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ABSTRACT

Aims: Composting poultry manure is an effective way of enhancing its nutrient content and reduce
nutrient losses. There is the need to reduce gaseous nutrient losses during composting through the
use of covering materials. Assess the level of chemical enrichment of soil and sawdust used as
covering materials; and identify the most suitable medium that can best perform as a covering
material during composting of poultry manure.

Materials and Methods: Experiments were set up to examine the changes in the chemical
properties of soil and sawdust used as covering material for composted poultry manure. Five
treatments — no covering, layers of 2.8 kg soil, 5.6 kg soil, 0.9 kg sawdust, and black polythene
sheet on 5.28 kg broiler and layer manure heaps with four replications were arranged in a
completely randomized design. Samples were taken from the manure piles and the soil and
sawdust covering materials for chemical analysis at 3, 6 and 9 weeks after composting.

Results: The pH, N, P, K, Na and Ca, in both soil covers increased as time elapsed, whereas the
Mg and C/N ratios of the soil coverings decreased with time. With regards to the broiler manure,
however, the pH and the nutrient content of the two levels of soils used as cover increased at all
the stages of composting. Composting of both poultry manures resulted in the improvement of the
chemical properties of both sawdust and soil coverings. The enrichment ratio of N was greater in
the 5.6 kg soil than the 2.8 kg soil covering. Additionally, the 5.6 kg soil covering was highly
efficient (P = .05) in reducing N losses by 57 and 83.85% from the broiler and layer piles,
respectively. In general, the 5.6 kg soil was the most effective covering material.
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1. INTRODUCTION

Composting may be defined as a spontaneous,
biological decomposition process of organic
materials in a  predominantly  aerobic
environment. During the process of composting,
bacteria, fungi and other microorganisms break
down organic materials to stable, usable organic
substances called compost. It is a useful way of
transforming organic waste into valuable organic
matter for use as an organic amendment for soils
[1]. It is, therefore, regarded as an
environmentally acceptable method of waste
treatment which uses naturally occurring
microorganisms to convert biodegradable
organic matter into humus-like product. The
quality of the manure as a fertilizer increases
when composted, because the nitrogen becomes
more stable and nutrients are released more
slowly than they are from raw manure [2].
Composting also stabilizes organic wastes [3],
and destroys most parasites, and pathogens
contained in the wastes. A well composted
material is environmentally safe and a valuable
soil amendment for growing certain crops. In
view of this, composting has received increasing
interest as an effective method for handling
manure. Hence, composting could serve as an
inexpensive alternative for disposal of poultry-
based wastes and other biological residues [4].

Farmers wusually cover the manure during
composting with sawdust and polythene sheets.
According to Subair et al. [5], slow decomposing
materials that are high in lignin, such as sawdust
exhibit lower rate of N immobilization, with
immobilized N remaining in organic form for a
long time. They went further to conclude that
materials with moderate lignin contents are more
effective in reducing volatile N losses from
amended manure. Additionally, in order to
reduce N losses, most peasant farmers add or
cover manure with soil [6]. Accordingly,
Kirchmann and Lundvall [7] noted that the
amount of N lost from covered manure heaps
was lower than uncovered ones. The covered
manures also had higher moisture contents,
which may have accounted for the lower N
losses. Accordingly, Nommik and Vahtras [8]
reported that soils with fine texture, high cation
exchange capacity, low base saturation and low
pH can be effective absorbents of NH, /NHzN
from manure.

Most farmers usually cover manure heaps with
polythene sheets, soil and sawdust because they
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are inexpensive, and also protect the manure
from direct raindrop impact. Since the purpose of
composting manure is to contribute more to the
organic matter content of the soil, and enhance
nutrient stability and availability, the best
performing covering material should be able to
reduce gaseous losses during the composting
process. The objectives of the present study
were, therefore, to:

1. Assess the level of chemical enrichment of
soil and sawdust used as covering materials
during composting of poultry manure.

2. ldentify a suitable medium that can best

perform as a covering material for
composting of poultry manure.

2. MATERIALS AND METHODS

2.1 Experimental Design, Set up and

Analyses

The study was conducted in a screen house at
the Department of Crop and Soil Sciences,
Kwame Nkrumah University of Science and
Technology, Kumasi, Ghana. Three-month old
broiler and layer manures were used for the
study. Soil samples collected from 0-15 cm depth
were uniformly mixed to obtain a composite
sample. Manure composts were prepared with
3.5 kg poultry manure in plastic buckets of 12 L
volume, and compressed uniformly to the 8 L
mark to give a bulk density of 0.44 g/cm®. A 0.2
mm plastic mesh was placed on top of the
manure followed by the imposition of cover. Each
complete set up was moistened with 250 mL of
water and composted for a period of 9 weeks
with a turning every three weeks.

