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INTRODUCTION

Organic matter influences physical and chemioanl
properties of soil far out of proporiion to the smell
qQuantity present., It commenly accounts for atleast half
the cation exchange capacity of soil and is responsible
perhaps more than any other single factor for the stability
of soil aggregates.

In the production of a fertile and productive soil,
organic substances play a direct role, they are the sources
of plant nutrients which are liberated in available fora
during mineralisation. Besides being a source of nutrients
for the plant, and the most important factor in structure
formation, organic matter has also a fundamental role on
the physical properties of the soil and deterainss to a
large degree such physico-chemieal properties like exchange
cspesocity and buffering preperties. These properiies are of
great importance not only in ocontrelling the uptake of
nutrients by the plant and their retention in soil but also
in suppressing the deleterious effeotis of soil acidity.
Furthermere, it supplies energy and body building consti-
tuents for the micro~organisas, chslates nutrients, interscis
with olays, conserves moisture, inereases vater use efficienqy
and reaots vith salis, fertilisers and organic chemicals such
as pesticides and herbicides.



Soil organioc matter differs widely in quality and
quantity in different soils of the state., Though quantity
estimates are often arrived at by simple chemioal analysis,
qualitative studies are not usually underisken. Proportiion
of different elements in soil organic matter may differ
with respect to the degree of decomposition, stabilisation
with other soil components, the quality make up of the
organic residues and soil conditions under which the soil
organioc matier is aynthesised into a comparatively stable
form. The relationship between organic carbon and total or
svailable nitrogen content of ithe soil is often made use of
in predioting the nitrogen content of soil. Thie relation-
ship is invariably employed as a siandard value in soil
testing procedures for advisory works, without referring to
the composition and quality make up of the soil organjioc matter
in the soils concerned. It is highly essential that precise
relationship between organic carbon and total or availzole
nitrogen should be worked out for different types of soils
wvhich differ in the quantity and quality of organic matter
contained in them before such values are made use of for

advisory purposes,
Though methods for the estimation of empiriocal fractions

of organioc matter have been developed detailed studies on
fractionatien of organic matter in soils of the state have not



so \far been undertaken, Similerly, informstion on the
elemental components of solil organic matter in the soils
of the stiate are scanty. 7This study wvas therefore oriented
with the follewing objeetives in view,

1. To study the relationship betwveen soil organic
matter and soil nitrogen in large number of soils so as to
establish more precise fagtors for calculating the total
end available nitrogen in soll based on organic matter or
organic oarbon content,

2. To study the pattern of distribution of empiriecal
fractions and elemential constituents of soil organic astter
in & few selected soils of the state.

The resulis of the investigation are presented in
following pages.
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REVIEW OF LITERATURE

Boil erganio matier, the key component of soll,
includes plant and animal residues at various stages of
decomposition, cells and tissues of microbes and substances
synthesised by soil population. The rate at which the
organic matter is scoumulated or depleted is strictly
controlled by the overall influence of climate and plant
communi ties, human interfersnce and length of time
(Jennyy, 1941; Jones, 1973).

Gob et al. (1977) found that there was variation in
the distribution and enrichment of the organic matter
fractions both within the soil type and between soil types.
Differences appeared to be primarily a funotion of the stage
of decomposition and translocation of the fractions threugh
the seil rather than due to differences in vegetation.
Palanisppan (1975%5) found that the oarbon content did not
differ in any signifiocant measure between ocultivated soils
of hills and virgin soils. Sehmidt and Schmidt (196%) and
Harvey (1964) also observed that the organic matter ocontemt
did not register marked variation in virgin and ocultivated
soils.

Hamblin et al. (1977) found that the textural group

vith more organic matter had better physical propertiies
relating to both plant growvth and soil asnagement. Inoreased



organic matter gave higher water holding capacity and
porosity and decreased compaction, breaking strength and
bulk density.

1. Organic matter and plant nutrients

Zunino and Martiin (1977) observed that naturally
ooourring 2oil organic matter bound the metal ions consti-
tuting an intermediate stage by which substantial percola-
tion losses of fres cations and metallioc agquocomplexes or
simple organic metal complexes were avoided. Soil organio
matter highly saturated with metal ions might constitute
the most important pool of micronmutrients svailable to
biologiocal systeas.

The relationships between the organioc matter content
of soils and the total and available plant nutrients have
been worked out by s number of investigators all over the
world. A brief review of the work done on this regard is
given under,

1.1. Organioc carbon and seoil nitrogen

Palanisppan (1975) in a study on the influence of
environmental faoctors on organioc oarbon, total nitrogen and
available nitrogen found that there was a predictable combi-
netion of environmental factors operated at any single site.
All forme of nitrogen were significantly correlated with



organic oarbon and veriations in these constituents in
relation to environmental faoters followed a similar trend.
Despite noticeable difference in carben and nitrogen content
of s0oil, the C:N ratios remained practically unaffected
eignifying both carbon and nitrogen were simultanecusly and
sinilarly affeoied. Norman (1968) stated that even after
tremendous build up or breakdown of arganic matter, the

CsN ratio of the soil was remarkably stable, Harade and
Inoko (1980) noted a highly significant negative correlation
between the ocation exchange capacity and CiN ratio of the
oity refuse composts,

A high degres of correlation between nitrogen and
organic oarbon was rsported hy a number of workers for verious
soil groups (Atkinson and Sowden, 19703 Craswell and
Waring, 1972).

1.2. Total nitrogen

The organic nitrogen compounds account for wvell over
90 per cent of the total nitrogen in most soils and are
mainly the products of miocrobial decomposition of plant and
snimel remsins. Davidson et al. (1951), Stevenson et al.
(1952) and Dadd et al. (1953) confirmed the presence of soil
aitregen mainly in organic forms., Observations of Blaok
(1968) indieated that the inerganie form of soil nitirogen
constituted only less than 2 per cent of the total nitrogen



and the rest was in organic form and that nitrogen accounted
about 5 to 6 per cent of soil eorganic matter by weight.

Purushothaman (1964) and Bepiah (1970) obtained a
positive correlation between organic matter and total
nitrogen. Kyuma ¢t al. (1969) found that the nitrogen
inorease in forest soils was primerily due to the higher
level of organic matter and also due to the humin dontent,
Tokudome and Kanno (1968) and Mikheylova (1970) revealed
that the desoisive factor in nitrogen variations was evi~
dently governed by the organic matier status,

1.3. Available ni‘h'em

Guruswany (1963) recorded a close correlation between
total nitrogen and available nitrogen in the paddy soils of
Tanil Kadu. Ramadass (1970) obtained 2 high correlation
betiween available nitrogen and organio matter in the soils
of South Arcot, Tamil Kadu,

Harigitai (1966) established relationship between
available nitrogen and pH and Godlin and Sonko (1970) related
available nitrogen to soil texture. Fine fractions possibly
retained more of exchangeable smmonium and even nitrate
nitrogen thus causing a peraeptible inorease in available
nitrogen status with inoreasing altitude and rainfall and
decrensing pH. Harigitai (1966) found that apart froem the
absolute amount of organic matter, which wvas considered to



have a favourable influence on aveilable nitrogen status,
the quality of substances had aleo got a direct bearing on
the availability. The higher the humic substances, greater
vas the aveilable nitrogen content.

Baat et al. (1971) reported a positive correlation
between organic oarbon content and available nitrogen, wvhen
the organic carben content was graataf than 0.7 per cent.
Taakur 6% al. (1976) found that the percentage of organie
oarbon content can be used as an index of available nitrogen
in soil for makiung fertilizer recommendations,

1.4. Organic phosphorus

Organic matter in soils ocontains a small dbut fairly
uniform proportion of phosphates. In most mineral soils
one half to two thirds of the total phosphorus is organie,
but proporticns varying from 4 per cent for a pedscl to
90 per cent for an alpine humus have been reported by Williems
and Steinbergs (1958)., Pearson and Simonson (1939) studied
the asmount and distribution of organic phosphorus in soils.
They reported that the ameounts of organie phosphorus ranged
from 205 ppm to 59% ppa in the surface layers and was as low
as B ppm in the C horison of some soils. The proportion of
total phosphorus present in organic form ranged from 35.4
per cent in the plough layer to 72,6 per ocent in the A,
hoerizon. Ghani and Aleem (1943) found that organioc phosphorus



in soils ranged frem 3 to 75 per oent and inerganic phos-
phorus froa 25 te 75 per oceat.

Kibe (1945) reported that the content of orgamioc
phosphorus in soile inoressed with the content of nitrogen.
Jackaan (1955) showed that both the quantity of organie
phosphorus and the rate of aineralisation were correlated
positively with amounts of ergenic earbon snd nitrogen in
soils. Kosaka and Abe (1958) observed an inorease in the
proportion of ergamic phosphorus to the total phosphorus with
inoressing humification. According to Kaila (1963) the pro-
portion of organic phospherus depended mainly on the carden
content of the seil. S8ignifisant cerrelation between organic
carbon and total phosphorus was obtained by Purushothaman
(1964). Talati and Nathur (1975) in a study on various foras
of phosphorus in north vest Rajasthan soils found that organie
phosphorus wvas highest in surface layers and ratios of organic
carbon and total nitrogen to erganic phosphorus were narrow
indieating high phosphorus minerslisation.

Bowman and Cole (1978) in a study on fractionation of
organic phosphorus from grassland soils reported a high
percentage of organic phosphorus and they werse resistant to
mineralisation. Somani et 2l. (1979) found that the organic
phosphorus content of the soil and the various humus fractions
decreased vith depth, Of the total phosphorus, 35.2 to
74.8 per cent ocourred in the humus. Organic phosphorus
vas highly correlatesd with organic matter, total phosphorus



and total nitrogen in seils of forested and cultivated
mollisols. Prolonged spplication of farayard asnure or
fertiliser phosphorus inoreased the centent of organio
phosphorus and its propertien te totel phosphorus

(Gosh et 8l1., 1981),

1.5. Organic potassium

Waksman and Iyer (19352) reported that caloium,
magnesium and potassiua were hound to the humus complex
chemically. Nishita et al. (19%6) observed that uptake of
sodiua and potassium was found 0 increase both in pot
sulture and neubauer experiment as the concentration of

10

organic matter was inoresased. Vijayachandrsn (1963) reported

that Kerala laterite soils contained only meagre gquantities
of potassium., Purushothaman (1964) indiocated that the
potash content was lov in soils containing high amount of
organic matter.

1.6. Organic sulphur

Sulphur is present in soils both in organic and
inorganic forms. In well leached surface soils, much of
the sulphur exist in organic forms. Organic sulphur of soil
differentiated three hroad fraotions nsaely, HI~ redueible
sulphur, ocarbon bounded sulphur and residusl or inert
sulphur. The HI-reducible sulphur fraoction contain sulphur
compounds that were not directly bonded to oarbon and it
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consist primarily of sulphate esters and ethers in the fora of
phenclie sulphates, sulphated polysaceharides, cholin sul-
phate and sulphated lipids, (Tabatabai and Eremner, 1972).
This fraction was thought to be largely sssociated with
active side chain componentis of fulvic and humic materials
and sccounted to about 33 to 78 per eent of totel soil
organic sulphur, In aineral scils carbon-bonded sulphur
acoounted for between 5 and 35 per ocent of total orgamiec
sulphur. Carbon-bonded sulphur was relatively stable and
primerily aseociated with strongly aromatio core of humiec
acids (Bettany et al., 1973).

Evans and Rost (1945) found that organic matter acted
as & reservoir for sulphur, They obiained direot correla-
tions for the humus sulphur and total organic sulphur with
the amountis of nitrogen and ocarbon. Williams (1962) recorded
8 clomse relationship between total sulphur and tetal carbon and
between total sulphur snd nitrogen. Nelscn (1964) reported
& high correlation between organic sulphur and organie oarbon.
Leela (1967) indicated that organic sulphur constituted the
major portion of the total sulphur in Kerals soils.

The reports of Fremey st al. (1969) and Virsani and
Kanwvar (1971) also indicated a strong correlation between
organic matter and total and erganio sulphur. Krupskii (1971)
reported that 91 per cent of the total sulphur was in orgsnie
form. The content of organie sulphur in the humus was 0,77
to 1,01 per oent. Ploughing and eropping produced parallel



decresses in the humus content and content of total and
organic sulphur. BSomani sné Saxens (1976) reported regular
decrease in the total, inorganic and organic sulphur ocon-
tent in soils and sulphwur present in varioue humus fractions
with depth. Among the fractions humic acid containsd
highest amount of organie sulphur followed by fulvic acid,
humin, beta humus and hymatomelanio acid for soils of
Rajasthan,

Rahal and Paliwal (1978) reperted on an average the
total sulphur and organie sulphur were 1577.9 and 37.8 ppm
for soile of Rajasthan. 4 positive significant correlation
between organic sulphur and availsble sulphur and cold water
extractable sulphur for Rajasthan solle was reported by
Rahal and Paliwal (1980).

1.7. Batios between carben, nitrogen, phosphorus and sulphur

Agoording to estimates of SBwaky (1968) 98 per cent of
nitrogen, 80 per cent of sulphur and 60 per cent of phosphorus
were associated with the organic compounds in seil.

Pearson and Simonson (1939) observed that the ratios
of organie phosphorus to erganic eardeon and nitrogen varied
considerably within individual profiles as vell as froa one
soil to another. Nye (1951) reperted that soils having high

ratios of carbon to nitrogen (13 to 17) gave greatest res-
ponse to nitrogen fertilisation. Blsok (1968) showed that
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80il nitrogen was immebilised if the carbon to nitrogen
ratio of the added organic material vas in excess of about
3% to 1.

Walker snd Adams (1958) recognised that the average
CiN18:0rg.P ratio of wenty soils of Nev Zealand wvas
12031031,312.7 and a similar average ratio 140:1011.412.4
vas obtained froa the snalysis of f£ifty Bcottish soils.
C:P ratio had been taken to serve as an index of available
phosphorus by & number of workers (Semani and Saxena, 1970;
Sacheti and Saxena, 1974).

Virmsni and Kanwar (1971) reported a 013 ratio of
6631 for some north east Indisn seils and Kanvar and
Takkar (1964) reported a C:5 ratio of 100:1 for some Assam
soils. Somani and Saxena (1976) found thet materials of
narrov CsH, C:P and Ci1f ratios caused considerabdle minera-
lisation of nitrogen, phosphorus and sulphur while wide
ratic materials caused considerable immobilisation.
Kothandarasan and Krishnamoerthy (1978) found that the
range of org.Ciorg.P ratio vas frea 5,05 to 123.4. Organic
phosphorus significantly correlated with totel phosphorus,
organic earbon, total nitrogem and C:N ratio. Ratio of
ocarbon to organic phosphorus significantly correlated with
C:¥ ratio. Nagi (1978) found that organic oarbon wvas signi-
fioantly correlated with available nitrogen, phosphorus and
potassium. Limits of organic earbon for categorising soil
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fertility into different classes had been fixed with respect
to available nitrogen, phospherus and potassium,

Mukhopadhyay and Asit (1979) observed CiNiS ratios
of solls of aifferent agroolimatic sones and suggested the
presence of varjable preportion of different components of
s0il organic matter in differeat regions. The variation in
soil organic matier had deen influenoced hy the chemical
oomposition of natural vegetatien, climate, soil properties
of the area as wvell as agricultural and other manageaent
practices. Singh et a). (1980) in a study on the influence
of grasing snd burning of grassland on rats of accumulation
of carbon, nitrogen and sulphur found that organic cardon
could be used as an index of nitrogen and availsble nitrogen
in soils.

2. Boil texture in relation to organic matter

Trofimenko and Kisyakov (1967) reported husus enrich~-
ment on acoount ef the associstion between humus snd finer
fraotions and this situatien vas also favourable for soquired
resistance of soll organic matter to deocomposition process.
Kyums ot 8}. (1969) and Lebedeva (1971) reported the ocomplex~
ing of so0il organic matter with inorganic pertions of seil
20 as t0 form steble compounds, Turchemek and Cades (1979)
found that the organic oarbon anéd nitrogen contents vere
highest in the finest separates, Organic matter was conoen-
trated in lov density fraotions and CiXN ratio was lovest in



the tinar separate. OiN ratio deereased vity decrease in
particle size and with inorease in density. Hinds ang
love (1980) founa jthut Sontents of oarbon, nitrogem, sulphur
spd ﬂ’t‘?ﬁﬁ Jhosphorus increased with decreasing particle
sise, gerage values for carben increasing from 3.7 per oent
in ¥ silt 10 10,1 per cent in fine clay fractions. The
“,”pcndm incresses for nitrogen, sulphur and organio
sosphoras W 0,26-1,17, 0.037-0.178 and 0,043-0,172

per ,.nt'n-mnn]y. csl. and Ci1S ratio deoreased with
decrewing particle pise indiceting a relstive enrichaent
of nitro/en and sulphur in finer particle sisze fractions.
N8 ratis shoved little variation with particle aize while
cs? raties vere erratic. The clay fraotion accounted for
an averss of 52-59 per cent of soil mitrogen, sulphur amnd
phosphome. Broerams and lavkulich (1980) found that the
weight >f organio matier per unit of surface aree increased

with ‘;nmaamg size of eoil separates.

3. Boil' reaction (pH) in relsation to orgsnic matter

Acharya (1935) found that the organic matter added
to soil during decomposition under anmerobic oconditions
produced numercus organic scids, carbondioxide, ammonia I
and nitrate vhich sffeeted the pH of the soil. Russell ‘
(1963) observed that meil resction was important in determin-
ing the secumulstion of erganio matiter in the surface soils
or its mingling wvith other layera. Reinfenberg snd ‘
Moshioky (1941) indiocated that soil resction affected the 1

|

|
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rate of decomposition of organic matter through its
influence on miorobisl pepulstion and astivity. Acquays
(1963) obtained a correlation betwsen soil organic phos-
phorus and pH, Soundararajan (1965) obtained a close
correlation between the organic carbon and pH. Bopian(1970)
observed a positive relationship between pH and total
nitrogen, available potassium and total calcium. Ghosh

and Schnitzer (1980) found that between pH 5.0 and 6.5 =
range into vhich msny agricultural soils belonged, humic
naterials appesred to be cheajoally lesst reactive vhich
aight explain atleast in part of their stability in soils.
Kaliss and Stone (1980) found that organic matter wes the
chief source of exshange capacity at all loocalities. They
also found that cation exchange eapaciiy vas linsarly corre-
lated with pH., Cation exochange capacity increased sbout

S0 meq/100 g erganic matter per pH unit. Primavesi (1968)
and Palaniappan (1975) reported an inorease of soil organic
matter with decrease in pH,

4. Empirioal fractions of erganic matter
The importanti groups that make up humic substances are
humioc soid, fulvic acid snd humin.

4,1, Hmmic scid

Humio scid is eomposed of two components (1) hymato-~
melanic acid whioch is alechol soluble and (ii) ins¢ludle
fraction,



Dobersiner (1822) used the term humic ameid for the
first time. Oden (1919) desoribed humioc acid as being
dark brown, almost black substance insoludle in aloohol
but soluble in alksli and precipitated by scids. Springer
(1951) obtained 4 per cent nitrogen and a CiN ratio of
14i2:1 from a humiec aeid of a neutral peat. Forayth (1947)
indicated the presence eof carbdexylie, phemolio, methoxyl,
soetyl, quinone and prodably carbdonyl groups in humic acids.

Iarsen et al. (19%9) demonstrated the effect of humio
acid on the apparent negative adsorptiion of phosphorus,
Further, humic acid prevented adserption of phospherus in
the presence of limited quantities of iron and aluminium,.
Burges (1968) suggested the synthesis of humic acid during
decomposition of organic matter. PFlaig (1968) noted that
mnost of the humic acid cempounds were degraded in about
18 days time. The higher humic acid content could be resulted
froa higher organio matier status and suoch a direot relation-
ship detveen husus and humie acid vas also stressed Yty
Kononova (1967).

Nguyenkha st al. (1969) reported that formation of
humic acid was maximun in winter and minimus in summer.
A study of humification prosess showed the formation of twe
humio fractions, a stable non-extrsctable fraction reflected
hy & regular inorease in omtion exchange capaeity of the
1itter and a soluble ladbile fraction vhich was fixed by clay
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and wvae deocomposed in smmmer. Humic acid tracum vere in
dynamic equilibrium undergoing biodegradatiion as soon as

they were formed.

Turski et al. (1970) found that the humic acids from
near the surface were found to be low in carbon due to high
miorobial activity but frem deeper layers vere found to be
slightly humified, still pelymerised with lignin remnsnts
in the nuclei. Turski (1971) found that erosion resulted
in decreased humus contents, decreased humic acidifulvie
acid ratios and lover degress of condensaiion and polymeri-
sation of the humic seid fractions.

Bwift et al. (1972) studied the nitrogen, phosphorus
and sulphur contents of humic acids fraotioned vith respect
to molecular weight and found that nitrogen and phosphorus
contents were greatest in the high molecular veight fractions,
but sulphur content was constant throughout the molecular
weight range. The change in nitreogen content was mainly
aceounted for by the lese of amino acid nitrogen.

Anderson st al. (1974) stated some of the allophane
minerals vers knowvn to react with and retain the humic socid
part in eonsiderably larger propertion and this mechenisa
vas also evidently operating from the type of olay present,
Workers like Hurst and Burges (1969) held the view that
lignin was the chief ocontributor towards higher humie scid.
Rusinelli ot al. (1975) conducted a study on the composition
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and physico-chamiocel charscteristics of the humus of some
soile and found that the physieco-chemical properiies of

the hunus of four soils were very similar., The humic acid to
fulvie scid ratio was alvays 1.0,

Ohta and Kumada (1976) investigated humus forms of
forest soils and found that nitrogen in humio, fulviec and
huain fractions increased with the progress of decomposition
and the largest relative inoresmse was found in fulvic acid
nitrogen.

Zhigunov et al. (1977) found that as plant reasidue
decomposed the features that determined ihe most important
charscteristios of humic aeids changed suggesting the
maturing of these aoids.

Makarevich (1977) found that differences in the content
and distribution of humio acids and fulvic acids in soils,
vhen sufficiently pronounceéd, gave a good indication of the
nature of the geochemioal processes involved in soil forma-
tion. Banerjee and Chakraborthy (1977) found that thers was
a regular variation in the nature, distridution and compo-
sition of humus in surface soils from dlftoront climatic
regions, A moderste moisture regime and slightly acidic to
neutral reaction wers the main factors leading to the forma-
tion of humic acids, while excess moisture and scidic con-
dition favoured the formatijion of fulvic moid,



Arshad (1977), trem the infra red speoira of humio
and fulvic acid fractiomns extracted from solonets soil
suggested that their struoctures were similar but the humio
acid might be more aromatic and more highly polymerised,
Shosokuwatsuka et al. (1978) found that the elementary
composition of verious Yypee of humio acids vas signifi-
cantly distinct. Carbon and oxygen content of huamic acids
might be apt to refleot the different conditions of soils.
The deeper the visible light abserptiion of humic acids and
a0 the higher the degrees of humification, the lower the
hydrogen ocontents of humie aoide were, Though nitrogen
content showed a trend similar to the trend of hydrogen,
the nitrogen content of less humified humic acids varied
from very lov to very high values, suggestiing the enrichment
of nitrogen into humic aeid molecules in the early stiage of
humification. Tan (1978) reperted a negative correlation
between total soil nitrogen and ratio of fulvic acid to humie
acid confirming thet nitrogen was more olosely associated
with humic scid than fulvic aeid. Differences in humic scid
spectira between soil groups were attributed to inherent

differences in soil conditions.

Budihal and Seshagiri Rae (1978) reported 2 humioe
acid content of 12.4 per eent of organic matter for Karnataka
s0ils. They also observed that neutral resction and relatively
higher base saturation faveoured predominance of humic acids.



21

The least degree of aromatisation of humic socid of the
lateritic soil appeared to be due ito acidic reaction, high
base saturation and low exchange capacity.

Joshi (1981) found that alfisols and mollisols were
characterised by the preponderance of humic acid vhereas
in enitisols and vertisols less of humio and significantly
higher amounts of nonhumic and fulvic acid fractions were
observed. Studies revealed that though there were diffe-
rences in the ocomposition of humus in different soils, the
nature of humic and fulvic acids in these soils were not
very much different, Humic acid was the first transforaa-
tion products of soil organic matter vhereas fulvic acid
was formed by further transformation and destruotive
synthesis (Ram and Rsman, 1981).

4.1(a). Hymatomelanic acid

Oden (1919) observed hymatemelanic meid to be light
chocolate brown in colour snd contained 62,2 per ocent
carbon and 5,28 per cent hydrogen with an equivalent weight
of 250. He also indicaied the formation of hymetomelanioc
scid from humic acid during alkaline hydrolysis. Kukharenko
(1948) based on chemiocal investigations concluded that
hyaatomelanic acids were apparently simpler forms of humic
acid. Tan (1974) concluded tuat hymatomelanic acid wae not
an artifact but & naturally esterified or methylated fraotion



of the humic molecule liberated ky sthancl extraotion. Bat
0'4 labelled othanol extraction of humie seid yielding
hymatomelanic acid supported the assumptiion for the natural
ocourrence of hymatomslanic acid.

