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INTRODUCTION

Rice, which forms the staple food for more than
80 per cent of the world's population is cultivated over
widely varying climatic and edaphic conditions, It is
estimated that most of the rice which is currently produced
is cultivated in the tropical soils which are often acidic
with pH values less than 6.0.

In spite of the introduction of the high yielding
varieties of rice and the adoption of improved technology,
a break through in rice production has not yet been achieved
in many of the tropical countries. A major constraint in
limiting the yleld of rice has been iaentified as the pre-
valence of strongly acidic conditions in the soil which
creates innumerable soil fertility proﬁlems'that prevent
the rice crop in expressing its full yield potential

(Ponnamperuma, 1978).

It is now well known that in acid soils, the hydrogen
lon concentration per se has no direct effect on plant growth
except at very low pH values., The poor performance of crops
-in these soils can be the consequence of an array of complex
toxlcity factors produced by certaln elements over lain with

deficiency of several others.

One of the important reasons for the poor performance

of rice in acid solls has been attributed to the toxicity



created by the excess of aluminium present in them. Alumi-
nium is an important element in the soil and ;s a major
component‘of its 1norgan;c fraétion. The tofal édntent
ranges from_é,1 per égnt A1203 in_the less weathered soils
developed under moist cool c}imatés to 13.8 pef cent in the
goils developa@ in hot dry climates. Aluminium remains
predominantly a part of thé ﬁrimary and secondary silicate
clays ané as cryétalline gibbsite. Reactive aluminium in
the soil is essentially constifuted by the free and adsorbed
mohbmer (A13+):as well as alumihium hydroxy polymers, posse-
ssing varying degrees of hydration. When released by the
ﬁeathering brocesseé, it undergoes hydrolysis with a resultant

increése in soil acidify through the releasé of protons.

Aluminium islnot recognized as an essential nutrient
since it has no known functions {o perform in the plant.
However, several plants, especially those growing in the acid
soils may con%aip an'appreciable amount of this element in

their tissues.

The aluminium removed from the soil by N KCl, designated
as Sexchangeable aluminium" gives an adequate'measure of the
minimum amount of reactive aluminium to be neutralised to
eﬂsgre a soll condition suited for plant growth; The exchan-
geable aluminium is held verj filrmly to the negative charged
gites of the layer silicate and layer silicate oxide-coated

systems.,



The work of Colemen et al. (1958) has proved that
exchangeable aluminium is the dominant cation associated
with soil acidity under most situations and is responsible
for the creation of unfavourable soil conditions for plant
growth, It has also been observed that the toxicity of a
given concentration of aluminium may be greatly influenced
by the accompanying cations, which produce an overall decrease
in toxlc effects with increase in their content, Therefore,
the problem of aluminium toxicity in a soil has to be studied
in relation to the cation exchange capacity of the soils and
the associlated cations. Sanchez (1976) has considered the
aluminium saturation of the effective CEC to be a more
reliable parameter for defining aluminium toxic condition
in the so0il rather than the absolute values of exchangeable
aluminium. An aluminium saturation of more than 20 per cent
of the effective CEC has been considered as critical for

many sensitive plants including rice.

Unlike the toxicity symptoms produced by iron and HZS
usually common in acid soils, the toxicity by aluminium often
goes unnoticed, since the visible symptoms are expressed only
in the roots which remain underground and hidden from view.
Aluminium toxicity can substantially reduce yields of crops
without the manifestation of clearly identifiable symptoms
in plant tops. Theoretical and experimental evidence indi-
cates that rice plants suffering from aluminium toxicity may
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be affected by a severe deficiency of phosphorus since this
element is inactivated nutritionally, although it may be
present to an appreciable extent in the plants (Blamey

et al., 1983). It is possible that, rice, a crop sensitive
to aluminium toxiclty, cultivated in the acldic rice soils of
Kerala ié exposed to varying degrees of aluminium toxicity
problems, occasionally aggravated by the drying of soils in
summer months in drought years and inundation bj sea water
in coastal regions. The productivity, as well as the total
production; of rice under such conditions may partly or
whollylbe gontrplled by the high availability of exchangeable
aluminium which is not fully counteracted by the agronomic

measures usually adopted in rice cultivation.

Management of acld rice solls with speciflc emphasis
oni minimising the stress conditions created by excess alumi-
nium- and making -them more suitabie for rice cultivation is
thus highly imperative for the boosting of rice ylelds in

such soils,

Even though aluminium toxicity is considered as one of
the important chemical constraints limiting the high produc-
tivity in the acid 'soils of Kerala, no systematic attempt
has so-far been made to make a thorough investigation of
the problem and suggest suitable methods for combating it.

A precise knovwledge regarding the fundamental nature of the

problem in the acld rice solls of Kerala is therefore,



highly desirable for drawing up suitable cultural cum

management practices for thelr improvement.

Tailoring of plants to fit problem acid soils has
been conceived as a novel approach in this direction and
crOp breeding programmes with this objective have ‘been
initiated in many of the developed countries. Breeding
efforts are also made to incorporate aluminlum tolerance
into short statured rice varieties with a high yield

potential.

Thus, 1t would appear that the adoption of suitable
ameliorative measures, along with the use of aluminium
resistant or tolerant varieties will provide a more far

reaching solution to thls problem.

The present study has therefore been undertaken with a
view to making an appralsal of the problem of elgminium
toxicity in relation to other important charecters in the
aclad rice soils of Kerala and for‘evolying a euitable tech-
nique that will help to overcome the problem in rice culture.
Vith these objectives.in view;'the followiné studies heve

been carried out.

1. Asgessing the extent and magnitude of aluminium toxicity
in the acid rice soils of Kerala,

2. Monitoring the changes in the content of exchangeable

eluminium in typical soils consequent to changes in-soil
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conditions during flooding and treatment with ameliorants

3. Studying the effect of different ameliorants in minimisin
aluminium toxic conditions in a highly acid soil and its
effect on the growth, yield and nutrient uptake in rice.

L, Determining the specific effect of graded levels of alu-

minium on the growth and nutrient composition of rice.

5. Screening of rice varieties for tolerance to aluminium

toxicity.

It 1s hoped that the results from these studies will
help to ldentify the specific soil types where aluminium
toxicity 1s of a serious nature for rice cultivation and to
suggest sultable methods for minimising the aluminium toxi-
city and improving rice yields by a combination of manage-
ment practices and varleties more tolerant to aluminium

toxi City.
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REVIEW OF LITERATURE

Vast areas in the troplcs have acid soils:as a result
of strong weathering associated with-high temperatures and
intense. leaching consequent to heavy rain fall, The other
more. important inherent soil factors responsible fqr pro-
ducing acidity are occurrence of parent materials with low
content of weatherable minerals and accumulated organic
sulphur compounds from mangrove vegetation or sulphur rich
beds which have been transformed into inorganic forms like
iron pyrite and jarosite so common in many acid sulphate

soils,

Many of the problems'associated‘with growing crops in
highly acid soils were assumed originally as dQe to the
confrontation of ﬁ+lions with the plant roots. But now it
is too clear that aluminium ions have an equal or even a
stronger role to play under such situations and that alumi-
nium is directly involved in the production of soil acidity.

Ever since the recognition of aluminium as a potential
source of soll acidity and the associated toxicity problems,
considerable amount of research has been undertaken for a
better understanding of the various facets of this important
problem. Some of the earlier work carried out on these
aspects, which is of relevance to the present study is

reviewed below.



1. Factors affecting release of aluminium into soil sojution

The solubility and exchange of aluminium from the clay
mineral, extent of acldity 'so formed and i1ts toxicity to

plants are governed by many soil factors.

Coleman et al. (1958) were of the view that electro-
statically bound hydrogen ordinarily does not gxist in any
considerable amouﬁt in'ﬁany acid solls and that the alumi-
nium displaced by neutral salt leaching of such soils yas
more appreciable than the d;splaceq hydrogen ions. They
did not find much of exchangeaﬁle HY in many acld soils and
stated that there was ample evidenbe to show thét hydrogen
clays ﬁndergo almost spontaneous decomposition to form clays

saturated malnly with aluminium ions.

Black (1973) noted that poor crop growth in acid soils
was directly correlated with aluminium saturation of soils
and that pH had no direct effect on plant growth except at

values below 4,2,

In studies on the solls of Tuscany, Lgv-Minzi et al.
(1971) fouﬁd that exchangeable aluminium varied from a trace
to 376 ppm and was negatively correlated with hydrpgen ion
concentration, There was no correlation between soluble
aluminium and iron. Igﬁe and Fuentes (1972) feported that
in solls rich in organic matter, non-exchangeable aluminium

resided mbstly in the organic fraction end that in mineral



soils especlally in their advanced stage of weathering,

the inorganic fraction was its maln source.

Frink (1973) has discussed evidence supporting the
observation that the amount of exchangeable aluminium
produced in a soll was related to the concentration of
exchangeable hydrogen. It was possible that some exchan-
geable hydrogen existed on the exchange complex at the pH
levels usually found in aclid sulphate solls.

The source of exchangeable aluminium formed by the
decomposlition of hydrogen clays was attributed by Bloomfield
and Coulter (1973) mainly to the layer silicates. These
sllicates had usually coatings of hydroxyl aluminium and
iron compounds that were posltively charged. Some of these
were presumably attacked by the sulphates resulting in the
release of aluminium into solution.

Coronel (1980) found that 2:1 clays with aluminium
interlayers had on an average 2% times more of exchangeable
aluminium than those with only kaolinite, even though the
content of such clays was less. She had also recorded that
high levels of cations like calcium, magnesium and potassium
decrease aluminium toxicity by non-specific competition for
cation exchange sites in the roots and that at high salt
concentration, aluminium toxicity was less because salt

reduced the activity coefficient of aluminium.
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2. Soluble and exchangeable aluminium in relation to soil
pH and liming

Notwithstanding a voluminous body of literature on the
subject, there is still poor agreement regarding the relative
merits of lime fequirement indices based on exchangeable
aluminium and those based on pH measurements, While it 1is
generally accepted that in the humid tropics, lime require-
ment should be based on exchangeable aluminium rather than
on pH, this parametef stilllfemains thé basis for assessing

the lime requirement in most subtropical and témperate areas.,

There are two schools of thought regarding the‘liming
of acid soils., The -original view was that the quanﬁiﬁy of
lime used should be sufficient to raise the pH of the soil
to near neutrality. The other is the one based qn_the pro-
posal by Kampratﬁ (1970) that aluminium saturation of solls
should be the basis for assessing the lime requirement. In
elther case, tThe role of aluminium as an important factor

in the management of acid solls stands undisputed.

Some of the published literature in favour of the above

two schools of thought are reviewed,

Magistad (1925) was probably the first to relate .the
concentration of aluminiuﬁ in the soil solutioﬁ as a func-
tion of pH, According to Pavar and Marshall (1934) exchan-
geable aluminium should be taken as the criterion of soil
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acidity rather than the hydrogen ion concentration. That
exchange acidity in most scoils was contributed by exchan-
geable aluminium had since been reported by‘Russél (1950)
and McLean et al. (1964).

Nye et al. (1961) and Evans and Kamprath (1970) have
shown fhat the aluminium concentration in the soil solution
was generally less than 1 ppm., The increase' of aluminium
saturation of soil beyond 60 per cent was accompanied by a
sharp incfease in the rise of aluminium in the soil solu-
tion; However, the qoncentration of aluminium in solution
decreased in the presence of organic matter due to the for-
mation of complexes and increased in the presence of salts

due to cation exchange.

In a study of some acld soils of Canada, Clark (1966)
found no direct relationship between pH and solution alu- -
minium and expressed the view that differences in solubility
of Al(OH)B‘may have a greater relative effect on the alumi-
nium concentration in the soil solution than on the apparent

differences in pH values.

Kamprath (1970) has proposed the content of exchangeable
aluminium as a criterion for the liming of leached mineral
solls. He found that liming at rates equivalentlto the
amount of.exchangeable aluminium (in KC1l extracts) reduced

aluminium saturation of the CEC to< 30%, the lime reacting
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primarily with the exchangeable aluminium. He concluded that
on highly weathered soils, exchangeable aluminium is a valid
criterion for determining the rate of liming or reduction

of exchangeable aluminium saturation to get uniform pH values.

Studies on lime response, as related to per cent alu-
minium saturation, solution aluminium and organic matter
~content by Evans and Kamprath (1970) have shown that alumi-
nium in soll solution of mineral soils was related to per
cent aluminium saturation of the effective CEC, while in
organic soils it was more related to the amount of eichan-
geable aluminium. Soil solution aluminium gave an effective
estimate of the response to liming, irrespective of soll
organic matter content, They have further proposed that for
estimating the lime requirement of solls of the same pH but
different organic matter contents, the basis can be the
extent of decrease of aluminium in soil solution rather than

the increase in pH.

The significance of aluminium in 1iming programmes has
been pointed out by Bloomfield and Coulter (1973). They
found that when the lime requirement of acid sulphate soils
wasg determined on the basis of pH value, the quantities of
lime required were usually enormous and uneconomically
large. Hence they have suggested that the percentage alu-
minium saturation should be the basis for the application
of lime,



Amedee and Peech (1976) have examined the validity of
the practice of using KCl extractable aluminium for eva-
luating the lime requirement of acid tropical soils. They
found that the amount of lime based on the aluninium removed
by extract;on with N.KCI was appreciably less fhan the lime
requlrement as determined by equilibration of soills with

lime as in the conventional methods.

While studying the inferrelationships between the nature
of soil acidity, exchangeable aluminium and per cent alumi-
nium saturation, Sanchez (1976) considered soii'acidity as
a poorly defined parameter and recommended that per cent
aluminium saturation calculated on the basis of effective
CEC should be taken as a useful measure of soil acldity.

- He has recommended the liming of acid soils to pH 5.5 to 6.0
to bring‘about the preclpitation of the exchangeable alumi-
nium as Al(OH)3.

Further studies by Kamprath (1978) have confirmed the
point that the concentration of aluminium in the soll solu-
tion was reiated to the proportion of the effective CLEC
which was occupled by KCl ektractable aluminium,

Blooq et al. (1979) recognized aluminium toxicity in
acid soils as a function of the (AL3*) activity in soil
solution and (A13+) in soil solution as a function of pH.
Farinalet al. (1980) proposed exchengeable aluminium and
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pH as indicators of lime requirement for corn in Mollisols.

From studies on so0il chemlical and crop yield responses
to limestone applicatibn, Alley (1981) found that the exchan-
géable aluminium levels in solil differentially affected
different crops. Exchéngeable aluminivm saturation of 18,

11 and 8 per cent of the effective CEC decreased the yleld
Sf maizé, lucerne and‘bafley réspedtively. Regression
analysis showed ‘that the reduction in exchangeable aluminium
was responéible!for increase in maize yields and that
increase in exchangeable calcium along with a'decrease in

exchangeable aluminium accounted for increased lucerne yield.

Bache and Cfooke (1981) studied the interaction between
aluminium, phosphorus and pH in the response of barley t0
soil acldity. They have reported that the addition of phoé-
phates reduced the excharngeable anﬁ soluble aluminium.in the
soils and loweréd the apparent critical pH by 0.35.

In some Canadian acid soils, Webber et al. (1982) found
that barley yleld was better correlated with aluminium per
cent and base saturation, rather than with exchangeable
aluminium and pH. As soluble aluminijum and per ‘cent base
saturation gave equally good prediction of'response of alu=-
minium sensitive crops to liming, the soluble aluminium
measurement was proposed as more sultable for general diag-

nostic purpose.
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3, Aluminium as a toxic factor

a) Toxicity of aluminium

The infertility associated with aclid soils had been
recognised for a long time, but 1t was not known whether
this condition was due to the deficiency of calcium or the
presence of hydrogen and aluminium lons which were found
in relatively high concentration in acid soils. The fact
that calcium supplied in the form of gypsum could not remedy
the injurious effects of acid solls was taken to mean that
calclum deficiency was not probably the only cause for poor
plant growth in soils under acid conditions., On the other
hand, hydrogen ions in water cultures affected the growth
of different specles of plants to the same extent, whereas
in acid soils some of them were affected more drastically
than others. This eliminated the possibility of hydrogen
ions being a toxic factor in acld soils and pointed to the
occurrence of some other toxic substance to which certain
plants were more sensitive than others. Since aluminium
lons were present in relatively higher concentrations in
the soil solution under acid conditions, the injurious
effects of acld soils came to be attributed to this element.
Culture solutions to which increasing concentration of alu-
minium had been added were found to depress the growth of

plants to various extents,

In general, 1t was observed that soils of lower pH
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contain more of soluble aluminium than those of higher pH3
but it was also evident that hydrogen ion concentration was
not the only factor determining the concentration of alumi=
nium in the displaced solutlon. . Thus, at a given pH, the
conéentration of soluble salts in the soil might affect

materially the concentration of actlve aluminium.

Ideas concerning aluminium toxicity are based in part
on earlier findings that aluminium concentration in displaced
soil solution, while low at pH values near 6, may become

appreciable under more acidic conditions (Pierrie et al., 1932).

A number of sc¢ientists who have worked on acld soils
have ,indicated that calclum deficiency is a lesser problem
to plant growth in acid soils compared to the toxicity due

to, aluminium,

Fried and Peech (1946) made the general observation
that the addition of Ca804 accentuated the problems due to
acidity, especially aluminiuﬁ toxicity, by its neutral salt
effect in shifting the exchange equillibrium in favour of
aluminium ions in the soil solution, They had‘élso found
that additidh of 1000 1b of CaSOLF per acre increased the
aluminium content of the soil solution by 50 per cent and
that 4000 1b of CaS0,, more fhan doubled it. Plant yields
decreased on the addition of CaSOh in acid soils, but not
in soils limed to pH around 6.3,
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Vliamis (1953), based on decisive experiments, found
that in'view of the universal occurrence of exchangeable
aluminium in acid mineral soils, aluminium toxicity is
entirely responsible for poor growth of barley in acid solls,
He found that if the soll was below pH 5.5 and if the soil
contained more than 1 me of exchangeable alumiﬁium, root

growth was largely inhibited.

Coleman et al. (1958) have stated that the concentra-
tion of aluminium ions in a soll solution will depend on
the amount of aluminium present, the nature of the comple~
mentary ions, the water content and the electrolyte con-

centration,

Terelak (1975) has shown that the per cent availability
of iron and aluminium decreased with lncreasing soil depth
and in all the soil types studied, pH limited thelr availa-
bility. In loamy and silty solls the content of available

aluminium increased at high molsture content.

In a study of corn plahts grown in the greenhouse on
three highly weathered solls containing substanfial quanti=-
ties of exchangeable aluminium, Farina et al., (1980) found
that yleld and aluminium content of the tissues were exponen-
tially related irrespective of the level of phosphorus appiied
(r? = 0.34 and 0.71). The mechanism by which aluminium
becomes 1ncreasinély available to the plant as the pH approa-
ches neutrality has not been explained. Strong aluminium-
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magnesium and aluminium-phosphorus antagonisms were noticed
at both high and low pH values. They further postulated
that many of the anomalous results répbrted in literature
concerning yleld differences previously ascribed o such
factors as micronutrient deficiency or phosphorus unavaila-
bility could be explained on the basis of the obsérved anta-

gonistic effects.

b) Mechanism of aluminium toxicity

The exact mechanism of aluminium toxicity has not been
clearly understood. Wright (1943) believed that aluminium
interfered with the uptake and translocation of phosphate
and that this was the primary cause for the toxicity of alu-
minium. Schmehl et al. (1952) observed that nutrient solu-
tion aluminium at 10 or 100 ppm interfered badly with calcium
accumulation and that 10 ppm aluminium, ﬁhich is a higﬁ con-
centration when compared witﬁ levels causing toxlcity to many
plant specles, reduced calcium uptake ninefold. They suggested
the interference with calcium accumulation as-a possible

mechanism for aluminium toxlcity.

A similar view was offered as an attractive possibility
by Burstrum (1953) on account of the essentiality of calcium
for root growth, since a primary symptom of aluminium toxicity
is the stunting of the root system. However, Coleman and
Kemprath (1958) studied the inhibition of root growth caused
by culture solution aluminium and showed that the effects of
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aluminium could not be counteracted by raising the calcium

concentration of the substrate,

Root injury as a direct result of H' ions below pH 4
has been suggested by work in solution culture. 'Plants may
tolerate relatively large concentrations of H' .ions so. long.
as'the concentration of toxic polyvalent c¢ations is low.
Thus it appeared that the detrimental effects of aluminium
in the soil solution far outweighed those of H' ions (Adams
and Pearson, 1967).

! According to Ota (1968) the bronzing of paddy on poorly
drained paddy fieldé is due to algmini?m tpxiéity along with
calclum deficiency. Compost and 1iﬁe applicatiqn_as well as
the substitution of urea for sulphate fertilisers prevented

the symptoms.

c) The source of toxic levels of aluminium in soil

Aluminium is normally ‘the major exchéngeabie cation in
many ‘acid soils, Both aluminium and iron exist in fairly
accessible hydroxy forms as coatings and on edge sites.
Aluminium 1s'appreéiab1y gsoluble-above pH 3.5 and considerable
solution aluminium can exist under such conditions. HMagistad
(1925) gave the solubility of aluminium as 0.3 ppm at pH 4.50
and 76,4 ppm at pH 3,11, This refers to the 217* ions only,
but other aluminium ions (eg. Al(OH)2+) may have a less

steep increase in solubility with increasing acidity.
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. Tanaka and Navasero (1966b) found that regardless of
the amount of aluminium added, its concentration in culture

solution was less than 1 ppm at pH values above 5.5.

Bloomfield and Coulte; (1973) were of the.view that
hydrogen clays underwent almost spontaneous degomposition
to form ciays%aturated mainly with aluminium ions, ihe
soﬁrce of exchangeaﬁle.alumiﬁium formed by the decomposition
of hydrogen clayé was mainly the layer silicates. These
silicates usually have coatings of hydroxy aluminium and
iron compounds that are positively bharged, Some.of these
were presumably attacked by the sulphates and released

aluminium into. solution.

Sanchez (1976) has stated that hydrogen lons produced
by organic matter decomposition were unstable in mineral
soils because they reacted with layer silicate clayé

releasing exchangeable aluminium and silicious acid,

Aluminium that 1s exchangeable to neutral salts plays
a major role in determining the physical and chemical charac-
teristics of soils and its toxic effect on plants has been
wldely studied. Both monomeric, Al(OH)2+ and polymeric
species (eg. Al6 (OH)?T5) of aluminium were reported to

n
occur,the soil solution.

Frink (1973) suggésted that simple monomeric hydroxides
can be used to calculate the pH and aluminium ion activities
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at. low basicities., At h;gher.basicit;es{ significant
amounts of polynuclear. hydroxy aluminium cations might be
present. Gibbsite (Al(OH)3) seemed to control the activity
of aluminium in the soil solution at higher pH values.

Recent studles by Kenneth and Kamprath (1983) have
shown that a certein emount of non-readily exchangeable
aluminium is assoclated with the organic matter. The amount
of fhis aluminium extracted from the soll depends on the
cations present in the extracting solution as well as its
pH. They have also indicated that when the orgasnic matter

is decomposed, the assoclated aluminium also may be released.

4, Interrelations between aluminium and the uptake of other
nutrient lons

The suppressing effect of aluminium on the availablility
of soluble phosphates to plants iﬁ the slightly acld to
highly acld soils 1s probably the oldest known interrelation-
ship between soll aluminium and other plant nutrients. The
majority of investigators suggest the precipitation of phos-
phorus by aluminium in the soil and link aluminium with
phosphorus as an explanation of aluminium toxicity.

Wright (1937) considered internal precipitation of
phosphorus in plants by aluminium to play an important role
in the poor development of certain plants grown in acid soils.
The corrective actlion of application of superphosphate to

acld soils was attributed largely to the internal precipitation
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of aluminium by phosphorus, with sufficient phosphorus
remaining for metabolic processes of the plant.

Autoradiographs of barley seedlings grown in complete
culture solution for a period of four weeks showed that the
plamts growvn in aluminium-free solution contalned more P32
than those grown in 10 ppm aluminium. From these observa-
tions Wright and Donahue (1953) substantiated their earlier
hypothesis that phosphorus is largely lnactivated on the
root surface or within tissues of root systems by the pre-
sence of aluminium and that this phosphorus is internally
bound and does not reach the top of the plant in any abpre-
clable quantity. Vlamis (1953) also held similar views
regarding the preclpitation of phosphorus in the growth

medium, as well as on the surface and inside of roots,

In acld clay solls poasessing various degrees of toxi~-
city due to aluminium and manganese, Clements (1964) found
that amelioration with coral stones reduced the amount of
phosphorus held by the roots and simultaneously increased
the amount of phosphate in the tops. Precipitation of phos=-
phorus in the roots by aluminium resulted in deficlency of
phosphorus in the upper portions of plants. Patterson (1965)
found a significant fall in the per cent uptake of calcium.
in corn where the nutrient solution contained 2 or 4 ppm

aluminium. The concurrent reduction in calcium translocation
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was attributed to the reduction in calcium uptake. -Aluminium
treatment produced stunted root growth and significantly
reduced the cation exchange capacity of the roots. It tended
to accumulate more in the roots with only smaller quantities
in the tops. ~As aluminium concentration increased, the

level of phosphorus in the roots lncreased whereas the pro-
portion of magnesium and potassium were little affected.
Aluminium treated roots contained low manganese, iron and
zinc but coppef and bofon were not significsnt;y affected.
Munns (1965) had reported that on acid sandy loam soils of
pH 4 growth of 1uce;ne was little affected by cslcium con-~
centration sbove 5 mM, when aluminium was not added. At con-
centfation of 160P$M aluminium, iﬁs toxlcity depressed the
yleld, root elongation and the caicium and phosphorus levels
in roofs and shoots. He also notlced that increasing the
calcium concentration from 1 to 5 mM slightly alleviated the
effects of aluminiﬁm except at very toxic levels. Adding
EDTA to solution containing 200MM aluminium improved the
growth of legumes. The cﬂelated porfion of the aluminium
appeared to have no effect on growth. His studies have also
supported the hypothesis that-in unlimed 35113 applied phos-
phate overcame aluminium toxicity and phosphorus deficiency.

In a study on the differential performance of two barley
varieties to varying aluminium concentrations, Maclean and

Chiasson (1966) found that phosphorus and calcium levels
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decreased in the tops and increased in the roots with
increasing aluminium concentration. They attributed this
effect to the depressed translocation of these elements
in the plant rather than to their decreased uptake by the
roots, MacLeoad an& Jackson (1967)'noted a reduction in
the potassium, calcium and magnesium content in' the tops
and roots as well as a depression in the translocation of

phosphorus with increasing aluminium concentration in barley.

Cruz et al. (1967) in a study of the phosphorus and
aluminium interactions in aluminium sensitive and aluﬁinium
tolerant wheat varieties found that 0.2 to 6 ppm aluminium
in the nutrient solution had no effect on the translocation
of P2 1n young leaves, but the' P/AL ratio in leaves, stems

and roots was different for each variety.

Otsuka (1969) found that in nutrient solution at pH
4,1 containing aluminium and low iron levels, aluminium
induced iron chlorosis and greatly decreased the growth of

acld sensitive wheat and barley varieties.

Growth chamber experiments with soybean by Lurnd (1970)
showed that root growth was reduced when the aectivity ratios

of aluminium to calcium were more than 0.02.

Tripathi and Pande (1975) have obtained convincing
evidences to show that at low soil pH, uptake of nutrients,

particularly phosphorus, calcium, magnesium and potassium
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was reduced in the presence of excess soluble aluminium,
Liming helped to reduce the solubility of aluminium and

improved the uptake of these nutrients.

A reduction of 40 per cent in the yleld of eight varie-
ties of potato has been reported by Lee (1971). The study
has also shown that phosphorus, aluminium, manganese, iron
and copper accumulated in the roots while phosphorus trans-
location to the tops was depressed and the absorption of
calcium, magnesium and zinc was inhibited. He also noted
that the absorption of potassium was stimulated at low
aluminium levels (1 to 2 ppm) but inhibited at high levels
(5 to 10 ppm).

In a study on the absorption of mineral elements in
the presence of aluminium, Guerrier (1979) demonstrated a
general inhibitory effect by aluminium on the quantities of
potassium} calcium and magnesium absorbed. The inhibition
was more effective for calcium, but could not be correlated
with indlcation of sensitivity or tolerance of the plant
species studied with respect tO'alﬁminium. The study has
pointed to the structural modifications of the roots as
being responsible for the diminution of the exchange sites

of each of these catlons.

Brauner and Sarruge (1980a) studied the interrelation

between aluminium concentration and tolerance and the
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concentration of phosphorus, calclium and magnesium content
in the shoot portion of 10 wheat cultivars growing in O,
2,5, 5.0, 7.5 and 10 ppm aluminium. They could not observe
any relationship between the content of phosphorus, calcium
and magnesium of the plant and the aluminium concentration
in solution or any difference in the extent of tolerance to

aluminium by the different wheat cultivars,

In a continuation of the above study, the same authors
(1980b) found that calcium uptake was inhibited by aluminium
and manganese and that the wheat cultivars dlifered consl-

derably in the extent of calcium uptake.

In another experiment, Brauner and Sarruge (1980c¢)
reported that phosphorus uptake was stlmulated more by aluml-

nium than by manganese 1in different wheat cultivars,

Mugwira et al, (1980) studied the change in plant compo-
sition due to aluminium treatments in terms of the ratio of
the concentration of calcium and magnesium, end potassium
and phosphorus in plants grown with aluminium to fhe concen-
tration of these elements in the tissues from control plants.
They found that aluminium increased the concentration of
phosphorus in the roots and that of potassium in the roots
and tops of all cultivars, but reduced the concentration of
calcium, magnesium and phosphorus in the tops of wheat and

aluminium tolerant triticale. Aluminium sensitive wheat
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cultivars accumulated less potassium in the tops buf more
calcium and phosphorus in the roots than the more tolerant
cultivars. They concluded that tolerant cultivars apparently
translocated both potassium and calcium more efficiently and
the increased phosphorus in the roots of the sensitive cul-
tivars was attributed to the association of phosphorus with
larger quantities of aluminium on the root surface, rather

than to enhanced phosphorus uptake.

Alam (198{) has reported that in the presence of
ferric iron higher levels of aluminium increased the con-
tent of aluminium in all plant parts in barley along with
a decreased leaf and root phosphorus content. The opposite

effect was noted in the presence of ferrous iron.

Memon et al. (1981) in a study of the microdistribution
of aluminium and manganese in the tea leaf tissues observed
that aluminium uptake was especially high in a soil rich in
manganese, but high levels of calcium and magnesium lowered
aluminium and manganese uptake. No interaction with. phos-

phorus was noted.

5. Influence of aluminium on plant growth

A. Toxic effects

For acid soils below pH 5.5, the high concentration
of aluminium is considered a major limiting factor for pro-

duction of most field crops. The principal direct effect
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of aluminium on plants 1s a severe inhibition of root growth
with conseéuent decrease in water and nutrient uptake,
Reduction in water uptake mgkes the crop more susceptible

to water stress under drought conditions as well as a dimi-

nution in nutrient uptake which leads to growth reduction.

