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INTRODUCTION



INTROSUCTION

Rice i the major food orop of Keralas and it
covers an srea of sbout 2 riilion amoves. Moab of the
work eryried out so for on the chemioal and agronomio
probiens of rice solls of thim Stote relate to the
availabllity of the major plant nutrients and rvesponea
40 added fortilizers. More than 80 pereemt of the zice
soila of Kevsla avre acidic in remetion. Conssyuently,
lerge amountis of soluble snd exchongesble sluminiva swe
lixely to be present in these soils caueing direet and
indiveot haraful effects on plante.

Plant species differ widely in theilr tolerance ef
alusiniug in auitrient golutions and acid soils eoninining
high levels of soluble or cxchangesble aluminiue, as
reporicd Ly Buvgess and Pember (1923). Tho nature of
this differential aluminium tolerance has not bveen {ully
cleritied, Thore may be direet effects such as phosphorus
fization or indircot effecta much as inecvcgeing soil
actldlity.

Pfuough some workers have reported that sluminiva
in tracos if boneficlal %0 cerbsin plonts it is not
uwsually consldered as cne of the ¢anentiasl elementss The
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more Lregquently ryeported condition is that of asluminium
Yoxiclty.

An oxplonntion wegarding the toxicliiy mechanian
ies that solublie nluminium greaily reduces the degres of
activation of isoocitbic dehydrogenase snd melie enzymo
by mang-nese oven 1f manganese is supplied adegquately
or in exc¢ess, Aluminium injury hee boen eoscciated
with the deoresse in the upteke end utiliosbion of P ae
reported by Purgoss (1923) snd deorease in the upiake
and udilisation of calcium as suggested by Foy and
Brown (1962). A decresse in the overall permenbillify

of plunt roobs has also been recordsed.

plthough much ie known regarding the aluninium
content of planis, relatively litile data are available
on the sluminium status of rice aciln. Very littie work
has boen done on the distribution of zluminium in Kevala
soils und the awailoble inforaation on thias asubject is
VOYY Reasrde

The present investigation was, therefore, under
token with the following main objeciives viz.,



Te To characterise the ziee soile of Hovnla on 1no
banis of ke spnounts of sluninium vemoved by various

extraciing solukiona.

2e To obtudy the velationshipz of soil pH o exifnois

abls aluninivm.

3. To delernine the alwainium coniens in vies

vlenke grown on lhese solilg,

4L To invesligate thoe sonsonsl vorlabions in
notngsiug chloride exbracieble nlumlnivm with speeciol

refercuon Lo the cvopplng peoriod,



REVIEW OF LITERATURE



BREVIEY OF LIDIRALURE

sxivactable aluminium

Mirssol (1922) citing sn unpublished werk of
inight reporbod that more sluniniwe won extracted from
nebasplun sgiventod goils $han from thope maturnbed
with ealcium.

Buvgess (1923) suggested thmt wluminium oon bo

extrecliod with o woalk acid viz., 0.5 B scotlc acld.

Piorre et gl (1932) suwggesled that the prasence
of soluble splte is required foy maximum extrection of

alaniniun,

Hosdeted (1933) showsd that the dcercase in
extroctvle 2luminiue with inoreoned base saturatlion

wpae due o the suphoiorie propovties of sluminium.

Choynoy and Kisliteyena (1955) showed thal the
rrilo of hydvegen lons B sluunininm fons in the pobratum
oilorvide oxlysets of aeld soils depended on the ype of
Boil, on Whe horizon ssepled, and on bthe btimo inteyvel

betveen extrrcetions.



Helean gt gl (1958) found thet smmonimz seety's
&t pH 4.8 50 be the mosb satlafeochory extractent fox
aluminivr for Ohio moils, For soils bolow pH 4.8 Bhny

found barime chloryide to be a more sultadle exiracbond.

Hixon ond Shervmen {1962} found that lining lhe
gurfzeo aoils reducod lhe swound of sluwiniue exbraoe e
able wlih 1N sogonlug nsetate, JSimlier rooud s wors

obtained by Plueknett and Shewaom (1963) on sub £oline.

wehesn ot gl {1962) lmve shown that single
leaaking iv a% good ag ndex &9 mul biple lesching fox

indienting the yolative gumounts of extrsctnble aluminivm.

Excheagesble alwiinium

Paver and Marshall (1934) dezonstraled thab ihe
liveration of sluminium from unsaburated clays by
aculral salia wae due Lo direet exchange of the

aluainium by Whe oablonz.

dyven (1943) soowed theb most of Bawmii's highiy
leaciod polis gre exirvemely acidic, H ion saturation

in ueny of bhwa wore above $5 peveent,

Bub Limy and Yu (1957) chosod that bho acidity of

Lrasnozens and Jhel bozems is plnost exclusively due 10



exchangeable siuainiun. Ihe mexisum conbent of exchr i o
nble hydrogen is only 4 poreand of the tobsl exchenge
acidi‘b‘y.

Yarusov (1948) found that while exchmngeoble
hydragen dons conteibute aeididy in top =eils, ihe
acldity in lovey hovrlzong wes aslaly due 4o the presone-

doronco of alusiniun 1070.

Chatterjos (1945) showed lhnt aluninlum present
in the surinee of clays mgy be 1iberabod by neubral
salie (inovgenie Tovtilisers) in owounits toxiec 4n orup

plandse

Rusael (1950) considered mineral solls to be
oluninivg sclils and nob hydrogen soils. He found ¥ af
exChmy, enble aluwinium contribulbed moriedly Lo exchin o

atldily in sach soils.

Hihlotikinae (1951) showed 1halb exchanpesbla
aluninivm conient ozn be desrsgned by spplication of

orgrnic malboy in the forve of Fame Terd Hanure.

Hayward mnd Coleman (1954) Tound that sluaminiuvm
pyedominabed in ¥ - AL olays propered by electvodicivalo

oy Gilube colid leacking.



Pgver and Marshall (1955) showed that zcid cleys
are really H - Al clays.

Chernov and Belyaeva (1956) showed that exohauge-
able acidity of acid podzolised and chernozem is nainly

due to the presence of adsorbed hydrogen ionsa.

Figkell end Camman (1958) suggested that asmonium
acetate was an extractant for exchengeable aluminium fox
Florids soils.

Holowaychuk (1958) showed bhat even though all
the extractable aluminium was not completely exchangeable,
a definite relationship eoxistz between exbtractable

aluminivm and cation exchzange capacity of soilsa.

Low (1958) used barium chlovide =25 an exitrachant

for replaceable sluminium on bentonitbe clays.

Moskal (1959) showed that the appearance of
mobile aluminium was counteracted with corresponding
reduction in soil acidity by bthe snnual applicabtion of
20 tons per hectare of Farm Yard Manure. Balev et al
(1957) also showed that ¥orm Yard Manure decreased soil

acidity and mobile aluwinium content.



Hatbovi and Kawsguchi (1959) showed that on =cid
soils exohangesble sluminium can be supplied by both

the clay minerals snd by free glumina,

Colemen et gl (1960) showed that the removsl of
exchengeable alwminium by 1N poltassium chloride reduced
phosphorus gorption by soils except in bhose which
contained low exochungeable eluminium and high asmounts of

ivon and gluwinium oxides.

