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ABSTRACT: Soil differs in nitrogen (N) fractions mineralized and available for uptake by crops, which are
facilitated amongst others factors by the microbial nature of the soil. Hence the objective of this paper was to
investigate the nitrogen fractions, microbial population and maize yield as affected by type of animal manure applied
in agricultural and wetland soils at Abeokuta and Bodako farms, Ogun State, Nigeria. Poultry manure and cowdung
at 65kgNha, and no amendment/control were applied to the experimental fields of agricultural soil (Typic
Tropudalfs) and wetland soil (Aqualfs). Data obtained show that there were variability among the N fractions
irrespective of sampling time. The N fractions were abundance at postharvest as compared to at 2 Weeks after
application (WAA). Soil Ammonium-N and Nitrate-N immobilize by 60.3% — 65.5% and 59.2% - 69.2%,
respectively. Total N and Organic-N mineralize by 49.3% - 76% and 42.6 - 45.8%, respectively. Consequently, a
ratio of isolated bacteria to fungal (3:1) was identified. Where estimated population counts (Epc) were higher in
harvested soils [115.5 x 10°° Colony Forming Unit per gram (CFU/g) soil bacteria, and 103.4 x 10® CFU/g soil
fungi] of applied Agricultural soil/cowdung. It was different at 2 WAA, where wetland soil/cowdung applied was
108.8 x 10°® CFU/g soil bacteria, and Agricultural soil/cowdung applied 89.2 x 10 CFU/g soil fungi. Evidently, the
build-up of soil organic carbon (SOC) was significantly low in wetland soil/Aqualfs (27%). All fractions, however,
had strong positive relationship with SOC. Plant tissue N (1.21%), dry matter yield (0.034t/ha) and grain yield
(2.37t/ha) were significantly high and productive in Agricultural soil (Typic Tropudalfs) due to higher Epc.
Therefore, N mineralization and its uptake can be improved through increased activities of soil microbes for optimum
crop yield.
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Maize (Zea mays L.) is a cereal crop grown mainly in
a developing country like Nigeria which provides a
source of income to the large population of small
holder farmers. No cereal crop is produced annually
more than maize in the country due to its high demand
from consumers and its great nutritional value
(Adeyemo et al., 2019). Crops such as maize need
nutrients such as N, P, K, Mg, Ca, Na, and S to produce
well. These nutrients are functional and must be given
to the plant at the right time and in the right amount
for proper growth and reproduction (Asfaw, 2022).
However, there is a renewed interest in the efficient
and effective use of natural fertilizers to maintain soil
fertility. Apart from being a source of plant nutrients,
organic fertilizers, e.g. poultry manure and other
animal manures have improved agricultural
productivity in African countries. Organic fertilizer
helps to increase the number of micro-organisms that
have a specific effect on protecting plants from germs
such as nematodes, and soil-borne insects and
provides plant growth hormones such as auxins (Uwah
et al., 2011). Organic fertilizers also help to improve
the condition of the soil and provide much-needed
plant nutrients. Animal manure is an important source
of nitrogen (N) that provides nutritional needs of
growing crops. Nutrients contained in organic
manures are released slowly and stored for a longer
time in the soil, thereby ensuring a long residual effect
(Agbede and Ojeniyi, 2009). Nitrogen (N) is typically
the nutrient of most concern because it has a strong
influence on cereal crop yields. Mineralization and N
recycling begin as soon as the manure is incorporated
into the soil. The rate of mineralization however varies
with N sources, but the highest rate is at application
and the rate decreases with time (Alade et al., 2019).
However, an understanding of N mineralization from
organic manure is required to predict both the short
and long term release of N, and to avoid high levels of
soil N accumulation that may be subjected to nitrate
leaching and denitrification losses. Appropriate
nitrogen fertilization serves as the principal factor of
nutrient management in  high-yielding maize
production systems (Alade et al., 2019).

