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In the earth's ocrust silicon eontwribhutes ovar 27 per cent by
woight of the elements present. Agricultural seils in general contain
ebout 65 te 95 per cent of silicaz op silicen dioxide,

Plants normally contain comparativoly a high percentage of
silicon and the emsentiality of the element for plint growth has been
widely discussede. Esxly physiologicts believed that silleon sirengthened
the stenms of cersale and gresssss Silicon, while it often imprognetes
the ¢gll walle of cortain plants ond apparently renders them less liable
to fungus infeotion and insect attack by viriue of the hawdness of
gilicated cells, has not been considersd essential for plent growth,
because normal, heslthy plants can be grown without it. Howaver,
Releigh (1939) has obieined svidence which seems to indicate that silfeen
may heve & pore fundamonte) vole in plant nutrition. Wsgner's (1940)
renults with rdce, bavrley, corn, tomatoos and several other plants ave
in sgreement with those of Raleighe Evidence, thorvefore, exisis thut
plents axs benefited by at lesst smell guentities of silicom, but plant
ghysiclogiats in generanl consider the essentialify of the slament o be

an unsnswexed question.

Silicon is beneficial %o certain crope when the supply of
phosphorue i limited. There is difforence of opinion among workers
as 0 whothor sillicon increases the availebility of phosphowne in the

soil or partially substitutes it in plants.



#nong cereals, rice plant is considered to be a very heavy
fecdor of silicn. In & recent vaporit from the Interrational Rice
Research Institute, Phillippines,it has been emphasised that rice

plants remove cbout 830 kg of silica per hectare.

Howaver the total removal of siliom by rice crop obvicusly
dopends upon the amount of available silice present in the soil, the
types of ohanges that teke place to applied siliocs and the grein and
gtraw yields obtained. These naturally will vary among soil types.

In Xerala, rice is grown moinly on base-unseturated and parily
desilicated luterite soils, It is also grown in river borns slluvial
aoils, peat @oils, and reclaimed kayal soils in the Eultanad area, and
the black soils in the Palghat districts The possibility of enormous
lossoe of atlica from these goile by erosion and leaching exists.
Therefore & study of the status and distribution of silica in the rice
soils of the State, along with investigetions on factors contributing

$0 the pleniwavailability of native silica, was congidered desireble.

The present investigeation was underiaken with the following

objectives.

ie 70 find cut a suitable extractant for evaluating plant

available forms of silicz in soilse.

11, To study the status snd distributicn of soluble silice in

the various soil typss of Kerala.
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Po evaluate the silies content of irrigation waters from

different sources.

Po study the influence of soll characteristics on the
availability of silicas

To investigate the plant-aveilability of sdded soluble
silicate end their influence in svlubilisation of native

phosphoruBe

To study the influence of ircn ané aluminium on the
availebility of added gilicatea.
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REVIEW OF LI?ERATUORE

Silica is one of the mejor constituents of soils and plants.
Clarke (1924) has placed silicon moxt $6 oxygen in the order of abumndence

in the earth's crusi.

Considevable information is avaiiable regerding tho chemioal
composition of rocks and that of goils derived from thems Though valuable,
guch information mainly cenitres arocund the ultimatbe products of weathering
conbeining silicon, and the mechenism of their formation and transformation,

has been realisged.

SILICA IN 501

Though sbundent, oilicon cxists in diverse forms, free or

combined. In soils the total silicz content vavles widely.

Joffe (1949) quotes values over 95 per cont in the case of some
coarge textnred podzols composed mainly of guaptz graing to leés than

5 per cent in highly weathered laterites.

Sivaraja Singsm et al (1962) reporied that somoe laterite golls

contain less than 1.0 per ceni Si.(')e-

mithsom (1956) reported various forms of erystalline silica

vize, guartz, chaleedony and ehalcedonitc distributed over & wide ranse



which on weathering are presumed %o be asveilsble &s a potentisl soures of
silicon in soil. Dut these ave diffimxlig available end hence the woat
importont form irmedictely available is consideved t0 be the arorphous
forme thot ave formed in soil as 4 regult of nestherins and mineralisation

of plant yegidues coniaining high smounts of pllica.
Aporphous foymse

Mattson {1530, 1931) in e geries of papers hes given much
emphoris on the inorganie, oolleoidal, emorphous goil components., The
isoepleatric precipitation of the hivdroxides of silicon, iren and
sluminivm in solls in relation o clay winexal formaition has boen
extensivoly dealt with in these paporo.

Varicus temms are beins uped by different authors to describe

the amorphous forme present either fyeo or combined.

Rose & Kerr (1934) used the torm sllophene for mized gels of
aluminium and silicon (.&120 » 2 szoa. nHZG) hisingerite for iron and
eilicon (Fe 0 510231320) end opaline as §i0,nH.0.

Jackeon {1956), baged on the solubility of these amorphous
forms, subedivided the allophane group into unstabie allophane, for
those that are easily soluble in dilute scide and atkalies end shable
allophane for those which are not diesolved by dilute hydrochleric acid
at pH 3«5 or by 2 por cent sodium carbonutes Tho former is presumed

to be formed due to the weathering of permeablo voleanic ssh and the



latter as a weathering product of helloyesite and keolinite.

Mo Xoague & Cline (1963), from adecrption studies of monosilicic
acid, obsarved that these amorphous forms occur as a surface coating on
forric oxide and other substances. This wes supported by the findings of
Mshra & Jaeckeon (1960) who observed high silica in the extracte of soil

whaen treated for pemovel of free iron.

Saithson (1956) reworted cpaline ailica as the cormon constituent
in most of the gruss lend soils, probably relessed from plant residves by

theiy decomposition,

Besilevich gt al (1954) estinmated that opaline silice occurred
10 the extent of 1 to 2 percent in the fine sand and 9ilt fwactions of

many sollss

Solubility of silica in soile

Though identicsl in composition, quertz, eristobalite and opaline
srliea differ in their solubility due to the differcnces in theiy structurse,

surface activity and ssmociation with other ions.

Gormex & Storks (1939) showed that the mechanism by which
aluminiun depresses - the solubility of silice is by the formstion of
a8 coating of hydrsted aluminium oxide sround the silicn particles The

raverse of the process 1s alsc possible but is of minor impcrience.



Tler (1955} found that thero is & negative correlation between
the density of silicote pariiclos and Shely eclybility in wabter und hewce
& devresse in the colubility wos found in the order from opal through
epistobolite to quartz. T found the solubality in waler of quapta
porticlan of sizes 10 mfu, 5 nh exd 3 nA dismetor as 28 ppmy 120 pm
gl 930 ppm pespeciively, He further chserved that tho solubility of

soorphous silics varied linearly with tamparaiove.

Alexander (1957) alse emphosised $het different seuplese of
smorphoue silice may hove sose what different solubilities depending upon

the particlo pize and 3he nusber of Bi-0H group in the internal structure.

Atexender et £l (1954) ohowed thet the selubility of anorphoug
gilica incpenpos phoyply with increasing alkalini¢y beyond pH 9 dus 1o
tho formation of silicate fung. Mowevor, its solubllity between pil 2 and
9 ot & tompernture of 20%C ie indopendent of the pH of the medium. e
alpo foand thed in coils where the g wos less than Dy oilics existed in
the monomeric form, Si{0H) 4 alowly polymerising to the colleadsl form
when the concentrabion of £i0, oxcoeds & coytain Iimit at vomm temporature
end nger noutral pHe

Using soil golution oystoms Mo Keagne and Cline (1963) cbserved
that the coneentration of ellica in 501l when extraoted with solutiong of
vorying pH was negativaly correlsted, and fur o loan textured soil the
silice content 4n the extract ot P value S.2, Te% and G.% wers



BeTy 247 and 1.5 ppm rospectively. However, the same trend could not be

observed in the case of aquecus extracts of different soils.

Ranpach (1957) using Huttons data on silica content of
ssturaticn extracts of & large numbezr of Australisn soils of varying
texture, pH and other properties revealed that there was a decreazss in
the silice content with inereasing pH, and the average content of ailicae

batween pH 6 and 9 were found t0 he 36 ppm and 6 ppm respectively.

Isportance of moisture with respeet to the release of silica

in e0il solutions was siressed by warious research workers.

Mo Keague & Cline (1965) dealing with soil water system found
that the concentraticn of silice in selution incremsed with increasing

soil $o solution ratics

Effeet of werioug other components of soil on dissolved silica.

King & Mo George (1938) found that the sddition of & variety of
ogidep and hydrous oxides of polyvalent metal ions depressed the emount of

soluble silice in selution,

Germer & Storks (1939) reported that the depreseing effect of
eluninium on solubility of silica was due to the formaticn of a coeting
of hy@rated aluminium oxide sround the silicious perticles. This view
wag supported by KrausKopf (1956).



Me Keague & Cline (1963) observed that hydroxides of polyvalent
metals vize, Foo', A19%, Fi%* and 0o®* were offective in removing silica
from soil solution snd their effectiveness wae found to incresse with
increasing pH upte 9, Thus e pH dependent sdeorption reaction playa

& major role in controlling the concentraticn of silies in s0il solution.

Okamoto gt a1 (1957) had also made similey observations. They
found that aluminium at 20 pym, the lowest concentrabiom used, reduced
the concentration of silics in golutiom from 35 pma to 15 ppm when the pH
was in the range of 8§ 10 9 end the silica in golution inoressed as the

7H was ebove or belew ithls range.

The ebove views is further supported by the work of Jones &
Hendreok (1965) who found that silica in aoil solution is in the
monogilicio form and addition of iron and eluminium oxides lowered the
concentration of this form. However, thoy observed that aluminium oxide

could reduce the concentration of silica in golution to a greater extent.

Biever {1962} found a reductien in golubility of amorphous
silica in water due to adgorption of colleidal orpanic matier on their

surfaces This could bo obsexrved in peat solls.

4 high concentration of dissolved silica in soils under poor
drainage is reported by Pommem Pexume (1955), the reason attributed being
the liberation of silica following the reduction of iron existing in

conbinations with eilica under anacrobic condition.
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In the poriodical estimation o silies =l alumine in goils
from 2 poddy Tield hefore and ofter sbagnstion, during growth peried
of wice, Uchiyams & Onilure (1955) found Jrat thave was 2 decrsas> in
both 3102 and A1203 for the Initlel pericd of 1% days olfters stagnation
followed by an increase of hoth for enother 45 dess and beyoend o

period Si&e concentration alino decroaned.

The initisl rete of decrsase is according to him probably
due to the formeticn of clays from the gilica and &iumina. “he second
stage of increase in both oio and A12 3 is probably due to the
westhering of minersls zlrenty preceni or newly formed ones. The
reduction of S&OZ alone in the subsequent period wag attributed o
the posaible eltersvicn of 8102 into ingoluble forms, crystobalite
or quariz,.

Biologlcel influence on the solubilization of silice in soils

is alsc of importance and this hes been dealt with by verious workers.

Jacks (1963) has stressed the impoxtant role of plant root
sxbretions in the weathoring of siliestes.

Hovira (1962) found that the major constitusnte of root exudetions
ere various amino scids, tannic aecids, hydroxy scids and other plant acids,
sugars eto. Somo of thess congstituents are well known to be cheleting

agents. Hvidences ghow that a higher concentration of dissolved silies
is found to be associnted with velatively stronger acidity and the
prosence of chelating sgenta adjacent to the plant roots.
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Besides, micro organiems such as Bacillus silicious direetly

entering into the decomposition of alumino silicates or Psgudcmonas 9ppss

producing organic acids such ag Z-keto gluconic acid that dissolve
silicates are 2180 reporied {0 have influence in controliling the

concantration of silice in some soils. (Webley ef al ~ 1960)
SILICA IN VATER

The concentyetion of dissolved silica in natural waters is
controlied by varicus fectors. Clark (1924) observed a wide difference
in the concentration of silica in eamples from dufferant rivers snd from
different points of the same river, the down stream waters having less

gilica than the up siream tributaries.