4.2. Pulvic acid

Oden (1919) desoribed the fulvio scids as being
soluble in alkslies and in secids with light yellov to golden
yellow in colour. Aleksandrovs and Nad (1958) suggested that
fulvic agide and some ferms of humioc acids resembling them
formed complex and intra cemplex cempounds with iron,
alumninium, manganese, copper, sinc and certiain other elements,
Stevenson {1960) showed that about one half of the nitrogen
ooocurred in the fulvioc acid fraction of the soil erganic
astter,

Kononova (1961) recorded a general inverse relation~
ship between fulvic mscid and huaie acid content, The ratio
of humic acid 0 fulvio aoid vas found to vary bdbetween 0.3
and 2.5.

Sohnitser (1970) reperted 51 to 56 per oent fulvic scid
in organic matter of podsel soils. Schnitser and Kham (1972)
explained the highly mokile mature of fulvic acid which
resulted in the washing awvay of this constituent and ocompara-
tively lower smounts of this in the surface soils., Grati et al.
(1965) adduced the higher fulvioc acid content due to finer
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fractions., Krupekii st al. (1971) reported that humic ¢
fulvic acids contained about 50 per ocent of the sulphur

in the organic matier of the soil. PFelbeok (1971) observed
that humic acid degraded to fulvic acid and Schnitzer and
Khan (1972) stated that fulvic scid was the resul tant
product from humio acid.

S8ingh and Singhal (1976) found that in the outer
Himalayan soils fulvic acid fraction predominated over humic
acid component and the content of fulvic acids and ethanol
bensene exiractable fractisns tended to increase with depth
of profile, vhereas the content of humic acids and caloiuom
bound humus fraotions decressed. The gel chromatography of
the humic acids and humins showed that the different types
of humus had the same basic chemiocal composition but differed
in the nature and degree of the arrangement of the chemical
constituents among themselves and with ainersl colloids
(Agbodjan-Prinoe et al., 1977). '

Budihal and Seshagiri (1978) reported that the humus
of the lateritioc soil wvas fulvate type and humin was the
dominant fraotion for soils of Karnataka. They also observed
for humic acid fulvie aoid ratio inocreased with soil pH and
base saturation. The acidic reaction and poor base status
of soil appesred to be condusive to the formation of fulvie
acids. JFor northern Karnataka soils they got a fulvie acid
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content of 22.% in peroentage of organic matter. Ram snd
Raman (1981) in a study on the charasterisation of huaio
and fulvic acids extraoted from different Indian soils
observed high oxygen/hydrogen raties for fulvic acid as
compared to humic acid and also fulvio acid vas more scidie.
Tulvic aoid (low molecular weight) were adsorbed acre by the
olay minerals than the high molecular weight ones. It was
found that sesquioxides mede bridges between functionsl
groups and interacted stvengly with olay ainerals during the
formation of clay-humus complex,

4.%. Humin

Orlov (1971) found that humin was the major contributer
tovards total nitrogen. Higher level of organic matter and
building up of humin constituent could ocsuse inereass in
nitrogen under high altitude and rainfall,

Riocardo (1968) found that in the top soil humic acid
predominated acoounting for mers tham %0 per cent of the
humus. The humins represented 20-35 per cent of the humus,
Pulvic acid content inoreased with depth and humic acid
content decreased, |
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MATERIALS AND METHODS

In order to establish the relationship dbetween soil
organic matter and soil nitrogen preocisely, 490 surface
soil samples (0-15 om depth) representing the upland areas
of dAifferent districis of the state were selected for the
study by secreening a large number of soil samples collected,
assuring variations in the content of organic carben, total
and available nitrogen and texture of the soil. The follow-
ing analyses vere undertsken using these selected msoils.

1. Organic carben

2. Total nitrogen

3. Available nitrogen

4. pH

5. Electrical conduotivity
6. Mechanieal analysis

For the purpose of arriving at the relationship
between these soil properties, the soils were also grouped
into different classes based on the content of organie
carbon and the soil texture. Based on the level of organic
oarbon present in the soil, soils wvere grouped into following

categories.

1. Lov organic carvon group with orgenic carbon less than
1.0 per oent. There were 210 soils under this group.
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2. Medjum orgsnic carbon group with organic carben 1.0 to
2,0 per oent. There wvere 220 soils under this group.

3. High organioc carbon group with organic carbon more than
2.0 per cent. There were 60 soils under this category.

Based on texture, the soils wvere grouped into

1. Sand

2. Ioam/clay

Thexre were 141 soils in the sand group and 549 soils
in the loam/clay group.

Fractionastion of organic matter and determination of
ocation exohange capacity were carried out using twelve soils
selected from the 490 soils already studied for their rela-
tionship between organic carbon and nitrogen. In addition
to the fractionation, the chemiocal composition of the soil
organic matter separated from these twelve soils was also
examined. The constituents of organic matter thus examined
vere organic phosphorus, organic potassium and organic sulphur,

1. Organic carbon

Organic cerbon vas deterained by the method of Walkley
and Black (1934) in which soil was digested with standard
potassium dichromate and sulphuric acid and the excess
chromic aoi&fﬁickfﬁltratcd against standard ferrous sulphate
in the presence of orthophospheric scid using diphenyl amine
1ndioator.



2. Total nitrogen

Total nitrogen was determined by Miorokjeldahl
method (Jackson, 1958). In this method, all forme of
nitrogen wvas converted into sulphate of ammonia by diges-
tion with sulphurie acid and salioylic acid in the presence
of sodiun sulphate as an electrolyte and selenium as a
oatalyet. A water extract of the sulphate of ammonia was
distilled with exoess of alkali and diestillate was collec-
ted in a 4 per cent solution of boric acid. The smount of
smaonia evolved was deterained by titration with standard
aoid.

CiN ratio wvas worked out from the carbon and nitrogen
contents estimated by the above procedures.

5. Availeble nitrogen

Available nitrogen wvas dofarlinnd by alkaline per-
aanganate method suggested by Subbiah and Asija, 1956,
Here the amount of soil nitrogen released by alkaline per-
manganate solution (100 al of 0,32 per centi potassium
permanganate and 100 ml of 2,5 per cent sodium hydroxide)
from 20 g of soil was estimated by distillation procedurs,
Care was taken to see that a fixed volume of distillate
(30 ml) was collected in standard acid each time. The
excess acid was then back titrated egainst standard alkali,
using methyl red 1nd1¢ator..



28

4. pH in water

S0il pH was deiermined in a pH meter using a moils
vater ratio of 112.5.

5. Electriocal conductivity

Bleotrical conduotivity of soil solution (1:2.5 soil
water retio) was determined using a digital conductivity
bridge.

6. Mechanioal analysis

Particle size distridbution was determined by hydro-
meter method as desoribed by Piper (1942). Here the density
of a suspension at a given depth as a function of time wvas
caloulated. Fifty gram of air dried soil was thoroughly
dispersed in 100 ml of 1.5 per cent sodium hexametaphosphate
lolhtlon by stirring. The disperaion mixture was transferred
to a 1000 ml stoppered cylinder and hydrometer readings wvere
taken after 4 minutes and 2 hours. The firsti reading
accounted for silt and clay and second reading for clay alone.

7. Practionation of soil organic matier

Fractionation of soil organic matter was ocarried out
adopting the prooedure suggesied by Stevenson, 1965 as
indicated in the flow chart given bdelow,
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Soil organic matter
(Humic matter)

Treat witL 0.5 N NaCH
T 1
Insoluble (Humin) Soluble
Treat with acid

|

.
Precipitated Honprooi£itatod
(Humic acid) (Pulvic acid)

i
Extract with aloohol Adjust pH to 4.8

|

Soluble Insoluble Soluble  Insoluble
(Eynaton;lnnic (Beta-hunmus)
acid

a. Humic acid

The soil was washed with O,1 N HCl and 40 g of the
waghed soil was taken in a polythene cenirifuge botile.
To this 200 ml of 0.5 N sodium hydroxide solution was addod.
The mixture was shaken for 12 hours on & mechanical shaker,
the sides of the boitle were washed with distilled water and
the mixture was centrifuged. Dark coloured supernatant -
liquid was filtered and the pH of the solution was adjusted
to 1.0 with conec. HCl. Additional 200 ml of 0.5 N sodium
hydroxide was added to soil, the content was shaken, centri-
fuged and filtered. The residue was dispersed in 200 ml
distilled water, centrifuged and the supernatant liquid was

added ito the previous extracts, The residue was discarded.
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The pH of the extract was adjusted to 1.0 with conoc., HCl

and the humic acid was allowed ito settle, The supernmatant
liquid in the acidified extrsct represented the fulvioc acid.
This was siphoned off. The humic acid suspension was
transferred to 2 polythene bottle and the humic acid vas
separated by centrifuging. Humioc acid was redissolved in

0.5 N sodium hydroxide and reprecipitated with cone. HCl,
Humio acid was again separated by ocentrifuging. This purifi-
cation procedure wae repeated. The supernatant liquid in
each case wap transferred to the original aoid filtrate.
Humio acid was washed with distilled water until free of
chloride. Now humic aoid was dried and ground to a fine
powder, This was weighed and reported as percentage of huaic
acid on moisture free basis snd also as percentage of organio
mattier.

b, Fulvic acid

The acid sxtraot collected in the humic acid prepara-
tion was fulvic acid, A known aliquot was taken, evaporated
and dried. The residue was veighed and reported as percen-
tage of fulvic acid on moisture free basis and also as per-
oentage of organic matter.

¢. Humin

Humin fraotion was determined by deducting the weight
of humic aoid and fulvic agcid from total soil organic matter,



4, Hymatomelanic acid

A known amount of humic acid was taken in a soxhlet
apparatus and extracted with ethyl alcohol for 24 to 30 hours.
The exiract was made free of alochol by evaporation in a
vaouum oven and then dried, The residues was weighed and
reported on moisture free basis as hymatomelanic acid.

e. Insoluble fraction

The weight of insoluble fraction was determined by
deducting the weight of hymatomelanic aocid froam humic acid.

£. Beta~humus

To separate beta~humus, the pH of the fulvioc acid
fraction wvas adjusted to 4.8. ZYor this purpose 5 N NaOH
solution was sdded to the extract until practically all the
acid vas neutralised and then the neutralisation was ocompleted
by cautious addition of 0.1 X NaOH eolution., After the pre-
cipitate had settled the supernstant liquid was siphoned off
as much as possible and the remsinder of the suspension wvas
twransferred to & polyethylene bottle and beta humus was
ocentrifuged out, The beta-humus was then washed with dis-
tilled water and dried in an oven at 50°C,

8. Cation exchange capaoity

In a veighed sample of soil cations were displaced by
ammonium by leaching the s0il with neutral ammonium acetate
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solution. The excess of ammonium acetate vas removed by
vashing with alcohol, The soil was then distilled with
magnesium oxide, the ammonia liberated being absorbed in
a known excess of standard acid. The excese acid was then
titrated with standard alkall end the cation exchange
capaoity was caloulsated,

9. Orgenic phosphorus

Organic phosphorus wes esiimated by difference in
values of phosphorus content between ignited eolil and
nonignited soil. Ome grsm of air dried soil (of less than
0.5 mm sise) was taken in a silica crucible and heated at
240°C for one hour in en eleotric muffle furnsce., Afier
cooling the ignited soil vas transferred to a centrifuge
tubs., This was mixed with 10 sl of hydrochloric acid and the
tube was heated on a steam bath for 10 minutes and then a
further addition of 10 ml acid wvas made, This was allowed
to stand at room teaperature for one hour and 50 ml of water
was added to it and centrifuged. The solution was decanted
into a 250 m)l volumetrio flask and volume made up. Likewise
another one gram of nonignited soil was similarly treated
in the centrifuge tube., The phosphorus in these extracis of
ignited and nonignited samples was estimated by the addition
of chlorostannous acid in hydrochlorio acid system and the
blue colour develeped was measured colerimetriocally using a
spectrophotometer, The difference between the two gave a
meagure of total organic phosphorus.
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10, Organic potassiun

Potassiun wvas determined flame photometriocally in
the acid extract of ignited and nonignited soil, prepared
for the estimation of organic phosphorus. The difference
between the two wvalues represented the organic potassium.

11, Organic sulphur

The method of Evans and Rost (1945) was adopted for
the determination of organio sulphur. Ten gram of finely
powdered soil wvas leached first with distilled water and then
vith 1 per cent HCl and finally with water to make it free
of chloride, The s0il was then transferred to a beaker and
organic metter wvas oxidised with hydrogenperoxide. Then
sulphur in the soil was estimated as sulphate sulphur by the
prooedure described by Chesnin and Yien (1951)., The diffe-
rence in the sulphur oontent before and after the oxidation
of organic matier wae iaken as organic sulphur,

12, Statistical analysis

The data were sxamined statistioally making use of
the principles of correlation and regression as desocribed
by Panse and Sukhatme (1967).
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-RESULTS AND DIBCUSSION

The present study was undertaken to sstablish precise
relationship between soil organic matter and soil nitregen
in the acid laterite upland soils of Xerala, Attempts were
also made to examine the empiriocal fractions and elemental
constituents of organic matter in the soil. Since tae
ocarben nitrogen ratic and the products of decomposition differ
with the total content of organic matter amd the texture of
the soil, soil samples wers selsoted assuring maximum varis-
tion in the total organic matiser centent and texture of ihe
soil. The soils were grouped into different ocategories baged
on the content of organic matier as well as mechanioal compo-
sition in order to derive separate precise relationships
betveen poil nitrogen and soil orgaunic matter in different
categories of soil.

1. General charscteristios of soil

The geners) characteristies of soil including the place
of colleotion are presented in Table 1 and the mean values
and ranges are given in Teble 3. The 490 samples selected
for the study werse from 11 districts of the stats namely
Cannanore, Trichur, Palghat, Caliout, Ernakulam, Alleppey,
Malappuraa, Kottayaa, Irivandrum, ldukki and Quilen.

In general the soils were acidiec and pH ranged froa
4.2 - 7.6, the average being 5.94. 7This is becsuse, only



Table 1(a) General characteristios of soil

8l1. Sample Place of District pH E.C. Mechanieal analysis Textural class
No. No. collection l-;slgoa/
om Sand §# 8411t % Clay ¢

1 2 _ 3 4 5 6 7 8 9 10

1 1 Pattambi Palghat 6.15 0.24 68.0 16.0 24.0 Sandy clay loam
2 2 Pattanbi Palghat 5.00 0.45 35.5 28,3 36.3 Clay loam

3 4 Pattambi Palghat 5.40 0.20 63.2 9.6 27.2 Sandy clay loam
4 5 Pattambi Palghat 580 0.14 71.2 1.6 27.2 Sandy clay loam
5 6  Pattambi Palghat 5.85 0.11 69,6 16.0 14.4 Sandy loam

6 7 Thaliparsmbe Caxnanore 6.00 0.21 56.2 15.4 28.8 Sandy olay loam
7 8 Irinjalakiuda Trichur 6.20 0,20 47.2 11.2 41.6 Sandy olay

8 9 Remapuram Kottayan 6.25 0.26 66.4 19.4 11,2 Sandy loam

9 10 Elsmkunnapusha Brnakulem 6.20 0.39 82.4 16.0 1.6 loamy sand
10 11 Kunnamkulam Trichur 6.65 0.26 72.8 16.0 11,2 Sandy loam

11 12 Eyyad Trichur 5.25 0.13  85.6 6.4 8.0 Loamy sand
12 13 Edavanakad Ernakulam 5.30  0.19 95,2 3.2 1.6 Senmd
15 14 Elaakunnapugha Ernskulam 7.20 0.14  91.9 4.8 3.2 Band
14 15 Chalakkudy Trichur 5.50 0.23 72.8 12,8 14.4 Sandy loam
15 16 Eyyad Trichur 5485 0.16  65.8 22.5 11.7 Sandy loam
16 17 Pashaysmnoor Trichur 6.10 0.21 69.6 16.0 14.4 Sandy loaa
17 18 Vaikom Kottayan  6.80 0.21 95,2 0.0 4.8 Sand
18 19 Chalakkudy Trichur 5.80 0.55 72.8 14.4 12.8 Bandy losm

19 20 Kunnamkulsa Trichur 6.55 0.43 79.2 9.6 11,2 ILoamy sand

-

(contd.)
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Table 1(a) continued

1 2 3 4 5 6 7 8 9 10
20 21 Remapuram Kottayanm 5.65 0.37 72.8 12.8 14.4 Sandy loam
21 22 Thiruvalla Alleppey 6.25 0,02 72.8 12.8 14,4 Sandy loam
22 23 Mukundapuraa Trichur 7.40 0.02 68,5 17.6 13.9 Sandy loam
23 24 Cherthalai Alleppey 6.60 0.09 79.2 0.0 4.8 Loamy sand
24 25 Kunnamkulam Irichur 6.75 0.18 72.8 9.6 17.6 8andy loam
26 27 Kishuparaamba Malappuram 5.50 0.13 68.0 17.6 14.4 Sandy loam
27 28 Kishuparasba Malappursm 5.55 0,03 76.0 3.2 20,8 Sandy clay loam
28 29 lMukundapuram Trichur 7.05 0.02 88,8 Be2 8.0 Sand
29 30 Attupuram Ernakulam 5.50 0.15 72.8 16.0 11,2 Sandy loaa
30 31 Patteripuraa Ernakulam 6.45 0.56 72.8 9.6 17.6 Sandy loam
31 32 Neyyattinkara Trivandrum 6.10 0,51 80.8 8.0 11.2 Sandy loam
32 3% Neyysttinkara Trivandrum 6.40 0.16 85.6 6.0 8.0 Iloamy sand
33 35 Pashamthottam Ernakulam 6.55 0,07 79.2 16.0 8.0 Sandy loam
54 36 JNeyyattinkara Trivandrum 6.55 0.13 85.6 8.0 6.4 ILoamy smd
36 38  lukkola Trivandrum 5.45 0,13 88.8 6.4 4.8 Sand
37 39 Neyyattinkera Trivandrum 6.00 0,17 85.6 6.4 8.0 loamy sand
38 40 Kanjangadu Cannanore 5.40 0.17 84.0 8.0 8.0 loamy samnd
39 41 Kanjangadu Cannanore 5.15 0.16 84.0 8.0 8.0 Ilosmy sand
40 42 Aloor Trichur 5.70 0,21 79.2 6.4 14.4 Sandy loam
41 43 lMuvattupusha Ernakulam 5.60 0.28 72.8 11,2 16.0 Sandy loam

(oontdo)
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Table 1(a) eontd.

1 2 3 4 5 6 7 8 9 10

42 44 Illiockal Kottayam 5.80 0.04 82.4 9.6 8.0 loamy sand

43 45 Vellanikkara Trichur 5.80 0.2 T7.6 11.2 11.2 Sandy loam

44 46 Vellanikkara Trichur 5.40 0.54 T79.2 6.4 14.4 Sandy losa

45 47 Vellanikkara Trichur 5.60 0,19 77.6 11,2 11,2 Sandy loam

46 48 Koratti Ernakulam 5.80 0,28 45.7 32.4 22,0 ILoam

47 49 Nilesuar Cannanore 6.30 0.11 72,8 11,2 16.0 Sandy loam

48 50 Koratti Ernskulam 4.85 0,09 65.3 4.7 21.2 Sandy clay loam
49 53  Arecode Malappuram 6.20 0,13 69.6 16.0 14.4 Sandy losm

50 4 Puthalan Malappuram 5.15 0,10 66.4 14.4 19.2 Sandy loam

51 55 Kondottd Malappuram 5.30 0.18 73.5 6.4 20.1 Sandy loam

52 56 Eravisangalan Trichur 5.40 Q.17 T1.2 14.4 14.4 Sandy loam

53 57 EKuniyil Malappuram 6.05 0.25 7€.0 9.6 14.4 Sandy loan

54 58 Panniyoor Cannanore 6.10 ©O.14 62.3 15.2 22.5 Sandy olay losa
55 60 Panniyoor Cannapore 4.60 0.2% 85.6 6.4 8.0 Ilozay ssmnd

56 61 Thaliparamba Cannanore 4.60 0.23 80.8 11,2 3.6 Loamy sand

57 62 Pamniyoer Cannanore 4.70 0.16 76.0 14.4 11,2 Sandy loam

58 63 MNileswar Cennanore 5.65 0.13 92,0 1.6 6.4 Sand

59 64 Padanacaud Cannanore 6.25 0.10 92,0 1.6 6.4 Sand

60 65 Thaliparamba Cannanore 5.00 0.13 T1.2: 27.2 1.6 ILoamy sand

61 67 Thaliparamba Cannanore 5.7T5 0.24 55,0 15.0 30,0 ©Sandy olay loam
62 68 Nileswar Cannanore 5.85 0.11 92,0 0.0 8.0 Loamy sand

63 69 Thaliparamcba Cannanore 5.50 0.16 6%.6 12.8 17.6 Sandy loam

(Oontd.)
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Table 1(a) continued

12 3 4 5 6 7 8 9 10
64 70 Panniyoor Cannanore 4.90 0,08 79.2 12.8 8.0 Loaay sand
65 71 Panniyoor Cannanore 6.00 0,06 69.6 19.2 11.2 Sandy loam
66 72 Kodungalloor Irichur 6.10 0.14 92,0 3.2 4.8 Sand
67 73 Pottore Trichur 6.20 0.12 76.0 12.8 11.2 Sandy loam
68 74 Puthoore Tyichur 6.20 0.15 60,0 16,0 24.0 Sandy olay loam
69 75 Panniyoor Cannancre 5.90 0,12 179.2 9.6 11.2 Ilocamy sand
T0 76 Thaliparamba Cannanore 580 0.135 T4.6 11.0 14.4 Sandy losa
A 77 Panniyoor Cannanore 5.20 0,08 41.4 20,2 38.5 Clay loam
T2 78 Nileswar Cannanore 6.40 0,01 88.8 4.8 6.4 lLoamy sand
[ §-] 79 Panniyoor Cannanore 5.25 0.13 68,0 16.0 16,0 Sandy loam
74 80 Padsnacaud Cannanore 6.00 0.08 92,0 0.0 8.0 lLoamy sand
75 81 Peringawvu Triochur 6.10 0.17 66.4 14.4 19.2 Sandy loam
76 82 Ollukkara Trichur 6.55 0.18 69.4 12.8 17.6 BSandy loam
7 8% Odakksli Ernakulan 4.90 0,70 68.4 11.9 19.8 Sandy loam
78 85 Mannuthy Trichur 6.90 0,12 72,8 12,8 14.4 Sandy loam
79 86 Pattikkadu Trichur 6.05 0,04 T7.6 11,2 11,2 Sandy loam
80 87 Mashoor Cannanore 5.60 0.09 76.5 57 17.9 Sandy loam
81 89 Puthupally Kottayam 5.50 0,15 69.6 12.8 17.6 Sandy loam
82 90 Mala Trichur 5.40 0,11 76.3 10,5 14.3 ©Sandy loam
83 92 Thalavadi Alleppey 525 0.13 69.9 9.3 20.8 Sandy clay loam
84 9% Chenganoor Alleppey 5.00 0.08 63,2 12.8 24.0 Sandy clay loam
8% 94 Kallunksl Alleppey 520 0,08 63,2 22.4 14.4 Sandy loam
86 95 Thiruvanvandoor Alleppey 6.25 0,02 50.4 22,4 27.2 Sandy oclay loam
§7 96 Kishskkummuri Alleppey 4.80 0,15 60.0 22,4 _17.6 _ Sandy loem.____

(oontd.)



