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ABSTRACT

Temporal changes in soil organic matter and other chemical properties influence the availability of
nutrients to plants with or without the application of fertilizers. For proper soil management, these
changes must be accounted for. Pot experiment was conducted to assess changes in soil organic
carbon, pH and soil nutrients using both inorganic and organic fertilizers. The experiment was a 2 x
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fertility.

3 factorial experiment arranged in completely randomized design with three replicates, using five
soil samples collected from Abeokuta, Igboora, lkenne, Kobape and Odeda of Nigeria. Maize (var.
SUWAN 1) was planted in the pots and grown for three consecutive cycles of six weeks each. Soil
samples were analyzed for total N, soil organic carbon (SOC), NH,*-N, NO5-N, available P, K, Na,
Ca, Mg and pH at pre-planting, at 6 weeks after planting (WAP). The results showed a decrease in
average SOC and total N with time in all the soil types. Decrease in total N with time which could be
attributed to the crop utilization, ammonia volatilization and bacteria denitrification was also
observed. Addition of poultry manure improved the K, Ca, Na, Mg content of the soil and also
present a potential to act as lime especially in short time. Combined application of poultry manure
and NPK fertilizer reduced susceptibility of soils considered to acidification. Complementary
application of 10 t ha” of poultry manure with 120 kg ha”' NPK 20-10-10 proved to improve the soil

Keywords: Organic; inorganic; fertilizers; soil organic carbon; pH; alfisol.

1. INTRODUCTION

Improper agricultural management reduces
organic matter content [1] and decreases soll
structure stability [2]. To prevent the decrease in
organic matter content, soil can be amended with
organic wastes such as poultry manure, which
are commonly recycled in agriculture. They are
used both as a source of nutrients for plants, and
as an element to improve the stability of soil
aggregates [3] and to maintain the organic status
of the soil. Incorporation of organic matter either
in the form of crop residues or farmyard manures
has been shown to improve soil structure and
water retention capacity [4], increase infiltration
rates [5], and decrease bulk density [6]. Although
organic manure addition and the strengthening of
soil biological practices can alleviate nutrient
constraints, the problem of soil fertility decline is
so serious [7] that it may not be possible to cover
all of it with these approaches alone. Chemical
fertilizers with instant ability to refurbish depleted
nutrients in necessary quantities and forms have
come to be recognized as a key component of
sustainable soil fertility management and
sustainable development of agriculture. The
inorganic fertilizers have been reported to
increase rooting depth and root proliferation in
cereals [8,9]. In addition, the fertilization may
also affect the volume of the soil exploited by the
roots.

Inorganic fertilizers have become more popular,
because they are easier to manage, handle and
apply. It is also easier to synchronize the release
of the nutrients and plant uptake with inorganic
fertilizers than with manure [10]. In an Alfisol of
southwestern Nigeria Azeez et al. [11] shows
that maize yield was significantly higher in plots
with NPK and N, P and ash in an experiment to
demonstrate the effect of residue burning and

fertilizer application on soil nutrient dynamics and
dry grain yield of maize. Poultry manure
application (7.5 t ha'1) in combination with tillage
was found to increase grain yield of sorghum by
39.5% compared with tillage only in
Southwestern  Nigeria [12] and similarly,
application of maize stover at 5 t ha™ with NPK
(120 kg ha™) has been found to increase maize
grain yield significantly by 22.8% over control
[13]. The objectives of this study was to evaluate
the influence of inorganic and organic fertilizers
applied alone or in combination on soil chemical
properties and nutrient changes.

