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INTRODUCTION



i m m m o s i o n

Bio© is  the major food crop o f Kerala mild i t  

covers am avm  o f about 2 m ill ion acres* Most? o f tlm 

work carried out so fa r ©a the chemical and agronomic 

problems o f r ice  so ils  o f this Stmts relate to the 

ava ilab ility  o f the major plant; nutrients and response 

to added fe r t i l is e r s . More than 80 percent o f the r ice  

co ils  o f Kerala are acidic in  reaction. Consequently, 

large amounts o f soluble and exchangeable aluminium nre 

lik e ly  to be present in these soil® causing d irect and 

Indirect harmful e ffects  on plants.

Plants species d if fe r  widely in their tolerance of 
aluminium in  nutrient solutions and acid so ils  containing 

high level® o f  soluble or exchangeable aluminium, as 

reposted by Burgees and Member (1923). The nature of 

tM s d iffe ren tia l aluaiaiuai tolerance hm  not been fu lly  

c la rified . There may bo d irect ©ffeebs ouch as phosplsoru® 

fixation or indirect ©ffeebs such as increasing so il 

acidity.

Though some workers have reported that aluminium 

in traces is  beneficial to certain plants i t  is  not 

usually considered ms one o f the ©ssoniiel olemen bo. Ihe
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1. To characterise the r ic e  soil© o f  Kerala on Iao 

basis o f Vm snounts o f alualaium removed h j varimio 

extracting solutioaa.

2. To efcuÛ r the relationship o f  s o il pH fee ex life©

obi® alwsinltMfc*

3* So m  Lerolne the aluiaiaiuA con tent la flee

pleats (grown on these soils*

4. So investigate the ae&scnd variation© in

ootnsssiue chloride ox tractable aluminium with special 
referrneo to the cropping period*



REVIEW OF LITERATURE



m n m  o t  M frm fu a i

Sxtrno table aluminium

Illmsol (1922) ei feiag on unpublished work of 

Knigfefe reported that more aluminium was extracted front 

potesalusa saturated soils than from those saturated 

with csl olus.

Surges® (1923) su^psted that aluminium, can be 

extracted with a weak acid v is ., 0.5 $ soefcie soli.

nierre  jgJ (1932) suggested that the preeetie® 

of soluble salt© is required for maximum extraction of 

aluminium*

!Sagis fend (1933) ©bowed that the decrease in 

extracted® aluminium with increased base saturation 

vim due to flic amphoteric properties of aluminium.

Ofeomov and &l?&itavan& (1955) showed fchnfc the

ratio of hydrogen ions to aluminium ions la  fell© poi* return 

chloride extracts of acid soils depended on ill© typo cf 

so il, on the horisen sampled, and on fehe fciao interval 

between extractions.
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Melean ©t ĵ L (1958) found teat mmonim aeete'te
at pH 4.8 to be the a®el; cailafeetory extractant for

aluminium for OMo soils. For soils below pH 4.0 fel̂ y 

found barium. chloride to be a more mil table extras tent*

Blxoa and Sherman, (19S2) Soxmd teat liming Ute
surface so ils  reduced tee amount o f aluminium extract* 

able ttlte 1M m &.onl\m  aoetet©, Similar rsrnslta worn 

obtained by HueJmett and Shemsa. (1903) on mh noil®*

&3<&eaa ©fc al (1962) te?s ahem teat sicgl® 

leaching is as good m index m mui t&pl© leaoliinc for 
indicating the relative amounts ©f ©xfrac table alualaJum*

3SbsofanagcabI © al nminiwi

Paver add Marshall (1934) demonstrated teat tee 

liberation of aluminium from uneaten bed clays by 

neuIral sa lte was due to direct exchange of tee 

aluminium by the cations.

Ayres (1943) snowed that most of Hawaii*s highly 
leached soil® are ox treacly acidic. H ion saturation 

iii many of thorn wore above 95 percent.

But limy and Yu (195?) showed teat teo addily of 
■sCraenosseaaa and £hol bosses© Is almosb exclusively duo to
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exchangesbl© aluminium. fhs maximum cm km* of excKi^c- 
able hydrogen is only 4 percent of th© total exchange 
acidity.

Yaamsov (1948) fount that while exchangeable 

hydrogen turn aantrlbut© acidity In top soils* the 

aridity lu icmer horlsone was mainly due to to© p w ea*  

dorenc© of aluslniua, loan,

Oh&iterjo© (1949) ehowjd tout olumlaluA. preoent 
ia  kM ourfaee of ©ltay$ râ r be 11 hem tod by neutral 

salt© (inorganic fertilisers) la  amounts toxic to ©i^p 

plants#

Bused (1950) considered mineral soils to be 

nluniniuai soils and no fe hydrogen soils. H© found b’ at 

oxcfeodi ©able aluminium contributed m,->r&©dly to ex ohm o 

acidity in such soils.