Concentration of scill solution aluminium even at the
level of more than 1 ppm has been reported by Sanchez (1976)

to cause direct yield reduction.

Symptoms of aluminium toxiclty which 1s of wide spread

occurrence in most acid solls show specific variations.

In the majority of crops, sufflciently high concentra-
tion of aluminium over a period of time will frequently
damage even the most tolerant varieties. Symptoms also
express In the plant topé at a later seedling stage and high
correlation between weight of roots and tops have been

reported by Reid et al. (1969).

It 1s now quite evident that for aluminium injury to
manifest, thé pH of the soll solution must be 10% enough to
have sufficient concentration of aluminium in soil solution,
Raising the pH of the solution to 5.2-5.5 usually precipi-,

tates aluminium and negates injury.

Brown (1963) has pointed out that plant species differed
in their susceptibility to aluminium toxicity and that tole-

rance to aluminium was related to the plant's capacity to
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absorb and translocate phosphorus from the growth ﬁedium.
According to Wright and Donahue (1953) aluminium was preci-
plitated outside the root endodermis which prevented further
translocation of aluminium from the roots through the con-

ducting tissues,

Toxicity in cereals

In most of the cereal crops, the symptoms of aluminium
injury are first apparent on the roots, InJured roots are
slower to elongate. Later they thicken and do not branch
normally. The root tip disintegrates and turns brown and
the adventitious roots proliferate as long as the crown is

alive (Fleming and Foy, 1968; Reid et al., 1971).

Rice

Aluminium toxicity to rice was first reported by
Mlyake in 1916, who showed that 1.2 ppm of aluminium in
solution was toxic, Cate and Sukhai (1964) have summarised
the llterature on toxic levels of aluminium for rice and

have gilven values wvarying from 1.2 to 270 ppm.

Tanaka and Navasero (1966a) using water culture found
that the critical concentration of aluminium in culture
solution was about 25 ppm for plants with adequate contents
of other nutrients, particularly phosphorus. Foy et al.
(1967) have shown that aluminium sensitive varieties of

rice have higher root CEC values and can induce lower pH
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levels in nutrient solution than aluminium tolerant varieties.

In a study on the effect of aluminium ions on rice
growth in nutrient culture, Chenn (1968) showed that the
plant growth was impaired when A13+ concentration in the
medium exceeded 2 ppm. The aluminium content in the roots
was 2,7 to 4.6 and 3.7 to 9.9 times higher than that in the
stems and leaves., 1In cultures with exclsed roots the pH
of the medium significently affected aluminium uptake. Alu-
ninium uptake ffom the sblution of.higﬁer concentration was
greater in rice roots cogpared to barley roots. These find-
ings weré considered to be relevant to the greéter adapta-

biiity of rice on acid soils.

In, Ceylon, a disease of rice known as "bronzing" was
found to be caused by aluminium toxicity in combination with
calcium deficiency (Ota, 1968). Beye (1971) has reported
that the poor growth and low yleld of ;ice in highly acid
solls could be correlated with aluminium toxicity in the

early stages.

Thawornwong and Diest (1974) reported that the concen-
tration of 2 ppm aluninium was lethal only to young rice
seedlings and that plants which had passed the seedling
stage were not affected. Instances of seedling injury due

to very high aluminium concentration have been observed in
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some of the typlcal acld sulphate solls of the kari region

in Kuttanad in Kerala#*

Frageria (1982) has demonstrated differential tole-
rance among rice cultivars to aluminium in nutrient solu-
tion. Aluminium injury was indicated by v;sible symptoms
as well as reduction in the'éry welght of tops and roots,

root length and piant height,

.Frageria and Carvalho (1982) further showed that rice
varieties responded differentially to aluminium treatments
anq the critical toxlc levels for aluminium in the tops of.
21 day old plants varied from 100 to 147 ppm, Increased
aluminium concentration raduced the content of all nutrients

in the tops.

Blamey et al. (1983) have also reported that aluminium
in solution merkedly reduced root elongation-as well as

absorption and translocation of nutrients toc the plant tops.

Wheat and Rye .

Tolerance of wheat varieties to aluminium and low pH
has been the subject of investigation by several workers.
Neenan (1960) was probably the first to report varietal
differences in wheat to aluminium toxicity. Foy et al. (1964)
showed that varieties of wheat and barley widely differed in

A Ry i e oy T — - oo s D e TR R S S ol S SE S S S du anb - -

* Personal communication - Dr. R.S. Aiyer
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their tolerance to acid soils containing high levels of KCl
extractable aluminium. Liming of the soils to pH 5.8
reduced the solubility of aluminium to nontoxic levels and
thus greatly reduced yield differences between varletles.
Cruz et al. (1967) grew aluminium sensitive wheat variety
in nutrient solution containing O to €0 ppm aluminium and
found that root development was inhibited and chlorotic
toxicity symptoms appeared in leaves of seedlings grown

at higher aluminium concentrations. Increasing aluminium
concentration in the nutrient solution also changed the

mineral composition of stems, leaves and roots.

Otsuka (1968) demonstrated that rye was extremely
tolerant to aluminium toxicity in nutrient solution. Plants
injured by aluminlum were chlorotic and their roots were
stubby with no slde branching. In the tops, phosphorus and
calclum decreased with external eluminium concentration.

The tolerance of plant speciles and varieties to acid soil
corresponded well with thelr tolerance to aluminium in

nutrient solution.

After testing different varieties of wheat from varilous
sources for aluminium toxicity Foy et al, (1974) concluded
that older varietles developed on acid, aluminium-toxic
g0ils usually had greater tolerance than those developed on

non-toxic soils, He showed that aluminium tolerance in some
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plant species and cultivars coincided with:their abillty

to abgorb and use phosphorus at low concentration in the
growth medium even in the presence or absence ‘of aluminium,
From these studies they could find no evidence to indicate
that aluminium toxicity factors and favourable yield factors
were genetically linked as suggested by Kerridge and
Kronsted (1968).

Mugwira et al, (1976) compared several varieties of
wheat, rye and triticale in hutrient solution with 6'ppm
aluminium and found a range in varietal tolerance within
all three species.’ Such screening experiments have esta-
blished the fact that tolerance to low pH and aluminium is
genetically contrelled and that the potential exists for
advances in tolerance through isolating superior sources

and combining them into acceptable varieties, through breeding.

Aniol et al. (1980) tested a total number of 374 spring
rye inbred 1lines, 15 cultivars of wheat and thrée lines of
triticale to aluminium tolerance by exposing seedling roots
for 48 hours to aluminium at different concentrations and
by measuring the: relative root growtht The irreversible
inhibition of root growth at a particular. level of aluminium
concentration in nutrient solution was associated with a

sigﬁificant increase in aluminium concentration in roots.
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Barley
A number of investigators have reported differences

among barley cultivars in their response to aluminium'and/

or low pH.

Kermeth et al. (1953) grew barley seedlings. in 10 ppm,
aluminium solutions and produced typical symptoms of alumi-
nium toxicity. The tops were stunted, the leaves contalned
yellowish streaks and a reddish discoloration.was evident
at the stem base.;.Roots were few, much shortened with

stubby tips and were brownish and somewhat brittle.

Reid (1970) attributed.the tolerance of aluminium in
certain winter barley cultivars to a single dominant gene.
They further showed that in nutrient solution,'aluminium
toxicity to barley was characterised by an increase in the

number of roots, but a decrease in root length and weight.

Stolen (1973) has reported that the apparent tolerance
of some barley varieties to low pH might actually be a result
of thelr tolerance to available or labile aluminium levels

in soil,

Based on electron microscopic investigation of. alumi-
nium sensitive and Insensitive varietlies of barley exposed
to 9 ppa aluminium in nutrient solution at pH 4.8, Hecht
and Foy (1981) observed a rapid autolysis of the affected

root tip cells beginning with disorganisation of the



plasmalemma. The changes were similar to those described
for calcium deficient tissues and the tolerance was ascribed

to a larger resistance of the plasmalemma to aluminium stress.

Alam (1981) reported that high aluminium level decreased
the dry matter yield of barley tops and roots and caused the
formation of short, thick and brown spotted roots. Alumi-
nium also inducéd chlorosis in barley when the iron source

was ferrlic but not when it was ferrous.
Bache and Crooke (1981) attributed reduced, growth of

" barley in acid soils to aluminium toxicity which was alle-
viated in the plant by high levels of soil phosphorus.

Other crops

Bloomfield and Coulter (1973) were of the view that
tolerance to‘alumipium differed greatly between 'and within
specles,  Except for rice and some other cereals, most of
the tr0pica1 crops like rubber, oil palm, coconut, bariana
and pineapple could graw well in 'soils of pH below 4.0.
Cotton alone appeared to be particularly sensitive to alu-

minium toxicity and/or calcium deficiency,

Foy and, Brown (1963) recognized the most chéracteristic
symptom of aluminium tﬁxicity in cotton as phosphorus defi-
ciency and suggested that the toxic effects of aluminium
could be reduced or eliminated by raising the pH or adding
phosphorus. He also bellieved that the accumulation of
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aluminium compounds in or on the roots were detrimental to

both chemical and physical processes in the cotton plant.

With a level of & ppm aluminium in nutrient solution,
Brown (1963) obtained a reduction of 75 and 93 per cent
respectively in the ylelds of oats and mustard compared to

zero aluminium treatments.

Velly (1974) studied the toxic levels of exchangeable
aluminium 1n several crops and reported 25 ppm for cotton,
.50 to 60 ppm for groundnut and 120 to 130 ppm for maize in
a ferralitic soil. \

In a comparative study on the plant nutrition and crop
tolerance to soil acldity and aluminium by several specles
of crops, Tanaka et al. (19%5) reported that mosf species
of leguminosae and graminae were tolerant while those of
umbelliferae, cruciferae and compositae were susceptible.

In field plots, cereals were more tolerant than legumes.

Foy et al. (1980) screened 54 cotton genotypes for alu-
minium tolerance in an acid aluminium toxic clay soil and
found that acid soll sensitive genotypes did not generally
differ significantly in the levels of aluminium, manganese,
calcium and phosphorus which tended to be higher in chlorotic

and/or cupped leaves than in normsl leaves.

In a study of the microdistribution of aluminium and
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manganese in the tea leaf tissues in Japan, Memon et al.
(1981) reported that tea plants contained large amounts
(4457 ppm) of aluminium in their older leaves despite the
low level of exchangeable aluminium in the soll. X-ray
micrographs showed that aluminium was densely deposited on
the cell walls of the adaxial epidermis and palisade'paren-

chyma of old leaf tissues,

B, Béneficial effects

Although aluminium is not generally considered as an
essential element, it is often present in large quantities
in mpany plants and along with silicon it has been classed
as a "ballast" element by Agarwala and Sharma (1976).

McLean and Gilbert (1927) have reported that plants
differed in their sensitivity to aluminium toxicity and
that in minute quantities it can act as a growth stimulant.

Bertrand and Wolf (1966) considered aluminium as a
dynamic minor element for higher plants and based on experi-

ments with Chlorella vulgaris fixed the optimum concentra-

tion as 8.3r1g/1. The same authors (1969) have shown that
in 2 soil containing 0.24 mg ammonium acetate extractable
aluminium per kg soil, 1.6 kg/ha aluminium increased the
yield of potato by 71.5 per cent.

Frink (1972) has shown that it is aluminium rather than
iron which is responsible for cementing soil particles into
structural units.



The beneficial effects of mon-toxlc levels of .aluminium
on plant growth and mineral uptake has beén summariséd by

Foy (1974).

It has been reported that (Anon., 1980) the addition
of aluminium salts to soil promoted the formation of water
stable aggregates, lowered the liquid limit and raised the
plastic limit. Itlalso reduced the zeta potential, pH and
exchangeable cation content and increaged the electrical
conductivity, water soluble and exchangeable aluminium con-
tent as well as phosphate absorption coefficients. The
aluminium/OH ratio of the added salt influenced .the magni-

tude of these responses in some soils.

Kumar (1981) reported an increase in the length and
dry matter content of shoots of cashew seedlings by treating
them with aluminium at 12 mg/l in sand culture compared to
the no aluminium treatment which produced the smallest

seedlings.

‘6. Ameliorants.to minimise toxic levels of aluminium in
soll solution

The solubility of aluminium and the severity of its
toxicity to plants are known to be affected by many soil
factors such as pH, type gf predominant clay mineral, con-
centration of.other cations, tofal salt concentration,

moisture level, organic matter content, etc. Very often
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. aluminium toxicity is not the only factor limiting producti-
vity in acid soils. Sevéral“ameiiorafive fieasures are
adopted which keep éluminium in sub lethal levels in soil
solution along. with a moderating effect on othér adverse
soil conditions. Some of the views regarding the use of
different ameliorants to. bring about these .effects are
presented ‘below,
) Lmng

Perhaps 1iming Is' the oldest practice to overcome the
adverse soil conditions affecting crOp:produdtion; The
beneficial effects of lime in acid soils have been reported

by numerous investigators.:

The usefulness of lime as an ameliorant for' reclaiming
acid and-acid’ sulphate soils and for correcting the toxic
effects of iron and aluminium has been reported by Allaway
(1957), Thomas (1960), Subramdney (1961), Nhung and
Pomamperuma (1966), Kurup. (1967), Reeve and Sumner (1971),
Coulter (1973) and many others.

Brauner and Catani (1967) conducted an incubation
experiment with 11 acid soils using CaCO3 at 100 and
300 mg/100 g s0il and recorded a decrease in exchangeable

aluminium and titrable acidity and an increase in the pH of

adqueous suspPensions and KCl extracts of soils.
Richburg and Adams (1970) were of the view that soils
wilth similar pH values need not be similar in their lime



requirements and that different soils may have to be limed
to different critical pH values to eliminate aluminium
toxicity.

Helyar and Anderson (1971) reported a response to phos-

phorus in aluminium toxic soils by increased levels of lime,

In pot trials with barley, to study the effect of
liming on the toxicity of aluminium, Ben et al. (1976) drew
correlatlons between an index of aluminium toxicity and
vield and showed that applications of lime alleviated alumi-
nium toxicity.

Kamprath (1978) studied the effect of lime in relation
to aluminium toxicity in troplcal soils and observed that
maximum response to lime was obtained when the élyminium
saturation of the soils fell below about 20 per cent. The
increased ylelds obtained with deeper liming were attributed
to inactivation of aluminium in the deeper soll layers allow-

ing roots to penetrate deeper.

Serda and Gonzalez (1979) proposed the optimum level
of lime to minimise aluminium toxicity as 1.5 to 3.0 times
the lime required to neutralise the.exchange acidity present
in acid soils,

Bloom et al. (1979) reported the increase in apparent
Al(OH)3 solubility with increasing pH on liming of acid
solls to a greater solubility of amorphous Al(OH)3 precipitated
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by liming. The solution aluminium hydroxide activity pro-
duct. [A13+ [?H 3]was not found constant for the same soil
limed over a range of pH values. Marion et al. (1976) held
a similar view and attributed the différence in apparent
A1(0H) 5 solubility in different soils to the difference in

solubility of different crystalline minerals.

Cochrane et al., (1980) have proposed the use of minimum
amount of lime on acid soils so as to decrease the aluminium
saturation to levels that do not affect production and com-

pensate crop aluminlum tolerance.
b) Silicates

Subramoney (1965) has suggested the use of magnesium
silicate in acid sulphate soils of Kerala to prevent the
production of hydrogen sulphide and other toxic factors.

On an aluminous=ferruginous latoscl that was believed

+e and A1+3, Clements et al,

to contain toxic amounts of Fe
(1968) obtained considerable response in sugarcane %o appli-

cation of calcium metasilicates upto 8 tons/acre.

Reeve and Sumner (1970) showed that response to Ca /S04
-and Ca sllicate in oxisols in Natzal was duelto the elimina-
tion of aluminium toxicity and consequent improvement in
phosphorus uptake by plants rather.than to any improvement
in the rate of phosphorus supply to soils,
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For the liming of strongly acidic top soils
(pH 3.6 to 4.2) slower acting wollastonite (calecium sili-
cate) is considered more sultable than Ca €03 at the rate
of 3 to 6 tons/ha (Park et al., 1972),

Ameliorative measures like application of lime and
repeated flushing with fresh water often improved the acid
sulphate soils and produced good grain yield during the
ensuing season. But very often, problems like low pH and
iron and alﬁminium toxiclity reappeared on drying of the
soll after harvest. For such situations Kuruvilla (1974)
proposed the use of amellorants, particularly magnesium
carbonate or magnesium silicate, where the resultant sul-
phates formed by interaction were more soluble than the

I
Ca S04 formed when lime alone was applied.

Yong Hwa Shin (1978) considered the application of
lime and sllicate fertilisers as a general improvement

measure for the acid sulphate soils of Korea.

In the Kuttanad area in Kerala, Karunakara Panicker
(1980) obtained increased yields of grain and straw in paddy
with higher levels of nutrients by the application of mag-
nesium silicate in the form of steatite,

¢) Flooding of soils

Rice soils are generally located on relatively imper-

fectly drained land and are often subject to continuous



periods of flooding for several months of the year. The
ensuinglphysico-chemical éhanges under the anoxic¢ conditions
that initiate a series of changes in fhe total soll environ-
ment possibly make. the fields more suited for rice culti-
vation.

A few of the beneficial influences of flooding in
minimising the toxic effects of aluminium in acid soils are

briefly reviewed.

Cate and Sukhal (1964) explained the lowering of soil
solution aluminium to below critical levels on flooding as
a consequence of the precipitation ofl(A13+) ions by the
hydroxyl ion formed by therreduétion of ferric¢ iron as shown
by the equation

Fe(OH)3+e — Fe(OH)2+OH"

Tanaka and Navasero (1966b) were of the view that the
amount of aluminium in soil solution can be. considered very
little when such soils are waterlogged for sometime. They
have reported the results qf a pot experiment in which the
initial soil leachate content of 35 pom aluminium dropped
to less than 1 ppﬁ within three weeks of flooding with only
an increase in pH of 1e§s than half a unit from 3.5 to 3.8,
which is a critical range for aluminium. No explanation
however, has been 0ffered for the large decrease of alumi-

nium in solution.
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Seasonally waterlogged soils had a higher aluminium
content in the soil solution than did soils where water-
logging did not occur. Kavrichev et al. {1969) proposed
that on. flooding water soluble_coﬁﬁounds of aluminium and
organié matter were pro&uced by interaction of_a;uminium
with fulvic acids and non-specific aciq organic substances.
Suqh aluninium organic complexes were considered importantl
for the movement of aluminium during gleying as well as
podsolisation. Thus, waterlogging and developmént of
reducing conditions increased the content of water soluble

aluninium in soil solutions.

Savant and Kibe (1969) found that when acid soils of
pH ranging from 4,7 to 5.4 were subjected to cycles of 30
days of submergence followed by drying, éxtractable alumi-
nium increased during the first cycle but decreased during
the second and third cycles. The changes in extractable
aluminium due to submergence and drying vere of a chemical

nature,

Much greater increase in the pH of soils on flooding
for several weeks than given by Tanaka and Navasero has been
reported by several workers, Ponnamperuma et al, (1973)
found that an increase of pH from 3.5 to 6.1 occurred in
12 weeks of flooding in the acid sulphate soils of Vietnam,
Beye (1973) and Kanapathy (1973) have also recorded similar
increases in pH of soils from 2.6 to 6.3 and 3.8 to 5.7
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respectively on waterlogging of solls for varying periods.

As the critical pH below which aluminium toxicity is
expressed is about 4.5, it would appear that this condition
cannot be a toxic factor of high magnitude in rice culture,
where the land is flooded before and during the crop vhen
the pH may rise beyond the critical point, Under such con-
ditions the rise in pH ‘and associated chemical changes can
keep soluble aluminium at a minimum as decided by other soil

chemical characteristics.

d) Organic matter

Mattson and Hester (1933) while studying the amphoteric
nature of soils in relation to aluminium toxicity apparently
fecognized that plants growing in soils which were high in
organic matter did not exhibit symptoms of aluminium toxi-
clty at the same pH as those grown in soils low in ofganic

matter.

McLean et al. (1964) found that the pH dependent CEC
of several fOp solls decreased drastically‘as their organic
matter was destroyed. They concluded that most of the pH
dependent CEC sites were due to organic mattef which com-
plexed with aluminium and could be displaced by ammonium
acetate and precipitated as Al(OH)B. Based on field obser-
vations, these authors also suggesfed thaf at low pH levels
crops grew better on peaty acid sulphate soils than on acid

mineral soils,
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Mutatkar (1965) and Mutatkar and Pritchett (1966)
attributed the inhibition of organic matter decémposifibn '
in some tropical soils to the high levels of aluminium,
the aluminium being éither toxic to the saprophytic micro-
flora' or due to a greater resistance of the aluminium-organic

matter complexes to microbial degradation,

Lefebvre~Drouet (1967) showed that destroying the
organic matter in some acid soils liberated complexed alumi-
nium, the amount liberated belng significantly correlated
with éoil organic matter, but was independent of soll pH in
the range of 4.1 to 5.5.

Coleman and Thomas (7967) observed that the buffering
of most of the acid soils formerly attributed to organic
hydrogen ions, might be actually due to the hydrolysis of
aluminium on the organic matfer exchange sites.

Kavrichev et al. (1969) noted that 65 to 100 per cent
of the water soluble aluminium in soil solution was combined
wlth organlc matter and could be determined only after'the
latter was destroyed. Evans and Kamprath (1970) were of the
view that increasing' amounts of organic matter resulted in
lower soil solution aluminium at a given pH and that soil
solution aluminium gave an effective estimate of response to
liming irrespective of the soi; organic matter content., Based

on fleld experiments, they have indicated the beneficial
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effects of addition of organic matter to highly acid solls
compared to the effect of adjusting the soil pH.

A1l these evidences therefore point to a strong inter-
relationship between aluminium and organic matter in acid
soils. Since many of the acid sulphate soils have some
amount of organic matter in them and many are known to have
organic materials as their parent material, B}oomfield and
Coulter (1973) postulated that.considerable amounts of alu-
minium were held absorbed by organic matter in thelr peaty

horizons.

Thomas (1975) has established an inverse relationship
between organic matter and exchangeable aluminium in acid
s0ils. He found thet at a given pH, the aluminium extracted

by N KCl decreased as organlc matter content increased.

From a study of the effect of alfalfa meal, sucrose
and peat moss in a strongly acid soil on the growth and
yleld of barley, Hoyt and Turner (1975) reported that the
beneficlal effects were primarily due to thg maintenance of
sublethal levels of aluminium by the complexing of exchan-
geable aluminium by the added organic matter.

Bloom et al. (1979) investigated the factors controlling
the relationship between pH and (A13+) in soil solution by
measuring the pH and pAl of individual soil suspsnsions with

different periods of equilibration in the presence of added
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organic matter. The results provided direct evidence of
the iﬁportance of organic matter in controlling'Al3+ in the
soll, The addition of two per cent leaf humus caused about.

5+ at a given pH as

49 per cent reduction in solution Al
compared to suspensions with no added humus. . It was con-
‘sidered likely that by the addition of humus, the total CEC
was increased with a simultaneous decrease in the aluminium
saturation of the soil and a résulting f£all in solution
(A13+D at a given pH. The exchange of aluminium from the
carboxyl sites on organic matter was considered the most
important factor in the control of soil solution (A13+)
activity in acid soils low in permanent CEC. . Management. of
organic matter was suggested as effective in lowering (A13+)

activity in acid soils.

Wahab and Lugo-Lopez (1980) compared the effect of
adding 7 me Ca(OH)2/1OO g-soil, 7 per cent finely ground
pangola grasé and 7 per cent finely ground coffee leaves to
some highly acid soils. and .found that coffee leaves were
more efficlent in inhibiting aluminium toxicity thén_the
others. Coronel (1980) proposed the additiog of organic
matter in acid soils to decrease aluminium solubility by the

formation of aluminium-organic matter complexes.

7. Screening of plants for aluminium tolerance

The effects of aluminium on plant growth and the diffe-

rential response of species and cultivars to high levels of



aluminium have been documented in numerous reports.

In 1960, Neenan reported a differential'responsé of .
wheat cultivars to aluminium and suggested that the adapta-
bility of certain cultivars to strongly acid conditlons was
due to.their ablility to tolerate high levels. of free alumi-
nium. Since then, a number of tolerance studies within
wheat and indications of it in cultivar adaptations have '
been conducted. It has also been observed that cultivars
developed in regions with st;ongly acid soils often posse-
ssed high levels of aluminium tolerance while those deve-
loped in other regions seldom had this trailt.

Two basic media, viz.; acid soils and nutrient solu-
tions have beeri used in developing screening methods for
determining genetic tolerance for aluminium. Because of the
complexities and difficulties involved in controlling and
measuring complex soll properties, much of the work with
aluminium tolerance has been conducted either in green house
or by use of nutrient solution techniqgues, although screen-
ing on naturally acid or artificially produced acid soils

has also been in practice in some laboratories,

a) Screening trials on acid soils

In Denmark, Stolen (1965) used a field method of sele-
cting barley for low pH tolerance by establishing the desired
pH through spraying the soil with dilute sulphuric acid.



~50-

Reld et al. (1969) classified winter barley varieties for
their tolerance to aluminium in fileld plots and green house
experiments on aluminium-toxic soills. Since his first
attempt Stolen (1973) screened aluminium tolerant barley in
plastic pots filled with soil where pH was adjusted by
adding 0.1 N H,S0,, the final adjustments being made by the
addition of aluminium sﬁlphate.

In a search for the solution to the problem: of low
agricultural productivity on the acid infertile soils of
the humid and subhumid tropics, CIAT Sclentists initlated a
screening programme in 1971 at Carimagua in Colombla, The
so0ils were characteristically acidlc, aluminium-toxic and
of poor fertility status., Based on the results of the study,
Foy et al, (1974) reported large differences in tolerance to
aluminium among different varieties of.wheat, barley, tomato,
forage grass, cotton; soybean etc, indicating some degree of
varlation in all the species. Some of the pulse crops like
cowpea, peanut, beans, etc. were relatively well adapted to
acid soil environment while corn was poorly adapted to

extremely acid conditions.

Spain (1976) carried out a screening programme on these
solls by using two major types of experiments, one which
involved different lime levels with uniform fertilizer treat-
ments and the other with a combination of different levels

of phosphorus and lime, The difference in the tolerance of
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crops was attributed to their differential tolerance to
aluminium, as well as to thelr ability for better phosphorus
utilization. The studies also pointed out the greater tole-
rance of upland rice to aluminium toxicity compared to low
land rice. A clear correlation between helght of rice and

tolerance to soil acldity was also noted.

Silva (1976) screened cultivars in a location where
the soils were acid with aluminium toxicity stpong enough
to make a 100 per cent selection pressure. Foy (1976) was
of the View that selectiné a soil to screen plants specifi-
cally for aluminlum tolerance caﬁ be difficult owing to the
difficulty in controlling the-soil'syétem to maintain uniform
soil solution aluminium. Furfhermore, aluminium toxicity
nay not be the only limiting factor in acid soiis, as
manganese may also be present“aé'a toxic factor in addition
to aluminium. Aluminium and manganese may again interact
with other elements in the soll as well as in the plant.
At times, the exchangeable calcium content in these soils
can_also influence the extent of aluminium toxicity. - Natural
subsolls stabglised at pH 4.5 to 5.0 with poor manganese and

calcium confents were considered ideal for screening purpose,

Foy (1976) has further suggested the use of paired indi-
cator plants, an aluminium sensitive and an aluminium tolerant

one, grown side by side- on the same soil to produce a range
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of aluminium toxicity symptoms in the tops, for determining
the sultability of a soil as a medium for screening.

b) Screening in nutrient solution

Maclean and Chiasson (1966) compared two commercial
spring barley varieties in green house by soll experiments
and in nutrient solution and showed that their differential
tolerance was the same under both situations. Nutrient
solution screening methods have been successfully employed
by Kerridge et al. (1971), Reid et al. (1971) and Brown and
Clark (1974). The rapid nutrient solution screening methods
facilitate screening of a large number of plants and elimi-
nate some of fhe complexities of field situations., Regre-
ssion analysls has confirmed the relationship between
nutrient solution and field plot data.

A solution paper method was developed by Konzak et al.
(1976), wherein, the growing medium was a nutrient solution
carried on absorbent paper and they used this technique for

screening wheat, barley, rice, sorghum, pulses, etc.

Coronel (1980) studied the absolute root length, root
regrowth and hematoxylin staining methods to distinguish
the levels of aluminium tolerance in rice,

Kaniska (1981) has reviewed the methods for determining
aluninium and manganese toxicity of barley grown at low soil

pH and described a method for evaluating the resistance of
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spring barley cultivars to aluminium toxicitylbased on the
length of seedling root. Grain yields we;e correlated with
the length and dry weight of seedling roots grown in the
presence of aluminium. Aniol—(j981) has also reported
different methods of determining the aluminium tolerance

of cereals and presented data on the length of seedling
roots of 12 cultivars and lines of spring wheat along with
their yield and 1000 grain welght. Good correlation was
shown between the field and nutrient culture techniques for
aluminium tolerance. He-has further. stated that the accu-
mulation of AL>* in plants was a poor indicator of thelr:
sensitivity to this element.

Moore et al. (1976) were of the view that methods of
screening plants tolerant to aluminium toxiciﬁy using acid
soils were not usually precise enough as the plant parts
most directly affected viz., the roots, are not easily
observed. They considered nutrient solution screening
techniques to be more precise in that important variables
like pH and INCa actifity'could be better conirolled. For
this reason most of the available techniques for selecting
varietlies for aluminium tolerance are based on observation
of the growth of plant roots in gsolution culture containing
aluminium. A common measure of aluminium toxiqlty is to
compare the rootllengths of aluminium treated plants with

control plants grown in the absence of aluminium. A reasonably
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good relationship between relative root length and the
degrees of aluminium toxicity has been recorded by Howeler
and Cadavid (1976) and Moore et al. (1976). Howeler and:
Cadavid (1976) measured relative root length at 3 and 30 ppm
aluminium and achlieved good correlation Setween this value
and grain production in field trials.:

Comparisons of cultivar rankihg from field and,hutrient
solution culture studies by Campbell aﬁd Lafevér'(1976)
showed that relative root length (8 ppm Al/0 ppm) appeared
to be a better index of aluminium tolerance compared to

either root weiéht or top length and'weight.
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MATERIALS AND METHODS

The problem envisaged in the present study, namely,

"The release of soluble aluminium in soils under submerged

conditions and its effect on rice" was investigated by con-

ducting the following interconnected studies:

1.

3

4.

5

Chemical nature of rice soils with speclal refereqce to

aluminium saturation.

Incubation of typical rice soils under flooded conditions
with different ameliorants to follow the pattern of

80lubilisation of aluminium.

Pot culture experiment with different amellorants added
to an acid soil with a high content of exchangeable alu-
minium to follow the pattern of solubilisation of alumi-

nipm and its effect on rice.

Solution culture experiment to study the specific effect
of graded levels of aluminium on the growth, yield and

nutrient uptake in rice.

Screening of rice varieties for tolerance to aluminium

toxicity.

