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~ INTRODUCTION



INPRODUCTION

(?uttanaq,comprising an area of about 875 sd.Kkn
in the two districts of Alleppey and Kottayan 1ls a unigue
agricultural region and rice cultivation in this region faces
a number of complicated soil rortility problems. A single
crop o; rice is the usual cropping system fo}lowed but an
additional shori duration crop is also atteupted now a days
by many cultivators. The rice fields are situated at a
depth of 13 to 2 mw below gea level and so it is gubmexged
under watexr for a major part of the year. It is also periodi=-
cally inundated with saline water. The vast area is divided
into ssveral small blocks by construction of mud embankuments
2 to 24 m high() |

A more or less uniform elimate prevails throughous
the Kuttanad area with a temperature ranging from 70 = 75°7
and hunidity from 90 - 100. The South West momsoon from
June to August and North Zast monsoon during October-Ueceuber
contribute an average rainfall of about 2750 ma, During the
monsoon periods, fresh water from the rivers enter the area
and as the North -Zast mongoon recedes, sea water enters and
the whole'éiéa becomes saline again. Kuttanad area ia
tharefore faced with pecullar problems and cultivation is

rather uncertain snd hazardqua.



. Of the three types of Kuttanad rice soils viz.
kari, kayal and karapadom, the present investigation is
confined to kayal soils which are reclaimed from the Venbanad
lake and occupy roughly about 3000 hectares extending in the
two districts of Kottayaa and Alleppey. (The reclamation
dates back to 1836 A.D. ‘In the early dayg of reelamaéion
sultivation of a gingle crop of rice was carried on for
2 to 4 years continuously and the lands left fallow for 1 to

2 years. Continuous eropping decreased the yield!

The kayal fields are 1% to 2 m below sea level and
80 they are submerged under a sheet of water for a period of
5 to 6 months., With the reduction in the intensity of the
mongoon, water is pumped 6ut into the canals and gerninated

rice seeds sown in puddled soil.

These soilslare slightly scidic to-neutral ian
reaction, low in organic matter econtent énﬂ poor in total
and available nutrients but rich in calcium due to the
presence of iime shalfa of lacustrine origin. They are more
seriously afteéted by salinity than other aoil types and erop
fallure is quite common., Salinity hazards can be averted in
these tgyal lands if fresh water ieée;ves'are provided.
A major projact to prevent intrusion of sea water into these

areas is complete with the construction of a permanent bund



at Thanneermukkam 1n Sherthalal tmluk and 2 crops are '
propoaed to ba grown in these areas. Anothar project which
-has only been implemented 1n one blook of _g[g; lands, viz. the
R blook. 19 the construction of rubble ring bunds to peruancntly
cut off aaline water 1ntrusion This construction in R block
kayal was oompleted 1n 1965, A% preaent, in the X blook

.there ia oontinuoua pnmping out of the seepage water which
seeps through the lower layers and the rain water which
collscts in the cﬁannela inside the R block. A comparison

0f the soils of the R block, with those of the adjacent
kayal blocks like the Rani kayal and Chithira kayal has also
been atfémpted in the present study, besides undertaiing a
astudy on the morphological, physico-cheunical properitics and
availability of-maJdr and minor eleunents in these soils.

The present investigations is thersfore aiuned at
with the following major objectives.

1. Horphological features of the Kuﬁtanad kayal =soil
profiles and ritting these soils on the classifiocation
propOEe&'by the 7th Approxinntion. |

2. Physical characteristios of these soil profiles.

3. .. Chemical characteristics of the kayal soil profiles.
including their available micronutrient atatua,
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Comparison of the properties of the soil from the

. peramanently reclaimed R blogk with the adjacent Rani

and Chithira kayals in respeet of prevention of galt

vater Intrusion,
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REVIZd OF LITSRATURE

The Kuttanad 'Kayal' soils are characterised by
‘alternate inundation of fraesh and saline water and thay
exnibit high salinity due to0 the sea water intrusion. The
goils are slightly acidie to neutral in reaction and rige
is extengively cultivated in these areas. The sghudies a0
far male on these 'Kayal' soils were mosily confined to
the surface samples and profile studieas have not been
attempted Dby many. The following review of literature
compriges the previous work done by wvarious ressarch worlters

in the State and elsewhere on slmilar soilse.

I. Zhysical charagteristics

Reen and Raekzkowski (1921) studied the inter-
relatibnship between pore space, clay content, specific
gravity and volume expansion and found a positive corre-
lation batween pore space and olay content. A negative
correlation was noticed between specific gravity and clay
oontent but the volume expansion was found to be directly

related to the vercentaze of clay.

Merchand (1924) studying the single value constants
lilte pore space, specific gravity, water holding capacity



and volume expansion of soils by the Keen iackskowski method
found that these could be roughly porrelated with the clay

content of the moil.

Sen and Ded {1941) found that volume expansion,
apparent .and real aspecific gravities bear no relation to

the clay oontent of soils.

Joachin and Kandiah (1947) found a'high correla=-
tion between olay contont and water holding capacity.

Subba Ra0 (1960) reported a positive correlation
between olay and pore space and voluwse expansion with water
holding capaoity and a negative correlation between pore
space -and water holding capacity and gand fractions.
Jhanapalan Moai (1960) studying the profile éharacteristics
of red solls of South India found an increase in clay
content with increase in profile depth, the values being
28,9 per cent and 44.9 peﬁ cent for the top and third
horigona reppectively. In some profiles the olay eontent”
increased progressively from 19.9 per cent in the top to
5349 per cent in the third horizon,

Drowpathi Devi (1963) in her studies on the:
interrelationsiip between physical ond chemical propertics
0of Kerala gsoils found a negative cﬁrrelation'ror clay with '
coarge and fine gand. Silt was positively correlated with

oléy gontent.



Parvathappa (1964 ) rougd thaf physicel and woisture
constants incresased down the profilses, Pore apace, moisturs
QQuivalenf, waterlﬁolding capacity and hygroscopic =
coefficient were highly correlated with clay.

Rangaswamy (1965) found that physical and moisture
coﬁstanta tonded to incfeaue with depth in red soil.
Manickan (1965) gtudying the érotile characterigtics of
Nilgiri moils found an inorease in the apparent and real
speclific gravities, the values ranging from 1,04 to 1.4 and
1.91 t0 2.43 respectively, with an inorease in the depth of
thé profile. Pore apace was found to be more or less the
same throughout in some profiles whereas in some it
decreased upto the 3rd horigson, increased in the 4th and

then gradually decreased.

Janardhanan Nair et al (1966) reported true and
abparent specific gravities to be o function of goarse soil
particles. Yater holdinz capacity, pore space and voluue
expansion were related to the finer soil particles. Apparent
specific gravity was found to be ‘a convenient messure of
available phosphorus and potassium as well as of single value

congiants of physical properiies.

Ramaswamy (1966) found that the real and apparent
specific gravity of surface soils are highly significant and



positively correlated. They are found to be negatively
oorrelated with pore space, volune expansion on wetting
and moisture holding capacity. With increase in pore space
there is corresponding asignificant increase in both voluae
expansion and moisture holding ecapacity. The higher amounts
of organic matter prosent in the soils lowersd %ha specific
gravitiens of theme soils.

Velayuthan ond daj (1971) found that the
influence of clgy was more than that of organic carbon on the
water holding capaoity. The quantity and nature of clay

influenced the moisture gonstant.

Ghosh gt al (1973) reported that the bulk density
and particle dennity of kari aoiia of Xerala varied from
124 to 1.46 and 2.52 to 2.56 g/cc respectively,

II. Chemicel characteristics

1« ©Soil regotion and electrical conductivity: Hartwall
and Pember (1918); Hirasol (1920) and Conner gt al (1922)

obaerved that acid soilas are toxic to plants because of
éaaily goluble aluninium salts,

Stephenson (1921) reported high degree of buffering
in high;y organic soils and clays whereas coarse avils
exhibited 1liitle of this property. ILiming was found essential

when the asmount of exchangeable hydrogen exfeeded the amount



of exchangeable calciun in goils.

Subramoney (1960) attribuied the high degree of
acldity in kari soils to the production of sulphuric acid
by sulphur réducing bacteria. Money (1961) found that the
lowor horizons of wost of,.profiles of Xuttanad had a low

pi, as low as 2.5.

Agcording to Moorman (1962) acid solls containing
sulphate content showed extreue variability in soll reaction.
Seagonal variations were very high eapecially when these
g0olls were apreoted to inundation. pH value incrcasad to
neutral point slowly on inundation and dccreassd to high
aoidic range on drying.

Sulunara Pillai (1964) analyaing the kari soils
found that the surface soils were strongly acidiec in reaction
while the sub'uoiia were only weakly acidio,

Horn gf al (1967) reported that.in.poorly drained
olay soila affected by salt water intrusion, electriecal
conductivity of saturation extract coﬁld be as high as

50 mmhos/om.

, Alexander and Jorairaj (1968) found a negative
correlation for-goil pH with loss on ignition, orgsnic
ecarbon, total nitrogen and cation exchange dapacity of

aaid poils and a positive correlation with propertiea like



cation saturation per cent, caleiuu saturation per cent and

avallable phosphorus.

Mahapatre (1968) studying the Louigiana soils found
an inorease in pH in the case of 18 acid soils (PH 4.7 = 6.7)
'and deerease in'the case of 2 alkaline Qoils (pd TWB = 8.2)
after water logging. In 911 cases the final pH wes close
to the neutral point.

Bache (1970) working on acidic Scottish soils
foend that pH of acidic soils in Caﬂlz gugpension increased
with time, in certain cases by O.4 units in 24 hours, This
was attributed to the proton uptake by complex ions of iron

and alumniniun displaced into solution.

Bandyopaqga et al (1970) reported clope association
between gsalinity in the soil profile with the rise and
fall of ground water table.

Venu Reddy ek al (1971) reporsed higher pH in
" goils 0f heavier texture. At higher pH (upto 8.7) highexr

available ni{rogen was found while phosphorus was low.

Hair and loney (1972) reported that the mselt
affectaed rice goils of Kerala showed high conduetivity
ranging from 4.2 1o 14 mmhos/cw. -venthough the conduciivity
wag high the soil was found still acidie, pi ranging from
3 to 6.8, Uigh negative correlation between pH and sulpante
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gontent was reported. iigh degree of positive correlation
between conductivity on the one hand and sulphate, chloride
and sesquioxide content on tha other was alse reported.
Conductivity was 8lao correlated with percentage of silt
and ¢lay. This was because, in the sollg céntaining more
finer fractions, the salt was noi freely washed nuav nm

in sandy soils (ILunin and Gallatin, 1960).

Paduaja and Verghese (1972) reported that liming
red loam soils of Kerala @ 2.5 m.mhos/ha Ca0 raised the
soil pH by 1 to 1.5 units,

Kurup and Aiyer (1973) reportaed that for all the
three major types of Kuttanad soils viz. farl, kayal and
karapadom, +‘he maximum and miﬁimum values for goil pi

and minimum and maximuan values for clegctrical conductivity
were during the periods of Cotober=November and March=
April) respeotively, when sarpled.

Verghess and Atyer (1973) found that 1:2.5 soil
solution ratio made with 0.01 H GaCIZ with a shaking period
of one hour gave fairly acourats and roproduciblé value of
pH for ths acld sulphate soils of Kuttanad, Kerala State.

2. OUrganic ocarbon and O/N ratio: Nair (1945) studied the

kari soils of different localities and found that organic
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matter, akbhangeable hydrogen, pH anﬁic/ﬁ ratio are intere
related and have zot a bearing on the low fertility status

noticed.

Satyanarayana gt gl (1946) in a study of the
nnoultivated goils of India obgerved that the general level
of oarbon and nitrogen in most solls was low and the G/N
ratios fluctuated from 5 to 25.

rowpathr Devi (1963) found a positive correlation
for organic carbon with nitrogen in Kerala solls.
Sukumara Pillai (1964) investigating the properties of ltari
sﬁila found that they are rich in organic matter and low

in major nutricnta.

Ramagwamy (1966) studying the properties of lMadras
goils found an incrermse in the najor plani nutrients N, ?
and X with high organic matter content in soil.

Tabatabal and Hanway (1968) studying she ohemiéal
and physical properties of different, sized natural aggragates
of Iowa soils found that organio carbon ingreased as the
aggregate size decreased. The bulk densities of the
azgrogates were found invergely related to the percentage

of organic carbon in the aggregates.

Koshy (1970) found that C/N ratio ranged from
42.17 in a pubmerged rice goil to 23.67 in a kgri soil.



Koshy and Verghese (1971) reported that the peaty
or kari soil contained a high percentagze of organic carbon.
Ghosh gt al (1973) and Aiyer and Money (1959) found & high
percantage of orgenic oarbon in Thottappally karl and

Kattampally swanp sgoilso.

Aditya Chowdhury and Saba (1973) in their studies
made on the diptribution of organic matter in the profiles
of water logzed rice goils of alluvigl origin found reiark-
able variation in the organic matter content and total
nitrogen percentage in the top and bottom layers, top leyer

contrining higher quantities of both.

Vittal and Gangwar (1974) exauining the profiles
of Hainital tarai found that organic £ carbon ranged from
low (0.5 per cent) to high (0.75 per cent). A generel

trend to deerease with depth was alao noticed.

3 Major nutrienta

(a) Kitrogen: dJenny (1941) found that the general trend
of the nitrogen depth cuxrve was eprnantial. He found that
nitrogen zenerally penetrataed deeper into the goll with

Inerease in rainfall.

Alligon (1957) working on the various soils of
UsScAe reported that the pergentage of nitrogen varied from



015 to 0.3 in the chernozems of dpatern Iglkotas and Kansas,
from 0.10 to 0,25 in the Prairie goils of Central States
and 0,05 to 0.2 in the Brown forest soils of the north eaast.

MoDowell and Smith (1958) found that ammoniua
fixation inereagsed with increasing clay content of the soil.
Palpavi (19%8) studying the effects of lime on a calcium
poor soil found that liming progressively decreased the
organie matter and total nitrogen and increased the level of

nitrate and amuoniacal nitrogen.

Nambiar (1960) in his studies on the cffect of
liming on laterite soils of West coast found that lining

favoured mineralization of soll nitrogen,

Monsy (1961) found that nitrogen content of

Kuttonad soils varied from 0.2 to 0.85 per cent.

Abbichandani and Pataailk {(1961) shudying the effeet
of lime on nitrogen availability and yield of rice in water
logged soils found that addition of 2000 1b liuwe under
field conditiona, increaned the aumoniacal nitrogen content
nearily two fold and significantly inereased the yield of

rica,

Unnikrighnan (1964) and Vijayachandran {(1963)
obgerved that nitrogen content increased with rainfall in the



goils of Madras and Kerala.

Drowpathi Jevi (1963) found that available nitrogen

. was a.lineex function of the total nitrogen.

Borthakur and Mazundar (1968) found that liming -
inereased the average mineral nijrogen content sgignificantly
under low moisture level buf under water loggzed conditions.
the difference was nqt:significant. . According to them nitro-’
gen uptake by paddy seadlings was significantly higher under
limed conditions irrespective of moisture levels. Nitrogen
uptake by paddy seedlings correlated with the nmineral
nitrogen content of solls only under limed water logged

conditions.

A negative correlation between soil pH and total
. nitrogen was reported by Alexander and Juraira] (1968).
Verghege (1972) studying the acid solls of Kerala recorded
0449 to 0.55 per cent of nithgen in ltari goils. The
total nitrogen content of the saline soils of Kerala was

reported to be 0,05 to 0.38 (Nair and Voney, 1972).

Padumaja and Verghese (1972) roported an inorease
in nitrogen availability by the application of (a or ilg

or both in red loam goils.

(b) Phogphorus: Bartholomew (193%1) reported inereased
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soilubility of phogphate when the soll is submerged.

" Karin and Khan (1956) in a study on-the vertieal
digtribution of nutrients in the soila of Zast Pakistan
found that phosphorusg inereaned upto a depth of 7" and then
. deoreased sharply uﬁto 351,

Mack and Barbor (1960) observed that incubating
the soll for 74 days at 23% under 40, 70 and 100Iper cent
water holding capacity considerabdly incressed the pﬁosphate
availabilisy.

Raychaudhuri and ILgndey (1960) found that moils
containing high amounts of olay and silt retained more
phosphorus and showed low availability of thim element.

Koghy i1960) reported that line when applied in
acid soils at high rates had_a'depreseing effsct upon
phosphorus absorption., Availability of phoaphorus in
Kuttanad aoils of Kerala was found low due to prscipiltation
of both Fe and Al oxides (Gopalaswami,}961) and fixation
of the eleuent in clay (Koshy and Brito-unutunsyagan, 1965).
Agldity coupled with high sesquioxide -gontent favoured
phogphorus fixation. Thia confirmed the earlicy observations
made by Rayehaudhuri and Mukerjee (1941) and Chandler (1941).

Patel and ilehta {1962) in their studies on the
vertical distribution in Gujarat soil profiles found that
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: toé layer is richer in both total and available phoaphorus
than sub goil layors. In all the profiles studied the
sub soil layers contained less available phosphorus than
thoge below whioch a response t0 applied phosphorus was
obtained., No significant relation between any of the
aingie factors of the goil and the total end avallable
phosphorus was reported. The integrated action of all
thege factors affected the phosphate stmatus of the profiles.

Koshy and Brito-mutunayagam (1961 and 1965) in
their gtudy on the Kerala goil profileas found the level of
total phosphorus varying from 0,024 50 0,0256 por cente .
The phosphorus fixingz oapacity varied widely, acid soils
,with high sesquioxide having high fixation capacity. Jown-
ward moveaent of phosphorﬁa in Xuttanad goils was found
t0 be very low. In kari soils rich in orgenic matter, the

penetration of phosphorus was much higher.

_ Fair and Alyer (1966) found that among the
4 extractants (Bray No.1, No.2, Olsenfs method and Saunder's
method), Olsen'a method was found %0 give better correlation
with actaal phosphorug taken up by plaﬁts. The efficlency
of extraction by the alkaline extractants was found
positively influenced by pH, exchangeable and soluble iron.
Olgen'o rsagent was also found to be least affcoted by the
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variations in the different soil chemical characteristics.
Iron phosphate was found to be the predominént forn of
phosphate in the soils studied and it 1s this form that is
plant available.

Kurup (1957) raported that phogphorus availability
is increased in the limed than in unlimed samples of
Kuttgnad s0ila,

Agcording to Holmen (1368) peat soils are often

deficlent in phosphorus and potassium and aometimea nitzropgen.

Hanley ahd Muiéhy (1970),repo;ted.that all forus
of phogphorus were’highgsﬁ‘in the elay fraction andllowest
iﬁ the éands.' The inorganic ppoaphorug of the clays and
8ilts was mainly iron-phqppﬁaés whereas caloium phosphate
was the dominant form in the sand fraction. Well-drained
g0l also had & higher content of total phosphorus in their
elay and silt fraction than siﬁilar fractiona in poorly
drained soils.

Kurup and Koshy (1368) found that water soluble
ﬁhoephbrus fron guperphpsphate was as efficient ag citric
acid soiuble phoaphorus in the Kuttanad soils. Kurup
and Ramankutty (1969) atuaying the effect of superphosphate,
rockphosphate, hyperﬁhdsphaﬁe and boncueal with and without
lime in acid soils of Kuttanad found.that aupefphOEphate,



rookphoéphgte and hyperphosphate iﬁnreased the yield signi-
ficantly over contiol and bone meal, KHo favourable |
influence was exertqd by lime either independantly or in
assoclation with different phosphates.

Nailr and Money (4972) found the phosphorus gontent
,of gome of the saline goils of Kerala ranzed from 0.033 to
0.166 per cent 9205.

Paduaja and Verghese (1972) reported incrcase in
avallable P205 by the application of ailica.alone or with
Ca or Hg or both. Ghosh gt al (1973) in their studies

on kari soils of Kerala reported low phosphorus content.

Kar (1974) studying the relative influence of
Ca**, pH and lime on the release of native phosphorus
found that with rige in pH, available phoéphorue inereaased
significantly during the firet few days of incubation.
ﬂaiimum release of native phogphorus was noted on liaing
due to oumulgtive effeets of incorease in both Ca content
and pd of the aoll,

(e) Potassium: = Aceordinz to MoIntire (1927).relecase of
potassiun was retarded by excess of goil ncldity but in soue

oages 1t favoured its fixation.

Karim and Khan (1956) in their study on the
vertical distribution of potassium in the poils of iZant



Pakistan found that it decreased to a depth of 7" and
thereafter inereased progreassively upto 357,

Halim gt al (1963) investigating the potassium
gtatug in the U.A.R. soils found total potassium varying
between 2,5 meq, in coarse textu;ed‘aoils t0 15,0 weq/100 g
in fine texturcd moils and was highly correlated with clay

percentage aﬁd exchangeable potassium,

According to Grewal and Xanwar (1966) the surface
8011 samples from diffsront goil zones of Tunjab contained
on an ;werageu1925 mg K20/100 ge Nearly 30 per ocnt of
the total potasaiun was present in iHCl goluble foru,
6.1 per oent in fixed form, 0.98 per cent in water soluble'
and exchangeabls foxm and 0.93 per oent in available form.

Acoording to 3adiger and a0 (1959) potassium
fixation was more in black éoila containing wore of
montmorillonite clay fhan in red soils eontaining Kpolinite
type of clay.

Rajokannu et al (1970) reported positive signi-
ficant correlation of avallable potassium with pH in red
and alluvial solls. No significant correlation was noticed
with organic ocarbon and available nitrogen in any of the goil
studied. In black soils avpilable potassiuh wag nog related

to the lime eontoent.
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 Nair and Honey (1972) found thdf potash content
renged from 0.087 to 0.286 per cent K,0 in goume of the

saline golls of XKerala.

Aeid goils of Maharashtra, formed eitpér by
leaching or by abid parent material are.rich in lattice
potagsium but low in HCl goluble and avallable potasgsiunm
ag reported by Kadrekar (1373).

