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ABSTRACT

Poultry litter poses serious environmental threats and health hazards while composting offers the convenient and
acceptable means of its recycling. This study was carried out by considering the importance of proper storage and
composting of poultry litter (PL) for its nutrient conservation and stability. Five storage methods were compared for their
effects on nutrient dynamics in PL under composting and un-composting conditions. Storage methods included: shed,
covered (plastic sheet), open-air, pit, and lined floor. The pile / pit size was 2 m × 2 m × 1 m (L × W × H or D), and the
quantity of poultry litter in each one was 500 kg. Composite PL samples were collected after an interval of 15 days until
90 days for the determination of organic C, macro- (N, P and K) contents. The results depicted significant successive
reduction of organic C contents / C:N ratio and improvement in macro- and micro-nutrient concentration in the
processed PL with increased storage time both under composting and un-composting conditions. Among the storage
methods, PL composted under plastic cover resulted to highest nutrient contents and the lowest C:N ratio; while shed
storage without composting gave the poorest results. Finally, the lowest values of C:N were found under in-pit and lined-
floor storage which differed significantly from under-shed storage with maximum value. Therefore from this study it is
concluded that composting of poultry litter along with plastic sheet cover provides the best storage condition to conserve
nutrients.
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INTRODUCTION

With the expansion of poultry industry,
generation of poultry litter has increased tremendously.
Worldwide, the poultry growers are facing a big concern
for its utilization or disposal that could be safe for the
environment. Owing to its high content of plant nutrients,
poultry litter is considered the most valuable organic
resource for fertilizing purpose (Singh et al., 2004). Its
fertilizing value is higher than the traditional farmyard
manure. In addition to the benefits for crop production in
the form of nutrients, it helps build soil organic matter
and improves structural stability (Deksissa et al., 2008).
Recycling of organic wastes in agriculture adds much
needed organic and mineral matter to the soil (Khan et
al., 2003). Poultry litter can be applied to agricultural
land either fresh or after composting (Singh et al., 2004).
However, the fresh poultry litter may have inappropriate
C:N ratio, imbalanced amount of plant nutrients,
pathogens and nuisance odors. Proper recycling of this
organic waste as a source of plant nutrients is need of the
day because of rising cost of chemical fertilizers,
deteriorating soil fertility due to soil erosion and /or very
low soil organic matter. The best way of recycling and
reducing the volume of organic wastes is through
composting, and then that can be applied beneficially to

cultivated lands (Ahmad et al., 2007). Composted organic
materials are not only a source of macro and micro-
nutrients, but they also improve the soil characteristics
like aeration, water holding capacity, bulk density,
aggregation, cation exchange capacity and activity of
beneficial microflora (Jilani et al., 2007). Moreover,
compost would also provide a stabilized form of organic
matter that imparts longer lasting residual effects to soil
than that obtained from the addition of un-composted raw
material (Preusch et al., 2002).

Farmers are not handling the poultry litter
properly; after removal from the sheds, it is stockpiled in
open-air. Usually, the heap is left up to one year to
subside burning effect of fresh litter on crop seed
germination. It encourages nitrogen (N) losses through
ammonia volatilization and nitrate leaching which
respectively cause odor and water quality problems
(Mukhtar et al., 2004). Moreover, farmers have to wait
long for its application to the crops.

Composting is a natural biological process by
which organic material is broken down and decomposed
to stable humus. Use of composted organic waste as a
fertilizer and soil amendment not only brings economic
benefits to the farmers, but also reduces pollution because
of reduced nutrient run-off and N leaching (Nyamangara
et al., 2003). Carbon losses as CO2 are continuously
decreased during composting and dropped to an almost
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constant value after 81 days (Marta et al., 2003). Poultry
litter is widely used by the farmers yet no significant
research work has been done for its proper storage and
composting. Keeping this in view, an experiment was
conducted to achieve the safe level of C:N ratio and to
study the plant nutrients dynamics in poultry litter under
different storage conditions and composting.

MATERIALS AND METHODS

Experimental Procedure: Fresh poultry litter was
collected from broiler sheds. It was mixed to make
uniform in composition, and divided into as many lots of
500 kg each as the number of treatments. Five storage
methods were employed separately as treatments, and
each method was further studied under composting and
un-composting (farmers’ practice) conditions. Two-factor
factorial completely randomized design with three
replications was followed. The size of each heap / pit was
2 m × 2 m × 1 m (length × width × height or depth) and
the quantity of poultry litter in each one was 500 kg.
Detail of treatments is as follows:

Factor 1 Storage methods: SM1 Under-shed heap
storage (poultry litter was piled on bare ground surface
under the shed)

SM2 Covered heap storage (poultry litter was
stored on bare ground surface as a pile and covered with
plastic sheet)

