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ABSTRACT

Availability of soil phosphorus (P) is a function of its dynamics and can be improved by using
organic amendments. Experiments were carried out to determine the effect of poultry manure
(PM) on soil P fractions and bioavailability to soybean (Glycine max). Soils from ten farmers’
fields in Southwest Nigeria, were used for incubation and pot experiments. Treatments were
five rates of PM (0, 2.5, 5.0, 7.5 and 10 t ha™"). Triplicate units in incubation and pot experiments
were arranged in Completely Randomised Design. Soybean was grown for three consecutive
growth cycles of seven weeks each and soil samples were analysed for Saloid P, Al-P, Fe-P, Ca-P,
occluded P, reductant soluble P, and residual P. Results indicated that Fe-P was the dominant
active inorganic P in the soils while residual P was the dominant inactive inorganic-P in most of
the soils. In the pot experiment, application of poultry manure significantly increased organic
P in the soils in the first growth cycle, but decreased slightly in second growth cycle. Highest
and lowest (P < 0.05) organic P values were observed in soil samples from Ayetoro and Odeda,
respectively. In the pot experiment, application of PM reduced P fixation and occluded P fraction
in the soils. There was general increase in available P in most of the soils considered despite
increase or decrease in other forms of P. Poultry manure reduced the fixation of P and release
of occluded phosphorus. Generally, Poultry manure significantly improved soil P fractions and
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plant P tissue concentrations.

1. Introduction

One of the problems of crop production in the tropics
is that tropical soils have low fertility status [1]. The soils
are highly weathered and leached, low in organic matter
and available nutrients, thus leading to low productivity
within few years of cultivation [2,3]. Applying inorganic
fertilizer is one of the widely accepted ways of increasing
soil nutrients both in the temperate and tropical zones of
the world. However, long term studies have shown that
there s a limit to which inorganic fertilizer can sustain the
productivity of intensely cultivated soil. This is because
of problem of decrease in yield with time, enhancement
of soil acidity, leaching losses, and degradation of soil
physical and organic matter status [4,5]. Thus, there is
an increase in studies on organic wastes as alternative
fertilizers.

Organic wastes provide a continuous decomposing
substrate and consequent gradual input of soil organic
matter, thereby increasing soil nutrients and improving
the soil physical properties. Combination of both organic
and inorganic fertilizers has been recommended for the
soil in order to sustain crop production and soil fertility
[6,7].

Phosphorus has been widely observed as one of the
yield limiting nutrients of crops in Nigerian soils [8-13].
The limitation is due to the inability of cultivated crops
to achieve their full yield potential without sufficient P in
the soil. Unfortunately, P does not occur as abundantly in
soils as N and K. The total concentration in surface soils
varies between 0.02 and 0.10% [8]. Unfortunately, the
quantity of total P in soils has little relationship to the
availability of P to plants [13-15]. In all its forms, includ-
ing organic forms, P is very stable or insoluble, and only
a very small proportion exists in the soil solution at a
time due to its interactions with many soil chemical con-
stituents. Therefore understanding the relationships and
interactions of the various forms of P in soils and the
numerous factors that influence P availability is essential
for efficient P management [14,16].

The total inorganic phosphorus is divided into active
and inactive forms. The former consists of Fe-P, Al-P, and
Ca-P and the latter consists of occluded P, reductant sol-
uble P and residual P [17]. The active forms are the frac-
tions most available to plants. Active fraction refer to the
fraction of P that is labile; those that could be taken up
by crops if the soil condition is changed and favourable
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Table 1. Descriptions of sites of the soils used for the study.

Location State Longitude Latitude Soil Order
Abeokuta Ogun N 7°14.30' E3°26.21 Alfisol
Odeda Ogun N7°14.17 E3°31.79 Alfisol
Ayetoro Ogun N 7°15.00' E 3°30.00 Alfisol
Ibadan Oyo N 7°30.17' E 3°54.50' Alfisol
lkenne Ogun N 6°50.95 E3°42.57 Alfisol
Badagry Lagos N 6°25.00 E 2°55.00' Entisol
Okemesi Ekiti N 7°49.00' E 4°55.00' Alfisol
Omu ljebu Ogun N 6°47.00' E 3°52.00 Alfisol
Imeko Ogun N7°13.76' E3°25.20 Ultisol
Igboora Oyo N 7°26.00' E3°17.00' Alfisol

but the inactive forms are the recalcitrant form of P in the
soil. The inactive fraction does not necessarily correlate
with soil uptake.

The supply of phosphorus to plants in soil is particu-
larly governed by the content of active inorganic P and
organic fractions. In tropical soils, organic P fractions con-
tribute substantially to available phosphorus reserves
following mineralization [18]. Organic P originates from
soil organic matter, crop residues and different manures
following decomposition and mineralization by soil
microorganisms. Total organic P decreases steadily in
continuous cropping situation without P fertilization
[19]. Phosphorus tends to increase with soil age, par-
ticularly the recalcitrant species of soil P. In acidic soils
for example, continuous application of P leads to the
accumulation of Fe and Al-P [17], though the duo may
not be available for plant uptake temporarily depending
on soil pH. The vast majority of soil organic P occurs in
relatively stabilized forms and not rapidly mineralized.

Although total P may give a total reserve of the nutri-
ents in the soil, it is a poor indicator of the availability
level since most of the P may be fixed or unavailable to
the plant. Phosphorus status in soil is therefore assessed
more from the relative abundance of different forms.
Equally important is how they change with time. Most
studies in the past concentrated on effects of organic
manures on yields and other observable plant growth
parameters as they are influenced by soil available P
fractions. There is still need to examine the contribu-
tions and effects of other P fractions to their available
fractions and their effects on agronomic parameters.
The objective of this study is to evaluate changes in soil
inorganic and organic P species as a result of poultry
manure application.

2. Materials and methods

The study involved laboratory, screen house pot and field
experiments.

2.1. Laboratory experiments

The laboratory experiments consisted of soil physical
and chemical analysis, phosphorus fractionation exper-
iments and incubation experiment. Surface soil samples
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(0-20 cm depth) were collected from ten different loca-
tions as indicated in Table 1. These included soil sam-
ples from Abeokuta, Odeda, Ayetoro, Ibadan, Ikenne,
Badagry, Okemesi, Omu ljebu, Imeko and Igboora. Sail
samples were air dried, and sieved using a 2 mm sieve.
Each of these soils was used for laboratory physical and
chemical analysis, incubation studies, and phosphorus
fractionation.

2.2. Soil physical and chemical analysis

Particle size distribution was determined by the hydrom-
eter method [20]. Soil pH was determined in 1:1 (soil-
water ratio) using pH glass electrode attached to a pH
meter [21]. Nitrogen was determined by Kjeldahl method
[21]. Organic matter was determined by the chromic acid
wet digestion method [22]. Exchangeable sodium, potas-
sium, calcium and magnesium in the soils were extracted
with neutralammonium acetate (1M NH,OAc). Extracted
Kand Na were determined by flame photometry while Ca
and Mg were determined by atomic absorption spectro-
photometry [23]. Available phosphorus was determined
by Bray 1 extraction method and analysed colorimet-
rically by molybdenum blue procedure [24]. Titrable
acidity was extracted with KCl solution and determined
by titration with 0.1N sodium hydroxide solution [25].
Effective cation exchange capacity was determined by
summation of exchangeable cations and exchangeable
acidity.