2. MATERIALS AND METHODS

The experiment was carried out at research and
teaching farm of Federal University of
Agriculture, Abeokuta. Composite soil samples
(0-15 cm depth) were collected from five
locations (Abeokuta, Igboora, Kobape, lkenne
and Odeda). The samples were mixed, air-dried
and sieved using a 2 mm size screen. The soil
samples were analyzed for pH in soil: water
slurry of 1:1 using glass electrode pH meter (14).
Nitrogen was determined by regular Macro —
Kjeldahl method [14]. The organic carbon (OC) of
the soil was determined using the chromic acid
digestion method of [15]. Available P was
determined by Bray -1 P extraction and analysed
colorimetrically by Molybdenum blue procedure
[16]. Exchangeable bases in the soil were
extracted using 1N ammonium acetate. Sodium
and K in the extract was determined using flame
photometer, while concentration of Ca and Mg in
the extract was analyzed using atomic absorption
spectrophotometer (AAS), [12]. Nitrate-nitrogen
and NH,"-N were also determined
colorimetrically after an extraction in 0.5M K,SO,.
Particle size analysis of the soil was determined
by hydrometer method [12]. The proportion of
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sand, clay and silt was used to determine the
textural class of the soil using USDA textural
triangle.

The experiment was 2 X 3 factorial experiment
arranged in Randomized Complete Block Design
in three replicate using five soil samples
collected from Abeokuta, Igboora, Kobape,
Ikenne and Odeda. The treatments consisted of
3 rates of organic manure (0, 5, 10 t ha'1) applied
as poultry manure and 2 rates of inorganic
fertilizer (0, 120 kg ha') applied as NPK
20:10:10. Ten kilograms of air-dried, sieved (2
mm) soil samples were weighed into pots.
Poultry manure was incorporated two weeks
before planting and water was applied to the soil
until it attained field capacity and this was
repeated when necessary while the inorganic
fertilizer was applied a week after planting so as
to ensure its availability for the crop. Three seeds
of maize (SUWAN 1) were sown and thinned to
two plants per pot at 2 weeks after planting. It
was grown for 3 cycles of 6 weeks from sowing
per cycle. Soil samples were collected and
analyzed for total N, NOj3 -N, NH,"-N, organic
carbon (OC), available P, K, Na, Ca, Mg and pH
at the end of each cycle using standard
procedure. Data collected were subjected to
analysis of variance (ANOVA) using SAS and
means were separated using Duncan’s Multiple
Range Test, though the means of the three
cycles were presented. The coordinates of the
collection points and sub-group of the soil used
for the trial are shown in Table 1.

3. RESULTS AND DISCUSSION

3.1 Properties of the Pre Cropping Soils
Collected from Different Locations

The physical and chemical properties of the soils
collected for the experiment are shown in Table
2. The soils are generally low in total nitrogen.
The available P has highest value in soil from
Igboora (34.0 mg kg') while Abeokuta had the
least. Soils from Kobape and lkenne had
relatively higher organic carbon compared to

other soils. Generally, the soils distribution of
exchangeable basic cations follows the
order: Ca>Mg>K>Na. Ammonium-nitrogen is
consistently higher than nitrate-nitrogen in the
soils. The highest NH,"-N is observed in soil from
Abeokuta while the least NO5-N is recorded for
soil also from Abeokuta. The pH of the soils
ranged from slightly acidic to slightly alkaline;
these fall within the optimum soil pH range for
maize cycle production [17]. The soils belong to
the textural class loamy sand.

3.2 Nutrient Composition of the Poultry
Manure and Inorganic Fertilizer Used
for the Study

The manure used was high in total N, total P,
Organic carbon and exchangeable bases with
slightly acidic pH. The result of the chemical
composition of the NPK fertilizer used showed
that the analyzed grades are 17-9-9 instead of
specified grade of 20-10-10 (Table 3). Thus, the
NPK fertilizer has nutrient contents lower than
the stipulated. This may be due to poor or
ineffective quality control by the manufacturer of
this fertilizer. The quality issues have been
identified as a major supply constraint to fertilizer
use in Nigeria and farmers have indicated
interest in fertilizer despite the cost if they were
assured of quality [18]. A similar observation was
made by [19].

