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INTBODUCTIOK

Sulphur occupies a pre-eiain^t place in agriculture.

It is an essential element for all forms of life, for

it is a coEmon constitumt of proteins. Ihe two amino

acids Methionine and Cystine, commonly found in plants

contain sulphur to the extent of 21 and 27 per cent

respectively. Two growth regulators thiamih and biotin,

contain sulphur, Bie characteristic flavour of certain

vegetable oils are due to volatile compounds of sulphur.

Total sulphur in plants may approach or even exceed the

concentrations of phosphojws. ^

Though the essential ^ture of sulphur was
demonstrated a centur^^d a half ago, this nutrient

received only sporadic study at the hands of agricultural

scientists. A renewed interest in sulphur as a pl^t

nutrient has followed reports of response to sulphur

from certain places. Many soils of Australia and New

Sealed are reported as deficient in sulphur. In India ^
sulphur deficiency is reported only in the tea soils

of Punjab.

Sulphur is present in soils both in inorganic

and organio foims. Very little Infomatlon Is available



1/

V.

regarding the nature of compounds in soil and whatever

information available is confined merely to total

sulphur and sulphate sulphur. Plants absorb sulphur

from the soil principally as sulphates. ' The main

reservoir of available sulphur in most agricultural

soils is, however, in the organic matter*

Sulphur is in an endless and recurrent cycle.

Initially derived from soil minerals, sulphur is

also added to the soil by rain and irrigation waters,

atmosphere, fertilizers^ insecticides and fungicides.

It Is removed from the soil by plants and partially

or completely returned to it in plant residues and

animal products. In the soil^ sulphur undergoes certain

changes which directly or indirectly affect plant

growth.

Transformations of both organic and inorganic

sulphur compounds within the soil are largely microblal.

They are accomplished by diverse organisms and the end

products that accumulate depend on the environmental

conditions. The fluctuating moisture regime in most of

our water-logged soils may lead to the formation of

reduction products like sulphides, or oxidation products



like sulphuric acid, the accumulation of both

affecting plant g2?owth.

iThus the need for precise data on the forms

of sulphur in different soil types of Kerala is obvious

and will be most useful in the efficient management of

these soils# Jn view of the fact:, that no such data

are available for the soils of Kerala, the present

study is undertaken Td.th the folloisdng objectives.

1* To assess the different forms of sulphur

present in soil profiles of Kerala State.

2. To compare the distribution of various

forms of sulphur in dry land soils and

wet land soils.

S. To study the relationships amongst the

various forms of sulphur and with organic

matter in soil*
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BifiM -OF afmAfPii

'

Foms of

Stilflwjr is- piresent th soii$ in ••foottj. iiaor'gsEife

•§na orgaJiie' fmy iittl© infomatioit. is airailabl:©'

iregaMiag. %© .mtum. Qf swlphiJiP <!m|5o\mds ta soil aad

^atiatever 'infoimation availaM© Is cdafiaeS merely to

total sulphur aa#-:smipbate sulphta?#

-ionsiaerimg tte© tea^^Uons. thereby orgawle aM

ino^'ganic stil|(l»ir eoapotiiKas w#re transfoEiatsd by

tn1 rtttn->Q.rganisms^ Starkly Cl#^) obse^ire.cl' that ®any sulpliuy

. •.<2©iapoijiii?is wjq^b p^odnc^d iii soils-j. but as thsy wqtb

; smsceptibie to ^©coapositioa, tii@y did aot'aeciMnlat©

.- and were Bot 4et©ct©av la to IgS'-and smlpMetesj.

.^..._thiosulpha t©s, teteatkiotetesj aad otheJ- polythidnatesj

and evm ©lemeiital salpto 4@teet©a, &iong 'th©

organic foms of stilptei?? "bte aiaiao aeids cystittej eystein-a^f,
Bethionine., 'tattyinei etheffeal siilfhatos, thioiii^ea, .glti©osi€es
ascl thW-^vCtamiBS tfeiamin and- feiotia h$w® been detmtei*

Badio-^i^o^a-togfapliie ijrrestigstions^ on the

cycl© of sM the siljjl^ar amimo acids by
ScMTphme®! and Kmusse (:1963) rd^ealed that the siilphiir
••amino acids potentially oeoia^iKg ia soils aaa hiamic acids,

, were mainly cysteic acids,'- eFstonine-snlphinlc acids.^ .
^•OTim, mtmernm smlphone, eystine aad methionine-



. . Reirle-'.^ing; certain aspects of sulpimt'' as a soil

eoRgtifeent and piant nutrient'? 'Freney ii (1962) •

found that most of the siilplius? iti humid regions %;as 'ixi

or-g-anic?' form, ^'ey also aQted that iB most agricultural

soils "fee inopganie fraction contained only a small

•portion of forms otiier tlian sulphat©Sf

Williams •and' Steinbergs., (1962) • studying th©

chemical nature -of sulphate iii some Australian soilsj

ohser"!f©d that in the surface horiEons^'ef most of the

'well drained acid soilsj' nearly all the 'sulphur was •

:preseiit in ©rganic form..- It Mas also established

that except under aiaaerohie-'eonditiongj iJaen reduced

forni of sulphurpartiqtilarly sulphates might predominat©^

aost of the inorganie- sulphur "in soils oceurM as

•siilphates. -Williams aad Steinhergs <3.©6S) also reported

that sulphur occtired in soils mainly in organic for®

or as sulphat©» T!i©y conelud©d that xsiportant

ea^tegories of sulphate in Australian soils iacluded- . .

"'wter-soSahlf sulphatej adsorbed sulphate and insoliihl©

sulphite associated tsritti calcium carhomte»

2hat ©rg&aic fona^ of-sulphur constitutes th®

©ajor portion of sulphur in soils is also supported hy

the findings of Shkonde (1957), Walker (1957) .Freiiey (1958)
;Johansson (1959) j Oli-rero (1960), Kantfar aM Surindor

ilfeham (1962) 5. -Mdisyan <1964) and Kanwar and !l?akkar(1964).



Distribution of different foras of sulphur in soils.

Host (1922) detected oecurence of sulphides in

samples of peat and muck from Golden Valley peat

experiment fields of Mimiosota, Sulphides -were foimd •

at all lovels in the peat) in the rauclc substratuia and

in the upper portion of the mineral sub-so11 below.

Bxpriessing the sulphide content as HgS, he found a

minimum of 0,016 per cent and a maximua of 0.06 per cent

for the lower most layers of peat and 0*002 and 0,013

per cent for the, auck substratum immediately beloxr.

l^ans and lost (1945) determined the amount of

organic siilphur in a ntaiaber of Minnesota soils. The

data showed that the chernozems, black praire soils,

north-eastern podsols and north-central podsols contained

73.3, 71.0 , 49.5 and 46.4 per cent respectively of l^ieiF

total sulphur in organic form. In the sub-surface layers

studied," they found that only 9-15 per cent was in

organic form.•.

Madaiiov (1946) determining sulphur content

of a number of chernozem and chestnut soils, found that

in chernozeia the organic sulphur constituted about

76 per cent and in chestnut soils about SO per cent

of the total sulphur.

Investigating the total sulphur content of a



mde range of lowold soils, Goldsebsiit (l951j reported

a variation from 40 to 1800 lb/ae.ft. It was also

observed ttiat sands' granite soils contained much lower

aiaoimts iJian loams or heavy loams of fairly high orgsrde

matter.

Ths sulphiiT content of soils in the hmid areas

of the United States was listed by Millar (1951). She

total sulphate in some soils varied from 2^8 per cent_

in chernozems (about 73 per cent inorganic form) to

,7.9 per cent in podsols (about 45 per cent in organic
i «

form).

According to Shkonde (1957) the sulphur content

of 2ei-Burya soils of Russia varied from 0,»!10 to C3!#05

per cent or less. Of these about 90 per cent of the
\

sulphur in the ploughed layer of meadotf dark-»brom soil

was repres^ted by organic sulphur and stable lainerals

and in sod-podsolic soils these forms represented

80 per cent-of the total sulphur.

From the surface horisons of red-yello\v" podsoll'c

soils of south-eastern parts of United States, Jordan

and Bardsley (1958) got only, 3 ppm. or less of sulphur

estractable by Morgan's ©H3 GGOHa buffer, and it

tended to accumulate 6-30 inches below the surface.
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About 30 per cent of the agricultural soils of

West Scotland as examined by Little (1958), had readily

soluble sulphate content of less than 40 mg./lOO g«

Isoil and 7 per cent had less than 3 lag.

Reviewing the role of sulphur in soil fertility,

Jordan and fesminger (1968) established the variability

of total s^^ilphur eontent of soils. As estimated by

Robinson (1917), the range of total sulphur qontent was

0.008 to 0.136 per cent for the top soil. Byers aJi aJL (1938)

gave 0.045 per cent ss the average content of sulphur in

A and B horizons of IS Representative soils.

Walker and Adams (1958) determining tlie sulphur

eontent of the grassland soils of New Zealand for 3

horizons,, found mean values of 700, 410 and 230 Ib./ac.

for the A, B and C horizons respectively. Soils in

strongly weatiiered sequence had higher sulphur content

in all the three horisons studied, as reported by Walker

and Adams (1959). Investigations in a chronosequence at

Taupo (Hew Zealand) by Walker, ®aapa and Adams (1969) '

shoxfed the percentage of sulphur increased steadily

timei Comparing the virgin soils and 25 year old pastures

in the chronosetjuence, they observed that the average

pnnual increase x^as 14 lb. sulphur per acr^.

Jordan and Baker (1959) reported that the total



sulphur content of Horth Idaho sG>ils -^raried from

0,020 to 0*039 per cent.

Estimating different forms of sulphur in the

calcareous and non^calcareoiis soils of Italy, Olivero

(i960) found that the conWnt of organic sulphur varied
from 77 to 2300 ppm.

0

Williaais ^ al (19®)) recorded oceurenc© of

insoluble sulphate associated tjiiai calcium carbonate in

calcareous soils in Scotland.

In a group of 24 soils studied by Freney (1961),

only about I per cent of the total sulphur occured in

inorganic compounds less iSxidised l^an sulphates.

The values for available su3,phur in 105 different

Polish soils, estimated by Ho-wosieliski (1961), varied

from 0^3 to 52 ag./lOO g. in the arable layers and from

traces to about 16 mg. in the deeper horizonsi The : -

values were lo-a-est in light loamy soils and highest in

peats.

Parson and Tinsley (1961) suggested that the

organic compounds in the" soil organic matter to which a

considerable fraction of the soil sulphur is covalently

-boiand, could be sulpha ted, polysaecharides or sulphate

9
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esters of pbenols and they showed that poljsacdiarldes

might constitute up to 30 per cent of the organic

gnlphur*

Kammr aiid Surinder Ifehsn C1962) i?hile studying

the distriMtipn of different forms of sulphtar in

Soils, found tiiat organic sulphur formed ?2 per cseat

of the total sulphur in acid soils, -s^hile it was only

19 per cent in alkaline soils^

Comparing the nutrient status of a peaty soil

and a red loaa laterite soil of Kerala,, Money (1962)

found that sulphate content of tfee peaty soil was 2«3

per cent Tsfeil© it only in traces in the red loaa

soil,

iKDwe and Selong (1963) observed that organic

soils of tuhec contained sufostantially more carhon-

bonded sulphur than did mineral soils# Gomparing beti#©en -

organic soils and mineral soils in the above studies, .

the range for sulphur values bonded to carbon obtained,

varied from 47 to 68 per cent in former and 12*35

per cent in iSie latter*

5?a2yan and fszin (1963> determined microquantities

of HgS in Chinese soils by Isotoplc dilution using

radioactive Isotope S 36-, Under ordiniry conditions,

rice soils contained only a few mg. per 100 mg.

3?he I® as well as the iron and manganese content of
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Chinese soils suggested that HgS poisoning i-rould be

infrequent,

Aidij^an (1964) studied the content and forms of

compounds of sulphur in various soils of the U.S,S*R,

In non-saline soils, the distrihutioa of sulphur depended

on the distribution of hUMis earbonii Sulphur aceuiaulatioh

was greatest in the humus accumulatiire horizons and

decreased graduall^r towards the parent material. In

non-saline soils 70«"90 per cent of the total sulphur

was bound to organic matter and sulphur oecured in all

the main fractions bf the hums. Sulphur reserves in

the soils studied-; were 1-9 tons/ha, The reserves

were higher in peat soils and low in sandy^loamy podzolic

soils.

