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INZROMCTION

Ruce is the major f£ood erop of Kersule and covers
an arcd of approxwmabely two mxllion acreo. It io
geown almout entirely under subnerged conditions and
on noils vhieh vary widely in physicel @nd chemical
characteristics. Considerable anount oi work has been
done on the chemicsl and agronome problems of rigo
goils but woat of it purieins to the nojor plaat nutri-
cnus only. Studles on mesromatricnts in thesc soils

have rcecived vory little aittention until quite reeontly.

0f the various micromutrients required for the
nutrition of the rice plant, Iron and Menganese are
needcc in mueh larger amounts than the others and taclir
eosentiality for optimum growlh and yicld arc well
catablished. Heonce, the forms and distribution of
these tvo micronuitrients in polls growing Paddy 4acquire
considerable imporiance Lrom the point of sueccssful
cultivation of thfh erop. Thic study assunmes still
greater impordance as iron and manginese undergo pro-
found changes in submerged soils vhich are liable to be
dotremental to the growing crop undor the water-logged
condléions in which riee 1o commonly culiivatide In the
paddy soals of ¥erala these traneformstions are further

complie=tod beeausc of their strong acidity. It was

[T



therefore, felt that it would be worthwhile to siudy
the forms and dastributaon oi lron and mangencse in the
dirferent Yaddy sorle of this State both under subme:ged

and dry conditions.

Ivon and mangonesc ocour in soils in various forms
vwrth widely divergent polubilities. rost of the soilg
+n ¥erala gontaln an abundance of ix¥on but e bulk of
it 218 presont in forme that are of 1ifttle Yse Lo erops.
Thls is due %o many interacting factors which affect
and lanmit the iron thai c¢an be ss.imilaled by plants.
Toficreney of ivon in available form which 15 manie
fested as ohlorosis 1s a common oceurrenceu in upland
riee woils. .n submcrged soils, on the other hand, the
problem is not one of deficlency of iron but of toxiciiy
caased by excess awounts of soluble ivon present under

the reducing conditions prevailing in thesc coils.

According to Ihamija ef 2l (1956}, deficiency of
wanganene in rice soile of lndia 218 rere under field
eonditiona. %here 15, however, danger of toxicity due
%0 exceln of soluble m.ngtiese in walber-lo,ged sulls
because nanganese behaves exactly like ixon under sub-

merged econditione.

The necd Lor vrecaade data on the forms end distyi-
budion of iron and manganesc in rice pords of Kerala io

obvious and will be most useful in the efficicne mansgemend



of these soils. This probvlem assumes added importance
in the context of whe serious ehortage in food in this
vtate and the offorts that are being made to enhanoe
rice ylelds.

In the light of the above obmervationo, the present
work wap undertaken with the following main objectivest

(1) To assess the forms and distribution of iron and

maenganese an the rice soils of Kerala,

{(ii) To investigate the influence of submergence

on the various oategories of these elemanto.

(iil) Yo study the correlations, if any, between the
different forms of iron and manganese with the physicel
end chemionl charzoteristics of the soil.
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REVI® OF LIT.RASURD

The literature reviewcd here pertaine %o the forma
and distrivution of menganesc snd iron in e6il profiles

es influenced by environmental factors.

Az Forme of manganeset

Henganese occurs in soils in threo wldely different
forme, vig., water soluble, exchangeable and higher

oxides.

Kelley {(1909) in a study of pine-aspple sorls of
Rewall recorded several pattornc of distribution of
total manganese in #elation to the physical md cheniesl

properties of these s0iln.

Investagations on the forms and availability of
manganese in soils cerried out by Piper (1931),
Steenbjerg (1935) and Heintze (1938) revealed that only
biv lent forms of mangonese are avallable and not the
higher oxides. Leeper (1935), however, held the view
that not only bivalent manganese bubt a portion of

higher ozides can also be ascimilated by plants. Thas
portion he tormed as »educible oxides and the rest of

the oxides as "inert oxides®.

therman gb-01 (1942-43) grouped water soluble,



cxch mgoable and weduoible oxides of manganeie under
'ootive uanganese'. Sherman and Haymer (1943) have ulgo
postulated that these forms of mongwmese remiin in

cquilibrium an the soil as followst

"angzanous Mo It Colloidzl hydrated ﬂnﬁz
a2 S inexrt Ox.des.
Biswas (1953) prescated data on the dist~ibution
of dif.ercnt ecategories of mangbnese vigs., tosdal, active,
excheangenble and weter solubleoy, zn the profiles of fordy

uncultaivated soile from various paric of Incia.

Investizationo on the forms end distrbution of
nanganese in soils growing puoddy weore undersohen by
Thamije gt a1 (1956) and they corrclated tne variatiions
of ihe dlfforent cevegories wath the physicel and

chemictl wropertles of {the soll,

heintze (1957) £ron hie expevimenis conaucted at
Rovhamsted observed that in ninczel soils low in organic
matter, higher omxdes of mangenese approaching the
menganese dioxide type were formed by oxidatlon of addec
menganesces 3ut in alleline organic soils no portion of
Grificulély reducible higher oxides of manganese were

found or formed.

Nogzdrunova ¢t g1 (1958) invesiigated ihe ceagonal
variotlons in availlable snd exchangeable manganeae in

s0d podrolic soil ond reported that the maximua content



of cxchangeable manganese was in suumer.

dandhava gt 21 (1961) cxamined foriy-one soil
samples 1xom soven profilcs for varicus {orms of man-
ganese viz., total, water ooluble, exchangeable,
reduelble and active. MHe noted that several relation-
chips (xist between the chenlesl and pnysignl propersics
of goila and the quan.ity ance éifferent forma of

nanganeoc.

Mandrl (1961) carriod out »oi culfure csporlments p///
with paddy ared econcluded that iron and manganece in the
s0il orgenic complex did not show any significant

changes during the period ox growth of the crop.

Bs Uistmbution of menganese in the profiles

Kelley (1909) noticefl that mangznede contunt generally
decreased wvith dopth of profilc. Jamllar observationa

were made by Xlerr and Prince (1936).

Hoon md :hewen (1943) found that in oils of the
Punjab, mnganese was present in the 3011 profile right
dovm to the wate~ table with slaight sccumulation in
certain sectlon: of he profile shere the water table

1798 10W,.

Koelugs (1950) recorded tho occurrcnce of a plough
pan below the top soxl followed by & hard pen layer
»ich ln pangwmnese dieoxzde in the profile of an irri-

gated paddy soil,



Ghrorr and Yoshids (1951) ouse wed an acoumulation
of active mwiganese in the subscil and attributed it

40 the leaching or aurfoce soll.

Meas (1953) found that the dzstribusion of
totarl mad active mangsnese in bleck soirle was cither
unzform throughout the profile or decrsased slightly
with dopth with an eccurmlairon in she subsosl, while
in other o043s, the dieriribution did no% follow ny
regular pattern. s work also rcvealed that the level
of both ezchangeable and watcr soluble mangancse wae
maxsioum in the surface soil and deorcased gradually or

remained unifornm dowm ‘the profile.

Ping ena Yu (19%8) folloved the o ddetion-reduotion
processes in paddy so0ils and repovted thut nangsnese
content was nlghest in the illuviel horigon and mueh

nore than in the gloy horizon,

Rondhawa ¢3 21 (1961) showed tnmat in Funjzb acils
tne jotel nanganese inerensed with depth of profile,

wheronn othoxr forms of thip element decreased.

C. Tnflucnce of z0il reaction on the forms and
distribution of mangwnupe:
T4 io now well established thnt corl rcaction haes
a profound influencc on the forns md dictrabution of

mangancse in the goile



L4114is (1932) obsewved that linming deoreaged the
solubility of manganeso and atbtributed $nis %o the
change in soil remedion from acidity to near neutrality.
Later work of Alami~ and Prince (1936) hns confimed
this finding., They woted that nornil goils shich were
slightly to moderately acid usuelly contain sufficient
nangrnese for plant grovth, but when these soils were
heavily limed the soluble mangencse was converted into

iasoluble or aslowly soluble forms.