3.3 Changes in Soil pH

Table 4 shows the changes in soil pH after
treatments application. Sole application of 10 t
ha” poultry manure consistently recorded the
highest mean pH value in all the soil types
considered except in the soil from Ikenne where
the combination with 120 kg ha’' NPK gave
highest value (6.54). The control gave lowest
mean value in the soil sample from Igboora and
Kobape which were 10.66 and 5.15%,
respectively lower than the highest value which
was at sole application of 10 t ha™ poultry
manure.

Table 1. Sub-group and coordinates of point of collecting soil samples

Latitude Longitude Sub-group
Abeokuta N 07°14.30' E 003° 26.21' Kandic Paleustalf
Igboora N 07°26.48' E 003°15.72' Kandic Paleustalf
Ikenne N 06° 50.87" E 003°41.58' Oxic Paleustalf
Kobape N 07°02.45' E 003°25.91' Oxic Paleustalf
Odeda N 07°14.17' E 003°31.79' Typic Hapludalf
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Table 2. Physical and chemical properties of the pre cropping soils

Soil location Abeokuta Igboora lkenne Kobape Odeda
Properties

pH 6.7 6.9 7.3 7.7 7.4
Total N (g kg™') 1.2 1.1 1.9 21 1.4
Av. P (mg kg™ 9 34 24 12 16
Org. C (g kg™") 14.4 13.4 24.5 28.7 19.0
Exchangeable bases

(c mol kg™

K* 0.46 0.30 0.24 0.15 0.28
Na* 0.17 0.17 0.13 0.13 0.15
Ca® 6.10 4.58 4.14 6.43 2.08
Mg ** 0.60 0.42 0.62 0.89 0.24
NH,"-N (mg kg™) 49.85 38.40 48.30 46.35 47.20
NO; -N (mg kg™ 3.65 4.20 8.16 8.20 9.14
Sand (g kg™) 828 848 858 838 858
Silt (g kg™) 48 38 8 38 28
Clay (g kg™) 124 114 134 124 114

Textural class

Loamy sand Loamysand Loamysand Loamysand Loamy sand

Table 3. Chemical properties of the poultry
manure and inorganic fertilizer used

Parameters Poultry Inorganic
manure fertilizer

pH 6.80 7.5

Total N (%) 2.49 17

Total P (%) 0.14 -

Org. C (%) 4.64 -

K (%) 0.49 -

Na (%) 0.52 -

Ca (%) 9.28 -

Mg (%) 1.18 -

P,05 (%) - 9

K0 (%) - 9

CaO (%) - 1

MgO (%) - 0

NaO (ppm) - 57

3.4Changes in Soil Organic Carbon
(soc)

In the soil sample from Abeokuta, the highest
mean of the three cycles (11.9 g kg'1) was
observed in the treatment with combined
application of 10 t ha™ poultry manure and 120
kg ha' NPK (Table 4). In the soil taken from
Igboora site, the lowest means (1.0 g kg'1) was
observed in treatment with combined application
of 5tha’ poultry manure and 120 kg ha” NPK.
In the soil sample from Kobape, application of 10
tha poultry manure and 120 kg ha”' NPK gave
the highest mean of the 3 cycles (11.6 g kg”)
which was 39.75 and 24.73 % higher than sole
application of 120 kg ha™ NPK fertilizer (8.3 g
kg') and the control (9.3 g kg™'), respectively.
Soil organic carbon (SOC) was generally high in

the soil sample taken from Odeda site in all the
treatments and this was evident in highest mean
recorded when compared to other soils. The
highest mean of the 3 cycles in the soil sample
from Abeokuta, Kobape and Odeda was
observed at combined application of 10 t ha”
poultry manure and 120 kg ha' NPK. [20]
reported drastic reduction in organic carbon
concentration on continuous application of
chemical fertilizer whereas addition of 5 t FYM
ha” along with fertilizer N helped in maintaining
the original organic matter status in soil. Rapid
mineralization of the poultry manure as result of
improved activities of soil organisms could
probably cause decline in SOC content of
organic amended soil with time as observed in
this research work.