Chemical nature of Rice soils with special reference
to Aluminium gaturation

A total number of 89 surface soil samples (0-20 cm)

ranging in pH from 2.5 to 6.5 collected from the major
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wetland rice growing areas of Kerala State were used in

this study.

Fdf this, more than 100'sam§1es were first collected,
air-dried and the pH determined in ‘the laboratory. These
solls were then classified into seven groups in the pH
ranges of 2.5 to 3.4, 3.5 to 3.9, 4.0 to L.b, 4.5 to 4.9,

5.0 to 5.4, 5.5 to 6.0 and.6.1'to 6.5 s0 as to have a minimum
of 12 samples 1in each group. The number of samples in any
oné group was limited to 12-15 by rejectiﬁg s0il samples
with identical pH values from nearby locations and soll

types,

The chemical analysis of the selected samples was

carried out by the following methods:
i) Soil reaction

The pH was determined in water as well as in 0,01 M CaCl,
solution, (soil:liquid ratio 1:2.5) with a Perkin Elmer pH

neter uging a glass electrode,
11) Conductivity

The conductivity of & 1:2 soill water extract was mea-

sured using a Solu bridge.
1ii) Cation Exchange capacity

This was estimated by the neutral normal ammonium

acetate method as deseribed by Jackson (1973),



iv) Exchangeable cations

Exchangeable potassium, calcium, magnesium and alu-
minium were determined in the ammonium acetate leachate

by the methods described by Jackson (1973).
v) Exchangeable hydrogen

The difference between the cation exchange capacity
and the sum of total exchangeable potassium, calcium, mag-
nesium and aluminium was reckoned as exchangeable hydrogen

(Coleman et al,, 1958).
vi) Aluminium saturation

The per cent aluminium saturation was calculated in
two ways, namely, on the basis of total cation exchange
capacity as suggested by Coleman et al. (1958) and also on
the basis of the effective cation exchange capacity (sum of
exchangeable potassium, calcium, magnesium and aluminium)

as proposed by Sanchez (1976).
vii) Water soluble aluminium

The water soluble aluminium was estimated colorimetri-
cally in the 1:5 soil water extract by the aluminon method
(Chenery, 1948).

viii) Lime requirement

Lime requirement was determined by the method suggested
by Hutchinson and McLennan (1914).
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ix) Base saturation

This was calculated on the basis of the total CEC as
suggested by Coleman et al. (1958).

x) Organic carbon

Organic carbon was estimated by Walkley and Black's

rapid titration method (Jackson, 1973).

Statistical:analysis

The anaiytical data obtained as above were subjected to
statistical analysis to bring about the interrelationships
between pH and exchangeable aluminium as well as with other
s01l chemical characterlstics.

2. Incubation of typical rice soils under flooded conditions

with different ameliorants and their effect on solubillsa-
tion of aluminium

Eleven samples of soil representing the typical rice
tracts of the State were used in this study. The details
of the solls are given in table 1.

The ameliorants used were ordinary lime and steatite
which is a naturally occurring form of magnesium silicater
supplied by the Geological Survey of India, The latter
material was used in the study in view of its beneficial
-effects on the growth and yield of rice in acid soils as
was revealed in some earlier field experiments

(Karunakara Panicker, 1980).



mmended level and steatite @ 500 kg/ha.

Lime was used @ 600 kg/ha which is the usually reco-

steatite (Mg38i4010(0H)2) had a

28,1 per cent and the following

Mg0
Cal

8102

- 29.0 per

1.0 per

- 55.0 per

composition:

The sample.. of

neutralising value qf

Table 1., Details of soll samples used for the lncubation

studies
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Location Crcler

Local name

=
o

11

O @ N o0 v -

Vadayar Entisol

Valkom 3 )
Moncompu ~ 73
Kumarakom »°
R. Block »
R. Block »
Trichur »
Vyttilla 22
Kayamkulam »)

Pattambi 3)

Vellayani 7>

Karapadom
Karapadom
Kayal
Kayal
Kole
Pokkall

Soil group

Acid saline

"

e

L]

L

1]

]

Coastal sandy Greyish

Low Level
Laterite

Low level
laterite

Onattukara

Brown
hydromorphic

i

Texture

Clay loam
Clay loam
Clay
Clay
Clay
Clay
Sandy

Clay loanm

Clay loam




Two kg lots of each soil were welghed into three glazed
porcelein pots of capacity 2.5 1. In this manner the eleven
soils were taken in 33 pots. One series of 11 pots contain-
ing the dry 'soils was kept untreated. The second series
received the lime treatment and the third series receilved

steatite at the specified rates.

The required quantities of lime and steatite were
weighed and added to the soil in the respective pots and
mixed thoroughly. Distilled water was then added into each
of the 33 pots and mixed well with a thick glass rod., After
ensuring that the soil was mixed properly with the water,
an additional quantity of distilled water was added into
each pot so as to stand to a height of 6 cm above the soil
surface. The level of water was maintained throughout the
experimental period by the addition of fresh distilled water.

So0il sampling and analysis

From each pot duplicate samples of the wet soll were
removed at intervals of 0, 3, 6, 12, 20, 30 and 60 days by
the funnel method proposed bylAbichandani and Pafnaik (1957).
In a sample of the soll removed from the untreafed series
immedliately after mixing with water, the moisture céntent
was determined, which was used for computing the welght of
the dry soil in all treatments at the different stages of
sampling.
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In the soils sampled by the funnel method the pH and
EC were determined using a soil water ratio of 1:2.5.

Fdr determining water éoluble aluminium end iron a 1:5
soil water extract was used. Exchangeable aluminium and
iron were extracted using N KC1 in a 1:5 soil solution ratio,
Aluminium was determined in the extract by the aluminon
method ‘(Chenery, 1948) and iron by the thiocyanate method
(Jackson, 1973).

Statistical analysils

The following analysis of variance was performed to
study the changes in soll characters on flooding of soils
in water alone and in the presence of different ameliorants

for various periods.

ANOVA

Source - daf
Between soils (S) - 10
Between periods (P) - 6

Between soils within 0
periods (S x P)

Total - 76

Since the experiment was single replicated, S x P inter-
action was treated as error and the soils and periods were

tested against this interaction.

Further, a pooled analysis was also carried out to study
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the interaction of the different ameliorants in different

solls over various periods.

ANOVA
Source - df
Ameliorants (T) - 2
Soils {S) - 10
Tx5S - 20
Period (P) - 6
TxP - 12
SxP - 60
TxSxP -120
Total =230

The T x S x P interaction was taken as error to test
the significance of the effects of different treatments

and periods of submergence.

3. Pot culture experiment

The object of this experiment was to follow and monitor
the variations in water soluble and exchangeable aluminium
and iron as well as the changes in pH and EC brought about
by the addition of ameliorants to an acid soil, The soilGusummyent)
used in the study was collected from Karumadi in the highly
acld kari tract of the State. The amellorants used were
lime, steatite, cattle manure and.green leaves (cocoa).

Cattle manure and green leaves were used as ameliorants based



on fhe reports on the beneficlal effects of organic materials
in decreasing aluminium toxicity in acid solls (Evans and
Kamprath, 1970; Hargrove and Thomas, 1981), The experimént
was laid out in CRD with the following six treatments and

three replications.

No ameliorants (control)

H
I

T, - Lime @ 600 kg/ha + steatite @ 500 kg/ha

T, = Lime @ 1200 kg/ha

Ty - Lime @ 600 kg/ha + cattle manure @ 5 g/pot
T;, = Lime @ 600 kg/ha + green-leaves @ 5 g/pot
Tg - Lime @ 600 kg/ha

The physico-chemical characters of the soil used for
the experiment are given in table 2,

The soll collected from the field was brought to the
laboratory, air dfied and ground with a wooden mallet.
Fighteen earthenware pots tBO x 25 cm) were used in the study.
Five kg portions of the ground soll were taken in each pot.
In the pots receiving the green leaf treatment, the weighed
gquantity of cocoa leaves was chopﬁed and mixed with the soil
and kept in a puddled condition for ten days before planting.
The other ameliorants were added in the required quentities
one day prior to planting. Fertilizers as per the package
of practices of the Kerala Agricultural University (1982)
were added on the day of transplanting of seedlings.
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Table 2, Physico-chemical characters of the soil used
in the pot culture experiment

Location: Karumadi, Ambalapuzha

pH (water) (1:2.5 soil water suspension) 3.8

pH (0.01 M CaClz) (4:2.5 so0il solution 3.4
ratio)

E.C. (mmhos/cmz) 6.8
Total nitrogen (per cenf) 0,38
Available nitrogen (kg/ha) 210
Available phosphorus (P) (kg/ha) 12
Available potassium (K) (kg/ha) 78
Water soluble aluminium (ppm) 26
Exchangeable aluminium (me/100 g) 6.8
Exchangeable bases (me/100 g) A
(K + Ca + Mg) *
Lime requirement (t/ha) 12.5
Organic carbon (per cent) 12.4
Soil texture Clay
Cation exchange capacity (me/100 g) 1745

Aluminium saturation of total CEC 3%, 4
(per cent) .

Aluninium saturation of effective

CEC (per cent) 74.0

The soil in each pot was mixed thoroughly with the
varlous treatments and water and kept in a puddled condition.
Three 15 day 0ld seedlings of rice variety 'Triveni' were
planted in each pot oﬁ 7-3=-1983. WVater was maintained at a
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height of 5 cm on the surface of the soil and the level was

malntained by daily irrigation.

From each pot wet solil samples were collected periodi-
cally by the funnel method without causing any disturbance
to the plants. The first sampling was done on the trans-
ﬁlantiné day (period 1) followed By sampiing at periods
corresponding to the important growth stages of the rice
plant such as active tiilering; maximum tillering, panicle
initiation, opening of inflorescence, grain fillihg and matu-
rity sfages (periods 2-7), The harvesting was done on
28-5-1983.

As “the roots also had to be collected for analysis, the
procedure followed for harvest was as follows:

After noting the plant height and number of productive
tillers per plant, each pot was lifted in the hand, gently
tilted to drain off the water and then inverted. By care-
fully shaking the pots, the plants with the soil intact could
be retrieved from the pots. A Jet of water was then directed
onto the soll through a hose so0 as to remove the soil adher-
ing to the roots. By careful manipulation of the water, the
root system could be completely recovered. The roots were
washed several times with water to remove even the last
traces of clay and allowed to drain. The earheads were
removed from the plants, taken in lébelled envelopes and kept

for air drying.
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The shoot and roots from each pot were also air dried
and the length of the roots noted by measuring the distance
from the base of the stem to the tip of the longest root.
~ After this measurement, the shoot and root were separated
and taken in different envelopes and labelled. The grain,
straw and roots were then dried in an alr-oven at 70°C and:
their weights recorded., The chaff was separted from the

grain and its welght was also noted.

The oven dry plant samples from the different treat-
ments were homogenised and analysed for total nitrogen,
phosphorus, potassium, calclum, magnesium, aluminium and

iron by standard methods as given by Piper (1966).

Statistical analysis

The dafa obtained on the plant characters and nutrient
content of plant parts were statistically analysed as follows:

ANOVA
Source - df
Treatment (T) - 5
Error - 12
Total - 17

Correlation coefficients were also worked out to esti-

mate the interaction among the different nutrients in the
plant.



The soll characters at different time intervals were

also correlated with yield and related characters.

4, Solution culture experiment to study the effect of graded
levels of aluminium’

This .experiment was intended to study the specifilc
effect of graded levels of aluminium in the rooting medium
on the growth, yield gnd nutrient. uptake pattern in rice.
The design was CRD with 11 treatments and three replications.
The 33 porcelein pots required for the study were filled
with two litres of the nutrient solution prepared as suggested
by Johnson et al. (1957). Tts composition is glven in
table 3. |

Table 3. Composition of nubtrient solution used in Solution
culture experiment

NH4N03 - 50 ppm
NaH2P04 2H20 - 10 =
KC1 - 25 "
CaCl, (fused) - 20 "
MgCL, 6H,0 - 20 "
HyBO; I

ZnSOh 7H20 §

MnSO,, H,0 : - 2 ¥
CuSO4 5H20 g

H2M?04 _
Sodium silicate - 10 ©
Ferric citrateg _ 2 n

Na EDTA
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The required quantities of aluminium in the form of

Al1Cl. solution was added into the respective pots and mixed

3
with a glass rod. The pH of the medium was maintained below
4.5 to ensure that the aluminium remained in solution. The
levels of aluminium tried ranged from 0 to 100 ppm as per

the treatments shown below.

TO - 0 Al
T1 - 10 ppm Al
T, =~ 20 "
T3 - 30 "
Ty - 4o v
T5 _ 50 0
Tg - 60 ®
T7 - 70 "
Tq = 8 "
Ty - 9% "
Tyg - 100 "

Waxed rattan baskets of sultable size containing washed
glass marbles were used to hold the plants. Two 14 day old
seedlings of rice, variety "Sabari", were planted in each
bagket and kept over the top of the solution in each pot.
This arrangement helped about 2 cm of the solution to be in
contact with the basal parts of the plant. The nutrient
solution in each pot was replaced by fresh solution at weekly
intervals, after washing the pot as well as roots of plants

in water.
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The experiment was started on 10-12-1982 and completed
on 2-4-1983,

After noting the growth characters such as height of

plants, number of productive tillers and length of root,

the base and roots were washed severai times with fresh
water and the plants were separated into root, straw and
grain., They were dried in labelled envelopes in an oven at
70°C and the welghts noted. The plant materials were ground
and kept in labelled bottles and used for the dgtermination
of nitrogen, phosphorus, potassium, calcium, magnesium,
aluminium and iron by adopting standard procedures as refe-

rred to earlier.

Statistical analysis

The effect of dlfferent levels of aluminium on the
growth and yield characters -as well as nutrient composition

of the plant parts was studied by the following ANOVA,

ANOVA
Source - df
Treatment - 10
Error - 22
Total - 32

5. Screening of rice varieties for tolerance to aluminium
toxicity

Laboratory screening of rice varieties/cultures for

tolerance to aluminium toxicity was carried out to group
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them into three categories viz., least tolerant, medium

tolerant and tolerant.

A total number 6f 154 varieties/cultures of rice culti-
vated in the different parts of the State as well as those
maintained in the Rice Research Stations under Kerala Agri-

cultural University were used for the study.

Screening technique

The above varieties/cﬁltures were screened in the
laboratory for tolerance to aluminium toxicity using the
"Solution paper technique" described by Konzak, ‘Polle and
Kittrick (1976).

A basal nutrient solution, buffered to pH 4.0 with acid
potassiun pathallate and mixed with A1CL, to give 3.75 mM
aluminium in solution was uged for the screening. The com-

position of the basal nutrient solution is given below,

K NO3 - 0.1 mM

KH CS H4 04 - 8.0 mM

Ca 012 - 0.1 mM
Since the culture period was short, phosphorus was
omitted to avoid precipitation of aluminium.. Trace ele-

ments were also excluded for the sake of simplicity.

The nutrient solution was taken to a depth of 4 cm in



tall (15 x 4 cm) borosilicate glass tubes closely fitted
on the inner side with a roll of abgsorbent filter paper,

" The base of the filter paper roll dipping in the nutrient
solutlon allowed the paper to be soaked with the nutrient
solution throughout the period of study so long as the
level of nutrient solution was maintained in the tube.

Eight to ten rice seeds, pre-soaked in water for
24 hours were closely arranged along the mouth of the tube
in the space between the filter paper and the siﬁes of the
tube. The seeds were arranged ﬁith the position of the
embryo facing downwards. The tubes were kept erect on a
sultable base and the germination and growth were allowed

to continue for eight days.

The seedlings were then carefully removed and the
average length of roots was measured. _Relativé root length
at 3.75 mM aluminium with reference to the noot length in
the basal nutrient solution without aluminium was caleulated

for the 154 varieties/cultures used,

Classification of the varieties

The available varieties/cultures were arranged into
three groups based on the normal distribution pfoperty
(Sﬁedocor'and Cochran, 1967) 6f.their relativelpqét length.
The mean reiative roﬁt length (per cent) and standard devia-

tion of relative root length were computed. The varieties



were classified according to the confidence limits given by
the means + SE (mean)

— S
l.eey, X +——

Ryil
where x is the mean relative root length, n is the number
of varlietles and s the standard cdév;!.eﬂ::l.on of relative root

length,
‘The varieties having root length less than b -—J%_ were

claggified as least tolerant, those between X 3 —=£— as

(5

medium tolerant and those above X + F?T_ as tolerant to alu-

minium toxicity.



RESULTS



RESULTS

1. Chemical nature of Rice solls with special reference to
Aluminium saturation

The results of the study on soil acidity and exchan-
geable aluminium in relation to the other soll characteris-
tics for seven groups of soils in the different pH ranges
are presented in tables 4a to 4g and the summary of the
results are given in Table 5 and fig.(1) and (2). The inter-
relationships among the different characters for soils of

different pH ranges are also briefly indicated.

Soils in the pH range 2.5 to 3.4 (Table 4(g)

The 12 soils of this group represent the acid sulphate
and acld saline soills occurring along the west coast of the
State. Determination of soil reaction in 0.01 M CaCl, has
resulted in a lowering of the pH by 0,1-0.5 units., The EC
of the two samples from the acid saline area was very high
(16.3 and 12.4 mmhos/cmz) while it ranged only from 4.3 to
6.7 mmhos/cm2 for the other soils, The mean value of EC
was 7.1 mmhos/cm2 which 1s much above the critical level
suggested for the rice crop. The CEC ranged from 12.4 %o
22.2 me/100 g with an average of 16.3 me/100 g. The mean
value of the exchangeable hydrogen was 8.6 me/100 g and the
average value of the base saturation was 10.6 per cent,
Exchangeable aluminium (5.9 me/100 g) accounted for 77.2 per
cent of the effective CEC and 36.5 per cent of the total CEC.



Table 4(a) Chemical nature of rice soils (pH 2.5-3.4)

- E}échangeable cations Al saturation o
SN (me/100 g) (per cent) , 8 8 L
q o - 1] (7~
S1. Location and . __ & % Y H K CasMg AL o 5. 48 3
No. texture OC\J Es,; Eﬂ)\m‘ (&38 E 48 8‘ o5 g g ra
55 o O DO~ oo S 'H& ~ s
~ O a g O oo gv 3 % =
- S é E B mg wo .k i
o ~ o~ RO M 8F & 5 33
(1) (2) (3) (&) (5) (6) (1) (8) (9 (10) (11) (12) (3) () (15) (16)
L ‘Ve‘i‘gi‘;‘;")‘ara 2.9 2.7 6.2 18.0 11.7 0.07 1.3 4.9 27.2. 77.7 7.3 8.2 13.1 23
2 Mundar .‘ '
(clay loam) 3.3 3.0 5.8 13.5 6.2 0.121.8 5.4 40,0 74.0 13.9 8.6 12.6 26
3 Mundar ' .
Kaipadam ‘ .
(c1ay 1oam) 3.0 2.6 16.3 12-5 6.4 0.03 1.4 4.7 37.6 77.5 8.6 5.4 1‘1 .1 25
5 Orumundakan -
(clay loam.) 3.4 ‘2.9 12.4 13.6 6.8 0015 1.1 5.6 L’-1 .2 820"‘ 9.4 4.8 11.5 20
6 Vaikom (clay) 3.2 3.0 6.7 14.4 8.2 0.16 1.2 4.8 33.3 77.4 9.5 9.2 12.7 25
7 Mundar (clay) 3.1 2.7 5.7 15.1 9.0 0.21 1.4 4.5 29.8 73.8 10.5 8.6 12.5 27
8 Purakkad (clay) 3.0 2.9 5.5 14.8 6.5 0.24 1.6 6.5 43,9 78.3 12.6 8.3 14,3 30
9 Vadayar (clay) 2.7 2.4 4,8 22,2 9.1 0.35 2.4 10.4 . 46.8 79.4 12.3 10.9 15.1 28
10 * Vadayar (clay) 3.2 2.9 5.5 20.6 12.3 0.18 1.6 6.5 31.6 78.3 8.8 12.6 12.8 AN
11 Th°1(‘2§g§5)‘113’ 3.4 3.0 6.2 17.5 10.5 0.23 1.3 5.5 31.4 78.6 8.6 '10.8 12.5 22
12 Purekkad (clay) 3.3 2.8 6.0 20.8 10.5 0.31 2.4 7.6 35.6 73.8 12.8 10.6 13.2 24




One of the acld saline soils (Orumundakan) recorded the
highest aluminium saturation of 82.4 per cent of the total
CEC. Tﬁe lime requirement of these soils varied from 11.1
to 15.1 t/ha, the organic carbon ranged from 4.8 to 12.6
per cent and the water soluble aluminium varied—from 18 to

31 ppm.

Of the different soll characters studied, the pH in
water was significantly and negatively 'correlated to the
lime requirement (-0.55) while the relationship was not
significant for the pH of solls as determined in 0.01 M CaCl2.
Total CEQ was positively and s;gnificantly correlated to
exchangeable hydrogen (0.76), exéhangeable bases (0.64),
exchangeable aluminium (0.77) and‘organic carbpn.(0.72). The
relatlonship between exchangeable baseg and lime fequirement
was negative and significant (-0.61), while the relation of
exchanggable aluminium aﬁd orggnié carbon fo lime requife-
ment was significant and positivel(0.63 and 0.64); A similar
relétionship existed between exchangeable hydrogen and organic

carbon (0.71).

Solls in the pH range 3.5 to 3.9 (Table 4(b)

These 12 semples also belonged to the acid. sulphate
801l group and varied in texture from clay or clay loam. The
decrease in pH in 0.01 M Ca Cl2 was 0.1 to 0.6 units, These
solls had a high EC which ranged from 4.3 to 8.3 with an ave-

rage of 6 mmhos/cmzo



Table 4(b) Chemical nature

of rice soils (pH 3.5-3.9)

A Exchangeable cations Al saturation :-‘; g o
g (me/100 g) (per cent) 1@ g; o
o o ~— - . = =
S1. Location and  ~—~ © § ® g K CasMg Al g §3 S = S~
No. texture SN = =y 08 I" rtgg -3 & 'ﬁ ” g«
s e DO e K o] . a 43 | PN
g QQ Elé L o @ Qo o o ~r U~
5 e £ B B8 HE 83 B = 5.
(1) - (2) (3) (&) (3) (6) (7) (8 (9 (10) (1) (12) (13) (14) (15) (16)
1 K?ggggta 3.7 3.5 5.6 13.3. 6.8 0.22 1.3 5.0 37.6 78.1 11,1 8.8 10.8 17
2 Mathikayal 49, o2 A 8.4 10. 14
(olay ivam). 3.9 3.3 6.1 13.0. 2.0 0.10 4.5 6.4 49,2 58.2 35 . 5
" 3 Sreemoolam - ' . . . 1.2 23.4 L2 1.7 16
4  Kanjanipadam ' ' A 23, 61.8 15,2 11.7 11.9 20
(clay 1oam) 3.5 3.1 4.3 14.5 9_..0 0.1_0 2.0 3.4 23.7 3 5 |
5 K?gig‘;‘;ﬁ 3.8 3.4 5.2 12.7 3.4 0.11 3.1 6.1 48.0 65.6 25.3 6.1 9.8 18
6 K?Zgggli 3.9 3.6 6.6 16.0 4.9 0.26 L.h 6.k 40.0 57.7 29.1 12.1 10.2 26
8 Vadayar (clay) 3.8 3.5 6.4 20.2 8,5 0.3 3.0 8.4 41.6 71.8 16.410.4 10.6 15
9  Kole (I)(clay) 3.9 3.4 5.7 24.3 16.5 0.38 3.1 4.3 17.7 55.1 14517.5 12,5 17
10 Kole (II) ' . A 10.7 15.5 11, 19
(clay) 3.7 3.1 8,3 18.7 12.0 0.25 1.§ -'4.7 25j 70 7 15.5 3
1 A‘“?géa‘?‘;zm 3.6 3.3 6.4 14.6 7.3 0.16 3.1 4,0 27.4 53,3 22.0 10.4 14.1 18
12 Mundar (clay) 3.6 3.2 5.1 12.8 5.9 0.22 2.2 . 4.5 35.2 65,2 19.2 9.6 12.7 , 18

-9&-




The chemlical characters of the solls in this group
were not much different from those of the soils in the pH
range 2.5 to 3.4, inspite of the higher average pH of
0.6 units.

'Mean values of the total CEC (15.9 me/100 g) and
exchangeable hydrogen (7.2 me/100 g) were only slightly
lower than that of the previocus group. The ethangeable
bases (19.9 per cent) on the other hand, showed a fendency
to 'increase with a consequent increase in base saturation.
There was not much difference in the per cent alumiqium
saturation of the total CEC (33.9 per pent) while the alumi-
nium saturation of the effective CEC (62.7 per cent) was
significantly lower. Average values for organic carbon in
these soils reglstered a higher value (10.7 per cent) whereas -
thellime requirement (11.5 t/ha) and the water soluble. alumi-

niun (18 ppm) tended to be significantly lower.

As in the- former group of soils, the pH in water was
significantly and negatively correlated to lime. requirement
(=0.59) while the pH in salt solution showed no such corre-
lation. A significant positive relationship (0.51) also
existed, between pH in water and the exchangeable bases,
Exchangeable hydrogen and aluminium were positively related
to the total CEC though not significantly. Exchangeable
hydrogen showed a significant inverse relatidnship with
per cent aluminium saturation of the total CEC‘(-0.64) as



well as with the per cent base saturation (-0,70). With
organic carbon it showed a high positive correlation (0.88).

The other correlations of lmportance were those
observed between exchangeable calcium and magnesium and
per cent base saturation (0.83), exchangeable aluminium and
lime requirement (0.53), aluminium saturation of total CEC
and per cent base saturation (0.60) and the indirect rela-
tion of the base saturation per cent wifh organic carbon

(-0.74) and lime requirement'(-0.53).

Soils in the pH range 4.0 to 4.4 (Table 4(c)

The 14 soils of this group were representatives of
the brown hydromorphic group of soils in Trivandrum'district,
the kayal and karapadam soils of Kuttanad and the Orumundakan
s801ls of Alleppey district. The texture of these soils varied
from clay.to clay loam. & fall of 0.1 to 0.4 units was noted
when the. pH was determined in 0.01 M CaCl2 solution.

The tendency of the CEC t0 decrease with increase in
PH continued in this group. It ranged between 9.2 and
27.2 me/100 g with an average of 14,3 me/100 g. However,
there was a slight increase in the content of exchangeable
hydrogen (7.7 me/100 g). Exchangeable calcium and magnesium
were not significantly different from that of the more
acldic soils used in this study. Exchangeable aluminium

reglstered a sharp decrease (3.5 me/100 g) compared to the



Table 4(c) Chemical nature of rice soils (pH 4.0-4.4)

)

N Exchangeable eations Al saturation £ iy ®

2 (me/100 g) (per'cent) &9 i ‘?'; l i

00} o 4] - - 50 o 3
Sl. Location and 3 © 5 J H K CasMg Al B8 g @ O~
No. texture M@= o 8o 78 38 & 28
S <« o] 8\ =) [4]d0] g*—l +3 4 A
(o] Q o O] g S~ Q) ~—r

2 ¢ 8§ £ Ba o 8B pe o EL

“« & & BB = me . ca d =<«

(1) (2) (3) () (3) (&) (7 (8) (9) (10) (41) (12) - (13) (&) (15) (16)

1 Rajapuram _

(clay loam) 4,2 3.8 2.1 14.3 8.4.0.18. 2.1 3.6 25.2 61.2 15,9 4.8 8.6 15

2  Moncompu ' ' ' '

(clay loam) 4,3 3.9 2.5 13.9 9.0 0.15 1.8 3.0 21.6 61.2 13.0 6.6 6.4 17

3  Purakkad .

(clay loam) 4,0 3.8 3.1 144 8.7 0.17 3.0 2,5 17.7 43.9 22,0 6.5 8.1 13

4  Thakazhi ‘ -

(clay loam) 4.4 41 3,5 17.2 12.4 0.07 2.5 2.2 12.8 38.6 28.0 6.0 7.5 14

5  Alleppey 4.2 4.0 6.6 15.3 7.1 0.15 4.3 3.8 24.8 46.3 28.8 3.8 8.2 18-

(clay loam) \

&  Thakazhi !

(clay loam) 4.3 4.0 2.9 17.5 11.7 0.13 2.8 2.9 16.6 50.0 16.5 41.8 7.8 15

7 Kumarakom :

(clay loam) 4.0 3.5 3.6 9.6 3.8 0.15 2.3 3.4 35.4 58.6 25.0 2.8 8.8 16

8 Edathua 4,0 3.8 2.1 15.6 9.2 0.12 2.5 3.8 24,4 65.5 16.9 10.3 7.8 18

(clay loam)

9  Purakkad (clay) 4.4 4.2 5.3 27.2 17.2 0.25 3.8 6,0 22.1 60.0 14.7 10.7 6.3 12
10 Moncompu CCIaY) 4.0 3.7 2.7 11.7 3.7 0025 302 4-6 39.3 57.5 2905 5-5 7-5 17
11 Vaikom (clay) 4.2 3.9 4.8 10.6 4.5 0.23 2.3 3.6 34.0 59.0 24.2 6.6 8.1 14
12 Ne¥xggg}nkara 4.2 4.0 0,02 9.2 1.8 0,12 2.7 4.6 50.0 T71.9 24,7 3.0 6.1 16
13 Am?g%gggzha 4.2 4.1 2.4 11.9 4.2 0.13 4,5 3.1 26,1 40.3 38.9 4.8 6.6 12
14 Attingal (loam) 4.4 4.1 0,01 11.2 3.0 0.14 3.0 5.1 45.5 62.2 27.6 3.5 5.6 8

-6/
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previous soil samples and the alu@inium saturation of both
the total and effective CEC also tended to be'less (24,5
and 53.5 per eent). The base saturation was consequently
higher (22,8 per cent) than that of the more acidic soill
groups. Organie carbon variled from 2.8 to 11.8 per cent
with an average of 6 6 per cent. The lime requirement
ranged from 5.6 to 8 8 t/ha with a mean value of 7.6 t/ha.
The variation in water goluble aluminium was between 8 to

18 ppm, the average being 15 ppm.

The pH of the soils of thls group as determined in
‘water and in 0.01 M Ca 012 showed a significant. negative
correlation with lime requirement (-O 57 and -O 65) and to
the water soluble aluminium (-O 51 and =0. 53) The total
CEC of these soils exhibited a high direct correlation to
exchangesble hydroéen (0;95) and organic carbon {0.72),
The aluminium saturation calculated on the basis of both
total and effective CEC was significently and negatively
correlated to the total CEC (-0.,63 and -0,95). Exchangeable
hydrogen had a negative influence on the per cent basé satu-

ration (<0:57) and a positive relation to organic carbon (0.74).