Pr.nco wnd Toth (1938) investigated the electro
dielytic behaviour of wolutions of 1aG1, end soilo end
econcludcd vhat the mobllity ol mangauese increascd &8

A

the pil of $he s0ll deorcagsd.

hawan et a1 (1949) observed thet no owidetion of

panganese tokes place in solls at pll values sbove S0,

mowae (1951) reported that the relative amounts
of replecesble forms of manganese in soxls were greatly
influcneed by coil reactione He found that inercase
in pid was followed by decrease in the amount of bivalent

forms of mehganese and vice versa,

The studiec of Stenuit and Piot (1957) on the
rclationship between pH and manganese content of sandy
goile indicated that deficlency oz manganese in osato
never occurs at pl ievs than 5.5 =nd only developsn at
pl zreater than T.0. le ettrabuted this to ihe influence

of $oil reaction on the availabillity of manganese.



bimilar reoults were obtained wn experinents cone-
dueted by “berhardt (1958) on the influcnee of deep &nd
shellow ploughings on the distribution of nmangonese in
801l In w0ils of hign ecidity dcep ploughling resulted
in & olighd inerease in zctive nangenese and shellow
ploughing in a martkoed deexoane, Iis work also revealed
that sinece acidification or soal ocecurred much nooner
with challew then with deep ploughing, accumulatgion of
active mengonese ook place in the subsorl of shallow
rlouzned plots Gue to a chifs from eqsily reduclble

nang meco 1o evochengoible mengenese,

Loanchen and Kamprath (1959) concluded from inoubation
tente and fleld experiments that large postion of added
nangencse was rrpidly converted {o non-cxchangoeable

form at pH 647 %0 Tatle

Runye end Seon (1960} sugzected that eoll reeetion

was the best indev of mengancse avillability.

landhewa of oL (1961) found more of water soluble,
exch migoable, e2a1ly rvoducible aond active mangonese in

acid coils than in slkalire soils.

. Intlucnge of water-logging on the forms and
distribution oi minganeaed
Conner (1932) aldueed evidence thet when goLl Woo
kept undor reduced conditions by water-logping the

soldble Corm of menganese incrcacade, Pearsal (1950)
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in o gtudy on wet soile came 1o the conclusion that
porleo in the redueing owase llberate large smounts of

exchongesble cationg, partioulorly manganesc.

Claxk and Resenieky (1996) invesiigat.ng the minersl
elenunt levels in the so0il solution of a submerged soal

resorded & hundred fold increace of muigancse.

Pomlinson {1957) traced tne season7l variationg
in pl of the surface layer of some rice golls of “uerra
Leone ond oid not £ind any regular varistion in the
ov illablility of mangrmoeses 0% tho conitrary, Kosegariton
(1957) noted a decrease in exchangesble and active
panganeso and an inereese in caplly reduclble panganese
under drought conditions end the reverasc under flooded

conditiona,.

Runge and Leon (1960) reported that ingrcasing
wetnese of soil profile rosulied in loss of manganese
£rom the A hormzon and ite accunulation in the lower

part of the B horigon.

According 10 aigenori (1961) water-logging ocon-

verted nengonese dioxide 10 manganous MANZANcsge

landal (1961) studied the transformation of man-
ganese in watendlogged dee solls and came %o the
conclusion that the reducible mangancse comprlaing

higher oxudes, .3ucn as, unoz, nn203 and Hn304'
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decrecaged {for sometime after the soll was water-logged
and then ineregsed to / level higher than that at the
start. in lotor sovk ho (1962) showed that the concen=
Yrotion of mengenese in drainage water lngrensed when
poils were kept under an atmosphere of 10 porccud
oxygen ond the eontent inereascd progroosively with the

period of water-lognng.

To Influonee of organic m2iter on the forms and
di~txribution of mangeneses
Heintze and Yanr (1951) in - atudy of ths various
fraection: of menganese in neubral and 7lkiline organie
201l found thads the porcentage of toltal soll mangancse
deereasoed wesh lnereasc in soil orgawnic matter whlch they
attributed to the retention of bivalent manganesc by

the orgenie complex.

The work of GLopaln Rao (19%6) on the effect of grecn
panuring on vhe availabilaty of mangoneae in swamp paddy
solls chowed that the release of mangsnese on subnergence

was eunhanced by green manuring.

hem ja ot gl (1956) mainteincd that in paddy soils
the distribution of the various fo-m. of mangenese dopei=

d.ed on the organic nmatter econitent.

derntze (1957) observed that menganuvse of » higher
salency form remained in combination with organic

mattorse He algo pointed oul that mengenese originally



present in aoluble organic matber frretuions migratos
anionicaily, whereas nanganese added and retained by

such frasetions moved predominently as a cation.

Kosegarten (1957) suggosted thas the inerease in
evennngeable manganese undsr water~logged condiltions

wag due %o the effegt of soil organic naiter.

“he expoerimenis of sanches and Koamprath (1953)
1llustrate the eficet of orgenic m=tier on the avarl-
rlity of native and applioed mangsnese, The vesults
show that when peat wapn added 0 s0il low an organic
nmatser, the exchangeable manganese increacsd in acld
so1le end aeid extractable mengmose decreased in

limed solls.

£» Influcnee of mecaanical comporation eof soils
on the forma and distribution
of menganeses
Zlei~ and Prance (1936) observed a significant
relationship beitween the amount of clay and ailt end
the 4otel manganese contcnt of the soil. Ioon gt 8L

(1941, 1942) and Kooh (1946) confirmed thias finding.

Rowas (1953) pointcd out that in lndian noils
$0%e) man ,Mmore wncreascd with clay content. Similaz
obeervations have been reportcd by Rhanna gt a1 (1954)

Qoth and Romnesy (1954) and Vahab and Bhetti (1958).

12

Karan et g1 (1960) found that in come Tasgt Pakigten
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00ils the cxohangeable nanganeseo gontent of alluvial,
coagtel seline and hill tract seile were similar deo-

plie $extursl differeuces.

2irta ard 01lat {1961) repo.tcé thas trace ¢lo-
nunts, ecpeelally mangsnese, tonded o be high in elayey
horigons. Zende and ‘haraide (1961} also drev atben=
$ion 0 the wnererase in extractable manganesc with

decrensin ; particle size and vice versa,

2: A: Torpe end distribution of iron in the
profiles

The clement iryon ogeurs in so0ils in dhe form of
priwary minerals, silicsie clays ond hydrat 4 oxides
Wwath thear organac and inorganic derivatives. Accord-
ing to Ponmamperuma (1955), of tnese Jdifferenc 1orms,
the nydreted osides are by far the most importent and
the »eat of all the chewicsl and biochemical rcactions

involving iron.

hoeings (1950) reported ftne occurrence of a plough
parnnt below the op s0il Lollowad by & hard pan rich in
iron hydroxades in the profile ol en irrigated ricc
soal. Jhlocl and fomhids (1951) obscrved that free
wron was lenched from the furrow slace and accumilated

in %he subsoil.

Thenida gb 21 (1956) found thet the perceninges

of Yerroua and fe'ric iron were high in the presence
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of active mangancse in paddy soils of India. Kamochita
{1956) rocorded gimilar obsopvations in paddy soils

of Japane

Ir. et 8l (19%8) followed the traasformations of
iron in r~ige fields and reconded the oeasonal variations.
In the Iuryow horizon the perxventage of ferrous Lron
wan aigh and pesk valucs were rveached in Auguot. In
the A horlgon, v2lues were low but incressed towards
the B horigon. Appreciable smounts of Xerrous iron

occurred in the lower Lorigons.

tile Jr. {1958) working on the fragl-pon nnd watey
table relationships of brown humic gley soile reporied
4 conewntration of Xi'z():2 in the upner solum and in the
frogi=pie Ting and Yu (1958) observed that the irom
content was highest in the illuvial horizon and nuch

moxre than in the glcy horizon.

dondsl (1961) found a charp rise of inpoluble

ferrous iron when soela were woier-loggeds

f. Influence of orgonic matiter on the forms ana
drotrabution of iron.

tenn (1930} noted inereased solubrlaty of iron

when organie matter was added to soils.

Islem ond dshs (1954) studled the roversion of



ferrie iron %o ferroud iron in rice s0ils md renorted
th>t addition of oxldieable materials, eopeclrlly

orgwic matter, promoted reduction of iron.

Gopala Rao (1956) showed that the availability of
iron in red loams increased in the presence of organice
natter. oimllar reoulis wore obtalned by *oonimperuma

(1955) and Thanija gt sl (1956).

Krishaapoorthy (1959) sugicsted the addition of
groen ranyre o paddy solls to render iron availables
But according to Kiuehi ~nd Omukai (1959), the solu-
b2lity of iron in paddy colle ls not affegted by the

organic natter contonte

I‘andal (1961} furnisched ovideonce that in the
presrnce of ozganio natter the reduotion of aron from
the ferric $o0 frrwous form was nore invcnsive under

uater-log:;,ed oonditions,

0. Influcnee of waser-logsing oan the iovms and
distribution of iron.

fhe oocurwcnee of large arounts of ivon in the
reducrd condition in watcr-logged soila hais been
reporsed by fearsall {13%50). Ho observed that in a
marshy s0il the ¢xcasngesblc fexrous iron was ~g high
as 248 nge ver 100 g. ox dry soul. Ielam snd lahi
{1994) demonstratad that in laterite soils kept under

15
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water-logg.d conditions thiere was 1 progressive reduction

of fervic iron to the ferrous form.

Ponnanperuma (1955} ob.iuned 147 po.Pele and
80 pepeie of ferrous aron respeetively in percolates
of & wator-logged s0il on the 67th day, with end withe
out oat strave Ulark and Reooulcky {1956) recorded as
ruch as 100 pereent increase in the iron content of
30il percolates on concinued submergence. Simlar
reaulse were reported by Le and UHandal (1957) and
gopaln Rao (1956).