Sokolov (1960) showed that exchange mcidity of
Kraznozem snd sod podzolic soil io meinly due bo exchsnge~
able gluminium. Apprecieble quantibies of exchangeable
hydrogen occurred in peat soil, bub aob inEKrasnozem or

sod podzolic soils. ‘

Avdomin g% 21 (1960) showed that application of
cow dung decrecased bhe hydrolytic acidity of the soil,
increased the totzl exchangeable bases and |decrenved Lhe

aveilable gsluminium contents

Pratt end Blair (1961) showed thet extraction

with 1§ potasvium chloride allowing a minimum time of
contact with the firat portion of the extractant
probably gives the most reliable estimate of exchunge-

able aluminium,
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McLean et gl (1962) showed thab 1N pobassium
c¢hloride solubion removed only about a sixth to a
quarter of the acidity from solls with a base unsaturg-
tion of more than 80 percent.

McLean et ail (1964) found that bitreble but none
exchangesble component of acidibty was lergely due bo

hydroxy eluminium,

Aluminium toxielity in aeid soil

Donison (1922) end Line (1926) reported that
eluninium compounds azre so insoluble that they cannod
occur in solutbtion in concenbrabions sufficient to cause
injury to plant growith. They are the major toxie fazchor

in acid soils.

Magistad (1925) determined the solubiliby of
aluninium in waber and soil solution at different pH
values. At pH 5.0 walber zs well as soil solution could
hold 1=2 ppm of soluble aluminium. Solubility was found
to decreane wibth increasing pH velues. In the pH ronge
3.0 ko 4.5 Lhe solubility of sluminlum increased
progregsively. At lower pH values solubility of clumi-

nium rzpidly increased. He found Lhat the decrease in



10

acidity due to liming of soils with pH below 5.0 was

mostly due %o the decrease in eluminium solubility.

lMcLean (1927) reported that in the azbscnce of
phosphate considerable smount of aluminium may be
meinbained in s0il solution between pH 4.0 znd 4.5.
Plants differed in their sensitivity to sluminium
toxieity. Aluminium in minute quentities is a growtbh

stinulant and in large quantities ie toxic.

According to Blair and Prince {1927) acids mé
acid forming materiels such ag a2luminium sulphste,
aluninivm nitrebe and zluninium phosphate reduce pH of
the soil =2nd inoreased the mmount of active aluminiuvm
in golution, They found basic slag to be effective in

reducing bhe sctive sluminium in soil solution.

Pierre et 21 (1932) sinbed that soils of relabively
high porcent buse saturation et low pH veluee ylelded in
geneval less sluminium in solution bthan =soils of low
percentage base saturation. They algo obaerved thatb
oluminium solubiliby was markedly increased by & high

concentration of soluble oalts.

From a study on eighbeen very acid soila

Pohluan (1933) concluded that nitrification and sulpghuy
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oxidation were effective in bringing aluminium into bhe

so0il solution.

Pierre and Stuart (1933) affirmed that the
problem of aluuninium boxicity and phosphorus availability
were colosely inberrelzted. Direct roob injury end inlox-
ference with the translocation end sseimilation of
phosphate due to precipitation of phosphorus within the
plent by the abgserbed aluminium ave the two probable

causes of sluminivm toxicity.

Lockard and Mowaller (1956) sttempted a reviow of
the woxrk of thyee different soil investigotors and showed
bhet sluninium boxicity occurs at concenbration bebween
6.7 to 40.5 prm. They zlso observed that addition of
200 ppm of aluminium sulphate had e slight stimulating
effect. Uplo 600 prm no adverse effect was found. The

heavier doses were toxic.

Tond incon (1957) observed that an sluminium level
higher than 25C ppm might be hoymful Ho planbts. He @iso
showed Lhabt a concenbration of 1000 ppm of scluble iron

would adversely affeebt the crop.

Moorman (1961) stated that in some rice souls of

Indoching sluminium cuhcenbrzlion was &3 high as 800 ppm
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and it seriously sffecled the production of rice.

Cate and Sukbail (1964) concluded that a concens
tration of water soluble aluwinium zs low as 1-2 ppm
markedly inhibited rice roots in the absence of nutrient
cations, Higher concentrastions prevenited xroot growth
and produced mottlings on bthe leoaves. Concenbrabtions of
neutyal szl bs greaber than 1300 ppm affectod plant
growth both by salt ingury and by displacing eluminium
with the scil solution. They sdvised leaching the soil

with sez walber to improve goid soils.

Aluminium in solls gt diffevent periods of the year

pH plays an imporisnt rcle in the emount of
extractable eluminivum in soile. pH of soils fluoluate
in waber-logged soils. Submergence of a s0il leads Lo
gradusl inervezse in pH. The magnitbtude of the change
appeers bo depend on the initial pH, the organic mabber

content and durztion of submergence.

Glllespie (1920) noted 2 decrease in hydrogen ion

concentration when a s0il was submerged.

Subremonian {(1528) demonsirabed the reality of bhe

decrease in hydrogen in conconbration due o submorsence.
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He abtributed bthe increase in pH bo the increased
goncentbration of ammonia. But Schollen bergew (1929)
ahowed ‘that the increame in pH was due to inoreased

concentration of manganese.

A decresse in hydrogen lon concenbration under
water-logged condibion couses a decrease in exitracloble

aluminiue also,

Burgess (1923) showed a diresct eorvelatbion
between pH and active gluminium. He also noted a
possible velabionship between active sluminium and
raingell.

Megistad (1925) Pound that aluminium solubili by

gseemed to incorease with increasing acidity.

Yuen znd Fiskell (1959) used 1N eumonium acobzle
gt six pH levels and found thab a8 acidity incroased,

extrachable aluninium increased,

Plucknett and Sherman {(1963) found a decrease
in extractable eluminium with incresse in pH of bthe soil
and gttribubted this to the formation of less soluble

forms of aluminium hydroxides.
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MeLean gl gl (1964) showed that at higher pH
values hydyoxy aluminium ions polymerise and form inbex
leyers ovr surface coatings in the clays =nd other
colloidal syslems and since bhe polymerised hydroxy
eluminium is not extractable with potassium chloride,
the tibtrable but non-exchangeable component of sciditby

was largely due such hydroxy aluminium.

Bub more recently Mclean ob g1 (1965) exemined
the comparabive roles of organic end inorgenie componcnts
of acidity and found that hydroxy aluminium have only s
smaller role than was originazlly thought.

Ayres et ol (1965) showed that as soil seidiby
inecreases, sluminium soluble in both potessium chlovide
anud ammonium ecetate also increases. Thervefore in these
soils conbtimied and extensive use of gmmonium fertilisers
might produce soils go acid thatbt sluminium toxieitly would

become & problem in the sugarcene soils of Hawail.
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MATERIALS AND METHODS

Collection of Soil Sample

Twenty surface soil samples (0 to 15 cm) were
collected from different representative rice tracts of

Kerala State. The soils include Xari, Kerspadam, Koyal

and low level laterites. The samples were collecbed in
cotton bzags lined inside with polythene and btransported
to the laboratory for analysis. Soils were colleched
at monthly intervels from December 1966 to April 1967
from two gelecled sites, one from & double crop field
near Vellayanl and the other from the bed of the
Vellayani kayal for periodiczl anslysis of elueiniun

Collection and preperation of planb saeuples

Rice plants were collecbted from fields, the
solls of which were zlready collected for the present
investigation. The plants were washed well in tap
water, followed by distilled waber zsnd then taken to
the laborabory in polythene bags for analysis. The
root portlon was discarded. The plant tops were air

dried, out into small pieces and further dricd in an
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2ir oven at 70°C. The prepared samples were kept in

labelled bottles.

Preatment of samples

A. Solilg

The soils were air dried, ground znd allowed fo

pass through a 2 um seive.

