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Rico is the major food crop of Kerala and covers 
an area of approximately two million acres. It io 
grown almost entirely under submerged conditions and 
on coils which vary widely In physical and chemical 
characteristics. Considerable amount oi work has been 
done on the c h e m i c a l  and agronomic problems of nos 
soils but moot of it pertains to the major plant nutri
ents only. Studies on mioronutrxents in these soils 
have received vary little attention until quite recently.

Of the various moronutnents required for the 
nutrition of the idee plant, Iron and Manganese are 
noedee in much larger amounts than the others and tneir 
eoaentiality for optimum growth and yield are well 
established. Ilonoe, the forme and distribution of 
these two mioronutriente in coils growing Paddy acquire 
considerable importance from the point of successful 
cultivation of thft crop. 2hic study assumes still 
greater importance as iron and manganese undergo pro
found changes in submerged soils which a**e liable to be 
detrimental to the growing crop undor the water-logged 
conditions in winch rice is commonly cultivated. In the 
paddy soils of Kerala these transformations are further 
complicated because of their strong acidity. It was,
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therefore, felt that it would be worthwhile to study 
the forme and distribution oi iron and manganese in the 
dliferent Paddy soils of this State both under submerged 
and diy conditions.

Iron and manganese ooaur in soils in various forms 
with widely divergent bolubilltleo. eoet 0/  the/ soils 
m  Kerala contain an abundance of iofbn but balk of 
It is present in forms that are of little- tisa to crops.
Shis is due to many interacting factors which affect 
and limit the iron that can be assimilated by plants. 
Deficiency of iron in available fora which is mani
fested as chlorosis is a common occurrence in upland 
rice soils. _n submerged soils, on the other hand, the 
piobicm is not one of deficiency of iron but of toxicity 
caused by excess amounts of soluble iron present under 
the reducing conditions prevailing in these coils.

According to anraiju jit al (1956), deficiency of 
manganese in rice soils of India is rare under field 
conditions. 2h>*re is, however, danger of toxicity due 
to excels of soluble ck-nga iese in water-lodged soils 
because manganese behaves exactly like iron under sub
merged conditions.

Ihe need for nrcoiae data on the forma and distri
bution of iron and manganese in rice soils of Kerala is 
obvious and will be moot useful in the efficient management
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of these soils. Ehis problem assumes added importance 
in the oontext of the serious shortage in food in tills 
iitate and the efforts that are being made to enhanoe 
rice yields.

In the light of the above observations, the present 
work was undertaken with the following main objectives*

(i) So assess the forms and distribution of iron and 
manganese in the race soils of Kerala.

(ii) $o investigate the influence of submergence 
on the various categories of these elements.

(ill) 2o study the correlations, if any, between the 
different forms of iron and manganese with the physical 
end chemical characteristics of the soil.
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C H A P E  HR if* yA
HOTlaf OP LIE^RAEUSE

Eha literature reviewed here pertaine to the forms 
and distribution of manganese and iron in soil profiles 
as influenced by environmental factors.

At Forms o f  manganeses

Manganese occurs in soils in threo widely different 
forms, vis., water soluble, exchangeable and higher 
oxides.

Kelley (1909) in a study of pme-apple soils of 
Hawaii recorded several patterns of distribution of 
total manganese in relation to the physical and ohenical 
properties of these soils.

Investigations on the forms and availability of 
manganese in soils carried out by Piper (1931), 
Steenbjerg (1935) and Ileintme (1938) revealed that only 
biv lent forms of manganese are available and not the 
higher oxides, beeper (1935), however, held the view 
that not only bivalent manganese but a portion of
higher oxides can also be assimilated by plants. Plus 
portion he termed as ’-eduoible oxides and the rest of 
the oxides as "inert oxides".

bherman et^al (1942-43) grouped water soluble,
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exchangeable and reducible oxLdes of manganese xmdcr 
'qctivo manganese’. 'Shenaan and Hasaner (1943) have alao 
postulated that these fortas of manganese remain in 
equilibrium in the soil oe follows*

Hangnnous Hn a^sa Colloidal hydrated ilnOg 
«=!.=:» inert Oxides.

Biswas (1953) presented data on the distribution 
of dif-ercat categories of manganese via., total, active, 
exchangeable and water soluble, in the profiles of forty 
uncultivated soils from various parto oi India,

Investigations on She forms and distribution of 
manganese in soils growing paddy wore undertaken by 
XiianlJa et al (1956) and they correlated tne variations 
of the different categories with the physical and 
chemioil oropcrtiea of the soil,

heintze (1957) from his experiments oonauotcd at 
Hoohamsted observed that in nincial soils low in organic 
matter, higher oxides of mangpnose approaching the 
manganese dioxide type were formed by oxidation of nddei 
manganese. But in alkaline organic soils no portion of 
difficultly reducible higher oxides of manganese were 
found or formed,

Hosdrunova et al (195B) Inveusigatcd the seasonal 
variations in available and exchangeable manganese in 
sod podxolio Boil and reported that the maximum content



of exchangeable manganese was In summer.

Handhava et al (1961) examined forty-one soil 
samples iron Bcven profiles for various forma of man
ganese vis., total, water soluble, exchangeable, 
reducible and active. lie noted that several relation
ships exist between the chemical and pnysxqsul properties 
of soils and the quantity ana different forms of 
manganese.

MandfJL (1961) carried out not culture experiments 
with paddy aird concluded that iron and manganese in the 
soil organic complex did not show any significant 
changes during the period ox growth of the crop.

6

B. distribution of manganese in the profiles

Kelley (1909) noticed that manganese content generally 
decreased x/ith depth of profile. Birallar observations 
were ma3e by HLair and Prince (1936).

Iloon end Aswan < 1943) found that in soils of the 
Punjab, mnganese was present in th< soil profile right 
do\m to the wate” table with slight accumulation in 
certain aectiom of the profile where the water table 
was low,

Roeings (1950) recorded the occurrence of a plough 
pan below the top soil followed by a hard pan layer 
rich In manganese dioxide in the profile of an irri
gated paddy soil.
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bluon and Yoehida (1951) obse ved an accumulation 
of active manganese in the subsoil and attributed it 
to the leaching of surface noil.

Biswas (1953) found that the distribution of 
total aid active manganese in black soila was either 
uniform throughout the profile or decreased slightly 
with depth with an accumulation in the subsoil, while 
in other oils, the dirt'fibution did not follow ny 
regular pattern, his work also revealed that the level 
of both exchangeable and water soluble manganese was 
maximum in the surface soil and decreased gradually or 
xezaoined uniform dorm the profile.

Sing ana Yu (1958) followed the ocidation-reduotion 
procosaos in paddy (soils and reported that manganese 
content was Highest in the illuvial horizon and much 
more than in the gloy honson,

Bondhawn f_t al (1961) showed tnat in I-unjab soils 
tne total manganese increased with depth of profile, 
wheroao other forma of tldo clement decreased.

0. influence of soil ’-eaotion on the forms and 
distribution of manganese:

Tt ie now well established that soil reaction has 
a profound Influence on the foms and diotnbution of 
manganese in the soil.
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illis (1932) observed that lining decreased the 
solubility of manganeso and attributed tala to the 
change in soil reaction from acidity to near neutrality. 
Later work of 31 ai” and Prince (1936) has confirmed 
this finding. 2hey noted that norcnl soils Âiich were 
slightly to moderately acid usually contain sufficient 
mang^neue for plant growth, but when these noils wore 
heavily limed the soluble manganese was converted Into 
insoluble or slowly soluble forms.

P^vnoo and Toth (193B) investigated tho electro 
dialytlc behaviour of solutions of i n01g end uoilo end 
concluded that the mobility of manganese increased as 
the pH of tho soil doorcased.

iliawaa jslj ol (1949) observed that no oxidation of 
manganese takes place in soils at pH values above 9.0.

Biowas (1951) reported that the relative amounts 
of replaceable forms of manganese in soilo were groatly 
influenced by coil reaction, lie found that increase 
in pH was followed by decrease in the amount of bivalent 
forma of manganese and vice versa,

She studies of Stenuit and X’iot (1957) on the 
relationship between pH and manganese content of sandy 
soils indicated that deficiency of manganese in oato 
neve” occurs at pH lees than 5.5 and only develops at 
pH greater than 7.0. lie attributed this to the influence 
of coil reaction on the availability of manganese.
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birailnr results we»e obtained in experiments con
ducted by “berhardt (1958) on the influence of deep end 
shallow ploughinga on the distribution of manganeso in 
soils, In toils of hi$i acidity deep ploughing resultad 
in a slight increase In active manganese and shallow 
ploughing in a marked decrease. His work also revealed 
that since acidification oi coil ooourred much sooner 
with shallow than with deep ploughing, accumulation of 
active manganese took place in the subsoil of shallow 
ploughed plots due to a shift from easily reducible 
raang sneoo to exoht-ngonblc manganese.

benches and Kaiop̂ ath (1959) concluded from incubation 
testa and field experiments that large portion of added 
manganese was rapidly converted to non-exchangeable 
form at pH 6.7 to 7.1.

