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We examined physicochemical and biological parameters in order to assess their effectiveness as stability
and maturity indicators during the forced-aeration composting process of chicken manure mixed with
different amounts of sawdust, yielding initial C/N ratios of 12, 18 and 28. The composting mixture with
initial C/N ratio of 28 maintained the temperature exceeding 55 �C for more than 3 d, but the period with
temperature above 55 �C in the bottom layer of the composting mixtures with initial C/N ratios of 12 and
18 did not meet the requirement of pathogen destruction. The final electrical conductivity in three com-
posting mixtures did not exceed the limit value of 3000 lS cm�1 for stable composts. Only the final
NHþ4 � N of composting mixture with an initial C/N ratio of 28 did not exceed the limit value of
400 mg kg�1 to be considered a stable compost. The NO�3 content in the three composting mixtures
increased with the composting time, and a more pronounced increase was found in the composting mix-
ture with an initial C/N ratio of 28. The final specific oxygen uptake rate was 2.38, 2.35, 0.70 mg h�1 g�1

organic matter for composting mixtures of initial C/N ratio of 12, 18 and 28, respectively, which sug-
gested a higher stability in composting mixture of initial C/N ratio of 28. The final germination index
in composting mixture of initial C/N ratio of 28 was 94%; however, the germination indices in the com-
posting mixtures of initial C/N ratio of 12, 18 were never over 80%.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Chicken manure is a valuable resource as a soil fertilizer, pro-
viding a high content of macro- and micronutrients for crop
growth (Stephenson et al., 1990). However, due to the rapid devel-
opment of chicken farms in China, its overproduction and accumu-
lation have become a serious environmental problem. Chicken
manure could cause serious environmental problems such as hu-
man and animal risks, odours resulting from the emission of toxic
gases, the leaching of nitrates, and other pollutants into groundwa-
ter (Garbarino et al., 2003). Therefore, it is necessary to find a suit-
able alternative to reduce the environmental problems associated
with the management of manures. The composting process is
one of the best-known processes for the biological stabilization
of solid organic wastes by transforming them into a safer and more
stabilized material that can be used as a source of nutrients and
soil conditioner in agricultural applications (Michel et al., 1996).

The application of stable and mature compost in agriculture can
improve the soil structure by increasing soil organic matter (OM),
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suppressing soil borne plant pathogens, and enhancing plant
growth (Haga, 1999). However, when unstable and immature com-
post is applied to agricultural soil, it would cause N starvation to
plants (Kotaro et al., 2005), phytotoxic effects due to the emission
of ammonia and other substances like phenolic compounds and
low molecular weight organic acids (Bernal et al., 2009), and the
presence of pathogens (Fang et al., 1999). To assure the safety of
compost in agricultural application, the maturity and stability have
been used to define compost quality (Moral et al., 2009). The stabil-
ity is strongly related to the rate of microbial activity in compost,
and it is evaluated by different respirometric measurement and/
or by studying the transformations in the chemical properties of
compost OM. The maturity generally refers to the degree of decom-
position of phytotoxic organic compounds produced during the ac-
tive composting phase and to the absence of pathogens and viable
weed seeds, and biological methods involving seed germination
tests and plant growth bioassays are normally used for its evalua-
tion. Therefore, compost maturity and stability are important fac-
tors for the land application of composting product.

In order to achieve a successful composting, the influencing fac-
tors such as temperature, moisture content, aeration, pH, C/N ratio
and composting mixtures should be appropriately controlled. C/N
ratio is regarded as one of the key factors affecting composting
process and compost quality (Michel et al., 1996). High C/N ratios
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make the composting process very slow as there is an excess of
degradable substrate for the microorganisms. When C/N ratio is
low, the excess of N can be lost from the composting mass through
leaching or volatilization as ammonia. Low C/N ratios can be cor-
rected by adding a bulking agent to provide organic carbon. Huang
et al. (2004) have evaluated the effect of C/N ratio (15 and 30) on
the purpose of reducing the amount of sawdust, which is normally
used as co-composting material. Ogunwande et al. (2008) success-
fully composted chicken manure and sawdust at the C/N ratio of
20, 25 and 30 in turned windrow composting mixtures at different
turning frequency. Kulcu et al. (2008) studied the effect of different
C/N ratios (22.5 and 20.6) on the composting process of chicken
manure mixed with carnation waste, spent mushroom, cattle man-
ure. However, the effects of C/N ratio (especially low initial C/N ra-
tio) on the compost stability and maturity have not been evaluated
during the forced-aeration co-composting of chicken manure and
sawdust.

