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Abstract. Co-composting of poultry litter (PL) and fast food waste (FFW) in different combinations was
carried out to explore the nutrient dynamics. The PL and FFW were co-composted in pits of dimensions
2 mx2 mx1.5 m (LxWxD) in ratios of 100:0, 75:25, 50:50, 25:75 and 0:100, respectively, for a period of
105 days. Co-composts of PL and FFW in a 50:50 ratio yielded highest total nitrogen (3.63%), total
phosphorus (0.81%), and total potassium (3.40%) levels in the mature compost after 105 days of composting
period. Carbon to nitrogen ratio for this combination was 18.33, which is suitable for safe land application.
Present study identified PL and FFW co-composting in equal proportions yields maximum N, P and K
levels with suitable C:N ratio which may be applied to soils to meet crop nutrient demands and enhanced

agricultural productivity.
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Introduction

Agriculture sector in Pakistan is facing an ever increasing
pressure to meet food and fibre requirements of rapidly
growing population, which currently stands at 180 million
(Aliet al.,2013a). To ensure food security for continuously
expanding population, crop productivity has become the
ultimate goal of the farming communities. To achieve
desired crop production, application of municipal/industrial
effluents, sewage sludge, municipal solid wastes and excess
pesticides/fertilisers usage in agricultural soils has become
a custom resulting in considerable deterioration of the
soil ecosystems (Ali ef al., 2013b). All these practices
are believed to supply essential nutrients for plant growth.
However deleterious effects to human and livestock
health remain a pressing concern.

Composting of different agricultural and municipal
wastes to supply nutrients to growing crops has a long
scientific prowess linked with significant agricultural
production (Iyengar and Bhave, 2006). Composting is
increasingly considered a good way for recycling the
surplus manure as a stabilised and sanitized end-product
for agriculture (Chaudhry et al., 2013; Khan et al.,
2003). The advantages of composted organic wastes to
soil structure, fertility as well as plant growth have been
increasingly accentuated in recent literature (Goyal
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et al., 2005; Esse et al., 2001). Addition of un-decom-
posed wastes or non-stabilised compost to agricultural
land may lead to immobilisation of plant nutrients and
cause phytotoxicity (Cambardella et al., 2003). More-
over, the waste physico-chemical characteristics may
not always be appropriate for composting. For instance,
high moisture contents in food waste, inappropriate
C:N ratio, imbalanced amount of plant nutrients,
pathogens and foul smelling odours may result in long
treatment time or low degradation efficiency (Chaudhry
et al., 2013). Co-composting of different types of organic
products together overcomes the drawbacks of compos-
ting a single material (Goyal ef al., 2005). Co-composting
is extensively practiced method for solid waste manage-
ment, which recovers organic matter from organic wastes
(Castaldi et al., 2008).

Different agricultural/non-agricultural wastes are
generated in excess in rural and urban communities of
Pakistan which can be harvested by the composting
process to ensure sustainable nutrient supply to growing
plants. In current times enormous generation of poultry
litter (agricultural waste) and fast food wastes (municipal
waste) has caused serious environmental issues in
Pakistan. According to Economic Survey of Pakistan
(ESP, 2010), poultry sector is growing at the rate of
15-20% per annum, which generates poultry litter in
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voluminous amounts. According to Chaudhry et al.
(2013) and Khan et al. (2003) poultry litter is being
used as fertiliser by the farmers and is considered a
better organic fertiliser than the farmyard manure. On
another side, the number of hotels, motels and fast food
restaurants has increased many folds in the last decades.
These hotels and fast food restaurants are producing
tonnes of solid food waste every year, lacking proper
disposal and presenting a great challenge to the scientific
community.

Present research was therefore, carried out to investigate
the co-composting of poultry litter with fast food wastes
in different combinations to convert these biological
wastes (poultry litter and fast food wastes) into useful
nutrient rich composts for supplementing plant growth.
Co-composting of poultry litter and fast food wastes is
an economical and environment friendly use of these
biological wastes (Ranalli ef al., 2001). Co-composting
offers safe disposal coupled with optimal nutrient supply
to the growing plants via mature composts. Present
research also describes nutrient output in detail in
different combinations and best suitable combination
that gives better performance at the end of the com-
posting process. Findings of this study will help farmers
and researchers in efficient exploitation of the selected
wastes for plant production.