2.3. Phosphorus fractionation study

Phosphorus fractionation procedure was according to
procedures of Chang and Jackson [17], however, the
methods of Peterson and Corey [26] were used to deter-
mine different forms of inorganic P (Saloid P, Al-P, Fe-P,
Ca-P, occluded P, reductant soluble P, and residual P) in
the soils. This involved sequential extraction of 1.0 g soil
with 50 ml of 1 M NH,Cl, 0.5 M NH,F, 0.1 M NaOH, and
0.25 M H,S0,. The extraction is a sequential procedure,
where 50 ml of the solutions were added to the same
soil (1g) in succession. The soil solution mixtures were
shaken for 16 hours at 20°C. At each time, the solutions
are then filtered and the filtrate analysed for their P con-
tent. The different fractions of P were determined in all
the samples taken from soils before and after organic
amendment for incubation in the laboratory and pot
experiments. Organic P was determined by ignition
method [22,27]. Total P was determined as the sum-
mation of all inorganic P fractions (Saloid P, Al-P, Fe-P,
Ca-P, occluded P, reductant soluble P, and residual P)
and organic P. Saloid means loosely-bound P, occluded
P means P occluded in Fe/Al oxides, reductant soluble
means P extracted by citrate-dithionite-bicarbonate
while residual P means P from the soil residue remain-
ing after the last acid extraction which was digested
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Table 2. Some initial physico-chemical properties of the soils used in this study.

Soil Sand Silt Clay  Textural pH OrganicC Available P N Ca Mg K Na EA  ECEC
Location gkg™ Class H,0 gkg™ mg kg™’ gkg™' cmol kg™!

Abeokuta 772.0 88.0 140.0 LS 6.3 29.0 12.7 1.7 188 125 034 029 0.10 3.86
Odeda 912.0 28.0 60.0 S 6.1 24.0 9.8 1.6 080 1.21 017 013 011 242
Ayetoro 872.0 48.0 80.0 S 6.2 40.8 27.0 33 325 132 043 030 0.10 5.40
Ibadan 852.0 68.0 80.0 LS 6.3 8.8 17.5 1.0 113 119 028 017 0.09 2.86
lkenne 772.0 88.0 14.00 LS 6.2 26.4 10.6 2.3 125 120 028 0.16 0.10 2.99
Badagry 912.0 28.0 60.0 S 4.8 33.6 39.2 2.0 040 110 033 014 081 2.58
Okemesi 872.0 118.0 80.0 S 6.3 21.6 11.0 1.5 123 122 027 024 0.0 3.06
Omu ljebu 820.0 720 108.0 LS 58 21.5 16.1 1.1 168 120 014 010 030 3.12
Imeko 762.0 60.0 178.0 SL 6.1 28.0 15.4 2.1 190 126 040 015 0.20 391

Igboora 880.0 52.0 68.0 LS 6.2 21.0 133 1.6 160 110 023 011 0.14 3.18
Mean 842.6 65.0 86.8 6.0 255 17.2 1.8 1.51 1.21 027 018 0.21 3.34
SD 57.6 28.2 45.7 0.5 85 9.2 0.7 077 007 010 0.07 022 0.87

Note: LS — Loamy sand; S - Sand; SL — Sandy loam; SD - Standard deviation; EA — Exchangeable acidity; ECEC — Effective Cation Exchange Capacity.

Table 3. Some chemical properties of the poultry manure used.

Parameter Value (g kg™)
Nitrogen 23.6
Phosphorus 14.9
Potassium 14.2
Calcium 43
Magnesium 1.8

Iron 7.0
Sulphur 5.7
Organic carbon 128.4

CN 5.44

with H,SO,/H,0, at 360 °C. Available phosphorus was
determined by Bray 1 extraction method and all the
P fractions were analysed colorimetrically by molybde-
num blue procedure [24].

2.4. Pot experiments

The pot experiments were carried out at research farm of
Federal University of Agriculture, Abeokuta, Ogun State,
Nigeria. Soil samples from five locations out of the ten
locations used for the incubation experiment were used
for the experiment. These included soil samples taken
from experimental farms in Abeokuta, Odeda, Ayetoro,
Ibadan and lkenne. Five kilogrammes of soil samples
already air-dried and sieved through 2 mm sieve was
weighed into each pot. Each pot was taken as an exper-
imental unit. The treatments consisted of five rates of
organic manure (poultry manure) at 0, 2.5, 5, 7.5 and
10 t ha™! in three replicates and 100 kg ha™" of NPK
20:10:10 fertilizer as basal application for all treatments.
The experimental design was completely randomised
block design. The poultry manure was incorporated into
the soil two weeks before sowing of soya bean seeds.
The variety of soya beans used was TGX 1448-2E. Three
seeds per pot were sown, but were thinned to 2 seed-
lings after 2 weeks of germination. The soya bean plants
were grown for 3 growth cycles at 7 weeks per growth
cycle.Plant height and dry matter yield were determined
in each growth cycle (Agronomic data not reported).
Plant samples were taken and analysed at the end of
each growth cycle to determine the plant P concentra-
tions. Plant shoots were oven dried at 65 °C for 48 hours

to constant weight and dry matter yield was determined.
Plant samples were ground with electric grinder with
stainless steel grinding chamber.Total P in the plant sam-
ples were determined as follows: the plant samples were
ashed in a muffle furnace at a temperature of 450 °C. The
nutrients in the ash were extracted by washing with 0.1
N HCI. Phosphorus was determined colorimetrically by
the vanadomolybdate method by measuring the absorb-
ance of the sample colours with a spectrophotometer at
a wavelength of 880 nm.

2.5. Statistical analysis

The data collected were subjected to analysis of variance
(ANOVA) using GENSTAT software. Means were separated
by Duncan Multiple Range Test at 5%.

3. Result and discussion

3.1. Some initial physico-chemical properties of
soils and the manure used for experimentation

The initial physico-chemical properties of soils used
before application of manure treatment in the experi-
ments are shown in Table 2. Five of the soils were loamy
sand, four soils were sandy and one was sandy loam.
The values of pH ranged from 4.8 to 6.3. Organic carbon
ranged from 8.8 t0 40.8 g kg~'. Available P was highest in
Badagry soil (39.2 mg kg™") and least in Odeda soil (9.80
mg kg"). Generally, the cations order of abundance was:
Ca > Mg > K> Na, except in Odeda where it was in order
of Mg > Ca > K > Na and Badagry where it was in order
of Mg > Ca > Na > K. The values of ECEC ranged from
2.42 cmol kg™ (in Odeda soil sample) to 5.40 cmol kg™
(in Ayetoro soil sample). Generally, the soils were mod-
erately acid, high in organic matter and moderately high
in total nitrogen. The texture of the soil (sand content)
could indicate that soil nutrients could be leached and
the subsequent low soil fertility. The available P in the
soils were very low while the exchangeable cations were
also very low. The low P implies that the soils response to
P application is feasible. However, P have been reported
low for southwestern Nigerian soils [8-13]. Generally, the



Table 4. Initial phosphorus fractions of the soils used in the study.

CHEMICAL SPECIATION & BIOAVAILABILITY 45

Phosphorus fractions (mg kg™")

Location Saloid P Al-P Fe-P Ca-P Occluded P Reductant P Residual P Organic P Total P Bray 1 P
Abeokuta 24.22 19.22 63.82 26.44 94.44 70.74 121.33 115.32 53553 12.70
Odeda 30.58 16.21 17.83 3.61 92.86 126.36 110.12 82.71 480.28 9.85
Ayetoro 34.07 9.51 12.91 9.68 60.78 64.54 70.67 123.63 385.79 26.99
Ibadan 25.68 21.33 69.10 52.88 106.16 57.36 50.38 110.92 493.81 17.45
lkenne 35.10 11.42 14.52 10.34 56.43 41.96 92.08 112.65 374.50 10.60
Badagry 2791 13.67 16.59 1.54 85.73 2245 66.29 90.32 324.50 12.15
Okemesi 20.32 6.17 20.57 9.68 21.66 48.06 33.42 120.41 280.29 11.02
Omu ljebu 20.53 12.55 47.32 14.18 30.16 45.86 108.08 125.68 404.36 16.06
Imeko 25.86 10.53 35.90 14.30 80.51 25.77 95.49 98.64 387.00 15.43
Igboora 17.38 5.97 27.18 8.24 12.20 32.60 128.99 101.53 334.09 13.25
Mean 26.17 12.66 32.57 15.09 64.09 53.57 87.69 108.18 400.02 14.55
SD 5.89 5.11 20.81 14.91 32.28 30.06 31.48 14.44 80.99 5.02

Note: SD-Standard deviation.