Sraeedevi and Aiyer (1974) studying the potassiwa
status of five uajor acid rice soils of Kerala vig., kard,
karaprsdom and kayal of Xuttanad region, lcole of Tr;cﬁur
distriet and the low level laterites of ribbon vallefa in
thé midland regions found tﬁe magnltude of exchangeable K '
in the order of karld Karepadom lkayal kole low level
laterites, Difficultly exchangeable K was in the order
koyal 1low level laterites lkolg Jggrapadom kari while
that of HC1l moluble K was in the order ksrapadom Kayal

kole low level laterites kari. Total K end iHCL goluble
K on the one hand and difficultly exchangeable and HCl
soluble K on the other were gsignificantly eorrelated.
Comparatively high values of total, exchangeable, difficulsly
exchangeable and iHCl goluble K found in karl, kerapadom

and kayal soils of Hubttanad were attributed to subuergence

in salt water from adjoining back waters and due to silt
depozition by flood water.
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4. Cation exchanze capacity and exchangeabls cationg

Mitéhell and HMuir (1937) foﬁnd that cation
exchenge capacity of ssil depended mainly on its c¢lay
content and éompoBition. Nonghue (1@58) eonsi@ered Ceite(e
to be @ gingle index of fertilitj. The more claysy a soil
the more wag ite 0.2.C. and hence greater the chancea of its
being fertile, '

Gopalaswany (4961) reported a high C.&.C. for
karl soils of Kerala due to the high organic matier content
and due to the probable presense of illitic and mont@orilloniti
type of clay. |

Roy and Landey (1962) found that the elay content
and C,=2.C., were maximum in the intermediate layeras of the
goil profile, Wilding and Rutledse (1966) reported that
in A horizong organic matter contributed most to CozleCy,y

while in 3 horizons elay usually contributed moat.

Yuan et al (1967) studying the Florida surface
soils found a eignificant correlation hetween C.2.C., clay
¢ontent and organic matter level, the relatlionship between

organic matter and C.k.C., having the highest coxrrelation.

, Alexander and Jurairaj (1968) found that C.Z.0C.

of black soils increased with inerease in. pi. In acid



soils, G.E.c.,waa negatively gorrelated with pHe Iavti
et al (1969) reported 2 mignificant correlation of the C.2.C,
with olay, silt and organic watter coﬁtent.

wrigh; and Poss (1972) reportéﬁ significant
relationship betweon olay, orgénic matter and C.2.C. GB‘Per
cent of the variability in the 0.1.C. wﬁa\attfibutea to the
- clay and organic matter content. Sreedevi and‘Aiyer (1974)
: reportedlthat kari msoils had the‘h;gheat cation exchange
capacity among the major rice soil typea_b: Keraig-

Menoﬁ et 21 (1957) found ingcrease in C.&.0,
with depth of soil profile. Of the various exchangeable
" cations 80 per cent vas occupied by calecium. Caleium and
- magnesium inereased with profile depth.' .

Mektitle and Virri (1965) reported c;ear relation~
ship betﬁaen goil reaction and base saturation in tﬁ- glay
‘goils of Finland; wihich arelgenerally heavy olays, acidic
and half bage saturated., The exchangeable cations were
reported to be mataly Ca** and Mg**. Dho sum of their
concentrations inoreased and the ratio betwein fﬁem approa=

ched unity with inera=ase in depth.

Nambier (1947) found caleiun ms the {mportant
replaceable base followed by Na and K in the rios moils of
Kerpla. This has been noted by a number of other later
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workers also. The low exchangeable calclum oontent in the
surface leyers was attributed to the leaching effeet of
heavy rains pince an inoreagse in exchangeable caloium was

noticed in tho lower layeras.

Agcording to Bear and Toth (1948) an ideal soil
should contain 65 per eent caleium, 10 per cent magnesium
5 per cent potassium and 20 per cent hydrogen in the exchange

complex,

Drowpathi Devi (1963) rdund close correlation
between C.:.C. and exchangeable Ca. lMagnesiunm content was

found t0 be a linear function of calciun oonteﬁt.

Mahapatra (1968) atudying the effooct of flooding
on tﬁe mobilisation -of nutrients, found that waier soluble |
caZ*, Pe2*, Pe>*, A17* and phosphorus inereased by water
logging.

Milton and Wadleigh (1951) found a positive
correlation between exéhangeable Na and pH and concluded
that the exchangeable lia could be predicted from the pHd
&alue. - |

Wild (1971) found a low exchangeable potassium
content in soils containing low percentage of ciay, egpecially
Kaolinitic clay.

Thomns Varghese and Money (1965) reported signi-

ficant inerease in piH, available phosphorus.and potagsium



by the application of calelun and magnesiutme.

Pierrs et al (1932) stated that soils of
relatively high percentage bass raturation.at low pH values
yielded in general less aluminium in solution than aoila
of low percentage base saturation. Aluminium aolubility

was increased by high conoentration of goluble : salta.

Agoording to Russal (1950) wmineral soils are
aluminium soils and not hydrogen soils.‘_He found that
exchangeable alusinium contributed narkedly to exchange
acldity in such soils.

Pratt and Blair (1961) found that extraction with
1 Normal KCl allowing a ninimun time of contact with the
first poxtion of the extraotant Probably gave the most
relinble esfimate of exchangceable algminiu@.

Middleton (1965) in his work on Malayan soils
found that alusinium extracted correlated very significantly
with pHd of tﬁe extraoting solution. 3eterm1nations of
aluniniwn were signiticantly correlated with percentagze of
elay in the soil,

Clark (1966) analysing the soluble and exochangeabdle
eluniniun in acid soils found no direct rslationship between
pH and concentration of soluble alumin;um.



Horn et al (1967) reported more than 500 ppm
extraotable sluminium in acid sulphate soils of pH values
2.6 0 4.0,

Helias and Coppenet (1970) found that a consider-
able quantity of exchangeable alunminium existed in the
varioug horimons of uneultivated Breten soils with a pH
bolow 5.5. When the pH inoreased to 5.7 to 5.8 the exchange-
able aluminium disappeared.

Kabeerathumua and Caitharanjan Hair (1973) reported
that the soils of Xuttanad are highly acidic and have a
high concentration of exchangeable hydrogen and aluﬁinium,
toxie concentration of ferrous iron and aluminium and
extrcugly low miorobial activity. Zerroug iron content and
exchengeable aluminium were effectively reduced by liming.
A high negative correlation of thess elements with pH was

noticed.

5« HMicronutrisnia

Their distribution in s01l profile and aﬁaila—
bility with respeot to other soil characteristicn:-
(a) available gine
| Sharma and Motiramani (1969) in their investigation
on tho zine status of Hadhya Pradesh soils found a negative

correlation between pH and available 2zinc. Ho consiatent



relationship between available zinc and ©ad03 or any
poaltive correlation with organic carbon was found. Avail-

able sine was more abundant in 0=50 cm layer,

Tripathi et al (1969) found the available zino
sontent of U.P. soils varying from 0.9 to 8.8 ppu with a
mean of 4.4 PPm,l.Sogl pH, CaCO03 and organic umatter have
no significant relationship with available sino. This was
supported by tﬁe findings of Grewal et al (1965) who found
that availabla zine decreasad with depth or the prorile.

Prasad and Sinha (1969) found aignirioanx oorrelae
.- tion for dithizone extractable sine with pH in Bihar soils
while Rai et =l (1970) found that available gine was not
slgnificantly related to pH, organic aarbon or UaGO}.

_ Prageedom (1970) found no ragular distrihution

- for available zine in the profiles of Kerala soils studied.
Laterife g80ils oontained naximum average. content of avail-~
able zine and Egg; soils the wminimua.

" Prasad and Pagel (1970) reported that available
zing (dmmonium acstate soluble at pH 4) in soils was higher
in hunid regions (1.666 ppm)’than in arid regions (0.364 ppn).
Available zine showed positive odr:elationa wiyh clay and
silt and humus levels and negative correlations with pii,

exohangeable Ca, dezree of gaturation, K supply as woll as
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available P, Its level deereased with profile depth.
Valsaji (1972) found no definite trend in the
downward distribution of available =zinc,

Rai et al (1972) found significant negative and
Dpositive relations for available zinc to goil pH and organio

carbon respectively,

Gupta and Singh (1972) reported 0.2 to 3.25 ppm
‘available zinc in the Indore soils, the availability decroa=
sing with inoreasing soil pH. .

Balasubramaniam gt al (1973) reported 1.6 ppm
available gine in Tamil Hadu goils. A positive significant
correlation was noticed with organic matter and a significant

negative relation with pH.

Gopinath (1973) studying the distribution of zinec
in the aecld peat soils of Kerala found that 1t vazicd fron
0.8 to 1.6 ppu with an average of 1.35 ppm in the surface
samples and 0.7 t0 1.84 ppm with an average of 1.36 ppis in
the sub surface mpmples, HNO regularity in the downward
distribution was noticed for avallable zine but in soue
profiles 1t increased withvdepth. Significant positive
relation with pH was obtained in the sub surface layers.



Vittal and Gangwar (1974) found that dithigone
extractable zinc was related to drainage conditions and
decreased with depth. ' Accumulation of extraotable zinc was
obgerved in the surface horigons due %o heavy turn over of .
zinb-by vegetation and its deposition on the surface. The
coumon trend of increase in pH with depth leads to the
formatlion of ingoluble zmincates. In addition, pﬁ alao’
caused inereased stability of the complexes formed by zine
with organic compounis. No linear correlation was obgerved
fqr dithizone extraotable zine to soil properties. It was
more between pH 6 to 7, then it decrease& with increase in

PH.

Vuletic and Mijatovie (1967) reported V.1 t0 3.2
ppm of dithizone extractable zine with highest values in

top soll and lowast in the ealcareous horizons.

| DJeb and Sharma (1973) in a survey made to study

the zine status of Delhi soils found that availsble zino
content in dithizone + ammonium apetate extract varied from
0.6 to 7.7 ppm with a mean of 2 ppa. -In 1 H ammonium acctate
(PH 4.8) 0.4 to 5.7 ppm with a mean of 1,9 ppm was reported.
It was reported that phyasiologically available zinc lies

in the range of traces to 0,49 ppm. The organic matter
content did not show any significant relation with available
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zing in rice gdiié.

Bahsal et g;‘(1969) investigating the distribution
of nicronutrionts in the soil pro;ilea found that exchange=
able zine tended to accumuléte in sub surface soil and then
dsoreased with depth. Zine was significantly correlated
with Hg.

Bandyopadhya and Adhikari (1971) found that avall-
able zine dzcreased with depth in the alluvial, lateritic
and c¢oastal saline soils of W.3engal.

éccﬁrding to Hodgson gt al (1966) zinc deficiencies
are more common than copper deficiencies in cazleareous polls.
dinec levels in displaced solutions from 20 cqlcareéus soils
were helow 0.002 ppm and 30 = 75 per aent of thg zine was
couplexeds Cu levels in solutibn ranged from 0;005 to
0.016 ppm with 93 = 99 per cent present as organic complexes.
The high éontent of complexed Uu partly explained the lack
of Ou deficiency in calcareous soils which are deficient in

zine,

Kabata-Pendias (1968) found available zinc concen-
* trated in the upper horigzong of peats and black earth and in

the lower horizons of padzolic and brown soils.

Cﬁatterjee and Das (1964) obaerved thnt extracte

able gine was more in soils predoninant with minerals like



chlorite and illite anm eompared to montuworillonite due to
their 1ow zino rixing oapaoity.

Gangir gt al (1973) found the available zine
ranging from Q.21 ip.alluv;al t0 16,0 ppa in mediun black
goils of Hadhya ZPradesh. These sbila were reported to be
highly detioient.in available 4n.

Nowoaieleka'(1966) studying the effect of differcnt
long term treatuents on the 1nn content -of s0il found that

ell forms of zinc decreased with increasing soil depth.

Rajagopal et a2l (1974) studying the relation between
organic ¢arbon and available micronutrients in the Nilgiri
soils (acidio,in recction with o pH ranze of 4.5 t0 5.6)
reportpd 9‘per cent of the goil deficlent in available ziﬁc.
Avallable Z2n was algo negatively correlated with organic
ca;bon. Some organic complexing agents present in greater
amount in these organic goils affected zine availability.

(b) Available copper

Holnos (1943) conecluded that the differcnces in
the copper content of various soils and in the horizons of
the same goil are associated more with the anount of clay
than organic watter.

Lees (1948) reported that organic wmatter, because



>t its copper fixing capacity; ia responsible for low
ivallability of copper in organic soils.

Vermaat and Vander Bie (1950) concluded from the
study of the Indonesign goils that major part of the coppex
idgorbed”"in the .exchangeable £OrU was by elaye. According

wnd gravelly goils.

Copper is reported to be less susceptible to pH |
:hanges. Pack ¢t al (1953) obtained a non-significant
rorrelation betweeﬁ available Cu and pH. According to
leuther (1957) soils hold copper most securely in the range
frot pH 7 to 8, appreciably lese scourely at pHd 6, and

yrogregaively less securely as the goil beoowes more amoidice.

Ageording to Tobia and Hanna (1958) Ou retention
ln Zgyptian soils is correlated with organic uatter and

30il reaction.

Neelakantan and lfehta (1962) in their studies on
jarat goils found a decrcasing trend in the caeq'or avall-
10le Ou as pH inereased but statistical analysis showed a
wn=gignificant nagativé correlation between pHi and availe
ible Cu. It was algo reported that available Cu gradually
nereased with inereasing amounts of organic matter in sons

rages but in others thers was either no change or a deoline,
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;o Gilbert (1952) Cu deficicney is moad frequent on vexy sandy



Statistieally a positive non=gignificant relationghip
- between organic matter and available Cu was found in agll
oases. Finoer fractions of the soll were considered to be

the main gtore house of available nutrients.

Kavimandan ¢t al- (1964) obtained a nonepignificant
correlation between pil and available Cu whereas Mehtea gt al

(1964) reported a significant negative coxrelation.

Agarwal and Hotirameni (1966) reported that black
soils were :ichest and alluvial soils poorest in avallable
Cue A negative correlat}on between pH and available Cu was
reported but no consigtent relationship with CaCO3 or orgmnic

matter was found.

Semb and Olen (1966) reported that low Cu content
occurred iﬁ sandy, silty end peat soils and in soils under
recent cultivation whereas clayey solls contained wore Cu,
Distinet deficiency symptoms in erops are assoclated with
1 mg ou/kg soil. This oritieal value of Cu may be higher

in Boils rich in organic wmatter and inorganic soils.

Ral and Highra (1967) reported no correlation of
available copper with pH. As orzanic carbon and finer
fractiong increased the availability of copper alaso increased
but as the CaC03 content ingreased availadility of Cu

- decreased.



- Purlan and Stupar (1967) reported a mean copper

value in peat solls as 3.3 ppu.

Joneé and Belling (1967) etudying the movement of
o&pper using 640u in peat, oalcarcous sand, tegra rosa, deap
sand and laterite under the influence of various fertilizer
treatmonts found that Cu remained near the soil surface
atter all the fertilizer treatments and several year's raiq—
£all: With light soils and low 0.5.0. gome penetration of

copper occurraed,

Bandyopadhya and Adhikari (1968) reported adequate
anounts of Cu, Zn and Mn in the rice solls of West Bengal.
Correlations ware ahowﬁ for theée elenents with extractable

Zn, Cu and in.

Savic and Jokie (1963) reported the available Cu
in soils ranging between 4.6 and 8.4 mz/kg, solls of heavier
toxture containing highexr quantities.

_ Mishra et al (1969) reported available copper
ranging from 1.; t0o 10.6 ppm in the U.P. moils., No gigni=
ficant relationship was noticed between available Cu and pi
as well as silt plus clay aontent of soils. . CaCO3 gave a |
significant negative correlation with available Cu,

Bansal gt a2l (1969) reported accwmulation of Ou in

sub gsurface and a dsorease with depﬁh as in the case of Zn,



Significant correlation was noticed with piH,

Grewal et al (1969) revorsed significant negative
relations for available Cu with pH and poasible correlation
with organic watter. Zxchangeable Cu decreased with depth
of the profila.

Praseedon (1970) studying the digtribution of copper
in the Kerala soils found the higheat amount in sandy soils
and lowest in Iorest‘soila. No sigﬁificant correlation was
noticed for available copper with pH as well as finer fractions

of soil and organic matter.

Rai gt al (1970) found that available Cu was not
significantly related with pH, organic carhon or CaC03,

AVa;iable Cu in dajasthanrsoila ranged from 0,05 0
5.6 ppm according o Lodhé and Baser (1971). Ko consigtent
relationshlp in diffgrent soil groups was oéserved betwesn
available Cu and pH as well as CaC03 content. With increase
in organic matter acontent, available nuirients increased
although such inerecases were significant in gome of the soils
only.

Bade gt al (1971) reported marginal levels of
avallable Cu in the Maharashtra soilg. Significant hegative
.correlation between pd and a significant pogitive correlation

with organic carbon was observed for available Cu.

Valsaji (1972) reported significant negative
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correlation betwgen available copper and pi. A poaitive
slgnificant correlation was noticed betwesn available copper
and organic carbon. No sigqiricant relation was.noticed
betweenlaVailable copper and soil congtituents like silt

and olay.

Ral gt al (1972) found that organic matier, clay
and interaoction between them affected Uu availability in the
decp black goils of Méahya Pradesﬁ. ‘A sigﬂiticant relation-
ghip was observed between plant available Cu and ciay x 0.0,

Kishk et al (1973) studying the Cu status in
calcareous and non-galcareous soils of Egypt found that
alluvial and sandy soils had the highest and lowest values
for Cu extrastable with norual noutral ammonium acetate,

Calcareous goila showed intermediate values.

Gopinath (1973) studying the distribution of copper
in the acid peat aoi;g of Kerala found that available copper
content variad from 0.4'to 1.5 ppnr wita an averggé of 0.9
ppn in the surface layers. In the sub surface 1ayera it
véried fronm 0:3 %0 1.6 ppu with an average of 0.79 pou.
Available copper decreased with depth significantly and a
negativé gignificant correlation was obtained between
avallable copper and pH in the shrface layers. Ro siéniri-
cant relatipn waa'seen with pH in the sud gurface layer.

Ayailable copper was positively and significantly related to
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erganic carbon in the surface layer but a negative non-
significant'relation was obtained in the sub snrface layer.

Francisco Duque Maclas {1973) roported 0.3 $0 1.3
ppm (averaﬂe 0.5 ppm) of gopper extractahla with N ammonlum ‘
acetate. Poaitive correlation gignificant at 1 per cent and
5 per,cént levels were found for copper extracted with N

amnonium acetate with pH and organic matter respectively.

h Rajagopal gt al (1974) reported negative correla-
tion between available copper and organic carbon in the
Nilgiri soils. ‘The soils wﬁre found highly defieient in
avallable capper.

(e) Available iron

Tayel et gl (1966) analysing the soll sampleg from
dir:erent'parts of iEgypt reported 1 to 15 ppm of normal
ammonium acetate (pH 3) goluble Fe and it was ugually leass
than 7 ppm, ﬁoicorrelaxiop was found between the extractable
Fe and goil. pH.

Takkar and Shumbla (1968) studying the distribution
of Po in acidic and neutral goils of Himachal pradesh reported
242 ppm exchangeable Fo (normal_ammonium acetate at pH 3).

Bansal gt al (1969) reported that exchangeable Te
414 not vaxry much with goil depth but significant correlation
was noticed with pH.



Rai gt al (1970) found signifieant and positive
correlation between exohipngeable Fe and organic carbon in the

deep blaclk goila of Madhya Pradesh.

Lodha and Baser (1971) investigating the micro--
nutrient status of Rajasthan goils found 0.3 to 15.7 ppa of
availabls Fe, No congistent relationship in difforent soil
groups was obsexrved betweeﬁ available Pe and pH as well as
Cal03 content. |

Balagura and Jhanapalan Hosi (1§72) studying the
forms of dlstribution of Fe and in in Tamil ¥adu soils found
that available Fe ranged from 50 = 107 ppm. The distribution
was uniform in black soils while in red soils the trend was.
opposite. Alluvinl soils showed a decreazing tandenqy wiﬁh
depth. No signifleant assgoclation between organic matter and
available Fe was observed and it was also not correlated with
pi, Alyer (1963) indicated that below 2 ppm of Fe, deficienoy
symﬁtoms appeared in rice.

Ral et al (1972) found significant negative relation
between soil pH end available Fe. Cal03 was negatively
related to available Fe.

Shukla and Singh (1975, repurvea woaT AVEILAVLE
Fo ranged from 2.2 to 107.2 per cent in the sierozem soils
of Haryana. It was positively related %o organic carbon.



CaC03 content did not affect significantly the availabli

or reducible PFe.

Arunachalam and Dhanapalan Mogi (1973) reported
that total, exchangeable and dilute‘anid‘extractable iron
-ware wore gloscly associated with organie carbon than exohén—
geable ferrous Fe. Both forms were cloself associated with

organie carbon.

Rajagopal gt al (1974) reported a positive corres
- lation between organie carbon and available iron in the
Nilgiri goil, The close poéitive relation between iron and
organic carbon increased the iron availability to plants with

inerease in organic carbon.

(d) Available mangansse

Robingon (1929) found that laterite soils have an
appreciable supply of exchangeable iin and Boken (1955)
obgerved that manganese of this category was higher in soils

in the presence of ferrous iron.

Biswas (1953) and Saxena and Baser (1964) reported
very low amounts of water soluble !4n, often bselow 1 ppm in
soils of varying texture and allkaline reaction. Biswas also
obgerved a poaiti?e correlatlion between exchangeable In
and organic matter.

A high level of exchangeable i was'raported in
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clayey soils by Biswas (1953); Zonde and Pharande (1961),
while'fadav'(1964) obsérvéd that In in this form inoreased
'prOgreéaively with inereasas in oiay contcnt. JDharmija g&,él
(1956) found that water moluble i occurred only in tracses
and sometimes is absent in paddy moils of Bihar, Uttar
Pradesh and Punjab.

Gopalaswamy and Soundararajan (1962) found that'
alluvial laterite soils contained more of water-goluble and
exchangeable Mn ranging from 0.2 to 10.5 pPpE. A gradual -
dé;reaae was found throughout the profile and a waximunm
concentration was found in the surfasce layer. These forms
of Mn were found to have a ﬁbn—signiticant negative relation-
suip with clay but a siéniticant ocorrelation with organic
matter indiét:;ting that they are the uasjor fraction in organic

matter in soils.

Yadav and Kalra (1964) and Sharma and Hotiramani
(1964) obaserved a high content of exchangcable Mn in acidic
80ils as compared to other soilg and found a negative corre-
lation between DE and available Mn, Biswas and Gawands (1964)
oboerved that the Mn content of soil was lower in top tayer
and that exchangeable ! was more related to pH than clay
content,

: Bhatnagar ot al (1966) found moderate to high

availability of Mn in the medium black soils of Rajasthan.
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Aotive Mn gontent was positively correlated with size of
olay and silt fractions and negatively with CaC03 content.

