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Abstract
The influenceofphosphate andlime additionson the sulphate adsomtion characteridcs

o'l wnrorqxeqrturre so'r)s ot scnrtr'\{ esfernN'rgenawas rnres\gat$mtro}n\mlAr1.
Preliminary studies revealed thai the Lime Requirements (LR) of the soils varied from
l.6gkg to 36glkg, while the Standard Phosphorus Requiremens (SPR) ranged front
80ppm o l85ppm. Lime and phosphate werc added to the soil according to the LR And
the SPR values. Reduction in sulphate adsorption varied from 20 to 3l 70 as aresultof P
addition alone and a more pronounced depession in sulphate adsorption was obeewed
when lime alone was added. Adding both to soils the same time resulted in reduction of
from48 to 68% in sulphate adsorption capacity of soih.Ilwasobservedthatthe addition
of lime and P did not only lower the adsorption of sulphae in soils but also caused. the
displacement of up to 7Mo of the adsorbed sulphate. suggestfutg high leaching losses of
sulphur in soils receiving high phosphorous fertilizer application ard the induced
deficiency of sulphur in such soils.

Introduction

Sulphur as a yield limiting factq is beoming increasingly imponant in many
Nigerian soils. Occurrence of S deficiency in variors crqs afre becomi,trg more fiequent and
extensive (Enwezor, 1976; Kang and Osiname, lfl6; Krng et al., 1981, Adehmji a&C

Adepehr, 1989). This coutd be auributcd to the low S ssplying capacity of tlrcse sdls,
mtfurotnandintcnsivecroppingardthccrr$tuseof fertilizr.rswhichdomsEptyS.The
movement, reactions and absorption of S by plants occrn predorninantfy as sulphate.
consequently, in attempting to determine s needs of crops or to indicate areas wherc the
problem mayarise,dueconsideration mustbe giventothebehaviourof sulphatein soils. The
behaviour of sulphate in soils predominantly involves sorptive and desorptive rcaeticns.
Apart from soil factors that are very difficult to control, certain cultural pactices such as

liming and fertilizer phosphate aplication have been shown to profound$ affect these
reactions, to the extent that the level of available S in a soil and the efficiency of applied S

fertilizersareinfluencedbythesemanagementpractices(Blair,1979;Korentajeretal.,l9S3;
Adetunji and Adepetu 1989). Presently, there is no information to establish a direct
relationship between these common management factors and S adsorption in Nigerian soils.
If such relationship is established, it would be useful for advisory service in planning lime
and fertilizer practices.

Theobjectiveof thisinvestigation was todeterminetheeffectof lirning andphosphate
addition on the ability of South Westem Nigerian Soils to absorb sulphate.
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Materials and Methods 

Swfm (0-20cm) samples of soils collected from 5 locatiolls (Ede, Ado Ekiti, Ibodi. 
OwodeEgba and Okitipupa) in south Western Nigeria were used in these studies. The soils 
have identical crop histories but differing properties and sulphur adsaption characteristics. 
some of the propties of the soils are listed in Table 1. The samples were air dried and passed 
through a 2mm sieve. 'X'he amount of lime. powdered reagent grade caC03, needed to raise 
the pH of each soil to approximately 65 was estimated by incubating wet 50g sample with 
differentconcentrAtim of lime fof 8 weeks. The estimated quantity f a  each soil formed the 
Li treatments in the. sulphate adsorption studies. 

In another preliminary study, the quantity of P required to achieve 0 . 2 ~  solution 
concentration of P was determined for each soil. To a 5g soil sample. 50mL 0.0M CaCl2 
solutioa containing graded concentration of P (2ppm to 500ppm) as K )I2P04 were added. 
Few draps of toluence were added to suppress miaobial activity. The soils were then 
incubated at room tempture for 7 days. Tlhe sampks were shaken daily for one ham. After 
seven days the solution phase was separated by centrifugation and the. P content of the 
supenratant was determined colorimebically by the molybdenum blue method A P rate vs 
P in supernatant sloution c w e  was constructed f a  each soil and the amount of P needed to 
achieve 02ppm solution concentration was then estimated from the curves. 'lhe detamined 
SPR f m d  the P1 lreatments in the sulphate adsaption studies. 