Jackson ^964) observed that field soils of

humid temperate regions contained 60-*i00 ppm. water

soluble sulpihates and 100-15Q0 ppm. ^tal sulphates,

:Distribution of total sulphur in the profile varied

from soil to soil.

Kanwar and v, fakkar (1964) studied the distribution

of sulphur forms in tea soils of the Punjab. The total

sulphur in those soils Varied from 130.2 to 298.9 ppm.

witfa a mean value of 188.8 ppm. The organic sulphur

content varied from 49 to 95 per cent of the total



sulphur tfith a mean value of 72 per cent* also

found that the total sulphmr decreased with an increase

in the dep13i in profile*

Massoumi and Cornfield (1964) analysing 58

samples of mineral soils^ reported that total sulphur

varied ifeom 112 1776 ppa, They also found that

calcareous soils vmpe richer^with average values of

858 ppm.^than non-^calcareous soils wil^ values of

485 ppm,. in total sulphur.

Nails and ©as (1964) tested samples representative

of the main soil types of India for tiie available sulphur

W Aspergillus niger method. ^eir studies revealed

that a large number of laterites, red and alluvial soils

contained less than 10 ppia» available sulphur. Black and

coastal alluvial soils x-rere richer. Saline and alkaline

soils gave high values ifitfe a mean of 1074 ppa»

Nelson (1964) observed ifeat organic sulphur

content of 12 Mississippi soils ranged from 57 to 363

pounds per acre. Hlkolov (1964) studied 17 soil;^ types

of Bungaria and found that the sulphur content was

14.9 to 37.2 mg./lOO g, in the top horizon, and 9.1 to

20.4 ago in the ^ horizon. He also observed that the

sulphur content depended mainly on the organic matter

12
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content, (Sieajnozoffi-smonitzas and chernozems had liighest

proportion of sulphur, cinnaiamon forest contained the

lowest, Tsrtiile grey forest contained intermediate properties#

MDrk of Davidesco and Palovski (1965) on soils

of Bimania showed that the sulphur content in the arable

layers varied from 16 lag, per 100 g. in the reddish brown

forest soil to 44 mg. per 100 g, in tho jod^oh broTO

forogt ooll to 44 jag, in leached chernozems. In the

reddish brown forest soil the f\ilvic acid fraction of

the humus contained more sulphur-(10-12 iag«/100 g«) than

did humic acid fraction (6*8 mg»/100 g,)

Sulphur transformations
I

\ '

Werner and Orlovsky (1948) detected sulphate

reducing bacteria in saline soils and particularly in

peaty and bog solonchaks, where anaerobic conditions

prevailed* 3^ieir activity was demonstrated by a decrease

in the quantity of sulphates and increase in the qu^tity

of sulphide and bicarbonate in the culture solution

inoculated with the soils* "

Bughes (1949) found,that though saw-dust

improved the physical condition of soil, decomposition

of some hard\^ood saw-dust led to the formation of sulphides

to3tic to plant life.
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' Aecording^, to <X06Q) alcro-opga-nlsHis

that ti-ansfom siilphm^ and its compoiaiyis are present ,

in soils i transforaatlon of any one organism is

masked by the reaction of others and tho material that

acciiBmlat© is eittier the completely os:idised product^

sialphate - under seroMe conditions - or the reduced

product,sulphide under anaerobic conditions*

Bromfield (1963| noticed that after treatment

ijjltJi volatile antisepticsi some soils evolved HgS -when

moistened wltto siicros© and airiioniiiffl sulpha t© and

inctabated aeroMcally. He identified the bacterium

.producing :HgS '.-as Baeillug megatherim-* ^

skyama and Sugan,#a.sa (1953) observed that all

submerged situations are not reducing- Several lake'

' mds., contained more of meir inorganis sulphur as

sulphate l&an as sulphide.

Satyanareyana and Datta (1953) noted sulphate

i»educing 'organisms in all the profiles in the soils

of Bapn area of''€ut<ii. tieir actiiritj iraried ttiroughoul:

;th© profile indepeaden.tlF of the-hori-zon. The organi-sffl

' •MBB a rod-shaped •motile spore-»former»

0tark©F^-C'lSSSl showed that end" products

'̂of the decomposition of -cjstiae by micro-organisms.
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isolated fyom soil maj fe© s^ilpiiatej sulphide, m

isolytiiionates ^epeniing ..©a tli© •©xpeflffleatal eontitietts.

•• ' fleet .^epottet tliat -fie ratfe of siilphiaa?

^©±idati©n was highest at li to W pex' «eat laoistiire

coBtsmt aM ia saaples Mtk a- sanS elay, t&tto of 3:1*

Mditioa Qf -peptone $nd gMeoBm iaea?eas0fi snlplnar

oxidations mote tfeaK mitie2?8l''iiitro:gott -aaft eomplex

;eartooMytotes*

Hess^ simclylmg tk#- sBlpto metatfolisa

••;in soils, and am-ds, foim^ 't^-at thB mgsntc sulphur in

•.••the lamd itms slowly oxidised te si3lfhat@ hut a jfediiction

•,te siilphidQ oocure'fl tmder pi'-edomimntly logged

.ceniltiGES#

AeG©3?ilag tc? SrefleiPiels- ©t ^ (195?) sulphat© nas

the msj.oi' p-rofimot when cystiiie- was aMefl to th# sdil#

..';%0ip stiafiy on aegmdation of niethio-^ine in soil

;shwea i^a't smlphiii? ©f-memioais© ms ^-elessefi as aeiaayl
:s©reaptaii5 ps^t of which "sas osi^iis©^ -go diffl6thyl

,aisiilphide. these %io:?l£©rs •observed m sulphat©. ia

. end prodmcts- of •methloaiae.-

H©s&0 <19575. ]BOti^@t that Molo'gieal o^iaa-tioa.

,o£- orgaaio. s^phiir -ms ©xtremely slow compared that



of carbon and nitrogen. Incubation with sialphur containing

ainino acids or CiaSO^ increased the rate of oxidation of

soil sulphur.

Barrow (l95S) investigated t±i6 effect of nitrogen

and sulphur content of organic matter on the production

of auiraonium and sulphate. I%en the C/S ratio was reduced

to 60/1, 504 production oecuredi Tfdien M in the organic

laattei' was reduced, SG4 production was enhanced,

5¥eney (1958 followed the aerobic transformation

of cysteine to sulphate in soil and established a

sequence in the following order,

%steine —^ cystine cystine disulphoxide

cysteine sulphinic acid ^ sulphate.

Studying the fixation of stilphur in the mck of

Lake tTictorias Hesse i3.95S) pointed out that in the

presence of large amount of organic sulphur, sulphates

were present more ttian sulphides.

Sperber (19^) suggested that production of H^S

by several strains of Bacillus megatherium might transform

ferric phosphate to black forms of sulphide wife release

of available phosphate. Hart (1969) concluded that

sulphide accumulatioh was fairly common under strongly

reducing condition'such as at depth in tidal si-Tamps or

16
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in poorly drained sub-soils.

Subraiaoney |1960) s.tiidisd tfee sulpter basterf-al •

.'0ycl# and'thie probable laeclria-iiism of toxieity ia' aeid _ -

•soils 'of i^erala aiad worked oat the'sulpter McroMal

,;eF<2le in th© f©llo^iing reversible. se^meaee,.

'StilplMiric acid "%lp&a1:es '

StalpMies ..drganie. and elemental siilplaiir'

" siilpliarie adid^ '

According- to Steyensoia (19.64)- the s^ml.plitir #@le

•.im soil-is difid©d into four distinct pliageej vig.^,

••iaiHeralisatioa,- iMapMlisatiom,5' oxidation and- reductioa*^

Besults obtained, by-aB<S-Bo¥:er Cl96S)

indicated that appreciable reduction. .of -Sie sulphate

did nofe occur ia poorly draiuM salia© •soil's^ unless

•^uiidecdinpose.d'plant residue" was presenter the soil orga'Mc

•patter -was greater thari § 'per eent"#

"laetorg. infltieti'cing. the.r'e.teH-tioa. and mobiligatiOB. .

of' sulphates in goil , ' ,.

fi^ova ••tl@SSa.| pbser^ed the absorption of.

•sulphate to be gre^te.st ia soil's o'f the laois-t sub-'tropics.^
less in sod-.pod2olic soils aiid least in cheriaogem, chestn%t
"... '

•..and solonetg. Studyiiig '-"fe© conditiosi's of absorption of
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th.e anions by soils from solutions, fikhova (1953 b)

foimd that maximum absorption v;as at a eoncentration

of 0#0^j a soil solution ratio of 1*25 and time of

interaction of 24 hours.

Sisminger (1954) studying the factors affecting

the adsorption of sulphate by Alabama soil showed that

sulphate was retained to a certain extent in moist•

soils. SSie sub-surface layers absorbed more sulphate

than the surface layers. Aluminum oxides had a high

capacity to adsorb sulphate# He also suggested that

the sulphate leached from the top soil might be

retained further do\m in the profile by a clay layer.

Kamprath ^ §1 (1956) inirestigated the effect ~

of sulphate and phosphate concentrations on the

adsorption of sulphates by soils and fotmd that soils

containing relati-^-ely large amounts of isl type of

clay mineral adsorbed laore frosi OaSO^ goiutions

than did soil in i^feich 2Ji t3^e clay niinerals predomi-^

nated. Siiilphate adso^'ptlon decreased as pH increased

from 4 to 6 and t^as directly related to SG4

concentration* Increasing the PO4 content of the

solution rMuced SO4 adsorption.

Lysiiaeter studies reported by Hington (1959)

showed that sulphate might be readily leached from
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light teztured soils. Investlsations of MeGlag gt ©1 (1959)

suggested the dowm^ard movement of sulphur under cropping.
Keller (1959) noticed that sulphate leached froa th©

surface tos retained by clay layer further dom,

Schell and Jordan (1959) postulated three machanisms

of adsorption of sulphate by clay mineralsj viz.,

adsorption at the exchange sites, occlusion hett^een

the lattice and substitution for alusiiiniM and silicon

in the lattice.

McKell and Williams Cl960) pointed out that

18 inches of percolates reiaoved 77 per cent of the sulphur

contained in 100 IB. gypsum appliM to a sandy soil,

2he studies of Biu and Thomas (1961) explained

the increase in sulphate retention ^-lith increasing

concentration and decreasing pH, He found that in

acid red soils the sulphate ion exchanged i?ith sorae of

the hydroxyl ions on the hydrosj.''-aluminum (or iron)

polymers.

fiKhoira (196S) studied the mobilization of sulphate

in a leached chemosem and reported mobiliEation of SO4

originating from organic sulphur in husiic substances,

increased with increasing moisture content. Mobilization

•^ras decreased by Ga and promoted "by K and Kao Highest
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aobill-gation of S#4 oc:eia3?©a on aeei-easing pi from 6

to l,5g OF incy©as4ag it from ? t©. 9,*3i«.

Ctiang and tiiomss <,1963) suggested a me-chaiiism

for sulp&ate afisofptlon by soilsi-faicii Was in ag.^e©a©a1i

iiitii t!ie triews prestoted hj tfeese autlioys earlier (1961).

@ia,© (-1964) reportea tfee effect of.S6 laorgasiic,

and oifganl© aaions on "bli© S0^ a€sGi?ptio.B. "bj- soil
mspmBion. Of the anioxis^. 18' were observed. to

•deer"«30'se s^sor-ptiOBji

AcsGOTSing to (1965) leacliiiig of sulphate

tfas el©.selF relatei wife tile afflomt of.reaiilF sOItiM©

"s©4^ in the sGil and the toonsi"^ of leaeMng.

0li.ao -ft .:|1 (1§66 )stiidteQ the ©xchang© reactions

'be'tweeQ OH''and '^4 ions in soils 'and ob'S-ain.©^

,c.oi?fol3oi?atiTO eTTifienee to tla© 'effeet that the yat^ntion

..of S04,- .iirrolired an 'aaion ejsclasBge i?©aetlon ;^ri.tli Oil
.gTOmps tn soils® .'
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MATERIALS AND METHODS



. i»i.. wmm . ^ -

^ last^pial fdi- liiQ pressJit ,stii€j ©easi-stea, of

S0 pyoftXes lacXu«|@€ X4 wel? XaniS' '.aad 6 Xaads-

i?@52'©geatiag aiffment soil tjrpes of Kepala, la 'adiitioji

•to these-5 ^6 gwrfaee- sampl^a &oa t^3;c8.1 paidy Xands mm

aXso incXMei.

