
Abstract

Palm kernel wastes produced from small and medium-
scale industries pose a serious environmental problem in
Nigeria. A portion of these wastes is used as feed supple-
ments for livestock but most are disposed off by burning
in the industry for heating purposes. This practice is an
environmental concern and the byproduct ash is also a
problem which needs to be addressed. Alternative
economic disposal methods are necessary and one
potential method is to convert the wastes into compost
and put them back on the farm.

This paper describes a study in which palm kernel waste
was converted into compost using goat manure and
poultry droppings as nitrogen supplements. The
compost was assessed for crop yield using green
amaranth as a test crop under greenhouse conditions.
The composting process was complete within 42 days
and the quality was found to be good.

The results indicate that the composts can be applied at
4 tonnes/Ha to obtain yields comparable to those of
organo-mineral fertilizer and chemical fertilizer which are
popular among Nigerian farmers. 

This composting process has the potential to address the
environmental health concerns arising from the current
way of dealing with palm kernel wastes.

Key Words: compost; chemical fertilizer; environmental
health; livestock wastes; oil palm wastes; organo-mineral
fertilizer.

Introduction

The oil palm (Elaeis guineensis Jacq) is a native of the
humid tropics of West Africa. Cultivation originated where
oil palm trees were interplanted in traditional agricultural
production systems along with other annual and
perennial crops. The tree flourishes where the annual
rainfall is 2,000 mm or more. It occurs wild along the
banks of rivers and streams in the transition zone
between rain forest and savanna. 

Palm kernel oil is obtained from the seed (the kernel or
endosperm) which contains about 50 per cent oil. When
the oil has been extracted, the residue known as “palm
kernel cake” (PKC) is rich in carbohydrate (48%) and
protein (19%) and is used as cattle feed (Onwueme and
Sinha, 1991). The ash contains large amounts of

potassium. When the PKC is further solvent extracted to
remove oil, it becomes “palm kernel de-oil cake” which
has no nutritional value (carbon 42.73%, nitrogen 0%,
volatile matter 67.71% and calorific value 4031 Kcal/Kg)
and is mostly used as fuel source in industry. Thus in the
palm oil industry the wastes arise from palm fruits and
the seeds and is a growing problem. Using them as fuel
is not environmentally sound and alternative methods
are to be sought. One potential method is to convert the
wastes into compost and put them back on the farm. 

PKC is generally deficient in nitrogen and to make it into
compost needs supplementary nitrogen rich materials.
In the Nigerian communities livestock wastes are readily
available. The most common livestock that are reared
around the farms and residences are goats and sheep,
poultry and, to some extent, pigs. There are also many
goat farms in virtually all major cities and many house-
holds in Nigeria keep poultry. This could be the source of
the nitrogen.

In the last 10 or more years interest in compost making
and utilization among Nigerian communities has been
revived as a result of increasing wastes and environ-
mental degradation in both rural and urban areas.
Added to that, Nigerian farmers use agrochemicals to
the barest minimum due to non-availability, unequal
distribution or high cost of procurement. The Federal
Government of Nigeria is focusing more on sustainable
agriculture and economic development programmes
which in turn demand an inward looking approach for
agricultural inputs. Recycling wastes for farm inputs is a
viable option as evident from earlier reported work
(John et al., 1996, Egbewumi et al., 1997, Sridhar and
Adeoye, 2004). 

This paper describes the conversion of PKC into compost
using goat manure and poultry droppings and evaluating
the product using green amaranth (Amaranthus spp) as a
test crop.

Materials and Methods

Materials
The waste materials used are palm kernel cake (PKC),
goat dung and poultry manure. PKC was obtained at a
palm kernel processing unit near Bodija market in
Ibadan. Fresh poultry manure and goat/sheep manure
were obtained from the University of Ibadan Research
Farm. The organo-mineral fertilizer was obtained from
Oyo State Pace Setter Organic Fertilizer Plant, Ibadan.
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The chemical fertilizer, NPK 15-15-15 was obtained from
the local fertilizer supplier.