Hunge end Leon (1960) suggested that soil reaction 
ims the beat inde^ of manganese availability.

handhswa et al (1961) found more of water soluble, 
exchtngoable, easily reducible and active manganese in 
acid coils than in alkaline soils.

P. InxluenoG of witei—logging on the forms and 
distribution oi manganese:

Conner (1932) aldueed evidence that when coxl was 
kept under reduced conditions by water—logging the 
soluble form of manganese increased.*. Pearsal (1950)
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xa a otudy on wet Boile cane to zhe conclusion that 
ooxlo in the reducing mate liberate large amounts of 
exchangeable oations, particularly manganese.

Clark and Kasenioky (1956) investigating the mineral 
element levelo in the soil solution oi a submerged soil 
recorded a hundred fold inoroaoo of monganeae.

Somlinaon (1957) traced tnr> seasonal variations 
in pH of the surfaoe layer of some rice soils of exerra 
leone and aid not find any regular varxation in tho 
nv Ulability of manganese. On tho contrary, Kooegaitcn 
(1957) noted a decrease in exchangeable and aotivo 
mangane30 and an increase in easily reducible manganese 
under drought conditions and the reverse under flooded 
conditions.

Hunge and leon (1960) reported that increasing 
wetness of soil profile rooulted in loss of manganese 
from the A horizon and Its accumulation in the lower 
part of the B horizon.

According to ^higenori (1961) water-logging con
verted manganese dioxidp to raanganoua raanganoae.

Ilandal (1961) studied the transformation of man
ganese In natrar*“logged rice noils and o!ao to the 
conclusion that the reducible manganese comprising 
higher oxides, sucn as, unO^t lUgO^ and tln^O^
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decreased for sometime after the soil was water-logged 
and then increased to n level highe-” than that at the 
start, xn later /ork ho (1962) showed that the oonoen- 
tr^tion of manganese m  drainage water increased when 
soils were kept under an atmosphere of 10 percent 
oxygen and the content increased progressively with the 
period of water-logging.

t. Influence of organic matter on the forms and 
distribution of manganeses

•iplntsc and ’Janr (1951) in r study of the various 
frncuiom of n-’nganese m  neutral and nlk ilinp organic 
soils found that the percentage of total soil manganese 
decreased with inoreaao in soil organio matter uhioh they 
attributed to the retention of bivalent manganese by 
the organic complex.

She work of topaln Jiao (1956) on the effect of green 
manuring on the availability of manganese in <,warap paddy 
soils showed that the release of manganese on nubmergonoe 
was enhanced by green manuring.

-Shami.la et al (1956) malntaim d that m  paddy soils 
the distribution of the various fo -uk, of manganese depen
ded on the organic matter content.

ilemtse (1957) observed that manganese of a higher 
jalenoy form remained m  combination with organic 
matter. He also pointed out that mpnganese originally
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present in soluble organic natter fractions migrates 
anionicnlly, whereas manganese added and retained by 
such fractions moved predominantly as a cation.

V

ICOsegarten (1957) suggosted that tho inoreaoe in 
excnrangeable manganese under water-logged conditions 
was due to tho effect of soil organic matter.

Uhe experiments of bandies and Kemprath (1959) 
illustrate the effect of organic matter on tho avail- 
lbility of native said applied manganese. results
show that when peat was added to noil low m  organic 
matte'’*, the exchangeable manganese inoreaoed in acid 
soils and acid extractable laengnnoae decreased in 
limed soils.

Pm Influence of meenanical oonpontion of soils 
on the forma and distribution 

of manganeses

Blai- and T>ra.ncc (1936) observed a significant 
relationship between tho amount of day and silt and 
the total manganese oontent of the soil, lloon ot aL 
(1941, 1942) and Koch (1946) confirmed tills finding.

Biswas (1953) pointod out that in Indian soils 
total man ̂ onoie increased with clay content. Similai 
observations have been r e p o r t e d  by Khonnn e t al (1954) 
2oth and Horaney (1954) and Vahab mid Bhatti (1958).

Karin et u& (1960) found that in some Tast Pakistan
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soils the exchangeable manganese aontorrfc of alluvial, 
coastal saline and hill tract soils were similar des
pite textural differences.

i-irta ard Ollat (1961) reported that trace ele
ments, especially manganese, tonded to he high in clayey 
horizons. Zende ond ^haraido (1961) also drew atten
tion to the increase in extrnc.table manganese with 
decreasing particle size and vice versa.

2s A: "'orrae and distribution of iron in the 
profiles

She clement iron occurs in soils in the form of 
primary minerals, silicate clays and hydrat d oxides 
w~th their organic and inorganic derivatives. Accord
ing to Ponnamperuaa (1955), of tneoe differeno lonas, 
the oydrpted oxides are by far the moat important and 
the faeRt of all the chemical and biochemical reactions 
involving iron.

koeings (1950) reported tne occurrence of a plough 
pan below the top soil followed by a hard pan rich in 
iron hydroxides in the profile of an irrigated rice 
soil, jhxori and /oahida (1951) observed that free 
iron was leached from the furrow slice and accumulated 
in the subsoil.

3i«-aija et al (1956) found that the percentages 
of ferrouo and fe’ ric iron we^e high m  the presence



14

of active manganese in paddy soila of India, Kanoohita 
(1956) rocoidad similar observations in paddy soils 
of Japan.

Ir- et al (1958) followed the transformations of 
iron in 'doe fields and recorded the oeasonal variations. 
In the furrow horizon the percentage of forroua iron 
was ax$i and peak values wer-o reached in August. In 
the A horizon, values were low but increased towards 
the B horizon. Appreciable amounts of ferrous î -on 
oecuri ed in tlie lower horizons.

(*ile Jr. (1958) working on the fragl~p-m and water 
table relationships of b-rown humie glcy soila reported 
a concentration of FgO^ m  tho upner solum and in the 
fragi-pm. Ting and Yu (1958) observed that the Iron 
content was highest in the illuvial horizon and much 
more than in the gley horizon.

tlandal (1961) found a sharp rise of insoluble 
ferrous iron when soils we^e wt^r-iogged.

B. Influence of organic matter on the forms nno 
distribution of iron.

Mann (1930) noted Increased solubility of iron 
when organic matter was added to soil8.

Islam end lahi (1954) studied the reversion of
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ferrio iron to ferrous^ Iran in rice soils m d  reported 
th*t addition of oxidisable materials, especially 
organic matter, promoted reduction of iron.

Gopala Rao (1956) showed that the availability of 
iron in red loams inoreased In the presence of organic 
matter, similar reoults wore obtained by Toonnnperuma 
(1955) and Tfaanljn et f£L (1956).

Krishnaaoorthy (1959) suggested the addition of 
gioen manure to paddy ooils to render iron available. 
But according to Kiuchl and Omukai (1959)» the solu
bility of iron in paddy colls is not affected by the 
organic matter content.

Handal (1961) furnished evidence that in the 
presence of oiganio natter the reduction of iron from 
the f e m e  to fer^oua form was more intensive under 
water-logged conditions.

0. Influence of water-logging on the Iottos end 
distribution of iron.

fhe oocurrcnoe of large arounta of iron in the 
reduced condition in water-logged noils his bepn 
reported by fearsall (1950)• He observed that m  a 
mnrsliy soil the txonangesble ferrous iron wao '’s high 
as 248 sag. nor 100 g. oa dry soil. Islam end lahi 
(1954) demonstratad that in laterite soils kept under
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water-logged conditions there was a progressive reduction 
of f e m e  iron to the ferrous fora.

Ponnanperuaa (19555) ob.axned 147 p.p.m. nnd
80 p.p.ti. of ferrous iron respectively in percolates 
of s wator-logged soil on the 67th day, with and with
out oat straw. Clark and Reoouloky (1956) recorded as 
much as 100 percent increase in the iron content of 
soil percolates on conoinued submergence. Similar 
results were reported by He and Kandal (19 57) and 
Copala Rao (1956).

Iri ot al (1957) studied tue ^a^iationo in ferrous 
iron content in profiles of rice soils undtr flood'd 
conditions and noted that: (i) m  a well drained site 
ferrou fora in the furrow horizon increased when 
irrigation started and decreased almost to zero when 
it ceased, (ix) t 20-70 cm. depth the ferrous fora 
was low but increased afte>' flooding, (xii) at 70-100 cm. 
depth more iron occurred and the seasonal changes were 
only slight.