On field, the mineralized N is often neutralized by
microbial immobilization. Mineralization is more
rapid in warm, moist soils and slower in soils that are
dry or cold. Even under uniform soil and
environmental conditions, manures from the same
animal species display wide range of N mineralization
(Dalias and Christou, 2020); Sradnick and Feller,
2020). Therefore, signify variability depending on the
type or condition of the soil. Crops take up nitrogen in
the form of NH**, a result of mineralization and NO%,
a result of nitrification. The ammonium is
incorporated into crop tissues and is thus rendered
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temporarily unavailable (immobilization) until those
tissues becomes decomposed. Immobilization also
occurs when the inorganic N is assimilated back into
the microbial population, thereby temporarily
reducing the plant-available N pool (Daly et al., 2021).
Studies relating to the effect of manure as affecting the
distribution of nitrogen fractions, release of nutrients
as a result of microbial activities, with the cumulative
effect on maize yield are scanty; hence, the objective
of this paper is to investigate the nitrogen fractions,
microbial population and maize yield as affected by
type of animal manure applied in agricultural and
wetland soils at Abeokuta and Bodako farms, Ogun
State, Nigeria.

MATERIALS AND METHODS

Location of the experiment: The field experiments
were conducted at two different locations of different
soil types in 2011 (Figure 1). The first location was at
the Federal University of Agriculture, Abeokuta
(FUNAAB) experimental field (Latitude 7.235951 N -
Latitude 7.235951 N, Longitude 3.427102 E -
Longitude 3.427335 E). This was the agricultural soil,
classified as Typic Tropudalfs — Temidire series (IUSS
Working Group WRB, 2006; Aduayi et al., 2002); a
deep, well-drained, loamy-sand textured. While the
second location was conducted at Bodako farms
(Latitude 7.243034 N - Latitude 7.243034 N,
Longitude 3.532178 E - Longitude 3.532960 E), a
wetland soil classified as Aqualfs / Oxic Paleustalf —
Owutu series (IUSS Working Group WRB, 2006;
Aduayi et al., 2002); aquic moisture regime, alluvial
nature, poorly drained, loamy-sand textured. Both
fields are located in the Rainforest agro-ecological
zone (Table 1) in Odeda Local Government Area of
Ogun state, Nigeria.

Experimental design and procedure: The experiment
was conducted using randomized completely blocked
design in 2 x 3 factorial arrangements. It consisted of
2 blocks which were the soil types (agricultural/well-
drained and wetland/hydromorphic). The 3 treatments
were the sources of animal manures (cowdung and
poultry manure) and control. The experiments had
three replicates thus giving a total of 18 experimental
units.

The matured animal manures were collected free of
bedding/litter materials. They were obtained from the
Federal University of Agriculture, Abeokuta
(FUNAAB) — College of Animal Science’s poultry
farms (battery cage system) and Kara for cowdung,
respectively. Poultry manure and cowdung were
applied at the rate of 65 kgNha™ (20 t ha') (Payebo
and Ogidi, 2021) once at the onset of a 16-week study.
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Table 1: Sites of the experiment

Location State Coordinates Vegetation  Soil series Soil class: (USDA)
Lat. 7.235951 - 7.235951 N . - .
Alabata Ogun Long. 3.427102 -3.427335 E Rainforest Temidire Typic Tropudalfs
Lufowora  Ogun Lat. 7.243034 - 7.243034 N Rainforest Owutu Aqualfs

Long. 3.532178 - 3.532960 E

(Source: Field survey, 2011).
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Fig.1: Study location map (Source: Field survey, 2011).

The soil samples obtained from the experimental setup
were analysed for mineral content before applications
of animal manure, at 2 Weeks after application (WAA)
of manures, and after harvest of maize grains. These
collections (except for the before application) were
used to determine the N fractions released (Table 2)
and, the estimated population counts of fungi and
bacteria. While the maize yield were determined from
the harvested cobs by weight of grains per
experimental setup. Each treated plot size was 5 x 4
(20 m?). Three seeds of maize Zea mays L. (SUWAN
1) were planted after 2 weeks of treatment
incorporation. The seedlings were thinned to two per
stand two weeks after planting.

