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ABSTRACT
For this study, the waste was sorted and composted in 20 L buckets A and B in replicates. A was amended with cow dung collected from Odo-Eran Abattoir in Abeokuta, while B was not. The temperature, pH, microbial succession, heavy metal concentration, and chemical properties of the composts were monitored at weekly intervals for 95 days using standard methods. pH and other elemental compositions, were determined according to A.O.A.C methods. Planting of test crop was done in a complete randomized block design, while the growth performance were determined by comparing the leaf length, leaf numbers, plant height, and numbers of fruits. Internalization of bacterial and fungal species by the test crops was also determined. Isolates were identified using 16sRNA gene amplification and sequencing for bacteria, and 16sF sequencing for yeasts and molds respectively. Antibiotic susceptibility of the isolates was determined by disc diffusion method. Temperature of the compost ranged between 22˚C-43˚C, the pH increased over time till termination of the experiment. Bacteria isolated include; Lysinibacillus fusiformis, Enterobacter cloacae, Pseudomonas aureginosa, Lysinibacillus sphaericus, Bacteroides vulgatus, Bacillus cereus, Escherichia coli, Providencia alcalificiens, Bacillus anthracis (Sterne), Providencia rettgeri, and Enterobacter asburiae. Molds include; Aspergillus niger, Rhizopus sp., Penicillium notatum; while yeasts include; Saccharomyces sp., and Candida sp. Microbial counts during composting ranged from 0.8-2.0 CFU/mL in treatment buckets A and B. Amendment of soil with composts also improved the growth of crops (leaf length, leaf and fruit numbers, fruit size, and plant height in tomatoes), and also the proximate properties. This study remarkably showed that composting and amendment of composted wastes helps improve quality of the wastes for Agricultural uses, and also reduced the uptake of microorganisms by test crop (Tomato) as well as yield. 
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INTRODUCTION
Wastes are generally regarded as ‘useless’ substances or materials discarded after the ‘useful’ part or content has been used. They are by-products of all human activities (Adewunmi, et al., 2005). According to Environmental Protection Department Air Management Group, EPDA (2001); and Ogwueleka (2016), waste involves categories of household, municipal, commercial and industrial wastes, some hazardous and toxic. Composting has provided alternate use for solid wastes, but another challenge is the possibility of plants, especially those eaten raw taking up pathogens and heavy metals from these wastes into their structures which will in turn pose health issues for the consumers. 
Therefore for the purpose of this study, tomatoes were chosen to be grown on soil amended with the matured composts (since they are commonly eaten with little or no cooking), and the growth performance, pathogen internalization by these crops determined. 

MATERIALS AND METHODS
This experiment was carried out in the Microbiology laboratory Federal University of Agriculture, and the screen house of department of Agricultural Education, Federal College of Education, both in Odeda Local Government area of Ogun state.
Municipal solid wastes (MSW) were collected randomly from Saje (which happens to be the largest waste dumpsite and landfill in Abeokuta metropolis). at a depth of 0-20cm, sorted and trasnfered into 20 L buckets labeled CMSW (MSW + cow dung; and MSW - MSW alone) that had being perforated at the bottom to allow for the draining of excess water for composting. 
N The compost bins were placed in a shelter which was raised above the ground to collect and manage seepage of leachates. Temperature of the compost was monitored weekly at depth of 20 cm (Adekunle, et al., 2009). Water was added to make up moisture content of about 40-60% (Buswell, 1984). 
The compost mixture was turned at intervals. Samples were taken on the first day, and then weekly at a deep of 15cm below the surface, according to Olynciw, (2002); and Adekunle, (2011). Samples were promptly transported to the laboratory for isolation of resident micro-organisms and physicochemical analysis. Microbial succession in the compost were monitored at a weekly interval in by sample collection and culturing in the laboratory in triplicates.
The matured compost was used to plant tomatoes in a screen house experiment. Buckets were arranged in randomized block design of 5 replicates. The microbial population in the fruits were also determined; and the isolates were subjected to antibiotic susceptibility tests.