Table 5. Effects of organic manure application on phosphorus fractions and Bray 1 P of soils of Abeokuta and Odeda at 6 WAI.

Manure rate

Phosphorus fractions (mg kg™")

(tha™) Saloid P Al-P Fe-P Ca-P Occluded P ReductantP  Residual P Organic P Total P Bray 1P
Abeokuta

0 22.54a 18.26a 33.19a 2345a 127.86a 67.92a 79.72b 131.49a 504.43a 22.36¢
25 12.29b 6.58b 13.83b 236 ¢ 120.60 a 33.20b 93.28 ab 148.96 a 431.10b 22.20c
5 1837 ab 1.58d 13.66 b 2.12c¢ 123.83a 20.25¢ 108.40 a 168.38a 456.59 ab 26.35b
7.5 22.99a 4.22c 16.14b  1430b 12891a 36.00 b 114.15a 160.62 a 497.33a 30.72a
10 2473 a 253cd  1638b  1471b 71.88b 1295¢ 93.28ab 170.54 a 407.00 b 33.83a
Odeda

0 7.52d 10.24a 1539ab  936a 7843 a 50.26 b 80.25b 9246 b 343.91ab 14.88 ¢
2.5 13.02¢ 5.05b 11.44b 9.56 a 29.46 b 30.95¢ 62.88 ¢ 136.94a 299.30b 19.99 bc
5 14.90 be 6.03b 16.94a 9.04a 12,64 c 72.00 a 63.25¢ 14790 a 342.70 ab 26.73b
7.5 18.80 ab 5.05b 1525ab  8.48a 10.50 ¢ 54.10b 107.02a 160.07 a 379.27 a 36.62a
10 2242a 6.41b 1249ab  890a 6.33¢ 56.80 ab 94.48 ab 16442 a 372.25a 39.40 a

Note: Means in a column followed by the same letters are not significantly different at 5% probability level.

soil values for fertility indicators is low [8-13]. In Table 3,
it was shown that the poultry manure used for the trial
was relatively higherin N, while the P and K content were
similar. The cations were moderate while the CN ration
is favourable for microbial mineralization of the manure
nutrients.

3.2. Initial phosphorus fractions of soils used

The initial phosphorus fractions of the ten soil samples
collected from different locations are shown in Table
4. The results indicated that the initial phosphorus
fractions of the soil is dominated (about 25%) by the
organic pool. This is followed by residual P and least
in Al-P.The organic P pool has however, been reported
to replenish other P pools in the soil upon depletion
[18]. The available P is only about 3.5% of the total soil
P, indicating that large pool of P in the soil is not cap-
tured by the popular P availability index (Bray -1 P). As
reported earlier, the quantity of total P in soils has little
relationship to the availability of P to plants [13-15],
this is clearly evident in the relative proportions of
the soil P species. Generally in the soils the P forms
are in the order: Organic P > residual-P > occlud-
ed-P > reductant-P > Fe-P > saloid-P > Ca-P > Al-P.The
trend observed is similar to that observed by [8,19].
The data also indicated that Alfisol had higher soil
total P than Entisol and Ultisol.

3.3. Phosphorus fractions and available P in
incubation study

Results obtained from Abeokuta soil incubation experi-
ment are shown in Table 5. Phosphorus fractions were in
this order of abundance: organic P > occluded P > resid-
ual P > reductant soluble P > saloid P > Fe-P > Ca-P > Al-P.
Manure application had significant effects on all the
phosphorus fractions except organic P. The highest
organic P was obtained in treatment of 10 t ha™' with
value of 170.54 mg kg~'. However, total P at treatment
rate of 0 t ha~' had the highest value. Highest Fe-P value
of 33.19 mg kg~' was obtained at 0 t ha™' and lowest
value of 13.83 mg kg~' was obtained at 2.5 t ha=". This
showed that Fe-P was significant reduced by the manure
treatment. Highest value of Al-P was obtained atOtha™".
This indicated reduction with treatment application. This
shows that the application of manure in the soil reduced
the amount of Al-P. This pool of P have been known to
be readily unavailable for plant uptake [8]. Occluded P
had highest reduction at 10 t ha™' with a value of 71.88
mg kg™ compared to control experiment with value
of 127.86 mg kg~'. Treatment had significant effect on
Bray 1 P. It was highest at 10 t ha™" with value of 33.83
mg kg~".This showed 51.3% increase over control exper-
iment with value of 22.36 mg kg~'. Reductant soluble
P decreased as treatment rate increased till 7.5 t ha™'
while at 10 t ha™' it decreased again. Treatment did not
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Table 6. Effects of organic manure application on phosphorus fractions and Bray 1 P of soils of Ayetoro and Ibadan at 6 WAL

Manure rate

Phosphorus fractions (mg kg™)

(tha™) Saloid P Al-P Fe-P Ca-P Occluded P ReductantP  Residual P Organic P Total P Bray 1P
Ayetoro

0 2867ab  1042ab  28.44c 14.40b 73.58 bc 91.20b 80.12a 162.43 b 488.07 b 30.10d
2.5 31.10a 11.99 a 4840b  27.63a 79.82 bc 42.85d 63.74 ¢ 206.86 ab 512.39b 35.64 ¢
5 20.68b 1042ab  92.26a 17.17b 54.65¢ 91.15b 69.57 bc 229.02a 584.92a 42.06b
7.5 20.83b 1042ab  35.88c 27.10a 86.10 ab 66.95 ¢ 78.85ab 23690 a 563.03 ab 39.02b
10 28.06 ab 6.94b 34.60 c 1239b  11557a 12545a 83.19a 22434 a 630.48 a 51.34a
Ibadan

0 21.98 bc 18.21a 7296 a 4.25a 2941 ¢ 57.20a 80.12a 110.87 b 395.50b 3392a
2.5 17.07 ¢ 11.05bc  5845b 3.88a 4411 bc 15.67 b 67.06 b 142.45 ab 359.74b 4127 a
5 26.32 bc 537cd  3642c 242a 5041b 32.05ab 52.11¢ 170.97 ab 376.07b 42.65a
7.5 41.65a 4.74d 37.50¢ 442 a 4411 bc 18.55b 46.59 ¢ 176.58 a 374.14b 40.07 a
10 34.13 ab 14.84 a 40.03 ¢ 3.72ab 9241a 48.40a 71.20ab 181.82a 486.55a 4240 a

Note: Means in a column followed by the same letters are not significantly different at 5% probability level.

Table 7. Effects of organic manure application on phosphorus fractions and Bray 1 P of soils of lkenne and Badagry at 6 WAI.

Manure rate

Phosphorus fractions (mg kg™")

(tha™) Saloid P Al-P Fe-P Ca-P Occluded P ReductantP  Residual P Organic P Total P Bray 1P
Ikenne

0 2574 a 9.15ab  11.43c 3.28b 4570a 38.54b 48.51 bc 126.96 a 309.31bc  19.66 ¢
25 29.79a 10.73 a 434c 3.60 b 33.62 bc 2851¢ 42.61c 153.76 a 306.60 ¢ 3142b
5 3558a 11.69a 2340b 742a 3570 b 16.90d 58.53a 182.82a 372.04ab  44.14a
7.5 36.16a 11.36a 4733 a 6.36a 12.62d 4330b 54.56 ab 184.82a 396.51a 39.65 ab
10 31.60a 543b 25.62b 892a 26.81 ¢ 56.25a 56.67 ab 190.50 a 401.80 a 37.99 ab
Badagry

0 747b 10.14a 32.80ab 10.60b 90.23 b 2390 a 64.19a 100.72a 34000 ab 4377 a
2.5 9.97 b 433b 42.88a 3563a 129.84a 17.45b 56.49 ab 101.51a 398.10a 4563 a
5 19.10a 227c¢ 15.28¢ 6.99b 108.16 ab 19.15ab 59.43 ab 11297 a 34344ab  46.89a
7.5 19.45a 337bc  2080bc 13.66b 9331b 6.20 ¢ 64.77 a 115.70 a 337.05ab  46.18a
10 19.82a 419bc  14.86¢ 6.46 b 87.84b 16.20b 51.15b 121.38a 321.90b 4231a

Note: Means in a column followed by the same letters are not significantly different at 5% probability level according to LSD.

