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INTRODUCTION

Sulphur occupies a pre-eminent place in agriculture.
It is an essential element for all forms of life, for
it is a common constituent of proteins. The two amino .
acidg Methionine and Cystine, commonly found in plants
contain sulphur to thé extent of 21 and 27 per cent
respectively. Two growth regulatoré thiamin and-biotin,
éontain sulphur., 7The charaéteristic flavour of certain
vegetable oils are due to volatile compounds of sulphur,
Total sulphur in plants may approach or even exceed the
concentrations of phosphq;@é,ﬁ ’ *

Though the essential &ture of sulphulr was
demonstrated a centugqﬁéné a half ago, this nutrient
received only sporadie study at the hands of agricultural
scientists; A renewed intersst in sulphur as a plant
nutrient has followed reports of response to sulppur
 from certain places. Many soils of Australia an@ New
Zealand are re{)or"‘ced as defieient in sulphur., In India

sulphur deficiency is reported only in the tea soils

of Pu.nj ab.

Sulphur is present in soils both in inorganic

and organie forms, Very little information is avallable

a




regarding the nature of compounds in so6il and whatever
information available is confined merely to total
sulphur and sulphate sulphur. Plants absorb sulphur
from the soil pripcipaliy as sulphates. . The main
reservoir of available sulphur in most agricultural

soils is, however, in the organic matter.

Sulphur is in an enéiess and recurrent cycle.
Initially derived from soil mineials, suiphur is
also added to the soil by rain and irrigation waters,
atmosphere, fertilizers, insecticides and fungicidés.A
It 4s removed from the soil by plants and partially
or completely feturned to it in plant residues and
ahimal products. In the 80il, sulphur undergoes certain
changes which direetly or indirectly affect plant
‘growth. |

. Transformations of both organic and inorganiec
-sulphur compounds within the soil are largely microbial.
They are accomplished by'divefse organisms and the end
products that accumilate 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,growth..

Thus 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 soilse In view of the fact:. that no such data
are available for the soils of Kerala, the present

- study is undertaken with the fbllbﬁing objectives.

1l To agssess the different forms of sulphur

present in soll profiles of Kerala State.

2, To compare the distribution of various
forms of sulphur in dry land soils and

wet land soils.

~ 3, To study the relationships amongst the
'»~}<yarious forms of sulphur and with organic

matﬁer in seil,-
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REVIEW OF LITERATURE

o Salp&ﬁr ié-yresant in soils in both inorganic
and organie‘for@s' VYery 1ittle information is available
| regarding ﬁhe.naﬁu?s of sulphur ebﬁpounﬁs in soil and
whatever inférmati@n‘availabla ig confined merely to

total sulphur an&isalghate sul§hur;

- Considering %h@ reactions vhereby orgarnié and
innrganlc sulphur compounds were transformed by A
micro-organisms, Stark@y {lgsﬁ)aaserveé that many sulphur

: campounds were pf@énced in,sﬁils, but as they were

- susceptible to d@GOmPGSLtiOB, they did nat aecamulaﬁe

- and were not detected. In additlion to HpS and sulphates,
a.vthiosulphates; tetrathianaﬁ@s; and'otﬁer polythicnates,
end even elemental sulphur were detected.  Among the
‘ ofganig forms of sulphur,; the amino aeids cystine, eysteiney.
méthionine, taurine; ethereal sulphates, thiouvea, glucosides

_ and th@*vi@ggins thiamin snd biotin have been detected.

"\<§

Eadio~chramatagraphic 1nvest?gaticns on the
cycle of qulphate and ﬁhe sulphnr amino aclds by
Scharphnseel and Kraasse (1963) rovealed that the sulphur
amino secids pctent;ally eccuriﬁg in soils and humic aclds,
. were éainiy cysteic acxds,'eystenine~sulyninie acidss

taurine, methionine sulphone, cystine and methionineg.



~

ReV1e;ing certain aspects of sulphur as a soll

censtlcupnﬂ and 3lant nutrient, ﬁreney et al (1962)

found that most of the sulphup lﬁ humld reg&ons was in

organic form. Thgy also noted that in most agricultural

ébils the inorgenic fractlion contained only a small

‘portion of forms other than sulphates,

wﬁl;iams»and‘Steinbergs,clgaa)- studying the

'ghgmiggl nature of sulphate in some Augtralian soils,

observed that in the surfaes horizons of most of the

'weli drained acid.seils,’ﬁearly a1l the sulphur vas

present in organlc form. I+4 was also established

ﬁhat except under anaeroblc conditions, when rediuced

form of sulﬂhur, particularly sulphates mmght predominaﬁa;
most of the inorgﬂnlc sulphur in soils occured as
sulpnates, Williams and Steinbergs (1965) also renewted

that sulphur occured in 50113 mainly in organic form

- er as sulphate. Th@y concluded that important

\_

caﬁegerles of qulphute in Australisn soils included .
Uater~selab1e sul@ba%e, adsorbed sulphate and insoluble

sulphate assoczated with caleium carbonate.

L That e@ganlc form of -sulphur constitutes the
mager gortian of valpﬁur in soils ig also supported by
dhe Pindings of Shkoude (1957), Walker (i957) Freney (1988)

Johaﬁsson (1959), Olivero (1960), Ksnwar end Snrlnder

;ﬁohan (1962) , Aidinyan {(1964) and Kenvar and Takkar(1964) .




Distribution of different forms ofjsulphur,in golils.

Rost (1922) detected occurence of sulphides in’
samples of peat aﬁd muck from Golden Valley peat
éxperimenﬁ fields of Minnesota. Sulphides were found -

- at all levels in the peat, in the muck substratum and

in the upper portion of the minersl sub-soil below.
Bxpressing the sulphide content as HpS, he found a
minimum of 0,016 per cent and a maximum of 0.06 per cent
for ;h@ lower most layers of peat and 0.002 and 0,013

per cent for the muck substratum immediately below.

‘EBvans and Rost (1945) determined the amount of
iorganic sulphur in a number of Minmesota goils. The
data shoved that the chernozems, black praire soils,
northeeaétern podsols snd north~central podsols.containeé
‘7?.3, 71.0, 49.5 and 45.4 per c¢ent respectively of thelr
total éulphur in Qrgenié form. In the sub-surface layers
studied, they found that only 9-15 per cent was in.

organic form. -

~

Madsnov (1946) determining sulphur content
of a number of'chernozém and chestnﬁﬁ-soils, found that
in chernogem the organic sulphur constituted about
75 per cent énd‘in‘chéstnut éoils about 50 per cent

of the totel sulphur,

Investigating the total sulphur content of a



wide range of lowveld soils, Goldschmit (1951) reported
a variation from 40 to 1800 lb/zc.ft. 1t vas also

~ observed that sendy granite soils contained much lower
amounts than loams or heavy loams of fairly high organié

matter.

Thé sulphur content‘of'soi;s in the humid areas
of the United States was listed by Millar (1951). The
tqtalﬁémlphéte in some soils varied from 2.8 per cent
in chérngzems (about 73 per cent inorganic form)\ o
7.2 per cent in po&sels‘(about éﬁ perfeeﬂt inrarganie

‘form).

According to Shkonde (1957) tﬁe sulphur content
of Zei-Bnrya.scilg of Russla varied from 0.10 to 0.05
per cent‘OT»less. Of these about 90 per cent of the
'sulphﬁr in the pléﬁghed layer of meadow dark-brown soil
—wags represented hy organie sulphur and stable minerals
and invsod~§ads®lib gsoils these Torms represented

280 per cent-of the totel sulphur.

From the surface horigons of red-yellow pedsolié
\séils of south-eastern parts of United States, Jordan
'and Bardsley (1958) got only 3 ppm. or less of sulphur
'extréétable by"Morgan’s CHQ COONa - buffer, and it

. tended to accumnlate 6=30 inches below the surface.



About 30 per cent of the agricultural solls of
West Scotland as examined by Little (1958), had readily
soluble sulphate content of less than 40 mg./100 g.

801l and 7 per cent had less than 3 nmg.

' Reviewing the role of sulphur in goil fertility,
‘Jordan and Ensminger (1958) estéblished the variability
of total sulphur éonténﬁ of soils. 4s estimated'by'
,Bobiﬁson'(1917), the range of total sulphur content was
0.008 to O.léé per cent for the ﬁop‘sqil.lByers et al (19383
gévg.O,GQS per cent as the average content of sulphur in’

A and B horizons of 18_répresentative solls,

~ VWalker and Adams (1958) determining the sulphur
cqgt&nt}af the grassland sailsAof New Zealan& for -3
:horizons, found mesn values of 700, 410 and 230 1b./ac.
: for the A, B and C horizons respectively. Soills in
:strongly ﬁeathered sequence had higher sulphur content
'in all the three horizons studied, as reported by Welker
:énd‘Adams (1959). Investigations in a chronosequence at
‘Taupo (New Zealand) by Walker, Thapa and Adams (1959)°
showed'the percentége of sulphur inereased stesdily with
;timé; -Gompariné the virgin soils and 25 year old pastures
;in thé éhroncsequence, they ObSQPVéd that the average

. armual increase was 14 1b.. sulphur per acre.

Jordan and Baker (1959) reported that the total



sulphur content of Norith Idaho soils varied from

0,020 %o 0.039 per cent.

B Estimatihg gifferent forms of sulphur in -the

, Cglcareoas and non-caleareous soile of Italy, Olivero
(1960) found that the content of organic sulphur varied
from 77 to 2300 pPDM. | '

Williams gt al (1960) recorded occurence of
insoluble sulphate associated with calcium carbonate in

calecareous soils in‘Séotléné.

_ In a group of 24 soils studied by Freney (1961),
only about L per cent of the total sulphur occured in

-ih@fganic compounds less oxidized than sulphates.

The values for availeble sulphur in 106 different
?qlish éeils, estimated by Nowosielski (1961), varied
- from O.é to 52 mg./100 g. in the arable layers and from
-traCes tq about 15 mg., in”the.dgeper horizons: The :
lvalues were lowest in light loamy soils and highest in‘~'

peats.

Parson and Tinsley (1961) suggested that the
organic compounds in thé soil organlc matter to which a
reconsiderable fraction of the soil sulphur is covalently

~bound, could be sulphated polysaecharides.or sulphate




_'aste?s»of'phenals and they showed ﬁﬁat polysaccharides

migpt.gcnstitute up to 30 per cent of the organie

Kanwar and aurinder Hohan.(lgﬁz) vhile studylng
the d1Suributiom o; differont forms of sulphnr in

of ?heﬁtotal‘sﬁlphurfin acid soils, while it was only

19 per cent in alkeline soils,

Comparing the nntrlent status of a peaty soil
anﬂ a red loam laterite soil of Kerala, Money (1962)
ioun@lthau smlghaﬁe content of the peaty soil was 2.3
per éent vhile it was only in.traces in the red loam

soil.

Lowe and. Delong (1963) observed that organic

»soils of Qubec contalned subsﬁantially nore carbon~

10

>;?unaa§ Sgils, found that organic sulphur zormed 72 per cent

bonded sulphur than did mineral soils. Comparing between -

‘organic soils .and mineral soils in the above studies,

the range for sulphur values bonded to ecarbon obtained,
varied from 47 to 58 per cent in the former and 12.35

per cent in the latter.

Tazyun and Tszin (1963) determined microquantities
of Hgslin Chinese ;éils:by iéotoﬁic ailution using
~radioactive isotopehs 35-, Under ardingry conditions,
riee soils contained only a few mg. HgS per 100 nmg.

The pH as well as the iron and manwanese content of




'Chine se 501ls suggested that Ho8 poisoning would be

;infrequent.

Aidinyan (1964) studied the content and-forms of
compounds of suléhur in various soils of the U.S.S5.R.
In non-saline soils, the distribution of sulphur depended
.on.the‘éistributiaa of humus eaﬁboni 'Sﬁlphur accumulsation
wvas greatest in the humus aceumulative horizons and
decreased gradually towards the parent maferial._ln
ncnﬁsaiine soils 70-90 per cent of the totsl sulphur
was bound.to'orgapic matter and sulphur occured in all
‘thé»main fracﬁibns bf the humug. Sulphur reserves in
the SOllS studied were 1-9 ions/ha, The reserves
were higheﬂ in peat solls and lov in sandy-loamy podzolic

solls.