Table 1{2) eontinued

1 2 3 5 6 T 8 9 10
as 97 Thiruvslla Alleppey 4,85 0.13 56.8 19,2 24,0 Sardy clay loam
89 98 Ersmallikkaras Alleppey 4.70 0.13 6%.2 19.2 17.6 Sandy loanm
90 99 Venpala Alleppey 5.55 0,06 40.5 22,8 36.8 Clzy loam
91 100 Manipuszha Alleppey 4,85 0,09 63.2 44,8 30,4 Clay loam
92 101 iadvana Trichur 6.20 0.09 91.3 6.5 2.3 ©Sand
93 102 Cheruthuruthy Trichur 5.95 0.22 45.6 31.6 22.9 Ioaa
94 103 Pasheyannoor Trichur 6.25 0.32 79.2 8.9 12,4 SBapdy loam
95 104 Parappokkara Trichur 5.90 0,16 85.1 8.6 6.3 Loamy sand
96 105 Erunilamkode Trichur 5.80 0,10 §9.4 12.8 17.6 Sandy loam
97 106 Parappoor Trichur 4.90 1,21 84,1 T.4 8.5 TIoamy sand
98 107 Cheruthuruthy  Trichar 6.65 0.17 91.1 4.3 5,6 Ioeny send
99 108 Nedumpars Trichur 5.30 0.13 70.5 19.6 9.9 Sandy loam
100 109 Kathiyalam Trichur 6.30 0.06 98.4 0.0 1.6 Sand
101 110 Vallathole Negar Trichur 5,80 0,06 40,8 28.8 30.4 Clay loam
102 111 Ayyanthole Trichur 6.25 0.09 58,5 19,2 22,5 Sandy clay loam
103 112 Nedumpara Trichur 5.35 0.0 85,6 .2 11,2 loemy sand
104 113 Edavilanga Trichur 6.55 0.01 95,2 0.0 4.8 Sepad
105 114 Podiysn Basar Trichur 6.60 0,07 88.8 32 8.0 Sand
106 115 Pallaa Tricaur 6.15 0,01 64.5 15.0 22.% Sandy clay loam
107 116 Madavane Tricaur 6.65 0,08 92.0 4.8 %3«2 Sand
108 117 Vallathole Nagar Trichur 5.65 0,01 80.8 B2 16.0 Sandy loam
109 118 Cheruthuruthy Trichur 6.65 0.07 55.6 33.6 12.8 Sandy loam
110 119 Vettikkattini Trichur 6.25 0.54 22.6 30.2 Clay loam

47.1
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111 120 Kara Irichur 6.75 0,01 98.4 1.6 S¢2 Sand

112 121  Peruvalloor Trichur 5.90 0.42 56.17 19.4 24.6 SEandy clay loam

113 122 Aala Irichur 6.20 0.68 ©66.4 9.6 24.0 Sandy clay loam

114 123 Puthusseri Trichur 6.70 0,22 65.0 10.0 25.0 Sandy loam

115 124 Elavalli Irichur 5.65 0,14 66.4 9.6 24.0 Sandy clay loam

116 125 |Nellayi Trichur 6.15 0.14 85.6 6.0 8.0 Iloamy sand

117 126 Tholoor Trichur 5.55 0,07 56.2 13.4 28.8 Sandy olay losm

118 127 Ashikkodu Trichur 6.60 0.08 95.2 Je2 1.6 Sand

119 128 Kolazhi Trichur 6.35 0.13 T4.4 11,2 14.4 Sandy loanm

120 129 EKathiyalam Trichur 6.40 0.05 96.8 1.6 1.6 Sand

121 130 Puthusseri Trichur 6.30 0.60 48,1 27.8 24.1 Loan

122 131 Parappoor Trichur 5.90 0.07 68.5 13.7 17.8 ©Sandy loaam

123 132 Pattore Trichur 6.25 0,06 93.6 0.0 6.4 ILoamy sand

124 133 Mullesseri Trichur 6.10 0.12 78.0 9.2 12,8 Sandy loam

125 134 Sasathipursa Trichur 6.35 0,06 95.2 0.0 4.8 Sand

126 135 Kara Trichur 6.20 0.05 95.2 0.0 4.8 ©Sand

127 1%6 Veluthoor Trichur 6.10 0.1% 76.0 3.2 20.8 Sandy olay loam

128 137 Parappoor Trichur 5.70 0.15 72.8 16,0 11,2 §Sandy loam

129 138 Pallickal Trichur 5.50 0.08 76.0 6.4 17.6 Sandy loanm

130 139 Elavathoorn Trichur 5.60 0.11 68.0 17.6 14.4 Sandy loam

151 140 Puthoorkkars Trichur 6.60 0.13 7T2.8 14.4 12.8 Sandy loam
(ocontd.)
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1 2 3 4 5 6 7 8 9 10

132 141 Thottippal Trichur 5.95 0.09 56.2 13.4 28.8 Sandy clay loam
133 142 NRellayi Irichur 5.80 0.08 72.8 7.8 19,2 Sandy loam

134 143 Pullarkkara Trichur 6.60 0.01 75.0 15.4 9.6 Sandy loam

1355 144 Peruvalloor Trichur 6.25 0.16 T2.,8 12,8 14.4 Sandy loam

136 145 Cheruthuruthy  Trichur 6.30 0.08 56.2 13.4 28.8 Sandy olay loam
137 146 Kara Trichur 6.20 0.06 92.0 1.6 6.4 BSand

138 147 Puthusseri Trichur 6.00 0.15 60.0 8.6 31.4 Sandy clay loaam
139 148 HNedumpara Trichur 6.75 0.29 84.0 10,0 6.0 Icamy sand

140 149  Ashikkodu Trichur 5,70 0,09 93.6 0.0 6.4 Ilosmy sand

141 150 Palliockal Irichur 6.15 0.15 176.0 8.0 16.0 Sandy loam

142 151 Nedumpara Trichur 5.45 0,08 87.0 9.4 3.6 Ioamy sand

143 152 Vettikimttiri Trichur 595 0.18 52,8 16,8 30.5 ©Sandy olay loam
144 153 Elawvally Trichur 5.80 0,07 85.6 3.2 11,2 loamy sand

145 154 Nellayi Trichur 5,70 0.06 60.8 4.8 14.4 Sandy loam

146 155 Pulloor Trichur 5.90 0.13 83.8 10.6 5.6 Loamy sand

147 156 EKanjirathinkal Trichur 5.40 0.16 93,6 1.6 4.8 Sand

148 157 Murigad Triohur 6.40 0.13 90,4 1.6 8.0 Sana

149 158 Karumathil Irichur 6.25 0.20 56.8 16.0 27.2 Sandy clay loam
150 159 Cheruthuruthy Trichur 6.10 0.16 92,0 0.0 8.0 Loamy sand

151 160 Kodungslloor Trichur 6.05 0.07 87.3 6.9 5.9 Loamy sand

152 161 Madavana Trichur 5.50 0,01 78,0 6.0 16.0 Sandy loam
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Vettikkatiiri Irichur 5.70 0.07 76.0 9.6 14.4 Sandy loam
Thottippal Iriochur 5.80 0.17 95.2 0.0 4.8 Sand
Pallickal Trichur 6.30 0.16 83,6 8.3 6.4 lLoamy sand
Mulleesseri Triochur 6.30 0,01 88.0 6.5 5.5 Sand
Paghayansor Trichur 6.65 0.56 91.7 4.1 4.2 Sand
Mulloorkara Irichur 6.45 0.18 T70.7 10.5 18.7 Sandy losa
Ayyanthole Trichur 5.10 0,01 86.1 B.7 5.3 Ioamy sand
Peruvalloor Triochur 6.15 0,36 65.0 10.0 25.0 Sandy clay leam
Elavally Trichur 5.50 0,01 T5.5 15.9 10.6 Sandy loam
Puthukkode Palghat 5.40 0,24 67.0 9.6 23.4 Sand,y clay leam
Manappadan Palghat 5.5 0,01 62.7 15.6 21.7 Sandy clay loem
Ethammore Palghat 6.7 0.15 75.9 13.5 10.6 Sandy loam
Tarur Palghat 6.40 0,12 39.8 35.6 24.6 loam
Thodusseri Palghat 5.85 0,01 52.8 16.4 30.8 Sendy clay loam
Mapnoore Trichur 5.20 0,54 62.0 18.0 20.0 Sandy olay loam
Elavathooru Trichur 5.40 0,12 67.5 10.0 22.5 Sandy clay loam
Peruvalloor frichur 5.59 0.08 68.0 7.0 25.0 Sandy clay loaa
Viyyoor Trichur 5.75 0.25 96.0 6.4 17.6 Sandy loam
Pashayanoor Trichur 6.70 0.26 18.0 47.1 34.9 Silty clay loaa
Pudukkadu Trichur 6.50 0.20 65.1 5.9 29.1 Sandy clay loam
Nellayi Trichur 6.%% 0.12 59.7 16.9 23.4 Sandy clay loam
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174 183 Pullarkara Trichur 6.60 0O.44 41.4 22,9 35.7 Clay loanm
175 184 Kodungelloor Trjchur 5.80 0.11 84,6 3.8 11.6 Loamy sand
176 185 Thottippal Trichur 5.85 0.01 17.2 52.4 30.4 Silty clay loam
177 186 Vallathole Nagar Triochur 6.30 0,91 4%5.5 29.8 26.8 loam
178 187 Muriyadu Trichur 5,90 0.82 T1.2 11.2 17.6 Sandy loam
179 188 Pallom Irichur 5.70 0.61 69.6 9.6 20.8 Sandy clay loem
180 189 Palloa Irichur . 6.00 0.17 49.8 29.% 20,8 Loam
181 190 Pashaysnnoor TIriochur 6.20 0.25 86.0 0.0 14,0 Sandy loam
182 191 DMangalam dam Palghat 6.10 0.16 58.9 16.1 24.9 Sandy clay loam
183 192 Parappokkara Trichur 6.40 0.1% 70.9 9.3 19,5 Sandy loam
184 193 Pullarkkara Irichur 6.60 0.}2 T3.8 12.9 13.3 ©Sendy loea
185 194 Vettikkattiri Irichur 6.85 0.11 T4.6 10,9 14.5 Sandy loam
186 195 Ayyasnthole Triochur 5.70 0.0T 61.3 15.8 22.9 Sandy olay loan
187 196 MNullesseri Trichur 5.80 0.05 40.0 29.8 30.1 Clay loam
188 197 Parappokkara Trichur 6.20 0.07 65.4 9.9 24.6 Sandy clay loam
189 198 Puthoorkara Trichur 6.10 0,06 T4.5 15.3 10.2 Sandy loam
190 199 Edavilengu Trichur 6.00 0.13 68.1 14.6 17.2 Sandy loam
191 200 Killannore Trichur 6.00 0.91 T4.6 10,3 15.1 Sandy loam
192 201 Peruwvelloor Trichur 5.80 0,08 92,0 1.6 6.4 Sand
19% 202 Pullarkkara Trichur 5.90 0,17 86.0 0.0 14.0 Sandy loam
194 203 lMullesseri Trichur 6.50 0.28 92,0 4.2 3.8 Sand
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195 204 Vyloor Trichur 6.40 0,01 T3.2 10.6 16.1 Sandy loam

196 205 Ayyanthole Trichur 6.20 0.13% 94.0 2.2 3.8 Sapd

197 206 Parappoorkkars TIrichur 5.60 0.37 84,0 10,1 5.9 Loamy sand

198 207 Cheruthuruthy Trichur 5.80 0,22 85.2 8.4 6.4 loamy sand

199 208 Mullesseri Trichur 5.90 0.17 69.6 9.6 20.8 Sandy clay loam

200 209 Aara Irichur 6.00 0,09 92.0 3.2 4.8 Sand

201 210 Penakam Trichur 6.10 0,16 T2.5 12.5 15,2 Sandy loam

202 211 Rellayi Trichur 6.10 0.09 7.2 10.5 18.3 Sandy loam

205 212 C(nembilode Cannanore 4.75 0.01 82,9 11.4 5.7 loamy sand

204 213 Peringemvayskkars Cannanore 6.85 0,01 85.2 7.6 7.2 loamy sand

205 214 Msmba Gannanore  6.00 0.10 88.7 4.8 6.5 Iosmy sand

206 215 Peringemvayskkars Cammsnore 6.25 0,06 92,0 0.0 8.0 Iosay sand

207 216 Ediveri Caxmanore 5.6 0.27 67.2 17.9% 15.5 Sandy loam

208 217 Puthoor Cannanore 6.30 0.08 83.9 8.% T.5 Ioany sand

209 218 Kanithedu Cannanore 6.10 0,15 40.5 26.3 353.2 Clay loam

210 219 Pappimisseri Cannanore 5.50 0.79 51.6 9.3 39.1 Sandy olay

211 220 Mambde Cannanore 5.60 0.78 62.5 12.9 24.5 Sandy clay loaa

212 221 Pallinisseri Cannanore 5.%5 0.82 41,2 28.5 30.% Clay loam

213 222 MNangattidom Cannanore 5.60 0.13 50,0 22,0 38.0 Clay loam

214 22% BErivetri Cannanore 6.30 0.13 61.6 15,5 22.8 Sandy clay leam

215 224 Viyyoor Koshikode 6.05 0.01 50.4 18.9 30.6 Sandy clay loam
(oontd.,)
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216 225 Chudall Cannanore 6.10 0,08 T2.7 15.3 12,0 Sandy loam
217 226 Pallinisseri Caxmanorse 5.25 0,13 64.8 10.4 24.8 Ssndy clay loam
218 227 Sriksndapuram Cannanore 6.85 0.01 88.8 6.4 4.8 Sand
219 228 Peringemvayakikara Camnanore 6.30 0.17 92,2 3.6 4.2 Sand
220 229 Muchukunnu Koghikode 5.70 0.23% T7.6 6.4 16.0 ©Sandy loaa
221 2%0 Srikandapursm Cannanore 5.90 0.06 74.0 6.0 20,0 Sandy clay loam
222 2%1 Narikkuni Koshikode 5.55 0,06 60.0 13,0 27.2 ©Sandy oclay loam
22% 2%2 Edakulaa Koshikode 5,60 0,12 78,0 6.0 16.0 ©Sandy loam
224 253 Kalyasseri Caxnanore 5.80 0,21 48,7 28,5 22.8 Iloam
225 234 Narikkuni Koshikode 5.45 0,035 T4.5 15.4 10,1 BSandy loaa
226 235 Karanjithode Caxnanore 5.35 0,16 T74.5 15.4 10,1 Sandy loam
227 236 Mamba Cannanore 5.20 0.08 45.3 32.2 22.6 Ioam
228 237 Cheabilode Cannanere 5.10 0.15 63.2 11,2 25,6 Sandy oclay loam
229 238 Paleri Cannanore 6.35 0.05 85.6 1.6 2.8 leamy sand
230 239 Chembilode Cannanore 7.00 0,22 87.2 1.6 11.2 loamy ssnd
231 240 Mapgattidem Cannanore 6,00 0.74 %0.0 12.9 37.2 Sandy clay
232 241 Dharmadsa Cannanore 5.60 0.21 63.9 12,5 23.9 Sandy clay
233 242 Peringemvayakkara Camnanore 5.65 0.24 87.4 6.2 6.4 loamy sand
234 243 EKumothuparamba Camnsnore 5.60 0.14 69.0 12.9 18,1 Sandy loam
235 244 Peringemvayakkara Cannanore 6.75 0.37 69.4 14.4 16,1 Sandy losa
245 Mangattidam Cannanore 6.30 0.37 T1.3 13.2 15.5 GSandy loam

236
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237 248 Peranganam Cannanore 6.40 0.21 83.0 10,6 6.4 losmy sand
238 247 Chengayi Cannanore 6.90 0.13 58.0 12,9 29.2 Sandy clay loam
239 248 Pallinisseri Cannanore 5.10 0.74 52.7 10.8 36.4 GBandy clay
240 249 Cheruthuruthy Trichur 6.60 0,09 61.6 13.5 24.9 Sandy olay loam
241 250 Vandaszhi Palghat 6.0 ©0.18 57.0 15.4 27.6 Sandy clay loam
242 251 Elavancheri Palghat 6.50 0.10 55.5 22,3 23.1 Loam
24% 252 Manappadam Palghat 5.T0 0.08 40,9 25.7 33.5 Clay loam
244 253 Koshikkottiri Palghat 5.60 0,11 62.1 14.3 2%.6 Sandy clay loam
245 254 Xanjirsapars Palghat 5.20 0,16 91,3 3.6 5.1 SBand
246 255 Elavancheri Palghat 5.10 0,10 64.8 4.4 20,8 BSandy oclay loam
247 256 Perumudiyoor Palghat 5.40 0.65 64.4 19.1 18.5 Sandy loam
248 257 Mulsysnkara Palghat 5.70 0.71 959.4 16.1 24.5 Sandy olay loam
249 258 Paravasseri Palghat 5.90 0.08 66.0 16.0 18.0 Sandy loam
250 259 Puthupparyaram Palghat 6.00 0,05 63.8 14.6 21.6 Sandy clay loam
251 260 Kanyamangalam Palghat 6.30 0.22 61.9 14.3 23.9 Sendy clay loam
252 261 Chelliparsabu Palghat 6.10 0,11 71,0 9.5 19,6 Sandy loaa
253 262 Koduvayoor Palghat 6.40 0.43 T73.2 10.6 16.1 Bandy losa
254 263 Perumudiyoor Palghat 5.80 0.16 69.6 14.4 16.0 8Sandy loaa
255 264 Puthukkodu Palghat 6.70 0.04 48.1 27.8 24.1 Loam
256 265 Kannambra Palghat 6.20 0.01 64.8 14.4 20.8 Sandy clay loam
257 266 Brimayoor Palghat 6.10 0.08 T3.5 15.9 10,6 ©Sandy loam
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258 267 Alsthoor Palghat 5.90 0,18 76.0 9.6 14.4 Sandy loam

259 268 Alanalleor Palghat 520 0,10 64.8 14,4 20.8 Sandy clay losm

260 269 iMamappadam Palghat 6.85 0,01 48.1 27.8 24.1 ILoam

261 270 Kannambrs Palghat 6.90 0,18 85.6 6.0 8.0 Iosmy sand

262 271 Keralasseri Palghat 6.40 0.14 T4.4 11,2 14.4 Sandy losam

263 272 Vadavannore Palghat 6.50 0.16 76.0 3.2 20.8 Sandy olay lesa
264 273 imthalemade  Palghat 6.80 1,235 56.1 19.4 24.6 Sandy clay loaa

265 274 Msnappsdam  Palghat 5.55 0.08 48.7 28.5 22.8 Loam

266 275 Hameagiri Cannanore 5.60 1.03 56,8 22,4 20.8 Sandy clay leam

267 276 Alanalloor Palghat 6.55 0.11 T4.4 14.4 1.2 M loam

268 277 Elsvancheri Palghat 6.90 0.02 60,0 16,0 24,0 Sandy clay lesa

269 278 Kallayi Palghat 6.85 0,01 68.0 11.2 20.8 Ssndy elay losm

270 279 Puthukkoede Palghat 5.10 0,01 76.0 11,2 12,8 Sandy losa

271 280 Xallanchira Ceannanore 5.%0 0,01 74.% 15.% 10.1 Sandy loam

272 281 Pappinisseri Camnanore 5.60 1,26 61.6 135.5 24.8 Sandy olay loam

273 282 Thoovakkunnu Cannanore 5.05 0.14 64.5 13,0 22.5 Sandy clay loam

274 28% Panthalayani Koshikode 5.%0 0.13 T72.8 16,0 11,2 Sandy loam

275 284 Panthalayani Koszhikode 5.60 0.01 T4e4 4.4 11,2 Bapdy loam

276 285 Oduvallythatiu Cannanore 6.50 0.13 84,0 10,1 5.9 lLoamy sand

27T 286 Maghoor Cannanore 5.90 0,12 69.6 16.0 14.4 Sandy loam

278 287 Thriksryoor Ernskulan 5.70 0.13 96.4 2.4 3.2 Sand
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279 288 Alakode Cannanore 6.50 0.61 83.6 8.1 8.9 Iocamy sand

280 283 Alakode Cannanore 6.00 0.14 38.4 15.4 46.2 Clay

281 290 Chembukkavu Irichur 6.40 0.15 B85.6 9.6 4.8 loamy sand

282 2917 Mukundspuram Trichur 6.65 0.03 88.8 0.0 11.2 loamy sand

283 292 Aayakksdu Triochur 550 0,10 63%.2 22.4 14.4 Sandy lomm

284 295 Puthoor Trichur 5.40 0,035 72.8 12.8 14.4 Sandy loam

2885 294 Nellikkunnu Trichur 5.30 0.0% 60.0 9.6 30.4 Sandy clay loam
286 295 Poovem Cannanore 5,20 0,03 56.8 19.2 24.0 Sandy olay losa
288 297 Kanjirangadu Trichur 6.20 0,28 %6.2 20.8 24.0 Sandy olay losm
289 298 Rianadu Ernakulam 6.40 0.10 T9.2 6.4 4.4 Bandy losa

290 299 Pamniyur Cannanore 4.90 0,05 80.8 8,0 11,2 B8andy loam

291 300 Hashoer Cannanors 5.00 0,03 66.4 19.2 4.4 Sandy losm

292 301 Pindimana Ernakulam 5.25 0,05 56.8 22.4 20.8 Sandy olay loam
29% 302 Mashoor Cannanore 5.65 0.19 T79.2 6.4 14.4 Bandy leam

294 303 Mundskkapadi Trichur 5.90 0,09 68.0 14.0 17.6 Eandy loam

295 304 Valappadu Trichur 6.90 0.08 T2.8 11.2 16.0 Sandy loam

296 305 Mukundapuram Trichur 5.50 0.06 56.8 16.0 27.2 Ssndy oclay loaa
297 307 Anthikkedu Trichur 6.30 0.04 62.3 15.2 22.5 Ssndy clay loam
298 308 Panancheri Trichur 6.55 0.07 66.4 9.6 24.0 Sandy Om loam
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299 309 Kothamangalam Ernakulam 6.10 0.17 60,0 16.0 24.0 Sandy clay leam
%00 310 Thankalam Ernakulas 6.60 0.01 69.6 11,2 19.2 Sandy loam

%01 311 Nellikkuzhi Ernakulan 6.35 0.05 96.8 1.6 1.6 8Sand

302 312 Ollukkara Triehur 5.30 0.10 72.8 9.6 17.6 Sandy loam

303 315  Alakode Cannanore 6.50 0.04 9%.6 0.0 6.4 Loamy sand

304 314 FKHadathara Trichur 5.25 0.07 88,8 6.4 4.8 Sand

305 315 Cairaladu Ernakulaa 5.65 0.05 48.8 8.0 43.2 Sandy olay

306 316 Ollukkara Trichur 5.85 0.06 6%5.2 9.6 27.2 Sandy oclay loam
307 317 Panniyur Cannanore 6.60 0.01 50.4 16.0 33.6 BSandy olay lemm
308 318 Mala Trichur $.60 0,04 56.8 16.0 27.2 Sandy clay leam
309 319 Alakede Cannanore 6.00 .14 72,86 8.0 19,2 Sandy loan

310 320 Valakikawvu Trichur 5.50 0.05 72.8 12.8 14.4 Sandy losm

311 321 Pananocheri Trichur 6.20 0,01 76,0 9.6 14,4 Sandy loam

312 %22 C(hireladu Ernakulam 6.45 0.1t T2.,8 16.0 11,2 Sendy leam

313 32% Kanjirangadu Cannanore 6.30 0.01 63.2 16.0 20.8 Sandy clay loaa
314 324 Oduvallythattu Cannanore 5.90 0,04 79.2 9.6 11,2 Sandy losa

315 326 Alskode Cannanore 7.30 0.04 72.8 16.0 11,2 Sendy loam

316 327 Poovem Cannanore 6.30 0.01 79,2 14.4 6.4 losmy ssnd

317 328 Kanjirangsdu Cannanore 6.50 0,09 72.8 16.0 11,2 Sandy loam

318 3529 Madakkathara Trichur 6.45 0.05 T72.8 22.4 4.8 Sandy loam

519 330 Anthikkadu Trichur 6.85 0,03 72,8 16,0 11,2 Sandy loam
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320 332 Chirakkakkode Trichur 6.60 0.05 72.8 16.0 2.8 Sand
321 33% Mullakkara Trichur 5.50 0.06 69,6 14.4 16.0 Sandy loam
322 334 Aalathoor Palghat 5.55 0.04 68.0 11,2 20.8 Sandy clay loam
323 335 Puthukkedu Palghat 5.20 0,07 76.0 16.0 8.0 loamy sand
324 343 Fnangattiri Palghat 530 0.05 60.0 12.4 27.6 Samdy clay loam
325 %44 Kannaabra Palghat 6.50 0.37 62,9 13.6 24.4 Sandy clay loam
326 345 Cheruthuruthy Trichur 6.75 0.01 62,8 14.3 22.8 Sandy clay loam
327 346 Cheruthuruthy  Triohur 5.10 0.01 60.3 11,3 28.4 Sandy olay loam
328 347 Cheruthuruthy Trichur 5.75 0.06 58.1 12,7 29,2 Sandy clay loam
329 348 Shornur Palghat 5.30 0.12 53.3 13.9 30.8 Sandy cley loam
330 349 Kallingslpadem Palghat 5.10 0.3% 53.1 28,5 18.4 ILoam
351 367 Peringemvayakkara Cannanore 5.20 0.27 41,0 26.8 32,2 Clay loam
332 374 Thoovskkunnu Cannsanore 5.40 0.13 43.1 26.8 30.1 Clay loam
355 375 Quilandy Koghikode 5.65 0.15 43.7 29.2 27.1 Ioam
334 376 [ERaakulaa Koshikode 6.55 0.10 93,6 2.6 3.8 Sand
335 377 Puthoor Cannanore 6.60 0.15 92.3 3.6 4.1 Sand
336 378 Quilandy Kozhikode 6.35 0.01 44.6 23.7 31.6 Clay loam
337 380 Chengali Cannanore 6.20 0,01 74.5 15,3 10.2 Sandy loam
338 381 Peringemvayakkara Cannsnore 5.55 0.01 49.0 26.2 24.8 Ioam
339 382 Narikkuni Koshikods 6.70 0,01 81,6 15.2 31.6 loamy sand
340 383 Chembilode Cannanore 5.00 0.12 49.0 26.2 24.8 Loam
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Mangattidam Cannanore 6.40 0.01 65.4 9.2 26.4 Sandy clay loam
Kunno thuparambu Cannanocre 6.40 0.01 85.0 9.0 6.0 Loamy sand
Bella Cannanore 5.90 0.01 55.9 16.9 27.2 Sandy clay loam
Pallinfisseri Cannanore 5.35 0.01 867.0 10.2 22.8 Sandy clay loam
Peringemvayakkara Cammanore 5.90 0.01 57.1 14.5 28.4 Sendy clay loam
Kallyasseri Caxnanore 5.80 0,05 85.0 4.8 11.2 Ioamy sand
Pappinisseri Cannanore 6.00 0.01 69.0 12.8 18.1 Eandy loam
Panthalayam Kozhikode 6.30 0.01 66.2 18.1 15.7 Sandy loam
Xallanchira Caunnanore 6.90 0.01 96.2 2.7 5.1 Sand ,
Xalyasseri Cannanore 6.35 0.09 59.2 24.8 16.0 Bandy loam
Edakulsm Koxhikede  5.35 0.06 43.7 36.1 20.2 Loam
Peravoor Capmanore  6.50 0.01 83.5 8.4 8.1 Iosmy sand
Madavoor Kozhikode  5.75 0.01 92.1 4.1 3.8 Band -
Manga ttidam Cannanore 6.30 0.37 92.0 3.9 4.1 Sand
iamba Caunancre  6.95 0.01 92,3 3.9 3.8 Sand
Mamba Caymanore 6.30 0.01 92.4 4.0 3.6 8and
Meloor Cannanore 6.35 0.26 66.6 16.4 27.0 Sandy clay loam
lengattidanm Cazmanore 6.10 0.16 50.1 16.8 33.1 Sandy clay loam
Viyoor Koghikode 6.20 0.01 93,5 3.6 2,9 Band
Padanacsud Caunanore 5.80 0.22 69.6 19.0 21.4 Sandy clay loam
Kallanchire Caunanore 5.85 0.49 50.0 15.0 35.0 Clay loam

(contd.)