Ten &ram soil each was weighed into a shaking bottle. To this the following treabnents 
wuc appW nm hue check (Lo), Limed (Li), Plus P (Pi) and minus P (Po) gimg the main 
treatmentcombinationsbP0, LoP1,LlPoandLlPl. All the t 1 subsample. were previously 
tmted with Lime for 8 weeks, then air dried and sieved before they were used for the 
adsarption studics. To each treatment 51)ml of KSO, solution of varying sulphur concen- 
trations (2,5.10.15.20,25,50.100,150, and 200ppm S) wereapplied. Few drops of toluence 
we= added to each bottle to inhibit microbial growth. The bottles were shaken twice daily 
for 7 days. The solution phase was then separated carefully by centrifugation for 5 millutes 
at 220Orpm. 10ml aliquot of the supernatant was analysed for sulphate sulphur by the 
tlrrbicbe&k method of Chesnin and Yien (1951). The adsorbed sulphate was taken ns the 
difference between sulphur in the supernatant solution and the sulpahte added. The soiul 
residues were then shaken with 50ml distilled water and the supematant analysed for sulphate 
sulphur. The amount of sulphate desorbed was then calculated. 

Particle size analysis of the soils was determined by the hydrometer method 
(Bouyoucous, 195 1). Soil pH was measured by glass electrodes in CaCl2 solution. Exchange 
acidity was &termiRed by titration method (Pageet al., 1982). Cation exchange capacity was 
by neutral potassium acetate saturation and neutral ammonium acetate displacement. K, Ca. 
Na and Mg were extracted using neutral 1 M ammonium acetate; K and Na were determined 
by flame photometer while Ca and Mg were determined using Atomic Absorption 
Spectrophometer, Perkin Elmer Model 420. Organic matter was determined by wet difestion 



of Walkey and Black (1935) as mofified by Piper (1942). Total nirogen was determined by
kjeldahl digestion and estimated by using Technicon auto anatysei tr. phosphcogs was
extractedby Bray-l procedure (Bray andKurtz, 1945)anddeterminedcolorimeirirallyrsing
molybdenum blue method. Free Fe and al oxides were extracted with Dithionite-Cirate-
bicarbonate method (Jackson, 1962). Ttre Fe content of the extract was determined
colorimetrically using 1, l0phenantholirrcprocedure. ThefreeAl2O3 of theextractwasalso
determinedcolorimetrically using the modified aluminon method. Available S was exhacted
with 0'0 l M C a (I12W4)2 nd determined by the turbidirnetric procedue of Chesnin anO iien
(1951) using B&L spectrometer at42Anm.

Resulb and Discussion

The properties of the soils used in this study are listed in Tabte l. The soils, with the
exception of Ibodi are light in texture suggesting high probability of nutrient leaching. They
are generally low in available S ranging from as low as 3.8ppm at Ede a sandy loanr-soil of
ttrc Egbeda series to 10.4ppm at Ado Ekiti, a sandy clay loim soil of the Ondo seric. They
]ry stghflv acid with pH ranging from 4.5 at Ibodi a clay loam soil of Itagunmodi series to
!.01Ede. rhe generally low clay,organic matter, andcaiion exchange capacity suggestlow
buffering capacity of these soils.

Effects of P Addition

Based on the critical 
.leve! of 12-l7ppm P suggested for maize in Nigerian soils(okeyl 197; udo. 1985) all the soils in this study are p JJncient. consequeiluy tfu sundard

P requiremart (SPR) was detennined fcr each soil. Ttre SpR vaiedLmee{ soits &ocn
!0fn1t_rn fde to l85ppm in Ado Ekiti (Table 2). Addition of tfre quantity of e suggia$ed by
the SPR to the respective soils led to remarkable ductions m ne sutptra6 iiuonp6ioit
capacities of the soils. The average reduction (fable 3) of berween z* - 3{ _qo was observtt'.
This is clearly depictedin the sulphate adsorption isotherm.e, *hown in figur-x, I to f " 

From
the isotherms it could be infened that the decrease in dswrion is Brop*rtional ier ghe
adsorption capacity of the soils. The higher the adsorption capaciry the highJr the depressiour
as shown on the curves. A soil like Ibodi which adsorbs sulphatrstrongly, that should ho6
S firmly against leaching loss is evenrnorc vulneratrle to reduction in frrnrption tha$ tlmse
that adsorb less sulphato The desorption of the adsorbed sulphate by water shorved that in
thephosphate treatedsoilsas muchasT0% of the adsorbcd sulphate was remcvedby asingle
washing with water (rp! 3). where as only about 44?o or tne aosorbeo sr*plate vias
removedin the untreatedsoils. This shows thattheadditionof phospahte,notonly ioworsthe
adsorption of sulphate in soils, it also causes the displacement;f th; htu; adsorbed sutphate.
Once the sulphate ions are desorbed from the soil Jurface or the capacity of the soil surfrce
to adsorb S is decreased, the desorbed sulphate ions from the surface enters the soil solution
and can be easily leached. Phosphate is able to influence sulphate adsorpiion in this way,
becuase the same sites may be involved in the adsorption of the trv* anions cn soil surfaces
(Parfit, 1978; Rajan, 1978). However, phosphate iimcre strongiy adsorbed than sulphate
(Hingston et al .,L972;Butow, 1967) and is adsorbed in lrg.rrr*ounts tiran sulphate (Marsh
et al.' 1987). consequently, phosphate easily displaces sulphate from the adsorption sites. in
the present study, this behaviour is found to b€ unrelated to ttre soil propertiis (Table 4),
indicating that irrespective of pH, organic matter, Fe2O3 contents of ioils, the addition of
phosphate led to the replacement of a large amount of sulphate on the adsorption sites and
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TABLE 3. MEAN PERCENT REDUCTION IN S ADSORPTION AS A RESULT 
OF PHOSPHATE AND LIME ADDITION. 

