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INTRODUCTION

The acidity of the humid troplcel s0ils is
priaarily asssci§ted with the presence of hydrogen
end aluminium in exchangeable formse. Acid solls are
also characterised by a deficlency and toxiclty of
geveral eleaments related to plant nutrition, Even-
thsuzh aluminiug toxicity s one of the major problems
confronted by the plants in acid soils, it 1s not
fully recognlsed,

rFoor erop growth in acid s80lls can be diractly
correlated with the aluminiua saturation of soils and
it was shown as early as in 1942 that hwdrogen ion
concentration as indicated by pii velue hes no direct

effect on plant growth except at values below 4,2,

Although aluninium is not an essential element,
an appreciable amount of this element is 2ften present
1in mast plents. High aluninium lovela in 30il sslution
is_known t5 cauge direct hara €2 roots and decrease
root growth and translocatlon of ninerals especlally

calcium and phosphorus to the tops (Jarvis and Hateh,



v

1986). Aluminfum toxicity may nst often be simply
diagonised either from visual symptoms or froa the
aluminiua content of the plants, Iowever, the alumi-
niua in soil solution has been considered to be a
real zeasure of aluminiuo toxicity potential., Concen-
tration of soil sclution aluminiun even above 1 ppam
has been reported to cause yicld reduction and legumes
in general ars considered to be highly sensitive.

Liming is the widely used practice f£ollovwed
to correct plant stress caused by soil scidity., The
purpose of liming is primarily to neutralise the
exchangeable aluminium (Martini et el. 1974) and it
is usually achieved when the 2011 pii 1s raised to
absut 5.5. Lime application bazed on pH valuea alone
is both uneconomical and unnecessary and it may lesd
to seversal undesirable effects £rom the point of view
of pleant nutrition,

Many workers have proved in recent years that
the sluninium removed f£rom the soil by N KCl, designated
as exchangeable aluginium gives 2 nore reliable and

rga;tstic estimate 2Z lime needed to nsutralise reactive



aluminium aﬁd to moke a favourable 8011 condition for
plant growth, Raaprath (1970) and Senchez {1576) have
considered the alusinium saturation of the effectlve
CEC of solls bayed on the content of exchangeable
aluminium ts bs a more reliable and accurafe parazeter
for defining lime requirement rather then the actuval
estiméte of exchangeable aluniniuz.

Sanchez (1976) has considered an aluminium
saturation of more than 20% of the effectlve CEC of
s01ils as cpittcal for many of the sensttive plants.
Cochrane et &l, (1980) have prap@sed the use 27 oinimuz
agount of lime on acid solls so es tO decrease the
percentage 2luniniun saturation o lovels that do not
sffect praductian and compensate crop aluainius tole-
rance, The concept of use of liwe levels only uplo
the point 5f eliminetion of aluminium toxicity has been
developed in the light of these,

in the 1light of the growing recognltion of
aluninius saturation of soils as a nore realistic
criteria for liming acid soils, the use of lime based
on this principle ensures the m2intenance of a s1ightly



ecidic 8211l condition where the aluminium may not be
totic t9 céop‘planta and at the sane tige pernit a
better utilization of unavallable plsnt nutrients
1ike phasphor&s £rom the soil,. -

~ More than 70 parcent of tho upland solls of
Kerala are acidic, There i1s n2 systematic liming
practice to suit the needs of various crops grown in
these soills, Toxicity by slusinium, eventhough is not
recagnised as an important factor, is likely to be one
of the mnlé econstraints of crop production in them.
The inhibition of root growth which is the primary
effect of éluninium toxicity to plants iz most 1likely
. to goqunngyiced in vicw of its subterranean chamcter,
At the samé tize, poor crop growih resulting from a
restricted sbsorption sf nutrients especially phose
pﬁorus and calcium is very much evident also, The
non availaﬁility of phosphorus and calciua in acld
8o0ils caupied with a poorly develop2d root system of
the plant which cannot ensure a satisfactory state of
nutrient absorption may be responsible for the paar-

crop praduction., Application o8 Iime to suppress



éxchangeabi@ alusinium to below critical level for

each crop may ensure betier crop zrowth and response

to added nutrients im such s0ilo,

[ %
k]

In tne 13aht of th&se'cansideratlons! the

present stﬁdy has been undertaken with the following

objectives.

1.

11,

111.

iv.

To study the pattern of distribution of weter
soluble ‘and exchangeable'aluminium in the acidic
upland =o1ls of Kerala'and to compute the percen-
tage aluminius saturation (#AS) in them.

To teatlthn response of two acid sspsitive crops
(cowpea'anﬂ £adder maize) ©o difxeraﬁt lavels of
exchangeable aluminium in soils maintained by the
addition of different quantitles of lime,

To study the influesnce of the above on the plant
cheracters yield and nutrient content of cowpea
and fad@er aaize,

To correlate exchangeable aluminium and percentage
aluminium saturation of 8241 with the nutrient



content, nutrient uptake, plani characters end

yield of the two Crops,.

lesults obtained fyon this study will help to
1dentify the ainimun level of exchangeable aluminium
that can he tolerated by these corops and the lime

requirenent therasf,.
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REVIEY OF . LITESATURE

The vast majority of‘the hunid tropical salls
of the world are acidlé due to the Qirect and indirect
influence of high tecaperature 2ad heavy rainfall.
501l acidiﬁy, leading to deliclency and toxicity of
eleaents hﬁs been ldentified &2 & mojor limiting
factor in boaéting agricpltural praduction in aany
of the traﬁical countriea. Eventhough, both exchan-
geable hydrogen and aluminium, present in soils ara
considered, to be mainly responsibls for soil acidity,
exchangeabie alusiniua is identified as the chief
factor liu;ting the growth and praductivity of erop
plents in acid soila,

Many scientista have considered that bringing
down the aiuainium saturation of acid solils £ below
critical leévels is tho ultimate end to be attained in
all liwming operaticns to ameliorate acid solls. Cone
siderable amount of work has been undertaken all over
the tropicﬁl countyries on th*s subject. Soxne of the

aore 1|por#nnt work in this direction is reviewad and



suasarised below,

Aluminium is a_potential source Of seldity in sctd sofls

BreédeWh of clay ¢olloids during weathering
releasag aiumlnium from the aluminasilicéte layers.
The aluainiua Lons 8o relessed rozein elther attached
to the colloidal particles by reoplecing hydrogen ions
or are relemsed into the soll solution, Im the soil
solution eéch trivalent aluminiun ion reacts with water
to fora hydroxy aluainium compouniia, ylelding thrae
hydragan iqns which further incraases soil acldity
(Black, 1973). In addition to thin, the free aluminium
.ions (which are not hydroxylated) present in highly
acidic soil solutiona act as a direct toxicant for

several crops.

ﬁagistad (1925) was the £irst onz ta report on
aluzinium toxicity symptims in barley, corn and soybean
- and he reléted concen&ratian of aluninius in so5ll solu-
#ion as a functlon of 8011 pH. iHe has also reported
that the solubility of (A17*) incroased from 0.3 to
7644 ppm when the soil pH was shifted from 4.5 to 3.1,



Ragland and Coleman (1939) heve relaééﬁ poor
growth of sorghua roots in unlimed soil to tha amount
of exchangéable aluniniua and they chserved an increase
in root grcwth'uhen lige sufficlent to cause hydrolyais

of the exchnngeabla aluminiun was added,

Acéorﬁing to Deewan (1966) exchangeatile aluminium
is the praésminant gource of acldity in soils containe

ing Kaolinite and Vernlculite clay ulnerals,

Kamprath (1970) has pointed out that at a pi
belsw 5.4, the buffer capacity 5£ the s0ils vwas pri-
marily due'to exchangeable aluainiuvm and thet solls
with bigh.éxchangeable aluminium passessed only a

comparatively lower CEC.

Tripatni and Pande (1971), Andrev and Vandenberg
(1973) and Coswani et al. (1376) have given canvinoing
evidences to show that at low pi values, uptoake of
nutrients, particularly P, Ce,; Mz and XK vere rgduced

due t9 the presence of an exceas of soluble éluninlu:.

Poor orop growth in acid soils has been indirectly
correlated with aluninium saturation of soils by Black

3
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(1973). He has shoun that p5 hed ad airect effect on
plant growth except at values below pi Ge2e . Frink
{(1573) haé related the amount of @xchangesble alupie
ntum in soil to the concentraiion of exchangeable
hydrogen. ;Hia study has also éointed to th@ existence
afvexchangéable hydrogen in the acld sulénaﬁe 80ils

at it= usual pH.

Bloom et al. (1979) considered the activity
of (#1°%) 1n soil solution es & function of soil pH
and statednfhat thim relationship depended on the
axchange'o? aluminium ions Irom the organic matter

to the exchange sites on the clay surfaces,

Seigura et al. (1580), Franco and Jumns (1982)
and Adams and Hatchcock (1984) have proposed exchange
acidity as & realistic memsur¢ of the aluminium toxie .
city paten&inl of a 3011.' |

Shamshuddin and Tesaens (1933) have indicated
the signif;caﬁce 2f alupinium in controlling the
acldity arlecid 83lls, They conzidered thot the
buffering ;ction of soils is dominated by cluminium
below pii S5,



James and Riha (1934) have shown that a decrease
of 0.1 to 0,2 units in solution pH in the range of pi
2.4 €0 4,5 has resulted in increases and decreases in
the concentration of labile aluminiua. An increase
in the solﬁbtlity of sluminium consequent to increase
in soll acidity has been reported by Bache (1983).

Gilinan and Sumpler (1586) have attributed the
additionalfliue consuaption in the upper harizons of
=one soils to the replacement of non-exchangeable
alurinium ésaoéinted'with the organic matter.

Ehanna et al. (1936) in a study on the exchange
eharacteri;tics of some acid organic forest s0ils found
that most of the exchange sites were occupied by alumi-

nium,

IS

Poxic level of aluninium in the soil

The aluminium concentration of soll golution
has been considered to be a real measure 5f alusiniun
toxicity potential, BDlair and Frince (1923) haﬁ?
identified s2luble slumintuzn coapounﬂslas one of the
causes of toxicity in scid soils, Lockard and Mc Walter
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(1956) . showed. that Auminium toxicity occurs at concen-
trations between 6,7 and 40,5 ppm in rice plonts,
Tomlinson (1957) has reported an alumintum level higher
than 250 ppm might be harmful to plants,

Hortenatine and Fiskell (1961) have observed
thai alusinium cancentpations above 4 ppa drastically
decreased height and weight of tops and rodts of sun-

f1lower plants,

Nye et al. (1961) and Evens and Kamprath (1970)
have reported that the aluminium concentratlion in the
5511l solution was generally less than 1 ppne ihen the
alupinium saturation increased beyond 635, cluminium
in the soll solution alss recorded & correspondingly
gharp increase. Presence 9f organic satter houever
was found to preduce aluminium concentration in soll

solution,

Cate and Sukhal (1964) have shown that water
s21luble aluminium concentrations as low as 1 €2 2 ppa
markedly inhibited the growth of roots while leaf

syaptoms occurred only at a concentratisn of 25 ppm.
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/
Higher eoncentrations inhlbited root growth and

produced green and yellow spots on the leaves.

Adams and Lund (1968) have reported that
critical levels 3£ aluminium vary for different croans

end solls,

According +5 Tanaka and Navaserd (1966) critical
cancentrationze of aluminium in culture solution was

25 ppm for the rice plent.

Hutchinson end Hunter (1970) have observed a
reduced dry matter production in lucerne, clover anﬁ‘
barley when sluninium concentration was higher than
100 kg/ha end Lee (1971) reported a reduction in the
vield of roots of potato crops when the level of alumie
riug reached 20 ppa. ?urther increase in aluminium
concentratismn in growth sediuam, eccording to him
reduced plant growth and tuber yield, but favourably
contributed +o tuber quality.

Brenes and Fearson {1973) have observed that
root growth in corn was not seriously affected ualeans

aluzinium saturation exceeded 60 parcent. About



80 percent of alualnium saturation reduced corn rost

growth by 50 pércent of the msxinmum,

Abruna et al, (1574 (b) have found that the
critical limit of aluminium saturation for corn
production was approximately 15 percent f£or ultisols

and 35 percent for oxisols,

Pierd (1974) observed a reduction in nodulatiosn
of groundnut vwhen the aluninium saturation of the

exchange complex exceed 30 percent.

Velly {1974) recognised difrérent eritical
levels for different plants, Cotton secmed to be
demaged at 25 ppm of exchangesable aluminium, groundnut
at 50 to 60 ppm and maize only at about 120 to 120 pome

An inversze relationship was observed between
Hikuyue grass growth and aluminium concentrations when

present in axcess of 1.5 /4g/g in the 901l and 90 fig/g
in the tops (Awad et al., 1976).

Alley (1981) found that 2luminium saturation of
18, 11 and 3 percent of the effective CEl decreased

corn, barley and alfalfa yields,
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?rahco'and Hunng (1982) heve stated that
aluminium concentrations upto 353 f‘a did nat affect
root dry weight, nodule growth and nitrogenase activity
sf boan cultiver. They have also rsported & bennficial
effect of low level of alusiniun (19 L%x) on tap root
elonzation, However, 120t colonization of rhizobia

was reduced at >33 Lg.

According to Keefer et al, (1983) plant growth
was limited wharever the solls contained > 2 me/100 g
of exchangeable aluminium,

Zaini and Mercado (19564) have shown that in
susceptable varieties a high concentration of aluminfum

reduced phosphorus wmobility.

Jarvis and Hatch (1986) have reported a reduction
in dry weight of roots and shoots of white clover at
50 to 100 4 m levels of soluble aluminium, Less than
10 parcent of the aluminium absorbed from the solution

was transported to shosts,

Aluninium ﬁoxigigz in Cereals and Pulses

Several crop plants such as rice, wheat,



186

barley, oais, aorghum, legumes, potats, tobacco etc,
are reported to be adveraely affected by aluminiun
toxicity. Some of the important work on sluminium

toxicity oﬁ cereals and pulses are summarised below,

Cereals

Diseolored and malformed roots and root-lets
and morphological abtnarsalities of raots and reduced
uptake of nutrients have been reported ©to he the

-general syﬁptoms of aluminium toxicity in cereals,

Ligon and Pierre (1932) have noted that even
1 ppa of aluminium in solution produced eapparent rost
injury in éorn after three days, ilowever, the toxicity
syaptoms in shiots became apparent only after 2 weeks
which was characterised by leaf chlorosis and reduced’
yield, Hué?on and Fiskell (1565) and Juste (1966)

have reported on aluminiua toxicity in maize,

Mac ‘Lean and Chiasson (1966) demonstrated an
inbibitory effect of aluminiuz on the translocatisn
of phssphaﬁ#s and calcium in barley. They alss observed
chloroseis 5? leavesn, diehack of leaf tips and purple
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discoloration of the leaves resembling that of phose

phorus deficiency.

Cruz et al. (1967) have pointed out that cone-
centration of 6.2 to 6 ppa aluminiva in the nuirient
molution had no effect on the translocation of radlo-
active phosphorus (932) to young leaves o wheat, but
the phosphorus/aluminium ratio in leaves, stems and

rota wag different,

Ota (1968) and lLong and Foy (1670) have came
acrsss the semc type of leaf chloroais, bronzing and
petisle collapse in rice and barley respectively, and
they attributed this condition to aluminius induced

calciua deficiency.

Fox (1979) observed 90 percent yield reduction
in corn when the aluminium saturation of the soil

exceoded 12 percant,

According to Foy et al, (1939), aluminium
toxicity resulted in a shallow roosting pattern in
cotton making the'plant @ore susceptable to draught

since such plants can use subzoil water and nutrients
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less effectively.

Hugwira et al, (19890) havé shawn tha# 9 to 6 ppam
aluainium increased the concentration of phosphorus 1&
the proots, and of potassium in the rosts and tops, but
reduced the 3ohcentrnt1=ns 6! calcium and magnesium in
the tops of triticale wheat, rye and barley. Fageria
and Carvalh: (1982) heve reported differsntial behaviour
of rice cultivars to aluminiuam levels and showed %hnt
level of aluminium in the tops of a 21 day old rice
plant varicé'fr@m 130 to 417 ppm.

Abrakiem (1984) has reported that 20 ppm of
aluminium in nutrient solution suppressed rost elongoe
tion of rice, and more than 30 ppm of alun;nium reduced
the nuaber of productive tillers as well as yield aof
graln and straw, Aluminium toxicity aiso canced a
reduction in the uptaﬁé of all nutrieats in rice.

Bennet et al. (1985) conducted en experiment

on the primary site of aluminiua injury on the rost
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of Zaa mays; and they have noticed a rapid inhibitory
effect on the metmbolic activity of root cella. Aluxle
uniun was shown to affect the pattern and intensity of

respiratory activity in the rost apex,

Fageria (198%) has reported that increased
alusiniua concentration in nutrient solutions inhibited
the uptake of N, P, K, Ca, Mg, S, Fe, B, Cu, Zn and kn

in rice.

Leguges

Foor growth of pulses in acid =0ils has baen
directly correlated with sluminium saturation of soils,
Among the different legumes, cowpea and pigeon peas
seea 1o be more tolerant to aluminium toxicity. Moy
~ of these species have been evolved in acid 55115 and
possens genes r;spansible for tolerating conditions

asaociated with high alupinium lavels,
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-Ruschel et al. (1968) studied the effect of
excess aludiniua on the growth of beans and found that
nutrient solution conteining 3 ppn of aluminium
decreased plant growth and >7 ppm significontly

increased aluminium content of roots and derial parts,

Abruna et azl, (1974 (@) have reported a decreased
vield of beans due to a high percentage of aluminiun
saturation. Sartain and Kamprath (1975) and
Zekaira et al, {(1977) have reported reduced grawth of
roots and tops and a reduction in nodule count in

lezumes dus to high aluminium saturation of soils,

Malavolta et al, (1951) studied the relatioa-
ship between eluminium tolerance, end total dry aatter,
plant height and roct length in different legumes,
According to him total dry matter production of young
plants gave ths highest carrelatisn'wlth asluminium

t2lerance,

Franco and Munns (1982) identified aluminium
toxicity m3 the main reason for the frequent failurs

of beans in acid soils. Nodulation, nlirogen fixation,
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shoot and root growth ete, were adversely affected

by ths aluminium present in soil aolution.

An apprecleble differesnce among ciwpea and
blackgran varieties towards tolerance of sluminiun
toxicity was noted during screening trials carried ocut
by Sudharsei Devi (1983)., Rechcigl et al. (1936)
have reported that in the absence of aluminium, root
and shoot growth of alfalfa wers not affected by a
low pi of 4,5. Increising aluminium concentration
in the s2il solution from O to 0,2 mM caused a reducs
tisn in root and shsst goowth at the same pH.
Suthipradit snd Alva (1986) found that neither germi-
nation percent nor’?adicle length vere influenced by

varying aluminiua concentrations in soyheans,

Effect of iiming on aluminium content of soil

Usze of lime as an eseliorant for reducing
aluminiua toxicity and reclumation of acid solls has
been reported by Blair end Prince (1923), Coleman et al,
(1953), Abruna et al. (1964), Foy and Brown (196%),

Reid et al; (1969), Helyar and Anderson (1974), Sariain
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and Kamprath (1975), Awad et al, (1976), Cogvani et al,
(1976), Horsnell (1985) and several others.

Evans and Kemprath (1970) showed that small
increments of lige resulted in relatively rapid

decrease ih 59511 solution alumintiun,

Reeve and Sumner (1970) and Reid et al. (1971)
have reported growth reaponmse to lime upto the point
of elimination of exchangeable aluminium efter which

a significent reductisn in yield. ogcurred,

Kabeerathumsa and Nair (1973) end Abraham
(1984) have reported a raduction in exchangeable
aluminium and hydrogen content of the acld soils of
Kerala as a result of liaing. |

Pearson (1975) based on hia studies on soil
acidity and liming in the humid troplcs raported that
corn yields may be increased by 1lialng when the soil
pH i8 below 5,0 or when the aluminiﬁ; saturation

exceeds 15 percent,

1

Hartini et al. (1977) have sugzested thit



liming to bring s2il pH £rom 4.8 €9 5.7 80 as €2
reduce exchsngeable aluminium to 1.5 me/10D g was
& more valid means of increasing yield thdn raising

the pH to neutrality.

Cochrane et al. {1930) recoczendod the use of
zinisus amount of liee in acid s51ls 22 as to decrease
the aluninium saturation to lsvels that do not effect

the ecanon} of orop productisn,.

Bache and Crooke (1931} concluded that exchane
geable and soluble aluminium in acid soils vere reduced.

by 1liming.

According to Hargrove and Thomas {1981), lime
applicatloé increazed plant yleld by noutralizing
alunintum toxicity rather than by incressing solution

phosphorus

Haynes snd Ludecke (19815 found out 8 negative
but linear?relationship between exchanzeable calcium
and alusinium, Jones et al, (1982) obmerved that
eventhough: thers wes no significant effect in increas~

ing the y1é1a. liae decreased the exchangeable 2luminium



from 0.12 t2 0,07 @e/100 g,

Mukhopadhyay et al. (1934} have suggested that
increasing the rate of application of Caﬁo3 decressed

axchangeabia eluminium c¢ontent of soils,

Recently Curtin and Smillie (1936) have reported
that s0il concentrations of free Al can be decreased

by lizing,

Limes requirement of acid solls in ralation %o con-
traliing of aluminiua toxicity

Clark and Nichol (1966) have explained the
necessity of considering pil and solubllity of alumi=
nium while estimating lime requirement of organic
soils. Concentration of aluminium on which lime

requirement is based depend on pH, clsy {(type and

amount ) and organic wustter present,

Evans end Kamprath {1970) reclated soil 301U
tion aluminium to the percentage aluminiua saturation
of the effective CEC in nineral soils, but 1t was
more related to the amount of exchangeable aluminium



in organic soils. They reported that lime response
iz related to percentage aluminium saturation, solu-

tion aluninium end organic matter content,

Ekpete (1972) found thet 1lime requirenent is
influenced by pH, exchangeable aluminiumn, 501l orgzanic
matter, clay content, but the buffer capacity of the
Boiles was greatly influenced by soil organlc matter,

Oates end Kamprath (1983) have shown that the
agount of aluminium removed from the exchange sites
depend on the nature of exchenging cetion and the pil
of the extracting solution.

Halder and Mendal (1935) have shown that lime
requirenent is negatively correlated with pH and posie
tively correlated with exchange acldity, extractable
acldity, and exchangeable aluﬁinlun. Line requirement
vas found +0 be strongly influenced by the combined
effect of all these parameters,

Pal end Mandal (198%) reported that liwe
requirement was significantly correlated with exchange,

residual and total acidity and exchanzeable aluvainium,
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According to Gillman and Suapler (1936) llme
ruquiremaﬁt depend on CEC, exchengeablc aluminiua,
type of aoil, base saturation, organic matterhcantent,

pt ete,

Khanna et al. (1986) shoved thet when exchange
sitos are nccupiedlby aluminivm and asssciated with
high organic matter, unbuffered salt sslutions extra;tad
wore aluminium than could be assaciated with exchanze
sites, whfch will over eatimale the lise requireazent

valuea,

Exchangeable alusiniug as o criterion for lime
‘reguirssent

Pavar and Marshal (1934) considered exchane
geable aluninium as the criterion ot-sail acidity

rather than hydrogen ion concesntration,

Mc Lean et al. (1964) concluded thet exchanze
acldity 1z a poor index for lime requirement end thot
the amount of soluble aluminium was nst closely

roleted to base unsaturation or pH,
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Kaﬁprath-(???O) has proposed lime appliecation
based on axchzngesble aluminium to be é realistic
approach for leached mineral soila, He found that
1ime rate% eduivnlent to the amount of exchangeable
alumlnium;reduced the aluminium saturation of the
effbctive?EEC to {30 percent, Lige ratos great?r
- than thiai?qutvalent?amaunt resulted in neutralization
of nonsexéhangeabla acidity ang is generally unecané-

mical,

Sigc. the principal function of 1iime in en
acld 5311215 to elininate aluminium toxicity, Reeve
snd Sumner {(1970) considered exchangeable aluminium
status as 2a more suitable criterion fo the gefcures
ment of lime requirenent. The amount of lime thus
caleuleted was only approximstely 1/6th of the amount
required to raise the soil pH to 6.5,

Hoyt and Nyborg (4971) have suggested that
extrﬁctabxé elusinium could be a valuable supplement
to s0il pﬂ,in assessing the need for lice application

or for growing aluminfum tolerant varieties,



Agedee and Peech (1976) have painted sut that
line rtquirement baged on exchangeable aluminium
csncentraéian was less than the estinate of liwme

based on the neutralization velue,

Sarichez (1975) considered soll acidiiy as o
poorly defined parageter and recoamended that percene
tage sluminiunm seturation of the effective CEC should

be taken as 2 useful measure of solil scidity.

Hartini et al. (1377) have suggested liaming
rates to bring 301l pH from 4.8 to 5.7 and $o reduce
exchangesble aluminium to 1.5 me/100 g soil as a more
valid seans of increasing yield than the reising of
5011 pit to neutrality.

Mendez and Kamprath (1978) have demonstrated
that liming rates equivalent to 1.5 times of the
exchangeable aluxinium content of & 20il can neutra-
lize wmost of the exchangeable aluminium and adjust
the pil aaﬁisfﬁctarily for plant grawth. Such liaing
rates were¢ considerably lesser than thuse required
to raise the pH to 7.0.



aadhrana et al, (1530) have praposed the use
of miniuuq amount of lime on acid s2L1l3 35 as o
decreage ihe percantage aluminium saturation to
levels that do not affect production and cogpensate

erop alualnium talerance.

Farine et al. (1930) have concluded that
becauae o! considerable variation in the optimum pi
rtguirements of the different soils, pl proved to boe
a poor naqsure of lime requirement. Dut both highly
ueathered ‘and less weathersd 8oils behaved similerly

when nsseésod on the basis of aluzinium saturation.

Seigura et al. (19380) conducted experiments on
exchango dcidity and_alumlnlum toxicity potential and
showed th;t exchange aclidity was a useful realistic
measure of aluninium toxicity potential, Ianrique
(1986) haé found that a pH value <4.,0 in 1 1 KCL
should 1nd1cate an alumlniua saturation leass thean

15 percent.
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MATERIALS AND METHODS

The present study entitled "Exchangeable
aluninium as an index of liming for the acidic upland
soils of Kerala" was carried out by stwdying the
pattern of distribution of water soluble snd exchane
geable aluminium in the acldic upland sails of Kerala,
and by comparing the rasponse of two acld sensitive
crags to levels of lize as deterained by conventisnal
methods and that required to lower the percentage of
aluminium saturation (PA3) of soils to levels below
the tolerance limit for most craps.

The study included the collection snd analysis
of aeldic ﬁpland 3011ls and conduct of a pot culture
experimsnt to compare the effectiveness of levels o2
lime dased on conventional lime requirement methods
and that based on percentage of aluminium saturation

values of $0ila.