3 JacksOn (1964) observed ﬁhaﬁ field séils of
humid temperate regions contained 50-100 ppm. water
soluble sulphates and 100-1500 ppm. total sulphates.
‘Distribution of total sulphur in the profile varied

from soil to soil.

Kanvar and - Takkar (1964) studied the distribution
;of sulphur forms in tea soils of the Punjab. The total‘
sulphur in those soils varied from 130.2 to 208.9 ppnm.
with 2 mean value of 188.8 ppm. The orgenic sulphur
content varied from 49 to 95 per cent of the total



sulphur with a mean value of 72 per ecent. They also
”foupd'that>the total sulphur decreased with‘an increase

in the depth in profile.

Massoumi and Cornfiéld (1964) analysing 58
'samples of mineral soils,reported that total sulphur
varied from 112 to 1775 ppm. They also found that
caleareous soils were richer,wlth average values of
;858 ppm{/than non-caleareous soils with values of

485 ppm. in total sulphur.

~ Naik and Pas (1964) tested samples representative
;éf—thg maih soil typés oftlndia Pfor the available sulphar
fby Aspergillus niger method.- Their studies revealed

that a large number of laterites, red and alluvial soils
‘canﬁaiged less.than 10 ppm. available sulphur. Black and
gpastal alluvial soils were richer. Saline and alkaline

_soils gave high velues with a mean of 1074 DD

\ Nelsbn,(lgeél observed that organic sulphur
content of 12 ﬁissiséippi soils ranged from 57 to 353
pounds per acre. Nikolov {1964) studied 17 soil types
.of Bungaria and found that the sulphur content was |
- 14.9 to 37.2 mg./lﬂo g. in the top horizon, and 9.1 to
rzb,é mg. in the C horizon. He also observed that the

sﬁlphur content depended mainly on the organic matter

12,
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content. Chernozem-smonitgas and chernozems had highesf
_proportion of sulphur, cinnammon forsst contained the

lowesty, while grey forest contained intermediate properties.

Work of Davidesco and Palovski (1965) on soils

‘ of Rumania showed that the sulphur content in the arable
layers varied from 16 mg, per 100 g. in the reddish brown.
a forest soil to 44 ng. per 100 g. in—the—reddich-brown
forest—soil-to 44 g, in leached chemnozems. In the
reddish brown forest soil the fulvie acid fraction of

the humus contzined more sulphur. (10-12 mg./100 g.) than
did humic acid fraction (68 mg,/100 g.) -

Sulphur transformations

Véiner and Orlcvsky (1948) detected sulphate
reducing bacteria in saline soils and particulérly-in.
;éeaty and bog solonchaks, where anaerobic conditions
prevailed. Their activity was demonstrated by a decrease
in the quantity of sulphates and increase in the quantity
of sulphide and bicarbonate in the culture solution
inoculated with the soils.. : .

Hughes.(1949) found-that though saw-dust
improved the physical condition of soil, decomposition
of some hardwood saw-dust led to the fermation of sulphides

toxic to plant life.




o Aecord;mgky to Starkey (1950) mﬂero-organisms
that transform smlphuf and its camyounds are present
in soils: Tﬁe transformatien of any one organism is ﬁ
maskeﬁ by the reaction of others and the material that
-iaccumnlate is either the completely oxidised product,
sulphate - under aerabicfconditions_nfcr the reduced

product,sulphide « under anaerobile econditions.

| :Bx-om:ﬂ eld (1953} noticed that after treatment
u1th volatile antlseptlcs, some soils evolved HoS vhen
'mp%stanad w;th sgnrese and ammonium sulphate and
inoubated serobically. He identified the bacterium

,praﬁueing'ﬁgS‘ﬁﬁ‘Bacillué meiaﬁherium; Y

| K@yama and Sugsrvasa (1953) abservad that all
submefged 31tuat¢ons are not re&ucing. Several lake
‘muds contained mopre of their innrﬁanie sulphur as

_sulphate than as sulphide.

Satyanarayana and Datﬁa (1953) noted sulphate
rédﬁémna organismﬂ in all tbe nrcfil@s in the soils
of Rann area of Guteh. -Thelr activity varied throughout
‘the profile imdepenﬁently of the horizon. The Qrganism

‘yas & rod—shapedfmotile spore~former.

Starkey et al (1953) showved that end products

of ﬁhé decomposition of cystine by micro~organisms



,ig@;aﬁga.f:om Qoil may be sulphate, sulphide, or

galyﬁhiona%es depending on the experimental eonéitians.

“ Plccl (1%54) reg@rta@ that the rate of sulphur
faxidation was highest at 15 to 20 per cent moisture
content and in samples with a sand clay ratio of 3il.
Addition of pepione and glucose ineregsed sulphur
oxidations more than mineral mitrogen and complex

. earbohydrates.

o Hasse (1956) studying the sulphur metabolism
{in 39115 and mu&s, found that the orgenic sulphur in
}@he mnd was slowly oxldised to sulphate'but‘a reduction
;ta sulphide oceured under predominanﬁly water-logged

1ean@1niens.

o Aécaréing to Frederick gt al 1 (1957) sulphate was‘
the wa jor product mhpn eystine was aé@ed to the soil,
,QThe1r stuéy on the ﬁeﬁfadatisn of meﬁhlanine 1n seil
fshewed that sulghur of meghimanE»@as released as methyl
j@ercaﬁtaﬁ{ gaﬁt'of‘whiéh was oxidised to dimethyl
.disulphide. Thesé workers observed no sulphgte in

“the end products of methionine.

Hosse (1957) noticed that biological oxldation

,oﬁrargaﬁie.sﬁlphur‘was extrenely slow eam@ared with that

15



- of earbon and nitrogen. Incubétion with sulphur éontaihing
amino acids or CaS04 increased the rate of dxidation of

_soil sulphur.

Barrow (1958) investigated the effect of nitrogen
and sulphur content of organic matter én the production
of ammonlum and sulphats. mhen~tﬁe~d/s ratio was reduced
to 80/1, S04 nroductﬁon oecured' vhen H in the organic

matter was redueed, oﬁé,prqéuctlon'wHS'enhanced.

o Freney (1958 ‘followed the aeroblc trensformation
of cys telne tc sulphate in soil and estzblished a

sequence in the folloving order.

Gygteine--¢weys€ine e cystine disulphoxide -»

cysteine sulphinic acid ~» sulphate.

Studyvng the fixation of «ulnhur in the muck of
‘ Lahe Victoria, Hesse {1958) pointed out that in the
presence of large amount of organic sulphur, sulphates _

were present more than sulphides.

Sperber (1958) suggested that production of HoS
by several stralns of Baeillus ggggﬁ@g:;gg_mlght transfofm
. Perric phosphate to black forms of sulphi&e0with‘release

of aveilable phosphate. Hart (1959) concluded that
-éﬁi@hide accﬁmulatian vas Tairly common under strongly

‘reducing’QSﬁﬁitionféueh as at depth in tidal swvamps or

16
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“in poorly drained sub~soils,

- Subramaney (1960) studied Lhe sulghuy bacterial
‘ fcycle and the Drobable mcchaﬂism of tﬁXiclty in acid j
‘solls of FeraTa and worked out the sulphur mlcrobia?

gagcle in the fellsylmg reversinle seﬁuence.

Snlphuricjaéid _:;5: ‘Sulﬁhates  imaeatee

e
Sulphides T organic and elementel sulphur =X

- eulphuric abid;*

| Accardlng to Stevenson (1964) the sulphur cyele
'1n goil is divided into four aicﬁlnct phases, viz.,

'minefaliaation, ;gm@bxlisa%i@n, oxidation and~reduetiohw

~ Results obtained by Ogate: and Bover (1965)
;ndigateé‘thé% ayprééiéble rédueﬁi@ﬂ of ﬁhé sulphate
éid not occur im-goarly‘&raiﬁéﬁ §aline'SGils,unl$ss'
=nndecomposed plant r@siduu was present or the soil organic -

Fmﬂtuer was greater ther 5 per cent.

.‘Faetors 1nflxenelng the retention and mobilﬁratlon

” ‘ni’ sulnhates in_soil

Tikhova (1953&) observeﬁ the absorptlan of
‘snlphate to be gf@atest in soils of the moist sub~ replcs,

| 1ess in SOd~p0dZOllc soils and least in chernozei, dheqﬁnﬁt

ana solonetz. S%udylnb the canditi@ns of abcorptlon of



‘the anions by soils from solutions, Tikhova (1953 b)
found that maximum absorpiion was at a conecntration
~ of 0.02N, a soil solutlon ratio of 1.25 and tine of

interaction of 24 hours.

| _'Enéminger (1954) s%udying the factors affecting
the adsorption of sulphate by ﬁlabama'soil showed that
sulphate was retained o a certaih'éxﬁent in moist-
soils. The sub-surfaéé layers absorbed moré sulbhate
than the surface lajers. Aluminum 6xides had a'high
capaclty to adsorb sulphéte; He also suggested that
the sulphate leached from the top soil might be V

retained further down in the profilé by a clay 1ayér,

Kamprath ot al (1956) investigated the effect '
ofvpﬁ, sulphate and phosphate coneeﬁtrationsﬂon'ﬁhe
adsorption of sulpha%es by soils and found that soils
containing reiatively large amounts of l:i type of
élay mineral adsorbed more 804 from 39804,s¢1utioné
thaﬁ'did séil in which 231 fype~clay minerals predomi«
nated. Sulphate'adscrption decéeased as pH inereased
from 4 to 6 and was directly related to S04
. concentration. Iﬁéréaéing the POy content of the

solution réduced S04 adsorption.

Lysimeter studles reported by Hington (1959)
showed théﬁ sulphgte might be readily leached from
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light textured soils. Investzwations of Meclun et al (1959)
-suggested the downirard movement of sulphur under cropping.
Neller (1959) noticed that sulphate Leached from the

surface was retained by elay layer further dOTT.

Schell and Jordan (1959) postulateé three machanlsms
of adscrptlon of sulnhate by clay minerals; viz.,
adsorptvcn at the ox change sites, oeclusion between
the lattice and substitution for aluminum and silicon
" in the léttice; |

' McKell and Williems (1960) pointed out that
18 inche¢ of nercolates removed 77 per cent of the sulphur

contained in 100 1b. gypsun applied to a sandy soil,

~ The studies of Liu and Thomas (1961) explainéﬂ
the increase in sulphate rata@tion with increaging - \
concentration and Gecreasing pi, He‘found that in
acid red soils the sulphate lon exchanged with'ééme of
the hydroxyl ions on the hydroay—alum¢num (or iron)

: nolymers.

Tikhova (1962) studied the mobilization of sulphate
’in a leéched chérnozém and reported'mobiiization of" 504
originating from organic sulphur in humic substances,
inéféased with incréasing moiéturé content. Mabilizaﬁian

was decfeased by Co and promoted by X and Na. -Highest



mobilizati@ﬁ of 364 ocenred on deereasing pH from 6

to 1.52 or ineressing it from 7 to 9.35.

Chang and Thomas (1963) sugsested a mechenism
for sulphate adsorpitlon by soile, which was in agreement

) with the vieﬁs prasented by these authors earlier (19a1).

Chao (1064) reported the effect of 26 imorgsniec
and organiec aniéns on the SG% pdsorption by soil
susp@nsian; 0f the anieﬂs,‘la‘were observed to

decrease 804 adsorption,

According to-@&elien,ﬁlﬁﬁﬁ) leaching of sulphate
was closely related with the smount of readily soluble

‘S@% in the soil and the ihtensity.of leaching.

Chao et al (lgﬁé)studied the exchange reactions
between OH and S04 lons in soils;ané obtained
corroborative evidence to the eﬁfeé% that the retention
of 804 involved an anion = exchénge reactlon with.ﬁﬂ

groups in 86ilg.