Composting process
Composting was carried out using combinations of PKC
and poultry manure (3:1 ratio) and PKC and goat/sheep
manure (3:1 ratio). The composting was carried out
according to the methods standardized in our laboratory
in locally made woven baskets which facilitate natural
aeration of the composting material (Sridhar and
Adeoye, 2003). The amount of waste in each basket was
10 Kg (7.5 Kg PKC and 2.5 Kg livestock waste) and kept in
a greenhouse at the university. A clean plastic sheet was
spread under each basket to collect the leachates and
these were put back into the composting material. The
composting was carried out for six weeks. At daily
intervals, temperatures of the contents were measured
and pH values were determined at weekly intervals. To
facilitate optimal aeration of the compost mixtures, the
basket contents were turned once each three days for two
weeks, and subsequently once a week for the remaining
period of the process. The final composts were weighed
at the end of the composting period to assess the per
cent degraded, dry weights and chemical composition.

Greenhouse experiments
The matured composts were tested in a greenhouse
experiment to assess their nutrient levels and growth of a
test crop green amaranth (Amaranthus spp). The choice
of the test crop was based on the fact that the vegetable
is widely consumed, economical for large-scale cultivation
throughout the year, and rich in minerals and vitamins.
Besides, the growth is faster in the five ecological zones in
Nigeria and is resistant to common pests. Kogbe (1976)
extensively studied the manurial requirements of the leafy
vegetable Amaranthus in evaluating the various manures.
Makinde (2006) evaluated the effects of organo-mineral
fertilizer on growth and yield of Amaranthus caudatus and
A. cruentus in two locations in Lagos State.

The composts prepared were also compared with a locally
available organo-mineral fertilizer (OMF) developed by
the authors which is being marketed under the trade
name “Pace Setter Organic Fertilizer” and is popular
among farmers in the region. This OMF was prepared on
a commercial scale using slaughterhouse wastes and
market wastes and enriched at the factory with
supplemental nitrogen (urea) and phosphorus (single
superphosphate) at levels 3.5% and 1.0%, respectively.
In addition, NPK (15-15-15) chemical fertilizer, and
control soil were also used in the experiments. 

Black polythene bags holding 2Kg of exhausted soil
(composition: organic matter 6.2g kg-1, total kjeldahl
nitrogen 0.30 g kg-1, available phosphorus 2.43 mg kg-1,
sand 9.38 g kg-1, silt 20 g kg-1, and clay 41 g kg-1) were
used, and two rates of each manure and fertilizer were
applied, using 2000 Kg/Ha and 4000 Kg/Ha for the
compost applications, and 300 Kg/Ha and 600 Kg/Ha for
the NPK application. The pots were irrigated with tap
water to the field capacity. 

Methods of analysis 
and evaluation

The parameters measured to assess yield were plant
height (in cm), stem girth (in cm) and number of leaves.
The yields were measured weekly over a period of five
weeks and the results obtained at the end of the
experiment are given here. The five-week period was
chosen because of the economic yield at this period of
growth before the flowering and seed formation starts.

Raw wastes and the composts made from them were
analyzed for various physico-chemical parameters
according to standard methods. Organic carbon was
determined using wet digestion method as described by
Walkey Black (Allison, 1973). Each sample was ignited
slowly in a muffle furnace to a final temperature of
550ºC. The loss in weight and the residue left were
weighed and calculated for carbon.

Total nitrogen was determined by the Micro-Kjeldahl
method (Jackson, 1962). The technicon AALL method was
used for determination of phosphorus (Technicon
Instrument Corp.,1992). The pH of the samples was meas-
ured using a pH meter with glass electrode. The mean
ambient temperature during the experiment was 29ºC.

Results and Discussion

Changes during composting 
The chemical composition of the raw materials used in
the experiment is given in Table 1.0. The results show
that PKC has the highest carbon content of 96.21 whilst
goat dung has the highest per cent of nitrogen (3.62%).
The phosphorus content of poultry manure (3.29%) is
very much higher than the respective values for PKC and
goat dung. 

From the experiments, a 3:1 ratio of PKC and livestock
wastes is a good mix for fast thermophilic degradation in
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the composting process. The temperature changes
during the process of 42 days are shown in Figure 1.0.
Temperature was 30ºC for PKC and poultry manure
mixtures at the beginning of the composting which
continued to increase until it reached a peak of 58ºC on
the 12th day, when the increase was gradual until it
stabilized at 28ºC at the end of fifth week of composting.
In the case of PKC and goat manure mixtures the
temperature rose from 31ºC at start and progressively

increased until it reached the peak of 64ºC on the ninth
day, and thereafter it stabilized at 28ºC by the end of
fifth week and remained until the end of the experiment. 

