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ABSTRACT

Thetrial was carried out to determine the status of various forms of Pin soils formed on 3 types of
parent materialsin Southern Nigeria. Soil samples were obtained from3 ha areain each of the loca-
tions at 0-15 cm and 15-30 cm depth and then subjected to routine physical and chemical analysis.
Result revealed that the sand component of the soils which ranged from 771 gkg* to 892 gkg™
decreased with increased soil depth. The highest sand content was obtained at 0-15 cm top soil of
coastal plain sand parent material. The clay and silt fractions ranged from 75 gkg* to 155 gkg* and
33gkg™ to 74 gkg™ respectively. Both the clay and silt increased with increased soil depth in al the
parent materials. The soil pH, organic carbon and organic matter also decreased with increased soil
depth ranging from 5.50 to 6.60, 2.10 gkg* to 3.15gkg™* and 5.52gkg™ to 9.40 gkg* respectively.
The available P by Bray P-2 extractant was higher in the soils of the 3 parent materials compared to
that of Bray P-1 extractant. The various P forms also decreased with increased soil depth. The Al-P,
Fe-P, Sal-P and Red-P were higher in 0-15 cm top soil of alluvium parent material while the Res-P,
Ca-P, Occ-P, Org-P and Total P were higher in the 0-15 cm topsoil of basement complex soil. Of
all the various forms of P, Org-P occupied a higher percentage in the total P component of the soil.
The soil pH positively significantly correlated with Occ-P, Res-P and Org-P while organic carbon
positively significantly correlated with Occ-P and Res-P. The organic matter positively significantly
correlated Occ-P, Res-P, Org-P and Total P. The clay and silt fractions positively significantly cor-
related with Al-P whereas the sand component of the soil positively significantly correlated with
the Ca-P.

Keywords: Alluvium, Basement complex, Distribution, Parent materials, Phosphorus,
Shale.
INTRODUCTION

Phosphorus (P) is one of those major ele- able by secondary mineral formation(Yang et

ments required for biological activity in plants.
Although the total P content in most soils can be
large , only a small fraction is available or in an
organic form for biological utilization because
it is bounded either to incompletely weathered
mineral particles, adsorbed on mineral surfaces
or over the time of soil formation, made avail-

al, 2013). Sometimes, it is precipitated by dis-
solved Al or Fe a low pH. The forms and dis-
tribution of P in agricultural soils may indicate
soil P processes and possibilities for sustainable
production using the soil P reserves(Ulenand
Snall, 2007). The relative distribution of P var-
ies with climate, vegetation, parent material and
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soil types (Indianti and Sharpley, 1998) and that
the distribution of P is closely related to the
pedogenetic evolution of soils with the mature
soils having low P status (Kleinman et al, 1999)

The P exists in soils in organic and inor-
ganic forms. The organic forms of P are found
in humus and other organic materials. The P
in organic materias is released through min-
eralisation process involving soil organisms.
The inorganic forms exist as calcium phosphate
(Ca-P), Aluminium phosphate(Al-P), iron phos-
phateFe-P), reductant soluble phosphate(Red-P)
Saloid-bound phosphate(Sal-P),and occluded
phosphate (Occ-P). The relative abundance of
inorganic P forms is indicative of the degree
of weathering sequence being in the order of
CaP >Al-P> Fe-P>Occluded-P (Westing and
De-Brito, 1969). The distribution of active P
fraction namely Al-P, Fe-P and Ca-P and their
abundance in soil are dependent on pH, the
solubility product of the different phosphate,
parent material, cations present and degree of
weathering(Kleinmanet a, 1999).

Information on P fertility status is of great
importance since it helps determine the level of
fertilizer to be applied to crops. The information
is equally useful for P fertilizer distribution and
planning at both local and national levels of the
country. The formsin which P exists determines
the relative availability to crops and also it ena-
bles determine the speciation and management
of such soils. Therefore,the trial was conducted
to determine the various forms and distribution
of Pas well as factors influencing their distribu-
tion in the selected soils.

