaas hS i& (1946) found that tho 
carbon content was either steady or increased slightly within 
tho first three feet ani then decreased in the fourth foot.
The C/il ratio of the brown soils in the humid zones increased 
la the second ana third foot and narrows down thereafter.
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ia an investigation of the chocolate soils of Hew 
South Wales Hallsworth ,«£ al (1952) found that the organic 
O'irbon content of ths surface horizon increased with increasing 
rainfall.

birch ana Friono (1056) studied the organic matter 
status of hast African soils ana found that tho main factor 
governing ths organic matter and nitrogen content was rainfall.

Jenny and Raychaudhuri (1953) in their study of tho 
effect of cliaato on tho organic matter reserves of Indian 
soils observed that organic carton increaseu with increase in 
rainfall.

Uutkar and Ray Chauaburi t.1969) notoa that the 
organic carbon in black ana alluvial soils increased with rain­
fall and a .o . Quotient.

In a stuay of ths C/S ratio of some Hawaiian soils 
Blonbtrg ana Holmes (1959) found that organic carbon and 
nitrogen increased with rainfall.

In Alberta soils Synghal (1960) found that the 
earbon-nitrogen ratios wore related to climate anu tiwt they 
increased progressively fron tha warm arid cress to the cooler 
more hunia regions.

In M s  itudy of Indian laterite soils Bcnikrishnan
(1961) found a significant positive correlation between rainfall 
and organic carbon undur humid conditions.
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Xataalinga® (1968) got a high positive correlation 
between loss on ignition and organic natter percentage of 
the soil and significant positive correlation between the 
percentages of organic carbon ana nitrogen.

In his study of the major soil groups of Madras 
State Nenblar (1963) observad e close relationship between 
organic carbon and rainfall which he attributed to the direct 
effect of Increased vegetation.

Vljayacfcandran (1933) found a significant positive 
correlation between rainfall and organic carbon in Kerala soils*

In the soils of Mysore State hhanaraj (1966) found 
wide earbon-nitrogan ratios which showed a tendency to widen 
with increase in rainfall.

Praaanafchan and Burairaj (1966), in a a tuny of 36 
surface alluvial soils, founa that these was a closo relation­
ship between organic carbon and ignition loss.

STCC2 or dtBVATIOH OH 6011 PBOFSRXIBS

Jenny (1941) stated that soil properties varied 
in the 3ase direction with increasing altitude. Rotaer (1948) 
found that many soil properties altered regularly with variations 
in altitude.



21

Costia ,g£ (1952) observed a olose relationship
between elevation and mechanical composition in the Alpine 
humus soils or Hew South Kales. Stone anc. gravel were 
found to be a m&JEiausB at altitudes above 6000'. Coarse sand 
vao a t-uaisusa at altitudes between 6300' and 6000*. Silt and 
clay ”are found to be a noxitmus between 6600* and 6000* which 
tended to decrease both with lnoroase and decrease in the 
altitude.

i* i<fessiaia.,p.maa61ai

Bay Chaudburi and ̂ iukorjee (1941) found that the 
silica content decreased significantly with increase ia 
elevation ia the 1st®rite soil# of India.

Kay Chaudhurl and Qwkraborthy (1943) concluded 
that, so far as laterito soils were concerned, both annual 
rainfall and altitude above sea-level possessed significant 
negative correlation with silica-alumina ratio of the clay 
fraction.

In his study of wilglri soils 2'ahcliagan .1962) 
indicated that tin4 eont<nts of iron oxide and aluminium oxide 
increased with elevation.
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Dhanaraj (1966) found that high lovel laterites 
contain a relatively higher percentage of oesauioxi.de.

in MUM&JliSB£aa

a) Hltrocan

Slavers ana Holts (19?3) have dcaonstrated that the 
nitrogen content of the soli increased with increase in altitude 
and rainfall.

Eoeken Smith and Sucker (1333) studied the relation­
ship between elevation and altro^on content of grass land aa& 
forest soils in the rookoy itountiins of Colorado. Ihey found 
that the nitrogen content of the soil incrs.-.sad uith increase 
in elevation. Xtoan (1337) lino also reported a sioilar relation­
ship in Hawaiian soils.

tfanikrishnan (1961) and Mahalingan (1962) octainad 
a significant positive correlation between elevation and nitrogen 
content for Indian soils.

b) areaniGJfe.tfcag-..sna..-ĝ H..Bai;lQ.

Jsnsan (1929) found that C/S rutio increased with tho 
Increase la soil tsaperature.

Jiclean (1930) obtained a higher C/S ratio for the 
soils of tho tropics as compared to those of the- tea^erste region



Dean (1637) fouau that tho organic natter content; 
of soils Increased with increase In elevation. He also noted 
that elevation was invarsly proportional to the saean annual 
temperature.

Ratser (IMS) noticed an increase in organic 
matter content ia the soils of Western Colorado with increase- 
lag altitudes.

Costin sSL Si (1062) found that the 'aaxltaua organic 
natter content was obtained between £000* and 6000* ia the 
Alpine huaus soils of South Wales, fhere vas a .'all in the 
organic natter content with decreasing elevation.

Ssmy and Say Ghaudharl (1968) observed a higher 
content of organic matter at higher elevations in their 
study of the effect of climate on the nitrogen and organic 
natter roservaa of Indian Soils.

Unnikriahaaa (1861) observed the inter-relationship 
between elevation ana nitrogen in Indian laterit« soils to be 
positive and significant.

Hatealitgaa (1962) found a positive correlation 
between elevation ana fete G/S ratio in the high level Rilgiri 
Soils.

In Mysore Soils, UhanaraJ (1866) found the relation­
ship between organic carbon and elevation to ba positive above 
an altitude of 600*.

z>3



MATERIALS A N D  METHODS



u p t u r n s  MSSHO&d

She soils used In this study were collected from
the High Eaagtsa of Kerala situated la the Oavikulas Taluk 
of fottaysa District* This Is an interesting region loth 
froa the soologioel and geological points of view* Though 
lying between 0° end IQ9 Sorts* latitudes 9 the average day 
temperature does nob rise above 80% ev«a during old»sunmer 
and between .January and Fcbruaty the night tenpor&iure usually 
falls to 32®? with severe ground frosts* This unusual climatic 
conditions are mainly due to the elevation of the region and 
the characteristic configuration of the lend which gives it 
a peculiar microclimate different from the surrounding place*

The main parent rock in this region la an arohean 
igneous type rich in feldspars* buo to the rainfall ranging 
from 376 cm. to 626 c®. followed by three to four months of dry 
period there has been considerable Isterination and the result­
ing soil exhibits wide variations from argillaceous clay in 
the swamps to latosols of different colours v toxture and 
composition in the uplands*

The total area of the High Ranges Is 376 to 600 @q*Ia 
with a maximum width of 60 Sa* fro© West to East and a length 
of 100 I©* frost north to south* The rainfall drops significant



frcm west to eaet. In Salaar and Rajaaalay the average 
rainfall is about 600 ecu per eanusi while SO 1m. east of 
it the annual precipitation is less than ICO cm. showing 
a drop of 15 cm. for every IBs* Shis variation ia the 
rainfall is attributed to the peculiar topography of the 
land with numerous parallel Spurs across the main, north 
to south ridge of the Western Chats.

Soil profiles were takes from different elevations 
having varied rainfall. She places selected for taking profile 
pits wore in the natural foresta in the suburbs of the Sanaa 
Devon Hills Produce Co. htd. Profiles were taken froa elevat­
ions of 600, 000, 1200, 1S03, 1800 and 2100 metres. Three 
profiles were taken froa each elevation from spots separated 
by distances of 3-6 Km. Samples were collected from depths 
0-16 Ctu 15-45 Cm, 46*76 0a. and 75-306 Cm.

The general characteristics of the samples collected 
ore given in Table 1.

She samples collected were dried la the shade, 
powdered gently and passed through a 2 us. sieve* The material 
under the 3ieve was stored in stoppered bottles for subsequent 
analysis.
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a) She aschanieal connosition ofthe soil was determined 
by the international pipette method given by Sanharara (XS66),

b) Apparent density, atsoluto specific gravity, lastemi 
water holding capacity and poreapaoe of She soils were ostaraiaed 
by the iieea ttsezhowslcl - bos asthod as detailed by Sanssaram 
(1866) ,

o) She pH ©f th® soil was measured by using a Boc.cmaan 

pH aster ia a IsSjS soil water suspension. 
a b o m in a tio n  at chenlonl oonatitutents

a) ,Ma.a«g

S g« of the soil was tshen in a weighing bottle 
and dried ia aa air oven at 10S°S to coastent weight. Tho 
d iffe ren ce  ia weight was noted aaa expressed as percentage 
on oven dry basis (daokaram 1S66).

10 g. of the soil was ignited at uull red heat in 
a sniffle furnace and the loss in weight determined mu
expressed as percentage on oven dry basis (Sankaraa 1966).

SO g. of tho soil was digested with 6.75»3.SS 
hydrochloric acid on a sand bath for 8 holers and allowed to
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settle awf sight* ffa© extract was and mil© upte
©00- s£U la the Eel extract the followlag estimations wot© 
m a d e *

u >  j g & g t t e i m

In aliquot of the flcl extract was evaported to dryness*
10 si.* of concentrated nitric soli was. aided and the contents 
©vaported* ffe# process of adding- fl*J0̂  and drying was repeated 
8 or 4 times till tbs dried rtsMp shewed a granular appearance* 
the residue was .estreated with dll lei and phosphorus estimated 
In the filtrate ty- gureelpitat&ng as etamsaiuR pta^hemelybdato 
as is the method described by Jackson {lOSS}* She residue was . 
expressed as acid soluble silica*

<ii>

■ .la aliquot of the sold extract was tahen la a silica dish, 
evaporated to dryness- as# the .residue Ignited* the hot water 
extract of the residue was taken and Sg§ estimated voluaetricaily 
by eohaltiaitrite method as given by Piper (1030)*

c i i D  «*

; the seaqui«oaeides were precipitated in 30 si* of the 
acid extract -using emcees m m m t o m  hydroxide*' the residue 
was ignited and weighed and expressed as percentage m  la the 
method given. ‘by Sankaram C1066) *
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She filtrate after .'separating tho sesqul-oxides was 
mae upto a toon/a voltaao. In appropriate ollquotes calcium 
and magnesium wore estimated by the varsenate aefchod as 
given by danfcaraQ <1966).

d) Bitroaaa

Shis was estimated ly She Kjoldahl taothod (Piper I960).
e )  O r g a n i c  carton

Shis was estimated by r/alkley and black's method as 
gl»en ly Piper (1060).

Separation of clay and analysis of clay fraction

She clay was separated by the method detailed by 
Piper (19S0)

The fusion extract of the elay was prepared by the 
nothod described ty Sankara® (1966).

Ia tha fusion extract tha silica, sssqui oxides, and 
alUBinims oxides wore estimated ly the methods given by Piper
(I960)•

(IV)

Simple correlations wore worked out between different 
soil eharaeoristios from the analytical data.
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Senegal ..ChMEae&aElatAofl_fl£_J;ba-fialla

Table I

Location Profile aad 
Leptb Graval

fi
Colour Texture

Anatibol 
600 aotres 0-16 Offio 10,6 2,5 m  3/6 Clay

16-46 cm. 10.7 8,5 XH 4/S Clay
45-73 es. 11.3 3.5 m  4/8 Clay
7S-106cm. 15*6 2,5 XR 4/6 Clay

m m a j i
0-35 cm. 10.9 7,5 M  3/2 GXay
15-45 era. 3,4 B XR 8/1 Clay
46-75 ess. 3.6 7.6 m  2/0 Clay
70-SOSes. 3.6 6 SK 3/8 Clay

m U M J M .

