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ABSTRACT

An experiment was carried out at the Teaching and Research Farm of the Faculty of
Agriculture and Natural Resources management, Ebonyi State University, Abakaliki in
order to evaluate productivity of a degraded ultisol amended with different animal wastes
in Abakaliki. The field was laid out in randomized complete block design (RCBD). There
were four treatments viz poultry droppings (PD), Swine Waste (SW), Cow Dung (CD) and
Control (C) applied at 12 ha™, respectively. These treatments were replicated five times.

I;ﬁqzx\ézgds Maize hybrid (Oba super Il) and groundnut (Arachis hypogea) were used as _test crops.
Animal wlastes Core and auger_sampl_es were cqllected at O - _20 cm depth before and after _plantlng fo_r pre
Ultisol ' and. post planting soil properties determlqatlor). Data were.an.alyzed using analysis of
Degrade d variance (ANOVA) and means separated Wlth Fls_her’s least significant dlt_"ference. Re_sqlts
Evaluatioﬁ showed that pu_lk density, total _poros!ty, moisture c_ont_er_wt, hydraulic cond_uctlwt_y,
Productivit’y aggregate stability and mean weight diameter were significantly (P<0.05) higher in

poultry droppings amended plots than in control. The texture of soil remained sandy loam.
The studied chemical properties showed no significant treatments effect except
magnesium that was significantly (P<0.05) higher in PD and CD amendments relative to
control. Cow dung treatment significantly (P<0.05) depressed Na compared to control and
other animal wastes amendments. Bulk density was lower by 5 and 7% under poultry
droppings compared to cow dung and swine waste treatments. Total porosity and
hydraulic conductivity were 9,7,4 and 11% higher in PD relative to cow dung and swine
wastes amendments. Available P, total N and organic matter were higher under PD
treatment by 8, 17, 18, 12, 17 and 27% compared to SW and CD amended plots,
respectively. Maize grain and groundnut yields significantly (P<0.05) increased in all
animal wastes amended plots relative to control. Animal wastes enhanced physical
properties of soil and yields of crops more than chemical ones. Poultry droppings that
proved more superior compared to others could be recommended for improving
productivity of a degraded soil in the study area.
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Introduction

The soils of the tropics are fragile and are easily degraded
under intensive farming system. There is also associated
torrential and violent rainfall particularly at onset of rains with
intense solar radiation and high temperature regime all of which
do not favour soil quick recovery rate. These conditions
accelerate and exacerbate soil fertility problem in the Abakaliki
area (Nwite, 2009).

Consequently, sustainable agricultural practice through
mineral fertilizer amendment is unrealistic. Mineral fertilizer
overtime has proved to be scarce, cost intensive, capable of
causing pollution and toxicity and do not achieve conservation
needs of man (Nwite, 2012). There could be initial increase in
yield of crops with fertilizer application and subsequent
decreases as toxicity builds up. Furthermore, soils in humid
tropics are poor in organic matter and suffer low available
nutrients. Hence, its productivity and sustainability decline with
time when subjected to continuous cultivation (Asadu and
Nweke, 1999)

In order to combat soil low fertility problem and sustain
increased productivity, interest has been renewed in organic
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wastes usages as soil amendments. Besides serving as one of the
disposal avenues, organic wastes application have numerous
positive impacts on soil. Organic wastes release their essential
plant nutrients which improve soil physical and chemical
properties (Mbagwu and Piccolo, 1990). Organic wastes bind
soil particles, increase soil porosity and moisture regime and
reduce compactness. Chemical properties such as available P,
organic matter, total N and exchangeable bases are enhanced
under organic wastes application. Nwite (2013) reported long
residual effect of organic wastes amended soil relative to
control.