Other cor?elations of siznificance were between exchan-
geable calcium and magﬁesium and base saturation‘(O.SB),
exchangeable aluminium end aluninium saturation of total and
effective CEC (0.58 and 0.59) and the indirect effect of
organic carbon apd liﬁe requirement on base saturation

("'0-75 Elnd "O 071 ) []
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Soils in the pH range 4.5 to 4,9 (Table 4(d)

The 12 solls included in this group were the coastal
alluvial and brown hydromorphic scils of Trivandrum, Alleppey
and Ernakulam districts. In texture, most of thea were
loams snd their pH in water and in 0,01 M CaCl, varied only
by 0,1 to 0.3 units compared to ‘the more acidic soils. The
BEC of the soils in this group was much lower, with a mean .
vaive of 0.8 mmhos/cm®. A sample of pokkali soil of this
group registered the highest value of 5.6 mmhos/cma.

The CEC was also much lower than that of the earlier
groups and the values varied from 6.4 to 16.6 me/100 g with
an aﬁerage of 11.6 me/100 g. Compared to the solils of pH
range 4.0 to 4.5.'the soils of this group indicated a sigﬁi&
ficant reduction in the exchangeable hydrogen content, the
"mean value being 5.4 me/100 g. However, %here'was not much.
difference in the status of exchangeable bases and aluminium
of the soils of this group and that of the previous group.

The aluminium saturation calculated on the basis of
total CEC (28.7 per cent) showed a slight increase while it
remained réther steady when determined on the basis of the
effective CEC (51.8 per cent). The base saturation tended
to increase recording falues as high as 43.0 per cent with
an average of 26,6 per cent. Organic carbon, lime require-
ment and water soluble aluminium showed a decreasing trend

in this group as compared to the earlier groups..



Table 4#(d) Chemical nature of rice soils (pH &.5-4.9)

A Exchangeable cations Al saturation g I o

g & @ _ (me/100 g) (per cent) F= 25 2
~ 8 8§ o H K Ca+Mg Al o 5% 88§ T o~
S51. Location and o ~ O > + O 34 = =
o = 7] D L) ) 8] S~ 2,
No. texture oo DO @A~ ~ + M e R P Ko B
Ad Pa- f:l..g Do (LR o2& € S Qo e QO

(= =] 2 &l @[] QM g +

o] ® g N o0 O U~ Bl ~er 5 o

a ST | o & o 8 =<
(1) (2) (3) (&) (5) (6) (7) (8) (9 (10) (11} (12) (13) (14) (15) (16)
1 Edathua (loam) 4.7 4.5 0.25 10.9 4.3 0.11 2.0 4.5 41.3 68.2 19.4 5.3 7.0 9
2 Alleppey (loam) 4.9 4.8 2.75 13.5 9.3 0.08 1.3 2.8 20.7 66.7 9.8 10.7 6.6 17
3 Ve%%ggalsli 4.8 4.6 0.01 11.7 6.6 0.25 2.0 3.1 26.5 58.8 19.2 4.6 6.3 13

m
4  Attingal (loam) 4.9 4.6 0.02 12.9 5.5 0.12 3.2 4,1 31.8 55.4 25.4 5.9 5.9 11
5 Neﬂ(fittif)lkara 4.5 4.2 0,05 11.0 - 4,2 0,18 3,0 3,7 33.6 52.9 28,5 4.8 5.6 10
oam
° Chifeyimldl 47 4.4 0.0513.3 5.6 0.06 3.5 4.1 30.8 52.6 27.0 5.1 5.1 9
m - ’
7 Attingal (loam) 4.6 4.5 0.01 11.2 2.1 0.08 4.1 4.9 43.8 53.8 37.3 3.5 5.5 15
8 V?ilganc))or 4.5 4.3 0.01 9.3 2.4 0.08 3.0 3.8 40.9 48.1 33.4 4.7 6.0 10
oam )
9 Pullad (loam) 4.9 4.6 0.15 9.8 4.4 0.20 2.4 2,8 28.6 51.9 26.0 5.5 6.1 7
10 A%%EPP‘;*’Y 4.8 4.6 0.2512.6 7.9 0.32 2.4 2.3 18.3 48,9 23.5 4,1 5.8 12
Qam

11  Alleppey (clay) 4.7 4.5 0.28 16.6 11.7 0.04 2.8 2.1 12.7 42.9 27.2 4.7 6.2 12
12 DPokkali 4.9 4.6 5.69 6.4 2.7 0.25 2.5 1.0 15.6 21.3 43.0 3.6 5.3 1&

(sandy loam)




The significant negative correlation between pH and
lime requirement noted in the more acidic soils was not
obsérved in this group. However, there was a significant
and indirect correlation between lime requirement and organic
carbon (=0.71). A direct relationship between exchangeable
hydrogen and CEC (0.69) and an indirect correlation between
base status and CEC (=-0.55) were noted in this group also,
Exchangeable hydrogen was in turn inversely related to
exchangeable calcium and magnesium (-0.63) and base safura-
tion (-0.83) and exhibited a strong positive correlation
with organic carbon (0.77). The base saturation had a sig-
nificant direct relation to exchangeable calcium and magne-
sium (0.69) while it showed an inverse relationship with
organic carbon (=0.58) and lime requirement (=0.69).

A similar relationship was evident in the cease of
per cent aluminium saturation of effective CEC and base satu-
" ration (0.69). The per cent aluminium saturation of total
CEC expressed a strong correlation with lime requirement in
this group of soils alone (0.61) and it showed a correlation
with organic carbon as well (0.57). As the aluminium satu-
ration of the effective CEC increased, the base saturation
showed a corresponding reduction as seen by the significantly
negative relationship existing between these two characters

(=0.74). Aluminium saturation was also directly correlated
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to organic carbon and lime requirement (0.57 and 0,61).
The per cent base saturation, however, revealed a negative
correlation with organic carbon, as well as lime require-

ment (-0.75 and =0,71).

Soils in the pH range 5.0 to 5.4 (Table 4(e)

The 15 80il samples studied in this group bélonged to
the kayal and karapadam.areas of Kuttanad and brown hydro-
morphic soils of ‘Attingal and Pattambi. Their texture varied
from clay to clay lcam and locam.” The pH of the soils in
0.01 M CaCl, was O.1 to 0.5 units lower than that in water,
the average pH in water. being 5.2 and that in’ CaCl, 4.9.

The EC was very low and ranged from 0.01 *o 1;1.mmhos/cm2
with a mean value of 0.4 mmhos/cma.

Total CEC and exchangeable hydrogen were low compared
to the more acidic soils (9.5 and 3.6 me/100 g). Exchan-
geable calcium and magnesium ranged from 1.8 to 4.8 me/100 g
with a mean value of 3.3 me/100 g. Exchangeable aluminium
tended to decrease in these soils as compared to the more
acldic soils. The aluminium saturation of total and effective
CEC were also lower (25.3 and 40.7 per cent)., As compared:
to the previous group; the soils in this group reglstered a

higher base saturation of the exchange complex (38.5 per cent).

The organic carbon content was almost the same as in

the previous groups of soils recording an average of



Table 4(e) Chemical nature of rice soils (pH 5.0-5.4)

& Exchangeable cations Al saturation % ) @
- ] — : (me/100 g) - (per cent) &8 ‘%5 =
™ & g @ TH K CasMg AL ¢ Hg ©o. T Ao
Sl. Location and * w= o= 0 | , 5 H& o8 < 818
No. texture. - AL HE B2 s by O "é'fi‘ £ nE
"3 3 8 26 &8 88 g o5 f2
. e — ~— : =1 m o =
(1) (2) (3) (4) (5) (6) (7)) (8) (9) (10) (1) (12) (13) (14) (15) (16)
1 Nem(ri‘g:;r)lkara 5.1 4.8 0.5 9.2 2.5 0.07 4.3 2.3 25.0 3h.3 47,0 2.6 ‘3.8 4
2 Nem(fgg:ﬁkam 5.4 4.9 0.7 13.5 7.6 0.12 1.8 4.0 29.6 67.8 13.9 16.7 3.4 12
3 Kaﬁtgka;]).am 5.2 4.8 0.02 9.4 6.2 0.12 1.9 1.2. 12.8 37.5 21.0 5.4 3.5 '2
4  Attingal (loam) 5.2 4.6 0.01 1.1 3.3 0.08 4.6 3.1 27.9 39.7 42.4 2.6 2.4 6
5 Attingal (loam) 5.0 4,8 0.01 8.8 2.6 0.08 3.5 2.6 -29.5 41.9 40.7 3.8 4.7 3
6 Pattambi (loam) 5.2 5.0 0,04 7.7 3.4 0.14 2.9 1.3 16.9 30.2 39.2 4.9 3,6 12
7 Thakazhi (loam) 5.3 4.8 1.1 7.6 2.8 0.22 3.2 1.4 18,4 29.2 70.8 5.2 4.2 13
8 Mannar
(sandy loam) 2-3 5.1 0.4 6.4 1.7 0.13 2.6 2.0 31.3 42.6 43.1 5.8 3.9 6
9 Mavelikara .
(sandy loam) 20 49 0.3 6.1 2.0 0.17 1.8 2.1 ;4.4 51.2 32.8 2.3 2.1 4
10  Moncompu 5.1 4.6 0.8 12.4 3.9 0.25 4.8 3.4 27.6 40.5 40.7 7.2 3.8 17
(clay loam)
1 Pullad 5.3 5.0 0.3 10.7 4.8 0,30 3.1 2.5 23.4 42,4 3.8 4.2 3,6 5
(clay loam) : ‘
12 Cgr{gg ulam 5.2 4.8 0.6 12.6 4.0 0.41 4.5 3.7 29.4 43.0 38.6 4.1 3.6 12
13 Thakazhi (clay) 5.3 4.8 0.9 10.0 .2.8 0.35 4,3 2.6 26.0 36.1 48.0 3.2 3.0 15
14 Edathua (clay) 5.0 4.7 0.3 9.8 3.6 0.45 3.7 2.1 21.4 33.9 42.5 6.1 3.1 14
15 Moncompu 5.0 4.8 0.6 8.0 2.9 0.33 2.5 2.3 28.8 45.1 35,0 8.0 3.4 14

{clay loam)

;QB-
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5.4 per cent for the 15 soils. The soils had a comparatively
lower lime requirement value which varied from 2.1 to 4.7 t/ha.
Water soluble aluminium was on the decline and registered a

mean value of 8 ppm only.

In this group of soils, the pH did not show any signi-
ficant relationship with the other soll characters, Only a
weak inverse correlation was noted between pH and per cent
base saturation (-0.48). Total CEC was correlated to exchan-
geable hydrogen (0.63) and exchangeable aluminium (0.70).
Exphangeable hydrogen exhibited a negative relatioq to base
saturation (-0.70) and a direct relation to organic carbon
(0.67). ‘Exchangeabig bases were directly correlated to per
cent base saturatiqn (0.52) and exchangeable aluminium towards
the aluminium saturation of the effective CEC (0.60). While
the relationship of aluminium saturation of total CEC with
organic carbon was weak, there existed a strong relationship
between aluminium saturation of the effective CEC and organic
carbon content of the soils (0.67). A negative relation
between organic carbon and per cent base saturation was also

Soils in the pH range 5.5 to 6.0 (Table 4(f)

- The 12 soils included in this ‘group were mostly loamy
in texture and consisted of the kayal solls from Kuttanad
and brown hydromorphic soils from different parts of the
State. The pH of these soils in 0.01 M CaCl, was nearly



Table 4(f) Chemical nature of rice soils (pH 5.5-6.0)

9  Attingal (loam) 5.7 ‘5.4 0.01 10.5 3.6 0.08 4.6 .2.2 21.0 31.9 64.7 4.5 1.1

10 Pattambi (loam) 5.8 5.4 0.05 13.4 7.6 0.14 3.7 2.0 14.9 34,5 45.8 5.9 1.4
11 Kayamkulam 6.0 5.5 0.01 5.1 2.6 0.12 1.5 0.9 17.I6 36,0 31.4 3.5 0.7
(sandy loam) : .

12 arunagappally ‘g | . . '
%Smdyglgg[ﬂ} y 6u0 5.6 0101 4.8 2.4 0.11 . "1 .2 1.1 22.9 45-8 27.7 2.1 O.8

N Exchangeable cations Al saturation ,§ 5. 5
o —~ (me/100 g) (per cent) Ef; | =
o o & . Mo o o — =
S51. .Location and SN :r:; DE o8 H K Caslig Al _'a::-_: .438 :; o " g @ g
No. texture W 8T Ag @c - + mh  HE B LA
g “a @ ao :m% m‘& mg ~ -SV
=2 o & & 88 4° & & 5 24
(1) (2) (3) (&) (5 (6) (7) (8 (99 (10) (11) (12) (13) (@14) (15) (16)
! Paffemalad’ 5.7 5.6 0.02 7.6 3.8 0.25 1.8 1.8 23.7 &b 26.3 2.6 1.0 3
2 Attingal (loam) 6.0 5.5 0.01 8.5 3.4 0.15 3.8 1.2 14,1 23.5 46.5 3.4 1.8 2
3 AmbRiApugha 5.8 5.7 0.04 7.8 2.1 0.19 3.4 2.1 26.9 36.8 46.4 2.9 2.2 6
4  Chittoor (loam) 6.0 5.8 0.13 13.7 4.0 0.18 6.4 3.1 22.6 32.0 48.2 6.5 1.8 2
5 V?%ggg§ni 5.8 5.7 0,06 7.5 3.1 0.18 2.5 1.7 22.7 38.6 35.2 &4 1.5 3
6 M?Xgéniilszkara 5.9 5.8 0.05 7.1 2.0 0.18 2.9 2.0 28.2 40.8 43.7 4.8 0.5 1
7 Ch%{ggigkil 5.6 5.4 0.05 12.8 2.6 0.17 6.4 3.6 28.1 35.3 51.4 6.0 1.3 2
8 Ve%iggigi 5.9 ‘5.4 0.00 ‘8.6 3.6 0.25 .3.1 1.7 19.8 34.0 39.4 47 1.0 3
2
3

-Lg-
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0 1 to 0.3 units lower than that in water. The EC was found
to be negligible and was in the range of 0,01 to O. 13 mmhos/cm
with an average of 0.04 mmhos/cmz. The CEC of these soils
varied from 4.8 to 13.7 ee/100 g with & mean value of

- 9.0 me/100.g.

The mean va;ues of exchangeable hydrogen and ealeium
and magnesium were 3.4 and ja5 me/100 g respectively. Exchan-
geable aiuminium eae leeer than that ;n the prev;ous groﬁp
showing a mean valﬁe of only 2 me/100 g. Both aluminium
saturation of total and effective CEC decreased in this group,
recording mean values of 21.9 and 36 4 per cent reSpectively.
The average base saturation was 42.2 per cent and organic
carbon content 4.3 per eent, which were lower than the corres-
ponding values in the more aclidic groups. Water‘solﬁble
aluminium ranged from 1 to 6 ppm with an average ef 2 ppm

and the mean lime requirement was 1.3 t/ha.

The pH in water was indirectly correlated to exchan-
geable aluminium (-0.56) and to per cent aluminium satura-
tion of total CEC (=0.57). The CEC was correlated with
exchangeable calcium and magnesium (0.88), exchangeable
aluminium (0.80), per cent base saturation (0.66) and orgamic
carbon (0.85).‘ Exchengeeble'caleium and maghesium shoved |
high correlation to.bese saturation (0.78) and organic car-
bon (0.79), while exchangeable aluminium had a significant
cofrelation with organic carboe (0.73). |



Soils in the pH range 6.1 to 6.5 (Table 5(g)

The 12 solls of this group varled from clay loam to
sandy loam In texture and represented different parts of
the State. The pH of these solls in 0.01 M CaCl, was 0.1
+0 0.2 units lower as compared to the pH in water. These
soils had the least electrical conductivity of the order
of 0,03 mmhos/cm2 only. The CEC varied from 2.6 to
13.6 ﬁe/100 g with a mean value of 7.7 me/100 g. Exchan-
geable hydrogen and aluminium were also very low with mean
values of only 1.5 and 1.0 me/100 g respectively. The status
of calcium and magneslum in these soils varlied from 0.7 to
10.7 me/100 g with a mean value of 5.1 me/100 g. The soils
of this group had the highest base saturét;on of 60.6 per

cent as compared to the more acidic groups of soils.

Organic carbon was also low and showed a mean value of
3,8 pér cent, Lime requirement ranged from 0.4 to 1.1 t/ha
with an average value of 0.75 t/ha. The level of water
soluble aluminium was negligible, the average value being

only 1 ppm.

The pH 1n water was posltively and significantly corre-
lated to the exchangeable bases (0.53) and inversely to the
aluminium saturation of the total CEC (-0.62)., The CEC had
a strong positive correlation with exchangeable calcium and
magnesium (0;79). exchangeable aluminium (0.78), base satu-

ration (0.84) and a negative correlation with exchangeable



Table 4(g) Chemical nature of rice soils (pH 6;1-6:5)

N , Exchangeable cations Al saturation D & —~
3 —~ —~ (me/100 g) (per cent) & & oo Le
| ;L @ — — 5% §F 5 28
S1l. Location and =) S - o H K CatMg Al > Py 8 & 3~
No. texture n? Ez on 88 iy v d ¢ o S o
~ fs— K O O~ oL oy ~— gcu — @
o Q PE 0 @ 5 0, B o
2 3 § & 56 @8 88 p¥ 5 Ed
g 53 Ji = . . &t i M 4 o _ e
(1) (2) (3 (&) (5) (6) (7) (8 (9) (10) (1) (12) (13) (14) (15) (16)
1  Kozhinjampara :
; (clay loam) 6.2 6.0 0,03 13.6 0.6 0.21 10.7 2.1 15,7 16.2 80.2 6.4 0.7 1
2 Palghat 6.5 6.3 0.04 12.6 0.5 0.45 10.6 1.1 8.7 9.2 87.9 3.3 0.3 2
(clay loam)
3 Onattukara A , : : : _
(Sandy) 6-2 6.0 0003 2-6 1.7 0.12 0-6 O.2 7.7 22.2 28!9 3.1 0.8
4 RKarunagappally ¢ 4 g 6 0,03 4.5 1.3 0.16 2.1 0.9 20.0 28.1 70.7 4.7 1.0 2
(sandy) _
5 Karunagappally U : :
(Sandy') 6-1 6.0 0002 4.6 2.2 0.12 1.5 058 11.4 33.3 36.1 2.3 1.1 1
6 Palghat - , ‘ _
(clay loam) 6.4 6.4 0,02 11.5 0.5 0.22 9.8 1.0 8.7 9.1 8.7 2.9 0.8 2
7 Palghat : ; , : ' i
(clay loam) 6.5 6.4 0.0212.8 1.7 0.26 9.6 1.2 9.4 10.8 77.3 3.5 0.8
8 Kayamkulam ' k :
(sandy) 6.3 6.2 0.02 3.0 1.9 0,08 0.7 0.3 10.0 27.3 24,7 1.6 0.4 2
9  Oachira :
(sandy loam) 6.2 6:0 0.01 378 1.9 0.16 1.1 0.6 1578 31.6 49.5 3.2 0.5 1
10 Melpadom (loam) 6.1 6.0 0.02 9.5 2.2 0.16 5.8 1.3 13.7 17.8 63.7 5.8 0.7 1
11 Venganoor ' ; : ) e ; ) 1.1
(loam) 6.3 6.1 0.04 7.3 2.0 0,16 4.0 1.2 164 22.6 57.0 4.7 : 2
12 Venganoor 6.5 6.3 0.04 6.9 1.3 0.13 4.3 1.2 17.4 21.4 64.8 41 0.8 2

(1o0am)

_06_




Table 5.

Chemical nature of rice goils: mean values

—_ Exchangeable- cations Al saturation T o
N (me/100 g) (per cent) - ‘3
& < w #8 % 2
Soil pH 8 NE 0 H K Ca+Mg Al ] 5 & o 8 —~ .-lﬂ
PH range i Q > e . g9 o
group B0 7= g% BE 3. 82 3, & 9%
- o O~ = ITE S g9 P 2
S § 2 gg o8 g5 g8 = 8
o & < | 2° H 83 & 5 24
(1) (2) (3) (&) (5) () (7) (8) (9) (10) (11) (12) (13) (14) (15) (16)
1 2.5-3.4 3.1 2.8 7.1 16.3 8.6 0.18 1.6 5.9 36.5 T7.2 10.6 9.0 12.8 25
2 3.5-3.9 3.7 3.4 6.0 15.9 7.2 0.23 3.0 5.5 33.9 62.7 19.9 10.7 11.5 18
3 4,.0=4.4 4,2 3.9 3.4 14.3 T.7 0.17 2.9 3.5 24,5 53,3 22.8 6.6 7.6 15
4’ 4._5"‘4._9 l‘l‘a? 4.5 Oo8 1 1 .6 5.4 0.15 2-7 3.3 280‘7 51 r8 26.6 5 02 6 -0 12
5 51:0"5.4 502 4-9 Ocl" 905 3-6 0021 3.3 2.4 25.3 40.7 38.5 504 3.5 8
6 5.5-6.0 5.9 5.5 0.04 9.0 3.4 0.11 3.5 2.0 21.9 36.4 42,2 4.3 1.3 2
7 6.1-6.5 6.3 6.1 0.03 7.7 1.3 0.18 5.1 1.0 13.0 16.1 60.6 3.8 0.8 1
C.D. 00..1 1.39 0007 1-5 1-0 741 6.4 906 2.1 007 2

3.0

2.1

-e06~
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hydrogen (-0,57) and aluminium saturation of the total CEC
(=0.85). Exchangeaiﬂe'h&drogen-revealed'an indirect effect
on properties like exchangeable bases (-0.59) ‘and base
saturation (-0.60). Exchangedble calcium and magnesium
were correlated negatively to the aluminium saturation of
total CEC (-0.88) and positively to the per cent base satu-
ration (0.84). The relationship between exchengeable alumi-~

nium and organic carbon was positive and significant (0.69).

2. Incubation studies on typ;cal;Rice Soils

The results of the laboratory incubation studies on
the effect of submerging eleven important soil gréupé of
Kérala, ﬁnder water with énd withou£ lime and éfeatite (as
amelioran;s) on some of‘the important physiéo-chemical pro-

perties of the solls are presented:

a) Submerging of the soils in water

The results on changes in pH,‘EC, watersoluble and
exchangeable aluminium and iron due to flooding in water
for varying perlods of time are presented in tables 6(a) and
6(b), figures 3 to 8 and appendix 1(a).

pH
From the results it may be seen that significant changes
in pH were obtalned for the different soils due to submer-

gence in watgr for varying periods of time. Mean values for
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Table 6{(a) Physico-chemical properties of solls on submer-
gence in water: mean values over a period of

two months

Soil H EC  AL(H,0) Al(Exch.) Fe(H,0) Fe(Exch.)

SLoNo.  © (muhgs/ (ppi) Eppm) (ppﬁ) (ppm)
cn”)

(1) (2) (3 (4) (5) (6) (7)
1 4.3 8.3 19 598 64 730
2 4.3 8.4 22 792 63 789
3 5.7 6.3 8 228 30 114
4 5.7 7.3 8 193 25 109
5 6.0 7.6 5 311 33 135
6 5.9 5.7 6 320 29 134
7 5.2 9.6 10 217 36 162
8 L. 16.9 15 18 58 369
9 6.1 1.0 2 19 4 16
10 5.9 0.7 5 22 30 60
11 6.0 0.4 4 27 22 54
C.D. 0.2 0.1 4 9 14 189




Table 6(b) Physico-chemical properties ‘of soils on submergence in water: mean values
for seven periods of sampling over a period of two months

Period {(days)

Soil pro-
perties 1(0) 2(3) 3(6) 4(12) . 5(20) 6(30) 7(60) CD
(1) (2) (3) (4) (5) (6) (7) (8) (9)

pH 4.7 4.9 5.1 5.5 5.8 5.9 5.9 0.21
EC (mmhos/cm®) 5.9 6.4 6.6 6.8 7.0 6.7 6.5 0.1
Al (H,0) 15 14 12 10 8 6 4 3.0
(ppm)

Al (Exch) :
(pon) 375 370 339 303 217 190 202 7.0

Fe (H;}O) 6 15 36 49 54 48 39 1.0
(ppm

Fe (Exch) 19 60 240 345 382 549 306 151.0

(ppm)

-E 6..




Fig. 3. Changes in pH of soils with time due to treatment
with lime and steatite and flooding
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Fig. 4. Changes in EC of soils with time due to treatment
with lime and steatite and flooding
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pH over a period of flooding for two months was highest
for the coastal sandy solls (6.1) while the samples repre-
senting the kari and pokkall soils recorded comparatively
lower values (4.3 and 4.4). It may be noted that a very
high shift in pH from the initial wvalue was recorded for
the kari and pokkali soils (1.7 to 1.9 units), while for
the remaining soil fypes the shift was in the range of 0.5
to 1.3 units only, the minimum shift being registered by
the coastal sandﬁ solls and the maximum by the kayal solls
bf Kuttanad.

The rise in pH for the different soils due to flooding
in water was significant even after the third day, and it
continued to increase significantly till the end of 20 days

after which it remained more or less steady.

EC

Changes in EC were also significant in the different
solls during submergence. EC was maximum in the pokkald
soils (16.9 mmhos/cm®) and minimum in the brown hydromorphic
soil from Vellayani (0.4 mmhos/cmz). In most of the soils,
maximum rise in EC was observed by the 20th day and after °
that a significant diminution was observed, which trend
persisted ti1ll the end of the two month period, showing a
quadratlic pattern in the sequence of changes. By the 20th
day, the maximum rise in EC was obtained in the case of the'
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pokkali soils (2.1 mmhos/cmz) vhile the least rise of
0.1 unit for the coastal sandy solls was obtained after

three days of submergence itself.
Water soluble aluminium

Submerging the soils in water for a period of two
months brought about appreciable reduction in the content
of water soluble aluminium in all the soils. The reduction
was evident ‘from the third day .of flooding and reached a
magnitudé of significance atfter the sixth day, registering

only mérginal changes on further submergence.

Mean values of water solublé aluminium over a period
of two months was very high in the two kari and pokkali
soils (19, 22 and 15 ppm) and ioweét in the coastal sandy
soils (2lppm). Among ‘the different solils used forrthe study,
the fall in water soluble aluminium from the initial level
was most prominent for thelggg; and pokkali soils (11, 14
and 13 ppm) while in all the other samples it ranged from
1 to 6 pﬁm only.

Exchangeable aluminium

Exchangeable aluminium was highest in the two samples
of kari soil (825 and 970 ppm). All other soils except the
sandy and low level laterites exhibited high values for
exchangeable aluminium ranging from 252 to 480 ppm. As a

result of flooding for two months, the mean values over the



different periods came down to 598 and 792 ppam for the
kari soils and comparatively lower reduction was noted in
the case of the other soils also.

The reduction in exchangeable aluminium In all the
soils was noticed from the 6th day of flooding, and it con-
tinued till the 30th day and at the end of two months, a
slight increase from the values obtained on the 30th day

was recorded.
Water soluble iron

Flooding of the soils resulted in a rise in the content
of water soluble ifon in all the soils, the most signlificant
changes being shown by the kari and pokkall solls. The
results presented in table 6(b) show that upto the 20th day
the water soluble iron content continued to increase signi-
ficantly between periods and decreased slowly from the 30th
day t111 the end of two months, The reduction in water solu-
ble iron between the 30th day and the 2 month period was not,

however, significant.

The difference in the pattern of solﬁbilisation of iron
was not significant for the different soils. Maximum value
for water soluble iron was obtained for most of the soils on
the 20th day and the values varied from 3 ppm in the coastal
sandy soils to as high as 106 ppm in the kari soils.
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Exchangeable iron

From the results in tables 6(a) and 6(b), it may be
seen that the exchangéable iron content of the solls showed
an appreciable increase with increasing periods of submer-
genée. The maximum rise for most of the soils was recorded
on‘the 20th day, after which a gradual decrease was seen.
Exchangeéble iron was highest for the kari soils (730 and
789 ppm) followed by the pokkali soils (369 ppm). For the
other soils, the exchangeable iron ranged‘between 16 and

b) Submerging of the soils in water after treatment with lime

pH

From the results presented in tables 6(c¢), 6(d) and
appendix 1(b) it may be noted that the pH of '‘all the soils
used in the present study showed a significant increase due
to submergence in water with the addition of lime, the pH
becoming steady by the 20th day. Further changes during the

next two periods were not appreciable.

The effect of lime in increasing the pH was more for

the karl and pokkalil soills (1.7 to 1.9 units) and in the
other soils, the increase was in the range of .0.7 to 1.4 units.

EC
For the various solls, the EC remained high at all
perlods compared to the initial values. The highest value



Table 6(c) Physico-chemical properties of soils after treat-
ment with lime and submergence in water: mean
values over a period of two months

Soil  pH  EC Al (H,0) AllExcn) Fe (Hy0)  Fe (Exch)
S1.No. (ppm) (ppm) (ppm (ppm)
(1) (2) (3) (4) (5) (6) (7)
1 4,5 8.2 20 465 43 480
2 4,5 8.4 22 595 43 577
3 6.0 6.5 8 160 21 7h
A 6.0 7.5 8 150 16 97
5 6.1 7.6 8 247 21 111
"6 6.1 5.9 10 274 19 96
7 5.5 9.7 14 188 22 117
8 4,5 16,9 18 350 43 265
9 6.3 1.1 1 12 2 9
10 6.2 0.7 1 14 11 29
1 6.2 0.5 3 16 1 32
CD 0.2 0.4 5

86 12 134




Table 6(d) Physico-chemical properties of soils after treatment with lime and submer-
' gence in water: mean values for seven periods of sampling over a period of

two months

Soil pro- Period (days)

rti _
pertes 100)  2(3)  3(6) 4(12)  5(20)  6(30)  7(60): cD

(1) (2) (3 (&) (5) (6) (7) (8) (9)

pH h.7 5.2 5.6 5.8 6.0 6.0 6.0 0.2
EC (mmhos/cm®) 5.9 6.3 6.7 6.8 7.0 6.8 6.8 0.3
AL (i,0) 15 - 13 9 15 10 8 8 3.0
(ppm) :
A h . |

1 (Bxch) 374 270 236 239 153 151 150 7.0
(ppm) - :
Fe (H,0) 6 9 27 30 30 32 27 10
(ppm) :
Fe (Exch) 19 39 172 236 236 290 212 111

(ppm)

-56=



Fig. 5. Changes in water soluble aluminium of soils
with time due to treatment with lime and
steatite and flooding
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Fig. 6. Changes in exchangeable aluminium of soils
with time due to treatment with lime and
steatite and flooding
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for mean EC over periods was recorded on the 20th day,
whereafter, 1t decreased. However, the decrease was not

significant.

Maximum rise in EC was obtained for the pokkali soils,
followed by the kayal, karapadam and kari soils (1.7, 1.7

and 1.5 units).
WVater soluble aluminium

The decreasing trend in water soluble aluminium was
more marked:till the 6th day of submergence and reduction
ét the iater perliods was not apprecliable between succgssivg
periods. High values (22, 20 and 18 ppm) were recorded for
the karl and pokkali solls and comparatively lower values
(1 to 14 ppm) for the other soil.types,

Exchangeable aluminium

A significant decrease in exchangeable aluminium was
recorded on the third day of submergence of the soils with
lime. Although the negative trend continued £ill the end of
the incubation period, a further significant change was seen
on the 20th day, and after that a steady state was attained.
Thus,'in the soil treated with lime mean value for exchan-
geable alumiﬁium over the two month period of flooding for
the eleven solls decreased from the initial level of 374 Ppm
to 150 ppm.