While estimaeting the dissolved silica concentraticn of 225
rivors in Japan Kobayashi (1960) feund an average silica concentration as
hizh 48 45+1 ppm in rivers flowing through regions of woleanic rock and
10+4 ppm foxr those flowing through regions of sedimentery rooks.

Acquaye {1960) uoing datz on the chemical composition of a
gevien of draineze end river waters from a variety of cstchmen’ areas
infers that considersble leaching of silica from seil occurs although
in the drainage waters it seldom excesds 10 ppme His estimate of the loss
of silics through drainage water in a lmid region is as high as 25 kg/
aere/year. Using dats of Handricke=waWelsh (1938) on lysimeter studies
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at Craibstone, near Aberdeen with an average rain £all of 83.2 cmp and
wean drainage of 46,7 cuw, he estlmated the aversge anmnal loss of ailica
to be in the order of 32 kgfacre. He could obtein similar dete for other

scils alao.

A wide varigtion in the pattern of silioe distrimtiun in
oceans from surface downwerds was observed by Siever (1957). He reports
that surface ocesn water coniain less than 1 ppm while the deep oceen
water contain 12 ppr smf highest dissolved silica content in alkaline
lakes being 300 ppne

Kovda et al (1959) heve given much emphesis on the pH end ealt
concentration affecting the concentyration of dissolved silice in weter.
The date reveal that in the slightly acidic run off in the foot hills of
Amsr ares in Japan, silicn content varied betwesn 30 to 40 ppm, in the
nearly neutrel waters from 5 $o 20 ppm and in the saline surface waters

from 2 %o 10 npme

Though there iz considerable dispube over the forme of silice
whioch exist in natursl waters, it has been proved beyond doubs, that the
diasclvad silice in netural waters is meostly of the monosilicio form

(Wolyhdenun reactive).

Hany have, howaver, reported the existence of colloidsal and
silicote fregments in drainage waters, bub XKrauskopf (1956) poinis oub
that their existence is only temporary in weters underssturebed with

reapect t0 amorphous gilica as they slowly get disaolved.
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SILICA IN PLANY

silicon, though its essentiality is yet to be proved, is an
olement which is absorbed by plents in major quentities, This is
particularly trme of cereals especielly rice plants. Large quentities
of gilica removed by plents are, however, retvaned to the soil &s plant
renaing and hence there is a continuous silice ¢ycle existing in nature.
When tho siraw of cereals is returned 6 the field, the silica oycle is
not intermupied. Only when the atraw is removed in o continuous

ocropping, the need for applicotion of pilicate fertilizers erise.

Russell (1961) reported that perhaps,twice ss much silica is
cycled annually through plaats as is lost in drainage webter and hence the
biclogical depoasition of silica procgeds on a grand seale in seils, He
astinated an annual rostum of 100 kg Si()z/acre through leaf £all in e
hard wood forests

Beovers & Stephen {1958) estimated that tho Opeline silica is
present to the extent of 1 to 2 per cent in the surface ooils in some

of the grass lond soilo.

Accopding to Novorosova (195%) silica returned to an hectarse of
soil through litter of spruce forest in 1000 years is estimated to be
50 t0 60 tons.

Lovering (1959) oboorved a relatively high content of silica

in tropical trees and conmsidercd it as one of the reasoms which lead to
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the depleticon of silice and envichment of sesquicxide in laterite soils
doveloped in tropics. Under these conditions,the lose of silies is very
high when the litber high in silics ave remcved by erosion before their
silics is velonsed into the soils He astimeted that in 5000 years

2000 btons of silica would be remeved from an ecve of soll by the forest
in tropics. In arriving at thip figure he ecsumed the average silica
centont of fopreet freos =a 2.5 per gent and the dry matter production

es 16 tons/ecre/yeer.

Hature snd digtribubtion of silica in plant.

There ie ndtmuach evidence to show that plentc contoin silier
in any form other than opaline althoush Lemning et sl (1958) reported the
presence of alfe querts end opal in hontens gpp.

Jones gt &1 (1963) working on ot plunt observed that the silice
present in oab is inveriably opsl (Siﬂzn!}zﬁ) and is deposited in intimate
ageociation with tho materiel of the ecell well. The distribution of
pilica varies from organ to orzan, In the glume it is about twice as
ruch aa in the leaf, while the leal cuntains sbout three times as much as
is present in the interncde and voots. Ho found that silica is present
in graminacious plant, 10 to 20 times as is present in logumes. Bven in
the same speciss of planis vaviation is found in tho silica content
depsnding on the nature of tha soil. He also obtsined nogative corpelation
botween the silica conbtent of the plents wath the pH of the so0il.
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From the reports of the International Rice Reseawch Inetitute,
Phillippines (1964) i% is seen that differences in the silice comtent of
rice seedlings of different verieties grown on one and the same traoct

could not bg obtained.

Larming {1958), in association with other yesearch workers

observed the presence of alpha quarbtz and opal in Lentana species. In

196% working on rice plant he found that the silica present in rice is
entirely of the opal form ard descrided it as biogenetic opals He
further observed that the silics content of various parts varied fram
2463 per cent in tho inflorescence to 13+13 per cent in the leaf sheath.

The reletive distribution of silice in rice plant and the
magnitude of its ebgorption in relation to other nuirients have been
summarised by Kyogeto (1960). Accoxding to him, the silicicorous plants
like the rice plant is found to contain in the shoot about 10 per cent
of silicate and to produce 150 kg of mlled grain, about 30 kg of
silicabe would be requireds The requirement of nitrogen, phosphorus and

potasslum for the same heing only 3.7, 1.5 and 3.0 kg respectively.

Yoehide gt a1 (1959) found the silicon in rice leef blade
to oecur as silica gel,a form different from opel. The polymerised
silicic acid £ills up the apertures of cellulose micelle constituting
cell wall and meke up silica cellulose membrane which is supposed 1o

protect the plant from disease.
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Adyenthaye & Rengaswamy (1952) studying the distributicn of
silica in rice plante in relation to resistance to blast diseass found
that the highly resistant varieties vifi., (04 and C0.26 have & maximum
nunber of long silicsied epidermal cells, They further obsexved a
reduobieon in number of cells per unit area vher higher doge of nitrogen

was applisd.

Gilicon in relstiion to octher nutrients.

Direct and indireect ovidences from the researches conducted so
far reveal that silicon hag prohably en influence on the srowth, yield
and uptake of other mutriecntsc. A coxrect and precise cssessment of
the status of plant availsble eilica in soil ig, however, not possible
unless the relative distritution of other mutrients in plants and goil

are reviewed.

Kyogoto (1960) reported that a silicon content greater than 12 §o
15 per cent must be present in rioe plants to obtain higher yields,
Increasing dopes of nityogen ceuse decresse in silica content in the
wigsues, since dry matter production proceeds ot a pace grester thom
that of silica absorption. He also found that magnesium deficiency

often causes lowered absorption of gilica.

Izawa & Kume (1959), from pot culture expsriments with immid soils,
occnoluded that higher doses of nitrogen decrezsed silica uptake lesding

$0 inoressedlodging and lowered resistence to the incidence of blost.
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Theoe two views veveal that even when plant evailable silica is sbundant
in soils, high doses of mitrogen probably reduce the upbalke of ailica from

soile

Miyoshl & Iohi {1960) found that silieic acid decressed the
content of incrganic phosphorus in sdem and leaves end incressed protein
nitrogen in the sar head., Application of silicic acid was famd te
decresse the translocation of ebgorbed phosphorus from the upper leaves

to the car head.

Okuda ond Tokshashi (1961) observed o decreased uptake of iren,
mangzeness and phosphorus, and an increesed uptake of niteogen and potessium
by the application of gilicas They further observed thai higher silicn
content in the plant tops reduced consideysbly the transpiratien in the

plants

Yoskide gt sl (1959) cleimed that an incressed supply of silica
gt the reproductive stace seemed to increase the yield. 2 higher content
of other nutrients especially manguncse was obgerwad in sillea deficient

j lanta.

Prom pot triels with zice plent, Nakegewa ot sl (1955) concluded

shat allics deficisent soils are common in pudfy fields of low productivity.

This methed of assesoing the produativity of & soil is however
in contradiction with the work of Nayar (1957) who found that tho content

of noh end 810, of wheat planto i inversely related bo the productivity

2
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of the goil when yield is tcken as the index of productivity. He zlso
entablicshed an inverse relationship botewaen 3102 in wheat plents and the
svailable phosphoric acid in soilse

Piont oveilable silica and conventionzl methods of estimaticn.

A2kaline oxtractants guch as 2 per cent sodium carbonate and
0.5 ¥ godiun bicarbonate have been commonly used t0 remove hydrous oxides
coasting of all ninerals. The guoation arose whether the subotances 80
extractod were anmorphoug, crystalline or parily ewmorphous and partly
eryatalline and whether they could be considered as plant available.

Acidic conditions existing around the xoot zone of plante
promoted the use of wesk aeids as extracgtants for studies on correlation

of svalluble nubrients in soil with plant uptake.

Koller {(1957) reported that the acid environment adjacent %o

plant oot is favourable for the disgolution of giliceses.

Nutting (1945) examined the solubility of msny silicate minerals
and found that many of ther could be dissolved completely by 0401 to 0.4
peyr cent acid, if bazees present ave proparly neutralised and enocush waier

in added to dissolve the yeleased silico.

Bizch (1953) found that in Bast African soils the amount of water
goinble and 1 per cenb citric acid soluble siliez eould be positively
corvelated with the recponse of crops to application of phosphatic

feortilizers.
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Aecording to é‘_;apmese workers, tho escimileble silicon is the
fraction soluble in weak acidss It is a prevalent practice in Japen to
gssone the gueranteed composition of silicate fertiliscrs using 045 I

hydrochloprie soide

Kewaguohl & ¥attovi (1958) etudying the cveileble éi}.ica in
paddy solls, strossed the use of 0.2 N hydrochlovic acid s en extractante
. hey inferred that the plant evailable silice could be estimated from the
silieafalumine ratio in 0.2 ¥ hydrochloric seid extracts of the soil and
not mezely by the amount of silica extracteds A smaller ratis,accerding

o them means & lowered availabilﬁ.‘ky of oilicts

" Ueda & Yamaoka (1 959} tried a variety éi‘ emaétaﬁts Vide,
04,025 % c.i’sric; acid, Siyer cant sodiwm carbonate (Truog), ’amlatmmlie
acid (pf3.0) (Yfam'& a@lutiau) i} ace%ate 4.0, on paddy seils end obiained
the best wrx'elaman botween silica content of straw (rice) and 0,025 H
gitric m:m @xtractable silica in eoil. With 0,025 ¥ citzic acid o
tenporature of 30‘@.’ an extraction poriod of oix hﬁuﬁs, and a patic of
soll to extractant of 13110, gave the most satisfacmry remal%s wit% ailica |
deficient soils -or degraded paﬂéy @@ils derivaé from- ,g.rmite-

Aequaye & Tinsley (1963} used 0.1 ¥ digedium hydvogen citrate and
Oet U citric acid to emzz'amﬁe soluble ivon and alnminium with soluble
silice in soil pzofiles. xn both the gelutions sa}.uble siliea is inversely

?@@Wﬁi@n&l to soluble ircm end aluminium. They, however, preferred the



former extractant, Thoir objecticn in using citric seid ie dus to its
sbility to keep silies, alumine and iren in solution upte a pH of 8,0 and
ita sbility to form corplexes with other elements. However, iis
suitability for correlation with plant uptaks is an agpect worsh
investigating.

Uging dilute acids and alkalies #n exanmining the cilicon
supplying power of paddy solls, Imadzmumi & Yoshida (1958) found that
dilute acif soluble silicn is significanily correlated with silics
abporpiion by rice plant where as the dilute alkali is nots The silicon
disgolvins powsr of verious reeponts was in the order oxalate > citrate>

aceetate > chioride.