Even though, there have been studies on effect of poultry
droppings, cow dung and swine waste on soil properties and
crop yield, they are not exhaustive. Studies have not been
carried out on effect of these wastes on soil properties under
mixed cropping system in the study area. Furthermore, the study
could add to the existing knowledge. The objective of this
experiment was to evaluate productivity of a degraded ultisol
amended with poultry droppings, cow dung and swine waste
under mixed cropping system in Abakaliki agroecology.
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Materials and methods
Experimental site

The experiment was carried out at the Teaching and
Research Farm of the Faculty of Agriculture and Natural
Resources Management, Ebonyi State University, Abakaliki.
The site is located by Latitude 06°4'N and longitude 08°65'E in
the derived savannah of agroecological zone of southeastern,
Nigeria. The area is characterized by bimodal pattern of rainfall
usually experienced from April — July and September —
November. A dry spell is observed in August and this is called
“August break”. The mean annual rainfall ranges from 1700 —
2000 mm. The mean minimum and maximum daily
temperatures are 27°C and 31°C for rainy and dry seasons.
Relative humidity is normally high (80%) during rainy seasons
but declines to 60% in dry periods (ODNRI, 1989). The soil is
derived from successive marine deposits. Abakaliki zone is
underlain by sedimentary rocks. The soil is unconsolidated up to
1 m depth and belongs to the order ultisol classified as Typic
Haplustult (FDALR, 1985). There was growth of native
vegetation, shrubs and herbs in the site. The area has history of
previous cultivation of maize (zea mays) and cassava (manihot
ultilisma). It was not under fallow before this experiment.

Field Methods

The field measured 15 x 10 m, approximately 0.14 ha. The
existing vegetation was cleared with cutlass and debris removed.
Randomized complete block design (RCBD) was used in laying
out the field into blocks and plots. The plots measured 2 m x 2
m with 0.5 m alley space between them. The blocks were
separated by 1 m distance. The treatments were poultry
droppings, cow dung, swine waste and control applied at 12 t ha
! equivalent to 5 kg/plot to each plot in a randomized manner.
The animal wastes were collected from Animal Science
Department, Ebonyi State University, Abakaliki. The wastes
were cured and crushed, spread on the plots and later
incorporated into soil with hoe during seedbed preparation. The
treatments were replicated five times to give a total of twenty
experimental plots.

Maize (zea mays) (Oba super Il hybrid variety) and
groundnut (Arachis hypogea) were used as test crops. The maize
variety and groundnut were collected from Ebonyi State
Agricultural  Development Programme, Onuebonyi lzzi,
Abakaliki (EBADEP). The maize seeds were planted two per
hole and at spacing of 25 x 75 cm two weeks after treatment
application. The groundnut seeds were planted at distance of 60
X 60 cm after planting the maize. Two weeks after plant
emergence, the maize and groundnut seedlings were thinned
down to one seed per hole. Lost stands were replaced by
replanting leaving a total of 53,000 maize plants and 27,778 for
groundnut population per hectare respectively. Weeds were
removed at three weekly interval till harvest.

Soil Sampling

Initial soil composite samples were collected with auger
randomly from the field at 0-20cm depth for pre-planting
analysis before cultivation and treatment application. Core and
auger samples were also collected form each plot at three points
for post harvest soil determination.

Agronomic Data

The cobs of maize plants were harvested when the husks
had dried, dehusked, shelled and grain yield determined at 14%
moisture content. The groundnut was also harvested when the
stem and leaves had turned yellow or shrievelled. They were
pulled up, nuts removed and further dried before shelling. The
seeds were used to determine yield. Yield was taken from
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twelve maize and six groundnut plants, respectively from each
plot.
Laboratory Methods

Core samples were used to determine physical properties of
soil. Bulk density determination was carried out according to
Gee and Or (2002) methods. Total porosity was calculated as
described by Obi (2000). The method of Klute (1986) was used
to determine saturated hydraulic conductivity. Gravimetric
moisture content determination was determined as described by
Obi (2000). Aggregate stability and mean weight diameter
determinations were carried out using Kemper and Rosenau
(1986) and Van Bavel (1950) methods, respectively.

