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ABSTRACT
Composting is proved to be environment friendly effective management option for the increasing volume of coffee

wastes generated and causing significant environmental degradation in developing countries. In view of this, the

quality of composts produced from coffee pulp with locally available organic matter following the windrow method

was examined based on four treatments in randomized complete block design (4x3). The study involved determining

some physicochemical parameters at 25, 55 and 80 days of composting. Mean values of bulk density, moisture

content, pH, electric conductivity, organic matter, total organic carbon, total nitrogen, total phosphorous, total

mS/cm-3.42 mS/cm, 45.26%-46.99%, 26.19%-27.27%, 1.54%-1.61%, 0.41%-0.59%, 0.75%-1.15% and 17.5-18.44,

respectively. Bulk density, total nitrogen, total phosphorous and total potassium increased with composting time in

contrast to moisture content, organic matter, total organic carbon and C/N. pH and electrical conductivity initially

increased but decreased at final stage. Mean physicochemical parameters of matured composts fell within the range of

acceptable limits set by different countries guidelines. All parameters were not significantly different (p>0.05) except

moisture content, pH and total potassium as compared to within treatments (p<0.05). The results revealed that a

mixture of 50% coffee pulp,20% cow dung, 20% enset leaf and 10% top soil is more preferable to produce quality

compost and consequently protect the environment.
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INTRODUCTION
Coffee is one of the most important agricultural export
commodities in the world economy, next to oil and it is the most
important and strategic commodity on which Ethiopia's
economy depends. From the time age-old, the coffee sector is
one of the backbones of the economic and social development
in Ethiopia. It provides livelihoods for more than 4.7 million
households and about half a million hectares of land are covered
by coffee plantations in 2015 that gave a yield of about 0.42
million metric tons of green coffee beans. Industrial coffee
production process involves either a dry or a wet processing
method for the removal of the shell and mucilaginous parts from
the cherries, resulting in the production of coffee husk and pulp,
respectively. This represents a serious environmental problem for

the waste contains high level of tannins, phenolic compounds
and chlorogenic acids that could inhibit plant root growth and
lead in greenhouse gas emissions through anaerobic
decomposition that necessitates the proper use and disposal of
coffee waste [1].

The current practices of green coffee bean production are not
promoting the health of the community as well as well-being of
the land on which coffee cherries are being produced. Despite its
contribution to the national as well as the regional economy, the
coffee sector is among the most unsustainable as far as
environmentally sound solid waste management is concerned.
The residue from dry coffee processing is burnt while those from
wet processing are dumped into rivers, both being disposed into
landfills and surface water. The residue from the wet coffee
processing factories particularly coffee processing effluents is
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causing considerable pollution to all components of
environment. This waste is rich in organic matter that can be
used for different purposes such as compost. In many
developing nations, dealing with the environmental costs of
solid waste is a current phenomenal challenge. The huge
production of solid wastes together with poor management
system result in a significant environmental degradation, thus
the safe and environmentally harmonious management of solid
wastes becomes a major issue for these nations. Today in all
corners of the world managing different organic wastes at low
capital and operational cost as well as in eco-friendly and energy
saving basis has attracted much attention and composting is one
of the techniques that have been applied in various parts of the
world. This study attemptedto evaluatechanges in some physico-
chemical parametersduring composting of coffee pulp with
locally available organic matter (cow dung and enset) and at
maturity stage [2].

MATERIALS AND METHODS

Description of the study area

The study was conducted at Dale district Shoyekebele 10 km
North of Yirgalem town 320 km south of Addis Ababa along
the main road to Moyale. It is located at
06028'15.5"-07004'50.3"N and 38020'7.8"-38032'36.5"E and an
altitude of 1750 m.a.s.l. The area receives an annual minimum
and maximum rainfall of 858.1 mm and 1676.3 mm,
respectively. The annual average minimum and maximum air
temperatures are 11.00 C and 28.40 C, respectively. The major
soil types of the center are eutric-nitosoland chromotic-
cambisolsthat are highly suitable for coffee production [3].

Composting materials

The basic raw materials used for composting included Coffee
Pulp (CP), Cow Dung (CD), and enset leaf. CP was directly
collected from shoyekebele cooperative union wet and dry coffee
processing firms dumping sites. CD and EL was collected from
farmsteads and the common bulking agent top soil was taken
from the unions’ land area (Figure 1) [4].

Figure 1: Map of the experimental site.