Po sum up, the above review of literature shows the
smounts, forms end distribution of silica in rocks and solls with special
emphesis on the amorphous forme in soils, The factora affecting solubility
of silica in soile and its concentration in the goil solution bosether
with the effect of other nutrients on such concentration are briefly
roeviewed. The distrabution of silica in natural waters of different
soprces in relation $o the depletion and/or addition of seoil silios is
alge given. Literature on the silica cantent of plan\ts, its role in plent
nutrition and the influence by other nutrients on its uprake and
utiligation, with special roference to rice planks has been cited. 4
review io slso made of the diffevent extractants uged in the estimabtion of

available silics in soils for corrvelating it with plant upiake,



MATERIALS AND METHODS
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MATERIALS AND METHODS

I, COLLECTION AND PREPARATION OF SAMPLES

Semples from the top 9" layaer of eleven weprasentakive tracte
of the Kerala Stetey cropped to wot lend paddy znd six ssmples of soil
from gavdens sdjacent to the selected paddy fields, were collected for
the giudy, In aidition, three peddy soil samplen weve taken from the
Chitéoor district of the State to reprosent black aoil areas, and for
a cwmparvative etudy, one wat land paddy soil end one goxdon soil from
the black soil area of Bollery district (Mysore State).

From paddy £ields, the samples were collected during September -
October when the crop was in the field. Semplas wers drewn from six sites
in each field, and in between the rows of planis, with the help of a King's
s8oil gamplers The eoil collected was thoroughly mixed and a reprosentalive
cauple of about § kg was drawn and immediately stored in polythene
containere to ninimise lose of moisture duwrinzy trausit. A gipiler

procedore was allowed in the case of dyy gardan land.

Be Plant,

Representativa gamples of rice planis were obtained from the
fields, the soils of which were under investiration. They wers removed
&a whole plants, washed thoroughly in running water followed by distilled
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wateyy and the top portions wepe alr dried after removal of roote. The
dry woight of gtraw and grain were seperatoly recorded in each cago.
Straw was thon eut into small ploces end oven dried at 70%°C to constant
weighte The grain wes also oven dried et TO®C prior to storage in

polythene conteinsya.

Ge Imati@ﬂ ang dr%cz_g‘ wotergs

Twelve camples of irrigetion and drainage wabter wers colleeted
in polythene bottles provicusly washed with the respective ssuples.

Letails rogarding the locality, type of soil, variety of paddy
eic. ara fuyniched in %able I and the locality and sources of water

semples in tabls 11,

II. TREATHMEN? OF SANPLES

A+ Soils
{a) ¥or analvaia of moluble silica ond ofther chemiesl congtibusnt

Dry land semples were oiy dried end passed through & 2 oiove.
The wot land semples were mixed well and the moisture percentsge was
estimniteds Portions equivalent to 20 o ¢ of aip dry materisl after yemoval
of coarse fractions greater than 2 mm sizs were traneferred to polythene
bottless. Simulteneously 20 :m semples 6B the dry 1land soils were alse
transferred into snothor set of polythens bottles. Each sample was then
trected with 200 ml of distilled water (soil to water ratic of 1:10) and
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shaken for six hours in a mechanical shaker, The suspensions were
filtered and the filtrate collected for anelysis of water soluble silica
and other chemical comptituents. The ramoining portions of the wat land
8oils were then aly dried, passed through a 2 mm sieve and stored in
polythene contoiners for furbher maalysise

{b) Treatment of aiw dried soils of both web emd dvy lends,
usine diffevent extractants.

Extractents useds
1+ Distilled water,
24 0.2 N hydrvochlovic acid (Kawaguchi & Hattovi, 1959).
3e 04025 ¥ citric acid (Uoda & Yamaoka, 1960)

4e 045 N sodium bicarbonate (Olsen's method for available
phosphorus)

20 gn of alr dried sample was shaken with 200 ml of the above
oxtractante {1310 ratic) for six hours at room temperatwre in polythene

bottles and filtered under suction, Silica, 2luminiumy $ron and
phoasphorus were determined in the filtratess In the czse of the citric
acid exiract, the filtrate wao evaporated 10 dryness and the citrdte
roeidue was destroyed by ignition. The residue was brmght into

solution by acid treatment for anslysis of shuminium, iron and phosphorus.

{c) Trentment of séil esmpies for tolnl silicas ferwic oxide
and aluninium oxides

Oven dry samples were fused with sodium carbonate followad by
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TASLE I

DETAILS CF SCIL SAMFLES USED FOR THE STUDY

\_...._
wzxm #7
e 2

e S Lontian. Soil conditdon.  Soil type.
1 1a Vellayeni Ty land Red loam
2 1%® " " "
3 2@ " Wot lend = paddy i
4 20 . Vot lond = paddy o9
5 3 & Teliparembo Dry land - Hodan Laterite
6 3v " Wet land - paddy *
Vi 4 & Onatitukara Dry lend - garden Qoaptal alluvium
(sandy)
8 40 P Yot land -~ paddy .
92 5e inbalavayel Pry land Hills forest soil
0 50 - Vet 1ond - Poddy o
" 8 Karomens Yot lend - paddy Laterite
12 T e Chittoer Wet lend =~ paddy Hlack seil
B T »” " s
14 Te * " ¥
15 8 a Chithirsnsngalan . Lake bed aoil
(keyal)
16 6%b Alleppey R Block - .
17 9 Sundsr (T Kari soil
1B 10 Nilemperocoy *” River borme alluvium
(karapsdam)
19 11" Beliaxy " Black cotton soil
20 1y, Pey lend .
21 128 Pattezbi . Laterite
22 12%b ve Vet land - poddy e

* gs designated im tho soil nep.

+
+

g collaoted from outeide State for comporison.
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TARLE YT
DEIATLS OF IRRICGAJION AND IRATINAGE WATER USED FOR THD BI0DY

§§: Location Seurce
t Cermanore Well
2 Kozhikode Yell
3 Vellayani Well
4 Kovalem Wall
5 Vellayani Rayal
6 Ruttenad Biver (Xoriyar)
T Chithiramangalan Cansl
B Pevinchoni Tam
g Pattanbi River {Bharathapuzha)
10 Hovalam Sea
*11 Bellary Fiver (Thungsbhadra)
32 Bellary Well

# included for couwparison.
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debyﬂr&tisn of silica with @erehlm:w mm. @Eé'déﬁyﬁzated zesidue in each
eas& vas mahsa i’rea af matallﬁ.c e&tions m.th 6 N hyﬂmehlazia acids The
saahmga wem csnaetaa emsi maﬁe up o vam;ae for alumminm and irvon
datemiﬂahmnm

The msiﬂue in -ahe fi.l‘aer Fapar wae brought into s@lu-bwn by o
treatmt with hot § xaw cent sodium hy:lruzzeica (Jaa}.,sen; '39§8) and silicon
deternined aelozimetriaally. )

B, Plemt ggx}_ag‘les. S

, E:c&zaetiem

, va dry ewplea were digested with triacid mix!sur@ of” %3
ﬁasﬂ mﬁ HC10, in the :atia 10:1 4 and the sihca aft@ ﬁehy&mti@n was

4
treatea with 0,5 N hyﬂmehlorie aeiﬁ. ?hiss was, ﬁlﬁezmi through Whatesn
.(39.41) £ilter paper end the residue was washed free of metallic eations
with 6 ¥ hydrochlori¢ acid, The f:il‘braﬁe was collected and made up to

volume for ﬂmfzher analysise:
The ms:.due :in the fﬂ"ﬁe&: pam 'as tpoated oo in tshex case of .

total silica ﬁe%eminatim fﬁr seilra, &esmribaé eaz:lier‘ .

G Eat '
. Prior %o analysis ﬁhe w&ter samplees were f-.’iltemﬁ tc zem@ve

sugpended impuritiss.
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IIT. DETERSINATIONS

4, Boilge

1¢ PHe Dotermined in soil suspension (soil to water ratio 1:2.5) using
glass elsctrode.

2. Conductiwiiy. Conductivity of water extract {soil to water ratic 115)

measuyred using Solu conductivity bridge.

%e Losg on ignition. Welghed quantities of well ground soil agnited in
platinum crucible at bempereture 700°C for half an houp, ¢ooled in the

desiceator and percentaze loss eebimated,

4+ Qrmenic carbon. Web oheomic acid wethed of Walkley & Black (1947) was

followed,

5. Moghanieal gnalysige Inlezmational pipette mothod (Piper, 1950) was
followed,
6. Total silica, malunine and feric oxide in soils.

Sie?. The mesidue {ron sodium cerbonate fusion digselved in sodiue

-

hydroxide wes analysed for tobtal silico.

Silico-molybdate method as modified by Uurthy gt sl (1965)
was employed for the purpose. According to this a sultable aligquot wra
treated with 2 ml of 1:1 hydroechloric geid followed by 2 ml of
10 par cent ammonium molybdate. This wog then allowed to giend for
3 to 5 minutes. The interference of fervic iren was removed by the

addition of 0.5 ml of 5 per cent solution of hydroxylamine hydrochloride,
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and of phogphorus by the addition of 1 ml of 10 per cont oxalic scid. The
8ilico=molybdato was then reduced by the addition of 1 t0 2 wl of 0.5 per
cent sscorbie acide The mixture was allowed to stand for 15 to 20 minutes
to complete the veduction. It was then wade up to volume and the blue
colour developed was veed on & Kleht Summerscn Colorimeter using the red
filter (660 m n)

Alvrinivn and irone.

The filtrate frem sodivm corbomate fupion was enalysed for
sluminium and iren. Aluminium was setimoted using eluminon (Aurin
tricarboxylic scid) at PH 4.2, im a eunitable sliquot (Snell & Snell, 1957).
The interforence due to ferric iron was removad by the addition of
thioglycollic scid.

Iron was deiernined by the reduction of forrie iron 4o ferrous
with hydroxylemine hydrochlorids end the formetion of ferrous complex of
0 = phenanthroline in & slightly ccid medium (Jackson, 1958).

Te Siliea, aluminium, iron, enlciun, mognesivm, sulphate, chloride and

phosphorus wore determined in the water extracts from the soil.

84lica, aluminium snd iron weve deternined by methods alzesdy

descxibed,

Phosphoris.
Chlorostermous ~ refuced molybdo phosphoric blue colour mathod

in sulphurie acid system was followed. (Twoug & Meyer, 1929.)
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1phate,
Sulphate wea precipitated as barium sulphate on addition of
excess of barium chromete (acidified). The exoesc bariun chrouate was
neutralised with celeium hydroxide, filtered and in the filtrate the
ysllow colour of the liberated chromate on eaddition of 1:1 hydrochloric acld
was measured using & blue filter (420 nya.). The salphste eguivalent to
the chromete liberated was estimated. (Sandell, 1945).

s,:_]_gorida.
Eatimated volumetrically titrating againal standarcd Agms

solution using potassium chromate as external indicator {A.OsAcCey 1960).

Caloium and magnesium.

Versene nethod of Schwarzenbach & Biedermann as modified by
Cheng & Bray (U.S5.D.i. hend book Ho.60) was followed, Irom and menganese
were removed by itreatment with anmonium hydroxide~bromine mixture. The
armonium zalt was destroyed and the resultant solution made up to volume.
A portion of the eliquot was made alksline with sodium hydroxide and
titrated against standard 0.01 N versenate (EDTA) using asmonium purpurate
indicator.

Another suitable aliquot from the =bove made up sclution was
treated with ammonium chloride - ammonium hydroxide buffer (pH10,0) and
titrated against standard versenate using Fricchrome Black 'P! indicator.

Prom the titre value obtained for calcium plus megnesium, by difference



negnesium weo estimated. The interforence due to copper, cobalt and
nickel wes provented by sddition of EKCN.

The filtyate fzom the eitrie aecidy hydrochloric acid and sodium
bicarbonate extracts were analysed for, silica, gluminium, iron end
phoaphorus by methode alveady described.

Be Plants

The filtrate collected from tyiocid diposilon wes annlysed for
phoaphorue, potessiuvm, czleium, megnesium, aluminivm, iron and mongsnese.
The determinations were cerried out by methods deseribed for soils earlier

except for potassium end msngenesecs

Potagelum was determined turbidimetricslly using sodium eobaldl
nitritesolution, (Patte o gl, 1963).