Collegtianior 5211 samples,

A total nusber of 30 soil samples representing
the £ive néjor acld s2il types of Kerala ware collected,



They included the laterite, alluvial, red loaa, sandy
and torelt! 2oils. The typss of s2il and the location
from which they were collected ere given in Table 1,

Table 1 Details of soil semples ¢ollected

31, Total number

HNo. Boil types Location of samples in
each type
1 2 3 .4
-1 Laterite Aachal
2 . Kellayam
3 " Kulathupuzha
4 " Neyyattinkara
. " Ottasekharacan-
‘ galam
6 " Palode
7 " Punelur
8 " Thalevoor
9 n Uzhamelakkal
10 v Vellarads
11 " Veabayam
12 ‘ " Vithura

13 u ~ Pennukkara




Table 1 {contd.)
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1 2 3 4

14 Laierite Chenganmmoor

15 o Kadakkamon 20

16 " Pathanapuras

17 . " Varkala (3 sagples)
{(17~19)

22 n foojeppura

21 Alluvial Karumady

22 n ‘Edatitwa (7 saaples)
(22=28) '

29 " Thalavadi
(5 saaples)
(29-33)

34 w Heerettupuram

35 " Kalangera

A6 Red loanm Vizhinjun
(S samples)
(36-40) |

41 u Thelkkerkonam

42 n Kattappuram

43 L Huiloor (7 samples)
(43-49)

50 n Kadakulan
{2 zaaples) 25

(50=51)




Table 1 (contd.)

1 2 3 4

52 Red loam Azhekulam (2 sauples)
(52=53)

54 " HMuttekadu (2 samples)

56 " Panangadu

57 " Venganaor (3 samples)
(57-59)

60 n Kalliyoor -

61 Sendy Karuvatta

62 9 Karuaedy

63 w Thiruvizha

sa.' 0 Shertallay

65 " Pattanakad 5

66 Forest soll Anchal (5 samples)
(66«70)

71 b Arippa (2 samples)
(71=72)

75 " Pottassvu (2 samples)
(73=Th)

75 n ~ Onnamkurukiu 15
{2 somples)

(75-76)
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" Table 1 (esntd )

1 - 3 A

77 Faresﬁ s9ll Sastanada

78 a Valiyathodu~Thavarna
79 " Santhimathi Estate
80 . HMuthoot Estate

Collection of acil samples,

Soil samples were collected from a depth of 6V
after asking a "V® ghaped cut with a sharp spade, The
fresh soil was packed in pslythens bags, labslled and
transported to the laboratory. In the lebaratory
these sawplies were dried in shnde, powdered with &
wosden aallet and sieved through 2 am sieve. The
sieved soil samples were stored in air tight conteiners

after proper labelling.

Analysis of the =51} semples

The cheaical analysis of these ssmples was
carried 2ut by the methods described,
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From the ébave datas, parcentage base saturation ggd
percentage aluminium seturation were computed as

Lollous,

Percentege base = Exchangeable X + Exchangeable (& +

asturation (PB3) Exchangeable Mg X 100
CEC

Percentoge aluminium =~ Exchangeable sluminium % 100

saturation (PAS) CEC

Pot_culturas experiment.

Fra? the 80 samples of acldic upland soils
stuﬂied.'o?e 30il contalning the maximum anount of
exchangeabﬁe aluminium and the highest percentagze
aluminium ;aturation was selected fof the conduct of - -
thn.pﬁt culture study, This sample was located at
Verbayam in Trivandrug district, from where bulk
samples we?n collected and brought to the laboratory, .
The ®0il was dried in the shade, the larger clods were
broken and £illed in earthenware pots of 13 om dige
uiﬁer. The data on the physico-chemicsl analyais of
the soil uéed in the pot -culture expeprinmsnt are given
in Table 2, |

i
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Table 2 Physico-chemical characteristios of the
80il used in the pot culture experiment

Location - : Vembayam
Laterite

Type

pH in wateér (1:2.5 soll water suspension)

pH in 0.01 M CeCl, (1:2,5 soil soluticn)

EC (v mhis/cn)

Total nitébgen ()

Total phasphorus (%)

Total potassiua (%)

Avajilable nitrogen (kgz/ha)
Available 5hasphorua (kg/ha)
Available ‘potassium (kg/ha)

Lime requirement (t/ha)

Organic carbon (%)

Exchangeable aluminium {me/100 g)
Water soluble aluminium (ppm)
Exchangeable hydrogen (me/100 g)

Exchangeaﬁle baces (@e/100 g)
(Cas+Mg+K)

Catlon Exchange Capacity (me/100 g)
Percent aluminium saturation

Percent base saturation

__"' 4.2 N

= 348
= 0,2
- 0095
- 0,043
- 0,116
= 183.4
= 9.0
- 19,2
= 77
- 099
- 2,43
- 23.4
- 0,47
- 1,982

- 5.3 .
- 456,79
- 37.39
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Determination of lime required to reduce pesrcentage
aluminiggusaturation to different levels,

‘I
i

The amount of lime required to reduce the
parcentagé aluminium saturation of the soil to
differehtilevels wvas deterained by mixing 200 g of the
mqiatanedfsoil with 10, 25, 50, 109, 150 and 200 mg
of lige, ieeping overnight, and then estinating the
content of excnangeable aluminium and exchangeable
hydrogen 1n the treated samples by titration method
after ext?acting with N XC1 {Yuan, 1959). The results

obtained %re given in Table 3,

Tabls > Changea in psrcentage aluminium saturation
with different levels of lige

Treat- Guantity Total Exche A1°* Exch. HY

ment

of lime acidity wme/100g me/id0 g T[ASH
applied me/100 g ' ‘

il €
9 2 3 4 - 5 6
1 o 2,94 2.45 0449 46426
2 10 2.63 2.20 0.48 41455
3 25 . 2,47 1,98 0449 37473
4 50 1.73 1.25 0448 23,65
5 100 1435 0.89 0,46 16470
6 150 0490 0.44 0,46 1,36
7

200  0.45 - 0.lS -
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Based on these results, the 4th treatment (50 mg of
1ime/200 g s0il) which worked out to 500 kg/ha was
selected as the lime required for reducing percen-
tage aluminium saturation to < 30 and the 3rd treate
ment (25 mg of 1lime/200 g s9il) which worked out to
250 kg/ha‘were_selected-as lime required tg reduce

percentage aluninium saturation to < 40.

Lime reguirement based on conventional methad, .

Lime requirecent by this methsd was determined
according to the SMP buffer method using the glass
electrade of Perkin Elmer pH meter., Ten grams of
5011 was mixed with 25 ml of buffer solution having
a pH of 7.5 and sheken continususly for 10 minutea.l
The pH of the suspension was lmmediately read using
the glass electrade, From the table given by
Shoemaker et al. (1961) the amount of lime required
to bring the soil %o an indicated pH of 6.4 was |
deterained. This was found to be 7.7 t/ha.

Experiment ¥,

Reaponse of Cowpea to different levels of exchanzeabla

aluminium,
Layout of the experiment

Experimental design : CRD



Fouv levels of lime treatment were glven as follouwn
1 T1 No lime contral

2 T2 1lime based on
conventional line 7.7 t/ha
requirerent methods

3 T3 lige t2 reduce 500 kg/ha
PAS to £ 30

4 T, 1ime to reduce 250 kg/ha
' PAS to £ 40

Number of replications - Four

Hy P and K fertilizers at 20:30:10 kg of the
respective nutrient/ha were uniformly applied to all
the pots as urea (461 N), supsrphosphate (163 P205)
and muriate of potaﬁh (60% Kao) as prescribed in the
package of practice recommendations of ths KAU (Anon.,
1984) for cowpea, |

Earther ‘pots aof 13 c¢a dianeter'worg £1lled
each with 10 kg of the soil type selected for this
- study and mixed with fully bﬁrned lime (Ca0) as per
the treatment schedule, The required doses of ferti-
lizers-were appllied and thorsughly mixed with the soil
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after two days,

S0il samples were collecfed from a depth of
three inches from each pot and analysed for pi,
exchangeable i, Al, Fe, Ca, Mg and K., P58 and PBS
were computed from the dats by the methods described
earlier after the applicetion of lige {SOQ) as well as
after fertilizer application (SO).-

Sowing of seeds.

Seeds of cowpea Var, Krishnamsny were sown
at the rate of six seeds por pot. After complete
germination and establishment, thinning was done to
maintein three seedlings in each pot. The plents
wefe irrigated every day, There was no serious
attack of pests and diseases in the initial growth
phase, but afier flowering, aphid attack was a major
problea, Roger (0.03 percent) was sprayed for the
contral of aphids.

Biometric observations,

Biometric observations of the plants were

recorded at three stages of growth viz, maximum



flowvering (81), atd pod £illing (SE) and grain stage {85)
ie. at harvest. Individual plants from eéach pot were
pulled out carefully at each of the above stages and

the following characters were determined,
Height of the plant.

Height of the plant was measured from the base
of the stem to the tip of the yosungest leaves using o

metre gscale and expreased in centimetres.

Roost length.

Length of the root was measured in centimetrcs,
from the base of the stem to the tip of the longest

root,

Bodule count.

. The roots of the uprooted plants were washed
carefully in rumning water and all‘the 8041 particles
aedhering to the rost system were reamoved using a jot
of water. The root nodules weres separated by a pair‘
of forceps and classified into three groups based on
the visual obaervation-or their slze, The number of

small, medium and large sized nodules was recorded.
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Fresh welight.

Fresh weight of plants was recorded and exprossod

in grams.

Dry weight.

The plents ﬁere dried in the shede and then
dried in an air oven at 80 + 5°C until constant

welight was obtained, The weight in gram was recorded,

Yield

Dried pods were collacted potwise, as and
when naturéd ard kept in labelled pzper packets.
The total weight of the air dried pods from each Lot
was recorded. These pods were later separated into
grain and husk and their separate welghts were also

recorded.

Plant analysis

The different plant parts viz, tope, roots,
grain and husk collected at the three stages of the
Plent were dried in an air oven at 29 + 3°C, powdered

and analysed for total N, P, K, Ca, Mg, Fe, Al, Zn
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and Cu In sulphuric acid extract as described by
Jackson (1973). -

Soll analgsis

Soll samples collected at the three stages

" from a depth of three inches were analyzed for varlous
‘factars such as pH exchangeable Al, H, Ca, Mg and X
by methods described earller. PAS and PES were

computed from the data,

Regponse of fadder maize to differant levels of .
exchangeable aluginium

The léyout of the experiment and different
treatments of lime were the same as in the previous

experinent,

Fertilizers were appliéd as per the package of
practice recommendations of the XAU {Anon,, 1984) for
fodder maize at the rate of 120:60:40 Ka/ha of N, P,
and K, The fertilizers were applied eg urea (863 1Y,
| superphosphate (163 9205) end muriate of potash {GJ:
Ky9)e
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Raising of the crop

Mediun siécd earthen pots (13 ¢a diemeter)
were filled with 10 kg of the s0ll aelected and the
calculated quantity of lime was incorporated into
the soll. The fertilizers wers applied after ‘two
days,

S0il samples were collected £rom o depth of
three inches froa each pot after the application of
lige (300) as well as after the application of fertie
1izers (So), and analysed for phH, exchangeable Al, fe,
H, Ca, Mg and K by the methods described earlier. ©iS
and FBS were computed from the data as described

earlier,
Sowing of seeds,

Three malze seeds of variety Conga5 wepe
8o¥n in a triangular ganner in each pot. After
complete germination of geeds, thinning vas done
at four leaf stage to maintain a single healthy plant

in each pot.
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Biometric observations

The following bicmetric observations were mado
at 30 (S,), 65 (sa) and 90 (83) days after soving,

Heizht of thc plant

Helght of the plant was measured fraa the baso
of the plent t5 the tip of the youngest fully openad
leaf after 30 and 695 days and froa the base of the
plant to the tip of the tassel at 90th day and recorded

in centimetres,
Root length

Length of the root vas ueasured from the base
of the stem to the t1p of longest root and expressed

in cm.

Fresh weight of tops and roots

L

At fodder harvest stage, each piant was pulled
out with utaost care and washed carefully in running
water.s Soil particles adhering to th> roots were
removed with the help of a jet of water, The plants
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vers separated into roots and tops which were welghed

separately.
Dry welght of tops end roots

Separated root and top samples were firs: air
dried and then oven dried in an air oven at &0 & 5°C
t1ll constant welght was obtained, The dry weight

of tops and roots were recorded,

Chemical analysis of plents

Oven dried top and root samples were powdered
separately and analysed for N, P, K, Ca, Mg, Fe, Al,
B¢, Zn and Cu in sulphuric acld extract (Jackson, 1973).

Soil analysis

So11 scmples collected at the three stages
were analysed for vorious factors such as pil, exchane
geable Al, H, Ca, Mg and K by methods described

earlier,

Statistical analysis,

The data obtalned from the different estimates
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of laboratory and pot culture studies were analysed
by appropriate statistical methods to bring out the
camparatlvé effect of different treatments on plant
characters as well as the relationship between levels
of exchangeable aluninium and growth, yleld and‘

nutrient uptake in cowpea and maize,



RESULTS



RESULTS

The results of chemical analysis of 60 soil
samples representing the five mejor soil types of

Kerala are given in Table 4,

The mean valus for pH in water recorded a
ninimum of 4.2 in the laterite soil of Vembayas and
in the alluvial soil collected from Kalangara., Maximum
pH of 7.9 was shown by the red loam solil collected
from Thekkerkonam, Thn pH of all the soils showed
a reduction of Q.2 to 2,9 units vhen taken in

D01 M CaClz.

Lise requirement values alszo showed wide
varistion among the soils. The value for lime
requirement was minimum in the sandy 80il of Thiruvizha
and some red loam 89oils of Vizhinjuz area, The lime
requirement value was maximum (7.7 t/ha) in the late-
rite 301l of Vembayam which has recorded the lovest
value for pH also, HMoat of the solls collccteé from
Vizhinjun and nearby areas had a neutral reactisn and

were devold of any exchangeable aluminium,



Table 4 Chemical analysis of S0il Samples

Total Exchange- Exchange- Percentaga Water CEC
N« ng) o.mﬁHCauz e /ha B pepcent  me/i00 o med00 g mesioo s P55 pem o g hydobeon  alumtnium A inton (/100 g)
{ma/100 g) (ma/100 q) (PAS) P
1 2 3 4 5 6 7 g 9 10 11 12 13 14 15 16 17
1 5.0 4.3 4.7 0.05 0.30 0.14 0.99 0.81 60,13 1 1.47 0.50 G.97 30.30 a 3.2
2 5.3 4.5 2.7 0.08 Q.18 0.18 1.11 0.97 75.12 5 .0.58 0.38 - - trace 3.8
3 5.6 4.5 3.7 0.08 1.11 0.23 1.75 0.85 T4.24 1 0.49 0,01 0.49 12,76 3 3.3
4 5.8 4.7 2.2 0.04 0.15 0.19 0.83 0.67 75.21 2 0.49 0.49 - - trace 2.4
5 5.2 4.0 5.7 0.03 0.36 0.20 0.83 0.78 51.65 1 1.47 0,22 1.26 35.85 11 3.5
6 5.2 4.0 5.2 0.03 0.27 ¢.08 0.58 0.25 45,35 1 1,47 0.99 0.49 24.25 3 2.0
7 5.1 3.9 57 . 0.04 0.51 0.45 0.91 0.82 64.15 9 1.47 0.50 0.97 28.53 5 3.4
8 5.8 4.8 3.7 0.23 0.69 0.14 0.72 0.80 44.62 13 0.49 0.01 0.49 13.11 4 3.7
9, 5.0 4.1 4.7 Q.06 0.30 0.12 0.84 0.77 57.50 16 1.47 0.57 0.90 39.13 & 2.3
10 5.9 4.5 2.2 0.09 Q.36 0.18 0.86 1.02 64.13 14 0.49 0,49 - - trace 3.3
11 4.2 3.2 7.7 0.02 0.36 0.55 0.35 1,08 37.39 13 2.94 0.47 2.48 46,70 28.4 5.3
12 6.9 4.0 - 0.03 9,2l; . - 0.17 0.86 0.32 53.64 14 0.49 0.49 - - trace ‘2.5
13 5.6 4.3 4.2 005 77 0.66 0.31 0.75 0.85 40.60 14 0.58 0.50 0.49 10.32 ] 4.7
14 5.6 4.2 4.7 0.03 0.09 0,33 1.67 0.54 51.83 11 0.93 0,50 0.49 9,50 ) 4.9
15 5.0 4,0 7e2 0.03 1,02 0.14 0.86 0.56 56,96 13 1.47 0.52 0.%6 31.83 9 3.0
16 5,6 4.0 5.7 0.03 1.11 0.20 0.33 0.73 40,83 14 1.47 0.50 0.97 31.29 10 3.1
17 5.3 3.9 3.7 0.06 0.03 0.17 1.79 0.36 59,31 14 1.47 0.52 0.96 22.74 4 4.2
14 5.9 4.6 1.7 0.08 0.06 0.18 2.06 0,95 65.04 15 0.49 0.49 - - trace 4.9
19 5.5 4.2 2.2 0.05 0.27 0.19 1.91 0.58 55.13 5 0,98 0.53 0.46 10,11 S 4.5
20 6.8 5.4 - 0.12 0.33 0.156 2.40 1.37 63,37 44 0.49 0.49 - - trace 6.2
21 S.4 4.8 2.2 0.14 0.57 0.21 1.09 0.83 41.82 28 1.79 0.57 1.22 23.92 12 5.1
22 5.4 4.5 2.7 0.05 0.48 0.19 1.80 0.88 $0.38 26 1.79 0.57 1,22 23.02 11 5.3
23 5.3 4.2 3.7 0.04 0.27 0.16 1,64 1.40 61.48 25 . 0.45 0.45 - L trace 5.2
24 S.1 4.3 3.2 0.08 0.33 0,21 1.85 1.12 55,79 22 1.30 0.82 ~0.48 8.40 4 5.7
25 4.7 "4.2 .2 0.06 0.45 0.21 1.82 1,28 56,81 31 0.90 0.42 0.48 8.25 5 5.8
26 5.0 4.0 .2 0.16 Q.45 0.20 1.80 1.67 69.04 23 0.98 0.50 0.49 9,15 3 5.3
27 - 5.2 3.9 7 0.03 0.12 0.19 1.81 1.63 65.85 23 0.58 0.50 0.49 8.82 4 5.5
oA

1



Table 4 (Contd..)
} —

1 2 3 4 5 6 7 2] 9 10 11 12 13 14 15 le 17
28 5.6 4.5 2.2 0.04 0.24 0.22 1,68 2.79 75.61 17 0.49 0.49 - - trace 6.2
29 5.5 4.0 5.2 0.05 0.33 0.20 1.20 1,38 52.51 22 0.49 0.14 0.31 5.79 2 5.3
30 5.5 5.0 2,7 0.1t 1.11 0.21 2.45 2.64 72.56 25 0.90 0.28 0.61 a.39 5 Tad
31 5.4 4.7 4.7 0.27 0.84 0.20 2.24 1.93 67.15 40 0.45 0.44 0.01 - trace 6.5
32 5.5 4.7 4.7 0.22 0.75 0.22 2.24 1.77 66,94 30 0.45 0.43 0.02 - trace 6.3
a3 5.5 4.6 4.7 0.26 0.90 0.24 1,52 1,58 65.37 30 0.%8 0.50 0.49 8.51 5 5.7
34 4.5 4.3 6.7 0.04 1.11 0.22 l.19 1.91 55,23 27 Q.90 0.47 0.43 L. _T.17 3 6.0
35 4.2 3.7 5.7 0.18 0.95 0.23 i.i? 0.88 35.61 26 2.94 0.468 . ,2.46 3a.40 24 5.4
36 6.3 4.9 1.2 Q.03 0.99 0.14 2.87 1.57 76.17 17 0.45 0,45 - - trace 6.0
37 6.6 5.0 - 0.04 0.90 0.16 2.49 1.08 60,97 17 0.45 0.45 - - " 6.1
3B 6.1 S.1 - 0.04 0.30 0.17 2,73 0.98 61.59 19 0.45 0.45 - - " 6.3
39 6.1 4.8 1,7 Q.07 1.02 0,18 2.01 1.58 61.72 16 0.45 0.45 - - » 6.1
40 7.0 5.2 - 0.15 0.99 0,14 2.73 1,62 72.23 15 0.90 0.66 G.24 3.87 1 - ba2
41 7.9 5.3 - 0,10 0.87 0.23 1.25 1,87 52,31 20 0.45 0.45 - - - 6.4
42 5.9 5.7 1.2 0.15 0.48 0,12 1.43 1.88 57.70 16 0.45 0.45 - - - 6.5
43 6.1 5.2 - 0.03 0.63 0.10 2.00 1,47 72.69 19 0.49 0.49 - - trace 4.9
44 6.0 5.0 - 0.02 0.45 0.06 1.89 1.48 71.27 16 0.49 0.49 - - trace 4.8
45 6.7 5.6 - 0.086 0.66 0.12 1,90 1.96 82.93 2 0.49 0.49 - - v 4.0
46 7.4 5.7 - 0,02 0,90 0,09 1.61 1.50 67.98 2 0.49 0.49 - - " 4.7
47 6.5 5.4 - 0.02 0,57 0.09 1.97 1.77 76.38 2 0.49 0.49 - - » 5.0
48 7.6 5,9 - 0.13 0,99 0,08 1.76 1.27 70.66 2 0.49 0.49 - - " 4.4
49 7.0 6,0 - 0.09 0.57 0.12 2.30 2,10 79.19 2 0.49 0.49 - - " 5.7
50 6.6 5.1 - 0.15 1.08 0.08 1.77 2.19 B2.41 17 0.495 0.49 - - - 4,9
51 7.1 5.5 - 0.03 0.54 0.07 1.93 1.57 71.28 2 Q.49 0.49 - - " 5.0
52 7.2 5.9 - 0.09 0.90 0.20 2,15 1.80 76.85 1 0.49 . 0.49 - - " 5.4
53 6.5 5.9 - 0.09 0.87 0.34 1.&8 1.78 76.57 1l 0.49 0.49 - - " 4.7
54 5.7 5.9 - 0.09 0.90 0.11 1.69 1.78. 72,92 2 0.49 0.49 - - " 4.9

N

B
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Table 4 (Contd...)

1 2 3 4 5 6 . 7 8 9 10
55 6.1 4.9 - 0.07 1.14 0.10 1.27 0.80 80.19
56 6.5 4.2 - 0.04 0.93 0.97 1.67 0.84 77.44
57 5.5 5,0 1.2 0.03 0.60 0,05 0.99 1.13 74.79
58 5,5 4.1 2,2 0.04 0.48 0.05 2.00 1.40 75.20

. 59 5.8 4.2 1.2 0.04 0.66 0,07 1.19 1.25 73.74
. 60 5.1 4.1 2.2 0.07 0.39 0.11 1.60 0.27 70.43
61 5.2 4.0 3.7 0.04 0.54 0.05 0.71 1.11 66,57
;62 6.0 3.8 2.2 0.08 1.11 0.03 1.26 0.92 58.03
63 6.5 5.2 1.2 0.09 0.84 0.05 0.89 0.27 42.96
64 5.6 4.4 2.2 0.05 0.39 0.07 0.23 0.76 55,53

. 65 5.5 4. 3.7 0.04 0.45 0.06 0.25 0.69 66.20
. 66 5.1 4.0 5.2 0.03 2.43 0.05 0.92 0.43 £6.00
.67 5.5 4.1 4.7 0.04 2.46 0.07 1.00 0.49 67.67
. 68 5.6 4.3 3.7 0.04 2.01 0.09 1.24 0.40 59,66,
69 5.8 §.5 4.7 0.05 2,19 0,10 0.82 0.58 60,04

., 70 4,9 4.0 5.2 0.02 2.43 0.03 0.85 0.54 59.04
. 5.1 4.1 5.2 0.02 0.45 0.22 1.03 0.46 42.75
, 72 5.2 1.8 4.7 0.01 1.17 0.12 1.55 0.99 45.55
73 5.0 6.0 5.2 0.01 0,62 0.15 1.21 0.66 46467
% 6.4 4,0 - 0.09 0.63 0.40 1.82 0.41 54.79
415 5.6 4.8 3.7 0.0Y 1.62 0.51 1.69 0.88 54.0%
“76 4.8 4.l 3.2 0.01 0.90 0.25 1.46 0.32 41.43
17 i.9 4.2 3.7 0.02 0.48 0.05 0.99 0.02 42,40
78 4.5 4.0 3.7 0.01 1.23 0.16 1.35 0.46 37.16
79 5.4 4.l 1.7 +0.04 1.67 0.32 1.57 0.26 50.00
6.1 4.7 - 0.08 2424 0.78 1.16 0.95 59,75




1 12 13 14 15 16 17
6 0.49 0.49 - - trace 2.7
2 0.49 0.49 - - - 4.5
1 0.49 0.49 - - u 2.5
2 0.49 0.49 - - - 3.2
2 0.49 0.49 - - " 3.4
1 0.98 0.50 0.25 '8.85 2 2.3
1 0.98 0.50 0.25 8.85 2 2.8

15 0,98 0.98 - - trace 3.8
1 0.49 0.49 - - - 2.8
9 0.49 0.49 - - = 1,8

10 0.49 0.49 - - " 1.5
5 1.47 0.99 0.49 23.09 4 2.1
1 1.47 0.99 0.49 21,08 5 2.3~
4 0.98 0.50 0.49 16,72 3 2.9
5 1.47 0.99 0.49 19.40 1 2.5
3 1.95 0.98 0.77 32.17 3 2.4 -
1 2.45 0.51 1.49 37.12 3 4.0
3 1.47 0.99 0.49 25.60 1 5.8
1 2.94 1,00 0.97 23.10 4 4.2
0 1,47 0.50 0.97 20.20 1 4.8°
1 1.49 0.49 1.00 17.59 1 5.7
) 1.47 0.50 0.97 19.30 2 4.9
1 0.98 0.50 0.49 19.40 3 2.5
3 2,45 0.57 1.94 36.60 4 5.3
1 1.96 0.48 0.49 11.28 4 4.3
4 0.98 0.09 0,90 22.25 6 4.0

£S



The maximum value for exchangeable aluminiun
was recorded in the laterite soil of Veombayam
(2.48 me/100 g) which has incidentally recorded the

lowest pH value of 4,2,

Y

The percentage aluninlum saturation was highest
in the laterite soil of Vembayam while this value was
almost negligible in red loam soils., The status of
bases 1like K, Ca & Mg was moderately high in various
s80ils and the percentaze basa saturation of soils
ranged froa 35,671 in alluvial soil collected frox

Kalangara to 82.93 in red-lsam soils of Mulloor area,

Sandy solls of Pattanakad recorded the lowest
value for cation exchange capacity (1.5 me/100 g) and
the highest value of 6.4 me/100 g was obtained in an

alluvial s2il1 of Kalangara,

Experiment I,

BPat culture Studies with cowpea

Influence of different levels of lime on soil
properties

Soill reaction

The mean valuos of pH of the 53ils in the



809

different pots treated with lime at different stages
of growth of cowpea 1a presented in Table 5 and the

analyais of variance in appendix 1(a).