Treetuent of air dried soils using different extracbants

Extractents used

1. 1N poteesium chloride (4yros et gl, 1965)
2. 1N ammonium acetate (Ayres et al, 1965)
3. Distilled water (Ayres et al, 1965)

10 g of air dried soil sample was shaken for one
and a half hours uaing 1N potbassium chloride et difforentd
rotios nomely 1:10, 1520 and 1:40. The solution was
filtered and used for deternination of mluminium. Three
guccesasive extractions were carried out using 1N polassium
chloride in the ratio 1:10. TFor determination of exitraci-
able aluminium, air-dried samples were sheken wibh 1N
ammonium acetate st diffevent pH values (4.8, 6 znd 8).

Successive extrzactions were carried out three times in
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the ratio 1:10 with ammonium acctate of pH 4.8, The
polutions were filtered and the concentiration of
aluninium in the f£iltrate determined. For water soluble
aluainivm, the siv-dried soils were thoroughly webthed
with disbilled water and drained for approxiumabely
twenty hours. Suction was then apvlied and aluminium
determined in the filirate ecolorvimetriocally with
cluninon veagent as suggested by Yuan and Fiskell (1959).

B. ZPlant samples

The plant semples were prepared Lor asnalysis of
aluminium according to the method described by Pipex
(1949). Two grams of oven-dried samples were dry ashed
in g plalinum erucible. The ash was dissolved in dilute
hydrochloric acid. The silica was separated oub and

destroyed using hydrofluoric acid.

De btexmina tions

1. Mechanicel anazlygis

Mechanical mnalysis was carried outb by the

Inbernational Pipette method (Piper, 1950).
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2, pH

pH was messured in a 1:2.5 soil-water suspension

using a Beckwman pH metex.

3. Orgsnie ecarbon

Organic carbon wes estimated by Walkley and
Blzok's melhod gs dederibed in Piper (1950).

4, QCaotion exchenge capzeity

10 g of s0il was leached with neubral N ammonium
acebate solulion. The adsorbed amwonium was determined
by dilstillatbtion with megnesium oxide and zbsorpblon in
excess of gtendard acid followed by titration with
slandard elkali (Piper, 1950).

5. Sesguioxides

10 g s0il was digested with 1:1 hydrochloric aecid
and filtevred. The fil trate was made upto a known volume,
Sesquioridces were precipibated in an aliquot of the
hydroghloric scid exbract. They were f£iltered, igni bed
and weighed ms combined oxides (Piper, 1950).
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6. ZIron oxide

Iron was then determined in a separate aliquod
of the hydrochloric scid extract by reduction with zine
and dilule sulphuriec acid snd ‘the ferrous solutbtion thus
obtained was then tirated with stbtsnderd potassium

permengsnate solution (A.0.4.C., 1960),.

7. Aluminium oxide

Aluminiur oxide was esbimabted by noting the
difference between vhe sesquioxides and ironm oxide as

delermined earlier.

8. IExchangeable, extracizble and water soluble

aluninign

$he fllbrate for the determination of eluminium
was preparced as deseribed earlier. The zluminium present
in the Piltratc was deberuined by sluminon method. In
all cases interference of iron was eoliminated using
thioglycollic =zeid. The interference of organic earbon
was zveided by destroying it with hydrogen peroxide,
The transml btency of the solution was read on the Kliekl-

Summerson photoelectric colorimeber using o greean filter.
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9. Aluminjum in plant

Chenery's colorimebric anglysis of sluminium
using thioglycollic scid as inhibitor for irom (Chenery,
1948) was used. The transmitiasncy of the solubtion was
read on the Kletb~-Summerson photoeleclrie colorimetexr
using a green fil tex.
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RESUL TS

The Getalls of soil samples used in this study
ave given in Table I. The eoil pH varies Lyon 3.1 fox
Eari soils of Kuitonsd to 6.5 for kayel soils. Foyx Lmpi
soile pE vrenges from 3.1 %o 4.6, for kayel solls the
range ia 5.1 to 6.5, pH of Hurapndem seils lien betwsen
4.3 and 5,9 while foxr Jow level lnteribe the ronge is
from 4.8 to 5.3,

Tavle II presents data on rRoze properties of the
poilo which have & bearing on the present inventigation.
The zniion exchsnge crpacity varies from 58.0 to .8,
the naximus Vaiuves being shown by Xawl scila and the
minimun velues by laterito eoila. The variation in the
ronge of wvolues for organic carbon is mors conspiouous.
It varies from 17.57 for Knri soils to 1.37 for laterite
goils. ¥ith reapect to pluning (naos). the variatlon is
not mo serked, bthe Kari soils showing comparatively lowew
volues, Jlron oxide conient varies frow 4.8 peroent to
17.0 percent.

The mechanicnl wsomposition of soils is glven in
Table IIX. The data nhow that clay content varies Lrom
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Datails of soil somples used Loy study

W Ge e e R e O WS e R M e s @e e e M e MR e B e B0 ee s e W e

gli%: Soil type 8;?11 Location con?li%%mz
1 Kari 3.1 Vaikom Yot land paddy
2 .o 4.1 Vedayar v
/3 . 4.3 Karumedi ”
4 os 4.0  Ampalapushe vy
5 "e 4.3 Elllchiva T
6 .o 4.6 TRilampeyoor o
7 . 4.9 Thakazhi 'y
8 %e 4.3 Kaveiem ”9
9 Kayal 5«1 Vellsyani .
[ .e 6.5 Vechoor ’s
11 .o 6.4 Hundar .0
12 ve 5.3 Triochur kole e
13 derapsdam 4.3 Hadirvempally sy
14 ss 5.5 Hundry sy
15 .o 5.4 HNeduamdi .
16 . 4.3 TPurskad '
< 17 .}:gg level  ~
erl be $.2 Sattaxbi T
18 .e 5«2 Vellaynnd 'e
19 .s 4.8 Mavelikors ’

20 e 5.3 Irictuy 'Y
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TALE I1

Analysia of soil

A e W As MR W AR L @k K e R W A ae U MK W e B ek M e W e ox

B R St s A
1 FEsrd 58,0 43.29 9.8 6.8
4 se 38.0 12458 9.3 G
3 .o 35.0 9. 11 4.8 545
4 .o 45.0 944 10.5 8.5
5 - 35.1 1100 7«0 10,5
6 . 4.0 17.57 9.9 121
7 - 1.0 15.72 20 1045
3 .o 35.00 16050 141 10,5
9 Eayal 28.0 2.80 9.8 13.0

10 .o 20.1 5.25 10.4 8.0

11 ve 14.0 $.50 S.5 Be5

i2 .. 35.6 11.40 5.9 16«9

13  EKavespadom 6.4 2.38 10,5 19,5

14 . 2541 2.71 9.5 10,5

1% .s 30.0 137 8.5 125

16 .e 35.0 4.87 10.5 16,5

17 Low level S.8 1,69 2.5 17.5

laterite

i8 e 5.8 1.20 19.6 12,6

19 . 15.8 4.45 10.5 13.6

20 .e 23.0 1.66 12.3  15.9
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TABLE III

Kechanieal composition of goils

- wr wm e e T e W e we e e

S2.
1 Kawvi
2 .s
3 .e
4 "e
5 .o
6 .e
7 .e
8 .e
9 Koyl
10 “e
1 .e
12 .o
13 Kevopadem
14 ..
1% .s
16 »s
17 Low lgvel
laterite
13 .e
19 .

hy
<o
»
.

1.35
0.95
1.10
2,00
1.56
2.06
1.95
1.75
3.50
5.00
4.00
3.50
3.00
9. 10
6.10
8.90
48,00

35.10
30425
25.16

Con Faony 8 CL
No, S0l wpe S0eTe, it B Y

3.2 21.0 67.5
12,0 17.2  59.5

4.0 19.0 60.6

9.5 21.0 69.0
10.0 26.0 61.0
12.1 25.5 59.0

6.0 30.0 60.9

9.8 19.0 65.0
14.0 21.0 51.0
16.0 165  49.0
15.5 20.0 50.3
17.1 18.0 S55.0
14.0 2.0 45.0
15.8 11.0  40.0C
11.0 17.0  39.5
155 15.8 46.0
19,0 1.0 25.0

16.0 10.0 30.0
17.5 5.0 25.5
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20 to 69 porcont, Almost 2ll weils eclocbod ave clogoy

in antnrs.

