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ABSTRACT
The Pheretima califonica is chosen in the paper to explore the technical feasibility of processing
poultry manure with earthworms in practical applications. Three technical parameters including inoculum
amount of agents, thickness of buffer layer and density needed for processing fresh chicken manure
outdoors by earthworms are studied and determined. The sample inspections were performed to
examine water quality before and after digesting and processing chicken manure by earthworms. As
can be concluded from the result, it is feasible to process fresh chicken manure by earthworms
directly under outdoor environment. The optimal technical parameters are summarized as: same
inoculum amount of EM agent and nitrifying bacteria agent (each with 10mL/300g of fresh chicken
manure), 4cm thickness pavement of attapulgite buffer layer and the density of 12 earthworms in terms
of 300g of fresh chicken manure. The water quality after digesting and degrading chicken manure by
earthworms shows the obvious changes and increases in the content of inorganic nitrogen.
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INTRODUCTION

In fresh chicken manure, there is a high protein content and
large nitrogen and phosphorus load. Therefore, the fresh
chicken manure is not easily absorbed by plants directly
and has low microbial degradation process. If emitted
directly without treatment, the manure will bring about
serious pollution to the atmosphere (Guo et al. 2011, Paul et
al. 2005), soil (Iduna et al. 1995) and water environment
(Sergei et al. 2014). Since the powerful degradation prop-
erty of earthworms, they are widely used in the treatment
researches of organic wastes and livestock manure during
the recent years (Rani Vijaya 2010). However, current stud-
ies associated with processing livestock manure by earth-
worms have been mainly focused on the livestock manure
pretreatment by means of composting or air drying and de-
hydration, on mixing ratio of manually added straws and
wheat straws (Polder et al. 2010) etc. and on treatment by
earthworm digestion (Péter Völgyesi et al. 2014, Ajmone-
Marsan et al. 2008). The research contents are primarily
involved in earthworm proliferation, rearing techniques and
so forth (Alijagiæ Jasminka et al. 2011, Charlesworth et al.
2003, James et al. 2000, Trang et al. 2009). In addition,
researches on technology of livestock manure treatment by
earthworms were mostly developed under laboratory con-
ditions at current stage, thus short of application value.

Normal growth and proliferation of earthworms are af-
fected by temperature, humidity, density, bait and so on (In-
Hyun Nam et al. 2014, Chengalvarayan Dhakshayani 2014).

Direct treatment towards fresh chicken manure easily causes
protein poisoning of earthworms. A small-scale test finds
that the laying attapulgite buffer layer can effectively bal-
ance the effect and impact of the changed temperature, hu-
midity, and bait outdoors on the growth and proliferation of
earthworms. Synergistic effect of microorganisms can ac-
celerate digestion and degradation of organic matter by
earthworms. This paper chose fresh chicken manure as the
experimental material and set the experiment under natural
condition outdoors. The effect of inoculum amount of EM
agent and nitrifying bacteria agent, density of earthworms,
and thickness of living layer on the normal growth and pro-
liferation of earthworms was investigated. Moreover, the
characteristic change of water quality with chicken manure
was analysed, and the feasibility of directly digesting fresh
chicken manure by earthworms under natural conditions
was discussed, thus providing theoretical basis to apply the
technology practically.

MATERIALS AND METHODOLOGY

Experimental Materials

Experimental earthworms were Pheretima califonica which
were purchased from Taicang earthworm farm. Fresh chicken
manure in the experiment was selected from free-ranging
household in Gaocheng. EM agent was from Henan
Nongfukang Co., Ltd., and nitrifying bacteria agent was
obtained from Guangzhou Yier Biological Engineering Co.,
Ltd. Both EM agent and nitrification agent were diluted
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with pure water in the proportion of 1:20 and 1:30 respec-
tively. Attapulgite was obtained from Jianxi Earth
Attapulgite Processing Plant in Mingguang, which was
smashed upon thermal activation treatment under
250°C~300°C to get attapulgite with the particle level of
10~50 meshes.