Hikirj bikina (1951) showed that; exehangeab1® 

aluminium content o&n he decreased by application of 

orgona © mat tor in tho form of fate Yard Manure.

Harvard and Oolesaa (1954) found that aluminlim 
predominated in H - M  clay© prepared by electroii^lvdiJ 
or dilute acid lcaefcxag.
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Paver and Marshall (1955) showed that acid days 

are rea lly  H -  A! clays.

Chernov and Belyaeva (1956) showed that exchange

able acid ity  o f acid podzolised and chernozem is  mainly 

due to the presence o f adsorbed hydrogen ions.

F iskell and Gasman (1958) suggested that ammonium 

acetate was an extractant fo r  exchangeable aluminium fo r  

llo r id a  so ils .

Holowaychuk (1958) showed that even though a l l  

the extractable aluminium was not completely exchangeable, 

a d e fin ite  relationship exists between extractable 

aluminium and cation exchange capacity o f so ils .

Low (1958) used barium chloride a® an extrac tan t 

fo r  replaceable aluminium on bentonite clays.

Moskal (1959) showed that the appearance o f 

mobile aluminium was counteracted with corresponding 

reduction in  s o il acid ity  by the annual application o f 

20 tons per hectare o f Pam Yard Manure. Balev e t al 

(1957) also showed that fern Yard Manure decreased s o il 

a c id ity  and mobile aluminium content.
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Hatbovi and Kawaguchi (1959) showed that on acid 

soil© exchangeable aluminium can be supplied by both 

the clay minerals and by free  alumina.

Coleman et aL. (1960) showed that the removal o f  

exchangeable aluminium by 1N potassium chloride reduced 

phosphorus sorption by so ils  except in those which 

contained low exchangeable aluminium and high amount?© o f 

iron and aluminium oxides.

Sokolov (i960) showed that exchange acid ity  o f 

Kraznozem and sod podzolio s o il is  mainly due i?o exchange

able aluminium. Appreciable quantities o f exchangeable

hydrogen occurred in peat s o i l ,  bub not in  

sod podzolic so ils .

Avdomin et aL (i960) showed that ap: 

cow dung decreased bhe hydrolytic acid ity  

increased bhe toted, exchangeable bases and 

available aluminium content.

Krasnozem or

ipli cation o f 

bf the s o i l8 

decreased the

Pratt and B la ir (1961) showed that extraction 

with 1N potassium chloride allowing a minimum time o f 

contact with the f i r s t  portion o f bhe extractant 

probably gives the most re lia b le  estimate o f exchange

able aluminium.
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McLean e t  a l (1962) showed that* 11 potassium 

ch loride solution removed only about a six th  to a 

quarter o f the a c id ity  from so ils  w ith a base unsatura- 

tlon o f  more than 80 percent.

McLean e t a l (1964) found that fci treble but non- 

exchangeable component o f  acidifey was la rge ly  due bo 

hydroxy aluminium.

Aluminium to x ic ity  in  acid s o il

Donison (1922) and Line (1926) reported that 

aluminium compounds are so insoluble that they cannot 

occur in  solution in  conoen bra felons su ffic ie n t to cause 

in ju ry to plant growth. They are the major tox ic  fa ctor 

in  acid s o ils .

Magistad (1925) determined the solubilifey o f 

aluminium in  water and s o il  solution afe d if fe re n t  pH 

vaLues. At pH 5.0 water as w ell as s o i l  solution could 

hold 1-2 ppm o f  soluble aluminium. Solubilifey was found 

to decrease with increasing pH values. In the pH range 

3.0 feo 4.5 the s o lu b ility  o f aluminium increased 

progressively. At lower pH values s o lu b ility  o f alumi

nium rap id ly increased. He found Ihafe the decrease in
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acid ity  due to lim ing o f so ils  with pH below 5.0 was 

mostly due to the decrease in  aluminium so lu b ility .

Helena (1927) reported that in the absence o f 

phosphate considerable amount o f  aluminium may be 

maintained in  s o il solution between pH 4.0 ana 4.5.

Plants d iffe red  in  th eir sen s it iv ity  to aluminium 

tox ic ity , iluminiua in  minute quantities is  a growth 

stimulant and in la rge quantities is  toxic.

According to HLair and Prince (1927) acids and 

acid forming materials such as aluminium sulpha te* 

aluminium n itra te  and aluminium phosphate reduce pH o f 

the s o il  and increased the amount o f active aluminium 

in solution, Ihey found basic slag to be e ffe c t iv e  in  

reducing the active aluminium in  s o il solution.