0-15 era. 3,6 io m  s/i Clay
16—45 om. 1,2 7.6 3® 3/2 Clay
46-76 eta. 7,0 7.6 XR 4/2 Clay
75-305era. 14.6 7.6 2B 4/4 Clay

(Conta».>



m b l B  i

Loeatiaa pggfif 31111 Gyaysl
% C©Xotar Saxfcura

Cfeithlrapa- 0-15 ©S3, 9.6 7.6 SB 3/S Slay900 smtvm 16-45 ecu 16,1 7,6 SB 4/4 Clay
45-75 «ua» 7.5 5 SB 6/8 Clay
?5-20S©a. 9*3 5 33i 6/8 Slay

M H U i
0-X5 e». 7.S 5 SE 3/3 Clay
15-45 c®, 14*5 0 XR 3/4 Clay
4S-76 ©a. 14.5 5 a  4/8 Slay
75*306©m. 14,® 5 m  4/a Slay

0—15 ©a# 13.9 6 &  3/3 Slay
IS—46 «• 8,4 b XB 4/6 Clay
45-76 ©a* S.? 5 Hi 4/8 Clay
76-1D&CK!, 4.8 5 Si 4/6 Clay

(soafc<a..)
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t a b l e  2

Location Profile aafi 
Leptis

Gravel
$

Colour Texture

ss&lms
1330 aatres 0-1S C®» SO ,4 7,6 ffi 7/S Clay loans

18-45 ©a. 24.3 7.S SB S/2 loam
48-76 cm. 14,6 7.6 IB 8/2 loam
7&-205C®,

£*a£ilaJ-2

18,3 7.5 m 8/4 Bilty Xsass

0-15 cm. 22,8 8 :m 4/6 Clay loans
26-45 cm. 33,0 8 5® 6/6 Loan
4S-75 cm. 30.7 5 78 6/6 loam
75-2050®.

Pro:P&3,9 I jt

17.3 5 aa 6/4 Silty 
clay loam

0-28 e»« 31,9 7,5 IK 6/4 Clay loans
25-46 cm. 24.9 5 St 6/8 loam
45-75 so. 24.3 5 28 6/8 loam
75-3050®. 10.8 0 m 7/4 vjilty

clay ioata.

(Coatd,»>
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Table I

L o ca tio n P r o f i le  ansi 
Depth

Gravel
$

C o lo u r Te x tu re

M a
N u lla ta n i
1 5 0 0  a s t r o s

0 * 1 6  OR* 11.1 5 SB 3/3 Silty loam
XS-45 O BJ. 10.6 S HR 3/4 Silty loam
45-75 cm. 1 6 .9 6 XR 4/4 Silty loam
?5»10Som. 33,3 5 SB 4/4 Silty loam

0-15 cm 17.7 5 SB 4/6 Silty clay
15-45 cm 17.7 5 3® 4/3 Silty clay
45-75 cm. 11.8 C SB 5/6 Clay loam
75-105 cm. 7 .9 5 XR 4/8 Clay loam

BcoHlaJM
0-15 cm* 13,7 5 XR 3/4 oilty clay
15-45 cm. 4,5 6 m  3/2 Silty clay
45-75 cm* •1,5 b Y f i 2 / 3 Clay loam
75—105 cm* 7.7 5 y b  a / a Clay loam

( S o n t u ,. )
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Tafcl® X

P ro file  and Gravel Colour TextureLocation uepth ^

P ro file  X

Bajasalay
1800 netres C-XS <sn» 0,0 6 XL 3/2 Clay

IS —45 cm. 4,3 5 XR 3/4 S i l t y  clay

45-76 SH. 13,4 5 XB 3/3 Slay

76-105 cm. 7,3 7.5 xa 4/4 Clay

0-15 ea. 3,9 g XB 3/8 Clay

15-46 03. 2.0 6 SB 3/1 Clay

46-76 cm. P2.6 6 XH 3/2 Clay

76-105 CB, 11.3 2.6 XB 3/6 Clay

P ro file  XI.1

0 -  16 cm. 86.6 6 XB 4/6 Clay

16-45 ocu 39.3 7,6 XH 3/6 Clay

46-75 cm. 15.0 3.5 XH 3/4 S i lt y  clay

76-105 on. 13. S 8.6 XB 3/4 Clay

{Santa..)



location Profile and Gravel Colour Texture
liecth &

hajaaalay
2100 metres 0-18 cm. 7.9 5 XR 2/2 Clay

16-45 ca. 5.1 S 3® 4/2 Clay
45-75 ch. 20.1 7,5 XB 4/4 Clay loam
76-305 cm. 20.9 7.5 Si 6/6 Clay

£ES£UCJUL
0-15 cm. 7.6 7.5 XR 4/4 Clay
16-46 cm* 10.8 7,6 XK 4/4 Clay
46-75 cm. as. 3 6 XH 4/4 Clay
75-105 cm. 18.1 5 Mi 4/8 Clay

Lamsi-Jll

0-15 cm. il*3 & XH 3/3 Clay
16-45 on. 21.1 6 XB .i/8 Olay
46-75 cm. 11.6 & XH 5/8 Clay
75-106 cm. 30.4 5 tR 5/8 Clay



RESULTS
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I* Physical properties

(1) Mechanical analysis

The results of the mechanical analysis of the soil* 
arc given in Tallas II to VII ana represented graphically 
in Pig. I.

The highest percentage of coarse sand was found in 
soils collected from an elevation of 1200 metres (47.5$) 
ana the lowest value (9.6$) was ottained in soils collected 
from an altitude of 1600 metres. The percentage of fine 
sand was highest ia the soils developed at an elevation of 
1200 metres (58.6$) and was lowest in the soils ce/eloped 
at an altitude of 1600 metres (2.23), The silt fraction 
showed the maximum value in the soils at 1200 metres' 
elevation (34.4$) aau the lowest was found in soils from 600 
noferes' elevation (3.2$). Thu clay content ranged from 
14.7$ in the soils at 1200 metres to 64,0$ in the soils at 
1SOO metres.

The content of coarse sand increased with increase in 
depth at all elevations except in the soils formed at 1800



Profile a»4 Depth (Cs.) Coarseasmi
*

Pin©sanfi*
Silt

ss
Slay
%

Organ!'matter
%

Profile 2 0-15 27.8 10.7 3,3 S2.4 3.9
16-46 08,4 IS. 6 3,8 46.9 2.4
45-75 38.7 21.3 8,7 42.6 1.7
75-105 37*8 22,0 8.6 42.6 2.8

Profile 21 0-15 36*4 13.2 6.0 46.6 6.9
15-48 33*3 14.9 4,3 40.8 7.0
45-78 35.9 14.3 4,9 37,7 7,8
78-205 37.5 14,1 6.3 35,2 6.9

Profile 122 0-15 85.6 6,8 10.5 63.0 4.2
15—46 80.6 7,6 11.1 47.3 3.8
45-75 35*3 7.1 12*9 42.7 2,0
78-305 38.7 8.6 12,9 41,8 1.0

£$sWm 0-26 27.3 9,9 6.6 50.6 5.0
18-45 33.1 11.7 @•4 44.© 3.9
48-78 38.6 10.9 7.8 42.0 3,6
78-106

Moan ©f all Deaths .
37.0 11.5 8.2 39,8 3.4

Profile 2 34.© 21.6 4.5 46,2 2,3
Profile 11 33.8 14.1 8.4 39.7 7.0
Profile 211# 31.8 7.2 11.8 46,4 2,7
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TABLE III

Mechanical .Analysis of elevation SCO Aa-S.ailg-qQlleo.tM-fi;Qa

Coarse Pine Organic
Profile arid Depth (Cm.) Saad sand silt Clay flatter

$ $ i/» £ %

Profile I 0-15 24.9 15.9 4*6 51.0 3,7
15-45 S6.3 14.0 6,0 58.8 2.2
45-75 37.6 13,3 6.7 81.6 1.8
75-106 29.3 12.6 6.0 50,2 1.9

Profile II 0-16 26.5 13,6 6.7 47.3 5.9
15-45 2S.3 12.6 8,3 47.7 3,1
45-75 25.5 7.9 8.9 64.3 9.2
75-105 31.9 14.7 9,8 41.1 3,1

Profile III 0-15 20.6 10.9 1 M 64.1 3.1
18-45 21.8 9.6 12,1 55.3 1.2
45-76 22.6 8,9 12.8 84.7 1.1
75-105 24.7 8.2 13.0 63.1 1.0

££8mS2 0-15 23.9 13.4 7.5 50.8 4.2
15-45 25.S 18.1 8,5 81.8 2.2
46-75 26.2 10.0 9.1 53.6 2.0
75-306 26.6 11.8 9.4 48.1 ?.G

Mean .of..all. fias&ia 
Profile 1 27.0 13.9 6.3 51.3 2.4
Profile 11 23.1 12.2 8.3 47.6 3.8
Proa Is III 22.4 9.4 12,3 54.3 1.6



JH

MeghsniC’ l_AaalyMŝ QC,_;;ha ,3oila aollaeted from olav^tlan jpnf) matPfiQ i«a5 nfV* i T <sofi

w  IV

Profile end Depth (Cm.) Coarse
sand
%

Pinssend
#

5ilt
5*

Clay
%

Organicmatter
%

Profile I 0-15 41.7 21.5 10.6 25,6 0.7
16-45 47.0 28.6 9.4 14.7 0.3
4C-75 43.1 22.9 16.5 17.3 0.2
75.305 2S7.3 21.6 34.4 16.6 0.2

Profile II 0-15 41.9 83.4 9.2 22.9 2.6
15-45 47,5 23.6 10.3 17.6 1.0
45-75 40.3 20.7 15.5 22.6 0.9
75-105 22.9 18,5 20,3 30.5 0.8

Profile 111 0-15 37,5 18.4 15.5 28.8 1.8
15-45 45.0 SO.S 14.4 19.6 O.S
45-75 36.4 18.7 21.5 20.9 0.5
75-305 22,0 17.8 30.2 29.fi 0.6

0-15 40.4 20.4 11.7 S 6 .8 1.7
15,45 46.5 24.2 11.4 17.3 0.6
45-75 40.6 20.8 17.8 ao.s 0.5

Mean of all Deaths
76-205 24.1 19.3 28.3 25,5 0.5

Profile I 39.8 23.6 17.7 18.5 0.3
Profile II 38,1 21.6 13.8 83.4 1.3
Profile I I I 35.7 18.3 £0,4 24.7 0.8



Mechanical A n aX yalr o f  t h g -s o llg  c o lle c te d flron e le va tio n

TABLE V

Profile and Bapth (Cm.) Coarseaand
%

Finesand
%

3Ut
%

Clay Organicmaster
$

Profile X 0-16 30.9 3,4 19.5 60.2 5.0
16-45 11.6 2.2 18.4 64.0 3,9
46-75 30.3 22*8 12.6 21.4 4,0
75-105 30.0 19.1 15.0 32,0 3.9

Proflls 11 0-15 9.6 4,4 20.3 58,8 6.9
15-45 1Q.2 4.1 19.2 61,8 4,7
45-75 30.1 25.7 15.6 24,9 3,8
75-106 35.3 30.7 16.3 36.7 2,0

Profile III 0-16 16,1 8.5 18.2 54.5 3.7
15-45 16.5 7.2 17,5 66.6 2,3
45-76 30.3 16.9 16.1 35.8 2.0
75-106 S®.1 17,4 18.2 36.1 0.2

2as*UlLa?2
motilss 0-16 11.9 6.4 19.3 57.8 £.2

16-45 12*7 4.5 18.4 60.8 3.6
45-76 33*2 21*8 14.4 87,4 3*2
75-105 27.8 19.1 16.2 34.9 2.0

Profile X 22.9 11.9 16,3 44.4 4,2
Profile II 18.8 13.7 17.6 45*5 4.4
Profile III 22.5 12.5 17,2 45.7 2.1
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m i a  n
Mechanical Analysis.of the 3oiljsueallfigaii.fg 
al<att.tlofl .1800 .metres..and .rainfall 640 Cm.