The experiment was set up in a Complete
Randomized Design with four treatments and
four replications giving sixteen experimental
units. The Treatments comprised no covering,
2.8 kg = 2 L volume topsoil covering, 5.6 kg=4 L
volume topsoil covering, 0.9 kg = 2 L volume
sawdust covering, and black polythene sheet. At
each turning of the compost (21 day intervals),
the soil and sawdust coverings were analyzed for
pH using H1 9017 Microprocessor pH meter in a
1:2.5 suspension of soil and water, total nitrogen
by the Kjeldahl's Method [9], available
phosphorous by the Bray P-1 method [10],
organic carbon (OC) by the Walkey and Black
wet oxidation method [11], and exchangeable
bases were by the 1.0 N ammonium acetate



extraction method buffered at pH of 7.0. Soil
particle size was analyzed by the hydrometer
method [12]. Temperatures of the composted
manure piles at the 10 days’ interval were taken
between 16 and 17:30 h GMT when the ambient
temperature was fairly stable. The data obtained
from the study was subjected to analysis of
variance (ANOVA) using GenStat (12th edition).
Mean comparison was done using the standard
error of difference (SED) at P = .05. Mean pairs
with significant differences were identified using
the Duncan’s Multiple Range Test.

3. RESULTS AND DISCUSSION

3.1 Initial Physico-chemical Properties of
Manure and Covering Materials

Tables 1 and 2 present the initial physico-
chemical composition of the different poultry
manure, and sawdust and soil. The pH of both
manures was high (basic). This may be attributed
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to the moderately high exchangeable bases
especially calcium in the litter used. In addition,
the chemical analysis revealed that both
manures were chemically rich in the major
nutrients [13]. The high organic carbon content
observed could be due to the high bedding
materials present in the manure.

The physico-chemical properties of the sawdust
and soil used as covering materials are
presented in Table 2. The pH of the soil was
moderately acid, while that of the sawdust was
neutral. The amount of soil N, P, and OC were
0.13, 11.78 and 1.98, whereas those of the
sawdust were 0.41, 0.86 and 44.49, respectively
(Table 2). The exchangeable cations, Ca, Mg,
Na, and K were 2.32, 1.16, 0.10, and 0.18%,
while those of the sawdust were 0.36, 0.37, 0.30,
and 0.09%, respectively (Table 2). The C/N ratio
of the soil was < 1/20 whilst that of the sawdust
was > 1/20. This is a clear indication that the
sawdust was not desirable for composting.

Table 1. Chemical properties of the broiler and layer manures used for composting

Parameters Layer Broiler
Total Nitrogen (%) 2.62 2.35
Available Phosphorus (mg/kg) 0.67 0.70
Potassium (cmol/kg) 3.33 3.09
Organic Carbon (%) 37.36 31.92
Calcium (cmol/kg) 1.41 1.56
Magnesium (cmol/kg) 2.01 1.31
Sodium (cmol/kg) 0.31 0.26
C/N ratio 14.26 13.61
pH (1:1 H,0) 8.50 8.81
Table 2. Physico-chemical properties of soil and sawdust coverings
Parameters Soil Sawdust
Total N (%) 0.13 0.41
Available P (mg/kg) 11.78 0.86
Exch. K (cmol/kg) 0.18 0.09
OC (%) 1.98 44.49
Ca (cmol/kg) 2.32 0.36
Mg (cmol/kg) 1.16 0.37
Na (cmol/kg) 0.10 0.30
C/N ratio 15.32 108.51
pH (1:1 H,0) 5.77 7.42
Bulk density (g/cm®) 1.40 0.45
Sand (%) 68.28 -
Clay (%) 18.72 -
Silt (%) 13.00 -
Texture Sandy loam -
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3.2 Temperature in the Composts sawdust throughout the composting period are