P ierre  e t (1932) stated that so ils  o f re la t iv e ly  

high percent base saturation at low pH values yielded in  

general less  aLuminium in  solution than so ils  o f low 

percentage base saturation, they also observed that 

aluminium so lu b ility  was markedly increased by a high 

concentration o f soluble sa lts .

Prom a study on eighteen very acid so ils  

Pohlman (1933) concluded that n itr if ic a t io n  and sulphur
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oxidation were e f fe c t iv e  in  "bringing aluminium into the 

s o il  solution,

P ierre  and Stuart (1933) affirmed that the 

problem o f  aluminium tox ic ity  and phosphorus a v a ila b il ity  

were c losely  in terre la ted . D irect root in jury and in te r

ference with the translocate.on and assim ilation o f 

phosphate due to p rec ip ita tion  o f  phosphorus within the 

plant by the absorbed aluminium are the two probable 

causes o f aluminium to x ic ity .

Loekard and McwaLter (1956) attempted a review o f  

the work o f  three d iffe ren t s o i l  investigators and showed 

that aluminium tox ic ity  occurs at concentration between 

6,7 to 40.5 ppm. They also observed that addition o f 

200 ppm o f aluminium sulphate had a s lig h t  stimulating 

e f fe c t . Up to 600 ppm no adverse e f fe c t  was found. The 

heavier doses were tox ic.

Tomlinson (1957) observed that an aluminium le v e l 

higher than 250 ppm might be ham ful to plants. He also 

showed that a concentration o f 1000 ppm o f  soluble iron  

would adversely a ffe c t  the crop.

Moorman (1961) stated that In some r ic e  soxls o f 

Indochina aluminium concentrail on was as high as 800 ppm
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and i t  seriously a ffected  the production o f r ice .

Oat© and Sukhai (1964) concluded that a concen

tration o f water soluble aluminium as low as 1-2 ppm 

markedly inhib ited r ic e  roots in  the absence o f nutrient 

cations* Higher concentrations prevented root growth 

and produced mottLings on the loaves. Concentrations o f 

neutral sa lts greater than 1800 ppm affectod plant 

growth both by sa lt  injury and by displacing aluminium 

with the s o il  solution. They advised leaching the so31 

with sea water to improve acid so ils .

Aluminium in so ils  at d iffe ren t periods o f the year

pH plays an important ro le  in  the amount o f 

©straotable aluminaum in  so ils . pH o f so31e fluctuate 

in water-logged so ils . Submergence o f a s o il leads to 

gradual increase in  pH. The magnitude o f  the change 

appears to depend on the in i t ia l  pH, the organic matter 

content and duration o f submergence.

G illesp ie (1920) noted a decrease in hydrogen ion 

concentration when a s o il was submerged.

Subramonian (1928) demonstrated the rea lity  o f the 

decrease in  hydrogen in  concon tra tion due to submergence.



He attributed the increase in pH feo the increased 

concentration o f ammonia. But Scholl©n berger (1929)

showed that the increase in pH was dm© to increased 

concentration o f manganese.

A decrease in hydrogen ion concen brat ion under 

water-logged condi feion causes a decrease in  ex tractable 

aluminium ale©,,

Burgess (1923) showed a d irect correlation 

between pH and active aluminium. He also noted a 

possible relationship between active aluminium and 

ra in fa ll.

Magie tad (1925) found that aluminium solubilifey 

seemed to increase with increasing acid ity .

Yuan and f ls k e l l  (1959) used 1ST ammonium acetate 

at six pH le v e ls  and found that a© acid ity  increased, 

extractable aluminium increased.

Plucknett and Sherman (1963) found a decrease 

in extract&ble aluminium with increase in pH o f the so il 

and attributed this to the formation of less soluble 

forms o f aluminj um hydroxides.



McLean ej* al (1964) showed that a t higher pH 

values hydroxy aluminium ions polymerise and form inker 

layers or surface coatings in  the clays and other 

co llo ida l systems and sine© the polymerised hydroxy 

aluminium is  not extractahle with potassium chloride, 

the t i  treble bub non-exchangeable component o f acid ity  

was la rge ly  due such hydroxy aluminium.

Bub more recently McLean @J e l (1965) examined 

the comparative ro les o f organic and inorganic components 

o f  acid ity  and found that hydroxy aluminium have only a 

smaller ro le  than was o r ig in a lly  thought.

Ayres efe a l (1965) showed that as s o il acid ity  

increases, aluminium soluble in both potassium chloride 

and ammonium acetate also increases, therefore in  these 

so ils  continued and extensive use o f ammonium fe r t i l is e r s  

might produce so ils  so acid that aluminium tox ic ity  would 

become a problem in  the sugarcane so ils  o f  Hawaii.