3.5 Changes in Total Nitrogen, Available
P and K Concentrations

The changes in total nitrogen are shown in the
Table 5. The mean concentration of the 3 cycles
was highest at Odeda soil compared to soils from
other locations. Combined application of 10 t ha’
poultry manure and 120 kg ha™ NPK (2.0g kg™")
was 45% higher than the control (1.1g kg'1) in
Odeda soil. Though not shown in the table,
decrease in total N concentration was observed
from the soil collected from the five locations and
this could be as a result of cycle utilization of N,
ammonia volatilization, bacteria denitrification,
effect of runoff and nitrogen Ieachingl] loss. [21]
indicated that for every 100 kg N ha™ applied to
tropical soil, as much as 29.5 kg could be lost
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through leaching below the cycle root zone
especially in loose soils.

The changes in soil available P concentrations in
the experiment are presented in Table 5. In the
soil sample from Igboora, the mean value of the
three cycles of combined apphcatlon of 10 t ha™

poultry manure and 120 kg ha™ NPK was higher
than sole application of 120 kg ha NPK and the
control by 230.07 and 194.01%, respectively. It
was observed that the sole application of 120 kg
ha' NPK gave the least mean value while
comblned application of 120 kg ha ~ " NPK and 10
t ha™ poultry manure gave the highest in all the
soil type and application of poultry manure gave
higher mean values compared with treatment
without poultry manure except in soil from
lkenne. In the soil sample from Ikenne,
appl|cat|on of 10 t ha™ poultry manure without
120 kg ha NPK gave lowest mean values of the
three cycles when compared with other treatment
combinations. Combined appllcatlon of 10 t ha™

poultry manure and 120 kg ha' NPK fertilizer
increased available P over the control and sole
application of 120 kg ha™ NPK in all the soil types
considered except in the soil sample from
Ikenne. This increase may be as a result of
contribution of both poultry manure and NPK
fertilizer to the pool of available P in the treated
soil. A general low content of soil available P in
control treatments in maize production has been
reported by [22]. According to the author, P
availability in maize fields soils has generally
been related to the amount of P applied and the
reported increases in available P from mineral
fertilizers or organic amendments are consistent
with earlier reports [23,24]. It is noteworthy that,
fixation and immobilization of mineralized P from
poultry manure has proved to be negligible [25],
therefore increase available P as a result of
application of poultry manure is probable. The
authors attributed this to high total P and low
amount of Al and Fe in the poultry manure used.
The mean of K concentration value in Abeokuta
soil in the control (0.10 ¢ mol kg'1) was observed
to be lower than other treatment combinations
while sole appllcatlon of 10 t ha™ poultry manure
(0.40 ¢ mol kg ) gave highest value (Table 5).
Combined appllcatlon of 10 t ha™ poultry manure
and 120 kg ha™ NPK and sole application of 10 t
ha” increased mean value K concentrations of
the three cycles by 230.30 and 300.00%,
respectively over the control. In the soil from
Igboora, the least mean values of the three
cycles was observed at the control which was
293.75% lower than the highest value at sole
application of 10 t ha™ poultry manure.

3.6 Changes in Soil Ammonium- Nitrogen
and Nitrate-Nitrogen

Effect of orgamc and inorganic fertilizers on the
changes of NH,"-N is shown in the Table 6. The
highest mean of the 3 cycles of 53.61 mg kg
was at sole application of 5 t ha” poultry manure
which is 83.03% h|gher than the combined
appllcatlon of 5tha” poultry manure and 120 kg
ha' NPK 29.29 mg kg’ 'which is the lowest in
Abeokuta soil. In Igboora soil, the lowest mean of
the 3 cycles was at combined appllcatlon of 5t
ha poultry manure and 120 kg ha” NPK while
the highest is at the application of NPK fertilizer
alone. Table 6 shows the changes that occur in
NO;-N as affected by organic and inorganic
fertilizer. In the soil sample from Abeokuta, sole
application of 10 t ha™ poultry manure gave the
highest mean of the 3 cycles (9.20 mg kg™)
which is 829.29% of higher than the value at the
control (0.99 mg kg™”'). The high NH,*-N and low
NOs;-N content observed in this work could
probably be that the soils exhibit high
ammonification potential which is evident in high
pH values. During ammonification of organic N to
NH,", one OH ion is released, but during
nitrification of NH," to NO;-N, two H' ions are
released [26]. The trend may also be as result of
leaching NOg3-N content of the soil. A number of
studies have shown that soil denitrification
potentials were significantly affected by soil
organic carbon [27-29].