Iri ot a1 (1957) ntudied tne sariations in frorrous
iron eontent in profiles of rice poile wndir £2ood-~d
conditions and noted that: (1) 2a a woll drewined site
ferrou form in She furrow horizon increased when
irragation started md decreased alwost to zero when
1% cemped, (ii) % 20-70 cm. depth $he ferrous form
waa low bus increised after floodang, (2ii) at T0-100 cm.
depth nmore iron oceurred and the seasonal chénges were

only slighd.

Gilc (1958) recorded > concentration of 7e05 in
the uppe~ solum of tae frepi-psn. But when the water
table was above the fragi-pan, rome of the Tcl was
laterally leacherd down ond was oxidised. Invostigations
by :oney .nd nurup {(1961) on the phenomcnon of scum
formation in the acid paddy soils of Kutbtanad in Kerala

revealed that epprecleble apountse of aron are brought
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into solution by submergence., Further, iron in the
reduced state 1s oxidiged to the forric form by atmog-
pherie oxygen and insoluble ferrio complex forms a

reddish brown scum on the surface of waters

The tranaformation of iron from the ferrio to
ferrous form under water-logged conditions was aleo
observed by Shagenori (1961) and Mandad (1961).
Mandel (1962) and Rajaram (1964) rccorded an ingrease
in concentration of iron in soll percolates kept

water-logged with inereased permod of submergence.
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¢cdAr? R® III
MALZ TALS ANYD NITHOSS

The materitl for ithis Investigation conasisted of
sux profiles fron importent paddy growing regions in
Koralae. They include a wide ronge of soils which differ

markcdly in nature and oharicterrstlcs.

It was nicessary 1o eolleot tne soll profiles in
the submerged state as well rs in the dry conditlion for
the present otudy. It is well known that the collcotilon
of typical profiles of inmundajed soils is by no means
a2 simple matter. Yhls difficulty was got over by using
2 s80il sampler improviged locally. It ig cxiremely
simple in desizn and conelste nerely of 8 piece of bhumboo,
1.5 meters in length snd about 8 cm. in diametor at the
broad end. The inte:rnodes were knocked off and the
wider.@nd olightly pointed so that the sampler could
enyily penetrate into soft s0ile. fhie sampler proved
qui.e ratisfactory for the gollection of profiles of
s04la in the watcrlogged conditions It was d~iven lnto
the s021 with 2 wooden mallel to a dopth of 75 cm. and
then ecarcfully withdeawr so that the coluna of soil
1 plde rezrined unbroken. Lhe excess wWrbter wis drained
ofi and both ends of oamboo closed witn polythene
paper. The profailes taus colleoted were tuken %o the
lakoratory Jithout delay and the bamboos were split

opcs longitudinally. In ell ceses the soil column was
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about 75 cm. long and unbroken. A separate soil semplor
~ag obviounly required for each profile but this uas of
liitle consequence as 1% 8 Qauvily wade and the coet

is negligible.

Examinasion of the proiilces showed that there was
no horizon differentiation in any of then. Consequertly,
each profile wac divaded arbltrarily iato two horizons,
Vizey, a surface hociron (0 - 22 cm.) and a cub-surface
howvizon (22 - 75 en.). 18 roous of the paddy plant
scldom reach beyend thigs depth it was L£ult that there
@wag no necrd to examine the soils at greater depthss.
Brioef deser.ptions of the morphological characters of
the different profiles together wath amporsant olte

features are given belows~
PROTIL . X

Locations Central Wice !'escarch bation, Patiambi,
Parghet fassriot (Laterite region).
Topograrhy: Level
Rainfall: 281 en.
Vegotatlons qlce
wpeczal Double crop land. atber-logzed Lfrom July
fonbureas:
o January.
Depth (om.)s Deseription
0 - 22 Yellowish brown (10 Yk 5/6) sofi sandy

elay loam; grity and loose, s0ft ‘hen wet;

7005 presents slighitly acidic (pH. 6.1)



22 - 75

Location:
Topography:
Eaan£all s
Veguetation:
Special
features
Depth (om.)
0 - 22

22 - 15

Looation:

Topographys
lwinfalls
Vegetations

opecial
featuress

20

Yellowish brown (10 YR 5/6) sandy loemj
grity, loose and not stiokyj roots absentp
slightly acidic (pH 6.1)

PROPILE II o

Agrioultural Research Station, Honkombu.
Alleppey Distriot (Alluvial reguon)
Level

350 cm.

Rice

Single crop land. Vater-logged fronm
Harch to September.

Pescription

Very derk brown (10 YR 2/2) Clays very
wticky vhen wety forms hard lumps when
dry; roois present; Acidie, (pH 5.2).
VYory dark brown (10 YR 2/2) Salty Clay;
sticky when waot and hard when drys roots

absent; very strongly acidics (pH 2.9)
PROPILE I1X

Paliparamba - one mile from Taliparamba
town on %aliparamba-Payyannur Road
Cennanore Diatrict. (Latorite region)
Level with hills on one side.

354 cm.

Hioce

Jouble erop lande well drained.



Depth (em.)
0 - 22

22 - 75

Locataont

Topographys

Rainfalls:
Vegetations
Shatarcas
Depth {om.)
0 - 22

22 -7

21

Lepeription

Dark yellowish brown (10 YR. 4/4)

sandy clay; grity and loosej soft when

wet; roois present; slightly acidic

(pit 6.4).

Dark yellowich brown (10 YR 4/4); sandy
clay loam; grity and fribablej slightly
acidic (pH 6.3)

PRO®PI LI IV

hlce hesearch Station, Mannuihy,
Triochur District (laterite region).
Undulating but terraced. Hills on one
slde.

326 cm.

Rice

Double crop land. bHecond oropy raised
with irrigation.

Description

Dark yellowich brown (10 YR 3/4) sandy
clay; grity very loose; not aticky;
roots present; ascidic (pH S.4).

Dark yellowisn brown (10 YR 3/4) eandy
clay loamj grity and friables roots
absent, Acidie (pH 5.7).



Location:

Topograpvhy:
Reinfalls
Yegetations

Special
Loatureat

Depth (cm.)
O - 22

22 - 75

Loecations

Topography s
Bainfalls:
Vegetation:
Depth (emd)
0~ 22

22

PROPIL S V

~
Vechoor, on the Vaikom-Vechoor Hoad,

hottayam Distriot (Xari HRegion)
Lievel

295 om.

Rice

Wator-logged for the major vpart of the
year,

Desordption

Yery dari grey (10 YR 3/1) olay; highly
plastic and sficky when wetj forms
hard lumps on dryings roote present;
strongly scidic (pHd 4.1).

Very dark grey (10 ¥R 3/1) silty olayj
plastic and stioky when wet; forms hard
lumps on drying; yellow notlings and
concretions prescnt; slightly acidio,
(pH 5.8).

PROFILE VI

fLece Hesearch Station, Koyamkulam

Alleppey Diet-ict (Sandy region).

Level

281 om.

fioe and Gingelly in rotation.

Jesoxiption

Dark grey (10 YR 4/1) sandy grity and very
loose; roots present; slightly meidic (pll 5
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22 - 79 Light grey (2.5 YR 7/2) sandy grity and
very loose; organic matter practically

absent; slaghtly acidic, {(pH 5.7).

Analytiosl Procedures:

btandard analytical procedures as deseribed by
Piper (1950} and Jauckson (1960) were adopted in the
examination of the soile. The mothods sre outlined

below:

1. Hoisburet
10 g. s0il was dried an an aly oven at 100 to
105°¢ to constant weight and the loss in weight wae

expresoed as poeroent on oven dry basis.

2, Mechanionl mnalyeist
Hechanical snslyesis was carried out by the Intere

nationnl Pipetts method.

3. Pz{_:
pil was measured in 8 1:2.5 soll-water suspension

using a Beckman pl neter.

4. Organie Carhbons
Orgmic carbon was estimated by Walkley and Black's

method (19%4).

Air dried coil ground %o poss through a BO-mesh

sleve was useds 1.0 g s0il was btreated waith 10 ml.
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. potassium 3chromate and 20 ml. concensrated sulphurio
acld end kept zor half an hour. %he excess oi chromio
acid was determined by titretion with /2 fcerrous solu~

+ion using diphenylamine ag internal indioator.

5. Cation “wohango Capaclity:

10,0 g+ 0of 90il was leached wath neutral .., amzonium
acetate solutlon. 4he adsorbed ammonium vwas determined
by dastillation wath maegnesium oxide &nd absorpiuon in
oxceos standard acld followed by titiation wath sitandard

alkali.

6. Analyel oi eliy Zractions

(a) eparation of clay: 1he apmonauwi carbonate

wewhod, proposed by Puri (1934) was adopteq.