Application of different levels of lime &s per
the treatments hes resulted in a significant shift in
pH £rom 4.4 €2 6,2 compared ﬁo the value of 4.1 in the
contrsl. Rise inipﬂ vas meximum in T, where 7.7 t/ha
of lime was applied, and nminimum in T“ where only
250 kg/ha of lime was applied, T4 receiving 500 kg/ha
recorded a pH of 4,7.

After the application of fertilizers a rise
in pli was Sbserved in all the treatments where it
renged £rom 4.6 in control €90 6.3 in Toe T2 recorded
a significanily higher pH than T3, T& and Tqe

At maximun flowering stage of cowpea,all the
treatments shoved an increase in pH ranging from 4.8
in control to 6.3 in T,s which was significantly
superlor to the other treatments. At the mid pod
filling stage of cowpea, pH was higher than that ai

the maximum flowering stege and it ranged from 5.0 in



Table 5

soil reaction (pH)

Influence of different levels of lime on
Soil properties (Crop-cowpea)

"
~

Trestments  Sog S, 5 5, S,
T, 642 643 643 6.4 a3
TB 4'7 4.9 5.7 5:‘;9 5.2
T4 4.4 : 4.7 B2 5-3 4.9
CD 0111 0.16 0023 0029 0031

Total acidity (we/100 g soil)

Treatments S, Ss = Sq Sq
T1 2.94 2,33 1.47 0.4%9 0.98
TB ' 0.49 0.40 0.28 0.16 0.22
T3 1,73 0.98 0.55 0,31 0.49

0.2% 0.19 0.10 0,11 D.11




Table 5 (contd.)

Exchangeable aluminium (me/100 g soil)

Treatment Sqo SQ_. 5 ?2 83
Ty 2.45 1.86  0.74  0.30 0+50
T, 0.09 - 0.05 0.03 0.01 10.01

Ty 1.26 0.50 0.31 0.20 0.25
T, 1.98 0.98 0.62 0.25 0.50
. éD 0.22 0.19 . 0.15 0.0t 0.0

Exchangeable hydrogen (me/100 g soil)

Tréatment  S.

00 ‘59 51 2 5
Ti 0449 0047 0.73- © - 0.20 0.48
T, 0.40 0.36 0.25 0.15  0.21
Ty 0.47 0.49 0.25 . 0.11 0.25
Té 0.47 0-98 0036 0-24 0.42

cp 0.04 0.04 0.12 0.1 0.1
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Table 5 {contd,)

- Exchengeable potassiua (se/100 g a9il)

Treatuents 300 30 ‘ 51 52 33
T1 0.58 0.61 D39 0.29 Je28
Ty 0.48 D461 046 0433 Oed2
T3 046 Q.58 0.43 0.26 030
TL} 0.‘56 ’ 0061 ' 0."7 0.25 ° 0‘2&'
ch 0,10 NS NS N3 0.05

-

Exchengesble ealciun (me/100 g soll)

Treatments 809 SO 51 32 83
T1 0.31 0,40 0«95 1.1 T 87
Ta 11,35 . 845 . Te27 505& 6.6‘5
T3 0.79 . 0.73 1.37 1.35 1.24
7, 0,61 043 1,02 1.1 0.77

ch 0439 0.49 1.25 - 0.76 0,60
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Table 5 (contd,)

Exchangeable magnesiua (me/100 g)

Treatment 503 30 51 82 83
T1 1.05 093 D.63 0669 DeHD
?2 1016 1.09 3.8“4 \'.)a'%" 9.83
TE 1.09 0.95 D75 J3eTh 0.67
T& T35 098 065 0475 D62
cir NS NS D412 G 04120

Exehangeablie iron (ppm)

Treatpent Rafora After

cultivation cultivation
T1 13 Z 1
?2 5 Hil
Ty 8 <1
T& 11 <1

(M 0,937 Q0.382
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control (T4) to 6.4 in T,. At the harvest stege,
héwever, there was a slight decreasing tendency for
this value compared to the previous sfnges, pH at
this stage ranged from 4.8 in Ty t0 6.3 in Ty; T,
being significantly superior to T1, ‘1‘:,3 and Tq.

Total acidity.

_ The effect of different levels of lime on the
~estinmate of total acidity of the soil is given in
Table 5 and analysls of varience in Appendix I(b).

The total acldity ranged from the laowest
value of 0,49 me in T, to the highest value of
2,94 me in T, Application of lime at the rate of
7.7 t/he has significantly reduced the total acidity:

compared to the other treatments,

The application of fertilizers, resulted in a
further lowering of total acidity in all the treat-
ments. The lowest value 0.40 me waes recorded for T,
and the highest value 2,33 me was recorded for T1.
Iotel acldity in Té was significantly lower than

Ts’ Ta and T-‘o



| At the maximum flowering stage of cowpea,
values for the total acldity ranged from 0.28 in T,
to 1.47 me/100 g in T4 Total acldity in T, was-

significantly lower than that of T3,'T& and Tq.

The values for total acldity showed a decreasing
trend towards the mid pod £illing stage, showing a
einimun value of 0.16 ne in T, and a meximum of
0.49 me/100 g in the control and in.Tb. Total acidity
value in T, was significantly lower than that of
T3, TQ & T1.

Unlike the other stages, at the harvest stage,
the soile showed en increasing trend in the content
of acidity. It was pinimum (0.22 me) in T, and maximum
(0.98 we) in T,. Here also, T, was significantly supe-
rior to T3. Tb and Tﬁ‘

Fxchbanceable aluminium

The effect of differant levels of lime on the
exchangeabls aluminium content of the soil is given
in Teble 5 and analysis of variance in Appendix I{c).



63

lower value (0,20 me) ecompared 2 'I'4 and T1.

Exchangeable aluminium content and the coprese
ponding vaiuve for perceﬁtage aluninium saturatiosn of
the soll increased towards the harvest staoge,, Recorded
value for exchangesble aluminium at this stage ranged
from 0,07 in T, to 0.50 me in Ty and T, Exchangaabla—
aluninium content was lowest in T2 end it was signi-

ficantly lower then T3y Ty and To.
Exchengeable hydrogen.

Mean vélues for the exchangeable hydrogen
content of the soil due to treatment with different
levels of lime are given in Table 5 and analysig of

variance in Appendix I{(d).

The values for exchangéable hydrOgen'in the
8211 ranged from 0,40 in T, to 0,49 me/100 g of soil
in T,. Application of 1lime at the rate of 7.7 t/ha
significantly reduced the level of oxchangeable
hydrogen compsred to the other treatments, ﬁzfer
the application of fertilizers the value of axchﬁn-
geable hydrogen chenged from 0,36 in Ty to 0.98 ne



/

in TQ. Te recorded a significantly lower value than

At the maximum fiowering atage of cowpea all
treatments except T, showed a decrease in exchengeable
hydragen. The values for exchangeable hydrogen ﬁt
this stage ranged from J.25 in T2 and TB to 0.7 me
in T1. Treatuents TE' T5 and Ty were equally effec-
tive in reducing exchangeable hydrosgen content of the
2oll,

- The values for exchangeable hydrogen showed a |
decreasing trend towards the mid pod £illing stage,
showing & minioum vaiue of 0,11 me in TB and a maxigun
value 2.24 me in Tye The value for exchangeable
hydrogen in T3 was slgnificantly lower than that of
Tk’ but thé effectiveness of Ta and T3 were-almost
Similar in reduping the exchangeable hydrogen conteni
of the soil.

At the harvest stage, exchangeable hydrogen
showed an increasing trend. The valuecs rﬁngad from
0.21 me in T, to 0.48 me in T1. T, and Té were éigni-
ficantly superior to T1 and Th in reducing exchangeabile
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hydrogen content of the soil.
Exchangeable pdtassium

The mean values 9f exchangeable potagsium
content of the s0ils in the different treatments at
differant stages of growth of cowpea are piven in

Table 5 and analysis of varience in Appendix I(e).

Pecreased level of exchangeable aluazinium in -
8511 due to liming has resulted in a slight decrease
in the cshtent of exchangeable potassium. The valueg
ranged from 0.53 in T4 to 0,46 me in buth TB and TA‘
T1 recorded & significantly higher amount of exchan~
geable potassium then T3 and Tk'

After the application of fertilizers all the
treatments shoved en increase in the content of
exchangeable potassium. This increase in the different
treatments was not statistically significant and the
mean values for exchangeeble potassium ranged fronm

058 in TB to 0.61 me ¢n T1, T2 and T!“‘

At the maximum flowering stage of cowpsa, a

reduction in the exchangeable patassiunm content was
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noticed in all the treatments. However, it was not
statistically significant., The values ranged fron
0639 in Ty to Je47 me in Ty

The values for exchangeable potassium further
showed a reduction at the mid pod filling stage wherc
1t ranged from 025 in T, t0 0.33 me in Toe The diffe=-

rence between various treatments was not significant,

At the ﬁarveat stage, the values of exchanzeable
potassiun content was minimum and ranged from 0.24 in
Ty to 0.32 ne in Tse T, was found to contain a signi-
ficently highor amount of exchangeable potassium %han

Tpe
- Exchangeable calcium

The mean values of exchangeable calcium at
different stages of growth of cowpea in the pots
receiving different levels of lime are given in

Teble 5 and the analysis of variance in Appendix I(f).

Application of different levels of lime has
resuited in a reduction in the level of exchangeanle

aluninium in soil and a significent increase in the
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exchangeable calclum ranging from 0,31 in T4 %o
11.35 me in Tz. T2 wag found to contain a signi-
ficantly higher amount 9f exchangeable calcium

compared to treatzents T3, Tq and T1.

After the application of fertilizers, a slight
decrease in exchangeable calcium was obszerved in all
the treatments except in the control. %She values for
exchangeabie calcium range& from 9.40 in Ty to 8445 we
in T2 which maintained e significently higher level
compared to the other treatments T, T, and T,.

At the maximum flowering stage of cowpea,
exchangeable calcium showed an increasing trend in
all ths treatments except in T, where the value
decrsased & little. Exchangeable ealcium. content of
the s0il at this stage ranged from 0.95 in Ty to
?.27 me in T,

The values for exchangeable calcium varied
Irom 1.11 in T, and Ty t9 5.64 me in T, at the wid
pod f£illing stage of the crop. éxchangeable calcium
content in T, was significantly higher then that in
T, Ty and T, |
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At harvest stage, the values for exchangeable
calcium showed a marked decreagse compored to the
other two stages, in all treatrments excepnt in TZ
wvhere & slightly higher content of exchengesble
calcium was noticed., Exchangeable calcium ranged

from 0.77 in T, to 5.64 me in T, at this stage.
Exchangeable megnesium

The mean values for exchangeable magnesium
content of the 501l recelving different treatments
ara given in Table 5 and the analysis of variance in

Appendix I(g).

Exchangeable magnesium content 9f the soil’
increased with lime application and the values ranged
from 1.05 in T4 to 1.16 me in Toe This variation was,
howaver, not statistically significant,

Exchangeable magnesium content 9f the s0il
showed a decreasing trend after the application of
tertilizeré and the values ranged from D.93 in Tq

to 1.0D0 me in T2.



The values for exchangeable magnesium declined
at the maximuam flowering stage and ranged from 0.63
in T, to 0.84 me in T,, Exchangeable megnesium content
in T2 vas significantly highar than T, end Tye The
content of exchangeable magnesium at the mid pod
£illing stage ranged from 0.69 in T, t5 0.81 me in
Tye The difference between these was not stetisiie

cally significant,

At the harvest stage, exchangeable magnesius
showed a decreasing trend amd it ranged froa 0,62 in
T4 to 0.80 me in T, Exchangeable magnesium content
in T2 vas significantly higher than that in T1. T

3
and T&.

Exchangeable iron

The mean values of exchangeabls iron contemt
of soils before and after cowpea cultivation are
presented in Table 5 and the analysis of variance

in Appendix I(h).

Exchangeable iron content in the soils befure

cultivation showed a significant difference, whera
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it ranged from 5 ppm in ?2 to 13 ppa in T1. But ‘
after the cultivation the exchangeable iron csntedt
in the 85il1 decreasged drastically and it was nil in
Tz, end in the other three treatmonts, it was énly

less than 2ne ppz,
.Blsometric Observations

Th2 mean values on the vardous plent characters
of cuwpea are given in Table 6 and the analysis of

. variance in Appendix II,
Height of the plant

Influence of diffoersnt levéié of exchangeable
aluminium on plant height is given in Pig.1. No‘signi-
ficant relationship was obtained tetween the helght
of the plant and the different treatmcnts at the mexie
mum flowering stage. Bowever, the mean ﬁaight of the.
plant increased witp an increase in lime levels with
@ correspanding decrease in exchangeable aluminiua.

The treatment T, which shsyed the least amount of
exchangeable aluminium recorded the lowest height of
29.2 ca. In the other treatments the mean height of



Table 6 RBlometric shaervations

Influence of different levels of lige on the plant characters

of cowpea
Treat- Height of the fizot length Humber of nodu~ Graln Husk Totsl Bry welght
ment plant (cam) {cm) les welght weight pod
(g)ﬁ . {g)  weight
9% {g)
51 32 35 S1 32 53 81 52 53 31 52 33
Ty 27:1T 3240 33,0 T.0 8.4 10.8 2 4 2 090  3:32 125 1,03 1.47 2.35
TE 25e2 319 333 10.0 115 - 11.5 4 7 G 188 Ga73  2.35  1.03 2,20 2.95
T3 293 3409 37.4 10.5 12,0 13.3 & 5] 6 2.03 1.25  3.98 1,74 2,87 3.88
\T“ 29.0 32.0 31.0 8.5 11.4 11.4 3 3 3 080 D45 1.23 1,03 1.835 2.55
Co JE1S K3 N5 1.6 WY us Ted 208 2445 0.71  0a29 083 0,27 0.76 NS




EXCHANGEABLE -ALUMINIUM

INFLUENCE OF DIFFERENT LEVELS OF
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OF COWWPEA

ON THE TOP AND RODT LENGTH

STAGES OF GROWTH

0a%a 05,0

LY

-

n
Ptnisx‘l

L.

T
4
*
I e ~
1 A SR

A
.h..‘n A

.
L P S A S
S

AR AUV LA STR R S ST SV
ALATATLARA L \
P ARANAVLA NN A AARRAMAV A WAL

N LS TARRN AN

S AL LT

e
SAIRRMRRRR A A TV v lﬂzﬂ“

BN *

SR AN 3

AL LU Y W
I’

NEHCEEEEAALER TR TR R L LR CE RN

,:.::.,‘f
//,5/, WAVEA Y G0N AARARY M Y
AT T L T NN R RN RN
ARKLELEELLEELEEERL R ERAL LRSS

T ¥ T — T T

$ 89 8§ ¢

to
5
©

¢ wo) HLONTT dok

WL U TR W
O R R S TR R R A S
AT LT SR

o & FYL [-]

oo.u.uuonoou Fo)

oobuoobuo 3
L - ]

a0 Hoew o &

./4. )/..of.// .‘../. /. /U
A AN AN AN

AN AL AN
ALLLALTHERLEEL R R

/._/ WA WA AN
[ AL R

ASARKTLLLLLLLLRR RN

L] ] L] L L L L
% 98 ] ® - o °

Cwen) HLBNIT Looy

Ts Ts Ta
MAXIMUM FLOWERING

T

HARVEST STAGE

FOD FILLING

Mip

STAGE

STAGE



the plants ranged from 27.1 c» in T, t0 25.3 cm in T,

At the mid pod f1lling stage, the helght of the
plants varied froa 31.5 in T, to 24,93 cm in Ts. None
or‘the treatments was found to alter the height of the
plant significantly. |

At the harvest stage, the minimum heigﬁt
recorded was 31,0 ca for T, and the maximum was
37.4 ca for Toe But no significant differentcin
height was noticed betwgen the different treatments,
Plants grown in £0ils having & high exchangeable
aluzinium 2nd percentaze aluminium saturation of > 40
showed leaf curling and chlorosis which are typical
sympton of aluminium toxicity,

Root length

Influence of different lsvels of exchangeable

aluminium on root length ia given in Fig.1 and Flate 1,

An increase in the length of ronts was observed
due to e decrease in the exchangeable alupsinium contant

of the soil'by liming. But the increase in length was



PLATE.1.~ INFLUENCE OF DIFFERENT LEVELS OF EXCHANGEABLE-

ALUMINIUM ON ROOT ~GROWTH OF COWPEA.
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significant only at the maximuélflowering.atage‘aftem
which the plants in the differant treatments did not

show any appreciéble variation,

At the maximum flowering stage, the length of
roots varied from 7.0 in T, to 10.9 cm in TB‘ It wes
significantly higher‘than the length of root in trect-

ments TH and Th'

At the mid poé £illing stage, the ryot lensth-
varied froa 8.4 ca in T, to 12,0 cm in TB‘ Eventhiugin
the length of roots showed an increasing trend due o
a decreased exchangeable aluminiuam compared to the
control, the difference was not sigﬁificant and at

ﬁarvest it ranged from 10.8 in T1 to 13,3 cm in TB'
Nuzber of nodules,

A significant increase in nodule count was
obtained with the reduction of exchangeadle aluminium
content in the aoiilby liming 25 compared to the
control, At the max;nua flovwering stage, the numbor
of nodules per plant va;led from 2 in T1 to 4 in T2
and T3. T2 and T3 were significantly superior o



Hodule count at the mid pod £illing stage shoued
an 1ﬁcrease and it ronged fyom 3 in T4 to 7 in Tg.
?2 recorded a significantly higher numbher af nodules
compared to T, and T,. At the horvest stage there
was a reduction in the nuabsr of nsdules poer plant
end 1t varied from 2 in T, to 6 in Tz The nuamber of
nodules per plant in T3 was significantly higher come
pared to T1 and TQ&

Grain yield

Influence of different levels of exchangeable

aluainium on grain yield is shown in Fig.2,

The weight of grain was significantly higher
in TB' coapared to T1, T2 and Tys 1t ranged from
0.80 4in Tt’ t5 2,08 g/pot in T3.

An 1ncregsa in weight of husk was also noticed
in all the three treatments receiving lime as compared
to the control, The minimum weight of husk was noticod
in T, (0.35 g/pot) ond the maximun in Ty (1.28 g/pot)
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which was significantly higher coapared to T,, Ta
and T&'

Total drv welrht

Influence of different levels of oxchangeable
aluminiua on total dry matter production is given in

Fige3.

At the maxigun flowerding stage of cowpes,
mpximum dry weight of 1.74 g was recorded in Ty com=

parsd to other treatments T4, T, and T, which wers on
par (1,03 g/plant).

At the mid pod £illiug stage, the total dry
welsht ranged from 1.47 in T, to 2,87 g/plant in 7.
T3 recorded a aignificantly higher dry weight coapared
to T1 and T&.

The total dry welght from differsnt treatments
at harvest ranged from 3,80 in T, to 7.85 g/plent &
T3° T5 recorded the highest valua for tcotal dry weight
praductisn comparsed to T1, T2 & Tye
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Nutrient composition

The data on the nutrient composition of cowpea
at different stages of growth are presented in Table 7,
Fig.4 and analysis of variance in Appendix II{a) and

II{b).

Tops and raots,.

Nitrogen

The nitrogen content of cowpea tops showed an
increase with a decrease in exchangeable aluminiua
content at the maxisum flowering stage. It ranged
from 2,08 in T1 to 3.20 percent in TE' Hitrogen
content in TE wvas significantly higher than in T3, T&
and T1. But the nitrogen content in the root at {the
moximunm flowering stage was significantly higher in TB
when compared to T, and Tpe It was minimum {1.21 percent)

in T, and T, end meximum (1.57 percent) inm T

The nitrogen content decreased at the mid pad
f£i1ling stage where it ranged from 1.83 percent in
Ty to 2.54 percent in Ta. Plants recelving higher
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Table 7 Influence of different levels 5f lime on nutrient
conposition of cowpea

Percent nitrogen

Tops Roots

Treat= Orain Huzk

ment 81 82 33 S1 52 33
T, 2,08 1,88 1,78 1.21 1,22 0,95 3622 J45H
T, 3620 254 1.99 1.21 1.51 1.09 2650 1,02
T3 2.31 ’ 2.55 1 .81 1 .B? 1 .40 1 .03 3.77 1 .33
Ty 2,10 2.18 1.78 1.7 1,33 1,02 3,48 0,78
Ch 0.3% N3 NS 0.42 NZ N3 NS 0,25

Percent phosphorus

E:::t' Tops Roots Grain Husk
) 31 S2 33 .‘31 Sa 83
Ty 0e21 0,22 0,17 0,33 0.28 0,29 0.53 0,22
T2 0.22 0.28 0.23 Q.43 0,28 0435 0,57 0,31
T3 0.23 0.23 0.20 0.38 G|35 0-29 0.68 O.IIG
T& De22 0,20 0.19 038 0,32 0.2 0655 234
CD NS 0.03 0.02 NS N3 NS 0,09 0411




Table 7 (contd.)

Percent potassium

78

Treate Tops RO0YS  cratn Husk
ment .
59 52 83 34 85 S
T1 2429  3.07 2.86 0,09 012 0,18 1.39 1,79
T2 B2 2,88 2,78 04,10 0.12 0,16 145 1.54
Ty 267 2.98 2,78 0.09 0.08 0,18  1.39 1,79
Ch N3 NS NS NS NS NS N3 NS
Percent calcium
raate 5 Tops Roots Graln  Nusk
oent 51 S‘.;..‘2 55 81 S‘g 33
T3 . De24 0,39 0.36 0,030 0.022 0,036 0,30 Py 1
TA Ds12  0.23 0.23 0.160 0,010 0,033 0.14 006




Table 7 (contd,.) .

Percent nagnesium

Tops Roots Grain Husk
zent g S, .8, 5, ° S 8,

7 0e20 0623 0.24 0,07 0,08 0.07 0.1 0.2
T, 0622 0224 0423 0,11 0,09 0,12 0,14 Ge20
Ty 022 024  0s26 0.08 0,09 04,09 0,15 0.27
T, 3e20 0.23 0425 0,08 0,08 0,08 0,12 0.25

Ch NS NS N3 0.02 N8 0,02 0.02 0,04

Iron content {ppm)

Traaf- Tops Roots Qraln Husk
ment &1 32 55 Sq Sz 83
T, 3330 1920 820 2110 3330 2030 72 44
Ty 2160 1850 780 2570 4010 3270 98 173
Ty 980 9%0 510 3450 6140 2110 _ 70 132

T 1190 1190 600 2430 7700 2860 120 289

¢h 1260 N3 - 230 380 1590 © 1010 34 88 -




Table 7 {contd,)

Aluniniun conmtent (ppm)

26

Tops Roots Grain Husk
Trepat= - :
ment 84 Sy Sy S, Sy S5y
‘-1'1 1170 1260 830 2093 4060 2695 139 355
T, 830 1050 350 1236 3640 1180 | 140 2956
Ty 800 1023 450 1273 3650 1260 113 238
Ty, 840 1040 600 1327 3870 1720 186 Mn
CD NS N3 250 155 249 293 39 . 45
Zinc content (ppm)
Tops Roots
Treate P Grain Husk
nent 81 52 SB 81 SZ 33
T4 71 7 7h S0 €0 98 65 3%
T, 3% 52 48 34 64 102 67 44
Ty 61 56 56 92 95 216 63 40
'rh 62 63 72 35 65 124 25 n
CD N3 NS N3 NS 66 NS HS

18




Table 7 {(eontd.)

Copper content (ppm)

Tops - : Roots -

Treate . . _ Grain Husk
went 31 32 S 3 54 : S, : 33 : .
4 13- 15 14 9 9 15 5 10
T, 13 12 15 10 8 15 56 12
Iy 16 12 15 7 12 1 15 12
T, % 15 13 9 . 12 % o1 1

e NS N3 NG NS NS RS b NS
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lovels of lime showed a comparatively higher amount
of nitrogen. 4 similar trend was observed in the
nitrogen content of root at this stage. It ranged
from 1.22 in Tq to 1.51 percent in Tao -

At hervest, compared to the other steges, the
nitrogen content of cowpea (tops and roots) still
decreased though the values for the different treate
aents did not differ significantly. The values ranged
| from 1.78 percent both in T4 and T& to f.99-yercent
in T, for tops and from 0.95 percent in Ty to 1.09 per-
cent in T, for roots,

FPhosphorus

At the maximum rlawefiug stage, values for
phosphorus content in cowpea (topa) ranged fyom
D21 percdnt in T4 to’0.23 percent in Tg. The content
of phosphorus in the varioua treatments was not much
different. At this nfage, the phosphorus content of
the roots shawed an increase with a reduction in
exchangeable asluminium ilsvels in soil; the maxisun
being O.43 percent in T, and the winieun 0,33 parcent
in Ty4e
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At the mld pod rilliﬁg stage, thz phosphorus
content of cowpea (tops) ranged from 0.20 in T, tﬁ
0.28 percent in T,. T, recorded a significantly
higher level of phogpharus comparad to T&, T1 end T3;
The level of phosphorus in roots was maxlmun in ?5
(0435 percent) and ainimus in T, end T, (0s28 parcent)s

The phosphorus content of cowpea tops was pinigus
&t harvest while the content of phosphorus in coWpes
ro§t$ recorded an increase at this stage, Content of
phosphorus in cowpea (tops) ranged from 0,17 in Ty
to 0,23 percent in T,. '?2 recsrded a significantly
higher phoasphorus gantent compared €0 TB' T; and T1a
In roots the phosphorus content ranged from 0,29 percgnt
in Ty, T3 and T& to 0.35 percent in T,

2o%agsium

The content of potassium in both cowpea tops
and roots at different stages did not show any signie

ficant variation hetween tresatments,

- At the maximum flowering stage, the level of
potassium in tops varied from 2.29 in T1 to 3.62 percent
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in Ta and the corresponding values in the roots
varied from 0.09 in T, and T, to 0.10 peoreent in Té

At the mid pod f£illing stage, the content of
potaseiun ranged £froa 2.53 in Ty to 3.07 percent in T,
in tops and from 0,08 percent in T, to 013 percent

in T1 in rpots.

_ At harvest, the higheat value noted in tops
was 2,86 percent for T, and lowest for TB being
2.66 percent, For roots the values ranged from 0416

in T2 to 9.18 percent in T,, T, and ?3.
Calelium

A highly significant increase in calclun
content was naticed in coWpea tops at all the three
stages with a correaﬁonding decrease in exchangeable
eluminium and an increase in the lime levels, At the
asximun flowering stage, the content of calcliua ranged
fron 0.17 in Tq t0 0453 percent in T, which has recorded
a significantly higher value f£or calcium. IHowever

calciua content in roots at this stage ranged fron
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0.006 in T, to 0,03 percent in T, Content of. calciun
in T, was fomd to Do significantly higher thdn the
otnér treatzents Toe Ty ond Ty

The content of calecium in the cawpea,ﬁops
further showed an inoreasing trend towards tﬁinmid pod
filling ctage, the maximﬁﬁ being recorded ;nﬂmé
(0.84 percent) and tﬁe minimun in T, {0e25 percent).
The level of caléiun in roots at this stage ranged
from 0,008 in T1 to 0,022 percent in Té-

At harvest, the content of calcium 1n'topa
showed 2 tendency to decrsase compared to that at ihe
mid pod £111ing stage. It ranged from 0.20 in T, t9
0.54 percent in T, T, was found to be significantiy
superior compared to TB‘ Ty, and T,. The content of
calcium in roots at this stage ranged from 0,021 in Ty
to 0.038 percent in T2 which wez significently higher
than T,.