Auger samples were dried, grinded and passed through a 2
mm sieve. They were used to determine chemical properties of
soil. Soil pH determination was carried out in KCL and water in
1:2.5 soil/water ratio. The values were read off using Beckman
zeromatic pH meter (Peech, 1965). Total nitrogen was
determined using modified method described by Bremmer and
Mulvancy (1982). Organic carbon determination was done using
Nelson and Sommers (1982) procedure Available phosphorus
was determined by Bray-2 method as described by Bray and
Kurtz (1945). Exchangeable cations of Ca, Mg, K and Na were
extracted using the procedure described by Tel and Rao (1982).
Exchangeable acidity was determined using titration method
(Juo, 1979). Cation exchange capacity determination was carried
out using I N NH,OAC solution. Percent base saturation was
calculated as follows

%BS = TEB X 100
CEC 1 1
where
%BS - Percent base saturation
TEB - Total exchangeable bases
CEC - Cation exchange capacity
Data Analysis

Data collected from the study were subjected to analysis of
variance (ANOVA) for randomized complete block design
(RCBD). Means were separated using Fisher’s least significant
difference (F-LSD) for those which were significant as
recommended by Steel and Torrie (1980).

Results and discussion

Table 1 shows the nutrient composition of the animal
wastes used for soil amendment. The pH value is slightly acidic
for the wastes (USDA SCS, 1974). Available phosphorus and
total N were of low values according to (Landon, 1991).
Organic matter (Enwezor et al., 1981) is low. Exchangeable
calcium and magnesium though dominated exchange complex
was low (Asadu and Nweke, 1999). Generally, the nutrient
concentration is higher in poultry droppings compared to cow
dung and swine waste.

Pre-planting soil properties

Pre-planting soil properties (Table 2) indicate that sand
fraction dominated the Particle Size Distribution (PSD). The
textural class was sandy loam. The pH was slightly acidic
(USDA SCS, 1974). Available phosphorus, total N and organic
matter were low (Landon, 1991). Exchangeable Ca and Mg
dominated the exchange complex of soil. The exchangeable
acidity was 1.84 cmolkg™ confirming the acidic nature of the
soil. Cation exchange capacity is low (Asadu and Nweke, 1999).
Percent base saturation is moderate (Asadu and Nweke, 1999).
Particle size distribution after amendment

The particle size distribution (Table 3) did not vary
appreciably after planting. The sand fraction dominated other
particles in the treatments. The texture still remained sandy
loam.
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Table 1. Nutrient composition of Animal wastes

Elements Animal wastes
Units SW PD CD
pH in KCL 5.2 5.4 5.3
Available phosphorus | mgkg™? 19.20 | 20.88 | 17.42
Nitrogen % 0.09 | 0.11 0.09
Organic matter % 158 | 1.80 1.42
Calcium cmolkg™® | 3.92 | 400 | 4.56
Magnesium cmolkg® | 1.52 | 1.44 | 2.00
Potassium cmolkg? | 0.22 [ 025 | 0.23
Sodium cmolkg® | 0.16 | 0.16 | 0.15

Sw-swine waste, PD-poultry dropping, CD —cow dung.

Table 2. Soil properties at initiation of study

Elements Units Values
Sand % 61

Silt % 21
Clay % 18
Texture Sandy loam
pH in KCL 5.1
Available P mgkg? | 22.40
Nitrogen % 0.10
Organic matter % 1.82
Calcium cmolkg? | 4.80
Magnesium cmolkg™® | 2.00
Potassium cmolkg™® | 0.20
Sodium cmolkg® | 0.14
Exchangeable acidity cmolkg™ | 1.84
Cation exchange capacity | cmolkg™ | 7.04
Base saturation % 79.50

Table 3. Particle size distribution following amendment of animal wastes

Treatment Particle sizes Texture
%sand  %silt % clay

Control 61 23 14

Swine waste 60 25 15 Sandy loam

Poultry dropping 62 23 16 T

Cow dung 62 24 14

Table 4. Effect of animal wastes amendment on soil physical properties

Treatments Soil physical properties

BD (gcm™) | TP(%) | AS(%) | MWD(mm) | HC(Cmhr?) | GMC(%)
Control 1.61 39.2 42.2 1.9 59.03 20.37
Swine waste 1.51 43.0 46.4 2.5 69.00 25.87
Poultry dropping | 1.44 46.0 50.8 2.6 71.62 27.75
Cowdung 1.54 42.0 43.4 2.3 66.37 24.75
FLSD (0.0) 0.03 8.0 3.7 0.2 2.24 1.20

BD- Bulk density, TP — total porosity, AS — aggregate stability, MWD-mean weight diameter, HC-hydraulic conductivity, GMC-gravimetric
moisture content.