Research Methods

Experiment on inoculum amount of microbial bacteria:
The study on this factor is to investigate the growth and
proliferation condition of earthworms during the process of
digesting and degrading fresh chicken manure under condi-
tions of spraying a single agent, spraying agents with equiva-
lent amount, and spraying agents in proportion respectively.

1. Six levels were set for a single agent (nitrifying bacteria
agent mL: EM agent mL), namely (0,0), (0,5), (5,0), (0,10),
(10,0), (0,15), (15,0) respectively

2. Three levels were set for agents with equivalent amount,
namely (5,5), (10,10), (15,15) respectively

3. Four levels were set for agents in proportion, namely
(5,10), (10,5), (5,15), (15,5) respectively

Fourteen plastic pots with the diameter of 25cm and
height of 15cm were selected, which were added with
attapulgite for 3cm in thickness. Then 15 earthworms with
the individual weight of 280mg~350mg were put in, and
additional 3cm attapulgite was covered. In the small-scale
test, it was found that the buffer layer was suitable for the
living of earthworms when its water content was around
10%, so the humidity of buffer layer, namely water content,
was adjusted to 10% or so. The prepared nitrifying bacteria
samples and the nitrifying bacteria samples of EM prepara-
tions were sprayed to the pots according to the different
levels respectively. The fresh chicken manure with the humid
weight of 15g was given to each pot every day. There was
permeable pores at the bottom of the pots and mesh cover at
the mouth to prevent the escape of earthworms. Under natu-
ral conditions outdoors, earthworms were fed and cultured
for 20 successive days (2012.11.15~2012.12.04).

During the experimental process, environmental tem-
perature and the living space temperature of earthworms
within the pots were recorded regularly every day.
Meanwhile, attapulgite within the pots was sampled every
three days to test its moisturizing effect and the experiment
records were kept.

Experiment on thickness of buffer layer: In the previous
experiment, the optimal inoculum amount of microbial
bacteria was determined. Under the optimal condition, 15
earthworms with the individual weight between 280mg and
350mg were inoculated in each pot, with 10mL of EM agent

and 10mL of nitrifying bacteria agent added. Then the
impact of buffer layer thickness on the growth and prolif-
eration condition of earthworms during the process of di-
gestion and degradation of fresh chicken manure was inves-
tigated. Five levels were set in the experiment, namely 0cm,
2cm, 4cm, 6cm, 8cm and 10cm, respectively. The water con-
tent of the buffer layer was adjusted to about 10% in each
group. Under natural conditions outdoors, earthworms were
fed and cultured for 20 successive days (2012.12.05
~2012.12.24). Meanwhile, temperature and humidity meas-
urements were recorded.

Experiment on density: In the prior experiment, the optimal
inoculum amount of microbial bacteria was determined.
Under the preferred condition, each pot was added with
10mL of EM agent and 10mL of nitrifying bacterial agent,
with the 4cm thickness of buffer layer and the water content
of around 10%. Then the impact of density on the growth
and proliferation condition of earthworms during the proc-
ess of digesting and degrading fresh chicken manure was
investigated. Nine test levels were set in the experiment,
namely 4, 6, 8, 10, 12, 14, 16, 18 and 20 earthworms respec-
tively with the individual weight of about 280~350mg. Un-
der natural conditions outdoors, earthworm were fed and
cultured for 20 successive days (2012.12.15~2013.01.13).
Simultaneously, temperature and humidity measurements
were recorded.

Characteristics of change in water quality with chicken
manure: According to the technical parameters determined
in the above experiment, a pot was set with a group of
earthworms to process fresh chicken manure as well as a
blank control group without earthworms keeping other ex-
perimental parameters consistent. This was repeated for 4
times. A spray nozzle was used to simulate the rainfall, so as
to give intermittent water for the pot. Water sample was
extracted every three days for 2 weeks to test the indicators
of water quality, including TN, NH

4
-N, NO

3
-N, TP and so

forth. Then, the characteristics of change in water quality
with chicken manure were analysed.