Hangenepe,

Method, consigots of oxidising mangonese 4o potessium permenganste
using potassium per iodate in the presence of phosphoric noid (Jackson,]958).
The eolour of permangenate developed wus read using & green filter (540 :n/a);

Totel nitvogen.

Total nitrogon in oven dry samplos of pitraw wnd groin was egtimated
by Kjeldahl'e methode
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Co Yoter.

pH, conductivity, ellice, calclun end magnosium wore detormined
by methods already described. Sodium was estimated by zinc uranyl acetate
methot (USDA hend book No.60).

Laboratory studies on the availebility of added soiuble milicate
(uaasms) 4n laterite snd kari soils,

Soils used, Vellayeni wot land - clay loam (31)
} Kuttenad wet lend = kavd soil (S,)

Levels of 3102 in pp;m 1»1 o s]
added. L, = 50
L5 - 100
!:4 - 250
# Moisture levels. 1/3 saturation (u)
Full saturation (1«2)
Periads of incubation 10 (Pi)
in daye. 20 ()
o (Fy)
¥xtractants useda Digtilled water (E1)

0.2 N hydrochlerie ecid (B,)
0025 ¥ citric acid (EB)

* Thomse two moisture rogimes were employed to simulzte dry land
and wet land conditions.
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Details of experiment.

Polythene cups of 4" dia x 4" height with proper 1ids were used
Lor this puxposes 200 gramsef the appropriate soil ssuples wepe token in
each cup and trented with the requisite quentity of 2 solutien of sodium
silicnte, t0 give the desized dose of the same. Enough water was then
edded, o bring the nolsture status to 1/3 or full satuwation capacity.
The cups were then tightly closed and left wndisturbed.

Pexiodicol snalysis.

At the end of 10,20 ond 60 days a mample of 20 gm was welighed out
from each cup after thoroush mixing into polythene bottles.s Tho ssmple was
extraeted using distilled water and a shaking period of six houxs. The
same quantity of esch ganple wes algo extractsd with 0.2 § hydrochloxic acid
end 0,025 ¥ oitric asid using the same period of shekings The filtrate
in ench esse wes smelysed for silicas, aluminium, iren and phosphozus by
methods alveady described.
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RESULTS

Table III presents dats on the physicel aud chemical
characteristics of soil samples taken up for the present investigations
Only those soil properties that have a relationship with the presont
work have been gtudied. Besides the typicel leterite and yed loams of
Kerala, scmples include the kari soils of Kuitanad containing ee high
8g eleven per cent organic carbom, sandy soils of Onettubksra containing
as low asg three percent clay ard Karapadom soils of Xubtanad with 45 to

50 per cent clay. The pH values of tho soils ronge from 2.8 for the
Karapadem soils of Kuttanad to 8.0 for the black solls of Chittoor. The
conductivity of soil extracts and their sulphate and chloride concentrations
reveal .9. high accummilation of salt in-the keri and karapedem soils of
Kuttanad.

The soils differ considerably with respect o water scluble
silicas & value es low as 8 to 10 ppm for the sandy soils, a meduun
value of 50 to 70 ppm for the calcameous black solls of Chittoor and the
highest value of 75 to 100 ppm for the kayal and kard soils have been
recordeds The laterite soils of Kerala heve & water soluble silics content
of 20 0 30 ppme The wet lend scils contain g higher percentage of woter
soluble silica compared to the adjacent garden land soils. Correlations
between the water solublo silice on the one hand and pi, organic czrbon

and mechanical composition on the other are not signlficant.
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OF S0IL

basis in soil)

Water solubles (as ppm on moisture free basis)

510, A1203 Fezo3 810, 50 4 o1 P Ce Mg Al Fe
nd nd nd 15400 - - Tr  Tr  Tr  1.20 0.80
nd nd nd 12.00 - - Ty Pz Te 1.80 1.00
62.33 17428 6.43 22,50 50 60 0.3 24 18 0446 2.24
nd nd nd 26450 125 55 0.11 M 12 0,42 1.50
nd nd nd 15,00 Ty Tr 0,20 T T 1,00 1.00
60.10 15.80 10,28 23450 80 50 0«21 10 12 0.54 045
nd ad nd 10,00 ] T  Tr 10 10 1.00 1.50
87.15 3010 0.7T1 8.25 %8 50 0412 N 12 0.92 1.34
nd nd nd 27.00 P Tr 0.5 21 13 0463 2.00
nd nd nd 33480 60 - 0.20 40 13 0.56 1.65
nd nd nd 16.00 40 Tr  0.15 T Tr 0.50 2,50
65.00 11.54 6.0C T70.00 575 100 0419 105 44  1.60 2.50
nd nd nd 75.00 900 9%¢ Tr 399 82  0.85 3.16
nd nd nd 50,00 700 Tr  Tr 250 66 1.00 3.00
nd nd nd %9.25 375~ 424  0.05 21 25 0480 8.50
nd nd nd 24425 250 426  0.05 53 22 0.50 2,00
41420 14456 5439 56.75 5300 2529  0.06 546 781 8.60 41.50
ad nd nd 105.00 5500 675 0.08 525 4827 8,80 39.00
70.C0 10650 4.80 50.00 60 Tr Pr 400 58  0.75 1.00
nd nd nd 5C400 93 50 Tr 120 40 1.00 1.50
nd nd nd 16.25 - - 0.23 31 6  0.80 1.25
nd nd nd 10.00 X - 0.15 25 5 0.85 0.50
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Effect of drying the wot lend samples on water soluble silioe convente

e
Water saluiﬁe Bilics, sulphate and chloxide in the wel land

s0ils befors and afber drying are given in tadble IV.

TARLE IV

WATER SULUBLY SALTS OF SOILS BTFORE AND AFTER DRYIR:
(ae ppm on noisture free basic).

Seil No.  Before drying After deying Inereage op decrense

siﬁz ¢l 894 Si@e ¢l 50 1 8102 a1 304

2z 17+50 65 20 22,5 60 50 + 580 = 5 + 30

2b 25450 96 60 26,5 55 125 + 3,00 =41 + 65

30 22,75 60 13 2440 B0 4+ 1425 =10+ 67

5% 30400 Ty 46 5420 &0 % 4200 - +14
é 1200 Tp

7 G513 150 506 70.0 1 575 + 5,00 50 + 69
T 61.66 170 STt 7540 900  #13.34 =80 4329
8e B2.97 522 364 40.0 425 375 4+ T00 =27 + 14

50
Tr
20 16,0 Tr 40  + 4400 - + 26
o0
%0

8b 21.47 207 238 24,0 126 250 + 3.00 -3 +12
9 49485 3834 2317  57.0 2529 5300  + 7.00 -1305 42983
10 76450 1103 1215 105,0 675 5500  +68.50 = 428 +4285

Ty = Traca,

The date chow that alr drying incresses both the water soluble
silice ond sulphste and decpesses the chloride. A significamy eorrelation
oxists botween the increossce in silica content with the increase in

sulphate contont consoquent 5o drying., ( r = 0.819).
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Tablo V presents data on soluble silica extracted by various

extrectants {rom different soll sampless

TABLE V

SOLUPLE SILICA CONTENT OF S0ILS WITH DIFPLREND EXTRACTANIG
{as §i0, in ppn on moisture free bagis)

Soil Distilled 0.5 ¥ sodium  0.025 M 0.2 # nydrochloric
Nos watayr bicorbonate. cliric acid eoid
1e 1540 120 200 330
tb 12,0 100 325 450
2a 2248 120 345 480
2 2645 113 345 480
38 1540 50 305 550
3b 25,5 106 330 510
4s 10.0 238 90 200
4b 83 240 100 192
5 a 27.0 50 235 600
59 3348 112 325 525
6 16,0 90 330 600
Te 7040 250 310 1000
7% 7540 512 350 1200
7a 50.0 412 525 900
8 & 3943 187 705 780
8b 2443 225 645 800
9 56,8 100 315 500
10 105.0 50 435 800
11e 5040 175 690 1925
"My 5040 187 435 1300
12 a 16.3 63 225 %00

12 b 100 100 300 350




The data roveal that the acidic exfwrszotonts viz., 0.025 W citric
acid end 042 N hydrochloric ecid extract grester amount of silice than

‘the alkaline extractont, C.5Neodiun bicarbonaie, except in %the sandy soils
where the reverse is trues Among the acid extractants hydrochloric acid

extraots greater emount of silica than citrio acid.

The average contont of soluble silica in kg per hoctare for
the varicus g0il types of Kerale is given in fige 1+ The soluble silica
of the black corfon goils of Bellary (Mysore State) is also ineluded
in the figore for compariscn with the black soil of Palchat.

Table VI pregenis date can the smount of silica, aluminium and

iron extrected by the acidic extractants.

TABLE VI

SOLUBLE SILICA, ALUMINIUM ASD IRON WITH ACID EXTRACTAITIS
{as ppm on moisture free basis)

Soil 0«2 N hydrochloric acida 0,025 ¥ eitric acid

Ros .
Eqepll 3102 A1205 Fazos Faepl 8102 A1.203 %203

ia  1.20 330 1000 2200 2,60 200 960 1330
28 125 450 1100 1530 2,70 325 1000 200
4% 1420 190 1048 430 2455 100 556 160
5a 110 600 1184 620 2,60 360 1130 400
5b 1,10 530 1126 3430 2.60 340 1125 2530
Te 2.3 1000 2000 30 5.80 310 620 39
70 2.15 1200 1800 40 5420 350 720 50
1M1 e 2,00 1930 2400 20 4040 690 204 47

The amount of aluminiue extracted with 0.2 N hydrochlorie acid
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FAILE
ANALYSIS
Bale Fepeentage {(on poishure free
iSé;i.l gxm-mm/ B echanical conposition Lesc e Opgente
o igniticn eorbon
Coarse Fine 311 ey
gand gand

e 010 5e20 55490 14420 12.10 3400 7255 054
15 Do 5420 56400 11.20 10460 29.00 6440 1403
2a 0490 5410 33400  16.40  10.50 3830 9450 175
2b (o | 0 4-80 4800@ 15400 11‘-20 25000 6.0@ 1 055
LY Q10 S.d0 35«10 15,60 ‘306(} 3200 1575 2o
3b G40 5e28 2600 2300 22480 26,50 1135 154
48 [+ X)) 550 T2e70 14400 9430 2400 1435 Ce31
4b Oe10 5435 63%.00 23,00 6470 3400 3400 068
Sa 0.0 5«10 22460 23440 16,00 34,00 10.30 1403
8%b G %0 525 30.00 26480 T 16.50 31.80 5400 1.G9
é Ge10 5435 21,00 26440 18.50 51.90 B8eT0 1460
Te 025 7480 50,00 20506 GeZh 3575 To30 D81
Tb 0.3 Ts70 27400 17.00 1030 394,00 9400 1.52
Te O30 B.00 55400 16400 12,50 55400 T«00 2653
B o Da30 Te15 6050 1900 2770 3‘6030 D30 158
8b 025 Te30 B.50 18,00 20440 42,00 TG0 170
9 150 3460 TeB2 10,00 T.50 33415 3140 1122
10 Gell 280 2405 12440 17.30 49464 1670 4427
1M e 0.30 B.65 1200 18400 14,00 41,50 13.70 0ef4
115 029 830 1500 19:.00 11.00 39.00 1150 035
12a 0.0 Se60 45400 19460 850 22458 6450 0e57
12 010 Se40 40400 20,00  10.00  23.00 7423 0465

nd = not determineds

T ™ Trang



FiGe 4 GRAPHIC REPRESENTATION OF SILICA DXTRACTED BY VARIOUS REAGENTS
FROM DIFFERENT SOXL TYPES OF KERALA STATE AS 5102 IN KTIOCRAMS

Sl.Noe

Vi BN

-~

.

.0

*@

(2 3

ve

*e

PER HECTARE.

Soil Type
Red loam .

Laterite soil e
Hill soil ..

