



Impact Of Anthropogenic Activities On Soil Microbial, Earthworm Populations, And Carbon Mineralization in the Forest-Savanna Zone Of The West Mamprusi District, Ghana


ABSTRACT
The West Mamprusi District is a subset area of Northern Ghana, one of the Savanna ecosystems experiencing forest degradation as a result of human activities. Our study was carried out in the Wungu Sacred grove and its adjacent unprotected forest in the West Mamprusi District of Ghana, with specific objectives on the abundance on soil macro and micro-organisms as well as their impact on some selected soil properties. The area was stratified into two namely, Protected and Unprotected Forest. The unprotected forest was identified by activities such as bush-burning, overgrazing, logging except farming. Four plots 25m x 100m size were set up randomly in each of the forest types for sampling. Soil samples were taken at the depth of 0-20 cm. Selected soil parameters and microbial counts were determined in the Laboratory. Earthworms were enumerated by hand. The result indicates that the soil microbial counts from both sites were significant. (P < 0.05) except for Escherichia-Coli (P>0.05). The average number of earthworms in the protected site was two times higher than the unprotected sites. Anthropogenic activities have affected the soil macro and micro-organisms, thereby decreasing the nutrient supply in unprotected Forest. Result indicates that local habitat should be harness other forms of biomass energy.
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1. INTRODUCTION
The West Mamprusi District is a subset area of Northern Ghana, one of the Savanna ecosystems experiencing forest degradation as a result of human activities (O’Higgin, 2007). With about 20% of the national population, the northern and coastal savanna zones supply about 70% of Ghana’s total supply of firewood and charcoal, estimated at 16 million cubic meters, and also provide medicinal plants, thatches, fencing poles, and fruits (e.g., shea-nut which is an increasingly important export commodity) (NSBC, 2002). However, the persistent exposure of this forest ecosystem to human activities, such as bush burning, overgrazing, and logging, constitutes a serious threat to its sustainability and communities’ livelihoods (Campbell et al., 2000). The Soil is the habitat for various microflora, which plays a role in various ecological processes and climate regulation and is also necessary to maintain soil functions and health (Jacoby et al., 2017, Abinandan S. et al., 2019, Sofo Adriano et al., 2020, & Bertola Marta et al., 2021). However, the reduction in the diversity, abundance and quality of microbial communities in the soil is directly related to loss of natural resources and anthropogenic disturbance of the ecosystem. (Cavicchioli R. et al., 2019) Soil quality largely depends on the physiochemical, biochemical, and biological properties of the soil. Soil microbial communities are particularly sensitive to anthropogenic activities (Wang R. 2016). For example, anthropogenic activities such as overexploitation, over-grazing, inappropriate clearing techniques, and unsuitable land-use practices have resulted in severe soil nutrient decline and a decrease in productivity (ISRIC 2007). 

Earthworms represent the most important soil macrofauna. Earthworms have been identified as the most important ecosystem engineers in soils and are widely considered important bioindicators of soil health (Van Capelle et al., 2012) The effects of earthworms on ecosystems are usually considered positive because of their role in aerating and enriching soils (Tinker P. 2005.,  Ritz  karl, 2006). They play a crucial role in various biological processes in soil, and affect ecosystem services such as soil health and productivity, water regulation, restoration of degraded lands, and the balance of greenhouse gases. The decomposition of organic matter begins with large soil organisms like earthworms, arthropods (ants, beetles, and termites), and gastropods (slugs and snails). These organisms are break down into smaller organic matter which can be decomposed by smaller organisms like fungi and heterotrophic bacteria. The conversion of organic matter into inorganic compounds through decomposition reactions by microorganisms is termed mineralization (E. G. Gregorich et al., 2001). Soil macrofauna is reckoned as colonizers, comminutors, and engineers within soils (Sofo et al., 2020). For instance, earthworms play an essential role in the mechanical mixing of soil and are also responsible for improving soil structure and nutrient (minerals, SOM) turnover (Alegria-Terrazas et al., 2016).

2. LITERATURE REVIEW 
The forests in Ghana, which are part of the Guinea-Congo lean phytogeographical region, cover about 24.2 % of the country’s total land area of the country (FAO, 2010). Ecologically, the country is divided into a high forest zone to the southwest, accounting for about a third of the land area (about 7.5 million hectares), a savanna zone (14.7 million hectares) mostly in the north and a transition zone (1.1 million hectares) (ITTO, 2006). Ghana’s natural landscape comprises two major ecological zones. The southwestern part of the country is the high forest zone, which represents about a third of its land area (approx. 7.5 million ha.), while the savanna dominates the north and the east. Forests are categorized into reserved and unreserved forest. Anthropogenic activities can lead to a rapid reduction or loss of earthworm diversity, and threaten ecosystem services as well as human well-being (Dewi Widyatmani, 2015). However, we do not fully understand how anthropogenic activities impact the abundance of both soil micro-fauna and macro-fauna and it associated impact on the soil physiochemical properties. Therefore, estimating the magnitude and potential mineralization of Carbon reserves in soils, particularly those in Savanna, will provide information on the nutrient-supplying capacity of these soils.  Moreover, the abundance, functions, and interactions of earthworms are not clear in savanna ecological forests. Ecologists need to study a broad range of disturbed and undisturbed ecosystem types to fully understand the interaction between human activities, earthworm ecology, and ecosystem function.  