Tebio IV presends data on sluninium extrnsted
by differand extractants viz., ssmonlum peotatbe,
potnsaliun chloride and whlers The maximm gquantity of
aluminium (7000 ppm) was extroclbed by smmoniur gectolo
trom Knxd soils. The mininuw quantity of aluminium
extracled wae 275 pom from koydl acoils. With regard 4o
the amount of alwminiun exiractod by 1R pobassium
cidorids Lhe geneorsl Strond wis a8 in the case of
auzonlum acetsic oxlraction. But the gquanilty extwaclod
by 1d polagsium ohloride sas less bthen tnet extracbed by
aumondun acetnie. In the cane of extraction wibh walber,
the quaatity extracted wne musch less, the range of

vavintion being from 1-16 pym.

Alyminium extrpobed by amponium ncetale ot verious
pH valuey 1z shown in Table V. The meximwm quantity of
sluninlum wos extracted st pH 4.8, 4t pH 6.0, the
maxinue gaanbity exivacted wra 1225 npm the minimun
qurntity boeing 40 paw. 4t pH 8.0 the amount of sluminium

reonges from 250 Uo 5 ppm.



TABLD 1V

Muninium exbraclanle by varisus exbroobanls

go: holl bipe gggﬁgium gziégéium e bex
acotnte calor ide
””””” R & - S 7 ) R
DRI e o

1 Eari TG00 3700 16

2 .s 3005 1800 10

3 e 2015 1471 8

4 on 2550 1810 10

5 as 3000 1300 8
& »e 1500 €85 T

T oe 750 750 T

8 ‘o 2015 975 )

9 dayel 676 202 5
10 "e 275 85 1
i1 .o 525 95 i
1z .o 670 150 4
13 Xavspadam 2550 2000 2
14 .o 575 200 3
15 - 580 216 4
16 e 2750 738 8
17 Lew lrved 600 143 5

ivioylle
18. .. 675 152 5
1a - 1000 325 6
2G . TG0 1180 5
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TaBLE V

Alvmiviun extractable by 1N omaonium soetnbe ad
differont pH values

Lo @il type Soil pH pH 4.8 pH 6.0 pH 8.0
B L o mm .. -—— "
T fard 3.1 7000 1225 250
2 .. 4.1 3005 600 120
3 s 443 2015 400 80
4 . 4.0 2550 980 125
5  aa 403 3000 400 78
6 es 4.6 1500 301 50
T e 4.9 750 250 35
8 e 403 2015 404 82
9 R-yol 51 676 225 40
10 .. 6a5 275 40 5
11 .o 6.4 525 45 6
12 .. 5¢3 670 201 35
13 E-repedan 403 2550 395 814
14 5e5 575 200 40
1% .o e 50 176 42
16 ou 4.3 2150 388 15
17 Zoa lovel be2 600 201 39
leaberite
18 .o Tel 5y 3 196 40
19 .. 4.8 1000 266 40

20 .o 9e3 700 201 36

A sk mm WEE AT PP GEr TR O eme S ww et MR A RIF b CGw  we IDF O o op v &Y
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Table VI preacnts duta on puocossive extraction
cf eoil with 18 axmonlum acetate.

Resul e of oultiple extraction le given in
Table VII togother with the cowresponding equilibrium
pB valueg, #itk Epri, Koraondon and labteviie soils
extrectabls sluminius dropped off shayply with succeseive

trontaenta, In the care of kayal soil considercble
deereppe in not found. A rise in oquilibrium pH woluos
can alzo be noted with incromelng number of extractiong.
in kpyel acilo whore the third extroolion produced ne
lese pluminiuwm than the accond; dhere was no change ip
equilibrium pH.

Jatle VILX shows the e¥fect of soil seluillon
rotic on the quentity of nluminfum, With the Xsei spils,
400 ml potospium ohlovide solution exiracted on en
average nenrly three times as suoh aluniniug as the
160 ml soluiion., With the kayol soile, the change wos
not o intense ro in the cnse of Kayi soils, In

Karapndam soils slse the genersl trend wea like that of
Kari solls.  #ith one exception the laterite moils zime
behaved like keyst soil with regard Yo the amount of
aluainivm extreoted ond shift in equilibrium pH valuos.
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TAHLE VI

Muminius in successlve 1N aumondum coebzle (pH 4.8}
extractns of rolis

??}6: “oid bipe eztraction ex ism%:ﬁcm ex kr;hg::;&m
1 Knyd, 7000 o “‘.21}‘;5 "‘“"““"‘“""‘“{;}%”‘
2 .o 3008 1108 835
3 .o 2015 960 326
4 .o 2550 1108 795
5 . 3000 980 600
6 . 1500 42% 225
T .o 750 205 155
a v 2015 700 309
9 Reyal ' 676 150 75

10 " 215 102 70

1 .o 525 270 250

12 - 870 105 30

13 Karnvadnm 2550 825 602

14 ve 575 602 150

1% .e 586 128 38

16 so 2750 125 515

17 0w T ovel 600 150 53

g Tt 615 150 51

19 -e 1000 650 420



TASLE VIX

Aluminium in suocessive ¥ polusoiun enlovide
exsracts of soils

i’é" Sgél exlbrm SqumH ex]f:.f’a- “4eDH ozlc:ga- g pH
° ¥ ction abion ahron
1 3.1 3700 2.9 2500 34 1200 3.3
2 4.1 1800 3.9 1020 4.2 720 4e3
3 4.3 1471 4.0 1005 4.3 800 4.3
4 4.0 1810 3.8 925 41 625 403
5 4.3 1300 4.2 325 4e4 500 4.5
6 4.6 685 4.3 420 4.5 200 Yeedd
T 4.9 T30 4.7 525 4.9 220 5e4
8 4.3 975 441 525 4.3 300 Bl
9 5.1 202 4.9 182 5.2 100 3.2
10 6.5 85 6.3 85 6.5 67 6.8
11 6.4 35 6.1 86 6e3 40 Gs 4
12 3.3 150 5.0 120 5.0 1900 %6l
13 4.3 2000 4.0 1200 4a 3 600 fud
14 5.3 206 U | 156 5.3 5 5.5
15 5.4 216 He2 136 5.5 120 56
16 4.3 738 4.1 520 4.3 300 4.4
17 5.2 143 9«0 105 5.2 62 5.2
18 5.2 152 5.0 100 5.2 44 5e3
19 4.8 925 4.6 525 4.9 405 4.9

M wm wm X mE we e ke s ae me e AP ae SR e mm b e e e re we e ma me e
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TARLE VIIZ

Effect of noil golution rvatio on alweinium
extrachable by 18 KC1

D, Soil  Aluminium 81, 8oil  Aluwsinium
Ro. solutlon in soil Xo. solution in soil

ratio PR ratio frje]
1 108100 3700 11 10:100 95
103200 6065 103206 125
151400 11000 103400 140
2 103400 1800 12 10100 150
103200 3800 102200 250
103400 8640 10: 400 375
3 103100 1471 13 102100 2000
1038200 2756 10:200 3010
10: 400 3953 103400 3750
4 108100 1810 14 102100 200
163200 23806 108260 350
101400 5706 103400 475
5 102100 1300 15 102100 216
10:200 2710 103 200 375
10: 400 3708 103400 480
& 103100 895 16 102100 738
102200 3] 1021200 890
102400 1515 103400 580
T 102400 750 17 101400 143
102200 575 105200 156
10: 400 1050 108400 17%
8 101102 975 18 103100 152
102 200 1050 103200 115
102400 2706 101400 189
] 108100 202 19 103400 925
108200 216 103200 1050
103400 275 103400 13715
10 10:100 85 20 103100 1180
103200 95 102200 1275

101400 115 101400 1300

- on M we ue M b N e e wm G 6 ek e on e A B0 an W e W e e N
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Table IX ahows data on the amount of aluminium
extracted with corrasponding pH of extramct. An inoreame
in the pH of extract can be noted with incressing pH of
soil.