MATERIALS AND METHODS



MATERIALS M L METHODS

C ollection  o f  S o il Sample

Twenty surface s o il samples (0 to 15 cm) were 

co llected  from d iffe ren t representative r ic e  tracts o f 

Kerala Stabs. The so ils  include K ari. Karanadam. KavaL 

and low le v e l la ts r it e s .  The samples were co!3 ected in  

cotton bags lin ed  Inside with polythene and transported 

bo the laboratory fo r  analysis. So ils  were co llected  

at raonbbly in terva ls  from December 1966 to April 1967 

from two selected s ite s , one from a double crop f ie ld  

near Vellayani and the other from bhe bed o f the 

Vellayani kn.val fo r  period ica l analysis o f  aluminium

Oollecbion and preparation o f plant samples

Klee plants were co llected  from f ie ld s , the 

s o ils  o f  which were already co llected  fo r  the present 

investigation . The plants were washed w ell in  tap 

water, followed by d is t i l le d  water and then taken to 

the laboratory in  polythene bags fo r  analysis. The 

root portion was discarded. The plant tops were a ir  

dried, cut into small pieces and further dried in  an



a ir  oven at 70°G. She prepared samples were kept in  

la b e lled  b o ttles .

Treatment o f  samples

A. S o ils

She s o ils  were a ir  dried, ground and allowed to 

pass through a 2 mm seive.

Treatment o f a ir  dried s o ils  using d iffe ren t extrae bants

Extractanta used

1. 1K potassium chloride (Ayros eji a l, 1965)

2. 1M ammonium acetate (Ayres e t a l, 1965)

3. D is t il le d  water (Ayres jst a l, 1965)

10 g  o f a ir  dried s o il  sample was shaken fo r  one 

and a haLf hours us3ng 1N potassium chloride a t d iffe ren t 

ra tios  namely 1s10, 1:20 and 1s40. The solution was 

f i l t e r e d  and used fo r  determination o f  aluminium. Three 

successive extractions were carried out using 1N potassium 

chloride in  the ra t io  1:10. For determination o f  extract- 

able aluminium, a ir-d ried  samples were shaken with 1N 

ammonium a ce ta te  a t  d i f f e r e n t  pH v a lu e s  (4 .8 ,  6 and 8 ) .  

Successive extractions were carried out three times in



the ra tio  1s 10 with ammonium acetate o f pH 4.8. The 

solutions were f i l t e r e d  and the concentration o f  

aluminium in the f i l t r a t e  determined. For water soluble 

aluminium, the a ir-d r ied  so ils  were thoroughly webbed 

with d is t i l le d  water and drained fo r  approximately 

twenty hours. Suction was then applied and aluminium 

determined in the f i l t r a t e  co lo rim etrica lly  with 

aluminoa reagent as suggested by Yuan and FiskelX (1959).

B. P lant samples

The plant samples were prepared fo r  analysis o f  

aluminium according to the method described by Piper 

(1949). Two grams o f oven-dried samples were dry ashed 

in  a platinum crucib le. The ash was dissolved in  d ilu te  

hydrochloric acid. The s i l ic a  was separated out and 

destroyed using hydrofluoric acid.

Be termina tions

Mechanical analysis was carried out by the

International P ip ette  method (P iper, 1950).
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2. jdH

pH was measured in  a 1*2.5 soil-water suspension 

using a Beckman pH meter.

3. Organic carbon

Organic carbon was estimated by WaLkley and 

Black’ s method as described in Piper (1950).

4* Cation exchange capacity

10 g o f s o il was leached with neuferal N ammonium 

ace feate solulion. She adsorbed ammonium was determined 

by d is t illa t io n  with magnesium oxide and absorption in  

excess o f standard acid followed by t itra tion  with

standard si k a li (P ipor, 1950).

5. Seaauioxides

10 g s o il was digested with 1*1 hydrochloric acid 

and f i lt e r e d . She f i l  trate was made upto a known volume. 

Sesquioxidcs were precipitated in  an aliquot o f the 

hydrochloric acid extract. Shey were f i l t e r e d , ign ited 

and weighed as combined oxides (P iper, 1950).
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6. Iron oxide

Iron  was then determined in  a separate a liquot 

o f the hydrochloric acid extract hy reduction with ainc 

and d ilu te  sulphuric acid and the ferrous solution thus 

obtained was then t ira ted  with standard potassium 

permanganate solution (A.O .A.O ., 1960).