Table 5. Effect of animal wastes amendment soil chemical properties

Treatment | < Chemical properties —>
cmolkg™ — >

pH(KCL) | Pmgkg™ N% |OM% | Ca Mg K Na Ea CEC %BS
Control 4.8 14.88 0.08 | 1.24 3.92 1.44 021 | 0.17 2.48 5.81 70.17
Swine waste 5.2 19.20 0.09 | 1.54 4.32 2.00 0.22 | 0.16 2.06 6.68 76.51
Poultry dropping 5.3 20.88 0.11 | 1.80 4.00 2.05 0.25 | 0.16 1.84 6.91 78.32
Cow dung 5.0 17.42 0.09 | 1.42 4.56 1.52 0.23 | 0.14 1.88 5.85 76.45
FSLD (0.05) NS NS NS NS NS 0.34 NS NS NS NS NS

Table 6. Effect of animal wastes amendment on crop yield

Treatment Yield of crops (tha™®)
Maize groundnut

Control 1.9 1.0

Swine waste 2.3 1.3

Poultry dropping | 2.4 1.6

Cow dung 2.2 1.3

FSLD (0.05) 0.2 0.3
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This agrees with the report of Obi (2000) that texture was
immutable and did not change after cultivation or planting. The
texture of soil is of primary importance especially as it is a
determinant of nutrient, water retention and supply. It is also
associated with soil compactibility and compressibility.
Generally, texture influences soil productivity.

Effect of animal wastes amendment on physical properties of
soil

Table 4 shows effect of animal wastes amendment on soil
physical properties. The results show that bulk density of animal
wastes amended soil was significantly (P<0.05) lower than
control. Similarly, significantly (P<0.05) lower bulk density was
obtained under poultry droppings treated plots compared to cow
dung and swine waste amended ones. This bulk density in PD
was lower by 5 % and 7 % when compared to cow dung and
swine wastes treatments. Mbagwu and Piccolo (1990) observed
that animal wastes amendment of soil significantly reduced bulk
density. This could be attributed to effect of nutrients contained
in animal wastes, particularly organic matter released to the soil
on decomposition (Table 1). The lower bulk density in poultry
droppings amended plots would be due to higher organic matter
released to soil compared to other animal wastes.

Total porosity had inverse relationship with bulk density.
Generally, the total porosity of plots treated with animal wastes
were significantly (P<0.05) higher relative to control. The total
porosity of poultry droppings amended plots increased by 9 and
7% over cow dung and swine waste amendments. Gou (1987)
and Pauletto et al. (1990) noted that total porosity increased in
soil amended with animal wastes relative to control.
Furthermore, Akanni and Ojenyi (2008) observed that organic
matter supplied by animal wastes application stabilized soil
structure and that increased soil porosity. The high total porosity
and lower bulk density under poultry droppings (PD) treatment
could be attributed to higher organic matter content that helped
to stabilize the soil (Tableb)

Significantly (P<0.05) higher aggregate stability was
obtained in plots amended with poultry droppings (PD) and
swine waste amendments relative to cow dung and control. The
aggregate stability in PD amended plots was higher by 9 and 15
% than swine waste and cow dung amendments. The
amendment of animal wastes significantly (P<0.05) increased
mean weight diameter over the control. The values of mean
weight diameter did not significantly vary among the animal
wastes treatments. The significant improvement in aggregate
stability under poultry droppings amendment could be attributed
to higher nutrient content that helped to bind the soil particles
into aggregates. The pronounced positive effect on aggregate
stability and mean weight diameter of animal wastes in plots
where they were amended suggest that animal wastes
application could improve these soil properties. The hydraulic
conductivity and moisture content were significantly (P<0.05)
higher under animal wastes treatment relative to control. The
hydraulic conductivity and moisture content were 4 and 11 %
higher under PD treatment when compared with swine waste
and cow dung, respectively. Anikwe (2000) attributed higher
hydraulic conductivity obtained under animal wastes
amendment to high total porosity and reduced bulk density.
Weil and Kroontje (1979) had earlier reported that organic
wastes application on soil increased hydraulic conductivity. The
findings in moisture content is in line with Obi and Ebo (1995)
observation which noted that increase in moisture content was
due to colloidal nature of organic matter which increased the
soil moisture retention capacity.
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Effect of animal wastes amendment on soil chemical
properties