MATERIALSAND METHODS

Forty-two(42) soil samples were obtained
from 0-15 cm and 15-30 cm depth at three lo-
cations namely Sobe and Ekpoma in Edo State

and Sapele in Delta State of Nigeria. The Sobe,
Ekpoma and Sapele represent alfisol, ultisol and
oxisol respectively. At each location, a 300 m x
300 m area dimension was measured and points
to be sampled were determined without consid-
ering the vegetation and slope of the area.

Sobe sampling site is about 102 km from
Benin City the State capital and is located at an
elevation of 70 m above sea level. The area is
situated in the derived savannah of Nigeria. The
arealies between Latitude 6° 59N and longitude
5°42'E. It is an agrarian town in derived savan-
nah zone. Soils from this area are derived from
basement complex

Sapele is located in the latitude 5° 55'N and
longitude 5° 42'E. Its geographical coordinates
lies in the rainforest zone with bimodal rainy
season. The peak of rainy season is June with
a break in August. The dry season starts in Oc-
tober till early March. The major occupation
include fishing farming and trading. Sapele has
alluvium as parent material

Ekpoma geographica coordinates is latitude
6° 45N and longitude 6° O8'E. The town is a
transition zone between rainforest zone and sa-
vannah zone. It is situated at 332 m above sea
level. The dry season lasts between November
and March while the rainy season lasts between
March and October with a peak at July and a
break in August. It is also an agrarian town. Ek-
poma soil isformed on coastal plain sand

Laboratory Analysis

The soil samples collected were air-dried at
room temperature for about a week, crushed
to pass through a sieve of 2 mm. The particle
size distribution was determined by methods of
Gee and Or (2002). The pH was determined in
KCl solution at aratio of 1: 2 (Soil:KCl) using
a glass electrode meter. The organic carbon was
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Tahle 1: Physico-chemical properies of the soils fmean + sunidard Deviation)

TLocations  Depthicm)  Paremt  pH  Sand St Clay  Organk  Organic | Brayp-2  Bray P-1
materials Carbon Maner
— phg! —— mgkg!' gk
TSobe | 0-15  Basement  6.60+060 8354500 404000 (255500 3131015 9405040 7.59:009 5484008
complex
5-3ib f.504H0.50  BOB+S.00  STLL.00 1334500 2234035 667007 634+00M  341+0.00
Sapele 0-15 Alluviem  5.57+049  B2949.00  51+0.00  p20e5.00  231+0.05 6304010 BS7+007  7.93+0.03
i5-30 S60+ed  TTILL00 74400  USS+5.00 2.09+0.00  6.23:0.03 7204100 SEHLO8
Elkpeorma 0=15 Coastal S50-HESD  R92Z+2.00 33300 FSES03 0 2934003 R69H0.09 6864006 4.9040.05
Plain Sand
15-30 55040050  BI0+5040 SOH5.000 1205100 1864006 5524040 4794009 4 36+0.06

—— s ———— e

determined by methods of Udo et al (2009). The
value obtained in organic carbon was multiplied
by a factor of 1.729 to achieve organic matter
component of the soil. The available P was de-
termined by both Bray P-1 and Bray P-2 extrac-
tions (Bray and Kurtz, 1945) while the sequen-
tial fractionation of inorganic phosphorus and
the organic Pforms were carried out by methods
of Udo et a (2009). The P in the extracts was
determined calometrically by the molybdenum
blue colour method of Murphy and Riley (1962).
The mean and standard deviation calculated and
correlation coefficient between some soil prop-

erties and forms of P were determined.

RESULTSAND DISCUSSION

Physico-chemical properties of the soils used
inthetrial

Some physico-chemical properties of soils
used are shown in Table 1. The sand component
ranged from 771to 892 gkg* and decreased with
the corresponding increase in the soil depth in
al the locations. The highest sand content was
however achieved in the 0-15 cm topsoil of Ek-
poma coastal plain sand. The clay section of the
soils under investigation ranged from 75 to 155

e ——

gkg* while that of the silt ranged from 33 to 74
gkg*. The clay and silt content of the soils in-
creased with increased soil depth in al the loca-
tions with the highest clay and silt components
recorded at alluvium parent material. The low
clay content at surface 0-15 cm depth may be
due to the sorting of soil materials by biological
and agricultural activities, clay content migra-
tion or combination of these activities as earlier
reported by Malgwi et al (2000) and Adegbenro-
et al (2011). While the low silt content in al the
surface soils of the three locationsisin line with
the reports of Okusanmi and Oyediran(1985)
and Adegbenroet al (2011).