Table 1(a) continued

o2 3 4 5 [3 7 8 9 10

362 456 Chembilode Cannanore 5.25 0,36 59.2 24.8 16.0 Sandy loam

363 457 Pappinisseri Cannaunore 5.40 1.18 72.8 12,8 14.4 Sandy loam

364 458 Mangattidam  Cannanore  6.50 0.62 69.6 11.2 19,2 Sandy loam

365 459 Narikicuni Kozhikode 6.70 0.18 94,6 2,8 2.6 Sand

366 460 Edakulem Kozhikode 5.30 1.57 96.8 1.6 1.6 Sand

367 461 Srikandapuram Cannanore 5.80 0,18 70.0 9.0 21,0 Sandy oclay loaa
368 462 Peringeavayakkara Carmanore 5.40 0.13 75,0 11,4 13,6 Sandy losm

369 463 Brivetti Cannanore 6.20 0.14 93,5 3.6 2.9 Samd

370 464 Chembilode Cannanore 6.40 0,20 96.2 2.6 5.1 Seand

371 465 Puthoer Cannanore 6.20 0,21 65.5 10.0 24.5 Ssndy clay loam
372 466 Payyavoor Cannanore 6.90 0.21 96.4 2.4 3.2 SBand

373 467 Peringemvayakkara Caunanore 5,10 0,11 39,1 22,3 37.6 Clay loam

374 468 Mamba Cannsnorse 5.10 0.36 39.5 22,0 38.5 Clay loam

375 469 Meloor Caxmeancre 5.00 0,23 88.0 6.5 6.5 Ioamy sand

376 470 Mangattidem Caxmanore 5.65 0.40 69.6 11,2 19,2 Sandy losm

37T 471 Chembileds Cannanore 6,80 0.31 79,6 12.4 8.0 Sandy loam

(oontd.)



Table 1(a) continued

8l. Sample Place of District pH R.C x Textural
No. Ko. oollection m.mhos/cm classes
1 2 3 4 5 6 7

378 3351 Mashoor Cannanore 6.65 0.06 Sandy loam

379 336 Thiruvashankunnu Palghat 5«45 0.06 Sandy clay loam

380 357 Thenkurussi Palghat 6.10 0.06 Sandy loam

381 338 Aayakkadu Palghat 550 0.09 Sendy clay losa

382 339 Kadsmpashippuram  Palghat 6.40 0.26 Sendy losm

383 340  Koduvayoor Palghat 6.50 0.28 Sandy loam

384 341 Yalayar dam Palghat 6.65 0.25 Sandy olay

385 %42 Terumittiacode Palghat 6.25 0.1% Sand

386 350 Nagalassery Palghat 520 0,07 Sendy clay losa

387 351 Perinthalansnna Malappuraa 6.40 0.01 Sandy clay loam

388 352 Aayakkadu Palghat 6.60 0.38 Sandy olay loam

389 353 Shornur Palghat 6.60 0.003 Sandy olay loam

390 354 Kishakkancheri Palghat 5¢10 0.01 Sandy olay loam
391 355 Ksmnsmbra Palghat 5.60 0,08 Sandy clay losa

392 %56 Kerallasseri Palghat 5.80 0.01 Clay loam

393 357 Kishakkancheri Palghat 6.60 0.01 Sand

394 358 Cheruthuruthy Iriochur 6.355 0.10 Sand

395 359 Chembilode Cannanore 6.15 0.09 Sandy olay losm

396 360 Padanskkad Cannanore 590 0.52 Sandy clay loam

397 361 Srikandapuraa Carmanore 6.25 0.0 Loamy sand

398 362 Chembilode Cannanore 6.40 0.01 Sandy clay loam

(contd,)



Table 1(a) eontinued

1 2 3 4 5 6 7

399 363 Pappinisseri Cannanore 6.10 0.01 Sandy olay loam
400 364 Kunno thuparaabu Cannsnore 5.80 0.01 Sandy clay loam
401 365 Mamba Canmanore 5450 1.42 Loamy sand

402 366 West Eleri Cannanore 6.10 0,01 Sand

403 368 Kunno thuparaabu Cannanore 5450 0.15 ©Sandy losa

404 369 Thoovakkunnu Cannanore 6.80 0.82 Loamy send

405 370 Kalyasseri Cannsnore 550 0.06 Clay loam

406 371 Puthoor Cannanore 5.85 0.01 Sandy olay loaa
407 372 Peringemvayakkara Cannanore 5.60 0.16 Clay loam

408 313 Pallinisseri Caznnanore 5.20 0.14 Sandy olay

409 379 Srikandapuram Cannanore 5.65 0.01 Sandy oclay losa
410 383 Srikandapuran Camnanore 5.15 0.05 Sandy olay loam
411 395 Edakulsm Koshikode 5.80 0.08 Sandy loam

412 405 Quilandy Koshikode 6.00 0.01 loam

413 407 Kalyasseri Cannanore 5.90 0,13 Sandy loam

414 408 Kallanchira Cannanore 5.45 0.06 Loamy sand

415 409 Erimeri Cannanore 6.65 0.06 Sand

416 410 Peringemvayakkara Cannanore 6.20 0.38 loamy esand

417 411 Mangattidam Cannanore 6.20 0,31 Sand

418 412 Edakulan Koghikode 6.65 0.13 Loamy sand

419 413 Chembilode Cannanore 5.60 0.08 Sandy clay loam

(oontd.)
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Table 1(a) continued

1 2 3 4 5 6 7

420 414 Pallinisseri Cannanors 540 0.11 S8and

421 415 Thanikkadava Cannanore 6.60 0.06 Sand

422 418 Msmba Canmanore 6.35 0.01 Sand
423 419 Ryyavoor Cannanore 6.30 0.01 Sand

424 420 Kunno thuparaabu Cannanore 5¢15 0.01 Sandy clay loam
425 421 Quilandy Kozhikode 5.30 0.07 Sand
426 422 Mamba Cannanore 6.65 0.06 Sand
427 423 Peringemvaysakkara Cannanore 6.40 0.26 Band

428 424 Periggeavayakkara Cannanore 580 0.10 Ioamy sand

429 425 Puthoor Cannanorse 5.80 0,01 Sandy olay loam
430 426 Pallinisseri Cannanore 6.25 0.06 Sandy elay losm
431 427 Pathoor Cannanore 6.85 0.01 Sand
432 428 Hamba Cannsnore 6.00 0.17 Sandy clay loam
433 429 Peringemvayakiara Cannanore 5.90 0.01 Clay loaa
434 430 Vaysnarikuniyil Eoshikode 585 0.19 Sandy clay loam
435 431 Kalyasseri Cannanore 580 0.01 Loan

436 432 Payyavoor Cannanore 5.90 0.48 Sand

437 433 Chengayi Cannanore 6.10 0.01 Sandy clay loam
438 434 Quilandy Koshikode 6.20 0.06 Sandy oclay loam
439 435 Mangattiidam Cannanore 5.30 0.70 Loam

440 436 Dharmadsa Cannanore 6.40 0.59 Sand

(oontd.)
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Table 1{(a) continued

1 2 3 4 5 6 7
41 47 Quilandy Koshikode 6.20 0.10 Sandy olay loam
442 438 Quilandy Kozhikode 6.00 0.30 Sandy clay loam
443 439 Kalyasseri Cannanore ' 5.90 0.01 Sandy clay loam
444 440 Pallinisseri Caxnanore 6.40 0.08 Ioaay sand
445 441 Peringesvayakkars Cannanore 6.35 0.23 Iow sand
446 442 Padanakkad Cannanore 6.80 0.05 Sand
447 443 Meloor Camnsnore 6.40 0.14 Iosmy sand
448 444 Madavoor Koshikede 5.80 0.01 Loamy sand
449 445 Mangattidanm Cannanore 6.10 0.4 loany sand
450 446 Bdskulan Koshikode 6.00 0.27 Sandy clay loam
451 447 Madavoor Koshikede 5.25 0.40 Clay losm
452 M8 Peringemvayskikara Cannsnore 5,10  0.12 losay sand
453 449 Kasmikandy Koshikede 5.80 0.28 Losmy sand
4% 450 Manbe Cannanore 6.20 0.08 Sendy clay loam
455 451 Cherilodu Cannancre 6.90 0.004 Ioamy sand
456 452 Meloox Cannanore 4.20 0.27 Sandy loam
457 453 Cheruthuruthy Trichur 4,80 1.36 Loan
458 454 Pappinisseri Cannanore 4.80 0.01 Loaa
459 455 Chembilode Cannanore 6.50 0.56 Sand
460 472 Puthoor Cannanore 6.40 0.13 Clay loam
461 473 Miamba Cannancre 6.00 0.01 Loam
(contd.).



Table 1(a) eontinued

1 2 3 4 5 6 7

462 474 Kalyasseri Cannanore 550 0.01 Sendy loam

463 475 Edekulam Trichur 5.00 0.07 Sandy loam

464 476 Chembilode Camnanore 5.90 0.07 Sandy loam

465 AT7 Kalyasseri Cannanore 5.80 0.01 Sandy leam

466 478 Peringemvayakkars Camnsnore 6.00 0.01 Loam

467 479 Kallanechira Cannanore 5.26 0.17 Sandy loam

468 480 Alekode Cannanore 6.00 0.08 Sandy olay loam
469 481 Puthukkodu Palghat 6.45 0.01 Sandy loam .
470 482 kullakkara Trichur 6.00 0.12 Loam

471 483 Mukundapuraa Irichur 5650 0.01 Loany sand

472 484 Kollam Koghikode 6.30 0. 11 Ssndy elasy loem
473 485 Valayar dam Palghat 5.50 0.25 Sandy loam

474 486 Viyoor Kozhikode 5.40 0.01 Sandy loam

475 487 Puthoor Cannsnore 6.60 0.01 Sand

476 488 Panthalayam Kozhikede 6.50 0.40 Sandy loam

47T 489 Quilandy Koshikode 5.40 0,01 Loamy sand

478 490 Edskulan Kozhikode 5.40 0.78 Sandy loam

Y



Table 1(b) General characteristics of soil selected for fractionation of organie

matter
gl. B;.pl. Ph“n :i District PH Eocc/ Mechaniocal ml’ sis T‘Lm‘l 00§630
0. 0. collection lz:go- Samd  Bilt Clay class ne/ £
% $ %
479 3 Pattambi Palghat 6.95 1.37 61.6 12,8 25.6 g:nd: clay 3.7
an
480 34 Kadakkavoor Trivandrum 5.50 0.15 76.0 16.0 8.0 Sandy loam 4.6
481 51 Ranni Quilen 5.35 0.10 72.8 12,8 14.4 Sandy loam 4.7
482 52 Kighuparsaba Malappuram 5.90 0.20 64.8 14.4 20.8 Bandy olay 4.2
483 59 Panniyoor Cannanore 5.00 0,20 50.5 6.4 38.4 Sandy clay 5.0
484 66 Kileswar Cannanore 5.20 O. 12 88.8 ’02 8.0 Sand 0.8
485 B84 Odakikali Ernakulaa 5.00 0.07 69,4 12.8 14.4 Sandy losm 1.3
486 88 Marayoor Idukki 6.65 0.15 56.5 2%.0 20.5 Sandy oclay 5.1
487 89  Puthupally Kottayam  5.30 0,15 69.6 12.8 17.6 Sandy losm 3.8
488 91 Othara Alleppey 4.95 0.13 41.4 20,2 38.5 Clay loam 7.9
489 306 Anthikkadu Trichur 5.70 0.0% 56.8 20.8 22.4 Sandy clay 1.3
490 325 Chavakkadu Trichur 6.40 0,07 88.8 6.4 4.8 8and 0.6

Oe



Table 3. General characteristics of soils (ranges and means)

Organic carbon group

Textural group

Soil All soil

properties nos-e Low Medium High Sand Loaa/clay

PH 4020"7060 4075’7.60 4020“7020 ‘060"7050 ‘.60‘7.60 4.20"7.‘0
(5.94) (6.04) (5.85) (5.75) (6.12) (5.86)

E.C .3.h°a/ 0,003-1,570 0.,005-1.260 0,005~-1,570 0,00%-0,820 0.005-1.570 0,003~-1.370

cm (0.165) {0.144) (0.183) (0.152) (0.146) (0.194)

0.C ‘ 0.21"‘087 0.21 -0.99 1.00-2,00 2001"‘18” 0021"59 19’ 0032“.37
(1.25) (0.71) (1.34) (2.82) (1.03) (1.31)

¥ % 0.026-0,.534 0,026~0.165 0.055-0,319 0,099-0,534 0,026-0.417 0.032-0,534
(0.138) (0.090) (0.149) (0.25%) (0.113) (0.151)

a¥ ¢ 0,004-0,038 0.004-0.027 0,004-0,0357 0.004-0,038 0,004-0.028 0.004-0.038
(0.016) (0.012) (0.016) (0.,024) (0.014) (0.068)

Clay % 1.6-46,2 1.6-36.3 1.6-86.2 4,6-39.1 1,6-11.6 4.8-962
(16.49) (15.12) (16. 55) (19.38) (8.86) (20.98)

0/3 4o 17"250“ ‘063‘25.“ 4. 17"‘20080 S5 58'200 40“’19074 40 17“:5;“
(9.23) (8.19) (9.68) (11.26) (9.11) (9.25)
(81.68) (60.87) (94.30) (131.87) (95.25) (80.65

x/‘x 1 083"29023 1 .88"22. 14 30 3"29-28 ‘o 5‘25.65 5005’29028 1 .88‘2‘087
(9.24) (7.74) (11.17) (12,52) (10.78) (9.13)

(The values in parenthesis are means)
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the laterite and lateritic alluvium were inoluded for the
study and the neutral to alkaline soils of Chittoor Taluk
vers not represented. A4ll the soils selected for the study
vers nonsaline, electrioal conductivity ranging from 0.003

to 1,57 ngma/a!’. since the saline as well as the problea
soils vere not included under the study. It was seen

(Table 5) that in general the pH of the soil was signifi-
cantly and negatively correlated with the toial orgsnie
carbon (Fig.1), total nitrogen (Fig.2) asnd available nitrogen
(Pig.3) of the soil. Increased acoumulation of organic matter
in soil tended to‘ dearease the soil pH due to relesse of
organie aeids during the decompesition of organio matier
(Russell, 1963). Ine relationsiip between pH and total or
svailable nitrogen is ouly the consequenoe of the relationship
betwveen pH and organic matter explained sbove. Whensver a
so0il contains aigher amounts of organic aatter naturally it
will contain higher amounts of total or available nitrogen
since organic matter is the major source of nitrogen in soil.
Therefore any parasmeter which is oorrelated with the orgamic
matter of the eoil will also be correlated with the total or
available nitrogen of seil. The sleotrioal conductivity of
the soil wvas founéd to be significanily and negatively corre-
lated with pH in the sand category of soils. In this type of
s0ils probably due to extireme leaching and drainage the amount
of exchangeable ions aud soluble salts retained in soil is
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very negligible and as a result these soils register low
values for slectirical conduotivity and relatively higher
values for soil pH due to the decreased presence of hydrogen
'fons and henoe the negative correlstion between pH and E.C.
in sand. The eleotrieal oonductivity of the sand oategory
of soil is only 0.146 ngma/u’ and the corresponding

value for olay/loam oategery was 0,194 n.,,uhoilan’. Similarly
" the mean pH value for the sand ostegory of soil wvas 6.12
while the clay/loam eategory of soil the mean value was 5.86.
These observations suppert . the fact that sandy soils in
general retained less exchangeable ions including hydrogen
ions and water soluble salte among the soils selected for
the study.

The nechanioal analysis of soil presented in Table 1
revealed that out of the 490 samples selected for the study
141 vere sand, 3540 vere loam and 9 were clay in texture.
Most of the soils predominated in the sand fraction and as
a result even the losms and clays were sandy in nature. The
olay content of the soil ranged from 1.6 to 46Z percentage
vith & mean value of 16.49. As already stated the soils were
grouped in two categories mamely, 1) sand and (2) loam/clay
in order to examine the soil property studied in the textural
groups separately. There vers 141 soils under the sand
category and 349 soils under loam/clay ostegory. The loams



be

and clays were put into a single category since there were
only 9 soils in the textural class of clay snd moreover
ratings for organic earben and avajilable nitrogen followed
by soil teetiing laboratories of the state is same for clays
and loams. The clay content of the soil was found to be
significantly and positively correlated with the organic
carbon content of the soil (r=0,1282") when all the soils
wvere pooled. However, the coefficient of correlation between
organic oarbon and olay content was not signifioantly oorre-
lated in different groups of soil examined separately. It
is quite natural that clay solils are alwvays associated with
higher amounts of organioc mattar, OConditions which normally
help the acoumulation of clay fraotion also favour the
scoumulation of organic matter since both are mainly collei-
dal in nature, As per the fertility rating of the soil
testing laboratories of the state olay soil is considered

t0 be medium in organic matier vhem it contains 0.5 per oent
organic carbon vhereas a sandy soil is oonsidered mediua in
organic matter even vhen it contains 0.3 per cent organie
carbon.

2. Carbon-nitrogen relationship of soil

Data on the content of organic carbon, total nitrogen
and available nitrogen content of soil and their ratios are
presented in Table 2, Their mean values and ranges are given
in Table 3.



Table 2. Carbon-nitrogen relationship of soil
Boil Oorg.ct Nitrogen % Ratios
sample L
No. Total Avai- C/” C/aN N/ak
lable
1 2 3 4 5 6 [
1 1.54 0.118 0.012 13.09 12%.60 .44
2 0.84 0.078 0.019 10.80 43.56 4.00
3 1.19 0.161 0,015 737 81.44 11,10
4 0.98 0,185 0.012 5.94 82,08 13,81
5 1.26 0.196 0,012 6.40 103.05 16.09
6 1.07 0.143 0,013 8,20 90.72 11.13%
7 1.95 0.263 0.020 T.44 97.56 13.11
8 0.67 0,112 0,008 6.01 80,91 15,49
9 1.56 0.147 0.012 10.60 125.12 11,85
10 1.59 0,112 0.012 14.19 136.50 9.62
11 0.72 0.077 0,010 9.35 - T71.29 7.56
12 1.58 0.092 0,016 14.98 85,87 5.73
13 0.80 0,054 0,011 14.78 75.96 5.00
14 1.47 0.082 0,018 17.86 84.00 4.70
15 1.22 0.098 0,008 12,47  149.27 11,97
16 0.94 0.144 0,014 6.53 66.94 10,22
17 0.83% 0,119 0,012 7.00 68.35 9.77
18 0.46 0.05%9 0.007 7.80 63.97 8.20
19 1.09 0. 193 0,010 8,21 104,50 12,73
20 1.5% 0.12% 0,010 12.50 150,51 12,03
21 1.38 0.170 0,018 8.12 T78.37 9,65
22 0.97 0,161 0.018 6,02 55.09 9.15%
23 0.88 0,116 0,012 T.64 72.46 9.48
24 0,32 0,032 0.009 10.21 34.77 3.40
25 0.75 0,109 0,012 7.29 65.53 8.98
26 0.75 0,102 0.010 T.42 75.97 10,25
27 0.70 0.140 0.019 4.97 35,95 T.23

(oontd,)



Table 2 oontinued

b4

1 2 3 4 5 6
28 0.77 0.112 0,012 6.86 65.92
29 0.51 0,072 0.006 7.09 80.38
30 1.18 0.071 0.010 16.41 115.64
31 1.38 0.116 0.012 11.96 114.66
32 0.42 0.149 0.009 9.51 150.55
33 0.63 0,066 0,008 9.47 84.37
34 0.42 0,046 0.007 9.28 57.16
35 1.28 0.074 0.015 17.40 87.80
36 1.32 0.147 0.009 8.96 149.69
37 1.78 0.124 0,013 14.32 140,15
38 0.92 0.106 0.010 8.66 95.19
39 0.80 0.170 0,010 T.47 90,79
40 1.93 0.252 0.018 7.64 107.55
41 1.37 0.186 0.021 T.41 65.75
42 0.94 0.037 0,015 25.44 60.78
43 0.97 0.126 0.017 7.71 58,62
44 1.07 0.170 0,013 6.33 80.35
45 1.28 0.184 0,016 6.96 77.86
46 0.84 0.1%8 0,017 6.07 48,34
47 0.99 0,151 0.018 6.56 56.39
48 0.72 0.095 0.011 7.64 68.26
49 0.50 0.058 0.009 8.61 56.24
50 1.37 0.180 0.015 7.62 90.09
51 1.53 0.220 0.021 T.04 72,93
52 1.23 0.168 0.019 7.35 65.86
53 0.76 0,112 0.012 6.77 61.66
54 0.80 0.112 0.015 T7.14 54.79
55 1.26 0.168 0.016 7.50 80.24
56 1,06 0.158 0.018 6.74 58,54
57 0.72 0.091 0.017 T.94 43.51
58 4.81 0.445 0.025 10,83 189.81




Table 2 continued

Y S G S - G T W S S

1 2 3 4 5 6 7
59 4.09 0.362  0.024 11,29 170.40  14.29
60 3.07 0.417 0,024 7.36 129,10  17.54
61 3.15 0,295 0,026 10,68 120.27 11,27
62 2,21 0.232 0,025 9.56  89.15 9,33
63 1.41 0,093 0,008 15,12 169,04 11,18
64 0.35 0.046 0,008 7.77  44.85  5.76
65 1.49 0.156 0,018 9.55  85.33 8,93
66 0.28 0,060 0,007 4.77 43,02 9,03
67 1,50 0,157  0.015 9.59  99.36  10.36
68 0.84 0.085 0,008 9.89 105,76  10.70
69 1.78 0,155 0,014 11,54 132,10  11.44
70 2,36 0,201 0,020 11,71 116,65  9.96
71 3.09 0.234  0.019 13.21  162.82 12,32
72 0,37 0,063 0,011 5.66  34.97  5.99
3 0.69 0.087 0,017 7.86 39,80 5,06
74 0.84 0.126 0,027 6.70  35.45 5,31
75 3.56 0.382 0,038 9.34 95,00 10,17
76 2.37 0.189 0,020 12,57 120.98  9.64
T 12,72 0.427 0,025 11,05 91.20  17.36
78 1.16 0,090 0,009 12,85 128,60 10,11
79 4.87 0.459 0,019 10,63 157.11  24.18
80 0,31 0.067 0,008 12,68  36.85  7.87
81 0.80 0.095  0.014 8.47  56.98 6,73
82 0.66 0.086 0.012  7.68 56.40  7.35
83 1.38 0,100 0,015 13,78 31,67  6.65
84 1.16 0.121 0,017 9.63  70.19  T.32
85 0.39 0,064 0,012 6.02 32,41 5439
86 0,61 0.089  0.0M 6,88  54.60 7.9
87 0.94 0.138 0,014 6.82 64,71  9.85
88 0.67 0.091 0,015 7.38  46.08  6.25