Hagnesium

The content of megnesium in cowpea tops et
different stages did not show any marked variation
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between treatments. It ranged from 020 in'Ty end T,
to 0,22 percent in T3 ana'Ta at the maxinum flowering
stage, 0.23 in T, and Th and Q.24 percent in T2 and TB
at the mid pod £1lling stage and 0.24 in T, to 0.26 pore
cent in TB at harvest whereas in cowpea roots a signif
ficantly high content of magnesiua was recorded in TE
{011 percent) at the maximum flowering stage. The
level of ths nutrient at thie stage varicd from 0,07 pere
cent in T, to 0.11 percent in T,. At the mid pod fille
ing atage, the magnesium content of roota varied from
0,08 in T1 and Th t0 0,09 pereent in TE and T3. The |

variation between treatzents was not significant,

At harvest a aignificantly higher content of
magnesiuve was noticed in roots of treetment Ta (D.12
percent) campar2d to T3 T, and Ty, At this stege, T4

recorded the lowest valuve of 0,07 percent megnesium,

Iron

At the moximum flowering stuge, the c;ntenz
of iron in cowpea tops renged from a ninimun of 330
in Tz %o a maximum of 3330 ppm in Ty. The treatzent Ty
has aignificently reduced the iron content in cwwpea topa
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compared to Ty, T, and T,. But it may be noted that
& reduction in exchangeable alusinivam content in
2011 by liming heas msulted in an accumulation of
morsliron in the roots of plants in the iimed pots
than in control. The level of iron in cowpea roots
varied from 2110 in T, to 3450 ppa in T3. T3 showed.
a a{.aniﬁcantly higher anouht of iron in the rgots_
than in T1. Ta and TQ.

At the mid pod filling stage, eve;nthaugh the
lavel of iron in cowpes tops ragistered a décmaai,
comparad 'ba'the previous stege, it was not appreciably
'differsnt in the different treatments, It ranged from
the lowest value of 990 4in 'E'3 to the high_eat’value of
1920 ppm in Tqe At this stage, the value for iron in
the roots varied froa 3330 in T, to 7703 Ppa :I.n Tk
which wag significantly higher than that in ‘I’1. T2

and Ty,

The comtent of imn m both cowpea tops and
roots decreased rurther at hawes'b. A minimuyg value
of 510 ppa in ‘1‘3 and s maxipum of 820 ppa in the

. control was cbserved in tops.. In rosts the waximum -



88

content of ircn was noticed in Ta (3272 ppm)'which
was gignificently higher than that 1in T1, Ta and TE‘
The lowest value racorded was'zﬁﬁo ppm in Tqe

Aluminium

The content of aluninium in the top at the
maxioun flovering stege was lowest (820 ppa) in TB
and highest (1170 ppm) in T,. None of the treatments
could produce a significant reduction in aluminium -
concentratiocn.,. A low level of exchanreable aluminiun
in the soll, reducesd the accumulatiosn of aluminium in
the top. Howaver, at this stage, the content of
aluminiuva in roots nhoﬁed e significent linesr reduce
tion with a2 reduction in aluaminium content in soil,
The values ranged from 1236 in T, to 2093 ppm in T4.

At fhe nid pod fliling stage the content of
aluminiua slightly increased in both tops and roots,
Aluminiua content in tops ranged from 1020 ppm in
TB to 1260 ppm in T, HNone of the treatments could
produce & significant reduction in glumiuium content
of the top at this stage also. The different limo
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levels among themselves also did not show eny signi-
ricantldifference in reducing the accumuiatianlof
elusinium in roots. The trestment T, eccumulated
almost equal emount of aluminium {3870 pom) 1ﬁ root

compared to control.

The level of aluainium in the plant tops and
roots further decreased and was wminiumun at harvest.
It sy be noted thét the content of aluminium in tops
was highest in T, {3850 ppn) and lowest in ‘1‘3 (49D prmle
Significant reduction in aluminium content was noticod

in Ty alone compared t> the control (T,).

A drastic and significant reduction in the
build up of aluminium in the rosts was obserwved at
harvest, A low level 0f exchangeable aluminius in
the so0il has significantly reduced the accumulstion
of alunihius in root. Values for aluminium content
in root of this stage ranged from 1120 in T2 to
2693 ppa in Tqe |

2inc

Generally the content of zine in coupea tops
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-shswed a reduction due to the lowering of exchangeable
aluminiuvm level in seil, The content ranged from 59
in T, to 71 ppn in T, at the maximua flowering stae,
£fam £2 in T2 to 71 ppa in T1 at the aid pod f£illing
stage and at harvest T2 recorded a significantly lover

value of 43 conparad to 74 ppm in contral,

In the cese pf cowpea roosts, the level of zinc
ranged fron 50 in T1 t5 92 ppm in T3 at the maxisum |
flowering stage and from 60 in T, to 95 pam in T, at
the inid pod T1lling stage. Bub the content of zingc
in the different treatments did not show any appra=
ciable difference, The zinc cantent increzsed towards
harvest and the maxiwmum saount of 215 ppm was observed

in T3, and the lowest content of 53 ppm in T1.

Coppor

The content of copper in cowpea tops and rodts
did not show any marked difference betweeﬁ treatuents
end between stages. The value in cowpea tops varied
bestween 12 and 16 ppm in the different treamtwents at
different steges. In cowpwa r3ots also it was more

or less uniform (7 to 15 ppm)-ﬁt the three stages in



al) the tresatments.
b) Grain and husk

The data on the nutrient compoasition of grain
and husk are given in Table 7, Fig.5 and analysis of
variance in Appendix Ii{c).

Nitrogen

The nitrozen content of the grain was not signle
ficantly affected by the different treatments (eventhsugzh
1t shoved 'w varfation in the different treatments). It
ranged from the lowest value of 3,22 in Ty to 3.77 pere
cent in T,, But the nitrogen content of the husk shawed
a difference in the different treatments, The level of
nitrogen in the husk ranged froa the lovest value of
054 in T, to the highest value of 1.33 percent in TB'
Trestnent TB recorded a significantly higher content
of nitrogen compared to T,, Ta and T&.

fhosphorus

The phosphorus content of the grain in the
different treatments ranged from 0.53 in T, to 0,63 per~
cent in Ty and was significantly higher than that in



The content of phosphorus in the husk was cog-
paratively lover and it ranged from 0,22 percent 1n-T1
to 0,40 percent in T, which was significantly higher

then in other treateents,

Potassiua

The content of potassium in both grain and husk
did not show any marked variation due to the different
treatments. The value of potassium 1in the grain ranged

from 1,39 in T, to 1.71 percent in T;,

In the husk, the lowest value of potassium was
noted for T, (1,34 percent) and the highest for T, end
Ty, (1479 percent),

Calcium

A clear and significant difference in the calclum
content of grain was noted in all the treatments, Tho
amount of calcium present in the grain in the diffe=
rently treated pots renged from 0,14 percent in ‘1‘1 and
T, to 0.30 percent in Ty which recorded a significantly
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higher value when compared to T, and T,. The lavel of
calcium in fho husk ranged from 0,04 percent in Ty ?3
and T, to 0.05 percent in T, which was significantly
higher than other treatments,

Magnesium

A significantly higher aacunt of magnelium*uas-
present in the grain in TB' couéartd to T1 and T, arnd
the values ranged fron 0,11 percent in T1 t0 0.15 pere
cent in T3.

_The zagnsaiun content of husk wes highsst in
TB (0.27 percent) end lovwest in Ta (0,20 percent). A
significently higher content of megnesius vas present
in the treatment T3 compared to T, and Ta.

Iron

The level of iron in cowpea grains ranged from
70 ppm in T3 to 120 ppm in T&' It was significantly
lower in the treaatment T3 compared to T&'

The content of iron in the husk ronged from
132 ppa in TB to 239 ppm in T,. Here also the iron



content was significantly lower in T3 compared to T&.

Aluminiun

The content of aluminiua in grain in the difrferent
treatuments showed a reduction with a decrease in exchine
geeble aluainiuam content in the soil, The level of
aluainiun in the grain recorded the lovest value of
113 ppm in T4 and the highest value of 189 ppm in T,.
Significant reduction in the aluminium content was
observed in.T3 compared to T1 and T&‘

The aluminium content in the husk from the
different treatments also showed a similar trend. It
was highest in the control (355 ppa) and in the other
treataents 1t ranged fros 238 ppa in T3 +5.318 ppa In
Tb' T3 was found to he significantly effective in
reducing the aluminiua content of the husk compared
to Ty and Ty,

Zinc

The content of zinc in the grain did not exhibit
any significant variation between ths different treat-
zentns, The values ranged frono 55 pea in T, to 638 ppa
in T3o



In the hugk also, the zinc content did nat show
any significant differsnce between traétmonts, while
it showed an incrlasiﬁg trend with a deczease 1in exchan=
geable aluminium brought about by higher levels of 1ime.
The levels of zinc fanged from 34 ppm in Ty to G4t ppm
in T,

Copper

The copper content in the grain renged from
5 pem in T4 to 16 ppa in T, The content of ocopper
in the husk in the different treataents did not show
any significant variation. However; it showed an
increasing trend with an increase in levols ofllima
and a consequent decrease in exchangeable aluminlunm,
The values ranged from 10 ppa in control (T1) o
12 ppm in T2 and T3.

Expepigent II,
- Pot_culture studies with fodder majze.
Influence of different levels of lime on_ssil properties

8911 reaction

" The mean values of the pH of the solls at



different stages o>f sampling in the different treainents
are given in Table 3 and anslysis of variance in Appendix
III(&).

After the application of fertilizers a rise in
pH wos noticed and the pH ranged from 4.5 in T, to
6.3 in T,e pH in T, vas found to be significantly
higher than the pH in T1, T3 and T&'

At thirty days after planting the pH of the
801l increzesed further and the values rangedlfroa
5.1 In 4 to 6.4 in Toe The pH in T2 was significantly
higher than T,, T3 and T,..

At sixty five days after sowing, not much
change in pH was noticed compared to previous stagoe.

- The pH at this stage ranged from 5.2 An T1 to B4 in ?2.

At fodder harvest, after ninety days of sowing,
the values for'pH showed a deornasiﬁg trend in all the
treataents comparsd to the other two stages, The pil
at this stage ranged from 5.0 in T4 to 6.3 in T, ang
it was significantly higher compared to the other
treatments T,, T3 and Ta.
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Table 8 Influence of different levels 5f lime on asil
praperties [eomgpefodder waize)

2011 peaction (pi}

Treatment 300 SO 31 52 33
7, B 45 5 542 540
Ta 6.2 ] 6.3’ 6." 6.“ 6.5
TB Lo7 543 5els Be5 S5e2
Ttlv !leh . ' 4.9 5.2 5.3 Ll'lg
ch D11 D.22 D20 0625 Dok

Total acidity (me/100 g soil)

Treatzment . SOO SO 31 82 33
T1 2.9‘4 2.29 1 ol‘? ’3057 3693
T, 343 0,41 0434 5423 0420
TB 1.73 116 3.49 Qehi3 D657
TL; 2,45 1.80 0«98 D449 0,92
CD De21 D46 e05 Deld De33
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Table & {contda)

Exchengeable aluainium (=e/109 g s51l)

Troatments SOD SQ ' 54 32 85
T1 2.£$5 1.65 0.7‘* 9025 0550
T2 0,08 0.Ch 0.03 402 2402
TB 1.26 0.50 0.25 7419 Del5H
T& 1 .98 0099 ‘3.‘*9 0025 O.“’i
Co De27 D627 Do D601 Jel3

Exchangeable hydrogen (me/130 g s0il)

Treatnents SOO SO 81 32 33
T, 0¢533 Q.64 D73 0632 049
Ta 0@"3‘9 00“5 0031 3021 0.1"]
T, 0447 0.65 De2h 0429 De33
Ty 0447 9.81 049 De25 Dl

Ch NS -
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o
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O
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Table 8 (contd.)
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Exchangeable potassium (me/100 g soil )

Treataents

3

[#+1

00 5o 1 2 3

T.l 0.48 0.59 0.0k Qe26 0,23
T, 0.40 0.58 0651 0427 0e25
Ty Oolils 0.61 0.45 0027 0e30
Ty 045 0667 043 0627 0627
cD NS NS NS NS HS

Exchangeable calcium (ze/100 g soil)

| Treatments 395 S, Sq s, Sy
Ty 0e35 0,42 1432 1437 0402
T, 11,92  B.74 6482 5049 6461
T3 0.88 0,93 1.66 1,45 137
7, 0.53  0.55 140 1,62 1,09
€D D24 0478 0.62 056 0471




Table 38 (contd,)

1GO

Exchangeable magnesiua (me/100 g soil)

Treataont 500 So .51 Sa 35
T 1.02 0,93 0467 072 0455
Ty 1,16 0.95 Oe7h 0467 0e63
Ty 1410 097 079 0.62 D72
T, 1.07 0,90 0.75 De75 0.71
cDh N3 . N5 [1 38 NS 0.

Exchangeable iron (ppa=)
Treateents Bafore ffter
cultivetion cultivetion
T 13 4
T, 6 0
Ty 10 2
‘1‘& 1" b
CD 1 1
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Total acldity

The totel acidity as influenced by the differont
levela-of lime is given in Table G and annlysis of

variance in Appendix III(b).

A reduction in total acidity was observed in
all the treatments due to the application of fertilizers,
The velues ranged from 0.47 in Ty to 2.29 ne/100 g of
the soil in Tq. Total acldity in T, was significantly
lower than that in TS’ Th and T1. )

At thifty days atter sowing, the total acidity
was lowered and recorded a minimuxz value of 0.34 in T
and a maxiaum of 1.47 re/100 g in Tqe Total acidity
was reduced to a significantly lower value in the
treatment T Sixty five days after sowing, the valuss
for the total acidity ahagtd a decreasing trend and Lt
ranged from 0,23 in Tz to 0,57 me in Tﬁ' Total acidity
in the soll was reduced to a significantly lower level
in T, cospared to T1. T3 and Th‘

At fodder harvest, ths values for total acidity

in the s0il showed an increasing trend against the
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decreasing trend oSbserved in the previsus stages. The
total acidity varied between 0,20 in T, snd 0,98 /107 g
of the 301l in T,. Total acldity in T2 was significontly
lover compared to TB' T& and Tye

Exchangeable aluminium

The influence of different levels of lime on
the exchangeable aluminium content of the s0il is piven

in Table 5 and analysis of verisnce in Appendix IXII{c),

The exchangeable aluminium content was maximun
in Ty (2.45 me/10D 2) aﬁd was minimun in T, {0.03 o).
Percentege aluminium saturation at thils stage ranged
from 1.64 in T, to the highest value of 46,28 in T4
Exchengeable aluminium content and the percentage
aluminium saturation values werg lowest in Ty compared
to T3’ T4 and Tye A reduction in the exchangeable
eluminium content wos observed after the spplication
of fertilizers and the values ranged fraom 0.04 in T,
to 1,65 me in T,. Percentage aluminium saturation
at this stage was negligible in T2 whiie it was 31,13
in T4



103

A docreasing trand was ohserved for hoth exchaone-
geable aluminium and percentage aluninium saturation

at thirty and sixty five days after sowing.,

Exchangeable aluniniua c¢ontent and percentége
aluminiuﬁ saturation showed a slight increase towards
the harvest stage. The values for exchanzeable aluni-
riua ranged from 0,02 in T2 éo 0450 me in Tqe The
exchangeable aluzinium content mnd percentage aluainlun
saturation values in Tz vas mich lower compared to

Exchangeable hydrdgen

The mean values of the exchanéelbla hydrogen
content of the 8211 at differcent lime level is presented

in Table 8 and analysis of variance in Appendix IIL(d).

The variation in exchengsablie hydragen in the
different treatments was not found to be significmnt'
although 1t varied from 0.40 in T, to 0,49 =e/100 g
in T1f '

After the application of fertilizers the values
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for exchangeable hydrogen showed a slight increase and

it varied from 0445 in T, t9 0481 me in Tp.

At thirty days after sowing the values for
exchangeable hydrogen still decreased in the liae
treated solls and the values ranged from 0.24 in T,
to D.,73 me/1003 g in T4« Exchangeable hydrogen cantent
was significantly lower in T3 than in T1, T2 and TQ.

. With the progressive increase in the growth of
meize (after 65 days) the exchangeable hydrogen
decreased to a lower value in the limed pota than in
unlimed pots., The values ranged from 0,21 in T2 to
0.32 me in T,. However, this reduction was not slb' -

flcant,

At fodder harvest, exchangeable hydrogen values
ranged from 0.18 4n T, to 0.49 me/100 5 in T, end the
treateent T, recarded a significantly lower content
of exchangeable hydrogen than the treatments T3, Ty
and Tqe
Exchangeable potassiug

The mean values for the exchangeable potassium
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content in 8011 are given in Tavble 3 and analysis of
veriance in Appendix ITi{e). Different levels of lime
did not produce any significant chénge in the exchane
geable potassium content of the soil. It ranged froo
Ou44 Ain T3 to 0.49 me/100 g of the soll in T,. Hdigher
amount of exchangeable potessium was noticed in all
treatments after the application of fertilizers, where
the values varied from 0,38 in T, to 067 me/100

in Ty

At thirty days after sowing, a reduction in the
exchangeable potassium conteat of soils was observed,
But this reduction was not significant in any of the
treatnents., The content of exchangeable potassium in
the soil at this stage ranged from 0,43 in T, to
0.51 22/100 g in Tye

At 65 days after sowing the exchengeable pota-
ssiug content 3till exhibited a decreasing trend and
it ranged from 0.26 in T, to 0427 5e/100 g in T3e Tp
and TA'

At fodder harﬁest, the c¢ontent 2{ exchangeable

potassivm in the soil recorded values varied £rom 0.23
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in T, to 0,30 me in TB'
Exchangeabls calcium

The gean values £or exchangeable celcium in
moils at different lime levels are given in Table &
and the analysis of variance in Appendix III(f),

Application of lime resulted in a significant
increase in the content af exchangeable calcium of
the soil. It recorded a maximum value of 11,92 in Tz
and @ minimum of 0.35 me in T,. A significantly higher
emount 9f exchangeable calcium was present in Ta than

in TB' T‘} and T1o

Exchangeable calcium recorded & slight increase
after the application of fertilizers in all the treate
ments except in T, where it was reduced to 874 ua/100 g
from the original value of 11.92.

At thirty days after sowing, exchangeable
calcium content of all the s91ls showed a further
increase except in the treatgent Ta where it was

reduced to 6.82 me, In the other treatments, it was
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wuch lesser and ranged from 1.32 in T, to 1.66 in T3.

At 65 days after sawing, the level of ixchan;
geable calcium was significantly higher in T,. It
ghoved a slight decrease in treatments TE and T,e The
values ranged from 1.37 in T, to 5.4G re in Toe At
fodder harvest stage, the exchangeable calcium content
of the soil showed a reduction in T,, Té and T, vhile
@ slight incresse was observed in the case of T,. The
values f£or exchangeable calcium at this stage varied

from 0.82 in T4 to 6,61 me/100 g of soil in Ta.
Exchangeable magnesiug

The mean values for the content of exchangeable
gagnosiun in the soil are presented in Table 8 and the

analysis of variance in Appendix III(g).

Exchangeable magnesium content of the soil showed
an increese with increase in levels of lime and the
values ranged from 1.02 in 7, to 1.16 me/100 g of soll
1u_T2. The exchangeable magnesium of the different
treatments was not significantly different,

It showed a decrease after the application of



fprtilizers.as well as with the progress in the growling
period of fodder maize., The values ranged from 0,67
in Ty to 0.75 ue/100 g in 75 ot 30 days after sowing;
from 0.62 in T3
and from 0,55 in T, to 0.72 ne/100 g in TB at the time
of harvest,

t0 0,75 in T, &% 65 days after sduwing

Exchangeable iron

The mesn values of exchangeable ircn content in
the 801l before and after cultivation of fodder malze
are given in Table 8 and the analysis of variance in
Appendix III(h).

It may be seen that considerable reduction in
exchangeable iron occurred due to the application of
different levels of lime. It was significently diffee
rent anong the different treatments and T, recorded the
oinicum of 6 ppm iron.

After cultivation of fodder maize, the lovel of
exchangeable iron decrsased considerably and it was

coapletely absent in Ty
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Biometric observations

The mean values of plant characters as influenced
by differsnt levels of exchangecble aluminium in the
801l are presented in Table 9 and the analysis of

variance in Appendix IV,
Height of the plent

Influence of different levecls of exchanzeable

aluninium on plent height is shown in Fig.G.

Different levels of lime did not shovw ahy
significant effect in incresasing the height of plant
over the contrsl., However, the height of fodder nmalze
plents at thirty days after sawing ranged from 36.0 in
Ta to 57.7 em» in T&'

Helght of the plants shoved an increasing trend
at the 65th day after sowing and the average height at
this atage varied from 83,7 in I, to 91.7 ¢co in TS'

The difference between various treatments wasfgignitieant.

Plant heipght was maximum at 30th day after
sowing and it renged from 104,35 cao in T2 to 118.0 ¢n



Table 9 Influence of different levels of lime on plant characters of maize

fodder

Treatxent Height of the plant (cm)

¥eight i%out Hagtht To?z%tdry
of tops length velg we
30 Das £5 DAS 90 DAS (&) {om) (g). (2)
Ty 45,7 83.7  105.7 4oL0 2645 32480 7320
7, 36,0 850  104.3 he63 - 4147 58,03 -~ 152.47
Ty 5647  91.7 11840 64,93 A4l.4 51,73  116.67
/A 577 90.7  116.7 64,77 313 3747 10213
ch NS NS NS 747 17.17 30427

224,58

OTT
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in Tﬁ. But none of the treataents could praduce a

significant increase in helght of the plants over the
control. Plants in T, and T, where e higher level of
exchangeable aluainiun was present shoved interveinal
chloroéis and at latér stages dark brown streake were

found along the margins of the ocuter lesf,
foot length

‘ Influence of differant levels of exchangeable
aluniniua on root length is shown in Fig.5 and “late 2,

At the tiame of fodder harvest a signiflcant
increase in the length of root was observed in the
treatmnnt'Tz (4147 ca) and T (41.4 cu) conpared to the
cantrol (26.5 ca)e The length of root recorded in Ty,

was 31.8 cm which was on par with T1.
Veight of tops and roots

, Influence of different levels of exchangeable
aluniniuva on the veizht of tops and roosts are shown in
Fig.?.

Decreased exchangeable.aluainium content in the
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3211 has increased the weight of tops in fodder aai
at harvest stage, The values ranged from 40,40 in T4
to 94.63 g in T,. A significantly higher top weight

was observed in Ta comparad_to T1. TB and TA'

A signiricantlir higher root weight was recorded
with T, (58,03 g) amd T3 (51.73 g) over the contral
(32.80 g)e The treatment T, produced roots weighipg
27.47 g per plant which was on par with Tqe

Total dry weight praduction

Influence of different levels of exchangeable
aluainiua on total fodder yield of msize is shown in
Fige7s

Significant increase in the total dry matter
production at harvest on gaéh dey after nowing was
observed with a decrease in exchangeable aluminium
content of s31l1 due to liming., The total dry matter
ranged from 73.20 g in eintral o 132.47 g in TE,

where T2 recorded a significantly higher value comparsd
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Nutrient composition

The data on the nutrient composition of fadder
meize is given in Table 10 and Flg.3 and analysis o2
variagnce in Appendix V.,

Nitrogen

Ho significant effect on the nitrogen content
in the maize top was observed between treatments
eventhoush the values varled from 0,69 in Tﬁ to 0,82
percent in TB' A similer trend was noticed in roots
8180 where the values varied froa 0.77 in T, t2 0,08

in T3.

Phosphorus

No significant difference hetween treatasnts
was observed for the phosphorus cintent in the tops
and roots of fadder malze, Treatments T2 snd TB
recorded the highest value (0,20 percent) and T, the
lovest (0,18 percent). In roots the values varied

Ifrom 0,19 in Ty, T2 and Ty, t2 020 percent in TB'

Potassium

The content of potassium in fodder malze top



Table 10 Influence of different levels of lime on hutrient composition of fodder maize

T

Al

Treat- N P K Ca Mg Fe Cu
ments -
Tops Roots "Tops Roots Tops Roots Tops Roots Tops Roots Tops HRoots Tops Roots Tops Roots Tops Roots
% % % % % % (ppm) % (ppm) {(ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
T, 0.76 0,77 0.18 0.19 1.07 0.45 0,16 9 0.12 206 2360 2280 830 3610 26 43 6 12
T2 0.77 0.78 0.20 0,19 1.49 0.85 0,35 46 0.13 4g&4 1170 2940 690. 2920 16 42 4 13
T3_ 0,82 0.88 0,20 0.20 1.38 0.67 0.29 28 0,13 216 740 3480 60O 3060 36 43 6 14
TA 0.69 0,82 0.19° 0.19 1.28 0,46 0,21 19 0,12 202 760 EfGO 650 3160 28 53 7 12
CcC NS NS NS NS 0.23 0.25 0.07 6 NS 96 260 NS 150 47 13 NS 2 NS

vIT
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ranged from 1,07 percent in T, to 1.49 percent in T,.
A significantly higher amount of potessiua was foumd
in T2 thait in Tj. In the roots it showed an incrensing
trend with a decrease in the content of exchangeablc
sluminium in the soil, and the values renged £rom 0,45

in T4 to 0.85 percent in T,.

Calciua

h The -level of calclum in the tops and roots
incressed with increasing lime levels, The values
ranged from 0;16 in'7y to O.Bﬁlpercent in T2 in maize
topa, T2 recﬁrded 2 significantly ﬁigher calclum.
conteht compared‘to Tb and T1. In roots, the value 0f
calcium content varied from 9 ppa in T, to 46 ppm in
250 Calcium content in T, was found to be significantly
higher than 7,, T, and Ty, ‘

Magnesium

The content of nagnesiﬁn in the maize tops
did not sﬁcw.aﬁy slgniricant variation due to different
treatménta, and the valussg ranged frox 0,12 in T1 and Tb
to 0.13 percent in TS and Ta. However treatmont T2 has
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significantly increased the magnesiun content in Ykal
maize roots compared to T,, T, and Tze Magnesius
content in roots ranged from 200 opm in T& t9 484 pom.
in T2.