Gilc (1958) recorded i concentration of ’’epOj in 
the uppe^ solum of tne fragi—pan. But when the water 
table was above the fragi-pan, rone of the ?c0 was 
laterally leached down and was oxidised. Investigations 
by ioney jid uurup (1961) on the phenomenon of noun 
formation in the acid paddy coilo of Kuttanad in Kerala 
revealed that appreciable amounts of iron are brought
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Into solution by submergenoe. Further, iron In the 
/  reduced state is oxidised to the ferric fora by atmos

pheric oxygen and insoluble ferrio complex forme a 
zeddish brown ecum on the surface Of water.

2hs transformation of iron from the ferrio to 
ferrous form under water-logged conditiono was also 
observed by Shigenori (1961) and Uandol (1961).
Mandal (1962) and Rajarara (1964) recorded an increase 
in concentration of iron in soil peroolates kept 
water-logged with increased period of submergence.



MATERIALS AND METHODS
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0 A \ P 5? H III 

ISAir HAhS AMD HI’ThO.DS

She mnteriaL for thiB investigation consisted of 
bxx profiles fron important paddy growing regions in 
Kerala, Shey include a wide rengo of soils which differ 
markedly in nature and ohareoterxotios.

It v/raa m  cessary to collaot tne soil profiles in 
the submerged state os well no in the dry condition for 
the present study. It is well known that the collection 
of typical profiles of inundated soils is by no means 
a Bxraple matter, Ehls difficulty was got over by using 
a soil sampler improvised locally. It ia extremely 
simple in design and consists merely of a piece of buaboo, 
1.5 meters in length and about 0 cm, m  diameter at the 
broad end. Ehe inteiiiodea v/ere knocked off end the 
wider-6nd slightly pointed so that the aampler could 
eaally penetrate into soft soil, fhis sampler proved 
quite satisfactory for the collection of profiles of 
soils in the waterlogged condition. It was driven into 
the soil with a wooden mallet to a depth of 75 cm. and 
then cnrefully withdraw do that the column o f  30il 
1 side remained unbroken, fho excess water was drained 
ofi and tooth ends of oamtooo closed witn polythene 
paper. She profiles tnus collected were taken to the 
laboratory without delay and the bamboos wore split 
open longitudinally. In all coses the soil column was
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about 75 cm. long and unbroken. A separate soil sampler 
"as obviously required for each profile but this was of 
little ooneoquenoe aa it is oaoily made and the oost 
is negligible.

Examination of the proiilos showed that there was 
no horizon differentiation in any of then. Consequently, 
each profile was divided arbitrarily into two horizons, 
viz., a surface horizon (0 - 22 cm.) and a oub-surface 
horizon (22 - 75 on.), is roots of the paddy plant 
seldom reach beyond this depth it was felt that there 
was no ner d to examine tho soils at greater depths.
Brief descriptions of the morphological characters of 
tho different profiles together with important site 
features are given below

F s o r n i

Location> Central Rice iesoarch station, Pattambi,
Pai^sat District (Latente region). 

Sopography: Level
Rainfalls 281 cm.
Vegetations Rice
>pecial Double crop land. ate^-logged from July
features:

to January.
Bepth (era.): Description
0 — 22 Yellowish brown (10 Yli 5/6) soft sandy

olay loam; gnty and loose, soft rtien wet; 
roofco presents Blightly acidic (pH. 6.1)
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22 - 75

Location:
topography:
Eainfall:
Vegetation:
Special
feature:

Depth (cm.) 
0 - 2 2

22 - 75

Location:

topography:
jtainfall:
Vegetation:
Special
features:

Yellowish brown (10 Yii 5/6) sandy losa; 
grlty, loose and not stioky; roots absent| 
slightly aoidio (pH 6.1)

E E 0 5 I H  11

Agricultural Hesearoh Station, lionkombu. 
Alleppey District (Alluvial region)
Level
550 ch.
aloe
Single crop land. Wator-logged from 
March to September.
Description
Very dark brown (10 YR 2/2) Clay: very
sticky then wet; forms hard lumps when
dry; roots present; Acidic, (pH 5.2).
Vory dark brown (10 YR 2/2) Silty Olay;
sticky when wet and hard when dry? roots 
absent; vory strongly aoidio; (pH 2.9)

E E O J I i J  III

Ealiparamba - one mile from Ealiparamba 
town on Ealipararaba-Payyannur Hoad 
Cannanore District. (Latorite region) 
Level with hills on one side.
554 cm.
Rio©
Double crop land, xell drained.
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Depth (on.) 
0 - 2 2

22 - 75

Location:

topography:

Rainfall:
Vegetation:
Specialfeatures:

Depth (cm.) 
0 - 2 2

22 - 75

Description
Dark yellowish brown (10 YK. 4/4) 
sandy clay; grity and loose) soft when 
wet; roots present; slightly acidic 
(pH 6.4).
Dark yellowish brown (10 YR 4/4); sandy 
day loam; grity and fribable; slightly 
acidlo (pH 6.3)

P H O H i ;  IV

Hice Research Station, Mannuthy,
Erlohur District (laterite region). 
Undulating but terraced. Hills on one 
side.
326 cm. 
ih.ee
Double crop land. Second orop raised 
with irrigation.
Desoription
Dark yellowish brown (10 YH 3/4) sandy 
day; grity very loose; not sticky; 
roots present; acidic (pH 5.4).
Dark yellowisn brown (10 YH 3/4) sandy 
day loam; grity and friable; mots 
absent, Aoxdio (pH 5.7).
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Locations

Sopographys
Rainfalls
Vegetations
Special 
featuress
Depth (cm.)
0 - 2 2

22 - 75

location s

topographys 
Eainfall: 
Vegetations 
Depth (cm.) 
0 - 2 2

P R 0 1? I L S V

Veohoor, on the Vaikom-Veohoor Hoad, 
kottayara BistrioS (Karl Begion)
Level 
295 cm.
Bice
Wator-logged for the major Dart of the 
year.
Description
Very dark grey (10 YR 3/1) clay; highly 
plastic and sticky when wet; forms 
hard lumps on drying} roots present; 
strongly aoidio (pH 4.1).
Very dark grey (10 YB 3/1) silty olayi 
plastic and stioky when wet; forms hard 
lumps on drying; yellow notllnge and 
concretions present; slightly acidic,
(pH 5.8).

H o n u  vi

Bice Research Station, Koyamkulam 
Alleppey Dlat-iot (Sandy region).
Level 
281 oa.
Bice and Cringelly in rotation.
2 esoription
Dark grey (10 YB 4/1) sandy grlty and very 
loose; roots present; slightly aoidio (pH 5
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22 - 75 flight grey (2.5 YH 7/2) sandy grity and
very loose; organic matter practically 
absent; slightly acidic. (pH 5.7)»

Analytionl Procedures:

Standard analytical procedures as described by 
Piper (1950) and Jackson (1960) were adopted in the 
examination of the soils. She methods are outlined 
below:

1. Moisturet
10 g. soil was dried in an air oven at 100 to 

105°0 to constant weight and the loss in weight was 
expressed as percent on oven dry basis.

2. Mechanical analysis!
Mechanical analysis was carried out by the Inter

national Pipette method.

3. eH!
pH was measured in a 1:2.5 poil-water suspension 

using a Beokman pH meter.

4. Organic Carbon!
Organic carbon was estimated by Walkley and Black's 

method (1934)*

Air dried soil ground to pass through a BO-mesh 
sieve v/ao used. 1.0 g. soil was treated with 10 ml.
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1 . potassium iiohroaate and 20 ml. conoen.rated sulphurio 
acid and kept xor half an hour, The excoaa ox chromio 
acid was determined by titration with Il/2 ferrous solu
tion using diphcnylamine as internal indicator.

5. Cation "ixchange Capacity:
10.0 g. of soil was leached with neutral p. ammonium 

acetate solution, The adsorbed ammonium was determined 
by distillation m t h  magnesium oxide and absorption in 
0X0630 standard acid followed by titiation with standard 
alkali.

6. Aoal.vsi of cl w  fraction;
(a) reparation of clayi lhe ammonium carbonate 

method, proposed by Puri (19i4) vaj adoptee.

30 g. soil was taken in a beaker, 250 ml. of 
n. ammonium carbonate added and boiled gently until the 
volume was reduocd to half. 25 ml. of 0.5 <• sodium 
hydroxide was then added and the solution diluted to 
250 ml. The volume v/as again reduocd to half. The 
suspension was passed through a 70 mesh sieve and 
collected in a 500 al. beakor marked at 8.6 cm. above 
the bottom. The olay was collected by deoantation, 
air dxied and stored in stoppered bottles.