SM3 Open-air heap storage (poultry litter was stored
on bare ground surface and kept open i.e. without
any cover / shed over the pile)
SM4 In-pit storage (poultry litter was dumped in pits
without any covering / shed)
SM5 Lined-floor heap storage (poultry litter was
stored on concrete cemented ground surface and kept
open i.e. without any cover / shed over the pile)

Factor 2 Storage conditions: SC1 Composting (At two
weeks interval, the heap / pit material was turned, mixed
and re-piled after adjusting back moisture at 40 %)

SC2 Un-composting as control (throughout,
material in the pile / pit was kept undisturbed, and no
water addition except from rains)

Experiment was continued for 90 days, and
temperature of stockpiles was recorded twice a week
during this period.

Sampling: During the storage period of poultry litter,
composite samples consisting of three sub samples each
from top, center and bottom of the pile / pit were
collected at 15 days interval viz 15, 30, 45, 60, 75 and 90
days after the start of experiment. Samples were dried in
forced draft oven at 65 ºC for 24 hours and ground by
Willey machine. They were stored in plastic bottles at
room temperature till their analysis for C, N, P and K
contents.

Analytical Procedures: Poultry litter was analyzed for
various elements through respective methods as described
here: For organic carbon 1.0 g sample was taken into
silica porcelain crucible and dry-ashed in Muffle furnace
at 500 °C for 4 hours. Weight of ash was recorded, and
organic C content in the sample was calculated by using
the formula as given below (Brake, 1992):

100 - (Ash %)
Organic C (%) = -----------------------

1.8
Where, factor 1.8 is for converting total organic

matter into organic carbon.For total N, 1.0 g dried
compost sample was weighed into a micro Kjeldahl flask,
then 20 ml concentrated H2SO4 and 3.0 g digestion
mixture were added. Flask was heated until the digest
was clear. Nitrogen was determined by distillation
followed by titration against 0.01 N H2SO4 (van
Schouwenberg and Walinge, 1973).

Phosphorus and potassium were determined
after wet digestion (Ryan et al., 2001). For P
determination, color was developed in the digest and its
absorbance was measured using a Spectronic 21 at 430
nm (Anderson and Ingram, 1993). Potassium was
estimated by placing 1.0 ml extract into a test tube and
adding 5 ml distilled water and 4 ml of lithium chloride
solution. The tube was shaken and potassium was
determined using a flame analyzer (Winkleman et al.,
1986).

Data Analysis: Data recoded for various elements in the
stocked / composted poultry litter were passed through
two way analysis of variance (ANOVA) with Complete
Randomized Design (CRD). Statistical difference among
the data mean values of various factorial treatments was
found through least significant difference (lsd) at P ≤
0.05 (Sokal and Rohlf, 1997).

RESULTS AND DISCUSSION

Temperature: The variation in temperature over a period
of 90 days as recorded twice a week is given in Figure 1.
Temperature remained almost within the mesophillic
range (40-50°C) during the initial and last two weeks of
storage period. The high temperatures in the processed
poultry litter were mainly due to hot summer weather.
After a month it entered into high thermophillic range
(60°C) and remained so for about 45 days, especially in
composting treatment in which it reached up to a
maximum of 68°C on 50th day. On the completion of the
composting process, temperature in the heaps / pits of
poultry litter was around 50°C, which was mainly due to
hot summer weather. The comparison between
composted and un-composted poultry litter revealed a
very small difference of temperature in the beginning and
at the end of the experiment. However, in the mid period
there was 5-10°C higher temperature in the composted as
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compared to un-composted poultry litter. Among various
methods, the in-pit and covered storage attained the
highest temperature exceeding 60°C. The lowest
temperature was recorded for under-shed method that
was mainly due to permanent shade over the heap and
low moisture content in the material.

From the result it was obvious that temperature
measurement is among the important parameters for
monitoring the composting process. Goyal et al. (2005)
described that initial temperatures of 28-30°C were
recorded at the start of composting process and the
highest temperature was observed at thermophilic stage,
up to 46°C during composting of organic wastes. High
temperature is essential for several biological processes,
and to reduce the pathogens. The internal temperatures of
piles recorded at very first day of composting were not
significantly different from one another. Raj and Antil
(2011) also found that compost pile maintained the
thermophilic temperatures. It was quite clear from the
data that temperature increased with the passage of time
but not at uniform speed. This suggested that composting
process was going to end and most of the matter had been
decomposed.

