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ABRSTRACT

The combined application of orgonic acids wnd
inorganie phosphate Tertilizer has boeen suppested
a5 a means ol reducing, phospliate adsorption and
incroasing e availability aml solybility of applied
phosphate in weathered opical soils. We stodwd
the elfect of some  selected  organic acils on
plm:phnlu 1a|11'plir|1l andd availalality i on allisol of
Migerian Guinca Savina soil wler laboratory
conditioms, Five levels ol r|1|n':|1lmru,'i (i, A1 10,
O o A0 g g Yy with or withoal the addition of
N5 & oconcentrtion of aoclic, cilne anil tartaric
acids wers introduced into the soll in @ completely
random dusipn at three replicate, The concenliation
of phosphate serhed by the soil m the treatment
without the introduction of orpanic acid (control)
was  sipnificanily( I’ 0.05) prester (han (e
concentration of phosplite sorbed when orgame
acid was added irrecpective of the organic el
wsed. The capacity for reduction on P adsorption
amd increased in 1 pvailahility appears b followaed
the arder of citrae = rdrale = acclale (31, 4% anl
Toing by respectively). These thiew ot panie acids
have the poteatials to increase the availability of "
in soil but need 1o be evaluated at the ield scale.

INTRODUCTHON

Phosphate deficiency oflen limits crop prowfuction
in acid tropical soils such as oxisols, nltisals and
allisals, These soils contain ap)e ealsls st ol
oxides, hiyilroxides of fron and Alumininm and low
activily  clays  that predominantly  influence
phosphate serption { Paloma of. al, 2006). When
phosphate levels  are oo low,  phosphorus
deficiency in plant represents a major constrainl to
world agriculiural pronluction (Wang, ef af, 204K}
The widespread  occurreice ol phosphors
deficiency in most arhble Lands in Migerin has led
to the inensive use of phosphorus fertilizer,

Resenich imlin nummaeement practices Lo increasc
phospliate availability in a weathered soil and at the
syme time curtailed dts leaching 10 contaminate
lakes, streams and  pround waler remains highly
imygieral jve, The application of combined organic -
inorganic  inpits  has  heen one - management
cactices  sopeested o Incrcase  phosphorus
availability in wenthered  soils  (Aghenin nnd
Iphukwe, 20405).

Sovernl  authors  (Carl et wf, 19792, Dhanti
ot 1998, Aghenin and  lgbokwe, 2005 and
Palssmn of, e, 2HEG Y ||'|1i'|r|,ul] it many I'Ii'll.llfll"}'
occurring soil orpanic acids released during the
decomposition  process  of plant and animal
residues, oot esudutes and some  intermediate
product ol plant and microbial melnbolisms are
enpahle of complexing and chelating metal ions
like AL Fe, Cu, Zn and Mo, In addition, Jones
(20000 and Palomo of al, (2006) repericd  thal
citrate,  twirate, ond  tannate  derived  from
degradation  of humic substances  have grealer
aflinity for Al and Fe oxides than phosphate
(Violarte and Huang, 1989). Thus, these preanic
acids can compele strongly with P for adsorption
gites on Al and Te oxide systems, In soils with
appreeiable amounts ol these oxides, phasphate
sorplion will be severely curtailed in (he presence
of these ligamds  (Bhatli ef af.. 1998). The
adsorption of these organic acids can physically
block phosphate sorption sites on soil colloids
therelby redicing phosphate nilsorplion.

There is little information on the effect of organic
acids on phosphate sorption in the guinca savanna
soils, Therefure, the ehjective of this study was o
evaluale the influence of three organic acids on
phasphiate sorplivn and availability in upland 5;:|:nd:,r
Claw lonm alfisel of Nipertan  Southem Guinca

Savannw

———— —
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MATERIALS AND METHODS
Soil sampling and charncierizntion

The site for soil sam |
: ! ph: cullection wis T i
and Research Farm of the Federal Uni e
Technolopy, i : o & iniversity of
c ey, Gidan Kwano, M i p
10° i o Minna {[atilude 9
N oamd Longitude 67 207 ywithin the S

Cuinea Savanng i eeri [RerIlIACy
- St -I.rr:;_'_lun of Nigerin with p sub-
umid tropical climate. The peolopy of the area is
e i . . I s maril <
:Iﬂ irllﬂn.r .hn.-.ument complex _rw_'l.. This =il was
:;! sified as an alfisal according 10 USDA Swil
P | W 2l e
; I\I\I:L ‘ul'l!lf (1975). Soil .ﬂﬂnjlplr.ﬁ were eollected
r_-.ml - 20cm depth and air deied, sieved amd
pilqr-r:d through  2.mm sieved,  Particle  size
distribution  was ulch:lrrninrtf by the hydromeler
method after  dispersion with  sewlimn
|1c.‘.'-lc[|.rlr*u.'ln['lhm:pl1mu accordimg 1o the procedure
deseribed by LIT.A (1976). The sel pll was
determined in distilled  water and 10N KCI
solution wsing o soil = solution rat of 122
(MeLean, 9823 Organic carbon was determined
by the Walkley — Mlack wet oxidation methmd
(Allison, 1965). Lxchangeable hasic cilions were
extracted with neniral normal ammanimm acelale
with potassinm (K) and sodium (Na} determmed by
photomelry amd  calciimm  [{nl anil
magnesium (Mg) by EDTA tilrations. Available I*
was determingd by the Dray T method (Bray and
Kurtz, 1945). Selected propertics of the soils are

MName

given in Table 1.