Table 8. Effects of organic manure application on phosphorus fractions and Bray 1 P of soils of Okemesi and Omu ljebu at 6 WAI.

Manure rate

Phosphorus fractions (mg kg™")

(tha™) Saloid P Al-P Fe-P Ca-P Occluded P Reductant P Residual P OrganicP  Total P Bray 1 P
Okemesi

0 13.79b 526a 1744 c 1.91d 1834 a 30.77b 29.50b 110.15b 227.16b 21.82¢
2.5 15.94b 432a 18.28c 2.65d 16.71a 5.65¢ 40.78 b 112.26 b 216.59b 34.04b
5 67.94 a 486a 42.88a 1144 a 2411a 37.15b 39.92b 129.64ab  357.94a 36.87b
7.5 25.85b 397a 1234d 498 ¢ 22.00a 86.65 a 35.19b 150.95a 341.93a 37.53b
10 19.10b 511a  3036b 7.94b 2381a 25.90b 79.51a 142.73ab  334.46a 4792a
Omu-ljebu

0 23.84a 6.78a  38.06a 16.31a 3421b 3265a 97.11a 175.02a 423.98 ab 18.95a
25 21.85a 741a 295D 17.36a 46.41a 90.55b 83.70 ab 18394 a 480.72 a 20.45a
5 11.20b 9.78a 12.78 ¢ 422b 46.9a 47.25b 47.60d 202.27 a 382.00b 20.12a
75 10.05b 859%a 9.76 5.82b 4432a 42.20b 61.15cd 201.32a 383.21b 20.41a
10 9.34b 9.38a 12.08 ¢ 13.24a 51.12a 34.52b 71.35bc 205.85a 406.88 ab 22.20a

Note: Means in a column followed by the same letters are not significantly different at 5% probability level according to LSD.

Table 9. Effects of organic manure application on phosphorus fractions and Bray 1 P of soils of Imeko and Igboora at 6 WAL

Manure rate

Phosphorus fractions (mg kg™)

(tha™) Saloid P Al-P Fe-P Ca-P Occluded P ReductantP  Residual P Organic P Total P Bray 1P
Imeko

0 19.19b 460a  13.16b 9.74a 48.26 bc 10.88 ab 64.43 b 10891a 279.17 abc 28.76 ¢
2.5 14.79b 1.84b 19.74 a 5.76 b 2463d 6.20b 64.92b 111.58a 249.46 ¢ 31.96 ¢
5 20.25b 232b  1040b 4.78 bc 75.62a 7.75b 8237a 110.77 a 314.26 ab 58.43 a
7.5 52.14a 3.09ab 12.70b 4.20c 34.61 cd 845b 36.63 ¢ 124.72 a 276.54 bc 48.58b
10 54.00 a 4.18a 11.76 b 562b 51.82b 19.25a 4578 ¢ 127.84a 320.25a 53.55ab
Igboora

0 29.16 b 3.17b 9.56a 3.78b 51.21a 39.25a 58.83b 110.59a 305.55a 18.67 ¢
2.5 50.41a 3.28b 12.50a 435b 19.50 b 28.55b 7249 a 130.82a 32190a 35.06 b
5 3447b 298¢ 11.72a 6.74a 21.20b 13.55¢ 73.78a 139.36a 303.80a 41.49 ab
7.5 31.89b 434ab 9.82a 6.09a 17.11b 11.25¢ 71.22a 122.83a 274.55a 47.96 a
10 36.48ab  5.76a 892a 414b 19.52b 29.80 b 69.22a 13475a 308.59a 4645a

Note: Means in a column followed by the same letters are not significantly different at 5% probability level according to LSD.



have significant effect on organic manure despite rela-
tive increase with the rate of treatment. Inorganic P is
66.03% of the total P and organic P was 33.97% of total P.

The results of phosphorus fractionation in Odeda soil
sample is also shown in Table 5. Phosphorus fractions
differed in the order of abundance: organic P > resid-
ual P > reductant soluble P > occluded P > saloid
P > Fe-P > Ca-P > AI-P. All the fractions showed signif-
icant response to treatment application except Ca-P.
Total P with value of 379.27 mg kg~' was the highest
and the lowest value of 299.30 mg kg~' obtained at 10
and 2.5 t ha™" of poultry manure respectively. Occluded
P decreased with the increase in the rate of treatment.
At treatment rate of 10 t ha™" it reached 91.9% decrease
compared with the control experiment. Residual P was
highest with value of 107.02 mg kg=' at 7.5 t ha~' and
lowest at 2.5 t ha" with value of 62.88 mg kg~'. Organic
P increased relatively as the rate of treatment applica-
tion increased. This confirms the known assertions that
organic materials are the principal source of soil organic
P [19].Inorganic P and organic P were 58.68% and 41.32%
of total P, respectively. Bray 1 P increased from 14.88 mg
kg~"in control experiment to 39.40 mg kg~' obtained at
10 t ha~'. The reduction in some of the P fractions (e.g.
Al-P) due to the addition of manure could be the results
of the organic compound from the manure blocking/
preventing the fractional sites onto which the P is fixed
to the metallic components. This might also mean more
P being available in the solution pool or the available
P. Other studies have also reported that the addition of
manure increases the availability of P and prevents the
fixation of P by soil components [8,22,28,29].

Results of Ayetoro soil incubation experiment are
shown inTable 6. All the phosphorus fractions responded
significantly with treatment application. Total P was
highest at 10 t ha™" and lowest at 0 t ha™' with values
of 630.48 mg kg~'and 488.07 mg kg™’ respectively.
Phosphorus fractions were in this order of abundance:
organic P > residual P > reductant soluble P > occluded
P > Fe-P > saloid P > Ca-P > AI-P. The highest value for
Fe-P was 92.26 mg kg~' obtained at 5 t ha™' and low-
est was 28.44 mg kg~' obtained at control experiment.
Available P responded significantly with the treatment
application, reaching the highest value of 51.34 mg kg™
at 10tha™".Thisis 70.6% increase over the control exper-
iment. Inorganic P and organic P were 61.91 and 38.09%
of total P, respectively. It thus implied that P is made more
available by the addition of manure. The chemistry of
this action is stated above and supported by the report
of [8,22,28,29].

For soil sample from lbadan, all the phosphorus
fractions also responded significantly with the treat-
ment application except for Ca-P. Phosphorus fractions
followed this order of abundance: organic P > residual
P > occluded P > Fe-P > reductant soluble P > saloid
P > Al-P > Ca-P. The highest value of total P was 486.55
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mg kg™’ obtained at 10 t ha~', while lowest value of
359.74 mg kg~ was obtained at 2.5 t ha™'. Organic P
increased as the rate of treatment increased reaching
the highest value at 10t ha='. The lowest value of residual
P was at 7.5 t ha™', while highest value was at 0 t ha™".
There were general decreases in active fractions (Fe-P,
Al-P and Ca-P) following the application of the manure
treatment. Organic P is 39.3% of the total P. Inorganic
fractions constituted 60.7% of the total P. There was no
significant increase in available P in the different rates
of treatment.