Results from the release of all micro and macro
nutrient also suggests that maximum decomposition took
place between 60 to 90 days of composting as maximum
reading for all the micro and macro nutrients were
recorded during this period. (Gaung et al., 2010) found
that increase in temperature during composting was due
to biological and biochemical degradation of organic
materials by microorganisms. During composting, the
initial organic matter is decomposed and humified
through various biological processes. Similar results
during composting were observed by Ogunwande et al.
(2008) that pile temperatures were 28 and 71°C.
Hachicha et al. (2009) also proved that, composting
mixtures rapidly achieved thermophillic temperatures
(>45°C) and maximum temperature reached during
composting was 62°C.

C: N Ratio: The C: N ratios of poultry litter under
composting versus un-composted condition stored
through different methods are shown in Figure 2. There
was a decreasing trend in the C:N ratio of poultry litter
over time, and a significant difference (P ≤ 0.01) was
found at 30 d interval. Significant difference between
composted litter and un-composted litter was from 45 d
onward till 90 days of storage, being the lowest C:N ratio
of 10 at 90 d with composting (Figure 2 a). It revealed
that proper moisture and aeration conditions provided
under composting treatment enhanced the mineralization
of organic materials. Finally, as the temperature of
decomposed litter approached to air temperature, the
material became softer and finer, C:N ratio was stable, its
color changed to dark brown, and malodors were no
longer detectable. Through composting of different

organic materials, C:N ratio was highly reduced at the
end of composting (Adediran et al., 2003; Filippi et al.,
2002) During the composting process C:N ratio of
organic materials decreased until in a fairly stable 20:1
range (Sharif et al., 2003).

Different among various storage methods for
C:N of poultry litter at various stages is presented in
Figure 2 b. Data elucidated that at 90 days significantly
lower C:N ratio was with lined-floor and in-pit storage as
compared to under-shed method. This was mainly due to
the reason that under lined-floor and in-pit methods, the
manually added water and rain water was not lost through
peculation and evaporation, respectively. Proper moisture
conditions favoured the rapid mineralization of carbon
through decomposition of organic materials. So, the
increased nitrogen and decreased carbon contents,
resulted into lowering the C:N ratio of compost. Mixture
of swine manure and straw, first composted for 10 days
then packed into bags and composted for 40 days was
found to have lower C:N ratio than that in unpacked
composted material (Liao et al., 2003). Inoculation of a
mixture of household organics and shredded wood with
inocula from the active phase of composting enhanced
mineralization of organic matter and yielded biologically
stabilized product with a more favorable C:N ratio (Bolta
et al., 2003). Similarly Adhikari et al. (2008) revealed
that carbon and nitrogen ratio was high in all the
treatments at initial and decreased with the passage of
time.

Nitrogen contents: Figure 3 shows that storage methods
differed significantly (P ≤ 0.05) for nitrogen
concentration over time in both the composted and un-
composted poultry litter. Difference between composted
and un-composted poultry litter was non significant
except at 90 d with higher value from composting (2.32
% N). An increasing trends in nitrogen concentration was
observed over time especially after 60 days (Figure 3 a).
Hachicha et al. (2009) also reported that total N was
between 1.8-2.2 mg kg-1 in initially composted raw
poultry litter and for vegetables waste, it was confirmed
from the investigations of (Jadia and Fulekar, 2008) that
the mixture of vegetables waste has initial TN
concentration in the range of 1-1.06 mg kg-1.
Storage with plastic sheet covered and lined-floor
methods gave statistically higher nitrogen concentration
as compared to other methods. The highest concentration
of nitrogen was found under covered storage method after
90 days. It was due to the reason that with plastic sheet
cover, nitrogen losses through ammonia volatilization
were minimized, whereas, in open heaps the mineralized
nitrogen was lost freely. Leaching losses of nitrate-N
were higher with pit-dump stockpiled poultry litter in
both natural as well as composting conditions, and it
increased over time (Chaudhry et al., 2009). The in-house
composting of layer manure results into a friable and
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nutrient-rich product, and a high-rise house conditions
improve N retention in the prepared compost. In this way
fertilizer value of compost is improved and ammonia
emission is reduced from the stock-house. Composting
provides environmentally sustainable solution of waste
recycling and control of NH3 emissions (Ahmad et al.,
2008).