The highest decrease in exchangeable aluninium, compared
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to the initial level was observed in the case of karl soils
followed by the kayal and kafagadam soils, while for the
pokkali solls, the reduction was not appreciable.

Water soluble iron

Over a period of submergence for two months, the mean
value for water soluble iromn recorded a nearly five fold
increase, the maximum being obtained after 30 days of incu-
bation. The increase was significant from the 12th day and

further changes with increasing periods were not appreciable.

Water soluble iron was highest for the kari and pokkali
soils (43 ppm each) recording nearly five times increase due
%o £looding. 1In the other soils,’the water soluble iroﬁ
ranged from 2 to 22 ppm showing only 2 to '3 £dld increase
from the initial content.

Ixchangeable iron

As'in' the case of water soluble iron, the mean value
for exchangeable iron was highest after 30 days of submer-
gence (290 ppm). Substantial. increase in exchangeable iron
was observed from the 6th day and the increase continued till

the 30th day, after which a decreasing tendency was noted{.

" Of the eleven soils, the kari solls recorded the maximum
content of exchangeable iron followed by the pokkali soils,
Although, the initial level of exchangeable iron was similar

in these'éoil types a very high rate of increase was noted
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{(nearly 20 times) for the karl soils, the increase for the
pokkall soils being only about ten times. In the other soils

the magnitude of increase was comparatively lower.

¢) Submerging of the soils in water after treatment with
steatite

pH

Significant changes in pH with respect to the initial
values were obtained for the solls treated with steatite
and submerged under water, It may be seen from tables 6(e)
and 6(f) and appendix 1(c) that the increage in pH between
the first two periods of flooding was noﬁ much, while that
between the 3rd and-4th periods was highly significant (an
increase of 0.6 pH units). After the 20th day, however, the
rise was slower and not appreciably different between the
successive periods. The extent of variation in pH among
the soils followed the same pattern as wlith flooding of the

soil with Wate: alone,

EC

The EC was significantly different for the different
perlods for the various soils. Marked increase in EC was
noted from the 6th day onwards and further changes were only
meagre.

Among the eleven soils, rise in EC over the two month
period was highest in the case of the pokkall and kari soils

and 1in the other solls the risé was not so marked.
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Table 6(e) Physico-chemical properties of soils after treatment
with steatite and submergence in water: mean values
over a period of two months

Soil pH EC , Al (H,0) AL(Exch) Fe(H,0) Fe(Exch)
SL.No.: (mnhos/cm®) (ppm) (ppm) (ppm)  (ppm)
(1 (2) (3) (4) (5) (6) (7)
9 bk 8.0 17 A 34 330
2 4,2 8.3 20 504 35 403
3 5.8 6.3 9 149 18 65
4 5.9 7.5 9 126 13 71
5 6.0 7.8 8 208 16 78
6 6.0 5.2 S 245 18 86
7 5.1 9.7 12 190 19 108
8 4.3 16.9 17 324 31 237
9 6.0 1.1 2 9 2 7
10 6.1 0.7 4 15 6 2%
11 6.1 0.5 4 17 11 28
CD 0.3 0.3 10 90 9 95




Table 6(f) Physico-chemical properties of soils after treatment with steatite and
submergence 1in water: mean values for seven periods of sampling over a
period of two months

Period (days)

Soil pro-
perties 1(0) 2(3) 3(6) 4(12) 5(20) 6(30) 7(60) CD

(1) (2) (3) (4) (5) (6) (7) (8) (9)

pH 4.7 4.9 5.0 5.6 5.8 5.9 6.0 0.3

EC (mmhos/cn®) 5.9 6.2 6.6 6.8 6.8 6.8 6.7 0.2 ,

: o

Al (Hy0) 15 12 11 11 8 7 7 2.9 £

(ppm) . -
Al (Exch)

(oo 374 254 195 206 139 128 112 7.2
Fe (H20)

(ppm) 6 10 17 20 25 29 25 7
Fe (Exch) '

(opm) 19 46 135 143 188 201 182 76




Fig. 7. Changes in water soluble iron of soils with time
due to treatment with lime and steatite and
flooding
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Fig. 8. Changes in exchangeable iron of soils with
time due to treatment with lime and steatite
and flooding
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Water soluble aluminium

A féduction in water soluble aluminium was observed
in all the soils on flooding after treatment with steatite.
Significant decrease was obtained from the 20th day, but
the changes between consecutlve periods of flooding were
not marked. Reduction in water soluble aluminium was maxi-
mum (13 to 16 ppm) in the kari soils as compared to the
othér soil groupé where a reduction of only 4 to 5 ppm were

noted,
Exchangeable aluminium

Even from the 3>rd day of flooding, a marked decrease
in exchangeable aluminium was observed. This decreasing
trend continued till the end of the 60 day incubation period,
although, the decrease between successive periods was not
very marked.

Of the eleven soils studied, the maximum decrease was
noted for the kari soils and the least for the coastal sandy
and brown hydromorphic soils. In the other soils, the changes

were more or less similar.

Water soluble iron

The tendency for water soluble iron to increase with
increasing periocds of submergence was evident from the results
obtained. Significant increase in water soluble iron compared

to the initial status was recorded on the 6th day. Changes
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between successive periods till the end of the 60th day of
incubation, although exhibited a positive trend, were not
éppreciable. A slight reduction in water soluble iron was
also observed after 30 days of flooding. A reddish scum
of iron oxide on the surface of the water in the pot, noted

in the other treatments was absent in this treatment.
Exchangeable iron

Highly significant increase in the exchangeable iron
was observed in all the soils from the 6th day. Although
the increasing trend continued during the entire period of
flooding, the changes between consecutive periods, were not
too large. As in the case with water soluble iron, a slight
reduction in exchangeable 1ron was observed after the 30th
day. The two kari and one pokkall soils registered 330, 403
and 237 ppm exchangeable iron, while it was as low as 7 ppm
for the coastal sandy soil and ranged anly upto 107 ppm in
the kayal solls.

d) A _comparison of the effect of the three treatments on
changes in physico«chemical properties of solls

The results of the pooled analysis of the data obtained
by flooding of the so0ils in water and after tréatment with
lime and steatite for various pefiods are given in appen-
dix i(d).

Froh the results it may be seen that of the soil pro-
perties studied, pH, EC and water soluble aluminium were
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not much affected by the different treatments., But slgni-
ficant difference due to the treatments was- obtained for
exchangeable aluminium, as well as for both water soluble

and exXchangeable iron,
Eﬁchangeable éluminium

Exchangeable aluminium was significantly lower (225
and 201 ﬁpm) in'the s0lls treated with lime and steatite in
comparison to that of the soils flooded in water alone
(285 ppm). The content of exchangeable aluminium in the
treatments with lime and steatite was not significantly
different.

Water soluble iron

Soils flooded with water alone contaiped 35 ppm water
solﬁble iron while the soils treated with lime and steatitg
recorded only 23 and 19 ppﬁ réspectively, the differences
between the three treatments being statistically significant.

Exchangeable iron
Exchangeable iron was also significantly lower in the
soils treated with lime and steatite, although between the

two treatments no appreciable difference was observed,

The results of the pooled analysis also revealed signi-
ficant differences between the different solls with respect
to the soil properties studied. Significant variation in
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soil properties was also revealed for various periods of
submergence. No-interaction wvas noted for the treatments
either with various types of solls or with period. of sub-
mergence indicating that the soils responded independently

to treatments during different periods of submergence.

3. Pot culture experiment

The results obtained in the pot culture experiment to
study the effect of different ameliorative treatments in a
“highly acldic soill on characters like pH, EC, water soluble
and exchangeable forms of aluminium and iron and fheir
effects on the growth and yield of a crop of rice are pre-

sented.

A. Effect of the treatments on the physico-chemical
properties of solls (Table 7{(a) and fig.95

pH

The mean pH of the soils in the different treatments
sampled at specified intervals showed a significant rise in
comparison t0 ‘the untreated soil which reglstered the lowest
pH of 4,9. Lime at 1200 kg/ha (Tz) raised the soil pH to
the maximum value of 5.7 which was significaently hlgher than
that in all the other treatments, where 1t varied between
5.2 and 5.5,

EC

The EC of thelsoils remained'high throughout the period

of growth of the crop. The highest EC of 7.5‘mmhos/cm2 was
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Table 7(a) Influence of different treatments on the physico-
chemical properties of soils: mean values for seven
periods of sampling

EC Water- Exchén— Water- Exchang-

et T Bl TR T
. ' (ppm) |
(1 @ () (4) (5) (6) (7)
T, b3 7.5 14 41k 61 660
T4 5.5 7.3 8 205 25 135
T, 5.7 7.0 7 224 31 214
T, 5.4 7.1 8 210 32 254
T, 5.2 7.2 10 195 39 275
T5 5.5 7.2 9 269 46 430

O 0.2. 0.2 5 86 12 122
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recorded in the control pot while in the other treatments

the conductivity was significantly lowered, the lowest value
of 7.,0_mmhos/cm2 being recorded in Ty,. However, the diffe-
rence in EC between the different tfeatments was not signi-

ficant.
Water soiuble aluminium

Mean value of water soluble aluminium, throughout the
éropping period was significantly higher (14 ppm) in the
unamended soll compafed to the others, where it varied from
7 to 10 ppm only. No significant difference was noted bet-
ween the various treatments in controlling the water soluble

aluninium in the soil,
Exchangeable aluminium

-The exchangeable aluminium in the soll was suppressed
to a conéideraﬂle extent by the treatment with different
ameliorants. The level of exchangeable aluminium was brought
down from 414 ppm in the unlimed control to the lowest value
of 195 ppm in the treatment with green leaves (T), followed
by 205 ppm in the treatment with steatite (T1). Lige
@ 600 kg/ha (T5) was not enough to effectively‘contrbl the
exchangeabie aiuminium level as the other ameliorants. A

significantly higher amount (269 ppm) of aluminium was pre-

sent in fhis treatment,
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Water soluble iron

A significant reduction in the content of water .soluble
iron was noted for ‘all the treatments, T, recording the
;owest mean value of 25 ppm followed by T, and ‘I‘3 with 31
and 32;ppm respectively. In the untreated soil, a mean
value‘of 61 ppm water soluble iron was present during the

peribd of the study.
Exchangeable. iron

The amount'of exchangeable: iron in the differently -
treated pots also showed significant variations. The maxi~
mum value of 660 ppm iron was obtained in the untreated soil
(TO) while all the other treatments recorded much lower
values. T, (steatite) had 135 ppm exchangeable iron which
was on par with T2 and T3 with 214 and 254 ppm respectively.
The exchengeable iron was, however, significant;y higher in

treatments T, and T5 (275 and 430 ppa).
B. Plant characters and yleld

Table 7(b) and appendix 2(a) present the mean data on the
lmportant growth characters and the weight of grain and chaff
of rice obtained in the pot culture experiment.

Height of the plant
The average height of the plants in the differently'
treated pots was significantly higher than that in the un-

amended pots. The increase in height was marked in the



Table 7(b) Influence

of different treatments on plant characters

Treat- Height Number Length Weight Weight Weight Weight Grain/ Grain/
ment of of pro- of roots of straw of root of grain 'of chaff straw chaff -

plant ductive {cm) (g) (g) %‘;) (g)- ratio ratio

(cm) tillers

(1} (2) (3) (4) (5) (6) (7 (8) (9) (10):
T, 68.7 14.3 17.0 18.8 4.9 1.2 2.8 0.60 5.1
T, 8.7 19.7  28.2  28.6 6.7 17.6 1.3 0.62 14,3
T, 79.6 15.0 22.6 23.0 6.0 15.0 1.7 0.68 9.9
T 78.0 17.7 22,3 20.9 6.1 15.8 2.6 0.78 5.9
T,  85.1 18.3 26.4 24,7 8.0 18.1 1.8 0.72 9.8
T 73.7 17.0 °  22.7 23.2 6.2 14.4 2.4 0.62 5.3
cD 1.4 5.5 9.2 6.5 2.5 5.5 1.0 0.22 4.9

“<lLl=



-113-

treatments with green leaves (85.1 cm) and steatite (81.7 cm)
as compared to the other treatments. The minimum height
of 68.7 cm was recorded by the plants in the control pot.

Number of productive tillers

An increase in the number of productive tillers, though
not significantly different from that in the control pot was
recorded in the different treatments. The maximum number
of 19.7 productive tillers per plant was obtalned for T1
followed by Ty, with an average of 18.3. In the other treat-
ments, it varied from 14.3 to 17.7.

Weight of straw

The weight of straw was markedly increased by the
application of steatite (T,, 28.6 g) and green leaves (Th'
24,7 g) to the soil. For the other treatments, the increase

was not marked and varied from 18.8 g in T, to 23.2 g in T

0 5

which received lime @ 500 kg/ha.

Appearance of roots

The colour of the roots was strikingly different in
the plants in the varilous treatmenté. The base of the plant
and most of the older roots had a dirty black colour. Many
of the older roots were in different stages of decay in the
control pots (T0 ). This condition prevailed to a lesser
extent in the plants receiving the other treatments also,

except those treated with steatite (T1). In this case, the
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roots were fresh and turgid and the older roots were only
slightly brown in colour, Comparatively larger number of
white 'and elongated roots were present and blackening of

the base and roots was' completely absent.
Length and weight of roots

Significant increase in the length of roots was' observed
due to the effect of the different treatments, the meximum
being observed for T{ (28.2 cm) followed by T# (26.4 cm).

The weight of the roots was also higher for tfeatments T4
and Ty which recorded 8.0 g and 6.7 g respectively., The
lowest root length of 17.0 cm and lowest weight of 4.9 g
were obtained for the plants in the pots which received no

treatment.
Welght of grain

An increase in the weight of grain was obtained in all
the treatments receiving ameliofants as compared to the con-
trol plants. The maximum weight of grain was recorded for
Ty, (18.1 g) followed by T, (17.6 g) both being significantly
higher than that of the control, where only 11.2 g grain was
obtained from a pot.

Weight of chaff
A significant reduction in the weight of chaff was
observed for treatments T1, T2 and Th while a slight reduction

alone was noted for the other treatments as compared td the



-115=

control. Nearly 50 per cent reductior’in the weight 5f chaff
was obtained for T, (1.3 g as against 2.8 g chaff per pot in
the case of TO).'
Grain<gtraw’ ratic

The grain straw ratlo was not markedly affected by the
different ameliorants applied to the soil. The ratlo for.

the various treatments was in the range of 0.62 to.0.78.

C. Influence of different treatments on the nutrient 'compo-
sition and their interaction in the plant

The data on the above are presented in tables 7(c), 7(d},
7(e) and appendix 2(b).
a) Nutrient uptake and interaction in grain (Table 7(ec)

Nitrogen

The nitrogen content of the grain was not appreclably
affected by the'treatments. It ranged from 1.04 per cent in
TO to 1,16 per cent in T3.
Phosphorus

Treatment Th recorded the highest content of phosphorus
(0.105 per cent) followed by T4» T, and T3 (0,097, 0.088 and
0.087 per cent) whieh were on par. Treatments Ty and Ty did
not differ from each other in the level of phosphorus in the
grain,
Potassium

The content of potassium in the, different samples did not
show any marked variation between the treatments, and the

lowest value was noted for Tb (0.47 per cent) and the highest
for T4 (0.54 per cent).



Table 7(c) Influence of different treatments on the nutrient composition of grain

Treatment N P K Ca Mg Fe Al
(%) (%) (%) (%) (%) (ppm) (ppit)
(1) (2) (3) (4) (5) (6) (7} (8)
Ty 1.04 0.078 0.47  0.034 0.036 77 38
T, 1.14 0.097 0.54  0.050 0.089 31 17
T, 1.10 0.088 0.47  0.069 0.060 35 7 %
7, 1.16 0.087 0.49  0.047 0.045 36 22 v
T, 1.10 0.105 0.53  0.046 0.040 34 15
Ty 1.08 0.078 0.49  0.041 0.039 4 27

CD : Q.19 0.02 - 0.09 0.008 0.008 12 6
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Calecium

Highly significant increase in the caleclium content of
graln was evident 1in all the treatments, the maximuﬁ being
recorded in T, (0.069 per cent).L The other treatments did
not differ among themselves and the values ranged between

0.034 per cent for the control and 0.050 for T,

Magnesium

A distinctly higher coptent of magnes;um was present
in the grain from pots‘treated with steatite (0.089 per cent).
The magnesium content of graln in the other treatments ranged
from 0,036 per cent in Ty to 0,060 per cent in the treat-

ment T2 .

Iron

The level of iron in the grain was significantly reduced
due to the effect of the various ameliorative treatments.
Maximum reduction in iron was observed in T1.(31 ppm), cOm-

pared to 77 ppm iron pfesent in the control (TO).

Aluninium

The aluminium content in the grain from the different
treatments showed that it was highest (38 ppm) in the un-
treated control pot. For thé other treatments, .it ranged

from 15 ppm in treatment Ty, fo 27 ppn in treatment T5.

Nutrient interaction in grain

Of the different nutrients present in the grain, a

significant positive correlation was noticed between phosphorus
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and potassium (0.59), calcium and magnesium (0.87) and iron

and aluminium (0.83).

b) Nutrient uptake and interaction in straw (Table 7(d)

Nitrogen

Significant variation in the nitrogen content was no-
ticed in the straw samples from the various treatments. The
highest content was obtained for T1 (0.95 per_cent) followed
in order by Ty, T,, Ty and Ty and the lowest in T, (0.66 per

cent).

Phosphorus

The phosphorus content of straw was higher than that in
the control for all theltreatments, although significant
differences were not noted between the treatments, The
maximum phosphorus content was recorded fop Th (0,064 per

cent) and lowest for the control (0.050 per cent).

Potassium _

The potassium content of the straw samples frowm the
various treatments were markedly different from each other.
It varied from the lowest value of 0.33 per cent for the

control (TO)_to the maximum of 0.46 per cent in the pots
treated with steatite (T1).

Calcium

The highest content of calecium (0.87 per cent) was
recorded in the treatment where lime was applied @ 1200 kg/ha

(T2). For the other treatments, the calcium content varied



Table 7(d) Influence of different treatments on the nutrient composition of straw

Treatment N P K Ca M Fe Al
(%) (%) (%) (%) (%) (ppm)  (ppm)

) (2) (3) (4) (5) (6) (7) (8)

To © 0.66 0.050 0.33 0.44 0.43 1670 513

T, 0.95 0.061 0.46 0.71 0.94 1453 289 .

T, 0.81 0.059 0.43 0.87 0.51 1313 387 3
75 . 0.88  0.063 0.39 0.51 0.43 1403 459 '

Ty, 0.73 0.064 0.37 0.59 0.50 1243 333

T . 0.69 0.057 O.44 0.58 0.40 1340 333

CD 1.01 0.007 0.04 0.07 0.12 2358 105
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from 0.44 per cent in the unamended control to 0.71 per cent

in the treatment with steatite.

Magnesium

The straw samples from the treatment with steatite
(T1) reglistered a significantly higher value for magnesium
(0.94 per cent) compared to the other treatments where it

ranged from 0.40 to 0.51 per cent only.

Iron

Although the difference in iron content of straw among
the different treatments was not significant, a marked
decrease was noted with respect to the control which recorded
the highest value of 1670 ppm. For the other treatments, the
content of iron ranged between 1243 ppm in T, to 1453 ppm
in T1,

Aluminium

A significant reduction in the content of aluminium in
the straw was obtalned in T1 (289 ppm) due to the treatment
of the soil with steatite. The reduction in alﬁminium was
less pronounced in the other treatments and was lowest in
T3 (459 ppm) where the aluminium content was not signifi-
cantly lower than that in the control (513 ppm).

Nutrlent interaction in straw

Of the different nutrients in the straw, a significent

and positive correlation existed for calcium with nitrogen
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and potassium (0.56 and 0.58) and for magnesium with nitro-
gen and calcium tO.E& and 0.82). Phosphorus was negatively
correlated with iron and aluminium (~0.47 and -0.50). Alu-
minium in its turn was negatlvely correlated to calcium

(-0.67).

c) Nutrient uptake and interaction in root (Table 7(e)

Nitrogen

The effect of different amellorants in the soil on
the nitrogen content showed that treatment with steatite
(T4), lime @ 1200 kg/ha (T,) and cattle manure (TS) resulted
in a higher uptake and retention of nitrogen in the roots,
The roots in these treatments had 0.69, 0.69 and 0,65 per cent
nitrogen respectively compared to that in the control pots,
where only 0.56 per cent nitrogen was present. Treatments
Th and.'T5 had a higher nitrogen content than the control
(0.62 and 0,61 per cent), but the increase was not significant.

Phosphorus

A significantly highe? uptake of phosphorus was observed
for all the treatments, the maxlimum uptake being in T1
(0.062 per cent). The content of phosphorus in T, was the
lowest (0.046 per cent) and for the other treatments the
values were in the range 0.055 to 0.060 per cent.

Potassium
The different freatments had practically no significant

effect 1n Increasing the potassium content of the roots over



Table 7(e) Influence of different treatments on the nutrient composition of root

Treatment N P K - - Ca Mg Fe Al
(%). (%) (%) - (%) (%) (ppm (ppm)

(1) - (2) (3) (4) (5) (6) (7) (8)

T 0.56 0.046 0.057 0.016 0.017 558 197

T4 0.69 0.062 0.067 0.029 0.031 399 131

’ T, 0.69 0.059 0.048 0.028 0.018 420 172
T, 0.65 0.057  0.051 0.018 0.015 490 173
T, 0.62 0.055 0.05 '0.018 0.015 458 133
T, 0.61 0.060 0.052  '0.019 0.017 487 160
o) 0.09 0.008 0.012 0.005 0.006 50 36

=ccl=
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the control. The level of ‘the nutrient varied from 0.048

per cent in T, to 0.067 per cent in T1.

Calcium

. The increase in the calcium content of roots was sig-
nificant for treatments T, end T, which were on par (0.029
and 0.028 per cent). In alllthé other treatments, it was
only slightly higher than that of the control (0.016 to
0.019 per cent).

Magnesium

A significantly high magnesium content was obtained
in T4 (0,031 per cent) which received the treatment with
steatite. The magnesium conmtent of the other treatments'
including the control was much lower compared to T, and vas

in the range of 0.015 to 0.018 per cent only.

Iron

A significant reduction in the iron content of roots
was obtained by the application of the different ameliorants -
to the soil. The highest‘feduction was obtained for T1
followed by 1, (399 and 420 ppm). Though thé iron content
of the roots waé not sipnificantly different between the
various treatments, 1t was much lower when éompared to the

control plants which had 558 ppm iron in the roots.

Aluminiunm
The aluminium content of the roots alsc exhibited a

marked reduction on account of the addition of different
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amellorants to the soll. Treatments T, and T, recorded
the lowest values (13t and 133 ppm) and the variation for -
the other treatments was not appreciable, although the
valués were significantly lower than that of the control

vhere 197 ppm aluminium was present,

Nutrient interaction in the root

Nitrogen was significantly and positively correlated
with phosphorus and calcium (0.55 and 0.58). Potassium and
magnesium also showed a positive correlation, though not
significant. A negative relationship was exhibited between
nitrogen and iron (-0.59) while the }elationship of nitrogen
with aluminium was only marginal. The status of phosphorus
In the root was negati#ely associated with iron, the corre-
lation being highly significant (-0.72). Mégnesium also
positively affected the uptake of potassium and calcium.

4 positive and significaﬁt cdrrelation was pbserved between

aluminium and iron (0.58).

D. Correlation between scll properties and.growth and yvield
of rice crop

The correlation between soll propertlies at important
stages of growth of the rice plant.and its growth and yield

characters are presented-(Table 7(£).
pi
The pH of the soll at the time of transplanting {(period 1)

was found to have a significent positive effect on the helght



Table 7(f) Correlation between the physico-chemical properties of solls at
different periods -and plant characters

pH at different perlods

Plant characters 1 2 3 4 5 6 7

(1) (2) (3) (4) (5) (6) (7) (8)
Height of plant 0.54%  0.34 0.40 0.53" - 0.4k 0.48°  0.51°
Length of root 0.54%  0.43 0.30 0.49*  0.61** o0.78"* 0.75"F
Weight of straw 0.29 0.29 0.13 0.25 0.61%*  0.73"*  o.64™F
Weight of root 0.32 0.04 0.02 0.28  0.24 0.42 0.28
Weight of grain 0.53% 0.29 0.31 0.48%  0.32 0.43 0.50%
Weight of chaff -0.21 -0.24 -0.38 -0.29 -0.61% -0.51% . -0.49%

: AN

EC at different periods &
Plant characters 1 2 '3 4 5 6 7

(1) (2) (3) (4) (5) . (6) (7) (8)
Height of plant =0.42 -0.21 -0.16 -0.32 -0}55* 0,15 ~-0.. 40
Length of root ~0.35 -0.30 -0.02 -0.,22 -0.60* -0.16  -0.10
Welght of straw -0.18 -0.20 -0.06 -0.05 =0.34 -0.01 -0.16
Weight of root -0.04 -0.28 - =0.07 -0.09 -0.44 ~0.16 =0.37
Welght of grain ‘-0.34  =0.20 -0,01 -0.30 -0.58% 0,22 -0.06
Weight of chaff -0.45 -0.18 -0.15  =0.02 -0.12  =0.17 -0.17

{contd.)



Table 7(f)

Water soluble aluminium at different periods

Plant characters 1 2 3 4 5 6 7
(1) (2) (3) (4) (5) (6) (7) (8)
Height of plant ~-0.61* -0,38 -0.34 -0.26 -0.40 -0.30 =~0.59%*
Length of root -0.56% -0,52% -0.27  -0.23  -0.75** -0.64** -0.76**
Weight of straw -0.28  -0.42  =0.10  ~0.06  -0.74** -0.65** -0.60""
Weight of root -0.34  -0.09 -0.09 -0.10  -0.48°%  -0.40 -0.44
Weight of chaff 0.37 0.37 0.29 0.10 0.41 0.38  0.48% \
;
: T
Exchangeable aluminium at different periods
Plant characters 1 2 3 4 5 6 7
(1) (2) (3) (4) (5) - (6) (7) (8)
Height of plant -0.66™ -0.67%*% -0.64%* .0.56** -0.62%* -0.67"" -0.54%
Length of root -0.87"% -0.76" -0.87"% -0.8%"* -0.76" -0.80*" -0.79""
Weight of straw -0.66*%% -0,50% -0.71%* -0.64%F _p0.48**% -0.52%% -0.57"*
Weight of root -0.52%  -0.45 -0.49% -0.59%* -0.42 -0.52% -0.50%
Weight of grain ~0.79%* -0.70™ -0.66"* -0.71** -0.73 -0.78** -0.69""
Weight of chaff 0.46 0.39 0.56"%  0.34 0.54 0.60* 0.61*

{contd.,)



Table 7(f)
Water soluble iron at different periods

Plant characters 1 2 3 4 5 6 7

(1) (2) (3) (4) (5) (6) (7) (8)
Height of plant -0.06  -0.42  -0.55** -0.68** 70;64** -0.63"" -0.63""
Length of root -0.26  -0.47  -0.66"* -0.72* -0.69"" -0.68"" -0.82""
Weight of straw -0.32 =0.35  -0.44  -0.50% -0.38  -0.41  -0.59*
Weight of root 0.23 -0.21 -0.25  -0.53*% -0.51*  -0.35 =0.43
Weight of grain 0.02  =0.35 -0.58%  -0,64%*% -0,77%%  -0,71%* -0.73*%
Weight of chaff 0.29 0.45 0.33 0.34  0.18 0.35 0.04
Exchangeable iron at different periods
Plant characters 1 2 3 4L 5 6 7

(1) (2) (3) (&) (5) (6) (7) (8)
Height of plant 0.62*% "-0.39 -0.46  -0.63"" -0.61°" -0.62*i -o.66i:
Length of root .0.72" —0.48 -0.68"" -0.80"% -0.76"" -0.77"" -0.79
Weight of straw -0.54%"  -—0,40 -0.53% -0.53* -0.51* -0.51* -0.53"
Welight of root =0.35 = =0.29 -0.26 -0.46 -0.43 -0.44 -0.45
Weight of grain 0.58*% -0.30 -0.47  -0.76" -0.68"" -0.70™ -0.72*F
Weight of chaff 0.58%*  0.36" 0.27 0.27 ' 0.24 0.23 0,35

* Significant at 5% level
*# Sjgnificant at 1% level

4
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of the plant, length of roots and grain yleld. 'The pH of

the soil after the maximum tillering stage (period 3) also
exhibited a significant correlation with the weight of straw
as well, in eddition to the above characters. A significant
negative correlation was alsc observed between the welght

of chaff and the pH of the soil from the time of opening

of the flowers till the maturity of the grain (periods 5 %0 7).

EC

Generally, the high EC of the soil at every stage of
the cropping period showed an-adverse effect on the yield
and growth characters of the rice plant. The EC in the soil
at the stage corresponding to the time of opening of inflo-
rescence and fertilization of flowers (period ?), exhibited
a highly significant negatlve correlation with the weight
of grain (-~0.58).

Water soluble aluminium

From the results of' the correlation analysis it may be
seen that the water soluble aluminium in the s$0il throughout
the growth 6f the rice cr5p exhibited a negative influence
on all parameters of growth and yield except the weight of
chaff, Water soluble aluminium in the soil at all stages
of growth was positively correlated to the weight of chaff
and the relationship was more pronounced from the time of
opening of the inflorescence tillhthe grain £illing stage
(periods 5, 6 and 7).
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Exchangeable aluminium

The level of exchangeable aluminium in the soil from
transplanting till harvest exhibited a very significant
negative correlation with all the desirable plant characters.
The correlation between exchangeable aluminium and chaff
wag always positive and was significant at the maximum
tillering stage of the plant (period 3) and also from the

opening of inflorescence (periods 5, 6 and 7).

Water soluble iron

Soluble iron in the soll exerted a very unfavourable
influence on all the growth and yield characters of the rice
plant except the chaff content. The relationship between
water soluble iron and chaff though positive, was not signi-
ficant.at any of the growth stages of the rice plant.

