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ABSTRACT

Municipal waste management has been of major concern to many developing countries and is presently one of the subjects under
discussion due to rapid industrialization and population growth. Most of these municipal wastes have the potential of being recycled and
use in crop production. They are gradually becoming a problem in Ghana instead of being used for purposes to benefit human kind. In
this study, dried faecal sludge and municipal waste co-compost was used as an organic fertilizer to cultivate cabbage and lettuce to
assess its effects on their microbial load and yield. The yields of vegetables increased significantly with the application of recommended
doses of the co-compost. The analysis of microbial load on the vegetables also showed significantly low microbial load on vegetables
cultivated on co-compost plots followed by the chemical fertilizer and control. The presences of faecal coliforms such as Salmonella
spp., Shigella spp., Escherichia coli, and Klebsiella spp. were confirmed in all. The performance of vegetable cultivated on plots treated
with the co-compost makes it a good source of plant nutrients to be recommended to farmers. This could also serve as prudent strategy

for managing municipal waste and faecal sludge to avoid impact of unscientific disposal on public health and quality of life.
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INTRODUCTION

Municipal waste are heterogeneous in nature and are generated from several
sources with varying human activities on daily basis (Valkenburg et al., 2008;
Hering, 2012; Miezah et al., 2015; Gu et al., 2016). A number of studies
revealed about 55-80% of the municipal waste are generated by households in
developing countries, and the key component of this waste includes; yard waste,
food waste, wood, plastics, papers, rubbers, inert materials and sundry (Nabegu,
2010; Nagabooshnam, 2011; Okot-Okumu, 2012; Miezah et al., 2015).
Whereas in developing countries, the average daily faecal excretion per person
range between 0.35kg to 0.25kg in rural and urban areas respectively (Feachem
et al., 1983; Nartey, 2013).

In Ghana, average waste generated per person in the municipalities on daily
basis is about 0.47kg, which includes those mentioned earlier (Miezah et al.,
2015). The way in which these waste are managed could have a profound impact
on public health and quality of life in municipalities (Agbede and Ajagbe, 2004;
Wilson et al., 2015). Most of these wastes usually find their way into landfill
sites creating environmental problems such as a route of transmission for disease
and deprives humanity of valuable soil fertility, especially in urban centers. It is
also one of the primary ingredients in sewage, and is largely responsible for much
of the world’s water pollution (UNEP-IETC, 1996; Wilson et al., 2013; Wilson
etal., 2015).

There are many different waste management strategies that could be employed.
In recent times, there has been a change towards a new management sequence of
command that promotes the reduction, reuse and recycling of waste products
(Magrinho et al., 2006; Banar et al., 2009; Hotta, 2014; Yano and Sakai,
2016). The simplest way to tackle the waste management problem is to reduce
waste at source (Fullen et al., 2013; Hotta, 2014), but it is preferable to reuse
and recycle the waste where waste reduction is not achievable (Yano and Sakai,
2016; Matsuda et al., 2017). Nonetheless, most of these organic wastes have the
potential of being recycled and use in agriculture systems (Soliva Torrenté and
Felipo, 2002). Human excreta for that matter have traditionally been used for
crop fertilization in many countries. In some Asia countries, faecal matter has
been recycled and used effectively in cultivation of crops whiles its use in Africa
has not received much attention (Nartey, 2013).
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According to (Rekhi et al., 2000), the continues application of higher amount of
only inorganic fertilizer had deleterious effect leading to decline in productivity
due to limitations of one or more micronutrients. Although the use of organic
fertilizer is one of the oldest practices in crop production especially where these
organic sources are in abundance, it should be noted that the use of fresh manure
is not recommended due to its burning effects on plants, especially young
seedlings (Oelhaf, 1978; Escobar et al., 2007; KUMAR, 2013). Among the
essential elements needed by crops, nitrogen is the element that limits growth the
most. Nitrogen deficiency is also more likely to occur where immature co-
compost is used because the microbes compete with the crops for nitrogen during
the decomposition process (Oelhaf, 1978; Escobar et al., 2007; KUMAR,
2013). Humans excrete roughly 1.6kg to 7.5kg of fertilizer each year, primarily
nitrogen, phosphorus and potassium (Wolgast, 1993; Richert et al., 2010;
Schuster-Wallace et al., 2015). The treatment of human excreta as a resource
rather than waste, recovery and recycling of the nutrients is essential for
prevention of pollution and diseases (Shiralipour et al., 1992; Esrey et al.,
1998; Magrinho et al., 2006; Cordell et al., 2009; Cordell et al., 2011). The
inoffensive material obtained from recycling could be applied to the soil to
increase the organic matter content, improve water holding capacity and increase
the availability of nutrients for plants. In addition, it has lower concentration of
heavy metals than artificial phosphorus fertilizers and farmyard manure which is
added advantage (Shiralipour et al., 1992; Esrey et al., 1998; Schonning et al.,
2002; Guzha et al., 2005; Niwagaba et al., 2009; Yadav et al., 2010). The
objective of our study was to investigate the effect of dried faecal sludge and
municipal waste co-compost, on the yield and microbial load on lettuce and
cabbage. The presence of possible pathogenic microbes were also considered in
the study as well, to assess the efficiency of the technique for managing
municipal waste in developing countries. To prevent the hazardous impact on all
components of the environment and human health, and the suitability of the co-
compost in meeting agricultural needs.
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EXPERIMENTAL
Study Location