Phosphorus contents: The phosphorus concentrations in
the composted and uncomposted poultry litter stored
through various methods had statistically significant
difference. Composting resulted in to significantly higher
phosphorus contents over un-composting from 60 days
onward (Figure 4 a). This difference was due to enhanced
mineralization of organic matter under composting
conditions. It reduced the volume and weight of raw
poultry litter, so produced a condensed material which
was having higher amount of mineral elements
concentrated into the compost. Composted dairy manures
could contain high level of phosphorus relative to the
initial concentration due to the volume reduction of the
organic fraction (Zibliske, 1987). Regular turning of the
piles facilitated composting within the layer house,
resulting in a 39 % reduction in manure weight and a 37
% reduction in manure volume over that of deep stacked
raw manure (Thompson et al., 2001) Also, the compost
had decreased moisture content, improved handling
properties, and less odor than raw manure. The
composted product containing poultry litter was found to
have higher levels of plant nutrients such as P, K, and
many of the other micronutrients than the product without
poultry litter (Das et al., 2003). However, reported that
phosphorus concentration in ensilaged poultry litter
decreased slightly during post fermentation (Owoigbe et
al., 1997)

The storage methods differed significantly (P ≤
0.05) from 15 d through 90 d, with the highest contents
under covered storage (1.96 %) and the lowest in open-air
(1.86 %) and under-shed method (1.84 %) at 90 d (Figure
4 b). The lower phosphorus contents could be attributed
to leaching of mineralized phosphorus from the open-air
heaps and slow decomposition in the under-shed storage.
Whereas, the higher phosphorus contents in covered
storage were due to protection from excessive rainwater
causing leaching, and faster mineralization under
optimum moisture conserved by plastic sheet cover.

An increase in the phosphorus concentration was
also found in vermin-composting of poultry litter (Ghosh
et al., 2004). Results in the current study are also similar
to the findings of Cooperband et al. (2002) who found
higher P values in the poultry litter after composting
process as compared to its mixtures with other wastes.
The findings are not similar with that obtained by Guerra-
Rodriguez et al. (2001) from co-composting of chestnut
burr or leaf litter with poultry litter showing 0.71-0.12%
P reductions with co-composting. Preusch et al. (2002)

found enhanced N and P contents in composted vs. un-
composted poultry litter.

Potassium: It was observed that different storage
methods resulted in variable potassium concentration in
composted and uncomposted poultry litter at various
stages (Figure 5). Data indicated that potassium
concentration was increased with increasing storage time
both under composting and uncomposting conditions
(Figure 5 a). Higher potassium concentration was found
in the composted poultry litter as compared with
uncomposted after 60 d, and the difference was
significant only at 90 d. Hatchery waste co-composted
with poultry litter maintained higher temperatures
resulted in higher dry matter and volatile solids, and it
had higher levels of P, K, and micronutrients than the
product without poultry litter (Das et al., 2003).

Rodriguez et al. (2001) found an increase in K
concentration (2.82-3.26%) during co-composting which
is accordance to the findings. The increase of K in the co-
compost due to mineralization, and decrease of K
concentration was due to the fixation process. Clark
(2000) found the similar value of potassium in the food
waste composting and observed that K release increased
from the initial to final day of composting by the action
of microbes. Storage under in-pit method resulted in to
highest potassium concentration of poultry litter (13.6 g
kg-1) which differed significantly with the under-shed and
open-air methods. Shamsi et al. (2008) found that
potassium and cadmium behaved antagonistically; so the
potassium could be a candidate for cadmium
detoxification in crops cultivated under polluted
environments.

Figure 1 a. Temperature of poultry litter as composted
and uncopmosted at various stages

Storage under in-pit method resulted in to
highest potassium concentration of poultry litter (1.36 %)
which differed significantly with the under-shed and
open-air methods. This was because of the reason that in-
pit method received more water required for the
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decomposition of organic matter, so it mineralized higher
amount of potassium. Although open-air and lined-floor
methods also received the same quantity of water, but
from the heaps of these methods the excess water
carrying soluble potassium would have percolated down
or flowed around.

Figure 1 b. Temperature of poultry litter under
different storage methods at various stages

Figure 2 a. Ratio of C:N in poultry litter as composted
and uncopmosted at various stages

Figure 2 b. Ratio of C:N in poultry litter under
different storage methods at various stages

Figure 3 a. Nitogen content in poultry litter as
composted and uncopmosted at various stages

Figure 3 b. Nitogen content under different storage
methods of poultry litter at various stages

Figure 4 a. Phosphorus content in poultry litter as
composted and uncopmosted at various stages

Figure 4 b. Phosphorus content in poultry litter under
different storage methods at various stages



Ghaudhry et al., J. Anim. Plant Sci. 23(1):2013

505

Figure 5 a. Potassium content in poultry litter as
composted and uncopmosted at various stages

Figure 5 b. Potassium content in poultry litter under
different storage methods at various stages

Conclusions and applications: Composting of poultry
litter is useful in many ways: converting poultry litter free
of malodors, less in weight, easier to transport for land
application. Composting narrows down the C:N ratio
earlier than in uncomposted poultry litter, making it ready
for soil application in shorter time. Composting also
elevates the N, P and K contents in the poultry litter as
compared to that in uncomposted material. Poultry litter
processed through covered and pit storage methods was
generally found better than other methods, for its
nutrients composition.
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