Selected Soil Physicochemical Analysis: The soil
samples were collected from the top-soil 15 cm layer,
air-dried at room temperature for 24 hours, and later
sieved by passing through a 5 mm sieve. Then it was
packed in air-tight zipped lock bags for further
analyses using the following methods. Soil pH was
determined with 1:1 soil: water ratio and measured
using glass pH meter electrodes. Organic and total
nitrogen were determined by Kjeldahl method (Cerda

and Estela, 2008), the digests are then used to
determine total N directly and organic nitrogen by
difference. Soil organic carbon (SOC) content was
determined by Walkley—Black method (1934) and
particle size by hydrometer method (Ashworth et al.,
2001). Available phosphorus was extracted by Bray-1
extraction method (Bray and Kurtz, 1945) and
analysed colorimetrically (Murphy and Riley, 1962).
Exchangeable bases were extracted with 1 N
ammonium acetate (pH = 7) solutions, K+ and Na+
were analysed with a flame photometer, while Ca?*
and Mg?* were analysed with atomic absorption
spectrophotometer (AAS) (Sparks, 1996).

Nitrogen Fractions Study: Soil extractions with 2 M
potassium chloride were used to estimate NOs; and
exchangeable (plant available) NH4 by distillation-
colorimetric method (Keeney and Nelson, 1987).
Fractionation procedure by Mulvaney and Khan
(2001) was used to quantify different forms of
inorganic N in the studied soils (as shown in Table 3).
Fractionation was done on the soil at 2 WAA and after
harvest in the field experiment. The non-sequence of
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the chemical extraction and a brief description of the
targeted N forms are shown in Table 2.

Ammonium-N: From the soil extracts, 150 ml was
pipetted into the ammonium distillation flask, and 5 ml
of 2 % H,BOs indicator solution was added into an
Erlenmeyer flask which was then placed under the
condenser of the distillation apparatus. Distillation
commences and continued until up to 50 ml distillate
was collected. The NHs-Boric solution obtained was
titrated with 0.01 M H>SO4 making use of the micro-
burette. Color change from green to pinkish-blue
indicated the endpoint. A blank sample (distill water)
was run for both distillation and titration. Where
another sample of the soil extracts was treated with 10
ml of 0.25 M NaOH in the absence of the KMnQO,. The
previous procedures were carried out. The NHs-N
produced by alkaline KMnO4 oxidation was calculated
as the difference between the results of the two
analyses.

Nitrate-N: Also from the soil extracts, 0.2 ml was
pipetted into a 50 ml conical flask and 0.8 ml of
salicylic acid-H,SO4 reagent thoroughly mixed. The
reaction of this mixture was allowed for about 20
minutes, and then slowly added 19 ml of 2 M NaOH
at pH 12. The mixture was stirred and cooled to room
temperature (23 °C), read and recorded at 410 NM.
Nitrate-nitrogen standards containing 0.60 pg of N in
0.2 ml aliquot was analyzed with each set of samples

Table 2: Operational definitions for forms of N (non-sequential
extractions)

Operational Targeted fraction Source(s)
definition

. Plant available Bremner,
2 M KClI extraction NO3-N and NH-N 1996.
Combustion Cerda and
(Kjeldahl distillation Total N Estela. 2008
method) ' '
Total N less NOs-N Organic N Cerda and
and NH,-N 9 Estela, 2008.