Pigharody and Brito-nutunayagam (1966) reported
1.8 t0 14.8 ppm of water soluble #n in the profiles of watgn-
logged soils. The higher content of this form of Mn!in fhé
rice soils of Kergla was attributed to their ameidic nature

: and subnerged condition.

Exohangeable }Mn whibh'ooqstituted a bigger fraction
of %otal Mn than the water soluble form varied from 10.2 to
80 ppi. mhaée high values were reported to be due %o the
lateritic origin and ferruginous hature of the goils.

I

Phe easily reducible Mn was found to be between
- 8¢9 t0 12.42 ppm. High values wére recordad in profilcs
rich in organic matter whereas sandy profiles recorded low

valuegs.

. The aotive or available !n in submerged profiles
ranged from 35.5 to 159.6'ppm. it was higheat in alluvial
goils and lqyeqt 1nlsandj protiie. A'high“positive correla=
. tion was reported between mctlve wanganese and clay content
and a eloge relatibnship with organic carbon. |

. Mehta and 2atel (1967) reported 4.8 to 27.6 ppm
water goluble plus exchangeable Mn in the goil profiles in
anarét. A gradunl increase in active forms with lnerease

in depth and a reverse trend for exchangeable Mn including



water soluble form was noticed. Factors like pH, organic
matter, miorobial action mnd drying governed the diatribution

of exchangeable plus water aoluhle WAnganess.

Tembhare and Rai (1967) reported 1.2 %o 10,3 ppu
available ¥n in the soil samples of Jabalpur Jdistrict. It
decreased aignitieanzly'with increasing pH and Cal03 content
and tended t6 deerease with inercasing eley content. organid
natter did not affeot available !in gignificantly.

~ Sharma ana Shinde (1968) £oqnd g'lcw status of
aveilable manganese in the black nolls of Injore district. A
signiricant positive gorrelation was observed'bétwéen
availahle manganege and organic carbon and clay content. XNo
correlation wag noticed between available manganess and

caGOS content.

Orewal gt al (1969) found significant ‘negative
correlation betweon exohangeable and active wanganese and pi
and positive correlation with organie earbon. éxchangeabls
Mn decréased‘with depth of the profile.

Rei gt al (1970) found a negative relationship for
anmonium acetate extractable Mn with pH and positive relation
with organic carbon,

Bager and baxena (1970) investigating che HManganese
status of Hajasthan msoils found that exchangeable and raducible



Mn decrsased with increame in pH in sandy loam nmoils. With
increase in organic matterjexohgngeable Mn firat decreased

énﬂ then increased slightlé, while reducidle ¥n increased .
stoadily. As the texture of tho oil changed from sandy 5o
.aiay. the average valueg of exchangeable Mn decreased while

those of reducible in inereased.

Badhe et al (1971) reported significant negative
dorrelation between pH and availgble Mn.

Mishra ond Tripathi (1972) found that exchangeable
Mn deereaged with profile depth in soue soils end was reversed
in,some othera. ©Soil pH infiuenced the variability observed
in exchangeable and available fornmg. |

'Balagura and “Jhanapalan Mosi (1972) investigating
the forms and distribution pattern of in in Tamil Hadu
roported 0.17 t9 2.76 ppm of water soluble and 0.2 to 6.0 ppm
oxchangeable Mn, In non-calcareous red and alluvial soil
profiles exchangeable Mn decréased with depth. It was not
. related to clay content. A significant negative correlation
existed between clay and availlable n {(water goluble plua
exchangeable). pH was not aasociated with available lMn.

Mohapatra and Xibe (1972) reported 1.5 to 67.0 ppa
avallable Mn in Haharashtra soils. Soills from arid to seui

arid and transition zones were richer in their active Mn status
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conpared to latérites. fainfall was the wost potent £actor
t0 inorease the available ¥n, Higher the pH and Cei.C. -

lesser was the available Mn and vice veraa.

Merodio (1972) reported éigniricant correlation
- for available !In with pH, decréauing with increasing piH
vsluea, The same relation was noticed between reducible
Mn and organic matter. The redusible !n/available !in -ratio
incereased with inoreasing pi, avallable iin being highost
in aecid soile{

Mishra and Tripathi (1972).ahowed an increase in
easaily reducible forus of Mn in sub surface deptha, whereas
exchangeable and available !in showed a raverse trend. Soil
pH and organic uatter 1nI1uenceé the lovel of exchangeable,
eagily reducible and available i,

Lakshuanan et ol (1972) found Yhat the distribution
of water moluble + exchangeable Mn in the alluvial soilg of
Tanjore district w;a not uniform in the profile layers.
Redueible apd.aotive "n ocontents were lower in the top 1ayér
compared to the second layer, ZExchanzeable and mstive Mn
were negatively. correlated with clay content. Water soluble
and exchangeable Mn was poasitively correlated with organiﬁ
carbon, Positive correlations were‘obtained between

reducible Mn and loss on ignition and active iMn and C/N ratio.



Agarwal and 3eddy (1972) found that all forus of
¥Yin exaept water soluble decrcased with depth and weres related
to pH. iIxchangeable Man was related t0 clay and CaClO3 content.
Red soils were the richest in water soluble in, which
decroaged with depth and elay content but increased with

organio carbon perceantage.

Patel gt al (1972) found gocwuulation of water
soluble + exohangeable Mﬁ in surfape layers and active Imn in
nmiddle layers. Organic matter and clay content governed the
distribution pattern of water séluhie + exchangeablé in and
active ﬁn respectively, Among the soil characteristion
organic matter showed significent positive and pH megative
relationship with water soluble and exchangeable Mn Wwhereas
the levels 0of easily reducible and active Mn showed highly
significant positive félationship with elay.

Arunachalam =nd Dhanapalan iosi (1973) eould not
? find any association for water soluble and sxchangeable forms
with soil properties.

Borowice and Glinskl (1974) reported highest
concentration -of /fn near the surface and at the base of the

profilen.



MATERIALS AND METHODS



HATEATALS AND MARHOLS

The solls used in the investigation were collected
frow the Governuent and private lgayals of the Xuttaned region.
Altogether four profiles were selected, two from the .iand
kaval (D and 3 blocks) comprising an area of about 587 acrea,
one froa the Chithira lgaval comprising an area of 740 acres
and one from %he R block private kayal. ZProfileg were dug
end horizons marked and examined for morphological features
according to the F.A.0. Synten. The description and morpho-
logical features 0f the profiles are praegented in tables 1
0 IV, Conmpogite 30il memples from sach horizon were
collected using a caromium plated steoel sanpling implemnant,

thoroughly mixed and put separately in polythese bagoe and
brought 0 the laboratory for the siudye.

Imboratory studies

I. Zreparation of the ganmples:

After rocording the pH of the fresh soil samplecs
thoy were alr dried on a shecet of paper and during the
procegse of dryingz the lime ghells in the sonple were separated.
®he clods in the dried samples were broken with a wooden

nallet, sieved through a 2 m.m plastic sieve and stored in



I.

(a)
(b)

(a)

(d)
(e)
(£)

(g)
(h)

(1)
(3)
(k)
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TABLE 1

SOIL DESCRIPTION

Information on the aite

Ppofile number

Soil naae

Higher catezory
elassification

Date of examination
Augthor

Logation

Elavdtion

Iand fornm
(1) Physiographic
position

(ii) Surrounding
land form

(411) HMicrotopography
Slope

Vegstation:

Climate

Rainfall

Temperature

-*u

>0

1

Kuttanad 'Xayel®' (Lacustrine)
soil

Entigol
15~3=1974

2K, Gangadhara HMenon

Rani kayal, plot D (Alleppey
Digtriet)

1.5 maters below aca lovel

Kayal, water logged

Vembanad leke
Flat

Lievel

Zaddy

Tropical hunid olimate with wet
and dxy periois

2700 ma
70 = 75°F



I,
(a)
(b)
(c)

(a)
(e)

(£)
(g)

(h)

PABLE 1

(Continued.. )

General information on the goil

Mixed silty alluvium

[ Y]

Parent material

2oorly drained

drainage

fMoiature condition

in profile Wet

Jepth of ground water About 100 cm

Pregence of surface

stones rock outerops Hil

Evidence of crosion

Nil

Pregence of salt
and alkali

Human intluence

Moderate with sernsonal Lluctuations

Reclaimed from lake.cultivated
area

III. Brief description of she profile

Xayal s0il containing low anmount of organic maiter,

more in the deeper layers. Colour ranges from dark brown to black.

Acidic in reaction. Moderate salinity due to salt water inundation

during certain parts of the year. Texture ranges from loam t0 sandy

01B‘Y loan,



TABY

1

1

(Continued,, )

gion
V. profils d'e; 1 2 3
44 0~25 . 25=40 40=92
(a) Dep¥’
() Codist 7.5 IR 3/2 10 YR 2/2 10 YR 2/4
(/ dark brown Very dark Blaolk
’ brown '
(1) Dry 10 ¥a 4/4 10 Y& 4/4 10 Y& 3/2
Dark yellow= JDark yelloww Very dark
ish brown ish brown greyish brown
Mottlings Hi1 Nil ' Nil
raFeure Toam | Sandy clay Silty loaum
loam . '
;(e)' Structure Struectureless OStructureless Structureless
"(£) Consistence
(1) Wet Sticky S1lightly sticky Non=gticky
(i) ifoist Firm Friable Friable
(1ii) Dy Hard Hard Hard -
(g) Cutans Nil Nil Nil
{h) Cenentation Weakly Weakly ccuented WYeakly ccuente
cemented '
(i) >Pores Digcontinuous Discontinuous Ui geontinuous

(j) Content of rocks
& minersl fragments Nil : Nil Wil

() Content of .
- mineral nodules Hil Nil Nil



(1)
(m)

(n)
(o)
(p)

Pans

Carbonates/salts

Roots
Boundary
pd

TABLE 1

(Continueda... )

Nil Hil Nil

iime ghells progent in all the layers.
More in the middle layer

Abundant None _ Hone
Diffuge,wavy Piffusa,wavy Diffuse,wavy

" 542 5.6 " 5.6

Strongly acid iedium acid - Hedium moid
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PARLE IX

SOIL DESCRIPIION

I. Information on the site

(a)
(0)
(e)
()
(e)
(£)

(g)
(h)

(1)
(3)
(k)

(ii)

(111)

Profile nuuber
Soil nauge

Higher category
claggification

Date of examination
Aughor

hecation

“levation

Land form
(1) Physiographic
position

Surrounding
land form

Microtopography
Slope
Vegetation

Climate

Rainfall

lemperatura

2
Kuttanad *Xayal' soil (Lacustrine)

- sntisol

15~%=19T4
P.K.Gangadhara Henon
Rani kayal, Plot G (Alleppey district)

1.5 meters below scalevel

Kayal, water logged

Vetbanad lalke
Flat

lLevel

Paddy

Tropical hwaid climate with we
and dry perlods

2700 mm
70 - 75°F



II.

(a)

(b)

(e)

(d)
(e)

(£)
(2)

()

i
AN

TABLE Il

(Continued...)

General information on the soil

Parent waterial
Drainage

Hoigture coandition
in profile

Depth of gzround water

Pregence of surface
gtones rock outcrops

Zyidence of erosion

Prasence of galt
and alkali

Human influence

-e

Mixed silty alluviunm
Poorly drained

Moiast

About 90 em

Ho Btbnes and rocks
Hil

HModerrte with acasonal fluectuations

Aeclaiued from lake, cultivated area

IiI, Brief description of the grofilé

Kayal soil, texture ranging froun silty loar to clay

loam. Slightly to very stpongly acidic in reaction. Iow in

organic matter.

Codour ranges from very dark brown to black.

Lime shells present in the surface and bottom layers,



TABLE II

(Continucdes. )

IV, Profile degeription 1

(a) Depth in ca
(b) Colour
(1) Moint

(i1) Jry

(e) Hottlings
(d) Texbure
{e) Structure

(£) Consistence
(1) Vet

(1i) Hoist
(1i1) Dry
(2) Cutans
{h) Ceuentation

(i) Pores

(3) Content of
rocks & wineral
fragments

0=20

10 YR 2/2
Very dark
brown

10 YR 4/4
Darlt yello=-
wish brown

Nil
Silty loan

Structursless

Slightly
sticky

Fipm
Very hard
Ril

Weakly
esmeqted

Discontinuons

)

Nil

2
20=44

10 Y7 2/1%
Black

10 YR 3/4
Jark yello=-
wish brown

Hil
Silty loan

Structureless

S1ightly
gticky
Firwm
Very hard
Nil

(S H
G2

3
44=67

10 YR 2/1
Blaclk

10 YR 4/2

" Dark greyish

brown
Nil
Clay loam

Strudtureless
Sticly

Firm
Vory hard
il

Weakly cemented Wealdly ceumented

Digeontinuous

Ril

Jigeontinuous

Nil



(i)

(1)
(m)

(n)

(o)
(p)

TABLE IT

(Continued., )

Content of
mineral
nodules Nil Hil
Pang Nil Wil
Carbonates/ .
salts Lime shells -
pregsent
Roots - Few None
Boundayy Gradual, wavy ZJiffuse,wavy
pH 603 5.0
Slightly Vexy astrongly
acld ' acid

Nil
Nil

Line shells
progent in
large awnount

Hona

Jiffume, wavy

5.0
Yory strongly
acid
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PA8LE I1X

. SNIL DASCRIPEION

I. Information on the aite

(a) Profile
(b) Soil name

(e) Highor eategory
clagsification

(d) Jate of examination
{e) Author
(f) Looation

(z) Elevation

(h) Land form
(1) Pnysiograpnie
position

(11) Sqrrounding
land forn

(1ii)Mierotopography
(1) Slope
(J) Vegetation
(k) Climate

Rainfall

Temperature

L 1)

-e

3
Kuttanad 'Kayal' soil (Zocustrine)

Enttaol
15~35=1975
P.K.Gangadhara (fenon

R.Bloek, Vih Sub block, 1st field
(Alleppey distriot)

1.5 weters below gea level

Kayal water logzed

' Vembanad lake
Flat |

lLevel

- Paddy

- Iropical humig elimgte with wet
~and dry periodg

70 - 75%F



. Ui
[oN

PABLy IIT

(Continuedaee. )

II, general information on the soil

(a) Parent material Mixed silty nlluvial

(b) Drainage ¢ Poorly drained
(c) Hoisture condition ‘

in profile : Vet
(d) Depth of ground

water t About 75 cam
(e) Presence of surface

stones rock outcrops $ Hil
(£) Evidence of ecrosion ¢ Hil

(g) Presence of salt Moderate with acasonal fluctuations

and allkali

(h) Human infiluence :  Reclaimed from lake. cultivated area

I1I. 3Brief description of the profile

Kayal asoil. Silejloam $0 sandy elay 1loam in fexture. Colouxr

ranging from dark brown to black. Slightly sticky in consistency.
Lime shells present in all the layers with a higher per cent in
the intermediate layera. !More of organic matter in the desper
layers. Neutral to sstrongly acid in reaction. Less of salt

water inundation and salinity is comparatively less.



TABLS III

(Continuecd..)

IV. 2rofile description

(a) Depth in cus

{(b) CGolour
(1) Moist

(11) P2V

{c) Mottlings
(d) Texture
(e) Structure

(£) Congistence
(1) Wet

(11) HMoist
(111) Dry
(g) Cutans
(h) Camentation
(1) Pores

(3) Content of
rocks &
minsral
fragments

1
0= 15 en

10 YR 2/2
Very drak
brown

10 YR 5/4
Yellowigh
bDrown

il
Silty loam

Structureless

Slightly
sticky

Firm

Very hard

Hil

Weakly cenmented

Digcontinuous

Nil

2
15 = 52 ¢

7.5 YR 3/2
Jaxrk brown

10 ¥R 4/4
Dark yellowish
brown

Nil

Sandy clay loan

Structureleas

5lightly
aticky

Friable
Hard
Hil

Wealtly couented

Digcontinuous

Nil

(O]
~Jd

3
52 em downwards

10 Y3, 2/4
Blaeck

10 YR 3/2

' Very dark

greyish brown
Hil
5ilty loanm

Structureless

wlightly
sticlcy

Hirm

Very hard

Nil

Wealkly ceumented

Uigecontinnoua

Wil



(k)

1)
(m)

(a)
(o)
(p)

Content of
aineral
nodules

Pang

Carbonates/
salta

Rootms
Boundary
pH

TABLE III
(Gontinued. vee )
Nil Nil Hil
Nil Nil - Fil

Tine shells present in all the layers.
Hore in the niddle layer

Apundant il Alil

. Gradual, wavy Jidfuge, wavy -: Biffuée} wavy
6.6 fe5 5e3
Neutral . 31ightly acldic Strongly

acidic



I. Information on the sgite

{(a) Profile number
(b) Soil name

(¢) Higher category
clagsification

(d) Date of exgmination
(a) Author
(f£) Location

(g) Zlevation

(n) Land form
. (1) Physiographic
position

(i1) Surrounding land
forn
(iii) Hierotopography

(1) Slope
{(3) Yegetation
(k) Clinate

Rainfall

Temperature

[ 1]

8

. s

PABLE IV

SOIL DCRIPTION

4
Kuttanad 'Kayal' soil (Lacustrine

sntisol
15=3=19T4
P;K.Gangadhara Menon

Chithira kKayal, sub block-
(Alleppey district)

15 metors below sea level

Kayal

Y -
"o

Vembanad lake

Flat
Level
Paddy

Tropical hunid climate with
wet and dry periods

2700 mm per anaun
70 - 75%
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PABLS IV
(Continued...)

.

II. Geneorel information on the goil

(a) Parent umaterial s HMixed silty alluviua
(b) Drainage $ Pooriy drainage
(e) Moiature condition i

in profile s Vet

(d) Depth of ground water H About G5 on

(e) Presence of surface

stones roclt outcerops + ° Kil

(£) Svidence of erosgion- PR 5 b

(g) Presence of 931% s ﬁodarate with seasonal fluctuations
and alkali

(h) Human influence H \ Raglained from lake cultivated area

IIT. Breif description of the profile

Kgyal soil, silty loam to olay in texture. Extreuely
acidic to neﬁtral in reagtion. Very dark brown to black in colour,
Moderate salinity due to salt water inundation. Slightly stiocky
to very asticky in consistenoy. Low in orgapiprﬁf%ﬁ an increasing

trend towards {the desper layers.



IV, Profiles deseription

(a) Depth in cums

'd) Col
(1) HMoistu

(i1) Dry

(e) Hottlings
(d) Texture

(e) Structure

(£) Consistence

(1) Wet

(11) Moist
(111) Dry

TABLE IV
(Continued.. )
1 2
0-12 cn 12=-20 en
2.5 3/2 2.,5Y 3/2
Very dark Very derk
greyish greyish
brown brown
2.5 4/4 2.5Y 8/4
Olive brown Olive brown
Fil Ril
Clay Clay loam
Strueture~ Structure~
leas * leas
Vexy Sticky -
gticky
Very firm Firm
Zxtremely Very hard
hard .

3
20-44 em

10 YR 2/2
Vexry dark
brown

10 YR 4/4
Dark
yellowish
brown

Wil

Silty loanm

Siruchurce

leass

Slightly
sticky

¥riable
Hard

61

4
44 cn and

below

10 ¥R 2/1
Black

2.5 Y 3/2
Very dark
greyish
brown

Hil

511ty elay-
loan

Structure=
leas

Sticky

Very firm

fxtremely
hard



(8)

(h)

(1)

(1)

(k)

(1)
(m)

(n)
(o)

(p).

Cutans

Cementation

Porens

Content of
rocks &

_mineral

Lragments
Content of

oineral

fragmenta’

Pans

Carbonates/
salts

Roots

Boundary

pH

TABLE IV

(Continugd....

il
Wéakly
cenented

Disconti-
nuous

Ril

TNl

il

Fow

B;ttuee
wavy

59
Mediun
acld

Wil
Wealdly

camented

dipeonti-
nuous

Nil

Nl
Fil

Line
shells
present

Nil
Biffuoe

wavy

’ 702

Neutral

NLl
Wealtly

ccmented

Disconti-
nuons

- H11

il

il

N1l

Jifusa
wavy

. 5.9

Extreomely

' acidic

Ri
Weakly

ceuented

digoontie
nuous

Hil

Ril

Nil

Nil

D ffuge
wavy

29

dxtrenoly
ecidic
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gtoppered botitlen.

- 1X. Detereination of physical constants:

(1) Single value constants

A portion of the processed soll gamplog were sieved
through 40 mesh asieve and used for the determination of
apperent deuslty, absolute apeoific gravity, wmaximum water
holding capacity, pore space and volume expanaion hv Knan
Racgkowslcti method (Heon-Racalowski, 1921).

(2) Hechanigal analysis
The mechanical couposition of the soll wap detere

mined by the International pipette wethod described by Pipexr,
(1950). '
(3) Moigturs

About 5 z alr dry soll was put in a clean, dary,
weighed allica cruecible and the exnet welght recorded. It
was then dried in an air oven at 105°C %o constant weight.

Thoe diffoerence in weight was expressed ss the parcentnge

-modature on oven dry bnais,

IIX. 2eterumination of chemical constituents:

(1) 3So0il reaction

The pHd of the sail wae messured in the fresh saaple
in 1: 2.5 s0il water suspangion. The pH of air dry
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g0il was also megsared in 1:2.5 s0il water suspension and
1:2.5 goil-0,01 11 caleium chloride aclution using a hotovol®

pH etez.

(2) EBlectrical conductivity
Boluble salts were determined by wmeaswring the

electrical conductivity of 1:2 soil water suspension uging

golubridge and the results expressed in milliwhos/c.uw.

(3) Cation exchange capacity

The cation exchange capacity of the soil was
dotermined by the method desecribed by Hanna, 1964.

20 g air dry soil was leached with neutral N
ammonium acetate to displace all the cations by amumoniwa ions.
500 ml of the leachate was collectad and set apart for the
estimatioﬁ of 'totel exchengeable bases! and ‘'individual
exchangeablé cationg'. Zxcess aumonium acetate in fhe 5611
was removed by washing with neutral cthanol. ‘The adsﬁrbed
amsoniwg ions were further displaced by leaching with 10 ‘
per cent sodiuwn chloride and the leachate distilled with
1 lMolar sodium hydroxide in a Xjeldahl distillation anit.
Thé aumonia that distilled over was collected in 4 per cent
boric acid containing few drops of mixed indicator (prepared
by diesolving 0.5 g bromocresol green and 0.1 g wethyl red
in 100 wl 95 per cent ethanol and adjusting the solution %o



reddish purple with 0.1 ¥ godium hydroxide). The distillate
was titrated agéinst gtandard HOl and the C.i.C. calculaied.