7* Aluminium oxide

Aluminium oxide was estimated by noting the 

d ifference between the seaquioxides and iron  oxide as 

determined ea r lie r*

8. Exchangeable* extractable and water soluble 

aluminium

She f i l t r a t e  fo r  the determination o f aluminium 

was prepared as described ea r lie r . She aluminium present 

in  the f i l t r a t e  was determined by slm inon method. In 

a l l  cases in terference o f iron  was eliminated using 

th iog iy  c o l l ie  acid. tOhe in terference o f organic carbon 

was avoided by destroying i t  with hydrogen peroxide.

$he transmibtaney o f the solution was read on the ELebt- 

Sumiaersoa photoelectric  colorimeter using a green f i l t e r .
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9. Aluminium in plant

Oiienery' s col orime brio analysis o f aluminium 

using fehiogLycollio acid as inh ib itor fo r  iron ( Qhe&eryt 

1948) was used. She transmitter cy o f the solution was 

read on the K1ett-Sumiaerson photoelee tr ie  colorimeter 

using a green f i l t e r .



RESULTS



s i s  os  f a

The details o f so il samples used in this study 

ere given in Table X. The so il pH varies frea 3*1 Tev 

Kart, soils o f  Kuttanad to 6.5 fo r  kmml soils. Wow ifaafi 

soils pH ranges from 3.1 to 4*6* tow kme3. soils the 

range is  5*1 to 6.5# pH o f feraoafliaa soils I tm  between 

4.3 and 5.5 while for low level la terito  the range Is  

fro® 4.6 to 5*3.

Table XX presents data on sea© properties of the 

soils which have a hearing on the present investigation* 

The cation exchange cap&olty varies from 56.0 to 5.6* 

the mmlmm vdues being shown by Karl soils and the 

minimum values by later!to  soils. The variation in fSm 

range o f  values for organic carbon is  more conspicuous#

I t  varies from 17.57 for Karl soils to 1.37 for laterito  

soils, t&th respect to alumina (A l20^)t variation is 

not so giarfeed# fetee Hari soils showing comparatively lower 

values* Iron oxide content varies from 4.6 percent to 

17.0 percent.

fhe mechanical composition o f soils is  given in 

Table XXX. The data show thafe day content varies fvm



\% vell***hi y

XV. UlSftarn *
SABU3 1

Detail® o f noil sample® need fo r  study

SI.
Ho. son  type Soil

pH location so il
condition

1 t a i 3.1 Vaikoa Hot land paddy

2 a « 4.1 Vadayar 9 *
^3 » » 4.3 Earusaadi »»

4 «  * 4.0 impel apasiaa 99
5 •  * 4.3 Bll.tohis?a 99
6 •  • 4.6 Hilaaperoor 9 *
7 * • 4.9 $>iaka2hf t y
a «  • 4.3 Kmt:&m 9 t
9 Jfoyal 5.1 Yellnyanl »»

10 • * 6.5 Vechoor 9 9
11 «  • 6.4 Muadar 9 9
12 *  # 5.3 Srlolsur kole 99

13 liarap&asa 4.3 Madiresapsaiy * 9
14 # * 5.5 Mandat #9

15 *  • 5.4 fleduamdl 9 *
16 •  # 4.3 Purakad 9 9

17 Dow leve l
l& teri f ee 5.2 ^attaabi 9 9

18 • • 5.2 Pelleyaui 9 9

19 •  • 4.8 Muveiikara 99

20 *  * 5.3 iTichur f  9
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TAMMsl 111
Mechanical composition of ©oil©

1 f e d 1.39 3.2 21.0 67.5
2 *  » 0.95 12.0 17.2 59.5

3 *  * 1.10 4.0 19.0 60.6

4 • * 2.00 9.5 21.0 69.0

5 •  • 1.56 10.0 26.0 61.0
6 ft ft 2.06 12.1 25.5 59.0

7 0 0 1.95 6.0 30.0 60.9
8 0 m 1*75 9.8 19.0 65.0

9 3.50 14.0 21.0 51.0

10 « ft 5.00 16.0 16.5 49.0

11 •  ft 4.00 15.5 20.0 50.5
12 •  ft 3.50 17.1 18.0 55.0

13 feftaptttaft 3.00 14.0 12.0 45.0

14 *  * 9.10 15.8 11.0 40.0

19 *  m 6.10 11.0 17.0 39.5

16 *  • 8.90 15.5 15.8 46.0

17 Sow dcml 
lftttfrit©

48.00 19.0 11.0 25.0

18 *  ft 35.10 16.0 10.0 30.0
19 • ft 30.25 17.5 5*0 25.5

20 ft ft 25.16 18.5 7.5 20.0



20 to 69 pereent, Almost a ll cello aeXoefcod are clayey

In an te ’©*

Sable I f  presentee Safes on aluminium extracted 

by different ©x tec bants vis* ? ammonium aeota be9 
potassium ohlorSde m& wtater* fho maximum quanti %* of 
aluminium (7000 ppm) was extras teed by ammonium acetate 

from K^ri so ils . Th® minims® quantity of aXuminiss® 

extracted was 275 pp» from kaySl soils, with regard to 

the amount of aluminium extracted by 1R pofe&ssiua 

chloride fell© gmorel feroud was as in th© case of 

ammonium acetate extraction. But felt© quantity ex ferae feed 
by 1M po feassiuis chloride was less tehan tn&t extr&e feed by 

ammonium acetate. In feh© case of extraction wlfeh water5 
the quantity ex feraefeed uao much lose, the range of 
variation being from 1-16 ppm*