'SolX -Bmslins 'aM pyepaTOtion- of. gampXes

Ba<ti of Hie pEofil© -aiitQ' 1tir©S' horizons •

aad iescyiled feesls m soiX*,

"*'satstt3?fac©- g0iX*' -aa^ *sufesoll''<- a.s. p© '̂ tli@ fi©f.&s

beXow..'

a-, f ^ -m* BmimQ

. t?.,: SO -! M ea, -.Sttfesi^taee: soiX-,.

c. -© 60^ m* imlis©I.X»

Gomposit!© samples of ^©aeh hottmn %mm laioromghXy'

aixeil' and a p.ortioa of 60© g:, ms transfer©.*! ,iiito a

poX^tlame' "feag%., ""3Siis was 't&em XO- p®T dent

isiacs scQ-tate seXm.tioa, "'•I© pj-sireBf-tii© Xos-s of suXphides*

J^pXicat© '@afflpX^.s ©f iiBitrea.t@€ saapXes w@3?® aXso stored

%n alrtiglit poXjtiiene fesgs-. Afeomt -§@0 i» of the mtreated

'saEipXes w^re a3.^**S?*l.-©d}, g©iitXy eSM^ied aixd passed ISiroo.^

a 2 mm,; si'.eirfe ami. sto»€ in paropeifXF Xal>©XXea ;gXass Ijottxos.
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Atoom-t 15 ,gi, ©f air-drl,$d samples %mTB- ground in

a po-reelain mortap ani ttoe-s© mm stored in paper packets

'along •fee feied saiaples*

feQiytlgsl -pyoe.eiip.ge®

• 'the saiaples' ismm aaalyssd im eeat .forms,

of siiipter -and oi?gani.c'laatt^r cspntent, S^ie-.pS'Values ¥•©?©

also €©t©iii^nei, '•'•••

"^otal... stilphwj fhe total stxlihia^' 1e the .soil was ^eteminei

by fusion ^^@2^00 .gad Wa®% sceoi'^ing -to ioMnson* s

" metiioS as desQ^ilied .1)^ J'ac&som -(iSSSl,., Tersena'te a©'1iio4

of Jaelcsoa .tfas follo'i'7©4 £ot the. estimation of" su-lphatos

in the water- ©istract,

1 of finely gyoand -soil sa:ffi^l@ m& .in.

a platinaa eruoitola ^-jith' fiw times tiie weight of

lagG^^t ' ana .0*.2 to 0.v3 go, of Maiig 'in .an- olectple fia.3?na.ee#

Aftei" 'Ml© fti.sioaj •Qis melt was thoroughly aisintegrated

in ¥3 tea? on -a ,s.t©,a.a. Ijatli. .fho soiatiop was then filteyoi .

and Itie -^Qliaae made up to -MO ml;# in a TOlumetric flaslc#

•3ulph§t©:S. ili,.an a.llqiiot of th© solution were'pre^pitated

toy laie addition of' $n exofs.s cpantit? of staadaM BaGlg

.solution and th©"~e2£casg.fe'i''^aining after tho precipitation

of BaS®4.. wa.s deteCTlnsd t>y tifeation "wi.th •^res's^iat©.

• Wator. soluhl©. sitlahato smlphugi- 30 g-,^ fyesh .soil .and 1^3 ml,

disgtilied water wf© sha&en ,f02? SO. ^nntes# 35i© suspension
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ws toou# filte

smipliat^ oonisestt ôf• -#ie ©ztt»act-iras ietestoinei •foj? ."^©3?ss^ia t©

metliM* total iroliaia© tf/ .30£3._^traet %jas •^©sieulato^,

fey -a-tdiiig- ma. tte mois:tee ^©at^t of fresh _soil aai

tlie wat@p adied to" tlie soil* ' ' -

fotal sulpMte .smlplititt f©,ta,l est3?actea

ia t®o .s.'fca..g©s«. fifst KSa. anfi tMn water

(R'avs!i@^ska3ra,| 19^ ^illiama ani SteialJe^gj 1962)

• 30 g#, tm-$t .soil i©-©' slialten IGO aX. ©♦■2^ fiGl

.for ^ iiiamtes, .snspmrioa m^ filter-ed teoxig^

Ifeatasff's filthy ,fap©r* %e seil'ms feaissferred

baefe' fe til© :sMlciiig Isot^©, mS. SO jal. distilled water

a.M©i to it, Small qmantiti^s of CaCOg w@r© adie# till
tlie sTispeasi©!! Mm to. litms |)ape^*. She suspsasioa

¥as again.siial£t»_fo^ M isiiiites.ascl filtered .Itirbu^

Jfc-teian-»s f©,42. fllt©3? -papesa?. '^.e soil was repeateaiy ' ^

....wasfeea mm distilled water.., •JS^II a total' quantity of ateat
200 ipl» fiiterste ifas eblleet^S* iroa anS almima _•

from me. solmtio,ki were remevea W ffi40H separatien •

a-s 4l0.scril©a W ^acassoa Cl§^) # voltme of the.

solm-tioia "vAIti Bmqu%Q0.&& f^ebipitates was •feea

aaa© up to. 2m -igl.* and m© suspms.ioa %ias filtered, ^
^^ptagli -a ii-y f iltos' paper., -Sialphate eontent of Iti©
filt^rste -in -aliQUQ^ts- of 40 lai. was.. dstermineS 'by
¥erseiiat^ m©1Siod» • ' ^



©xp.g.'oe'a^Q%^Micms'Qii%•#.oss®ss@ujit©^

©ii|̂3©i:plepti^e^s'%Jioiieiio•''-•sriq.ej-eclie

i#nG<it|%:ssM©q.psAOtt®.s-aapx®not:q,De©^

QVi%p©0»foM.)"seS%0»iaiiim^StifdiQiaf.©n^,

Q.-|:o^|!©ppB-seatpH*^^oq'"lia&S>pxei&ssqa.

ai^1SI:,Bmxw^i|tiQ^ejops^Sfea.y

•••sap-jilfiX^ssiiq.©%®iit-c|.s©0%p©@ti'bqm'uo'%%ntos0%-Bq.©oeom-p:s

.©I|%4qpBA3L0SmdtTOg

#iots

e.^e.,ia:©%BHq%p©f|.sufpe^o%-e.z|istneps^oensss

seaXQSBQAnQr4dmsqQ^mom:Qm3-o%©i%aoqi§^'xssseA

isofilde©.^oijq.-'gSg©1®,.^0t2o^q.,ia:©$q8©q,8xiffi0Da^tigH:©
/"

••s©f^estil£a©t|%xpno^tftneS-gB-efieg.s-iioi:q.0©ttii,9©

©Xt®%T^iS-PR©•"XKQ©t0%,p©q.lixip03.8q.s0eimjBgg,

•••1119%iiQteSe-pipe^'iiostpt©s^sexi'A®i£©®«©x^'W091

o^p©^).o©iao©B^wA^^*sS.|iPt|%-aoj•^;©t%no

.mwq.^qqm$ne^tdsx©msii^fs-fiCQ-spbtp.-p."

-x©^s©-^ef^s:ia:^mo0'p©smat^

••©Instil-©AoqeQm•Q^^'motzmwwmsnfs^'Sepe
*

Bm(©90t>woi;|.8|3ossftux^^l'Iq-

psptxsmtaooao:©jnpaoo^d©i|̂*ifosmoaj:ppg.SJ-aqitg%et^

,^0«opj.et8T:|.ssfn©tio-p^D©ttQ^^og'lesit^^©P®1M

p©q|-^0S©9se•poq^ens,,^AOs%@«ism^b%%£%,4i;xs®?^^®®QpOT:

panx®di®%afg-mspf^idiiig01^s3Ep|H"lp|pxni

fZ
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collected sulphides ( judged iDiy tfee tuie-M^ty in the 2inc

acetate solutioa) was added to the solutioa in tiae

absorption vessels, $Ms was men acidified t-jilti

5 lal, conc» HSi, stoppei^ed, shaken and set aside for

$ laiantes# !l^e solutions from both the vessels n-mre

then transferred quantitatively into a la^'ger flask arid

•feie escQss iodine %fas back titrated against standard

sodiism thiosulphsite, solution using starch as indicator.

For every set of estimations carried out each day^

a blai^ was also run with 14i© reagents. Sulphide content

of the soil was cslcailated on even-dry basis. ^he moisture

percentage of the zinc acetate treated soils were

determihed separately*

Qrganic sulphurf values for the organic sulphur were

obtained by subtracting the siiia of sulphate and sulphide

sulphur frora the total sulphiir.

Organic carbon; Organic carbon was estimated by Wallcley-

Black method I'jith the modifications of Smith and Weldon (1941)

as described 'bj Jackson (19^)»

0epending on ttie organic matter content of the

soil, 0.1 to 1»5 g, fin^y ground air*dried soil t-ras

treated with 10 nil. normal potassitam dic^romat© solution

and 20 lal. concentrated sulphuric aeid and kept for

half an hour. Mi excess of n/2 ferrous solution was

added to the chromie acid reiiiaining after digestion.
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Ihe excess ferrous solution was back titrated against

staniard potasaiita perraanganate solution,'

^5 ms msasuTGd in a is2a5 soil ifater suspension

using a. glass electrode pH mater,

l-ioistareg 10 g« fresh soil was 6ried in an air

at 100 - 10S°6 to constant weight and the loss in veight

-ms e:5q>ressed: as jsercehtage on oven-dry basis.

26
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F » ©• F I ^ 1- S

iiociati©!! • ,^11-eg.e aiii H©,s©aye!i

lastltet©5 ^XlaFaBl, $3?ivantoa iistriet,.

, S©ii typ0 loaa mgioni w@%

psiijr iand-$.«

•Speeigl fe$tarns. . Su1j|©et t© ft^siingj F^iaala .subaerged-

f©f to fottr -aomttis a yBs^^

Smplm i&a'll-eet^ii-

•2a« Sttrfa-ee- geSl 10 ft 6/8 hm^mlsU j&lloxf. B/8 moist;
(0 » m 01*) ' \

•0aa%- m&r$ stls^ aai slightly plastie

wet,, tim siid' fea^rS ^en 4i?3r,.

Sb^Stife^rface soij,. ?,S m 6/8 3*e€aisli yellow, S/8 mdisti
•C^ - 40' em,)

sandy elayi stieky aiad fl9stl..0 tAen wet,

aaS haM w&.©ft drj.»,

2c, %bsQ£i , %-S IS- 6/6 •i'edii.sli, 6/6 moists

gilt slayi stlGkF aM plastic wet?

fitm aad feard-



Boil type

Special fesiaif©*
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F S © F i It B 3

Aga?iefiil.tiiral CJoiie-ge and Besear^

Institute, "feilayanijlrivanfiim' Mstrict.

SM loaffl lateritie region5

• femal y^lief^ well araiae^,

vegetation maiiily doeoiiiit.

Samples eolleeteds

3a. Surface soil
Co ^ SO' <»•)

3b.# Subsarfaee soil
(20 •*• -40 csii /

3e. Subsoil
im ^ m m t )

7^S IS S/S st?ozig wpm, S/7 aoistf

sand^ loam?" slightly sticky ^aad

ii0B-»plastic when wetj loos© and

7:,S XB 6/6 redaisii yellotf, 6/6 moistf ,•

fim sandy loami slightly stieB^' and

non-^plasti'c iffeea wet,.- friable and

soft %3tiea, d?y*

_p 6/8 reiaish yellow, 6/S moist5

saady clay l^mt slightly sticlcy and

.• noa*pl8stie 'ahen wet, fim and slightly

haM ¥h©n dry# '



Location

Soil

Special featees

P E 0 F I I, 1 4'

iJic© Rssear^ Station, Kottsrakaya,

Quilon Mstrict.

Latorit© regionI wet,

doulJle-erop paddy lands*

Harrow strip of terraced laads in

the valleys of hills. Moderately

¥ell drained.