50 g. 801l wae ftaken in a bealker, 250 wml. of
V. ammonium carbonate added and hoiled gently until the
volune wag reduced t0 half. 25 ml. of 0.5 1. sodlum
hydroxlde was then added and the solutzon dilutcd to
250 ml. The volume was again reduccd to half. Zhe
guspension was passed through & 70 mesh sicve and
collected in a 500 m=l, beakor marked at 8.6 cm. above
the bottom. The olay was collected by decantation,

air dried aud Jtored in stopperod bottles.

{b) lrepaistion of cloy fuzion exiract*  The
sodium carbonate xusion method wes followeu. 2 go of

clay wao fused with sodium Carbonate in a Flatinunm
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Cruoible and the melt digsolved in dalute hydrochlorie

acid.

{c) silica: he fusion extract was evaporated

%0 dryness and dehydrated by heatlng in e@n arr oven at
150°¢ 20r six hours. The reasidue was treated with dilute
hydrochloyric acid, 1il.ercd, washed, ignited, wei had

and reported as :102.

(d) _osquioxidest Tiu filtrate from silloa egtie
mation was made up to 500 ml. and the sesquioxades

dotorpined in 8 50 ml. aliquot.

T« Ixons

Iron was estimated after reduction with hydvo.sy-
lamine by the 0 - phenanthroline metnod as doocr.bed by
lorsune and Hellon (1938). ‘ater soluble, cxchangeable,
easily reducible and total iron wore detormined in soids
colleeted an theo submerged condition me well ag in tne

dry state (aft(~ harveot).

(a) Jjatep soluble rront 12.5 g. fresh soil was

weighod into a conaeal flask, 125 nl. dictilled water
added and the tlask otoppered tightly. JIhe suspension
wag shoken in an end=-over—c1d cnaker for 30 a.nutes and
then filterec through & Buohner funnel. 4 ¢ filtrate
was rvaporated 0 dryness, orgarlc naiter desiroyed and
vaser soluble izon determincd by neasur.ng e intencity
of the colour oi t%he feorrous orthophenenithroline complex

an & Klett colorimebers
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{b) _zchangeoble iyxon: 125 ml. of U. neutral
am onium aocctate was added %0 the 12.5 ge. of so02l from
winich water soluble irxon had been removed and the sug=
pension shaken vigorously ior 20 sceonds «nd filtered
qulokly through & Buchner funnel f£fltted with \hotmen
0.5 filter paper. Ihe {1litrate which containcd exchange-
eble ferrou: iron was frced from ammonium acetate by
cvaporationes The last traces of orgwie matter weore
rcmoved by Sreatment with 10 ml. of aqua regia and
repeatad evaporation %o érynesse. The residue was dle-
golved in 1 rl. of :. hydrochloric seid and the ixon was

deteralned in the solutzon.

(e) _educable iron: 125 ml. ox /1. amsonium acetate

of pli 3 wao added to the 20il left afver coxtraction of
wator eolubl » and exchangeable lron, Tne rate of f£il-
tration wao 80 regulated that the tine of contact of
ihe cxtracbant with the soil was more or lea~ the sanme
as 1n the deternination of exchangeable i1ron. educible

iron was estimated in the £ilirate.

(a) Zotal iron: Toval iron was determined in the

hydrochlorie acid ertract of 5 g. of the airr dried soil
by reduction witn zine and sulphuric acid follosed by

+itration with standard potassiun permanganatao,

8. Monponeses

Mangonesc was eatimated by the perlodate method
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proposcd by Leeper (195%) as nodaficed and deseribed by
Shexman gt al (1942) after the oxadation of organie
mestcr and revoval of ehlorides by svaporation with
nitric aclid, Javev moluble, exchangeeble, tasily
reducible and Hotal maugancse were froetionated and

determined 2s followo:

(a) Tater soluble monganese: 125 ml, of distilled
wator was added %0 12.5 g fresh soil in a flask ond
steppered tightly. The suspenaxon was shaken in an
cnd~over-end shaker for 30 minutes and 1iltcred through
a Buchner funnel. The filiratc was then cvaporated
t0 dryness and orgonic mateer desiroyed by treaitunent
wath 30 pere nt Hzoa and 10 ml. concenvrated nitric
agid, ihe residue was *reated vith 35 ml. of water
and 5 ml. of 85 percent H5P04. 7o the clear coloure
less solution 0.3 ge 0f sodium periodato was added and
the solution brougnt to boiling on a hot plaite. Alter
eoolang, it was transfirryd to & 50 ml. volumotrie
£flask und pade up t0 volume with 9 percent phosphoric
ac.de ihe solutzon was mirxed woell and the invensity

of eolour measvured in @ Klei. colox.meter.

{(b) xchungeanle mongencse: 125 ml, 0. . Jmmonium
acetate of pH T was addod o the sorl leit afber the
axtrwition of vater soluble manganesce The flesk wes
gvoppered and shaken continuously for 30 oinutes and

atloved %o 8%8:d xor oix lours with ocuemional shaking.
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It was then filtered through a Buchner funncl and
cxchangeable panganese determined in the filtrate as

before.

{e) meily reducible mangmnese: 125 ml. of
. amnonium acetate comtaining 0.2 percent of hydrogurnone

wae added to the soil left over after the extraction
of waler soluble and exchangeable panganesc. Tho guse
pension was sheken at frequent intervals for eix
hourse and %then filtered. Im the [iltrate casily rodu-

exble mangancee was doternmined.

(d) Zotel manganeset 5.0 ¢. of the alr dried
soil was treated with 1:1 hydrochloric eecid and the
extract made up to volume; total mangancesge was delerw

mine@ in a 950 ml. aliquot.



RESULTS



TABLE I

MICHAITIICAL COMPOSIZION OF S0ILS

Profile Depth Coarse sand Fine sand  3ilt Clay Textural
Ho. Locality {ema) i 4 % class
1 Pattanmbd 0~ 22 95.8 23.6 9.3 29.3 sandy clay loaa
22 - 15 56e2 17.3 11.5 18.2 wandy loam
II Honkomntn 0 - 22 2.5 17.4 22.0 57.8 clay
22 - 715 0.4 3.8 37.3 57.9 silty olay
11X Paliparamba 0 - 22 341 1163 8.2 49.0 sandy clay
22 - 15 49.4 10.9 10.5 30.7 sandy clay loam
i Hannuthy 0 - 22 41.7 12.2 5.2 40.1 sandy clay
22 - TS 61.6 13.4 3.6 27.5 oandy clay loam
v Vaikom 0 - 22 ——— 1.8 21.3 69.9 clay
22 - 15 0.1 1.4 47.4 44.1 8ilty clay
VI Keyamkulam 0~ 22 21.9 67.0 2.9 8.2 sandy
22 =175 41.7 534 2.9 3.6 sandy

62



PABLS I1
IMPO WAT: CH BICAT (CIARACZLRLLEICS OF S0ILb

pH Organie Organic Oation Lxchange ‘510
Prgﬁle Locality ?ggg? carton matier copacity m.e.
0. dry abterlogged ¢ < 100 g. scil E203
I Pattsnbi 0 = 22 5e1 6.1 0.91 1457 2442 1.97
11 Honkombu Q- 22 445 5e2 2.04 Feb1 15.0 2.90
IIX Tallpaz‘ainbﬂ 0 - 22 5:2 6.4 1-65 1.19 16\:4 1087
22 - 75 5-2 6.3 '-57 2.70 18.9
1V Yennubhy 0 - 22 5.2 5.4 (.68 117 19.7 1.46
v Vaikon (Kari) 0 =22 369 4.1 2.86 $.92 8.5 2:.70
22 - 75 5.0 5.8 2.83 4-8? 1103
VI K&yamkulam 0 - 22 L[] 505 0-14 \)-24 2.4 1-96

5¢3
22 - 15 5.4 5.7 0.03 0.05 23
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RISULIS

The mechanical analysis of wthe so1ls is given in
Fable T,

3t

The data shaw that the cley content in sthe different

profiles varies from 3.6 t0 69.9Y percents The otuls
rmge un texture from sandy o clay. The maximum amount
of elay xs iound in profile V and the minimum values
2or both horlzons are pcgorded in profile VI, xeaph

1 profile IL, therc is marked decrease in the olay
content in the subsoil. f%ho sand fractlons predominate

an profile VI,

Iata regavdang pli, organic carbon, oxganic natter,
cation exchange capacity and 3102/R203 r2t10 are pre-

sented 1u Yable II.

(1) pi.

It will be observed th: ¢t all the soils ave acidic
an reagtione %She pH velues of the water-logged s01ls
range from 2.9 to 6.4 and that of the dry soila from
Z.9 t0 6.0. As exwected, in all caces the dry soils
rezueter lower values than the water-logged soils.

fhe variation in pH with depih 1s i1 ot uniform.