The pH of the soils also decreased with in-
creased soil depth and the soil pH ranged from
5.50 to 6.60. The highest pH value of 6.60 and
6.50 were obtained in 0-15 cm and 15-30 cm
soil depth respectively at basement complex par-
ent material compared to other parent materials.
The acidic conditions in the coastal plain sand
and aluvium parent materials could be attrib-
uted to the presence of higher exchange acidity
and higher rainfall in the area which render the
soil prone to erosion and high base leaching as
reported earlier by Udo et al (2009) and Adeg-
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labbe 2: Fosms and distribation P im the soils (mean + standord Deviation)
Tocmiion  Depih Perent Sal-R ALF FeP  Cal Red-P OxceP Res-P Org-P Total P
{em)  maerials gk — >
o (o185 Basememt 005002 0403000 [ 61+00] 054004 0G0 085005 306006 6331003 12204030
complex
15-30 0100 0374007 0044004 030009  061H00] 047007 LES-001 61240002 [0.EGE002
Sapele 0-15  Allovium  027-0.02 1604005  SA040.05 022<002 o609 02503 1ATH00Z  SESHL0S 12534003
%30 0274002 043003 L4R008 Q0007 L THOOS 00303 L2302 426007 %GTA0.02
Ehpooma  O-15  Coasal O 14002 0294009 (RDHLOF  La0=005 0364002 02500.02 174004 LESHDDS  0.0340.03
Pladm Sand
1530 012002 02940608 0474007 10002 3001 004=002  121+00 L6000 6.T2:H0.02

benro et a (2011). The basement complex soil
at Sobe on the other hand is located in derived
savannah region with reduced bse leaching ca-
pacity.

The organic carbon content of the soils indi-
cated a decrease with increased soil depth and
ranged from 1.86to 3.15 gkg™. The highest or-
ganic carbon component was obtained at Sobe
basement complex 0-15 cm surface soil com-
pared to other locations. The organic matter
component the soils decreased with increased
soil depthin all the locations.The organic matter
ranged from 5.52 to 9.40 gkg* with the highest
organic matter component recorded at Sobe.

The Bray P-2 available P ranged from 4.88to
8.57 mgkg* while that of Bray P- 1 available
P range from 4.36 to 7.93 mgkg™* in all the soil
types. In both extraction methods the aluvium
type of soil had the highest available P. Gener-
aly, the extractable available P decreased with
corresponding increase in soil depth. The higher
extractable P in the surface 0-15 cm soil depth
in al the 3 types of soil could be ascribed to
the presence of higher organic matter content
of the soils. The available P contents in al the
soils were however below the critical limit of
10 mgkg-1 (Enwezor et al 1989,Uponi and Ade-
oye, 2000). This low available P component of

the soils could be due to the fixation of P by Fe
and Al sesquioxides and pH status of the soil as
earlier reported by Uzoho and Oti (2004) and
Adegbenro et a (2011).

Formsand distribution Pin the soils

The forms and distribution of P are shown in
Table 2. The saloid P ranged from 0.10mgkg-
1 from 0.27 mgkg* and decreased with corre-
sponding increase in the soil depth. The high-
est saloid P was however obtained at 0-15 cm
depth of alluvium soil. The reductant soluble P
also decreased with increased soil depth in all
the locations. Again, the alluvium soil in Sapele
had the highest reductant P compared to base-
ment complex and coastal plain sand soils. The
residua P which decreased with increased depth
ranged from 1.21 to 3.06 mgkg'.The highest
values of residual P were achieved at basement
complex soil at Sobe.