presented in Figs. 1 and 2. Composting of the
The temperature profiles obtained with the poultry manures was characterized by an initial
average values registered in the various piles increase in temperature to ca. 40°C (Figs. 1
covered with 2.8 and 5.6 kg soil, and 0.9 kg and 2).
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Fig. 1. Temperature profile of the composting process of broiler manure with different covering
materials (P = .05)
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Fig. 2. Temperature profile of the composting process of layer manure with different covering
materials (P = .05)
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The profiles describe a typical trend of
temperature-time curve of compost for the
different treatments. The temperatures declined
from the peak level (ca. 40°C) at 16 days after
composting (DAC). At ca. 30 DAC and beyond,
the temperatures increased by ca. 5 — 10°C in
the piles. These increases could be as a result of
the growth of fungi, which was rendered
inoperative at the initial high temperatures during
the composting processes [14,15]. For both
manures, the peak temperatures under all
treatments were above 40°C, although they were
below the thermophilic conditions (> 45°C).
These trends can be taken as a proximate
indicator of more persistence availability of
biodegradable organic matter, hence slower
degradation rates in the composts [16,17]. At 24
DAC, however, there was a fall in temperature
from the peak in all the treatments (Figs. 1 and 2)
to ambient levels (< 30°C); the temperatures
increased and remained steadily above 30°C
from the 32 DAC, and remained relatively
constant from 40 DAC until the end of the
experiment (64 DAC). This could have resulted
from the depletion of the readily decomposable
organic matter with time, which subsequently
caused the temperatures to drop and the
considerable retardation in the process.

The periodic declines in temperature as evident
in Figs. 1 and 2 were the due to the cooling effect
resulting from turning the piles and breakdown of
organic materials by microorganisms during the
composting process. The subsequent fall in
temperature observed in the composts as time
elapsed could be the result of the unavailability of
energy/substrate for microbial decomposition.
Accordingly, Barrington et al. [18] reported that
this observed phenomenon, where the
thermophilic temperature is maintained after a
few days or weeks is fundamental in composting.
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temperatures of compost piles after 14 days of
composting, and a progressive decrease to
constant levels after 40 DAC.

3.3 Chemical Enrichment of Soil Covering

The results of the chemical properties of the soil
coverings on both broiler and layer manure piles
at various sampling periods during the
composting process are presented in Tables 3
and 4.

In the statistical analysis, the entire column must
be analyzed with various coefficients, for
example (Total N column includes (2.8 kg soil
(8wac, 6wac and 9wac) and 5.6 kg soil (3wac,
6wac and 9wac)) not treatment 2.8kg soil only In
order to clarify the significant difference between
all transactions.

The results showed that the time of composting
affected the nutrient composition of the soil
coverings of the manure piles. The results
showed that the chemical properties of the soll
coverings on both manure piles, with the
exception of Mg in both, and C/N in the layer
manure pile covering increased throughout the
composting period (Tables 3 and 4). On the other
hand, Mg and C/N ratios of the soil decreased
with time in the case of the layer manure pile soil
coverings. Organic carbon was highest (P = .05)
at 6 weeks after composting (WAC) in the soil
coverings on both manure piles. The increase in
pH observed in the soil coverings resulted from
the entrapment of volatilized N from the manure
piles. This could also explain the observed
increase in total nitrogen content of the soil
coverings, since under high pH conditions,
bacteria activity is reduced with a consequential
increase in the nitrification of organic matter [20].
The 5.6 kg soil was the most efficient in tapping

Similarly, Khater et al. [19] observed peak gaseous N from both manure piles.
Table 3. *Chemical properties of soil coverings on broiler manure pile
Parameters 2.8 kg sail 5.6 kg soil
3 WAC 6 WAC 9 WAC 3 WAC 6 WAC 9 WAC
Total N (%) 0.18° 0.17° 0.21% 0.16" 0.18° 0.43°
Available P (mg/kg) 47.90° 50.70% 40.00° 50.80% 43.20° 26.40°
K (cmol/kg) 1.08° 1.49° 1.63% 1.58% 1.11° 1.02°
Na (cmol/kg) 0.67° 1.11° 0.91° 0.38" 0.59° 0.67°
Ca (cmol/kg) 3.02° 4.41° 3.07° 3.29° 3.46° 2.69°
Mg (cmol/kg) 0.62% 0.67% 0.38° 0.64° 0.60" 0.75%
OC (%) 1.97° 2.70° 1.92° 1.84° 2.14% 1.96%
CIN Ratio 10.94° 15.88% 9.14° 11.50% 11.89% 456"
pH (1:1 H,0) 7.39° 7.24° 7.42° 7.42° 7.19° 7.88°

*Data are means of four composite samples; WAC = Weeks after composting; Means within a row with different
superscripts differ significantly (P = .05)
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Table 4. *Chemical properties of soil coverings on layer manure pile