Isolation and identification of soil microbial

population: All glass wares were washed thrice with
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distilled water and drained off. These were sterilized
in the oven temperature programmed at 150 °C for 2
hours. Nutrient agar (NA), Potato Dextrose agar
(PDA), and Stephenson’s media were prepared and
sterilized in an autoclave at 121 °C, 12 — 15 Mpa for
15 minutes (Sagar, 2022). An inoculating loop was
sterilized by inserting into a naked flame from the
Ethanol lamp at each application. About 16.5 g of NA
and 22 g of PDA (with a drop of acetic acid added to
prevent the growth of bacteria) was weighed into
different labeled conical flasks; 500 ml of distilled
water was added and dissolved by heating on the
heater before sterilizing in an autoclave at 121 °C, 12
— 15 Mpa for 15 minutes. Then the mixtures were
allowed to cool to about 45 — 50 °C before plate
pouring. This procedure was also carried out in the
preparation of Stephenson media for selective
culturing/isolation of Nitrobacter and Nitrosomonas
species. The micro-organisms were isolated from the
soil samples using the Pour Plate Method (Dahal,
2022). Ten grams of soil subsamples were weighed
into 90 ml sterile distilled water in a beaker and stirred.
One ml portion of serial decimal dilutions of 10 ° was
placed onto a NA plate for the determination of the
total viable bacterial count, and PDA supplemented
with a drop of acetic acid for viable fungal count. The
incubation temperature of bacterial plates was 37 °C
for 48 hours, while fungal plates were at room
temperature for 4 days. Colonies forming units
developed from the plates were enumerated (Lee,
2021) in the expressions of Colony Forming Unit per
gram of soil (CFU/qg).

Data collection: The relative meteorological data
needed to understudy the growing season during the
experiment were taken (Table 3). More so, the
chemical, some physical and biological properties of
the soils were determined appropriately. Some
characteristics of used animal manures were also
determined (Table 5).

Table 3: Meteorological data for Abeokuta and environs in 2011

February March  April  May June July August September October
Rainfall (mm) 140 23.9 745 737 845 350 88.7 204 288
Relative humidity (%) 78.7 80.0 764 789 822 846 84.7 84.1 79.5
Sunshine hours 6.20 6.50 650 6.60 570 3.80 3.10 5.50 5.00
Temperature (mean °C) 28.9 29.2 29.2 280 269 245 25.3 26.6 26.9

(Source: NIMET, 2011).

Dry matter yield of maize plant was determined after
weighing oven-dried plant biomass at 65 °C for 24
hours of each treated plots using a weighing balance.
The grain yield of maize was determined from each
treated plots in the middle rows, harvested carefully
and threshed for full yield recovery. Yield per hectare

was computed (oven dried at 12 % moisture content),
based on the plant population of 106,666
plants/hectare. This was estimated as per the
relationship in equation 1

TG = AG = PP (1)
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Where TG = Total grain yield per hectare; AG =
Average grain yield per plant; PP = Plant population
per hectare.

Statistical Analysis: Data obtained were subjected to
Two-way Analysis of Variance (ANOVA) using the
General Linear Model procedure of SAS 8. 0.
Software version (2000), to determine the effects of
treatment on the measured parameters in the soils and
plant materials. Means were separated using Duncan
Multiple Range Test. The analysis was performed at
the 5 % level. Soil N fractions were compared with soil
and plant parameters using Pearson’s Correlation test
at the 5 % level of probability.

RESULTS AND DISCUSSION

Initial Chemical Properties of the Soil Used: The pH
of the soil was slightly acidic for Temidire (Typic
Tropudalfs) and circum-neutral for Owutu (Aqualfs).
Both are Loamy sand soils (Table 4). In Temidire
series, total N was moderately low while P, Soil
Organic carbon (SOC) and exchangeable Ca were very
low. But in other exchangeable Mg, K and Na, it was
detected high (FMARD, 2011). Moderately available
P was observed in the Owutu series, from where SOC,
total N and exchangeable Ca were low; and high
contents of other exchangeable (Mg, K and Na) were
found (FMARD, 2011).

Table 4: Chemical and physical properties of field soil.