Iron
. The lavel of iron in the fodder maize top was
significantly reduced by the treatment T3 when compared

to T, and 7, end the values ranged from 740 ppa in T3
t9 2360 ppa in T1.

The content of iron in fodder maize roots recorded
the lowest vélue of 2280 ppm in T, and the highest value
of 3480 ppa in Ty. More of iron accumulated in the
malze roots in T3 than in Ty, T2 and Tpe But the diffew

rence was not significent,

Aluninium

The content of aluminium in the fodder maize tops
reduced significantly by the reductiosn of exchanzeable
~ aluminiun content in the 891l brought about by liming.
The content of aluminius in the top ranged from £00 ppu
in TB to 850 ppm in T,. T, was found to be significanfly
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effective it reducing the aluminium content of the tops

compared to T1.

Aluninium content of the roots was also reduced
significantly by the reduction in exchingeable aluainlum
content of soil, Reduction in the concentration of
aluminiua in root was linear with the reduction of
‘exchengeable aluninium in soill and it ranged from
2920 in T, to 7610 ppa in T4s

Zine

A significantly higher amount of zinc wes
present in the tops in T5 than in TZ‘ The values
ranged from 16 ppa in T, to 36 ppm in T3. However,
no significant difference was obssrved in the content
of zinc in roots, where the values ranged from 42 pia

in T2 ta 53 ppa in Th‘

Qopper

The content of copper in the tops ranged fron
4 ppm in T, to 7 ppm in T;, and in the roots it varied

from 12 ppm in Tﬁ to 14 ppm in T In maize tops,

3.
trestaent Ta has significantly reduced the copper content

coapared to T1, T3 and Th'



Corrslation Studies

1. Cowpea
A. Soil properties and nutrient uptake

1. PAS and nutrient uptake

Results of this correlation is given in Appeondix

VI(&).

The percentege aluwiniua saturation of tho soll
at the muximuxz flowering stuge and at the mid pod Lilling
stoge were found to have & negative effect ou N, 2, I,
Ca, Mz and Fe uptake, However, tha correlation was
significant only in the case of calcium uptake r = ~0,509
and r = '0.919xxrgspecttve1y at the two stages), A
significant poaitive correlation was sbtained betuoen
percentage aluminium saturation and aluminium content
in the root at maximum flowering (r = 0,673%) and ot
mid pod £411ing (r = 0.665%) stage respectively, But
the correlation between percentage alumninium saturation
and aluainium content of top and aluminium uptake werc

pasitive but non simificant,

At the harvest stage a significant negative
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correlatisn existed hetween percentage aluminiun saturc=

tion and the uptake of phosphaorus (r = 'b.ﬁzﬁx) and

celcium uptake (r = “0.657*), N, K, Mz and Fe uptolke
recorded a negative correlation with percentage alunie

niun saturation but they were not significent. Aluaie

nium content of the root was positively and significantly
correlatad with percentage aluminium saturation (r = 0.739xx).
and correlations between percsntage aluminius 5atﬁration

and sluminium uptake and aluminlum comtent of top were

found to be positive,
2. Exchangeable aluminium and nutrient uptake

The results of correlatisn analysis 1s given

in Appendix VI(D),

The exchangeable aluminium content of the soll
at the neximum flowering stage and at the mid pod £illing
atage was found to be nagatively correlated with the
.uptake of N, P, K, Ca, Mg and Fe but the correlatisn
was slgnificant only in the case of calcium uptake ia
" both the stages (r = -O.QOQXR. P e "0,912%% respactively).
A positive significant correlstion exisied bhetween
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exchangeable aluminium and aluminius content in the
root (r = 0.679°) at meximum flovering and nid pod
£1lling stages (r = 0.661°)., Though & positive corrue
lations existed between exchangeable aluminius and

aluminium uptake by plants, it was not significent.

At the harvesat stage, the exchongeable alualniun
content shoved a significant and negative correlation
with the uptake of phosphorus (r = ’0.5333) and calciunm
(r = “0.665%%). A negative but non significent corrce
lation existed between H, K, Mg and Fe uptake, A posie
tlve and significant relation was chserved between
exchangeable aluminium content of ‘the s»1l and the
alusiniua content of the rost (r = 0.744°7°). Correla-
tion betwesn exchangeable aluninium and aluainium uptake
and aluminiun content of the tope als> followed the seoe

pattern, as above,

Be 3S0ll propertles and plant charscters

1. Percentage aluminium saturation and plent characters

Results of the correlation analysic are given

in Appencix ViI(a).
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A significant and negative correlation existed
between percentage of aluminium saturation and nodule
comt (r = ~0.615°) as well as root length (r = ~3.7950°%)
at maximum flowering stage. Percentage alumlnium zotue
ration though had a negative effect on total dry matier

production in cowpea but it was not significant,

At the mid pod filling stage also, a strong
negative correlation was noticed between percentage
aluminium saturation and the nodule count (r = ~0.697 ).
Percantage aluminiuam saturation was negatively corro-
lated with the root length and +otal dry matter. ifHovaever
it 13 not significant.

At the horvest stage, husk, graln and total
yield were found to have a significant and negative
correlation with the percentage aluminiug saturation
(r = T0,691%, r =« 70,508, r =« "0,518" respectively).

A negutive but non significant correlation was obzerved
between percentage aluminium saturation =and nodule

count, root length and dry welght at thls stage,
2. Exchangeable aluminiua and plant characters

The corralation resulis are preszented in



Appendix VII(b).

Exchangeable aluminium content of the g51l
exhibited a significant negative correlation with the
nodule count (r = “0,623") and the rsot length
(r = “0.756%%) at the maximum flowering atage. /A negce
tive correlation was also observed between exchangeable
aluninium and dry welght which was not significant,

At the nid pod filling siage 2ls0 exchangeable
aluzinium was negatively correlated with nodule count,
root length and total dry matter. But the relationship
was aignificant only in the case of nodule count
(r =« "0.688%).

At the harvest stage, husk, grain and total
yield vere significantly and negatively correlated to
the exchangeable aluminium content of the soil (r = ~0,3501%,
Pw '0.520x, r = "0,589%), Exchangeable 2luminium in the
s0ll had a negative effect on nodule count, roat length
and total dry matter but none of them were significant.,



Cs Aluminium content of tops
1. Aluminium content of tops and nutrient composition

of tops
Results of the correlation study at the three
stages of growth of cowpea are given in Appendix VIII{(a),

The aluminiug content of the tops at the maximum
flowering stage exhibited a negative influence on N, 2, K,
Ca, Mg and Cu and a positive relation with the contents

of Fe and Zn in the plant top.

At the mid pod £illing stege, the aluminiua
content of the top was found to be negatively correlated
with N, P, K, Ca, Hg and Cu, Fe and Zn content at this
stage was positively correlated to the alusiniuas content

of the tops. Dut none of then were significant,

At harvest also, the same trend was found and
N, Py Ky Ca and Mg content of tops were negatively
influenced by the aluainium content. Aluasiniua cxtent
was positively correlated??e. Zn and Cu content of the
plant, but the correlation was significant only in the
cage of Zn (r = *0,584%),



2. Aluzinium content of tops and plant characters

Results of the correlation study at the three
stages of growth of cowpea are glven in Appendix VIII(Db).

The aluminium content of the tops at all the
three stages exhibited a negative influence on characters
1ike nodule count, root length and totsl dry weight,
A significant negative correlation vwes evident betwoen
aluminiug content of the topz at the maximum flowering
stage and the rost length (r = “0.7277%), A significant
negative correlatisn was alsd exhibited between alumsinium
content 5: the tops at hervest and grain yield (r = “0s597" ) e

3. Aluminium content of tops and nutrient content of roots

Detelils of the correlation atudy are given in
Appendix VIII(c).

A significant positive correlation existed between
fhe content of alumiﬁiun in the tops and roots at the
maximum flowering stsge (r = ¥0,638%). However, the
correlations obtained between sluaminium and N, P, K,

Ca, Mg, Fe and Cu in the raots were non-significant

and negative, At this stage, a positive relation was
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obtained between contents of aluzinius in the tops and

zinc content of roots.'

At the mid pod filling stage & significant
negetive correlation is seen between the level of
aluninium in tops sand phosphorus content in the root
(r = "0.700"")., At this stage 2luminium conteat in tha
tops was negatively correlated to N, Ca, Mg, Fe, Zn
and Cu and positively correlated to K,

At the harvest stiage, alpminiun content in the
tops showed a significant negative correlation with
the content of calcium (r = ’6.769xx) and magnesium
{r = '0.552x) in the roots. However, the correlations
" between the aluminium in tops and N, P, Fe and 2n 1in
the roots were negative and nonesignificant, Aluminium
content in the tops showed correlation with potassium

and aluninium.
4e Aluminium content of tops and nutirient uptake

Results of the correlation analysis are given in
Appendix VIII(d).

At all the three stages, aluminium content in the
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tops exhibited a negative correlation with the uptake
of N, P, K, Ca, Mg & Fe, The correlation between
aluzinium content of the tops and the upteke of
nitrogen and potassium at the maximum flowering stage

and that of phosphorus at harvest alone vere significant,

De Aluminium content of roots

1. Aluniniux content of roots and nutrient composition
of tops

Results of the correlation analysis are given

in Appendix IXx(a).

Alupinium content of thﬁ roots at the ansxlmun
flowering stage had a negative effect on the content
of N, P, K, Ca & Mz. Aluminiue content of the roots
at this stage also exhibited a significant positive
correlation with the Fe (r = *0,741%) and A1l content
(r « *O.GBB*) of the tops. The correlation betwesn
Al cotent of roots with Zn and Cu was found to be
positive end non~-significant.

There was a gsignificaent and negative correlation

between aluminiua content in roots and nitrogen
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(r = “0.634%) and calcium content (r = "0.643%) in
tops at the mid pod filling stmge. The negative

corrclaﬁion between aluminium content of roosits and
ﬁhosphorus content in tops as well as the positive
correlation between aluainiuva content of roots and
K, Mg, Fe, Al, ZIn and Cu content of tops vere not

slgnificant,

Alupinium content of roots at harvest showed a
strongly adverse effect on phosphorus (r =~0,3545%)
and calcium contents (r = ~0,748"F) of tops and t5 a
lesser (extent on ﬁﬁe content 9f nitrogen and magne-
Sium. Al and Zn content in tops exhibited a highly
aignificant positive relationship with Al content in
roots (r ='0,736" and r ="0,594" reapectively).

2, Aluainium content of roosts and plant characters

Results of this correlation analysis are given
in Appendix IX(b).

From the results of correlation analysis it moy
be seen that the aluminium content of rosts at the
maximum flowering stamge exhibited a highly signiticaht



negative influence on nodule count ('0.597x) and rsoﬁ.
. length (r = '0.710xx) while 1t waa non significantly
and negativély correlated to the plent height and
total dry welght. The correlation between the level
of aluminium in r3ot and varisus growth paramsters
were negative both ot mid pod £illing stage and at
harvest. Nodule count (r = ~0.822%%) and total dry
weight {r = ~0.624%) at the mid pod filling stage
were found to be significantly and negatively corre-
lated to aluaninium content in roots, Similarly alunle
niun content in rosts at harvest exhibited significant
negativa correlations with nodule éount (r = ’0.51&3),
husk (r = ~0.607%), grain (f = T0,568%) and total pod
yleld (r = “0,601%) and root length (r « ~0,529%),

3. Aluninium and nutrient csntent »f roots

Resultas of the correlation satudy are given in
Appendix IX(c).

Contqnt of aluninium in the plant root exhibited
a negative correlation with most of the sther nutricntc,

Axong the negative correlations, the relatisn beiwecn
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alupinium and iron contents in roots tr = ~0.586™)

at the maximus flowering stage, and calclum and wegnee
sium contents in roots at mid pod £illing (r = 0.643%,

r = "0.670%) end harvest stoge (r = ~0,601%%, r « “0,7377%)

were significant.
4, Aluminium content of rosts and nutrient uptake

Eesults of the correlation analysis are given

in Appendix IX{d).

Results of correlation analyzis have shown that
the aluxinivm content 1n roota at meximum flowering
stage was negatively correlated o ﬁ; 2, K, Ca & Hg
uptake. A positive correlatison was dbserved between

2luniniun content in root and iron and aluminiuas uptake,

At the mid pod £illing stage, & strong and
significant negative correlation was evident batween
aluzinium content in roots and uptake of nitrogen
(r = '0.6253). phosphorus (r « -0.717xx)' calcium
(r » "0, 747%*) and magnesiua (r = “0.656%),  Aluminium
content in roots at harvesat showed a significant negie

tive correleation with phosphorus (r = ~0.596%) and
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calcium uptake (r = “0.,499%), A highly significant
and positive correlation was also observed between'

aluninium content in root and aluminiua uptake (r = ~0,636%%),

il. Eodder Maize

A+ Soil properties and nutrlent uptake

1. Percentage aluminium saturation and nutrient uptoke

The results of ihe study are presented in

Appendix X(a).

The perceﬁtage aluminiua satwration of the ssil
at harvest is found to have a significant negative
correlation with the uptake of N, P, K, Ca, Mg and Fe
(r = "0.776™%, v = T0.855°%, p = 70,835, r « T0,304°%,
‘r o= T0.797"%, r = T0.767°F respectively) by the plent,
The percentage aluzinium saturation shoved = significant
pasitive correlation with aluminium content in roots
(r ="0.769"%) and pasitive but non significant corre~
lation with that in fodder maize tops,

- Exchangeable aluminivm and nutrient uptake

Results of this study are presented in Appendix
X(a).
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A strong significant negative correlation was
obtained htetween exchangeable aluminiwna content of the
8511 at the harvesat and uptake of H, @, K, Ca, Mg and re
(r = "0,768"%, r = 70,855, r « T0,823%%, r « T0.030%,

r = 0,791, r = 0.763%).
. Percentage base saturation and nutrisznt uptake

Results of the correlation study are given
in Appendix X(a).

4 slgnificant and positive correlatlion was
obtained between percentage base saturation and uptoke
of N, P, K, Ca and Mg (r = 0.805%%, r = 0,850,

r = 0,955, r = 0,930%, r w 0.855" rospectively).

B. S21l oroperties and plant characters

1. Percentage alusinium saturation and plant characters

The detalla of the correlatiasn gtudy are presonted

in Appendix X{b).

The percentage aluminium saturation 2f the s0il
at harvest was found to exert a significant negative

effact on root length (r = '0.676;), welght of roots



{r « T0.690%), weight of tops (r = “0.767°") and total
dry matter yleld (r » 0.816™),

2. Bichangeable aluminium and plent characters

The exchangeable aluminiux cantent of the aoll
at harvest was also aignificantly and negatively corree

| lated to the plant characters like length of root

(r = “0.681%), weilght of root (r = “0.773%), top

welght (r = "0,680%) and total dry matter yleld

(r = T0.8117F),

3. Percentage base saturation and plant characters

A sigaificant and positive correlation was
obtained between percentege base saturation and yleld
parameters like length (r ="0.656%) end weight (r ="0,632%)
of root, weight of top (r ='0.776") and total dry matter
production (r = 0,847°°),

C. Alumpinium _content of tons

1. Aluminiuva camtent end nutrient composition of tops

The results of the correlation study is presentad
in Appendixz XI(a),
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A significant negative correlation is observed
‘batween aluninium end the content of phosphorus
(r © "0.542%) and calcium (r = "0.593") in the plant
tops, and a not significant but negative effect on the
N, Mg, Zn and Cu contents in the tops,

A significant and positlwi correlation was
avident between aluminium and iron content (r =" 0.746™%)
in the tops and a positive but not significant reletion
obtained with potassium, |

2+ Aluainiua content of tops and plent chareacters

Results are shown in Appendix XI(b).

‘A negative correlation was obtained between
the content of aluminium in the wmaizZe tops ard the
diffarent characters like rsot length, weight of tops
and rocts and total dry satter. But none of them were
significant,

Je Aluuiniuﬁlcantent of tops and nutricnt content of rosts
Results are given in Appendix XI(c).

A significant negative correlation was noticed
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batuean.aluniniun c¢ontent in tops and 4iron cantent
4n the roots (r = ~0.632%) while the negative corre-
lations. between aluminium content in the tops and-
content of other nutrients (N, P, K, Ca & Hg) in tho
roots were non-significant. Zinc content in the
roste was found to be positively corrslated to the
aluniniuva content in the tops, and aluasinius content
in tops positively and sipgnificantly related to the

aluninium content of roots (r ='0,700%) .

D. Aluminius content of roots

1 Aluminiuva content of roots und nutrient composition
in the tops

Results obtained from the correlation studies

are presented in Appendix XII(a).

It was observed from the results that a strong
negative correlation existed between sluminium content
in roots and phosphorus (r « “0,803*") and ealcium
(r = 0.882"%) content in topa.

A significant positive correlation was found
between the contents of aluminiua in the roots with
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that of iron (r »'0,816™) and aluminium (r ='0.700%)
in the ¢tops. However the negaeiive correlation observed
| befweeq alusinium content of roots and N, K and Mg
eontents of tops is not significant,

2. Alininius content of roots and plant characters

Results of the correlation anelysis is presented
in Appendiyx XII{b).

Aluminium content in roots of roddcr maize
exhibited a significant nezative correlation with
root length (r = ~0.764%%), weight of tops (r = ~0.749%%),
veight of roots {r = "0.,735°") and total dry matter
vield {r = “0,845°%),

5« HNutrient content in the root
Results are presented in Appendix XII(e).

The level of aluminium in the roots of fadder
"®walze plant had a negative influence on N, P, K; Ca,
Mg, FPe, Zn and Cu content in thé roots, but the relaticne
ship vas significant only between the contents of alumi-
nium in roots and potassium (r = ~0,620%), calciua
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(r = "O.B&Qxx); aagnesiua (r = "0,610™%) amd iron
(r = 0,624%),

Nutrient uptake

Results of correlation analysis are presented
in Appendix Xr1{d).

Alupinium content in raoots was significantly
end negatively correlated to the upteke of nutrients
1ike nitrogen (r = ~0.826™°), phosphorus (r = ~0,832%),
potassiua (r.a “0.771xx), caleiun (r = '0.838xx). magne-
sium (r = “0.684*) and iron (r = "0.601%),
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DISCUSSION"

Numerous studies in recent years have revealed
that, exchangeable aiumiﬁiuﬁ in acid soils is mainly
responsible for crop failure and other harmful. effects
aséociated with aéidity. ‘Eventhough the pH of the
soil has béen wideiy used as an index to find out the
amount of lime requiréd to neutralise the éciaity and
produce a good crop, -this practice may lead to the use
of a large amount of lime which is both uneconﬁmical
and unnecessary., -Complete nedﬁralizatién'of acldity
is often not .necessary to bring about significant
improvement in the economy of crop production. Yield
response to lime is found to be more related to the
reduction of exchangeable acidity and exchangeable
aluminium in soil rather than to complete neutraliza=-
tion.of total acidity. Hence liming upto the point of
elimination of aluminium toxicity in solls is considered

to be enough for producing a good crop.

Effect of different levels of lime on parameters of
acldity

An increase 1n pH and a2 reduction in total
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acidity and exchangeadble aluminium have been observed
as the most important end immadiate effects consequent
to liming. Thus, soils treated with lime at the rate
of 253, 500 kg/ha and 7,7 t/ha record san incresse of
0.3, 0.6 and 2,1 units of pi reaspectively. Total
acidity is also correspondingly reduced to 0.49, 175
and 2,45 me/100 g 8941 in these treatnents compared €2
the initial level of 2.9% me.

Higher levels of lime also reduce the exchene
geable hydrogen and aluminium content £ the soil, CEut
the extent of reduction in exchangeable hydrogen 1is
mich leas compared to that of total acidity énd exchaii
geable aluminium. A saximum difference of only 0.03 me
of exchangeable hydrogen is cbserved as against 1.95 me
of total acidity and 2,39 we of exchangzeable éluuinium.
Treatgent with lime appears 4o be more effective in
controlling total acildity and exchangeable aluminium
rather than exchengeable hydrogen., Frobably the calcium
in lime is not able ta’rﬁlly replece the hydrogen Lons
strongly held in the exchonge complex while it has
reected with exchangeable aluminium and changed it into
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a non=extractable fora. It nlso shows that total
acldity of the soil i3 mostly contribuled by exchane-
geable a.uminium rather than by exchangeable hydrogeun,

4 marked decreasa in levels of exchange acldity
andlaxchﬁngeable aluminium, concomitaomt with higher
iine level hzs been reported by Haynes and ﬁudecké
(198f) Kabeerathunma and Nair (1973) and Abrahan
{198%4) have alao reported a reduction in exchangeable
alusinium and hydrogen content of the acid soils of
Kerala as a result of liming. Cochrane et al, (1322),
Bache and Crooke (1981), Hergrove and Thomas (1931),
HMukhopadhyay et £l., (1984) and more recently Curtin
and Sm1llie (1926} have algs found that exchangeable
end soluble aluminiue in acid s5ils could be reduced
by liming. According to them, lime levels sufficlent
to rgduce the aluminium saturation £o limits that 4o not
affect the economy of crop production is more important,
The results of this experiament have shown that applie
cation of lime {0 raise the soil pH to 6.4 has resulted
in algost complete neutrelization of exchangeable
aluminium in the soil. The variation in exchengeable
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aluninium content in the other treatments 4is also -
significant and has helped to maintain a level of
1.26 and 1.98 e of aluminium/100 g s0il with correcs-
pagding percentage aluminiuva saturation veluss of
23,75 and 37,78 respectiﬁely. The ability of different -
levels of lime in reducing fhe exchangeable aluziniunm
content and decreasing percentsge aluminium saturation
has been considered to be the most significant conse-

quence of liming of acld soils.

The favourable effect of liming in increasing
yield h=a been correlated to the reduction of toxie
levels of aluminxuﬁ than-to an inercase in soil pi
(fartini et al., 1977). Similerly, Reeve and Sumier
(1970) and Reid et al. (1971) have sbtained a better
response of lime only upto the point of giiminatian of
elunlniug toxicity. Kunshi (1982) hes also given movg
atress on the reduction of extractable aluminiua rathep

thsn an increase in pH for getting‘a grsater respinsa,

Application of fertilizers to the limed soils
before cultivation hgs resulted in a Zfurther rise in

PH in all ths treatwents. Incresse in g i8 meximum
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(0% pi units) in unlimed and ninimum (0.1 pH unit)

in pots which receive the highest amount of lime.

This increase in pil may be assoclated with a corresg- '
ponding reduction in total acidity contrlibuted by both
exchanceable hydrogen and aluminium. / siwllar reduc=
tion in exchangeable aluminium content in 891ls £511Cu=
ing phosphate application has basen reported by Awad et al.
(1976), Bache and Crook (1931) and Haynes and lLudecke

(1981).

Despandae (1976) has found that application
of phosphoric acld to acid solls with very low pi
resulted in the fixation of aluainium a3 elusinium
phosphate. An incresse in pli of 0.1 to 0.2 units has
bean observed in sope 801l samples due Lo the addition
of phosphates. Bache and Crooke {(1951) have attributed
the increase in pH efter the application of fertilicers
t0o & reduction in exchangeable and 35luble aluainiin
by reaction with the phosphorus present in the ferti-

lizer.

Changes in acidity parametera during growth of planis

Cultivation of cowpes as well ad?ggize has
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caused an increase in pH and a decrease in total,
acldlty; ‘exchangeable aluminium and exchangeable,
hydrogen both in limed énd unlimed soils at:the early
etages of growth, HOWever,,atuharvest the pH values .
showed .a slight decrease and the other valuez'a tendency
to increase, The increase in pH and a decrease in the
exchangeable hydrogen'and.aluminium_at the early stages
of growfh of bothi cowpea and fodder maize may be indi-
cative of a mechanism of tolerance to aluminium exhibited
by these planta. Foy et al. (1964 1965 and 1967) have
reported a 1owering of pH in nutrient solutions by sensi-
tive varietlies and a raising of pH around the roots 1n_
the case of plents tolerant to aluminium. They were of
the view that aluminium tolerant plants may produce

eome exudateslwhich immobilize the soluble aluninium

in the vicinity of growing roots. The complexing ct

soluble aluminium can also result 1n an 1ncrease 1n pH.

The slight decrease in pH and increase in total
acldity, exchangeable hydrogen and aluminium towards
the harvest stage might be due to an increased rate of
production of eoldity through plent excretions or due to
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the production of organic acids through the action - of

8211l microbes,

A glight reduction in pH (by abzut 0.3 unitc)
observed in barley h=g bean attributed to the nitrifia
_.cation process in tﬁé root zone (Bache and Crooke, 19581).
A decreasc in exchangeable mluninium in the viecinity of
plant riots mzy arise dus to the foraation of complexes
of irsn or aluninium with organic matter and their
subsequent removal from the soluble pool, Reid et al,
(1932) have obmerved such processes of removal of

exchangesble alupinium from the vicinity of roots,.

Effect nf exchangeable aluminium on nlant charscters

Cowpea

It mey be seen from Table 6 and from the results
presented earlier that the height of cowpes show a
tendency to increase in treatments where the exchangeable
aluninium levels have been lowered by liming. However,
the plants in tﬁalpots treated with the highest level
of lime which has lead to the complete'elimination of
exchangeable aluminium showed only the least helght
indicating the depressing effect of sverlilming,
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The iength of roots in covwpea also exhibit_;
negative relation with exchangeable aluminiuﬁ content
2f the soil a=z evidenced from Fig.1 and Plate 1, The
treatrant with an exchangeable aluminium level of
1.26 /100 g end percentege of aluainium saturation
arcund 30 recorded the maximun value for length of
root. The other treatments where either the exchan-
geable aluminium level is negligible or where it is
more than 1.26 me recorded only a lower length of
roots. This is suggestive of the harmful effects of
both overliaing as well as underliming, Aluminium io
observed to be more harmful to rsots then tops and en
inhibition of root development has been identified 23
one of the first observable symptoms of aluminium
toxicity in plants (Abraham 2, 1984; Eennet et al,.,
1985; Kim et al., 1985; Alva et al,, 1986 and Rechugl et al,,
1986).

It is ohserved from the results of the prescnt
study that the elongatlon of cowpea roote are adveraely
affected by exchangeable aluminium ani it is negatively
correlated to parcentage aluminium saturation and exchane

geable aluminiua thraughout 1ts growth period. The roduced
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length of roots at high aluminium saturation may be
due to the irreversible inhibition of root growth
correlated with high aluminium content (Anisl et al.,
1979 and Mugwira et al., 1930).

A reduction in exchangeable aluminiums broucht
about by liming has resulted in an increaese in tﬁe
nugber of nodules indicating the specific effect of
aluninium on suppression of root nodule formation in
cowpek, A similar reduction in nodule forgpation due
high eluminium saturation has been reported ear;ier
{Pieri, 1974; Malavolta, 1981 and Franco and Munns,
1982).