Materials and Methods

Composting process, sampling and preparation.
Present experiment was carried out at Pir Mehr Ali
Shah Arid Agriculture University, Rawalpindi, Pakistan.
Co-composting of poultry litter with fast food wastes
was carried out in the following five combinations;
T=poultry litter+fast food waste (100:0), To=poultry
litter+fast food waste (75:25), Ts=poultry litter+fast
food waste (50:50), Ts=poultry litter+fast food waste
(25:75) and Ts=poultry litter+fast food waste (0:100).
Poultry litter used was in pure guano form. Both PL
and FFW were collected from the nearest locations in
Rawalpindi city.

Composting was carried out in pits having dimensions
of 2x2x1.5 meter (LxWxD) for 105 days. Raw poultry
litter and fast food waste was placed in pits for com-
posting under natural conditions. To maintain aerobic
conditions, composting material was thoroughly mixed
after every 15 days. Approximately 60-70% of the
moisture content was sustained in the composting pits
to support composting processes optimally. Compost
sample collection for nutrient analyses was done at an
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interval of 15 days i.e. 10, 15, 30, 45, 60, 75, 90 and
105 days (Chaudhry et al., 2013; Castaldi et al., 2008).
Three random subsamples were collected from each pit
(top, center and bottom) making a composite sample
of 1 kg for physical and chemical characterisation of
the compost. Samples were dried at 65 °C in hot air
oven for 48 h followed by grinding and passing through
1 mm sieve. Processed samples were stored in labeled
plastic bottles at room temperature until further analyses.

Physical and chemical analyses of compost. Total
nitrogen in the compost samples was determined by
Kjeldahl method (Bremner, 1996). For phosphorus and
potassium compost samples were digested using the
perchloric acid-nitric acid digestion mixture (Kuo,
1996). Phosphorus in the acid digests was analysed on
spectrophotometer at a wavelength of 880 nm whereas,
potassium was analysed on flame photometer. Total
organic carbon content was determined using K,Cr,O
as an oxidizing agent (Nelson and Sommer, 1982).
Temperature and moisture contents were recorded
after every 15 days interval. Temperature was randomly
recorded from middle and bottom locations of the com-
posting pits and averaged to get a mean temperature
value.

Statistical analysis. Analysis of variance (ANOVA)
was performed for the studied parameters using Statistix
8.1 and the means were compared using LSD tests at
5% probability level.

Results and Discussion

Temperature changes. Change in temperature at various
stages of decomposition of poultry litter with fast food
wastes is shown in Fig 1. During composting, the internal
temperature of the compost pits remained below 50 °C
for period of 45 days that increased to 60 °C at 60-75
days of composting in all treatments. After attaining
peak temperature of 60 °C, it began to decline to ambient
level (35 °C) in all the treatments. Different combinations
of PL and FFW co-composts showed very small dif-
ference in temperature at the beginning and at the end
of the experiment except 50:50 ratio of PL and FFW
co-composts in which temperature was 6-16 °C higher
than other treatments. Increase in temperature can be
attributed to elevated microbial activity at the thermo-
philic stage (Chaudhry et al., 2013; Zhang et al., 2003).
This increased temperature is also responsible for killing
pathogens in the composting material which otherwise
can be harmful for soil and plant health (Chaudhry
etal., 2013).
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Fig. 1. Comparative effect of co-composting of
poultry litter and fast food waste on tem-
perature.