Aluminium extracted by ammonium ace feat© at vr»rioa© 

pH values i »  shown in fable V. fho maximum quantity of 
aluminium mm ©xferaeted at pH 4*8, At pH 6,0, teh© 

maximum quonfeity ex teracted was 1225 ppm the minimum 

quantity being 40 pjm. 4t pH 0*0 the amount of alamUtiuu 

ranges fros 250 fee 5 ppm.

25
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c/

T A  BIB ?

Aium5 ninn extractable by 131 cuamcmium acetn I© at 
d iffcron  fc pH vaLum

•

aft Aft ** ”* *“ *" ** “* «4 IM» *« «M — — •*
S I. S e ll type S oil pH pH 4.8 pH 6.0 

—  ppm -

pH 8,

1 « a r i 3.1 7000 1225 250

2 ft * 4.1 3005 600 120

3 s « 4.3 2015 400 80

4 a ft 4.0 2550 980 125

5 ft 6 4.3 3000 400 78

6 * «» 4.6 1500 301 50

7 * ft 4.9 750 250 35

8 ft ̂ 4.3 2015 404 82

9 Kryrii 5.1 676 225 40

10 ft * 6.5 279 40 5

11 * * 6.4 525 45 6

12 ft ft 5.3 670 201 35

13 Knj aprwfws 4.3 2550 395 81

14 ft * 5.5 579 200 40

1b * * 5.4 530 176 42

n » m 4.3 2750 385 75

17 Lo# lo v e l
IsH etu te

5.2 600 201 39

18 • » 'y • 2 675 196 40

19 * ft 4.8 1000 2 66 40

20 • o 5.3 700 201 36
•> .»
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fabln VI presents data 0a successive extraction 
of noil idth 18 ammonium acetate*

EamJts of multiple extraction is given in 

Tab!© ?XX together wite the corresponding equilibrium 

pH values* flfh  Kari. Karmpadam and laterite soils 

exfcr&ctabi© aluminium dropped off sharply with auccesuiv® 

treatments* In tee case of icaval m il  considerable 

decrease Is not found. A rise la equilibrium pH v«Au#» 
can alao be noised with increasing number of extractions* 
Xn tewtml sails where the third extraction produced m  

tom  aXaatlaini& than the second, there ms no change fm 

equilibrium pH.

fable f l i t  shows the effect of soil solution 

ratio on the quantity of alu»lu&». With the Karl motXa, 
400 ail potassium chloride solution extracted on m  

average nearly thro® times m  much lOuuialusa m  the 

100 ml solution. With the itayaX soils, the change wm1 

not 00 intense as in the case of Karl soils. In 

KarwonAm noils also the general trend was like that of 
Karl soils. With on© exception tee laterlt© ©oils t*lm  

behaved like fepyal soil with regard to the amount of 
aluminium extracted and shift In equilibrium pH vnlut»#



®able i t

AluraJntm  in Juooaoolr© Ilf ^oeteie (pH 4*8}
ax'tracta of aoiis

si.$0. Coil i/ps 1
eztvaotioa IXessijmeiloii .at 

ax feraolti
jpm ~ —  21151 Kuri 7000 1016

2 *  * 3009 1109 835
3 • * 2019 900 326
4 *  • 2550 1108 m
5 * a 3000 980 600
6 * * 1500 425 225
7 * 9 750 205 155
8 to « 2015 700 300
9 2 a y a l 676 150 75
10 a • 275 102 70
11 * * 525 2 7 0 250
12 * « 670 105 00
13 K aP Q W O d fJB 2550 829 602
14 a • 575 602 150
n a « 580 125 08
16 b 0 2750 725 515
17
18

*»0W i owl
l a  t w i t e  

• •

600
675

150
150

5 > 
61

19 V • 1000 650 420



bl
So

1

2
3

4

5

6

7

8

3
10

11

12

13

14

15
16

17

18

19
20

SfABLB VZX

AXuainiyta in au0003̂ 1 vo 1M po tafeoluBi cnlorXOd 
escraols of soil©

Soil
pa

X
©xfera-
etloa

jSq. rsH XX
extra
ction

V pB XXX
extra-
cfcton

VPB

3.1 3700 2.9 2500 3.4 1200 3.5
4.1 1800 3.9 1020 4.2 720 4.5
4.3 1471 4.0 1005 4.3 800 4,8
4.0 1810 3.8 925 4.1 623 4.3
4.3 1300 4.2 825 4.4 500 4*5
4.8 685 4.3 420 4.5 200 wa