3.7Changes in Na, Ca
Concentrations

and Mg

Changes in Na concentration is shown in the
Table 7. Combined appl|cat|on of 5tha poultry
manure and 120 kg ha”' NPK gave the lowest Na
concentration of the mean of the three cycles
(0.19 ¢ mol kg ) wh|le the highest was the sole
appl|cat|on of 5tha” poultry manure (0.29 ¢ mol
kg ) in the soil sample from Abeokuta.
Combined appllcatlon of 5tha’” poultry manure
and 120 kg ha” NPK gave the lowest mean of
the three cycles in the soil from lkenne while the
h|ghest was observed in sole application of 10 t
ha” poultry manure. In the soil sample from
Ikenne, it was observed that the highest mean
value of Ca concentrahon was at combined
appl|cat|on of 5tha” poultry manure and 120 kg
ha'NPK (10.22 ¢ mol kg™) wh|Ie the lowest was
at sole application of 120 kg ha NPK (5.55c mol

kg™).
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Table 4. Effects of organic and inorganic fertilizers on mean values of soil pH and soil organic carbon on soils from different locations

Treatments Soil pH Soil organic carbon (g kg™
Abeokuta Igboora lkenne Kobap Odeda Abeokuta Igboora lkenne Kobape Odeda

NPK, PMg 6.04 5.72 5.76 5.82 6.42 10.1 5.9 13.0 9.3 17.2
NPKi20 PM, 5.84 5.76 5.71 5.83 6.47 8.1 6.5 12.7 8.3 16.9
NPK, PMs 6.56 5.95 6.03 5.84 6.48 8.4 5.6 14.9 10.3 11.2
NPK/,0 PMs 6.18 6.10 6.33 6.03 4.78 8.2 1.0 13.9 10.3 21.6
NPKy PMy 6.63 6.33 6.20 6.12 6.91 9.6 9.9 14.6 9.8 24.4
NPKi20 PMyo 6.20 6.22 6.54 6.01 6.78 11.9 7.0 14.6 11.6 27.2

Key: NPKoPMy — 0 kg ha”'of NPK and 0t ha™ of poultry manure (Control); NPK120 PMo- 120 kg ha'of NPK and 0 t ha™” of poultry manure; NPKoPMs— 0 kg ha™” of NPK and 5t ha”” of
poultry manure; NPKq20 PMs- 120 kg ha" of NPK and 5 t ha™ of poultry manure; NPKsPM;o— 0 kg ha'ofNPK and 10 t ha of poultry manure; NPKyz0 PM1o- 120 kg ha” of NPK and 10 t
ha" of poultry manure

Table 5. Effects of organic and Inorganic fertilizer on mean values of NPK concentrations of soils from different locations

Treatments Total nitrogen (g kg™) Available phosphorus (mg kg™) Exchangeable potassium (¢ mol kg™)
Abeokuta Igboora lkenne Kobape Odeda Abeokuta Igboora lkenne Kobape Odeda Abeokuta Igboora lkenne Kobape Odeda

NPK, PMg 1.1 0.8 1.4 1.0 1.1 3.67 13.18 11.71  12.27 7.60 0.10 0.16 0.39 0.12 0.54
NPK»0PM, 0.8 0.7 1.2 0.7 1.5 2.53 11.74 38.97 10.18 5.61 0.23 0.24 0.27 0.10 0.44
NPK, PMs 0.9 0.7 1.4 1.0 1.3 20.77 22.82 38.95 26.90 1224  0.40 0.35 0.25 0.40 0.41
NPK PMs 0.8 1.2 1.2 0.9 1.7 21.45 33.29 53.33 32.86 13.52 0.26 0.28 0.18 0.35 0.51
NPKo, PM;, 0.8 1.2 1.3 0.8 1.9 37.23 29.99 9.30 32.34 11.60 0.40 0.63 0.32 0.61 0.85
NPKi2 PMyp 1.1 0.9 1.2 1.0 2.0 39.89 38.75 9.57 38.86 40.01  0.33 0.52 0.39 0.50 1.00