The P fractionation results after incubation of Ikenne
soil sample are shown in Table 7. Phosphorus fractions
followed this order of abundance: organic P > resid-
ual P > reductant soluble P > saloid P > occluded
P > Fe-P > AI-P > Ca-P. All the fractions responded sig-
nificantly with the treatment except for organic P and
saloid P. Organic P constituted 46.94% of total P while
inorganic fractions constituted 53.06% of total P. Organic
P increased with increasing rate of treatment reaching
190.50 mg kg~" at 10 t ha='. There was relative increase in
total P and highest value of 401.80 mg kg~ was obtained
at 10t ha™". Occluded P decreased with increasing rate of
treatment and reached the lowest value of 12.62 mg kg™
at7.5tha™". Fe-P had the highest value of 47.33 mg kg™
at 7.5t ha™'. Highest value of available P (44.14 mg kg™")
was obtained at 5.0 t ha™' afterward it decreased to 37.99
mg kg~' at 10 t ha™". Results of Badagry soil incubation
experiment also shown in the table also revealed that
P fractions followed this order of abundance: organic
P > occluded P > residual P > Fe-P > reductant soluble
P > saloid P > Ca-P > Al-P. Organic P constituted 31.5%
of total P while inorganic P constituted 67.9%. The low-
est value of total P was 321.90 mg kg~ obtained at 10 t
ha~" of treatment application and highest was obtained
at 5 tha™". All the fractions responded significantly with
the manure treatment except for organic P and Bray 1
P. Occluded P was lowest at 87.84 mg kg='at 10 t ha™".
It reached highest value of 108.16 mg kg~ at 5.0 t ha™".
There were general decreases in active fractions (Fe-P,
Al-P and Ca-P). Fe-P obtained 54.6% decrease from the
control experiment. Bray 1 P did not show any significant
increase due to treatment application.

The results of P fractionation of Okemesi soil sample
are shown inTable 8. Phosphorus fractions followed this
order of abundance: organic P > residual P > reductant
soluble P > saloid P > Fe-P > occluded P > Ca-P > Al-P.
Organic P and inorganic fractions were 43.7 and 56.3%
of total P respectively. Fe-P gave the highest value of
the inorganic active fractions at 5.0 t ha™'. The frac-
tions showed significant responses to treatment except
for Al-P and occluded P. The highest values of total P
(357.94 mg kg™"), Al-P (5.26 mg kg'), Ca-P (11.44 mg
kg~") were obtained at 5.0, 0, 5.0 t ha™' respectively. Bray
1 Pincreased with increasing rate of treatment with 47.92
mg kg™ as the highest value at 10 t ha™". This is 93.9%
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increase over the control experiment. The results of P
fractionation in Omu-ljebu soil sample showed that
organic P and inorganic fractions were 43.7 and 56.3%
of total P, respectively. Phosphorus fractions followed this
order of abundance: organic P > residual P > occluded
P > reductant soluble P > Fe-P > saloid P > Ca-P > Al-P.
The fractions showed significant responses to treatment
except Al-P and organic P. The occluded P and organic-P
had their highest rate at 10 t ha™". The highest and low-
est values of residual P were 83.70 mg kg~' and 47.60
mg kg~ obtained at 10 and 5.0 t ha™' respectively. Fe-P
decreased with the rate of treatment reaching the lowest
value (9.76 mg kg~") at 7.5 t ha~'. Ca-P reached the lowest
value (5.82 mg kg™") at 5.0 t ha™". Bray 1 P did not show
significant different with treatment application but the
highest value was obtained at 10 t ha~'and lowest at 0
tha™.

Results of incubation study in Imeko soil sample are
shown in Table 9. Phosphorus fractions followed this
order of abundance: organic P > residual P > occluded
P > Fe-P > reductant soluble P > saloid P > Ca-P > Al-P.
The fractions showed significant responses to the treat-
ment except organic P. The inorganic fractions are 59.5%
of total P and 40.5% of total P. The total P, organic P,
reductant soluble P and saloid P had highest values of
320.25,127.84,19.25,54.00 mg kg~' at treatment rate of
10t ha ' respectively. The lowest value of residual P was
obtained at 7.5 t ha™' with a value of 36.63 mg kg™'. Bray
1 P had the lowest (28.76 mg kg~') and highest values
(53.55mgkg~") at 0 and 5.0 t ha™' respectively. Results of
P fractionation in Igboora soil sample indicated that inor-
ganic fractions are 57.85% of total P and 42.15% of total P.
Phosphorus fractions followed this order of abundance:
organic P > residual P > saloid P > occluded P > reductant
soluble P > Fe-P > Ca-P > Al-P. The fractions showed sig-
nificant responses to the treatment except Fe-P, organic
P and total P. Treated soils showed significant reduction
in occluded P compared with control experiment. The
values of Al-P ranged from 2.98 to 5.76 mg kg~'. Ca-P
ranged from 3.78 to 6.74 mg kg~'. Reductant soluble
P had the lowest value of 11.25 mg kg~ at 7.5 t ha™',
and highest value of 51.21 mg kg='at 0 t ha'. Bray 1 P
showed significant increase in treated soils compared to
the control experiment.

Increase in organic P fraction of the soils is attrib-
uted to organic manure application. Out of the three
active inorganic P fractions (Al-P, Fe-P and Ca-P), Fe-P
was observed to be the highest in all the incubated
soils. This supported the observation earlier made by
[8,30-33] that most Nigerian soils are dominated by Fe-P
fraction. Phosphorus released as a result of mineraliza-
tion of organic manure and inorganic fertilizers can be
converted to Fe-P and Ca-P in many soils [31].

In the incubated soils, significant decrease in Fe-P
observed at some rates of poultry manure application
in most soils, while there was significant increase in some
other soils which showed that different soils could react

differently to organic amendment. Brady [34] stated
that the availability of inorganic phosphorus is largely
determined by (a) soil pH,(b) soluble iron, aluminum
and manganese;(c) presence of iron, aluminium and
manganese containing minerals;(d) available calcium
and calcium minerals;(e) amount and decomposition
of organic matter; and (f) activities of microorganisms.
Moreover, organic anions mobilize inorganic P through
complexing metal cations (Fe, Al, Ca, and Mg) that bind
phosphate and displace phosphate from the soil matrix
by ligand exchange [35,36]. Similarly, Akintokun et al.
[37] stated that changes in the values of the P fractions
in soils are significantly affected by soil type, P source and
rate of application of amendment. Significant decrease
in occluded P in Ayetoro could be attributed to organic
compounds and enzymes contained in organic manure
which broke down occluded P and release the P held
up [28,38]. This is similar to the increase in the available
P in incubated soils could be attributed to mineralisa-
tion of organic P in the organic matter. This is similar to
result obtained by [29]. This higher amount of P could
also have been due to the release of P initially fixed or
in occlusion. In most of the soils, available P increased
with increase in rate of manure application. This could
partly be due to the released P from the manure or the
action of microbes and enzymes from the manure on
some other pools of P that hitherto not made available
for extraction [28,38]. The relative increase in available
P in the soils is more probable due to the reduction in
some of the other competing P fractions. The addition
of manure could promote organic compound from the
manure blocking/preventing the fractional sites onto
which the P is fixed to the metallic components. This will
results into more P being available in the solution pool
or the available P [8,22,28,29].

3.4. Effects of organic manure application on
phosphorus fractions and available P in pot
experiments

The effects of organic manure application on P frac-
tions and available P in pot experiments in Abeokuta
soil sample are shown in Table 10. In the first growth
cycle, all the P fractions showed significant responses
to manure treatment application except Fe-P, Ca-P and
organic P. Highest values of total P, reductant solu-
ble P, and residual P were obtained at treatment rate
of 10 t ha™'. The values of P obtained in incubation
study for the second and third growth cycle were gen-
erally lower than those in the first growth cycle of the
pot experiment. In the second growth cycle, values
of saloid P, Al-P, occluded P, reductant soluble P and
residual P were lower than those obtained in the first
growth cycle. The values Fe-P increased in second and
third experiments in the treated soils. The values of
Ca-Pincreased in second and third experiments in the
treated soils. The values of Occluded P decreased in the
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Table 10. Effects of organic manure application on phosphorus fractions and Bray 1 P in pot experiments using Abeokuta soil sample.