Analytical Methods

Analysis of the Growth and Proliferation of Earthworms:
Sampling method: Destructive sampling: The sample in the
pot was poured out slowly to pick out mature earthworms,
young earthworms and earthworm cocoons carefully on a
clean white plastic paper. The mature earthworms were
counted and weighed, while the young earthworms and earth-
worm cocoons (each earthworm cocoon was recorded as an
earthworm) were only counted. Test index (Johnson et al.
2014) was measured as:

1. Multiple of daily weight gain of earthworms.
2. Multiple of daily proliferation of earthworm.
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Analysis of Water Quality Features with Chicken Ma-
nure: The Standard methods (APHA  1992) were adopted to
test the quality index of water quality as given in Table 1.

RESULTS AND ANALYSIS

Effect of inoculum amount of agents: Earthworms were
used to digest and degrade organic matters. The most im-
portant reason lies in that the synergistic effect of earth-
worms and microorganisms can accelerate the transforma-
tion and decomposition of organic matters (Gyoung-Man
Kim et al. 2014), greatly enhancing the degradation
efficiency. As fresh chicken manure has a high protein
content, earthworms are easily get protein poisoning due to
excessive accumulation of ammonia nitrogen during the
process that earthworms degrades fresh chicken manure to
convert organic nitrogen into ammonia nitrogen. Therefore,
the growth and proliferation of earthworms are affected by
the timely assurance of ammonia nitrogen’s further trans-
formation. During the process of treating fresh chicken ma-
nure by earthworms, EM agent and nitrifying bacteria agent
were added to investigate the impacts of inoculum amount
of agents on earthworms.

As can be seen from Table 1, in the case of uninoculated
agent and a single inoculated agent, earthworms were diffi-
cult to survive in the high protein environment of fresh
chicken manure. Therefore, the average daily weight gains
and average daily proliferation gains were all negative.
When sampling and counting, it was found that survived
earthworms had local swellings and scorched in their vermis,
appearing obviously by protein poisoning. If two agents
concurrently inoculated, earthworms could grow normally.
However, they were not proliferated because of quite low
weather in winter. Regarding inoculating two agents
concurrently, the multiple of daily weight gain of earthworms
whose inoculum amount of agents was equivalent, was
higher than that of the earthworms where agents were
inoculated proportionally. Besides, when both EM agent
and nitrifying bacteria agent were 10mL, the daily weight
gain reached its maximum value of 0.012g, indicating that
the inoculum amount of agents in this group could solve
protein poisoning of earthworms effectively and could
ensure the normal growth of earthworms better.

As can be seen from Table 2, temperature within the pot
was greatly affected by the environmental temperature at
the first two or three days of the experiment. That is probably
because the synergy of earthworms and microorganisms in
treating fresh chicken manure is still in the adaptation and
adjustment stage with unobvious metabolic intensity. From
the fourth day onwards, temperature within the pot was
gradually increased. After one week, the temperature began
to become higher than real-time environmental temperature
and the amplitude of fluctuation gradually decreased. After
two weeks, the amplitude of temperature change within the
pot was significantly lower than the amplitude of environ-
mental temperature change, and the effect of environmental
temperature change on temperature inside the pot was greatly
decreased. These revealed that the heat would be produced
in the process of decomposing fresh chicken manure by
earthworms, and constant temperature could be maintained
within a small range, which could resist the external impact
of a low-temperature environment. In addition, temperature
inside the pot was changed slightly in the experimental
process, namely, within 3%. This demonstrated that the
attapulgite buffer layer could effectively maintain the
humidity of living environment of earthworms.

Effect of buffer layer thickness: Since the experiment is
conducted under natural conditions, the temperature and
humidity in the experiment are manually controlled.
Furthermore, the initial condition of fresh chicken manure
is unsuitable for the growth and proliferation of earthworms.
In the small-scale test, it is found that the laying attapulgite
buffer layer with a proper thickness can effectively balance
the impact of temperature, humidity changes, and initial
condition of fresh chicken manure on the growth and prolif-
eration of earthworms. For this purpose, the effect of buffer
layer thickness on the growth and proliferation of earth-
worms is investigated.