(Oontdo)
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Table 2 continued

- A Y > -

100
101
102
103
104
105
106
107
108
109
110
11
12
113
114
115
16
17
118

bo

e e A e T

3 4 5 6 7
0.105 0.016 6.80 45.29 6.69
0,206 0,026 10,40 684.03 8.08
0.240 0,022 8,10 88.75 10.95
0.210 0,024 8.10 72.98 8.82
0,097 0.019 19.39 98.70 5.09
0.126 0.021 15,31 90.29 5.90
0,242 0.034 7.69 54.30 7.06
0.196 0,021 9.48 86.78 9.16
0,189 C.024 10,58 81.77 T.73
0.208 0.021 10,56 100. 50 9.52
0.207 0,021 8.16 78.81 9.65
0,112 0.022 10.03 51.07 5.24
0,056 0,008 8.35 57.72 6.91
0,098 0,017 T.41 41.80 5.64
0,147 0,015 6.90 63.81 9.97
0.133 0.011 7.85 98.20 12,50
0. 161 0.008 6.66 139.32 20,90
0.119 0.012 7.25 73.79 10.18
0.109 0,010 8.55 88.46 10.%4
0,140 0.009 6.78 105.52 15,55
0.039 0.006 9.61 59.31 6.20
0,130 0,013 5.06 49.78 9.84
0.130 0,016 T.23 57.10 7.90
0.088 0,011 7.65 61.48 8.03
0.091 0,014 10,53 66.77 6.34
0.123 0,009 9.17 121.72  13.27
0.077 0,014 8.51 47.96 5.64
0,091 0.006 11,96 170.80 14,29
0.126 0.013% 4.61 44,56 9.68
0.102 0.007 9.29 128,22 13,81

(eontd,)



Table 2 ocontinued

1 2 3 4 5 6 7
119 0.87 0.116  0.012 7.55 72.02  9.56
120 0.31 0,028  0.003 11,03 33,68  3.05
121 1,12 0.135 0,010 8,29  106.47 12,85
122 0.97 0,105  0.008 9.26  118.18 12,76
123 0.64 0.103  0.009 6.2% 69.13 11,10
124 1,01 0,119 0,018  8.47 57.61  6.80
125 1.31 0.165 0,012  7.39 113,71 14,23
126 0.98  0.123 0,008 8,00  121.04 15.12
127 0.38 0.054  0.008 6.98 50,53  T.24
128 1,05 0.123 0,009 8.61 113,41 13,17
129 041 0,046 0.005  9.09 86.75  9.54
130 1.21 0,158  0.015  7.69 80.60 10.49
131 1.07 0,126 0.015  8.53 73.58 8,57
132 1.23 0.131  0.01 9,39 113,21 12,06
133 1.16 0.130  0.017 8.98 66.96  T.44
134 1,08 0,137 0,008  7.39 155,29 17.15
135 0.68  ©0.082 0.006 8,30 112,03 13,49
136 0.99 0.123  0.016  8.06 63.73  7.90
137 0.92 0.126 0,008  7.31 113,70 15,55
138 1.03 0,082 0,009 12,50 115,17 9,21
139 0.69 0,093  0.010 7.05 72.26 10,25
140 1.31 0.154 0,010 5.49 131,23  15.46
141 0.91 0.103  0.011 8.78 86,30  9.83
142 1,23 0,140 0,012  8.81 99.43 11,29
143 1.64 0.158  0.017  10.42 98,28  9.43
144 0.83 0.081  0.012 10,33 69.56  6.73
145 1,03 0.175 0,012 5.90 85,32 14.46
146 1,69 0.186 0,009 9.09  189.42 20.84
147 0.68 0.090 0,011 1.55 64.38  8.52
148 0.65 0,098 0,010  6.67 67.39 10,10

by
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Table 2 ocontinued

1 2 3 4 5 6 7
149 O.22 0,032 0.004 6.84 50.85 Te43
150 - 073 0.095 0.011 T7.70 68.55 . 5.90
151 - 0.64 0.095 0.010 6.73 62,98 9.37
152 - 0.86 0.084 0,011 10,20 78.71 T.71
153 - 1.01 Cc.112 0.012 9.04 85.64 = 9.48
154 0.78 0.102 0.012 7.72 66.95 8.68
155 0.79 0.084 0.009 9.41 84.11 8.91
156 0.36 0.042 0,006 5462 62.00 7.19
157 1,08 0.124 0,009 8.68 121.35 14,13
158 1,07 0.1%0 0.015 827 73.29 8.87
159 1.23 0.130 0.010 9.5% 122.29 12,83
160 0.75 0.109 0.012 6.88 60.19 4,83
161 0.92 0,102 0.012 9.10 76.34 8.39
162 0.95 0. 112 0.009 B.44 106,27 12.58
163 2,05 0.250 0,011 8.37 183,69 21,95
164 1.28 0. 149 0.016 8.62 82,70 9.60
165 2.42 0.123  0.016 19.74 147.92 T.49
166 1.74 0.228 0,011 T7.65 165.73 21,67
167 1.21 0.074 0.013 16.45 90.93 553
168 1.53 0.182 0.016 8.39 94 .81 11.41
169 1,26 0.123 0.016 10,25 77.99 7.61
170 1.14 0.077 0.015 14.76 75.68 5¢13
171 1.35 0. 131 0.018 14.26 73450 7.16
172 0.93 0.095 0.013 9,86 71.67 7.27
175 0.91 0.079 0.014 15.30 65.14 4.87
174 0.80 0.077 0.014 10.39 584 54 5.64
175 1.02 0.091 0.016 11,84 £3.81 5.70
176 1.40 0.158 0.020 8.90 70.26 7.90
177 1.18 0.070 0.010 16.80 123,82 737
178 0.79 0.087 0.01% 11.93 51.50 432

-
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Table 2 continued

1 2 3 4 5 6 7
179 0.5¢ 0,049 0,012 11,06  45.93  4.15
180 0.87 0,102 0,022 8,53  39.05  4.58
181 1.45 0,196 0,012 7,38 125.63  17.01
182 .03 0,088 0.015 11,78  67.83  5.76
183 0.96 0,100 0,019  9.60 51.74  5.39
184 0.74 0,063 0.0 11,75  53.64  4.57
185 0.98 0.098 0.017 9.98 56.21 5.62
186 .05  0.159 0,018  6.47 56.60  8.75
187 0.77 0.088 0.012 8.82 62.26 7.04
188 0.66 0.084 0.012 7.80 55453 T.12
189 1.31 0.130 0,021 10,11 61.59 6.09
190 0,32 0,042 0,009  T.T3 36,89  4.77
191 0.80  0.130  0.024  6.16  33.51  S.44
192 0.96 0,133 0,06  7.25 59.51  5.21
193 0.74  0.095 0.012  T7.79  59.85  7.68
194 .99 0,098 0.029 20,40 68.40  3.35
195 112 0,116 0,017  9.68  67.78  7.00
196 .02 0,133 0,020  7.64  50.67  6.64
197 0.59  0.088 0,012  6.73 47.52  7.06
198 1.6 0,078 0,004 1479 282,76 19.12
199 0,96 0,085 0,011 11,23  ©7.66  7.79
200 1.58 0,155 0,014 10,33 114.64  11.09
201 1.62 0.190 0,020 8.49 80.64 9.50
202 0.73 0,076 0,007  9.55 104,26  10.91
203 135 0,216  0.016  6.28 82,66  13.15
204 1.04 0.132 0,012 7.90 86.02 10.89
205 1.24 0,113 0,008 10,94 151.35  13.83
206 0.78 0,093 0.012  8.42 61.21  7.99
207 1.25 0,125 0.011 10,07 115,04 11.42
208 1.17 0,109 0.012 10.76 99.40 9.24

(ocontd,)



Table 2 ocontinued

1 2 3 4 S 6 7
209 0.72 0,070 0,006 10,25 112,16 10,94
210 0.94 0.126 0,015 7.42 61.81 8.33
211 2,02 0,099 0.017 20,52 117.69 5.T3
212 0.97 0.137 - 0,013 T.12 75.54 10,61
213 1.30 0.086 0.014 15.17 90.10 5.94
214 1.19 0.144 0,014 8.28 86.77 10,47
215 1.19 0.109 0,009 10,94 139.59 12,76
216 1.00 0.126 0.016 7.79 63.41 8.14
217 1.08 0.137 0,017 T7.89  84.33 8.14
218 2.46 0.207 0.021 11.90 116,51 9.79
219 2.96 0.305 0,030 9.7% 100,07 10.29
220 1.03 0.109 0.014 9.50 7395 7.78
221 2.9% 0.315 0.037 9.29 T79.34 8.54
222 2.94 0.187 0,023 15,68 128,86 8.22
223 1.02 0.12¢4 0,018 8.23 56.52 6.87
224 0.82 0,088 0.014 9.53  60.47 6.48
225 1.02 0.12% 0.020 8,31 51.93 6.25
226 1.0% 0.1%0 0,014 7.96 73.11 9.18
227 0.51 0,063 0.009 8,16 54.39 6.67
228 1.34 0,082 0.014 16.35 100,34 5.90
229 1.%2 0.133 0,013 9.93 98,86 10,00
2%0 0.80 0.098 0.019 8.1% 41,73 5.13
231 0.53 0.079 0.012 6.68 42.6% 6.59
2%2 0.86 0.084 0.014 10,27 62.96 6.13
233 0.97 0.093 0,017 10.44 56.32 5.40
2%4 2.48 0.259 0.026 9.58 96.88 10.12
B35 1.34 0.124 0,019 10.78 80.75 T7.49
236 1.87 0.090 0,018 20,80 104,%6 5.01
237 1.06 0.132 0,018 8.04 60,71 7.55
238 0.91 0.161 0.009 5.68 99.00 17.44

(contd.)
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Table 2 continued

1 2 s 4 5 6 7
239 0.31 0,182 0,017 12,70 18,62 10,87
240 1.17 0.112 0,04 10.42 82.21 7.89
241 1.12 0,116 0,04 9.69  80.49 8.31
242 0.84 0.10% 0,012 8.01 66.75 8.73
243 0.92 0.081 0,013 11,37 72.62 6.39
244 1.05 0.075 0,012 13.88  86.91 6.26
245 1,12 0.109  0.01% 10.78  92.71 8.60
246 1.7 0.236 0,013 T.25 130,14  17.94
247 0.64 0.12% 0,015 5.2 51,19 8425
248 2,01 0.116 0,026 17.43  78.%9 4.50
249 1.43 0.077 0,016 18,62  31.89 4.94
250 1.50 0,242 0,011 6.22 137,67  22.16
251 2,22 0.142 0,018 15.6% 120,23 T.72
252 2.44 0.119 0,015 20.48 180.24 7.82
25% 1.30 0.207 0,018 6.27  T72.7% 11,60
254 1.31 0.130 0,011 10.13  120.34 11,88
255 1.1% 0.147 0,015 7.82  76.60 9.80
256 0.97 0.144 0,014 6.75  T70.50  10.47
257 1.00 0.144 0,018 6.99  %5.02 7.88
258 1.32 0.084 0,018 15,68  65.64  4.72
259 1.17 0.137 0,014 8,56 85.91 10,04
260 1.05 0,137  0.012 7.66 86.98  10.04
261 0.40 0.060 0,010 6.77  40.57 6.01
262 1.10 0.119  0.014 9,25 76.28 8.95
263 0.59 0.067 0,019 8.80 30,92 3.51
264 0.55 0.074 0,013 T.4T 41,83 5,60
265 0.75 0,084 0,017 8.91  42.95 4.82
266 0.67 0.091 0,013 7.32 51,22 7.00
267 0.42 0.081 0,019 5.27 22,76 4.32
268 0.72 0.081 0,015 8.91  47.81 4,32
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Teble 2 continued

1 2 3 4 5
269 0.59 0,065 0,014 9.29
270 0,44 0.060 0,005 7.38
271 0.54 0.084 0,015 6.37
272 1.43 0.193  0.014 7.39
21 0.89 0.130  0.026 6.89
274 1.38 0,173  0.016 7.98
275 1,07 0.151 0,020 7.10
276 0.99 0,107 0,017 9.28
277 1.1% 0.140 0,014 8.10
278 G.81 0,098 0,013 8.26
279 0.72 0,088  0.014 8.25
280 0.98 0.084 0,013 11.65
281 0.49 0,098 0,016 5,04
282 1.96 0.191 0,034 10.29
283 0.57 0.084 0,014 .75
284 1,04 0.121  0.01% 559
285 .38 0.074  0.014 5,12
286 0.66 0.077  0.011 8461
287 0.28 0.047 0,010 6.01
288 1.59 0.116 0.012  13.81
289 1.07 0.133  0.020 8,07
290 0.25 0.046  0.01% 5455
291 0.38 0.058 0,015 6.56
292 2.45 0.275  0.024 8497
293 0.69 0.124  0.016 5.15
294 0.95 0.091  0.019 10.41
295 3,10 0.286  0.02% 10.82
296 2.07 0,371 0,036 5.58
297 1,21 0,114  0.016 10.60
298 0,70 0,088 0,014 7.95

6 7
43.04 4,63
91.29 12,37
35439 5.49
99.78 13,50
35.01 5.08
89,22 11,18
52.89 T.45
78.60 6.40
78.60 3.70
60.88 737
53.13 6.44
74.38 6.38
50.89 6.13
58,09 5.64
40.51 6.00
77.19 8.99
27.06 5.29
53.59 6.80
29.93 4.98

134.01 9.71
54.78 6.79
22,36 4.03
25.27 3.85

102.89  11.47
39.78 T.72
49.34 4.74

136.95 12,65
56.87 10.19
76.22 7.20
49.72 6.25

(contd.)
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Table 2 ocontinued

1 e 3 4 5 6 7
299 0.82 0.112 0.017 733 47.63 6.50
300 0.53 0,077 0.015 6.88 35.72 5.19
301 0.54 0,032 0.017 17.07 32,01 1.88
302 2.41 0.273 0.028 8.84 87.71 9.93
303 0.95 0.119 0,016 7.96 59.96 753
304 3.03 0.334 0.052 9.07 93.58 10.32
305 1.04 0.112 0,016 933 67.41 7.23
306 0.37 0.039 0.010 15.04 185.96 12,30
307 3.08 0.534 0.021 5.77 143.48 24.87
308 0.79 0.084 0.015 9.39 53.T1 5.74
309 2,05 0.208 0.024 9.86 85.54 8.68
310 0.85 0.119 0.021 T.17 40.22 5.61
311 0.23 0,026 0.009 8.62 24.09 2.79
512 1.23 0.138 0,022 8.91 55.98 6.29
313 0.8 0,040 0.010 9.42 36.34 3.86
314 0.51 0.051 0.010 9.96 49.03 4.90
315 0.57 0.096 0.014 5.96 41.04 6.88
316 0.93 0.154 0.017 6.07 54.66 9.01
317 0.99 0.165 0.021 6.00 46.30 772
318 1.00 0.124 0.020 8.04 50,25 6.25
919 0.63 0.084 0.017 T.45 37.26 5.00
320 3.28 0.247 0.029 13.31 114.73 8.63
321 1.53 0.138 0.022 11,06 70.85 6.40
322 0.91 0.114 0.019 T.97 47.17 5.92
323 0.77 0.098 0.016 7.81 47.85 6.13
324 2,71 0.224 0.018 12.11 51.58 12.51
325 2.46 0,235 0.024 10.47 102,50 9.79
326 2,06 0.294 0.016 6.99 128,50 18,38
327 0.85 0.112 0.027 7.62 31.62 4.15
328 0.58 0.091 0.017 6.40 35.26 5¢52
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Table 2 ocontinued

1 2 3 4 5 6 7
329 0.82 0.116 0,025  7.11 32,71 4.60
330  1.58  0.224 0,028  7.05  57.40  8.15
331 2,40 0,270 0.026  8.91  34.12  10.57
532 2,46 0,298 0,012  8.26  211.80  25.65
333 2,01 0.19%  0.018  10.42  112.66 10,81
334 1.17 0,133  0.017  8.79  69.55  7.92
335 1,67 0.196 0,029 8.5 58,73  6.88
336 0,83 0,103 0,016 8,05  51.66  6.42
337 0.32 0.063 0,011 5,01  27.57  5.50
338 1,31 0,180 0,028  7.28  46.36  6.37
339 0.77 0,098  0.015  7.89  52.95 6.7
340 0,85 0.110 0,018  7.7T5 46,80  6.0%
341 1.45 0.13% 0,019 10,92  76.83  7.04
342 0,83 0.056 0,014  14.79  58.72 3,37
543 1.61 0.112 0,016  14.41 99,02  6.87
344 1,06 0.114 0,019 9,33  57.41  6.15
345 1,04 0.233 0,015  4.49  68.24 15,22
346 1,26 0.103 0,021 12,20  58.88  4.83
347 1.20 0.125 0,018  9.80  67.61  6.90
348 0.86 0.114 0,013  7.59 68,30  8.99
349 0.86 0,125 0,015  7.00 58,97  8.42
350 0.99 0,065  0.015 15,71  64.71 4.12
351 1.43 0.124 0,015 11,57  98.56  6.71
352 1,33 0,163 0,024  T7.TT 54,57 6.7
353 1,37 0,131  0.008  10.46  162.99  15.58
354 1.27 0,125 0,016  10.31  80.64  7.82
355 1,27 0,081 0,017 15,73  75.81  4.82
356 1.88 0.175 0,016 10,75  115.46  10.74
357 0.81 0.109  0.005  7.46  165.31 22,14
358 1.92 0,228 0,020  B.44  95.25 11,29

(oontd.)



Table 2 ocontinued

-

1 2 3 4 5 6 7
359 1,22 0.126 0,024 9.71  51.21 5,27
360 1.31 0.158  0,02% 8.31  57.88  6.97
361 1,67 0,056 0,016 10,69 103.28  3.47
362 1.6% 0,140 0,013 11.66 124.68 10.70
363 1.50 0.089 0.020 16.80 75.38 4.49
364 0.71 0.098 0,013 727  S54.41  7.48
365 1,05 0.091 0,019 11,53 54.65  4.74
366 0.20 0,042 0,006 4,93 32,34  6.56
367 1.81 0,200 0,020 9.08 88.75 9.78
%68 0.66 0.120 0,019 5.37  34.80  6.48
369 1.69 0.290 0,026 5.85  65.78 11,30
370 1,05 0.154 0,019 6.81  55.52  8.15
371 1,32 0.131  0.018 10,06  74.73  T.43
372 2.75 0.291  0.029 9.46  94.14  9.95
373 1.43 0.109 0,026 13.21  54.71 4.14
374 1.99 0.168 0,016 11.83 125,80 10.63
375 1.91 0.235 0,027 8.15 T0.49 8.65
376 0,50 0.061 0,011 8.20  47.40  5.78
377 0.78 0.077  0.007 10,11 113,79 11,26
378 1.16 0.133 0,016 8.73 T0.76 8.1
579 2.90 0.280 0,027 10.36 107.84 10.41
380 0.72 0.112 0,013 6.44 53.86 8,36
381 2.96 0,334 0,030 8.8%  97.29 11,00
382 0,83 0.080 0,010 10.28  75.88  7.38
383 2.76 0,298 0,029 9.28  95.48 10,28
384 0.87 0,095  0.017 9,21 52,02  5.65
385 0,70 0.084 0,016 8.34  42.60  5.11
386 1,34 0.140 0,016 9.60 80,50 8,38
387 1,32 0.1%% 0,015 9.89 87.85 8.80
388 2,71 0.301 0,030 9.00 91,86 10,20

(OOntdo )



Table 2 continued

1 2 )] 4 5 6 7
389 0.86 0,085 0,018 10.14  47.45 4.68
390 - 1.13 0,137 0,011 8.29 103.77 12.51%
391 2,32 0.210 0,012 11,05 191.79 17.35
392 1.39 0,161 0.014 8.61 99.27 11,52
393 1.34 0.137 0,005 9,80 265.34 27.08
394 1.60 0,207  0.016 7.74 100.13 12,99
395 1.06 0,053 0,011 20.22 94.93  4.70
%96 2,70 0.179 0.009 15.14 317.98 21,00
397 1.30 0.182 0,019 7.15 68.09  9.52
398 0.58 0.093  0.006 6.25  93.47 14.97
399 1.12 0,161 0.007 6.97 163.96 23.54
400 1.42 0.168 0,006 8.44 2%8.80 28,28
401 0.476 0.075 0,006 6.32 80.05 12,68
402 0.55 0,068 0,009 8.06 58.49 7.27
403 0.92 0.143 0,017 6.42 54.59 8,51
404 1.72 0.186 0,015 9.28 117.85 12,68
405 0.99 0,100 0,012 9.97 82,21 8.2%
406 1.20 0.137  0.006 8.79 187.50 21,33
407 0.85 0.109  0.010 7.86 88,09 11,21
408 0.60 0.102 0,010 5.92 61,99 10,49
409 0.46 0.042 0.006 10.91 71.56 6.56
410 1.17 0.133 0,012 8.79  98.61 11,25
411 0.47 0.091 0.010 5.21 46.09  8.85
412 0.51 0.077 0.009 6.56 56.78 8.57
413 1.48 0.168 0,019 8.8% T7.T1 8.80
414 1.14 0.095 0,028 12.03 40,06  3.33
415 0.36 0.036  0.007 10,06 54.24 5.39
416 1.60 0.175 0,013 9.14 119,86 13,11
417 2.79 0.280 0,023 13.59 119,23 12,09
418 0.79 0.061 0,006 12,89 136.12 10.56
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Table 2 continued

— g

1 2 3 4 5 6 7
419 0.55 0.063 0,010 8.69 52.95 6.09
420 1.07 0.154 0,011 6.97 95.5% 13.70
421 0.42 0,061 0.006 6.78 71.58 10,55
422 2.0% 0.116 0.006 17.59 369.30 21,00
423 0.59 0.056 0.009 10.48 63.16 6.02
424 1.39 0.177 0.014 7.86 37.51 12,41
425 1.42 00142 0,015 10,01 94.74 9.47
426 2.44 0.259 0,020 9.41 120,07 12.76
427 0.87 0.144 0,012 6.10 75.81  12.44
428 0.81 0.105 0,015 T.74 53%.62 6.93
429 2.03 0.2286 0.029 8,93 70.90 7.94
430 4.31 0.277 0.027 15,60 162.12 10.%9
431 1.41 0.193 0.024 7.30 59.23 8,11
432 %.19 0.250 0.017 11,38 189.73  16.67
433 1.55 0. 177 0.019 8.75 80.98 9.26
434 0.84 0.109 0.017 7.78 48.49 6.24
435 1.33 0,319 0.034 4.17 %9.06 9,37
436 0.81 0.098 0,011 8.29 74.26 8.96
437 1.19 0.160 0,024 T.22 49.07 6.80
438 2.17 0.266 0,031 8.16 70.28 8.61
439 1.19 0.151 0,020 7.89 59.97 7.60
440 1.09 0.149 0.014 7.%5 78.40 10,67
441 1.00 0.080 0.0118 12.42 84.45 6.80
442 0.22 0.042 0,005 5.21 44.45 8.5
443 0.62 0.098 0.01% 6.38 48,82 7,66
444 0.51 0.063 0.005 8.1% 105.22 12,94
445 1.74 0,142 0,012 12.25 147.24 12,07
446 3.85 0.237 0.02% 16.29 164.70 10,11
447 1.45 0.277 0.029 5.25 49.42 9.40
448 0.53 0.0385 0.013 5.62 42.16 7.50

(contd. )
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Table 2 oontinued

(3

1 2 3 4 5 6 7
449 0,87 0,114 0,016 7.69 54,01 7,02
450 1,03 0.140  0.011 7.37 94.78 12,87
451 2.28 0.187  0.0%9 12,18 58.19 4,78
452 1.09 0.124 0,021 8.82 53.26 6,04
453 1.41 0.179 0,020 7.88 70.42  8.94
454 2.31 0.256 0,024 9.05 95.95 10,60
455 0.59 0,056  0.005 10,56 114.39 10,83
456 1.16 0.128  0.017 9,02 69.75 7.7
457 1.09 0.161 0,013 6.79 82.54 12,15
458 1.5% 0.126 0,011 12.15 143,10  11.78
459 0.84 0,081 0,008 10,38  106.71 10.28
460 1.13 0.15%6 0,017 7.23 66.84  9.24
461 1.49 0.172  0.012 8.70  123.18 14,50
462 1.53% 0.161 0.009 8,86 162,03 18.23
463 1.16 0.165 0.014 7.04 83.35 11,83
464 2.67 0,252 0,006 10,61 436,22 41,10
465 1.17 0.126  0.009  9.25 129,84 14,03
466 1.67 0.196 0,013 8.53 132,61 15,56
467 1.41 0.166 0,014 8.49 99,37 11.71
468 3,02 0.28% 0,024 10,65  126.42 11,87
469 0.65 0,070 0,008 9,38 82,96  8.85
470 1.71 0.205 0,011 8.34 159.64 19,14
AT 2.39 0.2%8 0,015 10,05 164.68  16.41
472 2,53 0.2%8 0,024 10,64 104,64  9.8%
4T3 0.79 0.105  0.011 7.57 70.90  9.37
474 0.85 0.10% 0,010 8.19 82,61 10,09
475 1.16 0.161 0.014 7.19 81.49 11.3%4
476 1.56 0.196 0,010 7.94 109.65 19.12
477 1.57 0.203 0,016 7.74 96.64 12,48

(oontd, )



Table 2 ocontinued

i

1 2 3 4 5 6 7
478 1.17 0.158 0.014 T.44 81,57 10.96
479 1.33 0.245 0.011 5.42 125.81 23.20
480 2,09 0.212 0,022 9.85 95.36 9.48
481 1.80 0.224 0,019 8.04 94.24 1.79
482 2.0 0.23%8 0,025 8.52 80.18 9.41
483 1.04 0.149 0.009 7.01 112.13 16.00
484 1.86 0.263 0,024 7.07 79.05 11.17
485 1.43 0.179 0.016 8,00 90,35 11,29
486 1.29 0.175 0,020 10.94 65.43 8.91
487 1.09 0.158 0,005 6.85 200,68 29.28
488 1.38 0.193 0,012 7.20 111,76 15,52
489 1.60 0,200 0,021 8.02 76.92 9.59
490 1.39 0.207 0.011 6.71 128,31 19,12

* all = available nitrogen
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2.1. Organic oarbon

In general the percentage of organic carbon inu soil
ranged from 0,21 10 4.87 with & mean vzlue of 1,25, DBased
on the content of organic carbon the 490 soils studied in
this investigation were grouped inteo three categories namely
(1) low (2) medium and (3) high wvhen the percentage of
organic carbon was lesg than one, between one and two and
greater than two eso &s 1o understand ihe carbon-nitrogen
relationships in these categories of soil more precisely.
There were 210 soils in the low organic carbon group, 220
in medium organic carbon group snd 60 in high erganic carbon
group. Ae already pointed out the content of organic carbon
and total nitrogen in soil were highly correlated (r-0.7966”).
The relationship between organic carbon and total nitrogen
is presented in Table 5 and graphically represented in Fig.4
and 5, Organic carbon was also correlated with available
nitrogen (r=0.4008" ) though not to the extent of that bet-
ween total nitrogen and organie carbon (Fig.6). Interestingly
organic carbon was signifiocanily snd negatively correlated
with pH of soil., The probabls reasons for this interrelation-
ships between organioc carbon, total mitrogen, available
nitrogen and pH have already been furnished,

2.2. Total nitrogen

The total nitrogen eof the soil ranged from 0.026 to
0.534 per cent with a mean value of 0.1358 vhen all the soils
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were considered., As expectesd, total nitrogen content
increased with inorease in orgenic matter. Consequently,

the mesan valuee for total nitrogen in the low, medium and
high organic ocarbon groups of soil were 0,090, 0,149 and
0.25% per cent respectively. Similarly, loam end clay soils
retained large amount of total nitrogen than the sandy soils.
Since the clay and loam #oils contained larger quantities of
orgenic matter it is natural that these soils retained
higher amounts of total nitrogen since the organioc matter
and total nitrogen are interrelated.