Growth performance of the test crops were determined by observing and taking record of the leaf length, leaf numbers, plant height, and numbers of fruits.

Statistical Analysis
Data obtained were tested statistically by means of the analysis of variance (ANOVA) at α= 0.05 level of significance using the Statistical package for Social Sciences (SPSS, 16.0 version) software. Where means were significant (P<0.05), means were separated using Duncan multiple range test.

RESULTS AND DISCUSSION 
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Temperature of the different compost increased rapidly up to week 3, and dropped at weeks 4-6, a little surge in temperature was observed at weeks 7 and 8, then, gradual decrease till the end of the composting period. It was observed that at week 8, essential compounds (Nitrogen, Phosphorous, Potassium, Sodium, Calcium, Magnesium, Organic carbon, and organic matter contents) in the compost improved appreciably.
Table 1: Mean tomato plant height, leaf length, and leaf number as affected by the Compost treatments compared to control
	
	Plant height
	
	Leaf length
	Leaf number

	Weeks
	CMSW
	MSW
	CONTROL
	
	CMSW
	MSW
	CONTROL
	CMSW
	MSW
	CONTROL

	1
	-
	-
	-
	
	-
	-
	-
	-
	-
	-

	2
	-
	-
	-
	
	-
	-
	-
	-
	-
	-

	3
	-
	-
	-
	
	-
	-
	-
	-
	-
	-

	4
	4.4
	3.7
	2.2
	
	3.2
	3.4
	1.2
	5
	5
	4

	5
	6
	5.8
	4.9
	
	4.1
	3.1
	3
	12
	11
	8

	6
	9.2
	8.9
	13.2
	
	5.2
	3.2
	3.2
	19
	19
	16

	7
	18.5
	15
	22
	
	5.8
	4.8
	6
	45
	33
	33

	8
	22
	27
	27
	
	7.2
	6.9
	7.1
	96
	71
	87

	9
	48
	38
	32.1
	
	10.3
	12.8
	9.8
	197
	118
	176

	10
	56
	43
	43
	
	11.1
	13
	10.3
	210
	125
	192



Amendment of soil with composts improved the growth of crops (leaf length, leaf and fruit numbers, fruit size, and plant height in tomatoes), and also the proximate properties. In a study by El-Tantawy (2009), goat dung increased number of branches, plant height, number of leaves, and stem girth. This was attributed to the quicker release of N, P and K than from the other sources of manure. 
Table 2. Mean tomato fruit weight (g) as affected by the amended and un-ammended 	municipal solid waste compost
	WEEKS
	8
	9
	10
	11
	12

	CMSW
	18.4
	22.3
	26.8
	30.2
	30.7

	MSW
	-
	-
	10.2
	15.6
	20.9

	CONTROL
	-
	-
	16.2
	18.7
	22.0



TABLE 3. Mean number of fruits from the compost treatments and control
	WEEKS
	8
	9
	10
	11
	12

	CMSW
	2.0
	5.0
	8.0
	11.0
	13.0

	MSW
	-
	-
	2.0
	5.0
	8.0

	CONTROL
	-
	-
	1.0
	4.0
	8.0



Table 4. Proximate Analysis of Tomato grown on amended and un-ammended 	composts.
	      Protein
	Fat
	Fibre
	Ash
	Moisture
	Carbohydrate



	CMSW
	1.63±0.04c
	0.67±0.15c
	1.16±0.01c
	1.36±0.02c
	77.07±0.02c
	20.20±0.10c

	MSW
	1.43±0.06b
	0.50±0.01b
	1.08±0.01b
	1.21±0.03b
	75.67±0.01b
	18.78±0.04b

	CTRL
	1.23±0.01a
	0.39±0.02a
	0.67±0.02a
	0.98±0.02a
	73.27±0.15a
	16.62±0.09a



Table 4 shows the proximate analysis of the tomato fruits. The plants grown on soil amended with composts, especially the ones amended with cow dung had higher nutrient contents compared to the control (loamy soil alone). It was observed that CMSW had better yield compared to control, followed closely by MSW with respect to mean number of fruits compared to control as seen in table 3. Shows the average weights of the Tomato fruits harvested at maturity. The fruits obtained from CMSW and MSW also had higher values compared to control, table 3.