Profile eno Depth (C».) Goarcs
sand
$

Fine
sand
%

SiltJS Clay
%

Organicmatter

Profile 1 0-16 27.9 6.9 15.6 45.6 6.1
16-46 12,6 2.8 24,3 54.6 3,7
46-75 21,9 4.3 16.2 65,1 2.5
75-305 34,4 6.1 10.6 47.1 1.8

Profile II 0-15 SO ,4 9.2 13,5 43.9 8.0
15-45 17.6 7.6 18.1 53.3 3,4
45-75 89.5 6,9 19.5 50,0 3.1
75-305 30,2 5.3 16.3 46,4 2.9

Profile 111 0-15 22.3 20.4 14.7 49.7 2.9
15-45 16.6 8.9 23.3 51.0 0.2
45-75 18.9 10,3 21.0 49.5 0.3
76-105 30.6 12.6 15,2 41.3 0,3

0-16 23.8 8.5 14.6 48,1 5,3
15-45 16.6 6.4 21,3 52.0 2.4
45-76 80.4 7.2 18.9 61.2 2.0
75-306 31.7 7.9 14,0 44.6 1.7

wsaH of all 
Profile 1 24,2 4.8 16.6 60.6 3.3
Profile II 22.2 7.2 16.8 43. 4 4.3
Profile III 22,1 10,6 18.6 47.9 0,9
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tmti, wi

olevatiQB 8300 jaotrea aac. rainfall 680 em.

Profile aafi iwpth (Cm.)
Coarse
ama

Pine
ama
fi

o p
T

Orgaaiewatj&ar

Profiles 1 0-18 12.2 6.3 18.4 68,2 4,0
18-45 P3.6 6.2 11.0 SS.4 4,8
46-76 44.7 16,7 6.0 32,7 0.®
76-306 35,3 11,0 9.5 43.4 0.9

Profile 12 0-16 17.4 6.5 17.3 49,4 0,4
15-46 ao,fi 4.9 io.a 58.1 6.2
45-75 30.1 16.6 9.0 40.9 4.5
76-105 33.6 14.1 6,8 43.7 3.2

Profile III 0-15 28.9 10,9 17.4 48.3 3.6
16-45 22,6 7.4 ia.s 66.3 0.8
46-76 32,3 19.1 io. a 38,0 0.4
76-306 30.2 13.9 8.3 48.0 0,7

Hena of all 
oroHlaig 0-16 16,2 7.S 17.7 52.3 6.9

28-46 82,3 5,3 12.4 56.9 3.6
4S-76 36.7 17.1 8.1 37.2 1*0
75-308 32,9 18.6 S.l 46.0 1.6

Mean of..all...«an.th9
Profile I E8.9 9,8 10,9 47.4 8.9
Profile 11 35.1 20,2 10.8 48.3 5.6
Profile III 3.9 12.6 12.2 47.9 1.3
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Profile and depfchtCmJ Apparent 
density

A? solute 
specific gravity

Maxiaiua
waterholding

capacity

Pore-spacc
*

Profile I o-ie 1,21 2,30 41,93 49.31
15-45 1,41 2.64 33.01 46.89
45-76 1.36 2.S8 35,34 47. 7?
76-306 1.41 8,59 30,98 43,8?

Profile 11 0-1S 1.25 2.43 42.16 49.74
15-48 1.46 2,68 34.52 48.25
45-76 1.38 2,63 36.14 49.12
75-106 1,44 2.66 31.25 46.56

Profile III 0-15 1,23 2,47 41,65 44.96
16-46 1.32 8,69 32.14 45.24
46-76 1.38 2,65 35.24 44.26

laaa-ttt-all
76-105 1,42 2.62 28.56 40.94

auMmsa 0-16 1.13 2.43 41.91 48,00
16-46 1.39 2.67 33,23 46.69
46-76 1.36 2,62 35.67 47.0a
76-J05 

Mean of all fionths
1.42 2.62 30.26 43.45

Profile I 1.35 2.65 36.32 46.88
Profile 11 1.38 2.60 36.02 48.16
Profile 111 1.33 2.61 34.33 43.86
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M A S  IX

.425 on.

Absolute
Profile and Depth (On.) Apparent specificdensity gravity

i'axlssum vabqp 
holding

Pore-spaes
€

Profile I 0-16 1.14 8.43 46,67 53.1?
15-46 1.24 n.54 41.30 41.84
45-76 1.32 2.67 38.26 38,86
7S-10S 1.33 2.70 38.40 39.14

Profile XI 0-1S 1-12 3.40 46.46 52.76
16-45 1.22 a.sa 40.29 40.26
46-76 1.31 2.61 37.14 37.52
76-106 1.34 3.65 37.26 33.46

Profile III 0-16 1.18 3.45 44.22 46,93
18-46 1.24 2.66 39.54 40.84
4S-7S 1.35 2.64 36.14 33.14
76-105 1.37 2.72 36,56 40.25

I f f 1 0-15 X.1S 2.43 45.41 50.96
15-4S 1.23 2.54 40.34 40.77
46—75 1.33 2.64 37.18 38.31
75-106 1.34 2.69 37.43 39.28

Mepu «ff 1̂1
Profile 1 1.26 2,68 41.13 43.10
Profll© 11 1.25 2.54 40.06 48.86
Profile III 1.28 2.59 39.11 41.64



XA6U3 X

f.rota elevation-1B0Q.metres aa- .rainfall 635 ca.

Profile aaa J)epth(Cia) Apparent 
fisasity

Absolutespecific
gravity

Maximum
waterholdingciaoauity
'ft

Pore-
space
%

Profile I 0-15 1.S5 2.51 37.10 49.13
15-46 1.34 2.57 36t33 36.33
46-75 1.S8 2.48 30.65 38.65
76-106 1.16 2.54 36.84 47.83

Profile I I 0-16 l.?4 2.48 38.15 tO. 25
16-46 1.31 2.49 36.44 36.54
45-76 1.25 2.47 31. J 2 39.7S
75-105 l.ie 2.51 37.54 48.92

Profile III 0-15 1.26 2.52 35.45 46.24
15-45 1.34 2.66 33.92 36.25
45-75 1.27 2.58 30.36 39.40
76-105 1.24 2.65 31.66 44.04

Mean of all 
•S2S.&1&2 0-16 1.S6 2.S0 36.90 48.54

16-45 1.33 2.54 36.23 37.04
46-75 1.26 2.61 30.6? 37.24

<?f gil
75-106 1.17 2.57 36.44 46.99

Profile I 1.26 2.62 34.96 42.71
Profile II 1.23 2.49 35.81 43.85
Profile 111 1.28 2.68 32.92 41.65
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I M  XI

Profile and Beptii(Cm.) ApparentBessity
Al-Mlutespecific
gravity

Maximumwater
bolding
capacity

p

Pore-
space
p

Profile I 0-15 1.03 2. IS 46.68 47.83
16-46 1.09 2.17 4S.08 46.20
45-75 1.21 2.31 40,29 43,37
75-305 1.32 2.32 32.19 43,06

Profile 11 0-16 1.02 3.18 45-88 43.34
16-46 1,11 8.® 44.34 46,82
45-76 1.83 2.32 40.12 44,14
76-106 1,36 2.36 30.18 42.18

Profile III 0-26 1.13 2.26 44,62 45.26
16-45 1,15 2.28 43.88 44.04
46-76 1,18 2.33 40*18 42,57
76.106 1,24 2.36 33.16 36.92

0-16 1*06 2.19 45,66 47.24
16-46 1.12 3.32 44.38 45.69
46-76 1,21 2.32 40.18 43.36
76-105

E'riintĥ
1.30 b,34 31.84 40,39

Profiles 1 1.16 2.34 41,06 45.11
Profiles 11 1.18 a.86 40.06 45,44
Profiles HI 1.17 2.30 40.43 41,94
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TABLC XIII

stcglo-vslwa -Constanta of the soils oolleot«6 
frog .elevation 5100 a3tr.aa_aa4jealafall 550 ca.

Profile and depth (Co*) Apparentdensity
Absolutespecific
gravity

Mexicanwaterholding
eapgeity

Pore-
space%

Profile I 0-15 1.26 3.13 40.38 41.18
18-40 1,87 3.08 36,28 39.49
48-78 1.89 2,06 38.31 28.31
75-106 1.34 8,10 38.80 36.80

Profile II 0-18 1.32 3.04 43.36 46.13
13-48 1,34 3.03 36.14 38.34
48-76 1,36 3.01 39.36 30,84
73-106 1.86 2.03 37.94 38,46

Profile III 0-1S 1.38 3.13 39.61 42.94
16-48 1.38 3.18 34.33 38.86
48-73 1.3b 3.37 37.63 3,94
76-108 1.33 3.38 34.31 26.46

' 0-18 1.38 3.09 49.67 43,96
16-46 1.33 3.09 38.24 3 . 3
46-78 1,39 3.11 33,36 3 . ®
76-106 1.33 3. IS 33.66 27,24

Profile 1 1.39 3.09 33.66 33.83
Profile 11 1.38 3.03 33.89 36.®
Profile III 1.33 3.33 31.39 34.49
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metros, At Io»#r elevations the surface horizons generally 
contained a higher proportion of clay cut at higher alt&udea 
the day content was more la the lower horizons,

C2) fijŝ ajtalsja-ssaayafes
The single value constants of tba soils are given 

ia 7s? las nil to Xill.

Cffi) iafiaai3LJ££aU2
7ho apparent density of tho soils inci enact, with 

dopth la all the profiles except those collscteo from 
elevations of €00-1200 metres* fhe lowest value (1,03) was 
in the soils formed at XCQO ootre® and the highest value 
(1.4?) was ia tee soils fros 1E00 metres' elevation,

£ha alsalute specific gravity Increased witsi 
increase in depth in the soils at elevations from 800-3300 
metres. She lowest value obtained was 3,03 la the soils 
from 2300 metres and highest value found was 8.73 ia tho 
soils at 900 aafcreo* elevation, fhe absolute specific 
gravity generally increased with increase in elevation except 
at 600 metres anti 3330 metres.
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The naxlBsun wator-hoMing capacity of the soils varied 
fron £4.7)1 in the soils at 1S00 metres to 46.7>f in the soils 
at 1600 metres* la tsfaa surface samples the easimu® water 
holding capacity aas 4 6 ,7 #  found in the soils at 1600 metres 
and the olaiEiss value m b  37.1)1 la the soils at 13B0 metres.

(«s> x m u a m a

Ttoe aaziEroa pore space ©Itsineci was o3.!$ in the soils 
foresee at 300 metres and it decreased to S4.7/. in the soils tram 1800 metres.
8. JMi&ss

The isoisture content of the seaplea is given in Tables 
XIV to XIX. it varied froa 1.07^ in the soils foraed at 
1800 metres to 33.0,1 in the soils at 8X00 metres. At all 
elevations the moisture p iromtago showed a steady decrease 
with depth to all prof He*.

