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Abstract

Purpose This study aimed to achieve successful composting and aeration rate and to optimize the carbon:nitrogen (C:N)
ratio to provide favourable conditions for the process. In the current experiment, investigation were made on variations in
physico—chemical properties, i.e., temperature, ammonia and carbon dioxide emissions, pH, electrical conductivity (EC),
organic matter (OM) and seed germination index (GI%) of composting chicken manure mixed with sawdust and wood shav-
ings under different aeration rates in a closed reactor system.

Methods Three cylindrical reactors (total volume, 60 L) were used with three aeration rates of 0.25, 0.50 and 0.75 L min~
kg~! OM. The air was dispensed from the bottom of an air compressor. The ambient and compost temperature were monitored
thrice daily over 30 days of composting.

Results The highest temperatures were 56.9, 55.8 and 48.1 °C, with 0.25, 0.50 and 0.75 L min~! kg_1 OM aeration rates,
respectively. At the end of composting, lowest ammonia and carbon dioxide emissions were observed with 0.25 L min~!
kg~! OM aeration, indicating that this compost was more stable than other composts. The lowest GI was recorded on day 30
with 0.75 L min~! kg™' OM aeration, indicating severe phytotoxicity in the substrate. Maximum OM degradation occurred
with 0.25 L min~! kg=! OM aeration.

Conclusion This study, therefore, suggested that 0.25 L min~' kg~' OM aeration in the composing of the chicken manure
mixed with sawdust and wood shavings in closed a reactor system provided the most favourable conditions for maturation.
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the decaying process, the carbon:nitrogen (C:N) ratio must
be taken into account. Further, the successful composting of
animal manures, which are usually rich in nitrogen (Zmora-
Nahum et al. 2007), with materials having a high carbon
content, such as sawdust (Zhang and He 2006) and wood
chips (Adhikari et al. 2008), has been reported. Lignocel-
lulosic agricultural and forestry by-products such as pine
shavings and sawdust are commonly used as bulking agents
in composting with animal manures (Bernal et al. 2009).
These products are common and easily available from wood-
working companies in South Korea. An appropriate com-
bination of waste materials is important for attaining high
temperatures as it yields a suitable combination of carbon
and nitrogen for the growth and activity of the microbial
population (Singh and Kalamdhad 2012).

Composting requires oxygen for aerobic activity,
although too much aeration can lead to excessive cooling,
which inhibits the thermophilic condition required for opti-
mum decomposition. However, too little aeration can lead
to anaerobic conditions. The optimum aeration rate provides
sufficient oxygen for aerobic decomposition. The aeration
flow rate affects microbial activity, degradation rate and
temperature during the composting process (Kuter et al.
1985). For successful composting, factors such as moisture
content, C:N ratio, aeration rate, temperature, pH, compost-
ing materials and the method used should be appropriately
controlled. Temperature, moisture content and other factors,
such as C/N ratio (nutrient balance), pH and available nutri-
ents, have been previously shown to significantly impact
composting performance (Jackson and Line 1997).

Different aeration rates have been recommended, such
as 0.25 L min~! kg~! OM in the compost mixture of dairy
manure and rice straw (Li et al. 2008), 0.62 L min~" kg'1
Volatile Solids in the composting of vegetable and fruit
wastes (Arslan et al. 2011) and 0.5 L min™! kg_1 OM in
the composting of chicken manure and sawdust (Gao et al.
2010). The aeration rates differed depending on the different

Fig.1 Schematic diagram of
a reactor with experimental
apparatus. 1, air compressor;
2, solenoid valve; 3, timer; 4,
gas-washing bottle (solution of
NaOH); 5, gas-washing bottle
(distilled water); 6, airflow
meter; 7, reactor with insula-
tion; 8, perforated plate; 9,
temperature probe; 10, ammo-
nia sensor; 11, carbon dioxide
sensor; 12, leachate outlet
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materials being composted and the method of composting
process. The objective of this work was to investigate the
variations in physico-chemical properties, i.e., temperature,
ammonia and carbon dioxide emissions, pH, electrical con-
ductivity (EC), OM and the seed germination index (GI) of
composting chicken manure mixed with sawdust and wood
shavings under different aeration rates in a closed reactor
system.

Materials and methods
Experimental setup

Three cylindrical reactors with a total volume of 60 L
(height, 0.66 m; diameter, 0.34 m) were used in this experi-
ment. The compost reactors were insulated with a cover of
polyurethane foam of 2.54-cm width. A vertical rotational
axis with blades was used before obtaining the samples to
ensure the whole mixing of the composting quantity. The
reactors were fitted with a valve for dropping the leachate.