The beneficlal effects imparted by pulses in
genera]l depend on the gain in 891l nitrogen through
symbiotic nitrogen fixation, which inturn is related
to the number of nodules formed by the rhizobia an tho
roota. The highest number of nodules is obtained at
the meximum flowering stage which slowly decreases
towards the harvest atage, A decline in the number of
nodules as the plant reaches maturity has been generalily
observed (Indira, 1984).
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The correlation between exchangeable aluminivp
and parcentage aluminium saturation wlth nodule count
is negative and significant both at the maximun £lovers
ing and at the mid pod £illing stage. This correlation
eventhough continued to be negative became non-signifi-
cant at the harvest stage., Excessive aluminlum has boen
considered {0 be a severe stress to rhizohia than {rec
acldity neasufad in terns of pH values (Xeyser and

Munns, 1979),
Total dry matter production

.A comparison of the total dry matiter praduction
2y cowpea shown in Table 6 reveals that the suppressing
yPrect of exchangeable aluainium is more prominent at
vhe early stages of grawth than ﬁt the later stages.
Jut in the treatment where the PAS is maintained at
iround 39, the dry matter content is highest at all tﬁa
:hree stages of growth. Neither the lime levels which
saintain the percentage aluminium saturation arcund
{0 nor that which raise the pH to nsutrality leadingz
:0 @ percentaege aluminiug saturation 9f£ leas than 1

rould produce a significant increment in dry matter



147

production, The reduction in dry matter in these
treatmenis may be atiributed to the adverse effect

of exchangeable aluminium in influencing nutrient
absorption (lae, 1971; Sanchez, 197G: Jarvis and ‘
Hatch, 1986} which is essenttal for maiﬁtaining a higher
rate of carbohydrate synthesis,

The entagonistic relation existing between
dry matier production and exchangeable aluminium
supports this view,

Oreain yleld

It'may be seen from the results in Table &
that the maximum grain yleld is produced by the treat-
gent where the percantage.aluminium gaturation is less
than 30. 1In the other treatments which have maintained
a higher ievel of exchangeable aluminium as well as ‘
percentage aluminiuva saturation. the yield 1s signi-~
Iicantl} lower., Similarly in the treatment where the
percentage aluminium saturation is only less than sne
and exchangeable aluminium 0,09 ®e/100 g, there alsd
the grain yleld is comparatively lower than the treate
ment where the exchangeable aluminiua content 1is
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1.26 me but higher than the treatments vhere the
oxchangeable aluminium contents are 1,98 and 2.45 ac,
The attainment of a meximun yield at around 30 percent
aluninium saturation of the soil is- significant and
clearly indicates the passibility of getting a higher -
yield at this level of exchangeable aluminium, Lven=
thouzh a pH of 4.7 in the soil where the PAS is5 arsund
30 suggests a strongly acidic condition, cowpea has been
able to prnduce'a higher yield compared to a situstisn
in the treatment where the pi 13 near neutrality. This
observation points to the fsct that it is sufficient

to reduce the percentage aluninium saturation to valucs
around 30 to obtain & better yleld, Instead of taking
pH as a criterlia for liming, the exchangeable aluminium
values and corresponding percentage aluminium saturation
values may be looked upon as better indicotors for the

need of lime in highly acid soils.

A reduction in grain yisld noted at the highest
liwe level (Table 6) though not significant, might be
due to the undesirable effects like phosphorus and

micronutrient deficiency consequent to overliming
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(Holford, 1985 and Timmer, 1985). It is possible that
the strsng negativé influence exerted by exohaﬁgeable
aluninium on root elongation and nodulation might havc
adversely affected the availaﬁility and uptake of
nitrogen as well as most other nutrients in the treat-
ments where there iz 2 high level of exchangeable alunie
nium in the =oil. It appears'that a certain amount %
exchangeable aluminium which maintain a moderately
acidic state of soil has proanoted plant growth by
indirectly influencing the ralease of more of the
fixed nutrients into the avallable pool. This might
have led to greater absorption, resulting in a higher
yield of grain as well as total dry matter production,

It is evident frong the preseht study that a
percentage aluainium saturation of absve 30 has conzie
derably reduced the welght and length of root, nodule
count, heizht of plant as well as yield, Such instonces
of lower crop yleld, reduced nadulation and root grovih
and poor nutrient uptake associsated wiith aluminium toiie
clty in soils have been amply reported in literature
(Abruna et al., 19743 Sartain and Kamprath, 1975:



Dionne and Pesant, 198%5). However, Andraw et al.
(1973) have reported an increase in yleld of pasturas
legumes st 0.5 ppn aluminium, DBeneficial offects of
low concentration of aluminium (19 L#) on tap root
alongation_in phaseolus end the non inhibitory effect
of aluninium upto 83 H on roost dry weight, nodule
growth and nitrogenase activity in beans sre also
reported (Franco and Murngs, 1982),

Fodder Maize

Plant characters such as weight of tops and
roots, length of roots and total dry matter production
exhibit a linear; negative relationship with exchane
geable alusinium content. However, plant heizht alone
iz higher at an exchangeable sluminium level of 1,26 me
and percentage aluninium saturation around 30. The
rayourable effect on all the other plant characters .
at the highest level of liu2 may be due to the benefie
clal effects imparted by the reduction of toxic levels
of exchangeable aluainium in the soil (Teble 9),

A comparison of the response by cowpea and
fodder malze to varisus levels of exchangeable aluminius
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resulting froa the use of different levels of lime,
reveals a greatsr tolerance of cowpea to aluminium

than fcdder'unize. It is clearly evident from the
results that while yield and other plant characters

are better at 30 percent aluminius saturation in

cowpea, such a situation is attained in fodder malze
only by the ﬁue of a higher level of 1ime which cen
reduce the percentage siuminiua saturation to a minimum,
Various scientists have proposed di{!erent linits of
tolerance of aluminium saturation of goils for cereal
crops such as wheat, barley and corn. Kamprath (1970)
has found that an aluminiuam saturation of more than

45 percent reduced corn yield while Alley (1931) observed
an unfavourable effect on corn yields at an aluminium
saturation of 18 psrcent of the effective CEC, Fox
(1979) on the other hand obtained 90 percent yield
reduction in corn when the aluminium saturation excecded

12 percent,

Liming to reduce the aiuminium saturation to
40 percent is not that much effective in increasing
the yield of cowpea compered to the levels of lime needed

to reduce the percentage aluminiua saturation to e At
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the seme time, 1lime levels to raise the pH to around
6.4 and reduce percentage aluminium saturation to < 1
is uneconomnical in view of the huge quantity of lime
required. The yleld of grain as vell as the total

dry matter production in cowpea attained at this level
of lining may not commensurate with the cost involved,
It 1is clear that since cowpea cgn perforn well at a
percentage z2luminium saturation of 30, there 1s no .
further need to reduce it to less than 30 by epplying
more of lime, The optimum level of lime to attain
this condition is found to be 500 kg/hm. But in the
case of fodder maize, almost all the growth characters
except the height of the plent recorded maximum values
in the treataent T, where the pi is &.4+ and effect of
aluninium in soills is negligible, The other two treate-
ments which reduce the aluminium saturation to 30 end
40 percent are found to be not as effective in increasing
the yleld parameters, From these results it appears
that a better performance with fodder azize may be
expected in solls which are either limed to the point
of complete eliminetion of exchengeable aluminium or =
particular level which may be tolerated by ths crop,



A comparison of the performance of fodder maize and
cowpea under different levels of exchengeable alumlniua
brings osut the fact that fodder malze is highly secnsle
tive to aluminium toxicity while cowpas 1s somewhat
tolerant to it.

;nflﬁence of different levels of exchengeable alupinjiug
an_the nutrient content of cowpen and fodder maize

It may be seen from the results that the nitrogen
content in tops and roots show a linear increase with a
decrease in exchangeable aluminiua content of soil
throughout the growth of cowpea. Nitrogen cantent is
highest in the treatmsnt where the exchangeable aluminium

is siniaun,

The nigher content of nitrogen in cowpea grown
in soils of lowest exchangeable aluminium esntent nay
be the consequence 52 a higher rate of nitrogen abssrpe
tion which h=s been made available through a better
association between the macro and micro symbionts. This
is evidenced by the higher nodulation of cowpea in
treataents giving a low level of exchangeable aluminium,

Klnegative correlation is also found to exist
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between aluninium content in toés and nitrogen content,
eventhouzh it 13 not significant at any of the growih
stages of cowpea, The adverse effect of aluminiua on
the absorption o2f nitrogen by the plant is thus reflected
in this relationship. The effect secns to be more
prominent at the mld pod £1lling stage as indicated by
the significant and negative correlation exiating
between aluminium content in roots and nitrogen content
in the tops at the mid pod £illing atege,.

The adverse effect of excessive aluminiua on
nodulatiosn and nitrogen fixation as reported in many
instances (Mazlavolta et al., 1981; Franco and Munns,
1982) may be the reason for this negative correlation
between aluainium concentration and nitrogen contehnt

in cowpea,

Nitrogen content in the tops and raoots of
fodder maize also shows an increese due to a reduction
in the exchangeable aluminium content of the soil.
stevor; maximum content of nitrogen 1s observed in
the treatment with a percentage aluminium saturetion

of 30 which contain z higher level of exchangeable
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aluminiuw than in the treatuent where the exchangeable
eluniniua is minimun. The lover content of nitrogen
in the treatment whore exchangeabla aluninium is
mininum may be attributed t0 the adverse effects of

overliming, '

A negative correlstion also exists between
aluasinium content in soil end nitrogen content of tops
and roots, A similar relationship between thase two
elemants in rice roots has been cbserved by Fageric
and Carvalho (1932),.

In general & higher content of phosphorus in
the tops and roosts of plants is noticed at the lower
levels of cxehangoa&lo &lunminiua and percentsge alumi-
nium saturation values. But the different treatments
are not significant in increasing the phosphorus cone
tent in tops and roots over unlimed treatments except
at the mid pad filling stage and at harvest. At higher
percentage aluminium saturation values, the concentrawe
tion of phoaphorus in tops show 8 reduction probably
due to the strong antagonistic relation which 1is
believed to exist between aluainiuz and phosphorus
(Zaini and Mercads, 19843 Fageria, 1985),
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A decrease in the phosphorus content or-bath
tops and ryots has been observed with an increase in
'the aluninium content of the soll., However, the corre=
lation between aluminium and phosphorus in tops and
rosts is not constant always, This finding is in
agreenent with the obmervations made by jjugwira et oi,
(1980) and Fageria and Carvalho (1982) on the ralatione
ship between aluminium and phosphorus. However, Sartain
and Kamprath (1975) did not observe any relation between
&luminiun content of soil and plant phosphorus concenw

tration,

Eventhough & reduction in percentage alunihium
saﬁuratian of 80lls has resulted in an increase in the
. content of phosphorus, the phasphorus in the treatment
where the percentagze aluminium saturation is 30 is found
to be equal to that in the treatment where exchsngcable
elusiniug is minimum, A greater absoéption of phos~-
phorus in the treatmsnt where exchangeable alumiﬁlum
content is 1.26,¢1nsp1t6 9f a higher exchangeable
aluminium and acidity than in the treatment where
exchangeable aluminiua is minimun,points to a greater
solubilizatlon of phosphorus in these s5il1s. The
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rhizssphere of fodder maize plants which has bec:ane
more acldic towards the harvest stage might have holped
in the greater absorption of phosphorus in this treate

ment.

Reduction of exchangeible aluninius in goils
by liming has not produced any marked increase in the
potassium content of roots and tops of covWpea. iHowever,
potassiunm content at the maximum flswering stage records
highest value in ﬁ?avily limed treatments with lowest

aluainium saturation.

However, at the mid pod £1lling stage and at
harvest, potassius in rosts and tops 15 maximum in
plants grown in the presence of the hichest concen-
tration of exchangeable aluminium. Mugwira et al,
(1980) and Fageria and Carvalho (1932) have reported
a favourable effect of higher concentracion of aluainium
9n potassiua absorption while Mac Leoad and Jackson

(1967) have reported an opposite effect.

Aluniniun content of topas shaw a negative
correlation to potassium in tops at all the three
steges and at mid pod filling stage aluninium in tops



158

ie found to be positively correlated o potassium

content in roots. Thus the effect of aluminium either

in the 801l or plent appears to be inconsistent and it
appears that a high aluminiua content is not likely o
reduce potasaiunm absorption end translocation in coupca,
In fact, low levels of aluminium have been reported %o
act as a atimulant for potassium absaorption (Andrew et al.

1973; Fagerie and Carvalhn, 1932),

A general increase in potassium content in both
roots and tops of fodder walze 1s obtained due to a
reduction in exchengeable aluminium status indicsting
& greater sensitiveness of fodder maize to absorb potaoe
ssiun in the presence of high levels of aluainium, The
highesat 1evei of lime has produced the maxieus content
of potassium in tops (1,49 percent) as well asTroats
(0.85 percent).

Calciuva content in plant iops and rodts also
Show a linear increase with a decrease in exchangeable
aluninium and parcentage aluminium saturation values
at all the three stages of growth of cOvpea, Lventhough

the calcium content in tops record a maximum value in
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the treatment having the least content 2f exchangeable
~aluminium, its content in the raoots record a maximun
value in the treatment where the exchangeable aluminium
in 821l amounts to 1,26 me and percentege aluminiun
saturatlion is <30, The strong anfagonistic effect
prevailing between these two elements (Mugwira et‘al.l
1980) may lead to a lesger uptake of calcium in the
presanée of aluminium. The treatment vhere exchan-
‘geable aluminium is minimug has increased the caleiunm
content of the 8oil to a considerable lovel may alss
account for the higheat content of celcium observed in
the plants in this treatmwent., The decrease in the
content of calcium in tops towards harvest may ba due
to a éreatar accunulation of calcium in the roots at
this stage as evidenced from Table 7 compared to the
other two stages., The reduction in calcium content

in tops at harvest may also be atiributed to the dilue~
tion effect in the plant as proposed by Martini and
Mutters (1985).

Aluminium content in tops and roots reveal a
consistent n2gative correlation with caleium content

in tops and roots throughout the growing period.
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Hovever, correlation between aluginium content in tops
and calecium content in roots 18 significent only at
harvest. This beheviour may be explained in the 1light
5! the strong negative correlatisn that exists betwecn
aluminium content in roots and calcium content in tops
and roots as well as aluminium and calcium content in
tops. The results also indicate the greater sensitivee
ness of fodder maize compared to cowpea in absorbding

calcium in the presence of aluminiun,

An increase in magnesium content in tops and
rodts with a reductisn in the percentage aluminium
saturation and exchangeadle aluminium is alao'evidant
from the results. A higher content of magnesium in
plant tops and roots as a resuit of liming mey be
attributed to the increased absorptiosn and transloca-
tion of the element at.reduced percentage aiuainium
saturation and exchangesble aluminium values (Mac Leoad
and Jackson, 1967; HugwWira et al. 1980). These findincs
also indicate a greater sensitiveness of fodder maize

to aluninium than caﬁpea.

The content of iron in the tops of cowpea and
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fodder maize show a tendency to decrease with decreasing
levels of exchangeable aluminium in the soil. A loier=
ing of_the exchangeable iron in soil due t5 the treat-
@ent with lime has naturally resulted in a lower uptake
of this eleaent by both the planta., A decrease in tho
gtatus of exchangen51e iron in the soil due to lime
application i1s evident from the results presented
earlier, Iron content in the roots of cowpsa and
fodder maize show a negative relationship indicating

the ability of these plants to prevent the translocee

tion of toxic levels of iron to the tops,

A higher content of zinc is noticed in fodder
maize due to a reduction in exchangesbls aluminiun by
liming. However, inspite of the use of a very high
level of 1lime leading to the complete suppression of
exchangeable aluminium, this treatment has recorded
the lowest content of zinc., The precipitation of zinc
in the presence of a very high amount of lime wight
have led to a greater unavailability of zine to the
plant. A decrease in the availsbility of zinc at high
lime levels has been reported in many instsnces (Lee,

1971; Fageria and Carvalho, 1982).
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But in the case of cowpea, the avallability

. of zinc does not scem t2 be much affocted by the
application of lime, eventhough the observed tendency

is for a lesser upbake of zinc in the prasence of limc,.
Here also the plants in the treatment where exchangeable
aluninium is oinigunm, record the lowest content of 2inc
suggesting a situation where the availability of zinc

has been reduced due to overliming.

Copper content in both tops and roots of cowpen
and melze are not much affected by a reduction in

exchangesble aluminium content in the soil.

It may be noted from the results pfesentcd in
Table 7 that the content of aluminiua in both tops and
r2ots decrease with a decrease in the parcentage alunie
nium saturation and exchangeable aluainium content of
the so0il. The content of aluminium in cowpea topa
record tﬁe.lcwest value in the treatzent with percen-
tage aluminium saturation sround 30 and exchaengeable

aluniniuz 1.26 ma/100 g so0il,
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Aluminiua content in roots also exhibit a
linear decreage with a reduction in exchingeable
alunrinium éontent of the soll. The content of
aluainium in both tops and roots racord maxinus
values at the mid pod filling Qtlge and then decrease
as the crop sttain maturity, Martinl and Mutters (1983)
have observed a similar reduction in the content of

aluninius in soybean after four weeks,.

Eventhough the treataeat with percentage alumie
niuan saturation value arsund 30 has recorded the least
amount of aluminium in the tops, the other two treat-
aents with a‘hlghur percentage aluminium saturation and
exchangesble aluniniua value than the treatment with
percentage aluainium saturation eround 30 maintain a
higher level of aluminium in tops. The treatment with
the lowest percentage aluainiuam saturation and exchane
geable aluminium.show only the minimum ¢ontent of alumie
niua in the rosts at all the three steges,

Aluminium content in roots is found to be
significantly higher than that in the tops. The

accumulation 5f more aluminiua in roots compared to



tops may be due to a lesser degree of transport of ths
absorbed aluminium to the tops in order to amaintain 2
non toxic level of aluminium in the tops, Accumulation
of aluminium in the roots has been observed as a ’
mechanism exhibited by plants tolerant to aluminfium
toxiocity. A higher content of aluminium in roots of
plants grown in highly acidic soils has been reported
(Andrew et al, 1973). Jarvis and Hatch {1986) have
observed that only less than 10 percent 5f aluninium

absorbed f£rom solution alone is transported to shoots,

It may b= noted that a strong positive correla-
tion exists between aluminium content of tops and roots
at the maxizmum flowering stage and at harvest., Insplite
of the retention of appreciable nmounta‘or aluainium
in the roots of covpea, translocation to the aerial
parts seem to have taoken place as suggested by the
strong positive correlation between the aluminiuam content
of tops and roots. This indicates the plant's inability
to prevent translocation from roots beyond a certain
1inmit, vhich may result in an expression of aluminium
toxicity symptoms in the leaves, The nérgfnal leaf
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chlorosis and leaf curling observed in plants in the
contral and in the treatment with a percentage aluninium
saturation of more than 40 support this finding.
Recently Truman et al. (1986) have obtained a simller
type of pomitive relation between aluminiua content in

tops and roots.

A raducgion in the exchangeable aluainiua content
and percentage aluuninium saturation velues bring about
& decrease in the content of aluminium in the tops of
fodder maize, Here also the treatment with a percentage
aluninium saturation of around 30 is found to be mare
effective in reducing the ievel of aluminium in plant
tops then in the treatment with a negligible percentoge
aluninjun saturation value or the treatment with a
percentage aluminium saturation around 40, The content
of aluminium in the roots also decreases linearly with
a corresponding decrease in the parcentace aluminium
saturation values. ' The treatment with the lowest level
of percentage aluminiua saturation 15 observed as the
nost effective in reducing aluminium content in roots.
A strong significant positive correlation between the
content of alumin}un in the tops and rsots is obtained
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as in the case of cowpea, As mentioned earltef, the
accumulation of aluminium in the roots is indicative
of a tolerant mechanism exhibited by plants growing
in solla with high exchangeable aluminlum valu;s.

Nutrient content in grain and husk of cowpea

i

A reduction in thn:exchangenbln aluminium
content of the s0il has resulted in an increase in
concentration of N, 7, Ca and Mg in both grein and
husk, Treatunent with an exchangeable aluminium level
ol 1,Z6 me and parcantage aluminium SATUTATION AP3ung
30 record the highest value for all thess nutrients
in grain and husk compared to the treatments where
the level of exchangeable aluminium is either lesser
or greater than this tresataent, Neither the lige
1evalg to bring the percentage aluminiumn saturation
to around 40 nor that ceused a reduction of percentage
aluniniun saturation to less than one could increase
the content of N, P and Mg in grain and husk compared
to the treatment with an exchangeable aluminium level
of 1.26 me. But calcium content of both grain and
husk is highest in the treatment where exchangeable
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aluminium content and percentage aluminium saturation
is mintmum., This may be explained in the 1light of a
greater amount of calcium available in the treatment
vhere exchangeable aluminium is minimum, Potaésium
contents in the grain and husit do not show aﬁy varia=
tion dus %o the reduction in percentage alnﬁiniun

" saturation or exchangeable aluminium content of the
soil,

Alusiniun coﬁtent in grain and husk is reduced
.to a considerable extent by & reduction in exchangeable
aluminium and percentage aluminium saturation of the
8211, The treatment where thé exchancesable aluminiumi
content is 1.é6 22 has accumulated the least content

of aluminium in grain and husk eompared o the treate
ment where -exchangesble aluminium is miniwunm and in the
control. Zinc content in the grain and husk also
register an increase with a decrease in exchangeable
aluainium,

From these resultz it may be cocluded that
reducing the percentsge aluminiuva saturation to around:
30 by the applicatiosn of 500 kg/ha 1ime is most optimum
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£9 increase the content of nutrients like N, P‘ Mg

and Zn in the grain. Treatments with,perceﬁtage
sluminiwa saturation around 40 and the treatment with
negligible percentage aluainium saturation have produced
grains of much lower nutrient value in terms of their
content of N, P, ¥Mg and Zn, Thm eontent of calcium in
grain is, hovever, maximum in the treatment with =minimun
exchangeable aluninium and percentage aluminium ssturae
tion, which may be atiributed to a comparatively higher
content of calcium in the soil due to the application
of a very high level of iime,

Pulses afe the most ieportant scurce of
‘protainaceous food and the nutritive value of this
diet mainly dépends on the protein content of the
grain which in turn depends on its content of nitrogen,
Lige level which raduce the percentsage aluminiua satue
ration to 30 has helped to sccumulate more of nitrogen
as well as other nutrients in the grain, This in turn
will improve its quality.

Influence of exchangeable aluginium on nutrient uptake

It may be noted that the inhibitory effect of-
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aluminium {s more prominent sn ealcium and ﬁhssphorua
uptake in cowpea compared to the other elements as seon
from the significant negative corralation that exists
batween exchangeable aluminium content and percentage
aluminium saturation of s0ils and upteke of phosphorue
and calcium. Guerrier (1977) has observed a similar
effect of aluminium on the uptake of calcium and phose
phorus in pulses,

A higher caontent of exchangeable aluminium
in the 3011 advercely affects the uptake of N, P, K,
Ca, Hg and Fe in fodder memize, Such an appreciable
reduction in the upfake of nutrients under aluminium _
toxic conditions in seversl cersals have been reported

(Fegeria and Carvalho, 1982; Abraham ..o, 1984),.

Inflvence of aluminium content in plsnt on growth
and nutrient uptake

A significant negative correlation is sbserved
between aluminium content in plant and total pad as well
as grain yield in cowpea, The concentration of alumie
nium in plants seens to exert a depressing effect on

other plent characters such as root length, nsdule
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count, dry weight etc., as seen f{rom the negative

correlation hetween these characters end aluminiunm.

In the case of fodder maize alsd aluminium
content 1s negatively correlated to nutrient uptake
and various yield parameters., This may be attributéd
to the direct toxic effects of aluminium on nutrient
upteke ang yield in fodder maize.

Such undesirable effects préduced by high
levels of aluminiuz on the growth of root and its
elopgation, nodulation, dry matter production etc.
are evident from the reports of Franco and Munns {(i1982)3

Kim et al. (1985) and Alva -et al, (198‘5)-

It may be noted from the results discussed:
here that aluminium can reduce the uptake of many
of ths nutrients essential for plant growth as well as
for maintaining the nutritive quality of the produce.
Possibly, the reduced absorption of many of the nutricnts
aizht he due to the competition of aluzinium for common
binding sites at or near root surface thcreb& reducing

the uptake of calocium, psiassiuvm, nagnesium aﬁd nta J41475) o8
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A reduced nutrient uptake in rice due to similar
competition has been observed by Fagerla and Carvalho
(1982).

A strong negative relationship is noted betwecn
giuminlum content of root and its length, weight >f
tops and tatal dry matter production.: The unfavourable
influence 9f aluminiua’' on these plant cheracters may
poscibly be ralated to a reduced nutrient uptake result-
ing from a higher content of sluminium in the raot,
The antazonistic influence of aluminium on nutrient
uptake is further supported by the significent and
negative correlation that exists between the uptake
of nitrogen, phosphorus, potllalua, calciuzm, magnesiun

and iron and the aluminium camtent 2f roots,

A

In the 1light of the results obtained fromr the
present atudy, it may be concluded thal exchangeable
aluminium in the soil whlqh contrlbutea to the percentazae
alunpinium saturation exhibits a strong antagonistic
infiuence on the grow?h and yield as well as nutrient

uptake in cowpea and fodder maize,

Control of exchangeable aluniniﬁm to tolerént



limits is thus imainent and it is only a matter of
identifying and fixing the liming rates to achieve
this, It is inperﬁtive thet liming is done only upto
the point o7 elimination of aluminium toxicity for
various crops. FPlants differ in their capacity to
tolerate levels of exchangeable aluminiuz in the soil
and c¢owpea 15 seen t2 toleraite a higher level of eiuchine-
geable aluminium {1,256 me/100 g) while fodder maize

is not, Thus it follows that the same lovel of liming
cannot be recomaended for covwpea and fadder malize, A
better criteriz in this respect will thorefore, be to
deteraine the level 5f lime that may reduce the exchanw
geable aluminium to 1.26 me/100 g soil in the case of
cowpea and its coaplete elimination in the case of
fodder malze, Since fodder mpalze is more sensitive to
aluminium, a better performance is possible only in
80ils limed upto the point of total elimination of
exchangeable alueinium. Iiming to reduce percentage
&luninium saturation to around 20, 30 or 40 has recorded
only a p2or response coapared t9 the complete elininge
tion of exchengeable aluminfum, - While 500 kg lime/ho
is sufficient to bring down the exchangeable aluminium
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to a tolerable limit for cowpea, this is not enough
for fodder maize which needs a h{.gher lovel of 1ime
to completely eliminate oxchangeable alﬁmlnium. A%
the same time the use of 7.7 t/ha of lime to raise
the pH to near neutrality is als)d unnecessary since a
much lover amount alone would be needed to nullify the
effect Of exchangeable aluaminium. Computation based
on exchangeable aluminiun content of soil at different

liming rates indicate that 544 kg/hs would be the

mintmim ammint Af Tima naaded +n anldars dida
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SUMMARY AND CONCLUSION

A study has been undertaken to find out the
suitability of using exchangeable aluminium as an
Index of liming for the acidic upland solls of Kerala.
The investigation wes carried out on the following

aspects,

A total number of 30 soll samples representing
the five major upland soil types of ﬁerala viz. laterite,
alluvial, red loaa, sandy and forest soils were collacted
and chemical nature of these soils was determinecd with
a view to find out the status of exchangeable aiuminium
end other factors contributing to soll acidity., One
soil sample contalning the highest amount of exchane
geable aluminiua and highast percentage aluminium satue
ration was selected for a pot culture experiment., The
growth, yleld and nutrient upteke of two acid sensitive
crops namzely cowpea and fodder malze were studied in
this s80il after meintaining different levels of exchane
geable aluminium by applying different levels of lime,
The levels of lime based on écnvent;onal lime reguire-

ment method and that required to bring down the exchanzeable
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aluninium content of the soil to_tolerant ligits for
the two crops was also scloctad.. The perforuance of
the crops in the presence of different levels of
exchangeable aluminium was comparsd by making biloe
getric observations and by chemically analysing the
plant and 801l samples at different stages of thelr
growth and at harvest.