Savannas cover one eighth of the global land area (Scholes & Archer, 1997) and contribute approximately 30% of all terrestrial ecosystem gross primary productivity (House & Hall, 2001)They are defined as formations with more or less continuous herb cover and a discontinuous woody cover (Scholes and Archer, 2003). The distribution, structure, and composition of savannas depend on climate, topography, soils, geomorphology, herbivores, and fire (Scholes and Archer, 2003; Higgins et al., 2000). In addition, savannas have undoubtedly been shaped by human activities for thousands of years (Higgins et al., 1999; Shackleton Charlie. 2000; König Konstantin et al., 2007). Few research has been conducted in such regard (Biyogue douti. 2015). Studied the impacts of anthropogenic activities on physical and selected chemical properties of soils in the natural forest-savanna of Northern Ghana but his study did not include their impacts on the abundance of soil microorganisms and earthworm populations. Therefore, this study was conducted to find out the impact of anthropogenic activities on the abundance on soil microfauna and macrofauna and some selected soil properties.A better understanding of the linkages between soil life and  ecosystem  function  and  the  impact  of  human interventions  will  enable  the  reduction  of  negative impacts and the more effective capture of the benefits of soil  biological  activity  for  sustainable  and  productive agriculture. 

3. MATERIALS AND METHODS
The study was carried out in the WunguNaani sacred grove and the adjacent unprotected forest-savanna was used for the study in the West Mamprusi District of Ghana located roughly within longitudes 0035’W and 1045’W and Latitude 9055’N and 10035’N.  Fig 1.
Administratively the district lies within the Northern Region. Based on the intensity of human disturbance the study area was stratified into two sites namely Unprotected Forest (UF) and Protected Forest (PF) to serve as a control. The UF was identified by activities such as bushfire setting, overgrazing, exploitation, and illegal charcoal production (except farming).
The district is characterized by a single rainy season, which starts in late April with little rainfall, rising to its peak in July-August and declining sharply and coming to a complete halt in October-November. The area experiences occasional storms, which have implications for base soil erosion depending on their frequency and intensity especially when they occur at the end of the dry season. Mean annual rainfall ranges between 950mm-1200m. The Geological formation in the West Mamprusi District is underlain mainly by the Middle Lower Voltarian, which comprises sandstone, arkose, mudstone, and shale.
[image: ]
Fig 1 Ecological Map of Ghana Showing the Study location

3.1 METHODS OF DATA COLLECTION
Data were collected in the month of April 2020. Four plots of 25m x 100m sizes were set up randomly in each of the forest types for sampling. Soil samples from each of the 25m x 100m plots in all the sites were collected with the aid of a soil auger. Soil samples were taken at the depth of 0-20 cm. For each depth, soil samples were taken from three different points within each plot. Within the 25m x 100m study plots and three subplots, their coordinates were recorded using a GPS. fig 2.
Excavated soils were placed on a plastic tarp so that we examined all the soil by hand while searching for earthworms. The earthworms were enumerated by hand counting. The population count of earthworms was done within three different points within each plot of the different selected sites, thus Protected Forest and Unprotected Forest. The coordinates recorded were used to develop a digitized map using the ArcGIS Software to indicate all the sampling points within the study plots. The soil samples were placed in plastic bags and taken to the laboratory. The soil samples were air-dried and homogenized manually. Further, the soils were sieved using 2 mm mesh to perform physicochemical analysis. A subsample of each soil was isolated and enumerated, using different Agar.

Field survey:2020


Fig 2 Map of study area showing location of sampling points
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3.2 LABORATORY PROCEDURES FOR THE SELECTED SOIL PROPERTIES
Soil pH was obtained by using soil: distilled water (1:1). Total Nitrogen was determined using Kjeldahl and Bremer 1965. Walkley and Black (1934) were used to determine organic carbon and organic matter. Available Phosphorus was determined using the Bray- 1Solution. Calcium was obtained using ethylenediaminetetraacetic acid (EDTA)
3.3 SOIL MICROBIAL COUNTS
Serial dilutions 10-1 to 10-4 were prepared. Staphylococcus were isolated and enumerated by pour plate method and growth on Salt Manitol Agar (SMA). Escherichia-Coli were isolated and enumerated by pour plate method and growth on MacConkey Agar (MA). Pseudomonas were isolated and enumerated by pour plate method and growth and enumerated by pour plate method and growth on Pseudomonas Agar (PA). Mould (Fungi) were isolated and enumerated by pour plate method and growth on Potato Dextrose Agar (PDA). Total Plate Count were isolated and enumerated by pour plate method and growth on Plate Count Agar (PCA) 