2,3, Available nitrogen

‘Tho content of available nitrogen determined by
alksline permanganate method ranged from 0,004 to 0,038
per cent with & mean valus of 0,016 wvhen all the soils were
pooled. As in the case of total nitrogen available nitrogen
also increased with inorease in erganic varbon. Accordingly,
the values for available nitrogen in the low, medium and
high organic ecarbon groups of seil vers 0.012, 0,016 and
0.024 per eent respectively. Also, olay and losm soils oon-
tained large amounts of avallable nitrogen as compared to
sandy soils, When the sand group of soil registered a mean
value of 0,014 per cent for available nitrogen the correspond-
ing value for clay and loam group of soil was 0,068 per eent,
the increase being 585.71 per cemnt. This showed that clay
and loam group of soil were ocapable of retaining extremely
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larger quantities of available nitrogen as compared to sandy
eeil. It should be pointod out that such a conspicuous
differsnce veitween sandy soils snd losm/clay soils vas not
seen in the osse of total nitrogen though loam and olay soil
contain relatively higher content of nitrogen than sandy
soils. When sand group of soil registered a mesn value of
C.113 per cent for total nitrogen the corresponding value

for clay and loam group was 0.151 per cent the increase being
ounly 33,628 per cent., Available nitrogen content of the seil
vas correlated with total nitrogen (r=0.4233 ), orgenic
earbon (r-0.4008“) and pH ef the soil. The relationship
beitween toial mitrogen and available nitrogen has been gra-
phically represeuted in Fig.7. As already pointed out oon~
ditions which favour the assumulation of organio matter con-~
seguently result in higher amounts of total and available
nitrogen since organic matier is the asjor source of nitrogen
in soil. However, it should be peinted out thai the relation-
ship between organic earbon and available nitrogen is not as
high as the relationship between organic cerbon and total
nitrogen. This is because aajor part of total nitrogen is
repragented by organic nitrogen which is a component of
organic matter as in the oase of organic carbon whereas
transformations and retention of available niirogen are not
governsd by any such direot linkage with organic oarbon.
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20“ Otl ratiﬂ

In general the CiN ratio of the soils ranged from
4.17 to 25.44 with a mean value of 9,23, This shoved that
considerable variation existed in the Ci1N ratio of soil.
The range and mean values of CilN ratio in different oate-
gories of soil are presented in Table 5. It is interesting
to observe that the mean CiN ratio increased with the
inocreasing content of organic earben of the soil. Thus the
mean CiN ratio for the lov organio oarbon, mediuam organio
carbon and high organic carbon soils were 8.19, 9,68 and
11.26 respectively. This showed the nsed of establishing
different CsN ratios in groups of soils varying in their
content of organic matter. It is generally stated that the
CsN ratio of soil will be usually within the range of 10 to
12 vhereas the results of the present investigation gave a
mean value of less than 10 exoept in soils ocontaining organic
carbon more than 2 per cent. The simple linear regression
equation established considering all the soils taken for the
study (Tadble 5) is ¥¥ = 0,080% O + 0,038. This would mean
that even soil containing no organic matter will contain
0.0%8 per cent nitrogen and obviocusly soil containing very
little of organic carbon will have 2 lov CtN raties. The
inorease in CiN ratio due to ineorease in the organic matter
oontent of »0il is explained as followa. In soils which
retain only very lov content of organic carbon the organiec
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matter has undergons a greater degree of oxidation thereby
decreasing the ratio between carbon and nitrogen whereas

in soils vhich are rich in organic carben, the organic matter
mcludn fractions vhich have not undergone the proocess of
deoomposition fully, thereby exhibiting a higher CiK ratio.
Considering the above regressiom model, a soil with 0.2,

1,2 and 3 per cent organic earben wvill have a Ci:N ratio of
3.70, 8.47, 10.05 and 10.75 respectively. However, variatien
in the Ci1N ratio is getiing narreved down wvhen the wvalues for
organic oarbon is getting higher., Hovever, since the average
carbon content of the soil was only 1.25 per eent and the
range of variation was frem 0,21 to 4.87, it is highly
essential that separate CsN ratios should be established and
utilised for different ocategories of soil besed on their
organic oarbon content for interpreting the nitrogen status
of the soil since CsN ratio of a soil with 0,2 per ocent
erganic carbon is as lov as 3,70 wvhereas the Ci¥N ratic of a
s0il with 3 per cent carbon is as high as 10,75, Table @&
presents the predicted values of total nitrogen and CiN ratio
for different values of organic carben making use of the
regression model ¥ = 0,0803 Of + 0,038. In the present study,
regression equations between oarbon and nitrogen has been
worked out for groups of soil oategorised acoording to the
peroentage of organio carben. The regression equations pre-
sented in Table 5 showed that for low, medium and high carben
groups of soil the ocoefficienta of regression vere 0,095,



Table 4. CiN ratieo of soil joted the
regression model = 0,080% + 0,038

org. Cf Total Nf Ci1¥ ratie
0.2 0,054 3.70
0.5 0.062 4.84
0.4 0,070 5.71
0.5 0.078 6.41
0.6 0.086 6.98
0.7 0.094 7.45
0.8 0. 102 7.84
0.9 0.110 8.18
1.0 0,118 8.47
1.1 0.126 8.73
1.2 0.134 8.96
1.3 0.142 9,15
1.4 0.150 9.33
1.5 0,158 9.49
1.6 0,166 9.64
1.7 0.175 9.71
1.8 0.183 9.84
1.9 0.191 9.95
2,0 0.199 10.05
2.1 0,207 10,14
2.2 0.21% 10.23
2,3 0.223% 10,31
2.4 0.2%1 10.39
2.5 0.2%9 10.46
2.6 0.247 10.53
2.7 0.255 10.59
‘2.8 0.263 10,65
2.9 0.271 10.70

(oontd.)

)



Table 4 continued

Org. o Total N$ CsN ratie
3.0 0.279 10.75
a1 0.287 10,80
3.2 0,295 10.85
3.3 0.303 10.89
34 0,311 10.93
365 0.319 10,97
5.6 0.527 11.01
3.7 0,335 11,04
3.8 0.343 11.08
3.9 0.351 1.1
4.0 0.5%9 11.14
4,1 0,367 11.17
4.2 0.375 11.20
4.9 0.383 11.23
4.4 0,391 11.25
4.5 0.599 11.28
4.6 0.407 11.3%0
4.7 0.415 11.33
4.8 0.423 11,35
4.9 0.431 11,37

50
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Table 5, Relationship between different properiies of soil

X Y r Regression equations -
} All soils (n=490)
Organic Total 0.7966"°  Nf = 0.0803 Of + 0.0380
carbon nitrogen
Organic gxggggzgf 0.4008°  aNf « 0.0053 Of + 0.0094
Organio gy 0.128?. Clay$ = 1,661 Cb + 14.4593
otmegen miarepen,  0+42537  aMd = 0,0556 ¥ + 0,0083
PH Orgamlo  _0,2115""  0f = -0.2742 pH + 2.8T43
pH ﬁ:}m ~0.,1806"°  Hf = -0,0236 pH + 0,2781
PH Aviliable  -0.2045""  amk = -0.0035 pH + 0,0368
Clay e e 0.1520"° N « 0.0012 Clay$ + 0.1172
Clay ATiiiata®  0.1335  amg = 0.0002 Clay$ + 0.0127
low carbon soils

(n=210

e Mteigen  0:63767 NS = 0.0959 0% + 0,0218
pi Organio  _0,1767°  of = -0.0691 y + 1.1286
lodiz:-g;xo'gon soils
Organic Towl 0.3800°  M§ = 0.0696 CF + 0,056
Organio :I‘ui_ﬁ:‘::‘ 0.3217°°  aNf = 0,0205 C$ - 0,0114
iirogen mitrcees. 033407 NS = 0.1161 ¥ - 0.0013
pH :I‘;t::;‘ <0.1981""  aWf = -0,0046 pH + 0.0429

(mﬂ.)



Table 5 oontinued

Regreasion ;quntiann

X Y »
High carbon soils
(n=60)
Organic Total *e
carbon nitrogen 0.4237
Organic Available *
carbon nitrogen 0.2708
Sandy soils (n=141)
Organic Total ol
carbon ni trogen 0.7533
pH Organic el
oarbon ~0.2223
pH Total *
nitrogen -0, 1887
pH E.C -0.1680"
Clay Availsble e
nitrogen 0.2751
/olayey soils
n=349)
Organic Total 0. 5878"

carbon nitrogen

¥ = 0.0429 0% + 0,1320

aN% = 0,0057 0% + 0.0136

X% = 0.0775 0% + 0,0%29
0f = ~0,2%46 pH + 2,4702

¥ = -0,0205 pH + 0.2380
E.C = ~0,0578 pH + 0,5000

alt = 0,0016 Clay $ + 0.0016

” = 0007" ﬁ + 0.0539

50

-

** Significant at 1€ level
* Signifioant at 5% level
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0.0696 and 0,0429 respectively wvhich evidently shoved that
CiN ratio will be low for lowv organio earbon group of soil
and high for high earbon greup of soil. These regression
equations also present that the nitrogen content which does
not vary with the organic earbon content (the constant of

the regression equation) is however high for soils contain-
ing large amounts of organic matter than soils of low organic
nstter content probably because of the interrelationship
between the clay and organic matter content of the soil.

The relationships between 20il properties and C:X
ratic are presented in Tadble 6. The C/N ratio of the soil
was found to be positively and significantly correlated with
the organic oarbon (r=0,5468" ) vhich indicated thet increase
in the content of organic ¢arbon resulted in a corresponding
increase in C/N ratio of soil. Normslly, an increase in
C/N ratio may result either due to an increase in the content
of organic carbon or due to dearease in the content of total
nitrogen. But in the present investigation 1t is seen that
the negative oorrelation between total nitrogen and C/N ratio
is not statistioally signifiosnt indicating that varistion
in the nitrogen contemnt of soil is noet in tune with the
variation in the organic ocarbon. As a result, the C/N ratie
of the soil is mainly decided hy the organic matter content
of soil rather than the content of totsl nitrogen. The
coefficients of correlation bstwesn available nitrogen and
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Table 6. Relationship betwean s0il properties and carbon-
nitrogen ratios
X o Y ) r Regression equations

Organic e -
osrbon C/N 0.5468 C/N = 0,7072 of + 8,35%0
Organio c/sN  0.6128 C/aN = 4,8368 OF + 78.6629
carbon * * *
Organic bl -
oarbon W/aN 0.8736 N/al = 2,1742 Of + 6.8371
Total e
nitrogen /88 0.3209 C/a¥ = 7.6569 Wk + 83,5913
Total b
Available " _
ni trogen C/ak -0.2%17 C/a¥ = -19,6427 eNf + 84,9596
Available b -
nitrogen K/aN -0.2671 N/al = -7,1401 aBff + 9,6427
Clay c/a  ~0.161T C/a¥ = -0.3510 Clay$ + 89,7532
Clay N/aN  -0,1705 N/aN = =0.1172 Clay$ +11.3778

> i e o A > -

*# gignifioant at 14 level
* gignificant at 5% level
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C/K ratio as vell as elay and C/N ratio were not statisti~
cally significant,

2.5. Ratio between organic carbon and available
nitrogen (Ciak)

The ratio of organic ocarbon to availablie nitrogen
varied froam 18.62 to 436.22 with a mean wzlue of 81.68.
Thus the mean C/al ratie is 8,849 times more than the mean
C/N ratio of soil. When the C/al ratio of different groups
of soil was separately examined it is seen that the ratio
overvhelaingly iuncreased wiih the inoreasing ocontent of
organie matter. Thus when the ratio wes 60.87 in low organiec
carbon group iis values in medium orgasnic carbon groups were
94.% and 131,87 respeciively. The excessively inflated Cal
ratio in soils of high orgauio matter conteni may probably be
due 1o the famot that the soil could retain only a limited
quantity of mineralised nitrogen and therefore loss of nitrogen
dus to leaching and denitrification became pronounced in soils
vhere large aaount of nitrégan wvas released by mineralieation.
This phenomenon would have resulted in an increased C/al ratio
in soils containing large amount of organic carbon. This
arguwaent is further substantizted by the relatively high N/aN
ratio of soll containing higher amounis of organic oarbon as
compared ito other soils. HMoreover, the negative and signlﬁ-
cant correlation between clay per cent and C/a¥ ratio (Table 6)
is also indicative that the C/al ratio ias dependent on the



retentive power of the soil. 7The mean C/al ratios for

the sand and clay/losa groups of soil wers 95.25 and 80,65
respectively. The decressed C/aN ratio in clay/loam soils
is obviously due to inoressed scowmulation of available
nitrogen in this group of soil. As already pointed out the
mean organic carbon content of sand and clay/loam groups of
soil were 1,0% and 1,31 per cent, the increase being

26.40 per cent whereas the mean values for available nitregen
in these two groups of soil wvere 0,014 and 0.068 per cent
respectively, the inorease being 385.71 per cent, These
observations also substantiate the influence of the finer
fractions of soil in decreasing the C/aN retio of the soil.
Dats presented in Table &6 alse showed that C/aN ratio is
positively and significantly cerrelated with the organic
carben (r=0,6128" ") and vith total nitr gen (r=0.3209"")

and negatively ocerrelsted with the svailable nitrogen

(r= -0.2317'*). The positive correlation between organic
oarbon snd C/aN ratio as well as the negative ocorrelation
between available nitrogen and C/al ratio are quite under-
standable because of the mathematical relationship of the
ratios wvith theese parameters. Also, the positive correlation
between C/all ratio and total nitrogen is quite expected sinoce
total nitrogen and available nitrogen are significantly
correlated,



2.6. Ratio between total nitrogen and available nitrogen

The ratio of total nitrogen to avsilable nitrogen
varied from 1.88 to 29.28 with a mean value of 9.24. Thus,
on an average 10.82 per cent of the total nitrogen was
retained in soil in gvailable form. 7The mean values of
N/aN ratio in low, mediuam and high organic carbom groups of
e0il wvere 7.74, 11,17 and 12,52 respectively. This revealed
that the ratio lucreased with the increase in organic matter
content of soil., This im because of the fact that though the
content of available nitrogen increased with the increasing
content of orgenic matter, the increase in svaileble nitrogen
vas not in proporiioxn with the increese in orgunic csarbonmn.

As already explained the increape in the content of evailable
nitrogen coussguént to mineralisation of orgmmic nitrogen

is restrioted by the limited adsorptive power of the roil
thereby resuliing ir & enlarged N/aN ratio in soils of high
organioc carbon conteni. As expected, the clay/loam group

of soil registeored relatively lov value of H/aN ratio (9.1%)
as compared to sand group of soil (10,78).

3. Frectionation of soll erganic patier

Out of the 490 soils studied, 12 soils were selected
in order to sxamine the pattern of distribution of the
different fractions of organie matter in them., Humic sub-
stances wvere grouped into different fractions based on the
polubility in alkali, 20id and lléehol. In the scheme of
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fraotionstion followed the humic substances were extracted
vith 0,5 N sodium hydroxide, The extracted soluble material
wvas then treated with aeid, the sudbstance precipitated in
aocid medium vas called 'u. humic acid vhile the aoid soluble
fraction referred as fulvic acid, The huaic acid fraction
vas extracted with alcohol and categorised into soluble and
insoluble fractioms. The acid soluble fulvic acid fraotion
vas adjusted to pH 4.8 snd that portiom of fulvic scid which
became insoluble at this pH wvas referred as beta humus, The
fraotion of organic matter which ocould not be extracted by
0.5 N sodium hydroxide was found eut by the difference and
terned as humin,

Humic substances arise frem the chemical snd biologioal
degradation of plant and animal residues and froa the synthe-
ti0 sctivities of aicro~erganisms. The humic substances in
soil influence the soil properties censiderably since they
posseas ability to form water soluble and water insoluble
ocomplexes with metal ions snd hydrous oxides and to interact
wvith elay minerals and organiec cempounds such as alkanes,
fatty acids, dislkyl phthalates, pestiicides, etc., They are
dark ocoloured, acidic, predominantly arematic, hydrophilioe,
cheajocally complex, polyelectrolyte-like material, the
moleocular weight ranging from & few hundreds to several
thousands. Structurally, the three humic substances namely
hunic aocid, fulvie acid and humin are similar but they differ
in molecular veight, ultimate analysis and funotional greups.



Data on the disiribution of 4ifferent fraotions of
organic aatter expressed as peroentage to soil on moisture
free basis are presented in Table 7. The distridution of
s0il organic fractionsexpressed as percentage to the total
organic matter is given in Table 8.

3.1, Humio mcid

The humjioc acid fraotion of so0il organic matter ranged
trom 0,172 to 2.706 per osnt with a mean value of 0.629
per cent when the peroentageé contridbution of this fraotion
to total organic matter was vorked out, it wae seen that it
acoounted for 8.30 to 47.55 per oent of the total organic
matter with a mean value of 28,28 per ceni. Palaniappan (1975)
reported that on an average soil organic matter contained
about 10 per cent humio scid fraction. But in the present
investigation the mean content of this fraction of orgsmic
matter is quite high. 7This is becausse, the tropical humie
conditions favour the acoumulation of humic and fulvic moid
as compared to that of humin. The reaction of the soil
selected for the study is acidic whioh favours the relatively
higher agoumulation of humic acid in soil. Lignin being the
ohief constituent of humic acid remains resistant to degrada-
tion even under strongly leached scid conditions.

The coefficients of correlation between different
Iractions of organic matter and soil properties sre presented



Table 7. PFractions of organioc (humic) matter expressed as percentage to soil on
moisture free basis
a1, g:::h. Humic acid Fulvic acid ::::i
¥o. No. g::::o::Id Insoluble ITIotal Soluble Bets~humus Total substances
1 3 0.127 0.294 0.421 0.45% 0.0%7 0.510 1,086 2.017
2 34 0.100 0.072 0.172 0.038 0. 141 0.179 0.367 0.718
3 51 0.131 0.349 0.480 0.126 0.329 0.455 1.664 2.599
4 52 0.1%6 0.241 0.37T7 0.060 0,670 0.730 0.987 2,094
5 59 0.252 2.454 2.706 2.537 0.348 2,885 1,362 6.953
6 66 0.113 0.116 0.229 0.152 0.072 0.224 0.029 0.482
7 84 0.125 0.219 0.344 0.517 0.050 0.567 1.066 1.977
8 88 0,122 0.394 0.516 0.470 0.071 0.542 0,081 1.1%9
9 a9 C.114 0.132 0.246 0,2%0 0.264 0.494 0.474 1.214
10 91 0.136 1.541 1.4T7 1.426 0,112 1.5%58 0.288 3.30%
11 306 0,097 0.132 0.229 0.134 0.170 0.304 0.097 0.630
12 325 0.099 0.248 0.547 T.444 0.084 1.5286 2,302 4.177
Rangse 0.097~ 0.072- 0.172- 0,038~ 0.050~ 0.179~ 0.029- 0.482-
0.252 2.454 2.706 2.537 0.670 2.885 2,%02 6.953
Mean 0.129 0.500 0.629 0.632 0.197 0.830 0.817 2.276

ag



Table 8. Fraotions of soil organic (humic) matter expressed as percentage to
total organic mstier on moisture fres basis
Humio acid Fulvic scid HA/PA
81. Seil duain o310
!b: sample g::::‘::;d Insoluble Iot;l Soluble Beta~humus Total _
No.

1 3 6.28 14.57 20.85 22.39 2.82 25.30 53.85 0.82
2 34 13.87 10,06 23.9% 5.74 19.64 24.98 51.09 0,96
3 51 13.43 5.05 18.48 4.84 12.66 17.50 64.02 1.06
4 52 6.48 11.50 17.98 2.86 32,00 34.86 47.16 0,52
5 59 5.62 35.30 38.92 36.49 5.00 41.49 19.59 0.94
6 66 2%.43 24.12 47.55 31,57 14.89 46.46 5.99 1.02
7 84 6.31 11.08 17.40 26.186 1.26 28,69 59.91 0.61
8 88 10.70 34.49 45.19 41,20 6.24 47.44 T7.37 0.95
9 89 9.44 10.84 20.28 18.94 21,72 40,66 39.05 0.50
10 91 4.13 40,60 4.73 43.19 337 46.56 8.71 0.96
11 306 15. 14 20.60 35.74 20.99 26.61 47.60 16.66 0.75
12 325 2.38 5.92 .50 34.57 2.01 36.58 55.12 0.23
Range 2,38~ 5.05~ 8,30~ 2.86- 1.26~ 17.50~ 5,99~ 0.2%~
2%5.43 40.60 47.55 43.19 32.00 47.60 64.02 1.06

Mean 9.60 18.68 28.28 24,05 12.35 36,51 35.21 o.78

I
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in Table 9. Humic acid is found to be significantly and
positively correlated with total organic earbon (r=0.8520 ),
total nitrogen (re0.7597 ), fulvic acid (0.9062" ) and

clay (0.7798 ). The relationship between humic acid with
organic osarbon, total nitrogen, and clay are graphiocally
represented in Pig.8, 9 and 10 respeotively. The correla-
tien between humio acid and total organio matter is expected
since humic acid is one of the constitusnis of total organiec
matter, Beocasuse of the same reason it is also correlated
wvith the total nitrogen content of the soil. The relation-
ship between humic a0id and fulvic acid is indicative that
these two fraetions maintain a constant proportion between
thea irrespective of the variation in the ocontent of total
organic matter. The relationship between clay and humic acid
may be due to high degree of correlation between clay and
orgaunic ocarben (r-0.8244“) observed in the study.

Based on the solubility in alochol the humio acid is
fractioned into alcohol soluble hymatomelanio acid and an
aloochol insoluble fraction, 7The percentage of hymatomelanic
scid in the twelve soils studied ranged from 0.097 to 0.252
with a mean value of 0,129, VWhen this fraction was expressed
as percentage to total organic matter it ranged from 2.38
10 2%.4% with a mean value of 9.60. In general the content
of hymatomelanic acid increased with the inoreasing content
of total organic matter, Hymatomelanie aocid is & naturally
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Table 9. Relstionship between seil properiies and empirieal
fractions of organioc matter (12 soils)

X Y r Regreassion squations
Organio  pipig metd  0.8520°  HAS = 0.5794 OF ~ 0.1468
g:g:;c Fulvic moid  0.9618"  FA% = 0.6954 0% - 0,101
g:szune Humin 0.6455  Hwain % = 0,4273 C%+0,2428
Organic )0y 0.6244" Clay $ = 8.1955 0$+9,3039
il e Humic meid 07397  HA § = 5.3142 NS - 0,216
:::;: gean TUivie acid 0,8913 ~  FA$ = 6.8081 W§ ~ 0,2525
D Humin 0.7574""  Humin$ =5.1568 N$ + 0.0312
:::-:m Clay 0.8448"  Clag$ =88.7035 B$ + 6,171
Hulio  ralvio mesd  0.9082"°  FA% = 0.9656 HA$ + 0.2226
ﬁ:? Clay 0.7799""  Clag$ = 11.398% HA$ + 13,1055
Fulvie g 0.8552"°  Clay$ = 11.7557 FA% +10.5178

%+ Bignifiocant at 1% level
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esteriried or meihyiated frsoiion of the humic aeid which
can be liberated by ethanel extraotion and therefore ite
oontent will obviously depend upon the total content of

organic matter.