(4) <Cotal exchangeable bages

The wethod deseribed by lanna, 1974 was followed
in estimating the total exchnangeable bases. A 100 ml aliquot
from the aumonius acetate leachate set apart under Cei.C. was

avaporated to dryness in a tall beaker over a low flame until

no more fumes evolved, rotating the beaker for uniform heating

on all parts. When there is no wore whitening of the residue,
the flame was reduced and the contents allowed to cool slowlye.

50 ml of standard HC1 was added to the beaker serubbing the

gldes and bottom of the beaker with a rubber policeman., Rinased

the policeman with s little water into the beaker. DThe boeaker
was covered witﬁ a watch glass and digested the eontents for
about an hour over a low flame. Filtered the solution into
a conical flaék washing with hot water z number of times.
The exocess iUl was titrated against standard Nali using
methyl red as indicator and the total exchangeable bases
caleulated,

(5) Organie carbon

Urganic carbon was estimated by Walkley and Black's

rapid titration method described,Piper,1950 with the

difference that ferrous ammoniwa sulphate was uged instead



of ferrous sulphate.

0,5 g of the soil pamaed through BO um sicve was
acourately weighed into a 500 wl conical flask and 10wl of
1 N potassiun dichromate and 20 ml cono.H,50, (96 per cent )
added to it. ‘Swirled the flaslk gently and kept on an
agbeatos pad for half én hour for the material to digest..
The contents were then diluted with 200 ml distilled water
ani 10 ml of 85 per cent phopphoric acid and 1 nl of diphenyl
aminoe indicator added to it. The exceass chromie aoid was
deterained by titrating againat standard ferrous ammonium
sulphate to a green end point and the percentage of organic
carbon calculated. Organic matter was computed by multiplying
the organic oarbon values with the factor 1.724.

(6) Total nitrogen

Total nitrogen was estimated by the Kjeldahl method
desoribed by Jacison, 1967 with the following modifications.

Digegtion
1 g powdered poil, passed through 80 mesh sicve was

welighed into a dry 100 wl KJeldahl digestion flask. 5 ce¢
GONG. H2804 and a pinch of digestion mixture were added to it.
The contents were digested initially over a low flame until
frqtpigé ceased gnd fhen at a high temperature for about an -
hour until the golution became clear (bluish green).



Gooled the contents, diluted with distilled water, swirled
and ltept aside.

The digestion mixture was prepared by mixing 20 g
dried and powdered copper sulphate (CuSO .51 0) with 100 g
of 32504 and mixing this with 2 g seleniun metal powder in
e clean butter paper.

Digtillation

The digested waterlal was tranaferrsd to a disti=
llation flask (macro distillation unit) with repoated washings
and diluted with distilled water. About 40 ml of 45 pexr cent
sodium hydroxide was added and the contents digtilled,
collecting the distilled ammonia in abont 25 ml of 4 per gent
borio acid qontaining 3 %o 4 drops of nixed 1ndioator. When
about 100 to 150 ml of the distillate was colleoted it was
titrated against atandard HCL and the percentage'or nitrbgen
calculated. ‘

(7) Dotal phoaphorus

Preparation of triple soid extract

12 powdefed s0il pasged through 40 mesh sieve was
welghed into a clean dry 50 ml Kjeldshl dJigestion flaslt to
which 15 ®) conc. HHD?. 3 ml 60 per ccnt perchlorié acid,

2 mi conc. 3230 and 2 glags beads were added. digested
the contents 1n1tia1ly over a low flgme until the brown
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fumen ceased 10 evolve after which it Was heated strongly

50 that the HQOS waé evaporated in sn hour. Continued heating
till white tumés of sulphur trioxide evolved and tﬁa digeat
became clear. Oooled the mass and washed the gides of the
flask with digtilléd water.-warmed and filtered into a 100 il
volumetrie flagsk, washed with distilled water and the volume
nade up (Pipsr, 1950).

'Totél phosphorus was esiimated by precipitating
phosphorus in 50 ml of ?h@ triple aeid extract as aumonium
phosphoxnolybdate in nitric acid mediun. The precipltate
was £iltered and washed freec of acid and disgolved in an’
axcesa; known volume of standard NaOH and the excess allali
determined by back titration with stenderd 2,50, using
phenolphthalein as indicator (Method described by Sanitaram,

1962 )s

(8) Analysig of Hydrochlorig acid extract

Breparation of the extract

20 g air dry 9011 was taken in a;500 ml coniecal
flesk and 20 ml HCL of constant boiling point (prepared by
diluting 675 ml cone.H0l to 1 litre) added to it. The
mouth of the flask was covéred with a suall funnel and the
contents digested ovér a low rIamq for about an hour and a

half, Cooled and filtered the comntonts through Whatunan Ho.42,
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collecting the filtrate in a 500 ml volumetrie flask.

Trangferred the residue to the filter paper and washed with
acidulated water followed by boiling water till the filtrate
was free of chloride. The filtrate was made up to the nmark

(Pj-per. 1950)0
The following estiwations were done in the extract.

(a) Total potassium

- Potal potassium was measured in a sample of the
extract using LsL flame photometer vide method deseribed in

Jackaon, 1967.

(b) 2otal ealcium
wlimination of iron snd alumina
20 ml of the HCl extract was taken in a 250 ml

beaker to wLich 1 g of amonium chloride was added and boiled,
Added conc. ammonium hydroxide slowly, stirring the contents
t1ill it was alkaline as indicated by litmus paper. 4llowed
the contents to boll for a few minutes to dispel the ammonia
and set aside for half an hour for the precipitate to gettle
down. JFiltered hot through Whatman No.3 filter paper.
Transferred the residue to the filter with hot water and
wagshed the precipitate till free of chloride. The filtrate
wag made up to0 100 ml for the estimation of Ca and M9 by the
Versenate method (Ddeseribed by Richarda, 1954) and the
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ragidue ugsed for the estimation of seaoguioxidea.
) ,

To 20 ul aliduot of the filtrate contained in a
250 ol conical flask, 2 ml 16 per cent NaOH and a pinoh of
ammonium purpurate indicator.powder (prepared by mixing
0.5 g ammonium purpurate and 100 g powdered 32804) werae
added and titrated against standard verssnate until the
solution changed from orange red to violet. ¥From the titre
value obtained, iotal oaloiun was calculated.

(c) DTotsl mapmesium
To 20 ul of the aliquot, 2 wl of amuonium chloride-

hydroxide buffer and 4 drops of eriochrome black~T indicator
were added and it was t;tratgd azaingt standard versenate
until the colour changed from red to blue. From the titre
value obtainﬁd, total (Ca + hg) was calculated from which
the totai calciun estimated under (b) was deducted to get
the total Mg,

(d) fTPotal iron
Iron was estimated in an aliquot of the HCl extract

by reducing the fexric form %o ferroﬁs state with nascent
hydrogen,produced by sulphuric acid and zinc using
potassium thiocyanate as external indicator. The ferrous
iron thus obtained was titrated azainst standard potassiua
permanzanate (iethod described by Sanltaram, 1962 ).
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Procedure
Reagents: (1) Potassium permanganate = Q.1 N
(2) - Zine clippings |

(3)  Potagsium thiocyamnate = 2 per cent
aqueous solution

(4) Conc, sulphuric acid

“vaporated 20 ml of the HOLl extract in a porcelain
basin, Added 10 ml of concentrated sulphuric acid and heated
on a water bath till the whole mnass became e¢olourless or
whitish. The contents were transferred to a 250 ml conical
flaalc with a jet of water and few zine clippings added.
Covered the mouth of the flask with a funnel and digested
over a low flpue. ore H2SO4 was added wherever found
necessgary testing for the cowmpletion of the reduction with
potassiun fhiocyanate as extornal indieator. emoved the
rlagk from the flaue and filtered the contents through glasa
wool washing with hot water. The filirate was titrated
agalnst 0.1 N potassium verunnzanate and expressed as

percantage of Fe203 in soil from the relation

1@l of 0.1 4 w10, = 0,008 g 33203

(9) Sesquioxides

The precipiteate obtalned under item 8(b) was
dried, ignited and weighed and expressed as gesguioxide



percentagse.

(10) Aluminium oxids

‘The aluminium oxide present in the soil was
caloulated by substracting the values of iron oxide frou
the sesquioxide (A.0.A.C., 1960),

(11) Available phosphorus
Available phosphorus was estimated vide proccdure

deseribed in Jackson, 1367 using Bray {0.2 as the extractant
instead of Bray No.1.

Reagzents
1. Bray No.2: 0.03 Norual NH4F in O.1 normal

ICl. _

2. Aumnonium molybdate solution (1.5%) in 3.5 N
4¢l. 50 ga boric acid &% added to avoid fluoride |
interference.

, 3. GStannous ehloride: 10 g Sn 01,.2H,0 in 25 al

conc, iHCl was prepared and used és the atook solution,

Horkihg solution: 1 ml or-the'atook solution was
diluted with 60 ml distilled water.

Prooa@ure

2 g soil sample was taken in a 250 ul ooniocal
flask to which S0 wl of Bray No.2 was added. Shook the



contents well in a shaker for 10 minutes and filtered, 5 ml
of this filtrate was taken in a 50 mi volunetric flask o //’
whioh 10 wl of aumonium molybdate was added., Jiluted the
contents with abput 40 ml diat;lled water and 6 dropa“t
Bténnous chioride éd#ed to it. The voluse was made dg:o

the mark. Shook the contents well and the absorbanee rcad
in alxleﬁt Summerson Uoiofimeter using a red filter. From
the standard curve. drawn for phosphorus, the percentage of

? was calculated.

(12) iZxchangeable gations

(a) Potassium

?0 5 g of soil contained in a conical flask 25 ul
neutral N amoniua acetate was added. Shook- the contznts
for 5 minutes and filtered. Ixchangeable K in the filtrate

wag estimated using E£EL Flame photoumeter.
(o) Sedium

kxohangeable sodium in the above diltrate was
also determined in the same way as potassium in 330 Flane
photometer using Na filter.
(e) Caleiun

Iron and alumina was eliminated (as described
under total ealecium) in an aliquot of the ammonium acetate
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leachate sat epart for individual cations. Exchangeable
caleium wag estimated in 20 ml aliguot of the solution by

the versenate mothod desoribed under total calcium.

(4) Hggnesiumf

Caloium and magnepium was also estimated by the
versenate method in 20 ml aliquot of the ammonium acetale
leachate (aftor eliminating iron and alumina) as deseribed
under 'total magnesium'., . By substracting the exchangeable
Ca from the (Ca + Mg) value, the exchangeable Mg was obtained
and expresged as‘milli equivalenta per 100 g'soil.

(e) ZExchangeable iron

Exchangeable iron in ammonium acetate thract was
determined by reduction to ferrous with Hydroquinone and
formation of a ferrous complex of orthophenanthroline, vide
procedure deseribed in Jaékson (1967) with slight modirica-

tions in the reagents used.

10 g soil was weighed into a 250 ml conical flask
to which 100 ml of neutral N ammonium acetate was added. .
Shook for 30 seconds and filtered under suction. ILeached
with 3 succesgive 25 ml lots of amnonium acetate and the
filtrate made free of ammonium acetate by evaporation.
Added 10 uml aqua regia and again evaporated to dryneas.
The residue was dissolved in 1 ul of 4 K HC1 and the voluue

% made upto 100 ml.



2 ml of the above sgolution was taken in a graduated
test tube to which 9.2 ml of 25 per cent sodium citrate was
added to adjust the pH above 2.7 (using an aliquot of the
sanple as well as standard ‘the quantity of sodium eitrate
required to bring the pH abbve'237 was predeteruined, testing
with 2,d4~dinitrophenol which gives yellow colour above
P 2.7) Diluted the solution in the test tube and added
' 0.5 ul each of 1 per cent hydroquinone and 0.5 per cent
‘orthophenanthroline aqueous solutions. The volume was made
uﬁto 25 ml with distilled water. The 1ntansity of the
colour was measured in Spectronio;zo at 508 mu and oxchange-
able Fe calculated from tho gtandard curve prepared with

iron standards in the same way.

(£) iIxehangeable hydrogen and aluminium
imohangeable H and Al was estimated volumetrioally

by the method deseribed by Yuan (1959),

T0 10 g air dzy soil contained in a beaker 25 ml
y Normai potassium chloride was added. Stirred and lcept
for 30 minutes, Trensferred the contents to a funnel fitted
with filter paper and filtered., Leached the goil 3 times
with 25 ml lots of N KOl and collested the filtrate. o
the filtrate 10 drops of 0.1 éer cent phenolphthalein waas
added and titrated against standard KaOH, with alternats
stirring and standing until the pink colour persisted.
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Added a drop of atandard HOl to the solution until the

alnk colour just vanished. Added 10 1l of 4 per oent

3odiun fluoride. Heappearance of pink colour showed presence
32 aluminium. <The golution was then titrated, stirring
yonstantly, against gtandard HCl until the pink colour

just vanished even after stirring and astanding for few
zinutes. The milli equivalents of zcid used was recorded

28 the exchangeable Al. ixchangeable hydrogen was obtained
Iy substracting the sum of exchangeable cations from the

sation exchange value,

(13) M;croﬁutrienta

Egtimation of available Zn, Cu, Fe and Mn were
lone in Atomic absorption Speetrophotometer (Varian threshold
1eA:120),

(a) Available Zn
The soil was extracted with a solution of 0.01

rer cent dithizone in 0014 and neutral aumonium aoctate,
rith.soil to solution ratio of 1:10 and shaking the nixture
for one hour, in g platform shaker., The extracted zinc was
;hen converted into HCl phase with Normaml HCl and the
1xtend of absorption measured using the resonance-line

1139 A%,
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(b) Available gopper

The solil was extracted with neutral §F ammoniuwa
acetate shaking 7or one hour and waintaining a soilsgolution
ratio of 1:2 and the extracted copper eatimated using the

regonance ling 3247 A,

(e} Available iron

Zxtraction was done dy shaking with N awmaonium
acetate of pH 4.8 for 30 uinutes uaintaining a soilipolution
ratio of 1:4 and iron in the extract detcrmined using the

ragonange line 2483 Ao,

(d) Available usnganese

The moil was extracted by shaking with neutral
N ammoninm acetate for 10 hours and maintaininz = soil:
golution ratio of 1:25 and uanganese in the extract

determined using the resonance line 2483 A%,



RESULTS



RESULAS

A, Physicel characteristicn

1. Heohanical composition

The agta on the mechanical composition of the
soil samples are presented in  tadble ﬁ. The texture of the
moil varied from loam %0 sendy clay loam, silty loam to
elay loam, silty loam to sandy olay loan and silty loaum to
elay in profiles 1 to 4 respectively. 4 steady treand in the
digtribution of the clay content was noticed only in the
Rani kayal profiles (No.1 end 2) which registered decreasing
end inereasing values respectively with inbrease in profile
depth. The clay content ranged between 6.8 and 22.7, 12.2
and 22.0, 5.0 and 19.05 and 15.6 and 36f5 per cent for profilesn
1 10 4 respeetively. The subsurface layer of R block profile
(No.3) and the surface layer of Chithira kayal profile (No.4)
.recorded the minimun and maximum values of 5.0 and 36.5

per cent respsoetively.

With regard to silt content profils 2 showed a
steady decreasing trend with profile depth wheress the other -
3 profiles did not show a regular distribution pattern. The
velues ranged between 1.68 and 35.4, 23.5 and 37.5, 1.9 and
33¢5 and 7.5 and 33.8 per cont for the profiles 1 %o 4

regpectively. The lowest znd highesﬁ values were recorded
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in the intermediate and surface layers of profiles 1 and 2

regpectivealy.

Fine gend showed an increaplng trend with lngrease
in depth in profils 2 whereas the other 3 profiles did not
show eny regular trend. The values varied frou 53.04 to
75091, 43.70 t0 49,42, 53.40 0 72.73 and 41.13 to 59.86
respegtively. |

Gonrse gand did not show a rezular trend in any of
the profiles studied,  The values varied from 0.78 %0 1.34,
0.42 t0 0,78, 0.29 t0 1.68 and Q.59 0 2.5% per eont respec=
tively.

2. * Single valuc congtants

The single value constants of the goil samples

studied are presented in Hable VI,

-’(a).‘Absolute sgeéirio gra&itx

A sateady deérease in the abasolute speecific gravity:
wag noticed in pgoriles 1 and 3. ’xn the other two profiles
also the trend was for a deecrease with increase in doepth.
The values renged between 2.03 and 2.21, 2,00 and 2403, 1,97
. and 2.3 and 1,90 aﬁd 2.18-reapective1y.

(b) Apparent density

Apparent density also showed a decreasing tréna
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with inorease in depth with values vazying from 0,96 to
1.12. 0.90 to 1-00. 0094t° 1.30 a.nd 0e91 to 1.15 respecw
tively for the 4 profiles.:

(o) Zoxe space
Pore spacge increased with, inorease in profile depth

in the 2nd profile. The other 3 profiles did not show a
steady inorease with depth though sn inoressing trend was
observed, The values varied from 53.99 to 58.30, 55.10 to
59.07, 47,30 o 58,12 and 50,51 to 57.02 respectively. .

(), Meximuzm water holding gapacity

With ;ncrease in profile depth an inorease in
maximune water holding capacity wa3 ;eoqrded in profile 3 only.
The valuca for the 4 pﬁofilgé ranged between 51.94 and- 63.27,
56462 and 66.37, 36,79 and 6G.1 and 48.14 and 68,14 respec-
tively.; | |
(e) Yolume expansion

. The valuss for voluame expansion varied from 9.81 to
13,08, 10,61 t0 13.34, 5,98 %0 11.79 and 7.52 to 11.92 for,
profiles 1 to 4 respectively. It Lnoreased with inorease.in
depth in proriie 2 while'no gteady trend was notlced in the
other 3 profiles,

3. Moisture

Tho moisture percentage of each sample expressed



PABLE VI

SINGLE VALUZ CONSTANDS AND MOLSIURZ (Oven dry basis)

- A 4 3-‘—

San~ ILocation ' Pro= Depth Abso-  Appa~ Pore Maxinum Volume HMolsture

pla Lile cn lute rent  space water  expan~

Ro. ~ Hoe. gpeei-  dene holding sion

fic slty capacity
gr avidy . 5‘ - % %y %

1. Rani kayal ?lot, D 1 0~25 2.21  1.12  535.99 - 51.94  10.14  5.19

26 " 2540 2,05 0,96  58.30 68,27 . 13.08 7T.52

3. ' 40=92 2.03 0.96 5739 635.73 9.81 7.08

4. ‘Rani kayal Plot, G 2 0-20 2,02 1.00 55.10  62.35 10,61  6.51

Se ’e 20=44 2,03 1.00 58.64 5662 . 10.84  8.38

6. T 44=67 2,00 0,90  59.07  66.37  13.34  7.96 .

7. R Block kayal 3 0-15 2.31  1.30  47.30  36.79 5.98  3.83

8. T 15-22  © 2.09° 1,00  58.12  61.84  11.79  5.94

9. ’? 22 gnd 1;9? 0.94 55055 66.10Q 10-36 6-16

‘ below-
10. Chithira kayal 4 0=-12 2,08  1.0T 51.65 .52.04 7.52 4.17
11. Y 12=20 2.18  1.15  50.51 48.14 Te93 342
12. os 20=44 1,90 0.98  54.96 59.09 11.92 1.93
13, »s 44 and  1.92 0.91 57.02 68.14 10.65 7.79
below
o0
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on oven dry basis are given in table VI, The valucs varied
from 5,19 £0 7¢52, 6.51 t0 8438, 3.83 to 6.16 and 1.93 to
7;79 por cent respsctively.

B, Chemiecal congtituents

The chemical eharacteristica gr the soll samples
ara preossnted in téblés ViI to X1V,

1. Soil reaction

The gnta ﬁertaining to, pii of fresh and air dry soil
pamples in water as well as 0.01 M 0a012 are pregented in
table VII,

Prosh sample in 1:2.5 soil water suspension registerad
a PR varying from 5¢1 £0 5.7, 5.0 %0 6.3, 5.3 t0 6.6 and 3.7
£0 7.2 for the 4.profiles. There was a decreass in pi  with
-increase in depth in profiles 2, 3 and 4 whersas profile 1
.showed a reverse trend. On air drying, a decrease in pH was
noticed only in the oase of subsurface samples whereas the
surface sauples showed an increass. The pH values for dry soil
varied from 3.7 to Ge 8, 3.41tp 66, 249. to 6,7 and 2.9 to 6,7
renpectiv?iyr In 0,01 0:912 the samples di1d not show a

P

decrease in pH, the values varying from 3.8 10 6.9, 3.6 to
5.2, 342 t0 6.5 and 3.1 t0 6.3 for profiles 1 to 4 reapeotively.
In all oases the general trend is for the pH to deorease with

‘ increamss in depth.



TABLE VII

SOIL REACTION AND CONIUCLIVITY
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depth

Sam= Locatlion Pro- _pi Conduc-

ple file cu - Wot Jpy by tivity

0. No. s0il1 soil soil u.hos/
1325 122.5 1325 ca
50ile poil= goil-
water water Ca.Ol2

t« Rani kayal Plot, 2 1 0-25 5.1 0.8 6.9 1.7

2. 29 : 25-40 5.6 5.3 6.8 1.8

B ’e 40-92 5.7 - P 4 3.9 3.0

4 »e PlOE, G 2 020 6e3 6.6  6o2 1.2

B. ’o . 20-44 5.0 344 3.6 2.9

'0 ' X 44"67 5.0 408 4e9 502

7. R Bloek kayal 3 0"15 6.6 6.7 6.2 0.7

8. e 15‘52 6.5 6.5 505 1.2

9' | X ) 52 and 5.3 2.9 302 105

below

10. Chithira kayal 4 0-12 5.9 5¢3 4.9 0.65

11‘ ry 12"‘20 7.2 6.7 6.3 0166

12' 'Y 20"44 3.9 3.9 4.3 1.60

13. 'Y 44 end 37 2.9 31

below

3¢95
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2, Conductivit
The valugs of electrical conductivity in, 132 soil

water suspenosion ghowed a steady inerease with profile depth.
The values varied from 1.7 t0 3.0, 1.2 %0 3.2, 0.7 to 1.5 and
0.65 to 3,95 for the 4 profiless The data are presented in
table VII,

3« Qprgenic carbon
An inereasa in organic carbon waa noticed with

increase in depth in all the profiles. The values varied
© from 1443 to 3.09, 1.9 t0 3,93, 1.14 0 3.84 and 0,86 to 3.58
in profiles 1 to 4 respectively. '

4. Totsl nitrozen
Kot much variation was noticed in the total nitrogen

ocontent between profiles and batween layers in the sane
profile. An inercase in the nitrogen content with increase
in depth was noticed in profiles 2 and 4 whereag profile 3
showed a decreasing trond. The values ranged hetween 0.19 aud
0.24, 0.21 and 0.26, 0,17 and 0.20 and Q.11 and 0.25 per cent
for the 4 profiles.