Key: NPKoPM, — 0 kg ha'of NPK and 0t ha" of poultry manure (Control); NPKy20 PMo- 120 kg ha"of NPK and 0 t ha’ of poultry manure; NPKoPMs — 0 kg ha”' of NPK and 5 t ha™ of
poultry manure; NPKy20 PMs - 120 kg ha' of NPK and 5 t ha™ of poultry manure; NPKoPM;o — 0 kg ha™'of NPK and 10 t ha™" of poultry manure; NPK 2o PMyo - 120 kg ha” of NPK and 10 t
ha" of poultry manure
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Table 6. Effects of organic and inorganic fertilizers on the mean values of inorganic forms of nitrogen in the soils of different locations

Treatments Soil ammonium-nitrogen (mg kg™) Soil nitrate-nitrogen (mg kg™)
Abeokuta Igboora lkenne Kobape Odeda Abeokuta Igboora lkenne Kobape Odeda

NPKy PMg 33.37 28.82 44.58 40.65 26.27 0.99 2.19 2.27 1.33 0.65
NPK120 PM, 45.19 37.52 29.65 38.47 30.54 1.85 1.43 1.58 4.14 1.24
NPKy PMs 53.61 33.23 37.24 33.74 31.44 0.81 2.33 2.06 1.56 1.71
NPK;50 PMs 29.29 23.81 40.60 53.20 34.04 2.26 4.08 0.93 1.07 0.47
NPK, PM; 31.75 3712 41.92 31.45 32.22 9.20 2.87 1.32 1.94 1.28
NPKi20 PMyo 34.74 29.53 33.71 41.77 23.50 2.13 1.14 1.21 5.41 1.16

Key: NPKoPMy — 0 kg ha”'of NPK and 0 t ha™” of poultry manure (Control); NPK120 PMo- 120 kg haof NPK and 0 t ha™ of poultry manure; NPKoPMs— 0 kg ha™” of NPK and 5 t ha" of
poultry manure; NPKq20 PMs- 120 kg ha" of NPK and 5 t ha™ of poultry manure; NPKsPM;o— 0 kg ha'ofNPK and 10 t ha of poultry manure; NPKyz0 PM1o- 120 kg ha' of NPK and 10 t
ha" of poultry manure

Table 7. Effects of organic and inorganic fertilizers on the mean values of some exchangeable bases concentrations in the soils of different

locations
Treatments Exchangeable sodium (c mol kg™) Exchangeable calcium (c mol kg™) Exchangeable magnesium (c mol kg™)
Abeokuta Igboora lkenne Kobape Odeda Abeokuta Igboora lkenne Kobape Odeda Abeokuta Igboora lkenne Kobape Odeda
NPK, PM, 0.23 0.22 0.23 0.19 0.39 9.31 5.78 9.01 6.61 7.88 1.33 0.88 1.32 1.27 1.08
NPKiPM, 0.22 0.24 0.22 0.21 0.35 7.87 4.84 5.55 7.48 6.09 1.23 0.71 0.77 1.32 0.99
NPK, PMs 0.29 0.30 0.25 0.22 0.31 7.39 5.19 6.88 6.41 714  1.05 0.85 0.92 1.13 1.56
NPKi PMs  0.19 0.31 0.15 0.20 0.41 7.22 5.30 10.22 7.23 11.71  1.09 1.00 1.38 1.19 1.73
NPK, PM;,  0.27 0.40 0.35 0.32 0.55 8.19 6.21 7.40 7.54 10.38 1.48 1.38 1.46 1.19 1.66
NPKi2 PMyg  0.26 0.32 0.25 0.28 0.57 6.98 7.05 6.32 8.07 9.20 1.03 1.18 1.24 1.47 1.65