From the results obtained, the effect of diffew
rent levels of exchangeable aluminium on the growth
and nutrient uptake of these plsnts could be brought
out and the comparative sensitivity of cowpea and
fodder nalize 1o exchangeable alusinium content in so5il

could be reavealed, -

The important findings from this investigati-ns

are sumazarised below,

1. The pH of the upland soils varied from 4.2 to 7.2
and was lowest in laterite end alluvial soil and
highest in red loam 3olls. pH when determined in
0.01 ¥ CaCl, sdolution recorded a lowering of 0.2 to
2.9 units coaparad to pH in water.

2. Lime requirement and cation exchange capacity were
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minimum in sandy soil. Lime reguirement was maximun
in the laterite s0il and CEC was maximum in alluvial
so0il, Exchangeable aluzinium content and PAS were

mazimum in leterite soil while a few of the red loam

30ils recorded almost nil values,

b
¢

Application of differant levels of lime as per the
treataents resulted in a significant rise in pH and a
significant lowering of totel acidity, exchangeable
aluniniun and exchangeable hydrogen cantent of the
8011, Addition of fertilizers to the limed soils

also lead to an increase in pH end a corresponding
reduction in total acidity es well as both exchangeable

aluminium and hydrogen.

Cultivation 9f fadder moize and cowpea has resulted

in an increase in pi and a decrease in total acidity
and exchangeable aluminium and hydrogen content of the
89211 at their early stages of growth, ﬁut at harvest.
both thase plants slightly reduced the pli of the soil
leading ¢to & corresponding rise in aclidity, exchan-
#elble aluminium and hydrogen content., |
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Maximum height of plant az well as length of raot in

cowpea 1s8 observed in soils with an exchangeable aiumi-

niun level or.1.26 ze/100 g, Complete elimination of
exchangeable aluxinium showed. a depressing effect on
bath these characters. A reduction in exchangeable
aluminiuﬁ brought about by liming has also resulted
in a’linear increase in the mumber of root nodules,
The number of nodules in plents in all the treatacnts

decreased towards harvest.

Maxisua dfy a2tter productisn and grain yield in
cowped were recorded at an exchangeable aluainiua
content of 1,26 me¢/100 g A furthef increase or
decresse in exchangeable aluminjiua showed a depressing
effect on both these characters.

Correlation between exchangeable alusinium content

of soils and characters like height of the plant,

r3ot length, nodule count, grain yield, total pad

yleld and total dry matter production in cowpea were
neguative and significant. Maintenance of exchanzeable
alupinium at 1,26 #2/100 g with a corresponding percen-
tage aluainium saturation value of around 30 appeared
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to be the optimum for maxiaising the yleld in cowpee.
Complete elimination of exchangeable aluminiuzn appoors
t0 be unnecessary and unecondalical as indicated from
the negative effect of this treatment on the géswth
and yield of cospea.

8, The fodder maize a&lso thwed an increase in height with
a raduction in exchangeable aluainium content of the
80il. The maximum height was recorded when the exchane
géable aluminiun was 1.26 we with percentage alum;nlum

saturation value ercund 30,

9, Other plant characters of fodder maize such as weight
of tops and roots, length of rsots and totel drf matter
production etc. exhibited a linear negative rolatisne
ship with exchangeable aluminium content, maximum
values for each of these characters being recorded at
the ninimum level of exchangeable alusinium. The
suppressing effect of aluminium on rooat grawfh was
evident from the negative and significant correlatisn
that existed between exchangesble aluminium and root
length of faodder maize,

10, The nutrientluptako in bath cowpea and fodder maize
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showed a similar behaviour towards levels of exchan-
geable aluminium in soils., Among the different nutrients,
the nltrogeh content 1in tops and roots showed a linear
increase with & decrease in exchangeable aluminfium
content of the ssil.thrOUghout the growth of cowpen

' and fodder maize. Aluminium content in tops and raots
was adversely related to the nitrogen content in tops

and rosts.

11. At higher values of exchangeable aluminium in soll
tha concentration of phospﬁnrus in tops showed a
reduction due to the strong antagonistic relation
between aluﬁinium and phosphorus. Aluminiua content
in the tops anﬁ roots of cowpea and fodder maize
recorded a negative correlation to phosphorus content

in tops and roots.

12. A reduction in exchangeable aluminius in soils did not
praduce any marked difference in the potassium content
of roots and tops of cowpea. However, a g&neral iacrcase
in potassium cantent in fodder maize has been sbtained
due to a reductiocn in exchangeable aluminium. A high
aluminiuu content was not found %o inhibit the absorption
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and trenslocation of potassium in cowpea, eventhough
in fodder maize a strong negative correlation prevailed

between aluminium and potassius content in roots,

Calcium content in tops of cowpea recorded the highest
value with the ccaplete elimination of exchangeabls
aluniniuas content in s2il, but the content in root wes
naéilun when soils confainad about 1,26 me excﬁangeable
aluminium. Thus, fodder maize was found to be more

sensitive compared to cowpea in the absorption of

| calcium in the presence of aluminiua, A strong nega-

14,

tive relation was also found to exist between aluminiun

content and calcium content in tops of faodder maize,

Magnesium catent in the tops and roots of both cowpes

and fodder mailze increassed with a reduction in the
level of exchangeable aluminium in the 8011, Cowpen
vwas found to be more tolerant in absorbing magnésium
An presence of aluminium than fodder malize as evident
from the higher magnesium content at a higher level

of exchangeable aluminium in cowpea compared to fadder
meize which recorded the highest value for megnesium
only after coaplete elimination 5f exchangeable alumi-
nium in the soil,



15.

16.

17.

181

A reduction in the level of exchangeable alusinium
in soil has.raduced the content 2f iron in the tops
of cowpaa and fodder waize. Iron content in roots
of cowpea and fodder palze exhibited a negative reln-

tionship with the iron content in the topsa.

The uptake of zinc by cowpea was not much affected

due to a reduction in the exchangeable aluminium
content. But a higher content 92f zinc is noticed in
fodder maize, where the exchangeable aluminium has besen
completely reduced by liming., However in both plants,
the uptake of zinc¢ has been reduced due to over iiming.
But copper content in cowpea and fodder malze was nat
affectsd by a reduction in exchangesble aluminiua in
soil.,

Aluninium content in both tops and roots 5: cowpea ang
todécr maize decreased with a reduction in the exchane
geeble aluninium content of soil, Aluminium conéen-
tration in root was found to he significantly higher

than that in tops and a strong positive correlation

‘between aluminium content in topé and roots was evident,
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18 A reductioniin exchangeable sluainium and percentege
aluninium saturation values has resulted in an incraased
uptaike of N, Py, Ca and Mg in both grain and husk of
6supea. Soils having an exchangeable gluminium content
of 1,26 me/100 g recorded the highest value for all

thene mutrients, The inhibitory effect of aluminiun
appears to be more prominent on the uptalte of calcium
and phosphorus compared to sther elements in both

cowpea and fodder maize.

19, The content of aluminium in the grain and husk recorded
the lowest value in solls with an exchangeable aluminium
of 1.26 we/100 g.

20. Reducing thé exchangeable aluminium level to 1.26 me/i00 g
by the application of S00 kg lime hns helped to increase
the yield aﬁd nutrient uptake in cowpea. But in foddar
maize this level of lime han been found to be insuffi-
clent and cqaplete eliminatidn‘of aluninium toxicity

appears to be essential,

From the results of the present investigation
it may be concluded that higher levels of exchangeable
aluminius ad&ersely affect the growth and yield of
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cowpea and £odder azize, It can adversely affect

their quality by influencing the uptake of nutrients

and their conteat in roots, tops and grains. It appoars
that cowpesa can be cultivated profitably in presence of
500 kg lime/he which permits to maintsin a certain
.amgunt of exchangeable aluminiua level in soils, while
fodder malze is more sensitive to exchengeable ciuminium
than cowpea and perfonmed hetter only when the excess
alusinium was completely eliminated., Covipea exhibited

a greater tolerance to aluminiﬁm at 1.26 ne of exchane

" geable aluminium.

It £ollows from the results that a lsvel of
lime higher than 500 kg/ha msy practically effective
in compleiely eliminating the levellof exchangzeabla
aluminium in the soil. This level of lime has been
arrived by calculation as 544 kg/ha which is very much
less than the lims requirement based on conventional
methods to bring the soil pH to nrutrality. Applicoe-
tion of 5446'kz lime/ha which can completely suppress
the exchangeable aluminium instead of full lime reguiree

ment values of the s2il may therefors bhe considerad
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to be optimum for fodder mailze in producing maximunm

drymatter and permit a greater uptake of nutrients.

Si.ncé the eritical levels of exchangeable
aluniniua sppears to be different for different
crops, it fs desirable that lime levels %o reduqe
exchangeablé a&luminium to such a eritical level alone
be applied., The resﬁlta of the present study thus
point to the advantege ;n adopting the exchangeable
aluninium level of 851l as a better index of liming
for variaus'cropu grown in the upland acldic soils of

Kerala,
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fLippendix I{a)

Influence 5f different levels of lime on the =351l
reaction at different stages of growth of cowpea

3

MB35

194
471

Source af

1. After applica-
tizn of different levels of lime

Total 15 11.0200
Treat 5 10.9569 8.6523 ) ¥
Error 12 - 0,0631 0.0053 994113
2. After application s5f fertilizers
Total 15 B. 1644
Treat 3 8.031 9 2.6773 242'&72}:3
Error . 12 0.132% 00110
3« At the maximum flowering stage
Total 15 5.7149&
- ¢
Error 12 02573 00,0215
4o At the mid pod £illing stage
" Total 15 542575
4
Repror 12 0.4250 0,0354
5. At the hervest
Total 15 6.4940
Treat 3 G.0165 2,0055 50.,38545%
Error 12 D4775 00398

XX Cignificant at 1% level



Appendix I(ﬁ)

Influence of different levels of lime on the total
acidity of the soil at different steges of growth

of cavp

Saurce daf

S5

M33

=3

1+ After the application sf different levels of liae

Total 15 1
Treat 3 1
Error 2

3.8629
3.64549
0.2179

2. After the application of fertilizers

Total 15
Treat 3
Error b

Je At the paxizum flowering stage

Total 15
Treat ' 3
Error ‘ 12

44 At the mid pod f£illing stage
Total 1%
Treat 3
Error 12

5. At the harvest stage

Total 15
Treat 3
Error 12

9.5386

93531
0.1855

32539
342457
0.0502

0.3758
0.3111
0.0647

1.6205

1.5633
0.0572

b 45483
0.,0182

361177
00155

1.0818
0.0042

3.1037
0.0054

045210
00,0048

2504326

201,702

253,5981%%

19.2268%%

109, 386™%

xx Significant at 1% level



Appandix (g}

Influenca of differsnt levals of lime on the
axchangsable aluminium content of tha acil at
diffarent ztages of grouwth of cowpoa

Souroe a2 85

M58 7

1, afear the spplication of differont levolis of lims

4.3105 :
0,0209 205,4567%

2e3097
040185 154040855

0.4068 |
0.00%% 44,0098

00612 .
000001  4250.69™F

02450

Total 15 33,1831
Traat 3 12,9314
Lrror 12 0.2518
2. After the application of ferkilicers
Totsl 15 T+3850
Traat 3 Te1901
BEor 12 (41658
3e At the maximom floworing stoge
Total 15 3,3287
Traatk 3 1.,2205
Lrror 12 De1092
4. At thzs mid pod £11ling stage
Totel 15 0.3837
Treat 3 0.1036
28y n o | 12 00002
Se AL &he harvast gtage
Tots) i5 0.6451
Trast k.| 06450
Errox 12 00001

0.00001 24169, 34%%

xx cignificant at 1X level



appenaix Z(d)

Influsnce of dlifferz=nt lavals of lime an exchangssdla
nhydrogen content of the soll at Alffsrant stages of

grogsh of eoipoa

Seuroe as 83 HsS r

1. Af¢er the spplicacion of dlfferant lavals Of lime

Total 15 0.0263 |
Treat 3 0.0177 Do Q0SS
Eerer 12 0.0086 00007 8.2048%
2. Aftar the application of fartllisers
Total 15 09363,
TERst 3 09203 03094
EXcoe 12 00080 0.0007 452,29™%
3, At the paximm flowering stage
Total 15 0,56924
Treat 3 0,8252 0.2083
Errar 12 65,0873 0.00%6 37.2054%%
4, At the mid pod £41314ng stage
Traak .3 00406 0,0135 45
SEXOT 12 0.0818 040005 2.6239
%8s At the haxvast
. Tokal 15 02769
. Traat 3 0.2164 0.0721

Error 12 00608 0,0050 14,3168

% Significant at 5% lovel
xx fdgrificant at 1% leval



Appenddx I{e)
Inflvence of differant levels of lise on exciiancsesble
potasium content of tha scdl ak QlEferent stagas of
Qromiin Of oownes

Eouros af 55 MSH P

1e Aftar applicaticn of difforont lavelsg of 1ime

Toval 15 0.0400

Treat 3 040353 0.0119

gerox 12 0.0080° 0.0004 20,94
2+ Afker the application of tertiumm

Total 15 00152

Treat 3 0.0039 0.0009 |

EXROD 12 0.0122  0.0010 Ge0d0453
3: At tha maximss !Ele#er.lng atag{.

Tabal s 0.0958

Trast 3 0.0165 0.0055

Trrog 12° Q0793 0.0086 3032555
&. At the mid pod £111ing stage

Tokal 15 0,0421

Treat 3 0.0344 00079

rrzoT 12 0.0277 0.0023 2,0720°8
5. at tho hacvesting atage

Torel 15 00262

Teeat 3 040161 0.0054

Erroe 12 0,0108 040009 5,05965 10

i Sigoificont at 1% lovel



Appardiy 3(&}
Influcnen of differant levels of iion on axsiwanoesable Ca
oonzast of the s0ld at differvnt stages of growkh of
T

HOUrT® el d g8 s} “\ 4

i, Aitor application of different levels of limg

Yotal 15 340 0VPT

Troat 3 343,3272  13é.1081 _

ERTOk . 12 Q. 7428 0.0625  1058,1432°5
2e Aftor tha apnilcation of Cartilixzsrs

Tokal 15 190,3130

Treat 3 160 ,6846 63,0282

EPLor - 12 1.3274 01022 636.,1930°%
3o At the paximin flowering stage

Total 15 122.1987

Treat 3 214.2743 36,0914

EETOR 12 7493224 0.0802 57 69657°
44 At tha mid pod £11iing stage

Total 15 62,4647

Traak 3 59,51%5 19,8386 |

BEror 12 2.9439 0, 2457 00,7205
S« Ak the harves: staze

Total 15 92,9967

Tosat 3 S7.1773 32,2024

EXyor 12 1,8184 ° 0.1516 21364777

X2 Significant at 14 laveld



Appondix X{g)
Influance af diffexent levels of lims o exchangeable
sagnasium content of the scll av different stages of
growth of ooupds

Zourcw ag 83 NES .

1, After the epriication of dilferent levels of linme

Total 33 0,0726
, Trest .3 (40288 0.0099
srges 13 0,0430  0.,0036 2.760070
2. Aftar tho appilcstion of fortillzare
Total 19 0.0486
| Troat 3 (G011 0,0035 |
srTee 12 0.0390  0.0033 31,0939
d, At the maximen Slowering ctoge
Total 15 0+3537
freat -3 001204 0.0401
BorTer 12 0.0753 00063 6.3901%
4. At the mid pad S1Jding otage
Fotal 15 0.1237
. Teaat _ 3 &la 93:‘1 GaBL0D
ELEOE 12 Qu0836 640070 1.440018
5. At the harvest
Total 35 0.1658 - -
Txesk 0 3 0.0U70 Q.0228 |
Exeoe 12 0.3728 0062 S.3272%

x Sgnificant at % lovel



appandix Z{h)
Influsnce of alffarent lavels of lime oo
sxshangeabls iron content of tha soil bafore
and aftar éowpes qultivaticn

Source ag S8 Hes

1, Dafore cultivation

Total 15 143,5844
Trest 3 130,1819 46,3673
BIYCE 12 £.4225 G.388%  125,0814™%

2+ After cultivstion

Total 15 2.,8086%
Treat 3 241600 07200
Epzor 12 07267 040061 11,7282%°

xx slanificant at 1% lavel



Appendix II

Influence of different levels of liwe on the

of growth of cowpea
Height of the plent

* plant characters of cowpea at different stages

Sourcs de 53 MsS o
1. At the zaximum flysering stare
Total 15 114,52 .
Treat 2 4h.56 14,852 2567
Error . 13 69,565 5830
2, At the mid pod £4lling stage
Total 15 132,86 ;
Treat 2 29.38 9.792 1,158V
Erpor 13 101,49 8.457
3. At the harvest
Totel 19 290,124
Treat 2 eh 652 28,217  1.648%
Error 13 205,473 174123
Aoot length
Source ar 3% MSS ¥
1. At the maximum flovering stage
Total 1 23,92
Treat 3 22,61 7536 _
Frror 8 5,91 0,739  10.19™*
2+ At the mld pod filling stage
Total 1 45,7867
Treat 3 22,76 74987 2,641
Error 8 22,986 2873
3. At the harvest
Total 15 70,03
Treat 3 13.95 bG48 O.QQBNS .
Error 12 56.09 . 44,674

xx Significant at 1% level



Appendix II'(csntd.j

Husber of nodules

3e

Source df 33 M35 ¥
1. At the meximum flowering stage
~ Total 11 84366 .
Treat 3 4,552 1917 3.580"°
Error 8 3.814 Q477
2. At the mid pod filling stage
Total 1 06,842 .
Treat -3 29,054 9,685 be35™
Error 8 17.787 24223
3. At the harvest :
Total 15 56,089 : NS
Treat 3 - 25.569 Be9523 34353
Error 12 30.486 24541
Grain yleld
~Source o daf 83 M33 2
1. Grain yield
Total . 15 11.5
- Treat . 3 8,983 24995 14,29
. Error 12 2.515 0.2036
2, Hunk yield ' ‘ -
CTotal 0 15 © 26529 :
Treat . 3 . 2117 0.7056 5y 5a7yX
Error 12 0.413 0.0344
Total pod yield .
. Total 15 2356
Treat 3 20.1j 65,702 23,276413
Error 12 3.455 0.283 _

xx Silgnificant at i% level
X Significant at 5% level



Appendix II (contd.)

Total_dry'weight

Source af 55 - M55 F

1. At the maximum flovering stage

Total 11 1.269 | ,
Treat 3 1,103 0.363 1764657
Error 8 1.667 0.021

2. At the ald pod filling stage
Total 11 14.599
Treat 3 3.209 1070 6.58%
Error 8 14300 0.1625

3. At the harvest

Total 15 504276
Treat 3 54497 1,832 0.651™
Errar 12 33 -777 2. 81 5

xx Significent at 1% level
x Significant at 5 level



el
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Appenaix IT{(a)

Influence of different levels of lime on
nutrient composition 2f cowpea tops at
different stages of growth of cowpea

Nitrogen
Source - ag 33 MSS b
1. At the saxioum flowering stage
Total 1" 27807
Treat 3 2,5033 0,834L 24, 066"
Error 8 0.2774 Q0,036
2, At the mid pod £illing stage
Total 1 107486
Traat 3 0.9095 0.3032 a.aggs
Error 8 0.8391 02,1049
3+ At the harvest
Total 15 03540
Treat 3 0.1184 060335 2.011ﬁs
Error 12 0.2355 0.0196
Fhosphoarus
Source dar 35 ¥3s F
1. At the maximun flovwerinz stage
Total 1 0.0038
Treat 3 0.0002 0.0000% NS
Error 8  0.0036 00005 0e1235
2. At the mid pod f1lling stage
Total 1M 0.0113
Treat 3 0.00Q# 0.0031 12.712%%
Error 8 0.0020 00002
3« At the harvest :
Total 15 3.0080
Treat 3 0.0060 0.0020 - 7.9677%
Error 12 0.0030 0.0003

x® Significant at 1% level
X sggnificant'at 9% level



Appendix IX(s) contd,

Potassium
Source df 83 M3S F
1o At the waximum flowering stage
Total 11 8.6319
Treat : 3 2.7986 0.9329 1.2794ﬂ3
Error 8 5.8333 0.7292
2. At the mid pod filling stage
Total 11 1.0047 _
Treat -3 0.4908 0.1636 2, 5455!33
Error B 0.5139 0.0642
3« At the harvest _
Total 15 2.3656
Treat 3 0.0816 00,0272 0.1172ﬂ3‘
Error 12 2.784 D.232
Calciunm
Source as S8 M3S F
1. At the paxluum flowering stage
Totel L 11 0.2587
Treat 3 02570 0.,0086 404 LO65F
Error 8 0,0017 0,0002
2. At the ald pod £illing staege
Total 11 0.,6978
Treat 3 0.6599 0.2200 46367
Erpor 8 0.0380 00047 '
3+ At the harvest
Total 1 5 Oe 33“’3
Treat 2 042929 00976 28,1365
Error 12 0.0414 00,0035

xx Significant at 1% level



Appendix XI(a) contd.

Magnesium
Source af a8 MES F
Te At the maximum flowering stage
Total’ 1" 0.0016 ‘ _ )
Treat 3 00006 0,0002 1.7437ﬁ$
Error 8 0.0009 00501
2« At the ald pod £111ing stage
Total 1 0,0032 |
Treat 3 0000008 0000003 O.BOBBNS
Erpor 3 0.0032 00,0304 '
3. At the harvest
Total 15 0.0140 -
Treat 3 040010 - 00003 0.29#3ﬁ3
Error 12 0.0130 06,0011
Iron
Source at 53 HaS F
T« At the maximuc £lowering stage
Total 1 139837 .
Treat 3 104057 34685.667  7.755°~
Error 8 35779 L4572,375
2¢ AL the mid pod filling stepge
Total M 518606,6 '
Treat 3 195886.6- 65295.5 = 1.61363
Erpor 8 322720 40340 :
%s 4% the harvest ’
Total 15 528192.75
Treat 3 261068.75 837022,92 3.93933
Error 12 267125.00 22260.42

xx Sianificant at 1% level
% Significant at 5% level



Appendix II({a) contd.

Aluninium
Source daf S5 4SS o
1. At the maximum flowering stage
Total 11 527291.67
Treat 3 268491.67 89497.2 27665
Error 8 258800 32350
2, ‘At the mid pod £illing stage
Total 11 223625 |
Treat 3 1066931 35563,657 2.433NE
Error 8 116933 14616,623
3« At the harvest |
Total 15 614943,8
Treat 3 305918.8 101972493 5 g5*
Erpor 12 309025 2575241
Zinc
Source ar Ss M35 F
. 1+ At the maximum flowering stage
" Total 11 1592,667
Treat 3 246.00 ' 82 6.487“3
Error 8 1346,66 1638433
2. At the mid pod filling atage |
Total 1 1840.916 _ :
Treat 3 784.250 261,416 5.979N3
Erpor 8 - 10%56,666 132,083
3« At the harvest .
Total ' 15 3551.75 _
Treat 3 1972.25 65742 4,995%
Error 12 1579.5 A31.625

X Significant at 5% level



Appendix IX(a) contd.

Cbpper
. Source az ' S5 M35 F

1« At the aaximum flowering stage

Total 11 32

Erpor 8 25.33 3.167 '
2+ At the mid pod £illing stage

Total 11 96 ™ 66?

Treat 3 53.533 11.111 1.&0“3

Erpror 8 630333 T 91 6
3« 4t the harvest

Total 15 93.438

Error 12 91425 7.6041




Appendix ITI(Dh)

Influence of different levels of lime on the
nutrient composition of cowpea roots at
different stages of growith of cowpea

Nitrogen
Source L dar SS M3S P
1. At the maxinus flowering sctage
Total 11,4904
Treat 8 1.0844 0.3614 2.4205% -
Error 3 0.4061 0.,0508
2, At the mld pod filling stage
Total 1 0.7135
Treat 8 0,135 040450 0.6229“3
Error 3 0.5783 0.0723 '
3. At the harvest '
. Totael 15 0.,7463
Treat 3 00344 00115 0.15315°
Erpor 12 0.7119 - 0,0593
Phosphorus
Source " at 85 MSS F
1. At the maxinum flowering stage
Total 11 0.0438
Treat 3 00,0156 0.0052 1.46”3
Erpror 8 0.0282 0,0035
2, At the mid pod £illing stage
Total 11 0.0200
Treat 3 09,0097 0.0032 2.516&nj
Error .8  0.0102 0.0013
%e At the harvest
Total 15 0.07432 |
Treat 3 0.01090 0.0036 0.68?“3
Error 12 0.,0634 00,0053

x Slgnificant at 5% level



Appendix II(b) contd,.

Eotassiua
Source af S5 38 13
1. At the maximum flowering stage
Total .MM 0.0027 .
Treat 3 040002 000306 0205302
Error 8 0.0025% 0.000351
2. At the mid prd filling stage '
Total 1" 0?0094 . . -
Treat 3. 00,0046 00,0015 2.48%
Error 8 0.0049 00006
2e At the harvest ’
Total 15 0.,0484 - ,
Trest .3 0.0005 0.0002 00415
_Error 12 0.,0479 00040
Calcium
Saurce daf 88 M53 B
1+ At thas caximua flowering stage
Total ' 11 1.151238
Treat 3 1.06843 0.35614
Error 8 0.,08285 0.01356 3,385
2. At the wid pod f1lling stege -
Total 1 0052744 |
Tuﬂt 5 0.45“58 0.15&86 19.706635:
Brror 8 0.06285 0,0078%
3. 4L the harvest
Total 15 1.35011
Treat 3 © 0.65724 0.21908 3.58f“
Error 12 0.73286 0.06107

xx Significant at 1% level
¥ S4ignificant at 5% level



Appendix II{b) contd,

Magnesium
Source (45 4 35 M3S F
1. At the maximun flovering stage
Total 1 040031
Treat 3 0.0026 0.0005 12,826
Error - 8 0.0005 0.00207 )
2, At the mid pod £illing stage -
Total 1 0.0014
Treat X 00,0004 0.00012 0. 8‘9081‘55
Error a8 0.0010 000013 :
Ja At the harvest :
- Totald 15 0.0066
Treat ‘ 3 0.00H9 0.0016 12,90°%
Error 12 0.0016 00001 ,
iron
Source (45 4 S3 M35 F
1. At the maximum flower stage
‘Total 11 526389,2
Treat 3 293349.2  O78UI.T2 oy aseowN
Error 3 32840 - 4105
2. At the mid pod filling stage
‘Total 11 87796.6
Treat 3 360539.3 1201794777 4 2g95%F
Error 8 57257 7157,125
3+ At the hervest |
Total 15 S4839.75
Treat 3 43539.25 1451349 3,391 "
Error 12 51300 4275 '

®X Significant at 1% level



Appendix TTih) coned.