Ceestal glluvium
{Sandy soil)

Lake bed 8011 .
(Reyal)

Kari soil e

Black soil .o

Black cotton .
goil

cation
Vellayani
Taliparembe
Ambalavayal
Onattukera

Alleppey
R - Block

Hunday
Chittoor
Bellery



0000000

00000

il

Z', o8 |
_:.& eEE M
7 ' 8

FlG.\



2000 —

N SOIL EXTRACTED B 0 2N Ucl

Si10a0nppm)

o 1 1 1 1 1 | 1 1 1 1 = = 1
OO0 MOO 1200 1300 1400 1500 1600 1700 IBOO 1900 2.000 2100 2200 2300 2400 2500
ALUMINIUM (AI2.03tn ppm) IN SOIL EXTRACTED BY O2 N Hcl



FiGe 2 CORRELATION BITWEEN SILICA AND ALUMINIUM OF Tu®
SOILS EXTRACTED BY 0.2 N HYDROCHLORIC ACID.
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incressescorrespondingly with silicz, the correlation coefficient being
04955 (Fige2)s In the csse of citric acid@ with increasing emouni of

silica exitracted there existe s tendency to oxtract less of aluminium.

The silica extracted by G.025 ¥ cibeic 2cid is pogitively
correlated with the fine fraction (a1t + clay) of the soils, the

correlation coafficient being 0748 (Fige 3)e

Soluble silicate at four differvent levels, wes added to two
representative goil semples mamely; Vellayani red lozm (s_') and
kari soil (Sa) and incubated ot laboratory temporature of 29% 2°C at two
different moisture levels of one third saturebicn (351) end full saturation
(Ha) and analysed for silica, iron, aluminium and phosphorus afier 10, 20
and 60 deys using different extroctonts namelys water, 0.2 N hydrochloric

acid and 0,025 ¥ eitric aecid.

The analyeis of variance tables are given in Appendix I, II,
IIT end IV.

Relesse of oilicae

From the results it is seen thet the two soils differ
significently in their pelease of soluble silica on incubation. The mean
values of releage being 287.42 and 441.0% ppm respectivelys. The release
of silica under the twe moisture regimes also differs slgnificantly, the
larger releace being at full moisture saturation capacitye The increased
relesse of silieca with inereasaing doses f added silicate is alseo

slgnificant. PFurthor, the releoase of silica increases with pericd of



FIGe 3 CORRELATION BETWEEN SILICA EXTRACTED BY 0,025 M
CITRIC ACID AWD TUE FINE FRACTIONS (SILT + C1AY)
OF THE SOTLS,
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incubation. There is & significant difference in the efficiency of the
extractants in extracting silica. The order of efficiency of the

extractonts is 02 ¥ hydrochloric ecid > 0,025 ¥ citriec acid > woter.

The mean quentities of »ilice in ppm extractod from the two

goils under the two moieture wegines are given in table VII.

FABLE VI

THL SOLUBLE SILICA DX RACTED UNDER DIFFEREIY MOISTURE RECTHES
{mean value as §i0, in ppn on moiature free basia)

Vellayeni soil Kari poil
Holeture vegime (81) (52) Mean
1/3 noisture saturation 276436 407442 341,89
()
Full m?gisgmra paturation 298,47 47462 386,56
2
Mean 28741 441,05 364423
Critical difference for comparison betwecn means of soils 1T«
1) s e sy moisture 176
»” 20 P g9 combinztion 24.9

Increasing the moisture level from 1 /3 to full saturation capacity
enhances bthe extraction of siliea more in the kari soil thea in the Vellayani
goile

The mean release of 52.02 in ppm coryesponding to the levels of
silicate added in the two coils sre presented to table VIII« The mesn

relesse gpninst the levels of added eilicabe is represenied in figs 4e



FiGe 4 PRESENTS THE MEAN VALUE OF SILICA EXTRACTED FROM THE
TWO SDILS AT VARYIRG LLVELS OF ADDED SOTLUBLE SILICATE
s1 .e Vellayani sgoil

82 o4 Kari soil
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TABLE VIII

SILICA EXIRACTED AT DITFD: DN IAVELS OF ADDED SILICATE
{meon velue as $i0, in ppe on moisture free basis)

Levels of 8i0 Velloyani goil Farl soil Hean

2 (s,) (s,)

added in pon 1 2
L.' = 4] 252042 419,56 355499
I'B = B0 269.27 427440 548.33
I.3 = 100 295485 449.58 372.71
I 4 s 250 533404 468,72 401,07
Mean 2687.66 441432 364450

Critiecal difference for comparison between means of goil 17.60

9 T 1) e levels 24490
’e sy [T ”, combinabion 311 %4

The anount of silica exbracied increases with increasing levels
of added soluble oilicates, However, this is more marked in vho Vellayani

s0il than the kogsi soil.

The roleage of siliea incresses with increasing period of

inmbation nos revesled by table IX.



TATLE IX

SILICA EXTRACTED AT DIFFEPINT PURIODS OF INCUDATION
(mean velve es $i0, in ppn on weisture free besis)

« VYellayanl coil Rewy 501l Yean
Poriod in days
(a;) (s,)
l’1 = 10 228,69 355486 315.8%
P2 @ 20 256480 00«36 35504
P3 @ 69 21123 466439 420412
Teon 237042 8443 «41 361 «51

Critical difference for comperison boeitween means of s0il  17.60
”0 29 o9 'Y poricd 21.56
) Y ye o combination 30,50

The vate of release wilh pericd is greater in the case of

kot goil thon in the Vellayani soile The mean pate of releage ageinsy

period is ropresented in Lige Se

fhe nesn reloage of 3102 in pom as extracted by the bhree

extractents from the two coils with added sllicate is glven in table X

ond fi@a Ge



¥I%« 5 SHOWING THE RELATIONSHIP BETWEEN THE MBAN VALUES OF
IRON, ATOUMINIUM, SILICA AWD PEOSPHORUS EXTRACT D
FROM THE TWO SOILS AT VARYING PERIODS OF INCUBATION.

31 ..

52 TS Kardi Soil

Vollayenl Scil
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FIG. € SHOWING THE EFFICIENCY OF THE THREE EXTRACIANTS IN
EXTRACTING SILICA FRO!: THE SOILS AT DIFPERENF LIVELS
OF ADDED SOLUBLE SILICGATE.

E,' aw Pictilled Water

E2 .e 042 K hydrochlorie acid

E3 o 0,025 ¥ citric acid
FI1Ge 7 SHOVIWG THL BFFECT OF ADDED SOLUBLE SILIGATE ON THT

RELIAST OF NATIVE PHOSPHORUS IN THE TWO SOILS.

S.I ‘e Vellayeni Soil

S2 .n Keri Soil
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TABLE X N B 3

SILICA EXTRACTED WIH DIFFUREID BXIRACTANTS AT VATYING LEVE
OF AUDED SILICADES

{mean value as sz in ppm on moighure froe basis)

Levelg of 8102 added
Dxtractants lean

I, L, L,

Distilled water (31) 61017 65425  T1a75 90,00 72,04

0«2 ¥ hydrochloric

acid (Ez) 616,00 629,17 682435 T22.67 662,54
0025 ¥ citrac

acld {B;) 330,00 349.75 363.17 397.52  360.21

Neen 335.72 348,086 37242 403,53 364493

Critical difference foar compaprison between means of levels 24,90

' 8o ve o3 axtractants 21,56

9 vy Y sscombinations 43.14

the extractante differ considerably in their efficicncy witl
regaxd to the extracticn of silica. Applicotion of salieate al 100 ke per
heclare does not slgnificantly enhance the erount of silice extracited by
any of tho thres extraciants. However, application of goluble siliecate
a% higher doses vize, 200 kg and 500 kg onables more soluble sllicate fo
be extracted by the acidioc exbtractants of which 0.2 ¥ hydrochloric acid

appesrs t0 be more efficicnt.



Bolease of phopphorus,

The release of phogphorus consequens 60 the application of
dlfferont doses of soluble silacebo to the two soils is siven in table XI
and fige Te

TABLE XI

FIOSPHORUS TXIRACTLD A% DIDTARIND [AVPLS & ADPDED 914009
{mean value s P in ppm on nmoistuve fres basis)

Levels of SIQ Vellasana soil Kari soil Mean
2 (s,) (s,

in ppo edded k] 2

1-1 = 0 4445 4832 441

La = 50 4.8% 4064 473

L5 = 100 £.08 4476 Le42

L4 w250 Se68 5400 5635

Moan 4.77 éoés 4073

Critacal dirfersnce for comparicon bebwoen means of solls 075
*5 .5 . lovels 108
0e sy » combination 152

Theve is & steady increace in the rolesse of phogphorus,with
creasing doses of silicetes applied,in both lhe soils, Bub & relsfuvely
greeser releose io observablo iz the Vellayani soils ot the heghrot dose

of gilicate eppliede.

Release of phosphorus increases with increass in moisbure gtetus

of ike zo1ls as rvevenled in fable XIT,
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TABLE XII

FIOSTHORUS ERTRACTLD AT DIFF RONE I'OISPURE R/GTMES

{mesn value as P in ppm on moisture free hasis)

Moisture levels Velleyan: soil Hard soil Hesn
(s,) (s,)
i 2
1/3 satuzation (az,) 4.23 4408 4416
Pl ssturation (2@2) 5631 Se27 5429
Heoan £.77 4,68 473
Criticel differenco for comparison between means of sorl Oe75S
*s 29 »s moisture 079
.9 ’0 P cowbination 108

The mesn welease of phogphorus with bime obiained on addition

of cxiicate to the two goils is given in badle ZITT and fig. 5.

TABLE XIIT
PROSPHORUS IX RACLED AT DIFFLRDY ' PUOZODS OF IRCUBA IO

{meen velue as P in vpn on moisture free basis)

Pericdin deys Yellayani goil Keri goil Yieon
{5,) (8,)
1 2
A 5480 3436 3.58
P2 T«50 T+32 Te46
P'j 3600 5635 %418
Vean @047 4068 4073
Cratical drffersnce £or comperison bobtween means of goil 0750
' " o extractants 0.924

09 99 T conbination 1308
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The rate of release of phosphorus incrasses s:gmificantly only
during the initial period of incubation. But during the later period
thepein a decressc in the emount of phosphorus released from both the

soilp.

Helease of sluminiume

The mesn relesse of aluminivm in ppm with period ia the two
aoils applied with sodium silicate is given in toble XIV and fig. 5.

TABLE XIV
ALAMINIUM EXTRACTED AT DIFFERENT PERIODS OF IHCUBATION
{meon value as Al in ppm in moisture fres basis)

Period in Yellayaal Eeri goil ~
days soil (81 ) (sa) Hean
1’1 = 10 1412 181.6 161440
?3 o 60 403.7 68441 543490
Yean 525.0 562455 443%+80
Critical difference far compericon between means of gsoil 40+44
s * v ’” poriode 50,86
”” " ve * conbinabion 72446

The incrensel release of alumindum with durabien of incubation
is significant only upto 20 days in both the soils beyond which there is

e decyrease in the amount extracted.
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Table XV presenis deta on the extraction of sluminium in ppm by

different extractonts in the two soils.

TABLE XV

ALUMINTUN EXTRACTED WITH DIFFEPINT TKTRACDAUTS
{mesn value as A% in ppm on woisture free bopis)

Vellayeni Kari seoil

soil (5;) (s

Extractants
o)

Yean

Distilled water (E1) Fed Te3 5435

0.2 ¥ hydrochloric
agld (32) 62342 916,6 769490

0,025 ¥ oitric
aocd

Critical difference for comparison betwesn means of soil 4044
" 1] 1) extraciants 50,86
T " sy combination 7246

The extroctants differ significantly in their abllidty o exiract
aluminium.