MATERIALS AND METHODS



MATERIALS AWD - - METHOBS

J Ehe,matgrial for the ‘presan% stuﬁy consisted of
Eﬂ:pgéfiies whieh inclnééd_l@ vet lands and 6 dry lands
$e§r§§gg£i§g“diffefent soll types of Kerala, In addition
%bAtheségjs;ﬁa?faeevsam@les from typical paddy lands were

alse included.

Soil sampling aind preparstion of samples

Each of the profile was Qafked'in%@"ﬁhrae‘harizons‘-
'a§é deseribed in-this thesis as *surface soilt,
tsubsurface soil' and 'subsoil! as per the depths given

below.

a: 0«20 em Surface soil,
b. 20 = 40 e, ;Su%'sm:—‘faca soils
CGe 40 =« €0 cem, Subsgoil,

Composgite samples éf each horigon were fhoroaghl?
nixed and a_pqrﬁian of 500 gQ was ﬁréﬁsfeffe&,inﬁova*
polytﬁene‘baé;ﬂ“ﬁhig was then treated giﬁh 10 per éent
Zine aeetate salaﬁigi“tc p?@ﬁentiﬁhe ioss of sulﬁhides.
Buplieatevsampleslef*untréated'sﬁmples H@fg»alsa stored
in éirﬁigﬁﬁ.gel&%hene bags. About 800 g. of the untreated
_saﬁples~ﬁere air-dried, gently erushed an@.yaased'threagh

a 2 mn, sleve and stored in properly labelled glass bottles.



Abou% 15 g. of theselair~érie& samples were ground in
a %oreelain mortar and ﬁhese wera stored in paper nackets

” ‘along with the dﬁieﬂ samples.

&nmlf%iéal;afaee&aﬁes

- 'The samples were analysed for difféent forms |
af sulphur and organic matter content. The- pH values were .

also ﬂetermzneé.

Tﬂt§1t8§;ﬁhﬂ?3 The total sulphur;in‘the soll was determined

by fuéion’wiﬁh RagCOs and ﬂéﬂﬁé,accm$ding1%g Robinson's
© method as described by 3aeksan‘(19583;"Vérsenat@ method
of Jackson was fellawed for the @stﬁmatlon of sulphates
in the water extract. . ‘

l g« of xinely grﬁund soil sample was xused in '
a platinnm eracible vith five times the welght of
EagGaé ‘gnd 0.2 to 0.3 ga'cf'ﬁaﬂﬁé in an'elea%éic furnaee.
After the fusion, the melt was ﬁﬁordughly ﬁisiﬁﬁegraﬁé&
in wvater on @ sﬁaamfbath; The solution was then filtered .
and the volume maﬁe up. to 1@0 ml. In a vclume%rie flaslks
Sulphgtes in an aliauct of the solution were precipmtaﬁeé
by the adﬁ¢tiaa of ah excess quantity of s andard BaG12
solution and th@ excess Ba-rengining after the precipitatien

- of B&S.&-@aﬁ determined by titration with vergenate.

'Watevvsdlub1e sul§hate‘sulggggl 30 g, fresh soil and 150 ml.

éis%illea water vere shaken,fer 20 minutes. The susgpension



- was i‘ilte:ed fbhféngh Whatman's No,42 fil"her 3@@1&* The
sulphate content of the ex*%::ﬁéé ct-was determined by versenate
methods The total volume of the soll extract ;vsas caleulated
by adding up the moisture content of the fresh soil and

the water added to the soile |

Total sulphate Sul?hlii‘? Total sulphates were extracted

in two stages, first il th Q.2 N HCL and then with water
(Rgvshevskaya, 1959 and Willlams and Steinberg, 1962)

- 30 g. ;i‘msb soll Vas' shaken with 100 ml. 9.»31*'% HC1
\fclar; 30 mimntes. The suspension was filtered through '
Wna tmén:“ Wo,42 filter paper. The goil was %;fvaﬁ.é;fex*red
back to th@ sha?;{ing batt}.a and 50 ml. ciis‘tilled vater
added %o 1t. Small quantities of CaC'S were added '&111
the suspension was n@utm‘i to litmus pape.z. The sue@easv on
was agﬁin shal«iea mr 20 minutes and £i1 tered ih‘feugh
‘Léiha tman®s Ee,éz filter Paper. Tbc soil was re@eataﬂly
_,..uzyaghec'i with dis tillaci wvater., ®ill a total quantity of about
200 nl. filterate was ealleei:e&. The iron and aluminum -
from the s alutmm were femved by HHa4O0H sezsa:e?atmn
as described by Jackson (1988). The volusme of* the
solution with the sesgﬂloﬁiae precipitates was then
made up to 250 ml. and the suspension wag filtered .
i;‘msc;ggh a dry i":‘t‘.li’:er. paper. ~3ulpha%:é content of the
fili;{gra—té in aliquots of 40 ml. was determined by -

versenate methods
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Sulphide Smlﬁhufg The gulphide sulghur vas deternined

iodometrically by the Kazwetssv‘ method as deseribed

by Kader (1963). For the collection and estimation of |
the HgS libersted from the soil, the proecedure recommended
by the American Public Health Assoclation (1960) was

k3
adoyted aa a ma&xflcat&@ﬁ to. the above method.

. with s dropping funnel for Eﬁl, an inlet for 062 ‘and an -
outlet for the Hg8, To the outlet mefe egﬂnaeted o
150 mle ufleameyer flasks each containing about 5 mly

) Qﬁ zine acetate solution dllubed %o 100 ml. and sultable
| connections to pass the gas through %hem in serﬁes; To
ensure eamglcte abserytion of the Hgs from %he reaetiom
| vessel, ﬁne aaﬁlet of the second absorption vessel was
connected to an aspirator aéjustea to drain water ot a

very slowv rabe.

_ Soil sample: preserved by the treatment vith
zine ace%ate solutlan was used to estimate the sulphides.
neighed quan%zty of about B0 g. soil was taken in the

- reaction vessel and 20 ml. cont. HCL wos added to it
through the dropping funnel. COp gas (produced by ths

' peaction af;ﬁaﬁﬁg and HCL) was alloved to pass through
ﬁhe 8%33?3%&%3 After one houwr, stanﬁard iodine solution;

well in excess of the smoun® necessary to react wﬁth the
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- collected sulphides (Jjudged by the turbidity in the zine
acetate solution) was added to the sclgﬁion-in the
absorption vessels. ‘Tﬁié was-ﬁhan\acidified with

& ml, eonc. HCL, stoppered, shaken andVSeﬁ;aside for

5 minuteén The solutions from bothﬂthe %éssels were
then transferred quantiﬁative*y into a larger flask and
the excess iodine was back titrated against standard ,

sedium thiosulphatgwsolution using starch as indicator.

For overy set' of es uimations caered out each day,
a blank was also run wzth the feagents. Sulphide content
of the soil was ealculatgd on»evenydry ﬁasis; The moisture
percentage of the zine acetéte treated soilé-were

determined separatelye

Organic sulphur? The values for the organic sulphur were

obtainéd byﬁsmbtraéting ﬁhe sum~of‘sﬁlphate and sulphide
sulphur from the total sulphur,

Organic carboni . Organic carbon was estimated by Walkley<
Black mothod with the modifications of Smith and Weldon (1941)
és desgribeé by Jéckson (1958),

Bependﬁna onkﬁhe ‘organic matter content of the
éoil& 0.1 0 1.5 g. finely ground airnd;ied s0il 'was
.treatéd with 10 ml. normal potassiﬁm dichromate solution
end 20 ml. concentrated sulphuric acié and kept for
half an hour. An excess of /2 ferr0us“solution'wés

added to the chromic acid remaining aftgr digestion.




The excess ferrous solution was back titrated againgt

standard potassium permanganate solution.

p ¢ pH was messured in a 122.5 soil water suspension

uging a. glass slectrode pH neter.

Hoisture: 10 g« fresh soil was dried in an alr oven
at 100 - 105°C to constent weight and the loss in weight

was expressed as percentage on oven-dry basis.
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MDRRHGLGGIG&L DESCRIPTI@NS OF THE 801 PRQFILES
P RO P IL E l

gﬁocatien

Soil type

Special features

Samples collected:

la. Surface goil

Pl

1b.Subsurface soil

(20 =~ 40 cm.)

le.Subsoil
(40 -~ 60 em.)

Agricultural College and Research
Institute, Velleyani, Trivandrun District.

Red loam lateritic region, Kayal area.

The site recently reclaimed snd brought
under Qadéy cultivation, subjeet to
Tlooding. .-

10 TR ¢/2 light brownish grey,
5/3 wmoist; sandy loam; non-gticky snd
non=plastic vhen wet, loose and

friable when dry.

10 YR 6/3 pale brown, 5/3 moist;

g1t loam; slightly stieky and

non-plastie when wet and soft when dry.

10 Yﬁu4/3 &ark:brown, 4/2 moisty

peaty in nature with high content of

gérﬁially decomposed organic matter.



PROFILE 2

Location
_ Soil type
Special features.

Samples collected:

23, Surface soil

2b.Subsurface soil

2¢. Subsoil

- Agricultural College and Researeh

Institute, Vellaysni, Trivandrum Qisﬁriét%'

Red loam lateritie reglon; wet,

'ambie-t:my pgddy lands.

_Subjeet to fﬁbﬁdﬂﬁg, remain gubmerged

for three to fanr;mehths a year.

10 ¥R 6/8 brownish yellow, 5/8 moist;
sandy ¢lay; sticky and slightly plastie
vhen wet, firm and hard when dry.

7.5 YR 6/8 reddish yellow, 5/8 moist;
sandy clay; stieky end plastic vhen wet,
firm and herd when dry. ‘

7.5 YR 6/6 reddish yellow, 5/6 moist;
gilt clay; sticky and plastic wvhen wet,
firm and hard yhen Ary.



PROFILE 3
Location. Agricultural College and Research
Institute, Vellayani,Trivandrum Distriet.
‘Soil type | Red loam lateﬁitie regiong
dry lands. |
Special feature. = = Normal relief, well dréimé,

‘Végeta"aien nginly éoeonut.

" Bamples colleecteds
3a. Surface soil - 7+8 IR 5/8 strong bré&m, 8/7 moist;

(0 = 20 cm.) ‘ .
sandy loamj slightly sticky and

non-plastiec when wet, loose and
friablei!: when dry.
3b. Subsurface soll 7.5 YR 6/6 reddish yellow, 6/6 maist‘;.;l, 3
(20 - 40 cms) | " |
: ) - fine sandy loamj slightly sticky and
non=pls 'sti‘c vhen wety friéble and
o sof‘t vhen 4Ary. |
8¢, Subsoil L 5 ¥R 6/8 reddish yellow, 6/8 moist;
sandy clay loam; slightly sticky and
- non~plastie when wet, firm and slightly
hard when 4ry. ’ “
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PROFILE &«

Loeation
S6il type
Special features

Samples collected:

4a. Surface soil

4b, Subgurface soil
(20 - 40 cm.)

4c¢. Subsoil ,

Rice Research Station, Kbttsrakéra,
Quilon District.

Laterite regian;’%st,A
vdoublewerap-paddy?lands.‘
Narrow strip of terraced lands in

the valleys of hills, moderately
well drained. '

10 YR 5/6 yellowish brown, 3/3 moists

clay loam, sticky and ﬁlastic‘when wetb,.
firm and hard vhen dry. .

10 IR 5/¢.yellowish brown, 3/3 moist;

- sandy clay; sticky and plastie when wet,

firm and hard when ary.

10 YR 5/8 yellowish brown, 4/4 moisty
sandy clay; sticky and plastic when wet,
firm and hard when dry.



PROFILE 5

Location
Soil type

-Special festures

Samples collected:

Sa. Surface soil
60 - 20 em,)

5b. Subsurface soil
(20 - 40 Cita )

5c. Subsoil .
- (40 - . )

Rice Research Station,
Kayamkulam, Alleppey Distriect,

Sandy soil tract; wet,

double~crep'paddy lands.

Nearly flat lands

10 YR 6/2 light brownish grey,
4/3-maist; sandy loams non-sticky
and non-plastie when wet; loose

vhen dry.

10 ¥R 5/6 yellowish'brown,
5/4 moist; sandy loam; non-sticky
and non-plastic when vet, very.

friable and loose when dry.