The two major objectives of this study were: (a) to describe the
physicochemical and biological changes during the forced-aeration
composting of chicken manure, by altering the initial C–N ratio,
and (b) to compare different parameters with regard to their ability
to evaluate compost stability and maturity.
2. Materials and methods

2.1. Composting mixtures

Chicken manure was taken from a chicken farm located in Jiaoz-
hou District, Qingdao. Sawdust was obtained from sawmill of
Ocean University of China, Qingdao. Since sawdust has a relatively
high C content, it was used as bulking agent in order to adjust the
C/N ratio. Both the chicken manure and sawdust were mixed in dif-
ferent proportions of 16.3:1, 6.9:1 and 3.4:1 on fresh weight basis,
yielding initial C/N ratios of 12, 18 and 28, respectively. The
physicochemical properties of the starting materials are shown in
Table 1.

2.2. Composting set-up

Three same forced-aeration composting systems were set up in
the present study. The composting process of each mixture was
carried out in a reactor with approximate dimensions of 80 cm
long, 72 cm wide and 132 cm high, and the volume of 600 L was
filled with composting mixtures studied.

Perforated polyvinylchloride (PVC) plate was used at the bot-
tom of each reactor to hold composting mixture and distribute
air equally. The composting system was connected with a blower,
which provided air into the reactor from the bottom. A combined
controller of time and temperature was applied to control the force
aeration. The airflow rate was regulated at 180 L min�1. The func-
tioning of the air blower varied as a function of temperature: (i)
continuous aeration when the temperature of the composting
Table 1
Physicochemical properties of chicken manure and sawdust.a

Parameter Chicken manure Sawdust

pH 7.37–7.47 5.37–5.49
Moisture content (%)b 78.2 (0.21) 8.5 (0.13)
Total organic carbon (%)c 21.4 (0.02) 51.5 (0.11)
Total nitrogen (%)c 2.86 (0.08) 0.12 (0.00)
C/N ratio 7.5 (0.4) 368 (8)

a Values are means ± standard error (n = 3).
b Wet weight basis.
c Dry weight basis.
mass overcame the value of 65 �C; (ii) intermittent aeration
according to a preset cycle of 5 min aeration and 5 min pause when
the temperature was found between 55 and 65 �C; and (iii) inter-
mittent aeration according to a preset cycle of 5 min aeration fol-
lowed by 10 min pause when the temperature was below 55 �C;
(iv) intermittent aeration according to a preset cycle of 5 min aer-
ation followed by 60 min pause during the curing phase. Three
temperature sensors were vertically mounted at 0.3 m (bottom
layer), 0.55 m (middle layer), and 0.8 m (top layer) above the PVC
plate. Temperatures reading were collected with a computerized
control system. The period of thermophilic phase were 7, 8 and
9 d for composting mixture of initial C/N ratio of 12, 18 and 28,
respectively, and the maturation stages began on day 18, 21, and
23. To prevent moisture loss, each composting piles was covered
with a 5-cm layer of mature compost.

2.3. Sampling and analysis

At each sample occasion three subsamples (ca. 200 g) were ta-
ken from each composting mixture at different locations (0.3,
0.55 and 0.8 m from the bottom), and they were gently mixed for
physicochemical and biological analyses. The samples were sam-
pled every 2 d for the first 10 d, and then every 5 d till 115 d of
composting. Air-dried subsamples were ground to pass through a
0.25 mm sieve and stored in a desiccator for further analysis. The
fresh samples were used to analyze OM, pH, NHþ4 , NO�3 , electrical
conductivity (EC), germination index (GI), specific oxygen uptake
rate (SOUR) and cation exchange capacity (CEC); whereas total
nitrogen (TN) and total organic carbon (TOC) were determined by
air-dried samples.

TOC was determined by potassium dichromate and sulphuric
acid method (Lu, 2000), and TKN was measured by a Kjeldahl
digestion method (Lu, 2000). SOUR was investigated by a respi-
rometer (BI-2000, USA). Water extracts from the composting mix-
tures were prepared in a ratio 1:10 (w/v) in order to analyze
different parameters, such as pH, EC, NHþ4 , NO�3 and CEC. The sus-
pensions were shaken 1 h, centrifuged at 12 000 rpm for 20 min,
and filtered through 0.45 lm membrane filters. The pH and EC
were determined using a pH-3C meter and a DDS-307 conductivity
meter, respectively. NHþ4 was analyzed by the spectrophotometry
of salicylic acid and sodium hypochlorite (Lu, 2000), and NO�3
was measured with ionic chromatography (Wei, 2002). The barium
acetate method was used to analyze CEC (Harada and Inoko, 1980).