Phosphorus fractions (mg kg™)

Manure
rate Occluded Reduct-
Cycle (tha™) Saloid P Al-P Fe-P Ca-P P antP Residual P OrganicP  Total P Bray 1P
First 0 10.70d 6.90 a 8.44a 7.08 a 1242d 11.80b 184.63 bc 126.09a 368.10 ¢ 14.87 b
2.5 12.58 cd 5.68 ab 9.62a 5.98a 22.76 bc 15.55b 28349a 143.27 a 49893 b 19.28 ab
5.0 19.24 ab 3.79 bc 9.95a 6.14a 24.80b 11.70b 249.18 ab 155.78 a 480.58 b 21.73a
7.5 18.37 bc 3.16 ¢ 1041a 6.42a 16.53 cd 14.80 b 147.23 ¢ 148.62 a 365.54 ¢ 23.27a
10.0 25.17a 4.74abc  10.08a 5.74a 59.82a 3090a 308.22a 167.12a 611.79a 23.37a
Second 0 842a 5.62a 10.04 ¢ 6.42b 3.12c¢ 248b 92.86 bc 110.78 b 239.74 ¢ 2044 b
2.5 460b 0.38¢ 23.53b 10.65a 1.20e 3.66b 84.06 cd 152.55a 280.63 b 50.71Ta
5.0 345b 285b 20.82b 11.12a 520b 524a 79.02d 142.21a 269.91 bc 55.32a
7.5 8.77 a 3.10b 38.84a 12.67 a 6.90a 6.30a 94.27b 13237ab  303.22ab 54.46 a
10.0 9.50a 0.52¢ 2381b 14.49 a 2.18d 3.24b 104.45a 155.97 a 314.16 a 58.12a
Third 0 6.50 b 021b 14.49d 5.00¢ 1.09 bc 0.52¢ 82.46b 102.56 ¢ 212.83d 25.56 b
2.5 290d 041b 45.47 ab 9.52 bc 0.73 ¢ 0.84b 93.65 ab 158.09 a 311.61a 53.82a
5.0 430cd 036b 29.09c 14.75b 230a 0.53¢ 86.34 ab 12844 b 266.11 ¢ 60.76 a
75 5.70 bc 1.28a 54.18a 13.73b 0.18d 0.31c¢ 97.56a 11231bc  285.25bc 63.83a
10.0 10.70 a 0.63b 41.79b 22.50a 1.27b 4.08a 91.06 ab 132.14b 304.17 ab 58.13a

Note: Means in a column followed by the same letters within cycle are not significantly different at 5% probability level.

Table 11. Effects of organic manure application on phosphorus fractions and Bray 1 P in pot experiments using Odeda soil sample.

Phosphorus fractions (mg kg™")

Manure

rate Occluded Reduct-
Cycle (tha™) Saloid P Al-P Fe-P Ca-P P antP Residual P OrganicP  Total P Bray 1P
First 0 19.96 ¢ 3.79b 16.14 bc 296 b 6.30b 75.95 ab 82.56 a 107.81b 315.52a 12.55d
2.5 18.51¢ 6.31b 15.70 bc 943a 16.36 a 56.25 ¢ 69.13 ab 130.65ab  322.34a 19.90 ¢
5.0 22.99 bc 5.05b 23.78 ab 455b 6.30b 83.82a 73.19ab 14234ab  362.10a 26.80 b
7.5 28.35ab 6.63b 9.74 ¢ 840a 4.25b 64.70 bc 79.62a 145.69 a 347.38a 31.59b
10.0 30.22a 12.31a 28.16 a 7.64a 16.84 a 10.50d 43.11b 150.27a 298.64 a 42.12a
Second 0 1.90d 2.56a 14.66 ¢ 3.24c 2.24Db 1.20b 89.34 ab 112.22 ¢ 227.36 ¢ 25.28b
25 2.20d 0.73cd  18.06 bc 934b 9.52a 1.99 ab 72.07b 138.35b 245.28 b 5413 a
5.0 6.24 ¢ 0.45d 28.72a 12.88b 333b 2.23a 81.15ab 149.48 a 284.48 a 5797a
7.5 9.86 b 1.62b 20.23 b 10.52b 248b 1.98 ab 95.92a 156.33a 298.94 a 56.82 a
10.0 16.40 a 1.29bc  2642a 23.10a 436b 251a 69.84 b 159.45a 303.37a 59.17a
Third 0 3.60 cd 0.84c 26.15b 476 d 0.46 c 094a 70.86 c 92,6 C 200.21d 23.16b
2.5 1.90d 0.96 ¢ 33.50b 8.59 ¢ 1.09b 2.12¢ 83.52b 122.78bc  254.46 ¢ 48.73 a
5.0 440 c 146 b 36.23b 17.37b 0.36¢ 3.24b 92.06 ab 156.03 a 311.15b 61.15a
7.5 8.80b 201a 29.44 b 12.14 ¢ 1.09b 242c¢ 101.44a 150.75ab  308.09 b 5494 a
10.0 15.00a 0.86 ¢ 58.17a 39.83a 3.27c 397a 86.92b 167.04a 375.06 a 64.14a

Note: Means in a column followed by the same letters within cycle are not significantly different at 5% probability level.

Table 12. Effects of organic manure application on phosphorus fractions and Bray 1 P in pot experiments using Ayetoro soil sample.

Phosphorus fractions (mg kg™")

Manure
rate Occluded Reduct-
Cycle (tha™) Saloid P Al-P Fe-P Ca-P P antP Residual P Organic P Total P Bray 1P
First 0 29.94b 5.68b 18.68 b 6.56 b 68.22a 40.05c¢ 76.44 b 153.87a 399.44 b 19.07 a
2.5 33.12ab 5.05b 27.10a 15.08 a 90.33a 3246 ¢ 108.03 a 180.52a 491.69a 20.36a
5.0 32.40ab 8.84a 13.38¢ 13.24a 75.69a 103.50 a 39.95d 208.21a 495.21a 19.28 a
7.5 35.00 ab 7.8%a 17.26 bc 7.86b 21.12a 73.15b 70.45 bc 210.06 a 442.79 ab 19.74a
10.0 3731a 4.74b 19.69 b 17.62a 27.30b 71.85b 48.29 cd 23045a 457.10 ab 26.18 a
Second 0 8.56 b 1.24a 3543a 32.24a 4.66 b 5.56a 89.34ab 142.88 ¢ 319.97 cd 28.53¢
2.5 6.30b 1.36a 26.08 b 3735a 5.81ab 6.89a 72.07 bc 155.74 ¢ 311.60d 38.26 bc
5.0 13.23a 1.98a 22.98b 20.21 bc 7.69a 3.58b 81.15abc  188.90b 339.72¢ 32.07 bc
7.5 11.54a 2.02a 37.04a 24.45b 8.22a 5.88a 95.92a 212.83ab  397.90a 46.85 ab
10.0 12.70 a 1.14a 36.23a 14.94 ¢ 6.18 ab 6.06 a 69.84 ¢ 221.05a 368.14b 55.26a
Third 0 540a 0.70 ¢ 49.77 ¢ 13.16 ¢ 472b 481c 70.86 b 122.65d 272.07 ¢ 3581b
2.5 6.40 a 395a 26.08d 13.17 ¢ 9.63a 8.99a 83.52ab 150.14 ¢ 301.88 ¢ 35.04b
5.0 8.10a 2.19b 77.70a 2333b 436b 4.00c 92.06 a 17431bc  386.05ab 37.71b
7.5 7.40a 1.77b 63.95b 4174 a 327b 429 ¢ 100.68 a 195.54ab 418.64a 4435 ab
10.0 5.70a 0.55¢ 50.72 c 12.89 ¢ 7.81a 6.17b 86.92 ab 204.82 a 375.58b 63.01a

Note: Means in a column followed by the same letters within cycle are not significantly different at 5% probability level.

second and third experiments. Bray 1 P increased in
the second and third experiments. At the end of third
growth cycle, P fractions followed this order of abun-
dance: organic P > residual P > Fe-P > Ca-P > saloid
P > occluded P > reductant soluble P > Al-P.