5 C/N ratio

' There was a s$eady inarease in the C/N ratic with
inereass in depth in all the profiles, A maximum value of
22,59 was noticed in the subsurface layer of the R blogk



TABLE VIII

ORGANIU CARZON, TO0AY RITROGAN AND G/K RATIO
{(Owon dry baasis)

Sax= Tcoation Pro- Dapth  Organio Total CO/F  Urganie
ple file  c¢n oarbon nitro= ratio natter
Ho. Ho. gen '
B & ef
1. Rani kayal Plot,D 1 025 1.43 0.24 5,96 2.46
2. ’s 25=40 2,52 0.19 13.26 4e34
Je "y 40=92 3.09 0.22 14.04 5.35
4. Rani kayal Flot, @ 2  0-20 1.90  0.2% 9.05 - 3.27
5¢ . #s 20-44 3,98 0425 15.92  6.96
6o " 4467 3,98  0.26 15,92 686
7. R. Blogi kayael 3 0-15 1.14 0,20  5.70 1.96
84 - 15=52 2,07  0.19  10.89 3457
% e 52 and  3.84  0.17 22.59 6462
below ‘

10, Chithira kayal 4 0-12  1.35 0,15  9.00  2.33
M1 4 12-20 0,86  0.11  7.82 1+48
12, - 2044 3¢04 0,21 14448 5.24.
13, " 44 and 3,58 0,25 14,32 617

below
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profile (profile 3).- The values ranged Letween 22,59 and
5.7« The wide range of varistions in the 0/N ratio was nore
due to the difference in organie carbon rather than in

nitrozen,

6. Total phosphorus
R Total phosphorus showed a decredsing trend with

1ncre§ae in dépth. 'The values varied from 0.04 = (.08

per cent P on oven dry basige.

T« Tot otassium

An inereagse in potansium was noticed with increase
in-depth, the values ranging betwoen 0,41 and 0,33 per cent
Ke

8, Dotal caloium

The behawiour or caleiur was erratic exeopt in the
4th prorile where 1t showed an increaaing zrend with increase
in depth. The 1ntermediate layers of the proriles 1 and 3
recorded comparativexy higher values of 2.21 and 2,22 reapacv
tively Lor calcium prebably due to the presence of hish
content of lime shells (53.7 and 58.3 per cent). The caleium
qqntent in the profiles ranged botween 0,28 and 2.22 per cent
Cas

9. Iotal mssneasinm
Hagnesiuwn in general-ﬁhowed an inerensing frend with
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inorease in depth. The valueg ranged between 0.11 and O.44
Sér cent ige .
19. Available phogphorusg

' When the total phosphorus showed a decrcanlng trend
with increase in depth, available phosphorus did noi show any
regular distribution pattern. Intermediate layers showed
comparatively less phosphorus content. The values varied
£20m 34.0 0 440, 60,0 t0 80,0, 5440 t0 T4.0 and 44,0 to
38,0 kg ?/ha.:

11. Sesquioxides

The surface layer of the R bloek profile (profile 3)
recorded the highost sesquioxlde value of 22.74 per cent and
the subsurface layer (3rd layer) of the Ghithira kkayal profile
recorded the, lowest seaquioxide content with 3.82 per cent.
The seaquioxide per cent for the different profiles ranged
between 12.73 and 21.6, 16.21 and 16.45, 17.22 and 2&.74 and
3.82 and 21.76 per cent respectively for the profiles 1 to 4.

12, ZIron oxide

F6203 content in the different horizong varied from
1.09 in the subsurface horizon (3rd layer) of the Chithira
kayal profile to 10.84 per cent in the surface horizon of the
R block profile. The values for the varioug horigons ranged
between 2.53 and 6,98, T.57 and 9.94, 5.4 aﬁd-1o.84 and 1.09
and 9.31 for the profiles 1 to 4 respectively.
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PTABLE IX

AVATILABLE ANWD TO0PAL P, TOTAL K, Ca AND Ig

A - - -

Same= Ioeation ) 2roe Jepth  Availe ‘.Eo;al nutrients % on
l%l. . §1le L | aglo oven dry basis
Oe O P I3
. phorus P | K Ca Mg

ang P

in kg/

ha
1. Rani kaysel Plo_.‘:.-?_ 1 - 0=25 44.0 006 0.24. 0.56 0,07
20 . p.. 25"40 34.0 0. 05 Oo 29 20 21 0. 07
3' [ ¥ ] 40‘92 40.0 0.04 0. 38 . 00 75 0. 31
4o Ronf kayal Plo%,6 2 0-20 76,0  0.05 0,28  0.95 019
5e 09 20=44 60.0 0,06 0.34 0.99 0,23
6. ', 44-6T7 B0.0O 0,06 0636 0,58 037
8, ' 15=52 54,0 0,05 0e21 2822 0.06
e 9 52 angd 56.0 0,04 0.29 Q.83 0.28

below '

10, Chithira Yaysl -4 ‘0=12 83,0 0,08 0.49 0,28 0.08
110 ss ) . 12"20 44I0 '.)004- 0.12 0037 0-17
12. 0 20‘44 6?...0 0-07 0021 0.41 OQ 22
13. ¥ 44 and 81.0 0,06 e 36 “ Qe 48 Qe 44

below
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13 Aluniniun oxide
The intermediate horizon of Rani kayal profile

(No.1) regorded the maximum of 14.62 per cent and the sub-

surface layer (324 horizon) of thg Chithira kayal profile

regorded the miniwua of 2.73 per cent of A1203. The range

of values for the various profiles are 10.2 %0 14.62, 6.51 %o

8464, 10,45 t0 13.15 and 2,73 $0 12.45 respectively.

14« Cation exchange capacity and exchangeable cations
Data on the cation exchange capacity (C.5.C.) and

axchangeable cations are presented in table XI. The relative
proportion of individusl exchangeable'baaes.to total cxchange-
able bases ave given in table X1I,

{(a) Cation exchange cépacity

The C.E.,Cs 0f the samples varied from a minimuwa -
value of 2.92 me/100 g zoil for clay loam to 19.3 me/100 g
30il in the cage of gilty loam. 0U.L.C, was found to be
1nf1uencéd more by the organlc matter content rather than by
the wmechanical oomposition of the soil,/ Tho values for 0...C,
did not show any trend either to decrease or increaze with
prozilg depth.

{b) ixchangeable cetions
1. Sodium '

4 fairly high value for exchangeable sodiusm was
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PABLE X

SESQUIOKIDES, F0203 AND A1203
(Oven dry Dbrgis)

Same Logation Pro= JDepth “Sesqui- F0203 ﬂ1205
Ple file ol oxide
Ho. - Ho. . 4 7! i
1. Rani kayal Plot, D 1. 0-25  12.73 2.53 10,20
2. . ' .... 25‘40 21-60 6.98 " 14-62 .
36 »e 40~92 18.63 5.85°  12.78
4. Rani kayal Plot, G 2 0~20 16445 9494 6.51
Se o 20=44 16.21 Te57 8,64
6o FTR 4467 16,35 7.93  8.42
7. R Block kayel- 3 0-15 22.74 1084 11.90
8.° ".. 15""52 17022 6.77 10045
9- . ‘OD ‘ 52 Bﬂﬂ 18055 | 5040 15.15
balow ”
10¢ Chithira kayal 4 0-12, 1129 - 4.76 6453
11-. e 12-20 21 176 .9. 31 12-45
12. KT 20~44 3482 1.09 2.73
13. KT 44 and  15.39 = 6.28  9.11

below
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recorded in all the profiles. 'then.profile 1 showed an
increasing trend with increage in depth reverse was the casae
.for profila. 4. Profiles 2 and 3 did not show a steady trend
with depth of prprile. The ranze of variation for exchange-
able Na in the differcnt horigons of the 4 profiles are 1.96
£0 4498, 0.74 t0 144, 0:15 £0 1.44 and 0.13 to 1.65 with a
meaﬁ of 3411y 1.2, 0.87 and 0.68 me/100 g soil. The rolative
proportion of exchangeable Ka to todal exchangeable bases

(Na + Ca + Mg + K) varied from 14.3 t0 32.2 per cent, 4.4 to
98 per cent, 1.3 10 119 per cent and 0.9 o 16.4 per cent
with a mean value of 22.4, 7.7, T«4 and G.T per cent respece
tively for the p 4 profiles.

2, Eotassiun

The exchangeable potassiwn content in the profiles
are generally low ranging befjween O.bﬁ'aﬁd 1.06, 0.4 and 0.90,
0.04 and 0.43 and 0,07 and 1.02 with a nean valug of 0.67,
0.68, 0.28 and 0,59 me/100 g soil for the 4 profiles. In
prafile 2 the exchangeable potasaium showed a deoreasing
trend with increase in depth whereas in the othar 3 profiles
no relation with depth was noticed. Profile 1 showed an
accumaletion in the internediate laoyer. 'ihn relative propor=
$ion of exchangeable X to total exchangeable bases varied
£rom 0s4 £0 9.2, 2.8 £0 5.7, 0.4 t0 3.6 and 0.4 to 9.5 por
cent with a mean of 5.36, 4.3, 2.39 and 5.68 per cent



reapectively for profiles 1 to 4.

3. ' Caloium
The exchangeable calecium varied from 5.6 to 6.81,
6423 t0 10,23, 8.91 t0 9,12 and 6,71 0 7.23 with a mean of
6.48, 8.86, 9,01 and 6.99 me/100 g soil for the 4 profiles.
Of all the catlons, celeium ocoupied major portion of the
exchange compléx. the proportion of exchangeable Ca to total
exchangeable bages ranging between 36.2 and (1.2, 43.1 and
64¢0, T5.4 and 80,3 and 45.2 and 75.2 with a mean of 49.1,
" 5547, T8e4 and 62.9 per cent respecilvely for the 4 profiles.
The disgtribution was more or less uniform in all the léyera
of profiles 1, 3 and 4. Profile 2 showed g decreasing trend
with increase in depth.

4e M@esium
ixchangeable wmagnegium showed an inereasing trend

with inerease in depth in profiles 2, 3 end 4. The range
of variation in the different profiles are 1.01 o0 4.81,
3.42 t0 6.41, 0,92 t0 2,01 and 0,92 £0 8.41 with a mean of
3¢27, 5.04, 1.34 and 3.26 we/100 g soil rempectively for the
4 profiles. The relative proportion of exchangeble Hg to
total exchangeable basgses varied between 8.8 and 31.1, 21.4
and 44.3, 8.2 and 17.9 and 9.1 and 53.4 per cent with a
mean of 23.1, 32.4, 11.7 and 24.6 per cent reapectively.



5. Hydrogen

‘ The exchangeable hydrogen varied from 0.4 to 1 26.
0.33 t0 2.51, O. 4 0 2.09 and 0.03 to 3. 2 with a mean of 0.79,
1.47, 0.97 and 146 me/100 g 80il for the proriles 1 to 4
reapectively. A regalar trend in the distribution of exchange-
able mrdrogen was noticed in all the profiles. Vhile the
values increaaed'with increasg in depth in profiles 2, 3 énd

4 the reverge was the case in profile 1.

6. Aluniniun
ixchangeable aluninium was present only in the
éubsurface layers of the profiles. The values ranged between

0.12 and 0,73 ue/100 g soil.

7. Iren

The values for exchangeéble iron varied from 0.02%t0
1.21 ne/100 g soil. No'steaa§ inerease or decrease with
profile depth was noticed in any of the 4 profiles studiled.
8. Dotal exchangeable bages

Exchangeﬁble,m, Ca and Mg expressed as percentayge
of total X, Ca and Mg age given in table XII,

Total X in the aoil varied frow 6.45 %o 9.74, T7.18
0 9423,  2.82 t0 7.43% and 3.08 to0 9.23 me/100-g soil in
profiles 1 to 4 with mean values of 7.77, B.33, 5.26 and 5,63
me/100 g soil reapectively. It 1s seen that the percentage



" TABLE XI

CATIOR EJ{GHAHGE:-J CAPACITY (CeZeCe) AND EXCHANGZABLS CATIONS (Oven dry basis)

Zxchangeable cations - @e/100 g

CeiseC

- halmg

Sam= Looation Pro- Jepth Total
ple file on exchan- me/100
Noe No. Na i Ca Mg Fe Al H geable g
(by diff- metal
erence) cations
deter=
mined
(me/100
g)
1. Roni layal Plot,D 1 025 1.96 0.89. 6.81 4,00 0.30 ==  1.26  14.23  15.22
20 'Y 25"'40 2.38 1.05 7.02 1001 0.72 —— 0072 '12081 12.91
3. ’e 4092 4.93 0,06 5.60 4.81 0.55 0.43 0.40 16,53  16.83
4. Rani kayal Plot, G 2  0-20 1.44 0.90 10.23 3.42 0.10 == 0.33  16.03 - 16.42
Se - 20~44 0,74 O0.T5 10.11 5.30 0.34 0.52 1.56  17.90  19.30
60 'Y ) 44-67 1.42 0040 6.23 6.41 0002, 0.13 2e 51 ! 15.10 17.12
7. R Block kayal 3 015 1.02 0.36 8.91 0.92 0,43 ==  0.40  12.13 11.74
8. (X} 15-52 1.44 0.43 9.12 1.10 0.29 - 0043 13.10 12.81
9. os 52 and 0.15 - 0.04 9.00 2,01 .21 0.73 2.09  12.81  15.23
below ‘ )
10. Chithira kaya=l 4  0=12 1.65" 0,72 6471 0.92 0.21 == 0,03 10.94 10.31
1. ’s 12=20 0.80 0.48 7.23 111 0,06 ==  0.24  10.21 9,92
12¢ - 4» 20=44 0413 1.02 B5.91 2.61 0.05 0.12 2.36  11.34  13.20
‘_130_ ) (B J 44 a!‘!.d 0014 0.07 7.12 8041 0003 0021 3.20 16.82 19.23
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of exchangeable K to total K ranged between 0.62 and 14.3,
4.3 and 12.5, 0,5  and 12.8 and 0,8 and 18.4 With mean
values of 5.41, B4, T.05 and 12,75 per cent reppectively.

Total Oa varied from 28,0 £0 110.5, 29,0 0 49.5,
14,0 t0 111.0 and 14.0 to 24,0 me/100 g soil in profiles
1 to 4 with a mean of 58,7, 42,0, 55.5 and 19.2 respectively.
The percentage of oxchangeable Ca to total Oa ranged betwaen
643 and 24.3, 20,4 and 21.5, 8.2 and 63.6 and 4.8 and 39.1
per cent with wean §alues of 15.2, 21.1, 312 and 26,8 per
oent resﬁeot;vely. |

Potal lig varied £rom 5.76 0 25.5, 9.05 t0 30.43,
4e11 to 23,03 and 6458 to 36.18 me/100 g soil for profiles
1 0 4, withemean 02‘12J74. 19.46, 10.69, 18.71 respectively.,
Zxchangeable Hg cdnstitufed 17.5 to 69.4, 21.1 %0 37.8, 8.7 to
22.4 and 7;9 0 23.2 per.cént of total Mgkwith mean values of
353, 29,00, 17.8 and 14;8 per cent regpectively. '

9. ZPercentese saturation of bases and other cations

The percentaze base saturation and:.the percentage
saturation of individual cations are given in table XIII,
Perocntage base saturation varied from 73.5 to 97.7 per cent.
The percentage saturation of Na ranged from 0.3 %0 29.6, X
;rom 0.3 to é.é; Oa ;ram 33.3‘t0 75.9, Mg from 7.8 t0 43.7
Pe from 9.4 %0 T.9, Ai from Q.8 t0 4.8 and H from 0.3 to 1?.9

per cenﬁ.
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PERCANEATS SATURATION OF BASES AND ORISR CAPIONS

- e sl sl . Ty A5 S s

Sam~ DLocakion ZPro-  Depth fotal Cei.C, . Porcene Pereantaga satum.tian of

ple Lile ca . excha~ ue/100 tage —_individual cations
No. - HOe - ngea= g soll bDasa .
. ble ) satu-
bages ration
; 100 g2 X Ca - Hg Pe &1 H pH
- R aail‘ 3

1. %&2% kayal 1 0=25 13e66 1522 897 129 5¢8 44T 26.3 2.0 8.3 51

[ ] .
2e "‘ 25-40 11-47 12.91 85.8 18.4 802 54.4 7.3 5.6 - 5.5 5-5
3' | N ] 40"92 150"5 16.85 91.8 29.5 0-4 33-3 28-6 3.5 2.5 2.4 5-7
4+ Ranl kayal - 2 0=20 15,99 16442 97¢3 8.8 5u4 62,3 20,8 0.6 = 2.0 6.3 .

. .
3 s . 20=44  16.83 19.30 87.5 308 3eB 524 2Te5 18 2.7 8.1 5.0
6. o 44=67 14046 1712  84e5  2¢3 243 3644 374 0s1 0.8 14.7 5.0
7. & Block ikayel 3 0=15 11221 11,74 955 3.1 3a1 759 7B 1a1 = 3.4 6.6
8 4 15=52 12,09 12,81 94 5.4 304 Tle2 Be6 201 - 3.3 6.5
90 e 52 smﬁ 11.20 15.25 ’ 7305 0.5 0.3 5901 13.2 709 4.8 13'7 5-3

below

10. g;h;e?.lm 4 =12 10.07 10.31  97.7 TaT TaT 651 8.9 2.0 = 0.3 5.9

o _
11. 0 12"20 9-52 9-92 97.0 4.8 408_ 72.9 11-2 005 - 204 7.2
‘2' [ X ] 20“44 10.67 13-2‘) 89.8 7.7 7.? 52.3 19.8 Oo‘ 0.9 17.9 3-9
13« os _ %41311‘1 15.T4 19,23 81.9 04 0ad ~ 3Te0 435.T 0e4 1.1 16.6 307

a1 i

QA



Mioronutrients (Available Zn, Cu, Fe and lin)

In general the availlability of Zn, Fe, Ou and ln
wae more in.the lower layers of the pfbtiles. Available
copper did not show as much variation between horizons snd
profiles as in the case of Zp, Pe anq‘Mn. The data are
presented in table XIv. |
Z_;!,&g
' | Availabllity of gzinc was moré in the lower most
layer, the values ranging between 0.0 and 6.2, 0.0 and 5.5,
0.5 and 9.0 and,; 0.2 and 7.2 ppﬁ for profiles 1 to 4 with

99

mean values of 2,2, 3.5,‘3.4 and 2.0 ppm regpeatively, There

was a general increase for available zinc with inorease in

profile depth,

_ . Available copper varied from 0.16 $0 0.26, 0.2 to
Ou4y 0.14 %o 0,26 and 0.12 to 0.16 ppm with a mean of 0,19,
0.3{. 0.21'and'0.15 ppm regspectively for profiles 1 to 4.

There was more or less a uniform distribation of conver in

all the profiles in the different layers.

Xron-
' Available iron ranged between 8.0 and 520.0, 12.0
and 704.0, 6.0 and 210,0 and,2.0 and 162.0 ppm with a mean

0f 180.7, 293.3, 76.7 and 70.3 ppm'in_prorilas 1 to 4.



MICRONUTRIENTS ( AVAILABLE %Zn, Cu, Po and i)

TABLE XIV
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Sgm= Iocation

below

—Pro- Depth Zn Ou Pe n
ple file cn ppm ppm ppm ppu
HO. Ko.

" 1. fani kayal Plot, 1. - 025 0,0 D.16 14,0 T.0
20 [X] 25-40 0-3 0016 8.0 20.0
3. . 5 40=92 6.2 0,26 520,0 110.0
4+ Rani kayal Plot, | 2 0-20 0.0 0,20 12,0 ° T.5
5¢ ’0 20=44 5.5 0,40 164.0 80,0
Se - 44=67 - 5.0 0,32 704.0 105.0
Te 3 Bloelkt kayal 3 =15 . 1.0 0,26 6.0 5.0
80 ' "y 15“52 0.3 0.14 14.0 - 2060
9.__ ’9 "92 and 9.0 0.22 210,0 108.0

- below
10. Chithira kayal 4 012 0.3 0.6 6.0 ' 10.0
110 ..( —12-20 002 0.16 2.0 11.0
12. ’s - 20=44 0ed 012 111.3 21.0
13.- 'Y ) 44 and T.2 0.16 162,0 ‘ 100.0




High accunulatlon, of available Fe was notiesd in the lower
la.yeré of all the profiles.
Manzanese

Available ¥n v-aried from 7.0 to 110.0. T.5 to
105 0, 5.0 to 108.0 and 10.0 50 100.0 ppm with a mean of
45.T, 64.2, 44.3 and 35.5 pprr for profiles 1 0 4 respectively.

Ag in the case of iron, available I was also found to

accunulats more in the lowes layers of all the profiles.
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DISCUSSION

Kuttanad, comprising an area of 875 sq.im, presents
three major eoii types namely the karapadoa soils (river-borne
alluvium), tha kari soils (peaty soils) and the kayanl soils
(reclaimed lake=bad ). Though thoe karapadoam soils conatitute |
the largest and most intengively cultivated area, the kayal
goils being more recently reclaimed end having been reclaimed
in contiguouns areas offer high potentialities for development.
They coaprise an area of 8000 heatares. The problems connected
with the reclaimed lake-bed soils are becoming more important
in reoént yeara in view of the extensive reclamation measures
ajopted. During the last few years, -an area of about 500
hectares have been reclaimed in Kayamkulen Kayal and an area
of about 100 heotares 1is being currently reclaimed in (uilon
district in the Paravoor kaval area. While éll the above
mentioned areas are reclaimed from the backwaters which are
saline, thers are regions like the Vellayani and Akltulam
kayals in Trivandrum district which are fresh water lakes.
Thus, problems of the reclaimed lake-bed soils (kaval soils)
are varying in nature,

The prensnt study is confined to the peaglia;
probleas of the reélaimed kaval soils of the Kuttanad region.