Seed germination and root length test was carried out on water
extracts by mechanically shaking the fresh samples for 1 h at
solid:double distilled water ratio of 1:10 (w/v, dry weight basis).
About 5.0 mL of each extract was pipetted into a sterilized plastic
petri dish lined with a Whatman #2 filter. Ten cress seeds (Lepidi-
um sativum L.) were evenly placed on the filter paper and incu-
bated at 25 �C in the dark for 48 h. Triplicates were analyzed for
samples from each composting mixture. Treatments were evalu-
ated by counting the number of germinated seeds, and measuring
the length of roots. The responses were calculated by GI that was
determined according to the following formula (Zucconi et al.,
1981):

GIð%Þ ¼ Seed germinationð%Þ � root length of treatment
Seed germinationð%Þ � root length of control

100
2.4. Statistical analysis

The results were submitted to an analysis of variance in order to
determine changes in the variables with the composting time. All
analyses were performed in triplicate using the Statistica software
program v 5.1 (StatSoft Inc., Tulsa, OK, USA).
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3. Results and discussion

3.1. Evolution of composting temperature

The temperature has been widely recognized as one of the most
important parameters in the composting process (Strom, 1985).
The rise and fall in temperature have been found to strongly corre-
late with the microbial activity (Tiquia et al., 1996). The tempera-
ture exceeding 55 �C is necessary to destroy the pathogens in
composting mixture for at least three consecutive days (Zhang
and He, 2006). Fig. 1 shows the temperature change in the three
composting mixtures at different layers during the composting
process. The temperature of middle layer was always the highest
in each composting mixture, and the temperature in the bottom
was the lowest due to the evaporative cooling effect of the incom-
ing air. Initially, due to the rapid breakdown of the available OM
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Fig. 1. Change in temperature values during composting of chicken manure mixed
with sawdust at different initial C/N ratios. (a) C/N ratio of 12, (b) C/N ratio of 18, (c)
C/N ratio of 28.
and nitrogenous compounds by microbial activities, the tempera-
ture of the three composting mixtures rapidly increased to 47–
50 �C on the first day and reached their maximal value of 60, 64
and 68 �C for composting mixture with initial C/N ratio of 12, 18
and 28 on the 4th day, respectively. As the OM became more sta-
bilized, the microbial activity and the OM decomposition rate slo-
wed down, and the temperature in the three composting mixtures
gradually decreased to reach ambient temperature. The compost-
ing mixture with initial C/N ratio of 28 maintained a temperature
exceeding 55 �C for 4 d in the top, 8 d in middle and 3 d in bottom
layer, which ensured the maximum pathogen reduction and the
stabilization of OM. However, the temperature of top and bottom
layer in composting mixture with initial C/N ratio of 12 as well
as bottom layer in composting mixture with initial C/N ratio of
18 did not meet the requirement of pathogen destruction. The
thermophilic phase of composting mixture with initial C/N ratio
of 12 and 18 was shorter than composting mixture with initial C/
N ratio of 28, which was attributed to insufficient of carbon source
of the low C/N.

3.2. Evolution of pH and EC

The pH changes in composting of chicken manure and sawdust
at different initial C/N ratio are shown in Fig. 2a. As a result of the
release of ammonia from ammonification and mineralization of or-
ganic nitrogen during the initial phase of composting (Wong et al.,
2001), the pH values for composting mixtures of initial C/N ratio of
12, 18 and 28 increased from initial pH 7.7, 7.5 and 7.3 to maxi-
mum pH 8.3, 8.2 and 7.9 on day 3, respectively. After that, the
pH gradually decreased and stabilized in alkali values for the three
composting mixtures, due to the volatilization of ammonia, the H+-
released from microbial nitrification, the decomposition of OM and
production of organic and inorganic acids, and the release of
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Fig. 2. Change in pH and electrical conductivity (EC) during composting of chicken
manure mixed with sawdust at different initial C/N ratios. Values are means ± stan-
dard error (n = 3).
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carbon dioxide during the composting process (Wong et al., 2001).
The pH value of the composting mixture with an initial C/N ratio of
28 was lower than that in the other composting mixtures, possibly
due to it contained a higher amount of sawdust (this residue had a
low pH value (Table 1)).