The experiment was carried out at the Farm for the Future, and the Spanish
Laboratory of the University for Development Studies (UDS) Nyankpala
Campus, in the Tolon District of Northern Region, Ghana. The experiment took
place within a period of seven months (November 2013 to May 2014). The study
area lies in the Guinea Savanna Zone, which is characterized by large areas of
low grassland interspersed with trees.

Experimental Design
The experiment was laid in a randomized complete block design (RCBD) with

three blocks (Table 1). Each treatment (T) was replicated four times. Table 1
Experiment layout in randomized complete block design (RCBD)

T2 T1 T3
T3 T2 T1
T1 T3 T2
T2 T1 T3

Legend: T1- control, T2- chemical fertilizer and T3- co-compost
Preparation of Co-compost

The co-compost used for the experiment was prepared at the Farm for the Future,
University for Development Studies by Agricultural Mechanization and Irrigation
Technology department. The materials used for the co-compost preparation were
organic municipal waste and dried faecal sludge as main co-composting
materials, neem leaves and water.

Windrow method of co-composting was used in the co-compost preparation in
piles consisting of two materials in a proportion of 1:2 in which the base material
(human faecal waste) is the 2 units. The co-composting period lasted for eight
weeks. In brief, dried neem leaves were added to each pile followed by thorough
mixing of the pile and water was added intermittently. ‘Zana’ mats were used to
cover the pile after finishing to prevent excessive water loss. Daily watering of
the piles was carried out, and after every fortnight the temperature of the pile was
taken and the pile turned. Samples were taken after each turning for laboratory
analysis. All stages of the decomposing analysis were carried out at Savannah
Agricultural Research Institute (SARI) Laboratory.

Agronomic Practices

A raised nursery bed of 2m x 1m was laid and sterilized using rice husk. The bed
was tapped at one side to avoid water logging on the bed in case of excessive
watering. Cabbage seeds (Oxylus) and lettuce seeds were nursed on nursery beds
and transplanted 2-3 weeks after germination. Planting was done at a spacing of
60cm x 60cm and 30 x 30 for the cabbage and the lettuce respectively.

The experimental field was ploughed and harrowed with a total of 12 (2.5m x
1.5m) experimental units laid. Thirty kilogram (30kg) of the co-compost was
incorporated into the soil of each plot, watered for one week before transplanting.
Fifteen grams (159 per plant) of NPK 15:15:15 fertilizer was applied two weeks
after transplanting, using ring placement method about 5¢cm from the base as a
treatment. Plots without application of any treatment were used as a control.
Weeding was done twice in a month throughout the production season with a hoe
and cutlass coupled with two spraying regimes at vegetative growth and head
formation stages for controlling insect pests such as caterpillars, beetles, thrips,
leaf worm and aphids.

Data Collection

The parameters measured in this experiment on per plot basis were head weight
and head diameter for cabbage and height, number of leaves, weight after
harvesting and root weight after harvesting for lettuce randomly on selected
plants from each plot at three (3) weeks after transplanting.