When attapulgite buffer layer with a certain thickness is
not laid (Table 3), earthworms are difficult to adapt to the
high protein environment of fresh chicken manure, so the
average daily weight gains and average daily proliferation
gains are all negative. There might have protein poisoning.
Along with the increasing thickness of the buffer layer, daily
weight gains curve of earthworms rises first and then tends
to be stable. When the thickness of the buffer layer is 4cm,
the value of daily weight gains is 0.012g; and daily weight
gains reach the maximum of 0.013g when the thickness is
6cm. In sampling and counting, however, it is found that
the buffer layer thickness of 4cm has more apparent fresh
chicken manure effect than that of the thickness of 6cm.
Even the earthworms grow normally in winter with the quite
low temperature, but they did not show proliferation in the
statistical sampling and counting.

Table 1: Test index and method.

Quality Index Analytical method
of water

TP Potassium persulfate digestion-spectrophotometry
TN Digestion of alkaline potassium persulfate

digestion-Uv spectrophotometry
NH4

+-N Nessler reagent spectrophotometry
NO3

--N UV spectrophotometer
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Table 4 shows that the temperature within the pot was
relatively low at the first half of the experiment, which
basically levels off with the real-time environmental
temperature. Its amplitude range of fluctuation is slightly
lower than the change of environmental temperature
difference, and the impact resistance capacity is relatively
low. That is probably because Gaocheng stays in the cold
weather for a long time during such experimental stage. In
other words, the lowest temperature is below 0 for during
the 15-day experiment. Though, earthworms can survive
normally, they have slow metabolism in the process of

degrading fresh chicken manure. In the last stage of the
experiment, the temperature within the pot tends to be stable
and significantly higher than the environmental temperature,
indicating that earthworms are gradually adapting to the
low-temperature environment and their metabolic process
was gradually enhanced. In the process of degrading fresh
chicken manure, heat was constantly generated, relatively
constant temperature was maintained in a small scale, and
the impact resistance capacity of environmental temperature
was gradually enhanced. Besides, Table 4 also shows that
the humidity change in the experimental process was

Table 2: Effect of inoculum amount of agents on the survival of earthworms (average daily gains, g).

Group 0,0 0,5 5,0 0,10 10,0 0,15 15,0 5,5 10,10 15,15 5,10 10,5 5,15 15,5
Weight gains -0.013 -0.010 -0.007 -0.006 -0.007 -0.003 -0.003 0.006 0.012 0.010 0.008 0.006 0.007 0.008
Proliferation gains -0.014 -0.006 -0.005 -0.003 -0.001 -0.001 0.002 0.003 0.003 0.003 0.003 0.003 0.003 0.003

Table 3: Temperature and humidity changes of level group with equivalent agents of 10mL.

Experiment date 11-15 11-17 11-19 11-21 11-23 11-25 11-27 11-29 12-1 12-3
Lowest (°C) 8 5 3 1 1 1 4 -3 6 6 5
Highest (°C) 1 5 1 4 1 6 1 3 1 2 1 2 1 1 1 3 1 3 1 1
Real-time (°C) 1 3 8 1 3 1 1 1 1 8 7 1 2 1 1 8
Within Pot (°C) 1 1 8 1 2 1 1 1 1 1 0 1 2 1 2 1 2 1 1
Humidity (%) 0.19 0.19 0.13 0.13 0.13 0.10 0.10 0.09 0.09 0.09

Table 4: Effect of thickness of buffer layer on the survival of earthworms.

Thickness (cm) 0 2 4 6 8 1 0
Daily Weight Gains (g) -0.011 0.006 0.012 0.013 0.012 0.012
Daily Proliferation Gains (g) -0.014 0.004 0.004 0.004 0.004 0.004

Table 5: Temperature and humidity changes of level group with buffer layer of 4cm.