Alwsdniun
soures at 68 1og 2y
1. At tho maxtmum Slowsring stage
Total 13 1553025
Traa 3 1504788,3  501586.1 _
grrog 8 | BA066.6T  6758.33 74.47F
2¢ AL the ofd pod £i11ing stoge
Total 11 510050
Traat 3 373409 123800 e
grron g 140000 17500 7.074
3. At tho horvest
Total 3 6270000
Traat 3 SHIOOO0  AS4CO00 -
srron 32 450000 37000 SLe73™
2ing
Loumen ag 8 58 &
L, AL the maximwm flowvaring mstaga
Total 11 11627
Troat 3 3369 1123 .
. peror 8 8250 1032,25 - 20379
2. At tho mid pod £illing abage
‘Tokal 11 Gl62.92
TECnl 3 234292 780,57 NS
Ersor 8 5820 7275 1.073
3e Ak tha harvest
Total 15 8697 .75
Proat 3 36464425  1235d,5 )
6+ 5C015F

Erzor 2 2221345 1251.125

x Significont at 1% lovel



appandix ZI(b) contd,. -

i

source  Af o8 Mss P

1« At the maximw £lowerling stage

Tokal 11 . 34,66
Traat 3 Be6T . 2.089 NS
Crror B 86 | 10,75 D268
2. At the mid pod £illing stage
sotal 11 114451
Tecat 3 37.583 12,5277
| . 1.208553
FETOE ) (1] 77.333 9,667 hd
3. At tha harvast
Total 15 631.75
Treat 3 30425 12.7% M5
042577

Brror 12 59345 49,458




Appandix itia)

Influence of diffarent levals of Jime o the
nuteient oomposition 0f grein and husk of cospea

HRtrOgen

EONECS ag 85 M55 ¥
10 m

Total 15 240227

Treat 2 0,6021 0. 2607 55

gxror 12 1.4203 0.1183 1.696
2. itusi

Totod 15 1,8698

Froat 3 1,3687 004550 -

- - » r mc@flﬂ

sreor iz De 3028 Q0252

Phosphorus

Souras ae 83 HSS P
1. ¢xaln

Treat 3 0.0547 0.0162

o e G20167F

EXros 12 0.0364 00330
e IZX

Total iS5 0.3230

Tra3k 3 00645 00223 i

BESOR 12 0,0502 0.0047 447522

®*x Sigonificant at 14 lovel



Jgppm@&x Ix{a) contds

ror aseivm
Eouzes at =8 M35 r
1, Grain
Tokal 15 10385
_Tpeat 3 0.2476 00825 NS
Rrror 12 07920 0.0680 1.205
3, Haok
Topsl 15 0.4002
wraat 3 0.1??9 (.0993 NS
ExTOr a2 0.2224 00185 3.1926
calolum
fouwce = daf £g Rz )
AR St i
1, Gzain
Total is 0.00084
Treat 3 0,C0057 0.00019 .
F9.d 26 32 C,00307 BO00308 3?'39
2¢ Husk " "
Total 15 01010
Traat 3 00890 0.0297 | *X
ERror 12 0,0120 0.0010 29305

»x Slemifioant ot 1 lovel



Appendin IT(c) coatd.

Hagnenium

source dE S8 _ [ bl 3
1, Gzain

Total 18 0.00479

Treat 3 0,00260 0.000504 | %

Lrror 13 0.00221 0000176 54095
20‘ JIsk

Total i5 043026

Treat 3 03726 0.1242 e

_ 148,93
Error . 12 0.0100 00,0008
_ —— . — _ —
ol

Sourcs ag 58 Hos F
i, Ggain

Total .18 126902,94

Treat 3 6763:19 2256.06 e

Error 12 5924,75 = 493,729  ¢508
2, itusk |

Total} 15 109653

neros 12 302705 3273421 741067

# Sdgnificant at %4 lavel
xx cignificant at 1% level



appanidix Lx(s) contd,

Aluatnivem
souros ar 88 H5S F
1. Grain
Torgl 15 2307044
oreat 3 16225.,69  5408,56
B.,49%
Error 12 7544,75 637.06
2. tlusk
Tokal 15 45951 .7
Treut 3 35737.2  119G5.733 -
) [ o 13.95
prror 12 10234.5 852,075
zmg:
r_sa-.m (Vs 4 55 M33 P
1, Grain
Total 1% 1515,687
Treat 3 460,107 153,395 s
Lezor 12 1058.5 83,208 3,73
2o Husk
Tokal 15 893,75
Treat 3 202,25 63,4167 s
12 60045 57,375 1,1924

xx gignificant gt 1% laveld



Appendix IX{c) contd,

copper

fSouxce e 03 H5S 3
1, Ccain

Total 35 309.438

Trent 3 200,680 206,563 vx

Creor 2 85,70 8.313 ii.,617
2 llUSK

Tatal 15 53

Treat 3 7.5 2.5 s

. 0.65
Erray 12 455 34733

X% signdficant a% 1.5 leveld



appendix XXI{a)l

Influence of Gifferant levels of Mwme on soil
reaction at diffarent stages of growth of Scdder

EpTOR a8 3.6533 Q.36

maleg

Souene 'dﬂ | 838 M3g F
1, aftor the application of dAlfferent lovels éﬂ 1ime

Total i1 3.6892

EXpor 8 0.0267  0.0033 |
2. Aftor the application of feprkilisors

Total 13 5+6292

Erzor 8 02067 - 0.0133
3. 30 days after soving

TG!‘I&E 131 3.38

EEror 8 0.153 0.01948 '
da 65 dnys atteor sowing _

Total i3 296823

EXroT 8 0.3400  0.0075 '
Se 90 days afbor sowing (at hervest)

Tokal ¥ 1 44230

3% Sdoniticant at I8 lovel



Appendix IIX{b)

Infiveacs of Giffsrent lcvals of iliae ot tha
pokal acfdity of scil at diffsrent ataqea ol
G*awth of fodder malze -

Sourcs (54 4 | | 'SS | R3S F ,

1, After tho applicaeion of differcnt levels Of lime
Total i1 15,4327 L
Trgat 3 1G.3720 34240 190, &3923

_ peLor 8 0.1807 0.0201%

2, Meer the application of fertilizers
Fotal 14 644205
T3t 3 Se5017 L eDETR 34, 0540°%
Erxor 8 Ca45653 0e0534 '

3. 30 days afiexr stwing
Total i1 263557

‘ proos g 0. 0048 000006

4, 65 days after sowing
Total 11 0+ 2477
Troak 3 D6 2035 G 0572 11 .61‘33
goron & 040463 00,0058

Sa 90 daya after sowing
Total ik i.2878
Treat 3 1.0502 043503 13,546%¢
Egprer B 0,20069 0.08592

xx Siognigicent at iY level



Appendlx 1rr(a)

Influence of different levols ©f line on the
exchangeable aluninium oontent of tha soil at
AlEferont stages of growtls of rmetize

i : by

souros At s8  MSG 2
1. After the application of Alffexant levels of line
Tatal 11 160047 .
Exron ] 0,133 ¢.0210
2. After fartilizer aprlication
Tatal 11 442372
Toeat 3 4.2737 - 1.,4246 &5 .?11”
Erroy 8 0.,35635" 00204 -
34.30 days eftver sowlng
Total 12 0,94608 :
Eppor a X Qeﬁﬂﬂls 000002
4. 65 Gays after mowing
Total a1 | 01037,
EXroR g 0:0001  0.000015 ‘
Se. 90 days atar sowing
Tota) 12 . 0.4336
2+ g 8 0.0399 G.00499 '
v ppiiss —"

ux Significant ak 1% level



Apponddx TEIX{a)

inflosnce of different lovels of lima on exghangs-
ahle hydsogon content of tha soil at Qiffsrent
stagas 0f grosth of fodder malze )

gouwkaa 4z as Mo1S ¥

1, aftor tho application of alffercnt levols of Limo
Toial il 00257
wxcal 3 00072 Q.0024 1,041 Ha
Cerox g C,0109 0.0023

24 A£Rsx tha fastilizer applicatica

Fotal i1 Q586
, - a- NS
LIron 8 Qe 4058 Qe GSH2
3o 3D Gayo oftor swwing
Tokal, i Qea277
neror 8 00364 00008
44 05 Qays after cowing
Total i G 0705
Treai 3 Q.0234 0,070 1, 3250538
)0k wan e io g 0.G472 Q.0089
% 00 doys after aoiing (at hanvest)
Jatai i1 02449
TEeat a 0.3582 00529 44 92{3&% .
L gt 8 0.0062 C.0lCh

% significant ak 57 leval
%8 Sionlifcant at 1 level



Appsndix Iix(e)

Effact of diffevant levels of lime on exchange=-
able potazsiom qontent of the soll at diffezent.
stagas of gzowth of foddexy maire

Source ag 8% Mss y

L

Ze

de

4.

5

e - - e - L . ,_‘.

after tha applicaticn of difSerent levels off lime

TEgak 3 00044 0.00348 0‘527553.

Exror 8 0.0220 0.00225

After the applicatiocn of fertilizscs

Total 11 0.0231

Treat 3 0.0135 0,C0445% 3.7112“5

Errot 8 00,0097 0,00121

30 cdays after sowing

Total 1 0.0328

Treat 3 040050 0.0020%9 1.002?“5

gyYrorw a - 040239 Q.002982

65 days after sowing -

Total 11 0.0108

Traat 3 0.0002 0.,00006 rasiS
: 0,045

Broor 8 0.01Q7 0.0013

90 days aftar sowing (at mmuei

Tctal b § 4 0.0281

Treat 3 0,0002 0.,0027 RS

1,28




Appendix TIX(2) ‘ ‘
Znfluence of Affersnt levels of lims on exahunges
able calclus content of the soll ot dlffersat stages
of groweh of £odder malee

RIS 4t .88 #ss . .. P
Ly After the applicaticn of different levels of lims
. Total 11 T4 o
- EpEor 3 " De130 00,0163 .
2, Afkar the eppiicaticn of fortiiizers
Total 1 149,762 |
TEest 3 ﬁfg;ﬁa& ‘?-‘“3 ﬁf,';!z“ﬂ
Egzor g ‘24359 0,370 .
34 30 days afcsr sowing '
Tatal 11 55,659
Trest - 3 64794 21590 fop gncax
REzOL 8 D865 0+106%
4 8% days after sowing
 Totsd 1x 36.984
rreer a8 - 0,718 Q4030
3. 50 Gays after sowing (st harvesk)
Total 1n 70,132 o
Errar 8 ‘301242 2495
L o " - " - MRy % " v SR

s slgniflcant at 1% level



Appendix X1X({g)

Tatluence of different lavels of lime On axchange~
sble wagnesium contant ©f the &ui) at diffexont
stages of growth: of £oGder malsw

saurce ag 88 M55 P
1, After tha zpplication of dliferent levelas of lime
Total = 11 0,0831
Trast 3 0.0300 0.C100 1_591&
Ervos 8 0.0551 70,0068
2. After tim epplication of fertiliwars
Totel 13 - _ 000_235
Trest 3 040027 0,0009 5 4.oB
Erzor 8 0.0209 0s022%
3¢ 30 days aftar sowing
Totel S O Cs0349 ,
Traat 3 0:0322 0.0C41 Ou 447&“3
Exzoc 8 = 0.07Z7 0,003
4., 6% Cayz aftar sowing
Tetal 11 0.0576
mt: 3 040317 0,0108 3.259255
YL e 0.0259 040032
5. 90 days afger sowing
Toksl 11 0.0314

¥ significant at S% level



Appendix III(h)

Influencs of differcnt lavels of line on exchangew
able Aircn content of the soil bofore and afver
foddar maise cultivatdion

SOUTEe af 58 MSS

i. Daforo aultivation

Tota) 1 50,9467
Treat 3 8049000 2946333 334 pacE
Lrror 8 2.0467 02558

2, After cultivavion '
Tatal 11 25,6225
Traat 3 21,7492 772497 1‘.g7‘xx
grror 3 3.0733 044842

xx significant at 1% laveld



Appcndii v

Influence of different levels o7 exchangeable
aluminium on plant characters of fadder anize

Height of the plant

Source df ‘38 M35 7
1+ 30 days after mowing
Toatal 11 1634
Treat 3 942 314 3-63Ng
brror 8 6952 _85 5
2. 65 days after sowing
Total 1 1172.23
Erpror a 1028,00 128,500
J« 90 daye after sswing (at the harveat)
Treat 3 41 6- 667 1 53,859 0.5‘&52&13
Error 8 2254,0 281,75
Root length
Souree df sSg MSS F
Total 11 . 638,839
Treat 3 503,709 167.,9030 9.9365%%
Brror 8 135,180 16.8973

xx Significant at 1% level



appendix IV contd.

vialght of tops

soree as 53 MSS 4

Total 11 6408.169

TReat 3 A434.,129 1478.04 ®
52990

Errar 8  1974.04 246,755

daight of rocks

souroe as _ 85 KES 4
Total i1 1927.682

maﬁ 3 1262.389  420,7963 5,0800
Exror 8 6853 83.1825

RIS

Total dry ueight

Source - af S3 HSS r
Totak 11 11844,127
Traat 3 9776997 3258.999 12.6127%

Error 8 2067.12 258439

% sdgnificant at 5% level



Aprendix v
Infivenoe of differant levels cf exchangesble
aluminium on nutrient oomposition of fodder malze

Eitrogen
- source | at 58 Hss P
Top-Total 11 0.4927
Treat 3 04925‘7 Odm Oe ‘67“3
Ergor & G.1470 0.,018¢

Root-T6tal 10,2244

 Exror a8 00,2020 0.,0025
Phosphorus

Soupse ag " -8S . M35 r
Top-Total 11 0.00449 ,

Teuat 3 0.00¥3  0.00028 0.600™

2rror . 8 0.00357 0,00046
Root-Totel 11 0.09&45

Error 8  0.00147 0.00018




Appeandix Vv oontd,

Fotasslum

Source o 58 nss r
Tep - Total 11 0441387
Trest 3 0.29867 0.09855 5 oy.-u®
Root-Total 11 0.4704 ‘
Troat 3 023296 01090, oqoa%
FXEST 8 0,1408  0.0176
Calodum .
—— ase 53 MS5 P
Top - Total 11 0.07144
Troak 3 0.06174 0.,0200 15.979::
. Ector 8 0.00970  0.0012
ARGt -Tobel 11 2036.92
Traat 3 1948,25 649,412 58.5939“
Erzor s 83,667 11,0833

x cignificant at Sx level
xx Slgndfilcoznt st 1% level



Appendix V  contd.

Fagnesium
souree és 83 Moo F
Top -Total 11 000207
TXaat 3 Q.00022 0.0G0007 Ou 333“8
EXEOE a 0,00185 0.00023
RoOt -Total 11 195302.25
Traat 3 174{96.25 58165,42 22, 365::
Loy a 20806 2600.75




Tron

ar . as MSS 2
Top-Total 11 535576.6
Traat 3 - 520510 173503433 02,1257%%
ErzToC 8 15066.6 1683.33
Root -Total 11 550859.1
Treat 3 2168689,2 72963 1,754
EXror 8 333700 41462,5

xx Significank at 1% lovel



Appendix vV contd.
aluminiun
dource af g5 1155 r
Ton-Tokal 11 144825 )
Traat 3 56158 32052.07 5.26093
Lrroe B3 48667 6083.375
Reot-Total il 843000 _
. ‘Troat 3 B38040 479333 446 .gsxx
Errer 8 5000 625
=lne
ceurca af S5 14895 F
fop-Total 11 1027
Treat 3 033,67 211,222 4.296%
Ereoxr 8 30433 39,167
Iook-7Total 11 B06 25
ireat 3 240492 G0.30506 .42
trrog g 265.33 33,167

xR Significant at 5% level

xx Significent at 1si level



| CopHer
sem:m ae 5B M35 P
Tep-Tobtal 3% 2007
Eroor a 8 1 '
mmok-Total 11 60,9167
v NS

Traeat 7.5833 2g 5277 0.3792
Exrror 8 53,333 55,6657

x Significant at 5% levsld



Appearxitx v

Corrclation betwson s0il properties and nutrient uptske at Glfferxant
stages 6f grodkll of coupes

&} Perceagage Aluminiuvm catugation

] p 4 Ca oy Fa al AL
content cantong
in topa in roots

8,  "D.507  T0.83¢ To.544  T0.909™  "0.460  T0.207  "0.38  "0.073%
S,  T0.415 70,400 T0.269  T0.0igF  T0.356  T0.089  V0.229  T0.665"
5y T0.363  Tp.521% T0.261  To.esPX 7,256 T0.371 00437 t0.739™

b} izghanceable aluminium contont

Al al

3 1 K <a 5y e conkont gontent

in vops in rooke
S, T0.527  T0.455 “0.550 “0.905%F T0.478  T0.226 70,383 T0.679%
S,  T0.425  "0.409 “0.282 “0.912%° “0.35%  D.,108 to.222  fo.ecd®
83  T0.372  To.833%  T0.275 0.653°% 0,408  T0.578 10,440 Te.7487F

x significant at 5% level
xx significant ak 1% icvel



appendtix VI _ ‘ ‘ ' .
Correlation betwnen goll properties and plant characters at different
atages of grosth of cowpea

a) Percantage aluminium saturation

Nodule gount Root lengeh | Ixy welight Grain welght Husk welight

8,  T0.618" “0e750™" ~04267 . - -
8, G557 “0ed30 " 3e389 - -

-, ' - - - ™ . b . - . :
Sy 0.612 0.260 Gel92 0.508% 0491

b} Exchangaahie aiuniniues couteab

module count Root length Dy weight Orain weight busk welght Total dry

matter

Sy “0.623" “0,759" "0.310

8, ~0.508" "0.453 “0.348

s “0e420 “0.174 “0.199 “6.530% “0.501% “p.589"
3 | ] . L] L ] 5 -

x significant at 5% level
xx cionificant at 1% lowvel



Appendix VIII(a) .
Correlation between aluminium content and nutrient composition of tops

N 2 K Ca Mg re " Al Zn Cu
Sy T0.196 T0.9107F T0.493 T0.328 TO.441  To.hgs - "0.200 T0.129
S, T0.345 T0.070  T0.432 ~0.072 T0.466 *0.483 - *0.359 0.015
S5 T0.294 T0.344  T0.042 T0.413  T0,072  To.4s1 - Yo.584" *o0.007

Appendix VIII(b)
Correlation between aluminium content of tops and plant characters

Nodule count Raot length Dry welght Grain yvield Husk yield
54 ~0.325 “0.727" ~0.451
s, T0.409 ~0.113 “0.269
S5 T0.316 <0.480 “0.343 =0.557" ~0.450

xx Significant at 1% level
x Significant at 5% level



Appendix VIII(¢)

C;rrelatian between aluniniva content 9f tops and nutrient content of root

N P K Ca Mg Fe 6l Zn . Cu

o~

5, T0.509 0444  T0.069 T0.474 T0.452  T0.409  "0.638F f0.293 ~0.261
T0.516  T0.700% *0.558 T0.237 T0.126  T0.46h  Y0.536 T0.311  ~0.202

8
2
S. T0.016 T0.0458 *0.052  T0.769%F T0.552% T0.481  T0.736°" To0.354 Y0.188

3

Appendix VIII{(4d)
Correlation between aluainiua content of tops and nutrient uptake

H P K Ca Mg Fe Al

S; T0.576F T0.552 T0.610F T0.566 T0.533 T0.201  "0.540
o T0.369  T0.363 T0.171  T0.134  T0.497  T0.372  “0.130
T0.476  T0.546° T0.394 T0.488 - T0,262 T0.361  *D.396 -

x Significant at 5% level
xx Significant at 15 level



Appendix IX{a)

Correlrtion betweeh the 2aluminlum content of roots end nutrient composition
of tops

N P |4 Ca Mg Fe A In Cu

Sg T0.479 T0.170  T0.383 T0.509 T0.350 F0.741%% 'o0.638° *0.273 *0.095

“0.636° T0.463 Y0.488 T0.665% 0.019 *0.378  T0.536 *0.093 ‘0.518
S; T0.248 0,545 *0.119  T0.745F “0.114  t0.427  0.736%F T0.594% T0.063

Appendix IX(b)
Correlation betvween the aluminium content 9f root and plant characters

Nodule count Root length Dry welght Plant helght Orain weight Husk weight

Sy 0.597F "0.710™  “0.284 ~0.070 - -
S,  T0.822%% ~0.569 ~0.624* "0.392 - -
S5 T0.5147 “0.529" 0,171 ~0.101 ~0.563" ~0.607"

xx Significant at 1% level
% Significant at 5 level



Appendix IX{(c)

Correlation between the alumlnium content and nutrient conient of raots

N 2 K Ca Mg " Pe Zn

Cu
84 T0.460  T0.491 0,065 T0.502  T0.556  T0.585% 0,409 T0.038
Sy T0.323  T0.412  T0.059  T0.643" T0.670" T0.178  T0.170  T0.036

Sy T0.165  T0.271 70,086 T0.681° T0.737°F T0.317  T0.336 T0.002

Appendix IX(d)

Correlation between the aluminium content 0f ps0ts and nutrient uptake

I P K Ca 573 - Fe Al
5,  0.529 T0.422 “0.456 ~0.636" “0.402 *0.090  *0.413
S, ~0.625% 0. 717 "0.405 0747 =0 6447 F 0446 *0.398
S5 T0.41 ~0.596% ~0.223 04957 “0e26% “0.278  *0.636%%

% Significant at 5% level
xx Significant at 19 level



Appendix X(a)
Correlations between soll properties and nuitrient uptake by maize

N P K Ca Mz ' Fe Al Al
content cosntent

of top of root

Farcentlge aluminium .744*3 ~0. assx“ ‘o.aasxx ‘o.gou*x 0.797xx ~0. 767xx *0.408 *0.799%%
saturation

) : - - - ’ - ' - XX
Exchangeable alumi- 0,768 0.853°* 0.825% =0.898%F “0.799 ~0,763%F +0.804
nlum content )
Percentage base *0.805"* *0.850"F *0,955%* *0.930%F 'o.e8at’™® “0.696°F - “0.706%
saturation ' -
Appendix X(b)
. Correlations between 851l properties and plsnt characters of maize
Root Length Root welght  Top welght Total dry welght
Percentage aluminium ~0.676" ~0.690% 0,767 - “0.816%
saturatiosn . . . . .
Exchangeable aluminium  ~0,681% 70,773 - ~0.680% ~0.819*%
content ) ' R o
Fercentage base *0.656% *0.682" *O.??ﬁFx *0.847
saturation

xx Significant at 1%-1eve1
¥ Significant at 5% level



lppendix XI Correlation between the aluminium content of fodder aaize tops and
(a) nutrient content of tops

H P K Ca Mg Fe Zn Cu

T0.371 T0.642% ‘0.4 "0.598%  T0.278 ‘0.6 “0.374 T0.212

" {b) plant characters

Root length Top welght - Root weight  Total weight

T0.544 “0.167 “0.464 0310

!

(e) nutrient content of roots

N S K Ca Mgz Te a1 Zn  Cu

T0.405 T0.203  *0.309 T0.447 T0.168 “0.632°%  *0.700°* ‘*o0.120 “0.321

x Significant at 5% level
xx Significant at 15 level



Appendix XI1 Correlation between the aluninium content of maize rosts and
(2) nutrient content of tops

N P 4 Ca g Fo Al 7n Cu

"0.020  T0.803™F -0.100  -0.882F -0.292 7 0.818 0. 7007 * 0.310 * 0.312

(b) Plant parageters

Root lemgth  Root weight Top lemgth - Top weight Total dry

_ matier
~0.7645% = 0.733X “0.037 0 TLTE ~ 0.845%%

{c) nutrient content of rosts

R P K Ca Mg e Zn Cu
0,173 704055 T0.620° - 0.845F —0.6107 T0.6246" TG.032  T0.394°

(d) nutrient uptake

N P K Ca . Mg Fe

“0.826%% - 0.882%% -~ 0771 -0.8385F -0.656% - 0.601%

xx Significant at 1% level
x Significant at 5% level
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ABSTRACT

Aluminium‘togicity iz the major factor Umiting
crop production 1nitha acidic aonils and the usual
practice of alleviating aluminium toxicity is 1liming,
The present ;nvestigation was carried out %o find~5&t
the distribution of water soluble and exchangeabie
aluainiua in the acidic upland zoils of Kersla and
to test the suitadbliiity of exchangeable aluminiua as
an index for liming them. It was further prograsmed
to £ind out the growth, yleld and nutrient uptake
pattern of twe acid sensitive crops nemely cowpea and
fodder maize in soils under differsnt levels of exchane
geable aluminfium brought out by the use of different
levels of lime.

Chemical mnalysis of eighty 204l semples
represanting the five mejor upland aoii types of Kerala
viz, laterite, alluvial, red loam, sandy and forest
83il have indicated the highest amsunt of exchangeable
aluzinium and percentage sluminium saturation in the
laterite soilﬁ.



The s2il with s high level of exchangeable
aluainium and percentage sluminiua saturation was
selected for conducting a pot culture experiment to
test the suitebility of using exchangeable aluminiuvn
as en index of 1iming. The exchangesble aluminium .
content of this =201l was maintained at different levels
by applying different levels of liac and the perfor=
mance of these crops in this soil was compared by
vaking biometric observations and by chemically analye
sing plant and s0il samples,

From the results of the study it was seen that
higher levels of exchangeable aluminium adversely
affected the growth, yleld and nutrient uptake in

cowpea and fodder aaize.

Maintenance of exchangeable aluminium at
1.26 me/100 g with a corresponding percentage aluniniuves
saturation valus of around 30, by the use of 500 kg
liwe/ha appeared to be the optimum for maximising the
yileld of cowpea, But in fodder maize this level of
lime was found to be insufficient and complete elimi-
nation of aluainium toxicity appeared to be easential
for maximising production.



Since the critical levels of exchangeable
aluninium appears to be different for different
erops, it is desirable that lime levels o reduce
exchangeable aluminium to such & critical level along
be applied. The results of the present study thus
point to the advaniage in adopting the exchangeable
aluminiua level of soil as a better index of 1liming
for various crops grown in the upland aclidic soils of

Kerala,