Five tagged plants were randomly sampled from each plot. The weights of these
heads were taken using an electronic weighing scale (Jadever, JPS-1050). The
diameters of these heads were taken using measuring rule in centimeters (cm).
The heights of the selected plants were measured and the leaves also counted at
one (1) week interval. The roots of each selected plant were cut and the plant
weighed without the roots and root separately recorded at harvesting.
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Microbial Analysis

A sample of the faecal sludge and municipal waste co-compost were taken to the
laboratory for analysis before its application on the field. The harvested samples
of cabbage and lettuce heads were also taken to the laboratory in ice-chest for
microbial analysis. All samples were collected in sterilized plastic bag before
taken to the laboratory.

For microbial count, 10g of the co-compost was weighed and transferred into
250ml beaker containing 90ml of sterile distilled water and shake vigorously to
obtain a homogenous mixture. One milliliter of the suspension from the beaker
was serially diluted in test tube labeled 102 to 107 each containing 9mls
sterilized distilled water. One milliliter aliquot of each dilution was then plated
on each replicate plate and incubated for 24hrs at 30°C. After incubation for
24hrs, viable colonies on each plate was counted under magnified colony counter
and data recorded as colony forming units (cfu/ml). The number of colony
forming units per ml of the sample was calculated as follows; CFU/ ml= CFU x
dilution factor x 1/aliquot.

One gram of randomly selected samples from each plot were weighed into a
beaker with 9ml of sterilized distilled water and macerated. Each macerated
sample was then serially diluted up to the dilution factor of 102to 107 and 10
up to 10°° was used for the cabbage and lettuce respectively- After incubation for
24hrs, viable colonies on each plate was counted as above.

Identification of Microbial Isolate

Biochemical characterization was carried out and the isolates identified with the
aid of Bergey’s manual of determinative bacteriology (Garrity, 2006). In order
to confirm whether the bacteria load on the samples were harmful (gram
negative) non-harmful (gram positive). Further pure culturing by streaking
method was carried out using MacConkey media. The culture was streaked on
the solidified media using inoculation loop and incubated for 24hours at 37°C to
determine lactose fermenting (lactose positive and lactose negative) bacteria.
Subsequently, citrate test as described by (Simmons, 1926) was used to
differentiate gram negative bacteria that use sodium citrate as a source of carbon.
The isolates were identified based on colour change. This was followed by
carbohydrate fermentation test as described by (Reiner, 2012) to detect the
ability of microorganisms to ferment a specific carbohydrate. The carbohydrates
used for the tested were glucose, manitol, sucrose and lactose. 5 ml of broth was
dispensed into test tubes containing inverted Durham tubes which were then
sterilized and inoculated under a laminar flow hood. The isolates were identified
based on a change in colour of the medium and gas collected in the inverted
Durham tube. Fermentation patterns were used to differentiate among bacterial
groups or species. Successively, catalase test was also carried out using the drop
method (Reiner, 2010). A drop of hydrogen peroxide (H.O, was added onto
sterilized microscope slide and small amount of colony from the pure culture was
added, and mix with sterilized toothpick. The formation of bubble was used to
differentiate catalase positive bacteria from catalase negative ones. The rapid
evolution of O, as evidenced by bubbling indicates positive result. The pure
culture isolates were finally cultured on selective and differential medium
(salmonella and shigella-SS) agar for the identification of gram negative
microorganisms (salmonella and shigella). The solidified medium was streak
with the inoculum using a sterile loop and the plates incubated aerobically at
37°C for 24 hours. The morphology of colonies were examined and compared
with references for confirmation.

Statistical analysis

Data collected during the study were entered into EXCEL spreadsheet and
analyzed by analysis of variance (ANOVA) at 5% level of significance using
statistical software GenStat (12" edition).

RESULTS
Head Diameter of Cabbage

There was significant difference (p<0.05) observed in the head diameter of co-
compost treated plants compared to the control treatment plants (Figure 1). There
was no significant difference between the chemical fertilizer and control. Co-
compost treated plants recorded the highest diameter of 7.89 cm followed by
chemical fertilizer which had a diameter of 6.63cm. The control recorded the
lowest diameter of 5.67cm.
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Figure 1 Head diameter of cabbage after harvest on the various treatments.