4*

The loss on ignition of the soils is given in the 
TatXes XIV to XIX. She highest v-’luo, vl~», 3S.4,S was found 
in the sells at the elevation of 1S00 usetros. She coils at 
1S50 netros t o a a  the lowest percentage of loss oa ignition 
< 3.6$) . She loss on ignition snowed a aeeroesc. down the 
profile at all elevations.



TJffiLS XIV
jaH,..Hito.tutg-and Loss ..on Ignition of the soils 
collected fro.rs eieva.ti.oa fco.0 .netra* and ..rainfall 326 cm.

Profile and depth (Gm.) P8 Moisture Ignition

Profile I 0-16 6.4 7,53 15.68
16-45 6.4 4.13 13.64
46-75 6.7 3.06 12.84
75-106 5.5 3.52 12.04

Profile 11 0-15 5.6 6.42 14.62
16-45 6.0 4.S6 13.56
45-76 4.6 4.12 11,93
76-105 4.5 3.8S 11.12

Profile III 0-15 5.6 8.53 16.42
16-46 6.4 5.26 15.25
45-75 6.2 4.92 13.82
76-105 5.0 4.16 12.96

Mean of profile!2 0-16 5.5 7.51 15.57
15-46 6.2 4.76 14.12
45-75 5.1 4.33 12.76
76.105 6.0 3.83 12.04

Mean o" all deaths
Profile 1 5.5 4.70 13.52
Proa le 11 5.1 4.80 12.81
Profile III 6.3 6.71 14.53



til

TABLE XV

Profile and Depth (Cm.) pH Moisture
$

Loss on Ignition
k

frofile I

Profile 11

Proa le III

Mean of all 
I-, rallies

0-15
15-45
46-75
76-105
0-35
lb-45
45-75
76-205
0-15
13-45
45-76 
75-105

0-15
15-45
46-76 
75-105

Moan of .all Deaths 
Profile I 
Profile 12 
Profile III

5.3
5.6
6.3
6.3
4.7
5.0
5.0
4.9
5.2
5.1
5.1
5.1

5.0
5.1
5.1
6.1

5.3
4.9
5.1

8.72
8.10
6.60
6.00

9.12
8.71 
7.26
6.82
9.42
8.86
7.35
6.72

0.08
8.56
7.07
6.51

7.35 
7.98 
8.09

17.96 
15.06 
13.58 
10.26
18.66
15.56
12.92
11.02

17.26
14.96 
12.82 
10.89

17.95
16.19
13.11
10.72

14.21
14.54
13.98
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liffitB XVI

{•SOfilQ I 0-1© 6,4 3.93 13,20
15-4& 8.6 2.16 7.90
48-76 8.8 2.02 4.1®
76-106 S.3 1.07 3.®

Profile XX G-lfo 4,8 4.92 14.86
16-45 4.5 2.56 9 ,62
4S-75 4,4 2,12 7.52
76-108 4,4 1,62 4,16

Profile XXI 0-16 8,0 12.26 12.62
16-46 4.9 10.12 7.86
45-75 4,7 7,69 3.75

Mean of all
75-106 4,8 6.42 2.92

tyrofllea o-xs 4,9 7.06 13.32
lfc-45 6.0 4.94 8.42
42-78 4,9 3,91 6.14
70-106

teLJlLsiauigiSlS
4.7 3.04 3.62

Profile X 6.4 8.31 7.26
Profile IX 4,4 2.80 8.8S
Profile 111 4.8 0.09 6.76



m i B  x w i

i f f ,  J f o i s t u g a ^ o tL I ^ a  o n  J im lt lQ a - ja g J t h o  . S a i l s  jwaieoteft
fgoa oloaafcian-lSOQ natre*....ana..rainfall S36 <m .

Profile saa Depth (Ca«> p® Moisture Igaitioa
$ %

P r o f i l e  X 0 - 1 8 6 . 2 11,23 30.70
38-48 5.4 9.81 27.86
46-76 6.4 3.75 22.06
76-106 5.7 7.24 17.44

Profile XX 0 - 1 6 4.7 12.5S 39,73
lfi-48 4.9 10.21 26.23
45-75 6 .3 0,02 21.67
76-205 6 . 4 7 .6 3 16,34

P r o f i le  X X X 0-15 6 . 3 33.26 31,75
16-46 6 ,4 11.46 £8.24
4S-7S 6.6 1 0 .2 1 S3.03

UViW- W.Ml
75-105 5,6 8,64 i 7 . s e

crofllea 0-38 5 .1 18.35 30.73
25-45 5.2 10.40 27.46
46-76 5 ,4 9.32 2 2 .2 2

7 6 -1 0 6 6 .6 7.77 17,06

P r o f i l e  £ 6.4 9.27 24.21
Profile I I S.X S .0 8 23.44
P r o f i l e  2 1 1 6.2 30.66 25.13



7ASLU XVIII
pK. Moisfctiro and loan or Ignition of the aaila eollecfcad 

from elevation 18QQ astres and ralnfsll 54Q ca.

Profiles ead depth (Cm.) pH Moisture
J»

Loos ob 
Ignition

Profile I 0-3.0 S.0 12.33 35.44
16-45 s.o S.03 £3.66
46-75 6.5 8,23 13,90
76-105 5.6 7.42 12.30

Profile II O-XS 6.4 13.S3 32.94
1S«46 6.S 9.36 21.37
45-76 5,7 8,90 10,24
75-105 6.S 7.7S 9.56

Profile III 0-15 S.2 12.24 33.03
15=45 S.0 9.10 23.94
4S-75 5,3 8.20 13.72
76-10S 5,4 7,16 11.95

0-1$ 5.2 12.99 33.80
15-45 6,3 9.14 22.99
45-76 5,5 8.48 12.62
7S-106 S.6 7.44 11.27

Moan of all tooths
Profile I 5.2 9.22 21,32
Profile II $.6 0.80 18.52
Profile 111 6.3 9.20 20.66
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s/ibis xix
aL ^ alatâ -ma-Laa8-aa_Î altAiia-0.f_tiha,.s_QiIa .oalljgotgd ^sa@-^iaaj38teEaa-alfig:atlan.jantLratoi,iiai 550 am.

P r o f i le s  aad. i)epth(CQ.) pH Moisture
•*

lo s s  0B 
Ig n it io n$

P r o f i l e  1 0-16 5,8 13.3? 28.84
15*45 5.6 9.66 SO .08
46-76 5*8 8.73 19.68
7S-306 5.6 7. 66 9.58

P r o f i l e  11 0-15 5.3 12.93 26.84
15-46 6,3 8.32 30.21
45-76 6 .4 7.25 19.66
75-306 6.4 6.12 8.94

P r o f i le  111 0-1S 5.2 13.82 27.53
1S-48 5,4 9.34 26
46-75 5.6 8.12 13.54
75-305 6,0 7.06 8.8©

i l S U L s U
n r o f i le s

0-18 5.3 13.44 27.83

15-45 5.7 9,04 93,18

45-75 S.9 8.03 19,26

75-305 6.0 6.91 8.92

Meaa of., a l l  Wmtfoa
P r o f i l e  I 6.6 9.93 19.47

P r o f i le  IX 6.1 6.65 18.81
! r o «  l e  I I I 0.5 9.48 24.86
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There was significant negative correlation (r= -0.647)
between loos on ignition and the sand content aid positive 
correlation (r= +Q.S41) between this property and clay 
content.

The cneiaioal properties of tho soils are presented in 
Sables 117 to XXXVII.

She pH of the soil (Tables XV to XIX) varied from 4,6 
in the soils at 1300 -aatros to 6.4 in the coils at 2,100 metres*

Tho organic carbon content of the soils (Tables XX to XXV) 
was found to vary from 0.14$ at 1390 metros to 6.46$ at 8100 
aetres. It decreased steadily with depth in all the profiles 
at all olavatioas.

Tho relationship between organic carton an. send content 
of the soils was negative (r ® -0.634) but a positive corre­
lation existed between organic carbon anu clay content 
(r » +0.382), as well as between organic carbon anu water 
holding opacity (r => (0.339).



3 7

3wsa.e a

P ro file s  ana death (Ch. )  Carbon m trogan
' JS $

P ro f H o  I 0-15 1,268 0.114 1.1*1
16-45 0.808 O.OSO 10.1
46-76 0.065 0.066 14.8
76-306 0.868 0.068 13.3

P roa  la  I I 0-15 4.010 0.862 16.3
16-45 4,051 6,174 2d.2
45-75 4,040 0.229 17,6
75-106 4.021 0.230 17.6

P r o file  I I I 0-15 2.473 0,142 17.4
1G-45 2.046 0.131 ld .6
45-78 1.308 G.0S5 .12,8

HsaftjgfcjM .
fissa ia i™

7C-106 0.584 0,042 13.0

0-15 8.685 0,173 14.6
16-46 2.901 0.138 16,3
45-75 2.071 0.189 1S.1
75-106 1.824 0.112 14.9

Mfeon o f &IL3.. %)< 

P r o f i le  I 0.977 0.081 12.3

P ro fi le  I I 4,03) 0.233 18.4
Proa 10 I I I 1*677 0.102 14.0



’5&LC XJOE

g^.g^a^lifemgM-^4-SZÎ atiî .&_mg--ga.43,a.jcsQai.Q.a.t;ad--££ga
AaT «V r»n4»4 C l f * ^  m a l h V l lA A  T.WL 4 • » «  4  "J ACjSZ —

P r o file  ana -.opCSi (Ca.) Carton■j Mifcraten
%

c/aRatio

PraCllo 1 0-1& £.116 9*176 12.1
16-4S 1.239 0.166 7.6
48-76 1.096 0.146 7.6
75-106 1.130 0.162 8.2

Profile 11 0-16 3.362 0.304 16,4
16-46 1.865 0.124 14.0
46—75 1.853 0,181 15.3
75-106 1.801 0.300 3.0

Profile i l l 0-16 1.773 0.121 14.6
26-48 0.760 0.062 12.1
46-76 0.040 0.Q&D 10.8
76-106 0.686 0.050 10,4

MalMLirfLiili

0-15 2.41? 0.160 14.36
1&-4S 1.882 0.117 11.5
45-76 1.196 0.109 11.2
76-100 1.172 0.129 9.3

■Pood, of ĵl.1 noisi
Profile I 1.395 0.164 8.9
Profile XI 8.218 0.1GP 13.9
Profile 111 0.93? 0,074 11.9



2A6L3 x m

Profiles ana Depth (Css*) Car) ob
r>

nitrogen C/M
Ratio

Profile I 0-16 0.431 0.086 5.0
lb-45 0.171 0.044 4.0
45-75 0.137 0.028 4.9
75-105 0.237 0.030 4.5

Profile 11 0-16 1.514 0.131 21,5
15-45 0.666 0,039 IS. 3
45-76 0.564 0.062 14.5
75-106 O.S23 0.070 7.3

Profile III 0-16 1.0 S3 0.146 7.0
15-46 0.259 0.032 8.1
45-75 0. 278 0.035 7.9
76-105 0.S78 0.038 7.3

E23B-SLS21
0-15 0.989 0.121 7.8
15-46 0.340 0.038 0.1
45-75 0.026 0.032 9,1
75-105 0,309 0.046 6.3

Mrnisf •liiJlsKSi'S
Profile I 0.21© 0.047 4.6
Profile 11 0.796 0,068 12,2
Profile III 0.459 0.063 7.6



sm>3 m u

g .a aaflj 0/S ya,felo.Oĵ  ffic M,̂3ij.iaiiieci!22es.'Ŝ«l fffqa

Profile ana <C<as)