Effect of animal wastes amendment on soil chemical
properties (Table 5) shows that available P, percent total N and
organic matter (OM) were not significantly (P<0.05) different
from control. The result indicated that the values of available P,
N and organic matter were higher under poultry droppings
application relative to swine waste and cow dung treatments,
respectively. These soil parameters were higher by 8, 17, 18, 18,
12and,21 % in PD amended plots compared to swine waste and
cow dung amendments, respectively. The higher available total
N and organic matter obtained in plots amended with animal
wastes agree with the findings of Sharply et al. (1994) that
organic wastes amendment of soil increased available P relative
to control. Jekinson (1990) and Bernston and Aber (2002)
observed that organic wastes incorporation in soil gave higher
values of total N and organic matter. The values of available P,
organic matter and total N were low to very low (Landon,
19991) in all the treatments.

The exchangeable Ca, K and Na were not significantly
(P<0.05) different from control. However, Mg under poultry
droppings and swine waste treated plots were significantly
(P<0.05) higher than control. Poultry droppings amended plots
yielded higher exchangeable Ca, Mg, K and Na relative to swine
waste and cow dung treated ones. The values of these
exchangeable cations in all the treatments were low (Asadu and
Nweke, 1999). Organic wastes amendment of soil increase
exchangeable cations particularly Mg and Ca due to materials
they add to soil (Hue and Licudine, 1999; Perucci, 1992).
Adeniyi and Ojeniyi (2005) reported that organic wastes
application increased K content in soil compared to control. The
increase in K content in soil due to organic wastes amendment
was reported by Andrews et al. (2002). Increase in Na content of
soil amended with organic wastes had been reported by (Chang
and Tiguo, 1990).

Exchangeable acidity (EA), cation exchange capacity and
percent base saturation (%BS) were not significantly (P<0.05)
different from control. The exchangeable acidity of control was
higher relative to animal wastes amendment. Clark et al. (1998)
as corroborated by Mbah (2004) observed that animal wastes
treatment precipitates exchangeable AI** and H* that constitute
exchangeable acidity (EA) due to their organic matter content
which was added to the soil. Exchangeable cations increase with
incorporation of organic wastes and this in turn increases cation
exchange capacity (Pool et al., 2002). Jokova et al. (1997)
further noted that cation exchange capacity increased with
addition of organic wastes into soil. Percent base saturation of
poultry droppings amended soil was slightly higher compared to
swine waste and cow dung treated ones. Agboola and Fagbenro
(1985) in their findings reported that animal wastes application
in soil increased base saturation. Cation exchange capacity and
percent base saturation were of low (Asadu and Nweke, 1999) to
medium (Asadu and Nweke, 1999) values in the treatments.
Effect of animal wastes amendment on grain yields of maize
and groundnut.

Effect of animal wastes amendment on grain yields of
maize and groundnut is shown in Table 6. Significantly (P<0.05)
higher grain yields of maize and groundnut were obtained under
animal wastes treatment relative to control. Crop yields were
higher under poultry droppings amendment by 4, 8 % and 19, 19
% respectively for maize and groundnut when compared to
swine waste and cow dung treatments. The higher grain yields in
plots treated with animal wastes compared to control could be
attributed to nutrient composition in these wastes which were
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released to the soil on application (Table 1). Furthermore,
animal wastes have properties that improve soil properties and
increase maize and groundnut yields. Similarly, the higher
yields obtained under poultry droppings amendment relative to
swine waste and cow dung treatments could be as result of better
nutrient composition (Table 1) observed in the treatment. Higher
grain yield of maize under poultry droppings amended plots
relative to other animal wastes had been noted by Agbim (1985).
Conclusion

The results have shown that animal wastes amendment
could improve physico-chemical properties of degraded ultisol
and enhance crop yields. Of all the treatments, poultry droppings
was superior in improvement of soil physico-chemical
properties and yields of crops at the same rate of application.
The performance of the treatments in enhancement of soil
properties and crop yields could be rated as poultry droppings >
swine waste > cow dung > control. Alternatively, poultry
droppings could be recommended for treatment of degraded
ultisoil.
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