The inorganic P such as Al-P, Fe-P, Ca-P and
occluded —P decreased with increased soil depth.
The Al-P, Fe-P, Ca-P and occluded-P ranged
from 0.25 to 160 mgkg?, 0.47 to 3.60 mgkg™,
0.10 to 1.60 mgkg* and 0.13 to 0.95 mgkg™* re-
spectively. Of all the inorganic P reported, the
Fe-Pwas found to be higher in all the soils prob-
ably due to the presence of abundant Fe in the
parent materials. This higher Fe-P obtained is
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Fablz 3+ Crarebution coefficient (ry between some soil properties amd the fonns of phosplons

“soil properties. Sal-P | AP Fe-P | CaP
o T 0088 DO¥T GUSE 0438
Organic cathon (1168 033y Al 0437
(hrganic matter 1. 16h 0334 415 L.135
Sand {Al6 i), (l) Al 44 0.852"
Sile 0.447 0.5G1* (LI1DE 743
Clay 0381 D635 0156 473

*Significan at 3% level of Probability
similar to the report of Adegbenroet a (2011).

The organic P which deceased with increased
depth of the soil ranged from 3.16 to 6.33 mgkg™.
The organic P constituent in the total P at the top
0-15 cm depth soils in basement complex, allu-
vium and coastal plain sand soils were 44.58%
34.76% and 42.64% respectively while the 15-
30 cm depth were 56.20%, 44.49% and 47.02%
for basement complex, alluvium and coastal
plain sand soils respectively. The abundance of
organic P in the total P was due to the higher
amount of soil organic matter. Thisresult issim-
ilar to that of Adegbenro et al (2011) and further
strengthens that of Omotoso and Wild (1976)
who reported that organic P components ranged
from 20-70% of the total P in South Western Ni-
geria.

The Total P which decreased with increased
soil depth in the 3 locations ranged from 6.72to
14.53 mgkg* with 0-15 cm top soils having the
highest total P constituent probably due to high
organic matter level. The total P components
obtained in this trial were low compared to the
values of 418.70 to 763.10 mgkg™ obtained by
Adegbenro et al(2011) in Mica schist soil, 217
to 638 mgkg* reported by Uzuet a (1975) in
basement complex soil and 191 to 243 mgkg*
discovered by Laganathan and Sutton (1987) in
sedimentary soil. The low level of total P may

Red-P | (ke-P | Res-P OrgeP Total P
R A s L
183 0622 0733 0487 n4s4

0183 631" 0.7y 0591+ (L&

1495 o120 0240 (200 -0 047

484 i) 405 A}, 505 A,024 0129

{483 TR -0, 101 03010 0140

be attributed to the presence of hydrous metal
oxides of iron and aluminium and clay and the
pH status of the soils.

Correlation coefficient between some soil
properties and forms of Pin the soils

Table 3 shows the correlation coefficient be-

tween some soil properties and the formsof Pin
the soils under investigation. The soil pH posi-
tively significantly correlated with occluded P

(r = 0.867), residual P (r = 0.797) and organic
P (0.964) indicating that soil pH has a greater
on these forms of P. The result further revealed
that the organic carbon positively significantly

with occluded P (r = 0.622) and residual P (r=
0.722) while the organic matter positively cor-
related with occluded P (r = 0.630), residua P
(r=0.730), organic P (r = 0.590) and total P (r=
0.690). The sand fraction of the soils positively
correlated with Ca-P (r = 0.850) while the posi-
tively significant value between silt and Al-P

wasr = 0.501. The clay content of the soils was
also positively significant with Al-P(r = 0.635.

The exhibition of positive correlation between
occlude P, residual P, Organic P, Total P and or-
ganic matter is an indication that organic mat-

ter have greater influence on organic P as well

as the entire soil P component. Similar results
have earlier been reported by Agboola and Oko
(1976) and Ohaeri and Eshett (2011).
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CONCLUSION

The trial reveals that the P forms and distri-
bution varies with parent materials and also de-
creased with increased soil depth. The total Pin
this trial was however below the critical limit
suggesting that fertilizer could be used to boost
the level of P in the soils under investigation.
Theresult further showed that organic matter has
greater influence on the P component of the soils
and that higher available P could be extracted
from the soils using the Bray P-2 extractant.