The airflow rates in three reactors were 0.25, 0.50 and
0.75 L min~! kg~! OM. The air was dispensed from the bot-
tom of an air compressor (Air Land S45-40-4.5, Korea), and
the airflow timing was intermittent with 45 min of aeration
followed by 15 min without aeration, which was controlled
by a timer and solenoid valve (AutoSigma HPW2120). An
airflow meter (Valve Acrylic Flowmeter, Cole-Parmer, USA)
and pressure regulators were used to control airflow rates as
shown in Fig. 1. A plastic grid was installed 0.08 m above
the bottom of the reactor to support the composting bed and
to ensure uniform air distribution. The compost temperature
was monitored thrice daily at 10 am, 2 pm and 6 pm at the
three different layers of the substrate (top, middle and bot-
tom) using a digital thermometer (Testo 905-T1). The ambi-
ent temperature was also recorded daily.
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Table 1 Initial parameters of composting chicken manure mixed with
sawdust and wood shaving

Parameters Values

Moisture content, %ww 65+0.76
Organic matter, %dw 85.1+0.80
pH 7.8+0.46
Electrical conductivity, mS cm™! 2.12 +0.05
C:N 25+0.28

C:N carbon:nitrogen, dw dry weight, ww wet weight

Before entering into the reactors, the air was mixed with a
solution of sodium hydroxide to eliminate the traces of car-
bon dioxide. Then, air was moisturised by passing it through
a gas-washing bottle containing 500 mL of distilled water
before entering the reactor to maintain the humidity inside.

Composting mixture

Fresh poultry manure combined with sawdust and wood
shavings were used as experimental materials. Poultry
manure was collected from poultry farms, whereas sawdust
and wood shavings were purchased from a wood-chipping
mill. Sawdust and wood shavings were mixed (1:1) and the
initial moisture content, organic matter content, pH, EC and
the C/N ratio of the compost were determined. The manure
with sawdust and wood shavings was mixed by means of a
concrete mixer to achieve better homogenisation of the mate-
rial. The initial moisture content and C:N ratio were adjusted
to approximately 65 and 25%, respectively, for filling the
three reactors (Table 1).

Analytical methods

Carbon dioxide emission was determined using Lutron
MCH-383SD electrochemical sensor set above the compost-
ing material in each reactor. The emission rate was checked
at 10-min intervals, and the recorded data were averaged
for further analysis and interpretation (Qasim et al. 2017).

The ZDL-800 electrochemical sensor was set above the
compost material in each reactor for the determination of
ammonia. The exposure of an electrochemical sensor to high
concentrations of ammonia over long periods leads to read-
ing errors; therefore, the ZDL-800 sensor was checked at an
interval of 1 h each day (Qasim et al. 2017).

The composting material was mixed by a vertical rota-
tional axis with blades before samples were obtained.
Approximately 50 g of the sample was taken from the top,
middle and bottom layers of the substrate. The moisture con-
tent of the experimental material was analysed by oven dry-
ing at 105 °C for 24 h (APHA 1995). The C and N content

was determined by an automated LECO TruMac CNS ele-
mental analyser. EC and pH were measured by mechanically
shaking the samples with distilled water at a solid:water
ratio of 1:10 (w/v) for 1 h. pH and EC were measured using
digital meters. The OM content (volatile solids) of the sub-
stance was calculated by heating in an oven at 550 °C for
6 h (APHA 1995).

Phytotoxicity assay

Aqueous extracts were used for testing seed germination and
root length, which was performed by mechanical shaking
the fresh samples for 1 h at a solid: double-distilled water
ratio of 1:10 (w/v, dry weight). Approximately 5.0 mL of
each sample extract was pipetted into a sterilised plastic Petri
dish lined with a Whatman #2 filter paper. Twelve radish
seeds were equally placed on the filter paper and incubated
in darkness at 25 °C for 72 h. Each composting mixture
sample was analysed in triplicates. The effects of treatments
were assessed by counting the number of germinated seeds
and determining root length. The responses were calculated
by GI % that was determined according to the following
equation (Zucconi et al. 1981):

Seed germination(%) (treatment) X root length (treatment)
Gl(%) =

Seed germination(%) (control) X root length (control)
x 100.
Statistical analysis

Statistical analysis was performed using the Prism 5 Graph-
Pad program. Data were presented as mean + standard error
of mean and analysed by one-way analysis of variance, fol-
lowed by Bonferroni’s multiple-comparison test with a sig-
nificance level of P <0.05.