From the analysis of vapiance tobles given in Appendix ITI
it is seen that addition of silicate at diffeorent doses does not decrease
or increase the smount of aluminiuvm extracted by difforent extractants,
The two moimture regimes iried for the zncubation experiment also do neot

affoct the smommte of aluminium extracted by the reagents.
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Relopse of ircone
Table XVI pregsents dete on the release of iron in ppe in the

two oils itreated with silicate end kept under two moisture levels,

TABLE XVI

IRON EXTRACTED AT DIFFERBET MUISTURE REGIMNS
{mean valiue es Fe in ppm on moistuve free basis)

Hoisture lovels Vellayani soil Karr poil Heen
(s,) (s,)
1/3 moisture saturation
(—“1 ) 64247 2401.7 1522,20
Fall moisture saturation
(x,) 66243 2120.4 1391.55
Reen 652,58 2261.05 1456478
Critical difference for comparison betwesn mesns of séil 124.80
ve ’Y} I'T) moisturae 124480
[T s " eombination 176o$0

While there is an increase in bhe quantity of iron extracted
from Vellayani soil, there is o decrease in the same with respect to
the keri soils

The moan releage of ivon with period of incubation in the two
goils treated with milice is given in table XVIT end fig. 5.
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TABLE XVXII

IPON EXTRACTDD AT DIIFERUNF PERIODS OF THCUBATICH
(mean volue as Fe in ppm on moisture froe bagis)

Pericd in days. Vellayani soil Kari soil Yean
(s,) (s,)

P., = 10 4473 177133 1106.7

P2 = 20 5773 2436410 15041

P5 “ 60 93249 257370 1749.1

Criticel difference for comparison between mean of soil 124480
' " v pericd 153400
Y] "1 ’ conbination 208 .46

A eignificant increase in the iron extracted with increasing

pericd of imcudbaiion is observed.

fable EVIIT prescnis data on the eamount of ivon in ppm extracted
by the three extractents at different periocds of incubztiom,

TABLE XVIII

IRON EXTRACTED WITH DIFFIRENT EXTRACTARTS AT VARYVING PERIODS OF
INCUBATION
{mean valune as Fe in ppm on moisture firee bagis)

Period
Extractant > : Mean
P 2 3

Distilled water (E,) 17.7 32.0 175 224
0.2 ¥ hydrochloric acid (32} 15741 212143 3057«1 225048
04025 1 citric acid (g:s) 173343 236642 2181.0 205345
Critical difference for comparison between mean of periocd 15340

- s » extractants 1530

0 ”" [Y) conbhination 840.0



From the above mean values,it is evident thet 0,025 M citric
acid extracts more iron in the first two periocds than the other

extractonte,

A consistent incresse in iron with time of incubation is
cbinined only with 0.2 N hydrochloric coid. However, in the othor two
cases there is & considerable reduction in the degree of solution of

iron boyond 20 days of incubation.

AHALYSIS OF PLANT

The results of chemical analysis of grain end etraw stogether
with the dry weight of 100 plonts are presented in table XIX.

Bilica conien® of both siraw end grain is fairly constant
for the same poil type eventhough the varioties grown ave @ifferent.
But variations in soil type tends o induce appreciable differences
in the silica content of the plents. The plents from sandy soile of
Onattukars anelysed the lowest emount of silica being 4.5 per cent in
the siraw and 2.54 per cent in the grain, The highest value vig.,
12,1 per cent in strew and 6,24 per cent in the grein apre obtained in
planta from black soil tract of Chittoor, compareble with those of
bilack cotton soil of Bellary. Irrzespective of the varieial differences,
the rice plants grown in the laterite regions snalyses t0 an average
pexcentoge of 8.5 and 4.25 of s:io2 in straw end grain respeciively.
The difforcnces in type of goil and variety do mot affect the relative
ampount of gilica in grain and straw, the ratic between the two being

mointeined ab 142,
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TABLE

CHEMICAL ANALYSIS OF

(resulze expressed as

Dry matffe:

Soil . waight in
Vapiety grams per

Hoe hundzed 510, N P205 0

plants

8 G 8 ¢ 8 [ 8 ¢ 5 ¢
2a PTBY 2350 1833 8489 440 1,070 1.145 0,058 0,529 1.087 0.258
26 PTB.26 2300 2150 De44 5.27 0812 1,102  0.073 0.692 0,992 0,211
38 Fodan 500 300 527 243 0309 0,782 0,340 04520 0,912 0.373
3b  PTB.9 1824 1620 8.66 3.07 0,562 04853 0,152 0,619 1,316 0,288
4% UR.19 1000 800 4449 254 O0uT3T 1372 04428 0713  1.597 0,438
S5b  wWiDe2 3133 3200 BedB 3466 0,616 14162  0.063 0,447 14110 0,240
St SI0AT 2233 1133 8,37 3466 Ou710 1,006 04047 0.290 1.648 04336
S MIULI9  GE66 5470 8478 3456 04650 1,100 0,052 0331 1,752 0.361
6 *m"’“gg@gnoo 2440  B.63 3.50 0.919 1,404 0,182 0,704 24420 0.219
6 PPBd 4375 4000 B80T 450 04476 1.092 04181 04703  1.239 0,360
6  PIB.16 5000 4000 Be96 5435 0s434 1.120 0,165 0.720 1,440 04360
Te.  PTBe26 2130 1820 12,10 6425 0350 0,980 0,047 04426 1.998 0,216
1a  GEBs24 2800 2000 13.50 6462 0.400 0,760 04050 0,400 1.600 0,310

* A11, except Teichung 65 (Japonica), sre Indics varieties.



Xix

RICE PLANT

percentage on moisture free bavis)

52

Cad Hg0 A1203 F6203 amoz
b3} G S G b G S [+ S ¢

04358 06112 00334 0204 04039 040114 04060 0.0072 04065 0.0090
06437 04132 06318 0238 02125 0.0150 0.084 040197 0,062 0.0135
0692 04745 00309 04265 04242 0.0060 0.114 0.0190 0,039 0.0125
04197 GeOTT  0e298 0.206 0085 0,024C 04126 0.0130 0,068 0,0062
0e437 04182 04345 04265 04175 0.0150 0.114 040126 0.050 0,0068
0e644 0e112 06265 04194 04120 0.,0290 04129 0.,0715 04075 0,0093
0.672 0.098 04286 04171 O0u177 0.2140 0.083 0,0090 0.090 0.0126
0,560 0.112 0268 0,163 04932 0.0170 0,057 040030 0.075 0.0135
06497 00057 0408 0177 04197 0,0070 0,088 0.0097 0.076 0.0107
00308 04208 04428 0224 04090 0,0086 0.,099 0.0094 0.098 0,0094
06300 Ge206 04367 04245 0,086 04,0094 C.060 0.0072 3.907 04,0112
0437 04125 04388 04135 04066 040140 04039 0.0140 0.010 0.0030
04525 06931 06360 04150 0,058 040070 0040 0.0050 04015 040040

S straw

G grain
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The silica content of the whole plant and that of the straw ave
positively corrolated with the soluble silica of the soil, This i3 true
with regard to both the extractants (Fig. 8 4 & 8 B), 0.2 N hydrochloric
acid however, zives & higher coefficient of correlation (0,960).

Tho rvemovel of gilice and other nutrients by rice plent, estimated

from the anslytical deta (Table XIX) is sraphically presented in fige 9.

& low content of silies in the rice plent is essociated with
high values for phosphoruse A4 high value for siliean is sssocieted with

low values for metsllic cetions like aluminium, iron and manganese.

ANALYSIS OF WATER SAMPLES
Table XX presents the date on the analysip of water scmples
from different scurces. The sodium adsorpticn ratio (S.A.R) in each case
has alec boen worked outs

‘PABLE XX
ANALYSIS OF WATER SRPLLS

0. Souree PH 85.02 SeleKe
(in ppm)
1 Well (Cannanore) 6.7 5480 nd
2  Well (Xozhikode) 6.5 6.80 nd
3  well (Velleysni) 6.8 6.90 0.72
4 %01l (Xovalem) 6.2 6450 1.95
$  Eaysl (Vellayani) 6.9 5400 2400
6  Rariar river S5eT 5.00 737
7  Chithiremengalem canal 547 6430 4452
8  Porinchani dam 6.0 12,00 0.90
9  Bharathapuzhe viver (PPB.) 7.2 10,50 1.57
10 Sea (Rovalam) 1.60 58450
11 Thungabhadra river (Bellary) 6.9 10,00 1450
*#2  well (Bellexy) T8 50,00 15450

* dnslysed for comparison. nd = not determined.
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¥IG. 8 Bs SHOWING CORRBLATION BETWEER THE SILICA CONVENT IN
RICE PLANTS AND THE SOLUBLYT SILICA EXTRACYED BY
0,025 ¥ CITRIC ACID FROM THE CROFIED
80118,
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FIG. 9 SHOWING THD AVERAGE REMOVAL OF SILICA BY STRAW AND
GRAIW OF RICE PLANDS AS COMPARED TO OTHCR NUTRIENTS.
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Mg0 04345 04201
Alaos e120 0,026
rmoa 0.056 0.008
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The resulte show thot the everage silica content of river wators
of Kerala ranges from 5 to 12 ppm,lowest being 1.6 ppme The woll waters
have & lower value ranging from 5 to 7 ppme Sea water comtains the
lowest,being 1.6 ppme. Tho silice content tends to ineresse with
inersasing pll« This is particularly noticeable in the csse of the Bellary

sanplesa
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PISCUSSION

Tho results of the present investigailion on svailable silica
in vericus soil types of Kersla in zelation to uptake by rice plania,
ag well as the fate of pdded soluble silicate in some of the imporbant
rice soils of the State as adjudged by different extractants namsly,
wator, 0.5 ¥ sofium blesrbomete, 0,2 U hydrochloric aold ond 0.025 U

eitric acid are disecussed In the following pareoc.

The study on aveilable silica in the various soil types
{Table IIT & V) showo that the ancunt exbractsd depends not only on the
nature of tho extractands, bubt aigo om soil choracteristics such as,

texture, pH, moisture regive, amcunt of alunmindusm and iron.

The sand froetion does not seen to have apprecleble influence
on the omoumt of silica extractod by any of she exbractants other than
0.5 ¥ sodium bicerbonate which extracis @ relatively higher cmounk of
gilica from soils containing higher percentege of fine sand. TFeom the
{mativkars sandy scil having lees than % per cent clay and 10 per cent
fine frection (silt + clay), sodium bicacbonete extrvacts a welatively
hicher azount of soluble cilica bhan the otk exivectents., Under whe
alkeline condisicms of extraction, corysialline silica or silieate minerals
o into golution as silicate anione. (Jackson and Sherman, 1953)s The
silice exbracted by the alkaline extractant appesrs to be not entirely
cvaxlable to plants as revealed by the lew upteke of silion by rice plants

gvown on sandy soils. {Pable V & XIX).
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Grogo=Branckmann (1956) found thet uptakte of silica by ceoreals
cuhanccd with the inerease fn clay conten’ of soils The siliea sxtracted
by the acidic extractenty 0.025 M citric acid is found to be positively
correlated with the fine fraction {silt + clay), r = 0.748. (Figs 3).

This would sugrest that the citrie acid soluble eilica is more available

to plants than that extracted by the other reagents used. A similar
corrclation could not be obtained for the hydrochloric acid soluble silica.
Moreovar, with the incereasing quantity of silice extracted & concomitans
relense of atuminium covld be cbserved. A sigmificant pesitive corveletion
(p = 0.955) exists betwesn the amounts of aluninium and silica extrected

in the case of hydrochloric acid (Fiz.2)j while ne such relationship is
evident beilween silice and iron. The lack of such a definite relationchip
in the latter cage ie probably due 0 the existence of ivon in fropicsl
a0ils in the oxide form rather than in combinaiion with silica as ¢lay
pincrala, vherens & definiie relationship intho former cose ia atiributsdle
to the simuliencous xelease of silica and aluminium by vhe hydrolysis of
slumine silicete minerals present in the soils Thie corroborates the
findings of Jackeon end Shexmen (1953} and Acquaye (1960), whe have
found thet an ecidic epvirvonment leeds to dissolution of alumine silisates
in husid reviocns. Both cifiic acid end hydrochloric acld extract larger
amounts of silica from the black cotton s0ils of Chittoor and Zellary
{2able ¥ ) which contein high anounts of nontmorillionite tyse of clay

minerals.