Table 5. Microbial Count of Bacteria Species Isolated from Tomato Fruits [Cfu/m L (x10-3)] Grown 	on Amended and Un-ammended Composts at Weeks 8, 10, 12 

	Genera isolated
	Week 8
	Week 10
	Week  12

	
	CMSW
	MSW 
	CTRL
	CMSW
	MSW
	CTRL
	CMSW
	MSW 
	CTRL

	Bacillus cereus
	5.0
	6.0
	-
	3
	3
	-
	2
	1
	-

	Bacteroides vulgates
	2.0
	1.0
	-
	-
	-
	-
	-
	-
	-

	Escherichia coli
	8.0
	11.0
	7.0
	4.0
	6.0
	5.0
	2.0
	5.0
	4.0

	Enterobacter  asburiae
	3.0
	3.0
	2.0
	1.0
	1.0
	-
	-
	-
	-

	Providencia rettgeri
	2.0
	1.0
	-
	1.0
	1.0
	-
	-
	-
	-

	Streptococcus sp
	2.0
	5.0
	1.0
	1.0
	2.0
	-
	-
	-
	-

	Aspergillus niger
	5.0
	6.0
	2.0
	3.0
	3.0
	1.0
	2.0
	2.0
	1.0

	Rhizopus sp
	3.0
	4.0
	2.0
	-
	-
	-
	1.0
	3.0
	1.0

	Penicillium notatum  
	2.0
	3.0
	-
	1.0
	2.0
	-
	-
	-
	-



The table above shows the population of microbes isolated from tomato fruits, the microbes isolated showed insignificant populations of these organisms. 
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Figure 2: Gel electrophoresis showing the PCR Amplicon of Bacterial isolates at 16S rRNA region
Key:
L: ladder (base pair)
1. Lysinibacillus sphaericus (PMR 10)  2. Enterobacter  asburiae (M16) 3. Providencia rettgeri  
4. Bacteroides vulgatus (ATCC8482) 5. Pseudomonas aeruginosa (JQ-41)  6. Bacillus anthracis (Sterne) 7. Enterobacter asburiae (JCM6051)  8. Enterobacter aerogens 9. Bacillus cereus (JSYM28) 
10. Enterobacter cloacae (S125R) 11. Providencia alcalificiens (NCTC 10286) 
12. Lysinibacillus sphaericus (XJ-14) 13. Providencia rettgeri (ALK240) 
14. Lysinibacillus sphaericus (C3-41)  15. Providencia alcalificiens 
16. Bacillus weihenstephanensis (KBAB4) 

L	     1	       2		3	4	   5	     6
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Figure 3: Gel electrophoresis showing the PCR Amplicon of fungal isolates at 18SF rRNA region
Key: 
M: 10000(bp) base ladder
1: Rhizopus sp
2: Aspergillus niger
3: Saccharomyces sp
4: Penicillium sp
5: Candida sp
6: Saccharomyces sp