10 ¥R 6/6 brownish yellow, 6/6 moist;
sandy loam; slightly sticky and
non=plastie wvhen vetd, friablé and

soft when ary.
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PROFILE ¢
Location Rice Research Station
Kayamimulam, Alleppey District.

Soil type Sandy soil tract, dry lands.

Speclal features. ~ Nearly fiat lands, somewhat
éxeéssively drained, veéetation

mainly coconut palms.
Samples collecteds:

6a, Surface soil " 10 YR 5/2 greyish browm, 3/2 moigts
(0“20 Chi, ) ’
~ loamy send; loose and friable.

6b. Subsurface soil 10 YR 5/2 preyish brown, 3/2 moist
(20 - 40 on.) )
loamy sand; loose and very friable.
6¢. Subsoil | 10 ¥R g/2 péle brown, 4/2 moigt;

sandy loam; loose and friable.
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PROFILE %

Location - Rt Bioek Kayal

| Alleppey,
Soil type _ Lake bed soilsg vet, paddy lands.
Speecial .features Lands below sea lovel, very pobrly

drained, paddy crop taken after

devatering operations.
Samples collected:

7a. Surface soil 2.5 Y 4/1 dark greyish brown,
(0 - 20 em.) ‘ C ' : : |
3/1 moist; clay; very sticky and
very plastic when wet, very firm
vhen moist, extremely hard when dry.
7b. Subsurfaece soil 2.5 Y 3/2 very dark greyish brown,
(20 - 40 Clily ) L o . . .
8/0 moist; clay; consistency as of
suPace s01lls heavy deposits of
shells (abput 13 ﬁer cent by welght)
7c. Subsoil : 245 Y 3/1 veey dark greyish brown
(40 - 60 cm.) . ) o
3 . : 3/0. moist; clay; consistency as of
-surfaee-seil, very. heavy deposits
of . shells (about 18 per cent by weight)



PROFILE g

Loeation

Soil type

~

Special features
Samples cellected:

8a, Surface soil
(0 = 20 em.).

8b. Subsurface soil
(20 = 40 em.)

8e. Subsoil
(40 - 60 em,)

Rice Researech Stafibn;

Monkompu, Alleppey District.

Alluvial solls; wet, single-crop

paddy lands.

Nearly flat lands, poorly drained.

| 10 ¥R 4/2 dark greyish brown,

3/1 moist; clay; very sticky ang
very plastic wheh'wét, very firm

vhen moist and extremely hard when dry.

10 YR 5/4 yellowlsh browm, .
3/2 moists clay; consistency as of

surface soil.

10 YR 5/8 yellowish brown,

4/4 moist, clay;

‘consisteney as of surfaee’soilq
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PROFILE o

Location
‘Boil type
Special features

| Samples colleéted.

QQ.VSurféce;soil ‘

9b. Subsurface soil
{20 ~ 40 em.)

9¢. Subsoil

{40 - 60 em.)

Mundar, Vaikom Taluk,
Kottayam District,

Kari soils; wet, single-erop -

paddy lands.

-Flat iands, very poorly drained,‘
- waterloggéd'fcr about eight months,.

subject to salt-water inundation.

10 YR 3/2 very dark greyish brown,
2/1‘mcisﬁ; clay; sticky and'plaStig
vhen wet, very hard vhen dry;.
yellowvmbtiiﬁgg present. |

10 T 3/1 very dark grey, 2/1 molsts

~ ¢lay, peatj; slightly sticky and

slightly plastic when wet, very hard
when dry. '

‘10~YR<3/irvery dark greyi'z/l‘moist;

peaty; non-sticky and non-plastie

when wet, very hard vhen dry.



deation-
Soil type

Speeial features.b

SampleS'callecté&z

10a. Surface soil
(0 « 20 cm.)

10b.Subsurface soil

lOe. Sub3011
(40 - 60 Cmo)

PROFILE 1o

Rice Research Station,

Vytilla, Ernakulam District.

Saline~soils;‘wet, single~-crop.
"Polkkali®. paddy lands.

Flat lands, very poorly drained,
subjeet to @er¢od1cal inmmdation

with sea water,

19 YB 5/4 yellowish broun, '
3/3 meist; elay, very sticky and
Vory plastic vhen wet, very firm

vhen moist, extremely hard when dry.

10 ¥R 6/3 pale brdwn,_a/B moists

clay; consistency as of surface soil.

10 YR 5/4 yellovish browm, 3/9 molsts

clay; consisténcy as of surface soil.
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PROFILE 11

Location
- Soil %ype |
~ Special features

Samples eollected:

11la. Surface soil

11b. Subsurface . soil
(20 - 40 Gﬁ’l.)

ljc. Subsoil
(4.0 Bed 60 em:)

. Bieetﬁesearch Station,

 Manmithy, Trichur District.

Laterite region- uet, double~crop

'paddy lends.

ﬁc?mallreliefg-wall drained,
fields vémain dry from December

to M3y¢ - ‘ | ' °

1o YB 6/6 breunlsh yellow, 5/6 moist;

'sandy clays non»stzaky and ncn-plaat”a

vnan‘wet, friable when moist,
hard nhen drys.
TS5 B 6/6 brownishvyellow, 5/6 moist'

»sanﬁy,glay loams non-sticky and

slightly plastie vhen wet, friable

when moist, hard When dry.

- 7.5 R 5/6. yellowish broun, 5/6 mo1st'

sandy clay loam; non-sticky and

‘slightly plastic when wet, frisble

vhen moist, hard when dry.

.*.‘
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PROFILE 12

Location Inﬁegratea Seed Bevelqpment Form,
Eruthampathy (Chittoor) |
Palghat District.
Sqil type ; Mixed black and red soil tract;
| wet, double-erop paddy lands.
Special features ‘ Flat lands aﬁ,the_faoﬁ of the hills,

very poorly drained.
Samples collected:

12a. Surface soil 10 ¥R 5/2 greyish brown, 3/2 moist;
- (0 - 20 ems) . ‘ S
) : gilty clays; stiecky and very plastic
 vhen wet, very firm when molst,
ﬁery hard when'dry;
125:$§ﬁbsurface soil 10 YR 5/2 greyish broun, 3/2 moists
: ' silty c¢lay; consistency as of
surface soil.
12e. Subsoil - -10-IR 4/2 dark greyish browm,
- (40 < 60 em:) = R . :
- 3/2 molst; s¥ity clay; consisteney

as of surface soils.



PROFILE 13

. Loecstion

Soil type

Special features

Samples collected?

13&,.§urface‘soil

13b. Subsurface soil

(20 = 420 cms)

13ec. Subsoil ‘

AN

Igtegfaﬁéd See& Eéﬁelogment Farm,
Erutharpa thy (Chittoor)

_a?alghaﬁ.ﬁisﬁficts

- Mixed black and red soil tract;

ﬁfy,'fe& 1@$m4soils.,

Ecrmal_relief;<soii,peﬁmeability
mbﬂerately.rapiﬁ;;dﬁy land crops
like ground~-mut, sesamum, castor

Lo,

5 YR 5/8 yellowish red, 4/6 moist;

ﬁary”fﬁna'san&y loamy non-gticky

and non<plastic vhen wet, friable

when moist, alighﬁly,hsrﬂ vhen 4ry.

2.5 YR 8/6 dark red, 3/4 moist;
logms consistency as of surface soil.
2.5 IR '4/6'@eé5 3/6 moists loams
non—sﬁiéky'éﬂd'n@n»plastic vhen wet,

friable wﬁ@nhmﬁigtg very hard when dry.
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PROTILE 14

iecatian _ Enﬁegra%@diﬁééaﬁﬁévelepm@nt Parm
- Bruthampathy (Ghittaor}:‘,'
T Palghat District. . |
 ‘Soil type | . Mixed black and red soll tracts
. | | dry, black soils.

Special features Normal -relief, soil permeability
moderately sl‘aiq,— crops like cotton,

sugarcane grown.

Samples collecteds | o
14as Surface soil . 10 ¥R 3/2 very darik greyish brown,
(0 = 20 em.) o -
S 2/1 moist; sendy clays very sticky
and plastic vhen wet, firm when molst,
glightly hard when dvy.
14b,8ubsurface soil 10 iﬁrsfé,very dark greyish brown,
(20 - 40 em,) o K
: o ‘2/L moist; sandy clay;

consigteney sg of surfice s0il.

14¢. Subsoil 10 YR 3/2 very dark greyish brown,
, S 2/1 molst; sandy.clay;

consistency .assf"of surface soil.



PROFILE 15

Loecation

Boil type

Special Ffeatures

Samples collected:

158, Surface soil

15b.Subsurface soil
(20 - 40 em.)

15¢, Subsoil . .,
(40 - 60 cm. )

Central Rice Research Station,
(Bloek V) Pattembi,
Palghat District,

Laterite region, wet,

three crop ?adﬁy lands.

Nearly flat, plots wet throughout

the year, somevhat poorly drained.

10 YR 5/6 yellowish browm,

4/4 mcist;4sandy loam;
slightly sticky and non-plastie

- when vet, friable and soft when dry.

510 YR 5/6 fellowish broun,

| a/4 moist; loamy sand; gravelly,

very compact; nonsticky and
non-plastic vhen ﬁet} friable and

sof% when dry.

,»l@ YR 6/6 brownish.yellou, 5/4 moist;

loamy sand; more gra velly and compacts

non=sticky and ncnpplastlc when vet,

friable gnd soft when dry.



PROFILE 16

Location
Soll type

Speclal features

Samples collecteds

168, Surface soil
(0 - 20 cme)

16b. Subsurface soil
(20 - 40 cm.)

16¢. Subsell

Central Rice Research Station,

Pattambi, Palghat District.

Laterite fegiony wet,double~crop

?adﬁy lands, coarse textured;‘

Térrace&'plots at the foot of the

hills, usually a sown first crop

~ and a bransplanted second erop,

well drained, plots remain dry

from December tn'May.

10 YR 6/6 brownish yellow,

5/6 moist; sandy loam; non-sticky

 and nonsplastic when wet, friable

and loose when 4ry.
10 YB"?/S'yéllew, 6/8 moists

loamy sand; non=-sticky and

non=plastic vhen wet, frisble and

soft when Arys

42

10:33"6/8 brbﬁﬂish,yellow,a/g moist;'

sandy loam; slightly sticky end

slightlyvplasﬁic when wet, firm vhen

- moist, slightly hard when dry.



PROFILE 17

Location . | - Central Ri¢e Research Station,

Pattambi, Palghat District.

Soil type Laterite region; wet, double~crop

paddy landss fine textured.

Special features Hearly level topbgraphy, first and
second c¢rops ﬁransplaﬁﬁed, mode@éﬁely
well drained, plots remain dry from

Jahunary to May.

Samples collected: .
17a: Surface soil | 10 YR 6/8 brownish yellow, 6/6 moist;
- £0 = 20 ca.) - oL .
: : sandy clay loam, slightly sticky’

vhen wet, firm and slightly herd

vhen dry.
17b. Subsurface soil 10 ¥R 7/8 yellow, 6/6 moist;
- (20 = 20 em.) - , “ | A :
- sandy loamj non=sticky when wet,
frieble and soft vhen dry.
17¢. Subsoil = 10 YR 6/6 brownish yellow, 5/6 moisth

- : sandy loam; nomesticky when. wet,

firm whén moist, slightly hard

when d?y;



Loecation
Soil type

Special features

Samples collected,

18a. Surfaée soil
(0 = 20 cms)

18 b. Subsurface soil
(20 = 40 ¢m.)

18¢s Subsoll

PROFILE 18

Central Rice Researeh Station,

Pattambi, Palghat District.

Laterite region; wet, siﬁgle-crop

paddy land ('Paliiyal’)

Terraced plots on the slopes,

sonewhat excessively dfained, plots

Temain dry fron Septembe# fo June.

10 IR 7/8 yellow, 6/6 moist;

-sandy.loam;fgravelly,ncn«sﬁiéky

and non~plastic vhen wet, friable

énd soft vhen dry.