The results of plont anslysis for alupinius ave
given on Tuble X. The values vange from 0.16 to 0.015

percents

Table XX shows the varietion in axtmckablo'
sluminius with pewiod ab two Loocsbtlons in Vellayand,
For the low level laterite the amount of sluminium
renges from 1795 pom in Decembaer o 900 ppa in April.
In Velloyeoni kuyasl bthe corresponding values weve 810 ppm
and 250 pym respoebively.



TABLD IX

Auziniug oxtrvacted by wrles with covyesponding
egnilibrivz pB vrives

D T I R T

g%: Seil iype Sgﬁl e§§&2£% iﬁuﬁi%iggﬁ
1 Kayd et Sed y#g
2 .o 4l 4.3 90
3 .o 403 47 8
4 os 4oly 4.8 10
5 ou 4o 3 4.6
6 .o 4e6 4ed 7
7 .o 4.9 S04 7

- 4e3 427 9
g Eayed bt 54 5

10 os Geb 6.8 1

1% vs 64 67 1

12 P 5.3 545 4

i3 Aasppndan 4.3 455 2
14 .o 5.5 5.8 3

15 .o Hedy 5.8 4

16 on 443 447 8

17 ig?ﬂiiggx 502 845 5

14 as Go 5ol S

19 as 4.8 4e9 6

20 .o 502 209 5

e e am Gm G TR AR e ks W W bm e O W A We W e we B8 BN e A



PABLE X

Mrdysia of plant (paddy)

. £luminium
S04l Ho. Soll pH in piant (%)

361 Qe 150

4 440 0,420

9 5.4 0. 0695

16 4¢3 0. 100

18 He2 0. 075

20 %3 Ga 080

PABLE XTI

Segsonal varirtion in exiroclsble aluninium
at two loontions in Vellaynni

B A e en e e W G e s ek M e e Ak Be mn e e e e A

KO extrastsblo sluminiuve

MOn'eh - e W e Em Am S e e e we m a eede

Double evop lond Enyul

e G b s e W e g e B AR Se e me wG W am e e e e

PR -
Deosnbor 179% 810
Januozy 1540 T00
February 1390 §56
March 1180 515

April 500 250
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DIGCUBSION

The results of the precont investization on
extraotable aluminium in the various rice scilg of
Kerala Stote as edjudged by dilferent extraciunis vig.,
water, norasl amneniun nootete and ¥ potossium
ohloride in wvelation 1o the uptziie of eluminium by riee
planis are digcussed herounder,

The piudy on extracisble alusiniun in the
various soil types shows that the amount exirzoted
depends not onmly on the nniure of the extrzetants bhud
#igo on pell charaotorigtics such no pH, cation oxehruge
capaeily, texiure {(Table IX snd IIL), sodl $o solution
ratio (Tokle VIL) employed for the exirsotion snd the pH
of the exiractent (Tetle V).

The pH of the moil influsnoces the amount of
sluminiug extracted by the thrse diffevont extroctanis
end this is revesled by the signifiomnt nogative
correlation botweon pH of the 5013 on the one head end
the apount of slupiniua exiracted by the extyvaotants oa
Yhe other, The correlation coefficlents and the
rogrengion equationa ore givon bolovie
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Coxwrge Regronnion
Ho. ¥ intion ® ¥ equation
1 Izxtvecishle
alwainium s 8011 pH = 047 y=1012.6 +
(mnm%gi}w; 1871:2 -
seetalte
(pH 4.8) sz2x
2 Exbractable
flopiniun, Vs  Soil pB = 0.8 y=6312.0 +
ehiavide) 864"2 -
18602
3 wbar aocluble
alvainiom Ve Y01l pH = 0.8 y= -3.6%2: *
24,0

From Pablo IV ge well as fyom the aign of Lhe
corvelnbion coeflicients, il iz cloar thed bhe amount
of exbroeioble eluniniur ivcremees os bthe pH dooronson.
This iz 10 be expected since gluminium is mere sclurio
untder pedd condlbions. A siniley corvelsation bebwson
pH and extrooinble asluninive hng been dcnonslrated bWy
Yuan and Fiokell {9959). In genersl, the extractabic
aluminium in 20ils tends to resch 2 mindlpum value nooy
neutyel pH which covrosponds 4o zoeyly 100 poveent Lese
satureblon. This result le in conformity wilh amphoiexic
propertlon of aluminium snd hes been awply demonsitvaiod

by Magistal (1925).
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Hgives 1, 2 ond 4 show geraphlicslly the reaultn
obinined on extraction with 18 omwonium ncetate (PH 4.8)
and 18 poisssium chloride asnd water of twenty diffoevrent
rice geiln with pH velues ronging £romr 3.1 %0 6.5,
Appraciable mmounts of sluminius nre not extracted Hiil
the s0il ¥ is below 5.0. Below ¢thio pH approxicate
ienim-iw with dearcese in pHE veiue is naintained, A
similary s slightly different, velatienship was
obtained by Ayren st al (1965) with only smmonium
asebote extract in the sugaresnc soilis of Hgwail.

Corralations betwoen the cley fraction and the
emount of aluminium extrsoted Iy 11X sumoniur ncetate
extract pH 4.8 (¥ = +0.51) ond between the clsy fyachion
end the aluniniws extrpcted by noymal polssslue ohloside
(r = +0.48) ove significant. 3Ibia is in confiraity
with the rroulis obiained by Lin ond Colemen (1960).
Since the cloy fraotion conlributes considerably towcyds
the oatlon exchenge ospaelly of the aoil, this reinbisfe
ahip suggeats that pard of tho aluminium extmacted ip
oxehanngenblieo in natara. In feod, = significant corralas-
tion exiatls botwson the oatlon oxchenge cupmoity of the
20l mnd $he aluniniux oxtracited by 18 rotnssium chkioride,
wille there is ne significunt corvelation for {the
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aluminivy extracted by the novmel smuonius acctobo.
Thin pugzests thab bhe novasl steoniur meebsbe axbyasts
lergey avounts of mlusinium from formsg otler than

exchangerble.

A nignificant corrciation exisis betwoon the
pluninium extrncted and the orgenlc carbon content.
This suggrats o dlose relntionmnip botwoen sruminium ond
organic matter. The work of Melheozn et gl (1965) sug rais
that eluninium bound with orgonic matber is none

extraotable with normel »notlassiwa ohlovide.

The influcnce of the pH of the extractunds on %o
quantity of aluminium brought inko solution Y3 been
studied in the case of noymel nmmonium ncelabe (Tokio V,
Pigure 3). ‘this revesls thet bhe asound of sluminium
brought Into solution varics widely among (he four
diffevent coil btypes. In the crse of Kori snd Karau~don

nrolls it vose sherply en the pH decreanss. The high
lovel of extroctable gluminium in the poorly draines
fari and Iovgpadsr roils aecus o subolintinte the wovkz
of kogland cad Colemen (1959) who found the porcontese
hase sehagstion of gluminium o increasse with decrcorsd
drainage. Bore ovey, these ssile sre of vory low pH
vodues ond  the high acidity ia »esnonaidlc for $he

drepoiubien of tne eluninonilicste winersis nresont in
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Graphienl representation of aluninium
exby obed by amuonius acebale (pH 4.8)

from diffevrent soils types of Kevsla.