Head Weight of Cabbage

Cabbage heads harvested from plots treated with the co-compost recorded the
highest weight (53.35g). This was significantly higher (p<0.05) than that
recorded for heads harvested from plots treated with the chemical fertilizer
(32.9g) and control (31.4g). There was however no significant difference
between cabbage heads harvested from chemical fertilizer plots and control plots
(Figure 2).
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Figure 2 Head weight of cabbage after harvest on the various treatments.

Number of Leaves of Lettuce

The number of leaves increased steadily with lettuce cultivated with co-compost
having the least number of leaves. This continued till the third week after which
there was a rapid increase in the number of leaves of lettuce cultivated with co-
compost followed by plants cultivated on plots treated with chemical fertilizer
and control being the least (Figure 3).
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Figure 3 Number of leaves developed within 5 weeks of cultivation of lettuce on
(A) co-compost, (B) chemical fertilizer and (C) control plots.
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Plant Height of Lettuce

During the first two weeks after transplanting (2WAP), plant heights were almost
within the same range among all the treatments. However, there was a sharp
decline in plant heights among all the treatments from 2WAP until the third week
after which a rapid increase occurred till the fifth week. Lettuce cultivated on
plots treated with co-compost had the highest plant heights followed by chemical
fertilizer and control having the least (Figure 4). These differences were
statistically significant (p<0.05).
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Figure 4 Plant heights recorded within 5 weeks of cultivation of lettuce on (A)
co-compost, (B) chemical fertilizer and (C) control plots.

Plant Weight after Harvesting

The weights of plants obtained after harvesting showed a wide variation between
the lettuce cultivated on plots treated with co-compost and lettuce cultivated with
chemical fertilizer as well as those without any treatment (Figure 5). This
difference was highly significant (p<0.05) with that of co-compost recording the
highest value of 190.6g against 52.8g and 29.5g for chemical fertilizer and
control respectively.
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Figure 5 Plant weights after harvesting of lettuce on the various treatments.
Root Weight after Harvesting (Lettuce)

The measurements taken from the roots of the lettuce plants after harvesting
showed significant different (p<0.05) between co-compost and the other
treatments. Plants cultivated on soil treated with co-compost to have the highest
weight (18.8g). This was followed by those cultivated with chemical fertilizer
(4.47g) and plants from the control plots having the least root weight (3.34g)
(Figure 6).
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Figure 6 Root weight of lettuce after harvest on the various treatments.

Lettuce plants from plots treated with co-compost had the highest root weight.
This was significantly different (p<0.05) from those harvested from plots treated
with chemical fertilizer and the control plots.

Microbial Load on Cabbage Heads after Harvest

There was highly significant difference (p<0.05) in the microbial load on cabbage
heads between treatments (CFU/ml) counted after 24hrs of incubation. The
control recorded the highest microbial load of 2.45x 10°(CFU/ml) followed by
chemical fertilizer of 5.2 x 10%(CFU/ml) and the co-compost recording the lowest
microbial load of 1.18 x 10" (CFU/ml). There was also high significant difference
between the chemical fertilizer treated plant and the co-compost (Figure 7).
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Figure 7 Microbial load (CFU/ml) on cabbage after harvest on the various
treatments.
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The results (Table 2) confirmed the presence of faecal coliforms Salmonella spp.,
Shigella spp., Escherichia coli, and Klebsiella spp. in the three treatments plants.
The various species were identified based on their ability to ferment manitol,
sucrose, glucose, lactose, the ability to grow in citrate acid agar and react to
catalase.

Table 2 Carbohydrate fermentation test of isolates from the various treatment plants

Specific Carbohydrates
Isolated species Glucose Manitol Lactose Sucrose Citrate test Catalase test
Escherichia coli +/+ +/+ + +/+ - +
Klebsiella spp. +/+ + + + + +
Shigella spp. + + - - - +
Salmonella spp. + ND - + + +

Legend: Acid positive reaction (+), negative reaction (-), acid and gas positive (+/+), not determined (ND)

DISCUSSIONS
Head Diameter and Head Weight of Cabbage

Results from this study shows that the dried faecal sludge and municipal waste
co-compost has the potential to help farmers increase their yield in cabbage
production. This is because the co-compost performed far better than the
chemical fertilizer and the control in terms of yield. Cabbage is a heavy feeder
thus utilizes more nutrients in the soil than other crops like legumes and cereals
(Pierce, 1987; Chaurasia et al., 2012).