10 ¥R 7/S‘yeliaw, é/G moist;
sandy loam; gravelly; slightly
sticky and non=plastic when wet,
friable and soft vhen dry.

 7#5 YR 7/8 reddish yellow,

6/8 moists hard compact

Jateritic bed.

- 44



"PROFILE 19

iéaaﬁion
Soil type

Special féé%ﬁrés

Samples collected:

193. Surface goil
‘ ’;SG - ?@ cma.)

19b. Subsurface seil R

(20 = 40 cm.)

lgc. Subsoil
- {40 - 60 em.)

- Central Rice Research Stabion,

Pai;tambi, Palghat Biﬁtfi@tt )

“a‘Ea%ériﬁevregign;‘awylamd

(*Hodan')

Normal relief; well draineds
-éfylahé erops like taploea,

gingel ¥ growm.

. gravelly,sandy clay loam;

friablé-aﬂﬁ lbaséaf

gravelly cloy Loam; slighﬁly'sticky

"‘anﬁ glightly plastlc when wet, »
f sliwhtly ha?d whea~dry.

75 33;5/6 strang bramn, %fé ﬁgist*
‘gravelly eley leame sTightly stieﬂy
‘and alightly plastmc when wet,

. slightly hard vihen arye.

45

7.5 ¥R 5/6 strong browm, %f%,moistg"

7.8 ¥R §/6 strong brown, &/4 moists



PROFILE 20

Location
S¢il type
Special features

Samples colleeteds,

20a. Surface soil
(0 -~ 20 em.)

20b.Subsurface goil
(20-20 ens) -

o0c. Subsoil

(4:0"‘ 60 Gm-) .

46

- Agricultural Resecarch Station

'Ambalawayal, Kozhikode District.

Laterite, hilly ﬁrac%;

ary land seil.

7 Crops like Qfanges; 1lime, pineapple

gréwn.

?7+5 YR 5/7 stronz brown, 4/5 moist;
sandy clay loams slightly éﬁicky

and non=plastic vhen wet,

 friable vhen dry.

7.5 ¥R 5/6 strong brown, 5/5 moisty _
clay loam; slightly sticky and
slightly plastie vhen wet,

. slightly haPd when dry.

' 7.5 TR 6/6 reddish yellow,
5/6 moist; clay loam; slightly

sticky and slightly plastic
wvhen wet, slightly hard vhen 4ry.



Sample No.21

Location

Soil type

Surface s@il.

(9‘ - 20 c:m-)

Sample No.22

Location
Soil type;
Surface soil
(0 - 20 em.)
Sample No.23
Loeation

S0il type -

Surface soil
(0 - 20 cm.)

Szmple Wo.24
Location -

- Boil type

Surface soil

" (0 =~ 20 em.)

Sample No.25
Location
Soil type

Surfsce soil
(0 - 20 cm;)

:ﬁlKafaﬁﬁnaﬁ .TriVandrum District.

-Latefité regions wet, double corp

SURFACE - SAMPLES

-

paddy land.

10 YR 7/2 dark greyish brownm,

o

6/6 MOist;;sandy clay loam

' ﬁEGlémperocr, Kottayam District.

ﬁgérayadaﬁ‘éoil.

10 YR 5/2 greyish brown,
3/1 moist;. clay.

Varkals, Trivandrum Eiétrict. :
Laterite region§ wet,double-erop
paddy lands. ) 4
10 2375/6 yellowish brown, 4/4 moist;

- sandy ¢lay loam.

Ambalavayal, EKozhikode District.

Laterife; hilly tract; wet,

~ double=crop paddy lands.

10 YR 5/6 yellowish brown, 4/4 moists

 séndy~e1ay loam,

Chithirapuram kayal, Alleppey District.
Liake bed solls, wetl, péady~lands.

2.5 3Y’423 dark greyish brownal

3/2 moist; clay.



RESULTS



RESULTS

The results obtained arsc presented in Tablaé’-
T to :v; . _ .

Data relating to mnistufe cantent, pil and organie

‘cafbmm of all the soil gamples are given in Table I.

ﬁeis%n?e canﬁ@nt'@f‘ﬁn@ 85m@les aﬁ~ﬁhé‘timevof ¢olle-

etion Varwes mi&el; from place to ploce.

- Host of %he ;sails are acidic in reaction, Soils colle=
cted fé@é Eruthampathy are slightly @1Lal¢ne with pH values
ranging from 7.1 to 7.8. A,pﬁ yvalue of 7,;,15 recorded in
the lower layers of TRV Block kayal. §uﬁgll other cases
the pH vanges for 3.5 %0 GeBa -

. The values for organilc. carbon vary wﬁéeiy‘ﬁitﬁ‘ﬂif?erenﬁ
profiles. The Kari soils ﬁave vglue% above 19.0 "per cent.
ﬁcre %han~4.0 pey cent ergavic ecarbon is mresent in

Karapadan s&wls (228) and in the sabseils of the reeently _

reclazmeé aveas of V@liayaﬂi Kayal (la).

For all é%&ér“samples'the valnes‘are bé1ew 2,5 pe?r eént.«
- Bubsoils of Pa?liyal 13&@% of Pat%ambz (18&) record the

valaa of @.G@ ﬁ@? een%.

Th@ dﬁstribuﬁian ot difzeren$ forms of sulnhur~vn

various soils: ﬁraups are %feseﬂ%eﬁ in Tables II to VI



ﬂGISTURE CDNTBNT, pH AND GRGANIC CARBON

T A B LB 3

CONTENT OF THE SOIL SAMPLES

49

(WALKLEY-BLACK)

 Depth 'Moisturé ‘Crganic
. of" content . pl carbon
Sample  Soil type - , Samp- on (l:g?S) %
No. ling <aver-dry
' in om, basis ' )
1 2 3 4 5 6
& Vellayani, %
Kayal lands . . I
| (a)  o-20 28.76 = 5.0 0.9644
(b)  20~a0 32,74 4.5 1..0226
(e) . 40-60 50400 4.1 4,8399
2 Vellgfani .
Wet lands , o . S
(a)  o0-20 39.23 5,0 048731
(0)  20-40. 27.61 4.5 0.6279
() 40-0 28,30 4.5 0.4218
3 Véllayﬁnﬁ ) |
Dyy . 1ands ‘ S o
(a)  o0-20 7.31 5.8 0,4611
(b)  20-40 12.42 5:5 0,3864
(e} 40-60. " 14.16 5.6 0.2304
4 %cttarahara, .
Wet lands , o - ,
(a) . 0-20 15,31 5.5 - 2.4148
()  20-40 85.30 5¢5 1.7936
(e)  40-60 40.32 5.7 0.8290

contdees



- Tsble 1 contd.

- Depth Moisture - ' '

T of - content - pH “Organie
Sample Seil type Samp- % on (1:2:5) - carbon

Ho. : ling = oven=dry.
S in cu. - basis

1 2 3 4 5 6

5, Eayaulnlam, o
. Wet lands I , o
: €a) 0~20 16.62 5.4 0.2534
(b) 20-40 14,32 BJ7 0.3625
(e) 40-60 . 17.42 - 5.7  0.2388
6;'Kayamkulam,
Dry lands . » B
. {a) 0=20 3.12 . 5.5 0.5406
{p) 20=40 6.50 5.5 0.3032
() 40-60  10.76 6.0  0.1741
7. Alleppey
Kayel lands ) o : . o . o
. : (a)  0-20 42,45 6.5 1.7695
(b) 20-40 . 3054 7.1 L1.0L77
{e) 40<60 65.58 2% 2.3822
8, Mencompu,
... Punja lands
- L Aa)
(b) 20=-40 44..32 4,8 1.,7750
(e) 40-60 . 7068 4.8 1..1850

C0-20  35.24 - 54 1.9503

cont@ecesos



A Ep iy =
5; Vfé( &’;’{:&\ o
Table 1 contd. et S
Depth  Hoisture , |
of content = pH Organic
Sample  Soil type samp- % on . }1:2.5) carbon
Yo. ling over-dry ‘
o in cm, basis
1 | 2 3 4 5 6
Kari lands o . :
(a) 020 | 64.31 4.0 19.2730
(v) 20~40 136.70 3.8 21.2254
(e) 40-60 224,00 2.5 19,2373
10. Vytilla, . .
‘ Pokkali lands ; ‘ o
. (a) o=-20 41.5% 5.3 1.4838
(b) 20-40 37.87 5.1 1.4439
(¢) 40-60 50,60 5.l 2,1601
11. Mannuthy
. Wet lands ) e ,
{(a) 0=-20 13.63 = 5.4 0.4435
(b) 20-40 13.12 5.7 0.1659
(e) 40-60 13.52 5.7 041002
12. Eruthampathy,
Wet lands _ . N
- (a) 0-20 17.12 - 1.0131
(B) 2020 24,96 7.5  0.8726
(C) 40"60 21»71 )

7.8

" 0.6131

GOntd- LK ]



Table 1 eomﬁ&;

_ e et
- IR « ¥ content pH - Orgenie
Sample Soil type samp~ % on (1:2:5) - - earbon
No, ling oven dry ‘ %
: in cms basis

ER - 5 6

.13, Eruthanpathy,
: Dry lands, ]
red soil S - S -
(a) 0«20 1:87 - 7ul 0:4316
{b) 20-40 8,94 7.1 - 0.3222

(o) 40-60 1456 72 0.2861
14. Eruthompathy,
: Dry lands, - .
black soil e - ‘ » : o
| (a) o0-20 - 5.52 7e5 0.7726
£b) 20-20  14.81 7e5 ' 0.6866
€c) 4060  13.17 7.2 0.6256
15. Pottaubi,
- Vet lands, A :
Punja ares S ; A
(b) 2040  24.92 5.2 1.0619
(e) 40-60 ~ 23,86 5.2 0.7727
16. Pattombi,
Wet lands, :
sandy loam . | X L B -
(a) 020 = 14,85 = 5.6 0.6389
- (e) 40-60 7,03 - 5.8 0,113

eﬁntﬁc LI 2 3y Y
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Table 1 contds

~ "Déanth  Moisture ' '
T L . . of eontent .pH . Organle
Sample  Soil type  somp- % on (1: 2. 5) cearbon
Now .. . 1ling . oven dry %
: in em.  bagis -
1 2 - 4 .5 6

17, Patta*nbz,
Wet ’i.ane'is‘. _ .
sandy ¢l y o : .
doam - “€a) 0=20 7289 6.8 1.2081

() 20-40  16.28 5.3  0.4846
() 40-60 1592 5.8  0.2342
18. Pattamby;'
Wet lends, ]
- Patliyal oy L . o
| {a) ©0~20 . 8,83 - 6.1 - 0.9351
(b) 20-20. . 2081 5.8  0.4491.
(e) 4060 . 2.63 5.8 . 0.0884
19, Patmmbl - T
Brvlanﬁs o - o S
Modan. - £a)  0-20 4.06 6.1  0.7029
(b) 20-40 - 5.056 6.1 . 0.4010
() 40-60 778 61 0.3676
20. '&ﬂbalawayalg

Dey lands |, - e
() 0-20 8,58 5.8 1.3334

. ~ABE #0-40 181 6.0 0.0287

350?_1'2_: AT




Table 1 contd.

e}

o

Depth Moisture )
of eontent pH Organic
Sample Soll type -  samp- %on (1:2.5) - earbon
No. ling oven dry %
' - in cm. basls '
1 2 3 4 5 6
21. Keramans,
Wet lands o »
22. Neelamperoor,
Karapadam o ‘
lands (a) 0-20 88:24 3.8 44,0108
23. Varkala,
Wet lands
. (a) 0=20 £29.58 5.5 2.1672
24, Ambalawsyal,
Wet lands '
(a) 0=20 28,30 5.4 1.2036
25, Chithirapuram,
Kayal lands _
(a) 0-20 40~70 Gu5 2,1197




T A B L E II ,
DISTRIBUTION OF SULPHUR IN SOILS OF LATERITE BELT RECION

|
O

‘Sulphur ppm,

Soll gamples - ' -
P Water Total Sl

soluble sule Orgenie Total

phide
sulphat hate -~
1 ghhate phate T 5 6
‘4 Kottarakafa,
Wet lands _
a. 0=20 cm. L 47.8  B3.7 2,7 17711 1827.5
b. 20-40 cm. 18.7 24.2 l.2 918.8 94,2
Co 40"60 Ci, 701 1103 l-l 596.7 6‘0901
il Méﬁnuthy,
Wet lands . o
a. 0-20 cm. 23.7  25.2 0,2 888.3  913.7
b. 20-40 cm. 8:8 123 . Tr. - 292.2  304.6
. 40-60 cnm. 9.3  12.3 0.3  .193,7  182.3
\
15 Pattambi,
Wet lands
Punja area . ,
a. 0-20 cm. 3L.7 35,2 10.7 1537.9  1533.8
b. 20-40 cm, 20.8 - 21.9 9.6 882.2  913.7
e, 40-60 cn. 20,8 23.4 L3 - 584.4  609.1
18. Psttambi,
Wet lands
sandy loan o
a. 0-20 cnm, 9.8 947 0.3  "660.0 670.0
b. 20-40 cm. 13,7 15,1 0.9 440.9 456.8
c. 40-60 cm, 9,6 13.8 1.0 6Le3 76.1

contQes.s



Table II contd,

Sulphur ppm.