Results and discussion
Temperature profile

The temperature profile can be used to classify the compost-
ing stages. Figure 2 shows the temperature profile of the
compost with three different aeration rates and the ambi-
ent temperature that was maintained at around 25 °C. The
compost temperature increased due to OM degradation by
microorganisms in the compost mass. The highest tem-
perature in each treatment was 56.9, 55.8 and 48.1 °C for
0.25, 0.50 and 0.75 L min~! kg~! OM, respectively. These
values were recorded on the third day at the middle of the
compost pile. The highest temperature lasted for a longer
time with an aeration rate of 0.25 L min~! kg™! OM. At
0.25 L min~! kg~! OM, temperature was maintained above
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Fig.2 Variations in temperature profiles during the composting pro-
cess with three aeration rates

55 °C for 3 days, which should be sufficient to kill patho-
gens. Stentiford (1996) reported that 55 °C for 2 days was
enough for maximum sanitation. Rising temperatures are
associated with vigorous microbial activity and rapid organic
matter degradation (Sarkar and Chourasia 2017). In the cyl-
inder reactor with 0.75 L min~! kg‘1 OM aeration rate, the
temperature did not reach 50 °C throughout the experiment
because of poor microbial activity and inadequate OM deg-
radation. The high aeration rate adversely affected a rise in
temperature. Lau et al. (1992) also reported that high aera-
tion rates resulted in a cooling effect that was detrimental
to the composting process. Nayak and Kalamdhad (2015)
reported that decreased heat generation leads to temperature
reduction in the composter. Temperature was significantly
different in all the three treatments during the thermophilic
phase (P <0.05).

Evaluation of pH and EC
The evaluation of pH is shown in Fig. 3. During the ther-

mophilic stage, pH increased significantly due to the decom-
position of OM. At an aeration rate of 0.25 L min~' kg™!
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OM, the pH of the compost increased from an initial
7.8-8.6 on day 4 and then gradually decreased to 6.6 on
day 30. At 0.50 L min~! kg~! OM, the pH of the compost
increased from an initial 7.8—8.5 on day 6 and then gradually
decreased to 6.8 on day 30. At 0.75 L min~! kg~! OM, the
pH of the compost increased from an initial 7.8-8.3 on day 4
and then gradually decreased to 6.9 on day 30. The increase
and decrease in pH are also directly related to the ammonia
content in the compost, probably due to the decomposition
of proteins into ammonium, as reported by other researchers
(Liao et al. 1995;Raviv 2005).

EC levels indicate the salinity of the compost, and higher
salt concentrations can be risky to the germination of seeds
and plants when the compost is used for growing plants.
Excessive salinity causes phytotoxicity, the level of which
varies depending on the plant species (Aslam et al. 2008).
The initial EC value was 2.2 mS cm™! in the reactors. EC
values first increased to 4.8, 4.14 and 3.8 with aeration rates
of 0.25, 0.50 and 0.75 L min~" kg_1 OM, respectively, fol-
lowed by a gradual decrease until the end of the composting
process. The initial EC rise may be due to mineral salts such
as phosphates and ammonium ions through the breakdown
of compost materials (Gémez-Brandén et al. 2008) (Fig. 3).

Evaluation of OM

The rate of OM degradation is an indicator of the overall
composting rate (Diaz and Savage 2007). In this experi-
ment, the volume and mass of composting materials were
considerably reduced. The evaluation of OM during the
composting of chicken manure with a mixture of sawdust
and wood shavings under different aeration rates is shown
in Fig. 4. OM content decreased in all reactors, indicat-
ing the biodegradation of the compost. OM percentage of
the compost decreased gradually from an initial 85% in all
reactors to 61, 64 and 65% with aeration rates of 0.25, 0.50
and 0.75 L min~! kg~! OM, respectively, on day 30. The
maximum OM degradation occurred with an aeration rate of
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Fig. 3 Variations in pH and electrical conductivity (EC) during the composting process with three aeration rates
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Fig.4 Changes in Organic matter (OM) degradation (%) during the
composting process with three aeration rates

0.25 L min~! kg~! OM, which provided an adequate oxygen
supply for microorganisms. High rate of aeration adversely
affected OM degradation during composting.