Treatment design and layout

Triplicates of four different treatments named T1, T2, T3 and
T4 were prepared in Randomized complete block design. The

treatments involved composting CP with top soil; CP with CD
and top soil; CP with EL and top soil; and CP with CD, EL and
top soil, respectively. Treatments were assigned at random to the
blocks and each treatment appeared once in each block. The
composting area was of 1m3 volume and lined with plastic sheet
membrane in order to protect mixing of base soil and the
composts under preparation. Each treatment was covered by
grass for protection of water loss. The compost piles were turned
and watered twice per week uniformly for all the treatments for
the first two months and once per week later on to enhance the
composting process by blending and breaking up the
composting materials (Table 1) [5].

Where, T1=Treatment1 (CP), T2=Treatment2 (CP and CD),
T3=Treatment3 (CP and EL), and T4=Treatment4 (CP, CD and
CD). Top soil was added to each layer to aid the composting
process.

Heap Type Treatment

T1 T2 T3 T4

CP 90% 65% 65% 50%

CD _ 25% _ 20%

EL _ _ 25% 20%

Top soil 10% 10% 10% 10%

Table 1: Percentage proportion of the composting materials.

Sampling and analyses of parameters

Some physiochemical parameters of the raw materials were
analyzed before starting the composting process. Three samples
were taken 25 days, 55 days and 80 days after the composting
started from each treatment and replications from all corner and
center of the heap and mixed together to get a representative
sample of each treatment. The compost samples were then
ground using a grinder and mortar to pass through <2 mm
sieve. The physicochemical parameters of the samples such as
Moisture Content (MC), Bulk Density (BD), pH, Total Nitrogen
(TN), Total Phosphorous (TP), Total Potassium (TK), Organic
Matter (OM), Total Organic Carbon (TOC), Carbon to
Nitrogen ratio (C:N), and electrical conductivity were analyzed
at Ambo University Chemistry Department Laboratory [6].

Determination of physical parameters

Moisture content: Five gram of representative fresh sample was
weighed for the determination of moisture content in a clean,
dry, pre-weighed and recorded moisture free tin and loaded in
an oven at 1050 C up to a constant weight (24 hours). Oven
dried sample was cooled in desiccator for 30 minutes and
reweighed.

pH: A sub-sample (5g) of air dried ground compost (<2 mm) was
transferred into a flask and 25 ml of distilled water for 1:5
compost/water suspension. Samples were transferred into an
automatic stirrer and stirred for 30 minutes. The flasks were
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covered and shaken mechanically for 15 min and allowed to
stand for 30 minute. The pH of the suspension was measured
using an electronic pH meter.

OM and TOC: Air-dried compost sample (2 g) was transferred to

added to both samples and blank with pipette. Next, 20 ml conc.

cupboard and the flask was swirled and allowed standing
asbestos or corking pad for 30 minutes. Then, 200 ml distilled
water was added and it was allowed to cool. Subsequently, 10ml
conc. Orthophosphoric acid was added just before titration, and
then 0.5 ml of barium diphenylamine sulphonate indicator was
added. Both samples and blanks were titrated with 0.5 N ferrous
sulfate solution until the color changed to purple or blue;
ferrous sulfate solution was added drop by drop until the color
flashes to green and then to a light green end point [7].

Total Nitrogen: Nitrogen in the sample was estimated following
the micro kjeldhal method. Dried sample (0.5 g) was digested

mixture containing potassium sulfite, copper sulphate and
selenium powder in the ratio 50:10:1 in the micro Kjeldhal
digestion unit. The digested samples were diluted with distilled
water and distilled after the addition of sufficient quantities of
40% NaOH to make the sample alkaline in the micro Kjeldhal
distillation unit [8].

RESULTS AND DISCUSSIONS

Physicochemical characterization of feedstock

Some physiochemical characteristics of the raw materials used
for composting determined are presented. Correction of some
physiochemical parameters of the feedstock material used for
composting that have a huge impact on the composting process
was the first task undertaken.

Physicochemical parameters of composts

Bulk density: Bulk density increased with composting time
might be because of the increased decomposition rate of organic
matter since organic matter and bulk density are inversely
related. Bulk density was not significantly different (p>0.05)
among the treatments which might be due to similar buildup of
raw material particles (Figure 2) (Table 2) [9].

Figure 2: Average bulk density and moisture content of
composts at different stages.

Raw
mate
rial

Para
mete
rs

MC
(%)

pH EC
(ms/
cm)

OC
(%)

OM
(%)

TN
(%)

AP EK C/N

CP 58.0
2

4.64 7.74 40.3
1

69.5 1.05 1.11 2.49 38.3
9

CD 50.7
6

8.73 5.95 33.3
1

57.42 1.25 1.43 1.99 26.6
5

EL 61.34 6.3 4.69 46.9
3

80.9 1.5 1.36 3.66 31.29

Table 2: Some physiochemical characteristics of the raw
materials.