Experiment date 12-5 12-7 12-9 12-11 12-13 12-15 12-17 12-19 12-21 12-23
Lowest (°C) -3 -3 -5 -4 9 4 -1 -1 1 -8
Highest (°C) 1 0 1 0 6 7 1 4 1 1 7 6 6 4
Real-time (°C) 6 6 4 5 1 2 8 6 4 4 2
Within Pot (°C) 6 5 4 5 7 8 6 5 6 5
Humidity (%) 0.11 0.11 0.11 0.12 0.12 0.11 0.11 0.11 0.11 0.10

Table 6: Effect of density (number of earthworms) on the survival of earthworms.

Density (Number) 4 6 8 1 0 1 2 1 4 1 6 1 8 2 0
Daily Weight Gains (g) 0.06 0.008 0.012 0.013 0.014 0.013 0.011 0.011 0.010
Daily Proliferation Gains (g) 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004 0.004

Table 7: Temperature and humidity changes of level group with density of 12 earthworms.

Experiment date 12-25 12-27 12-29 12-31 1-2 1-4 1-6 1-8 1-10 1-12
Lowest (°C) 1 4 -4 -4 -4 -4 -1 -1 -5 -2
Highest (°C) 6 5 0 4 3 1 3 5 6 8
Real-time (°C) 3 4 3 1 2 1 1 3 5 5
Within Pot (°C) 3 4 4 3 4 3 5 5 5 6
Humidity (%) 0.12 0.12 0.12 0.12 0.12 0.11 0.11 0.11 0.10 0.10
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relatively small. The humidity increased by 1% from the
7th to 9th day, it maintains 11% within one week due to
snows and rains, and in the whole experimental period,
humidity changes within the range of 2%, which indicates
that attapulgite buffer layer also has the notable moisturizing
effect other than help earthworms resist the impact  from
living environment.

Effect of density: Nine levels of density were considered in
the experiment with the results shown in Table 5. When the
density is set as 4 earthworms, the value of average daily
weight gains of earthworms is minimized. With the increase
of density, the value of average daily weight gains of
earthworms rises first. When the density reaches 12, the value
reaches the maximum of 0.014g. There is no significant
difference between the density of 14 and 12 in terms of
average daily weight gains. Along with the further increase
of density, however, the value of average daily weight gains
decreases slowly. This phenomenon indicates that in case
of other optimal conditions satisfying the survival of
earthworms, either too high or too low density is not
conductive to the growth of earthworms, and the growth
and proliferation status of earthworms affect the digestion
and degradation of fresh chicken manure by earthworms.
Even the earthworms grow normally in winter with the quite
low temperature, they are not observed proliferation in the
statistical sampling and counting.

As seen from Table 6, after the experiment, the tempera-
ture in the pot gradually rises from a relatively low tempera-
ture. Since 5th day, the temperature within the pot starts to
be higher than the real-time environmental temperature, in-
dicating that along with the further confirmation of techni-
cal parameters that are used to process fresh chicken manure
under natural condition outdoors, the adaptive phase of
earthworms significantly reduces. Within the whole experi-
mental period, the amplitude of environmental temperature
changes is large while the pot temperature curve rate tends
to be stable and less affected by environmental temperature
variations. That further reveals that during the experimental
process at this stage, the metabolism in the process of de-
grading fresh chicken manure by earthworms is vigorous,
allowing the temperature within the pot to achieve a certain
impact resistance capacity of environmental temperature in
a shorter time. Furthermore, it is observed from the table
that the humidity change scope in the experimental period
is maintained at 2%, and the attapulgite buffer layer also
has moisturizing effect.

Features of water quality change with chicken manure:
According to the predetermined technical parameters, a
group of earthworms is used to process fresh chicken ma-
nure in the experiment. Ten mL of EM agents and 10mL of

nitrifying bacterial agents were sprayed to the pot. The buffer
layer thickness was set as 4cm. In addition, the 12 Pheretima
californica were poured, finally, the moisture content was
adjusted to about 10% and 250 g fresh chicken manure was
then added. Another group without earthworms was used as
the reference group. Other experimental parameters were
consistent and repeated 4 times. A spray nozzle was used to
simulate the rainfall so as to deliver water intermittently to
the pot. Water samples were collected every three days
during the 2-week test and the water quality was measured
by indicators such as TN, NH

4
+-N, NO

3
--N, and TP. Then the

features of water quality change in each group with chicken
manure were analysed accordingly.