Gprpplerk ropreseont: fon of clumininm
exbrncled by potreaium chlorido from

different poll dynes of Keownlyn
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tnem.  Eelabively lower values For extrocteble sluminium
in the izteriis seils ave provably due 40 the high ivon
oxlide conovebionary ZLeactions prosont in the suriace
horlzonag. In the kRayal 2cils the prescnce of denosilre
of Lime mnells hos boen yepovbsd by durap (1966). 2hip
Lloge bhor with the compuvabively Jagher pH velues obnoxved
Por bhose Hoils rey account fop the low extrnabzible
plucinies,. Sirller renel'e have bDeen obiqined by fyven
gt = (1585).

The effecel of =cll molubion ratio on the slusinise
extrected with 18 poteacium chlovide «zs alse sindied,
A given weaghl of the so0ll wio eziroeted with incre.alng
welunes oFf noweal potassiun chloride. If aolubilily iz
involved grositor qumntlties of aluminium should be
exbrasted with Incressing volumes of solutlen. If
exchangenble aluninium alonce is extracbed 1ivger volunas
of solutbtion should exbraces only « 1idile more aluvinluy
tiran saclicor volusess In bhe onse of the Xpri soil o
400 al rotossiug chloride nolution extracted on the
sversso wore than threo tlmoes as much aluminium an ¢ o

100 w1 solublon. In Znrepoden solls the 400 ol polcooiwm

oitoride gcindicn exlraoted 1.5 Yo 2 Ylmes a2 such

slaginlug e the 100 ol zolution. In the knysl aniins
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ond in the low level luberibe seils only =3ight inererses
were obaoyveds These resudta could be interprebed as
lending weight to the view lhat exchongeanble sluminiiem

ip not the prinelpal souvee of siuminium in the Kari rad
Earopndng solla while it ig g dominant noarss of
oduciniva n the kayal end low level latexritos.  The Low
pi values of he Kari and Kpvaprdon soils, logether vidth
the poop dvalnape conditione regquire thoid .oce soils

conloein ki ogesr spounds of woluble aluminiuk.

The asount of water ssluble sluminiuem venged fyom
1 %o 16 pim. Concenblyution of eluminiwn in the waley
extraots 4id net oxeeod % ppu in woils hoving pH ssove
5.0. mese reoulis nre ot warlonce with ihat of Hinduoy
&t gk (1959) whe obwerved a watcr sclable aluminiua
conecabendion of only 0.1 pps for Dawalloa solis.  wlinim
eath aeil group the amownt of wiber soluble slumininm
genevslly dikinished with inerccsing scil p¥ {Fig. 4).
The anri snd Lornpadan soily conbnin highey suoants »f
webey soluble aluminimm than the koyal £01ils and low lovel

laseriles {(Table IV).

Studies on $khe oxlrzelability of aluminium provide
evidenae thet dissolulion rathey than exchange modhn 108

accoun o2 fop nuch of the piuwmdnliva apvcaring in ke Dighly
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acid Kard and Lsrapadrm sollg. Vater poluble aluninium
congentrolions above 2 pua is considored to mavkedly
sffect, bLie rice vooiz and thue diminish the finsl yialds.
{Cnte ond Sukhal, 1964). Sone of the solls vocording
high amownte of weter soluble zlusinium in the Sicte ave
notoriouns for the low productiviiy of rice. Hurup {1946)
obzerved whnt spplicetlion of Lime ot twiee the line
rogquirenenl levrls Lo nble o deorenns bthe slwaiaiun
conbents of Eari soiis below toxic concentrabionm.
Inundation of bthene anils with s2alt wabkey durving 6 weaths
of the yony prioy %o the oropping nerdod helps 1o yoplace

exchangeahie aluainium :nd weeh the goil fvee of cluninika.

Resul ta on the wultiple extyscéion of bhe solln
with 1N ononium aentate (pH 4.8) rnd 1K potoasiavg
chlovide m ow {(Table VI and VII) thol the quanbity of
alurinium extracbked deoyenzes shayply wibth swoeeasive
extroctions, ¢ is boing graader in the cnse of novasi
potnscium ohlovide. 7Thim suggosts Ehat the disaclution
process ncesundts Lor greater pard of the slusminiun
oxtracked by normel ammonium acobrle bthen by norasl
o bssiug chloride. Whe initisl decvonse in equilibriuvm
»H valcen 15 due bto tho veplacemoad of cxehangorble
hydrogen womg from lhe 60ile by tha potussium iong of

the extw. ebont.  Gith fayiner extwr olionn ithe cquilibiium



Fige 4 Graphionl reprecenirtlon of aluminiuw
aztrpotey by wateor from di€fsrent moll
types of Rerela

¥Fige 3. Grophical represcnlstion of sluninium
axtr cled by nmmoniumr acebale (pH 6.0)

from differon$ solil types of Korelg.
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ALUMINIUNY

1000 —|-
900 ~
800 —

700 —
600~
500 —
400
300 -]
200 —

100 —

072 6+/87 Ox-9272 .7¢2

ALUMINIUM IN  ppm

70 —

9 |

y = -3 69nu+24 06

7=-028

o —

SOIL pH
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pH values tend to decrease wibh o conconilbany deovince
in the smeunb of elwwinlun extyoobed. The faot thnt
thege dininishing levels of sluminium weye geconpanicd
by increoming equllibrium pB welucs vaises p quention
a3 bo whother Ltho siuminiug wes ooning Lrom exchonge
gites. nicing pA volues wlght by lhoweelves neocound
in copsidareble degroo for deoveasing lovels of pluniniwn
it the sourse of the element wore letlilee or oxide
aluminim, the solubiliiles of wnich ave dopendent on
pHe vibth Lno kpyel and low levol ialerite aolls the
equilibrivm pH volues cye Laiviy constent wibh only o

alighl deorence in bhe amount of cleminiuvm oxtrscebeds

fain on sluminium condent in 4ne 1H potrasimm
ohioride cxbreot of soils collected Lryom 2 loenrtlonn
ViZes @ doublc cxop lrnd aujoining the Velleymil iodip
end the bed of the Velleyeni koyald rye preaenled in
Tabie Xi.

he resul ts show ok in both dhe loentions
during o poried fyom Jeacnbow (o April there la a
aradunl decrease in eslractable oluniniwi. The gradusl
dgereLye correnponds 16 the diminishing rainfall snd

+the redneilon In the oxtent of woter-logging of tho polin.
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Lower mmounbs of extvacl ble gluminium with doorease
in the ezbent of walor-logging mey be due to inackivas
Lion of oxchenge sites due to dehydration. Simllew
resul be h.owe been oblained in Howsiisn scils by
Pluckne bt end Sherwan (1963).

Htudiez oa the uplute of slaminium by the rice
erop (Table X) wnd corvelat.on of the saue with
volnseivg obloride oxbtvaeluble cluminius (v = 40.95)
snponlun cectote exlroetable aluninium {(r = +0.8) and
water {¥ = +0.G5) suggost they belser covrolsziions mve
obbgined with wabor ond noracl potessium of loride,
However, 30 is peen thal wator io not s suliable
oxtractont sinee the quantities oxtyracted ave insuflicient
for proper estimation. Betweon aumponium ascebate ond
po tepgiun clioride, poisssium chlorlide appesrs to
extract more of cxchangoable siuginlum and bears @
closer eorreintion with gluminium uptnke by rlcee plomnts,.
Henoe, fLor predicting fexie levels of aluminiuwm ia rsico
gollo 17 poispuiug chlorlide nppen~u Ho bt g BOXO

gulloble ozlzaclant.