(b) 1 reparation of clay fusion extract• The 
sodium carbonate luaion method wc*s followed. 2 g. of 
olay tmj fused with sodium Carbonate in a Platinum
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Gruoiblc and the nelt dissolved in dilute hydrochloric 
acid.

(o) jjlicas be fusion extract was evaporated 
to dryness and dehydrated by heating in an air oven at 
150°0 ior six hours, "he rcoidue was treated with dilute 
hydrochloric add, iil.erud, washed, ignited, wcijiod 
and reported as >iOg.

(d) oaouioxideas Sic filtrate from jilioa esti
mation was made up to 500 nl. and the sesquioxidas 
dotc-mlned in a 50 ml. aliquot.

7. Iron:
Iron was estimated afte*1 reduction with hyd■"oxy- 

laraine by the 0 - phenanthroline netnod as dOoor_bed by 
lortune und Hollon (1938). fater soluble, exchangeable, 
easily reducible and total iron wore determined in soils 
collected in the submerged condition aa well as in fcne 
dry Btato (a£t<harvest).

(a) Jater soluble ironi 12.5 g. fresh soil was 
weighed into a oomcal flask, 125 nl. distilled water 
added and the ilask otoppered tightly. fhc suspension 
was shaken in an end-ovor-c id rnake” for 30 a_nutes and 
then filtered through a Buohner funnel, i e filvrate 
was evaporated to dryness, orgario natter destroyad and 
water soluble Iron determined by meacuring «he intensity 
of the colour oi the ferroue orthophenanthrolino complex 
an a Klett colorimeter.
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( b )  xohnngeable Irons 125 E l .  of I f .  neutral 
am onium acetate was added to the 12.5 g. of eoil from 
wnich water solublo Iron had been removed and the sus
pension shaken vigorously for 20 seconds <-nd filtered 
quickly throuish a Buchner funnel fitted with \ hatman 
Do.5 filter paper, fhe filtrate which contained exchange
able ferrouj iron was freed from ammonium acetate by 
evaporation. She last traces of organic matter wore 
removed by treatment with 10 ml. of aqua rebia and 
z epeated evaporation to dryness. She residue was die- 
solved in 1 ral. of il. hydrochloric acid and the iron wsb 
determined in the solution.

(e) teduoible iron? 125 ml. oi f f .  ammonium acetate 
of pH 3 wqg added to the soil left afcer oxtraction of 
water eolubl* and exchangeable iron. 2ne rate of fil
tration was so regulated that the time of contact of 
the extractant with the soil waj more or lea*’ the same 
aa m  the determination of exchangeable iron. eduoible 
iron was estimated in the filtrate.

(d) Hofal iron; Soxal iron wna determined in the 
hydrochloric acid extract of 5 g. of the air dried soil 
by reduction witn zinc and sulphuric acid followed by 
■•'it rati on with standard potassium permanganate.

8. Manganese}

Manganese was estimated by tho periodate method
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proposed by beeper (19j3) as modified and described by 
Shetman et al (1942) after the oxidation of organio 
matter and removal of clilorldes by evaporation with 
nitric acid, date1" soluble, exchangeable, easily 
reducible and total manganese were fractionated and 
determined as follows:

(a) 'Vator soluble manganese: 125 ml. of distilled 
water wao added to 12.5 g. fresh soil in a flask end 
stoppered tightly. She suspension was shaken m  an 
end-over-end shaker for 30 minutes and iiltcred through 
a Buchner funnel. Eha filtrate was then evaporated
to dryness and organic natter destroyed by treatment 
with 30 pero ant HzOg and 10 ml. concentrated nitric 
acid, ihe residue was treated vith 33 nl. of water 
and 5 nl. of 85 percent iÎ PÔ . lo the clear colour
less solution 0.3 g. of sodium periodate was added and 
tho solution brougnt to boiling on a hot plate. After 
oooling, it was transferred to a 50 ml. volumetric 
flask and made up to volume with 5 percent phosphoric 
ac_d. fhe solution was mixed well and the intensity 
of colour measured in a Kief, color-meter.

(b) rxohangeaplo man<gwcae» 125 ml. ox 0. ammonium 
acetate of pH 7 was added to tho soil left after tho 
extnotion of water soluble manganeae. Ehe flask was 
stoppered and shaken continuously for 30 minutes and 
allowed to staid lor oix lours -jxth occasional shaking.
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It was then filtered through a Buchner funnel and 
exchangeable manganese determined in the filtrate as 
before.

(c) "aaily reducible mannaneae; 125 ml. of
*1. ammonium acetate containing 0.2 percent of hydroqumone 
was added to the soil left over after the extraction 
of water soluble and exchangeable manganese. She ous- 
pension was shaken at frequent intervale for six 
hours and then filtered. In the filtrate easily redu- 

t oxble manganese was determined.

(d) Sotal manganeses 5.0 <?• of the air dried 
soil was treated with 1t1 hydrochloric acid and the 
extract made up to volume; total manganese was deter
mined in a 50 ml. aliquot.



RESULTS



2ABLB I 
UICIIAlflCAI. GOKPOSITIOH OB bOILS

ProfileSo. locality Depth(cma) Coarse aand 
*

Bine sand 
*

Silt
*

Clay
5*

Eextural
clasa

I Pattambi 0 - 2 2 55.8 23.6 9.3 29-3 sandy clay lou
22 - 75 56.2 17.3 11.5 18.2 sandy loam

11 Uonkoatai 0 - 2 2 2.5 17.4 22.0 57.8 clay
22 - 75 0.4 3.8 37.3 57.9 silty olay

III Saliparamba 0 - 2 2 34.1 11.3 6.2 49.0 sandy clay
2? - 75 49.4 10.9 10.5 30.7 sandy clay loam

IV Isntmttay 0 - 2 2 41.7 12.2 5.2 40.1 sandy clay
22 - 75 61.6 13.4 3.6 27.5 sandy clay loam

V Vaikora 0 - 2 2 1.8 21.3 69.9 olay
22 - 75 0.1 1.4 47.4 44.1 ailty clay

VI Kaymnkulam 0 - 2 2 21.9 67.0 2.9 8.2 sandy
22 - 75 41.7 53.4 2.9 3.6 candy

roto



EABLD I I

IMPO U’A3 i  <21 JJICiJ riAnACIJDUEICS OP oOILb

Profile
HO. Locality Depth

(eras)
pH Organic

carbon
Organicnatter

?»
Cation ixchange 
capacity m.e./ 
100 g. soil

Si02

V ?Dry aterloggcd

I Pcittaobi 0 ?2 5.1 6.1 0.91 1.57 24.2 1.97
22 - 75 5.1 6.1 0.11 0.19 21.6

II Honteombu 0 - 22 4.5 5.2 2.04 3.51 15.0 2.90
22 - 75 4.8 2.9 2.73 4.70 17.0

III Ealxparaaba 0 - 22 5.2 6.4 1.65 1.19 16.4 1.87
22 - 75 5.2 6.3 %57 2.70 18.9

IV yannutliy 0 - 22 5.2 5.4 0.63 1.17 19.7 1.46
22 - 75 5.4 5.7 0.27 0.46 20.6

V VaikOBS (Kari) 0 - 22 3.9 4.1 2.86 4.92 8.5 2.70
22 - 75 6.0 5.8 2.83 4.87 11.3

VI Kayajakulam 0 - 22 5.3 5.5 0.14 0.24 2.4 1.96
22 w 75 5.4 5.7 0.03 0.05 2.3

OJ
©
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nrauiiss

ffihc mechanical analysis of the soils is given in 
Sable I.

She data show that the clay content m  the different 
profiles varies from 3.6 to 69.9 percent. She Ooila 
rmge in texture from sandy to clay. She maximum amount 
of clay is iound in profile V and tho minimum values 
for both horizons are recorded in profile VI. xcept 
in profile II, there is narked decrease in the olay 
content in the subsoil, iho sand fractions predominate 
m  profile V I .

lata regarding pli, organic carbon, oiganic matter, 
cation exchange capacity and SlOg/KgO^ ratio are pre
sented m  Sable XI.

(i) 2H.
It will be observed thi t all the soils are acidic 

in reaction. She pH values of the water-logged soils 
range from 2.9 to 6.4 and that of the dry soils from 
3.9 to 6.0. As exoeoted, in all cases the dry soils 
register lower wilues than the water-logged soils.
She variation in pH v/lth depth is i ot uniform.