The quality of the finished composts was assessed by
following the nutrient levels, C:N ratio, moisture level and
texture. The values were within the acceptable limits
(Table 2.0). The compost made from PKC and goat
manure, however, showed higher nitrogen and
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Table 1.0
Composition of
wastes used in the
composting (dry
weight basis).

Figure 1.0
Temperature
changes during
composting process
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Carbon
(C %)

Nitrogen (N %)
Phosphorus

(P)
Potassium (K)

Palm Kernel Cake 58.92 96.21 2.88 0.60 0.19

Goat dung 29.79 75.94 3.62 0.51 0.18

Poultry droppings 49.11 78.83 2.83 3.29 0.16



phosphorus levels which are needed in the composts
prepared in Nigeria. Increasing the nitrogen levels in the
natural composts is a challenge and supplementing with
natural sources of nitrogen is more environmentally
friendly than opting for mineral sources (Sridhar et al.,
2001; Adeoye et al., 2005).

Assessment of compost quality using a test crop
The results of the assessment of growth of the test crop

Amaranthus spp (Table 3.0) indicate that the
performances of composts prepared from PKC + poultry
manure and PKC + goat manure were comparable with
those of OMF and NPK particularly when applied at 4
tons/Ha. The peak heights for PKC and poultry manure
were 21.5cm, PKC and goat manure 20.1cm, and the
respective values for OMF and NPK were 30cm and
28.5cm. The maximum stem girth for PKC and poultry
manure was 3.1cm, PKC and goat manure was 2.8cm,
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Table 2.0 
Composition of the
composts prepared
from palm kernel
cake. (Composting
period of 6 weeks).

Treatment pH value
Carbon
(C %)

Nitrogen (N %) Phosphorus (P) Potassium (K)

PKC+ poultry manure 7.35 81.56 3.52 0.188 0.277

PKC + goat manure 7.46 80.64 4.63 0.195 0.149

Compost type and rate of application Plant height, cm Number of leaves Stem girth, cm

Control (Soil only) 6.0 7 0.07

PKC + Poultry Manure, 2 tons/Ha 15.2 8 2.90

PKC + Poultry Manure, 4 tons/Ha 21.5 10 3.10

PKC + Goat Manure, 2 tons/Ha 11 8 1.75

PKC + Goat Manure, 4 tons/Ha 20.1 8 2.80

Organo-mineral fertilizer, 2 tons/Ha 23.5 11 0.35

Organo-mineral fertilizer, 4 tons/Ha 30.0 10 4.90

NPK (15:15:15) Chemical fertilizer, 
300 Kg/Ha

22.0 10 4.20

NPK (15:15:15) Chemical fertilizer, 
600 Kg/Ha

28.5 11 5.50



and OMF was 4.9cm, while NPK produced a peak girth of

5.5cm. PKC and poultry manure produced a maximum of

10 leaves, PKC and poultry manure produced eight

leaves, while OMFA and NPK produced 10 and 11 leaves

respectively.

It was noted that composts cannot outperform

chemical fertilizers in terms of yields, particularly with

respect to green vegetables. Traditionally, the

recommended levels of application are 10 tons/Ha or

more. In the Nigerian situation, most of the farmers

preferred to have a product suitable for single

application once before planting. Organo-mineral

fertilizers meet such demand. The OMF used in the

experiments performed better than the PKC composts

because it was supplemented with additional nitrogen

and phosphorus. However, the advantages of using

organic manures lie in the fact that they release the

nutrients judiciously and promote stable soil aggregates

with residual fertilizing effects for subsequent crops.

Furthermore, they are environmentally friendly. 

Conclusions

� The management of palm kernel wastes is a serious

environmental problem in many Nigerian cities as it

is produced in large amounts by a vibrant industry

and mostly disposed off through burning in industry,

a process which causes environmental problems.

� It was observed that by mixing palm kernel wastes

with livestock wastes good compost can be prepared

which is comparable to other organo-mineral fertiliz-

ers and chemical fertilizers in terms of the plant

growth parameters – plant height, stem girth and

number of leaves. 

� An application rate of 4 tonnes per Ha was found

optimal for the desired yields of vegetable crops as

tested with green amaranth. 

� This composting process has the potential to reduce

the environmental health problems created by the

existing method of dealing with palm kernel wastes.
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