The aloohol insoluble fraction of humic acid in seil
ranged from 0,072 to 2.454 per cent and vhen expressed as
per cent to total orgenic matter it ranged frem 5.05 teo 40.6
vith a mean value 18,68, These observations revealed that
the major part of huamic acid wvas oonstituted by aleohol
insoluble fractions and the aloohol soluble part wvas only
about half of the alcchol insoluble fraction,

3.2, Fulvic scid

e fulvic acid fraction of hwaic substances in soil
ranged from 0.179 to 2,885 per eent with a mean value of
0.83. This fraotion, on an average acoounted for 36,51
per cent of the total erganic matter. The prepertien ef
fulvic seid to total organic matter appeared to be relatively
high vhen it vas compared with the values reported by
Palaniappan (1975) for high altitude soils of Tamil Nadu.

He reported that on an average, fulvie acid fraotien contri-
buted only ten per cent of total erganie matter, Hovever,
Sohnitzer (1970) observed that the fulvic scid fractiem in
podzol soils ranged from 31 to 56 per eent of total organie
matter, The relatively high eontant of fulvic ascid observed
in the present study can be atiributed to the lov pil, high
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content of the soil. The relationship between fulvic acid
vith organic carbon, total nitrogen, humic acid and clay

are graphically represented in Pig. 11, 12, 135 and 14 res-
pectively. As in the case of humic acid the relationship

of fulvic acid with total orgamnic matter vas quite expected
since it is one of the constituents of organic matter and
henee an increase in the total content of humic substances
will obvieously reflect on the content of its frasotions,

The relationship dbetween total nitrogen and fulvic acid
appeared to be indireoct since exrgamic ocarben and total
nitrogen are highly correlated. It wvas highly interesting

to obeerve that not enly the total content of fulvie aoid
increased vith the total content of humic acid whiech might

be due to inocrease in the content of total organic matter but
also the proportion of fulvie acid in total organio matter
inereased vith the preportion of humic acid., In other words,
any inorease in the content of humioc acid results in the
content of fulvic acid even without a change in the content
of total organic matter, This relationship was indicative of
an intense association betwsen these two fractions of orgsnic
natter during its formatien and accumulation in soil. As
already pointed out fulvic aocid is the fraction of organioc
matter resulting from the degradation of humioc acid and as
a result an inorease in the content of humic acid gives rise
t0 an increase in the accumulation of its degradation product.
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rainfall, high content of sesquioxides of the s0il sinoce
these factors favour the secumulation of fulvic acid. High
contant of organic matter gives rise to a higher proportion
of fulvic acid sinee the oarbohydrate fraction of huamic
substance stabiliszes the fulvic acid fraction. Fulvic acid
oan be oonsidered as the more oxidised and degraded products
of humic acid with a higher proportion of oxygen containing
funoctional groups like COOH, OH, C=0 as compared to the

other humic acid fractiens of soil. As a result cultivated
soils and high weathered soils of warm humid tropice tend to
register high values for fulvio scid fraction. Low pH greatly
favours acoumulation of humie substances since the interlayer
adsorption of humic substances is greatest at lower pH wvalues.
Stabilisation of fulvic aeid results froam the formation of
aggregates due to hydrogen bonding, Van der Waal's interactions
and electron systems of nd;aclni moleculen, As pH increases
these foroes become weaker and because of inorsasing ionisa~
tion of COOH and phenolic oH groups, particles separate and
begin to repsl each other clnetréttatieully so that moleocular
arrangsments beoome smaller (S8chnitser and Kodeas, 1975).

When the relationship between fulvic acid and other soil
properiies wvas examined it wvas seen that this fraction of soil
organic mutter wvas significantly and positively correlated
with total organic oarbdon (r-0.9618‘.), total nitrogen
(r=0,8913""), humic scid (re0,3062"") and clay (re0.8552"")
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This explanation is further supperted by the fasct that the
soil preperties vhich are clesely asssociated or correlated
with the content of fulvic acid are also correlated with

the econtent of humic acid. The reasons attributed for the
significant correlation between clay and humic acid is also
applicable in explaining the significant correlation observed
between clay and fulvic acid.

%.%. Ratio between humic acid amd fulvic aoid (HA/PA ratio)

The HA/FA ratio of soil are presented in Table 8, This
ratio ranged from 0.23 to 1,06 with a mean value of 0,78.
Except for two soils the ratic was lower than one thus indi-~
cating a higher prepondersmos of fulvic acid in soil ams
coppared to humioc acid. Palaniappan (1975) observed that
the HA/PA ratio of the soils he studied was about unity.
However, he observed that the ratio vas lower in soils under
tea and coffee plantations due to the presence of higher
smounts of fulvic acid in these soils. Kononova (1968)
reported that the ferralitic soils were assoojiated with a
lover HA/FA ratio. As already pointed out, in acid soils
which are rich in humic substances fulvic acid fractien
scoumulates due to the inoreased ratse of degradation of
humnic acid under conditions favourable for the formation of
this fraction. Pelbeck (1971) also held the view that the
ingreasing content of fulvic acid is sccompanied by a ocon~-
comitant reduction in the humie seid fraoction of soil.
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3.4. Humin

Humin, the alksli insoluble part of organic matter
represents the high molecular fractions of humic substances.
This fraetion accounted for 5,99 to 64.02 per cent of the
total organic matter in soils studied with a mean value of
35.21 per cent. Ricarde (1968) also observed that the humin
fraction of organic matter representsd 20-38 per ocent of the
husus. Humin was found to be significantly correlated with
total organic carbon (r=0.,6455 ) and also with total nitrogen
(re0.7574" ). The relatiomship between humin with organie
oarbon and total nitrogen are graphioally represented in
Pig.15 and 16 respectively. The ocorrelation betwesn humin
and total organic ocarbdon is nndmtmda'blo since humin is
one of the constituents of humic subsiances. The significant
and positive coefficient of correlation between humin and
total nitrogen may be due to indirect effeot sinece total
nitrogen and total organic matter are correlated signifieantly.
Moreover, humin is that fraetion of the humic substances vhich
contributes maximum towvards the total nitrogen of the soil.

4, Blemental constituents of organic mattier

Data on the elemental oomstituents of soil organie
matter are presented in Table 10, A limited number of soils
( twelve soils) selected for fractionation of soil organie
matter were analysed for the elemental constitution of erganie
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Table 10, FElemental constituents of soil organic matier on moisture free basis

Soil Percentege to soil Percentage to total organic
sl. matter
Ko. ;ﬁ?pl'
c N ) 4 K B N ) 4 K 8
1 3 1.19 0.161 0,000% 0.0100 0.060 7.98 0.015 0.496 2.97
2 54 0.42 0.046 0,0011 0,002% 0,065 6.41 0.153% 0.348 9.05
3 51 1.5% 0.220 0,0003 0.0000 0,101 8447 0.012 0.000 3.89
4 52 1.23 0.168 00,0000 0,0000 ©,101 8.02 0.000 0.000 4,82
5 59 4.09 0.362 0.0000 0.0000 0,096 5.21 0.000 0.000 1.38
6 66 0.28 0,060 ©,0000 00,0000 0,099 12.45 0,000 0.000 20.,%
7 84 1.16 0,121 0,0004 0,0250 0.090 6.12 9.020 1.265 4.55
8 88 0.67 0.091 0.0003 00,0075 0.024 7.98 0.026 0.657 2.10
9 39 0.7 0.105 0.0006 0.0000 0,016 8.65 0.049 0.000 1.32
10 91 1.94 0.240 0,0000 0,0000 0,095 T.27 0.000 0.000 2.88
11 306 0.37 0.025 0,0003 0.0063 0,171 J.91 0.047 0.985 27.62
12 325 2.46 0.2%% 0.,0008 0.003%8 00,1021 5.63 0.019 0.091 2.44
Ranges 0.28= 0,025~ 0,000~ 0,000~ 0,016~ 3.91- 0,000~ 0.000- 1,32~
4.C9 C.362 0,0011 0,025 0.171 12.45 0.153 1.265 27.62
Hean 154 0.153 0,0003 0,0046 0©,0855 T34 0.051 0.320 6.96

col
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matter. The content of earbon ss determined by the Walkley
and Black method and total aitrogen deterained by the Kjeldahl
digestiion distillation method were already been presented in
Table 2 sinoe thess estiimaiions were osrried out for all the
490 soils. Also the relationship between oarbon and nitrogen
in these soils have already been discussed., Elements other
than carbon and nitrogen estimated in the twelve soils for
describing the elemental oconstitution of soil organic matter
vere phosphorus, sulphur and potassium,.

4.1. Orgsnic phospherus

The erganic phosphorus ocontent of the soils selected
for the fractionation study ranged from O to 0.0011 per cent
vith a mean value of 0,0003 per cent. This constituent of
organic matter acocounted only for 0.051 per cent of the total
veight of organic matter in soil. The propertion of phosphorus
in erganic matter appeared to be very lov as compared to the
findings of Ghosh et al. (1981), They observed that on an
average, organic matter in cultivated and forest mollisols
in Indies contained 1,204 per cent phosphorus. Bowman and
Cole (1978) also reported that the organic phosphorus content
of grassland soils studied accounted for 1,19 per ocent of
total organic matter. In gensral, the organic phosphorus
per cent of soil organic mattier is very low as compared to
that of nitrogen and sulphur. ZThe important phosphorus
containing organic compounds in soil are inositel phosphates,
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nucleioc acids, and phosphodipids. Under warm humid tropioa)
conditions these compounds are easily subjected to minerali-
sation. Moreover, thess compounds do not form the structural
component of organic matter. As a result, phosphorus conteant
of organic metter derived from plants grown in soils wvhiech

are defioient in available phosphorus will maturally contain
only negligidle quantities of pheosphorus. Kewalenke (1978)
observed that the organic matter of soils derived frem granite
tended to have a low content of phosphorus as compared to the
organic matter of soil derived from basalt or basio igneous
materials. 7The relatively lov content of phosphorus in seil
organic matter observed in the present study ocould therefore
be attributed to the low eontent of phosphorus in plants grown
in these soils and also to the increased rate of phospherus
Rineralisation possible under the warm humid tropical conditions.

4,2, Organio sulphur

On an sverage this component of organic matter acocounted
for 6.96 per oent of total orgsnio matter the values ranging
from 1,32 to 27.62. Singh et sl. (1980) in soils of Uttar
Pradesh, observed that the content of organic sulphur sccounted
only for 0.59 per cent of total erganiec matter. Similarly
Rahal and Paliwal (1978) in a study on the distribution of
sulphur in Bajasthan soils reperted that, on an average, the
organic matter of the soils contained 0.67 per ocent sulphur.
Considering the report of the above workers the sulphur
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content of organic matter of soils under the .prumt investi-
gation appeared to be relatively high. The soils of the
states are, in general, very rich in sulphur. Thess soils
are even referred as the acid sulphate solls vhen the soidity
and the sulphate concentrations are very high as that ocours
in ocertain tracte of the state. The increased dissolution of
sulphates under acid conditions leeds to increased availabi-
lity of this nutrient to plants resulting in its sccumulation
in plant tissue. Obviously, organic matter derived from such
plant materials will have a higher proportion of sulphur in
it. Sulphur compounds form a strong linkage to carbon and
therefore resist the chemioal and physical forces of decompo-
sition. Cellulose, protein and hemicelluloses ocan form stable
complexes with sulphur. The acid conditions prevailing in
these soils inhibit the activity of sulphur oxidising bacteria
resulting in the acoumulation of sulphur compounds at larger
proportion in soil organic matier,

4.%. Organic potassium

Data presented in Teble 10 showed that organic
potassium content of soil varied from 0 to 0,025 per oent,
The relative centribution of this element to the total weight
of soil orgenic matter was rather negligidble, since on an
average this element accounted only for 0.32 per oent of total
orgenio matter. This is due to the fact that potassium does



Table 11,

Relationship between eslemental constituents of msoil organic matter

81. Soil Ratios
No. esmple
Ro. C/N c/P ¢/K c/8s H/P I/K N/S P/K P/s K/8
1 3 T7.37 3966.6 119.0 13.8 536.7 16.1 2.8 0,03 0.005 0.7
2 L ) 9.28 381.8 168.0 6.5 41.8 18.4 0.71 0O.44 0.017 0.04
3 51 7.04 5100,0 .o 15.1 733.3 .o 2.8 0,00 0.00% ©.00
4 52 7.3% oo oo 12.2 ve oo 1.66 0.00 0.000 0,00
5 59 11.29 .o ve 42.6 v .o 10.42 0.00 0.000 ©.00
6 66 4.77 .o oo 2.8 .o 0.0 0.60 0.00 0.000 0,00
7 84 9.65 2900.0 46.4 12.9 302.5 4.84 1.34 0,02 0.004 0.28
8 83 Ta38 2233.7 89.3 27.9 303.3 12.1 3.79 0.04 0.013 0.%
9 89 6.30 1183.3 oo 4.4 175.0 ve 6.56 0.00 0.0%8 0.00
10 91 8,10 .e se 20.4 oo .e 2.52 0,00 0,000 0,00
11 306 15.04 1233.3 = 58.73 2.1 83.3 4,0 0.4 0.05 0.002 0,04
12 328 10.47 3075.0 647.4 24,1 293.8 $61.8 2.30 0.1 0.008 0.04
Range 4.77- 3%81.8- 46.4- 2.1~ 41,8~ 4,0~ O.14~ 0,00- 0,00~ 0.00~
15,04 5100.0 647 .4 44.4 753.3 61,8 10.42 OC.44 0.038 0,31
Mean 8.71 1672.8 94.1 19.2%3 205.81 9.T77 2.91 0,07 0.008 0.,0073
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not fors the struotural component of soil erganioc matter
and as a result this element easily moves inio its inorgeniec
peol in soil during the preoess of decomposiiion of organic
residues., The soil erganic matter, wvhich has undergone
decomposition and has reached an equilibrium with the soil
foraing processes vwill not retain any appreciadle guantities
of potassium theredy registering very lov values for the
organic potassium in seil.

5. Ratios between slemental oonstituents of organic mattier

The relationship between carben and nitrogen in soil
has already been discussed in preoceding paragraphs sinoce
the content of these elements was examined in all the 490
soils taken for the study.

The ratios between elemental componsnts of organioc
matter are presented in Table 11, The C/org.P ratie of the
organic matter of the twelve soils studied ranged from 381.8
to 5100 with a mean wvalue 1672,8. In north west Rajasthan
soils, Talati and Mathur (1978) reported & C/org.P ratio of
23.%% to 35 with a mean value of 30.46. Rostogi and
Mishra (1976) reported a C/erg.? ratio of 89.5 to 341.4 for
soils of Ksrnataka. Considering the reports of the above
workers the C/org.P ratio of the soil under the present study
appeared to be very high. This is hecause of the very low
content of phosphorus in the organic matter of the soil.



Table 11, Relationship between elemental constituents of soil organic matter
8l. Soil Batios
No. saample
No. C/N c/P Cc/K c/8 w/P ¥/K N/S P/K P/8 K/8
1 3 7.37 3966.6 119.0 19.8 536.7 16.1 2.68 0,03 0.005 0.17
2 T4 9.28 381.8 168.0 5.5 41.8 8.4 0.71 O.44 0.017 0,04
3 51 7.04 5100,0 .o 15.1 733.3 .o 2.8 0,00 0.00%5 0.00
4 52 7.53 .e .o 12.2 oo oo 1.66 0,00 0.000 0,00
5 59 11.29 .o .o 42.6 ve .o 10.42 0,00 0.000 0.00
5 66 ‘.77 LR J LR J 2.8 *® 0.0 0060 0-00 o.m OOM
7 84 9.6%5 2900.0 46.4 12.9 302.5 4.84 1.34 0,02 0.004 O.28
8 83 T«38 2233.3 89.3 27.9 303.3 12.1 J3.79 0.04 0,013 0,31
9 89 6.80 1183.3 oo 4.4 175.0 ve 6.56 0,00 0.038 0.00
10 91 8.10 .o ve 20.4 .o .e 2,52 0,00 0.000 0,00
11 306 15.04 1233.3 58.73 2.1 83.3 4.0 0.14 0.05 0.002 0.04
12 325 10.47 3075.0 647.4 24.1 293.8 61.8 2.30 0.21 0.008 0,04
Rm‘ ‘.77" ,81 .8‘ ‘6‘4" 2.1"‘ 41.8‘ 4.0— 0. 1"" OQOO‘ 0.00‘ 0.00’
15.04 5100,0 647.4 44.4 753.3 61.8 10.42 0,44 0.038 0,31
Mean 8,71 1672.8 9.1 19.2% 205.81 9.77 2.91 0,07 0.008 0.0073
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The prodbable reasons for the oxtrgnoly lov content of phos~
phorus in the organic matter of the soil have already been

discussed.

N/org.? ratio ranged from 41.3 to 733.% with a mesu
value of 205,81. 4s in ihe cuse of C/org.P ratic, K/org.p
ratio of the soil under the etudy is very high. In north
wvest Rejasthen soils, Talaii and Muthur (1978) reperted a
B/org.F ratio of 4.4 to 4.6. Gosh apnd Omanwar (1981)
reported a K/org.P ratio of 2,07 to 5.53 for culitivated and
foresied mollisols of India, 7The relatively high N/org.p
ratic observed under the present study is again & function of
the extremely low content of org.P in soil. As already
pointed out under warm humid énndxtxans the org.P compounds
such as inesitol phosphates, nucleic scids and phospholipids
are esasily subjecited to mineralisation. The explanation for
the low content of orge P in soil has already been discussed
in detall in forgoing pages.

The observations presented in Table 11 showed the
org.P/org.S value ranged from O to 0,038 with a mean value
of 0,008. The ratio was found to be exceedingly small as
compared to the report of Bhardwaj snd Pethak (1969) who
observed s Brg.P/org.t ratio of 1.0, The very low value of
this retio is obviously due to the large accumulation of
organic sulphur and the negligible content of organiec
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phosphorus in these soils. As a result, the org.P/org.s
ratio of these soils ran out of propertion as compared to
values for this ratio reported hy other werkers,

Org.C/org.5 ratio of the soils studied ranged from
2.1 to 44.4 wvith a mean velue of 19,25, For north east
Indian soils Virmani and Kanwar (1971) reported a C/org.S
ratio of 6611, Also, Singh et al. (1980) reported a org.C/
org.S ratio of 61.43 to 152.5 for Uttar Pradesh soils.
Mukhopadhyay and Asit (1979) reperted & C/erg.S ratio of
59.4 to 164.0 for Indian soils. The relatively low C/org.t
ratio observed in the pressent study is due to the accumulation
of organic sulphur in soil. The prebable explanations for
the acoumulation of this oconstituent of organic mattier has
already been discussed.

N/org.8 ratio of the twelve soils studied ranged froa
0.14 to 10,42 vith a mean valus of 2,91, Mukhopadhysy and
Asit (1979) reported a XN/org.8 ratic of 5.6 to 17.9 for Indian
soils., The relatively low C/org.8 ratio obtained was due to
high socumulation of sulphur in these soils. The reasons
for acoumulation of sulphur has slready been given. Under
conditions of low pH sulphur oxidation of microbial motivity
would have been suppressed resultiing in a greater acoumulation
of sulphur, consequently lewering of N/org.S ratio.



L1v

The mean values for C/org.K and N/erg.K were 94,1
and 9,77 respectively. These raties appeared to dbe rela-
tively high due to the faot that potassium content of soil
organic matter was negligidly low. The soils registered
very lov org.P/org.K and org.K/erg.5 ratios because of low
oontent of phosphorus, potassium and high oontent of sulphur
in organic matter,
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SUMMARY

Surface goil samples from 490 sites representing
upland areas of the different dietricts of Kerala were
analysed in order to establish precise relationships
betveen organic carbon and total as well as available
nitrogen in these so0ils. These soils were categorised
into different groups based on soil texture and content of
organic matter so as to present the variation in the
relationship between carbon and nitrogen in different
categories of soil. Iwelve 20ils vere then selected and
subjected to fractionation of organic matter. The distri-
bution of elemental components of organic matter vas also
examined., The results of the study are summarised se
follows.

1. The soils in general were acidic in resotion. As
acidity increased the content of organic carbon, total
nitrogen and available nitrogen in soils also inoreased.

2. All the soils vers nonsaline. In sand category
of 801l sleoirical oonductivitly inoreased vith deorease
in pH. The loam/clay category of soil recorded higher
slectirioal conduotivity compared to sand group.

%. The content of organic carben in soil was found to
be significantly and positively correlated with the clay
content (r=0.1282").
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4., Organic ocarbon content had positive and signifi-
oant correlation with tetal nitrogen (r-0.7966") and
available nitrogen (rao.¢ooa'> of seil. Loam/olay group
of s0il was capabls of retaining larger quantiiies of
available nitrogen compared to sand category of soils.
Also, available nitrogen content of soil correlated posi-
tively with total nitrogean (re0.4233 ).

5. In general the C/N ratio ranged froa 4.17 to

25.44 with a mean value of 9.23. The mean C/N ratio for

lov, mediua and high organioe oarbon soils were 8,19, 9.68

and 11,26 respectively. Simple linear equation for ealeu-
leting total nitrogen based on organic carbon eonteat of

201l was worked out as Nf=0,080% Cf + 0,038. A table of
nitrogen values and CI_! ratios wvas presented for aiffereat
values of organic carbon in soil based on the abeve regressien

equation.

6. The mean C/al ratio was 81,68 and this was 8,849
times more than the mean C/N ratie of soil. The C/a¥ rstio
inoreased vith increasing content of erganic matter, The
ratios for low, medium and high erganioc carbdon soils wvere
60.87, 94.% and 131,87 respectively. While the C/al ratio
had positive and significant gerrelation with organic carbon
(r=0,6128"") and total nitrogen (re0.3203"") ihe same nega-

tively correlated with avajlable nitrogen (r-'b.ﬂﬂ").
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7. On an average 10.82 per cent of total nitrogen
in -611 was retained in svailable form. The mean N/aX
ratios in low, medium and high organic oarbon soils vere
T7.74, 11.17 and 12,52 respeotively. The ratio increased
with increase in organio matter content but, not in linear
preportion with inerease in organie ocarbon.

8, The huaie acid accounted fer 28,28 per cent of
orgenic matier. Humic acid vas found to be significantly
and positively correlated vith orgamic carbon (r=0.8520 ),
total nitrogen (r=0,7397 ), olay content (rs0.7799 ) and
fulvio acid (r=0.9082" ). Humic seid end fulvio soid main-
tained a oonstant proportion irrespective of the wvariatien
in content of organic matter,

Eymatomelanic aecid, the alochel soluble fraction of
humioc acid acocounted for only 9.6 per ocent of erganic matter
while the alochol insoluble fraction was 18.68 per cent.

9. Fulvic acid registered a value of 36.51 per ocent
of total organic matter. Significant and positive correla-~
tion was observed betveen fulvic acid and organic cardbon
(r=0.9618"") as well as with total nitrogen (r=0.8913 ),
humic soid (r=0,9082"") and clay content (r=0,8552"").

10. The HA/FA ratio of soll ergsnic matter ranged
from 0,2% to 1.06 with a mean value of 0,78.
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11, Humin fraetien socounted for 35.21 per eent of
20il organic matter., Humin content was found to be posi~
tively and signifisantly correlated with total nitrogen

L 2 »* 5%
(r«0.73574 ) and orgsnioc oarbon (r=0.6455 ).

12. The mean phosphoris, sulphur and potassium con-~
tent of soil organic matter were 0,051, 6.96 and 0,32
per oent respectively. Compared to the findinge of other
workers the phosphorus and potassium ocontents of soil erganio
matter vere very low vhile the value of orgsnic sulphur was

appreociably high.

Among the ratios between elemental constituents of
organic matter ie., C/org.?, N/org.P and C/org.k ratios vere
found to be very high while org.P/org.5 and N/org.S ratios
vere relatively lovw in comparisen with reports hy soientists
in the past,



REFERENCES



RRTERENCES

*Acharya, C.X. (1935) Studies en the anserobioc decomposition
of plant materials, 1. The anaerebic decomposition of

rice strav (Oryzs sative). Bioenem. J. 329s Part I, 526.

Aoquays, D.K. (1963) Some signifieance of soil organiec
ﬁou 50&3 putrition of ococos in Ghana. PRl. Seiil
'

*Agbodjan-Prince, W. and Delecour, F, (1977) Orgsnic matter
in a dbiotoposequence of forest soils in the Ardemnes.
g. iti\nlu-chmul mg:ourhtua of the huni:
agsions. e Regherahes Agronomjques de
gembloux lﬂﬁé' ﬁﬁ. .

*Aleksandrova, L.N, and Ead, M. (1958) The nature of ergano
mineral colloids and methods of their study.

Reohvovedenie 101 75-79.

Anderson, D.W,, Paul, E,A, and 8t, Arnaud, RJ. (1974)
Extraction and characterisstion of humus with reference
to olay associated humus. Can. J. 8S¢4il Sej. 34: 317-323.