Phosphurus sorption studics
Two prany of 2 mm sieyed soil was placcd info

soml centrifuge tubes. The enils were |:=||||'Iihri.1ls.-a.l
in 10 ml of (L.OIM ¢, conlaining  Varkirs
amount of I* as KH, 0 give 0, 25, 50, 106, 200,
A0, 800 and 10005 1Y 1 for six days al @ room
temperature.  Two three drops of t_nlluflc were
added 10 minimize the microbial aclivities. The
suUSpCnSion was shaken twice daily r'n_r 30 minutes
and at the end of the sixth day, the soil suspensin
was centrifuged at 10.000rpMY andd (1hered through

whatman No. 42 Filier paper- plhiospliorus in the

supernatant wils determineil
- i
colorimetricitlly the  procedur

described by Mt 962 ). I'huﬁl;?lumn
that disappearcd fro wis cunsideret
to be sorbed and p e was [_;Inllrd
against phusphorus can n solution 1o
obtain P sorption isolherm.

solulion

according 10
srphy and Riley |
m the solution
hosphorus SOl h.
centration |
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Fillect of n!'gam’c acids na phosphate sorplion
The organic acids used in tis experiment were
:hl'mnnl commercinlly. These acids are salts of
acutale (CHLOCOQO0N i
(CyHAOICO0N11,0) m;].'.m t;:'ltrr:::
(CTTOTTCOON .. Concentrations of 0.05 M of
lliese aciils were prepared and the pll was adjusted
10 6.5 using appropriate amount of 0.1 M NaDH.

Fwo grams 7 mm sieved soils were weighed into
polyethylene centrifupe tubes with bight screw
eaps. To the =vils in the tuhes were added variable
amounts (0, 1.25, 2,50, 3.75 and $.00 ml) of acclic,
citrie and 1 lorie avids, Tifteen minules later, five
levely of POy, concentration (0, 50, 104y, 200 and
A00 g 'y were added 10 the soil from a stock MO,
solution of K1LPOy The lubes were wiade 10 20 ml
mark  with  deivmized  water  bringing the sail
solution mtip (110, Two lo three drops of
chioroform were adided tuo the suspensions and the
contrifupe tules were shaken ina reciprocal shaker
for 16 hours. 1he soil suspensions were centrifuped
at 10,000 ypm for | Sminuics amil filtered through
Whatman oo, 47 Filter paper, and PO, in the filtrate
was determined colorimetrically. fhosphate sorbed
was calculnted as the differonce between 'Oy

added and "0, remaining in solution.

RESULTS AND NISCUSSION

Physicn — chemical propertics of the snily

sindied.
Selected physico - chemical propertics of the soils
studicd are shown in Table 1. The soil was slightly
acidic with pll vilue of 541, The particle size
distributinn showed that ihe texture of the soil was
sy clay Toam Althongh the organic carbon
fnrlh-fl'll, af tie soil was low, Jones and WillL{1975)

reporicd low foom arhon rate for

edinm onganic &
sawaiinit snils whicl

y was ouributed o paucity
elation Cover. apid mineralization of organic

vig )
matter, inadequate relum of crop residucs, bush
fi)low perinds, Fxchangeable

purning and short
hoges w10 the
CaMp>K=HNu.

decreasing  order of

e ——
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Phosphnie adsorption isotherm
The phosphate adsorption isotherm of the sof)
in the sludy was determined by plotting (he

Table 1, Physico — chemical properties of the eequilibrium concentration of Fl‘nﬂl‘lh_ﬂtl! again the
experimeninl soil used in the stmly. amuunl  of phosphate “‘I‘f“h'f‘!* e praphics)
_ representalion of the adsorption isotherm of the s