(i1) Qrpmanic carbon

Fhe amount of organic caxrbon in the various profiles



TABLE 111
TVISTHIBUTION O DIFPL 5% TFOwle OF MAICANLSE 1IN WuilPeLOGG.D oO0ILb

langanose {DeP.tie)

Active

Profile Jepth P X3 A
Lvocality - Total

T 0 (cns) Vater Txchangeo= Fasily .
soluble  oble Reducible #ctive Total

I Pattanbl 0 = 22 10eH 11.7 104.8 126.9 524.0 0.242
22 - 175 Ye4 14.2 H5.2 T3.7 587.0 0.133
IX Fonkombu 0 - 22 4.8 2065 124.2 159.6 255.0 0,450
22 = T5 14.0 17.4 109.3 1417 367.0 0,386
11t *aliparamba 0 - 22 2e1 38.9 20.2 61.2 625.0 0.008
22 - 715 2¢5 400 189 614 764.0 $.083
1v rannuthy 0 - 22 1.8 153 28.9 46.1 554.0 0.085
v Vaikom 0 - 22 13.2 49.7 T5.6 13845 382.0 0.563
22 - 15 12.4 80.0 $2.6 145.0 573.0 0.253
7i Kayamkulomn 0 - 22 9.4 10.2 15.9 5.5 432.0 0,082

¢t



TAHLE IV

M SPRIBUTION OF IIFPIRDIT FORMS OF MANGANISE IN DRY SOILS (APTIR HARVEST)

Hanganese (DePeiie)

Profile Depth Active
Locality
Ro. {cms) Water Fxchange- Zasily 0%
soluble  able Reduoible Ac¥ive Total

1 Pattanbi 0 - 22 1.7 163 9.8 @Z’J 550.0 0,050
22 - TS 1.3 14.2 18.8 34.3 60440 0.056
I1 Honkombu 0 - 22 2.8 28.8 17.6 49.1 367.0 04134
11X Taliparamnba 0 - 22 1.8 17.6 12.2 31.7 611.0 0.08%
22 - 75 1.4 9.8 9.8 21.0 775.0 0.027
IV Hann“thy 0 - 22 0a9 18.5 16.5 35-9 516-0 0.070
v Vaikom 0-22 2.3 18.4 11.4 32,1 393.0 0.082
22 - 715 8.1 64.8 32.8 105.7 579.0 0.182
Vi Kayamkulam 0 - 22 5.0 10.9 10.1 24.1 415.0z 0,058
22 - 75 1.8 14.3 7.8 23.9 647.0' 0.037

€e



TABLE VII

RAIMG. O VARIATION IR JXTPELENT TOLJAS OP MAHGANISE IN VARIR-LOGGID AND

IRY S0ILS

Form
ot
Monganese

Mn (Pepeite)

VATTH SOLUBLD
IICIANGEABLE
¢ABILY RITICIBLET
AQTIVE

207AL

VATLR SOLUBLE
FXCHAUGTARLE
BASILY RITUCLBLE
ACTIVE

TOTAL

VAT LB-LOGGTD Y
Minfoum Mexizum Hean Hinimum HNaxwnum Hean
SURPACL S0IL (0 - 22 cme)

1.8 1409 8.7 0-9 3.0 2.1
10.2 49.7 24.4 10.9 28.9 18.4
15.9 124.2 61.6 2.8 17.6 12.9
3545 159.6 94.6 241 49.2 35.1

3550 625.0 479.0 367.0  611.0 475.0 o
SUB S50IL (22 = 75 oms)

2.1 14.0 7.9 te3 B.1 2.9
14.2 80.0 37.9 9.8 64.8 25.8

9.0 100.3 44.7 7.8 96.8 31.0
46.3 145.0 90.7 21.0 114.4 59.8

267.0 764.0 603.3 360.0 77540 603.3

43
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varies from 0.03 to 2.86 percence Profiles II snd V
ara rech in this constituent indicating hoeavy accumu-
lation of organiec maticr in theuwe goilo., Txoept in

profile .1, orzanic¢ carbon decrcases with depthe

(1is) gation eoxchange capacity

Zhe cation exchange capacaly of the so0ile s ows
wide veriation the vaRlw s ringang £rom 2.4 40 24,2 Recs/

1027 ge s0ila

(2v) 520,/ 1,0 . catio
The pilace seoqulotide »ovlo of the gurfoce sorls

varieo £rom 1.46 t0 2.9

Lhe distribution of the daficreny lorms of nanganese
in soils under both water-logged and dry conditiono is

ghown in ZRanles ITI and IV.

The rangc of wvariation of Hhe diiferent Loxms of
nanganesge under vater-logged end dry conditions is shom

in dable VI,

(1) Dotsl Manganese

Total menganese Varies from 355 t0 625 p.pe.m. in
the surface coil snae 367 to 764 p.p.me in the subsoil
of the waser-logied prosiles. Profile I1 registers tae
mpu2imun values and profile XII the maximen valuca for
both horizons. In all the profiles, thers lo definlte

mobilization of total menganese in the subsoile
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The amount of totzl munganese in the dry solls is
practically the same aa that present in these soils
when they are water-logged. It ranges from 367 to 611
PePells in the surface layer and 360 t0 775 Depem. in
the scoond layer. The subsoil resords higher values than
tho surfacs oil in 21l the profiles, with the exception
of profile II.

(2) ¥ator soluble Mangancas
Hangenese in this form is very low in the water-

logged soilse It varies from 1.8 p.p.m. in profile IV
t0 14.8 pep.m. in profile II. It may be noted that
water coluble manganese congtiiutes the smallest fraetion
of totel manganese. There is very little variation down
the profile.

The data roveal that there is a marked decreasse in
thie category of manganese in all the soile under dry
conditions. The amount prasent la extremely small, moat
of the value lying between 1.0 and 3.0 pepem. There is
very little variation in water soluble manganese with
dopthe

(3) Ixchangeable Manganese
The anount of exchangeable manganese in the waterlogged

80ils ranges Lfrom 1042 0 80,00 p.p.m. It 1s higrest in
the subaoil of profile V and lowest in the surface soil of
profile Vi. ZFxaept in profile 1I, exchangeable manganeae
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io higher in the subsoll than in the surface soil.

In the dry soil studlied, manganese in the exchange-
able form varies between 9.8 and 64.8 p«pelt. The varies
ation with depth is irregular.

(4) melly Redugible Mangsnese
faplily rceducible mangenese constiftutes the major

frastion of total manganese in moet of the waterlogged
soils. The anount preascnt chows considerable variation
ranging from 8.9 p.p.me in profile VI to 124.2 pepetis
in profile II. Surfacc conoentration of easily redu-
e¢lble manganess ia very notlceable in all the profilese.

The content of this oategory of manganese in the
dry soils le very low Bs compared to that in water-
logged moilo, the values lying between 9.8 and 32.8
PepPetts The distribution of easlly reducible manganese
in the profile does not follow any regular pattcrn.

(5) fotive Hanganene
The sum of the water soluble, exchangeable and

easily reduclble manganese represente the active

nanganese in the soil.

In the water-logged soils studled, active manganese
varies from 35¢5 Depele in prufile VI 40 15946 DeDele
in profile II. The distribution of this form of man-

ganese in the profile is erratic.



TABLE V
DISTRIBUTION OF DIFFERENT FORMS OI' IRON IN WATER-LOGGED SOILS

Fe (p- p.m-)
th Total

Profile Dep

Locality =4

Ho. (cms) “ater  Exchange- ppmxio

soluble able Reduoible Active

I Pattanobl 0 - 22 29.8 12.3 80.5 122.5 11.6
Ix Honkombu 0«22 25.3% 4047 757 141.6 2.8
22 = 15 4361 5846 190.8 202.4 3.2

11X Paliparanba 0 « 22 33.8 30.8 37.7 102.2 10.8
22 - T5 18.4 33.0 33.0 84.4 12.8

iv Hannuthy 0 - 22 45,1 17.5 26.3 82.0 4.8
22 =75 307 %Bs9 22.4 92,0 6.8

v Vaikon 0 - 22 24.4 2444 19.5 68.3 5e2
22 - 715 33.3 37.0 39,0 109.3 6.8

I Kayanltulaem 0 - 22 3.2 6.2 0.2 28.6 2.4
22 - 75 9,0 12.9 5.0 2649 1.6

8E



TAHBLE VI
DISTRIBUTION OF DIFPCRIIL FORML O IXOM It DRY SOILG (APRDR HARVESE)

Fe (p.p-m.)