*Arshad, M.A, (1977) Charscteristios of erganic matter
extraocted from some soleneizic seils. is Fur

Pylsnsen erpshrung uynd Beden kunde. |} :

*Atkinson, H.J. and Sowden, F,J, (1970) BEffect of twenty
annual applications of erganic materials on arop yields
and soil characteristics., Series C, Geologieal Int.

Tech. Boen. Bull. 1gs 35-47.

Banerjee, 5.,K. and Chakraborthy, A.K. (1977) Distribution
and nature of or ¢ matter in the surface soile of

West mlo l- m. M wo n(‘)’ 13"‘22.

Bsttany, J.R., Stevart, J.W.B. and Halstead, E.H. (1973)
Organic sulphur distribution in surfaoce horison of North
n-nd 3‘1‘?3'9‘1""3 ican seils. 2Pxoc. Soil 8ci. S¢c. Am.

] .



i1

Bhat, N.T. and Mohapatra, A.R, (1971) Bwvaluation of inter-
rolauonuhﬁ-botwun organic carbon end available nitrogen
ingsome so vhere arecanut is grown in Indias.

Indien J. egric. Sci. 41(8): 663-665.

Basrdwaj, S5.P, and Pathak, AN, (1969) Concenirations and
relative proportions of N, P and 8 in soils. J. 8¢i)

Wat. Congerv. Indjas 17s 26-29.

Blaok, C.A, (1968) )4 Re . John Wiley &
Sons Ino, New York, .

Bopian, K.G. (1970) Stulies or
logieal proper mammmtm

Bowman, R.A, and Cole, C,V. (1978) An exploratory methed
for fractionation of orgenie phesphorus from mnhul

soils. Boil Soi. 128(2)s 95-101.

Broersaa, XK. and laviulich, L.M. (1980) Organic matter dis-
wribution wvith partieie sisze in surface horizons of some
sombrie soils in Vancouver Island. Can. J. agri. Bei.
§Qs 283-286.

Budipal, 5.L. and Seshagiri Rse, T. (1978) Cenditions
deternining the nature and cemposition of humus in seme

ils of North Karnataka. J. jpdisn .
36401 343346, t Soe- Zell Bl

*Barges, A.C. (1968) The role of the seil miocroflora in the
decomposition and synthesis of soil organie matter.

9th Int. Cong. Seil Sci. Irans. Adelside, Ausiraslia.

Chesnin, L. and Yien, C.N. (1951) Turbjidimetric determina-
ﬁon1:; :;:nable sulphates. 8¢il Sei. Sec. Am. Pres.
4 - .

Craswell, E.T. and Waring, S.A, (1972) Effect of grinding
ou the decomposition of solil organic matter, 11, mm
uptake sand nitrogen minerslisation in virgin and

veted oracking olay soils. Se¢il Bisl. m 41 435442,



114

Dldd. eo. Pwdtn, L, and ?mll. W, (1953) An investi-
gation of the free amine acids in organio soils using

paper partition chromategraphy. J. Seil Sei. 4: 69-T3.
*Dobereiner, J.W, (1822) Wﬂ e I1I. Zur.
W presensms BETH, Bo1l Bey.

Davidsen, D., Sewden, P, and Atkinson, H. (1951) Appliecation
of paper chromatography to identification and quantitative
estimation of smino acids in soil organic matter
fractions. M _3_0_{. 113 ”7"52.

*Evans, C.A., and Rost, C.0. (1945) Total or%an.lo sulphur of
Minnesota soils. Soil Soi. 329 125-137.

Pelbeck, G,T. (1971) Chemioal and bioclogical characterisation
of humic matter. In: Melarem, A.D. and Skujins, J. (eds)
S804l Biochemistiry, Marcel Dekker Ins. New York, 2: 36-59.

Ylaig, W, (1968) Uptake of or c substances froa soil
organic matter by plant their influence on metaboliem.
In: Study Week on Organic Mat nd Soi 1114y .

L%

*Porayth, W.G.C. (1947) Studies on ths more soluble complexes
of soil organioc matter. 2. The composition of the soluble
polysaccharide fraction. Bjoochem. J. 4§ 141-146.

y doil,, Melville, G.,E, and Willisms, C.H. (1969)
xtraction, chemical nature and properties of soil

organic sulphur, lo §Q. !!o m. zg‘ 440-445,

*Ghani, M.0. and Alesm, S.A, (1943) Studies on the distri-
bution of different forms of phosphorus in some Indian
ig.u;é;é Bgurtaeo distribution. Indjian J. agric. Sei.

-, .

Ghosh, K, and Schnitser, M, (1980) Effects of pH and neutral
eleoctrolyte concentrations on free radioals in humic
substances. So0il Scl. Sec. Am. J. 44(5): 975-978.

Ghosh, 8.C., Omanwar, P.K,, Bachen, R,5, and Sharma, R.B,.(1981).
Reserves of organic and total phosphorus in the cultivated

and foreeted mollisols. J. Jpdjisn Soc. Seoil .
29(3)1 332-3%6. =28 fed



iv

Go‘, K.ﬁ., Btont. J.D. and mm' T.4, (1977) Redicoarbon
enrichment of soil er matter fractions in New
Zealsnd soils. Soil Bei. 123(6)s 385-391.

Godlin, N.M. and Sonke e {(1970) Humus of ordinary
steppe chernozems in ihe Ukaine. BSgviet Soil Bei. 21 8-18,

Grati, V.P., Sinkevich, Z,A, and Kleshoh, F.I. (1965)
Humus content and its composition in separates of
Moldsvisn seils. Boviet Soil 8ei. 1Q» 1194-1201,

Guruevamy, M, (1963) Btudr of chemical tranef
paddy soils of Madrag State in reistion to o
- . . . jiie ‘ . 11 J 4

—ne

Hamblin, AP, and Davies, D,B, (1977) Influence of organic
astter in the physiecal preperties of some East Anglian
solls of high silt content. J. 804l Seoi. 20(1)s 11-22,

Harade, Y. and Inoko, A. (1980) Relationship between oation
exchange oapacity and degree of maturity of city refuse

compests, 8S¢il Sei. Bl. Eutr. zﬁ(s)' 353-362.

*Harigitai, L. (1966) Soil cheais and fertility. Irang.
*.5.& int. Copgx. w&ﬁf’m- 553‘~

*Harvey, P.N. (1964) Crop mapageaent and soil erganio
Maiter.  Nelofes. Erogm. Reme g 1-5.

Hinds, A.A. snd lowe, L.5, (1980) Distribution of C, ¥ snd
P in partiocle sise separates from gleysolic soils.

Can. J. Soil Boi. Qs T83-Te6.

Hurst, H.M. and Burges, N.A. (1967) Iignin and humic acids.
In: Melaren, A.D. and Peterson, G.H, (eds) 8
Biochemistry Marcel Dekker, Inc. New York. 1: 260-286.

Jackman, R,H, (1955) Organie phospherus in Nev Zealand soils
under pasture. II, Relation between organic phosphorus
content and some soil characteristics. Boil Sei.

193 207-213, 293-299.

Jackson, M.L. (1958) « Prentioe Hall
m., UeB.Ae ’8"" .



Jones, M.J. (1973) The organic matter content of the Savanna
soils of West Africa., J. Soil Sci. g4: 42-53.

Joshi, D,C. ﬁgmg A n;ugy.ém the na'Jturo and cglposiuen of
major seil orders o asthan. J. Indian . Soil
5013 23(1)I 25-29. =8

Kalia, A. (1963) Organic phosphorus in Pimnish soile
Sg]‘l .3_210 25’ 38=44,

nu-;, ?.: .rm itgm, Ei::; ( 1980) G‘Ei:n ;xohazgc ?yaoiv
of meol ores WRUS { )4 19 &LL Ode 200, e Yo
44(2)1 407-413.

*Kenvar, J.8, and Takikar, P.N. (1964) Distribution of sulphur
forms in tea soils of Punjab, J. Res, 1t 1-15,

*Kibe, M.M. (1945) The fertility of typiocal black cotten
s0il as related to its different phosphorus fraotions

after 10 yeurs of manuring. J. Uniy. Bombay. 3A: 29-34,

Kothandarsaan, G.V, and Krishnamoorthy, K.K. (1978)
Distridbution of or ¢ sphorus in Tamil Nadu soils.

Madras sgric. J. }(7)3’2;3-45 .

Kononova, M.M. (1961) S¢il Organje Matter. Pergamon Press,
Londen, 49-100.

*Kononova, M.M. (1967) Methods of determining humus composition
snd their rationslisation. Sgviet Soll Soi. s 89%4.

*Kosaka, J, and Abe, K, (1958) Organie phosphorus in upland
soils. Boil P1l. Fd., Tokyo 3 95-99.



vl

Kewalenko, C.G., (1978) Organic nitrogen, phosphorus and
sulphur in soils. In: or by
Sohnitszer, M. and Xhan, sevier Scientific
Publishing Cempany, Oxrard. 96-130.

’W.kii. H.K.. M. B.G, and B‘lt\lll. Aok, (1971)
Sulphur content in humic and fulvic aoids of some

Ukranisn soils. Poohvgvedenje 10s 37-41.

Kukharenke, T.A. (1948) Investigation en hymatomelanic aocid
by the chemosorption method. 3Z.H. Priklad Khim 21
Quoted by Kenonova, M.M. (1961) I ganje MaSter,
Perganon Press, Nev Yerk, 82-84,

xyuu, x.. Hussain, A, and Kavaguchi (1969) The nature of
ganic matter in seil orx -minexral complexes.

MSJQ ﬂo !&ko 123 49"’1550

*labedeva, I.I. (1971) Effeot of soil parent material en
humus acoumulation in the leached chermoseas of the
Mordvinian ASSR. Peohvovedsnie 3s 48-62.

larsen, J.E., Warren, G.F. and Iangston, R. (1959) Rffect
of iron, aluainium and humic acid in phosphorus fixation
by organic soil. Proc. Sgil Sei. 8ge. Am. g31 438-445.

I‘.h. x. (1951) Y

*Makarevioh, R.A. (1977) Humus composition in certain hrown
alpine forest soils of the Primere. Moscovw Univ. Seil

Soi. Bull. 3g(4)r 17-22,

Mikhaylova, R.P. (1970) Description of erganic matier of
nuntain Iam soils in the northern part of the Central

Urals. Soviet Soil Soi. gs 693-702.

Mukhopadhy P. and Asit, K. M, (1979) xnhmm on the
SiRilarily in NiS and CsMsS raties of 9o

J. Indian Sec. Boill Sei. n(:)l ‘89“”0

Nagi, A.8. (1978) Quantitative relatienships of ergsmio
carbod with available nitrogen, Wm snd petassivm
in celd desert seoils of Kinnsur, Himashal Pradesh.

Indian J. sgric. Res. 14(1)s 125,



vii

Nelson, L.E. (1964) Status and transformation of sulphur
in Mississippi soils. Beil Soi. 4 300-306.

*Nguyenkha, Vedy, J.C. and Duchaufour, P. (1969) Experimental
study of seasonsl s in humic compounds under
temperate olimatic itions, Pedolegie Gapd. 1915-22.

Nishita, H., Kowalewsky, B.X, and Larson, K.H. (1956)
Inriumo of soil organic mattier on mineral uptake ty

A.G, (1968) The use of mwpn m aeil ergan.lc
SRaaiter studies - A Int Study n Organic M
. ox He m 41 ﬁ 8 °Q'

'Gan , b aaal .

Nye, P,H, (1951) Studies on the fertility of gold coast
soils. The nitrogen status of the soils. Empire.

wo m. wo 123 275-282.

Ohta, S. and Kumada, K. (1976) B8tudies on the humus forms of
forest soils. Se¢il Soi. Bl. NMutr. 22(2)s 149-158,

*0den, 8. (1919) Die Huminsaurem

8 75-260. Quoted by hk.:n. 8.4,
igin, Chemical cm-uun hnrtanoo %ﬂ
2nd ed, Willisms and Wilkins, Baltimore.

‘01"107. 308.. Hamosovea, Y.A M, and Gltbm, G.1. (1971)
NMolecular veightis, sizes and configuration of particles
of huaus acids. Pochvovedenie 113 43-57.

Palaniappan, R, (1975) Stui
Ph.D. Thesis submittel

Panse, V.3, and Sukhlhc, P.¥V. (1967) W
grioul turs erg. Indian Counoil o cultursl

*Pearson, R.W. and Simmonson, R.W, (1939) Seil phosphorus and
soil organic matter 1, Organie phosphorus in seven lowa
soil profiles: m-m.mm and smounts u mpmd to

organic earbon and nitro Proc. Soil B Soc. Am.




viii

Piper, C.8. (1942) So4) snd Plant Analysis. Hans Publishers,
Boambay, 77-79.

*Primsvesi, A. (1968) Organic matter snd soil produotivity in
the tropios and subtropics. Ins: 8 we Or,

Matter oot Sell ¥ o e s drgands
Ansterdanm, 5%-%535.

Pnrushothm. J . (1954) AN AN ONE

Ramadass, G. (1970) Study of the ph : oal properties
of paline, salin “'Y‘ﬂ""lz.‘ﬂmmm! JWORD ,
outh Aroot ¢ 117;[1]r515{*11!|..1113* their rec iion
«BOQJ\AE) Ineslis submi $te¢ the University of Madrss.

Ram, N, and Raman, K.V, (1981) Characterisation of humioc aeid
and fulvic soids extracted from different Indisn soils.

J. Indian Soo. Soi) Bof. ga(2)s 179-183.

*Reinfenberg, A. and Moshicky, 5. (1941) Palestine peat in
relation to other peats. Spjl Sei. 3]s 173-130,

Rioardo, ‘;?i (1928) goﬁgzaiuﬁ of the orgn;iﬁ :;:ter of
soae typioal ferra ¢ soiles, ZTrans. « Congr.
% __O_lo :‘ 357-363

Rostogi, R.C., Mishra, B, and Childyal, B.P. (1976). Effeect
of pyrites and organic matter on the release of phosphorus
from rook phosphate. J. Indispn Sec. Soil Soi., 24(6)s175-181,

*Rusinelli, M., Tafuri, F, and Giusquiani, P.L, (1975) The
composition and physico=-chemieal characteristioe of the
humus of some Umbrien soils, Annal dcl Faoolta 4

Agraris, Universita degli Stud] 4 1=t

Rahsl, 1,5, and Psliwel, K.V, (19768) Status and distridbution
of sulphur in soils of Rejasthan. J. Indjan Soc. Soil
Boi. 26(4)s 352-358,

Rshal, D.8, and Paliwal, K.V, (1980) Interrelationship bet-
veen sulphur forms in Rajasthan soils. J. Indien Sec.
Sei. 28(3): 392-393.



ix

Russell, E.J, (1963) Seil Conditions and Plant Growth.
Longnan Green & Co.y Londen, 316-321.

Sacheti, A.K. and Saxens, B.N. (1974). A new approach towards
the designation of phosphorus availadility in eoils.

Pl. Soil 39t 393-396.

Schmidt, G. and Schamjdt, G, (1963) GSoil organic mattier and
nitrogen contents of virgin and cultivated soils in the
Central Orange Free State. Pl. 8Soil 19: 315-323.

Sohnitser, M. (1970) Characteristiocs of organic matter
exiracted froa podsol B horiszons. Can. J. 8ejl EBoi.

20s 199-204.
Sohnitzer, M. and Khan, 8.U. (1972) Humio Snbaﬁgg in the
Environment. Marocel Dekker Inc, Hew Xork, .

Schnitger, M. and Kodeme, H. (1975) Scamning of fulvic acids
at various pH. Geoderms 13: 279-287.

Shogokuwatsuka, Tsutsuki, K. and Kumeda, K. (1978) Chemiocal
studies on soil humiec acids. 1. Elementary composition of
humic scids. BSoil Soi. Pl. Nutr. 24(3)1 337-347.

Singh, S. and Singhal, R.M, (1976) BStudies on the nature and
composition of humus in seme outer Himalaysn soils of

Utter Pradesh. J. Indian Soo. Soil Bci. 24(3)s 275-278,

Singh, D., Manniker, N.P. and Srivas, K.C. (1980) Influence
of grazing and burning of grassland on rate of accumulation
of carbon, nitirogen and sulphur in soils. J. Indian Bge.

M mo ﬂ(‘)‘ 80-84,

Somani, L.L. and Ssxena, 8.N. (1970) Acid gradient elution
.Mi” :x; x;g.c:;o R.:f pho-mr:: nndir u:ivc :’;;reuolo-
gloal activ asthan soils. « Indian » Soll
8oi. ]8s 379-382

Somani, L.L. and Saxena, 8.N., (1976) Studies on distribution
of sulphur in humus freactions of some soils of Rajathan,

J. Indisp Sgc. Seil Sei. 24(2)s 192-198.

*Somani, L.L. and Saxena, 5.N. (1979) Etudies on distribution
of organic phosphorus in humus fractions of some soils of

Rajathan. Apn. Arid Zone 16(1)s 45-52.



Boundararajan, S.5. (1965) Studies on the progress

anyres applied at o meisture levels ¢

antative golls ¢f Nagras Btate., M.Sc.(Ag.) Thesis
3T e University of Nadras,

*Springer, V. (1931) ﬁ ethoden sur uy
ﬁe‘uﬁw gﬂi TYaNaY ¥

Wilkims Compeny, Pel

subm/

Stevensen, E,, Marks, J. and Martion, W, (1952) Eleotro~-
phoretic and chromatographioc investigations of olay
adserbed or o colloids. 1. Preliminary investigations.

Proc, M Sei. g0, go lg‘ 372-377.

Stevenson, ¥.0. (1960) Chemieal nature of the nitrogem in
the fulvic fraction of soil organic matter. Proc. Soil

§2§. _S_Q_. é&o g‘l 4TO~4TT.

Stevenson, P.J. (1965) Gross ohemioal fractionation of organiec
matter. Ins allﬂk, cvo. m' D.D. wh‘.“' J.L.'
Ensainger, L.E. and Clark, F.E, (ohs a
Apalysis, Part 2, Amerioan Sooiety of Agronomy, son,
Wis. 1‘09‘14210 .

*Subbiah, B,V. and Asijs, G.L. (1956) A rapid proocsdure for
;;ﬁ;;an;%o of available nitrogen in soils. Curr. Sei.
3 - .

Snb:i:lr;i (19581)‘” Buhﬂ..t of mllt“‘mx: l;tm :nd ite
s canoce praoticsl ag ure. Ins )
B 0:‘ aAN1e N . AL Sl AM SRS Ny ¢ 'or‘%

Swift, R.8. and Posner, A.M, (1972) Nitregen, phosphorus and
sulphur contents of humio aeid fractionated with respect
to molecular weight. J. 8gil Bei. 23t 50-57.

Tabatabai, M.A. and Breamer, J.M. (1972) Practionation of
organic sulphur in surface seils. Soll Sci. ]14s J80-386.

Tan, K.H. (1974) Infra red abserption similarities between
hymatomelanic 20id and methylated humioc seid. Proe. Soil

Sci. Bec. Am. 393 70-T4,



x3

Tan, K.H. (1978) Xffeots of humic and fulvio acids on
release of fixed potassium. Gegderma 21(1)s 67-74.

T‘htig F.R.. Iﬂﬂuﬂ', @G.5. and ‘t"i’ 8.C, (1975) Distribution
of various ferms of phesphorus in north wvest asthan

soils. _J.o m &. M §21' n(a)' 202~ .

‘!hlktu‘, R.8, m‘h” solo' m.n‘im, S.d, and Bisen, D.C.
(1978) ﬁolaﬁ.omup between organic carbon and available

nitrogen in soils of Madhya Prasdesh. J. |
Bol. 24(4)1 443-445. | . Indisn Sgo. Boll

*Tokudome, S, and Ksuno, I. (1968) JNature of the humus of

; . * . - *
ot s, e 18 ke S 2 Bl

Trofimenke, K.I. and Kisyakov, Yu. Ye. (1967) Organic matter
in individual separates of the prinoipsl soil groups of

Cis Ceucasia. BSgviet Seil Bej. gs 220-227T,

Turski, R. and FPilis-Bujak, M., (1970) The influence of
mineral fertilizing and the way of mammring of soil on

humic mcids. PRolish J. Soil Sei. 3(2)s 21-26.

*Turski, R. (1971) Organic substances in eroded soils.
Boognjki glehozpawcze 22(1)s 19-57.

Turchenek, L.W. and Oades, J.M. (1979) Fructicnation of
organo mineral complexes Wy sedimentation and density
techniques. @eoderna 21(4)s 311-343,

Virmani, S.M. and Kauwar, J.B, (1971) Distiridbution of forms
of sulphur in six soil profiles of north east India.

J. Indisn Sec. Soil Sei. 13t T3-TI.

*Walkley, A. and Black, I.A, (1934) An examination of the
Deg £f method for determining seil organic matter and
e propesed modification of the chromic acid titration

method. Boil Sei. 3t 29-38.



xii

Walker, I.W, and Adams, A,FJ.R. (1958) Studies on soil
organio aatter: 1, Influence of phosphorus content of
parent materials on asoumulations of earbon, nitrogen,
sulphur and organie funhma in grassland soils.
Seil Bej. g3 307-318.

*Wakeman, S.A. and Iyer, K.R.K. (1932) Contribution to our
knowledge of the chemiesl nature and origin of humus:
;; oixa.tg; synthesis of the humus nucleus. BSoil Seof.
] .

*Williams, C.H. and Steinberge (1958) BSoil phosphorus frsotion
and chemioal indices of available sulphur in some
Australisn soils. Ausi. J. sgric. Res. 1Q: 352.

*Williams, C.H., (1962) Sulphur con os.
J. Australian

taining or
Inst. sgris. Boi. 2§t 196.

Zhigunov, A.V. and Bimakev, V.N, (1977) Composition and
properties of huaic noiﬂs separated from decomposing
plant residues. Soviet Se¢il Bei. 9(6): 687-693.

Zunine, H. and Martin, J.P. (1977) Meial binding organio
macromolscules in soil. 1, Hypothesis interpreting the
role of soil organic matter in the translocation of
aetal ions from rooks to biclegical systeas.

Seil Sei. 123(2)s 65-76.

* Originals not seen



CHARACTERISATION OF SOIL ORGANIC
MATTER IN DIFFERENT SOIL TYPES OF
KERALA

BY
USHA P. B.

ABSTRACT OF A THESIS
Submitted 1n parnal fulfilment of the

requirement for the degree of

Magter of Science in Aariculture

Faculty of Agniculture

Kerala Agricultural University

Deparument of Soil Science and Agricultural Chemistry

COLLEGE OF HORTICULTURL

VELLANIKKARA - TRICHUR

1982



118

ABBTRACT

Large nuaber of surface soils representing the
different districts of the state wvere analysed in order teo
work out precise relationships between organic oardon,
total nitrogen and available nitrogen in these soils. The
soils were categorised into different groups based on soil
texture and oontent of organio matter. Relationships bet-
veen different soil properties applicable to the different
ocategories of soil were then exsmined. IFractionation of
soil organic matter vas carried out in a limited numder of
soils. Also the distribution of elemental ‘components of
s0il organic matier was studied in soils selected for the
fraotionation of organic matter,

Observations on the general characteristics of soil
revealed that the content of organic carben, total nitregen
and available nitrogen shoved an inereasing trend with
inorease in aoidity of soil. In general more organic carbon
vas seen in fine textured soils. The toial and available
nitrogen content of soil inoreased with increase in content
of organic matter. The content of available nitrogen showed
significant and positive correlation with total nitrogen.
Since the C/N ratio increased with incresse in oontent of
organic oarbon it was hocnnr: 40 predioct the total and
available nitrogen content of soil based on precise regression



equations rather than depending on a conversion factor.

On an average 10,82 per eent of the nitrogen in soil wvas
extracted as available nitrogen. The C/aN ratio vas posi-
tively and significantly correlated with organic carbon
and total nitrogen while it was negatively correlated with
available nitrogen.

On an average the percentage of humic aocid, fulvie
acid and huain in soil organie matter were 28,28, 36,51
and 35.21 respectively. 0Of the 28.28 per ocent humio ssid,
9.60 per cent (of organioc matter) wvas represented by
hymatomelanic @cid and the remsining 18,68 per cent by the
insoluble fraction of humic aocid. Humic acid was found to
be significantly and positively correlated with total organic
earbon, total nitrogen, clay and fulvic acid. Of the total
fulvic acid, 12,35 per oent (of erganic matter) was repre-
sented by beta humus and the remaining by the soluble
fraction of fulvic aocid. Fulvic ecid was positively and
significantly correlated with organic oarbon, total nitrogen,
humic acid and olay. Humie mcid and fulvic acid msintained
e constant proportion irrespective of the variation in ocon-
tent of total organic matter. Humin was also positively and
significantly correlated with erganic oarbon and total
nitrogen.



1.u

The mean phospherus, sulphur and potassium content
of organic matter were 0,051, 6,96 and 0.%2 per cent res-
pectively. The C/org.P, C/org.X, C/org.S, ¥/org.P, N/org.K,
N/org.S8, Org.P/org.K, Org.P/org.8 and Org.K/org.S ratios
were 1672.8, 94.1, 19.23, 205.81, 9.77, 2.91, 0.07, 0.008

and 0,0073 respectively.
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