Key: NPKoPM, — 0 kg ha”'of NPK and 0t ha™” of poultry manure (Control); NPK120 PMo- 120 kg ha'of NPK and 0 t ha™” of poultry manure; NPKoPMs— 0 kg ha” of NPK and 5t ha’ of
poultry manure; NPK12 PMs- 120 kg ha™ of NPK and 5 t ha™ of poultry manure; NPK,PMyo— 0 kg ha 'ofNPK and 10 t ha™ of poultry manure; NPK12 PMo- 120 kg ha' of NPK and
10t ha™' of poultry manure
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4. CONCLUSION

The addition of poultry manure present a
potential to act as lime especially in short time

and also

improved the K, Ca, Na and Mg

content for non-degraded soil of southwestern
Nigeria. Though application of poultry manure did
not prevent decrease in soil organic carbon and
total nitrogen with time but it was concluded that
complementary application of 10 t ha” poultry
manure and 120 kg ha™' NPK 20-10-10 improved
soil fertility than other treatment combinations
considered.

COMPETING INTEREST

We hereby declare that there is no competing

interest

among the authors or with any

organization.

1.

REFERENCES
Balesdent CJ, Chenu C, Balabane M.
Relationship of soil organic matter
dynamics to physical protection
and tillage. Soil tillage research.

1999;53:215-230.

Bronick CJ, Lai R. Soil Structure and
Management. A review. Geoderma.
2005;124(1-2):3-22.

Albiach R, Canet R, Pomares F, Ingelmo
F. Organic matter components and
aggregatestability after the application of
different amendments to a horticultural soil.
Bioresource Technology. 2001;76:125—
129.

Bhagat RM, Verma TS. Impact of rice
straw management on soil physical
roperties and wheat yield. Soil Science.
1991;152:108-115.

Acharya CL, Bisnoi SK, Yaduvanshi HS.
Effects of Long-term application of
fertilizers and organic and inorganic
amendments under continuous cropping
on soil physical and chemical properties in
an Alfisol. Indian Journal ofAgricultural
Science. 1988;58:509-516.

Khaleel R, Reddy KR, Overcash MR.
Changes in soil physical properties due to
organic waste application: A review.
Journal  of  Environmental  Quality.
1981;10:133-141.

Smaling EMA, Nandwa SM, Janseen BH.
Soil fertility in African is at Stake. In:
Buresh RJ, Sanchez PA, Calhoum F.
(Eds), Replenishing Soil Fertility in African.

8.

10.

1.

12.

13.

14.

15.

16.

17.

18.

336

SSSA special publication No. 51,
Wisconsin, USA. 1997;47-61.

Belford RK, Klepper B, Rickman RW.
Studies of intact shoot root systems of field
grown winter wheat. Il. Root and Shoot
developmental patterns as related to
nitrogen fertilizer. Agronomy Journal.
1987;79:310-319.

Brown SC, Keatinge JDH, Gregory PJ,
Cooper PJM. Effect of fertilizer, variety and
location on barley production under rainfed
condition in northern Syria. |. Root and
Shoot growth. Field Crops Research.
1987;16:53-66.

Mc Laughlin NB, Gregrorich EG, Dwyer
LM, Ma BL. Effect of organic and inorganic
amendments on mouldboard plow draft.
Soil Tillage Research. 2002;64:211-219.
Azeez JO, Adetunji MT, Adebusuyi B.
Effect of residue burning and fertilizer
application on soil nutrient dynamics and
dry grain yield of maize (Zea mays L.) in
an Alfisol. Nigerian Journal of Soil Science.
2007;17:71-80.