Profile Depth Total
Locality -4
Ho. {oms) viater Exchange~ ppr X 10
soluble able Reduoible Aetive

I Pattambi 0 - 22 24.3 1644 60.9 101.6 11.68
22 =~ 75 29,3 30.8 68.4 12845 13.60
I Honlcombu 0 - 22 17.1 30.4 68.6 116.1 3.20
’ 22 - ?5 35.3 60.7 106.6 202.6 3-04
11 Taliparanba 0=-22 4.0 540 10.9 19.9 11.62
Iv Hanﬂuthy 0 - 22 17.0 12.0 3307 6207 4.64
22 - 15 22.0 22.0 1.7 55.7 6.72
v Vaikon 0 - 22 15.5 19.1 18.7 533 5.60
p 28 Kayanhkulan 0 - 22 18.3 15.3 21.9 55.95 2.08
22 - ?5 903 1805 24.7 5205 1.92

68



TARLE VIII

RAHGE OF VARIATION IN DIFFCIENT FORML OP IROH IN WALIR-LOGGED
AND DRY S0ILS

Pe (Pepen.)

vgi;gnor VAT ZR-LOGGED DRY

Mipimum Hayimum Hean Himimun  Mexdimun Mean

SURPACE S0IL (0 ~ 22 cms)

WATER SOLUBLZ 13.2 45.1 28.6 4.0 24.3 16.0
~XCHAJGTFABLE 6.2 40.2 21.9 5.0 30.4 16.4
REGUCIELT 9.2 80.5 41.5 10.9 68.6 3441
ACTIVE 28.6 141.6 9240 19.9 116.1 68.2
POTAL (Fe203)

PeDells X 10 2.4 11.6 627 2.1 11.7 645

SUB S0IL (P2 - 75 cms)

WATER SOLUBLSB 9.0 45.1 29.9 4.3 353 14.4
IXCAANGEANLE 1249 58.6 353 1363 60.7 33.9
RITUOIEL S 5.0 100.8 35.2 10.0 106.6 45.3
ACRIVI 2649 202.4 9647 27.6 202.6 102.5

TOTAL (l“eaﬂs)

PeDelle X ’0-4 1.6 13.2 T-4 1.9 13.6 Te2

(0} 4
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The active manganese content of the dry soils
lies 1n the range 21.0 to 114.4 pe.pema In most of the
profiles, the lavel is higher in the subsoll than in

the surface layor.

The distribution of the different forms of iron
in soils under water-logged and dry conditione is
shiown in fables ¥V and Vi.

The range of variation of different forme of iron
under wator-logged and dry conditions 1s chown in
Table VIII.

(1) Total Iron

The total iron present in the water-logsed solls
variea from 16,000 to 1,32,000 p.pem« The lowest values
are recorded in profile VI and the highest values in
profile I for both horigzonms. ALl the profiles, with
the exception of profile VI, show conceniration of
total iron in the subsoll.

The amount of total iron in the dry soile l1le of the
same order 28 that in the water-logged solls. It ranges
from 19,200 to 1,356,000 p.p.n. It may be noted thai
here also the subsoil is richer in total iron than the
surface soil in the majority of the profiles.

(34) ¥aser soluble iron

The lovel of water soluble iron varies fiom
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9,0 pePelte in profile VI 10 45.1 pDepeme in profile IV
in the water-logged soils. The variation with depth
i irregular.

In the dry soils, iron of this category ranges
from 4.0 t0 3%.3 papetie xCept in profile VI, water
spluble iron ingrcaescs with depth.

(111) Zmchongenble ivon
“he content of exchangeable iron in water-logged

soils fluctuates Lrom 6.2 0 58.6 Dspetie It 1s hignest
in profile II and loweat in profile VI. In all the
profiles there is marked increase in thie fraction of
iron in the subsoil.

The level of exchangeable iron rangeo fron 5.0 to
60¢T Depente in the dry soils. As in the water-logsed
soile, it inorcases with depth in all the profiles
atudiede

(iv) Reduoible Iron

The amount of reduoible iron in the water-logged
soils varlies L£7om 5.0 pepeme in profile VI to 100.8
Pebelle in profile II. The dictribution of this category

of iron appears 0 bear no relation to depth.

The content of reducible iron in the dry soils
13es in the range 10.0 %0 106.6 D«.pee The variation
with depth is not uniform.
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{(v) Aciive Iyon

The lovol of active iron in the water-logged soils
varios within wide 1imlts, Vid., 20.9 t0 2024 Dpepenle
Trofile VI rogistors the minimum valwe and profile I
the maximum values for both horlzona. There is no

regularity in the variation with depth.

the dyry soils give oimilar walues for this cate~
goxy of iron which range from 19.9 to 202.6 p.p.nm.
In the majoxity of the profiles aative iron tends to
acoumulate in the subsoil.



DISCUSSION
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CHAPR?ZR V

DLs0usBION

Total Manganese

Viswenath and Ukil (1944) in a study of the
Man,anese statue of Indian sorls recordcd mean valucs
of 802.4 pevene 8nd 962.3 pep.n. for surface soils and
gubgoils respeotively of the humid region. £he corres-
ponding figures for the rice soils of Kerals under dry
conditione obtained in the present lnvestigation are
47540 pepelte 8nd 603¢3 pepeinte respectively, Lhe lowor
level of total mangancse in Kerala soils may be largely
due to the low eation exchange capacity of the clay
minerals present in these soils and the drastic leeohing
that they are subjeocted to.

Though profile II (Monkompu) registers the higheot
valucs for the various Lractions of iron it ranks
lowest as regards total menganesc content. The strong
acidity and high level of organic matter in this soil
geems to bo responsible foxr this situation as it
favours the formation of active manganese which is

easily loat by loaching.

The accumulation of total manganese in the subsoil

is an important feature of both the dry and submerged

profiles. This is obviously the consequonce of leaching
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of manganese from the surface horigon and its deposition
in thoe subgoil. Similer rxesults have buon reporied by
Birwrs (1953) and Tandhava gt gt (1961).

0f the soveral factors whdch influence the anount
of totsl manganese in goils the clay content is one of
the most amporiant. 1t is interesting to note that
2 cloge rulationshlpy exists between iLotal manganese
and clay content in the soils sbtudicd. ligher values
are vecorded with inorease in ¢lay. It will be scen
fron Qeble LII that of the vaxrious forms of mangancwue,
the oxchangeable category is predomnatce, This £xt-
cton 1 naturally associated with the clay complex,
llence vhis close correlation of Holal amanganese with
clay. <he gorrelation between clay content and total
mangonese is higaly elgnifieant (r = ) and %his
i1inding 26 in accord wath the observation: of Biswas

{1953), Vahab and Fhattl (1958) ard othor workers.

Phe daita cleurly show that waterlogging has not
produced any significent change in the toisl mongonese

¢ontent of yace .3011lge

It has %o be borno in wmind that totel manganese
content 16 not a true Ilndex of the manganese eiLatus
of the soil. It is of little amportance from the point
of view of plans growth though 1% may scyve ao a

reserve of this mleronumtrient for plantsa.
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Vater soluble Hengenese

This form of mangenese iae prescnt in very omall
apounts in all the soils examinceds It Lo of the oxrder
0f 2¢1 DepPeme in the surfacc layer and 3.0 pe.psnNe in
the subsoil under dry conditiona, Ihamija gt g1 (1956)
found that manganese oi this category was sabgond in

many rice poils of Bihar, Uttar Pradesh and Punjab.

Tne disiribution of water soluble mangancse is
fairly unifornm and varies litile with depth which may
be aserxabed 1o the free novenent of this form of mane

ganese in the soil,

Tho influenge ¢f coll reaction on tnie eategory
of manganese is very evident. The amouni of water
solubie manganese increases as pll deorcases. his is
obviously due to the formation of bivalend manganous
ions under acidic conditione. Iligh negative corre-
lation wag obtamned bolween pil and wator soluble
menganese an the solls studred which corroborates the

resulis of RBiswes (1951) and handhave gt al (1961).

ihe wavipum valucs for water soluble menganene
arc recorded in profile II (Monkombu) and profile V
(Rari)e. Theoe soiln are rich in organic maltter in
the pregsconce of which mogt of the roduclble oxides
of manpganese are convertod anto soluble bivalent
forms. :his sccountt for the higner content of fhe

vater soluble cavegory of manganese ain these soils.
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fhe date reveal that wator aoluble manganese
inercases vhen soils arce waterlogged. f$he amount of
nanganoge of this categyry in subnerged solls though
small is three 40 Lour times higher than that found
in pollsz under dry conditlons, Thig obpervation ig
supported by the work of Penxesll (1950), wnge and
Teon (196) and Mandal (1961). Accoxding to Ponnaue
perunmi (1955}, tao peculler conditions obtaining in
rice 30ilc, viz., 2baence of oxygen, the metabolisn
of anaerobic bacteria snd the generation of powerful
reducing agonts by the snmacrobic decomposition of
organie matter, Lfavour the reduction of manganese to

waser soluble foxms

“stohangegble slanganese

This category of mangsnese is ithe bivalent form
witich as extractable with normel ammonium acetate
solution at i T7.0. 1% iz a brgger fraction then
water csoluble manganese and the mean values for
exchangeable woanganese for rice soils undexr dry
conditions are 18.4 D.pem. 8nd 25.8 p.panas for the

surface and subsurfece layers respectively.