4.9 750 4.7 525 4.9 220 5.1

4.3 975 4.1 625 4.3 300 4«S
5.1 202 4.9 182 5.2 100 3.2
6.5 85 6.3 85 6.5 67 6 .«

8.4 95 6.1 86 6.3 40 6.4

3.3 150 5.0 120 5oQ 100 5.3
4.3 2000 4.0 1200 4.3 600 4.3
3.3 200 3.1 150 5.3 75 5*5
3*4 216 3.2 136 5.5 120 5.6

4.3 738 4.1 520 4.3 300 4.4
5.2 143 3.0 105 5.2 62 5.2

5.2 152 5.0 100 5.2 44 5.3
4.8 925 4.6 525 4.9 405 4.3
5.3 1180 5.0 730 5.2 300 5.2
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SA3M  r a

SCfeet of ©oil eolution ratio on alualnliui 
extraetafel# *>y 1H ICCS3.

81, Soil Alusstaiua IHL. Hciil
So. solution in so il Ho. solution in so il

ratio ratio H®

1 10s100 3700 11 10*100 95
108200 6065 10*200 125
108400 11000 10*400 140

a 108100 1800 12 10*100 150
103200 3800 10*200 250
10*400 8640 10*400 375

3 108100 1471 13 10*100 2000
10*200 2750 10*200 3010
108400 3953 10*400 3750

4 10S100 1810 14 10*100 200
103200 3806 101200 350
108400 5706 10*400 475

5 108100 1300 15 10*100 216
10:200 2710 10*200 375
10*400 3708 10*400 480

6 10*100 685 16 10*100 738
10*200 835 10*200 890
10*400 1919 10*400 980

7 10*100 750 17 10*100 143
10*200 975 10*200 156
10*400 1050 10*400 175

8 101100 975 18 10*100 152
10*200 1000 10*200 175
10*400 2700 10*400 189

9 108100 202 19 10*100 925
10*200 216 10*200 1050
10*400 275 10*400 1375

10 10*100 85 20 10*100 1180
10*200 95 10*200 1275
10*400 115 10*400 1300



IS shows data on the amount of aluminium 
extracted with corresponding pH of extraot. Aa inors&se 

In  the pH o f ex tract cm  he noted with Increasing pH o f 

so il.

the results o f plrnt analysis fo r  aluminium are 

given on i'able X. She values rang# from 0.16 to 0.015 

percent*

fmMe I I  shows the variation in extra© fc&feie 

aluminium with period afe two locafcXons in Vellayani. 

fo r  blm low le v e l la te r !to  the amount o f aluminium 

ranges from 1795 pm  1b 2®ce»fcer to 900 ppm in April.

In Tellnyeni kayal the corresponding values were 810 ppa 
and 250 pm respectively.
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alusal&ilM extracted by tb© normal eisatoniuai aectato,

This suggests that fee normal ©sfmo&iusa aeetm fee extracts 

larger s&oua to o f  aluminium faxjot forms other than 

©xeknngspble*

A significant corr elation exists batmen the 

oluminlua ex tested and the organic carbon eon teat® 

riMs suggests a si os® reiatj-onfmip between ameilnim cu& 

organ!© matter. fhe work of McLean et jg. (1965) suggests 

that aluminium bound with organic matter is non- 

extra© table with normal p© tassiua chloride®

SM influence o f the pH o f th© extraetattfee on % e

quantity of aluminium brought into solution has been 

studied in th© ca©e o f normal nmoniuia acotato (fafel© Vf 

figure J)* fM s reveals that to© amount o f aluminium 

brought into solution varies widely among too four 

d ifferen t s o il types. In the case o f Karl end Ear&n^toa 

co ils  I t  rose sharply os the pH decreases. $ho high 

le v e l o f extraet&ble alu&lniua in th© poorly drained 

*tori and Jferapadaa soil© seems to euhotui feint;© the tvork 

o f hoglnnd and Coleman ( 1959) who found the percenter© 

base ©stumfelon o f aluminium to increase wife decreased 

tlreint£ge. Sore over* these soil© pro o f very low pH 

vsilues and the high acidity is  resnonsibXc fo r  th® 

dhftsolubien o f  tn© aluminoailieafe© minerals nrenont in
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2. Graphical ropreneat&t J on of aluminium

exlr »<*{;©d toy amiaoni»fia acetate (pH 4.8) 

fro® different eoils typm of Serbia.