Co-compost as organic fertilizer has high nutrient content, with higher
concentration of macronutrients such as nitrogen, phosphorus and potassium
(Asghar et al., 2006; Farrell and Jones, 2010; Cofie et al., 2016). It does not
only supply macronutrients but they are also valuable sources of micronutrients
such as iron, cobalt, chromium, copper, manganese, zinc and molybdenum which
helps to coordinate a range of physiological functions. It also promotes growth of
earthworms and other beneficial soil organisms including nitrifying bacteria
(Bierman and Rosen, 2005; Kistner and Miltner, 2016; Ren et al., 2017).
Yield of cabbage in particular is affected by the supply of nitrogen during
cultivation (More, 2006). Thus the high level of nitrogen (N) in the co-compost
couple with the other benefits above could have accounted for the higher yield
compared with the other treatments.

This experiment was carried out in the dry season, where the soil was very dry,
placing a lot of stress on the plants. Water was provided through manual
irrigation (using watering cans). It is of interest to note here that the low humidity
coupled with transpiration means that the soil lost a lot of water even after
watering (Taiz and Zieger, 2002; Stewart and Peterson, 2015). However, the
ability of co-compost treated soil to retain a relatively appreciable amount of
water due to increase in soil aggregation and decrease in bulk density as a result
of the presence of organic carbon in the co-compost treated soils makes water
available for crops use over relatively longer periods after watering. Co-compost
serves as a soil amendment and has the capacity to retain moisture which helps
with the uptake of nutrients from the soil by plant (Evanylo et al., 2008;
Vengadaramana and Jashothan, 2012). This capacity of co-compost gave it
competitive advantage over the other treatments.
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Number of Leaves, Plant Height, Weight and Root Weight of Lettuce

Data from the yield parameters show that the co-compost could be good if not
better replacement for chemical fertilizers as indicated by (Smith et al., 2001;
Diacono and Montemurro, 2011). The Co-Composting Council in the year
2000 has observed that co-compost improves soil structure, porosity and density
thus creating a better plant root environment. This could have accounted for the
high root mass recorded for the plants cultivated with the co-compost. Co-
compost also improves water holding capacity thus reducing water loss and
leaching in sandy soils. This can lead to high plant and root weight as there will
be enough water for the plants to utilize. Furthermore, co-compost has the ability
to replenish plant nutrients depleted by harvested produce (Zenz et al., 1976;
Diener et al., 1993; Cofie et al., 2016; Moya et al., 2017). Lettuce plants
harvested from control plots recorded the least values for all parameters. This
may be due to the low nutrient composition of the soil at the experimental site.

The Microbial load on cabbage heads after harvest.

Preliminary microbial load analysis was conducted on the dried faecal sludge and
municipal waste co-compost before application. The results obtained after
analyzing the microbial loads on cabbage heads from the various treatments
demonstrate that the dried faecal sludge and municipal waste co-compost has a
great potential for farmers and consumers in vegetable production. This is
because the co-compost recorded the lowest microbial load count than the
chemical fertilizer and the control.

The low microbial load on the co-compost compared to other treatments is not
very surprising. This is because activities of microorganisms are affected by
substrate availability, temperature, pH, soil moisture, enzyme activity and
predation (Balser et al., 2000; Chaer et al., 2009). The decrease in the microbial
load from the treatment with co-compost and chemical fertilization could be as a
result of the addition of nitrogen (N) to the soil which has resulted in decreased
soil pH (Maraun et al., 2001), the related soil chemical changes that arise as pH
changes, may be a major factor controlling soil microbial actions and biomass
(Mamilov et al., 2000; Blagodatskaya and Kuzyakov, 2008).The decreases in
soil pH as a result of nitrogen addition causes acidification due to ammonia
oxidation by the nitrifying bacteria and NO; leaching which could affect the
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growth and activities of the microorganism (Rasmussen and Rohde, 1989;
Cytrynetal., 2012)