Carbon-nitrogen ratio (C:N). Data regarding carbon
to nitrogen (C:N) ratio is shown in Table 1. The C:N
ratio declined with the passage of time in all treatments
due to the decomposition of carbohydrates which is a
rich source of carbon. The availability of nitrogen also
decreased with the increase in decomposition rate
(Chaudhry et al., 2013; Adhikari ef al., 2008; Benito
et al., 2006). At the start of composting process the
highest C:N ratio (39.81) was observed in the treatment
Ts and lowest was observed in T; (25.36). In remaining
treatments, at the initial stages, high C:N ratios were
observed, alike to Ts. Maximum decreasing trend of
C:N ratio i.e. from 38.78 to 18.33 was observed in the
T5. Minimum C:N ratio (14.76) was observed in the
treatment T;. Decrease in C:N ratio with increasing
composting time is also supported by the results of
Benito ez al. (2006). Carbon to nitrogen ratio ranging
from 12 to 20 is considered suitable for soil fertility
and plant growth. From these results it can be inferred
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that the treatment T gives promising decline in the C:N
ratio and proves to be the best combination investigated
in this study for better crop production.

Nitrogen concentration increased due to the loss of dry
weight as carbon dioxide and water during the minerali-
sation of organic matter. This correlates with the previous
investigations of Alburquerque ef al. (2006) regarding
composting experiments. They concluded that due to
the variation in carbon and nitrogen levels, the C:N
ratio decreased during the composting process. They
achieved a final C:N ratio of 14 at compost maturity.

Total nitrogen concentration. The data regarding
nitrogen concentration in the co-composting process is
depicted in Table 2. It was observed that the total
nitrogen concentration increased with the composting
time. Maximum nitrogen concentrations were recorded
at 105 day in all the treatments. Maximum nitrogen
concentration (3.38%) was observed in treatment T
having 50:50 percent poultry litter and fast food
restaurant waste, however, minimum concentration
(1.70%) was recorded in treatment Ts. High nitrogen
levels in T3 can be attributed to high mineralisation
rates of composting material via microbial decomposition
process whereas, lower N levels in Ts were due to slower
microbial decomposition rate. In FFW initial carbon
contents are generally higher however, initial N content
were lower (Chang et al., 2006). These results are in
accordance with the Rodriguez et al. (2003) who investi-
gated co-composting of barley wastes and solid poultry
waste revealing 3.56% N concentration at compost
maturity. The results for low nitrogen concentrations
in the treatment Ts with 100% fast food restaurant waste
were similar with those reported by Chang ef al. (2006)
and Zhang et al. (2003).

Total phosphorus concentration. The data pertaining
to concentration of total phosphorus is illustrated in

Treatment N ratio (days Average
(PL:FFW ratio) 0 15 30 45 60 75 90 105

T (100:0) 25.36 25.13 20.35 16.95 16.10 15.26 15.34 14.76 18.66°
Ty (75:25) 35.44 34.15 25.59 26.05 19.73 17.76 17.15 16.47 24.044
T3 (50:50) 38.78 35.61 28.42 27.84 19.42 18.96 18.67 18.33 25.75¢
T4 (25:75) 36.31 33.61 29.89 25.65 24.42 23.60 22.63 22.48 27.32b
Ts (0:100) 39.81 37.21 36.57 30.84 27.61 27.29 26.43 26.38 31.52°
Days avg. 35.14° 33.146° 28.16° 25.47¢ 21.47° 20.57°f 20.04" 19.68" -
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reatment otal N concentration (days Average
(PL:FFW ratio) 0 15 30 45 60 75 90 105

T (100:0) 3.22 3.26 333 3.36 3.36 3.43 3.45 3.46 3.37%
Ty (75:25) 2.83 2.84 2.96 3.23 3.22 3.27 3.37 3.38 3.167°
T3 (50:50) 3.23 3.26 3.27 3.34 3.42 3.46 3.47 3.63 3.38°
T4 (25:75) 2.72 2.73 2.76 2.82 2.85 2.92 2.94 2.95 2.84°
Ts (0:100) 1.42 1.46 1.51 1.53 1.56 1.61 1.67 1.70 1.56¢
Day avg. 2.68° 2.71° 2.77" 2.86:0¢ 2.88abe 2.942b 2.98" 3.02°