Exchangeable iron

The level of exchangeable iron in the soll at all stages
of growth of the rice plant showed a similar significant
negative relationship with the height of plant, length of
root and welght of strawnand grain. Its effect on the weight
of root, though negative, was not significant as in the case
of the other plant characters. The positive relationship
observed between exchangeable iron at transplanting and the
welght of chaff was significant. After this stage, the corre-

lation became weaker and did not further attain a level of

significance.
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4, Solution culture experiment

A, The general appearance of the plants

No visible symptoms of aluminium toxlicity were seen
in the tops in any of the plants durlng the entire perlod
of growth, although a reduction in the number of productive
tillers was notliced in plants receiving more than 70 ppm
o£ aluminium in solution. The most remarkable evidence of
the toxic effect of aluminium was a progressiyve reduction
in root length and welght observed from the seventh day
onwards in plgntslreceiving more than 20 ppm aluminium.
At higﬁér levels of aluminium {above 40 ppm) the root length
was considerably reduced and the roots showeé a, prominent
tendency for repeated branchiné at short disténces and pre~
sented the appearance of a dicot root systeml(Plates 1 and 2).
The roét anatomy was-algso distinctly different (Fig. 10 and_11).
Inrtransverse‘sections these roots showed three to four vas-
cular traces distributed in the cortex in addition to the
usual single central vascular bundle iﬁ a nofmél roof. The
air spaces in these roots were much reduced due to overgrowth

of round coftical celis°

B, Influence of graded levels of aluminium _on the growth
and yileld characters of the Rice T plant ‘

Plant height (Table 8(a) and appendix 3(a)

In general, much difference in the height of plants was



Plate 1. Rice plants grown with graded levels of aluminium

Plate 2. Root of rice in the absence and presence of
aluminium
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Table 8(a) Influence of graded levels of aluminium on plant characters

Treat-  Plant Number Root Weight Weight Weight Veight Grain/ Grain/
ment height of produc- length of straw of root of grain of chaff chaff straw
(em) tive cm) (g) (g) (g) (g)
tillers
(1 @ (3 (&) (5) 6 (8 (9) (10)
To 30.5 23.0 15.5 43,2 12.7 33.7 4.9 T 0.78
T4 29.3 24.3 14.7 42 .5 12.9 30.7 4.8 6.5 0.75
Ty 29,0 23.0 9.8 42,0 9.3 37.1 2.6 12.0 0.76
T3 28.5 22.0 7T 40,6 7.5 28.0 5.1 5.4 0.68
Ty, 29.5 22.7 7.5 41.0 4.6 28,7 4,3 7.2 0.68
T5 29.3 23.3 6.9 4.2 4.7 28.5 3.3 9.3 0.72
Tg 30.5 21.3 7.1 1.3 5.1 27.5 5.6 5.0 0.67
T7 30.6 19.3 6.7 39.7 4.9 26.2 5.4 4.9 0.66
Tg 30.2 18.3 6.3 37.8 4.8 25.3 6.7 3.8 0,65
T9- 30.1 18.3 6.2 37.2 4.7 21.4 5.8 3.8 0.57
T40 29.2 18.0 6.2 37.1 4.3 21.5 6.2 3.5 0.59

-LcL-

o 1.8 3.0 1.3 1.9 1.3 2.8 1.6 2.2 0.07




not noticed and it varied from 28.5 to 30.6 cm for the

different treatments.

Number of productive tillers

The number of productive tillers 1ln the various treat-
ments ranged from 24.3 in 7, to 18.0 in Tyg° A significant
reduction in the number, compared to the control was obserﬁed

only in treatments T7,-T8, T9 and Tsqe

Length of root

| A highly significant and linear reduction in the length
of roots was observed from the treatment with 20 ppm alumi-
nium onwards, although a suppression in root elongation was
evident at 10 ppm aluminium. The maximum length of the
roots was 15.5 cm in TO while 1t was only 6.2 cm in treat- .
ments Tg and T,,, showing a reduction of nearly 60 per cent
compared to the plamts that were not treated with aluminium,

Weight of straw

Most of the treatmenfs responded negatively towards
thg weight of stréw, which was highest (43.2 g) for the
conﬁrol (zero aluminium treatment) and lowest (37.1 g) for
treatment T10. But wheh.the treatments were compared inde-
pendently, the difference in the weight of straw between

successive incremental levels of aluminium was not appre-

clable.
Welght of root
A significant reduction in the welght of roots was noted
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from T, onwards. The highest reduction of 66 per cent in
welght over the control was recorded for T10. The weight
of roots varied from 12.7 g in T, to 4.3 g for the treatment

where 100 ppm aluminium was applied in solution.

Welght of grain

The welght of grain was also significantly affected by
the application of aluminium in graded levels. A reduction
of 8 to 36 per cent in grain weight was obtained for treat-

ments T, to T,, as compared to the control (T,).

Welght of chaff

Though a significant increase in the weight of chaff
was obtained by the application of various levels of alumi=-
nium, the effect did not show any regularity for the diffe~
rent treatments. Thus, the lowest weight of chaf? was re-
corded for T, (2.6 g) and the highest weight (6.7 g) for Tge
Grain to chaff ratio

Eventhough the grain to chaff ratio was low for most
of the treatments, a significant increase was noted for treat=-
ments T, and T; (12.0 and 9.3). At higher levels of aluminium,
it was much lower compared to the control and the ratio ranged
from 7.1 in the control to 3,5 in the treatment with 100 ppm

aluminium.

Grain to straw ratio

Appreciable difference in the grain to straw ratio was
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observed i‘rom‘T3 onwards, cpmpared to the control. The

ratic ranged from 0,78 in T, to 0.57 in T.

C. Nutrient uptake:

‘The uptake of nutrients in the grain, straw and root of
rice in the golution culture experiment are presented in

tables 8(b), 8(c) and 8(d) and appendix. 3(b).

a) Nutrient uptake in Grain

It may be noted that the accumulation of various
nutrients iﬁ the grain was significantly affected by the

levels of'aluminium tried in the solution culture experiment.

Nitrogep
The tendency of grain nitrogen to decrease with levels
of added aluminium was significant only in treatment T10.
It decreased from 1.32’ﬁer cent in T, to 0.76 per cent 1an1Q.

Phosphorus

The pﬁosphorus content in grain glso decrgased f;om
treatmenis To to T10, showing a fall fpom 0.22 per cent in
Ty to 0.13‘per cent in T10; the decrease becoming significant
from T2 onwards. A fapidlfall in the phgsphorus contentloﬁ
grain was noted in Ty and T,, as compared to the other treat-

ments.,

Potassium
Significant difference in potassium content was noticed

for the various levels of aluminium. From treatment Ty
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Table 8(b) Influence of graded levels of aluminium on nutrient

composition of grain

Tréat— N p K Ca M§ AL Fe©
ment: (%) (%) (%) (%) (% (ppm) {ppm)
(1) (2) (3) (4) (5) (6) (7) (8)

iy 1.32  0.22 0.30 0.045. 0.042 - 53
0 | (1.724)

T, 1,29  0.21 0.28 0,036 0.039 15 54
(1.176) (1.734)

T, 1.31  0.19 0.27 0.038 0,038 21 54
" (1.315) (1.732)

T 1.23 0.18  0.26 0.035 0.031 .25 62
' - (1.398) (1.792)

T, 1.14  0.17 0.24 0,031 0.033 26 66
, | , _ (1.415) (1.819)

Ty 1.09 0.17 0.23 0.031 0,031 38 65
' - . (1.579) (1.813)
. (1.623) (1.799)

T, 1,11  0.15 0.22 0.026 0.029 45 66
, . (1.653) (1.819)

Tg 1.07 0,15 0.21 0.025 0.030 45 62
‘ (1.653) (1.792)

Tq 1.07 0.13 0.21 0.021 0.028 - 49 63
' | (1.690) (1.799)

T10 0.76 0.13 0.20 0.019 0.022 50 61
_ (1.699) (1.785)
cD 0.31  0.02  0.03 0.008 0.006 0.067 0.045

*¥log (%+1) .was used to analyse fhe data since the results were

not additive in nature.



-136~

onwards, a linear decrease in potassium with increasing
levels of aluminium was evident, recording a decrease from

0,30 per cent in TO to 0,20 per cent in-T10.

Calcium

The decrease in the content of grain calcium due to
treatment with aluminium was more marked from treatment T3
onwards. The lowest value of 0.019 per cent was recorded
in treatment T1O' while the control plants had the highest

content of 0.045 per cent calclum.

Magnesium

As in the case of calcium, significant reduction in
magnesium content of grain was evident from 30 ppm aluminium
onwards. The content of magnesium decreased from 0,031 to
0.022 per cent in treatments T3 to T10. The control plants
showed the highest value of 0.042 per cent mégnesium in the

graln.

Aluninium

Increasing the concentration of aluminium in the rooting
medium has resulted in a rise in the level of aluminium in
the grain. Maximum accumulation of aluminium (50 ppm) was
for treatment T10 compared to 15 ppm aluminium in plants
grown with 10 ppm aluminium in solution.,
Iron

The iron content of the grain also showed an increase
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from treatment T3 onwards., Compared to 53 ppm iron in the
zero aluminium treatment, the range in iron content for the
other treatments was only from 54 to 66 ppm, the highest
values being shown by treatments T4 and TT' The increase in
iron content of the grain showed only an irregular pattern

for the different levels of aluminium applied.

b) Nutrient uptake in straw

Significant difference in the content of the various
plant nutrient elements was observed in the straw samples

from paddy plants exposed to different levels of aluminium.

Nitrogen

A reduction in the nitrogen content of straw was observed
with lncreasing levels of aluminium. The differences were
not marked between treatments TO to T3 (1.55 to 1.45 per cent)
while significant reduction was obtalned for levels of alu-
minium beyond 40 ppm, where the values decreased from 1.39

per cent in T4 to 1.15 per cent in T1O’

Phosphorus

With the different levels of aluminium, the uptake of
phosphorus in straw showed a linear negative trend. The
phosphorus content was reduced from 0.049 per cent in Ty to
0.030 per cent in T10, significant reduction from TO being
observed only in treatments Tg to THO'
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Table 8(c) Influence of graded levels of aluminium on nutrient
composition of atraw

Treat- N p K Ca M§ A" Fe'
ment (%) (%) (%) (%) (9% (ppm) (ppm)
(1) (2) (3) (4) (5) (6) (7) (8) |
(2,868)
. (1.431) (2.953)

T2 1 -'53 O 0'049 0 -'33 O . 57 0 048 1 31{ 682
(20'117) (20833)

T3 145 0,048 0.30 0.45 044 153 683
(2.185) (2.834)

Ty, 1.39  0.047 0.30 0.34 0.1 249 813
: (2.396) (2.910)

T 135 0.043 0.27 0.35 0.38 385 766
(2.586) (2.884)

Tg 1.26 0.037 0.24 0,33 0.37 410 1023
. (2.613) (3.009)
(2,639) (3.019)
(2.688) (3.003)

Ty 117 0.030 0.22 0.27 0.29 587 973
(2.767) (2.988)

T1o 1.15 0,030 0.23 0,24 0.30 695 1093
(2.842) (3.039)

CD 0.15 0.007 0.11  0.06 0.06 0.057 0.077

* log (X+1) was used to'analyse the data since the results were
not additive in nature. )
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Potassium

Reduction in the potassium content of the straw also
followed a pattern similar to that of nitrogen and phosphorus,
marked differences be;ng.eviﬁent from treatment T3 6nwards.
The difference in potaséium content was nof appreciable bet;.
ween successive levels of aluminium. The content of pota-
ssium variéd from 0.34 in fhe control (TO) to‘0.23 per cent
in Ty, in which the highest level of aluminium (100 ppm) was
applied.

Calclum
A marked diminution in the calcium content of straw was
observed in treatments T2 to T10. The values varied from

0,82 per cent in To to 0.24 per cent in Ty,

Magnesium

The reduction in magnesium content of straw was also
s;gnificant only from T,. From TA to T1O,'mubh difference
was not noticed between treatments, although the differences

wvere appreclable when cdmpared to the zero aluminium treatment.

Aluminium

A positive linear increase in the aluminium content of
straw wés obtained with increasing aluminium level' in the
culture solution., It sﬁeadily increased froﬁiZT ppm in 10 ppm
aluminium solution to 695 ppm in the treafment with 100 Ppm

aluminium,
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Iron,.

Iron content of straw also followed the same pattern
as that of aluminium, registering the highest value of
1093 ppm in Ty and the lowest value of 735 ‘ppm 1n TO The
variation from the control was signlificant in ‘the case of

treatments T6 to T10.

c) Nutrient uptake in root

Nitrogen

Significant difference in the nitrogen content of root
was observed only for the application of higher levels of
aluminium in solution. Nitrogen content did not differ much
at the initial levels of T, to Tg and was in the range
1;09 to 1.15 per cent. fhe content of nifrégen in T59 T6
and T7‘was significantly lower and was on par with one
another (1.02, 0.97 and 0.97 per cent). Compared to the
other treatments, thg niﬁrogeh content was very 16w for TB’
Ty and Ty, (0.88, 0.90 and 0.79 per cent) indicating that
higher levels of aluminium had a profound neéatiﬁe influence

on the uptake and retention of nitrogen in the roots.

Phosphorus

The phosphorus content of the roots of the rice plants
treated with the different levels of aluminium showed a
gradual decrease frém 4 (0.18 per cent) to T5 (0.14 per cent)
and then it slowly increased from Tg (0.16 per cent) and
reached the highest level (0.20 per cent) in Tyo+ Significant



—141-

Table 8(d) Influence of graded levels of aluminium on nutrient

composition of root

.

Treat- N P K Ca Mg Al Fe
ment (%) (%) (%) (%) (%) (ppm) {ppm)
(1) (2) (3) (4) (5) (6) (7) (8)
TO 1015" 0.18 0013 * 0-9“" 0-54 . had I382 I
(2.582)
T, 1.15 0.18 0.1 0.93 0.48 33 418
(1.519) (2.621)
T, 1.15 0.18 0.1 0.89 0.4 161 461
‘ (2.204) (2.660)
Ty 1,13 . 0.17 0.10 0.78 0.40 166 504
(2.220) (2.702),
Ty, 1.09 0.16 0.10 0.62 0.34 221 575
(2.344) (2,760)
T5 1.02 0.4 0.10 0.59 0.35 L83 612
. (2.684) (2.786)
T 0.97 0,16 0.11 0.44 0.32 593 732
(2.773) (2.865)
T, 0.97 0.18 0.1T1  0.38 0.31 647 863
| (2.811) (2.935)
Tg ' 0.88 0.18 0.M 0.35 0.29 675 987
_ (2.830) (2.994)
T 0.90° 0.19° 0.10 ° 0.36 0.28 ° 815 1136
(2.912) -(3.055)
T10 "0.79 0.20 0.10 0.32 0.27 1077 1218
_ ' (3.032) (3.085)
CD 0.12 0.02 0.02 0.1 0.06 0.047 0.072

* log (x+1) was used to analyse the data since the results were
not additive in nature.
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reduction in root phosphorus was noted only for T5 and T6
compared to the control. In the other treatments, the
phosphorus content did not appreciably differ from that in

the control.,

Potassium

The different levels of aluminium in solution produced
appreéiable difference in the pbtassium content of roots,
Although a reduction in potassium content (from 0.13 in TO
%0 0.10 1in T5) was observed for various treatments, the
variation was rather irregular and did not reveal any defi-

nlte relationship with the level of aluminium applied.

Calcium

Significant. variation in the cmtent of root calcium
was noted for the different lévels of aluminium in solution,
Between the first two levels of aluminium and thé control
the differences were not appréciable (0.94 to 0.89 per cent)
‘and the decreasing trend in the calcium content was more
evident at the higher aluminium levels. Calelum content was
huch lowver and on par for treatments T7, Ta,’Tg and T10 and
it was only 0.32 per cent in treatment T4o @8 against 0.94

per cent in the zero aluminium treatment.
Magnesium

High levels of aluminium in solution significantly
diminished the uptake and retention of magnesium in the roots.
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Thus . the. content of magnesium decreased gradually from
0.54 per cent in the.control to 0,27 per cent in T,, which
" meant a -reduction of 50 per cent in the uptake, -

Aluminium

A comparatively higher content of aluminium was present
in the roots of rice plants grown with the various levels of
aluminium in solution, the values showing a positive linear
relationship between application and uptake,  Thus, the
content of aluminium In the treatment with 10 ppm aluminium
was only 33 ppm while i1t was 1077 ppm with 100 ppm aluminium
applied in solution.

Iron

Thg iron content of the roots also showed a linear
increase with increasing levels of alumlinium in solution,
A very high uptake of iron was noticed in treatment T10 COMe-
pared to the cmtrol, the increase becoming more prominent
from Ta onwards. The values for ilron varled from 382 ppm
in the control (TO) to-1218 ppm in plants grown with the
highest level of aluminium in solution (T10).

5. Screening of rice varieties for tolerance to aluminium
_toxiqitx '

A total number of 154 varieties/cultures of rice were

screened ror resistance to aluminium toxicity in nutrient
solution. Their relative root length (per cent) in the pre-

sence of 3,75 mM aluminium with reference to zero aluminium
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was calculated and the mean relative root length (RRL) and
standard deviation from the RRL were computed. DBased on
95 per cent confidence limits glven by the means i+ standard

error, the varietlies were classified into three groups{ k

Varieties/cultures possessing RRL below 53 were £reated
as least tolerant, those between.53 and 62 as medium tole=-
rant and those above 62 as tolerant to aluminium toxicity.
The names of varieties/cultures falling under the three
categories, showing their absolute root length and relative

root length are presented in tables 9(a), 9(b) and 9(c).

The mean value of the absolute root length of all the
varieties in the three tolerance classes were 5.3, 5.2 and
5.1 cm respectively indicating no appreciable difference in
the length of roots of the varieties/cultures used in the
study.

The mean root length of the varieties/cultures in the
presence of 3.75 mM aluminium in respect of the above classes
were 1.9y 3.0 and 3.9 cm respectively, bringing out the spe-
cific effect of aluminium in restricting the root growth

among the rice varieties,

Based on the results 79 rice varieties/cultures were

¢lassified as least tolerant, 14 as medium tolerant and

61 as tolerant to aluminium taxicity.
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Table 9(a) Rice varieties/cultures least tolerant to alu-
minium toxicity

Root length (cm)

gl' Name :
O 0 Al 3,75 mM Al RRL
(1) (2) (3) (4) (5)
1 Jamuna 9.0 35 39
2  BR 51 6.0 2.4 39
3 Cul-82279 3.7 1.0 26
4 Cul=1180 3.5 1.4 39
5 Sabari. 743 1,3 18
6 Hema 6.1 1.0 16
7 PTB-30 8.6 2,6 30
8  MBL-9 4,3 1.1 26
9 PTB-8 4,9 2,2 50
10 PTB-31 5.0 2.2 L4
11 PIB-1 3.9 2.0 51
12 IR-20 2.9 1,0 36
13 Cul MA 54-42 4.0 1.4 35
14 Cul=3 : 6.8 2.1 31
15 Soorya 6.5 3.1 48
16 Kalyan V 5.4 2,2 40
17 IR 32 8.4 2,2 27
18 Kumar 7.2 0 0
19 Kannaki 78 2.2 28
20 H 4 5.0 1.6 32
21 PTB=7 8.3. 2,2 26
22 Cul-25064 8.0 2.8 35
23 -Suvarnamodan 7.8 0 0
24  Malinysd | 5.3 0.5 85
25 Kauveri 6.6 3.1 46
26 Purajit 5.9 2.1 35
27 Panka] 7.8 3.0 38

(éontd.)
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1 2 3 4 5
28 Jagannath 7.1 1.5 21
29 Sakthi 5.9 1.2 20
30 Rajeswari 5.5 1.5 26
31 Pennai 6.9 2.3 34
32 Cul-169 4.8 0 0
33 Cul-204 B.6 2.9 34
34 H-105 5.9 0.9 15
35 IR 8 4,0 1.0 25
36 PTB-32 5.4 1.1 21
37 Cul-124 ‘5.4 0 0
38 HT-4 6.0 2.3 37
39 Panamkurava 7.0 2.9 41
40 Kutticheradi 6.2 2.3 43
41 Cul 54-1-3 4,8 0.6 13
42 Cul-172 3.8 1.8 47
43 Cul-1322-1 5.5 1.8 32
Ly Cul~-43-1-6 8.1 0 0
45 Cul-1336-3 6.1 3.1 . 51
46 Cul=1424=2 6.1 3.0 49
47 Lekshml 3.9 1.9 48
48 Cul-b-4 b4 2.2 49
49 Ponkaruka - 6.3 2.0 32
50 Cul-2533 5.2 2.6 Lg

- 51 Cul-26-1-=1 4,0 2.4 61
52  Chettivirippu 2.6 1.2 47
53 Cul-3 6.5 2.1 32
54 MN-54-42 8.1 3.6 45
55 Vyttilla-1 T4 3.5 50
56  IR-5 8.1 3,1 38
57 PTB-29 6.0 2.2 36
58 PTB-10 10.5 3.5 33

(contd.)
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1 2 3 b4 5
59  Cul 1954 7.8 2.7 35
60 Taichung Native-1 3.5 1.1 32
61  Triveni 7.5 1.4 19
62 Supriya 78 1.9 25,
63  PTB-7 . 9.3 241 22
64 Annapoorna 5.3 2.1 40
65  Cul-25316 6,0 2.3 39
66 Jaya 5.8 2,9 50
67 Cul-25315 5.5 1.7 31
68 PTB-2 5.8 1.9 33
69 Mahsooril Lohs 1.6 37
70 Cul-25331 77 2,8 37
71 Cul-1999- 742 2.6 36
72 Cul=-25335 8.5 3.8 Lty
73 Cul-1907- 6.6 1.4 22
74 Deejee wojong Le3 1.2 27
75  Cul-25333 6.8. 2,2 32
76  PIB-22 6.5 2,2 34
77 Cul-25336 0.5 0.2 41
78  Rohini 6ol 1.4 22
79 48

Purple

4.8
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Table 9(b) Rice varieties/cultures medium tolerant to
aluminium toxlcity

Sl.

Root length (cm)

No Name. :
. 0 AL 3.75 mM Al RRL
(1 (@ (3) (&) (5)
1" Suphala 2.4 Aoh 56
2 IR-42 5.8 3.1 5k
3  Kanchi 4.9 3.0 61
4 Rajendra 2,3 1;9 60
5  Pokkali 9.9 5.9 60
6 Cul-204 6.7 4,0 59
7 Aluvella 5.5 3.1 56
8  PTB-28 6.6 4,0 60
9 Rasi’ b 2.5 61
10  Chemneliiu 7k 4.4 60
11 cul-12814 b7 2.9 60
12 . Vyttilla-II 3.3 1.9 59
13 Kalinga 3.4 2.0 61
14 MO-5 - 5.6 3.4 59




Table 9(c) Rice varleties/cultures tolerant to aluminium

toxicity
' Root length {cm)
Sl. Name
No. 0 Al 3.75 mM Al RRL
(1) (2) (3). (4) (5)
1 Cul=-25337 4.5 2.9 64
2 Cul-23372 4,4 3e3 75
3 PR 106 . 2.4 242 oA
& Cul-g87248 5.6 5.4 96
5 PTB=-26 6.2 body 72
6 Cul-1999 5.7 4,5 80
7 JmS=ly 6.6 4.9 72
8 Cul=7944 4,9 5.8 77
9 IR-28 3.8 3.3 a7
10 Padma 3.9 2.5 64
11 IR-30 3.1 2.5 80
12 PTB~9 - 5.5 4,0 73
13 Ratna 6.8 L.8 72
14 Jyothi 6.2 L. 71
15 IR~-8-68 2.6 1.8 69
16 TR-34 6.7 4.9 Th
17 Subhashini 4.5 3.5 77
18 Kolapala 6.2 5.5 88
19 Karuna 4,5 4,0 89
20 Bhavani 6.1 b 72
21 Basmathy 2.6 1.6 64
22 Cul-1537-2 4.2 4,0 96
23 MO 6 6.2 5.0 81
24 Cul-168 ° 6.3 4,6 T4
25 Cul-93 6.6 4.9 T4
26 MO &4 9.5 8.2 87

(contd,)
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2

i

1 3 4
27 Cul=i129 77 5.4 70
28 = Cul-199 3.6 2.7 Th
29  Cul-1361-2 5.7 5.5 96
30 Cul=-1332-3 5.2 boby 85
31 . Cul-1358-2 5.8 5.6 96
32  Cul=1328-~1 5.9 4,1 71
33 Cul=1311-1 57 3.7 65
34 Cul=1344-4 3.3 2.2 65
35 Cul-1338-B 6.6 4.9 T4
36  Cul-1405~1 5.5 b2 78
37  Cul=200 5.3 4,8 92
38 Cul-203 by 2.9 70
39  Cul-1334-1 6:3 4,4 70
40  Cul=5-1 4,3 2.8 65,
41 Bharathi 3,8 2.4 65
42 Cul-23332-2 4,0 3.2 79
43 BR-51-46~1 6okt 4e2 66
bt Aswathi 3.6 3,0 83
45 PTB-26 6.6 5,0 76,
46  PTB=42 0,6 0,5 87
47  Vijaya 6,3 4,1 65
48  Cul-233322 4,5 2.8 62
49  IR-=36 5.1 37 73
50  Vani 5.8 3.7 64
51  Cul-198 6.8 4,5 66
52  Cul-1424-1 5,2 3.6 69
53 Cul=1325-4 4,6 3,1 67
54  Cul-1357-1 5¢3 345 66
55  Cul=154 546 4,0 71
56 Cul-1423-5 6.5 4,1 63
57 Cul-1423-4 6.3 4,2 67

(contd.)
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1 2 3 4 3
58 Kar'ukalr 6.8 b4 6l
59  Orpandi b3 2.7 63
60 Virippu 4.1 2.8 68
61 Thulunadan 45 2,8 62
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DISCUSSION

Chemical nature of Rice soils

The large majority of the rice growing soils of the
Kerala State are characteristically acidic in reaction.
They include the mildly acidic coastal sandy and alluvial
éoils, the moderately aclidic brown hydromorphic soils and
the strongly acidic acid sulphate and acid saline soils.
Though the area covered by the acld sulphate soils is com-
paratively low, the problems of management practices pre-

sented by them are enormous.

The pH of the acid rice soils of Kerala vary widely,
ranging from 2,5 to 6.5. The productivity pattern of these
solls also varies widely from place to place. Apart from
the yiéld differences due to variety, climatic and other
environmental factors, inherent soil properties like the
fertility status and toxic parameters such as acidity and
the consequently high levels of aluminium and iron as well
as salt content, very often affect the soll-plant relation-
ships to an extent that leads to substantial reduction of

yleld and at times even crop faillures,

Soil aclidity is not an unmenageable problem in the
moderately acidic rice solls, while it was not so in the
strongly acidic soils such as the acid sulphate soils, The

poor performance of rice varieties in such soils has often
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been attributed to the harmful effects of acldity, dlrect

as well as indirect. The high H" ion conecentration asso-
ciated with acldity per se ‘may not be responsible for poor
crop ylelds (Arnon-and Johnson, 1942) in acid soils. Toxi-
clty due tb aluninium, iron and manganese, low availability
of plant nutrient elements, especilally calcium and magnesium
and ' decreased activity or even absence of beneficial micro-
organisms have been indicated as other reasons:fpr thelir

low productivity..

Erice et al. (1979) have attributed high aluminium
saturation as the most significant limiting factor to crop
production in meny acid soils. 7Yield response.to liming
was considered to be due to improved calcium,nutritidn and

the neutralisation of the toxic levels of aluminium.

Eventhough the pH of soils las long been used to eva=
luate the intensity of soil ‘acidity and has-been accepted
as one of the standard criterid for soll characterisation,
it does not, nevertheless, give a true picture of the poten-
tial sources of acldity 'in soils, eépecialiy'those linked
to exchangeable forms of hydrogen and aluminium. It is more
imﬁortant to keep under control the content of exchangeable
aluminium that'slowly'goes into soll solution generating
acidity by its stepwise hydrolysis to yield protons.

The exchangeable hydrogen and aluminium that directly
contribute to soil acidity and the extent of aluminium
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saturation of the exchange complex which largely control

the productivity of .acidic rice soils have to be studied in
relation to the pH and other soil characters like total CEC,
. exchangeable bases, base saturation and organic matter status
so that we may obtain a.clearer picture of the factors

governing the productivity,of the acidic rice solls,

The mean values.of these chemical charactérs for the
seven groups of soils presented in table 5 reveal a steady
'gradation with increase in pH as could be expected from

theoretical considerations.

The variations in pfoperties'such as CEC, exchangeable
hydrogen and aluminium, base and aluminium saturation,
organic carbon arnd lime requirement of soils with pH and

fheir interdorrélations are discussed below:
Cation Exchange Capacity

The highest CEC was noted for the three groups of soils
which were the most acidic (pH below 4.5). The CEC in these
soils was positively and significantly correlated to the
organic carbon conient which'indicated that an appreéiable
proporfion of the éxchange sites was contributed by the
orgénic matter along with those which originated from clay -
minerals. Schnitzer and Khan (1972), Flaig et al.l(1§75)
and Hargfove anlehomas (1984) have stressed the significance
of organic matter in their contribution to the total CEC
of soils.
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The CEC of the other soils was not directly related
to organic carbon except in the soils with pH between 5,5
and 6.0 indicating a greater preponderance of negative
charges to be located in the inorganic soll material rather

than in organic matter.
Exchangeable hydrogen

Exchangeable hydrogen was highest in the three groups
of soils of pH below 4,5. It decreased steadily as the pH
increased in the remaining three soil groups and was négli-

gible in the least acldic group.

Exchangeable hydrogen was highly corrélated to the CEC
in the soils upto a pH of 5.4. "As the pH inéreased, the
positive correlation between CEC and_exchangeable hydrogen
tended to get weaker and 1n the least acidié solls the

relationship wds negative.

A high degree of positive correlation was also observed
between organic carbon and exchangeable hydrogen in all soil
groups upto a pH of 5.4, This probably means that, the
negative sites on the.organic matter mightlact‘as the seat
for a large part of the exchéngeable hydrogen present in
these solls. The lack of such a correlation in the remain-
ing groups of soll might indicate a lesser role for organlc
matter in its contribution to exchange acidity.

The‘resulfs generally indicaté a dominance of the

exchangeable hydrogen ions in the more acidic soils with a
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tendency to decrease in the moderately acid soils upto a

pH of 6-5.

It 15 to be noted that in the soils of ‘pH below 4,4
nearly 50 per cent of the exchange sites was saturated
with H' ions resulting 'in a much lower effective CEC. This
indicates the significance of hydrogen held on the exchanger
as a potential source of soil acidity in the more acldic

soils,

Base éaturation

It has been noted that the.base saturation of the
different groups of soils increased with decrease in aciditv.
Thus it was found that exchangeable calcium and magnesium
increased steadily with rise in pH. The soils of the group
with pH between 3.5 and 4.4 were seen to be associated with
molluscan iime shells in ?he lower depths which may be one
of the reasons for a higher content of the bases in them.
However, the extremely acidic soils were generally charac-
terised by a very high status of exchangeable hydrogen
coupled with a low per cent base saturation (10.6 per cent).
As tﬁe pH rose to neutfaiity, the base saturation also
increased to a value as high as-éo.s per cent, with a corres-
pondingly low status of exchangeablé hydrogen.
Aluninium saturation

The exchangeable aluminium status 1n the various groups
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of solls also showed a diminishing trend with increasé in
pH. In soils of pH below 4,0 it had an average value of
5,9 and 5.5 me/100 g while it was 3.5 and 3.3 me/100 g'in
the soils upto a pH 4.9 and between 2.4 and 1 me/100 g in
goils above pH 5.0, Black (1973) and Sanchez (1976) have
reported similar appreclable decrease in the content‘of

exchangeable aluminium with decrease in soll acidity,

The aluminium saturation of the total CEC showed com-
parable values for the two groups of soilg of pH 2.5 to 3.4
and 3.5 to 3.9 (36.0 and 33.9 per cent respectively). For
the next three groups in the pH range of 4.0 to 5.4, it
varied from 24.3 to 26.7 per cent and in the remaining

groups the range was between 21.9 and 13.6 per cent.