Parameters Temidire soil series  Owutu soil series
pH (H.0) 6.10 7.20
Total  Organic
Carbon (g kg™) 2.44 2.00
N (%) 1.10 0.90
P (mgkg™) 1.92 114

Exchangeable cations (cmol kg™)
Ca 0.84 1.00
Mg 24.0 29.8
K 11.6 17.2
Na 2.95 3.58
Particle size (g kg™
Sand 863 818
Clay 119 114
Silt 18 68

Characteristics of the Cowdung and Poultry manure
used: The pH of animal manure was neutral in
cowdung, but slightly acidic in poultry manure. Both
animal manures had similar C/N ratio. Total P, total N,
Organic carbon and the total compositions - Ca, K and
Na were observed to be more in the poultry manure
used than from cowdung application (Table 5).

Response of N fractions in the soils to soil types and
animal manure application: In the soil types, it was
observed that Temidire series had high release of the
total N and organic N at harvest than at 2 weeks after
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planting (WAP) (Table 6). But reversal was observed
in the releases of ammonium-N and nitrate-N,
respectively. Similar observations were observed in
the Owutu series. Meanwhile from the soil series, total
N was low (FMARD, 2011) at 2 WAP and was not
significant (p > 0.05), but moderately available after
harvest.

Table 5: Characteristics of the cow dung and poultry manure used
Cow  Poultry

dung manure

pH (H:0) 7.00 6.20

Parameters

Organic

Carbon (%) 4.40 560
N (%) 2.75 3.48
P (%) 1.38 1.84
Ca (%) 2.47 2.98
K (%) 1.19 1.34
Na (%) 0.48 0.54
CIN 2:1 2:1

There were significant (p > 0.05) responses from the
Owutu serie and poultry manure to the N fractions
releases (except on NO3-N from Owutu, on NH4-N
and NOs-N from poultry manure), while NH4-N was
significant (p > 0.05) from cow dung application at 2
WAA. Likewise after harvest, there were significant
(p > 0.05) effects on the N fractions releases (except
on NHs-N from Owutu serie, on NH4-N and NO3-N
from cow dung, and on organic nitrogen from poultry
manure). The nitrogen fractions at 2 WAA (week after
application) was observed to be abundant of Total N >
Ammonium-N > Nitrate-N > Organic N (Table 6),
unlike after harvest where Total N > Organic N >
Ammonium- N > Nitrate-N. Generally, the effects of
different soil types and animal manures used had
significantly (p > 0.05) influenced on the N fractions,
whereas at harvest it was not, rather numerical
increase was observed with the control.

Effect of soil types and animal manures on soil total
microbial population at 2 WAA and after harvest: The
average numbers of cultured bacteria to fungal species
population found in the treatments used was 3:1 ratio,
where the estimated population counts were found
higher after harvest in the soils than of the animal
manure (Table 7) at 2 WAA.

There were significant (p > 0.05) responses in the
numbers of isolated bacterial and fungal species from
Temidire serie and cow dung, respectively. Also at 2
WAA, there were significant (p > 0.05) effects on the
estimated counts. The cow dung application had
higher estimated counts of bacterial and fungal, Owutu
series had higher estimated counts of bacterial and
Temidire series had higher estimated counts of fungal
at 2 WAA, while Temidire series also had higher
estimated counts of fungal after harvest.
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Effect of soil types and animal manures on soil organic
carbon, plant tissue N concentration, dry matter yield
and grain yield: Generally, the availability of organic
C decreases regardless of the treatment effects on the
soil types or animal manures used across the weeks.
However, significant (p > 0.05) increase was observed
with the organic C and plant tissue N concentrations
from cow dung treatment at 2 weeks after planting
(WAP). While poultry manure effect was significantly

3928

(p > 0.05) higher on dry matter yield at both 2 WAP
and after harvest, respectively (Table 8). Owutu series
had significant (p>0.05) effect on plant tissue N
concentrations at 2 WAP, and on SOC at both 2 WAP
and after harvest, respectively. Temidire series effect
was significantly (p > 0.05) higher on plant tissue N
concentration, while on dry matter yield at both 2
WAP and after harvest, respectively.