EC reflects the degree of salinity in the composting product,
which indicates its possible phytotoxic/phyto-inhibitory effects
(e.g. low germination rate, withering) on the growth of plants
(Lin, 2008). Fig. 2b shows a similar pattern of change in EC for
the three composting mixtures. EC for composting mixtures of ini-
tial C/N ratio of 12, 18 and 28 increased from the initial 3018, 2840
and 2360 lS cm�1 to the maximum 6380, 5612, and 5231 lS cm�1

on the 4th day, respectively, followed by a gradual decrease till the
end of composting process. The initial EC increase could be caused
by the release of mineral salts such as phosphates and ammonium
ions through the decomposition of organic substances (Fang and
Wong, 1999). As the composting process progressed, the volatiliza-
tion of ammonia and the precipitation of mineral salts could be the
possible reasons for the decrease of EC at the later phase of com-
posting (Wong et al., 1995). After 115 d of composting, the EC con-
tents of the composting mixture with an initial C/N ratio of 12, 18
and 28 were 2610, 2380 and 2050 lS cm�1, respectively, which did
not exceed the limit value of 3000 lS cm�1 suggested by Soumaré
et al. (2002) for stable composts.

3.3. Evolution of NHþ4 and NO�3

The NHþ4 content in the three composting mixtures increased at
the beginning, and then gradually decreased (Fig. 3a). The highest
NHþ4 concentration occurred during the first day of composting as a
consequence of an intense mineralization of the OM. Then, its con-
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Fig. 3. Change in NHþ4 �N and NO�3 � N during composting of chicken manure
mixed with sawdust at different initial C/N ratios. Values are means ± standard
error (n = 3).
tent quickly decreased possibly due to NH3-volatilization. Nitrifica-
tion, detected by the formation of NO�3 , mainly takes place during
the maturation stage when temperature is close to the ambient,
and its intensity depends on the amount of NHþ4 available to the
nitrifying bacteria (Fang et al., 1999). The NHþ4 �N content of the
composting mixture with an initial C/N ratio of 12, 18 and 28
was 1073, 846 and 350 mg kg�1 on day 115, respectively. The high-
er NHþ4 contents in the composting mixtures of initial C/N ratio of
12 and 18 were mainly owing to the initial composting mixture
with a lower C/N ratio. After 115 d of composting only the
NHþ4 �N content of the composting mixture with an initial C/N ra-
tio of 28 (350 mg kg�1) did not exceed the limit value of
400 mg kg�1 suggested by Zucconi and de Bertoldi (1987) for sta-
ble composts. In addition, only the final NHþ4 �N to NO�3 �N ratio
of the composting mixture with an initial C/N ratio of 28 did not
exceed the limit value of 0.16 for stable composts (Bernal et al.,
1998) (data not shown).

The NO�3 content in the three composting mixtures increased
with the composting time (Fig. 3b). As the high temperature (more
than 40 �C) inhibited the activity and growth of nitrifying bacteria
in the thermophilic phase, there was no significant increase in the
NO�3 content of the composting mixtures until 9 d. An increase in
the NO�3 content was observed when the curing phase started. This
increase was more pronounced in the composting mixture with an
initial C/N ratio of 28 probably due to the fact that the concentra-
tion of easily degradable organic substances was lower than that in
the other materials, and consequently there was a lower activity of
aerobic heterotrophic bacteria favouring the conditions for nitrify-
ing bacteria (Cáceres et al., 2006).