The dried, matured compost was dark brown to black in color with no offensive odor, this is an indication of maturity of the compost, in coherence with the report of Adekunle, et al., (2010). Presence of high organic matter in composts is coherent with the findings of Diaz et al, (2005); Hadas and Portnoy, (1994); that wastes from tropical areas contain a relatively high concentration of Organic matter and the low concentration of Nitrogen showed that all the organically bound Nitrogen in the compost is not readily available to the plant at first growing season. It was observed that the soil (obtained for planting) was a little bit acidic while the pH of the cow dung used for amendment was more neutral to alkaline. Also, the cow dung had highest concentration of Organic Carbon, Potassium, and Organic matter compared to the soil. The soil’s physicochemical properties show that it is suitable for planting tomatoes and lettuce to be used as test crops.
The microbial community consisted of bacteria, fungi and yeast species, with bacteria dominating the composting process. This is consistent with the report of Trautman and Olynciw, (1996); Beffa, et al., (1996b). The total heterotrophic count in the compost increased between weeks 1 and 2, and then decreased up till week 5.  This later increased a little at week 6, and started decreasing till the end of the composting process. Fluctuations in populations can be attributed to different factors, with temperature, microbial activities, pH and competition taking the highest role. Isolates from the composted wastes include; Lysinibacillus fusiformis, Enterobacter cloacae, Pseudomonas aureginosa, Lysinibacillus sphaericus, Bacteroides vulgatus, Bacillus cereus, Escherichia coli, Providencia alcalificiens, Bacillus anthracis (Sterne), Providencia rettgeri, and Enterobacter asburiae, Aspergillus niger, Rhizopus sp., Penicillium notatum, Saccharomyces cerevisiae, and Candida sp.
The genera Micrococcus, Bacillus, Streptomyces, Actinomyces, Azotobacter, Aspergillus, Penicillium and Trichoderma have been mentioned by Ryckeboer, et al. (2003); Velarde, et al. (2004) and Martínez, (2004) in different compost studies. Species of Bacillus viz; B. licheniformis, B. subtilis, B. cereus, B. sphaericus, B. coagulans type B, and B. stearothermophilus have been reported in various composts (Gbolagade, 2006; Anastasi et al., 2005; Charest et al., 2004; Taiwo and Oso 2004; Rickeboer et al., 2003; Boulter et al., 2002; Strom, 1985). Bacillus sp comprised the largest number, being more diverse bacterial group. Its abundance can be associated with wide temperature tolerance by forming endospores that attribute their presence in hot composting stages (Peter et al., 2000). 
Crops grown on soil amended with compost had better yield compare to control, tables 2 and 4 this could be due to activities of microbes in the compost which assist in release of Nitrogen and other nutrients that may otherwise not be readily available to the plants. Also, addition of compost improved physico-chemical properties of the soil which is consistent with the findings of Shuralipour, et al. (2004). In this study, composting helped in improving essential nutrients in the soil, especially for Nitrogen, Potassium, and Phosphorous. This is related to the findings of Hue, et al, (1994) and Wen, et al. (1997). Low level of Nitrogen in the compost indicated that all the organically-bound Nitrogen in compost is not readily available to plants at first growing season, likewise, high organic matter content in the composts is coherent with the findings of Diaz, et al, (2005); Hadas and Portnoy, (1994); that wastes from tropical areas contain a relatively high concentrations of organic matter, this is in coherence with the study and assertion of Beffa et al, (1996b); that incorporation of compost into soil improves fertility due to the presence diversity of microbes such as nitrogen fixers, sulphur oxidizers, and nitrifiers.
All isolates were significantly susceptible to antibiotics, this is an indication that the composting process has helped in suppression of pathogens; for example, according to Whipps, (2001), chitinolytic enzymes produced by Bacillus cereus appear to be involved in biocontrol of Rhizoctonia solani; a plant pathogen. Hence, isolated species are not likely to be pathogenic, a source of illness or cause infections when the crops (if properly handled) are consumed. This is consistent with the report of Trautmann and Olynciw, (1996), that composting helps in suppression of pathogens.

CONCLUSION 
The results of this study have shed more light on the importance of composting for environmental and agricultural purposes. It has further helped in molecular identification and characterization of resident microbial populations in composted municipal wastes. The research also covered aspects on possibility of pathogen internalization by crops grown on soils amended with composted municipal solid wastes.  Uptake of microbes is established, however the isolates were susceptible to tested antibiotics hence, the use of composted municipal waste as manure cannot be generally regarded as safe. Municipal wastes can be composted alone or along with cow dung and used as manure on which healthy tomato fruits with high yield can be grown, following standard composting guidelines, and taking necessary precautions. 
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FIG. Ll: Total heterotvophic count of bacteria isolated from the composts over aperiod of /0 days

Key
CMSW- Composted Municipal Waste + Cow dung
MSW - Composted Municipal Waste Alone
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