30

Samples collected.

4a. ^rface soil
(O * 20 CT«)

4b. Sufesurface soil
(20 - 40 cis.)

10 5/6 yellowish brom, 3/3 moist|

clay loam, sticky and plastic vhen wet,

firm and hard 'when dry. .

10 IB 5/4 yellowish browi, 3/3 laoistj

sandy clay5 sticky and plastic when wet,

firm and hard ^.en dry.-

4c. Subsoil io 'M: b/B yellowish bro^m, 4/4. moist;
( 40 ^ 60 cm. ) '

sandy clay; sticky and plastic i-iisn x-iet,

fim and hard when dry.
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p a 0 F I L, B 6

cation

Soil Igrpe

Special features

Samples collecteds

5a,. Surface soil
vO 20 cm,)

Sb. SubsTirfaoa soil
(20 «• ^ caiir)

5c, Subsoil
(40 « 60 (sa.)

Hiee Beseardi Station}

Kayaiakulaiaj AlUppey District,

Sandy soli tractf w©t,

double-crop pafiay lands#

learly flat lands

3.0 6/2 light bromlsh grey^
4/3 moistj sandy loaraj non-sticlqr
^nd non-^plastie when wet, loose

I'^en dry,

3.0 ^ s/6 yellowish brct^nij
6/4 moistj sandy loamj non-stidsgr
and non«-plastic when wet, irery .

friable and loose Xi^ien dry,

10 ta 6/6 broxmish yellow, 6/6 moistj
sandy loamj slightly sticky and

non-plastic when wet, friable and

soft vjfeen dry#
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I>ocation

Soil type

Special features.

Samples collectedl

6a, Surface soil
(0*20 cm,)

6b. ^bsnrface soil
v20 40 dm.)

6c. Subsoil
(40 60 ea,)

P R 0 F I I. E 6

Bice fiesearch Station

Kayasikulam, Alleppey Bistrict,

Sandy soil tract, dry lands.

®©arly flat lands j soae%;iiat

Excessively draineds vegetation

mainly coconut palms*

10 XH 5/g gre3^sh brom, 3/2 aolst;
loamy sand| loose and friable.

10 XR 5/2 greyish brown, 3/2 moist;
loaay sand| loose and irery friable.

10 IB 6/2 pale brom, 4/2 moist;
sandy loam; loose and friable.

32
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P R Q F I I, B 7

I^ocation

Soil type

Speeial.features

Samples collected:

7a. Surface soil
(o - 20 ca.)

Tt). Subsurface soil
(20 - 40 cm*)

7c. Subsoil
(40 - 60 C31.)

*B» Block Kayal

Alleppey,

Iiake bed soils; ^et,. paddy lands#

2iands beloif sea le'rel, very poorly
drained,, paddy cTop taken after

de%j-ataring operations.

2.3 Y4/1 dark greyish brotm,

S/i niolst; clay; very sticky and

v^ry plastic vjhen tret, very firm

when moist, extremely hard ^en diy.

2*6 y 3/2 very dark greyish brown,

2/0 moist; clay; consistency as of

su^Eace soil; heavy deposits of

shells (about 13 per cent by weight)

2'm6 y 3/1 veey dark greyish brom

3/0 moist; clay; consistency as of

surface soil. Very, heavy deposits

of shells (about 18 per cent by weight)
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XioCation

Soil type

Special features

Samples collected?

8a, Surface soil
(0- 20 <aa,)

8b. Subsurface soil
(20 * 40 cm.)

Sc. Subsoil
(40-60 cm.)

Bice Research Station,

MoMcoiapii,. illleppey District.

Alluvial soils5 w@t, single-crop

paddy lands*

ferly flat lands, pe)orly drained.

10 ^ 4/2 dark greyish bro^,

3/1 moistj clay; very sticlsy and

tery plastic when •w6t, very firm

tihen moist and extremely hard i-^en dl^,;

10 ^ 5/4 yeilQt#ish brotm, .

3/2 moist? day; consistency as of

surface soil.

10 W 5/8 yellowish broytif

4/4 moist, clay;

consistency as of surface soil.
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I«ocation

Soil t^pe

Special features

Samples collected.

9a» Surface soil
(0 - 20 cm.)

9"b» Subsurface soil
(20 * 40 cm, )

9c. Sufesoil
(40 ^ 60 cm.)

Mundar, Taikom 1?altikj

Kottayain Bistriett

Kai?i soils; wet, sihgle-orop

paddy lands:.

Flat iaiids, very poo2*ly drained,
"wateplogged for about eiglat months,

sul^Jeet to salt-water inundation.

2.0 IH 3/g very dark greyish bromi,

2/1 moist; clay; sticky and plastic

t-^en wetj very hard %/aen dry;,

yello'w motilings present.

10 M 3A very dark grey, a/1 Moist;
clay, peaty; slightly sticky and

slightly plastic when wet, very hard

^en dry#

10 IB. 3/1 very dark grey, 2/1 aoist;

peaty; non-sticky and non-plastic

iAen wet, very hard t^?hen dry.
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Location

Soil type

Special features

Samples colleoted:

10a> Surface soil
Co 20 cm,)

10b,Subsurface soil
(20 ^ 40 cm.)

10c. Subsoil
(40 - 60 cm.)

P S 0 F 1 L B 10

Bice Hesearch Station^

%tilla, Irnakulam Pistrict.

Saline soils? wet, single^crop
•'Pofekaii". paddy lands.

Flat lands, very poorly drained,
subject to periodical inundation

with sea %?ater.

10 23i 6/4 ye3j;otd.sb broim,
3/3 Koist? clay; very sticky ^nd
TOry plastic irjiien wet, very tltm

\ihen aoist, extremely hard when dry.

10 6/3 pale brom, 3/3 moist;
clay; consistency as of surface soil.

10 YE S/4 yellowish browi, 3/3 moist;
clay; consistency as of surface soil.
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p a 0 -F i I, Bi 13.

iiGGation,

Soil tjrpe

Special featees

Sampl©$. cop.©c.t©dt

11a* aia3?face soil
-<0' w 20 ea#)

lib, SaBsti^faeo soxl
(20 * ^ ,m.)

lle^ Subsoil
« 60 cffl,,.)-,

iiee. Beseareli Station,

.•Majmiat!ir» Bistafict.

I»gtet"it© yegioni •w0t, doTible-eroi>

paddy Isffi-Ss,..

lOffflal, i?6li©#5 well drained,

•fields' riaaln &.W f"2?oii 'December

to lay* ' •>

10- M, 6/6 isroTfmisii yellow, 'B/6 moiist;

'-sandy clayf .Hoii«"stii3ky and •aon-^plasti^

-wet, f3?iaM©' %«ien moist,

hard •^tiea ,

%$ E 6/6 yellow, B/6 aoist?

sandy .clay loasai' aoa-sticky and •'

sliglitiy pla-stic x=^e!i ifet., friable

ijhfen moist, haM wHen ^y»

S i/6- yellotd-sfi bjppt-m, 5/6 moist?

saiady olay loaBi| aoB'-sticky and

' sligfetiy^-'plastie x#hen tret, friable

whea moist, -haM Sxf*



I»OGation

Soil type

Special features

Samples oollected!

12a. Siarface soil
(O - 20 cm.)

12h» Subsurface soil
(20 - 40 cm.)

12c. Subsoil
(40 - m mi)

B H 0 P I i, 1 12

Integrates Seed Bevelopmeiit Fapm,

Smthaapatiiy ((^ittoor)

Palghat Bistriett

Mixed felack and red soil tract;

wet, double-crop paddy landsv

Flat lands at the foot of the hills,
TOy poorly drained*

10 IB 5/2 greyish brom, 3/2 moist;

silty clay; sticlsy and yery plastic

¥liea wet, very firm t^ien moist,

very hard ¥hen dry,

10 XS B/2 greyish broT^m, 3/2 moist;

silclay? consistency as of

surface soil.

10- fH ^2 dark greyish bro^ai,

3/2 laoist;. slli^ clay; eonsis'iency

as of stirface soils.
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F i i'F I 1.-1 '3,3'

iiobatioa

Soil

Special features

Samples eoliectedi'
»v'

iSa* ^te-faee. soil
. -vO 20' )'.

13b* iiibgm3?fs-ee soil
im •:*•

%Bq-0 Siisssll
-(40 * 60

Iiategipatea S@©i SeTglopfflent Fam,

llmfeampatlif (Siiittoop)

•-Pal.^at Mstjfiet.-.

'M1js04 hiadk and red soil tract;

i3?F.^.i Mam .soils.:.,

Momal rel^&fj .soil p^aaeability

iioi.eratelr.3P«ipi.i-t- <3yr Isnd crops

li&e sesawaa, castor

gmm*.

S 6/S 'yellotfi^sh 4/^ moist?'

T©2 '̂ ,f*ia©: '^anSf ioami son*-st.iclgp •

ani a0ii#pi-asti-c: "wet, friable •

t#i0Si ai^is-tj.- sllghtlj^ feara wlien <iiy>

3ZR a/6 mdy S/4 aoieti

ioaai ©OBsisteney as' df s.oil,«

g*,© -11 4/© £•©#, 3/6 aoisti li0aia-|.

non^sticl^ aad'aoii'^p.l.aBtic wt.j.

friable ffeeE_ moist» wmj haM'Tdfeea ii-ir.



,K®
40

P S 0 F I 1 S M

SoeaMoa

Soil type

featereis-

Samples

'14a.4 Bupfam soli
(0 SO ea,')

14"b.Subsurface 00I.I
JO *• 40

14c,. fubsoil

Integrafed S©@i. ©OTSlopaeat Fgi*® '

Eratij3apa"&y" (Ghilsfeop)- , - " •

Palgkat .

Mixed Black simd- we'd sell traotj

Maek' soils-1

lo«ai-3?elierj, 'soil p^imeaMli-fey

a©te2?ately slow^ crop's lik© cotton,

•^gs3?c$iie: gmim-,-

'W 3/g ttark' greyi.sli teomi,

2/1 iWJi.st? saioidy elayi sticky

aM i#ea m%- Urn. -kixm moistj

•-glig&.iay iiay€ &f* .

16 S/S. irepy greyish brom,

2/1 Hoistj saiKiy clay?

coasigteHCF as of -surface goil#.

10-1^' B/2 wqwj 4a?& gfeyisli

'B/t mo.isti saMy. eiayf

cons!s t^ey .as '"of -stirface. sell."



4i

P B © P I L 1 3.6

Location

Soil type

Special featares

Samples eollectedJ

16a» Surface soil
•(0 20 CB1».)

151?* Subsurface soil
(20 4^) em/)

15c. Subsoil
(40 » 60 dm.)"

Gentrai 8ic© Beseareh Station,
(Block Y) PattaiQbi j.

Palgbat district.,

^aterite region, wet,
tiiree csrop pad% laMs,

Hearly flatj^ plots -^et throughout

fee year, some^^at poorly drained.

10 IJB 5/6 yellowish broim,

4/4 moist; sandy loam;

slightly sticky and non-plastic

tjhen wet, friable and soft t^en dry,

10 Z8 5/6 yellowish brox-m,

4/4 moist; loamy sand; gravelly,

very compact; nonsticky and

non^plastic -when -^et, friable and

soft when d2?y.
a

. 10 YH 6/6 bro^sh yellotf, 5/4 moist;

loamy sand; more gravelly and compact;
• K.

non"?'sticky and non-.plastic when wet,

friable and soft xdien dry.
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P H 0 P I L E 16

Iiocation

Soil type

Special features

Samples •co^HeCteii-

16a'.. ^rfaee soil
(0 - 20 em.)

3.6b. Subsurface soil
(20 'i- 4B ca.)

16c. Msoil
(40 ? 60 m*)

Central Bice Hesearcli Station,

PattaEibi, Palgliat District.

Laterite region| wet>do-abl0**crdp

pafldF landsj coarse textured.

Terraced plots at •tfe© foot of the

hills, usually a som first crop

and a transplanted second crop,

well drained, plots remain dry

from ©eeember to Maj.

10 iSi 6/6 hTOW3.§h F©llo¥j

5/6 moist; sand^ loaa| non-^stlcky

and nen-^plastie when wet, friable

and loose iriaen dry. 3,.