Pssffilo 1

Profile 11

. soflie 221

SISM i

0-15
15-46 
45-75 
75-106

0-1©
16-45 
45-76 
7C-106
0-15
15.4S
45-7S 
75-10S

0-2fi
lu-45
46-7© 
75-206

Mqasi of a^\ t«yajlfefj.g 
Profile 1 
Profile II 
Pro £1 la 111

Costooa
fJ

3.03? 
2.S3S 
2.360 
3. STB
4.026
8,694
2.281
1,184
S. 13?
2.363
2.128
0.219

3.039
8.120
1.89®
1.193

2.481
2.631
1.284

lllteoseo GAl
Bafeis

0.70©
0.3S7
0*4®
O.S05
0.257
0.174
O.OSO
0.039
oaa
0.118
0.108
Q.OSD

0.368
0.004
0.813
0.S04

G.4K2
0.262
0.038

4.1 
7.0
5.2 

21.1

16.6
14,9
£5.0
13.7
27.6 
18,1 
20,0
5.7

12.4
21.3
23.7 
20.1

6.8
17.3 
22.0
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TABIC XXIV

Profile ana Depth (Cm.) Carton fiitrogen C/N
*1 Ratio

ProCL 1© I

Profile II

Profile III

saaja£«sli

0-15
15-45
45 -75 
75-105
0-15
15-45
45-75 
75-105
0-15
15-45
46-75 
75-106

0-15
15-45
45-75
75-106

2.027
2.10S
1.42?
1.051
4,682
1,965
1.S02
1.684
1.706
0.132
0,109
0.299

3.106
1.397
1.142
1.311

0.705
0.164
0.084
0.092
0.851
0.106
0.200
0.210

0.121
0.028
0.032
0.035

0,659
0.099
0,105
0.112

4.2 
12.8
17.0
11, 4
5.6 
18.7
9.0
8.0

14.1
4.7
6.2
5.7

7.9
12,1
7.4
8.3

Profile I
Proms IX 
Profile III

1.S77
2.531
0,559

0.261
0.341
0.054

11.3
10.3 
7.7



SsU'LB XXV

garfcoa.. H itro go a and. 0/8 ra tio  of the so ils  oolloefcod from

P ro file  aau ia p th  (Cm .) C&gtoa 8it|og9a
R atio

P r o f i le 0-16 2,866 0.614 4 .6
16-46 S.764 0.346 7.9
45-76 1,116 0*167 6.7
76-106 0*681 0.079 6 .6

P r o file  11 0-16 5.462 0,380 14.4
16-46 3,021 0,193 16,6
46-76 2.631 0.101 13.7
75-106 1.861 0.186 10.0

P ro file  111 0-15 2,046 0.141 14.6
16-45 0*460 0.091 4 ,0
46-76 0.246 0.061 4 ,8
76-306 0.469 0.302 4 .6

Mean of a l l  
p r o f i le s 0-16 3,464 0.378 11.2

15-46 2.076 0.210 9 .4
46-76 1.331 0.136 S .4
76-106

E < m ~ < 3 0 a -lssS M

0.947 0.122 7.1

P ro file  s 1.809 0.301 0 .4
P r o f i le  11 3.841 0,237 13,4
P ro file  l i t 0.802 0.036 7.2



NITRO G EN P E R C E N T A G E -------------------------------------- »|

VARIATION OF O RGAN IC C ARBON  AND N ITR O G E N  AS 

A F U N C T IO N  OF D EPTH



la the soils there v m  significant positive 
correlation between elevation m &  organic carbon between 
elavstlo09 of T O  end 900 metres (r » +0.S08)« T O  sad XSO0 
metres (r m #0*839), 1S80 aai 1600 metres (r * #0*883.) » 4600 
and 2800 metres Cr m #0*866) aa«* 2800 and 8200 metros 
<r « #0*927)*

{444) Kltrogsa

2fe® aiwlytieel result* gartainiaf to the nitrogen 
content of the soils are given fables t© IX to J0£? and 
graphically represented 4b W&g*2m

The nitrogen content showed remarkable variation 
•with elevation and Mla&ll a&4 tanged from 0*028# 3b the 
mlln at 2900 metre® to 0*709$ at 1500 metres* fbis eleaoab 
decreased steadily with depth in moat profiles*

The elevation - nitrogen relationship vea positive
4a 613 the profiles at all elevations* the relationship 
between rainfall and this element wee sigaiE eantly positive 
la the surface layers* tat negative in the deeper layers*

fkm organic earbea sad nitrogen had positive corre- 
latlon in the soils at all elevations (r « #0*386 at 600 
metres* r » #0*669 at 900 metres* r * #0*826 at 1800 metres 
r » #0*996 at 1600 metres* and t » #0*339 at 2100 metres) •



As soon in fch© Tables XX to 2JXV the C/H ratio 
varied frou 4*0 la th© soils a t 1S00 eietroo to as high a 
value as 25.0 at 1600 mefcras* Sho surfaao layer bad the 
widest ratio Mh®n compared to the lower layers at all elevations*

(v) ^MJnnoIafclaa

As sfeowa ia the Tables jQift t© M X i fete highest 
vain© for acid insolubles, vi*#*, was ©ttaiaofi ia the
soils at. 1SD0 metros ana the lowest vrlu© (44*4$) was found 
at the elevation of 1600 metros*

Cvi> § 2 § m k & % & s m

The analytical data oa sfao ses<pi**oxi%£> aro &iv®a 
lo zx'A&b 'XK.fl to X&vX* Tbo sesgui-osido content varied from
1?*?$ in tbs soils at 1200 metres to 42*3/5 in tfa© soils at 
600 metres* Fertieal distribution of sosqui-exldea showed a 
g-to&wy increase & o m  the profile in the soils at elevations 
©f 600 mferao, 900 mtres, 1809 metres and 1600 metres but 
decreased with depth ia profiles a* ©levntioBs of 1800 metres 
m 4  BJOG metres*



. m i  m m

P r o f i le  and i)©pt& ( 6m»)

P r o m ©  I

Profile 11

Profile 111

Profile I .
Profile II 
Profile ill

AOid Acid Sesmai- loselufcles 'soluble oxlcee silica1*
<3.ft

st' ft

■ '0-16 . 56*650 0.360 29,250
16-46 ‘ ; 61 *.260 .0*410 32.625
46-76 . 52*450 0*496' . 35*375
7S-2G6 46*600 ■ 0*160 39*160
■ 0«»1© ..62*226 . O.S60 33*224
■16-46 . >17.112 0.313 86.112
45-75 47.446 0.335 39.665
76-105 42.212* - ' 0.302 43*226
0®lo ; 53.125 . 0.216 32.584
16-46 , 48-226 0*285 36*865
45-75 49.102 0.346 38.275
7B-I0S 43*666 0*029 42.292

0-16 ' 63*99? 0.275 31.689
15-45 43*866' 0.336 34.66?
45-76 49.666 " 0,382 37,771
75-206 44.089 0.230 41.6136

©1.740. . ,■/■■ 0*364 34.100
47*224 . 0,296 38*06?
48.499 0.269 37.106



Aal.4 iaeolut le ana AclO s>2uUa Bfliea md Saa«ul-orfi.de3 
AaJBaHs fJtto.. elevation 900 ..metres and rainfall-4SS cia.

JABL.i XXVII

Acid Scsqui- 
ideProfile end septh (Ca.) Aetd soluila oxii‘ el........ '

$
inaelublas T

Profile I 0-16 61.130 0,460 27.160
16-46 60-560 0.576 31.600
46-76 58.800 0.620 33.560
7S-10© 61.225 0,660 36,775

Profile II 0-16 48.ISO 0.275 30,112
16-45 47.336 0.418 34,448
46-76 40.330 0,423 37,665
76-306 48.446 0.446 38.326

Profile III 0-16 47.664 0,366 31.226
16-46 46.226 0.495 34.115
48-76 48.041 0,606 37,626
76-305 47.812 0,621 38.220

n ra files 0-16 43.934 0.363 2s!.495
16-46 48,041 0,496 33,354
46-73 60.327 0.483 36.247
76-106 48.961 0.605 37,410

SssaL^-ay-^2ESte
Profile I 61,429 0.626 31.993
Profile 12 48.233 0.330 36.113
Profile 121 47.483 0.469 36.274



sail— t x n n

Sasleiî

Pioflle a m  «ept& (Co.) Add
iasoMtlss

f»ei<3soluble
sillea

H

Sesqui-saido

Profile I

Profile S2

?rsil la XI2

s g a m

o-l & 
15-45
45-75
75-205

0-16
3U-45
43-75
76-106
0-1S
15-45
46-75 
76-106

0-16 
15-43 
46—7 6
76-206

Profile I 
Profile IS 
P r o m o  ill

09.540
63.120
6E..6SS5
60.9S0
64.666
68.442
60.480
bo.US
06.238
60.938
64.408
54.665

66.441
60.007
63.624
56.02-

04.028
fa9»S49
61,071

o.eos
0.430
0.33̂
0,340
0.1®
0.1S0
0.223
0.266
0.405 
0.421 
0,28® 
0.1' 84

0.373
0.34?
0.281
0.373

0.402
0.304
0.340

17,700
18.770
13.200
£3.00
23,76®
23.668
34.226
28.66-
21,662
22.7S2
23,880
C7.662

SO,706 
31.6^4 
28.436 
26.543

xB,7&?
S4.S74
23,086



.:g

,o m& Aaid aolulle Slllaa and 6eae

Profile aacl ixspkfo (Cia.) Aelti
Insolmblas

A®M
S oliib las
sil̂ ea

Sosqui-
OKlde

Profile 1 0-15 43*120 0,708 23.706
16-45 4S.3S0 0.4S& 28,600
45-76 49.280 0.600 S9.3S0
75-3.06 49.780 0.630 30,800

Proffls 31 0-16 49.CS6 o.ao 21.231
lb-45 48,698 0.09® 20,306
46-76 63.880 0,181 S7.440
75-JO® 63.SS6 0.140 S8,£36

PSOtilB SIS 0-18 41.6S3 0,498 27,686
16-46 39 .888 0.298 32.992
46-76 40.118 0.116 32.656

l a a a ^ s U
ts-ios 42.886 0,132 33.863

arogftlee o-as 4S.S99 0.466 24.19S
16-4® 44.438 0.884 29.6®
46-70 47,737 0.276 29.788
76-206

Maaa at all nwntha
4B.66? 0.S67 30.962

p?oax® 1 47.1® 0.S7S 28.087
Profile XI Sl.b23 0.139 3S.071
Profile 111 40,043 0,868 31.793



T A B L E  7 S X

Aol.(5 j.H3o 3 . Q  AC3.̂ 30̂  i3fejL0SA2JL$ 
ia anils collected .frora election - 1800 metros sad rain-
£ a l L x ^ L m »

Profile aad Depth (Ca„) AddInsoluble#
€P

AClti
Soluble
SiliSQ
A

Se3<3,ui-
oxidos

Profile 1 0-16 44,475 0.225 38.750
16-46 51,180 0.130 36.662
4S-7S 51.785 0.125 34,625
75-305 60.730 0.275 33.650

Profile 11 0-16 41.336 0.160 40.202
16-46 49.080 0.088 38,092
45-75 49.286 0.198 36.116
76-10S <18.992 0,308 35.552

Profile 111 0-16 41.229 0.262 41,212
16-46 48.900 0.145 39.112
46-76 48.292 0.126 37.225
76-105 47.926 0.172 36.112

Mean of all Brofilas 0-16 42,309 0.216 40,084
15-45 49,750 0.114 38.222
46-75 49.788 0,149 36.088
76-106 49.212 0.218 35,104

Mann oC DewtS 
Profile 1 49.540 0.184 35.897
Pro Clio 11 47.146 0.163 37.738
Profile III 46.609 0.176 38,415



Profile and U & p th . (cm.) A o ld2asoXub3.es
jysM

Soluble
silica

S©sciii-
oxices

*
wrawN>gs»gs>»»*<tâgaaig:iaw)

Profile 1 0-1© 60*S6O 0.233 32,2®
ia*46 ©7.610 0.460 85,250
4S~?§ 58.1® 0,350 24.7®
76*100 se.sso 0*300 24,500

Profile 11 0—1© 47.225 0,133 36,892
15-45 ©4.116 0.808 88,662
4S-?8 65.292 0,163 27,46©
7©~10© ©6.6X2 0,150 86.562

Profile III 0-16 48.092 0.272 34.772
1S-46 §6.225 0.805 28.11©
4S*7o 66.282 0.262 87.66©
76-20© ©3.116 0*245 S5.SX2

0»1© 48.026 0,213 36.433
16-46 ©S.SX© 0.288 27,342
46*7© ©S.S66 0.258 26.62©

PIT 76*108 e?sm 0.232 26.434
Proa 1© 1 66.173 0.833 26.6S7
Profile 11 53.061 0.188 29.49©
Profile 111 64.003 0.24S 28.941



VI

Elevation ana sesqui-oxidss vero related significantly 
positive between 600 and 800 metros (r « ‘♦0 .98 ), 900 and 1300 
metres (r = -*0.852) 1200 and 1500 metres (r = -*0.766) and 1SO0 

' and 1800 metres (r ** 0.448) but significantly negative at 1800 
and 2100 metres (r = -0.652).