(ii) Organic oa-bon
(The amount oi organic cnibon m  the various profiles
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CABLE III

Ilangartose (r.p.n.) Active
ro. locality jwufjj w,

(etas) Water
soluble

r'rahango-
able

Easily
Reducible Active Cotal

Eotal

I Eattambi 0 „ 22 10.5 11.7 104.8 126.9 524.0 0.242
22 - 75 9.4 14.2 55-2 78.7 561.0 0.133

II Ponkoobu 0 - 22 14.8 20.5 124.2 159.6 255.0 0.450
22 - 75 14.0 17.4 109.3 141.7 367.0 0.386

III Calipararaba 0 - 22 2.1 38.9 20.2 61.2 625.0 0.098
22 - 75 2.5 40.0 18.9 61.4 764.0 0.083

IV T'onnuthy 0 - 22 1.8 15.3 28.9 46.1 554.0 0.085
22 - 75 2.1 21.1 23.0 46.3 670.0 0.069

V VaikoE 0 - 22 13.2 49.7 75.6 138.5 382.0 0.363
22 - 75 12.4 80.0 52.6 145.0 573.0 0.253

n Kayarskulam 0 - 22 9.4 10.2 15.9 35.5 432.0 0.082
22 - 75 6.9 54.9 8.9 70.7 655.0 0.181

wro



EIS'i’EIBUSIOH OF DtEPEHHI'i EOHHS OP MHJOAHESE Ilf DM  SOILS (API’ EH HARVEST)

IAHLL IV

Profile
Ho. locality Dapth

(one)
Manganese (p.p.m.)

Active
TotalWater

Bolublo
Exchange
able

Easily
Reducible Active Total

I Pattambi 0 22 1.7 16.3 9.8 27.7 550.0 0.050
22 - 75 1.3 14.2 18.8 34.3 604.0 0.056

II Kenkombu 0 - 22 2.8 28.8 17.6 49.1 367.0 0.134
22 - 75 2.8 36.6 20.0 59.4 360.0 0.165

III Taliparamba 0 - 22 1.8 17.6 12.2 31.7 611.0 0.085
22 - 75 1.4 9.8 9.8 21.0 775.0 0.027

IV Ifennuthy 0 - 22 0.9 18.5 16.5 35.9 516.0 0.070
22 - 75 2.4 15.2 96.8 114.4 655.0 0.174

V Vaikom 0 - 22 2.3 18.4 11.4 32.1 393.0 0.082
22 - 75 8.1 64.8 32.8 105.7 579.0 0.182

VI Kayamkulam 0 - 22 3.0 10.9 10.1 24.1 415-0 ) 0.058
22 — 75 1.8 14.3 7.8 23.9 647.0 ̂ 0.037

Co
CO



2ABLB VII
B&I'Gti o r  YAfilAEEQH IB  LIPPE M M  POEMS OP JOliGfiBBSE IB  VA2 ZR-LOGGBD AH 3D

BUY SOILS

Mh (p.p.a.)
"Bona ----    — ..— ---  — ............    •
Of OASĵ B-LOGGED DIOT

Manganese ~ — ---—  ......... ......
Minlsuia MaxLsun Mean Miniisua Haxxnura Mean

SUHPAOE SOIL (0  -  22 c s s )

wAIIE SOLUBLE 1 .8 14 .9 8 .7 0 .9  3 .0 2 .1
IXCTAB G-EABL 2 1 0 .2 4 9 .7 2 4 .4 1 0 .9  2 8 .9 1 8 .4
tASILY HUTJCIBLr 15 .9 124 .2 6 1 .6 9 .8  1 7 .6 12 .9
AC2IVS 55 .5 159.6 9 4 .6 24 .1  4 9 .2 35.1
202AL 355.0 625 .0 4 7 9 .0 3 6 7 .0  6 1 1 .0 4 7 5 .0

SUB SOIL (22  -  75 ohs)

PA$EB SOLUBLE 2.1 1 4 .0 7 .9 1 .3  8 .1 2 .9
EXCHAHGmHLE 14.2 0 0 .0 3 7 .9 9 .8  6 4 .8 2 5 .8
EASILY E3U0I2LS 9 .0 109.3 4 4 .7 7 .8  9 6 .8 3 1 .0
AOSIVE 4 6 .3 145.0 9 0 .7 2 1 .0  114 .4 5 9 .8
SOJAL 367.0 764 .0 6 03 .3 360 .0  7 7 5 .0 603 .3
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varies from 0.03 to 2.86 peroenc. Prof lies? II and V 
aro noh in tliis constituent indicating heavy accumu
lation of organic matter in these soils. rxoept in 
profile *1, organic carbon decreases with depth.

(ill) Cation exchange capacity
She cation exonange capacity of the soils a owe 

wide variation the valuta ranging from 2.4 to 24«2 m.o./ 
10) g. soil.

( i v )  S iO V  1-.0j  r a t i o

She silica seaqulod.de -’-atio of tv,e outface soils 
vaneo from 1.46 to 2.9.

ihe distribution of the different form3 of manganese 
in ooila under both water-logged and dry conditions is 
shown In ffaales ITI and IV.

She range of vaiiation of the different ionaa of 
nanganeao under water-logged and dry conditions io aho m 
in Cable VII.

(1) Total ??an#aneae
Total manganeoe v ineo i:rom 35u to 625 p.p.m. in 

the surface soil ano 367 to 764 p.p.m. in the subsoil 
of the water-logged profiles. Profile II registers tne 
misunun values and profile H I  the maximum valur j for 
both horizons. In all the profiles, thei-e la definite 
mobilisation of total manganese m  the subsoil.
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Tho amount of total manganese in the dry soils io 
practically the same aa that present in these soils 
when they are wator-logged. It rangee from 267 to 611 
p.p.m. in the surface layer and 260 to 775 p.p.m. in 
the second layer. She subsoil records higher values than 
tho Gurfaoe soil in all the profiles, with the exception 
of profile XI.

(2) Water soluble Manganese
Manganese in this form is very low in the water

logged soils. It varies from 1.8 p.p.m. in profile IV 
to 14.8 p.p.m. in profile II. It may be noted that 
water soluble manganese constitutes the smallest fraction 
of total manganese. Shore is very little variation down 
the profile.

She data reveal that there is a marked decrease in 
this category of manganese in all the soils under dry 
conditions. She amount present is extremely email, most 
of the value lying between 1.0 and 3.0 p.p.m. There is 
very little variation in water soluble manganese with 
depth.

(2) Exchangeable Manganese
The amount of exchangeable manganese in the waterlogged 

soils ranges from 10.2 to 60.00 p.p.m. It is highest in 
the subsoil of profile V and lowest in the surface soil of 
profile VI. Except In profile II, exchangeable manganese
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is higher in the subsoil than in the surface soil.

In the dry soil studied* manganese in the exchange
able form varies between 9«8 and 64*8 p.p.m. The vari
ation with depth is irregular.

(4) %aally Heduolble Manganese
raeily reducible manganese oonotitutea the major 

fraction of total manganese in most of the waterlogged 
soils. The amount present shows considerable variation 
ranging from 8.9 p.p.m. in profile VZ to 124.2 p.p.m.
In profile XX. Surface concentration of easily redu
cible manganese is very noticeable in all the profiles.

She content of this category of manganese in the 
dry soils is very low as compared to that in water
logged soils* the values lying between 9.8 cad 32.8 
p.p.a. The distribution of easily reducible manganese 
in the profile does not follow any regular pattern.

(5) Active Manganese
The sum of the water soluble* exchangeable and 

easily reducible manganese represents the active 
manganese in the soil.

In the water-logged soils studied* active manganese 
varies from 35.5 p.p.m. in profile VI to 139.6 p.p.m. 
in profile XI. The distribution of this form of man
ganese in the profile is erratic.



DISIRISUTION OP DIFFERENT FORMS OF IRON IN WATER-LOGGED SOILS
TABLE V

Depth
(cms)

Fe (p.p.m.)
* ZvilX Q
It o. Locality !fater

soluble
Exchange*
able Reducible Active

Jiw vtUi
ppmxIO

I Fattaabi 0 - 2 2 29.8 12.3 80.5 122.5 11.6
22 - 75 45-1 21.4 10.8 77.3 13.2

II Uonkoabu 0 - 2 2 25.3 40.7 75.7 141.6 2.8
22 - 75 43.1 58.6 100.8 202.4 3.2

III Talipararaba 0 - 2 2 33.8 30.8 37.7 102.2 10.8
22 - 75 18.4 33.0 33.0 84.4 12.8

17 Hannuthy 0 - 2 2 45-1 17.5 26.3 89.0 4.8
22 - 75 30.7 38.9 22.4 92.0 6.8

V Vaikoa 0 - 2 2 24.4 24.4 19.5 68.3 5.2
22 - 75 33.3 37.0 39.0 109.3 6.8

71 KayamkulGm 0 - 2 2 13.2 6.2 9.2 28.6 2.4
22 - 75 9.0 12.9 5.0 26.9 1.6

03OO



EISTHIB32I0iI OS' BIPMJIHi KJilMh OP IIOI Itl SHY SOILb (ASBIS HAHVS3B)

TAHL2 VI

Profile
flo. Locality Depth

(cms)
3?e (p.p.m.)