10 YE 7/8 yellow, 6/S moist;

loamy sand; non^sticlsy and

non^plastlc t?hen wet, friable and

soft i^hen d^'*

io 6/S brb^ish yellow, 5/8 moist;

sandy loam; slightly sticky and

slightly plastic i-jhen wet, firm when

moist, slightly hard when dry.
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P 1 G F J L B 17

Iiocation

Soil type

Special featores

Samples collectedi

17a ^ Su3?face soil
(O - 20 m»)

I7fo» Subsurface soil
(20 ««• 40'm*)-'--

17c. Subsoil
(4Q - 60 em.)

Gentral Bice Besearch StatioBj.

Pattarabi, Palghat District.

Iiaterite regionj wGt> double-crop

paddy landsi fine textured.

Nearly level topography, first and
V il

secoM crops transplanted, moderately

¥©11 draiRed, plots remain dry froo

January to May. .

s

10 tR 6/8 brox^sh yellow, 6/6 moist;

sandy clay loaia, slightly sticky

%AiBn wet^ firai and slightly Msrd °•

when dry.

id ^ 7/8 yellow, 6/6 moist;

sandy loami non-sticky ^-^en wet,

friabla and soft when dry.

10 IE 6/6 brox-jnish yellow, S/6 moist;

sandy loam; non^'gticlsy t/nen.wet,

firm, when moist, slightly hard

%^en dry*



j:s

P R 0 F I I. M 18

Iiodation

Soil typ(3

Special features

Samples collected,

18a. Supfaee soil
0 * 2Q era*)

IS "b. Subsurface soil
(20 40 ^ *)

180* Subsoil
(40 *• 60 (^•)

.Central Rice Besearch Station,

Pattambi, Palghat Bistriet,

l^aterite regioni wet, single-crop

paddy land (*Palliyal*)

ferraced plots on the slopesj

someifjiiat excessively drained, plots

;temain dry from September to Jtme.

10 2B 7/S yelloi?/, 6/6 moist;

sandy loamj gravelly,non-sticlcy

and non-plastic when wet, friable

and soft ^-jiien dry*

10 "2R 7/8 yellOTSf, 6/6 moist;

sandy loatof gra-^sllyj slightljr

Stioi^ and non-^plastie i^en wet,

friable and isoft ^A^ien diy*,

7*6 M 7/8 reddish yellow,

6/8 moist:; baM •compa^ct

late^itic bed.
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F S t -F I ^ « m

ItOcsMoji

0011 ISyp©

Special fccimm-

BamplQs GQllecfeeii.

.19a.f Snr-^ci-ce aotl
• (0 ^ S9

3.tb-..@tifesias'face
• im •* m.m4

19®, Subsoil
(40 - 6© ea*--)-

GmM@% lE^ue MmBBMii Ststion,

Fa,%tamM|̂ 'Palgtet

I»stei>lt0 I'sglomi ir^laaa

Somal, reliefj well tolnedi

-irylani chops' life© tapioca,

giagellr g^om.

-f^d S/6 stfr®ug 4/4i

•gra'T^lrj-s^ij#' dar lossf

friayt^ -tad

%B YR S/S gtroag 4/4 moistf

gf^imllF dlaF' ioa®| slightly ati^

aaa iii^^tly plastic x^m • .

$ligfa,tiy 43?7»,

ff.6 W,' %/% s't|?€>i3,§ hmiMi moistf.

gj^air^lly clay iQmt slightly stlei^

,alia -sliglilly plastic ifftten m%.f

..Bligtotiy •Ija.Fd t#ieu mj:*
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PROFILE 20
46

Iiocation

Soil type

Special features

Samples eolleetedt

20a. Surface soil
(Q • 20 cm.)

SOb.Subsnrfaee soil
(20-40 cm.)

^e. Sufosoii
C40 - 60 cm.)

Agricultural Hesearch Station

i®balawayal^ Koziilkod© Bistriet.

Ijaterite, hilly tract,

(3yy land seil.

Crops like oranges, lisie, pineapple

growi.

%B IB 5/7 strong brom, 4/5 moist;

sandy clay loaaj slightly sticky

and noh-plastic \faeu wet,

friable when dry.

7*5 S/6 strong brom, 5/5 moist? .

clay loam; slightly sticky and

slightly plastic •5^en wet,

sli^tly hard when dry.

7*5 13 6/6 reddisli yellow,

5/6 laoisti clay loam.; slightly

sticlcy and slightly plastic

when wet:, slightly hard t^en



Sample Mo.21

Location

Soil %pe

Surface soil
(© - ^ <sa.)

Sample ^o»22

Jaocation

Soil type

Surface soil
(O « 20 CHI*)

Sample Io,,23

iiocation

Soil t^pe •

Surface soil
(O - 20 cm,)

Sample Ho,24

^ocgtion

Soil type

Surface soil
(0 1- 20 cm.)

SaHiple Mo»25

Location

Soil type

Surface soil
(O 20 CM.)

SUHFAOE, SMPI,BS

Karaaana^ Srivandrum Bistrict.

J»aterlte Pegionf wetj double corp

paddy land^

10 2® 7/S €ark greyish browi,
o

6/6 moist? sandy clay loam
• •• /• ''' -X

• ' :'.r

leelamperoGj?, Kottayam District,

__^,^rapa.daia' .soil.

10 XB S/g .greyish bromi,

3/1 moist;. clay.

Vsrkala, 2?rivandruHi district.
•

I»st@rite regloni wet, apablo-»crop

pad<3y lanQs,.

10 jE 6/6 yello^d-sh broxm^ 4/4 moist;

'• sandy •day loam#,

4mbalav?ayalj lozMkode district.,

I«aterite; hilly tract; wet,

double«Grop paddy lands#

10 SB $/B yello'wish brotm, 4/4 moist;

sandy clay loam,

Ghithirapuram kayal, Alleppey District.

Lake bed soils,, wet, paddy-lands.

2.5 r 4/B dark greyish bro^m,

3/2 moist; clay.
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' 5? A; :b • E a
M0Isa?i3HB COHTEHT, MD OBGMIC CABBOH (WALKLET-BMeK)

COHTEMI OP SHE SOIL SAMPLES ^

Sample Soil
No.

of
. saiap-
llfig

in ijia#
m ^

Moisture
content
^ on

over-dpy
ba fiis

4

(is 2^5)

5

Organic
carbon

%

% Veliayani,
Kayal lands

(a)

if ''

23*76 S.O 0,9644

(b) 32,74 4»6 1,0226
(c) 40^60 60.00 4.1 4,8399

(a) O^gO 39,83 5,0

1

0,8731

(W 20-40 2?. 61 4,6 0,6279

(c> 40-60 28^.10 4.6 0*4218

<a) 0-20 7»31 S,3 0.4611

m 20^^ 12.42 5,6 0,3864

(c) 40-®), V 14.16 5,5
t

0,2304

(a) 0-20 15.31 5.5 2.4142

m 20-40 35^30 5,5 1.7936

Cc) 40-60 40.32 5.7 0.8290

2 "Vellajani,
Wet lands

3 Veiiaysnij
Dry lands

4 Kottarakarg,
Wet lands

contd»..
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Table 1 contd

Sample Soil typo
Ho,

' 1 • 2

Septh
of

s^amp-
ling

in cm#

3

Hois-lnife"
content

% on
oven-dry.

"basis
4

pH
<l:2;5)

5

Orgsnle
oarhon

i

6

S, Eayemlmlaa,
Wat lands

(a) ' 0-^20 16,62 S»4 0.2634

\

m SO*40 14*32' 5*7 0i362S

(c) 45-^60 . 17.42 5.7 0.2388

6. Kayamfeulamj
i>ry lands

<a>

m

0-20

m*4Q-

3*12

e.m

5.5

5*5

0*6406

0.3032

Sc) 40^60 10^76 6.0 0.l74i

7. ffieppey
(R. Block)
Kayai. lands

M 0^20 4S#45 6.5 1.7695

(e)

20^40

.40^60-

. m *m'

65.68

7.1

7*1

1.0177

2.3822

8, HQncompu,
. fteja lands

0-20 35.24 ' 5.4 1.9503

4 m 20-40 44.32 4.8 1,7750

m 40-60 70.68 4.8 1.1250

contd.



yL,

Table 1 contd.

Saait)le
Ho,

^oil type

8

Depth
of

samp
ling

in cm,
3

I, " "''̂ •<f-

I4ois tOTe
coatent

^ on
over--dry
basis

4-

lflS,5>

5i

Gyganic
carbon

%

6

9. Mundar,
Kari lands

(a) 0^20 , ^.31 4,0 19,2730

<b) 20-40 136,70 3.8 21,2264

<c) 40-60 224.00 3.5 19,2378

10. Vytilla,
Pokkali lands

(a) 0-20 41.59 6.3 1.4838

(b) 20-40 37. S7 5.1 1,4439

(c) 40-^60 S0t60 5.1 2,1691

11. Mannuthy
Wet lands

(a) 0-20 13.63 6.4 0.4436

<b) 20-40 13.12 5.7 0.16^

Ce) 40-60 13,62 6,7 0.1002

12. iznitliampatfoy,
Wet lands

(a) 0-20 17.12 7,2 1,0131

(b)

O
t

24.96 7.6 0*8726

(c) 40-60 21.71 7.8 0.61^

contd....



$ab3.© 1 eoatd.

Sample types

' '2

-0^ ^
saapw
ling

la. em«
• S

Mois-fca.!-©
^©atent
$ 0n-_

6^11

basis •
4 •

tjF
Ca!2.5)

©

©arbea

6

.13. Eeuthaaifathy,
Dry lanlsj
red. -soii

M -6»g0 Ij^Sf 0.^16

<bj 8..@4 f^X 0-#3g22^

te) u,m 0*2661

S]Wa.tl*laiap&t!iy
BrF"laRdg5. •
blaefe .soCi

9

fal ©%2#. • s,.s§ "f^ 0-.TO6

.fb) '20-40

(c) fa C^,62m

P&ttamMj
Wet lanas'j
FoBla area

i&} - 43a?. 4^e • 1*7^^

<b> S0#40 M.9S Sit 1,0610

(c) m^m • tS.Sf-

¥et lands .5
saaif loam .

ib) g0»#-

. .

2^^08 • ; •

0.#638S

0*13?3
0

<©5 ' fm 5.«.8 ' ©♦,13.23

©3tttd<1- •
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^able 1 eonM,

0aisi)ie 'BqH 1^p©
lor. • . - _ ,

DcDth
of

ss!ap«

In- m.t
' W'

Ibisteris
eontent

da

©Ten drjr
•te;s,ia
-4

it* fa.tt&ffiblj,
'Wetlanis.
scndy <ilas:

C /„

18. Fsftamfes''?'
ifett- Iszids*

: Falli^al •

la. Pattaifel,
0^f lanis,
Mo&qm.

(a) 0^20

W-M-

la} ©»gi ,, i»Bt

lb). "'gQ#^- .

(g) / s.is

(b) Q^m' 4,^6

It) 20-^m '-:'. " S.0S

^0Hpy lanis "
6..B8

3.s.m

( d) "g0«4O

(e) ' 40-^6©

53

. .|^ . Grganie
'ClI :S^B) carbon

€#8 1.2981

5*8

S*B 0,2342

€•1 - 0»93m.'

S,S. a»4491-

5.8 0#a884

"6.1 0,^9^

€.1,. ©>4010

6.1 0v36^

5*8- ^ 1.3334

6.d 0.9227

6.0 Q'p7f9B
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Table 1 contd.

Sample Soil type
Wo,

Depth
of

samp
ling

in cm.

Moisture
oontent ' pH

% on (1S2.6)
oven dry
basis

4 5

Organic
carbon

21. Karamana,
Wet lands

(a) 0--20 26.31 S.S I^SIOS

22. Neelamperoor,
Karapadam
lands (a) Q'-'20 S8s24 3.S 4.0102

23. Varkala,
Wet lands

(a) 0-^20 29»68 5.6 2.1672

24. iiabalawayal.
Wet lands

(a) 0^20 28,30 5.4 1.2036

25. Gliithirap-aram,
Kgyal lands

(a) 0^20 4D-7G 6.S 2.1197
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5? A B L E II

DISTHIBUTION OP SULPHUR IH SOILS OF LATSHITS BELT HIGIOM

55

Soil samples
^Iphur ;ppm.