(vii) ffipjaftasia

The phosphorus status of the soils ranged from 0.091;* 
at 600 metres to 0,303;$ at 2100 metres. The vertical distri­
bution of phosphorus down the profile did not show any regular 
variation. The phosphorus content ia the surfaco layers increased 
progressively in the soils from 600 to 900 metres and then 
decreased in the soils from 2300 to 2100 metros, The relation­
ship between rainfall and phosphorus was positive at all depths 
at all elevations. This aloment showed no correlation with 
elevation at lower altitudes, but at highor altitudes, vi-.,
1500 and 2800 metres, it showed a positivo correlation 
(r * <*0.571).

(viii) EaSaaatoa

I’he percentage of potassium as given in Tables >2X11 
to 30DCVXI, ranged from 0,0610 in the soils at 600 metres to 
0.51$ in the soils at 1500 metres. There was a general tendency 
for the content of this element to increase with increase in
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gaPjs« ,KsP.» J&>.

tmt.& xxxxi

Profile and Beptb (Ca«) psP» ** % > * GaO$ Mg) $

Profile 1 0-16 0.121 0,077 0,033 0.112
16-46 0,104 0,090 0,017 0.108
46-7© 0.113 0.081 0.008 0.086
76-106 0.001 0,188 0,011 0*06©

Profile 11 0—16 0.11© 0,078 0,098 0.269
16-4© 0.103 0,086 0,07© 0,223
45-7© 0,30© S,060 0.046 0.112
75-106 0,090 0.188 0.036 0.07©

Profile ill 0—1© 0.186 0.085 0.08S 0.183
16-4® 0,108 0,092 0.042 0.162
45-7© 0.11© 0,084 0.03© 0,108
76-10© 0.093 0,053 0.0® 0.065

MssiuKjayLtiaSea
0-16 0.131 0.078 0,084 0.18©
16-45 0.10© 0,089 0,045 0.164
45-7© 0,112 0,002 0,029 0.102
75-10© 0,091 0.141 0,025 0,066

Maas,-at...saBSte
Profile s ©«io? 0.104 t j m 0.090
Profile XI 0,104 0,099 0.041 0.323
Profile 111 0.H05 0.074 0,043 0.130
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BASIS K3DCIII

P;pFt, KJ>, CaO, MgQ is the soils collected from elevation
900 aetres and rainfall .425 .Cm.

Profiles and Depth (Cm*) w CaO$ MgQ %

Profile 1 0-15 0.140 0.256 0,013 0,052
16-45 O.1S0 0,256 0.011 0.092
45-75 0.159 0.209 0,008 0.090
7S-105 0.156 0.208 0,008 0.089

Profile II Q-1S 0.120 0,254 0.053 0.069
15-45 0.123 0,248 0.027 0.112
45-75 0.128 0.201 0.013 0.112
75-103 0.126 0,202 0.007 0.112

Profile III 0-15 0.145 0.242 0.043 0.051
ISMS 0.158 0.841 0.021 0.092
45-75 0.162 0,282 0.012 0.091

&22BJ9£jaU
76-105 0.161 0.212 0.007 0.082

0-15 0.135 0.251 0.038 0.05?
15-45 0,144 0,248 0.019 0.099
45-75 0,146 0.211 0.011 0*098

f4as»n of deaths
75-105 0.111 0.20? 0.007 0.094

Proa la I 0.151 0,232 0.010 0.081
Profile II 0.123 0,266 0.0 0.101
profile III 0,156 0.289 0.022 0.079
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pgfts» 3̂°

w  x m v

i SaO, ligO la tha soils ealleetsa from
-elfemtlffla-lflRQ. jwafere.a..-an.a jeaiftgalL.fi3SL.<en.

Profile aad Depth (Cm.) PS®@ $ $ CgO )5 MgO 0

Profile 1 o-as 0.174 0.213 0.033 0,208
16-45 0,178 0.280 0.022 0.302
45-75 0.XS1 0.160 0.022 0.098
76-106 0.167 0.240 0.022 0.098

Profile 11 0-18 0.162 0.202 0,060 0,266
16-48 0.166 0.272 0.035 0.176
45-75 0.116 0.142 0,061 0.262
76-106 0.143 0.232 Q.OSO 0.284

Profile III 0-16 0.179 © .a s 0,032 0,285
16-40 0.188 0,225 0.048 0,162
40-76 0.128 0.185 0.042 0.3L1S
76-20© 0.171 0.842 0.041 0,098

PsoSilQ I 
Profile 11 
Proa le 221

0-15 0.168 0.210 0,037 0.261
16-45 0.172 0.259 0.035 0.147
45-75 0.120 0,169 0.038 0.168
76-105 0.1® 0,236 0,038 0.1®

0.1® 0.221 0.034 0.128
0.141 0,212 0.04® 0.248
0,164 0.217 0.041 0.16S



m s  x o t

KgO# 0a©9 MgO in -the soils-ooUedted from
iTT^rairiiinHOTTirr fiantriWTii^iii^TTwsrtTM^BwmiMwi.irtii n Tininm— ^ u n ii ii im  mmnHM—  n m i>  n  umi a m i i m n m n

Profile .and Depth (Ceu) *#**'■ Kfifi 0e0 $ MgO $

Profile _ ... 1 0—25 0.164 0.520 0 .018 ■ 0.062
16-43 0.132 ' 0.466-, 0.01© 0,122
46-76 ■0.140 0,463- 0.0X3 ' 0,092
76-105 0.149 0.366 0,013 ■ 0,072

Profile . IX 0-15 0.136 0,418 0,026 0,077
24-45 0.222 0.3 ©5 0.024 0.246
■46*76 0.132 ■ ■ ■ 0.372 0.030 '0.086
. 75—20© 0.142 ■• 0.502 0,039 0,07©

Profile . XXX ■ 0-15 0*148 0.380 0,022 0,06©
26-46 0.136 '' 0.321 0,018. 0*186
46-7© 0.126 0.312 0,024 0.12©
76-206 0,20s ' 0.30© 0.012 0,082
IlSi
0-2© 0.144 0.434 0,022 0.061
16-46 0.129 0,381 0.022 0,128
46-7© 0.132' 0,388 0.014 0.098
"76*106 0*138 0.324 0,022 0.07©

jsdste
Profile 2 0.144 0.449 0.014 0,084
Profile XX ' 0*132 0,863 ' 0.027 0,096
Pro^le XXX 0.227 0,389 0,016 0.097
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2ABLB S5I

pa°S9 KjPt  ea°B ^6° tffra s o ils  eoaioeftefl Ssam

Profile an4 Bepth (Cm.) PgOg ,\l i%0 CaD $ Mg0 ;1

Profile I 0-1S 0.167 0.441 0,0® 0.062
16-46 o.isa 0.371 0.024 0.075
45-75 0.179 0.399 0.024 0,068
76-100 0.176 0.436 0.016 0.0 ®fc

Pro S la 11 0-16 0.166 0 .408 0.043 0.063
la-45 0.108 0.331 0,040 0,080
46-76 0.167 0,352 0.032 0,078
76-1OS 0.162 0.392 0,0® 0.077

Pram© III 0-15 0.162 0.416 0.0® 0.075
16-45 0.142 0.3S6 0.034 0.092
46-7© 0,164 0.491 0.032 0.06S
75-106 0.135 0.376 0.033 0.065

J3aas_a£_flaiJ&£a*:»aa
0-16 Q.ISI 0.419 0.0® 0,067
36-45 0.183 0.362 0^)32 0.083
45-75 0.167 0,384 0,9® 0.070
76-10S 0.167 0.401 0,086 0.069

SSS-SiLMSIiiL,
Profile 1 0.1® 0,411 0.031 0.067
Profile H 0.148 0.360 0.086 0,074
Pio&la ill 0.148 0.394 0*03® 0.074
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SABLE XXXVII 
KfPt Cg.9, HgO in the aaila collected frota

Profile anu Depth (Cm*} *$S* i£a0 $ OaO jl MgO ,1

Proa lo I 0-15 0.1S1 0.404 0.024 0.108
16-46 0,293 0.359 0.016 0.143
4S-7S 0,344 0.262 0.016 0.098
78-006 0.103 0.305 0.016 0.086

frame II o-is 0.112 0,368 0.046 0.U9
16-45 0,255 0.303 0,028 O.lfel
48-76 0.2*2 0.902 0.038 0.100
76-106 0.183 0,262 0,032 0.094

Frame 111 0-18 0.228 0.366 0.013 0.108
10-46 0.208 0.348 0.012 0.102
45-78 0.212 0.326 0.019 0.104
75-106 0.202 9*340 0.008 0,098

Kaaw of all profiles
0-06 0.162 0.370 0.029 0.118
16-45 0.251 0.038 0.018 0.162
45-76 0.223 0.860 0.021 0.069
76-006 0.184 0.392 0.019 0.092

Profile I 0.214 0.330 0.018 0,109
Profile II 0.183 0.233 0.036 0.117
Profile III 0.011 0.344 0.012 0.113
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elevation with the exception of 1200 and 1600 metres.

The correlation betveon rainfall and potassium 
content was positive at all depths of soil at all elevations 
Cr* ranged from -*0.671 to -tO.726) •

(±x) .Calcium

She calcium content of soils varied from 0.008,3 in 
the soils at 900 metres to 0.063# at 1800 aetres. She calcium 
content decreased down the profiles at all the elevations*
She relationship between calcium content and rainfall was 
positive at all horizons at all elevations (*r* raagos from 
-10.007 to 40.864),

(*> iiagiaqiHs

The magnesium content of soils ia presented in 
Tables XXXII to XKJCV1I. The variation in magnesium content 
was from 0.051$ la the soils at 900 metres elevation to
0.208# in the soils at 1000 metres. It tended to decrease 
with eopth in most of the profiles.