Water
soluble

Exchange
able Reducible Active

■ lOvm j
ppn x 10"*

I Pattajnbi 0 - 2 2 24.3 16.4 60.9 101.6 11.68
22 - 75 29,3 30.8 68.4 128.5 13.60

II Monkorabu 0 - 2 2 17.1 30.4 68.6 116.1 3.20
- 22 - 75 35.3 60.7 106.6 202.6 3.04

III Saliparaiaba 0 - 2 2 4.0 5-0 10.9 19.9 11.62
22 - 75 4.3 13.3 10.0 27.6 12.48

IV Mannuthy 0 - 2 2 17.0 12.0 33.7 62.7 4.64
22 - 75 22.0 22.0 11.7 55.7 6.72

V Vailcon 0 - 2 2 15.5 19.1 18.7 53.3 5.60
22 - 75 17.6 58.8 50.4 126.8 6.40

VI Kayamkulam 0 - 2 2 18.3 15.3 21.9 55.5 2.08
22 - 75 9.3 18.5 24.7 52.5 1.92

CO
CO



TABLE VIII
8AIIGS OF VAEIAIION 111 EIPPESEjl FOJ3M6 OF I  BOH IH UA2EH-..L0G&BD

AMD DHY SOILS

Fe (p.p.a.)
fobm of 
iaai Y/ATEE-LOGGEB m r

MlniauJB Maxxaua Uean Kximrua Maxiiaua Moan

St?SPACE SOIL (0 - 22 cms)
WATFH SOLUBLE 
EXCHANGEABLE 
aH5»0IB&I 
ACTIVE

13.26.2
9.2
28.6

45.140.2 
80.5
141.6

23.6
21.9
41-5
92.0

4.0
5.0
10.9
19.9

24.3
30.4 
68.6
116.1

16.0
16.4
34.1
68.2

TOTAL (Fe20j) 
p.p.a. x 10~4 2.4 11.6 6.27 2.1 11.7 6.5

SUB SOIL (22 - 75 one)
HTATEE SOLUBLE 
EXGiiAH G2A3LE 
REISJOIELE 
ACTIVE

9.0
12.9
5.0
26.9

45.1
58.6
100.8
202.4

29.9
35.335.2
96.7

4.3
13.310.0
27.6

35.3
60.7106.6
202.6

14.4
33.9
<5.3
102.3

TOTAL (Peg03) 
p.p.a. x 10~4 1.6 13-2 7.4 1.9 13.6 7.2

vf»*
O
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She active nanganeBe content of the dry soila 
lies in the range 21.0 to 114.4 p.p.sa. In moat of the 
profiles, the level is higher in the subsoil than in 
the eurfaoe layer.

She distribution of the different forma of iron 
in soils under water-logged and dry conditions is 
shown in Sables V and VI.

She range of variation of different forme of iron 
under water-logged and dry conditions is shown in 
Sable VIII.

(i) Sotal Iron
She total iron present in the water-logged soils 

varies from 16.000 to 1.32.000 p.p.m. She lowest values 
are recorded in profile VI and the highest values in 
profile I for both horizons. All the profiles, with 
the exception of profile VI, show concentration of 
total iron in the subsoil.

She amount of total iron in the dry boIIb 1b of the 
Bame order as that in the water-logged soils. It ranges 
from 19,200 to 1,36,000 p.p.n. It may be noted that 
here also the subsoil is rioher in total iron than the 
eurfaoe Boil in the majority of the profiles.

(ii) Hater soluble iron

She level of water soluble iron varies fiom
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9.0 p.p.ta. in profile VI to 45.1 p.p.ta. in profile IV 
in the eater-logged soils. She variation with depth 
is irregular.

In the dry soila, iron of this category ranges 
from 4.0 to 3b.3 p.p.®. 3soept in profile VI, water 
soluble iron increases with depth.

(iii) atchanaeable iron
She content of exchangeable iron in water-logged 

soils fluctuates from 6.2 to 58.6 p.p.m. It is biguest 
in profile II and lowest in profile VI. In all the 
profiles there is marked increase in this fraction of 
Iron in the subsoil.

She level of exchangeable iron ranges from 5.0 to 
60.7 p.p.ta. in the dry soils. As in tho water-logged
soils, it increases with depth in all the profiles 
studied.

(iv) Heduoible Iron
She amount of reducible iron in the water-logged 

soils varies from 5.0 p.p.ta. in profile VI to 100.8 
p.p.n. in profile II. She distribution of this category 
of iron appears to bear no relatxon to depth.

She content of reducible iron in the dry soils 
lies in the range 10.0 to 106.6 p.p.ta. She variation 
with depth is not uniform.
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( v )  A c t iv e  Iro n

She IqvoI of activo iron in tho water-logged soils 
varies within wide limits, v i s . ,  26*9 to 202.4 p.p.m. 
Profile VI registors the minimum value and profile II 
the maximum values for both borlsonn. There 1b no 
regularity in the variation with depth.

Ihe dry soila give similar galues for this cate
gory of iron which range from 19.9 to 202.6 p.p.m.
In  th e  m a jo r ity  o f  th e  p r o f i l e s  a o t iv e  i r o n  te n d s  t o  

aooum ulate in  th e  e u b e o i l .



DISCUSSION
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0 8 A P ! E S V

BlbObSSIOn

Sotal Manganese

Vlswanath and Ukil (1944) in a study of tho 
Manganese status of Indian soils recorded moan values 
of 802.4 p.p.m. and 962.3 p.p.nu for surface soils and 
subsoils respectively of the humid region. She corres
ponding figures for the rice soils of Kerala under dry 
conditions obtained in the present investigation are
475.0 p.p.m. and 603.3 p.p.m. respectively, ihe lowor 
level of total manganese in Kerala soils may be largely 
due to the low oation exchange capacity of the olay 
minerals present in these soils and the drastic leaohing 
that they are subjected to.

Shough profile II (Monkompu) registers the highest 
values for the various fractions of iron it ranks 
lowest as regards total manganese content. She strong 
aoidity and high level of organic matter in this soil 
seems to bo responsible for this situation as it 
favours the formation of active manganese whioh is 
easily lost by leaohing.

She accumulation of total manganese in the subsoil 
is an important feature of both the dry and submerged 
profiles. Bhie is obviously the consequence of leaohing
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of manganese from tho surface horizon and its deposition 
in tho subsoil* Similar results have boon reported by 
Birwus (1933) and T'a;idhava et al (1961).

Of the several faotors whioh influence the amount 
of total manganese in soils the clay content is one of 
tho most .important. It is interesting to note that 
a close relationship exists between total manganese 
and olay content in the soils studied. Higher values 
are recorded with increase in olay. It will be seen 
from "able III that of the various forms of manganese, 
the exchangeable category is predominate. Ehis fra
ction is naturally associated with the clay complex. 
Hence this olose correlation of total manganese with 
clay. She correlation between clay content and total 
manganese is liignly significant (r «= ) and this
linding is in accord with tho observations of Biswas 
(1953), flahab and Bhattl (1958) and other workers.

She data clearly show that waterlogging has not 
produced any significant change in the total manganese 
content of nco soils.

It has to be bomo in mind that total manganese 
content is not a true index of the manganese status 
of the soil. It is of little importance from the point 
of view of plant growth though it may serve as a 
reserve of tins mloronimtrient for plants.
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Water soluble Manganese

M s  form of manganese is present in very small 
amounts in all the soila examined. It is of the order 
of 2.1 p.p.m. in the surface layer and 3.0 p.p.m. in 
tho oubsoil under dry conditions. Biaraija et jgl (1956) 
found that manganese ol this oategoxy wan absent in 
many rice soils of 33ihar„ Uttar Pradesh and Punjab.

Sue distribution of w a t e r  soluble manganese is 
fairly uniform and varies little with depth which may 
be aaorabed to the free movement of this form of man
ganese in the soil.

2ho influence of soil reaction on tnie category 
of manganese is very evident. She amount of water 
soluble manganese increases as pH deoreasea. Shis is 
obviously due to the formation of bivalent raanganous 
ions under aoidio oonditione. High negative oorro- 
lation waa obtained between pH and water soluble 
manganese m  the soils studied which corroborates the 
results of Biswas (1951) and handhava et al (1961).