Parameters 2.8 kg soil 5.6 kg sail

3WAC 6 WAC 9WAC 3WAC 6 WAC 9 WAC
Total N (%) 0.18 0.18 0.19 0.15 0.16 0.16
Available P (mg/kg) 47.90°  50.71° 40.00°  50.80° 43.20° 26.40°
K (cmol/kg) 1.08° 1.49° 1.63% 0.58° 1.11° 1.02°
Na (cmol/kg) 0.67° 1.11° 0.91° 0.39" 0.59° 0.67°
Ca (cmol/kg) 3.02° 4.41° 3.07° 3.29° 3.46° 2.69"
Mg (cmol/kg) 0.62° 0.67% 0.38° 0.64° 0.62" 0.75°
OC (%) 1.97° 2.70° 1.92° 1.84° 2.04° 1.96°
CIN Ratio 10.94°  15.00 10.11°  12.27° 12.75% 12.25°
pH (1:1 H,0) 753" 6.85° 8.34° 7.08" 6.81° 7.29°

*Data are means of four composite samples; WAC = Weeks after composting; Means within a row with different
superscripts differ significantly (P = .05)

Enrichment ratio (ER) defined as the ratio of the
concentration of nutrient in the soil after
composting to the concentration of the nutrients
in the soil before composting, was used to
evaluate N and OC enrichments in the soil
covering. An ER greater than 1.0 indicated
enrichment. In respect of the broiler manure, the
enrichment ratios of C and N at 3, 6 and 9 WAC
were 0.99, 1.36, and 0.97 kg, and 1.38, 1.31
and, 1.6, respectively for the 2.8 kg soil covering,
and 0.92, 1.08, 0.99 and 1.23, 1.38, 3.3,
respectively for 5.6 kg soil cover. For the layer
manure, the enrichment ratios of the for the 2.8
kg soil cover at 3, 6 and 9 WAC were 0.98, 1.35
and 0.96, and 1.38, 1.38, and 1.46 for OC and N,
respectively. Conversely, the ER of OC and N
were 0.92, 1.02, and 0.98, and 1.15, 1.23, and
1.23, respectively for the 5.6 kg soil. Thus,
covering the poultry manure with soil was
beneficial with respect to nitrogen over the entire
composting period for both manures. The ER of
N was generally higher in the 5.6 kg soil covering
on the broiler manure pile, and the 2.8 kg soil on
the layer manure pile. This could have resulted
from the entrapment of N and CO, released from
the manure piles during the composting process.
It also appeared that the evolution and
entrapment of CO, from both manure piles
peaked at 6 WAC, thus increasing the C content
of the soil coverings. However, before 3 WAC
and after 6 WAC, the C contents of the soil
coverings remained fairly stable and were lower
than the initial levels.

The reduction in the C/N ratio of the soll
coverings during composting indicates an
enhanced quality due to N enrichment. There
was a fluctuation in the C/N ratio (rise and fall)
during the period of composting for both 2.8 kg
soil and 5.6 kg soil covers. At 9 WAC, both levels

of soil covering had reduced C/N ratios, with the
broiler manure pile showing a drastic reduction.
This was an indication of the extent of
decomposition of the initial C-rich material. This
could be attributable to the mineralisation of
organic matter resulting in the evolution of CO,
and heat [21]. In addition, apart from the total N
and C, the 2.8 kg soil, and 5.6 kg soil coverings
were also significantly enriched in available P
and other nutrients; available P was higher
before 9 WAC in the soil coverings for both
broiler and layer manure piles.

3.4 Chemical Enrichment Sawdust Used
as Covering Material

The nutrients content of the sawdust as affected
by composting are presented in Table 5. The
results show that composting of both broiler and
layer manure resulted in increased N, Ca, Mg
and K contents of the sawdust, whereas, Na and
C/N ratio reduced as time elapsed. On the other
hand, contrasting results were observed for
available P, OC and pH, wherein, broiler manure
was observed to increase OC, but reduced P and
pH in the sawdust, and vice versa, in the case of
the layer manure.

The trend of the results, however, showed that
the C content trapped in the sawdust from the
manure piles were highest (P = .05) at 3 and 6
WAC. In a similar manner, N trapped from both
manures piles were higher at 3 WAC. The
decrease in N content after 3 WAC may be
attributed to immobilisation of NH," by the
microorganisms with time. This could have
resulted from low the N relative to C, resulting in
the immobilization of N in the microbial biomass
during decomposition of C-rich materials [22],
and the utilization of microbial N by other

18



microorganisms when they die. This is a clear
indication that the entrapment by the sawdust of
volatilized N from both manures piles resulted in
increased amount of N in the sawdust compared
to the soil coverings. These observations
suggest that sawdust covering could be an
effective approach to minimizing C and N losses
from manure heaps.

3.5 Nitrogen Losses during Composting

Gaseous losses of N during composting of were
guantified in this study. The results were
obtained by subtracting N content of the compost
from the initial amount of N in the manure before
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composting. The total amount of N lost under the
various treatments are presented in Fig. 3.