So0il samples eoummune ey : -
Water Total Sul- Organic Totsl
soluble  sul-  pve.  VYFganic Jloia
sulphate phate = C ~

1 ' 2 -3 - 4 s - 6

17 Pattambi, Wot lands
sandy clay loam

a. 0-20 em. 36 12,1 1.1 1509.7 1522.9

be 20=40 em. T e 9a 0.9  827.2  837.5
¢. 4060 cm, Te.© 7.1 Te.  145.2 152.8

‘18 Pattambi,Wet lands
Palliyal

€."\40~60 ci:\ - Tr. - 48 Tp, 10:4 15,2

19 Pattambi,Dry lands
Modan ’

8¢ Q=20 Cﬁl. 8.9 ) 897 Tl‘. 57@.9 . 578«7

b. 20-40 cm. 9.3 9.8 Tr. 20,7 30,5

¢, 40-60 cu. 14.6 152 Tr. - 15.3  30.5
20 Ambélawayal,ﬁryland : _ 5 |

_-a} ,0-20 cm. 5.4 8e3 Gaé 813.7 822.3

b, 20-40 em.  © 25,3 26,6 0.3  583.2  6€09.1

c. 40-60 cm. 2.3 6.3 0.8  368.4 . 375.5

23 Verkalé Wet londs ' _
" - 8e 0=20 om. 1060 15.8 0 4,8 1655,1 1675.2

24 Ambalawayal,Wet lands _




TABLE II A

FORMS OF SULPHUR IN SOTLS OF - LATERITE

BBLT REGION
EKPRESSPD AS PZRCENTAGP OF ‘TOTAL SUE“HHR

155 |

Water "Qotal' Sulphider ' Organie

tSoii samples gsoluble . sulphate sulphur sulphur
S ggiggggé» sulphur .
Kottarakara
4a | 262 2,04 014 - 96,92
4b 1.8 2,56 013 07,31
de¢ L7 1.8 0.8  97.96
Mannuthyll ,
la 2.60 .76 0,02 97.22
11 b 2.88 4,04  Tr. . 95.96
11 e 6.11 = B.08 0,20  9L.72
Pattambi | |
. 15a 2.00 2.2 0.68 97.10
15 b 2428 2,40 0.11 97,49
15 ¢ 341 3.84 0,21 95.95
6a 1.5 . 145 0.4 03.51
16 b 8,00 3.31 0,20 96.49
16 ¢ 12.63 18.13 1.31 80.56
CONTD. s



Tabvie I - A contd.

Wa ‘i?éI“ | "".’fgtal Sulphide- Organie
soluble sulphate sulphur  sulphur
sulphate sulphur

sulphuxr _ - '
B | 4 - % %
1 2 8 4 5

Soil samples

Pattambi . _
17 2 0.24 079 . . 0,01 99,20
17 b 0.49 1,12 . 0.0L = 98.87
17 ¢ Tp. 466 T, 95,54

18 a 0,48 0,50 - Tr, 99{56
O R : T )
18 ¢ L  %$ - Tr, 68,42
198 1,50 1.50 Tz, 98,50
18 b 30.51 28,13 e, 67.87
19 ¢ 47.87 49.83 Tr., 50.17

Ambalawayal |

| 208 - 0.66 0,01 0,04  98.95
20b 4,10 415 0.05  95.80
20 ¢ :;““es§}. 1,68 0,21 98.11

Varkals - e a , ‘
23 a 0.50  .0.94 . 0.26 98,80

Ambalawayal o : : :
24 g 3.93 3:93 1.08  94.99




T A B LB  IIT

DISTRIBBTION QT SGLP§UR IN THE SOILS OF RED LGAﬁ

LATERITIC REGIOE ' B /

-

Soil. samples

Sulphur ppm.

Water  Total Sul 0‘_"j: ,
soluble  sul=  ypige Orgenic Total
sulphate phate T ‘ '
2 3

1 Vellayani,
Kayal lands

e 0"? 20 :
b'q 20“'40
c. 40=60

21 Xaramana,
Wet lands

a. 0=20

cil.

CRle

cm,

01118

t 4 5 6
3 Vellayani,
Dry lands \
8. 0<20 em. 24.5 98.3 Ty,  276.3  504.6
b, 20-40 em: B4 8,2 mg; 144.1 3 .152;3
¢. 40-60 cm. Te, &1 Tr. 55,8 0.9
2 Vellayani, -
Wet lands ne o
a. 0-20 em. 544 60,8 2L7  saL.e  913.7
b 20040 cm. 4.6 12,7 3.2 4410 456.9
¢ 40<60 em.

2.1 3.2 ' 2.4 1778 182,8

119:6° 132.3 13,4  712.3  857.0
86.1 1145 1.0  885.5  971.0
314.9  820.3 3.2 1655.5 1979.0

95,3 ~ 29.8 19.4  864.5  913.7
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T A B L E III A

FORMS OF SULPHUR IN SOILS OF RED LOAN
LATERITIC REGION EXPRESSED AS PERCENTAGE OF
TOTAL SULPHUR

_ Wé?egl Tofal Su%bgide Orgénic
: ‘ soluble sulphate sulphur - sulphur
Soil samples sulphate  sulphur
‘ sulphur
% 5 % %
1 2 3 ' 4 ‘ 5
Vellayani
3 b 3.54: 5,38 T}.’; 94,862
& 5.95 6.65 2.37 90,98
21 1,01 2.78 0.70 96,52
2 ¢ 1.15 1.75 1.3 96.94
b B.86 11.79 0.01L 88.20
e 8,05 8.38 0.08 91,54
Karamana
21 a 2,77 3,26 2,12 - 94.62




T ABLE IV -
DISTRIBUTION OF SULPHUR IN SOILS OF RED AND BLACK

MIXED SOIL TRACT OF CHITTUR TALUK

Salphur DD,

Boil samples Water |
- soluble
sulphate

1 2

Total  Sule

sul-~ phide Organie.

phate )
- 4

Total

13 Eruthampathy,
Dry lends, red-

@ 0=20 am.  Tr.
Tr,

. €. 40-60 cm.

14 Eruthampa'thy,

Dey lznds, black

a. 0=20 cue

t?_". 20"43 cm. ’
" Ce 40=60 cme

ﬂléhﬁfuthampathy,,

Wet lands ‘

s 0“20 Cmn—:

bi 20~40 ~§ma

2444

13,5

T 4.4

73.8
59,4

| A7.7

3.8
5.2

5.8

27.2

21.2 .

19,3

91,7
78.3
84.5

Tr. 361.7

TI’ ° 32‘ 8

S Tr. . 32.2

CTr,  222.5

Tr. . 163.5

2.3  1337.5
‘1.3, 520.4

1431.5

36545
38.0
38.0

609.1
243.7
182.8

570&0_
609.0




T A B L E IV A

~ FORMS OF SULPHUR IN SOILS OF RuD ARD
BLACK MIXED SOIL TRACT OF CHITTUR TALUK
EXPRESSED A4S PERCENTAGE oF TO”AL SULPHUR

Water Total .Sulphide | Grganic R

... soluble sulphate  sulphur silphur
Soil samples sulphate . sulphur
o sulphur ) _
N % % % %
1 - 3 4 5
Eruthanpa thy 4
13 a. Tr. 1,04 »iTr, 28,96
13 b T?. 13 ‘68 Tl" . ' . 86 . 32
13 ¢ T, 15,26 | Te. 84,74
14a  40L 4,47 Ty 95,53
4b 558 8.7 Tz, 91.30
14 ¢ 2,41 10.56 T, 89,44
128 5,16 6441 0.16 93.43
12 b 2.87 11.69 0.19 88,12

12 e | 7,88  13.88 - 0.32 85.78




T A B L B VvV _
DISTRIBUTION OF SULPHUR IN S0ILS OF ONATTUKARA
SANDY S0IL TRACT

Sulphur ppu.

Soil samples

Qaﬁer ~ Total “Sui- ‘
soluble Sul- phide Organic . Total
sulphate phate : ,
1 2 - 3 4 5 &
5 Kayamlculam,
Dry lands ‘
a. 0=20 cm. Tr. 4.9 T, 452,0  456.9
4%)0 20““3‘-.0 Cile | T?c 5:3 Tj}r\a 8691 ’ glné‘.
c, 40=60 on. - Ire 5:8 = Tw, | 70.8 = 76.1
6 Kayamkulanm,
Wet lands
8o 9~EQ Oty 13.8 15.2 ‘ 1.4 288.0 304,86
De 2040 cme 4.5 7.9 047 210.8  298,4

c. 40-60 cm, 4,6 6.7 0.6 114.5  12L1.8




"FORMS OF SUL?HBR Iﬂ S01ILS OF
ONATTUKARA SANDY S0IL TRACT

T A B LB v o4

EXPﬁﬂﬁgﬁﬂ AS PERCEF”AGE @F T@TAL SﬁLFHUR

Soil samples

- ﬁs%érf
soluble
sulphate sulp-hur

sul%har

rﬁéﬁal; "

sulphate -

3

:% ,
4

Sulphide
- sulphug

e

Gfgénic
sulphuy

5

‘ :Kéyamkélam

&b
e

6 a

& b

AN

Tr,
 Tx.

';%?5:

4.63

1 1.97

8,78

1,07
533@
' 6.96

3446

f 5;5@

e,

. TI‘; |

0,46 -

. 0.8
0,49

. 98.93
94,90
93,04

| 94455

96.23
94,01




T A B L E VI

DISTRIBUTION OF SULPHUR IN SOILS OF KUTTANAD AND
POKKALI AREAS

Sulphur' DPPM.

Soil Samples. Water - Total Sulp~ ’ o
soluble ' sulp- pige Organie  Total
o -sulphate hate S

1 2 3 4. 5 6

7?7 'R Bloek
Eayal lands ' .
a. 0«20 cm. 131.7 162.8 73.0 4585.,83 4821.1

b, 20-40 cm,.  71.6 220.6 926.2  92061.4 3208.90
e. 40-60 cm. 279,9 364.3 8.2  2526.1 £893.6
8 Moncompu, '
Punja lands : A .
e 0«20 em. "114.5 -158.4 2.3 4105.7 42644 2
b. 2040 em.  175.8 - 285.1 1.0  3064.4 3350.5
€. 40-60 cm, 254,6 298,4 2,1  2442,8 2741.3
9 Mundar,
Karil lands -

a. 0-20 em.  1261.0 1612.4 102.3 = 13818.9 15533.6
b. 2040 em.  2522.0 2613.1 4.9 15061.6 18579.6
c. 40-60 Gm.  670.0 724.5 3.0 . 18147.4 18874.4

10 Vytilla,
Pokkali lands

a, 0-20 em. 284.7 322.5 227.5  424,1 . 974.6

b, 20-40 cin. 231.6 378.4 19.9  302.2  700.5

c. 40-60 em. 296,383 343.1 5.0 362.2 70045

22 Neelamperoor,
Karapadam lands

e 0”20 Cille 2074:00 2334.0 8-0 4061 04 6398.4

25 Chiuhlrapuram,
Kayal lands » - ‘ _
a. 0~20 cm. 154.8 208.2 42,0 4623.2 4873.4
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TA B L B via

FORIS OF SﬁLPEﬁR I SOILS. OF
KULTANAD AND POEKALI - AREAS
EX?R&SBII AS PERCENTAGE OF TGTAL SULPHUR

. | Wat@f ?Qtal ’ Sulpb;de Grgania
e soluble - sulphate - sulphur sylphur
Soil semples sulphate  sulphur '
‘ sulphuz : .
" & % £ &
1. e 2 3 4 5

wl .
b B o . o - } -
g‘ﬂ 7 o

As

S

R" Block _ o L \
: 7Ta 2.74 = 8.38 .51 95,11

Th 2.28 6,88 0.82 92,30
7e. 9,67  12.59 0.11  87.30

Honcompu ] o
‘ ' 8 &8 69 3467 . 0,05 96.28

81 . B.26 8,51  0.08 = 0L.46
8 e 9:.28 10.81 - 0.,08 89.11

Mundary o o S "
g a 3 » 12 l@g 38 G L] 66 ) 88 .96

9b  18.58 14,06 0.03 85,91
e 3,52  3.83 0.02 96,15
Tytilla .