On the other hand, the aluminium saturation with res-
pect to the effective CEC of solls presented a different
picture. In this case; the varlation was more marked and
it ranged from 77.2 per cent in the most acidic soils to as

low as 16.1 per cent in the least acidic soils,

In spite of the higher absolufe values of exchangeable-
aluminium even in the most acidic soils, the aluminium satu-
ration has tended to be low because of the higher CEC. How-
ever, due to the higher content of the ethangeable hydrogen
and a consequéntly lower effective CEC, aluminium saturation
calculated on the basis of the effective CEC‘hés been found

to be rather high (77.2 per cent). It may be noted that,
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all the solls except those below pH 6.0 had more than
36.4 per cent of their effective CEC saturated with exchan-
geable aluminium, which is .a condition not very favourable

for rice culture.

A high aluminium saturation of the effective CEC of
soils is éssociated with severe conditions of aluminium
toxicity and it has been considered to be a better and more
effectlve practice to aﬁply as much lime as is required to
bring down the effective CEC to below critical levels.

}Poof growth of several crops in acld soils has been
considered to be the direct consequence of a high(deéree of
saturation of the exchange complex with aluminium (Black,
1973; Sanchez, 1976; and Kamprath, 1978) and é.pplicétion of
large quantities of lime to precipitate excess aluminium is
essential for improving crop yields in such soils, However,
in soils with a low content of exchangeable aluminium, the
amount of lime coyld be Jjust enough to neutralise the acidity
produced @y the addition of nitrogenous fertilizers and to
provide sufficient calcium, for the nutrition of the crop
(Lathwell, 1979).

As there exlsts a large variation in the degree of
sensitivity of various crops to aluminium saturation of the.
soil (Alley, 1981) the liming practice may be'furthér guided
by tﬁis factor and liming rates could be fixed for lowering
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the aluﬁinium satﬁration of the soil.to below critical
level for each crop {Cochrane et al., 1980; and Webber et al.,
1982),

Farina and ‘Sumner (1980) considered aluminium satura-
tion of solls as a better index of lime requirement and
'théy argued that maintaining aluminium in soil solution at
levels below ‘critical to.the plant may'be beneficial in
producing a slightly acidic condition which permits most of

the nutrients to be in solution and their consequent .uptake.

Among the soils of different pH range used in this
study, a significant and positive correlation between alumi-
nium saturation per cent and lime requirement was obtained

only in the case of soils in the range of pH 4.5 to 4.9,
Aluminium in soil solution

Nye et al. (1961) and Evans and Kamprath (1970) have
shown that when the aluminium saturation rises above
60‘per cent, the aluminium in soil solution also rises
shérply subject to the opposing action o: organic matter
and salt content. The organic matter generally tends to
decrease the soil solution aluminium by forming very strong
organic matter aluminium complexes while the salt content,
because’ of the displacement of exchangeable aluminium by
mass action, tends to increase the aluminium in solution.

These two factors appear to be relevant in the case of the
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extremely acid solls used in the present study, which con-
tain high amounts of both organic matter and salt. The
high EC obgerved in these soils has been correlated to

the exchangeable aluminium content, while there was no
significant correlation between soluble aluminium, EC and
Srganic carbon. A lower value of soll solution aluminiuﬁ
was obtained in the present study as compared to the higher
values reported in literature for solls of pH less than 4.0
(Sénéhez, 1976). This appears in all probability to be due
to the attainment of an equilibrium between the +wo:opposing
interactions of soluble salts with.aluminium resulting in
its release and this being complexed by organic matter. The
equilibrium appears to be more in favour of the latter,
expiaining the observed low concentration of aluminium in

spite of the low pﬁ.

The results of the present study reveal an- inverse
relation in all the soll groups between total'CﬁC and alu=-
minium saturation. The poor base status coupled wlth the
high exchangeable hydrogen has resulted. in a higher degree
of aluminium saturation of the effective CEC in the acidic
so0lls compared to:the less acldic soils Jow in exchengeable
hydrogen and high'in exchangeable bases. The inverse rela-
tionship between these two soll characters was more signi-
ficant for the soils in the pH range of 4.0 to 5.9. Thus

the significance of the interéctipn between exchangeable
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hydrogen and aluminlum on the one hand, and bases on the
other with the CEC of the soils and its effect on the alu-
minium saturation of the total and effective CEC has been
clearly brought out by the results of the present study.
Further, the influence of the pH of the soil on this rela-
tionship has also been brought out.. The interactions have
been more evident in the soils of the pH group 4.0 to 5.9.
In the more acidic soils, the relationship between these
parameters has been only of a weaker nature, probably indi-
cating the involvement of other soil chemlcal factors con-

trolling this relationship.

Organic carbon

In general, the content of organic matter in the soils
showed a decrease with decrease in acidity. The relatively
high content of organic matter in the extremely acidlc soils
might be due to-the fact that they have originated from a
mangrove vegetation characteristic of similar situations.
Some of the soils with extremely low pH in Kuttanad area are
believed to have such an origin (Velu Pillay, 1940).. The
extreme acidic condition prevalent in the soils with its low
rate of minerallsation associated with low microbial activity
might have caused such an accumulation of organic matter in
these soils.

Organic matter seems to bear a very significant and
direct relationship with the content of exchangeable hydrogen
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in the soils upto a pH of 5.4 after which it becomes weak
and'in&icates a negative relation in the near neutral soils,
The observed correlation indicates that the major source of
éxchangeéble hydrogen in these solls might be the carboxylic
acid groups Bound to organic matfer, which on ionisation
réleaseés HY lons as is mostly found in acld soills below

'pH 5:4'(Hargrove and Thomas, 1981). The rapid oxidation

of organic matter under more favourable conditions in the
weakly acldic soils might be responsible for the decreased
role of organic matter and hence the obseEVed weaker corre-

lation.

This fyﬁe of a relationship between organic matter and
exchangeable aluminium was evident to a 1essef extent only
in the more acildic soil which incidentally possessed a high’
organic matter status, and to a slgnificant extent in the
soils above pH 5.5. Thomas (1975) has shown that exchan-
geable aluminium was lower at any given pH as organic mafter
increased. Clark and Nichol (1966) and Evans and Kamprath
(1970) have also fouﬁd muchiless exchangeable alumihium in
organic solils than in.mineral soils eventhough the pH of
the organic soils was quite low. The observations of the
earlier mentioned authors 1énd support to the relationship .
shown 1n thé present study between organic matter and exchan-

geable aluminium,
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The correlation between base saturation and organic
matter, however, did not present any distinct pattern. It
showed a random relationship in the soils between pH 3.5 to
5.4, while in the others, there was a direct relationship.
This might be due to the differenée in the nature of cation
bonding on the exchange sites of organic matter, which was
less pronounced in the soilé of pH 3.5 to 5.4 while it might

not have been so in the case of the other soils.
Lime requirement

Lime requirement value was highest in the most acidic
soils and it slowly diminished in magnitude with the lower-
ing of acidity. It showed a positive correlation with organic
matter in solls below pH 3.5, probably accounting for the
neutralisation of a larger part of the acidity dependent on
organic matter., The weaker correlation betweeg these factors
with increase in pH of the soill, probably suggests a minor
role of organic matter in contributing to soll acidity.

Keeny and.Corey (1963) obtained close correlation between
the organic matter content and lime requirement walue for

26 Wisconsin soils rich in organic matter.

No sign;ficant corfelgtion-was observed in any of the
soil'groups between exchangeable hydrogen and lime require-
ment. The lime requirement values were found to be signifi-.

cantly correlated to exchangeable aluminium in soils below
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pH 4.5 and with increasing pH, the relationship tended to

be of a weaker mature,

Exchangeable aluminium has been consldered as -the
basis of predicting the lime requirement values in .prefe-
rence to, the amount of limestone determined for neutralisa=-
tion of free acidity. Thus, Lathwell (1979). recommended
2 ¢ lime/ha to be applied for each milli equivalent of

exchangeable aluminium.

The results obtalned in the .present study indicate
that in the majority of soils, the lime requirement values
(t/ha) are much more than twice the content of exchangeablé
aluminium present in them. Thus it appears that in the
ﬁighly acld solls liming rates based on exchangeable alumi-
nium content may be more useful in preventing problems due
to ﬁoth 6ver11ming as well as underliming. Lime Just suffi-
cilent to suppress excess 0f exchangeable aluminium may be

used, which will be more economical.

From the results of analysis of a large number of rice
growving solls of the Statq,‘it is clear that, eventhough
the content of water soluble aluminium in then 1s not very
high, the solls below pH 5.5 have more than 2 .milli equiva-
lent of exchangeable aluminium and an aluminium saturation
of more than 20 per cent of both the total and effeétive CEC.

While there has been some inconsistency in the tolerance
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limit fixed for aluminium in the soil solution, the exchan-
geable aluminium content of more than 2 me/100 g soil and

an aluminium saturation of more than 20 per cent of the
effective CEC has generally been considered as critical
enough for limiting the productivity of rice QLathwell, 1979).

Because luminium concentrations are harmful even
Bk
before they cause visible toxiclty symptoms and the alumi-
nium content bf plants does not necessarily reflect alumi-

nium toxicity, the disorder 1s sometimes overlooked.

It has been reported that (Tanaka and Yoshida, 1970)
during the flooding of soils for wetland rice culture, alu-~
minium toxiclty ceases to be a problem of high magnitude,
due to the onset of reductive reactions which cause a.decrease
in the soil acldity and the precipitation of excess aluminium
as aluminium hydroxide. The decrease in the content of
exchangeable aluminium under such situations, however, will
depend on several soll chemical characters that control the
release of aluminium from the exchange complex and its sub-
sequent precipitation as hydroxide. Thus the possibility
exlsts that in all situations submergence alone may not be
a solution to reduce or minimise aluminium toxicity. There-
fore it is important to find out how flooding for rice cul-
ture alters the chemical behaviour of exchangeable and solyble

forms of aluminium in the typical rice solls of the State,
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since most of the factors that control these processes are

likely to differ from soll to soil.

Incubation of selected solls from various pH groups
with and without different types of amendments has givén
useful indications for the management of these solls, espe-
clally for keeping down the levels of aluminium both soluble

and exchangeable to below critlcal levels,

Changes in the physico-chemical properties of rice soils
on flooding in water with and without ameliorants

From the results presented in Chapter 3 (Tables 6(a)
to 6(f). 1t may be seen that in all the soils flooding for
a continuous period of 60 days has brought about significant
rise in pH and EC, a decrease in water soluble and exchan-
geable aluminium and an Increase in the contents of both
water soluble and exchangeable forms of iron. The change
In magnitude of each factor and the time taken to reach the
peak levels, however, varied depending on the inherent

\
physico-chemical characters of the individual soils.

pH

The two karl and one pokkali soils representing the
acid sulphate and acid saline solls of the State, which had
the lowest initial pH (3.3 to 3.5) were raised to a maximum
pH of 5.2 only, while all the other soils with initial pH

values ranging from 4.6 to 5.8 recorded peak values of
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6.0 to 6.4 during the two month period of flooding. The
resistance of the three highly acid soils to attain a higher
pH might be attributed to differences in the process of
fsoil metabolism"lwhichlvary strongly with the soll pH
(Etherington, 1975). Increase in soil pH consequent to
flooding has been ascribed partly to an -increase in NH,,~N
(Karunakar and Daniel, 19503 Rodrigo, 1962), reduction of
ferric and manganic compounds and'release‘of bases like
potassium, calcium and magnesium due to hydrolyéis
(Ponnamperuma, 1955; Chatterjee, 1964; Rodfigo, 1967). A
large segment of these reactions occur under the anoxic
conditions that follow on waterlogging and are triggered

by biochemical agencies which are high;y gensitive to a low
initial pH (Brinkman and Pons, 1973). Further, the presence
of a 1arge amount of undecomposed organic matter in these
soils might have released opganic acids and phenols which
keep the soll pH at a low level. Similar resiqténce to the .
raising of the pH of acid sulphate soils has been reported
from IRRI (1964), by Nhung and Ponnamperuma (1966) and by
Kabeerathumma (1975).

It may be noted that application of lime and steatite
has not resulted in any appreciable variation in the maximum
pH value attained in any or the soils studied. This is
suggestive of a possible hinor role to them as agents for

raising the pH of s0ils under continuocusly flooded situations.
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Electrical conductivity

Vith the onset of reducing conditions conséqﬁent to
flooding, the specific conductance in all the Soils both
amended and unamended showed an appreciable increase during
the first 20 days and then diminished to values which were
only slightly higher»than the "initial value. The compara-
tively larger increase in specifib conductance observed in
the highly saline pokkali soils (2.1 units) might be due to
the effect of a part of the soluble ions in the soil solu-
tion exchanging with ions of higher conductance present in

the exchange complex.

The rise in specific conductance might be attributed
to an increase in the content of soluble iron on reduction
which gets re-oxidised or precipitated later, as suggested
by Ponnamperuma (1973). Thus, it may be seen from the
results that maximum sPecific conductance coincides with
the highest .content of soluble ions and a lowering in the
EC corresponds to a paréllel fall in the level of both water
soluble and exchangeable ions wifh progressivé flooding.
The decline in épeciiiq conductance after a steep increase

was found to be in striking similarity to_fhe kinetics of
water-soluble iron and manganese worked out by'Ponnamperﬁma
(1973);1 Lack of appreciable rise 'in EC in the low level
laterites and coastal sandy soils might be due to a lower

rate of release of soluble lons.
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Water soluble aluminium

Water soluble aluminium in all the soills showed a
steady and significant decrease with progressive flooding,
the reduction being more prominent in the three acidic
soils. Treatment of the soils with lime and steatite did
not bring about much differences in the content of soluble
aluminium. - The decrease, in soluble ailuminium. in all the

so0ils may be seen to coincide with a rise in-pH.

The lowering of soil solution aluminium on flooding
can be'a consequence of the précipitation Qf (Al)3+ ions at
a higher pH value.by the hydroxyl ions formed by the reduc-
tion of ferric iron as 'Fe(OH)3 + e ——éé.Fe(OH)z + OH™ as
proposed by Cate and Sukhal (1964).

Tanaka @nd Navasero (19660) also considered that the
amount of aluminium in soil solution can be considered very
little when such solls are waterlogged for some time. They
reported a dpop in aluminium from 35 to 1 ppm within three
wééks of flooding, with only an Increase in pH of less than
half & unit from 3.5 to 3.8. The results obtained in the'
present study are however, not consistent with the above
findings where, in épite of the maximum rise in pH of 1.9
units, the corresbonding fall in soluble aluminium was only
from 36 to 8 ppm in the most acidic soil. The kayal,
karapadom and kole solls also recorded appreciable fall in
soluble aluminium and in ali soils the levels were much below
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the initial level by the 20th day. The initlal level it~
self, however, was lower than the éritical level of 27 ppm

fixed by Tandka (1966b) for rice.
Exchangeable aluminium

'The exchangeable gluminium content in all the soils
dropped considerably due to flooding and the reduction was
more remarkable in tfeatments witﬁ lime and magnesium sili-
cate. It was more pronounced in the two kari soils and

less so in the other soils.

The decrease in exchangeable aluminium can be an indirect
effect of the increase in pH beyond 4.5 which hgs been fixed
as eritical for expressing aluminium toxicity (Ponnamperuma,
1978); As suggested by Nhung and Ponnamperuma (1966}, the
aluminiun is likely to get precipitated as:Al(OH)B in the
higher pH ranges prevalent in flooded soil systems,

McLean et al., (196L) and Jackson (1973) proposed thdt these
polymerised forms were not replaced by N KCl.

Another reason for the lowering of exchangeable alumi~
niuvum on flooding might be due to the utilization of the
Al(OH)3 for the process of chlorotisation of some of the
minor 2:1 minerals present in the soils as indicated by
G0péléswamy (1969)‘who has_defected the presence of chlorite
in some of the acid su}phafe solls of the State,

The beneficlal effects of liming in decreasing exchan-
geable aluminium can be attributed to the differential



solubility of amorphous Al(OH)3 precipitated by 1imiqg as
proposed by Marion et al. (1976) and Bloom et al. (1979).
The ability of magnesium silicate to suppress toxic factors
in acid and acid sulphate solls has been reported by Reeve
and Sumner (1970). However, the possible causes for the
ameliorating effect of magnesium silicate have not been
made clear by them.

It is very likely that the partly precipitated Al(OH)3,
along with tﬁe sllicate anions made available from steatite,
in presence of various lonic species in the soil solution
undergo layer silicate formation. Evidences have not been
adduced either for their formation or for defining clearly
the conditions which might result in their formation, though
the possibilities of their formatlon cannot be precluded,

In fact; it would be theoretically interesting to follow up
this aspect of the study.

Water soluble and exchangeable iron

Flooding of the soils has led to an appreciable increase
in the content  of the above two forms of iron in all the
soils, the magnitude being highest in the two kari soils
followed by the pokkali soil., The results of the pooled
analysis of the three treatments showed a significant effect
of steatite in keeping the water soluble iron as low as

19 ppm while it was 35 ppm in soils flooded with water only.
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Both lime and steatite exerted a similar effect in maln-
taining a lower level of exchangeable iron compared to

flooding the solls in water.

The increage in the camtent of both forms of iron can
be the direct result of the massive reduction of the oxides
of iron that take place immediately after the onset of
anoxlic conditions. Subramoney and Kurup (1961) showed that
considerable iron was brought into solution by iron reducing
bacteria in the soil, while Ponnamperuma et al. (1967) con-
sidered these reductive reactions to be guided by physico-

chemical processeg.

Decrease in the content of both forms of iron on con-
tinued flooding beyond the pericd of their peak concentra-
tion might be the result ensuing from a re-oxidation at the
interface of the water and atmosphere and consequent preci-

pitation.

The results of the incubation studies show that even
in the highly acldic soils, water soluble aluminium was much
below the critical levels for rice, while it was not so in
the case of exchangeable aluminium in almost all soil types
except the coastal sandy and brown hydromorphic soils., Even-
though a reduction in exchangeable aluminium was\obserVed
after three days of flooding and the decreasing trend con=- .
tinued till the 30th day, the soils still had about 1.5 to
6 milld equivalent exchangeable aluminium in them at the
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end of two months incubation., During the earlier periods
of submergence, the content was even much higher in many
of the soils. Kabeerathumma (1975) in her studies with
aluminium saturated bentonite clay has shown that 2 milll
equivalent exchangeable aluminiuvm in soils may be consi-
dered as the safe 1limlt for normal rice growth, but in the
presence of high levels of phosphorus the crop may be able
to withstand more of exchangeable aluminium (Vlamis, 1953).

It has therefore to be presumed that wet land rice
cultivated in the above types of soil, in spite of the usual
1iming practices may pose serious probiems due to high con-
tents of exchangeable aluminium in them. It is;iikely that
the buffering properties imparted by the native organic
matter of the soil along with the added phosphorus may offset
-the adverse conditions‘to a certain extent. The presence of
high iron and aluminium can inactivate the applied phosphorus
by preciplitation and render it less available, whiie the
adverse effects o; iron and aluminium are averted to a cer-
tain ex#ent. Thug, it appears that in the highly acid soills
the adverse éffects of aluminium and iron cén be overcome

only at the expense of the availability of phosphorus to the

crop.

It is quite possible that unless the level of exchan-
geable aluminjium in the soll is maintained below critical
levels, the rice crop will be exposed to ‘the wunfavourable
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effects of both aluminium toxicity as well as phosphorus
deficiency leading to a drastic reéduction in riceé yield,

The results of the study on the incubation_of typical
rice soiis in water and with lime and steaﬁite as ameiio-
rants has cléafly indicatea that, the level of exchangeable
eluninium continued to be ‘above critical limits 1in most of
the soils in spite of its suppression due‘fo fiodding and
treatment with ameliorants.‘ The need for tﬁé adoption of
moreleffective managemenﬁ practices other than liming are

necessary under such clrcumstances.

Effect of different ameliorants on chégges in soll proper-
ties and its -effect on the growth, vield and nutrient :
uptake in rice '

The effect of different amelilorative treatments on
changes in pH, EC, water soluble and exchangeable aluminium
and iron in a highly acidic soil ét different periods. corres-
popding‘to the important growth stages of the rice plant was
determined and these characters were correlated with the
yield‘ana growth characters. as we;l as nutr}ent accunula-
tion. The nutrient contents in the plants and their inter-

action in the different plant parts were also studied.

It may be seen from the results {(Table 7(b) that for
the plants grown in soil with the treatment of steatite and
green leaves, a higher dry matter content in terms of;the

yileld of grain, straw and root was obtained, The roots of
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the rice plants especially those that were grown In the
steatite treated soill were longer and healthier and did
not show any identified symptoms assoclated with adverse
501l conditions as was observed in the case of the rice
plants in the other treatments. A lower content of exchan-
geable .aluminium as well as iron in the solls treated with
steatite might be considered as the main reason for the
observed healthy root system. It may be noted that, even-
though the exchangeable aluminium has been controlled to a
glgnificant extent by the treatment with green leaves and
cattle'manure, it was not so effective in keeping exchan-
geabie iron at a lower level in the soll, The blackenlng
of the roots observed in these treatments, in spite of a
lower exchangeable aluminium content might possibly be due
to the effect of injurious level of iron in the soil.

Tanaka and Yoshida (1970) have reported ‘similar
blackening of roots of rice plants grown under flooded

conditions in so0ils rich in reduced iron.

Treatment of the soll with steatite and organic mate-
rials has also positively ipfluenced the uptake and accumu~
lation of nutrients in the aifferent plant parts. Although
the nitrogen confent in the different plant parts was not
slgnificantly altered by the various treatments, an appre-
clable increase in phosphorus, calcium and potassium con-

tents of the grain and straw could be obtained. The levels
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of iron and aluminium in the grain, straw and root of the

plants in the different treatments was also appreclably lower.

A lower level of exchangeable aluminium in the soil
might have promoted better root proliferation leading to
an increased absorption and translocation of nutrients.
Obviously, this has resulted in a higher nutrient status

and a lower iron and aluminium cohtent in these plant parts.

Data on,the nutrient status of the straw and root show
that the phosphorus content was very low in'them end that it
was negatively correlated to the iron and aluminium contents.
Calcium was also negatively 1nfluenced by aluminium and posi-
tively .by phosphopus'indicating a possible 1nteractioh bet-
ween phosphorus, célc;um and aluminium, the 1atfer tending

to decrease the content of the other two.

Thé interaction between the above nutrients thus indi-
cates that the presence of excess aluminium can produce a
negative influence on the accumulation of caléium and phos-
phorus. Such antagpnistic effects pf aluminium‘towafds
phosphorus and calcium have been reporfed in literature by
several workers (Cruz et al., 1967; Brauner and Sarruge,
1980(a); Alam, 1981), The findings from the present study
are also in agreement with the views generally-prevalent on
aluminium—phosphorué interactions,

Another interesting result obtained in the present study
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is the appreciable reduction in the proportion df unfilled
graiﬁs; resulting in a high grain to chaff ratio (14:1) in
the treatment with steatite., It may be noted that this
particular treatment has helped to maintain the lowest mean
value for exchangeable aluminium throughout the cropping
period. Eheihigh positive correlation obseived (Tablé 7(£)
between. the chaff content and the water soluble éﬁd exchanQ
geabie aluginium at the time of opening and fertilisation

of the inflorescence till the maturity of the grain probably
indicates a very critical role played by this element during’
the process of grain filling,

A similar relationship between exchangeable and water-
soluble iron and cheff weight, though present, was not so
significant as in the case of exchéngeable and soluble alu-
miniuvm., This reveals the more specific effect Qf soluble
and exchangeable aluminium in the soil thaﬁ of iron in
decreasing the proportion of filled grains on the earhead,
The importance 'of keeping a low level of exchangeable and
soluble aluminium in the soil for better yields in rice is

made apparent.

The chemical composition of the rice grain from the
differently treated pots also showed that the grain obtained
from the plants receiving steatite and organic materials
contained a higher level of the nutrients. A high nutrient
content in the paddy seed is desirable since it 1s a very
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critical factor in deciding the quality of the graln either
as seed or for food. Thus the results have indicated the
usefulness of organic materials and steatite in suppress-
ing toxic soil factors in highly acid soilé.at critical
growth stages of the rice plant ultimately leading to
increased yields of better quality.grain,

The incubation study with different soil types of
Kerala has shown that toxicity problems due to iron and
aluminium were highest in thg acid sulphate and aclid saline
soils, relatively lower in the karapadam and reclaimed kayal
soils and a minimum in the brown hydromorphic and coastal
alluvial soils. Very often, rice production in the acid
soils of the State is curtailed by injurious soil conditions
which prevail during the cropping periocd, elther due to

environmental or managemental differences.

The amount of lime usually applied‘to the acld soils
(600 kg/ha) during rice cultivation is quite insufficilent
to maintain soil iron and aluminium below toxic levels.
Lime at such rates may parely help to neutralise the derived
écidity from the acldic fertilizers applied to these solils.
Under such'situations, the rice crop, although inherently
adapted {0 the adverse conditions.ppevailing In submerged
soils, will still be exposed to a complexity of stress situa-
tions due to toxicity and nutrient deficiency though specific

symptoms may not often manifest or may not be discerned.
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Since the rice soils below pH 4.5 were found to possess
a high aluminium saturation of the effective CEC and compara-
tively low base saturation, much larger amounts of lime are
néeded'fo suppress the exchangeable aluminium content. and

provide a high base saturation,

Richburg and Adams (1970) proposged that soil solution
A1t activities in different soils with similar pH values
are not necessarily similar and that different solls may be
limed to different critical values to eliminate aluminium
toxicity.

In this context, the relative values and merits of the
different lime requirement indices may be considered, The
soil reaction (pH) cannot be a reliable liming index because,
the amount of lime required to raise the pH of a soil to
'neutrality will depend not only on the initial pH, but also
on several other factors, especlally the nature of the clay
‘complex. A% the same time, the lime requirement values
determined by conventional methods often reveal such imprac-
tically high figures that they are totally uneconomic. It
has therefore been generally accepted that in the humid
tropics, liming recommendation should be based on exchan-
geable aluminium rather than on the pH per ge.

(Farina et al., 1980).
The results from the present experiment show that

amelioration of acid soils with organic materials and



-180-

steatite along with 600 kg lime can effectively control

the release of soluble and exchangeable iron and aluminlum
in a better manner than by the use of lime at the rate of
1200 kg/ha. Soils amended with the above materials recorded
lower values for exchangeable aluminium in the soil at alil
periods, corresponding to the stages critical to the growth
of the rice crop. The increase 1n the yield of grain and
straw, as well as nutrient uptake obtained. in the plants
recelving the above treatments can, no doubt, be the result
of a more favourable soil condition especially at stages

critical to the growth and development of the crop.

The significant negative correlation between so;uble
and exchangeable forms of iron and aluminium in the soil and
the growth and yleld characters, as well as the significant
positive effect of these elements in increasing the propor-
tion of unfilled grains Indicate how these soll characters

can adversely affect the productivity of a rice crop.

The beneficial effect of steatlte in increasing the
yield of rice in the acld sulphate soils of Kerala has been
reported by several authors (Subramoney, 1965; Kuruvilla,
1974; Karunakara Panickar, 1980). This phenomenon has gene-
rally been explained as due to the effect of silica as a
possible nutrient element or its effect in imparting strgpgth
to the straw and making it more resistant to the attack of

pests and diseases, It is also possible that the exchangeable
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aluminium and the A1203 coating of the clay particles react

with the magnesium silicate in steatite to form aluminosili-
date compounds which get precipitated in the pH range 4.0 to
8.0 (Bear, 1965).

The effect of organic matter in keeping exchangeable
aluminium at a low level was found to be more significant
in the case of green leaves as compared to cattle manure.
This might possiﬁly be dque to a priming effect of green
leaves on the soil micfoflora (Alexander, 1978) ﬁhich act
upon the native organic matter also and produce sevefal
intermediate organic compounds that might have helped in
complexing some of the exchangeable and soluble aluminium
and iron. Such a priming effect cannot be expected from
well rotted cattle manure and hence its lower efficiency in
suppressing the concentration of aluminium and irén in the’

soii solution.

Santiago (1972) obtained a reduction in solution alu-
minium at a given soil pH ﬁy the addition of coffée leaf
humus which, because of its high content of calcium, was
gffective in increasing the base saturation, as well as in

railsing the soll pH.

Similar decrease in the concentration of soluble alumi-
nium by the application of organic materials has been repor-

ted (Hoyt and Turner, 1975; Bloom et al., 1979 and Hargrove
end Thomas, 1981). |
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It is possible that in such instances, the redu¢tion
of .80il solution aluminium might be due to an enhancement
of the total CEC.of soils by the humus leading to a corres-
ponding decrease in the aluminium saturation bf the total
CEC.. The increase in base saturation of soils due to the
application of organic materials rich in bases (Bloom et al.,
1979) might also partly be responsible for deqfeasing the
aluminium saturation.of soils that subsequently bring about

a péduction in the content of soluble aluminium 1ﬁ'the_soil.

Interaction of aluminium with fulvic acids and non-
speclfic¢c acld organic substances derived from the decompo-
sition of organic materials (Kavrichev et al., 1969) can be .
éonsidered ag another probable cause for the inactivation of

soluble aluminium in acid soils.

Aluminiuvm-organic matter interactions have been charac-
terised By Hargrove and Thomas (1981) and they have shown
that iIncreasing soll organic matter tended to lbwer the
exchangeable aluminium content at any given soil pH at which
aluminium toxiclty occurred. Continued addition of organic
materials like ‘animal manure or sewage sludge to acid tro-

plcal solls was found to reduce aluminium toxicity problems,,

The findings from the presernt study on the beneficial -
effects of organic materials like green leaves and cattle

manure in alleviating aluminium toxicity in the acid soils
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of Kerala seem to deserve greater attention under fileld
conditions. The results also open up scope for new appro-
aches in the management of the highly acidic solls of Kerala

for rice cultivation.,

In addition to thertoxicity of aluminium, stress cam-
ditidns arising out of nutrient deficiency and toxlcity due
to iron and manganese may complicatg the‘siﬁuation and mask
the specific effects of the toxieclity due to,aluminium under
fleld conditions., It was this specific effect of aluminium
toxicity on the rice plant that was investigated in the

solution culture experiment.

Specific effect of aluminium on the growth, yield and
nutrient uptake in rice

The study in nutrient solution culture with graded
levels of applied aluminium has revealed a significant
depressing effect on all plant growth and nutrient uptake

characters from concentrations of 30 ppm and beyond.

Growth and vield characters

The general appearance of even those experimental plants
which receilved 100 ppm aluminium did not show any visible
symptoms except a comparatively thinnér foliage. UNone of
the symptomé usually attributed to aluminium-toxicity and
described in literature such as chlorosis (Cruz et al,, 1967),

dark purplish discolouration of leaves' (Tanaka and Yoshida, 1970)
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stunted growth or delayed maturity (Foy, 1976) could be
observed in any of the experimental plants in the present
study. The only visible symptom noted was a drastic stunt-
ing of the roots, their characteristic branching and diffe-

rences in anatomical structures as described earlier.