3.4. Evolution of SOUR

The SOUR in the composting process is linked with the micro-
bial activity and the OM decomposition, and it may directly reflect
the quantity of easily degradable organic compound in the com-
posting product, responsible for the lack of stability. The variations
of SOUR during the composting process showed a similar trend in
the three composting mixtures (Fig. 4a). The SOUR decreased from
an initial value of 8.6, 6.2 and 5.8 mg O2 h�1 g�1 OM to 4.5, 3.9 and
4.4 mg O2 h�1 g�1 OM for composting mixtures of initial C/N ratio
of 12, 18 and 28 on day 4, 2 and 2, respectively, which was due to
the inhibition of toxic substances (e.g. toxic concentration of
ammonia, low molecular weight short chain volatile fatty acid)
for microbial activity and the acclimatization of microbial biomass
to the experimental conditions (Lasardi and Stentiford, 1998). The
SOUR increased quickly to the maximal value of 21.2, 21.9 and
39.2 mg O2 h�1 g�1 OM on day 13, 9 and 9 corresponding to the
composting mixture with an initial C/N ratio of 12, 18 and 28,
respectively. The increase in SOUR could be attributed to the pres-
ence of easily degradable materials that stimulate the microbial
community of composting mixtures. Moreover, the release of labile
compounds resulting from the oxidative biodegradation of the ma-
trix during the composting process could also increase the SOUR.
As most of the susceptible OM was degraded, the SOUR gradually
decreased to was 2.4, 2.4, 0.70 mg O2 h�1 g�1 OM on day 115 for
composting mixtures of initial C/N ratio of 12, 18 and 28, respec-
tively, which suggested a higher stability in composting mixtures
of initial C/N ratio of 28.

3.5. Evolution of CEC

The CEC of the compost has also been used to evaluate the de-
gree of humification and/or maturity as proposed by Roig et al.
(1988). The CEC value for the three composting mixtures increased
throughout the composting period (Fig. 4b). Harada and Inoko
(1980) found an increase in CEC value during the composting of
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Fig. 4. Changes in specific oxygen uptake rate (SOUR), cation exchange capacity
(CEC) and germination index (GI) during composting of chicken manure mixed with
sawdust at different initial C/N ratios. Values are means ± standard error (n = 3).
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city refuse, and they concluded that a CEC value higher than
60 cmol kg�1 was the minimum needed to ensure an acceptable
maturity degree. The initial CEC for composting mixtures of initial
C/N ratio of 12, 18 and 28 was 16.8, 16.4 and 14.9 cmol kg�1, cor-
responding to the final CEC values 100, 149 and 208 cmol kg�1 for
mixtures of initial C/N ratio of 12, 18 and 28, respectively. The in-
crease in CEC during composting could be attributed to the accu-
mulation of materials bearing the negative charge, such as lignin-
derived products, and the increase of carboxyl and/or phenolic hy-
droxyl groups might have contributed to higher values of CEC in
the composts (Lax et al., 1986).
3.6. Phytotoxicity assay

The GI values in composting mixtures of initial C/N ratio of 12,
18 and 28 decreased from an initial level of 22, 31 and 33% to the
lowest value of 6, 8 and 10% on day 3, respectively (Fig. 4c), which
may be attributed to the release of toxic concentration of ammonia
and low molecular weight short chain volatile fatty acids, primarily
acetic acid (Fang et al., 1999). With the increase of composting
time, the GI in composting mixtures of initial C/N ratio of 28 in-
creased to 55% on day 13, 81% on day 27, and 94% on day 115. Zuc-
coni et al. (1981) reported that a GI value of more than 80% is an
indication of phytotoxic-free and mature compost. Similar sugges-
tions were also reported by Tiquia and Tam (1998). However, the
GIs in the composting mixtures of initial C/N ratio of 12, 18 were
never over 80% during the composting.

4. Conclusions

The physicochemical and phytotoxicity changes during the
forced-aeration composting of chicken manure and sawdust have
been investigated at initial C/N ratios of 12, 18 and 28. The com-
posting mixture with initial C/N ratio of 28 maintained the temper-
ature exceeding 55 �C for more than 3 d during the composting, but
the period with temperature above 55 �C in the bottom layer of the
composting mixtures with initial C/N ratios of 12 and 18 did not
meet the requirement of pathogen destruction. Only the final
NHþ4 �N content of the composting mixture with an initial C/N ra-
tio of 28 did not exceed the limit value of 400 mg kg�1 to be con-
sidered a stable compost, and a more pronounced NO�3 increase
was found in the composting mixture with an initial C/N ratio of
28. The final contents of SOUR and CEC suggested a higher stability
in composting mixture of initial C/N ratio of 28. The final GI in
composting mixture of initial C/N ratio of 28 was 94%; however,
the GIs in the composting mixtures of initial C/N ratio of 12, 18
were never over 80% during the composting. Therefore, the stabil-
ity and maturity in composting mixture of initial C/N ratio of 28
was superior to those in composting mixtures of initial C/N ratio
of 12 and 18.
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