Inspite of ihe coneiderablc removel of siliea by rice crop, the
wet lond soils have a hizher spount of soluble silica when compared with
the adjecent pplends. (¥able I & ITI). The enviciment of the low tand
foils with soluble silice may be due b0 the eccumlation of weshad down
pilice from uplands or the selubilieation of siliestes by wineral acife

produced in them,

Wet land soils when subjected 4o dreyines are found 40 yelease
high smounts of water solublo silics. This may be attributed to the
diegoluvion of gilice by the sulphnwic asid profuszod on oxidation of
gulphides prasent in thems {ravie IV¥)e Wimeral acid production ia aeid

kari s0ile has becn domonstrated by Honey {1964).

In the prosent stuly, four different exbractanks have been
cmployed, two of them being acadiec (0,029 U citrie acid and 0.2 ¥
hydrochlopic acid), one glkaline (0.5 K. sodaum bicarbenste) and the
other neutral viz., water. Acidic exivactente have been usuwally used
by many workers, for estimating the avallable silics im rice soils.
Sewaguchi ond Hotfovi (1958) used /S hydrochloric soid while Ueds and
Yamooke (1959) employed 0,025 M citric acids

An inverse relationchip appears to orist botween the soluble
s1lica end iron and sluminiunm extracted by citvic acid from soils. (Table VI).
Anaiysis of plans tissue raveals that & high cantent of gilice is inverisbly
associated with a low content of gluminivm end iron. {(Table XIX}e. Therefore

it ceenms Justifisble $o congider she citric acld extraotable silicz in
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g80il as more plant aveilable than thet extracted by other veasents useds

Significant correlation exicts between the silica conbent of
rice plants and the amount of silice extracted by the acidic extractants
from the seilse The coxrelation coefficients end segression enuations

are given belowse

TABLE XXI

OORRELA "I0N BERTWERF PLANT SILICA AND ACID S0IYBLY SIUICA
IN BOIISe

Hydroechloric acid Citric aeid,

Correlation Regresaion Corprelation Necression
coefficient eguation coefficient equatbion

Straw  0.844 Y = 150.35:2~596456 0,740 T w 39,122+9.58

ihote § o960 Y 20230070098 0.723 ¥ w 49713495

Thoushahigher correlation coefficient w.a cbtained in the czse
of hydrochloric acid, a study of the @bteepness of the regression lines
{Fige B & Bb) wonld reveal thet citric acid is the more relisbie
axtractant for evalunting plant available cilicz. This vesuli corroborates
the findings of Uede and Yamacka {1959) who observed a saemificant
correlation betwesn the available eilica in the 'degraded! soils of
Japen ap extracted by 0.025 ¥ citric acid and the silies eontoent in rice
plantc.

The availability of four levels of added silicete on a laterite

*
a0il end s kari soll as well as their influsnce em the avarlability of
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native phosphiorng under diffevent moisture vegimes duwring different periods
wexe giudied under laborsiory conditions.

The apount of silies extracted inoreages with the increaso in
moigture statng, amounts of edded miliezte and duration of incubation.
(able VI to X).

It is ovident thakahigh moisture level tende to solubilise nore
of silica and hence available silics will bo higher in walerlorgsd soils.
Sreenivasen (1936) hos reported o hisher centent of soluble silice in

waterlogred rice soils.

Thoushy with increnging levels of added silicate thore is an
increnge in she total amount of eilice extracted, ihs percentarve svailability

of added silicn decresses with the incremsing doses. {Table XXII).

TABLT AXIT
AVAILABILITY O ADDED BOLUBLE SITICATE IN BOLLS.

tevels of Citrie acld exiractable Percentage evailability Avorsge

35.02 added 5102 in pom of added silica in scilc for the
< . aoils
(in ppn) Yellayani  Kexd Vellsyani  Keri
gbil soil seil goil
50 40 27 80 54 6740
160 47 40 47 40 4545

250 85 75 34 30 3240
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From this it would eppear that & steady concentration of soluble
silice is maintained in thoe scil and any excess above this limlt zets
rovarted to insoluble forms. Jones and Hendrock (1965) have veported that
s0ils have & capacity to meiniain a wniform congentretion of eilics much

below the saturetion pointoe

It ooy be suggested thet epplication of soluble silicates zbove
the level of 100 kg per hectare would not appreciably incrsase the soluble

eilica gtatus of those aoils.

There 18 a sherp inorezse in the smount of asvluble silaca
extracted up to0 20 days of incubation beyond which it weintaing a fairly
steady concentration (Table IX and Fige5). The oconcentration of alurinium
is aleo highest at ebout 20 days ofter which it is = duced (Table XIV and
Fige 5)s The maintenancs of o uniform cuvncentration of sulica and a
decreanse jin the concentration of aluminium in the soil solution beyond
this period mey be due to their interzction. IThis is substanbiated by
the finfings of Jones end Handreck (1965) whe »eported thet aluminium

and iron oxides had e prest effect in adsorbing wonosilicie acid.

Considering the effiocisncy of the three different extrsctante
uged, cxtric aciéd appears to be more rollable than the others,as io
evident {rom the smoothmess of the curve for the mean quanvities of silica
extrected at different lavela of added avlicste (Fipwé). However, it mey
be noted that hydrochloric acid extracis grester amountsof silies than

citric acid. But becouse this is accompsnied by greater solubilisaticn of
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asluminium and iron which is not reflected in the actual upteke by plants,
hydroechloric acid camnot be recommended for evaluation of plant available

silica.

The differentiel behaviour of the two diffevent soils, iz,
laterite soil and ksyi soil, with vespect to the release of soluble silics
28 influenced by moisture regimes, levels f sdded ellicate and pericds of

incubation is digcussed balows

The kari soil has a highor soluble silica contont then the
laterite soil (Table VIIT and Fige4). This may be due %0 the contribution
of opasline silice in the orgenic mabier. An inerease in the moisture
regime tends to zelease more soluble silica in kari soil than in laterite

goils

The percentage aveilability of aéded silica (Table XXII) ie

invariably low in the orpenic mabter rich keri scils, This mey be ascribed

to the falwly hish concentration of soluble silice already existing in
the kari soile and the comsequont precipitation of the added sgoluble
gilicates. Probably the high aluminium and iron contents of the kari soils

contrivute to this process. {Table XIV to XVII).

The rate of veleuse of soluble siliez is considorably hisher in the
kari seil than in the laterite soil (Fir.5)s This mey protably be due to

the @iiference in the forme of silice that wndergs solubilisation.

spplications of soluble silicates have been shown to inercase the

availability of native phosphorus and &o r»educe the fization of added
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soluble phosphotic fertilizers. (Albritton and Ellis, 1957, Raupach and
Piper, 1959). Tn the present investigation it is found that in the csse
of ihe leteriie soil only the highest dose of added silicate viz., 500 kg
per hecteve, reginsters & siatistieally significant increzse in the
aveilable phogphorus. In the kard soil however even ths highest dese of
added gilicate does not increase the availability of native phosphorus

{Table XI end Pige7).

Anion exchange between phosphate aund the added gilicate could be
the causs for the reclease of phogphorus. The yate of relesse of phosphorus
decreases beyond 20 days (Table XTIT and Figs5). This is perhaps due to
the precipitetion of releaced phosphorus by sluwminium, the concentration
of which is also found to decrease beyond 20 days. 4n increaced release
of phosphorus with an increase in the meisture status of the soil ie
obgerved (Tgble XII)s Thas corroborates the findings of ¥air (1965) who
recorded an increased releage of native phospherus fron most of the seils

of Kerala State on incubabion at fnll saturstion.

A study of the nutrient uptake by different verieties of riece
grown in varlous trocts of Kerals under the local cultivesion practices
revonls certain general tronds in the silica upteke and bringe out 1%s
influence on the sbsorption of other nntriente(Teble XIX)s Irrespective
of the varistael differences and soil verianiicns, ratic of silice eontent
in straw and grein is maintained epproximotely at 2:%. Variation in total

silica content of plants could mainly be ettributed to the differences in



63

aveilable pilicn ototus of tho sollss FI'B,26 grown in different soile,
nemelyy laterite soil of Velleyani and the black soll of Palghat, shows

& remarksble differsace in their sillca contento. Different indiecs
varietiss navely; SL07, MT0.19 and WiD.2 grown in the hill soils of
Aubalavaycl chow no significent difference in the foisl silica canbent

of grain and strow, inspite of considereble variation in their dry matter
yiolds. JIndiga varietios namslyi FTB.4 ond PTB.16 and the japonics
variety taichung 65 grown on the seme iract at Xeramana show no sisnificent
difference in eilice content of grain and strew, thourh the yields are
copparables It is sigmificant here to note that the jencnice veriety hse
2 higher grain to strew ratio than the indice varieties. TFor thuis veason,
for compersble grain yields, indics verieties ave likely to romove more

silion than the japonics variety.

The silica centent of the rice plant is Pound 10 be quite
indepenfent of the varioties but, is dependent on the svailable silica
status of the soil. Similer resulss Weve besn voporbed from Japan-{hural
Reseapch Report HoeT, 1964).

ryogoto (1960) found that the overage silice conbent of the
rice plant veries from 3 t¢ 20 1;ez: cent and hos cleimed o mindmum content
of 12 to 13 por cont to he cssential for higher rice yields. In Hsrsla,
it varies from 4 to 12 per cent and plants with e salica ¢untent of 8 per
cent mve fairly high yields. Eyogoto (1960), however, obteined @ positive

correlation between the silica content and the yield. No such relationship
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neemg to exist between the silica content and yield under normsl

cultivation practices of the State.

When the rmelationship between silice content of rice plent and
each of the mutrients viz., nitvogen, phosphorus, potessium, calcium,
megnesium, iron, aluminiun and menganese is conpldeved (Table XIX) the
following gencral trends could be obsexved. 4 low content of sllica in
the plant tissuve i zesociated with relatively high value for phogphorus.
Hevertheless, a higher percentege of silica doce not seem to influence the
pheaphorus content. Howaver, a higher conmtent of silica in plang is
invariably sssocinted with low values of metallic cations namely; ivon,
aluminiom and manganese, Similar nutrient interactions in rice plsnis
have been recorded by Okude and Tekahashi (1961) but from nutricnt culture

studiess

The contribution of ixrigstion wabers to ihe silicon mutrition
of rice is conuideveble. Imaicumi % Yoshida (1958) are of vho opinien
thet 30 por cent of the requivements of silica could be met from this

source alone.

The river waters of Kersla are found to have & Bigher contant
of ailica namelyy 12 ppm, while the well waiers recorded only lower values,
ronging from 5 0 T ppm (Table XX)e The values obiained from river waters
are in agreement with those reported by Acouaye (1960). +he silica content
of weoll water from & typiczl black cotton tract is pelatively high,

namely; 50 ppms This mey be, perhaps,due t¢ the provalling hich temperature
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and pRe Sea water from Kerale comst registers the lowest value of silica
being 1.6 pom, which ic almost in egreement with the value of 1.0 pm
reported by Sisver {1957).

Baged on the results of the prosent study cn the aviilable
gilica otatus of Hersla soils and irrigation waters, it is eostimated thet
on an average the coile contain 600 0 700 kg of soluble silice per
hectare {Tig.1) and the irmiation welers coniribute sbout 30 kg poz
hectare. An average rice orop in Kerale removes sboul 250 By of silice
por hestare per crop (Fizs9). For e high yielding owop, it has been
reported fron the Intermstional Hice Research Imstitute, Fhillippines,
that the romoval of silica may be as high as 830 kg per hectare per orope
(TacheBulle Hoa3, 1964 of the I,R.R.I., Phillippines).

For low ylelding strains of rice, 1t would thus appear that
silicate application may not substantially contribute to their nutrition,
as the moils contain more then the required amounts of available gilica
in eddition to the amounts supplied by irrigation waters. The resulbs
further show that application of soluble silicates sbove 50 to 100 kg
per hectere moy not appreciably increase the aveilsbls eilics
stetus ez bthey react with the sesguioxides of the soil. However,
reoponse t6 silicabe application has been recorded by & munber of workers
in the ‘degreded! soils of Japan (Yoohida gt al 1959, Tzawa & Kume 1959,
Kyomote 1960) and also by Fadmaje end Verghese (1966) for the laterite soils
of Kerrla. The increased yields obteined by Japanese workers

are for the ‘degreded' soils which are notoricus Per their low availsble



silica otatus, PFadmeja and Verghese {1966) in their pot euliure
studies have grown plenis in upland red loal low in aveiiable silica
statug {Table T end V), Perhaps, the low stabtus of avoilable silica
of those soils might explain the sipnificent regponse recorded by
them.