Evidently, N losses from both manure piles were
highest (P = .05) under the no covering treatment
and lowest under the 5.6 kg soil covering. The N
losses from the broiler manure ranged between
ca. 9 to 20%, and from the layer manure, ca. 10
to 62%. Obviously, N losses from the layer pile
were significantly higher than from the broiler
manure pile under the various treatments. These
variations in the volatilization losses of N from
the manure piles under the different treatments
greatly depended on the balance with available
carbon [23,24] and oxygenation level [25].

Table 5. *Chemical properties of the sawdust covering on both broiler and layer manure piles

Parameters Broiler manure Layer manure

3 WAC 6 WAC 9 WAC 3 WAC 6 WAC 9 WAC
Total N (%) 1.40° 0.58° 0.60° 2.46° 2.37° 2.35"
Available P (mg/kg) 0.40% 0.10° 0.10° 1.44° 1.57% 1.46°
K (cmol/kg) 0.38% 0.33" 0.34° 2.96% 2.97% 3.00%
Na (cmol/kg) 0.25° 0.18° 0.20%° 0.26" 0.28° 0.26°
Ca (cmol/kg) 0.59% 0.56" 0.54% 1.27° 1.43° 2.39°
Mg (cmol/kg) 0.54% 0.60% 0.53% 1.26° 2.88" 3.46%
OC (%) 48.81° 47.112 45.08" 33.70° 32.30° 30.60"
CIN Ratio 34.86° 81.22% 75.13" 13.69° 13.62° 13.02°
pH (1:1 H,0) 7.13% 7.05% 7.09° 8.55" 8.73" 9.56"

tData are means of four composite samples; WAC = Weeks after composting;, Means within a row with different
superscripts differ significantly (P = .05)
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Fig. 3. Nitrogen losses from broiler and layer manure compost piles by different covering
materials at 9 WAC (P =.05)
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Fig. 4. Reduction in Nitrogen losses from broiler and layer manure piles by different covering
materials at 9 WAC (P = .05)

The higher (P = .05) losses of N from the layer
manure pile could be attributed to its relatively
lower C/N ratio in relative to the broiler pile since
high C/N ratio significantly reduces N losses
during storage and composting of livestock solid
manure [26]. The losses from the manure piles
agree well with reports by several studies. For
instance, Hansen et al. [27,28] reported N losses
of 33% and 31% during the composting of layer
manure and straw. Bonazzi et al. [29] also
reported N losses between 50 to 63%.
Mahimairaja et al. [30] measured a 17% loss of N
during composting of fresh chicken manure.
Thus, the results from the current study
corroborates the reports by Martins and Dewes
[19], Rao Bhamidimarri and Pandey [31], and
Tiquia and Tam [32], who concluded that ca. 20
to 77% of the initial N of the manure could be lost
during composting.

The relative abilities of the different covering
materials to reduce N losses (i.e., trap N gases)
from both broiler and layer manure piles are
presented in Fig. 4.

With regard to the broiler manure pile, reduction
in N losses was observed to be in the order of
5.6 kg soil (57%) > 2.8 kg soil (49%) > 0.9 kg
sawdust (44.7%) > black polythene sheet
(25.5%). For the layer manure compost,
reduction in N losses was in the order of 5.6 kg
soil (83.85%) > black polythene sheet > (80.74%)

20

> 0.9 kg sawdust > (76.40%) > 2.8 kg soil
(54.03%). Overall, composting with 5.6 kg soil as
covering material significantly reduced (p < 0.05)
the loss of nitrogen from both piles; reductions
from the layer manure was, however, relatively
higher (P = .05). This result is similar to what was
observed by Gotaas [6] that N loss can also be
reduced by adding soil to manure or covering the
heap with soil. Interestingly, the reduction in N
losses (i.e., level of trapped N) from the layer
manure by the covering materials was higher
compared to the broiler manure. This could be
due to the relatively higher initial amount of N in
the layer manure pile, and also the high C/N ratio
of the sawdust and soil coverings on the layer
manure pile.

4. CONCLUSION

Following the composting of layer and broiler
poultry manures, the chemical properties of both
sawdust and soil covering were highly enhanced.
With the exception of Mg (for both) and C/N ratio
(for layer manure) of the two levels of soil used
as covering were enhanced. The ER of N was
generally greater in the 5.6 kg soil cover than the
2.8 kg soil. During composting the 5.6 kg soil
covering greatly reduced N losses by 57 and
83.85% from the broiler and layer piles,
respectively. Although the sawdust had highest
nitrogen content, compared to the soil, 5.6 kg soil
is recommended due to its high ER, and the high



C/N ratio of sawdust (> 30) throughout the
composting period.
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