1

Water Total
soluble sul-
sulphate phate

Sul
phide

4

Organic

5

Total

6

4 Eottara]<'apa,^
Wet lands

a. Or-20 em. 47^8 63,7 2,7 1771,1 1827,6
b. 20-40 em. 18,7 24.2 1.2 918.8 044,2
c. 40-60 era. 7.1 11,3 1,1 596,7 6'09,1

11 Mannui^tyj
Wet lands

a» O'T'OO cm. 23.7 25,2 0,2 .888.3 913,7

b. 20-40 em. 8^8 12,3: . Tr,. 292,2 304.6

c. 4O-0D cm. 9.3 12,3
\

0,3 • . ••193,7 162.3

15 Pattambi,
Wet lands
Puno'a area

a. Or-20 cm. 31,7 35,2 10,7 1537,9 1583,8

h, 20-40 em. 20,8 21,© 9,6 g82.2 913.7

c. 40-60 cm. 20*8 23,4 1.3 • 684.4 609,1

16, Pattarabi,
Wet lands
sandy loam

-

a. 0-20 cm. 9.8 9.7 0,3 660,0 670,0

b, 20-40 cm. 13.7 15,1 0.9 440.9 456.8

c, 40-60 ea. 9.6 13,8 1.0 61,3 76,1

conijfl# •«



Table II contd.

Soil samples
Sulphiip ppm.

Water total
soluble sul-
sulphate phate

2 3

SUI-
phide

4

56

Organic fotal

S 6

1? Pattambij lands
sandy clay loam

a. 0^20 <m. 3.6 12,1 1,1 1509,7 1522,9

b» 20"-^ cm. ' 0.i4 0,9 827,2 837,5

c. 40-60 cm. Ty. • 7,1 146,2 152,3

18 Pattambi.Wet lands
Palliyal

' .a. 0-20 cm. 5.1. 6,3 1060,7 1066.0

b. 20-»40 cm. fp. 6,1 Tr. 116,7 121,8

c,M0-6O Tr. 4,8 Tt. 10^4" 15,2

19 PattambijDry lands
Modan

a. 0«!'20 ca. 8^9 S,7 Tt, 670,0 578,7

b, 20^40 cm. 9*3 9,8 Tt. 20,7 30#S

C. 40-60 cm. 14*6 15i2 Tt, 16>3 30,5

20 ^bala't'fayal j, Bryland

a. 0-20 cm.
•

5,4 8,3 0,3 813,7 822,3

b. 20-40 cm. 26,3 25,6 0,3 583,2 609,1

e. 40-^ eia. 2,3 €,3- 0,8 3^.4 375,5

23 Vsrkala Wet lands
a. 0-20 em, _ 10,0 , 15,8 4,3 1655,1 1675,2

24 ^abalawayalgWet lands

a. 0-20 cm. 36.8 35,9 9,9 867,9 913,7



h '

(CABLE II A

FORMS OF SULPHUR IH SOILS OF LATSRITE
BELf ^feldlOH

BXPSSSSBD AS PSRGEMfAGl OF TOTAL SULPHUB

Soil sainples
Watei?
soluble
sllpHst^'
sulghnr

%

Sfotal SulpMida
sul|)ha te siilphup
sulphur

€

OrgaBic
sulphur

1

/a

2 a 4 .

/o

6

Kottarakara

4 a ' 2*:6B 2*m 0.14 06.92

4 % 2.S6 0.13 ©7.31

4 c 1.86 0.18 97.96

Mammthy

11 a 2*m 8.76 0,02 97.22

11 h 2.89 4.04 fr. - 95.96

11 c 6.X1 8.08 0,20 91.72

Pattaaibi

15 a 2.00 2.22 0.68 97.10

la h 242B 2,^ 0.11 97.49

IS c 3.41 3.84 0.21 96.95

16 a ^ 1.45 . 1>45 0.04 93.51

16 b 3.00 3,31 0.20 96.49

16 c 12.63 18.13 1.31 80.56

GONTD,..

5?



Table II - A contd.

Soil saiaples

Water
soluble
smlphato
sulphnr

€

total
sulphate
sulphur

4

Sulphide
sulphur

Organic
sulphur

€

1
•p

2
•fit

3
j"
4 5

PattamM

If a
. .

0»79 0*01 99*20

17 b 0,49 1,12 . 0,01 98#g7

17 e $p. 4,66 Tr, 95,34

18 a 0*48 ' Tr, 99pm

la b 4,19 2r, 95,81

IS c fr:. m^SB Tr. 68,42

19 8 1,^ 1»50 ^r. 98,50

19 b 30*^1 32,13 fr. 67.87

m e 47,87 4§k83 Tr, 50.1"?

Aabalax^ayal

20 a - 0-»m 0,01 0.04 98,0^,

20 h 4.16 0.05 95.80

20 c 1,68 0.21 98.11

farlcaia
23 a - 0.26 98,80

Afflbala^^aFal

24 a 3*93 3.93 1,08 94.99
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T k.B %'n III

DiSTHIBOTOH OF StiLPHUR II GHB SOILS OF .RSD WMl

LATEHITle HS&IGH

Soil samples

3 Vellayani,
Dry lands

a* 0'-20 cm.

b, 20^40 em.

c. 4O<»0O cm*

2 Vellayani,
Wet lands

a» 0-20 cm.

b 20r40 cm.

e 40-60 cm.

1 "Vellayanlj
Kayal lands

Sulphur ppni»

3)6tal
soluMe ,sul- phiije ^otal
snlphate phate

2 3 4 5 6

M.5 88.3 276.3 304,6

5.4 . Bf2 fr. 144,1 15g,3

^.1 55.8
' j

60*^

:^r>

S4.4
, /

•60.8 21,7 831.2 913*7

4*6 . 12#7 3*2 441.0 456,9

• 3|.:2 2t4 182,f

a. 0-20 cm- 119; 6 132.3 13*4 712*3 857.0

b, 20-40 cm. 86*1, T.14.S 1,0 865.5 971.0

c. 40-60 cm. 314.9 320*3 3*2 1655*5 1979.0

21 Karaman^j
Wet lands

a. 0^20 cm. 2S*3 89.8 19,4 g64.5 913.7
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f A B It E III A

FGBMS ©F SUIiHIOK IH SOIIiS OF BED LOAN
LATERITIG BHGIOI IXPHESSID AS PERCSITAGB OF

SOfAL SIJLEStia

Soil samples

1

Water
soliibl©
sulphatesulphur

S

3?otal
sulphate
sulphur

%
3

Sulphide
sulphur

%
4

Gpganie
sulphur

i
5

Vellayani

3 a 6,96 8.04 Sr. 91,96

3 b 6.38 94.62

S 4 8,37 8.37 Tr. 91.63

n a 5^95 6.65 2*37 90*98

2 b 1%01 2.78 0.70 96.52

2 6 1.15 1.75 1.31 96,94

1 a 13.9S 15.43 1.56 83.01

1 h 8.86 11.79 0.01 88.20

1 c 8*05 8.38 0.08 91.54

Karaniana

21 a 2.77 3*26 2,12 94.62

60



a? A B I. E 17

DISTBIBira?IO¥ ©F gULPHUR Ilf S6II,S 6F ^0 AJJD B&ACK
MIXES) soil, mCT ©F GHITTOB TALUK

$ttlphur pps,.

Gi

Soil samples

1

Water
soluble
sialphate

s

Total
sul

phate
• ,

Stilr
phlde

4

Orgaxd,c.

•B

Total

6

13 Brtithaapatbjj
Dry lands, red '

s-.: 0.--20 am,- . 3.8 • Ts. "• 361.7 365.S

b. 20-40 esi. fr, Bp2 , - Tr. 32,8 38.0

, 0. 40.-60 m* 5*8 32.2 38.0

14 Bi?iatSiampa^y,
Dry lands, bl.ack

a, 0-20 <Ha. 24#4 27»2 Tr, 681*9 609.1

h, 20-^ -m-^ 13*5 ^1.2 Tj', , 222. S 243.7

e. 4D-60 cm^ 4*4 19.3 • Jr. . 163.S 182.8

12 Binthampathy,
Wet lands

1

a- 0-«20 cm» 73#8 91,7 2.. 3 1337.5 1431.6

1)# 2O*'40 ciE-« S9^4 78,3 1.3. 590.4 670*0

e, 40-60 csa. 47.7 84.5 2.1 623.5 609*0
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W A B £ 1 IV A

FOMs OF somm m mihs of rid aid
BMGK Mmm SOIL fBACf OP CHITfUH 3?MBK

BXPlBSSIll) AS PEHCEITAGE OP fOTMi STJI,PEm

Soil samples

Sruthampathy

Water
soluble
sulplaste
smlphia?

Total
sulphate
sulpfeui'

Sulpklde
sulphtas?

4

Organic
Slllphu^

5

13 a Tr.. 1»04 ^•Tr, 98.96

IS h Tt-. 13,68 Tr, 86,3g

13 0 IS* 26 84,74

M a 4m 4^47 95.S3

14 D S,70 3?r, 91*30

14 c 2.41 10,56 Tf. • 89%44

12 a a*i6 ©»41. 0^16 93,43

12 h 8,87 11*69 0,19 88,12

12 e 7,83 13,88 0,34 85,78
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DISfRIBmoi 0F SULPHUR IH SOItS 0P QMATfUKMA

smmi gdlL TRAGf

Soil sanrples

6 Kajansloilamj
Dry- lands

a. 0-20 <sa.

6 Ai« '̂<3imi.uj.c}ju5
Wet laiids

- a# 0-20 em.

b. 20*^40 cm®

c, 40-60

b« 20-40 em.

c, 40-6© em.

Sulplms? ppm.

Wate:^
Soluble
sulphate

2 •

Tt,

fotal
Sul
pha t:e

3

4*^9

5,.S

5,3

13»8 15.2

4.. 5 7.9

4^6 6.7

Sul
phide

4

^2?,-

•Tr.

1*4

0,^7

©rganic • Total

5 6

'452.^0 456.9

•l' 91.4

70.8 76.1

.0 304.6

219.8 .228,4

0,6 114. S 121.^8

03



f -4^- B 1 - E , ^ A

mA'smmM' -&mm^ st» fum. •
IS p^GiaffMi OF fom BV%mm

Soil •ssHiples' •

•%'•:,

. - ^

; soluble
sulphate
s^slphxir .

$ -

to t-al •. •
'Sitl^feate -
"smipztef

'f

Siilfbia;©'
• .Slllplil2j?

. ^
. 4

Grganic
stilptei^

'• ^ •
a

.llsyaffltelaa _• ,

S .&'• • • Tp, a.iO'r .m' • , @g^9S

'en Tsr, . f ?:• ^4,20

$ -e"

• • • •/

fir, ' •9'$f04

6 a • ' 4:,m • ; 4*B9[ 0%^ ^ $4»SS

, .Q*Sl 16.83 ,

• 6"r'Gr S-fM - ©^4©' 94^03.
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TABLE?!