The repulisof the present investigation on the asvallable
silica siaius of Keralas soilo emphesise the need fox plant response
studies under fiold conditions,
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STMMARY AND CONCLUSIONW

The distribution and status of soluble silice in ths surface
goile of low land rice trects end uplands Gistributed over the important
s80il types of Kerals ware assesscd emploving differont exitractaenta,
viges watery 0.5 N sodium bicsrbonate, 0.2 ¥ hydrochloric acid and
04025 M citric acids Correlation studies were made between evailable
cilica in soil and upteke by pice planbs. Irrigation waters from
different sources were also anslysed for eilica contente Soil
characteristics like, texture, moisture vegime, pH, organic carbon, iren
and aluminium content, that awe likely to influence the avallability of
soluble gilica were elso investigated. The availabirlity of four levels
of added soluble silicate in the laterite soil and keri soil, es well s
their influence on the gvailability of native phosphorus under different
molsture regimes during different peviods were studied under laboratory
conditiongse The effzoy of iron and 2luminium onithe availability of

added silicate was also examinede.

The following conclusions could be drawm from he rosults.
4. Snmong the four different extractants used for assessins. available
silica status, it is found that 0,025 X citric acid is the most

raliable.

2. Citric acid extracteble silics is positively covrelated with the
fine fraction of the so0il (2 = 0.748) and with the silice content

of the rice plant (r = 0.723)«
/
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water solable sllica content varies from 8 to 10 ppm in the sandy
soils of Onattuksra, 20 to 30 ppm in the low land laterite soils,
50 %o 70 ppm in the bdlack seils, and 75 to 100 ppm in the keri and
kayel soils of Kerala, while the citric acid soluble (aveilable)
ealice in the soils are 90 ppm, 330 ppm, 395 ype and 675 ppm

regpectivelys

The low land rice soils in general have a higher available silica

gtatus than the upland soile,

Drying a wet land soil increases the water soluble silics by

epproximately 15 per cenbe

For a given soil type ihe avallable gilica is mainiained at a fairiy

steady concentraticne.

Application of soluble silicetes to soils enhence the availebility
of silica upto 20 days, beyond which it is maintained at the steady

cencentyration specifie to the soil.

The interaction between added soluble silica and iron and aluminium

in soils is evidente.

Though with the imcreasing levels of added silicetes there is an
incresse in total amounts of silics extractod the percentage
availability of added silica decreases with the ivcreasing doses.
This i more pronounced in the organic matter rich kari soil,
Application of goluble silica above the level of 100 kg pexr heciare

does not epprecizbly increase the soluble silace status of the soils
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In the keri soil even the highest dose of edded gilicate does nob
increase the availebility of nabive phosphorus, vhile in the ease
of laterite soll only the highest dose of added silicate, 500 kg

per hoctare reogisters a gignificent incresse in ihe avallable

phosphoruse

The silice content of the rice plant is found o be quite independent
of the veriety but is dependent on tho aveilabls silics shatue of the
soils It varies from 4 $o0 12 per cent and 8 per cent silics content

sppears 0 be sufficient for high yields.

The ratio of silicas content of the ebtraw and grain iz mainiained

et 211 irrespective of the varietal differences and soil varistions.

fio cormelation could be established between silica conbtent of plants

and rice yields under locel mamuriel and cultursl practicess

A low conbent of silics in the vice plant iec asscclated with high
values of phosphorag. HRevertheless, & higher percentage cf silica
does not aeen %o iuflueric:z the phosphorus ocutent. However, & high
value is invayriably sssocisted with low values of metallic cations

viZe, iron, shminiun and mensoness,
On the average the Kexrale soils contain 600 to 700 ke availgble

silica per heclarc and ivrigation waiers conbribute ebout 30 kg per

hactare per crop of ricos

An average rite erop in Kerala removes sbout 250 kg of silica per

hectare.
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It would sppear from the resulis of the present investigatiocn
thet for the low yielding varieties of rice soluble pilicate application
may not substantially contribute $o their muteition because the scils
econtzin more then the requived amounts of availeble silica in addition
to the contribution made by the irrigation waters. The results further
show that application of soluble silicate above 50 to 100 kg per hectare
myy nok appreciably increase the awailable siliea stotua as they react

with the sesqui oxides of the poil and ig vendered wnmavailnble.

The results of the present ntudy on the available silice
status of Kerals goils, thus enphagise the need for plant response

gtudies under field conditions.
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Quoted by Mc Keague and C(line {1963)
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(uoted by Me Keague and Cline (1963)
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Agri. ond Hortis 35: 1933-1936

The chemical nature of silice in plent
Plant Physiolory. 33s 339-343

Silicon in rice.
Jedgrie Food chome 3135

Bull,. Geols Soc. Ams 10_3 T81=800
Quoted by Mc Xeague and €line (1963)

Taws of soil colloidal behavieur
Soil Sei. 302 459
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Pochvovedenie, 115~118

(Soils & Fexrte 14: Abste 298)

Science 101: 619-621
Guoted by Me Keague and Cline (1963)

Prcportiee of silice in waiers
Ggochim. Cogmochim Aete, 12: 123-132



OKUDA, A and
TAKAHASIT, B,

OLSFFH. SORQ

PATMAJA, P and
VERGRESD, HeJ.

PIPER, CeSe

PONNAMPERUMA, FolN,

RALEICH, GedJe

RAUPACH, M.

end

Seupaen,

PIPER, C.Se

ROSS, CeSe and
KBRPy PoFe

RUSSELLy DeWe

SANDELL, E.Be

STEVER, Re

1961

1954

1966

1950

1955

1939

1957

1959

1934

1961

1945

Studies on the physiological zrole

of silicon in wice plont.~ Pert IIT.
Effect of variocus smownts of silicon
Supply on the growsh of rice plant
end ite noutrient uptake.

Je Seis Soil Menure, Japan, 32:533~537

Dstimation of available phosphorus
in goil by extraction with sodium
bicarbonates

TeSeDelte Cirvoe 2225 19

BEffect of caleium, magnesium and
silicon ¢n productive factors and
yield of rice.

Agri. Rese Je Kerala, 4: 31-38

Soil end Plant analysis.
Inter Science Publishers, New York.

Chemigtry of submerged soils in
relation to growth and yield of rices
PheDs Thesis, Cornell Univ.

Evidence for essentiality of silicon
for growth of beet plant.
Plant Physiology, 14: 823-828

Wature of soil pH, Scil Pubs No.,?.
COS-IQL\.O., Australia,
Guoted by Acguaye and Tiusley (1964)

Interaciion of silicate and phosphale
in a lsterite soils

Aust. J. Agric. Res. 10: 818-831.
(S0ils anft Forte 232 Roste 507)

UnSe Geols Surve FProfe Paper 185
O 135-148
Quoted by Mo Keague and Cline (1953}

S0il condition and plant srowth.
9th Dd. Longmeng, Grsen ond Coa,
New Yorka

Colorimetric determinetion of traces
of metals Vol.2,

American Mineralogist, 423 821-841
Quoted by He Keague and Oline.



SIEVER, Re

SIVARAJASINGAK, Se
ALEXANDER, LeTe
CADY, JeGe and
CLING, MJGs

SHITHSON,

S‘E;ELIJ' FeDe and
SKELL, CeTs

SREENIVASAN, A

TRUCG, Heand
HMEYER, Ao

GCHIYAKA, W, and
ONIKURA, Y.

UEDA, K. and
YEMACKA, M.

WAGNER, Fo

WALKLEY, Asend
BLACK, I.A.

VEBLEY, D.Mo
DULFy R.Be and
MITGHEL, Weh.

YOSHIDA, Se,
QHINISHT, Y. and
KITAGISII, K.

# Originalo not seen.

1962

1962

1956

1958

1957

1936

1929

1955

1959

1940
1934

1960

1959

So0c. Ncone Palacont. *Minere Spece
Puble I3 4

Quoted by David Lvans.

Bxperimental Pedology 2nd Ed., 14~-27

Laterites
Adve Agron. 14: 1-56

Plant opal in moil,
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paddy soils - 1.
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ANALYSIS OF VARIANCE FOR "HE SILICA EXTRACTED FROMN SOILS
INCUBATED WITE SOLUBLE SILICATE UNDER LABORATORY

CONDITION,

Souree 88 ar Varience F ratic

8 849783 1 849783 304,000

¥ 71913 1 N3 25,80%%
s 18354 1 18354 6.50%

A 89101 3 29700 10.64%%
S 4590 3 1530 1

L 418 3 139 1

P 267346 2 133673 47.89%=
8P 5554 2 2777 1

MP 100145 2 50074 17.94%
LP 1732 6 289 1

B 8426888 2 v 4214444 1510,014»
S B 688229 2 344115 1234291
XE 30346 2 15173 54.4360%
LB 30648 8 5108 18.,30%%
PE 113437 4 26359 10.16%4
Erzor 287507 105 TN

* Significant ® %% lovel

Sas e Loy P o & exe the bast.
#* giemificant @ 14 level g 2 % 43 "
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ANALYSIS OF VARTANCE FOR THE PHOSPHORUS EXTRACTED FROM

SOILS INCUBATED WITH SOLUBLE SILICATE UNDER
LABORATORY CONDITION.

Source 88 ar Varience P ratio

3 0+30 1 0.30 1

M 46415 1 46415 84884+
s 0,09 1 009 1

L 20450 3 6.97 1¢34
8L 9.74 3 3.25 1
ML 6.93 3 2,31 1

b 544.22 2 272411 52433
sP 542 2 2.7 1
¥P 1.73 2 0.86 1
LP 15,29 6 2455 1

B 1103.89 2 551.95 106.,14%*
5B 2.76 2 1,38 1
¥E 209,00 2 404.50 20,10%x
LE 1121 6 1.87 1
PE 549.76 4 137.44 274490
Erpor 535.34 103

5420

* Significant © 5% level,
#* Significent © 1% level. 1§

M l°2 & B, are the bost,
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ANALYSIS OF VARIANCE FOR ALUMINIUM EXTRACTED FROM SOILS

INCUBATED WITH SOLUBLE SILICATE UMDER

LABORATORY CONDITION.

Source 88 ar Variance F ratio
8 2028607 1 2028607 126.08%%
N 12538 1 12538 1

SN 56688 1 56688 3455
L 7510 3 2503 1
SL 85 3 28 1
L 9095 3 3032 1
P 5893929 2 2946965 184, 3204%
8P 773360 2 366660 24514
P 320994 2 160497 10,04%%
LP 402 6 67 1
B 14911292 2 7455646 466.33%%
SE 1070755 2 535378 33.49%#
¥E 91242 2 45621 2485
LE 21550 [ 3592 1
PE 3474 4 936858 58.60%%
Ervor 1646763 103 15988

#*% Bignificant @ 1% lovel.

S P, & B, are the best.
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ANALYSIS OF VARIANCE FOR IRON BXTRACTED FEOM SOILS INCUBATED
WITH SOLUBLE SILICATE UNDER LABORATORY

CONDITION,
Source 88 dar Veriance F ratio
8 92997414 1 92997414 655,450
615414 1 615414 4e34%

S ¥ 613484 1 813484 5.735*

L 990760 3 330253 2433
SL 949030 3 316343 2,23
A 675414 3 225138 1459
P 10123543 2 5061772 35,6054
SP 1745234 2 581745 4410%
M P 636428 2 3168214 2,24
LP 1030526 [ 17754 121

B 148484408 2 74242204 523.26%%
SE 45002761 2 22501381 158..59%%
¥ B 17709170 2 2854565 62,41%%
LE 1535322 6 255867 1.80
PE 11262271 4 2815568 19,84#%
Error 14613943 103 141083

# gignificant @ 5% level g Sy0 g1’ P3 & B, aro the best.
# Sipnificant © 19 level