It is seen th3t in the majorlty of tho profilee
there in mobilazaition of exchangeable manganese in
the subsoils It may be noted im tnio context that

monganese is one of the most easlly exchangenble
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bapes, particularly in acid soils., Yurther, as pointed
out by indredy (1940) under oonditions of high rainfall
and acidity most of the reducilble oxrdes 0f manginese
are liable to be cunverted into bivalent manganous ions
in the s0il. %Zheae manganous iona arc very nobile and
are lecached down and mey be carried av.y in the drain-
age water, In the sorls examined they have accurnilaied
in the subsoil vhuich accounts foy wne higher concon-

tration of exchangeable manganese in tinlg lager.

It will be no%ticed tnat 18 the fine fractions
comp~ising clay and silt inoreasse theve is propor-
tionate inercase in the content_gf exchangggple man=
gqgggg.z Under conditions of heavy rainfall and fairly
high ac.dity the coarse fractions ol soirle are rendored
very poor in exchangeable basus, partioculavliy manganesae,
which is perhaps the moat emplly exchangeable base,
Consequently, the fine fraptions hold increasing amounts
of manganese with greater tenagity than the coarser
fvactiona. A hiighly significant corrclation (r = 0.696)
was obtained between the fine fractions and exchangesable
nangenose contents Thic observation is not, however,
in agrecment wath the finding of Karim 2nd lussain (1960)
who reported that the exchongeable renganese content
of olluvial, (oastal saline and hill tract soils of
Tast Pakistan are swimilar notwithstending toxtural

diflercnoes.

A3 1ln the pase of water soluble mangancse, the soils
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exanined registered higher values for exchangezble
nanganese undor waserlogged conditions for the sane
reasons, This 1o in conformlty with the resulits of
Yosegerton (1957) wuo found lese exchangeable and active
nangancse under drought conditions and the reverse under

flooded conditions.

Taglly reduerble Manganocae

This f£roction represents the easily reauclble portron
of the higher oxiden of mangancse which vary in conpo-
gition f-on &noz %o Ln304. Lagily rcducible manganese
28 present in the ol elther in a colloldal hydrated
form in the clay ond eili fractions or in a finely
divided stase in the finer fractions.

In all the profiles thore is surfocce congentration
of thia category of mangsnese. Ghis may be explained

as followas

Tue o continuous cropping the surface soxdl is
subjectoed to greater spells, ithe o.n.deos of mamganese
present in the top horizon alternatively pass through
the procegses of oxidation and reduotion %o a grealer
extent than thosc in lower horizon. Hence there is
greacer possibility for the oxides of mangancese in
the top horigon %0 underge wecuction than those in the

subaoal.
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The highest values for casily reducable manganeseo
are rosorded in profile I) (llonkombu) and profile V
(fkari). The high level of boith organie matter and fine

Lroctions in these so0ile accounts for this.

Low values for reducible mangancee indicate low
avaalabllity of mangancse in seils. According to
+herman and llaxmer (1943), at least 100 ?p.p.m. of
manganese in this form rmust be present in the coil for
patiscfactory erop production. dJudged by this standard,
all the sosls in tho dry condition are vory low in this
category of mangnese. But when these soile arce sub-
merged reducible nanganose ancrcases in most casceo.

This can best be explaincd as being due to the reduction

of highcr oxides of manganese.

Active Manganese

The distxibution of active manganesc in the surface
and subsurface horigons o cach profirle is fairly una=-
forme The ratio of active to total manganese ranges
£rom 0.069 t0 0,450 in waterlogged solls snd from
0,027 to 0.182 in dry soils.

The level of active manganese in the soils in-
creapce with znorcaning organie matters and clsy con~
tents as in the cane of both water soluble and exchange-
able manganesce The reasons for this are the same in

all the threc cascs, %Pho influence of soll texture 1o



51

very narked in profile II (Monkombu) and profile V
(Karx) wnich rogister the maximun values for nesive
manganese, A high vositive correclation (r = 0.952%%%)
exists between cley und active menganesc content in
the solle examined. There ic slso a cloge relations
ship (r = 0.577) botween mctive manganese and organto
carbon. Ihamija et al (1956) and other workors have

elso noted a2 simllar relationshipe

Zhe amount of fctive mangancse in the so0ils is
greatly iniluenced by waterlogsinge In the majoriby
0% cacss, submerged soils gave valuce for activo mane
ganese vwhich are much higher than those for dry colla,
Zhe reducing conditionas brought about by waterlogeing y
ave very conducive for the formetion of bavalent forms’
of manganesce which constaiute part of the active nane

gonese in soils., “hie accounts for the higher content

of active mangancse in submerged soils.

The higheet 5102/3203 ratios werc recorded by
profile II (Monkombu) and profile V (Kari) which also
gave the naximuim valuces for active manganese. This
sug sewts that the level of this cabtegory o1 manganece
s influenced not only by tosture and osgenic matter
but 2lso by the nature of the olsy minerals present
in soals. ‘Aychaundnuri and Ananiharaman (1960) in a
otudy of Indlan acid solls growing paddy indicated that

the clay ninerals in kary sorlls consist of o pixture
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of kaolinite end 1llite. Gopulasmny (1958) however,
suggested that the Yuttenod sorls contaan a nixture

of monimorilionite and illite typee of elays. The
Monhombu noil and the Xar: soll belong to the sane
region {Kuctanad) and have nauny similar charagteristics.
they are entirely different from the other soils studied
vhaeh are either latoritic or sandy. Losper (1947)
founa that sorls contalning montnorallonite can fix
large amounts of agwive manganese while heavily

leached suils of low pli containing kaolinite can Iix
very lititie. In the latter oase, tunc moubllic manganous
forns o1 menganesce are eather quickly absozrbed by the
plant oxr removed in drainage water. Thls explains the
high values for active nanganese regiseercd by fhc

HMonkombu <nd Kari soilse.

Irom the resulits of the present study no relalliof-
ehip could be drawn beiween gotive manganese content

and pH of soils.
Potal Iron

“he maxinum values for total iron for both the
surface soll and subsoil were regorded by profile I
{fattambi)s This obmorvation holds good in $he cage
of dry soils as well as cubnerged soaloe 4o oxpected,
profilc Vi (hayamkulem) which is & typicel light sandy
J0il regustercd the lowest figures. In all the p ofiles,
with the only excepiion of profile VI, there 18 cone
e=nirataon of +otal iron in the subsoil which is brought

about by cluviation fvom the surface. Lhe anmounio
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present correspond with the eontent of f.ne fiaotions
in the surface and subsurface layers. This relationship
betwecn the total iron ocontent and the fine fiactions
of the goil was earlier noted by !ubotta (1958) and
Pinte and 01lat (1961).

viater soiluble iron

The digtribution of this fraction of iron in the
profrle does not follow any regular pattern in sub-
merged solls. ln dry soils, howcver, waser soluble
iron tendo to accumulate in the cubsoirl. <Shiord and
Yoshida (1951) who made the seme obsorvationr atirzbutcd
thia to the leaching of ferrous iron from the surf ece

%0 the subsurface horizone

%0il reagtion has a pronounced influcnce on the
solubilization of Lron. lore Lron gocee into soluiion
with deercase in pH of the soll as is cvident from
the negative corielation {r o -=0.,58%) tnat exisio
between pH and watoer soluble iron. %his conelusion
in supported by the worh of sodrigo (1962) who showed
that the amount of iron brought anvo solution is
inveracly provortional to the pH. A charzoicrlatie
feature of submerged sorl is that the carbon dioxide
content is several lundred times higher than in evr,
The carbonic acid forned as & consequence lovers the

pl of the soil and brings about the precipriation
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and subsequent golution of ferrous iron as demon-

strated by Ponnamperuma (1955).

~xXchangeable Iron

Profile II (Monkombu) and profile VI (Kayamkulam)
gave the highent figures for exchangeable iron For
both tho surface and subsoil under waterlogged cone
dizions. It is noteworthy that theme soils rccord
the ninimun valuocs for this category of ivon for both
horizons under dry cond@itionss It was further obscrved
that in moot of the proflles examined the subsoil
layer contained movre exchangeable iron than the surface
igyer under both submerged and dry conditions, There
1s olear evidence that submergence bringz about the
reduotlon and srlubilization of aron. %The soluble
produdt 1s earried down in the drainage water %o the
zonc of high oxygen concentratlion in the soal vhere it
is deposlited as coneretions, Thio explains salip-
feotorily the depletion of iyon in the surface horizon

and ites concontration in 1he subsoll.

Phe iniluwnee of orgenic matier on the exchangeable
Lron content of the voils stucied po apparent from
tho positive correlation thet exists between them.
Mandal (1961) has also reported a sinmilar relatvionship
in wator logged soils. ‘fAhe decompooition of organio

matter an soils undor sulmerged conditions produces
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apprecirable amounts of oxganic acide which cnhance tshe
robllity of iron resuliing in inorcased awounts of

exchangeavle iron in the woil,

Redueihble Iron

fhe drstribution of thio f£raetion ofi iron an the
profale lo not uniform. In profile II (Monkoambu) and
nrofile ¥ (Aara) the subeoil containg more of reduoible

iron vhereas in the other profiles the order is reverscd.