The romlts of the present invosltigubion thus

project the need for & wory systenmtbic evalaation of
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the wator cnd pobusgiun chlovide oxibroctable aluminim
gontent of the highly acid rice zoiie of the state in
velabion %o the cxistence of toziclty syovtoms In »iop
fdue o rluniniun snd bow this could be corvected by
vesorbing b o sclontifle progysmne of liming.



SUMMARY AND CONCLUSIONS



GUSMARY  ARD  (OHCLUSIONS

The distyribution of the verions forus of
alusinom in the ospples of goila collecbted from L@
apjoyr vioe bracle of Lorale wen nosessed uging diffeyvent
extracting solutions nasely ameonium ncebnbe, pot snius
chioride and wnber, Holl daar-cleristics like, leztuve,
ovgniic cavbon catbion oxchonge cavaecity, pH, iron ond
aluning content thot are Likely 1o influence the arsunt
of sluzin.um wore also sbudied. Poricdicsl muslysis of
petassion ehioride extract rle aluninium was done on Lwo
somvles colleoted ot monthly intervia, one frvom Vo loyrni
Lake area snd the sthoy from 2 double ervop imnd adjoesnk

o the Veils ani ilake.

The following aye bthe rosults obleoined and

coneluaziomsa arown.

1. Among the Y different exsrootonte tried faz
paporning sluainiue atetus, nopscl potnssing chlexide

aos adaudeoed 40 o the bend.

2. The pH of the moll influences ihe amounti of

alvmaniam exirachked by bhe difforeant extractants,
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3 hporecieble suounts of sluainium ave not

extyactod fron soilo with pH vilnes above 5.0.

4. SMusinium exbrsotod by norzal potvas am ohioride
and noyand snronium westate is posibively wnd signifie

canbly cozrolabed with the clay frestlon of Lhe snil,

5 The ention exchange capacifty of the soile nye

voll coryveleted with normel polassior chloride extracicblo
aivaednive, The leex of such o corvelzbion for mumonium
acetate exiroeipble nluminlum nusgrsts that forms olthor
ihan exchrngenble are belng exiracted (o 2 lawvgor cxtond

by tho semoniug ooobabo,

6. The pH of the extracbmnt has an infivonce on the
cmount of slunminium extracted. I inercanes gshavp’y oo

the »H of the extyvactant decreanes.

T Inovesoing the ooil selubion »atio, inorconas by
theoe fold the amount of eluminium extracted Lrom Wnpd

80ils. In the oense of karopadom molile, dhere is a o

Poid imercase. 1o ine keypl ané low level laterite eoils,
goid poiundlion rolio doss not apsroc ably infiuvence ¥ e
smount of aluminiun extyechod. This suggerts thet
exchangeniile :Luninium iz the doninand caarce of alucinium

in koyel ond low leveld laleriise.
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8, Water soluble sluminius varies from 1-16 ppa.
The Knri emd kovapedne soils contein higher auounty of
wobor soluble sluninium, This suggonts the pessidiec
exiatence of sluminium toxleity in rice grown in thone

BOoilse

2 Auninium upteke by rice plants ie positively
corroiated wivh exlrsotalie aluwminiug.

10 A @sovcese dn the apount of extractnble aluwminiua
ohoervel with & decrense in ho extent of water logging
end Aindnishing, roinfald suggezbe inncbivation »f exchons
altos in the eoil by dehydration.

1. Inundation of Zuyl ond Eevepadem soile prioy in

the cropring poviod helps 5 replioce exghongeable
slunininm and wash the soils 2roe of sluminium,

The resulls of the prosont inveotigotion tims
projeet the need o o vory systamgiie evaluation of the
woter end noteselun obloryide extraoteble aiuminium
contont of the highly seid vice aanile of {the State in
velgtion to the existence of mluminium toxieity symptome
in rice due 4o sluminiuon ond how this could he corrocted
by reserting b0 & solentifie 1;1*@555%@9 of 1iming.



LITERATURE CITED



LITERATURE CIUED

Ayres, A.S.

Ayrea, AdS.y
Hagim&, HoHs
and Stmnford.

SO W 4N

*Hrgond, PebHe

*Blair, A.¥ ond
Prince, Aol

Bal akriskna Lurug,

eshs

\Cihenax*,y, Euie

.

Chattexrjee, B,

1943

1965

1360

1923

1923

1967

1948

1949

s

%

A

AN 5

)

oy,
o

VELLAYAN

4

)
2

€7
9
Y e & ¥

Soils of high-rainfoll arecas
in the Hosalieon Islandsg.
Hawni ’m; m. mq T@th
(o @ * ‘1’ 3
Eioe A

Significance of extracteobie
aluminium in Hpselich sugererne
3% sos. of smar. 2

0 3gie Hoc. of Amar. 2roc.
297 387-392.

Offiewd methods of mnsiynis

of Anococintlion of Q%ficini
Agrion) turel Chenimb, washingbon.
$.Ce 9bh Pdn.

Compurison of setive alawinium
mnd B ion econcentrations of
widely sepnraled acld gails,
S0il Bei. 155 407-412.

Studice on the toxic peoaoytics
of moila. Joil Sol. 133 100=~15%.

Fertility inventigalion on vice
poiln of Kutbannd, Heralo.
Thesis subzitled to Universidy
of Lornla for M.Se.{4g.) dosros.

Thioglyeollic aoid po an
inhiblitor for iren in the
eoloyiye tric deborminetion

of siuninium by mesns of
sluminon. dnalyst. 733 501=502.

Hole of gduminium in the inbayre
aation of clsys mnd clay minaysis
with neatyel asalie and bases,.

J. Ind. Ghem. £og. Induamt, 4.

12:7 B1=594



*ogl=tgl 9L *I9§ TroF
*GUESOE WX ¥ puw efaefo
W pue g yo sogaedoad swog

“Gi2~06L t6 108 Trog  cETIOE
paEBoT~z0quM J0 pUT SBING THO
TE4AV3OBGFO £TOTIUOT 00 UOTIONPIY

o EYE=BEL 132 TOK; 35U
JOR *T0g L1008 °*BIT0Y BPRLOTH
auos yo gatilodesd TOPTOTTLD

P S *90L ~ 18
1€ *TOF TIOF °“UoT4EdEIxeaTR
PUY HUTRTOTI LUCKTE WO DOVSNTIUE
XEOYY DU TIOE BYY UT 85 TUW
UNTUTENTS UIPRI00 JO OaArITU 9y

*96 105 TTo§ *eTros
OOy UT WOTHTWATE FO Apris

*Ghi~u¥t :te ‘Doz *TowWy 30§ 10§
Tiin, STULTOLB) YIION 30 STL06
SUUTRT8 WE UOLG U0 ITAUASUNYOXO
pust Ayroudso oFuvrdXe UOWBH

(1) 095~u69 *oll “FOEY °PEAY *THOQ
*gyeT uMIuIBniis £q S8Y308 UT

BUOT H POQIONDE JO Juousowydex

0yl JO UDLGOVBX FO T3EX Ul

*gL=) t§ BIPUGACAYDOY (USTIOWN)
guoy wniurunTs £qQ § pogXoUp® IO
PYLIOXS O1f TO MELLHIOW 6

“00e=bLL £(3) 9
Tror DU QUNYL  -USNQ ©IL QUB
mmraianTe 3o funga Lavutwpread ¥

T

Y461 %R ‘unmeto)
puUE *Ety ‘prmagen
ozeL  cpe fordeeITin

661 *XpeR ‘uswwsn PuUv
Ve ‘TIONS1S

ge6bl vy Suogiuey
961 *gey STy
pws waApegeg ‘ojEn

6661  °p°E ‘ULHOTXLOW
pud *gen ‘posy
lea‘uﬁ ‘mmaz@a

9661 *xoy fBacuiTeg
pry fryra CAOUIOUD

GGEL 7 ‘YuBAByTTOTY
pws ey ta faouxeyun

G664 ‘mrg Areusyp

N

g



Hattovi, T end
Kowaguohi, K.