Iho maximum values for water soluble snanganene 
are recorded in profile II (Llonkoiabu) and profile V 
(Eari). Shese soils are rich in organic matter in 
the presence of whxoh moot of tho reducible oxides 
of manganese are converted into soluble bivalent 
forme, ihia accountc for tho higner content of the 
water soluble oategory of manganese in those soila.
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fhe data reveal that wator -soluble manganese 
increases when soils are waterlogged, She amount of 
manganese of this eategozy in submerged soils though 
small is three to four times higher than that found 
in soils under dry conditions, Ehla observation is 
supported by the work of Pearsall (1950), sunge and 
I eon (196) and rfandal (1961). Aeooidmg to Ponnan- 
pernan (1955)* tno peculiar conditions obtaining in 
rice xjllo, via., absence of oxygen, the metabolism 
of anaerobic bacteria arid the generation of powerful 
reducing agonta by the anaerobic decomposition of 
organic mattei, favour tho reduction of manganese to 
waver soluble forms

'tcohangeable uSanganese

Shits category of manganese is the bivalent form 
whioh is eztractable with normal ammonium acetate 
solution at pi! 7.0. It is a bigger fraction than 
water soluble manganese and tho mean values for 
exchangeable manganese for rioe soils under dry 
conditions are 18.4 p.p.m. and 25.8 p.p.m. for the 
surface and subsurface layers respectively.

It is seen tint in tho majority of tho profiles 
there is mobilisation of exchangeable manganese in 
the subsoil. It may be noted in tmo context that 
immganeae is one of the most easily exchangeable
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bases, particularly in acid soila. Purthor, aa pointed 
out by indredy (1940) under oonditions of high rainfall 
and acidity most of the reducible oxides oi manganese 
are liable to be converted into bivalent manganous ions 
in the soil. Sheae manganous ion a are very mobile and 
are leached <3o,-/n aiid may bo carried aw~y in the drain
age water. In the soils examined they hove accumulated 
in the subsoil which accounts for tne hl$ier concen
tration of exchangeable manganese in this layer.

It will bo noticed fcnat as the fine fractions 
comp'd.sinpr olay and silt Increase the^e is propor
tionate increase in the content of exchangeable man
ganese. 1 Under oonditions of heavy rainfall and fairly 
high acidity the coarse fractions oi soils aie rendered 
very poor m  exchangeable bases, particularly manganese, 
which is perhaps the most easily exchangeable base. 
Consequently, the fine fraotione hold increasing amounts 
of manganese s/ith greater tenacity than the coarser 
fractions. A highly significant correlation (r =* 0.696) 
was obtained between the fine fractions and exchangeable 
manganese content. Shis observation is not, however, 
in agreement with the finding of Karin and Hussain (I960) 
who reported that the exchangeable manganese content 
of alluvial, <oastal saline and hill tract soils of 
3ast Pakistan are similar notwithstanding textural 
differonoea.

As in the case of water soluble manganese, the coils
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examined registered higher valueo for exchangeable 
manganese under waterlogged conditions for the same 
reasons, i’his ia in oonforsnity with the results of 
Fosegarton (1957) w h o  found less exchangeable and active 
manganese under drou^it conditions and the reverse under 
flooded oonditionB.

Easily reducible Kanganose

Ihio fraction represents the easily reouoiblf portion 
of the higher oxides of manganese which vary in compo
sition £■> ora taOg to tn^C^, Easily reducible manganese 
is present in tho soil either in a colloidal hydrated 
form in the elay and eilt fractions or in a finely 
divided etaue in the finer fractions.

In all the profiles there Is surface concentration 
of tills category of manganese, ihira may be explained 
as followss

Due to continuous cropping the surface soil ia 
subjected to greater spells, the oxides of manganese 
present in the top horizon alternatively pass through 
the processes oi oxidation and reduction to a greater 
extent than those in lower horizon. Hence there is 
greaser possibility for the oxides of manganese in 
the top horizon to undergo T-ecmotxon than those in the 
aubqoil.



She highest values for easily reducible manganese 
are recorded in profile II (Honkombu) and profile V 
(xCari). 21io high level of both organic matter and fine 
fractions in these noils accounts for this.

low values for reducible manganese indicate lov/ 
availability of manganose in soils. According to 
.herman and Itermer (1943)» at least 100 p.p.m. of 
manganese in this form must be present in the soil for 
satisfactory crop production. Judged by this standard, 
all the soils in tho dry condition are very low in this 
category of manganese. But when these soils are sub
merged reducible manganose increases in most oases.
2hxs can beet be explained as being due to the reduction 
of higher oxides of manganose.

Active Manganese

Ehe distribution of active manganose in the surface 
and subsurface horizons of each profile is fairly uni
form. She ratio of active to total manganese ranges 
from 0.069 to 0.450 in waterlogged soils and from
0.027 to 0.132 in diy soils.

She level of active manganese in the soils in
creases with increasing organic matter and clay con
tents as in the cane of both water soluble and exchange
able manganese. She reasons for this are the sane in 
all the three oases. 2ho influence of soil texture is
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very narked in profile II (Wonkombu) and profile V 
(Kan) wnioh register tho maximum values for ncsivc 
manganese. A high TDOsitive correlation (r = 0.952***) 
exists between day and aotive nanganeso content in 
the soils examined. The^o io also a close relation
ship (r » 0.577) botween active manganese and organic 
carbon. Bhamija et al (1956) and other workois have 
also noted a similar relationship.

She amount of active manganese in the soils is 
greatly influenced by waterlogging. In the majority 
oi eases, submerged soils gave valueB for active man
ganese which are much higher than those for dry coils. 
2he reducing conditions brought about by waterlogging ;
avg very conducive for the formation of bivalent forms 
of manganese which constitute part of the aotive man
ganese in soils. Shis accounts for the higher content 
of active manganese in submerged soils.

2he highest faiOg/HgOj ratios were recorded by 
profile II (Monkombu) and profile V (Kan) which also 
gave the maximum values for active manganese. Shis 
eugjeots that the level of this caSegory oi manganese 
io influenced not only by trature and organlo matter 
but also by the nature of tho olay minerals present 
in soils, ^aychaudnuri and Anaatharaman (1960) in a 
study of Indian acid soils growing paddy indicated that 
the clay minerals m  karx soils consist of a mixture
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of Icaolimte and illite. Oopalaamay (1958) however* 
suggested that the Puttanad soils contain a mixture 
of montmorillonite and lllite types of clays. She 
Monhorabu noil and the Kan soil belong to the sant 
region (Kuttanad) and have many similar characteristics, 
lhey are entirely different from the other soils studied 
v hioh a-"e either latoritio or sandy. keeper (1947) 
founa that soils containing montnonllonito can fix 
large amounts of active manganese while heavily 
leached soils of low pH containing kaollnito can fix 
very little. In the latter case, tne mobile manganoua 
forms oi znangoneoo are either quickly absorbed by the 
plant or removed in drainage water. Shis explains the 
high values for active manganese registered by the 
Honkombu and Kari soils.

Iron the results of the present study no relation
ship could be drawn between active manganese content 
and pH of soils.

?otal Iron

fho maximum values for total iron for both the 
surface soil and subsoil were recorded by profile I 
(Pattambi). Shis observation holds good in the case 
of dry soils as well as submerged soils. Ao cxpeoted, 
profile VI (Anyutakulaia) which is a typioal light sandy 
ooil registered the lowest figures. In all the p ofiles, 
v/lth the only exception of profile VI, there is con
centration of total iron in the subsoil which is brought 
about by eluviation fi-om the surface, lhe amounto
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present correspond with the content of £_ne fiaotiono 
in the surface and subsurface layers. Shis relationship 
between the total iron content and the fine fiactlons 
of the soil was earlier noted by lubotta (1958) and 
Pints and Ollat (1961).

Water soluble iron

2ho distribution of thxs fraction of iron in the 
profile does not follow any regular pattern in sub
merged soils, in dry soilB, however, wai,er soluble 
iron tends to accumulate in the subsoil. Shlori and 
Yoshida (1951) who made the same observation attributed 
this to the leaching of ferrous iron from the surf ee 
to the subsurface horizon.

Soil reaction has a pronounced influence on the 
solubilisation of iron. Fore iron goes into solution 
with decrease in pH of the soil as is evident from 
the negative com elation (r <=> -0.58*) tnat exists 
between pH and water soluble iron. Ehis conclusion 
is supported by the work of jiodrigo (1962) who showed 
that the amount of iron brought into solution is 
inversely proportional to the pH. A oharao fcoriatie 
feature of submerged soil ia that the carbon dioxide 
content is several lundred times higher than in air.
She carbonic acid formed as a consequence lowers the 
pH of the soil and brings about tho precipitation
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end subsequent solution of ferrous iron as demon
strated by Ponnamperuma (1955).

exchangeable Iron

Profile II (Ponkombu) and profile VI (Kayaokulam) 
gave tho hi^iest figures for exchangeable iron for 
both tho surface and subsoil under waterlogged con
ditions. It is noteworthy that these soils record 
the minimum values for this category of iron for both 
horizons under dry conditions. It was further observed 
that in moot of the profiles examined the subsoil 
layer contained more exchangeable iron than the surface 
layer under both submerged and dry conditions, There 
is olear evidence that Bubmergence bnnga about the 
reduotlon and 0Jlubilization of iron. The soluble 
product is carried down in the drainage water to the 
zono of high oxygen concentration in the soil where it 
is deposited as concretions. Thu explains satis
factorily the depletion of iron in the surface horizon 
and its concentration in the subsoil.