The maximm values for tnls category of rron cre
registered in profiles 11 and V. fhe high organic

matter content of these soils is responsible for thia.

Active Tron

Under waterlogged conditions thore is not muoch
variation in vhe distributlion of this form of ivon in
the profiles whereas under dry conditions the subsoil
shows twice as much actlve ixon as the asurface soil.
Ira o3 81 (1957) reported similar data in a siudy of
the variation in ferrous iron content of soil profiles
ol various stages of subnergence, fhey noted shat the
active iron content of the furrow slice was deploied
wnen the £ield was dr.ed but increased progressively
vtk the period of submergenge. This may bo aiirie
buted to the formation of active aron from inert oxides
of aron under the reducing conditions created by waterw

logeang.
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As in the case of manganese, the fine fractions
influcnce the content of ametive lron in the soil and chow
a sinear relationship (xr = 0.T12<%%),

The effect of organic matter on thls eategory of
iron i slgo discernible iyom the data, Active rrom is
found b0 be significantly correlated with organic oarbon
content {r = 0.755 ¥} for all the soilc examined. ih4s
observetion upholds the findings of hrichnamoorshy (1959)
wd Handal {(1961),

I% is cleer from tho sbove diseussion vhet the
availability of iron and manganese in rice soils of
Kerala is altered markedly by thely environment, ‘;119
results also roveal that submergence 0f solls briggs
about profound changeos in the forms and distribution
oi these two eleuentn, particularly in tho sbrongly
apgid soils of the Futtanad rogion. These srangfove
mationa &re beneficizl within limits but are liable
to advorgely affeet the ferfillty of these soils and
may even prove to be limiting factors in crop production
under intenecly aocid conditions. 0Lhe pre~eni work has
only touched the fringe of this problem, lany imporw
vant phagses of this problem remain to be inveotigated,

the more imporwant oi them be.ngs

(1) The inter-welationships beiween iron ang

menganere in the soll.
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(ii) beasonal Hransformations of iron and

manganese in relation to orop growth in submerged
80il.

It ie hoped that these problems will recelve
thoe attention of soil seientiste interested in thie

subject.



SUMMARY AND CONCLUSIONS
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CHAPT .R VI

SURMAIY AUD CONCLUSLUNS

A study was made of the forms and disiribution of
iron and mangenese in alx profiles ropresenting typical
rioe soils of Kerala. “anples viere oxamindd both uader
water-logged end dry conditions. Correlations were
worked out bhoitween the phyelcal and chemiesl character—
153tice of tho soils and the forms md distribution

of thesc clements. fhe findings are sumiarlsed belowt

(1) The sub soils are richer .n $otal manganese
than the surface soils both under water-logged and dry

conditions.

(2) "he total mangancse 1g correlated with the
f.rer fractions of the solls, the content lnereasing

wath incrense ain olaye.

(3) The active mongunese Lraotion bears little

relation 40 total manganese contante

{(4) Dotribution of water ~oluble magalese Lollovs
2 uniform pattern throughout tho profile and showe

1ittle varaation between surface and sub seil layerse.

(5) The molubliipation of manganese increasoes

with deexease in s0il pll and Yiee Versa.
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(6) The content of cxchengeable manganese is higher

in sub goil and increases with ingrease in fine fractions.

(7) The casily exchengesble nature of msnganeno
is clearly brought about by the negative correlation
obtaiued with the cation cxchange oepacaty of the

80ilaz.

(8) The easily reducible menganegse accurmlates in

the surface laycy of all the profilea.

(9) The setive manganese cxhibits & unifoxrm pattern
of distribution in the profile and shows little var-

ation between the two horisono.

(10) The organic matter contens has a marked ine
fluence on the forms, solubllizetion end mobilisation

of 80il monganesc.

(11) ‘ater logging has resulted in bringing more

manganese into solution.

(12) Tho total iron content is higher in the sub-
soils than in the surface soils in most of the profiles.

(13) Total iron tends to incieassc with incresse in

fine fractions.

(14) vater solublc iron accunulaites an the sud soil
under dry condations but there io no regularity in dis-

tribution under cubnerged conditions.



(15) More iron is brought into rolution as sorl

reaotron tends towards acrdriy.

(16) The ocub so.l condta.ns more of exchangeable

iron both under dry and submoiged conditions.

(17) Exchangeable tron shove a 1clationship
with soirl texture, the amouni beinyg higher in heavy

60ilo.

{18) the rcducable fraction of rron follows no

regular trend of distributblon in the profiles.

(19) The aetive iron is unifoxmaly diotributed
in the profile under submerged conditlons but under

dry conditions the sub soilp reoosd higher vailues.

(20) The active zvon tends 1o inerease with the

inerease an iine fractions.

(271) Organiec matter influences the amouni and

distrabudion of water soluble, exchiangeable, reducible

and active forms of irone

{22) vater-logging appears to be one of the
controlling factors in the svlubilization ond mobl-
lization o. iron, <the effect boin more pronounced in

the subsoirle.

60
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RELATIONSHIP BETWEEN WATER SOLUBLE Fe
AND pH IN DRY SOILS

©q
5.\\
4-
5 2
Y O 555%+6 029
. Z o58«%
Z 12
1
o 1 : It L L L 1 L
o] 5 © 15 20 25 30 35 40

WATER SOLUBLE |RON (ppm)

®

RELATIONSHIP BETWEEN FINE FRACTIONS AND EXCH Fe
IN WATER LOGGED SOILS

Y Q 3379c+10 324
% 0706 % %

EXCHANGEABLE IRON
n w 3~ n
¢ 9 ©° ¢

o
L

n

12

‘’0

36 40 506 60 70
CLAY +SILT PERCENT

80

[2]e)

o0

¢

9y

LB



RELATIONSHIP BETWEEN C EC AND
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RELATIONSHIP BETWEEN pH  AND WATER
SOLUBLE Mn [N WATER LOGGED SOILS

18
ao-‘ 16
.
£
70 o 14 4
:l) ‘e 4
8 o
69+ Z 124 \4’.9,7\\[
e
Z ==
50 g 10 -
w
401 iﬂ 8
3
30 0w 6
.4
W
204 pr
Y 333c+9221 ;:4 Yy 27 +2293
T Q06Bw x 2 056%
e =n 2 ‘ a n 12
° R N A R . ° R . . ; .
0 5 10 5 20 25 0 1 2 4 5 6 T 8
CATION EXCHANGE CAPACITY IN me pH
RELATIONSHIP BETWEEN ACTIVE MnAND RELATIONSHIP BETWE EN ORGANIC CARBON
100 FINE FRACTIONS IN WATER LOGGED SOILS AND ACTIVE Mn INWATER LOGGED SOILS
904
80 160
70" 1404
~~
£
604 120
()
w
50, Moo
2
s
404 z 804
z
30 4 ;160-
4
[¥)
20, Y ©5370c+179 < 40; N 23B3c+6 2
2 0952 % K e A O 5T7 %
104 n 12 204 n 2
° X R R , ) . ° ) R . .
) 20 40 60 &80 {100 420 140 {60 o o5 10 i5 20 25 30
ACTIVE MANGANESECppm) ORGANIC CARBON PERCENT
c (o)
D N



= @

CLAY +SILT PERCENT
b

RELATIONSHIP BETWEEN ORG CARBON

RELATIONSHIP BETWE EN ACTIVE Fe AND
AND ACTIVE Fe IN WATER LOGGED SOILS

FINE FRACTIONS IN WATER LOGGED SOILS

EXCHANGEABLE MANGANESE ppm

Y 04696 2¢+6 74 240 Y 25743¢+6l4
2 07 % Z O755% x
0% n 2 Teoo n 12
gl
o{ £ teo
P}
0 lf 201
w
o 2 80
5
<
ao* 404
0. 1 " A 2 " Y — [o} I I " — I —_
o 20 40 60 BO ©0O 120 140 160 180 €00 o Q5 10 18 20 &5 30
ACTIVE IRON N ppm ORGAN ¢ CARBON PERCENT
RELATIONSHIP BETWEEN WATER SOLUBLE Mn RELATIONSHIP BETWEEN FINE FRACTIONS
AND EXCH Mn IN DRY SOILS AND EXCH Mp IN DRY S0ILS
704 70
Y T335¢+366 e Y O 343%x+46
604 2 o88x%x% Zeo 2 0696%x =%
n 12 t n 12
i
50- Z 50
Y
Q
2
40 . 40
w
-4
30- @30
d
0
204 %ao.
I
%
0+ 1l 104
[V B A 2 1 1 1 L P ] PR | r i PY 2 L .
T o 4 2 3 4 5 6 7 e *s 10 20 30 40 BO GO 70 B0 950 1
CLAY+ SILT PERCENT

WATER SOLUBLE MANGANESEppm

© ©




DISTRIBUTION OF DIFFERENT FORMS OF [RON IN WATER LOGGED AND DRY SOILS
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