The P fractions and available P in pot experiments
using Odeda soil sample are shown inTable 11. At the end
of third growth cycle, P fractions followed this order of
abundance: organic P > residual P > Fe-P > Ca-P > saloid
P > reductant soluble P > occluded P > Al P. All the P
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Table 13. Effects of organic manure application on phosphorus fractions and Bray 1 P in pot experiments using Ibadan soil sample.

Phosphorus fractions (mg kg™)

Manure
rate Occluded Reduct- Resid-
Cycle (tha™ Saloid P Al-P Fe-P Ca-P P antP ual P Organic P Total P Bray 1P
First 0 2690 a 9.21 bc 2578 a 340b 42.12a 66.40 a 60.69 a 114.80 a 34930 a 3436 b
2.5 28.70a 430c 30.49a 3.06b 10.54 ¢ 23.65b 59.12b 167.91a 307.77 a 38.02b
5.0 31.10a 442 ¢ 2340a 8.50a 12.65¢ 28.70b 65.67 a 155.87 a 33031a 36.65 b
7.5 35.72a 16.73 a 29.04a 8.38a 31.50ab 21.42 bc 39.82b 17043 a 353.04a 42.17 ab
10.0 39.717a 12.94 ab 2891a 11.40a 18.95 bc 12.80 ¢ 46.09 b 183.38a 353.28a 48.03 a
Second 0 4.28b 1.20a 25.24a 8.24 ¢ 8.29a 240b 91.31b 116.34 ¢ 257.30¢ 45.07 ¢
2.5 480b 0.92a 2741a 32.68a 524b 1.15b 88.24 bc 175.77ab  336.21b 86.39a
5.0 20.04a 0.60 b 15.55b 8.21c¢ 3.50 bc 3.25b 112.19a 160.74 b 324.08 b 7232b
7.5 22.74a 0.56 b 17.98 b 9.24 ¢ 2.20cd 2.60b 82.90 bc 182.39ab  320.61b 76.61 ab
10.0 25.70a 0.11¢ 2573a 16.23b 145d 7.53a 76.28 c 19443 a 347.46 a 89.42a
Third 0 530c¢ 0.81ab 32.32a 16.62 b 533a 4.61 bc 97.73abc  104.46d 267.18 ¢ 50.24d
25 6.20 ¢ 041 cd 36.44a 27.03a 489a 592b 101.84a 142.29bc  325.02ab 63.59
5.0 13.70b 0.33d 20.46 b 21.38ab 394 a 3.88 bc 100.98ab  139.33 ¢ 304.00 bc 82.10ab
75 17.40 ab 0.72 bc 1134 c 19.04b 5.08a 2.76 C 81.57 ¢ 178.52a 31643 b 85.05a
10.0 20.10a 1.11a 2436 b 15.66 a 521a 9.09a 83.45 bc 171.54ab  330.52a 75.26b

Note: Means in a column followed by the same letters within cycle are not significantly different at 5% probability level.

Table 14. Effects of organic manure application on phosphorus fractions and Bray 1 P in pot experiments using lkenne soil sample.

Phosphorus fractions (mg kg™")

Manure
rate Occluded Reduct-
Cycle (tha™) Saloid P Al-P Fe-P Ca-P P antP Residual P OrganicP  Total P Bray 1P
First 0 14.22 ¢ 7.52a 9.52a 7.00a 34.82b 8.45a 46.54 ¢ 139.67 a 267.74b 13.42b
25 14.36 ¢ 543a 13.45a 4.04b 39.17 ab 8.10a 7136a 173.25a 329.16 ab 20.36 b
5.0 31.40b 8.73a 1146a 7.64a 42.20 ab 5.65a 4497 ¢ 150.52a 302.57 ab 36.65a
75 25.82b 7.79a 1249 a 3.38b 40.21 ab 6.15a 49.78bc  166.65 a 312.27 ab 42.55a
10.0 4093 a 829a 1493 a 4.06 b 59.61a 4.56 a 60.49ab  176.08 a 368.95 a 39.68a
Second 0 12.23b 1.10b 8.78 ¢ 524b 554a 543a 62.04 c 102.54d 202.90 ¢ 30.82¢
2.5 11.70b 0.58 ¢ 8.61c¢ 4.88b 3.69 ab 4.68 ab 82.62ab  13243b 249.19b 65.23b
5.0 1430b 0.78bc 1221 bc 10.66 a 4.03 ab 3.35ab 65.65 ¢ 155.98a 266.96 ab 73.08 ab
7.5 17.45 ab 1.50a 19.32a 15.48a 3.32ab 341ab 98.25a 118.72 ¢ 27745 a 82.23a
10.0 24.60 a 0.67 c 15.54 ab 13.57a 1.82b 2.72b 7336bc  123.16¢ 255.44 ab 85.63 a
Third 0 7.00 bc 0.30b 9.40 ¢ 1.96 d 2.63a 0.53 ¢ 71.38b 89.65 a 182.85¢ 2475b
25 24.60 a 2.06a 1281 ¢ 2.05d 0.55b 133b 95.23a 110.23a 248.86 b 58.20a
5.0 10.10 bc 234a 19.22b 2493 b 0.18b 321a 99.24 a 120.06 a 279.28 a 56.42 a
75 4.70 ¢ 1.70a 25.62a 15.13 ¢ 0.20b 296a 67.43b 11096 a 228.70b 5843a
10.0 12.30b 011b  27.72a 3222a 2.18a 3.04a 59.82b 115.65a 253.04b 51.64a

Note: Means in a column followed by the same letters within cycle are not significantly different at 5% probability level.

fractions in the three growth cycles showed significant
responses to manure treatment application except total
P in the first growth cycle. Occluded P reached the high-
est value of 16.84 mg kg~" at 10 t ha™' in the first growth
cycle and afterward it declined in the second and third
growth cycle. Control experiments for occluded P soil
were significantly different from the treated soils. Total
P showed increases from first to third growth cycles.
Highest values of available P were obtained at 10 t ha™'
in all the three growth cycles. Organic P was 41.12,52.14
and 47.57% of total P in the first, second and third growth
cycle. Reductant soluble P showed a remarkable decline
in the second and third growth cycle. The values of Al-P
declined in the second and third growth cycle and con-
trol experiment was significantly different from treated
soils. Highest values of saloid P were obtained in the first
growth cycle afterward they declined in the second and
third growth cycle.