REFERENCES

Adegbenro, R. O., Ojetade, J. O. and Amusan,
A. A. 2011. Effect of topography on phosphorus
forms and distribution in soils formed in schist
in Ife area. Journal of Agriculture and Veterinary
Sciences 5 (1): 86-105

Agboola, A. A. and Oko, B. 1976. An attempt
to evaluate plant available Pin Western Nigeria
soils under shifting cultivation. Agronomy Jour-
nal 68: 798-801

Bray, R. H. and Kurtz, L. T. 1945. Determi-
nation of total organic and available forms of
phosphorusin soils.Soil Science 59: 39-45

Enwenzor W.O; Udo, B.J;, Usoroh, N.J
Ayotade, K.A; Adepetu, JA; Chude, V.A and
Udegbe C.A 1979.Fertilizer use and manage-
ment for cropsin Nigeria.Series 2, pp 163.

Gee, G. W and Or, D. 2002. Particle size dis-
tribution: In Dane J.H., Topp G.C. (eds). Meth-
ods of soil analysis Part 4 Physical methods.
Soil Sci. Soc. Am Book series No. 5 ASA and
SSSA, Madison WI 225-293

Indiati, R. and Sharpley, A. N. 1998. Chang-
es in distribution of inorganic soil phosphorus
forms with phosphate desorption by iron oxide-
impregnated paper stripes. Communication in
Soil and Plant Analysis. 29 (5 and 6): 625-634

Kleinman, P. J. A; Bryant, R. B. and Rad, W.
S. 1999. Development of pedotransfer functions
to quantity phosphorus saturation of agricul-
tural soil. Journal of Environmental Quality 28:
2026-2030

Lagnanathan, P. and Sutton, P. M. 1987.
Phosphorus fractions and availability in soils
formed on different geological deposits in the
Niger Area of Nigeria. Journa of Soil Science
143: 16-25

Malgwi, W. D., Ojanuga, A. G. Chude, V. O,
Kparmwang, T. and Raji, B. A. 2000.Morpho-
logical and physical properties of some soils at
Samaru, Zaria, Nigeria.Nigerian Journa of Soil
Research: 58-64

Murphy, J. and Riley, J. P. 1962.A modified
single solution method for determination of
phosphorus in natural waters.Analytical Chem-
istry 27: 31-36

Ohaeri, J. E. and Eshett, E. T. 2011. Phos-
phorus forms and distribution in selected soils
formed over different parent materials in Abia
State of Nigeria. Agro ScienceVol 10 (3): 28-37

Okusami, T. A. and Oyediran, G. O. 1985.
Slope-Soil relationship on an aberrant topose-
guence | Ife area of Southwestern Nigeria: Vari-
abilities in soil properties. Ife Journal of Agri-
culture 7: 1-15

Omotoso, T. I. and Wild, A. 1971. Content of
inositol phosphate in some English and Nigeria
soils.Journal of Soil Science.Vol 21 (2):216-223.

Udo, E. J,, Ibia, T. O., Ogunwale, J. A., Anuo,
A. O. and Esu, I. E. 2009.Manual of soil, plant
and water analysis.Sibon books Ltd, Lagos, Ni-
geria

Udo-Bassey, U. U., Kufre, E. I., Monday, T.

and Iduggafa, M. A. 2009. Fertility assessment
of some inland depression and floodplain (wet-

36



Nigerian Journal of Soil Science

land) soilsin Akwalbom State. Journal of Tropi-
cal Agriculture, Food, Environment and Exten-
sionVol 8 (1): 14-19

Ulen, B. and Snall, S. 2007. Forms and reten-
tion of phosphorus in an illite-clay soil profile
with a history of fertilisation with pig manure
and mineral fertilisers Geoderma 137: 455-465

Uponi, J. I. and Adeoye, G. O. 2000.Keys to
soil taxonomy.United States Department of Ag-
riculture (USDA) 9thed 263-285

Uzoho, B. U. and Oti, N. N. 2004.Phospho-
rus absorption characteristics of selected South-

western Nigeria soils.Prceedings of the 29th an-
nual Conference of the Soil Science Society of
Nigeria, Abeokuta, Nigeria 121-130

Uzu, F O, Juo, A. S. R. and Fayemi, A. A.
1975.Forms of phosphorus in some important
agricultural soils of Nigeria.Soil Science 120:
212-218

Yang, X., Post,W. M., Thornton,P. E.and Jain,
A. 2013. The distribution of soil phosphorus
for globa biogeochemical modelling.Bio geo-
sciences 10: 2525-2537.

37



38