The correlation between elevation anti magnesium 
was negative ia the soils at all elevations except at the 
elevation of S100 metres where it was signia cantly positive 
(r » 40.84) .
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She relationship Lateen rainfall and mgnesium was 
negative at 0-16 ca and 16-46 cm, tut «as slgnlfl caatly positive 
at deeper layers, (*r* ranged from 0*649 to 0,607),

She characteristics of the clay fraction of the 
surface samples are presented in Sable 3COTIII and represented 
graphically in Flg.3,

a) Silica

She highest silica content was 3eaa in the samples 
from an elevation of 8100 metros (43.6,?) and the lowest value 
(26.1,*) was obtained at an elevation of 900 metres,

h) Alumina (Alg03)

Shs highest content of alumina was seen in the 
soils at the elevation of 2100 metres (34.6$) and the lowest 
value of 32.9$ was noted at the elevation of 1300 metres,

0) IS2E_S2diM

She highest value of F©g°g (22,9$) was found in the 
soils at an elevation 2300 metros and the lowest value (11.1$) 
was obtained in the soils at an elevation of 1200 metres.
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I\f. MalsfflMlfliE-BaftiQS

She iJOg sAlgOg ratio varied from 1,78 to 2,39«
She loveat value was obtained Is the soils at 1300 metres 
elevation ana tho highest vtluo was fmad at 2100 metres' 
alavatloa,

Si0g8 Fe2Q3 r. tlo varied from 6,11 ty 6.73. the 
Soils at 600 aatres* alevetloa haa th :• lovest value sad those 
at 1800 matrea* elevation haa the highest value,

SiOg R203 ta#lo varied at .sdlly from 1,3 at 600 
metres’ elevation to 1.7 at 2100 metres' elevation.
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Mg--a£-«tos-jplag. fraction af ;atrfsee soils

Sloirafcioa
\ t

Profile
Peraar>t2;-e on ever dry basis .. Knlecular ratios
sio2 ^ # 3 F®S°3

S10g

* 3 5

SiOg SiOg
^®§P3 +

000 cetres I 88.71 28.25 16,22 1.79 5.81 1.33
XX 30.41 29,16 18.93 1.77 6.11 1.31
XXI 28.61 27.61 13.12 1.76 5.70 1.35

800 metres I 27.22 26.82 13*42 1.77 5.48 1.34
XX 23.63 24.39 12.98 1.84 5.43 1.37
XXX 29.19 26.34 13.34 1.96 5.85 1.46

ISO aetres 2 26.30 23,23 11.12 1.84 6.10 1.41
XX 25.13 22.92 11.63 1.85 6.81 1.41
XXX 87.26 26.83 18.23 1.72 5.97 1.34

1SO0 saferes I 33.38 27.16 14.94 2.09 £.97 1.65
XX 33.36 28.26 15.42 8.00 5.78 1.48
111 30.91 27.46 18.12 1.91 5.47 1.41

1800 e®tres X 37.34 29.21 16.13 8.21 6.84 1.63
IX 33.56 26.92 14.34 8.11 6.88 1.67
XIX 35.94 28.32 14.29 3.11 0.73 1.61

2300 metres X 43.50 34.45 28.94 2.39 5.65 2.68
IX 44.31 31.91 19.83 2.35 6.96 1.68
XXX 42.06 30.13 18.74 2.37 6.04 1.70
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Praparty (Average of all profiles 0:,ici aoptfesj
2. Ifeftfe;jii..aal.-gffi3R<sa3,tl3a_

(a) tear so soad $(b) Pino sand jJ Co} Silt ;5 
(4) Slay #
(®) Organic nattos jS

21 .Slagls. jgatmjamsfeafca 
(a) Ajwsont density 

fit solute sped I e_ ! spedle gravityCes llas&wa safcar taloteg capacity (0} PoreGnta«;s of gore ssacs $
TvV
ViHi
VIIIIX
X
a
XII
&  ii 
XIV

Sistews ,1 
loss oa ignition
Cart©a f.ltrogea . C/.J Eafelo . 
P ̂

j
uaO 
r§&0̂  V /iXjpPpj
Si0“/r9#3

X? S 1 0 g ^ 3 * A12Qs

©33swtres 900isotteo 1200 ' metres isosBStSQS isoo
aetrss

2190ostres

33.6 85.9 38.1 S1.4 22.9 26.S
11.0 11.8 21.3 12.7 7.6 30.9

7.3 8.® 17.4 17.1 17.4 11.3
44,3 S l . l 82.4 45. S 40.3 47.0

4.0 8.6 0 .8 3.6 8.8 3.3

1.4 1.3 1.3 1.2 1.2 l .S
2.S a.® 2.S 3.3 S.S 2.13S6.S 40.1 34.6 40.6 34.3 38.6

SS.O 42.3 43.7 44.8 06.3 34.7
5.S S . l 4 .0 8.8 S.4 8.7
5.1 7.8 4.7 9.9 9.4 9 .413.6 10.9 7.6 24.4 20.2 21.08.19 1.52 0.-® 2.06 1.66 1.96
0.14 0.13 0.06 0.22 0.22 0.21

16.6 11.7 8.1 9.3 7.5 0.30.107 0.143 0.1S5 0.134 0.152 0.202
0.09? 0.34? 0.213 0.3SD 0.391 0.319
0.033 0.019 0.037 0.019 0.034 0.081
0.147 0.087 0.176 0.092 0.071 0.114
1.77 1.86 1.30 8,00 2*14 2.37
S.37 6.63 S.S6 6.74 6.41 6.38
1.33 1.39 ,  - 1.48 1.63 1.63

XJ



DISCUSSION
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Tho present investigation comprises a otudy oI tho 
effect of elevation and rainfall on the chemical and physical 
properties of tho soils of the High Ranges ia Kerala Stats*
Tho rang® of elevation covered in the study is from <300 metres 
to aOG metres* Tho annual raiafell of the region varies from 
3SS cm* to ®86 cm** the highest rsia&ll being at the elevation 
of 1800 metres*

Tho soils exhibit a wide rang® of colours such as &&:X 
grty, dark brown, dark reddish brown, yellowish red ants dark 
reddish brown. The dark colour of tfct surface horizon changes 
to red in the sub soil. The brown colour of the surface horizon 
s-y *-e due to the presence of iron oxides with accumulations of 
humus. The colour is lighter at the elevation of 1330 metres 
and the intensity ofthe colour increases with increase or 
decrease in elevation. She higher rainfall at 1200 metres might 
bo responsible for the hydration of iron oxides and the consequent 
lighter colour. Graig and Balais (19343 also observed similar 
conditions in Mauritius soils and Riteher (1931) noted that 
such gradations of colour are functions of rainfall.

The general features of the soils reveal that they 
are of tho lateritie typo. The silica - alumina molecular 
ratio of tho clay of the surface samples varies from 1.76 to 
1.96 as the elevation varies from 600-000 metres and from
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1.91 to 2.39 when the elvation changes from 900-2100 saotres,
The lower regions nay therefore le considered as consisting 
of laterltes and highs* regions of non-lalerites according 
to the definition of Martin ana Boyne (1927)• According 
to haychaudhuri and Sulaiman (1940), the silica - aluaina 
ratio of Indian lnterltos may la even higher than 2. In 
that caso the soils in general has to to considered as 
laterltes or as latoritle.

She m-schatitea! analysis data and textural classifi­
cation of tho soils indicate that tho soils are either clay 
or clay looms, fha first two layers (G-3Q cm. and 30-46 era.) 
contain tho highest amounts of clay and there is a gradual 
decrease in the clay content down the profile. Similar 
observations war© also made by Bleardo (19S8). At 1200 
netrsa tho clay content shows a suacen decrease in the 
intermediate layers and the decrease continues to tb® lower 
depths. Tho clay content of the surface sample is more in 
the profiles from elevations other then 1200 metres. Consider­
ing tho other properties of the soil also there is ©vary reason 
to infer that this elevation is a critical one with respect 
of the physico-chemical properties of soils. Costln al 
(1962) found in the Alpine soils such a critical elovation 
above and feolow which there was appreciable variation in tho 
content of clay. The data for clay analysis in this stuuy are



stoilerto thosc obtained by Rajagopal and Idnani (1963) ■ 
for Kilgirl soils* .Xhcre Is an Increase.in the content 
of clay fro® 19Q0 metres, whey© tbs rainfall Is a maximum 
to -600 metros there the rainfall is a ainijsm. fhis nay 
bo due to difference In the vertical translocatlon of clay 
brought about by the differences In rainfall* Similar 
observations were. also and#' fey Qovladara^sn and D&tba Biswas. 
(1968) In the soils of the, Maehfcuad basin and tsy hahallagan 
(196S) in Hllgirl soils*

. fhe water holding' capacity is found to be highest 
in the soils developed at 1100 metres and having a clay 
content of G0«£& the soils with the lowest clay content 
has 'also .the'lowest water-holding capacity* It can therefore 
be assumed that the clay content of the soil is related to 
the water holding oapaeitytfedeh agrees with the findings of 
HahsXingast (1662) for Illlglri soils* Apart fro© this apparent
relation, there is no positive correlation between the clay

\ \
content and aoistnva holding capacity which agrees with the 
view of sen and Deb (1941) that ©oistur© contents of heavy 
soils ©ay not -have m y  relation to' the clay content*

In the soils studied the por**space varies fro© 23*8j£
to £3*2$ which agrees with- the findings of Burger (1923) who _ 
noted that the'pore space of forest soils varied fro© 26 to 60$*
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A posit-Ivo correlation was also aofcod totwon the clay content 
and pars space, this uay be due is the Ivgo proportion of 
capillary popes present in the Saer fraction.

The loss oa ignition which is an anppoxiaate aaasure 
of the organic natter content is positlv ly correlated to 
the clay content. She cooler elisat® in those regions might 
have favoured a higher proauetloa of Organic raattar, vhieh is 
f>3fl©cfeod in the relatively higher values for loss on ignition, 
Mahallngan {1962} also found such relations ia allgirl soils.

She highest acidity {pH 4.4} is noticed at as slwvatian 
of 1000 metros where the rainfall ia a tasxiaiBa. She s-ei-ity 
can to attributed to bha long ana continued lomchiag of soils. 
Therefor© it should ha inferred that rainfall has a more 
pronounced effect than elevation on the developnont of acidity. 
Similar observations have also boon sad® by Bhanara3 (1966) ia 
Mysore soils and Ifeaabiar (1963) ia Mauras soils. Tho cause 
of high scluity of tho soils nay also Is attributed to tho 
higher addition of organic natter and production of organic 
acids by its deoofi®ositloa» Hasselman (1936) also observed 
that forest soils developed aeiuity if tho trees occupying tho 
land contained a lower aaouafe of bases.