Fig. 1(a) shows that the TN content was constituted pri-
marily by the organic nitrogen at the initial stage of the
experiment whereas the concentration of NH

4
+-N and NO

3
--

N were relatively low. NH
4

+-N and NO
3

--N contents ac-
counted for 15.24% and 9.97% of the TN content, respec-
tively. With the progression of the treatment process, the
TN content showed a decreasing trend whereas the propor-
tions of NH

4
+-N and NO

3
--N in total nitrogen notably in-

creased, which finally accounted for 34.03% and 47.93% of
the TN content, respectively. The TP content  decreased by
14.40% at the end of the experiment. As shown in the ex-
periment, the organic nitrogen was constantly reduced as in
the process when earthworms digested and degraded the
fresh chicken manure. On the other hand, the content of
inorganic nitrogen kept increasing and both TN and TP
contents reduced within a small range. Such findings can be
attributed to the synergistic interactions between earthworms
and microorganisms who mainly intake and absorb their
own nutrition, and the notable nitrogen changes in the con-
stituent. In other words, most of the organic nitrogen is con-
verted into inorganic nitrogen that is easily absorbed by
plants and microorganisms. Therefore, the features of water
quality change in group with chicken manure are
highlighted if earthworms added.

As shown in Fig. 1(b), at the early stage of the experi-
ment, NH

4
+-N and NO

3
--N contents in the control group ac-

counted for 21.08% and 13.04% of the TN content,
respectively. The TN content only slightly decreased during
the experiment and both NH

4
+-N and NO

3
--N showed no

obvious change; specifically, NH
4

+-N and NO
3

--N accounted
for 26.04% and 15.71% of TN content at the end of the
experiment and the TN content decreased by 7.43%. These
findings imply that the control group without earthworms
has low efficiency of decomposing chicken manure and
slight change of total nitrogen, phosphorus and constitu-
ents. This might be caused by the low degradation efficiency
of microorganisms for chicken’s high-protein matters.
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CONCLUSIONS

1. Under natural outdoor conditions, earthworms were used
to treat fresh chicken manure in this study. Besides, the
inoculated EM agent and nitrifying bacterial agent were
synergized to accelerate the decomposition of organic
matters. In the decomposition process, the continuously
generated heat can resist the impact from a low-tempera-
ture environment with a limited scope. Furthermore, the
addition of nitrifying bacterial agent can effectively pre-
vent earthworms from protein poisoning due to the high-
protein content of fresh chicken manure. The optimal
additive amounts of EM agent and nitrifying bacterial
agent were both identified as 10mL for 300g of fresh
chicken manure.

2. Laying an attapulgite buffer layer can ensure that earth-
worms get used to the initial unfavourable conditions of
fresh chicken manure and then grow and proliferate. It
also helps resist the impact of external temperature change
to certain degree. Besides, it can effectively maintain
the humidity of the living environment for earthworms.
In the experiment, the determined optimal buffer layer
thickness is 4cm.

3. The density of earthworms is an important condition for
their normal survival. Neither high density nor low den-
sity is beneficial for their growth and proliferation. An
unreasonable density can directly affect the efficiency
of earthworms to decompose fresh chicken manure. In
the experiment, the determined optimal density is 12
earthworms per 300 g fresh chicken manure.

4. There are high-protein contents and large nitrogen and
phosphorus loads in fresh chicken manure. However,
after digestion and decomposition of earthworms, the
features of water quality were greatly changed after earth-
worms digested and decomposed the chicken manure.
The organic nitrogen constantly decreased in total ni-
trogen whereas the content of inorganic nitrogen in-
creased. The total phosphorus content decreased by
14.40%, which is higher than the 7% reduction in the
control group.
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