The influence of organic matter on the exchangeable 
iron content of the soils stuoied xe apparent from 
tho positive correlation that exists between them.
I-I'indal (1961) has also reported a similar relationship 
in water logged soils, lhe decomposition of organio 
matter m  soils undor submerged conditions produces
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appreciable amounts of organic acids which enhance -Ghe 
nobility of iron resulting in increased amounts of 
exchangoaolG iron in the soil*

Reducible Iron

fhe distribution of thlo fraction of iron in the 
profile is not uniform. In profile II (Monkombu) and 
mofilc. V (kan) the aubeoil contains more of reducible 
iron whereas in the othei profiles the order is reversed.

I2he maximum values for tnio category of iron are 
registered in profiles ll and Y. ihe high organic 
matter content of these soils is responsible for thi3.

Active Iron

Under waterlogged conditions there is not much 
variation in "he distribution of this form of iv>on in 
the profiles whereas under dry conditions the subsoil 
shows twioe as much active iron as the surface soil.
I n  ex al (1957) reported similar data in a study of 
the variation in ferrous iron content of Boil profiles 
at various stages of submergence, fhey noted that the 
active iron content of tho furrow slice was depleted 
wnen the field was d-r.ed but increased progressively 
\ ith tho period of submergence. Ehis may ba attri
buted to the formation of active iron from inert oxides 
of iron under the reducing conditions created by water
logging.
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Ab in the case of manganese, the fine fractions 
influence the content of active iron in the soil and show 
a linear relationship (r = 0.712>s*).

21ie effect of organic matter on this category of 
iron is aleo discernible irom the data, Activo iron is 
found So be significantly correlated with organic carbon 
content (r a 0.755 *) for nil the aoilr examined, xhxe 
observation upholds the findings of hrishnamoorthy (1959) 
end Handel (1961),

It is clear from the above discussion that the 
availability of iron and manganese in rice soils of 
Kerala is altered markedly by their environment, iho 
results also reveal that submergence of aoilo brings 
about profound changes in the forms and distribution 
oi these two elements, particularly in tho strongly 
acid soils of the Euttanad region. 2heoe transfor
mations are beneficial within limits but are liable 
to adversely affect the fertility of these ooila and 
may even prove to be limiting factors in crop production 
under intensely aoid conditions. Ihe present woi& has 
only touched the fringe of thia 2>roblem. Hany impor
tant phases of this problem remain to be investigated, 
the more important oi them be*ngi

(i) She interrelationships between iFOn 
manganese in tho soil.
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(11) beasonal transformations of Iron and 
manganese in relation to crop growth in submerged 
noil.

It ia hoped that those problems v/ill receive 
the attention of soil scientists interested in this 
subject.



SUMMARY AND CONCLUSIONS
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0  U A P 5? „  It VI 

iM W iH Y  AIID OOHC nUblONS

A study was made of the forma and distribution of 
iron and manganese in six profiles representing typical 
rioa soils of Kerala. samples were examine d both under 
water-logged and dry conditions. Correlations were 
worked out between the physioal and chemical character- 
xsties of tho soils and the forms and distribution 
of these elements, fhe findings are summarised belowt

(1) She sub soils are richer _n total manganese 
than the surface soils both under wator-logged and dry 
conditions.

(2) She total manganese is correlated with the 
f_per fractions of the soils, the content increasing 
with increase m  olay.

(3) She active manganese fraotlon bears little 
relation to total manganese content.

(4) Btstribution of water '-oluble manganese folio vs 
a uniform pattern throughout tho profile and shows 
little variation between surface and sub soil layers.

(5) She solubilisation of manganese increasoa 
with decrease in soil pH and Vice Versa.
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(6) She content of exchangeable manganese is hitler 
in sub soil and increases with increase in fine fractions.

(7) She easily exchangeable nature of manganese 
is clearly brought about by the negative correlation 
obtained with the cation exchange capacity of the 
soils.

(8) She easily reducible manganese accumulates in 
the surface layer of all the profiles.

(9) She active manganese exhibits a uniform pattern 
of distribution in the profile and shows little vari
ation between the two horisono.

(10) She organic matter content has a marked in- 
fluenoe on the forms, solubilisation and mobilisation 
of soil manganese.

(11) Jater logging has resulted in bringing more 
manganese into solution.

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

(13) Sotal iron tends to inciease with increase in 
fine fractions.

(14) Water soluble iron accumulates za the sub soil 
under dry conditions but there is no regularity in dis
tribution under submerged conditions.
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(15) Fore iron is brought into i olution as soxl 
reuotxon tendo toviirda aoxdity.

(16) £he oub soil contains more of exchangeable 
iron both under dry and submerged conditions.

(17) Exchangeable xron shows a i elatlonshxp 
with soil texture, the amounS being higher in heavy 
soils.

(18) ihe reducible fraction of iron follows no 
regular trend of distribution in the profiles.

(19) She active iron is unifornoly diotributed 
in the profile under submerged conditions but under 
dry conditions the sub eoxla rcoord hi^ier values.

(20) She active iron tenda to mcreaae vath the 
increase in line fmotions.

(21) Organic matter influences the amount and 
distribution of water soluble, excliangeable, reducible 
and active forms of iron.

(22) Water-logging appears to be one of the 
controlling factors in the solubilisation and mobi
lisation ox iron, the effect bem more pronounced xn 
the subaoxl.
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A. water-logged condition

1. Base Exohange Capacity Vs Exchangeable 
manganese

2. Water soluble manganese Vb pH
2. Aotive manganese Vs Exchangeable 

manganese
4. Organic carbon Vs Exchangeable iron
5. Clay Vs Exchangeable iron
6. Sine fractions Vs Exchangeable iron 
7* pH Vs Aotive manganese
8. Olay Vb iotal manganese
9. Aotive iron Vs Aotive manganese
10. Aotive iron Vo Bine fractions
11. Aotive manganese Vs Bine fractions 
1?. Organic oarbon Vo Aotive iron
13. Organic carbon Vo native manganese
B. Pry oondition
14. pH Vs water soluble iron
13* Fine fractions Vs Exchangeable iron
16. Organic carbon Ve Exchangeable iron
17. Organic oarbon Vs Active iron
18. Water soluble manganese Ve Exchangeable 

manganese
t g .  O rganic carbon  Va E xchangeable manganese

20. Fine fractions Va Exchangeable manganese
* Significant at 5$ level
** Significant at 1# level 
»** Signifieant at 0.14 level

> 0.68

-0.56*

0.80 
0.642* 
0.62* 
0.706* *  

0 . 88** 

0.964 
Hot significant 

0.712** 
0.952*** 
0.755** 
0.577*

>0.58
M

0.605
#0.58

0.689

0.88

0.65*
0.696*
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R E L A T I O N S H I P  B E T W E E N  W A T E R  S O L U B L E  Fe

AND pH i n  DRY SOILS

R E L A T I O N S H I P  B E T W E E N  F IN E  F R A C T IO N S  A N D  E X C H  Fe 

IN W A T E R  L O G G E D  S O IL S
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EXCH Mn IN WATER LO G G E D  S O I L S  SOLUBLE Mn IN W ATER L O G G E D  SOILS

CATION EXCHANGE CAPACITY IN me pH

® ®
R E L A T IO N S H IP  B E T W E E N  A C T I V E  Mn AND 

FIN E F R A C T IO N S  IN W ATER LOGGED SOILS

R E LA TIO N S H IP  B ETW EEN  ORGANIC CARBON 

AND A C T IV E  Mn IN WATER L O G G E D  SO ILS

ACTIVE MANGANESECppm)



RELATIONSHIP B E T W E E N  A C T I V E  Fe AND REL AT IO N SH IP  B E T W E E N  ORG CARBON

F IN E  FRACTIONS IN W ATER LOGGED S O I L S  AND A C T IV E  Fe  IN W A TE R  L O G G E D  SOILS

y O 4 6 9 6  Ot + 6 7 4

ACTIVE IRON N ppm
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R E LA TIO N SH IP  B E T W E E N  WATER SOLUBLE Mn 

A N D  EXCH Mn IN DRY SOILS

R E L A TIO N S H IP  BETW EEN F IN E  FRACTIONS 

AND EXCH Mn IN DRY SOILS



Pp
m 

p
p

m
DISTRIBUTION OF DIFFERENT FORMS OF IRON IN WATER LOGGED AND DRY SOILS
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