The soils studied are characterised by relatively hijher 
amounts of carbon and nitrogen. It has teen found tnat elevation
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has a significant positive correlation to tho contents 
of nitrogen and organic earlon. This nay fcs am to the high 
uoiautre eonteafe of tho soila which favours a vigorous pleat 
growth ana eonsecmantly higher organic aa'.tor proaastion 
at higher elevations. E’urtheraore, as ttoa elevation increases 
the climate becomes cooler uhieb favours aeouaalatleK rather 
than humification of organic matter* Shis observation is in 
agreement with the findings of Jenny and Raycfcnmiburi (1958) * 
UrmitaJlshaaa <1961), Hahaliagaa <1868), Saatiar (19S3) aid 
Vljaya Cbsndran <1963). She present investigation roveals 
that nitrogen content of the soils is high and has a positive 
correlation with rainfall sad olev.fcion which is is accordance 
with the findings of Alway (3.916), &l®v«rs and Holt/. (1923), 
Daaa (1937), Bay Chaudtauri and Sea (1907) , Unalks?ishnaa< 1961) t 
Hahaliaga® (1962), Bay Ghaudhsri end Anjeneyalu (1965) . 2ho 
organic carbon content of the soil profile decreases with 
depth at all elevations which is evidently ««<3 to the vertical 
translooation of organic matter froa the upper to tho lower 
horizons ly leaching. Similar observations wore also made 
by Powers (1868) ia forest soils, Sho soils developed at 
1P0Q metres, which has the saxteMB rainfall, cantata only 
low levels of organic carbon end nitrogen. &s discussed 
earlier this elevation is a critical one with gradation 
in soil properties in both directions oau the low content
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of organic carbon and nitrogen can only be explained as ana 
to tho high leaching conditions prevailing at this elevation*

She analytical data show that tho earboa-nitrogea 
ratios of the soil varies from 4 to 28. According to 
Satynarayana ,g£ e& (1946) and Yadav and Pathak. (1963) a 
similar range is observed in tha uncultivated and forest soils 
of India, She high C/H ratio observed la some of the soils 
night be due to the reduced activity of micro-organisms und?r 
the acid conditions and low temperature prevailing at the 
higher elevations. Roy Chsmdhuri and Anjansyalu (1965) also 
got similar results in a study of tha foot-hill soils of the 
Himalayan.

the present study shows that tho eurfaco soils are 
soa© times richer and son© time poorer in phosphorus, than the 
com-ponding sub soils. Shis is ia agreement with the findings 
of iJalker Mid Adas (1969) that a decrease in total phosphorus 
with increased degree of leaching was due cora to a doerese in 
bulls density associated with higaer levels of organic matter 
than to the actual loss of phosphorus. The phosphorus content 
of the soils varios fron 0.091$ to 0.29d> which agrees with tha 
findings of britomutunayagaa and So shy (1981) fbr the soils of 
Kerala and Yadav ana Pathak (1963) for the forest soils of India. 
At 600 to 1600 metres, there is a positive correlation between 
the phosphorus content and loss on ignition which is a rough
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measure of the organic matter content, fha relation between 
phosphorus and nitrogen Is founa to be positive at 600 Metres' 
elevation and there Is no correlation between the two at 
higher elevations, these differences can be attributed to 
the difference In the quantum of organic matter naturally 
added to the soil and the varied nature of its decomposition 
products at the different elevations. In Bilgiri soils 
Gopalaswsû  £& al (1966) alsso found similar correlations 
between organic carbon and phosphorus at elevations above 
1800 metres ana between nitrogen and phosphorus at altitudes 
above €00 metres#

She data on sesqui-oxidas reveal that they have bean 
leached from the surface soil to the lover horizons in all 
profiles except those developed at 1600 metres and 3100 metres. 
She extent of leaching of the sesqui-oxides varies at the 
different elevations# She differences my be attributed to the 
differences in the amount of cosaploxing agents produced as a 
result of organic matter decomposition in the leaching medium# 
(Bloomfield, 10S6? Thomas, 1964).

The study shows that calcium content is highest in the 
surface soils and it decreases down the profile at all elevations.
\Thia observation iJograes with the findings of host and Setterberg 
(1932) an., of Thomas (1964). The high content of calcium in
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the surface soil raay feo duo to the aceuoulaticn of this 
eletaoat through leaf fall. Blevatlon has m  appreciable 
influence on the content of caleiua except at elevations 
above 1800 metres which nay be flue to the differshoos la 
the type of vegetation in the croa.

ftee analytical data reveal that magnesium content 
has no relation to elevation from 600 metres to 1600 metres, 
but above that elevation there is positive correlation between 
the two. tha relation bstwoon rainfall and tho content of 
magnesium is negative which assy be aua to the leaching condi­
tions consequent on a high rainfall. Tho leaching of magnesium 
by rainfall is a serious problem affecting the productivity of 
the soils of this region.

She observations have revealed that 1200 metros is a 
critical elevation from where the Physico-chemical properties 
of so«ls change in both directions. It is also seen that the 
nature end content of organic matter of forest soils control to 
a groat assent the distribution transformation ana trsasloeation 
of other nutrient elements.
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StM & r/ AOT COUCUJSXOKS

& study has beau undertaken of tha soils of the 
High kangea of Kerala ia investigate tho in&uaac® of elevation 
ana rainfall on tho physical and chemical properties oftha soils. 
2he elevations iron which the soils ver® collected varied froo 
600 metres to 2300 metres and the rainfall from 323 cm. to 62S era.

She chief findings are suEourlsed below*- 
<1) She soils exhibit a vide range of colours such as

dark grey, dark brown, reddish brom, yellowish red 
and dark reddish brown. She colour of the soil is 
lifter at 1200 metres ouc to the hydzatioa jfthe 
aesquioxldos consequent on the high rainfall received 
at this elevation.

<£> She surfaoo horizon generally contains the aaxiira
araouat of clay which decreases with depth down the 
profile. She translocation of clay is maximum ia 
tho soils collectod from an elevation of 1030 metres 
whare tha highest amount of rainfall is received. She 
clay content of tho soils is correlated to thair watoi 
haloing capacity*

<3) She highest aeiaity is noticed in the coils developed
at an elevation of 1200 metros.



All the soils are characterised by relatively 
higher amounts of carton and nitrogen. Shore io 
significant positive correlation between elevation 
anu the contents of those elements, She organic 
carbon content of the soils decrease with depth at 
all elevations which may be due to the effect of 
laaehing, She earban-nifcrogan ratio varies from 
4 to £b*
She surfaca soils generally show a higher content of 
phosphorus than the correspond! ag sub soils. Thera is 
positive correlation between phosphorus content and 
organic matter in the soils from elevations of 6Q0-16QQ 
metres. She relationship between phosphorus and nitrogen 
is found to be positive only at 600 metres.

Ibe sesqui-oxidas have been leached downward from the 
surface soils at all elevations except in the soils at 
1600 metros and £100 metros.

?ha calcium content is highest in the surface soils and 
it decreases down the profile st all elevations.

The magnesium content of tno soils has no relation to 
elevation from 600 metres to 1600 metres, but there is 
a positive correlation above that elevation. She magnesia 
content of the soils is inversely proportional to tho 
rainfall.
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(©) Tho elay fraction analysis Isas shown that soils 
are latex-iSaa of l&turitlo*

(10) She eiavatioa of ISC© satires which has tha highest
painfull is & critical an© as far as soil ehuFaete pi­
eties are concerned boeaaae sssfc soil properties 
arcs founa to bo Qither a najtirauo op isinisaiM at this
oloystioa.
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1966 A otuey of tĥ  nutrient status of %sere State soils as influenced by elevation and 
rainfall. .1)3 asertsttoii Submltton to and accented by
lalaasaite a£.

1967 Pedologies! characteristics of
some soils of Korth Western
Himalayas. £* 5S»a3all  ̂Science. 1SL.S 61-69.

18S9 quoted by Jacob.3. Joffe ia
ful .C. soils.



Durairaj,

Ghani, IS.O. and Aloea, s.A.

Gopalaswaoy, A. 
H&taralan, H*Rengasuamy, P. and 
Gopalakrishnan, V.

Govlncarajaa, 8.V. 
Datta blsuas, 8.B*

Ballavorth, R.6. Costing, A. I *, Collins, F» a. and 
Robertson, G.K,
B a r r a r i l a o ,  P .  a n d
5enny, H,

iv

1081 Study of the soil types
of South India la relation to their colour and physical 
and chemical properties.

1968

Thasla aUfcmlttad to the

Studies on the distribution 1943 of different forms of phosphoru 
in sona ladien Soils II depth distribution.Ind. ila Aerio. Sel. 1P»377-361.ill r .■ n Him

Relationship between loss on 
ignition, llitrogsa ana Phosphor in the Alluvial and latex it® 
soils of Madras State.
S. Ind. Sac. Soil flei. 16 s 
379-383.

and Characterisation of certain
1868 soils in tho sut-tropieai Huuid 

Zones in tho South ®K®tern part 
of Xndia-soils of Maohkund Basin.
S. 2nd. Son. Soil. Sal. 16aSt 
179-186.

Studies on pedogenesis in 
19E2 Bav South Bales

J. Soil iiei. 3 0 3 - 1 2 4 .

SaflU'jaoo of parent material 
1958 and climate on tcxtura,

nitrogoa and carbon contents 
of Virgin California Soils.l. 
Sosrfsure and nitrogen contents 
of soils.Soil. 3ei« 336-243.



Hessalam Hesrisk 1933 Studies over tasrstageas
inasustacka, desses easkaposr oeix 
fceraend! a® a'mgavsssim.
Ilifidol, f« .S.tstgna .'“
.Sa&alaiia, jgs » 109-S62,

Hoetensoith, B«&> and 2fea rolatloa of alovatioa to 
1933 nitrogen eonfcaat of grass load and forest soils in Boetey naaatains of Colorado Soil.i dela. J§* 41-46*

Hopkins S#G» 1910
Sins and Company

Sssae, vJ.fi, and 
GarMil, S

lbs organic natter content and 
1986 Carbon nitrogen ration of 

sosae sealarld soils of Cape 
proving®,
Isaag* fisz, Sae. death Afriaa.
£2k f>£.~28<l*

Jaafesea, K*I.« 

Jenny, H»
i>

Jenny, H.

X96S

1988

IS3Q

JteGraw Hill Book So, ins, Saw fork.

B@latS.isn of elimatlo factors to the amount of nitrogen la 
soils,
3. Anew. 9og, ferona ££. 
300-918.
Rie nitrogen Content of the
soils as related to the precipitation ovoparatien
ratio'.Soil, ilci. Jgs 193-207.

mailto:B@latS.isn


vl

Jenny8 H# and 
Leonard.

Jeany9 8.

Jenny,B»

Jenny, R. and Bay eh&udtari,

Jeasea, Q.L.

Joachim, A.tf.R, Kandiah, 8.

Joffo, J»S.
Joofey, K.V. 
Pharaado, £.s«Bixife, L.A.

Functional relationship between 
1034 soil properties and rainfall 

.soiy Sei. 2g» 363*381.

1941 Paetors of sail formationMaaraw pill So. Maw ITorfc .end 
London.

IS® Canaas of high nitrogen and organic natter content ofcertain tropical forest soils. Sail. 3ei.Jg|8 1*6.

<t.P  affect of climate ana cultivationijoo oa the 03fgmi0 m tter ro«©r»®s 
of Indian soils IOAR Ifetw

X9S9 On the iaQieae® of Carbon
nitrogen ratios of organic Esabertal on the mineralisation 
of nitrogen.
3a Aarte. Sel. 71*76.

end Studies on Swiss sails XVII1947 and XVUI. She physical and
pfeyslco-eheaical eharactorstico 
af the major soil types of 
CoyXoft*fros. aerie. 103. .8 71-84.

1049

aad I960 Soils of Sugar San® areas in 
Kolhapur district.
3a  Iffll* &S* iM&* Ssis- £. 
167-167.



Karaar9 «T.C. sad 
Grows!» «r.s»

Kara% A. aad Khan8 B.H.

Keeas £.s« aha 
Raekgtoss&i.

Mafealingasa, P.ii.

Ilortln. P.J. aatl Itoyao, H.C.

Molean, W»

herehaad* i-.D.

vii

19S0 Paras oi pbasphoMS ia Fuajst 
Sails.
JOS. £8S« pffMifi 
136-140,

1056 Vertical diafcrlfcatioa of 
JJifcrogea8 pisosphoros and potassluK In eoaa soils of 
Jast Paitistca.Soil, gel. J^s 1-6.

IS SI ESao relationship batwoea cloy
cent at ana e-rfcaln physical 
properties of soils.
£* Aggie* Sei. ĵ s 4*3,-449.
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