Table 3. Overall results reflected that total phosphorus
increased linearly from 0 to 105 days, respectively.
Lowest P levels were recorded in all treatments at the
start of composting process. Maximum total phosphorus
concentration (0.81%) was recorded in treatment Ts
however, minimum concentration (0.51%) was observed
in treatment Ts. Rodriguez et al. (2000) also reported
an increase in total P level from 0.98% to 1.96% while,
composting barley waste with solid poultry manure.
Increase in the P concentration is also recorded from
the vermi-composting of poultry manure (Kwansod,
2003). Cooperband ef al. (1996) also consistently
reported maximum P concentration in mature compost
while co-composting poultry litter with different wastes.

Total potassium concentration. The results pertaining
to total potassium in co-composting of poultry litter and
fast food waste is depicted in Table 4. The results
revealed that all the treatments differed significantly
from one another with the increasing days of composting.
Increase in the potassium concentration was observed
from 0 to 105 days of co-composting process. On 105"
day, maximum concentration of total K (3.4%) was
found in T5 whereas minimum was found in Ts (1.67%).
Maximum concentration of total K in T; was due to
higher microbial activity of composting material. Lowest
concentration of total K in Ts was due to presence of
high carbohydrate and low nutrient levels. Chaudhry
et al. (2013) also reported increase in the K concentration

Treatment Total P concentration

(PL:FFW ratio) 0 15 30 45 60 75 90 105

T1 (100:0) 0.61 0.62 0.63 0.67 0.67 0.67 0.68 0.70 0.66°
Ty (75:25) 0.51 0.55 0.60 0.67 0.70 0.71 0.72 0.73 0.65°
T3 (50:50) 0.55 0.58 0.65 0.66 0.73 0.76 0.78 0.81 0.69°
T4 (25:75) 0.43 0.48 0.54 0.52 0.57 0.63 0.65 0.70 0.56°
Ts (0:100) 0.37 0.39 0.42 0.43 0.48 0.47 0.50 0.51 0.454

0.524 0.59¢

0.49¢

0.57¢

0.63% 0.65° 0.67% 0.69°

reatment otal K concentration (days Average
(PL:FFW ratio) 0 15 30 45 60 75 90 105

Ty (100:0) 2.81 3.00 3.12 3.17 3.21 3.26 3.29 3.28 3.41°
Tz (75:25) 2.27 2.37 2.62 2.74 2.79 2.88 2.93 2.96 2.69°
Ts (50:50) 1.34 1.37 1.85 2.50 2.75 2.90 3.33 3.40 2.43°
T4 (25:75) 1.16 1.22 2.03 1.72 2.03 2.14 2.20 222 1.77¢
Ts (0:100) 0.82 0.86 1.00 1.29 1.42 1.58 1.60 1.67 1.28°
Day avg. 1.68" 1.76 2.01° 2.30° 2.44° 2.55% 2.67° 2.71°
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in the mature composts. Clark (2000) found K levels
in similar ranges in food waste composting and associ-
ated K increase with the microbial activity.

Conclusion

In the present research, co-composting of poultry litter
and fast food waste was carried out in different combi-
nations. Among different ratios of composts prepared
and analysed for the nutrient dynamics, maximum
concentration of total nitrogen (3.63%), total phosphorus
(0.81%), and total potassium (3.40%) were found in
the mature compost of T; (containing equal proportion
of poultry litter and fast food restaurant waste). Carbon
to nitrogen ratio (18.33%) for this treatment (T;) was
also suitable to promote better plant growth. Temperature
remained effectively high in Ts (6-16 °C higher as
compared to the rest of the treatments) which supported
strong microbial activity in this treatment leading to
enhanced levels of studied nutrients (N, P, K) and lower
C:N ratio. This investigation supports the utilization of
co-composting of poultry litter and fast food waste to
enhance nutrient concentrations in the mature compost
as compared to the other combinations studied. Usage
of co-compost resulting from the combination (T3) can
effectively improve soil health, fertility and nutrient
availability resulting in better plant growth and avoiding
phytotoxic effects.
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