DISmSHfiON OF SULPHDR IN SOILS OF KUTmAD MD
, POKKALI mms

Soil Samples,

1

SulphU3* ppm.
•

Water SCotal
soluble sulp-
sulphate hate

2 3

gulp-
hide

4-,

Organic

, 5

J Total

6

7 Block
Kayal lands
a. 0*20 cm. 131,? 162.8 73,0 4585,3 4821,1

b. 20»40 m. 71*6 226*6 26.2 2961.4 3208,2

c. 40-60 cm^ 270.9 364,3 3.2 2526,1 2893,6

8 Moneompu,
Prnija lands

a. d«-20 cm. 114.5 "156,. 4 2,3 4105.7 4264,2

b. Sdo^-IO cTiU 175,8 285.1 1,0 3064^4 3350,5

c. 40»60 CM. 264.6 298,4 S,1 2442.8 2741,3

9 MimdaJ?,
Kaa»i lands

a. 0-20 era. 12Si,0 1612,4 102,3 13818.9 16533,6

b. 20'^40 era. 2624.0 2613,1 4^9 15961,6 18579,6

e, 40-60 cm. 670.0 724,5 3.0 , 18147,4 18874,4

10 Vytilla,
Pokkali lands

a • 0-^20 ca. 284.7 322.5 227.5 424.1 974,6

b. 20^40 dn. 231.6 378.4 19.9 302.2 700,5

C. 40n'60 CStt. 296.3 343,1 5*0 352.2 700,5
22 Ifeelamperoor,

Karapadam lands. V

a, 0-20 cm. 2074.0 2334.0 3.0 4D61.4 6398,4

25 Chithir-aptiraffij
Kayal lands
a. 0-?20 cm. 154.S 208.2 42.0 4623*2 4873.4



t: "A B I,, 1 M A

wmm m sulphur ih soils of
KUifm© AID miamtt • mEM-

ISS®. AS PBHCSimGS 0f WSM* SUIiPHM-

G6

Boll saaples

i-

• Watef
soluble
gulpliats

^.1: .

foxol
sl?J obat® •
gtilpiur

Stilphid# '
sulpto^-

f.
4

©pgaaic
stlpter

I
S,

'm&€k
•f- ® •

• fMl • - /

-8.38 a.«^ mM

..f ^ •2*,23 6^,88 0%B2. i2,30.

f e . 0.*.67 12,S8! 0.11 S7#S0

IfoKcoapii
B a- ' S#®' a*67 . O^QB

S 'h , •5*26 , 8*SX §•03 91.46

8 « B-kSi , io^ii • ©'-.da mM

'9 0 B»12 ' m38 0.,6® ;8S.-90

•© _ 1S*3 14,00 0,.O3 85,01

' i e • • 3.$a ©tOS f6,is

%tma
:I0 a 33-,-0i- 23.SS 43,SS

10 S8;^#S i4,0g g.84 43:,

m e -

•^•98 . D«s71 - 60,31

H©elamp©]po©r
SS- a • 8&,.4t 36;,.4S Q,m 63..4?

-C!iltIiiFa|5«raa'
•m a 'S,18 4*2f , 0-.86 94i8f



1 . Jl b % m

MOT -eoimft QP STOMUR §01POiM

^II mi^ »Fii,ia m iia&M.

iPrQM fables II to t)

Moils • •

BtjlpMi?'

fotal ©tgaalc' Balpliat^ Sijiptoiid©

Bry lands
• - ,

a» .Suffae-^ soils - •ags#i 13*S ' .

•I,, SnhmiTfme aolls 'astts •

i2*s ff:#-

©,• Sufesoils ' wr*f • It®

W©t laHfi's

Surfae® sollg ia^»s 1106.1 •32»^ ©»©

15* Smbsmrfaee soils S48,.4 •S25»4 •^»8- S,,B

0, ;Ss,bs0ils gSO»;S , S60..@ 18,6 1*6

®i?y aa^.Wet laMs
•(eomMnM)

' .a.. SEFfa-ee soils fm.6 • 0G7,1 2S#4 •4.1

SuBsuf"face- soils ^6.,? • 3B7,© a.f#s l,;a

e% Brnfesolls, 203^• M%.9 lirS

G7

y



f- 4 M% M fP,, A '

mm aoissif ©f otmpi 'mmmmB

HPiBSisS:_10" Piaeiif4#s m wsm. su&PStjE

..Salpiiiae®®3.is Sta^tep

G8

03?y lasts- '• • ' • _

m* fiEPfbe© soils .0%M 8p68 0*08

% BnhmirFam sofl&.,M»Bs 6.44-

e# Smfesoils ,„ ;#E«ai. %m

W©% ignis
' •

•a.-.%i2?fsee 'soils - .96*6S 2,m 0»S2

b» iml5saj?tac'9^ - WtBl t#79 . -MO. •

S\ll>soil0 .tS.Bl • 6*42 0>5t

Iry and 'let iaafts .•'•./
<eomMa©al

#,* BoilB 96,,>?4 :S«,S8- t<»44

1* iiitssiirfa'C© s0ilB 95444 4^M 0v2S

- &* BmbmilB' . . 92:#-Bl mm • n>s$^ • •
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Laterita Belt region

Soil© collected from Eottarakara (4) „ fhimu&iy

(11), FattamM ClSj 16j IV^ 18 and 19)j Aailaalswayal (,20

aiJd 24) and Varkala (23) af© ineluded in this grqiap and

th@ resiilts of analysis fQ3? different fdras of sulphur are

given in Table II* Sable U A shot-r the different forms

of s«lphTip expressed as percentages of total sulphur.

Total sHlphur varies from 1827,S to 578,7 ppm» for surface

soilsj 044,2 to 123.8 ppm* . for smhsurfac© soils and 609»1

to 15,2 ppm, for subsoils. Sulphate sulphur aecurMlation

is more in the surface soils of wet lands than in those of

•dsT landSi But in most casos the pereentQge of tbe .sulphate

sulphur on tot©l sulphur increases i-jith "fee depth, l-laxiiaum

amount of sulphide sulphuy is present in profile 15 and

this p fraction al'so decreases towards the" lower lasers*.

Soils collected under .dry condition contain only rex-r

lit^e or traces of sulphides.

Bed loam.lataric region , '

!Ehe data for the different forms of sulphur in the

profiles 1, 2 end gl- and for th^ surface sample 21 are

presented in Table III# Sxcept for profile 1, tlie pattern

of distribution of sulphur in -feese soils is similar to

mat of the laterite belt region. Ps-ofile 1 is from a

recently reclaimed area of the Vellayani kayai area and

in this profile fee total sulphur and sulphates increase
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^jlth depth ia the profile. However, In all cases the

amount of sialphate sulphiir decreases^ T^jith depth..

Bed and black mized soil teet

Profiles 12, 13 and 14 collected f^oia EruthaBipathy
•p@p3?esent the wet lands, red soils and black soils of

%ittiar Taluk, Distribution of different forms of sulphur
in these profiles, are fum3.shod in fable XT. .Total sulphur

and sulphate sulphur are maixiiaum in ^ret lands and only very

low amounts are present in red soils. Measurable quantities

ol" sulphides ar-e present only in wet lands. In all cases,
the diffei^ent forms of sulphur decrease with depth. In red

^^^^oils only traces of t'latei'̂ -s'oliible sulphates are present*

Sandy soil tyact

3?he data relating to the different forais of

sulphur in dry land and wet land profiles collected

fro® ©nattukara saiiSy soil tract are set out in Table

In this case total and organic sulphur are higher in

the surface soils of dry landsf while for lowej' layers,

wet lands are richer in sulphtai* content. Dry lands are

poor iii sulphate sulphur and there is a slight increase

in this form towards lower layers. Water-»soluble fomg

of sulphate are only in traces in dry lands.

in wet lands aasimum amount of sulphate is found

in surface layers and it decreases toi-Tards t^ie subsoil*
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Bstimsljle quantities of sulphide sulphur is present only
•

in ^jet lands* °

Kuttanaa and Pofckali area*.

Datg in respect of th© fopms and distribution of

sulphur in various soils of Kuttanacl and Fokkali areas

'are giv^n ia fabl© ¥1." ' fhes© soils i#iaely _in the

sulphur content just as they irarjr in irarious-physico-

cheraical charaeteristies , i^rofil© 9 £6m Kari soil contain

the ma:siffluffi amount of sulphur* fhe surface soils of Kari

lands have 16S33#:6 ppm,' of "total s^phur'and It tenflo^a tx3

increase towards lower layers. Sulphur in sulphate form

also is maziaiiani in Karl soils and in this cas®'maximuffl

accumulation ifas found in the suhsurfae© soil# In profiles.

7 and- S amounts' of sulphate sulphur increases with

depth. In Pokkali sollSj %#ich eontaih more than 50 per cent

of its total sulphur in inorganic form, ther© )nls a uniform

distribution of sulphates in the three layors. All th©

soils contain sulphide fom of sulphur and- It decreases

considerably with, depth. $he heightst value of 227.5 ppm.

for the sulphide sulphur is recorded in the surface soil
' . ' '

of Pokkali area:#
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FIGUHB 1

DISTEIBUTION 0,F TOTAL SULPIOT IH
m£ LMi) SOIIiS

3 Vellayanl

6 Eayamkulam

13 Emthampathy (red)

14 Sx-uthampatlij ("blaGlc)

19 PattaisM

20 Ambalawayal
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FIGDHE 2

DISTRIBUTION OF TOTAL SULPHUR
IN I'JST LMD SOILS

2 . "Vellayani

4 Kottarakara

5 Kayamfeulam

11 Maimuthy

12 Erathampathy

17 PattamM
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• FIC-UBS 3

DIS^SIBUTIOIf OF SQIsPHATS SULPHUB
IN DRY LAND SOILS

3 Vellayani

6 Kayaralmlam

13 Bruthampathy (rei)

14 Eruthampathj (black)

19 PattamM

20 ikabalavmyal
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FIGUHE 4

DISTKIBUTIOI OF SULHIATB StTLPHtM
IN WET LMD SOILS

2 Veiiayani

4 Kottarakara

5 Kayamlmlam

11 Maiiniathy

12 Bratharapatliy

17 Pattambi
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FIGURE 6

DISTHIBUTIOI OF SULPHUR

IB THB PROFILE GF KMX LANDS
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B©sml.ts of tlie on th© statas and

dist3?lbmti©ii of sialpte^ la ttmatf prsfileS yepi'Qseiitimg

.different soils t|rpes of Eerals 'af-e dis-eassed in laie

'folloi^Bg page.Sk

f&tal sttipteg^

%© stiifij feireals eoasiie-rafeie -variations in the

total sulptea? .sta:tas of aiffeiFent soil tfp&s in the Stat©.

(fables II to "71),* tm all th© profiles exeept those from'

the Ksri' region and the. fellajraiii feayalj thQ surface soils

contsiE the iia:simim aaoimt of total snlphiai'-, in the Kari

and Vellai'aai feajal psrofiles j, the sufesnrfae# and suhsoil&

contain 'highea? aiaoiMts of to-fcal siilphmr than the stipfaee

soil.: Since the soils of Kuttanad and Pokkali areas

present quite a differeat pattern la th© distrihutioh of

sulphus^ eompoundSj they have heon escluted in the

calculatioa of the aeaji contoats of sulphur in the soils

of Kerala (fable VIX)

In all th© soil profiles excopt th© Karl and fellayani

liayals th© percentage of organic e^rhon is highest ia the

surfaC© soiisj decroasing xfith depth (^ahle I)* , &• close

relationship is ohsenred between organic earhon- content and

total sulphur in the soils. In fact, both organic carbon

and total sulphur d©creas'i5 vith. iaGr«a:SO in the^ depth of

c
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•fee profile. 3?he total sulphur content is significantly

correlated id-th tfee organic carbon for all the layers

(a? s 0.818| Fig.8),

In general, land soils are richer in total

sulphur than dry lanfi soils (tCahle VII)., fhe mean values

for total sulphur in dry lands feeing 6S3,0, 194,2, and ;

126,5 ppra» for the surface, subsurface and subsoils

respectively. Sie corresponding values for wetlands

arelll4,8, 6^i4, and 280.8 ppm.

®ie pattern of variation of total sulphur content

in the Various profiles studied is generally in conformii^

with the reports, of previous workers. A decrease of total

. sulphur with depth observ0d'in the present study, is in

. good agreement td,th the results of Walker and Mams .(1968)5

- X'jho reported mean values of 350,SOS and 115 ppm. for the

A, B and C horizons respectively, in grassland soils of

Hew Zealand, Ksnwar and TaMcar (19@4) also foimd that

the total sulphur decreased i;d.i3a an increase in depth of

the profile in the tea soils of Punjab.

A

^he Kari soils are an exception to this general

pattern, ^he total sulphur, instead of decreasing with

depifc, actually show an increase,. Subramoney {i960) also

recorded 19^0 and 31300 ppm. total sulphur in the surface

soils and subsoils respectively for Kari soils. Moreover

the percentage of organic matter also shows a tendency to
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increase with depth of tJie profile (^able !)• This

escplains the increase in total sulphtir contont with dept^*

Nair C1945) attributed the differences "between t?ariotis

Eari soils to the quantity of organic matter present in

tliem, obtaining valties ranging from to 38,79 per cent.

Since a close relationship exists betvmen total sialphnr

and organic carbon (fig.S)^ a ^jide variation in the sulphur

content of Kari^ soils from different localities could be

expected.