Agbede TM, Oijeniyi SO. Tillage and
poultry manure effects on soil fertility and
Sorghum yield in southwestern Nigeria.
Soil Tillage Research. 2009;104:74-81.
Ogundijo DS, Adetunji MT, Arowolo TA,
Soretire AA. Effect of crop residue
management on the dynamics soil organic
carbon and nitrogen in maize (Zea mays L)

production. International  Journal of
Environmental Science. 2012;1(3):186-
195.

IITA. Selected methods for soil and plant
analysis International Institute of Tropical
Agriculture. Manual series. 1979;1:1-53.
Walkley A, Black CA. An examination of
the Degtjareff method for determining soil
organic matter and a  proposed
modification of chromic acid titration
method. Soil Science. 1934;39:29-38.

Bray RH, Kurtz LT. Determination of total
organic and available forms of phosphorus
in soils. Soil science. 1945;59:39-45.
Chude VO, Malgiri WB, Amapu LY, Ano
OA. Manual on soil fertility assessment.
Federal Fertilizer Department in
Collaboration  with  National  Special
Programme for Food Security, Abuja,
Nigeria; 2004.

Chude VO. Fertilizer situation in Nigeria.
Paper presented by Alhaji Bello Sule,
Director Fertilizer Department to the
Advisory Committee on Agriculture and



19.

20.

21.

22.

23.

24.

Ogundijo et al.; IJPSS, 7(6): 329-337, 2015; Article no.lJPSS.2015.159

Food security on 6 September, 2006.
Abuja, Nigeria; 2006.

Olla NO, Adetunji MT, Ogundijo DS.
Evalaution of Calcium and Phosphorus
release pattern and composition of bulk-
blended NPK 20:10:10 fertilizer formulated
using Ogun phosphate rock as the P
source. International Journal of Basic and
Applied Science. 2013;2(1):17-23.

Singh RP, Munmdra MC, Gupta SC,
Agarwal SK. Effect of integrated nutrient
management on productivity of pearl millet-
wheat cropping system. Indian Journal of
Agronomy. 1999;44:250-255.

Adetunji  MT. N  application and
underground water contamination in some
agricultural soils of South Western Nigeria.
Fertilizer Research. 1994;37:159-163.
Ngome AF, Becker M, Mtei KM, Mussgnua
F. Fertilizer Management for maize
cultivation in some soils of Western
Kenya. Soil and Tillage Research.
2011;117:69 -75.

Dobermann A, George T, Thevs N.
Phosphorus fertilizer on soil phosphorus
pools in acid wupland soils. Soil
ScienceSociety America Journal.
2002;66:652-660.

Kwabiah AB, Stoskopf NC, Palm CA,
Voroney RP, Rao MR, Gacheru E.
Phosphorus  availabilty and  maize

25.

26.

27.

28.

29.

response to organic and inorganic inputs in
a short term study in Western Kenya.
Agriculture, Ecosystem and Environment.
2003;95:49-59.

Azeez JO, Van Averbeke W. Fate of
manure phosphorus in a weathered sandy
clay loam soil amended with three animal
manures. Bioresource Technology.
2010;101:6584-6588.

Helyar KK, Porter WM. Soil acidification, its
measurement and the processes involved.
In Robson AD. (Ed), Soil Acidity and Plant
Growth. Academic  press, Sydney.
1989;61-101.

Dendooven L, Anderson JM. Dynamics of
reduction enzymes involved in the
denitrification process in pasture soil. Soil
Biology and Biochemistry. 1994;26:1501—
1506.

Azam F, Muller C, Weiske A, Benekiser G,
Ottow JCG. Nitrification and
Denitrification as sources of atmospheric
nitrous oxide — role oxidizable C and
applied nitrogen. Biology and fertility of
soils 2002;35:54—-61.

Garcia — Montiel DC, Melilo JM, Steudler
PA, Cerri CC, Piccolo MC. Carbon
limitations to nitrous oxide emissions in a
humid tropical forest of Brazilian Amazon.
Biology and Fertility of soils 2003;38:267-
272.

© 2015 Ogundijo et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=1098&id=24&aid=9704

337