Evaluation of ammonia and carbon dioxide

The increase in ammonia emissions was observed in all
reactors during the thermophilic stage, and these emissions
then decreased in the maturation stage (Fig. 5a), although
a higher ammonia emission of 333 ppm was observed on
day 2 with an aeration rate of 0.25 L min~! kg~! OM due to
high temperature and pH. Ammonia emissions were expo-
nentially correlated with temperature during the first stage
of composting (Pagans et al. 2006). At day 30, no significant
differences in ammonia emissions were noted between the
reactors (P <0.05). At the end of composting, the lowest
ammonia emission of 34 ppm was observed with an aera-
tion rate of 0.25 L min~! kg‘1 OM, which also shows that
the compost was more stable here than in the other reactors.

Figure 5b shows the results of changes in carbon diox-
ide emission in all the three reactors. Carbon dioxide also
directly followed the temperature profile. Compost stability
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has been evaluated by carbon dioxide; as the composting
period increases, the microbial activity decreases. Petric
et al. (2009) reported that the mass of carbon dioxide was
directly proportional to microorganism activity during com-
posting. The results here showed that the highest carbon
dioxide emissions were observed between 2 and 4 days in all
reactors. During the whole process, the highest variation was
observed with an aeration rate of 0.75 L min~! kg_1 OM,
which shows that high aeration can lead to an unstable and
immature compost. At day 30, there was a significant differ-
ence in ammonia emissions between the reactors (P <0.05).

Phytotoxicity assay

GI shows the maturity and phytotoxicity of the compost
(Guo et al. 2012). Figure 6 shows GI changes with aera-
tion rates of 0.25, 0.50 and 0.75 L min~! kg~! OM dur-
ing the 30 days of composting. GI results in all reactors
decreased in the early phase, which shows the relatively
high salinity at the beginning. After 5 days, GI of all reac-
tors started to increase gradually owing to the decompo-
sition of toxic materials, which shows the maturation of
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Fig.6 Changes in the Germination index (GI%) of compost with
three different aeration rates
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Fig.5 Changes in ammonia and carbon dioxide emissions in the three reactors during composting
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Fig. 7 Correlation between electrical conductivity (EC) and germination index (GI%) of composting

the compost. The aeration rate had a significant influence
on GI (P <0.05). At the end of composting, GI was 84.5,
76.9 and 67.7% with aeration rates of 0.25, 0.50 and 0.75
L min~! kg~! OM, respectively. A GI of more than 80%
indicates a phytotoxicity-free and mature compost (Guo
et al. 2012). The lowest GI was with an aeration rate of
0.75 L min~! kg~! OM at day 30, indicating severe phy-
totoxicity in the substrate.

Relationship between EC and Gl

A high salinity resulted in a decreased GI of seeds. EC
shows the degree of salinity in composting, and it is a pos-
sible indicator of fertilizer phytotoxicity that will affect
plant growth (Lin 2008). EC shows a significant negative
correlation with GI of radish seeds (Fig. 7). The R? values
were quite high in all reactors, i.e., 0.86, 0.88 and 0.92
with aeration rates of 0.25, 0.50 and 0.75 L min™" kg_l
OM, respectively. At the end of composting, GI had
decreased to 84.5, 76.9 and 67.7% with EC values of 1.02,
1.19 and 1.4, respectively. This study suggested that low
EC values of a compost provide a better condition for
high seed germination.

* @ Springer

Conclusion

The highest temperature of 56.9 °C was recorded on day
3 with an aeration rate of 0.25 L min~" kg‘1 OM, which
also had the longest duration of high temperatures. Maxi-
mum OM degradation accrued with an aeration rate of
0.25 L min~! kg=! OM, which provided an adequate oxy-
gen supply for microorganisms. At the end of composting,
the lowest ammonia and carbon dioxide emissions were
observed with an aeration rate of 0.25 L min~! kg~! OM,
which also shows that the compost under this condition was
more stable. With an aeration rate of 0.75 L min~! kg=! OM,
the lowest GI was recorded on day 30, indicating severe
phytotoxicity in the substrate. The present study showed that
the combination of sawdust and wood shavings with poultry
manure in different aeration rates can be taken into account,
which is also the main parameter of stabilizing the compost.
Of the studied aeration rates, the rate of 0.25 L min~! kg_1
OM provided the most favourable conditions for composting
chicken manure with a mixture of sawdust and wood shav-
ings in a closed reactor system.
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