Table 6: Effect of soil types and animal manures on N fractions (%) at 2 WAA and after harvest

Soil/Treatments  Total N (%)

Organic N (%)

NH,-N (%) NO:-N (%)

2WAA AH 2 WAA*  AH 2WAA AH 2WAA AH
Soil types
Temidire 0.10 0.18  -0.03 015 055 019 052 0.16
Owutu (Aqualfs) 0.14 021 031 0.16  0.58 023 049 0.20
Animal manure
Cow dung 0.12 020 0.14 0.16  0.55 021 052 0.18
Poultry manure 0.13 0.20 0.29 0.16 0.51 0.22 0.49 0.19
Control 0.11 019 0.14 015  0.50 0.20  0.48 0.16
LSD (P > 0.05)
Soail types * NS * NS * NS * NS
Animal manure * NS * NS * NS NS NS

*Significant at P > 0.05, NS: not significant, WAA: Weeks after application: AH: After harvest, = x10.

Table 7: Effect of soil types and animal manures on soil total microbial population (x 10 CFU/g soil) at 2 WAA and after harvest

Treatments No. of Identified Specie Total Bacteria Counts Total Fungal Counts
Bacteria  Fungal 2WAA AH 2WAA AH

Soil types

Temidire (Typic Tropudalfs) 13 5 101 112 89.2 103

Owutu (Aqualfs) 11 4 104 102 86.3 95.4

Animal manures

Cow dung 12 4 109 116 87.7 101

Poultry manure 9 3 103 102 83.7 99.1

Control 5 2 94.1 102 79.1 98.6

LSD (P > 0.05)

Soil types * * * NS * *

Animal manure * * * NS * NS

“Significant at P > 0.05, NS: not significant, WAA: Weeks after application: AH: After harvest.

Temidire series produced high dry matter yield (0.033
t hal) and grain yield (2.37 t ha'!) than Owutu series.
Although Owutu series was found to be higher in
organic carbon content(5.30gkg™* as at 2 WAP and
3.87gkg™* later after harvest), but was observed to
have less plant tissue N concentration of 27 %, dry
matter yield (0.024 t ha'*) and grain yield (0.93 t ha'l).
This probably resulted from the concurrent flooding in
the wetland (Owutu series) as shown in Table 2.

Poultry manure treatment produced high dry matter
yield (0.05 t ha*) and grain yield (1.80 t ha) than cow
dung amended. Although cow dung treatment was
found to be higher in organic carbon content (3.72
gkg™ as at 2 WAP but 2.76 gkg™ after harvest from
poultry manure), but was observed to have more plant
tissue N concentration of 33 %, dry matter yield (0.02
t ha') and grain yield (1.68 t ha't).

Table 8: Effect of soil types and animal manures on organic carbon, plant tissue N concentration, dry matter yield and grain yield

Treatments Organic carbon (%) Plant tissue N Dry matter yield Ave. Grain yield
concentration (%) (that) (that)

2 WAP Harvest 2 WAP Harvest 2 WAP# Harvest*

Soil types

Temidire (Typic Tropudalfs) 1.32 1.23 0.76 1.21 0.13 0.33 37

Owutu (Aqualfs) 5.30 3.87 0.79 0.86 0.07 0.24 0.93

Animal manures

Cow dung 3.72 2.56 0.81 1.06 0.10 0.21 1.68

Poultry manure 3.26 2.76 0.76 1.04 0.11 0.46 1.80

Control 2.96 2.31 0.76 1.01 0.07 0.20 1.47

LSD (P > 0.05)

Soil types * * * * * NS *

Animal manure * NS * NS * * NS

Significant at P > 0.05, NS: not significant. WAP: weeks after planting, = x10?, #= x10%.
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Relationship among N fractions, soil organic carbon,
plant tissue N concentration and average grain yield:
Soil organic carbon does not have correlation with any
of the N fractions or with the dry matter yields of
maize plant. The other fractions (nitrate- and
ammonium- nitrogen) had a negative correlation with
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dry matter yields (Table 9). The plant tissue N
concentration had a negative correlation with total and
organic N, and a significant (p > 0.05) but strong
negative correlation with NHs-N and NOs-N. While
the average grain yield had a negative correlation with
all the N fractions.