W a 20.21 - 33,09 23.35 43.56
10 T 33,05 5402 2.84 43.34
3-0 Q - égﬂ . 4;8.98 . O.s!'?l . - '50,. 31

Keelam@ef@or . . S
22 a - 88,42 36,48  0.05 63,47
Chi thirapuram: . | | | o

25 a 3,18 4,27 - 0.88 94,87




T A B L B VIT

WEAN CONTENT OF SULPHUR COMPOUNDS
IN 80IL PROFILES OF KERALA
(From Tables II to V)

Sulphuy ppl.

Soils

"-Ta%az’

Opganic Sulphate Sulphide

Dry lands o
a.ASuffaea seils‘" £83.0
be Subsuffae@ sailS"lﬁégg

¢. Subsoils

Wet lands

2. Surface soils 1144.8

b. Subsurface soils 548.4

¢. Subsoils 280.8

Dry and Wet lands
. (coubined)
a. Surface soils

Ce Subéoils

1275

. 260,6

937.6
b. Subsurface soils 406.7

219.5  203.4

13.5 04

508. 1

131& ? .
117.7

32,7, 640
20,8 2.2
1@ aﬁ 1 * &

1106.1
525.4

807.1
287.9

4.1

1755 1Q 3
1.2

]



T A BL E VII &
MEAN CONTENT OF SULPHUR COMPOUNDS ,
EXPRESSED AS PERCENTAGE OF TOTAL SULPHUR

o | Opganic = Sulphabe Sulphide
Soils o Sulphur  Sulphur igﬁlghur'

i S

Dry lends |
v"a@ Surface soils 97&34 2.58 9,68
b. Subsurface solls 93:86 = 6.44 Tr.

Cs ﬁﬁbsail$ o 92.81 : 7430 | 6@39 4

Ué% lenﬁs' - . q
| ‘B Surface 50118 96,63 2,86 = 0.52
b, Subsurface soils 95,81 8,79 0,40

©s Subscilﬁ 02,81 6.62 . 0.57

 Bry and Wet Lands
(combined) -

ay*ﬁﬁff&ﬁégéﬂils 96,74 B ‘2132» 0,44
§, Subgurface soils 95,44 4,31 0,85
| - ¢+ Subsoils . 92.82 Sges E 0,856
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Ea?erite Belt Togion

Seils collée'i;ed from Kéttarakam {é) » HMannuthy
(11), Pattembi (15, 16, 17, 18 and 19), Aubalawayal (20
an@r 24) anéfVafkala (23) are included in thds group and
the results of analysié ferldifféren% forms éf sulphur are
ﬂiven‘in Table 114 Iable IIVA show the different forms
of sulphur expressed as percenxages of tota sulphur. o
TotaT sulphur veries from 1827.5 to 578 ? pnm. for surface
soilg, 944.2 to 123'8~ppm.1for subsurface solls and 609 1
to 15.2 poms for subsoils. Suléhaté sul@hur accumulation
is‘mofgiin the surface éeilé of wét‘lands then in those of
aéy lands. But in most cases the percentage of the sulphate
sulphur on . total sulphur increases with the depth. Maximum
| amount Qf'sulphiée“sulphu?4is,present'iﬂ profile 15 and |
this p fraction akso decreésgs towards the lower layers.
fS@ils collected under dry condition contain only very |

| little or traces of sulphides, -

Red loem latervc Pegion

The data for the different forms of sulphur in the
p§9£1les 1, 2 and B-anﬁ for the surface sample 21 are
'presented'iﬁ Table IIXL, Exgept for profile 1, the patitern
of diétribuﬁion:of sulphur in these solls is similar to
that of -the laterite belt région. Profile 1 is from &
recently reclaimed arcag of the'Véliayani~kayal area and

in this profile the total sulphur and sulphates inerease



‘with depth in the profile. However, in all céses-ﬁﬁe

amount of sulphaﬁe»salphur-dec?easéS'with depth.

Red and black mixed soil tract '

Profiles 12,'13-énd'lé coliééied ffom Eruthampathy

' represent the wet lands, red soils and black soils of |

Chittur Taluk., Digtribution of différent forus bf sulphur
in these profileslare furnighed in Table IV. .Totsl.sulphur
and sulphate uulnhur are maximum in wet lands and only very
low amounts are present in red s0ils. Heasurable quantitiss

of sulphides are present only in wet lands. In all cases,

the diffsrent fofﬂs of sulphur decreage with depth. In red

\\<\s oils only traces of uaterwsoluble sulphates are présent.

Sandy“soil tract

| The data ralating to the different forms of
sulphur in dry land snd wet land DvoPiles eollecbed
fron Gnettukara sandy soil tract are set out in Table V,
In this ecase tétal and organic suiphur are higher in
the surface SOllS of dry lends; while for lower 1ayers,‘
Uet lands are rlcher in sulphur content. Dry lands are
poor in sulphate sulphur and thera is a slight increase
in this form tgva?ds lower laye=rs. Wat@r-soluble forms

of su?nhate are only in %races in dry lands.

In wet lands maximum amount of sulphate is Pound

in surface léyers and it decreases towards the-subsoil,
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Bstimable quantltles of sulphide ulphur'is present oniy

in wet lands. °

£

Kuttanad and Pokkali areas

.Data in respéct of thé fozms and distribution of

sulphur in various soils of Kuttanad and Pakkali areas
‘are grven mn Table VI These soilg V&”J w1dely in the
sulphur content Just as they vary‘in various physica—
chemical cha?acterlsties . Profile 9§ form XKari soil contain
the maximum amount Ofysélpharw The surfacé’seils of Kari
1aQQS‘have 15633.6 pom. of total sulphur and it tended to
increase ﬁewa?ds Llover layers. Sﬁlpbuﬁ in sulphate form
_also is maxizum in Kari vo*ls and in thls case maximum

accumalation uas found in the vub ur?ace soil., In profiles
7 and 8 th@ amounts of sulphaue sulphur increasas with
depth. In Pokkall soils, whieh ' eontain more than 50 per cent
of its total sulphur in inorganic form, ther re yas a;un;form-
gistribution of sulphates in the three layers, ALl the
sbilslemntaiﬁ‘snlphi&e form of sulphur and it decreases
censidevaﬁlv with. depih. ‘The hefghest value of 227.,5 ppm.
for ﬁhe sulphide sulnhu; is reco*&ed in +he surface soil

of Pokkalm area.
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FIGURE 2

DISTRIEUTIOE OF TOTAL SULPAUR
IN WET LAND SOILS
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DISTRIBUTION OF SULPHATE SULPHUR
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FIGURE 4

DISTRIBUTION OF SULPHATE SULPHUR
IN WET LAND SOILS :
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FIGURE 5

DISTRIBUTION OF SULPHUR

1IN THE PROFILE OF XKARI LANDS (MUNDAR)
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DIsECUSSION

 Results of the investigotion on the status and
| distribution of sulphur in twenty profiles representing
different soils types of Kerala are discussed in the

Tollowing pages.

” Total sulphur
| ~ The study reveals considerable variations in the
totel sulphur status Qf'aiffé?ent,sail types in the State.
(Tables II to VI). Im all the profiles except those from’
 the Kari region and the Vellaveni kayal, the surface soils
; cantéig the maximum gmountﬂgf total sulphur. In the Karl
- and Velléyani’kayél profiles, the subsurface snd subsoils
ecntaiﬁ%higher amguﬂ%slof total sulphur than the surface
soil, Since the soils of Euttanad and Pokkali areas
- present quite a different patiern in the distribution of
éulphuf compounds, they have bé@m ezéluded irn the
calculation of the méan;c@ntenﬁs fosulphuf in the soils

. of Kerala (Table VII) -

In all the soil profiles except the Kari and Vellayani
kay@l,’%he gefeentage of organie earbon is highest in the
surface solls, decreasing with depth (Table I). A close
relationship is observed between d?ganic carhon content and

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

and total sulphur decresse vith increase in the depth of




FIGURE 6

DISTRIBUTION OF SULPHUR COMPOUNDS
IN DIFFERENT LAYERS OF PADDY SOILS
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the profile. The total sulphur content is significantly
cqrrelated with the organic carbon for all the layers

| In general, wet 1@&& soils are richer in total
sulphur than 4dry land -soils (Taﬁle Vii). The:mean values
for total sulphur in dry lands being 523.0, 194.2, and =~~~
125.5 ppm. for the surface, subsurface and subsoils
respectively; The corréspcnding values for wetlands

arc1114,8, 548.4, snd 280.8 ppm.

 The pattern of variation of total sulphur content
in the various profiles sﬁu&igd is generally in conformity
with tha_répBrtsaqg‘previous vorkers. A decrease of total
. sulphur with depth obéé%%éﬂ”iﬁ“the'present gtudy, 1is in
good agreement with the resulté of Walker and Adams (1958),
- who reported mesn values of 350,205 snd 115 ppm. for the
A,'B and C horigzons respectively; in grassiand solls of
New Zéalanﬁ. Konwar and Taklkar (1964) also found that
the total sulphur &ecreaséd with an inereass in depth of

the profile in the tez soils of Punjab.

The Kari soils are an exception to this genéral

| pattern. The total sulphur, instead of decreasing with
‘depth, actually show an increase. Subramoney (1960) also
- recorded 19200 and 31300 pon. total sulphur in the surface
‘ soiiS‘ana subsoils respectively for Kari soils. Morecover

the percentage of organie matter alsc'shows a tendency“te



inerease with depth of the préfiTé (Taﬁle . This
explaing the increase in total sulphur content vith depﬁh.
‘HNair (1945) attributed the differences between various
Karl soils to the qﬁentity of organie matter presenf in
then, obtaining valueq ranging from 2.48 to 38.72 per cent.
Slnce & close relationship 931sts between total sulphur
and organié ecarbon (flgga),-a vide variation in the sulphur
content of Kari' soils from differenﬁ locaiities4eou1d be
expected. _ .

Froﬁ the foregoing, it would appearithat high
valnes 6f totalAsulphur bb%éine&~for Kerala:soiis is, by |
and large, due to their high organic matter content. As the
organic matter generally decreases with the depth of profile,

the total sulphur content also decreases accordingly.

Organie sulphur

The perCenfage of organie sulphur %o the total

in Kerala soils varies from 43,124 to 99,50 per cent. quQVer
the mean values for the major soil types show that it constitut
 above 92 per cent of ithe total sulphur (Table VII A). The
pogltxva csrrelation ‘between -the organiec carbon and the

total sulphur obtained in the present study also indicates
that the organic sulphur constitutes the major portion of

the total sulphur. Aldinyan (1964) reported thet 70 to 20

per cent of the total sulphur in non-saline soills of U,8.8.R.



‘ 'is bound in the organic matter. Kanwar and Takkar (1984)
found that the ergaﬁie‘gu;?hnﬁ'vafie& from 48 to 95
per ecent cf4the total sulphur in the tea sails<0f Punjab.