Holowgyomk, |
Heddleson, H.B.,
“ogt, G.d. and
Helonn EeQe

shooknrd, Rells ond
HoWal tey, Asd,

in, Y.8. ond
Tﬁg Tudin

bOW' ?ugo

Lindaayy Welay
Pagon, M. and
Ql&xk, thﬂ

Lin’ ﬁq ﬂﬂa
Coleanti, HeTe

Hivnacl, dede

1959

1560

19%6

1957

1958

1959

1460

1920

1ii

Some inveatigntions ef
exchangeable sluainium in
&eid soilas. Boil Bel. Heg.
égﬁxq 21D e

AL in soils: II Extbtractsbic
sluminium in gsoilo of sevornl
arosd soll sroups in Chie.

$0il Sci. S00. fmgv. 220

BEffeot of toxie levels of
sodium, Avsonie, Ivon and
alukinium on the vrice ploal,
¥eloyan faric. d. 39! 2G0T

Tho nature of s0il aeidlly

in roletlonahip to exehrnseable
myuminiuve nnd hydrogen,

Acls Podnioglon Sinien ié_ 3
234246,

The role of pluninius in ‘he
titration of benlonite.

SGil SGiu geﬂn ¥r Aner, “wng,
lg-‘- 135133,

Beterninsbion of sluninl.az
activity in soil extracts
%Qil Sﬁio SQG; Ame?- ﬁ?&mﬁ

237 206~265.

The ranpuromeent of exchongrable
slunicium in soils ond @loye.
L2031l Sei. Bog. Auney. Pvroce

23:

f el

Aluminiun a8 o foclse in poll
acidity. Sgll Sci. 108 153-218.




¥nyissad, 0.C.

Bukovjoe, J.0H,

Boakaly Se

Hocraan FoR.

He‘!.;@an, Eg 9. '
Haddlonon, Rad.,
3.%3"31& b"i, a.J. an&
Bolowayohuk, H.

= atwn meeanre

RN
Poat Gad,

O
Heicosky, B0, and
Lakstmanon, C.

1925

1948

1959

1961

1958

1959

1965

iv

The mluminivm conbent of the
poil solution and its relation
to soil reacbtion and ploat
growih. Boil Sol. 20t 72 9=213.

Jiberation of hydrogon,
gluriniva and Fervic lona
from pure cloy minercls on
vepasied aal t trentaent nnd
done bureptions.

8- Lollodd Bei, 3z 437.

The effect of mobile aluminium
on phosphorus uplnie by oats.
Soils nnd Fert. 1961.

a¢id pulphabe soils of Lha
tropies. In rescarches on
acid aviphnte seila and thelr
ameleorntion by liming.
Chapter 1.
Agyonomle Librazy. Riaistyy of
Burel affairs, Viet Nam.

Huniniun in soils: 1. Ixtroo-
tien mekz’m:is{ %n aoils and
cloye. Sell Sol. Soo. flope
Proe. 237 259-233.

A comparison of exlrnciing
wethots in soile and ele,d,
;éiumini%;m in asils 1’52:'3;.
Soil Sol. Hog. Amer. Lrog.
gg: 265253,

Aluminium in seile Vil.
Intor-relgtlonships of ovg nie
waiter, lining and exirnabtable
aluniniug with pormement
charge and pH dopendent ¢vbion
mxgimnge&c?}lmcgg of gurfoce
goits. Eoll Sai. S0c¢. Lo
Prog. 297 370378



Kelieany E.0y
Hﬂurig&n' GeRay
Shoemakoy, H,EZ. and
Bhumbln, I, B,

*Mikiokiking, 2.J.

Piorre, ¥ th
Pohlenn, G.6 and
bic‘}llama, Toeq

Pierye, v.He ond
9 tuart

Pohiman ’ (e Gho

Paver, H.and
Karshell » Co b

Piper, C.8,

1964

1951

1932

1933

1933

1934

1950

Aluminiua in moila V.

Form of miuminium am @
oguge of soll woidity

gnd & complication in

itg wemm.yement, Soi)
ﬁcl- 97= ’19"‘126-

GEfect of dung on the
dynarics of the aciaig
of peal podzolised anil.

Poch, Inst. Dolucheew
giz 113=126 (R)

Solublo alwsiniuvm siudics J.
The concentrabion of
gluninium in the displooed
soil solution of mceid aoilsa,
8ol Sol. 344 1451604

Soluble sluminium atudien

IV, ihe offoct of phosphorus
in reduc.ng the delrimontel
effects of goil acidily

on plant growth.

So0il Bol. 36.

Yoluble gluminiuw studies III,
The relationship of nitrifie
cation and sulphur oxidnablion
4o the sluaninivm snd hydrogen
ion conceniraiion of aowe
vgry acid 201ls, Hoil Jel.
36:

The role of aluminium in lhe
remclionn of the olasee. da
Soc. Chem. Ipd. = Index of
Chew,” and Ind. XLL: 750760,

§01l and plant anelysis.
Inter Deience Publisherd,
ffow Yorit.



*Prathy 2.,
Blair, Folie

Plucknabl, D,i.
ond Shevman, G20

Busael, Eeba

Faglandy dub
and Goléman, 'Z:'?. 2.

L)
Rixon, A.d. and
Shernan, G.0.

®

Subramoryans Ye
” "3

Sokolovy .V,

%
Forlinson, T.E,

Yusn, T.5, ‘md
Plaxell, J.6, A,

1961

1963

1950

1959

1962

1928

1960

1957

1959

A couparison of 3 reagenits
gor the §xtragtionso§ alti-minlm
yom soils, Holl Soi, 912
85T=359. L

Extrnobtablie aluminium in cone
Hawnilen solim. Soil Sgie
Soc. Amor. Prog. 27: 3531,

H0il condliions and pland
growth, Longmmma, Groen rnd
Co.y London,

The effect of eluainiun -nd
ee,le'lgm ongroet !growm;e.
Soil Sci. £00. &Ye Zr00s
23: 355-35T.

Effocte of heavy applicotions
of voleanic ssh soils in 4he
mimid tropies. Hoil Jci.

94:  15-27.

Biochenistyy of water-logsed

goils L. d. Agric. Res. 92
627=648. o

The presence ol exanengeabie
slumiiug in seils,.
Sp1ip gnd Ferd., 1960.

Relaticnghlp between daengroove
vegetabion, 2oll texture and
renetion of awfaoe soil.
Tyop. Agvienlture 34 41-50.

Auminium gtudies IX. Ihe
exbtraotion of aluminium from
aone Forlin solls. 5o0i? Zod.
Soe. fmors Jxog. 23: 2022 e




TR T

&
§\~ \4'/
{ = v %
t ELLAYAN; i
CAS S5
&‘9’ Y 3\9
- SLETV AR

Yarusov, S.S. 1948 A study of exchonge asoidiby.
Doklady Acpd. Selso - KH
Neuk 13 (1) 14-21,
English sbatyract in soils
and fertilisers 11. 1948,

* Originel no¥% seen