Soil propurtics Series A is shown in Figore 1. The curve followed a smaoy,

plateau pattern. 1L is cvident from the curve that the

SilndTE. kg"] 640 rate of ' adsorption increascd with the increase in
the concentration of T, but al a cenain point of
Silt (g ke") K highet concentration, the level of P becomes almost
I o 2 canstant with no more capacity 1o adsorbed p,
Clay (g ke . Gimilar adsorption isotherms have already beey
s . o by Li ef e, (20000, Agbenin, (2003} and
Textural class Sandy Clay Loam fnﬁ:lr;r vf of, (2008, These nuthors l’ll:hnuu'lmj].I that
pll{ CaCl;) 541 the main soil l;nlt'l'p-l."llll:l'liﬂ influencing phosphate
sorplion includes: soil pH, nature of clay content,
Ore. C.(gke') 9 organic matter and amorphous Fe and Al oxides,
Exch.Catemol kg™ 2.20 ‘The relptive amount  of T ml:-x{rhcd was
dramatlcally higher at low concentration than a1
Exch.Mg (emol kg™') .63 higher concentration. This !H![‘_‘l'_!‘,l:ﬁl!i Ihlnt IEEI..I:I:EEm
between phosphate and the soil was rapid on initial
Exch.K (emol ke™) 0.26 comtact. This perhiaps could have been due to the
low available 1* content (Table 1) resulting in the
Exch.Na (emol k) 0.14 high adsoiption petential at the surface. Similar

observations have already been reporied by Bala,

Exch,acidity {mmol k 'y o002 (1992).

Available I, (mg kg™ 121

110

co | / :
- A

i)

a 1 20 40 Gd B0 100

P adsarbed [me/ke)

Eguitibrum concentration of P {mgfL)

Figure 1. Phosphate sorption isotherm of the experimental soil used in the study.

Effect of organic acids on T sorption
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The influence of orpanic e i

adsorplion iy PWSEHiLﬁIaIi:El"::_':-III:f Im:ltjl-.:l:-? .:11'.| e
that the concentration of sev e iw lI|-:. ;ﬂ";’-::l:"
nlll f'!r_l}' Oreanic acil wog EI.I;’I.!L"IJ'[[I'I'III.FHI] \:::
significantly greater than (he concentration of p
snrlhcd when organie aclds were acdded to the sojl
This appears o confirm the observitions of Jq-m J
and  Drassington (T99K), tolaaon aml [m:‘p[ﬂ.::
[2(]:[11‘1} and Wang et af, (2008) thnt Tow mulecular
t-.--:_ught organic acids such as citric, tanarie oxalic
acids cte are specifically adsorbed 1o Fe nmll Al
hydroxide sorface by lipand exchange reactions
And their additions can increase p ni-uifnhiliw lq;

acids  on
the  soil,

organic

Liegt  of
isotherm  of
soil with 1" addition only, AA = acclie
- citric acid with P ond TA =

Figure 2.
orthaphosphatesorplion
Control
acid with P, CA

tartaric acid with I".

The capacity for reduction on I adsorption and
increased in I' availability appears to followed IF!r:
order of citrate > tartrale = acetate (Figore 2). This
could probably be attritnted (o the larger molecular
size ol citrate (which coull cover chonmous
surface) compared (o lartrale and acelate, Also
hydroxyl acids such as citrate may form sironger
complexes than those containing a sinple COOH
group. Similar observation has been rcp.nrlni by
Nagarajah er. al, (1970) on the eflect llfl'r wide range
of organic acid anion on I’ adsorption by N'd'f
surfaces.  They reported - that the rmTull.‘l:'fl r|
ﬂdjurl]ﬁu“ by urgnl'}i:’ acids was In the order: citrale
= pualate > malonale = larfarale

> acclale -

= o —
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plants rll:.-' decicasing fhe p ndsorption capacity of
the soil. These organic acidy may have grealer
oMty for Fe g Al oxides than PO, and
lllﬂtﬁﬂll: Cal - compete  sirongly  with l:' for
Hdsmpllmu sites on Fe and Al oxides £yslem.
J'hp,hr:mln ind lebokwe (2005) also reporied that
st Illg."uula capable of competing stronply and
|.l|.~:|1ra-u|r1.g PO) in sites specific 1o rrpanic lipands
would inchile oxalate, citrate, malonate and
tartarale. In soils with appreciable amount of these
constitvents, [0, sarplion will be  severely
curled,

'ﬂ
-
= =—m— AN
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' _.—-——-"'-'-_.-._'_._ —_—TA
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|
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succinate, This also confirmed the lindings of Earl
et af, (1979) and Wang es, al, (2008) that in bath
suils and synthelic Al and Fe axides, citrale caused
Tarper reduction in P sdsorplion than did tarirate,
whereas pectale and succinate had linde or no
eflecl.

In conclusion, this study has clearly demonstrated
that the three orpanic acids greatly reduced PO,
adsorption, thus increasing the availability of P in
the snil. Citric acid Jisplayed the greatest capability
i reduce POy adsorption followed by lartaric and
acetic acids. Thus low molecular weight organic
acids have the potentials to increase the availability
of T in sull but need to be evaluated at the ficld

scale.
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