TABLE 4. CORRELATION BEXWEEN SOME SOIL PROPERTIES AND PERCEMT W U G  
TION IN SULPHUR ADSORPTION AS A RESULT OF IlME AND P ADDITION 

Soil property Plus P minus Minus P plus Plus P, plus L.R. 

Lime (P,Lo) Lime (PoLi) Lime (P,L,) 

Organic matter 0.629 0.583 0.63 1 0.66 1 

Free Fe,O, 0.144 0.752 0.67 1 0.344 

Free 4O3 0.165 0.791** 0.77 1 * 0.643 

clay -0.169 '3.65 1 0.925** 0.931** 

PH 0.185 -0.973** -0.990** -0.649 
SPR 0.505 0.749 0.734 0.532 

Soil 

Ede 
Ado Ekiti 

Ibodi 
Owode Egba 

Okiti Pupa 

Lime + Phosphate 

* Significant at 1% probability level. 
*' Sipigicant ?' t).r.>l-*'-.;l:'. !five1 
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rsdoced the sulphate adsorption capacity of soils. This has serious implication on the present 
soil fatilization practice in South Western Nigeria, where non sulphur containing fertilizers 
are presently being recommended. lhis may aggravate the S problems in these soils, which 
is already manifest in the increasing responses to sulphur application obsecved in recent time. 
A similar conclusion could be drawn from Broofield (1972) studies in Northem Nigeria, 
where the sulphate level in the zero to 7.5cm layer in his experiememt was observed tokline 
from lOppm whereammonium sulphate hadbeen applieddown to4ppm where acornbination 
of ammonium sulphate and single super phosphate had been applied, in spite of an extra 
277kgh of S in super phosphate over the 19 year period of the experiment. 

It is possible that the displaced sulphate could be readsorbed at lo- degths.1 
However, only deep rooted crops may benefit from the sub-oil deposits. 1 

Effect of Lime Addition 

'Ihe soils are generally acid m reacuon ana me amount or lime requlrea IO raise the 
pH of each soil to about 6.5 was determined by incubation method. 'he values are presented 
in Table 2. The lime requirement related significantly with the clay content (r = 0.930**) and 
less with pH (r = -0.649) (Table 4). When the amounts of lime determined in the incubation 
experiment was added to the respective soils, the ability of the soils to adsorb sulphate 
depressed appreciably and greater than the effect of phosphate addition (Fig. 1). On the 
average, decrease in the adsorption capacity mnged from 24 to 46%. The reduction related 
signifacantly to the initial soil pH (r = 4.973**), free Fe203 (r = 0.752) and free A1203 (r 
= 0.791*). This reduction in adsorbed dphate could b a&htd tO the dswpticm 
behavim of subhate. Sulphate ani~o(SO,~) is fully dissociated in eyslem ad 
Ulerebre cannot adsorb on to negative or uncharged smhces. unlike the u n d i d  
phosphate (H2PO-4) anion. Because the surface positive charge de'creases with pH, 3ny 
practice that raises the pH of the soil, such as lime addition will invariably lower Ulc: snlphate 
adsorption of soil. complication may also arise b e w e  m p h a t e  compound may kre more 
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Addition d Both Lime and Phosphate 

Addition of l i e  and p b q h k  to the soils ~ U X J  UI a substantial w u u l  in the 
sulphak adsorptiori. Decrease in adsorption was more pnrnounced at Ibodi and OLitiprpa 
where more than 60% decmse in adsorption w8s re& for each soil (Table 3). The 
redtiction is significantly related to the clay content (r = 0.975*+), soil pH (r = -0.990+*) and 
free A1203 (r = 0.77 1 *). 

When the adsarbed sulphate was washed with water,the arnountsof sulphateremoved 
was about 7046 on the average. This is similar to the efect of &ding liaDc a pbo@mb. 

The present study shows clearly that lime and phosphate addition iue very effective. 
both in displacing adsorbed sulphak and in reducing the capacity of the soil to adsorb 
additional sulphate. As earlier suggested by Korentajer et al., (1983) timing of lime and P 
applications and avoidance of excessive liming may be impartant in preventing sulphate 
leaching losses and sulphur deficiency in South Western Nigerian soils. 
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