Phosphorus fractions and available P in pot experi-
ment using Ayetoro soil sample are shown in Table 12.
P fractions followed this order of abundance: organic
P > residual P>. Fe-P > Ca-P > saloid P > occluded

P > reductant soluble P. Fe-P significantly increased with
the highest value of 77.70 mg kg~ observed at 5 t ha™'
of the third growth cycle. Similarly, values of occluded
P reduced in second and third growth cycle with least
value of 3.27 mg kg™' obtained at 7.5 t ha™' (84.52%
reduction). Total P responded significantly to the manure
treatment application, but there were increases in some
rates it recorded decreases in other rates. However, the
highest total P was observed at 7.5 t ha™' in the third
experiment. Bray 1 P increased significantly across the
treatments when compared to the control in the second
and third experiments. 10 t ha~' of organic manure gave
the highest value of 63.01 mg kg~ of Bray 1 P. Residual
P had the highest values in the third growth cycle and
the least value in the first growth cycle. Application of
10t ha™" of poultry manure in the first growth cycle signif-
icantly increased saloid P compared to other treatment
rates and decreased in the subsequent growth cycles.
Phosphorus fractions and Bray 1 P in pot experi-
ments in Ibadan soil sample are shown in Table 13. P
fractions followed this order of abundance: organic
P > residual P > Fe-P > Ca-P > saloid P > reductant soluble



P > occluded P.Values of total P in the third growth cycle
were slightly lower than those in first and second growth
cycle. The application of poultry manure did not have
significant effect on total P in the first growth cycle but
it did in subsequent growth cycles. Occluded P in the
control was significantly higher than in treated soils of
first and second growth cycle but treatment was insignif-
icant in third growth cycle. Fe-P responded significantly
to manure treatment application in second and third
growth cycle only and highest value of 36.44 mg kg™
was obtained at treatment rate of 2.5 t ha™" of the third
growth cycle. Application of 10 t ha™" of poultry manure
significantly increased organic P compared to other
treatment rates in second growth cycle with highest
value (194.43 mg kg™') at 10 t ha™". No significant effect
was observed in first growth cycle. Bray 1 P was signifi-
cantly different in all the three growth cycles. Its values
in treated soils were higher than in control. Highest value
of Bray 1 P (89.42 mg kg™") in second growth cycle was
98.40% higher than the control.
Phosphorusfractionsandavailable Pin lkenne soil sam-
ple are indicated in Table 14. Results of third growth cycle
showed that phosphorus fractions followed this order of
abundance: organic P > residual P > Fe-P > Ca-P > saloid
P > reductant soluble > Al-P > occluded P. All the frac-
tions responded significantly to the manure treatment
application in the third growth cycle. Application of 10 t
ha™" of poultry manure significantly increased total P and
resulted in highest value of 368.95 mg kg~' in the first
growth cycle. However, it declined in second and third
growth cycle. Similarly, trend was obtained for organic
P where its highest and lowest values were 176.08 and
89.65 mg kg in first and third growth cycle respectively.
Fe-Pin third growth cycle is the highest when compared
to first and second growth cycle, ranging values which
ranged from 9.52 to 14.9 mg kg~'. Occluded P increased
over the control in the first growth cycle but drastically
decreased in the two subsequent growth cycles. The
values of Ca-P increased in most treated soils of second
and third growth cycle and highest value (32.22 mg kg™)
obtained at 10 t ha™'. Lower values were obtained in the
first growth cycle. Saloid P was highest in the first growth
cycle but declined in the second and third growth cycle.
Bray 1 P increased significantly across the treatments
when compared to the control. Highest value of 85.63
mg kg™ was obtained at 10 t ha™' in the second growth
cycle; third growth cycle produced lower values which
were significantly different. The observed trend showed
that plant uptake reduced the soil P fractions, however,
the relative reduction in the P amount differed among
the pools. The five soils used for pot experiments did
not totally follow the same pattern in their responses
to application of organic manure when phosphorus
fractionation was done. These variations could be
attributed to difference in soil pH, soluble iron, alumi-
num and manganese, presence of iron, aluminum and
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manganese containing minerals, available calcium and
calcium minerals, amount and decomposition of organic
matter and activities of microorganisms [34]. In the pot
experiments, increase in Fe-P observed in second and
third growth cycle compared to the first growth cycle
with few exceptions, especially in the control experi-
ments and some rates in Odeda, Ibadan and lkenne soils
could be attributed to build up of Fe-P due to the release
of P during the mineralisation of organic P in the soil. All
of these inorganic P released could not have been fixed
since there was increase in available P in all these soils.
Ca-P followed a pattern similar to Fe-P. Similar increase
in Ca-P in most pots in second and third growth cycle
could be attributed to build up of Ca-P due to fixation of
released inorganic P from mineralization of organic P by
Ca compounds. Organic P was relatively stable in most
of the treated soils, although there were slight decreases
in most of the soils after the first growth cycle. Refs.
[39,40] observed that soil organic P mainly exists in sta-
bilized forms as inositol phosphates and phosphonates,
and active forms as orthophosphate diesters, labile
orthophosphate monoesters, and organic polyphos-
phates. Decreases of organic P recorded in pots could
be attributed to the conversion of organic P to inorganic
P. This was evident as values of available P and organic
P were higher in the treated soils than the control. The
trend observed in the data from Tables 10-14, shows that
P abundance in the various soil fractions could be tem-
poral. Cropping drastically reduced the amount of P in
the soil fractions. However, the proportion of P reduction
among the soil P fractions differ, even with manure appli-
cation. The reduction in soil without manure application
is however, higher, showing that manure application is
a credible way of reducing the effect of crop removal of
soil P from the soil P fractions.

3.5. Tissue concentration of Phosphorus in soya
bean leaves in the pot experiments

Table 15 shows concentration of phosphorus in soya
bean leaves. The results showed that manure applica-
tion had significant effects on tissue concentrations in
the five soils used. In most of the soils highest tissue
concentrations were observed at high rates of manure
application. Increases in dry matter yields (data not
shown) and concentrations of P in the plant tissue could
be associated with more essential nutrients available for
the crop following decomposition and mineralisation of
organic manure applied to the soils. The relative increase
in available P is due to the addition of manure, this addi-
tion could create a shield or manure blockage and thus
preventing the fractional sites onto which the P is fixed
to the metallic components from fixing soil P. This will
results into more P being available in the solution pool
or the available P pool [8,22,28,29] and the subsequent
uptake by the soybean plant.
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Table 15. The tissue concentrations of Phosphorus in soya bean
leaves in the three cycles of pot experiments.

0
Manure %P
rate Abeo- Aye-
Cycle (tha™) kuta Odeda toro Ibadan lkenne
First 0 0.12ab 0.07cd 006d 006b 0.06b
2.5 0.10b 0.03d 0.11cd 0.10ab 0.06b
5.0 0.12 ab 0.10bc 0.19bc 0.07ab 0.09a
7.5 0.18a 0.14b 0.27a 0.11a 0.10a
10.0 0.16 ab 037a 023ab 0.09ab 0.07b
Second 0 0.09d 0.05¢ 0.07d 0.09 a 0.07d
2.5 0.08d 0.11bc 0.16¢ 0.08 b 0.10cd
5.0 0.18 ¢ 0.08c 030b 007b  0.12bc
7.5 0.31a 0.19b 041a 0.12ab 0.16a
10.0 0.25b 046a 038a 0.15a 0.14ab
Third 0 0.14¢ 0.03c 011d 005d 0.05d
2.5 0.17 bc 0.12b  0.14d 0.19bc  0.12c¢
5.0 0.27 b 0.13b 026c 0.16c  0.13c
7.5 0.24 bc 0.16b 036b 0.24b 0.23b
10.0 0.39a 023a 045a 034a 036a

Note: Means in a column followed by the same letters within cycle are not
significantly different at 5% probability level.

Time was needed for these processes of mineralisa-
tion to take place. That is why third growth cycle had
highest dry matter yields. Soybean plant was also able
to extract more P in the third growth cycle, the results
in Table 14 also confirms that the low soil P fraction is
the result of the higher dry matter accumulation and
nutrient mining by the plants at the third growth cycle.
This also showed that manure application has residual
effect on soil nutrients.

4, Conclusion

The results indicated above shows that Fe-P was the
dominant active inorganic P in the soils considered.
However, residual P was the dominant inactive inorganic
P in most of the soils considered. There was significant
decrease in total P, occluded P and reductant soluble
P in the soils. There was general increase in available
P in most of the soils considered despite increase or
decrease in other P forms. Poultry manure contributed
to the reduction in fixation of phosphorus and release
of occluded phosphorus. Poultry manure significantly
improved soil nutrient status as shown in increases in
plant P tissue concentrations.
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