In this connection it is worthwhile to mention the existence
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of two maﬁof aohamaplror‘the development of reclaimed Kayal
lands and of the Kuttanad area in general. The first schenme
1; the construotion of rubble ring bunds 3o protect the
reclaimed ggz%%‘lénds from salt wator inundation. This work
was done only in the R block kayal in Kuttanad, comprising an
area of about 600 hectares in the yoar 1965. A profile has
been talkon from R block for comparison with the profiles from
the adjoining unprotected blocks. The second scheme is the
construction of the Vechoor-Thanncermukitam salt watexr barrier
which has been completed this year to effectively prevent

the palt water intrusion into the entire XKuttanad region to
enable o aecon& crop of paddy to be taken from the area.

The profiles for the preasent study have been taken prior to
the completion of this bund and thus it enables a eomparison
between an effectively reclaimed soil profile like the one
Irom R blook and the seni-~permancently reclaimed areas adjoining
the R blogk. Purther, the bagic data collected in the present
study, 1t is hoped, will enzble us to make an assassrzent of

the effectiveneas of the gecond sgheme in later years.

I. Morphological characteristios of the profiles studied
The firat profile colleoted from the Ranl kayal

is medium to strongly acid in reaction with a low smount of

organic matter which inereases townrds the lower horicong.



The fourth profile frou the Shithira kayal has a
eolour ranging between 2.5 Y 3/2 to 10 YR 2/1 with the
texture varying from silty loam to clay. The surface horigon
contains high elay content. ©5o0il reaction is neutral to
extremely acidic and the aoidity is more towards the lower
horigons. Liue shells are present only in the seoond horizon.
Salinity is moderate which inoreases with inorease in depth.
Organic matter status is low which increases with depth exocept
in the scoond horison which shows a decrease in organio matter

and an inercase in pi,

IT, Clasaification of the s0il according to the Seventh
Anproxination ' '

Thepe are mineral soils having no diagnostic horizon
other than an ochric or an anthropic epipedon, an albic
or an agric horigon, They are naturated with water during the
major part of the year and are artifioially drained and they
have at some depth within 50 om, doninant moist oolours in
the matrix, These chargctera claosify thenm under the pub~order

Aquent.

These Aquent poils have a msan annual soil‘temperaturc
of more than 0°C and at least 8 per cent clay and 3 por cent
organic matter in all the sub-horizons betwesen 20 and 50 on

~and have textures of loamy, very fine sand in some horigon
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‘The colour varies from 7.5 ¥R 3/2 to 10 YR 2/1. The toxture
of the goil ranges between loam and sandy clay loam, with
the surface horizon containing sbundant plant roots. The.
goil is moderate in salinity duo $0 salt wator inundation and
it increases with incrense in depth. Liue shells are present
in all tha.hariuona but in greater abundance in the inter-
mgéiate layor. |
The second profile collected from the same kayal

is located towards.the north enstern side of the fixgt site.
The moil is slightly to very atrongly acldic in reaction and
the acidity inoreases with depth. The ilexture varies from

8ilty loam to clay loam and the colour from 10 YR 2/2 to

10 YR 2/1. ILime shells ave prossnt only in the first and
tﬁird layora.. Hodargte aa1in1ty is obmerved in ?he case of
the first profile and it inoreases with depth. The organic
@atter level 1s low but more than that a profile I,

The %hird profile from 3 ﬁlock kaval is silty loam
t0 sandy olay loam in tez@ure. the colour ranging between
7.5 IR 3/2 to 10 Y& 2/1. The soil is neutral to strongly
acidic'in reaction and the acidity increases whih increane
in depth. ILiwme shells are present throughout the profile
with the interaediate horizon containing more. The gurface
horizon coniring plenty of plant rcots. The organic matter

level ia low which 1ncreases.witp.1ndrenne in depth,
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below the Ap or 25 om whichever is doeper. Thoege are
characterismtions of Hydraquents as given by the new U.S.Deile
gystea of clasairioatién. Since the sub groups have not becn
developed (Ve3.DeA. 1367) the grouping has becen limited to

the great group level. Theme kayal soils are thus classifisd

under
T Opder - . ZNTISOL
Sub~order -« Aquent
Upeat group = Hydraquent

III. Zhyaical charaoteristios
Jata on the wechanioal coaposition and sextural

élassirioation of the goils indicate that they are loan,
silty loanm, sandy clay loam or olay. ‘[The pattern of the
distribution o; eloy in the different profiles is interesting.
Among the two profiles from Rani kayal (Profile No.1 & 2),
whils the first piorile ghowed a decrease in elay content
with inoreasc in depth a reverse trend is noticed in the
second profile. In the R blook profile (Profile No.3 the
1ntermediate horigon contalnas the naximua agount of colay
while in the Chithira kayal profile (Profile No.4) the
maximum value for % clay is obmerved in the surface horigzon
followed by the lowest one. It is opserved that the texture
changes Irom loam t0 silty loam in the first profile and
from silty loam to clay loam in the seeond profile. In the
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R block profile ih the texture of the firat and third horisons
is silty loam with a change to sandy elay loaa in the inter=
mediate horizon. In the Chithira protile the ghange in the
variation from clay to silty lolay loaa takes place tarough
the intermediate stogzes of ¢lay loaz to ailty loam.

The firast iwo pro!ilea.takon fron the Aani kayal,
eonprising an area of 587 acres, themsaelves show aonsido;able
1ayiation fros ono another. This illustrates the considerable
variation in soils observed in the Kuttanad region. In the
first and fourth profiles the purface horigon containg the
maxinuz anount of clay while in the second and third profiles
the maximum values arg recorded in the lowermost and the
middle horizons respectively. Thias suggests that the Lirst
and fourth profiles are from areas wnsrﬁin lateral anigration
of clay in the foru of alluvial deposition stimulated by
flood waters, appears t0 have played a uwore dominen} influence
in deolding the profile features. In the second and thicd
profiles, though alluvial deposition might have taken place,
evidences of clay migration from the swface to subesurface
layers also exist. Further work on the natare of elay in
the different horizons may throw new iight on these iumportant

pedogenic procesaes.
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It is noted that the dominant frasction in all the
horigons of all the profiles is fine sand. Thin sugzestis
that the finer fractions like the olay and silt have been
deposited over a sandy matrix during the. course of several

yearas and the sold developed as a COnNAGUINCES.

The absolute and apparent speoific gravities decwnse
with inereanss in depth in all the profiles, which closely
parallel the variation in the organic uatter in the different
horigzons. Opganlio matter content is mignificantly and
negatively correlated with both abasolute gpecific gravity
( r = =0.65) and apparent specific gravity { o = «0,61).
Similar observations have been made by Ramaswani (1966)s How=
ever these single value constants ave not significantly
correlated ﬁith clay, probably suggesting that between c¢lay
and organic natter, the latter has d more decisive role in
influeneing theae properties. Similar observations have been

made by Sen and Deb (1961).

The pors space shows a steady inerease with depth
in profile 2. A trend for an increase with increase in depth
is noticed in the other three profiles also. Highly oigni=
ficant positive correlation {( r = +0.72) and a highly signi-
ficant negative correlation ( r = =0,67) are noticei between

pore space on the one hand and organic earovon and coarse sand



on the other respectively. The valuss for pors spage range

bBetween 47,40 to 59.07.

?he water holding capacity and volume expansion
inerease pteadily with incrsase in depth only in the third
and seconi profiles respsctively but there is a general trend
for both these properties to incrense with incrense in depih
in the other turece profiles also. Water holding capacity and
volume expansgion a;é aignificantly and positively correlaied
to organic garbon ;aluea with a corrslation coefficient of
+Q.70 and +0.63 respectivoly. Coarse aana‘poséasaes a aigni-
Licant and negetive oorﬁélation with water holding capacity
( © = «0,48) and a positive gorrelation with volume expansion
( r = +0.63) which agrees with the obasrvations made by
Ramaswamy (1966). '

IV¥. Chemicel cheracteristics

Inveatigations on soil raéction indieate a decrease
in‘pH with in&rgase in depth in profiles 2 to 4 whlle a raverse
‘trend is noticed in the firat profile. 'nis decrease can be
‘attributed to the steady increase in the organic matter content.
Ip profile 1, eventhough a slight increase in the organic
aatter with increase in depth is noticed, the exchangeable
hydrogen shows a decreasing trend., In the second layer of
Cuithira kayal profile also a decrease in organic matter and

an inoreese in pil noticed. The relation between oxganic
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. oarbon gnd pH is significant and negative ( » = =0.58) which
agrees with the obsorvetions made by Alexandsr and Jorairal
(1968) 4in acld soilms.

Tha air dry soiia ghow a dacrease in pH in profile 4
whereas in the othex threo.profilea such a degrease 1g observed
ohly in the lower horizons. Tpe soils from the lower horigons
of Chithira kayal have very high acidity (idoney, 1961). The
high values recorded f?r exchangeable hydrogen are also in
conforaity with this trend.

Unlike kari and karapadom soils the ksyal soils do not
ghow considerable decrease in pH on drying. In fast there
has been a slight inoresse in pi in sous of the goils on drying.
This is on account of the absence of rsduction products in the
waterlogzed solls.  The reduction producta cheountered in the
Kari and karapadom éoile are mbstly farroun sulphideg
(zarcasites) which are Ymown to undergo oxidation on drying
liberating free sulphuric acid (Money, 1960; Moorman, 1962).
Such reduction pr&dubta obviously cannot exist in these solls
though they may be formed oﬁ account of popmible interaction |
with CaCO; which are found in enormous quantities as olluscan

line shells in these soils.

The conductivity in 1:2 aoil water extepet ranges
between 0,65 and 3.95 mahcs/em. The lower layers of the



111

Chithira ond R block kaysl profiles have the maximum and

minimum values respectively for condustivity which increase
ateadlly with increoase in depthe A significant positive corre-
lation exiatas between electrical conductivity and organiec

carbon ( r = +0.73)e I% is interesting to note that the condu-
ctivity is eonsiderably lower in all the layera of the R’block
profile than the corresponding layers in other profiles, inapite
of the relatively high values for organic carbon. In this
connection it nay be mentioned that the R bloek kayal is the
oldest of tho Kuttanad kayals and was permanently reclaimed much
earlier. The salt water intrusion into thips kayal is provented
nuch wore effactively by bunds reinforced with rubble uasonry.
Further, the soil samples were collected during the month of
March in 497 when the conductivity 1s expeocted to be high

dus to the inundation with Vembanad laite water (Kurup and Aiyer,
1973)s The low values for electrical conductivity obgerved in

~ the case of these soils show that if the ent;ré area onn be
effoctively protected frowm salt water intrusion galinity hagard
to rice cultivation can be ninimised to a great extent.

All the four profiles are relatively low in organic
garbon. The values range batween 0.806 per cent and 3.93 per
cent which gompare well with those reported for surface soils
by Kurap, 1967 (0.58 to 3.3 per cent); Verghese, 1972 (2.816
to 3.038 péf cent) and loney and Sukumgaran, 1973 (below 4
per cent). 6rganio carbon increases with depth in all the



profiles and bears a significant poaitive correlations with
clectrical conﬁﬁctivity and the aingle value conatants like
pore space, water holding capacity and volume expansion and
significant negative‘correlationa with pH and abaclute and

appavent apecific gravities as mentioned earlier.

The Valueé for‘total nitrogen do not follow the|sauo
distribution pattern as organic carbon but the G/ﬁ ratio
follown the paue trend with a steady increase with ineressoe in
depth. Total ritrogen shows an inereasing irend with increase
in depth in thao sccond profile and vice-versa in the third,
whereaa in profiles 1 and 4 the niirogen content slightly
deereages in the second layer and then increases. The values
for total nitrogen ranze betweén 0.11 and 0.26 per cent and'thaty
for G/ ratio very from 5.7 to 22.59. Ths highest value for
organic carbon is recorded in the lower horigon of profile 2
but the higheat C/N ratio is observed in the lower horizon of
R blogk profile. %ais differcnce in trond between the C/N
ratio and organic carbon wmay partly be due to the -ditfefencea
in the degrce of humification of organic wmatter. Detailed |
investigations on the distribution of humie and fulviec aclds
in the verious horizons together with studies on the differcnt
forms of nitrogen may yield @ore conclusive rosulis on this
agpect. - ‘

Compared to Kari and Ksrapadoi soilas, the status of
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total phosphorus is low in kayal soils the values ranging
betwesn 0.04 and 0.08 per cent 2. Thim compares well with the
valuag reported by Kufup (1967) and Verghese (1972) (0.079 to
0.188 per gent and 0,09 to 0.156 per cont 2é05 raspeatively ).
Available phomphorus status in these goils ie medium to high,
unlike in the case of kari and Egggggggg wheoe, though there is
adequete supply of total phosphorus, the available phosphorus
status 1s reported to be low due to the high acidlty and high
amounts of iron and alusina, In the kayal soils, however, 1t
is secen trom bhe results of the present atudy that the pi of
the goil i= very nearly optimum for uaximum availability of
phosphorus. -Surface layers contain higher content of total
phosphorus in all the proriles and n9o downward moveucnt of
phosphorus ias noticed as 1n kari aoils where. due to the high
organic matter conteqt, penetration of phopphorua o ths lower
porizons ogeur asfreported D§ Koghy and 3pito-mutunayagan
(1965). |

The'aoila are adseiuately supplied with total potasalum,
the values ranging between 0.11 b0 0.38 por cent K. Pothssium
content.increases steadily with inerease in depth in the first
thres profilés while in the Chithira profile 1% decereaases in
the second layer and then inercases. PThe general trend is
for an increaac in potaésium content with depth wﬁich nzrees
with the observations made By Eprim and Kbhasn (1956). It is
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also interesting to note that in the R block profile the
potassiua content is couparatively less in all the layers
than what is found in the other three profiles. This is due
40 the lack of penetration of aalt water during the last 10
years after the sonatruction of permanent bunds. " Phis obmere
vation is in agreement with the findings of Sreedevi and
‘Aiyer (1974) who reported comparatively high values for total
K ( and exchangeable potassium) in Kuttanad soils @ue t0 |
'submérgence of salt water and deposition of sil; b& £1lood
ratera,

The caleoiun statug of the soils in gll the profiles
is fairly high., The intermediate horizon of %the first and
third profile contained high Ca (2.21 and 2.22 per cent Ca
respectively). It is worth mentioning in this oonncotion
that in most of the layers, and particularly in the azbove

" two, considerable quaniities of limeshells are cncountered,
In all the profiles a higher status of Ca 1s noticed in the
middle layers probably due'to the leaching effect by heavy

rains and £lood water. | '

The magnesium status of the soil is found %o be
mediun in the lower horizons of alllthe profiles while, the
surfacs horizons show a low level. A steady increase is
found in all the profiles with inorease in dépth.‘the valucs
ranging between 0,07 to 0.44 per cent Hg. The R bloock



profile shows the loweat status for magnesium. In view of
the high status of ealeium found in these soils the crop is
likely to guffer from defioiencies of uagnesium,

The gemiuioxide content 1s found to be highly
varying, with the R blosk surfade soil containing the highest
amount. In the first and fourth profiles thera is an initial
increase in sesguioxide content with increase in depth,
followed by s decrease. In the second profile the sesquioxide
content remains fairly uniform while in the third profile a
slight decrease with depth is noticed. The aanme patterﬁ. is
reflectod in the constituent sesquioxides,iron ard aluaminiun,
The lack of a definite pattern with depth in these iuportant
constituenis which ara the wajor parameters helpful in decig-
ing the nature of olay, lend support to the view that there
is a conaidaréble degres of deposition of clay by flood waters
coupled 31th verﬁical migration of cloye.

Cation exchangze capacity and exchangeable oaﬁiong
In all the profiles the cation sexchange capacity

(Ce2.Cs) of the goils closeiy follow the organiec watter and
clay content. A positive relation for both these factors are
found with C.5.C. When the organie uwatter is sipgnificantly

and positively correlated with U.#.0. ( r = 40,82) the relation
between olay and C.u.Ce i positive bDut not significant,
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A significant negative correlation is also found botween pH

and CeleCe (r w =0,59)s A slnllar relation for C.3.0. with
| organic matter and pH was reported by Yuan et al (1967),
Alaxander ond Durairaj (1968) Lavti gt al (1969) end Wright
and Foss (1972). The C.:.C, values range between 9.92 and
19,30 me/100 g soll. Kurap (1967) reported that for Kuttanad
poils C.E.C. values range between 10.6 and 17.20 which compare
well with the results obtained in the preasent study. The fact
that a significant and negative correlation exists between the .
CeZeCs and the pl indloato the possibility of greater oontri-
bution by pH dependent charges in determining the C.Z.0. of the
#oiln. The pH dependent charges are largelly contributed by
the =CO0H groups and phenolic OU groups of the organic matter
and 51-0H groups of the clay. The high dagree of correlation
with pH sugzests, the abasence or presence only in small
quantitics of ¢lay minerals with laxrge permanent negzative
charges wiich are knoén to be pH independent. .

Compared to the earlier work on kari and karapadom
soils (Kurup,3967) the amount of exchangeable aluminium and
hydrogen is low in these soils. Aluminium is praotically nil
in the surface layers and exchangeable hydrogen low in all the
layers, - However with an increase in depth there is a steady
increase in the amount of exohlngéahle hydrogen and in the
lower horisons of all the profiles small amounts of exchangeable
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aluminium has been detected. FProblems of toxlelty due o

iron and aiuminium frequently encountered in kari and
karapadoa soils cannot be met with in these solls because

of the high content of caleium and magnesium and the conscquent
favourable pH of about 5.5 in thease soils.

The soll is well aaxuﬁated with basea, the percentage
of base saturation ranging botween 73.5 and 97.7. Calodua
and magnesium are the dominant exchangeable cations in these
goils followsd by Na and K, The proportion of exchangeable
caloium to total axchangeable basens ranges between 36.2 and
80.3 and that of égohangeabla magnesiun ranges between 8.8
and 53.4. These resulis show that the wanagement of these
s80ils is much more easy than that of the kari and karapadoid.
Continuous waterlogging oan lead to production of ués due %o
favourable pH conditions for 504 reducing oxganipas. In such
soils it will be gafor to avoid fertilisers containing 304
radical.

Zxchangeable sodium ranging between 0.15 and 4.98
me/100 g aoll contributes 1;3 %0 32.2 per cent of the total
exchangeable bases in the varipua horizona. The third layer
of the first profile contains the highest quantity of cxchan~
geable sodium. The R block profile, into which saiina water
intrusion has bYeen cut off for the last 10 ycars and which
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has been flughed with rain water, though it contains only
saaller amounts of exchangeable sodium cannot by any means
he considered to have been desalinised. The presence of
sxaeedingly high amounts of exchangeable sodium in the first
profile and in the surface layer of the fowrth profile wili
be injurious to proper orop growth unless its concentration
ig deors=aséd by 6ont1nuéus washing with fresh water o»r
applioatien of suitable soil amendments. Zxchangeablae
potasaium rougea botwesn 0.04 to 1.06 ma/100 g and contributes
0.36 %0 9.5 per cont of the total exchangeable baazes.
Boapared 30 protiles 1, 2 and 4 the exchangeable Dpotassium
content in R block profile (profile 3) is leas which agzain
shows that the intrusion of galt water into these arcas ims
considefably préveﬁteﬂ by the construction of parmanent bunds
all around. Salinity, which ig probably the major problem
in the management of these soils can be overcoms by the -
congtrugtion of granite ringbundag around the Kaval blogka.

Mioronutrisnts
Agong the four mieronutrients studied avgilable

eging, lron and manganese dgqreaae with inereass in depth
while in the oasekbr available gopper such a $rond im not
notice#. Taking tﬁe o:itical limit of available sinc as
0.5 ppm, the surface layérn of bYoth the profiles from Rani
kqval end the Ohithira kayal profile (1, 2 and 4) are found
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to be deficlent in this nutrient but towards the dosper layers
this nutrient increases oongiderably. The accumulation in the
lower layers may be due to their mobilimation f£rom upper
horizonas ﬁy percolating water and subgequent deposition in fre
lower horigons. TFhe marginal levels of zinc in the above
profiles point to the need for zinc spplication in these goils,
espeeially when high ylelding variétiea are cultivated with
nigh levels of phosphatic fortilisers. The surface layer of
R blook profiia ig adéQuately suppiied with available zinc.
Available mine has a significant and positive correlation
with organie carboﬁ { ¥ = +0.58) and non-significant negative
oorrclation with pii. This suggents the poséibility of soluble
chelated complexes of zine contributing to greater zine avall-
ability. A similar trend for avallable Zn with orzanie
content and pH has been reported by Rai ef al (1972), Gupta
and Singh (1972) and Balasubramantam st al (1972). |
Considering the oritical 1imit of copper 25 Ou5 DPpie,
all the profiles are found deficient in available copper. The
distribution of arnilabie copper in the profileas 1ls more
ﬁnito;n than ginc which shows that unlilkte in theo case of sine,
copper is not penetrated doﬁn the profile by the rainwater.
4 gimilar observation has been made by Jones and Belling
(1967) who roundathat copper romained near the surface afier
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all the fertilizer treatments and ssveral years of rainfall.
A gignificant negative correlation has been noticed between
available gopper 2nd pH ( r = =0.9) which agrees with the
obgervation made by Mehta gt al (1964), Bade gt al (1971),
Gopinath (1971) and Valsaji (1972).

The distribution of available iron and manganepe
follows the same pattern as that of available zino but in all
the profiles theié levels are found to be nuch above the
oritical limits fixed for them (oritical liwmit for iron and
manganese being 2 and 3 ppm pespectivuly). With inerease in
dspth a steady inorease in concentration of both iron and
manganese is obsorved, whioch reaches véﬁy neaxr toxic concen-
trations. Shchfggﬁhentrations of available Fs and Mn are
rénnd to be related t0 high organic matter contend and low
pH values. Avallable manganease in the preaent atudy is found
to be significantly and positively correlated. with organio
~oarbon ( r = +0.56) and negatively correlated with pi
( » = =0,48). This 18 in agreement with the findings of
Yedav and Kalra (1964), Sharma and Motiramani (1964),

Sharma and Shinde (1963), Grewal at gl (1969), Rai g% al
(1970), Badhe gt al (1971), Mishra and Tripathi (1972) and
Patel gt gl (1972).