Moisture content: Moisture content decreased with increasing
composting time might be mainly because of water loss during
the composting process. According to the reduction in moisture
at the end of composting process is attributed to microbial heat
generation causing improved aridness. This result is also in
agreement who reported a decrease in MC of compost from
61.1% to 54% within composting time. Mean MC was
significantly different (P<0.05) betweenT1 and T4, T2 and T4,
and T3 and T4.This might be attributed to the combination of
three different composting feedstock in T4 that can hold the
water content than the other. The result of this study is in
agreement who reported compost MC in the range from 40% to
60%which is suggested as acceptable ranges by the EFEPA [10].

pH: The mean pH of the composts increased from D25 to D55
and then decreased at D80. The increase of pH during
composting from D25 to D55 might indicate evolution of
ammonification processes as a result of microbial activities. The
differences in pH between T1and T3, T1 and T4, T2and T3, T2
and T4, T3 and T4 were significantly different (p<0.05).The
difference in pH among the composted types might be due to
the differences in chemical composition of the starting
materials, the mixing ratio and the inter action within the
composted materials during composting. The combined effects
of ammonification and accumulation of organic acids also
regulate the pH dynamics during the composting process.

Electrical conductivity: Mean EC of the compost increased
from D25 to D55 and then decreased at D80. The initial
increase of EC might be attributed to the organic matter
degradation and release of different mineral salts such as
phosphate, ammonium, and potassium whereas the decrease at
later stage could be due to consumption of produced organic
acids at the process and their conversion to ammonia. This
finding is in agreement [11].

The mean EC was not significantly different among the
treatments (p>0.05). This might be explained by similar release
and conversion of soluble salt into ammonia. This might also be
due to the similarity in the interaction within the composted
materials during composting time. The result is also supported
with who reported the EC of compost produced from green
waste in the range between 0.46 mS/cm and 3 mS/cm. This
finding is also in compliance with the quality of compost
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a 500 ml Erlenmeyer flask and 10 ml 1N K2Cr2O7 solution was
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recommended by countries such as Dutch, Belgium, and Italy
that is <5 mS/cm.

Total organic carbon: Total organic carbon content decreased
with increasing composting time which might be explained by a
decrease in the rate of carbon degradation gradually as
composting progressed because of the reduction in available
carbon sources as stated. The OC of the composts ranged
between 26.19% and 27.27% and mean values were not
statistically significantly different among the treatments
(p>0.05). This might be explained by the presence of
comparable amount of organic matter contents in the
treatments [12].

Total Nitrogen: Nitrogen content increased with composting
time which might be attributed to the concentration effect
caused by carbon loss associated with mineralization of the
organic matter. The mean TN content was not significantly
different among the treatments (p>0.05). The comparable TN
content in the composts might be due to the similarity in
mineralization/immobilization of nitrogen and the interaction
within the composted materials. The non-significant difference
among composts might be due to the similarity of nitrogen
content in the raw materials.

Total Phosphorous: Total Phosphorus of the composts
increased with an increase in composting time. This might be
attributed to solubilization of the inorganic phosphate existing
in the compost by microorganism which agrees. The TP
recorded in the study was not significantly different among the
treatments (p>0.05) might be because of the similarity in the
available microorganisms and the interaction within the
composted materials. The value recorded in this study ranged
between 0.41%-0.59% and supported [13].

Total Potassium: Total potassium correspondingly increased
with composting time. This might be explained by increased
decomposition rate and the concentration effect caused by
carbon loss associated with mineralization of the organic matter.
The highest exchangeable potassium content was recorded
might be because of the high decomposition rate of the
composting material. The relatively higher potassium content
determined in the composts might be due to the higher
concentration of potassium in the combination of CP, CD and
EL raw materials [14].

CONCLUSION AND
RECOMMENDATIONS
The physicochemical qualities of the composts evaluated lie in
the range of quality compost guidelines and standards set by
Ethiopia, Dutch, Belgium and Italy. The compost produced
from coffee pulp composted with cow dung and

Enseteventricosumin the proportion (50% of CP, 20% of CD,
20% of EL and 10% of top soil) is more preferable due to the
statistically high TK content and suitability to use without any
treatment for pH. Thus, coffee pulp composting with cow dung
and Enseteventricosum at this proportion can be considered as a
viable option for environmental management in the area of
coffee processing stations.
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