The pereentaae of crganie sulyhar ﬁa %he tatal sulphur
" is found to be. low 1n‘th@ Pokkali sszls of the State
(Table VI A), This is due to the hoeavy accumulation of
inorganic forms of sulphur h@_%hé periodie inundation

of these soils by sés water.

‘The pe§eég£%ga_gf ¢rgahi¢‘sglphu? to the total sulphur

. ié high@a% in‘the'suﬁfae@7sqi$s of the laterite belt of
the State (Table II 4). The sulphate ion is one of the
,xmcst mobile i ions p?mﬁ@nt in the Sﬂil- The intensallﬁaehing':
and the c@ﬁseqaen* de@laﬁian of the 1nﬁrgan1c sulphur makes

the ar@anic form of sulphur to be more prca@minant.

Pron Table VII - A it is e?iﬁémﬁ that the pereen%age
| of efgaaie sulphur to the total decreasas with depth under ’
- both &ry lgnd and wet land conditionss Thisg eould partky

. be ascrlbed to the 1eaeﬂiAg of ineorganic sulphur aaﬁﬁeunﬁs

" to the lower herizaﬁs ané paftiy te ‘the aceumulatzon of

» organic. farms of sulphur in nhe upper heflzens, due %a‘

the adﬁitlﬁn of erwanic mattele

; Sulphate sulghur
ln an aera%@& s0il gulphate is the magor iﬂsrganie
%  Porm of sulphur. Among the various soil %ypes included in

S




ﬁhe{preseﬂt study the maximnﬁ amommt of sulphates are
fouﬁd in Ku%%@ﬂad and pokkalil soilé where an increase

. in sulphate ccntent with depth is observed, These soils
are SuchCted to periodic inundation by bracklsb waters,
eo@cclally during the summer nonths, which prcbably
account for the high sulphate content, However, washing
of the surface soils by the flood waters during the

. monsoon season reduces the gulphate content of the surface

soils bo somp extent, -

Wet lands, in general, contein more sulphates than
dry lend soils (Table VII). As these soils contain 3

relatxvely high amount of organic sulnhur, it is quite

possible that mineralisation to inorganic form has occured

rGSthlng in a hl#her coneentration of su~phates«

When all the layers are eansidered together a
swgnifieavt 1inear relationship is obitalned between the -
totsl sulphur and the sulphate sulphur (r = 0.5743 Fig.Q).
However, nc such relationsh p ig evident between the
total sulphnr and sulphq{eS‘when surface soils and
subsurface SQllS are eonsidered gseparately. The sur?ace
layefsia?e susceptible to différent degrees of leaching
dapen@iﬁg on.ﬁhe texture. Hence soluble sulphates are
remnved to differéﬁt exﬁgmts; from the suvrface layeré

of diffefent soils and as such no relationship could be



~expecteﬁ b@%ween the total sulphur anﬁ sulnha%es, when

qurfaee and guhsails are cansléere& sepafaaely.

The results p?esenteﬁfin Table‘Vli“inﬁicata that

. the mean eemtent ﬁ; suaphabes decreases with an increase

- in d@§th, ﬁauevef this is not the case with all the

~ profiles (Tables 1I andg VI). VInlprgfiles'ag 13, 16, 19
an& 2@ tbe‘lswe?'léygrs contain more sulpﬁaﬁes-than‘%he
surface sol ils 1ﬁspite of the fact that the toual sulphur
’content ﬁecrgases with, incraase in death. As those soils
are light textured and well drained, 1t is poss1ble that
i_salphataa are leaehea damn to the 1ower harizcns, thereby

| enhancing the: smlphat@ e@nteﬁ% of the lower layerss

Willlams aﬁﬂ S%eznbafgs (1965) Found that im@@rtant
. ea%eﬁevies of sulphatcs in ﬁustrallan s@ils dneluded
matarsaluble sulﬁhates, adse“b@ﬂ sulphates end 1nsaluble _V'~-

, sulmbat@s assaclateﬁ gzﬁh calcxum carbonate. Figures 3

: and 4 sbow that in most of the soils studled th@ yater-

. scluﬁla 3a1phates aﬁe closely assaciabe@ wz%h the total
sulphates. ﬁawaver, due. to @ very 1oy content of total
sulphates in praflles 5, 13, 17 and. 18, no measurable .

. qaanzities ef sulphaﬁes are extrﬂcted by water from

| all. %@a lavafs @f ahese araflles. .Sulphates nat eytraﬁtable

by water can be canszder@d as adsorbed sulphates. In nost

of the prmfiles, this aaﬁorbed fractlan ef the sulphate

sulnhur 1ncreases with the depﬁh.



10

W W o~ O

. FIGURE 7 |
DISTRIBUTION OF SULPHIDE SULPHUR
T SOMI SUSHERGED. PADDY SOTLS

Vytilla = Polkali lands
Hundar = Rari Tands -
' *R* Block = Kayal lands

?bllayami-ﬂ Red 1eam area

Péi’t*t;ambi - Laterite belt
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Williams and Steinbergs (1962) noted that sulphates
were retained invééme goils by-aésorptianzon cla? ca11ids;
According to Ensminger (1954) most of the surface horizons
andrlighﬁ textured soils héa only a low cépécity‘to adsorb
sulphate, but that, appreeiablé adsorption was possible
in the B and C horizons. Kampfa%hﬂgi,a; (lBSG)’showed
that sa;phaﬁe adgorptlon was more in 131 ¢lay minerals
‘aﬁd under gecidic copditvions. Due to the predominance
af‘l&l type of clay minerals and accidle nature of the
sQils; it wogld appaar that most of the seils of Kerala

are capable of retaining some sulphates by adsorption.

Sulphide sulphur

It is only in the profiles of waterlogged paddy
soils that sulphides are found in sppreciable amounts.
Data presented in Tables II to VI indicate that only
very 1little or traces of sulphides are present vhen the

moisture content of the soils is below 15 per cent.

~ The profiles 2,7,2,10 and 15, collected from wabter-
logged paddy solls register maximum amsupts of sulphides.
The distribation pattern of the sulphides in these profiles
is presented in Tig. 7. The lover layers contain considerably
iesser amcunts:of total sulphides ﬁﬁan the'upper hHoTizon.
?he findings of Gga%a§;aﬁa Bower (1965),supgort these
results. Their‘inxéstigations-ghow that the conditons

necessary for the blological reductlion of sulphate are an



angerobic environuent, and the presence of soluble
sulphates, available organic matter and suiphate redueing
organisms, Sﬁérkey (1950) found that sulphate reducing .
organisms are widely:&istributeﬁ in nature and will grow
wherever conditions are favourable. According to Ogata:

\ épd Bswg: (1965) the organic méttef present in the soil$ 
is a less readiiy assimilable source of energy naterial
for sulphate reducing organisms than undecomposed straw.
They found that the latter is about 20 times more effective
for sulphate reduction than the former. In paddy soils
1argeyquantities of undecomposed plant residues are added
to the surface s0il and wh@n-wate?laggeé, 311 the
conditions n@cesséry for the sulphate reduction are
available in the surfagevsoils‘ The lower layers, however,
are deficit in readily assinilable organic matter which

is the dominating factor influencing the amount of sulphate
reduction in poorly drained soils. Thig accounts for
the greater amounts of sulphides in»ﬁhe top layers of

wa terlogged soilsﬁ

In drylands evenbthough only small Quaﬂtities of
sulphildes are detected, it is found th;t the sulphide
concentration incresses with inerease in_the‘dépth of the
profile. This ié due to a more anaerobic condition in

- the subsoils of dry landse.



FICURE 8
REGRESSION OF TOTAL SULFHUR (y)
ON ORGANIC CARBON (x)

(Kuttanaa and Pokkall soils not included)

Burface solls

n oz 18

y = 678 x + 222,58

§a

Surface soils

noz 15
v ox 0.7186

533 % + 84.71

v oz
Subsoils
n V:f i5

i ‘i HC;8428**

608 x - 52.43

<
13

All sanples

n o= 48

]
3

= 0.87L7 **
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TIGURE © ©
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Thué_if would appear from the present study that
Kerale soils are fairly well Placed with respect to
their sulphur “tatuéi The problems posed by some Jf |
these soils may be attributed more to their relatﬁvely
higher content of sulphur than to their deficiency. In
waterlogged soils the fluetuating environmental cond&tlons
ospeclally the moisture Pegime, lead to the formation of
“reductlon prcducts of sulphur like sulphides or exidatlon
products like salahvrlc acid. .This ils aggravated in. '
sone soils by the ingress of sulphate bearing saliAe
waters. A detailed. investlgat on on the factors governing
the cransmormatlﬁn of one form of sulphur to another'

may eventually’ leac to a soluticn of nmany of the problems

encountered with. tnese wOllSo | . [

|
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SUMMARY AND CONCLUSIONS

4 study was made of the forms and distribution of
the sulphur in fourteen wet»laaé and gix dry land profiles.
Relationship between different forms of sulphur and
organic carbon was wbrked out, The main findings aﬁe

as followss=

1. Kerala soils in gemeral'aferrich in total sulphur
2. Wet land soils contain more sulphur than dry lénarsoils;
3. ?o%al gulphur is Signifieantiy and pcsitivelfﬂ
| correlated witﬁ orgaﬁic>cafban fcf a}l-%he three layers.
4., Maximum reserves of sulphur are found in the-Kari
soil of Kuttonad. |
5. Exeepting the Xari soils,in general the total sulphur
decreases with an increasé in the depth of the profile.
6. Organic su1§ﬁug generally constitutes the major portion
of the total sulphur. The ratio of organie sulphur té
total sulphur decreases with an~inerea$e in the depth,
7. In well acrated soil _sulphate~sulphﬁr accounts for the
major portion of inorganic sulphur.
8. ALl the sulphates in‘scils.afe not extractable vith
-water and most of the sails can retain some sulphates
by adserption. , .
9 Sulphate-s ulphur is positively correlated with the total

‘sulphﬁ?, vhen all the layers are considered together,



10. In light-textired soils the sulphates accumulate

in the lower horizons only.

11. Appreciable quantities of sulphides are found only

in paddy goilss

12, In well-drained soils sulphides accumilate in the

lover horizons while in waterlogged solls maximum

amounts are found in the surface soils, The conditions

- favourable for hielogiéal<reduction of sulphates are
present in the surface soils of poorly drsined paddy.

s0ils.

‘The study has revealed that contents of éiffereat

_ forms of sulphur keeps varying from goil to soil and
from horizon tb horigon. The problems posed by some

of these soils may be atiributed more ﬁo thei: réiatiéely
higher content of sulphur than to their deficiency. In
waterlogged soilslthe.fluctuating environmental conditions
lespecially the moisture regime, lead to the formation of
" peduction products of sulphur like sulphides or oxidation
products like sulphurie aeid,‘-This is aggrava%ed in some
soils by the inéress or sulphéta beariﬁg saliqgﬁaters,

- A detailed investigation on the factors governing the
transformation éf‘ane form of sulphur to another may
eventually lead to s solutioﬁ of many of the problems

encountered with these soilss
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FIGURE 10
SOTL MAP OF XERALA SHOWING THE
LOCATIONS 0F SAMPLES COLLECTED

.-;5 2&3 - Vellayani
4 Kotharakara
5 &6 . Kayamkulam
7 Alleppey, 'RY Block kayal
8 Moncompu |
2 : . ¥undar
10 - Vytilla
11 ' Méﬂnuthy
12,13 & 14 Bruthampathy (Chittur)
15 to 12 Pattambi
20 & 24 Ambalawayal
21 " Karamana
22 | Heelamperoor
23 .Vafkala

25 Chithirapurasm kayal



SoIL MAP or KERALA

SHOWING THE LOCATIONS

OfF SOIL SAMPLES B

COLLECTED.
SCALE. \"=-45. MILES.

. N

PEAT ( KAR! ) SOILS.
SANDY SOILS.

BLACK SOILS.

ALLUVIAL SOILS.

RED SOILS.

-**E FOREST SOILS.

i

— LATERITE SOILS -
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