TABLE XV
CORRELATION VALUZS

Organic pH Organic ileectri- Single value constants

carbon matter cal v - = 1=
conduc= Ab.Sp. AppDeOPe 2ore wWater olume

vi vi . gpace holding expan-
tivity gravity gravity p- capacity sion

Available +0.58** H.S. - - - - - - -
zine
Available H.Se 0,90 "= - - - - - -
copper
Ayailable HeSe HeSe - - 2 - - - -
iron
Availlable T ¥ _ _
U.E.c. b -0. 59** +0.82ﬂ-** - .- - - - -

. ; # ;
Organie - -0.58 " - 0730 20,657 =0.61 @ +0.72" ¢ 40.70  40.63"F
carbon
Coarse - - - - - - ~0.67" " =D.48"  +0.63 "
sand .

HeBe - Ron significant
kol = Significant at 1%
* - 29 at 57‘
* - ”y at 1 0;‘

Tgl
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A atudy nade on the morphological and physico-
chemical oharacteristics of the kayal profiles of the Kuttanad
region of Kernla revealed the following salient features.

(1) These soils are classified under the order =
LNDTISOL, Sub order = Agquent and great group = Hydraguent
according to the 3Seventh Approximation.

(2) Texturally they are classified mostly as silty
loan or gandy clay loam, fine sand being the dominanting
fraction in all the profiles and layors. Only the surface
soil of the Ohithira kayal profile is olayey in texture with
a maximum of 36.5 per cent clay. ‘ ‘

(3) The physical characteristics of the two profiles
from tho Rani kavael very widely. while the profile 1 shows
a decrease in elay content with inerease in depth, the
second profile ghows a reverse trend for clay as well as fine
sand. Fine sand is maximus in the middle layer of profile 1.
(4) The abmolute and apparent apescific gravitica,
in general, show a decreasing trend with increase in depth
in all the profilea. A significant negative correlation is
noted between the above conatants and organic carbon.

(5) Pore space, water holding capacity and voluwas
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expansion show an increasing trend, in generai, with increase
in depth. A pignificant positive and negative relation ia
noticed for pore épace with organic carbon and coarse asand
respectively. Water holding capacity has a sipnificant positiv
correlation with organie carbon and volune axpansion has a
significant positive relation with both organie carbon and

coarne sand,

(6) The profiles studied are acidic 4o neutral in
reasction and tho general trend for the pH iz to decrease with
incrgaaé in depth exceptlin the first profile of fani kayal
where a reversz {rend is noticed. The lower layer of the _
Chithira kayal profile shows higy dogree of acidity. Compara=
tively higher coﬁtent of cexchangeable aluniniua and hydrogen
i3z also detected in these layers. |

~ (7) The values for eleotrical oonductivity atcadily
ingrease with 1hcrease in dopth. The R bloeck profile which
is a permanently reclalmed area with rubble ring bunds ghow

the minimws values due o preveniion of salt water intrusion.

(8) Organic carbon gtatus is poor in all the profiles
the values ranging from 0.89 to 3.98 per cent. Both organiec
carbon ond O/N ratio increase with increase in depth. 4
significant negative relationship exist between organic
carbon and piI while a significant poasitive relation exist
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botween organioc carbon and electrical conductividy.

(9) The genmeral level of total nitrogen is low in
all the profiles, the values ranging between O.11 and 0.26

per Qentl

(10) The moils are adequately supplied with total
potassium, the values varying from 0.11 to 0433 pei cent K.
The general trend is for an increase with increase in depth.
In R block profile where sqlt water intriusion is less the

potaasium status 1s comparatively low.

(11) The level of total phosphorus is low ranging
between 0.04 and 0,08 per cent but the available phosphorus
status 1s nmedium to high, probably due to the favournble pH
that exiot in these soils. The profile distribution of total
phogphorus shows that it is more in the purface layera.

| (12) The calciua status of all the profiles is
falrly high. The intermediate layer of Ranl kayal profile.
(Profile 1) and R block profile show high calcium content due
to the presence of lime shells in fairly large qQuantity.

(13) The uagnesium stasus is low to mediua ghowing
an increase with inereape in depth. The values range betwsen

0,07 and 0.44 per cent.

(14) The cation exchange capacity (C.:.C.) of the



goil is low ranging betweon 9.92 and 1%9.3 me/100 g» A signi=-
ficant poaitivé correlation exist between U.:.Ce and organie
matter while G.:.C. ghows a significant negative relation with
.

(15) Ixchangeable aluminium and hydrogen are low in
thege soils, Aluminium oxists mostly in the lower layoers and
exchangesble hydrogen shows an incressc with depth.

(16) A1l these moils are well satirated with bases,
the percentajfe base saturation varying from T3.5 to 9747
Surface layera are comperatively richer in bases., COaloiunm
and magnesiws are the dominant eations in the exchange complex
followed by Na and K.

(17) fFhe first profile of Rani kayel and the surface
layor of Chithira kayal contain high levels of exchangeable
godiun, _

(18) The surface soils of both the profiles of sani
kayal and the Chithira profile are deficient in available ainc
which, however, increases with depth. A asignificant positive

relation exists between organie earbon and available zinc.

(19) A1l the four profiles are deficient in available
copper which shows a more uniform distribution and less sus-
ceptibility to mobilimation by the percovlating water. A

aignificant negative relation exists between available copper
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and pH,

(20) Available iron and manganose f£ollow wore or
" less tho same pattern as that of'minc. incréasiﬁg with inorease
in depth, All the profiles are adequately supplied with
avalladble iron and wanganese. Towards the lowver layers the
concentration of both assune toxic proportioné; A poaitive
and negative relation exiat for manganese with organie carbon
and pH reagpestively.

The above obaervations point to the need for providing
strong permanent bunds in reclaiuing theae soils as has been
done 1n the case of the R block, espeeially for preventing the
intrusion of salt water. The low status of orgsnic carbon
necessitates the incorporation of more organic uatter into the
g0il which will improve the strueture and the'exchanga capacity
of the soil and thereby its productivity. Iue to the aigh
ecalecium statug, deficiency of wagnesium ig posaible egpecially
when the sea water intrusion is perumanently checked. fThe
high level of exchangeable sodiua noticad in Rani kayal can
also be miﬁimiaed by preventing the intrusion of palt water
with strong bunds. Application of zine and copper along with
Zajor nutrients is necessary especially when high yielding
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varietics are oultivated since, the higher levels of nitrogen
boosgt vegetative growth enhanging the demand for these eleuents.
The Thanneermukkam -~ Veohoor bund i1s expected to solve the
galinity problen in these arsas and further gtudies of the

s80il samples collected from these areas will throw more light

on the changes and the effectivencss of the reclamation work.



REFERENCES



Abmchandani' OCT .
and Patnaik, S.

Adityachaudhury, N.
and Saha. G.He

Agarwal, H.P. and
lotiramani, 2P,

Agarwal, H.P. and
Rlddy'. Je

Alyer, S.P,

Atyor, R.S. and
Money, H.S.

Alegander, M.2, and
Darairaj 9 Dede

Alliaocn, F.ZE,

REPERENGES

1961

1973

1966

1972

1963

1959

1968

1957

Zffect of lime application on
nitrogen availability and rice
vields in waterlogged soilas. dJ.
Indian bOG. 5011 Dcio. 2 55"’ 2.

Digtribution and naturas of organic
uatter along the profiles of soae
rice soils of west Bengal

Je Indian 300. So0il boio. ?1(1)
77"82.

Copper status of solls in iadhya
Pradesh. J. Indian S5og. 501l Soi.,
14: 161-171.

Digtribution of manganese in
Vidhyan soils. J, Indien Sog.
So41 Soi., 20(37: 241=247.

The place of minor elemenis in
Rica Agronomy. Indian rFarming,
Z= 11-140

Soils of iattampally Swamp. J.
Asmoc. . Zngn. Korala, 5: 38=42,

Influence of soil reaction on
certain soil propertics and
availability of major nutrients
in Kerala 30118. ric, Res. Jo
Kerala, 8(1): 15-19.

Hitrogen and soll fertility. Soil,
the 1957 year book of Agrieulture.
UeSeDeAl B5-933,



iie

AeQoATe 1960 Official methods of analysis of
Agmociation of official Agriocul-
tural Chemists. Washingion, D.C.

9th =Zdn.
Arunachalaa, G. and 1973 Diatribution of Forms of iron
Dhanapalan ifogi, A. and manganese in some soils of

Tamil Nadu. ?igir__g_g gh"ﬁ’.o. _lIo.
§2(8)‘.‘ 913-917.

Baghe, 3.V, 1970 Jetermination of pil, lime poten-
: tial and aluainium hydroxide
potential of anid soils. J. 30il
§&i_n' 23(1 )3 28-37. i

Badhae, H.He, 1971 Status .of available copper and
Faphade, K.T« and . manganese of soils from Bhandras
Jallal, D.K. district in Maharaghtre. J. Indian

_"_53_9.0_. 5011 S__gg-l' 12(2)3 175-178.

Badiger, H.K, and 1969 Studies on fixation of potassiua
Ran, BeVlV. in soilas of Mysore State. Mysore
' 31' 3.!;1'10. m.. 2: 251=253,

Balaguru, 7. and 1972 Studies on the foras and distri-
Dhanapalan Mogl, A, bution patterns of manganese and
iron in Tamil Nadu Soil profZiles.
Madras Ageic. J., 32(7)s 391-396.,

Balesubramaniam, CeS., 1973 4ino content of ‘famil Hadu solls.
Rajakikannu, Key Madeaw Agzric. J., 6§0(2)3 90-99.
Lakshminarasimhan, Ue3., . :
Samboornaraman, S.,

end Govindaraj, AeX.

Baﬂdyopadhya, AJls and 1968 Traoe element relationships in
Aghikari, M. rice soila: I.Alluvial soils of

*Bandyopadhya, A.K; énd',1971 Trace element distribution in
Adhikari, 1. profiles of rice soils. RISV, 21
151~156. Soils and Fferti. Abat.



Bandyopadhya, A.K, ’

Sahoo, .l and
Bhattacharya, d.K.

Banﬂal » Kelfa »
Gupta, S«K, and
Verﬁla, {Fe I?o

Bartholomew, 1.7

Bager, 3.5, and
Saxena. S ‘No

Be&r. EO-:-:l and
Toth, S.d,

Bhatnagar, ..,
Gupta, Y.X, and
M-athur » C L] I‘:.

Biswag, T.D.

Blswag, Te.Ds and
Gawande, S.¢2,

Boken, LSS

-iii=-

1970

1969

1931

1970

1948

1966

19353

1964

1955

Seagonal fluctuation of salinify
in Rice soils. J. Indian Soe.Soil
_b:ﬂiq_.' 1.§= 97=98,

Dimstribution of micronutrients

in the soil profilea of Adhartal
geries. Jo Indian Soce. SO.'L}.. Selep
17(3): 333336,

Changoes in the availability of
phogphorus in irrigated rice
solla. Soil Sei., 31! 209-218.

Manzanese status of Rajasthan
gollg. J. Indlan Sog. Soil Soi.,
18(2): 151-155,

Influence of calcium on the
avalilability of other cationa.
So0il Sele, 65t 69=T4.

Hanganese status in mediun
blaok soils of “gjasthan with
special reference to Chambal
commanded area. J. Indian Soc.
©0il S_G_j_:_og 1&3 173'176-

Jigtribution of manganese in
the profilea of gome Indian sgoils.
_J_'. Indian SOG. 5(?_-!-:_]_-' 5010’ 1321-310

“elation of mangancese in genesis
of catenary soils. J. Indian Soc.
bOil ‘b:_c_j_-.n. lg: 261"‘268.

tn the affect of farroua sulphate
on the availgble mangenese in the
goil and upteke by plants.
Plant and Soil, 6: 97=112.




%#Zorowlec, J. and
G‘linﬂu Py de

Borthakar, .2, and
Mazuadar, Hl.ide

Chanéler, WeV,

Chatterjee, X,
a,nd -‘Jas. SOCQ

: Glaﬁ‘k. lJOS.

Conner, “eJ. and
SGMS. {J.H.

Detyy Deb, and
Sharma, Beil,

Dhanapalan ifosi, A.

1974

1968

1941

1964

1966

1922

1973

1960

digteibution of copper, uanganece
and nickel in the profilesg of

four low~moor peats. Abmte. Soils
and Jerti. 22(3): 52.

Affeet of lime on the nitrogen
availability in paddy soil,
indian Soc. oil Bei., 16(2):
145~ i 47T

Phoaphorus abaorption by five
Algbana s0ils by roaction, baac
saturation and free agesguiomides.
g:. Auer. Soc. é}?.rono. 223 1=12.

J. Indian Sog. Soil Sei., 12: 297.

fhe rcelation bebdtwcen pll and
goluble and exchangzeable aluminium
in gome aeid goilss Cgn. J. S0il
:h_j_-,o ® gg: 94-95 .

Aluminium galts and aclds at
varying hydrogen ion concenération
in relaiton to plant growth

in water cultureogs. Soil Sed.,

lé: 23-420

llote on the gine status of “alhl
soils with apecial reference ?o
cropping sequence. Indien J. Agri.
Sel., ﬁ§(4)= A24-426,

Bsudies on profile characteristics
of gome red soilas of Youth India.
Abgt. of diggertation work done

at the 3egionnl Z.G4Training
Centrae, A.C. & ReI,, CGolmbatora.
E‘iadra_.g_ 'é&x:!-.- _:J;i. 21(9): 405’ 1964.



Dharmlja, Defey
Murthy, 3., ond
Raychaudnuri, A«S5.

Yonahue, eSe

Droupathi Jevi, G.

F.A.0,

Frangoisco Dugue-
Macigg.

¥urlan, J. and
Stupary Je -

Gangir, Bfﬂn.
Sinha, S.J. and
Bhargawa, 5.5.

Ghosh’ S.K.'
Das. :'JOKO cand
Deb, B.L.

1956

1958

1963

1970

1973

1967

975

Studles on solls growing paddy.
J. Indian Soe. S0oil Sel. 43
195'2040 )

An introduction to soils and
plant growth. YSrentice Hall Iinc.
Rew Yorit.

Inter=relationship between
phyalcal and chemical properties
of Kerala State moils in roelation
to padogenic factoras, Absgt. of
digsertation work done at the
Regional P.G.Training Yentza, A.C,
& R.1., Coimbatore. !izdeas Agri.
Jdey 31(9)2 408, 1964,

Guide lines for soil profile
desoription. Soil aurvey and
fertility branch, toac.

Copper and zlne status in pasture
goils of Salanmanca, Spain. vopll
bﬂin. 112(4).

Cobalt and copper oontent of
forage from peat soils. Jemlj.
Biljka, 16. A: 691~696.

Abgt, (229) in Soilas ond Farii.
23(1): 30, 1968,

4ine astatus of zoume soils of

Hadhya Pradesh. J. Indian Soc.

Boil Yoi., 21(4): 447-454,

2hysical, chemicsl and mineralo-
gloal characterigabion of lgari
soils from Xerala. Zaper pragenicd
in the symposgium on acid sulphate
and other acid solls of India,
held at L{rivandrua in Feb, 1973,



Gilbert, Fais

gopalaswani, V.

Gopalagwani, A. and
Boundara rajan, .

Gopinath, V.

G]."Gwal' J [ ] S L [ ]
Bmlmbla. Ja ?sa a-nd
Randnaowa, 5.

Grewal, J.5. and
Kanwar, J.5.

qupta' GePe  -and
bingh, b,

Halim, Sh=Uauaty,ies
Hetwalll, 5.¥, and
Ibrehinm, A.d,

Hanley, .. and
I—‘Iurpw' i‘I.-E}I

1952

1961

1962

1975

1969

1966

1972

1963

1970

Copper in nutrition. Advances in
Agronouy, 4: 147=TT.

Studies on the so0ils of Kuitanad
fart ITI,. The nature orqglay
nineralas present. dgri. leg. J.
Lerala, 1(1): 65~69.

Formaz of mangzonese end thelir
digtribution in certain profiles
of Taunil Hadu.

Hadrasg Agrice Jeo
56(2)274=80,

Agtribution of copper and zine
in the acld peat sogls of
Kerala. He5c.{Ag.) *heasia,
Kerala University.

Available nicronutrient status
of Punjab, Haryana and ilimachal
poilg. J. Indien Soc. Soil Sei.,
17(1): 27-37.

Porms of potassium in Punjab
solls. J. Indian Soe. S0il bel.
14: 63-57. '

Zine atatus of soune moils of
Indore. J. Indian Sog. Soil Sei.,
20(1): 49-5T.

Potaasgium gtatus in the sgoilas
Olf.' U.J’\CJR. :I. SOil Scio IJn. M bn
3epube, 3371437740 (E.fTab),

Phoaphate formas in parsticle nige
geparaten of Iriash goils in
relation to drainege and pnrent
materials. S50il Sc%,Soe. Aner,
Proc,. » 2&( 4-)-:..53?-:59&"



wyii~

lanna, Wede 1964 Methods for chemical analyaip
in 'Chenigtry of Soila', second
adition, (sadited by Fimean .
Bear, Reinhold publishing
corporation, New York).

Hartwell, 3.u. 198 The presence of aluminium as

end Pember, F.R. a reason for the difference in
the effeet of so called acid
goil on barley and rye. Soil
M.. é: 259-2790

Heligam, M. and 1970  The exchangeable aluminium in
Coppenet, M. goila of Bzittany (France).
3io. abgtract, 53(4): 23019.

Yodgsaon, J;F., 1966 Micronutrient cation complexing
Lindsay, WeL., and in soil solution. II, Complexing
Irierweiler, J.%7. of zine and copper in displaced

qolution from calearcous soils.
Soil Scl. Soce Ameg. Proc., ZOs

7235<126,

Holmen, H. 1963 Aftorcatation of peat lands in
Sweden, classification and site
research. 2Proec. 3rd Int. Zaoat.
Congr., 371"'577- :

Holmes, ReS. 1943 Copper and zine contents of
certain U.8, soils. Soil :_ég_j_.og
561 359-T0, =

Horn, M.Z., 1967 Chenical propertiem of the

Hall, Velw, coastal alluvial goilg of the
Chapman, S.L, snd tepublic of Guinea. Soil Sei. .
Wigoing, 1., Sog. Amer, froce., 31(17: 108-114.
{ackaon, Helag 1967 50il chemical analysis. Prenticee

hall of Indig £vt. Ltd,, Hew Jelhi



wvili-

Janardhanan Nair, Te, 1966

Pamanabhen Namblar, 2.

and Money, NeSe

Jenni, H. 1941
Joachim, A.¥.R, and 1947
Kﬂndi&h. Se

*Jonems, Ge.B. and 1967
Balling, G.3.

“Kabata=-Pondias, A. 1968
Kabeerathuama, 5. 1973

and Chitharanjan Nalr, N.

Kadrskar, S.B, 1973

Btudies on KeaneRacskowsicl
meagurements and their relation
+0 goil teat valuos in cultivated
goils of Kerala. Agri. Res. J.
Kerala, 4(1): 50-53.

Factora of goil foruation. _
Helraw 1411 Yo,, New York, London.

Studies on Ceylon soils. XVII,

and XVIII, <The physical and
physioco~cheaical characteristios
of the major soil types of Caylon.
Trop. agric., 103: T1=-84.

The movement of copper, molybdenun
and selenium in goils as indicated
by radio agtive isotopes -

Auste tln w- _13-2_@.. 1§3 733"7400

Content of zine, copper and
cobalt in some soils and plauts
of the aoastal plagn., Rogzn.

11lte Ro:.n. g& as 567“583. at.’
3386) in folls and ~erti.,
33(5): 426, 1969, ~

Zffect of liming on exdhang
cations and pH of aeld soilgag%.

Kuttanad. Agri. Reas. J, .
11(1): 9eq30— =22+ Lo Kerals, -

The atudy of acid soil
: 8 ok
ggnﬁaghtra with spegial raeferance
eir potash eontents. Poper
presanted in the gymposium on
g:id awlphate and ethey agdg
Baade and other poid 80ils of

India held at *
Feb, 1973, - o vendrum,



Kazy Aoe

a
Karim, Ae on
Kmn' D.H.

‘ S-K..
«Kavimandais
Badhe. ﬂo“. a!ld
BalPalo Dekea

' K eﬁ BeAe and
Rg,czf:owakis Ho

xighicy EFstles

Hoasan, HeNey
Ghanaetly Lew'
and Blissye De

Kﬂﬂhy’ ﬂ-oﬂ.

KOEW' He e

Bpiyo-nutunayagais
B-PA

1974

1956

1964

1924

1973

1970

1960

1961

1965

£ N, P
[ diehributiqp# 0
éeigigg%m aoils ‘oi uaaat. .
R Eigtans Soil Sekes 3

Available copper and mplydl;'atsmm
4n Vidnarda goilse e B_.%é_ gg;
5oge Soil Sel. ;g: 2 {1=88.,

relationship between oley
?;?mant and certain physical
properties of soils. J. Agrio.
Bgles 111 441=4439.

gtatus of copper in some
caloarecus and non caleareous

goils of Zzypt.  Plant & Soil,
39(3)3 437106, .

The chenical mture of organic
gomplexes in Kecalas noils,

Curz, Sol., 33¢353+354

/the influence of lims and
' phoaphorus epplicationa to
he solls on yisld and nutrient
iptake by sorghum, 1.3,
hosis gubmitted to the
Aiversity of Tennesace;
?;»gtion rsb availability of
phorug in moils of Kerala,
3e8. J. Kezala, 1170-77,

nanigm of
fix 3@ o Phosphomg
antiu® in soils and the

T raotained ph
Aged ot phosphaten.
. ™ g_. Rex 13. 2(1 )332-35¢



Kﬁshy, HM.M, and
Thonas Vargheae

Kurup' T.K. .B.

Kurup, TelleB, and
Afyer, 2.8

‘Kurup, K.Rs and
KOShy. :-::OP.

"Karup, X.ds and
Ramankutty, H.N,

Lakshmanan, A.R.,
Bhavanl Sankaran, H.,
Rﬂaandran, 0. ond
Indira itaja, M.

Lavtl, Delsy ’
Gandni, A2, and
Paliwal, X.V.

Leesy H.

Lodha, 245, and
Baser, 3.L.