_ The fact that the general appearance of even those
piants grown in the presence of the highest concentration
(100 ppm) of applied aluminium in the nutrient solution was
not strikingly different from that‘of the plants grown in
the complete absence of aluminium illustrates how the toxi-
citylby aluminiuﬁ can go unnoticed under practical field
conditions, The morerprominent effect of aluminium in
decreasing the grain yield compared to the 'length and weight
of the straw, coupled with its‘effect on incrgasing the con-
tent of chaff (Table B(a) suégest a more specific effect of
aluminiqm in decreasing the total graln yield in rice. The
slgnificant negative correlation between the content of chaff
and exchangeable aluminium from the time of opening of
flowers till maturity of grain in rice (obtained in the pot
culture experiment) suggests a possible involvement of alu-
minium in interfering wlth some of the processes during the

grain -£illing stage.

Nutrient iuptake

‘From the data on the analysis of different plant parts
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presented in tables 8(b) to 8(d) it is very clear that high
levels of aluminium in solution had interfered with the
mineral nutrition of the plants to a considerable extent.
The levels of the various elements in the plants except
iron and aluminium showed a negative relationship with in-

creasing levels of aluminium,

A drastic reduction in the volume and weight of the
roots as obtained in plants treated with more than 20 ppn
aluminium in the nutrient solution, if occur under field
conditions can produce a more severe influence on nutrient
uptake and translocation in view of the lesser volume of
the soil in contect with the roots. The overgrowth of root
tissues (Fig. (1) and (2) may also result in a constriction
of the air channels that help in the transport of atmos-
Pheric air to the root zone. Blocking of the movement of
alr may in turn reduce the oxidising capacity of the roots
(Etherington, 1975) and lead to an injurious condition due
to the bullding up of several reduced compounds in the
rhizosphere. Therefore, it 1s possible that the rice crop
growing under stress of aluminium toxicity mightlbe exposed
to both nutrient deficiend& as well as toxicity problems.

The reduction in grain yleld and other growth parameters could
be explained on the basis of a lower nutrient status in thém,

as growth is an exponential function of the available

nutrients.
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It may be noted that, eventhough the plants grown in
the presence of high levels of aluminium were able to carry
out normel growth activities without the expression of any
visible toxicity symptom, the total nutrient uptake in dry
.matﬁer produced under each treatment was affected consi-

derably (Tables 8(b) to 8(d).

The adverse effect on nutrient uptake, in spite of an
assured supply of nutrients in the rooting medium, might
be due elther to direct intgract;qnal effects of high glus
miniun or to.an impaired absorption and translocation in |
view of the reduction in root growth and the observed ana-

tomical aberration of the roots.

Injury .to roots hes been reported as the prilmary symptom
of aluminium toxicity. in all senslitive crops like paddy,
barley, vheat, legumes, etc, (Vlamis, 1953; Abruna et al.,
1970; Villagarcla, 1973).

It i1s worthwhile to note in this connection that the
pattern of ﬁineral nutrition of crops grown in situations
of high aluminium has been studied baged on the differential
upteke and translocation of nutrient elements by plant
species’ tolerant to aluminium toxlcity. Aluminium resistant
wheat plants have‘been shown to use an avolidance mechanism
like increasing the pH around the roots (Foy et al., 1965),
a retention of ions in' the roots COueilette and Dessureausx,

1958) and more specifically ion retention within the cell
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wall of roots (Turner and Gregory, 1967). Chen (1968).
obtained 2.7 to 4.6 and 3.7 to 9.9 times higher aluminium

in the .roots than in the stems and.leaves of rice and barley
respectlvely. A proportionate increase in root aluminium
with applied aluminiug has been reported by Niatsumoto and

Hirasawa (1979) in peas.

In.the present study also, a very high content of alu-
miniumn that was present in the roots of plants grown in a
high aluminium containing solution might be considered as a
result of an avoidance mechanism presented by the plant.
Heller (1974) -and Epstein (1976) have postulated that tri-
valent aluminium can penetrate in a passive gnd.irreversible
manner in the free space of the roots. Possibly this was
the reason for aluminium being named as a "ballast" element
in plant nutrition (Agarwala and Sarma, 1976). Guerrier
(1979) in a study on the exclsed roots of lupine, sorghum
and horsegram grown in nutrient medium with high aluminium
showed that éluminium possessing the strongestlvalence satu-
rated the roqt's catlion exchangg capacity. Cohsequently as
the concentration of aluminium increased the adsorption of
phosphorus{ calcium and magnesium was diminished as a fun-
ction of their respectiye valences. The generéi decreasé
in‘thg conteqt of various nutrient ions obéervéd in the

present experiment might also be explained as a consequence
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of the decreased uptake due to an over saturation of the
root CEC with aluminium in an avoidance mechanism to over-
come the excessive aluminium in solution from being trans-

located to the straw and gralns.

A substantial decrease in the nitrogen content of
plants grown in high a2luminium has been observed in the
present study. It is likely that the low uptake of other
essentiél elements under the influence of a high level of
aluminium might have limited the absorption and metabolism
of nitrogenous compounds in these plants resulting in their
lowér nitrogen content. Mesdag et al. (1970) found a weak
association between tolerance of soil acldity and aluminium
toxicity and proteiln content in wheat. Absence of nitrate
reductase ‘activity in the plants due to poor utilisation of
molybdenum at the very low pH in the nutrient_solution can
be another probable reasoﬂ for the lower assimilation of

nitrogen in these plants.

A similar decrease in the content of phosphorus in the
different plant parts is obtained at the higher levels of

aluminium,

The interrelationship between phosphorus deficiency
and aluminium toxicity has been reported in literature and
a deficiency of phosphorus has often been considered as a
characteristic symptom of aluminium toxicity. Encour?ging

results also have been reported for the correction of
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aluminium toxicity by phosphorus fertilisation (Wright,
1937). Foy and Brown (1963, 1964) expressed the  view that
plgnt sﬁecies posgessing,abilities-to'absorh*and"utilise
phosphorus in the presence of excess aluminium were tole-
rant to aluminium. More recently, Foy (1974).f9und alumi-
nium to accumulate in the roots and impede the. uptake and
translocation of calcium and phosphorus to the tops, thus:

accentuating both phogsphorus as well as calcium deficiency.

Similar reduction in the uptake and translocation of
phosphorus has been reported by Sanchez (1976), "Bringer
(1980), Mugwira et al.:(1980) and Alam (1981). Mugwira
et al. (1980) attributed the increased phosphorus content
in the roots of sensitive cultivafs to the assoclation of
phosphorus with larger quantities of aluminium on the root
surface, rather than to enhanced phosphorus uptake.

Unlike the content of phosphorus in the grain and straw
root phosphorus récorded a ‘decrease till 40 ﬁpm aluminiﬁm
and then graduslly increaseé upto 100 ppm indicating a
tendency for phosphorus to- accumulate in the roqts with
increasing a}umihium, as reported by Brauner and Sarruge
(1980a). They attributed this 1ndreasg in phosphorus uptake
to'é stimulatory effect of aluminium. A perusal of the
data presented in table 8(d) reveal that the 1eve1.of aluml-
nium in fhe roots -also show a large increase beyond 50 ppm’

aluminium in solution.:



It is possible to assoclate the high content of both
aluminium and phosphorus in the root tissues with the for-
mation of insoluble aluminium phosphate which is accumu~
lated in the roots and prevented from translocation to the
aerial parts, where only lower contents of both these
elements are noticed. Sanchez (1976) had reported similar
situations in the case of aluminium resistant varieties

of rice, corn andlwheat.

A perusal of the composition of rice plants grown
with graded levels of aluminium in solution reveal a steady
decrease in the content of all nutrient elements with
increasing levels of applied aluminium., Such a high deple-
tion of nutrient levels in plant tlssues might be attri-
buted to an impeded metabolism of the plant resulting under
aluminium toxic conditions.

- A level of even 10 ppm aluminium in nutrient solution
ha$ been found to interfere appreciably with the uptake of
calcium and under such conditions as much as a nine fold
decrease in calcium uptake has been reported (Schmehl et al.,
1952). Since the primary symptom of aluminium toxicity is
a stunting of the root system and it could be counteracted
by raising the calcium concentration (Burstrum, 1953), it
i1s possible that the interference with calcium uptake might

be a consequence of the impairment -of the metabolism of

calcium in the plants due to aluminium toxicity.
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By expressing changes in plant composition due to,
aluminium in terms of the concentration of calcium, magne-
silum, potassium and phosphorus in plants grovwn with and.
without aluminium in nutrient solution, Mugwira et al. (1980)
showed that these elements were more concentrated in the
- root system and that tolerant cultivars apparently trans-
located, potassium and calcium more efficlently. .The results
obtained in the present. study on the nutrient composition
of plahts‘grown_in high aluminium are conslstent with several
of the earlier findings where such a decrease in nutrient
uptake has been reported (Tripathi and Pande, 1975; Ben et al.,
19763 Cruz et al,, 1976; Kamprath, 1978; Mugwira et ai., 1980),

Further, in all cases, it was observed that the reduc-
tion in nutrient content became appreciable beyond 30 ppm
aluminium, confirming the critical level of 27 ppm for rice
fixed by Tanaka (1966b).

An enhanced, uptake of iron, egpeclally in the roots
and- straw, suggests a positive relationship of iron with

aluminium, but previpous reports on this aspect.are lacking.

The significance of the pH of the rooting medium' that
was arouné 4,8 in the control and 3.8 in the high aluminium
contadining solution carnot be ignored while considering the
nutrient composition of the plants. Since the graded levels
of aluminium in the medium were obtained by the addition of
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AlCci solutiqn to0 the basal nutrient solution! a fall in

17t

3
pH was expected, as at least a part of the A ions might
undergo hydrolysis liberating H™ ions. It is possible that
the resultant. acidity maintained a high level of AILB"r ions
in solution and created an unfavourable effect on the ﬁptéke
and utilisation of all other nutrient ions except iron and

aluminium.

Aluminium toxicity can thus, be considered as one of
the major constraints to the production of rice in the majo-
rity of acid soils in the humid tropics. .The results obtained
from the present study point to the fact that the usual
management practlices followed for rice cultivatlon such as
liming and maintaining the field under.flooded conditions,
can only bring about a partial elimination of the problems
due to aluminium toxicity. Another practical approach to
this problem In the field would be the selection of rice
varieties that are tolerant to aluminium toxicity. Such
varieties will, no doubt, be more suited for cultivaiion
under highly acid situations, as they will be able to with-
stand the toxic effects of aluminium and utilize the avai-

lable soil resources in a2 betier manner.

Screening of Rice varieties foggtoierénce to_Aluminium
toxicity o

The screening study has revealed that a large number

of rice varietles cultivated in Kerala are sensitive to
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aluminium toxicity, while an equally large number showed

appreciable tolerance to aluminium toxicity.

Nutrient solution screening stuﬁies conducted-at
IRRI (Coronel, 1980) showed that the rice varieties commonly
cultivated in the acid soils of Brazil were characteristi-
cally tolerant and moét‘other lines from Philippines,
specifically the IR varleties were sensifive to aluminium

in solution.

The degree of tolerance of the rice varieties/cultures
used in the present study, however, did not .exhibit any
such specificity with regard to any location, eventhough
a few varieties 1like MO 4, MO 5 and MO 6 developed at the
Moncompu rice reseérch statlon, where the soils are charac-
teristically acidic and aluminium toxicity problems do
exist, showed marked tolerance to aluminium toxicity. At
the same time, some of the PTB varieties evolved in the
less acidic soils of Pattambi where aluminium toxicity is
not encountered, were more sensitive. Some of the IR varie-
ties (IR-42, IR-28, IR-30 and IR=34) used in the present
study also showed marked tolerance to aluminium toxicity,
while IR-8 and IR-20 were sensitive,

The screening studies at IRRI have indicated a corre-
lation between root length and resistance to toxicity by

aluminium. Rice varieties recording a shorter root length
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in the absence of aluminium were more sensitive to aluminium
toxicity while those with longer roots were less sensitive.
The results from the present study, however, did not reveal
any such relationship between root length and sensitivity
to aluminium. The mean root length of the rice varieties

in the less tolerant, medium tolerant and'tolerant cate=-
gorles were 5.3, 5.2 and 5.1 ecm respgctively and exhibited
no marked variation in root elongation in the absencelof
aluminium and no characterisation could be based upon root

length a3 observed by Coronel (1980) at the IRRI.

Since root elongation is highly restricted in the alu-
minium sensltive cﬁltivars, nutrient absorption, especially
that of phosphorus is likely to be limited to a great extent
in them. Phosphorus being an immoblle nutrient element in
the soil, most of it has to be taken up by root interception
rather than by diffusion or mass flow (Clark, 1976). There-
fore, the volume of the root that has to remain in contact
with the surrounding soil also must be sufficiently large
to facilitate an effective phosphorus uptake.

A differential response of rice varieties to phosphorus
has been reported in literature (Dev et al., 1971;
Pommamperuma, 19723 Gupfa et al., 1975; Subba Rao et al.,
1979). Mahendran (1979) reported a decreased length, welght,
volume and surface area for the roots of some of the rice

varieties which did not respond to phosphorus, compafed to
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the medium and high responders. These observations bring
out the importance of a larger root volume and surface

area in enhancing phosphorus absorption in rice.

In the light of the above evidence, it might be pre-
sumed that the aluminium tolerant rice varieties whose
relative root length 1s higher under comperable conditions
of aluminium toxiclity than the sensitive ones might be able
to explore more efficlently, a larger soil volume for their
phosphorus nutrition. The poor uptake of phosphorus,
observed in aluminium toxic situations might partly be
explained on the basis of a restricted root growth limiting
the feeding volume of the soll for phosphorus. Thus, it is
1 likely that the aluminium tolerant varieties might perform
better with a lower input of phosphorus fertilizers compared
to the sensitive varleties under acld soil situations because
of the comparatively greater volume of root in contact with

the soil,

Dev et al., (1971) have reported IR-8 and Jaya to be
rela#ively less efficient in utilising soll phosphorus.
Mehendran (1979) identified PTB 31, Rohini, Annapoorna,
Triveni, Jaya, IR-8, IR-5 and IR-20 as moderate responders
to phosphorus. It may be noted that the screening technique
has shown these varieties ts be sensitive to aluminlum
toxiclty. The poor response of these rice varieties to

phosphorus in a soil of pH 4.8 might be due to a restricted
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root growth which has prevented the plants from a better

utilization of the applied phosphorus.

At the same time, varieties Aswathi and Bharathi which
under similar conditions showed a linear response to applied
phosphorus (Mahendran, 1979) were identified as tolerant to
aluminium toxicity by the nutrient solution screening tech-

'nique.

Thus, 1t is possible that the rice varlieties-ldentified
to be less affected by excess aluminium might possess yet
'another favourable character llke a responsiveness to phos-
phorus which will enable the plant to express a higher
yleld potential under stress of aluminium toxicity, as well
as phosphorus deflclency in acid soll situations.



SUMMARY



SUMMARY AND CONCLUSIONS

A study has been made on the extent of aluminium
toxicity in relation to other important characters in the
acld rice soils of Kerala with a view to evolving suitable
ameliorative measures. The investigation was carried out

in the following five parts:

1. Chemical nature of the rice solls with special reference

£o aluminium saturation.

2. The pattern of solubilization of aluminium when rice
solils are incubated under flooded conditions with diffe-

rent ameliorants.

3. Pot culture experiment with different ameliorants added
to an acld rice soll to follow the pattern of solublliza-

tion of aluminium and its effecf on rice.

4. Solution culture experiment to study the specific effect
of graded levels of aluminium on the growth, yield and

nutrient uptake in rice.

5. Screening of rice varieties for tolerance to aluminium

toxicity.

The first part of the investigation was carried out by
analysing 89 samples of typical wet land rice soils, ranging
in pH from 2,5 to 6.5, The various properties of these soils,
which are known to be related to the expression of aluminium
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toxlcity, were determined and their interrelationships studied.

By incubating selected rice soils under flooded condi-
tions for a period of itwo months, with and without amelio-
rants, the periodical changes in the release of exchangeable
aluminium was determined. The study was followed by a pot
culture experiment using a highly acld soil treated with
different ameliorants like lime, steatlte, cattle manure
and green leaves. ‘The comparative efficiency of these
materials in suppressing the release of exchangeable alumi-
nium and its consequent effect on the growth, yield and

nutrient uptake '‘in rice was studied.

Since the toxic effects of aluminium to rice under
field conditions are likely to be :affected '‘by several other
adverse s0il -conditions, a solution culture experimeht'was
designed to study this aspect. The specific effect of alu-
minium. on the growth, yield and uptake of nutrients in rice
was obtalned by growing rice in a complete nutrient solu-

tion confaining graded levels of aluminium.

The concluding part of the investigation was aimed
at selecting rice varieties more suited for cultivation
under conditions of aluminium toxicity. By a rapid screen-
ing method, a large number of rlice cultivars were classifiéd
as tolerant, medium tolerant and least tolerant to aluminium

toxicity.
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The important findings from the above studiles are

glven below:

1. A very high content of exchangeable aluminium 1s present
in the rice solls of Kerala whose pH value is less than
6.0. The aluminium saturation of the total and effective
CEC in these s0ils were also very high and above critical
limits for rice.

2. Exchangeable hydrogen was comparatively higher in the
soils below pH 4.5 and this accounted for the large
varlation observed between total and effective CEC in

them.,

3. A significant negative correlation between pH and exchan-
geable aluminium was observed only in the near neutral

solls of pH between 5.5 and 6.0.

4, In soils recording pH values lower than 4.0, there
exlsted a significant and poslitive relationship between
lime requirement values and exchangeable aluminium. This

relationship became weaker with decreasing acidity.

5. Organic carbon was significantly and positively correlated
to exchangeable hydrogen in soils below pH 5.4. In soills
above this pH organic carbon showed a positive and signi-
ficant relationship with exchangeable aluminium. These
relationships reveal the importance qf organic matter in

controlling the exchange acidity in the more acidic soils
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and that of exchangeable aluminium in the less acildic

solls.

Flooding for a period of two months résulted in a rise
in pH and EC of all the typical rice soils of the State.
The maximum rise was obtained after 20 to 30 days of
flooding. The kari and pokkall soils reéorded the maxi-
mum shift in pH value, but it did not rise beyond 5.2.
In all the other soils, the pH remained more or less
steady after reaching the peak value, whereas, the EC

of these solls showed a decreasing tendency with time,
owing to the precipitation of some of the dissolved ions,

especially ferrous iron.

Water soluble and exchangeable aluminium in all the soils
showed a progressive decrease with lncrease ;n the period
of flooding. The reduction in the content of water
soluble aluminium was evident from the 3rd day and became
significantly lower than the original content by the 6th
day. - Only marginal changes were recorded thereafter,

The reduction in the case of exchangeable aluminium

started from the 6th day and continued till the 30th day.

A rapid rise in the contents of both water soluble and
exchangeable iron was observed in all the soils. The
highest values were recorded by the end of 20 to 30 days
of flooding, after which it slowly decreased.
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9. Treatment of the soils with lime and steatite and .
subsequent fiooding resultedlin a'significantly lower
content of exchangeable alumlnium as well as water
‘soluble and exchangeablé iron in all the soils, when

compared to flooding in water alone.

10. Treatment with lime and steatite and flooding, however,
did not bring down the mean values for exchangeable
aluminium to below critical limits for rice except in

the sandy and brown hjdromorphic solils.

11, Use of steatite and organic materials along with lime
was found to be very effective in suppressing the

release of exchangeable aluminium in a highly acid soil,

12. The yield of grain and straw as.well as the uptake of
nutrients in them'were'ﬁore favourably influenced by
the. treatment of the soils with steatite and organic
matter than by the use of lime at twice the recommended

level,

13..Correlation studies between soil properties at important
growth stages of the plant and various plant characters
showed a significant positive influence of the pH of
the soil, especially at the transplanting and maturity
stages, on all plant characters except the content of

chaff.,

14. The slightly high EC prevalent in the sSoils produced a
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negative influence on all plant characters except the

weight of chaff,

15, Both water soluble‘and exchangeable forms of iron and
aluminium exerted a significantly negative influence
on all favourable plant characters., The welght of
chaff, however, was positively correlated with these

chemical parameters,

16. The speclfic effect of aluminium in suppressing root
elongation of rice in nutrient solution culture was
evident from the 20 ppm level. With igcrease in alumi-
nium concentration the root elongation was drastically
affected., Shortening énd branching of roots and onset
of anatomical modifications were more conspicuous from

the 40 ppm level of aluminium.

17. A significant reduction in the number of productive
tillers, as well as the yield of grain and straw, was

observed from 30 épm of applied aluminium.

18. An appreciable reduction in the uptake of all nutrients
was noted from 30 ppm applieq aluminium. However, a
higher content of aluminium in the nutrient solution led
to a higher uptake of aluminium as well as iron in the
planﬁ. The méximumlcontent of aluminiuﬁ and iron was

present in the rooté.
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19. Screening of rice varieties for tolerance tc aluminium
toxicity revealed that a large number of rice cultivars
in Kerala show considerable tolerance to aluminium

toxicity, while an equally large number does not.

20. It is possible that the rice varietles showing tole-
rance to aluminium toxlcity are capable of adopting in
a better manner to soll conditions where aluminium toxi-

city is a serlous problem for rice cultivation.

From the investigation carried out in the present study,
it has been possible to obtain a gystematic account of the
extent and nature of the problem of aluminium toxicity in
the wet land rice soils of Kerala. The study has revealed
that the majority of rice soils contain app;eciable 1gvels
of exchangeabie a;uminium capable(of producing aluminium
toxicity conditions of a variable degree. The usual practice
of‘flooding the soll after treatment with lime, though reduces
the sever;ty of thé problem, does not GOmpletely eliminate it.
The rice crop under such situations can produce only a lower
yield of graiﬁ and stréw,'havihg a comparatively’ lower

nutrient content.

Treatmentlof acid soils with steatite and organic
materials like green leaves and cattle manure along with lime
vas found to be more effective in suppressing the release of

exchangeable aluminium-than by the treatment with lime alone,
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The resultant soll conditions might have created a more
favourable effect on the rice plant and enhanced . the yield

of grain and straw, having a higher nutrient content,

It 1s to be concluded that rice Varietiés identified
as tolerant to aluminium toxicity will.perfdrm»hetten under
acid soll conditions. Thus. it should be vpossible to
counteract the 111 effects of aluminium toxicity by a judi-
cious combination of selected rice varieties and suitable

management practices.
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Appendix 1(a) Physico-chemical properties of soils on submergence in water -
Abstract of ANOVA ,

Source df pH EC Al (H20) Al (KC1) Fe (HZO) Fe (KC1)
Period (P) 6 2.791**  1,210™  226.445"* 72718.333°° 3579.528"" 235802.690" "
Soil (S) 10 3.569™ 161.399%"  325.836""418102.184™" 2566.293%% 514816.696"F

P x 8 (error) 60 0.056 0.011 11,366 62.838 178.932  315729.120

** Significant at 1%_;eve1

Appendix 1(b) Physico-chemical properties of solls after treatment with lime and submergence
in water -~ Abstract of ANOVA

Source df pH EC Al (H,0) Al (KC1) Fe (H20). Fe (KCl)
Period (P) 6 2,645  1.643"*  91.203%" 75236.056" 1221.601"" 118829.636™"
Sofl (S) 10 4.069"" 158.338"*  336.556"* 250372.909™" 1417.379"% 253479.927""

P x S (error) 60 0.037 0.109 8.623 6753.852 129.406 17035.936

** Significant at 1% level



Appendix 1(c) Physico-chemical properties of soils after treatment with steatite and submergence
in water - Abstract of ANOVA

Source - df pH EC Al (H,0) Al (Exch) Fe (H,0) Fe (Exch)
Period (P) 6 2.959 1.320"°  108.330 91826.630 ©  T7L4.660 56333.650
PRV ®i %% i % P A3

Soil (S) 10 4,098 157.700 238.824 190361 .230 755.170 122902.350

P x S (error) 60 0.098 0.080 78.360 7087 .650 75.310 7936.400

#* Significant at 1% level
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Appendix 1(d) Physico-chemical properties of soils on submergence in

for eleven soils arnd three treatments

water. Pooled ANOVA

Source ar pH EC Al (H,0) Al (Exch) Fe (HéO) Fe (Exch)
’ #* #*% *
Treatments (T) 2 0.795 0.252 0.252 14713 .450 5559.946 250491 ,159
. k3.3 #*% E =3 % 3¢ ¥
Soils (S) 10 11.855 478.513 868.748 672788, 648 4369.208 710328.361
T xS 20 0.024 0.112 15.979 1636.875 260.598 | 17715.546
T x P 12 0.077 0.085 - .0.085 6753.690 392.773 19136.885
S x P 60 0-,001 0.002 0.189 C1.047 2.982 5262.152
T xS x P 120 0.476 0.466 31.577 38076.375 283 .651 76963 .405
Total 230 ‘
CD for compari- ‘
son of treat. 0.08* 0.08+ 0.64% 62.90 543 89.42
ments (T)
CD for comparison
of treatments (S) 9.44 0.42 346.83 120.44 10.39 171.23
0.34 0.33 2.77 96.08 8.29 136.59

-do=- (P)

+ SE of treatment means

# Significant at 5% level
*% Sipgnificant at 19. level

TH



Appendix 2(a) Influence of different treatments on plant characters - Abstract of ANOVA

- Source df Height Number Leﬁgth Weight Weight Weight Weight Gréin/ Grain/
of plants of ear of root of straw of root of grain of chaff straw chaff

heads
Treatment 5 10244 12,27 45,12  30.41° 3.7 18,720  1.050 @ 0.0095 = 38.25

Error 12 41.23 9.56 5,64 13.30 2.03 9.43 0.329  0.0150 7.56

Appendix 2(b) Influence of different treatments on the nutrient composition of plant parts -~
Abstract of ANOVA

Source af N P K Ca Mg Fe Al

Grain | ' ik ' #H % A e X

Treatment 5 61x10~%  369x10~7  373x10°7  418x10°C 124x107°  903.07 354.80
Error 12 1Mox10™* 85 x1077 262x10~°  20x10°®  2x107? 42:56  145.00
Straw ®it . st

Treatment 5 367x1o"l 71x1o‘6** 66x1o‘“** 709x10;4*# 1206x10™% 66792;22**‘22202:89**
Error 12 s55x10™%  16x10™° 6x10~%  14x10™% 4ix10™"  17905.56 349467
Root ' % * P

Treatment 5 84x10"%  101x10=7  141x10-6  98x10~6 Mx10™2 9226.46° 1898.89
Error 12 280x10" 2%10™° K7x10™0  78x10~° ix10°  803.61 402.78

¥* Significant at 5% level
#% Significant at 1% level

AT



Appendix 3(a) Influence of graded levels of aluminium on plant characters - Abstract of ANOVA

Source d4f Plant Number Root _Weight' Welght ~ Weight Weight Grain/ Straw/

height of ear 1length of straw of root of grain of chaff chaff .grain -

heads.

E 3

Treat- 10 2.522" 26.659™" 27.277" 10.553° 32.709° 45.759" 4.520" 20,9137 0.013"

Error ~22 1.118 ~ 4,333 0:582 1,316 0,59 2,640  0.916 1.630 0.0016

Appendix 3(b) Influence of graded levels of Aluminium on nutrient composition of plant parts -
Abstract of ANOVA

Source df N P K - Ca Mg. Al Fe
Grain ¥ % *i 5 Pl g L ¥*
Treatment 10  747x10°° 276x10™>  340x107°  179x10” 99x10™>  5105x107° 385x10°
Error 22 324x1 o4 21x10™7 25%10™? 22x1 0‘6, 13x10™2, 16x10™% 70x1 o~®
Stray P c** R i L, | LRk
Treatment 10 89x10™%  194x10” 643x10™°  1166x10"F  253x10™%  1.7240" " 1792x1077
Error 22 8Ix107%  15x107®  s4x10™>  4sx107%  30x107*  113x1077 . 208x1077
Root *H * 6 S _ % 4
Treatment 10 482x1 0'2 71x10~2 223x1 o“6 1837x10™%  2263x107°  1.9123 o40x10™ 4
Error 22 4sx10”t  15x107°  177x10” 42x10™% 118x1072 76x10~2  18x10”

* Significant at 5% level
M Significant at 1% level
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ABSTRACT

A study has been made of the extent of aluminium
toxicity in relation to other important characters in {the
acid Rice soils of Kerala with a view to evolving suitable

ameliorative measures.

The submerged wet=land rice soils of Kerala showing
a pH value of less than 6.0 were found to contain appre-
ciable amounts of exchangeable aluminiup. The aluminlium
satgration of the total a&d effective CEC of these soils

were also very high and above the critical 1limits for rice.

Flooding of these soils in water resulted. in a rise
in pH and EC, as well as water soluble and exchangeable
iron. Peak values for these parameters were obtained by
20-30 day=>of flooding, after which the pH rgmained steady
while EC and iron showed a decreasing trend. Water soluble
and exchangeable aluminium, on the other hand, reglstered
a significantly lower content after the 6th day and the
trend continued till the 30th day.

Flooding of the solls after treatment with lime and
steatite also produced similar effects. Even though the
release of iron and aluminium was controlled to a great
extent, the mean values for exchangeable aluminium still
remained above critical 1limits in the highly acidic samples
of kari, karapadam, kayal, kole aﬂd pokkall soils.



The use of steatite and organic materials like cattle
manure and green leaves, along with lime at recommended
levels, .was found to be very effective in suppressing the
release of exchangeable aluminlium in a highly acld soil
from the_gggi region of Kuttenad. These treatments were
able to create a more favourable soll condition and produced
a better yield of rice and straw having a higher nutrient

content}

The specific effect of graded levels of aluminium in
solution culture on the growth of rice was revealed by a
drastic reduction in root growth. The shortening and
branching of roots and the onset of anatomical changes were

more consplcuous from the 40 ppm level of aluminium.

Transverse sections of these roots showed an over-
growth of cells in the cortex leading to a considerable
reduction in the air spaces. The constriction of air
channels in the roots can impede the transport of atmos-
pheric air to the rhizosphere and lead to an accumulation
of several reduced compounds in the vicinity of the roots.
Such a condition arising out of the toxicity due to alumi-
nium can affect the normal growth of rice under flooded

conditions,

High levels of aluminium in the nutrient sdlution led

to a reduction in the yield of grain and straw, as well as’



a-decrease in the uptake of all the nutrients. However,
the ‘aluminium and iron, contents'in the plant were higher,

the maximum content being present in the roots.

Screening of rice varieties for tolerance to alumi-
nium toxicity has revealed that-a large number of rice
cultivars shows considerable tolerance to aluminium toxi-

city while an equally large number does not.

It is to be concluded that rice varieties identified
as tolerant to aluminium toxicity will perform better
under ‘acid soll conditions. Thus, it should’ be possible
to counteract the i1l effects of aluminium toxicity by a

Judicious combination of selected rice varieties and

sultable management practices.