Table 9: Correlation coefficient relationship between N fractions, soil organic carbon, plant tissue N concentration and grain yield

Nitrogen fractions

Total N (%) Organic N (%) NH4-N (%)  NOs-N (%)
Soil organic carbon (%) 0.12 0.09 0.18 0.17
Plant tissue N concentration (%) -0.38 -0.29 -0.54* -0.50*
Dry matter yield (kg ha) -0.01 0.03 -0.09 -0.13
Grain yield (t ha?) -0.32 -0.29 -0.23 -0.39

*Significant at P > 0.05

The pH of the soils was near neutral (Owutu series)
and slightly acidic (Temidire series), which are low in
N, an inherent factor of tropical soils and loamy sand.
The applications of the animal manures that are rich in
N and having complimentary similar pH
characteristics were applied in order to study the effect
as soil inputs being practiced by many farmers in
Nigeria. The C/N ratio of the animal manures used
(2:1) was greater than that found in the soil series used
(2:1). These might be due to the decomposition of the
animal manure during the curing stage before
application to the soil, which acts as a soil improver
due to its contribution of organic matter and nutrients,
mainly N and others (Ndung'u et al., 2021). Most of
the N in the environment are unavailable for plant
uptake (Fernandez and Kaiser, 2021) and present in
various forms. The manures must be mineralized by
actions of soil micro-organisms before being made
available to plants (Whalen, 2014). Also it can occur
when the synergic effect of the plant nutrition-soil
microbes’ equilibrium relationship existed through
mineralization-assimilation-immobilization processes
(Adomako, 2020; Ma et al., 2012; Karlen, 2012). The
amount of NHs-N and NOs-N in the soil at 2 WAA
was higher than those observed after harvest in all the
treatments. This can happen as N transforms within the
soil system (Soldatova et al., 2021; Nevins, Strauss
and Inglett, 2020) decreasing the inorganic N due to
the plant uptake. It was also observed that the amounts
of NHs-N were less than NOs-N, probably because
some NH4-N was converted to NOs-N by the soil
microbes. Owutu serie had the higher N forms in all
the animal manure treatments. Among the animal
manure treatment, poultry manure released more of N
forms than cow dung. The presence of organic carbon
implies a comprehensive diversity of soil microbes’
activities that stimulate N transformations. It was
observed from the study that cow dung encourages
higher diversity of bacteria activities with 12 species
discovered, and Temidire serie had the higher
diversity of fungal activities with 5 species. The

organic carbon and organic nitrogen contributed to
other N fractions which in turn contributed to yield.
This further confirms the importance of animal
manure while considering soil improvement and crop
productivity. However, the contributions of mineral-N
study (NH4-N and NOs-N) decrease significantly, but
with an increase in the maize N concentration. It shows
the plant available N factions had probably reached its
threshold of the effective plant utilization in the plant
components build-up; thereby immobilization might
be occurring (Stotter et al., 2021).

Conclusion: The N fraction transformation occurs
within the soil where the animal manure was broken
down by diverse microbial populations, thus releasing
plant available N forms. Increased grain yield was
encouraged by SOC and abundance bacteria to fungal
population ratio in the soil. Therefore, the Agricultural
soil (Typic Tropudalfs) was more productive in plant
tissue N, dry matter yield, and grain yield due to high
presence of the estimated soil microbial populations.
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