-

197

1967

1373

1969

1969

1972

1969

1948

19

ggiég of Kerala. fexrt. Hews, 16(11):

Fertility Anvestigations on rice
moils of Kuttanad, Kerala. l.3c.
(Ag.) Theals, Kerala University.

Seagonal variationg in soil

reaction and goluble aalt content
of Kuttanad rice goils. Agri. Ren.
de Kerala 11(1): 57=60. o

Studies on the efficienoy of

Lacoadive deposits ns a phosphetic
fertilizer 4in the acid soils of

Kuttanad, Mgdras Agric. J.
55(12)7 5272530 ="t

Jeaponse of rioe to different
forms of phosphatic fertilizgers
and lime in the acid golls of
Kuttanad (Kerala soil). igri. <es.

Je Keralne, 2(2)3 9T7=99.

freliminary studies on the
avalladle manganeass content of
alluvial soils of Thanjavur
dgztg;gf. Madras Azric. J.o 53(4):
7 - .

Contribution of clay and organio

- watter on the Ce2.Cs of Hgjaathen

goilse J. Indian Soc, Solil Sei.,
17(1): T=Ta -

‘the copper retaining powers of
different Ca Ual soils. Zjiocham.
.(_]:u. &23 624~206,

Available copper, boron and iron
gtgzua gf ﬂaga?;hgnisoilgz %,
ndian Soec. S0 el 4)

AQToATA. 201l Zoles 13



Iunin, J. and
Galla'bill, I’ 'H.

Maolk, A.id, and
ﬂarber. SeA,

Hahapatra, I.0.

*Makitie, O.- and
Virri, K.

Manioltanm, 1.

HMeDowell, L.L, and

Smith, Gebe

MuIntire. Welly,
E’hﬂ'ﬂ, Wi, and
band@r. K.3.

gl

1960

1960

1968

1965

1965 -

1958

1927

affect of saline water on the
growth and ohemloal composition
of beans. S0il Sei. Soc. Aner.

Engon 2& 231‘234-

Influnence of tomperature and
moisture on goil phosphorus.
I1.iffeot prior to and during
cropping on goil phogphorus . .
arailgblligg for mwilliet, 3011
Sgl. 5006 £ 31‘.?300..

282-484, &

Zffect of flooding on goil

reaction and wobiligation of
various nuirients. J. Indlan
Sog. Soil Sgi., 163 149=-153.

The axchange‘oharacterlatica

of ggme glay.aoila in thg .

mid e Uuainmaa, Amnlg Agric
-”en s ZpS 77-289.

dbgt (9) in Soils and ferti.,
30(1): 11, 1907«

Study of the profile morphology
and physico-ghemical propertics
of Nilgiris soils. Hgdras Agrie
Jo. gg 7)-

The retention and reaction of
anhydrous anmonia on different
goil types. Soil Sei. Soo.
Amer. EI'OQQ' 323 38‘420

The Influence of liming on the
axailability or soil potash.
Jeo Amer. Soc. A on., 19:
483505,



0-:11--

Hchta. BOYO.' 1964
Reddy, G.Rey

Nalr, GeK.,

Gmdhi’ SQ .y

Heelakantan, V. and

Reddy, Kale

Maehta, B,V. and 1967
Pa.tel,' NoXa

Menon,  ?.K.R., an. 1957
Sankaranavayanan, Hede.
Herohand, B.D. 1924
*Merodio, J.C. 1972
Middleton, K.R. 1965
Milton Firezan and. . 1551

Wa&lﬂigh’ Ce H.

Hioronutrient studies on
Gujarat soils and planta.
. Sog. 501l Seles

J Indig%
lg: Tﬁ" 424

Forms of mangancse and their
distribution in soil profiles
of Kaira diatriet in Gujarat.
J. Indian Soc. Soil SBoi., 13(1):
1967T: 41=47.

General charaoteﬁiatioa of
Indian black goils. Blask
golils of PTinntiah distrioct.

- Indian J. m- %c, gI=

g% 265,

Some physi@ologlical properties

. 0f Iranswaal soils. J. “2zgric.

'_S_gé-_.’ 1&: 151"1690

Analysis of soila of the Rio
Hegro valley. IIl.S5tatisticnl
study of ths corrslation of
wgoro elements with soil
factors. A. Form of manganese
and tagir correlation with solil

propertics. Rovigta de la
Facultad de Eﬁgonomi%. 45(2):
133-141, “Abat, (3 in

S01la and Ferti.,.35(2): 127..

determination of pluminium and
iron and the relation o .
eluainiumg to clay in certaln
tropical solls. Scil Sci.,
199(5): 361. .

A statistical study of relation-
ship between pH and exchangeanble
Na percentage of western soils.
501l Sei., 23(1): 251=260,



maﬂo:.. JDJI

Mis:ra, B, '3
Tripathi, 3.k and
Dindayal.

HMishra, B. and
Trip&thi. B.R. .

iishra, 3. . and
 Tripathi, B.He

Mitehell, ReLs and
Muir. A,..

Mohapatra, A.i. and
Kibe » HHelle

Honey, N.S.

Money, H.S5. and
Sukunaran, K.

wxiii=

1920

1969

1972

1972

1937

1972

1961

1973

Aluninium a3 a factor in poil
acildity. Soil Sei., 10! 153~217.

Copper status of solls of U.2,
Je Indian ?_23. 3o0il %0|12(3)3
3'79"3330 .

diatribution of different forms
of manganese in Tarai, Bundellthand
and Vindhyan soils of U.Z2,

Jeo Indian Soc. ‘Soil Sei.,

20(3)7 249-258."

Digtribution of differcent forus
ctiganggngsg 1% t?e alluxial
solls of U.P, Indian J. Agri.
Sgl., 42(7): 585-591.

Base axchange capaoclty and clay
content of goils., Nature,

7 London , 139 552.

Studies on the distribution

and availability of miocro-
nutrients in !aharashtra soils

I. Manganese. Je. Indian Sog. Soil
§_?_-!-,- » 32(1 )3 67=T77

Studies on the soils of Kuttanad =
Part I Toxic factors. Agei. Rea.
Je Kerala, 1(1): 52-58.

Chenical, microbiological and
agronomic aspects of the aoid
saline waterlogged soils of
Kerala. Tech. 5all. 1. Published
by the Directorate of kxtension
iducation, Kerala Agricultural
Unlversity, Mannuthy.



Moorman, F.d.

Nair, CeK.H,

Nﬂir' S¢Py and
ﬂj,yer' Rede

Nair, P.G, and
Money, HN.S5.

Hﬂmbi&r. HePy

NMbiar. :POS .II.

Heelakantan, V. and
Hehta. B.¥.

*Howosielske, 3.

1945

1966

1972

1960

1947

1962

1966

Aeid msulphate soils {cat clays)
gr gropiee. 501l Sei., 22(4):
2- 5.

Studies on the Kgqri soils of
Travancore. l.50. Thesgis,
University of {rgvansore.

Studien on the factors govern-

Aing the available phosphoris

atatus of the acid soils of
Kerala 3State. Agri. Reg. dJe

Korala, 4(2)1 61-67.

3tudies on some cheaical and
mechanical properties of salt
affected rice asoils of Kerala.
Agri, Res. J. Koeala, 10(1):51-
53.

Studics on the offect of liming
laterite asoils of the Weat
coant (Kerala). 1«30, Thesig,
Madras University.

Bage exchange studles in
Pravancore rice soils and
utilimation of bye products
from oalt fectories of
Travancorac. ii.5c. Theals,
Univerasity of Pravancore.

Jistribution of copper in
typical soil prorileg of
Gujarat. Indian J. Agric. Sei.,
32(1): 39-46.

Phe effect of difforent long
term treatments on the zino
content of soil. Hogzn. HNju
Roln. 91 A, 429-439. Abgt,(63)
:gﬁunoil and Zaerti., 30(1): 18,




Pa.ok. Molie ’
Toth, S«J, and
Beal’.'. F. E.

Paduajae, P. and
Verghese, ¢,

*Palfavi, L.

Parvathappa, HeC.

Patal, J.d., and
Mehta, 3.V,

Patel, M.S.,
Yahta, +M. and
Pan@a. HO G'

Plerre, Wi,
Pohlman, G.G, and
MeIlvaine, 1.0,

1953

1972

1958

1964

1962

1972

1932

Coppar status 0f Haew Jersey
soils. $oil Sei., J5¢ 433-41.

Aftfect of Ca, Mg and 51 on soll

-reaction and nitrogen and

phosphorua status of the red
loan soils of Kerala. Azri. Res.

d. Kerala, 12(1 )2 14=20,.

The affact of different rates
of amendments on the Ca =poor
meadow soils in the southern
regions east of the Tirza river.

Aggoke% !g;%gt. i: 15=34.
bats (2312) in coilp and Zerti.

oI (6): 394.

Study of characteristics and
productivity of red solls of
Hyasore State. Abgtrazet of
work done at the Hegional
Poptgraduate training Centrs,
Agriculiural College and
Research Ingtitute, Foimbaiore.

Vertiocal distribution of total
and available phosphorus in

gg?e typiciég?oilJprgriiaa of
arat. 10N de g?_-" Ce
Sel., 32(3)7 178-1880

Study on manganese distribution

gng aVaila?iliﬁy 1§ Sguthb
wjarat sollo. J. : !32 % _:_22.
Soil m.' 39(1%3 9«30, -

Soluble aluminium studlies.
I. The goneontration of aluninium

ig thgddisgiaceg aoi& solution
of aoid soils. Soil Sei. :
145160, » dd



Pipery, CeS.

PiﬂhBrOdi, P.m. and
Britoe=
mutw&gam. AsPele

Prasad, d.N. and
Pagel, He.

‘Prasadp K.G. and
3inha,

Prageedon, .

Prﬂtt. 2.F. Bnd
-BLBII'. E.Il

Rﬂi. 24.;‘1. and
Mighra, i1.Ke

Haly feliey
Shitoley, D.3.,
Pal, AdRe,
Vakil, b, and
-Gupta, S.4

Rﬂi' Moleyp
" Dighe. Jd.4, and
Pal, AR,

1950

1966

1970

1969

1970

1961

1967

1970

1972

Sog. Soil Sei., 20(2):

So0il and plant annplysis.
University of Adelaide,
uatrnlia.

! ancge gtatus of rice solls
erala, A . RQG. Jo

of
Korala, 4(2): 39-48,

Avallable zine in important

" goils of the arid and humid

tropioes. Jaite troa- Landu, -

Vggﬁed 83 145~ “Eat.(3610)
in 8 ;’g and Ferti.. 34(5):
483, 1971,

4ino atatus of Bihar goils.
Je Indien Soc. 50il Sci., 17(3)
266"'2 i 4 [] .

D1gtribution of copper and
zine in the soils of Kerala.
MeSae{Age ) Thenia, Xerala
University. :

A comparison of 3 reagents

for the extraction of aluminium
in soils. Soil Sode, 31

357-590

Available copper in ﬂaﬂhya
Pradesh soils, J. Indian Soec.

5011 bci. » 12(1 ) 49-!74 ™

" Available micronutricnt status

of desp black soils of Madhya
Rradaah. J. Indian Sop. Soil
Set., 18(9)¢7383<389, ~

Availability of copper in deep
black solls of 11.°, %. indian
135=142,



wxvii-

Rajagopal, C.K.,
Moosa Sherlff,- i,
Sglva Kumari,fG..
Madappan, K. and
Devarajan, R.

4974

Rajgkltannu, K.,
Balasundaran, GCSO’
Lakshminaragimhan, U.R.,
Rengaswany, 2. and
Malethi Devi, S,

1970

Repagwand, 2.2, 1966

Rangaswamy, (.3, 1965

Raychaudhuri, 3.7,
and Hukherjee, M.X.

1941

Raychaudhurd, 8.2,
and Landev, R.J.

1960

#Rewther, W, 1957

Relation botween organic carbon
and available mleronutrients

in theiaoiés of ‘shi Kilgiria.
é} Indian Soo. éOi ggéif
22(1)7 347=551,

Relationship of avallable
potagalun with soil rcaction,
available nitrogen, liue
oontent and organie oarbon in
the solls of Tanuil liadu.
Hadras agric. dJdy 21(2)3 T7=79

' 5tudies on the physicce-chemical

and biological properties of
goila of Madras State.

¥ndrag pgrie. J. 53(10
ng-gg . - 22 ):

A comparative study of profile
characteriatics and physical
and cheniesl propsrties of
red a0lls in Bangalore tract
and Visweswarayya canal tract
in ifysore State. Abstract

of worit done at the Poatgraduate
Centre, Agrioultural College
and Rescarch Insgtitute,
Coimbatora,

Studies on Indian red soila.
IX.Fixation of phoasphates.
Indi 9,1. agric. Sedl, 11:
2 -21 .,

Sffeot of scil reaction on the
avallabllity of P and K,

J. Indian Sop. Soil Sel., 8t
171-1 . .

Copper and scil feriility.
Jeaxb, U.8. dop. Agric. 128«34.



Rieharda;‘L-A-(lé.)

Robsnson, W.0,

Roy, ReBs and
Landey, Rede -

Rllﬁsell ’ EH .h.' ¢
Sankaran p Ae

Satyanarayana, K.V.5.,
Swaninathan, K, and
Vipwanath, 3,

sa'iﬂ. B, and
Je&iﬂ. M.

Saxena, S.N, and
Baaez.', B,h,

-xviii- '

1954
1929

1562

1950
1962 .

1946

19683

- AR, B HD?? HAUK

1964

Biégnoaia and 1mprovemaht'of
saline and allkzalli soils,
Ue.8. Jep. Agreig. Hondb. 60.

Detection and significance of
manganese dioxide in the moil,
Soil :lB_Q_j_-.o. 213 335=350,

Studies on red and laterite
80ils of lland wator shed in
Raigarh dist rict. Indian de

agric. Sei., 33(4)

Soil conditions and plant
growth, Longuanas, Green & Coa,
London.

Laboratory manual for
agrioulturel chemistry. 4aiae
Publighing House, Bombay.

Comparative atudies on Indien
goils. Carbon and nitrogen
gtatus of Tndian poils and
their propertiea. JIndian J.
gggic. &%‘ » lén

“Uontribution to the study of

iiny, Ca and 4n content of
bmonitza in HMacedonia.
T 12212t
Abst. 3) 10 soiig I.BD&
Eerti. ;2(3) 269. 1969.

Studies on uangancse fractions
and thedr utilisation in Mewar
poils of dajasthan. Je. Indien

_SOG. 3011 301.. 12- 599-405'




#*3emb, G, and 1966  Investigation on the gopper
Oien, 4, content_in samples of

Norwegian Forslk.Fora. Landbr.
17¢ 209-223."3%91;.'%55) in

Soils and Pexti., 30(1): 19,

1967,
Sen, and 1941 Zaterite and red soils of
Jeb, 13,C, India.Il. Indian _II. A@i .
Sei. XI3 617
Sharma, S.G. and 1964 Manganene status of goilp of -
Hoti.ramani, D2, Hadh‘!a Pradenh. 5[. é ggiﬂ ‘&_sg'go
: 3011 3__2_1_.... lgi 249 e
Sharma, R«3. and 1969  2inc atatus of the soils of
tlotiramani, 2.7, ”adhya. Pradesh, Jo Indion _1‘529-.
Soil m.’ 11(1 )3 19«26,

Sharaa, O.P. and 1968 Manganege ntatus of black
Shinde, DA . soills of Indore distriot.
: lo Indian Soce Soil gg_j_.'o’

16(7)7 65-69.
Shuktla, V.0« and 1975 Formg and distribution of
Raghbir Singh iron in some sicrosca goils

of Haryana. J. Indian Soc. Soil
Soie, 21(1)2 35~40.

Sreedevi, 3, and 1974 Potassiun status of the acid
Alyer, RSe. rice soils of Kerala State.
: t_];o Indian .S_o_ﬂ_o Soil _S_Q__i_o.
22(4)7 321=328."

Stephenson, R.i, 1921 The offect of orgzanic matter
in soil reaction. 1I. Soil
Soi., 12! 145-162,



Subba Hao, A4,

Subremcney, N.

Sukumara Pilléi. Ve

Pabatabal, M.A. and
Hanway, &.l.

#Tayel, M,
Hamdl, He and
Abdel Ghani, AJH,

Tambhare. Bcﬁo‘apd
dal, HoMe

*Thekker, F.N, and
Bh“mblag DyRe

L &

1960

1960

1964

1968

1966

1967

1968

A atudy of inter-rclationship
between physical and physico=~
chemical properties of goilns
of ladras Stataoe. Abﬂto of
dissertation work done at the
?.u.Tralni c@ntre. Aob\ & Rels
Uoimbatore. Updras Agrd. J.9 31
(9): 4002, 1964,

Sulphur bacterial cyole,
prodbable mechanism of toxicity
in acid soils of Kerala.

-Bolence and Qulturs, 2: 637-638.

Physico=-ghenical and micro-
blologioal studies on some

ari golils of Kerala..
ﬁ.Sc.(Ag. ) Phesia, Univerasity
of Kerala.

Some chemlopl and physical
properties of different piged
gatural ?ggrgg?feg §rog

owa golilp. S50 Cle OB,
Amer. ?roco. 22(47?‘533:w91!

iron status and behaviour

in the soils of =gypt.

Beitr. trop. aandu. Votied., 1:
2’-330 Bhe % Iﬁﬁginﬂ
and bﬂfti.. E-(B 3225' gi.

asffect of pi, 03003. texture

and organic matter on the
avallability of manganeae.

dﬁ ndian 500. boil Sciop 123
251-25 [

digtribution of iron and manga=
nege forma in acidic and neutral
goillhgéithe Himachalég.

2000 ca, 12: 412-521.
ﬁbst.'"r3§§§)1 n Soils and
?grti.. 21(6): 431. a



Thomag: Vargnaae and

T°b13| .K. ﬂnd
Hanng, 4 te Se

Tripathi, B.lk.,
Hiﬂhr&. 3, and
‘Dindayal.

Unnikrishnan, K.

Vala;li, K.

Velayudham » e
and Raj,D.

Venu reddy, R. >
famalingam, T,
ﬁagha?an, B,,
Sargunan, N.l.,
Tbyagara;lan. E.nd
govindg Iyer, T.A.

oXxi-

1965

1958

1969

1961

1972

197

1971

influence of oaloium and
magnesium in inoreasing the
effioienoy oﬁ rgitilizerg .
for rice in Kerala. Asri. 3eg.
gzn Karal » 2(1 )340"450

Zffeot of eopper sulphate
added to irrigation watcy on
aopper status. of Zgyptian
goils. I, Amount of gopper
ratained by soils. Soil Sci.,
831 302~305.

Digtribuation of zinc in -
goila of Uttar  radesh.
Je Inldian Soc. boil 30*..
TUEIT aTI=4T6.~

The effeot of rainfall and
aleavation on the properxties
of laterite goils. Jisser-
tation subnitted o the
Univerolty of Madras for
1.3¢. (Ag. ) Dewree. ,

Studies on the ptatus and
disstribution of copper and
gine in 2 =01l series of
Zrivandrun district. M.5c.{Ag.)
Theasls, Xerala University.

Interrelationahip batween aoil
geparatens and properties of
%oilu of Tanil gadui Jde )
ndian S50g. Soil Sci. 4)3
piceh + 42

Relationgalp between texture,
line atatus, pHd, electrical

conductivity, available nitrogen
and phoagphorus in the solils

of S.Arcot. Madras agzic. J.
58(5)1 385e35Te '



wxxlli=

Verghese, 1.2, 1972 Studies on the lime potential
T and aluminium hydroxide
poteniinl of acid goila of _
Kerala State. M.Bc.(Aﬁ.)

Thesin, Univeraity of Kerala.
Vergheose, M.P. and 1973 Studiea on the lime potential
Alycr, deS5e and aluminium hydroxide of

the acld soile of Kerala State.
2gper pregented in the
Symposiun on aeid sulphate

and other agcid soils of India
held at Privandrum in Feb.1973.

Veruagt, J.G. and 1950 On the oééurrehce of ocopper
Ble, G.J. Vander. in tropical goilg. ZFlant &
' . .3011. 33- 25T=82,

Vijayachandran, P.K. 1963 Zffect of elevation and rain-
£3l1l on forma of principal
plant nutrient slementa in
Kerala solls., ‘Jisgertation
gubaltted to the University
of Madras for M.50.(Ag.)

- Degrodg.
Vittal, K.?.R, and 1974 Jine in poil profiles of
Gangwar, M.S. Nainital Tarai. J. Indian Sog.
Soil Sol., 22(2)% 151-155."
*Vuletic, N. and 1967 The trace element content of
Mija;ov;c. Be wineral hydromorphic soils in

Bognia. Zemlj. 3ilikg, 163
335-342. Abst. (75) in.Séilg and
Ferti., 31(1): 12, 1968,

Wila, A, . 1974 The potassium gtatus of soils
: in the savanna gone of Nigeria.

' m_o Agrio.’ Z3 257=2T70.



Wilding, L.P. and
ﬁutle‘dge » HeH,

Wright, Wi, and
Foaa, J.i.

YBdB"g JeSaPs

Yadav, J.S.F, and
'Ka.lra, K.K.

Yuan, Ted,

Yuan, Tele,
Gaamon, N« Jr. and
Lelghty, defie

: Zendﬁ, G".K. and
Pharande, H.S.

axxiil-

1966

1972

1964

1964

1959

1967

1961

* Original not seen

Cai%eCe as a function of
organic matter, total clay

and various clay fractions in
a soll toposeguence. Soil Sei.
So0g. Amer. Proc., J0: 762=785.

Uontribution of clay and
organic matter to the LCe.3.0,
of lMoryland soils. Soil Sei.
S_.Q_O_o Amere. Progae, 2§t1)=
115=118,

Trace element content of a -
heavy olay soil from iZnglend
under free #and poor drainage.
Igdi!iﬂ EQE" 293 360"365.

Exchangeableo manganesa in
3er;ain Zorast soiia of India.
J« Indian Soa. 30 ‘?'_Q_o.

12: 225334, T

Determination of exchangzeable
hydrogen in solls by titra-
tion mothod. Soil Sgi., 88(3)1
164=168, o

Aglative eontribution of
organic and clay fractions to
CelisCe 0f eandy moils from
geveral soil groups,

Soil Sei., 104(2): 123-128, .

Zfftect of particle aima'on
the lovel of oxitractable

manganese in the soil.
Je Indian Soc. So0il Soi.,
Q: ?&"980