fig* 1 GrftpMerl represent? fcj.o& of aluiaitiinst

ex feme led by potusajLua ohiori Ho Crosi 

clif fci ont soil tyoes of £or«la
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Hg. 3*

Qv»phlc<93 ropresenfactIon &£ alissiniijEa 

©zfarootsr fey water from ditftr&iit soil 

%*?03 o f Kerala

Srsphtcal repreaen tatlon o£ alnssinim 

®z%rr eied fey aiairsonim aet*fac+t@ (pH 6*0) 

fro® d iffe r on fa so il typoa of Komi®.
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pH values tend bo decrease wifeh a ©o&Qoiai banfe deorc n&©

In tho amounts of etltiraliiXm oxtavebml. ih© fact that 

these diminishing levels of aluminium were accompanied 

by increasing equilibrium pH values raises a queati&t 

as bo whofeher Iho &Lnaa3niusi was coming from exchange 

sites, hieing pH values talgh b hy theiaeselvcs account 

in considerable degree for decreasing levels of alurUnlun 

i f  bit© source of the element wore 1 at bice or oxide 

aln&lmiset, the solublli ilea of welch are dependent on 

pH, wills kid icaysl and low level later lie  soils the 

equilibrium pH values ere fa ir ly  constant wlfch osly n 

slight decrease in fehe amount of ©luminiuiB extracted#

fa la on aluminium content in tne 1H poinaalngt 

chloride extract of so ils  coil©cfeed from 2 1 oeafciom

via., n doable crop lrad an joining the VeXlayeni !»&$ 

end the bed of lb© ¥©lley©si ksyal rr© presen led in 

Sable Xu

tbho re su lt  show feiiat is  both the localions 

during bho period from i)eoombor to April there is  a 

gradual deeronse ia ex true fable rsluminium. The gradual 

decrot.ee corresponds to the diminishing rain fall and 

the reduction In fehe extent: of water-1 ogglng of the colic.



Lomr mmalsB o f extract >fole aLuminitm wifch doevcAS* 

in the ex l*ent o f w& tor-logging may be due to inactive*?* 

lion o f  exchsag© s ites  duo to dehydration. S im ile  

resul 5® h^ve boon ob l&iaed in  Hawaiian s e lls  by 

PXnekn©l;t ead Sheman (1963)*

Studies Oil the tip late o f  a la s ia im  by the rio© 

omg (T&blo X) &nd correl&t ion of the same with 

potosalugg ©hlerid© ox tractable aluminiua (v  m *0*955 

ammonium acetate exiraetnbl© aluoShiua a *0*8} tml 

water (y  «  *0*95) suggest tlr-t hetser correlations nrc 

obtained with water md aormcJ, potassium ci lo r ld e ,

However, i t  is m m  tlml water In  act s suitable 

extractants since the quantities extracted are in su ffic ien t 

fo r  proper sstSsmtion* Between asu&onluia see Safce and 

potassium chloride, potassium chloride appears to 

extract sore o f exchangeable aluminlua and bears a 

closer correlation with aluminium uptake by r ic e  plpata* 

Hence, £or predicting tox ic  le v e ls  o f  aluminium la  r ic e  

s o ils  1*1 potassium chloride appeals to be a sore 

oui W*bl © ox Irae lent*

The results o f  the present imroe fciga felon fehns 

p roved  the need fo r  a very sy at; ecus,feic evaluation o f
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SUM M ARY A N D  CONCLUSIONS



mmmt ms eom usio is

Ih© distribution of th© mriona foma of 

alms t» tun in the samples of soils collected fro® 1 ie 

major rice fernots of Morels we© assessed using different 

extra©(dug solutions na$cly urn acetate, potfffoitm
chloride and wo.ties*. Soil onar^cteris lies liice, texture, 
organic carbon cation exchange ©aoaclty, pH, iron and 

aluiaiim content that nr© lively to influence th© aaoiir.i 

of alualnj.ua wore also ©budiodo PorlodtteX analysIs of 

XJOtaDOiu® chloride extracts ole aluminium was don® on two 
sssroles collected at monthly in terrain, one fro© Y e  Xrymi 

Xa&e urea find toe ©tear fro® a double crop land &>? lucent 
to the Tclinjassii Ink©,

The fo llow ing are to© results ob Ip laod and 

conclusions drs?wn.

1 .  A & o & g  t h e  3  d i f f e r e n t  e x t r a c t a n t ©  t r i e d  f o r  

asseccing ^Imalniun a to tun, noracJL potassium cblozida 

*»rs adjwVM to bo th© bests

2. She pH o f th© soil influences to© amount o f  

alCTi3ni« Minioted by toe different extractor ts.
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