From the foregoing, it would appear th^t high

values of total sulphur obtained for Kerala soils is, by

and large, due to their high organic matter content. As iSie

organic matter generally deoreases i-iith the depth of profile,

the total sulphur content also decreases accordingly,

Qraanie sulphur

ISne percentage of organic sulphur to the tot-al

in Kerala soils paries from 43*14 to 99*50 per cent. However

the mean values for the major soil types show that it constitutes

above 92 per cent of the total sulphur (fable A), fhe

positive correlation, bettfeen^^t organic carbon and iiie

total sulphur obtained in the present atady also Indicates

that laie organic sulphur constitutes the major portion of

the total sulphur. Aidinyan (1^64) reported that 70 to 90

per cent of l^e total sulphur in non-^saiine soils of U,S,S,B,
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' is lotind in tli© orgaaie Kammt aM %&ar (19€4>

fomd that tli© ©yg^aie. salplmr ira-piei f^oa 49 to tS

per ©eat of the total smlpte' la the tea. soils -"of toja"b»

Ih© pefeeatage. df orgaftie to'the t#tal -smlphuy

• "is foaM t© Is©.low. in the Po^all "ssil© ©f State

W AK tfii# Is'ill© to .tlie feeaw .aecoiaiilation ©f -

iaoi-gaaie tQWrns of sul^ter fey t!i© -iaiaa^ati-oa'

•of t!i©s:e s©il0 •% sea

' ThB per©©atkg@ ©f opgaBie siilptei? to the •'to tal sulptei?

,. is Mgtest la, the smpfaee-soils of tlie lateit© fe©lt ©f

- 'toe State (l^aMQ '11 4>»' suli^feate tm. Is ©ne ©f the

'aost aobils lofts pr3?«®s©iit in tlie soil:». iiit@as©' l^^chiag

and m@ ©©ns.eqmoat aepletloa of the iaorganie stalphttff-. ffiakes--

the organie fo®m of .sialpliiir to "be ®©re f3?©Q©i®inaiit» •

fmm -fa.me W- ^ &̂ it is thQ pereentage-

' of' -orgaalc? smlpliw to the total f^ereases. %fitli aepida mdej' '

• feotli ^sf IsBfi. aai wet laa€ <i©iiiitioiiSii !iiis could partly

'Ije aserite.<i to the l©aeMag of laorganie stilphwr eoiapotanas.

•" -to "th.© lotieff ho^isotis aat'pafftlj 'to the acctimtilatioji. of

' •orga.iii.e:-foBas of salpMir in tlie wpBr hmlmtiBi am©

th.@ aadition of o3?gaHic matt©!?*

' Sulptete sulplmg

la an aera-ted soil sulpliate is the wBioT iiiorga.nte

fom of sialpfctu^i, iiaoBg ttie vai?.ious soil %peg iaelttied in

., 1-
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the present study a® maxlinum amoimt of salptotes are
fouad in Kuttonad and potoU soils i&eP® an Increase
in sulphate content idth deptt is oteerved. These soils
are su!)3ootea to periodic immaatioa by brackish vraters,
especially daring tlie summer months, wMeh probably
account for the high sulphate content. However, washing
of ttie surface soils W the flood craters during the•
monsoon season reduces the sulphate content of the surface
soils to Bow^ extent.- ,

Jk

Wet lands,, in g©ii03?al, contain more sulphates than
dry land soils C^ahl© "^ID. As these soils contain a
relatiirelF high, amotmt of. organic sulphur, it is quit©
possible that Mneralisation to inoi'ganic form.has occured
restating in a higher eoncesntsration of sulphatos*

ilhen all the layers are eonsidered together a

significant linear relationship is obtained bat^»jeen the
total sulphmr and the sulphate sulphur (r • 0.6745 Fig.9).
However, no such relationship is evident between the
total sulphur and sulphates '5*jhen surface soils and
subsurface soils are considered separately. The surface

layers ar© susceptible to different degrees of leaching
depending on Itie texture. Hence soluble sulphates are
removed to different extents:; from the surface layers

of different soils and as such no relationship could be
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Ae total siiLpto" and- .

s'o,rfa;ee sat "SBMotls are eonsM@i?e<a ^©paifately.- • ^ ^

Sli® FesiiltS' pFssent^# la. ^abXe iBdiGat® ®i8.t

"mB aeaa eoirfceiit of 'sttigliates Mmrmms mm m increase-

in d.eptli..#. . tbis is 'Sot ease all -tiie

.profiles (faaes M.mS. ^ ^ofil&s §, 13, !%• 19
tafi ^ ti.e l©w®t Xayers. coataia MOf*'© gyJLplsates-tban'tfte
sarfaee- .soils Isspite: ©f fact «iat 'tti© toi^al; sml^^'

"eontmt 40&^0se0 ifilSi. iac?©sM in deptfe.*^ -As these soils-
am m§tt -texteM aM well di^mrnd-, it is possilils tot
stalflia^tes ©-r# lea-^ei. dom: the lo%r©y feeji'iEonss 14i©i?©i33r
©ahaneifig -me-'sulplsate eoaileBt ^of the lmf©3? .l^res^s.# ;

• Wliliaiis aM'ifeitosrgs (196B) fmnd tliat-impoFtajit

: :aat@g0Fi-©s of salfbates |B_tot3?allaa soils iiieiuSe<a
wa%®fsoluble sialisSisteSt .t4so,rl3'̂ siiipbs^®^ aM iiisoltifele ^̂ •
sulp!iat©s' a0SG©i@ted i-jitfe ealeitaiQ carlsonals©*

• aM 4 show'- tiiat Sa fflost of the soils stmdiea tte wte^-

, .sQl-aMe 'sialpftates am- oloselj i-ss©-eiat©d i>rlt!i tbe total
-sialpliates,. •Howeiyt itte,. to a- rery low e©Btmt .©r total
s«ltfMit©s ia i®ofil^s^%, iSt P. aM :lg.,. so seasurafel© . _
quantities of .smlpba.tes' are extracted'by %®ter from

' all, me lajm^s ©f these'profiles* .Stalpiiates-Bot-©straetama
•br X'mtei'. -can, Weonsid©3?si a^" admrhed sulpMtBS,. In most

• of me p'3?|fileSt mis'-aasorfeet .fraetioa of the siaiplaate-
snlpims' iney@ases.-i'ii.% .
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Williams and Steinberg^ (1962) noted that sulphates

•WBT® Fetaiiiefi in some soils by -afisorp.tlQn ^oa clay collids*

Aecording to Snsxaiiigsr (1964) most ,of sui'fae© horisons

gsid light textiuFM splls hat only a low capacity to adsQ2?^

snlpliatG, "but itiat, app3?©eiaMe adsoi'ption was possible

in the B and CJ horisons ii Eaimprath ^ (1956) showed

that ®Xli!ha.te adsorption was Aoj?b in isl elay minerals

and landor acidic conditions* i5ue to the predominance

of isl type of clay ainer-als and accidie nature of the

soils5 it t'Toiild appear thgt most of tho soils of Kerala

are c.apaMe of retaining somo sulphates- by adsorption#

Sulphide smiijh'ur

It is only in the profiles of xjaterlogged paddy

soils that sulphides are found in appreciable asioimts,

Sata presented in tables 1^1 to ?I indicate that only

very little or traees of sulphides are present ^#iea the

moisture content of the soils is beloij 15 per cent#

The profiles 2^7,9,10 and 15, collected from water

logged paddy soils Register mascimm aaomts of sitlphides.'

fhe distrdbution pattern of the sulphides in these profiles

is presented in Fig. ?» $he lowr layers contain considerably

lesser aiaounts of total sulphides than the upper horison*.

%e findings of Ogata^i and Bower (l96S) support these

yesiilts. "Sheir ihTestlgations shoxf that liie conditons

necessa^ for tiie biological reduction of sulphate are an



I

79

anaerobic eii^iroment, and tiie OTessnee of soluble

siilpliatesj airallable organ!e -matter and sulphat© reducing

organisms, Starltey (1§5D) foimd 1tiat sulphate redwoing .

organisms are widely distributed in natiirs and x-7ill grow

wheifever conditions are fawurabl©., According to Ogatai

and Boiler (1966) the organic matter present in -Sie soils

is a less readily assimilable soiarce of energy material

for sulphate reducing organi^s than undecomposed straw*

IJhey fotmd t^iat the latter is abomt 20 times more effective

for sulphate rednctioii '^an tiie fonaer. In paddy soils

large quantities of tindecoaposed plant residues are added

to the surface soil and ttien waterloggedj all the

conditions necessary for the sulphate reduction are

available in liie surface soils# Hie lower layersj however,

are deficit in readily assimilable organic matter tjhich

is the doainating factop influencsing Hie amount of sulphate

reduction in poorly drained soils, ^.is accounts for

the greater amounts of sulphides in the top layers of

wate3?logged soils»

In drylands eventhough only small quantities of
2

sulphides are detected, it is found -iaiat tiie sulphide

concentration increases -ejith increase in the depth of the

profile, ^is is due to a more anaeroMc condition in

the subsoils of dry lands*
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REGRESSIGl OF TOTAL. SULHiUR (y)
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FIGURE 9
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®aus it i^jouia-appear from the present stu^jr tliat
Kerala soils are faii-ly well placed irtim respect to
their sulphur statusi problems posed by some cjf
these soils may be attributofi laore to their relatively
higher content of sTilphur tfian to their deficienoy. In
waterlogged soils the.fltxefeaating emviromental conditions
especially the moisture r@giae, lead to formation of

reduction products of sulphur like sulphides or oxidation

products like sulphitrio acid* This is aggravated in,

some soils by the Ingress of sulphate bearing salin^.
waters. Adetailed-investigation on the factors governing
the transforfflatioa of one form of sulphur to another

may eventually lead to a solution of many of the problamg

encountered with • these soils,.
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SUMMARY AND CONCLUSIONS
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SUMMikHY Ai® GGIGI,USI6HS

A stadjr i-ias made of ttie forms and disijribution of

the stdph-ar 4n fourteen land and six di-y land profiles,

Belatioaship beti^een different foiias of siilphus? and

orgaiiie carbpa \ms irnvk^d out. ©le rasia findings ai"0

as follows5

Is Kerala soils in general are ^-ich in total 'snlphui'

2. Wet land soils contain more sulphur than dry land soils#
I

3,. Total sulph-ai- is signifieantly and positively

coiFffelatsd with organic carbon for all the three layers,

4. Maximum reserves of sulphur are found in the Kari

soil of Euttanad#

5. E^scepting the Kari soils^in general the total sulphur

decreases t/ith an increase in the depth of the profile*

6. Organic sulpliur generally constitutes the major portion

of the total sulphur* The ratio of organic sulphur to

total sulphur decreases with an increase in the depth,
7. In Tferell aerated soil sulphate^sulphur accounts for •tiie

major portion of inorganic sulphtar,

8. All the sulphates in soils gx's not estractable

water and most of tlie soils ©ah retain some sulphates
by adsorption.

9i Sulphate-sulphur is positively correlated i-jith the total
sulphur, when all the layers are considered together#



y

10* III iiglit'»textu2?ed soils the sulphates aeetmiulste

in the lowr ho:?izohs only,

11. Apppeciahie quantities of sulphides a3?© fotind only

in paddy soils*

12# In well^drained soils stilphides accimulate in the

lo^rer !iG3?i2ons while in tsrate3?logged soils maxiiaiia

amowits me found in the stiffsce soils# She eoMitions

favomi'ahle for MologiQal deduction of sulphates ^re

present in the sui'fiace soils of poouly drained paddy

soils.

55ie study has r©'^eal@d that contents of different

forms of sulphur keeps 'pairing frota soil to soil and

frojB hopison to horizon, fhe prohleins posed by some

of these soils may be attai^ihuted laore to their relatively

higher content of sulphiir thga to their deficiency. In

"vxaterlogged soils the fluotusting environmental conditions

especially the moisture regljae, lead to the formation of

reduction products of sulphur like sulphides or ozidatioa

products like sulphuric acid, fhis is aggravated in som©

soils by the ingrosis or sulphate bearing saline waters*
k,{ -

A detailed investigation on the factors governing the

transformation of one form of sulphur to another may

eventually lead to a solution of many of the problems

encountered td-fe these soils#
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FIGUHB 10

SOIL 1-IAP OF KBRALA SHOWIIG THE
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