A number of authors have reported the presences of heavy metals such as copper,
lead and mercury in dried faecal sludge and municipal waste co-compost (Hyde,
1976). These heavy metals are noted to inhibit the growth of soil microorganism
especially their multiplication (Nishino et al., 2007). This (though not analysis)
might have resulted in the reduction in microbial load on co-compost treatment
plants as compared to the chemical fertilizer treatment and the control plants as
they are injurious to microorganisms even at the low concentration by forming
complexes with protein molecules which render them inactive due to inactivation
of enzymes (Mills and Colwell, 1977).

The presence of microbes on the co-compost especially the possible pathogenic
spp could also be as a result of the co-composting time. Time is an important
factor to the survival of pathogens in co-composted matter. The longer the co-
composting duration, the lower the survival rate of pathogens. Previous study by
(Salkioja-Salonen, 1983; Redlinger et al., 2001) shown that toilet waste has to
be co-composted for at least six months even during summer to reduce to
appreciable levels the pathogenic microbial content.

The temperature of exposure of co-compost is another factor for the survival of
most bacterial pathogens. Report by (Cooper and Golueke, 1982; Berge et al.,
2009) indicated that temperatures in well-managed co-compost operation are
normally in a range of 50 to 65°C. Such temperatures are well above the thermal
death points of mesophilic pathogens. As the temperature of the co-composting
process increases pathogens are usually destroyed as they reach their thermal
death points. There is a relationship between temperature and time, high
temperature for a short period or a lower temperature for a longer period may be
equally effective. Study by (Epstein, 2001) revealed that high temperatures were
extremely effective in the destruction of pathogens.

The method of co-composting may also have an effect on type and survival of
microorganisms in co-composts. This was supported by (Pereira-Neto et al.,
1986) that static aerated piles were more efficient than windrows in the
inactivation of the indicator organisms. It was reported that, in static aerated piles
E. coli was r;educed below the detection level, faecal streptococci were reduced to

less than 10 cfu per gram and Salmonella were completely eliminated after 32
days of co-composting (Gaby, 1975; Hay, 1996). In contrast, all of these
organisms were still detectable at the end of the windrow co-composting process
for the co-compost used for this experiment.

The level of microbial mean population on plots treated with co-compost could
also be associated with leaves morphology, the broad leave which easily come
into contact with the ground, accumulation of dirt by the rough surface and
subsequent bacteria adhesion (Seow et al., 2012; Cardamone et al., 2015). It
could also be due to the ability of some microorganisms to survive in plants. For
instance E. coli has the capability of attachment to the interior of vegetable pores
and has a tendency to form aggregate association (Seo and Frank, 1999;
Wachtel et al., 2002). The method of watering with “can” could also be a factor
for transmission of microorganisms to leave surfaces through splashing.
Furthermore, the results from this study confirmed the presence of faecal
coliforms Salmonella spp., Shigella spp., Escherichia coli, and Klebsiella spp. in
the three treatments. The cross contamination of feacal coliforms could be
attributed to several factors such as the source of water used in the production
(Hamilton et al., 2006; Ben Said et al., 2016), the grazing by livestock’s in the
area during the off season with their excreta and the closeness of the
experimental field to the co-compost pit.

CONCLUSSION

The results obtained from this study shows that the dried faecal sludge and
municipal waste co-compost has better performance in terms of yield and
microbial load when used for cabbage and lettuce production. Moreover, it
requires appropriate composting technique to reduce the microbial load to the
minimum level. The higher yield coupled with the relatively lower microbial load
on vegetable cultivated on plots treated with the co-compost makes it a good
source of plant nutrients to be recommended to farmers. Furthermore, due to the
increase in waste production with economic growth and industrialization,
emphasis should be laid, especially in municipal cities of developing countries,
on adopting appropriate waste management systems that, promote recycling of
waste, and encourage utilization of faecal sludge to produce fertilizers for
supporting agricultural needs. This will go a long way to solve the possibly
adverse effect cause by unscientific disposal of waste on all components of the
environment including human health.
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