3.4 THE AVERAGE DENSITY OF EARTHWORMS
Density is the average number of earthworms per unit area, this is commonly given as the number of earthworms per square meter. Using the Great Lakes Worm Watch’s Single and Multiple Plot Studies. A count of earthworm numbers. The area or site in which these earthworms were collected
Number of plots within each site = 4
Number of subplots within each plot = 3
Number of samples taken from each subplot = 3 
Area for each sampling plot = 25m by 100m
In Plot A

Subplot B: Number of earthworms sampled = 1
Area for each sampling pits = 20cm by 20cm = 400 cm2	
                            =400cm2 by 10-4= 1 earthworm 
25m by 100m = X 
X = 25m by 100m
                                                   10000÷400
X = 62500/m2
Where X is the average number of earthworms within each site
Number of subplots within each plot = 3
The mean number of earthworms within the three subplots in plot A = X/3
=62500/3
=20833.3/m2

4. DATA ANALYSIS
The data obtained from the soil physio-chemical analyses and microbial counts were arranged and subjected to analysis using the student t test with the software program SPSS, Ver 16.0 (P = 0.05) to established significant difference among the means (that is, protected against unprotected forests) for each of the study plot on data collected

5. RESULTS AND DISCUSION
Anthropogenic activities (bush burning, illegal charcoal production, overgrazing, logging) have affected the soil microbial community. The mean abundance of the soil microbial counts analysis indicates a significantly higher number of microbial populations in the protected forest as compared to the adjacent unprotected forest (Figure 3).The result also indicates the mean values of soil micro-organisms in log per colony forming units (log/Cfu/ml) from the Protected Forest were slightly higher compared to the adjacent Unprotected Forest (Table 1 and 2). Staphylococcus, Pseudomonas, Total plate count, Moulds, and Yeast were significant (P < 0.05) while Escherichia-Coli (P > 0.05) was not significant (Table 3). Soil organic matter is the main reservoir of major nutrients including Nitrogen and as such mineralization of Carbon and Nitrogen are essential for the maintenance of ecosystem functions, particularly forest production and its sustainability because the management of organic matter is also a factor that can affect the microbial activity and population (Islam Rafiq & Weil Raymond, 2000).




Figure 3 Graph Showing the Mean Abundance of Microbial Population in the Selected Study Sites

Table 1 Mean difference of Soil Microorganisms in the Protected Forest
	Soil
	PROTECTED FOREST
	 

	Micro-organisms
	Log of Total 1mcfu counts
	Mean

	 
	P1
	P2
	P3
	P4
	Values

	Staphylococcus
	5.27
	5.28
	5.28
	5.69
	5.29±0.02

	Moulds and Yeast
	5.45
	5.35
	5.27
	5.4
	5.36±0.04

	Pseudomonas
	2.63
	2.49
	2.74
	2.73
	2.65±0.06

	Escherichia-Coli 
	4.51
	5.13
	4.55
	4.63
	4.71±0.14

	Total plates
	5.69
	5.67
	5.65
	5.64
	5.66±0.01



Table 2 Mean difference of Soil Microorganisms in the Unprotected Forest
	Soil
	UNPROTECTED FOREST
	 

	Micro-organisms
	Log of Total 1mcfu counts
	Mean

	 
	UP1
	UP2
	UP3
	UP4
	Values

	Staphylococcus
	4.6
	5.1
	5
	5.03
	4.93±0.11

	Moulds and Yeast
	5.24
	5.2
	4.99
	5.1
	5.13±0.06

	Pseudomonas
	2.18
	1.74
	2.23
	2.06
	2.05±0.11

	Escherichia-Coli 
	4.14
	5.02
	3.86
	5.5
	4.63±0.38

	Total plates
	5.5
	5.43
	5.5
	5.48
	5.48±0.01



Table 3 Level of significance of the soil microorganisms
	Soil Micro-organisms
	F-Value
	P-Value
	Outcome
	Level of variance

	Staphylococcus
	 
	0.009
	P<0.05
	Significant

	Moulds and Yeast
	 
	0.004
	P<0.05
	Significant

	Pseudomonas
	 
	0.004
	P<0.05
	Significant

	Escherichia-Coli 
	 
	0.547
	P>0.05
	Not Significant

	Total plates
	 
	0.002
	P<0.05
	Significant



5.1 IMPACT ON THE ABUNDANCE ON THE SOIL PROPERTIES
The analysis of the mean values from both forest types indicates that Organic Carbon, Organic Matter, Nitrogen, Phosphorus, and Calcium were approximately two times higher in the protected site as compared to the adjacent unprotected site (Tables 4 and 5). The test analysis on the soil physio-chemical properties suggests that there were no significant (P > 0.05) difference for pH, Organic Carbon, Organic Matter, Nitrogen, and Calcium, however, Phosphorus was significant (P < 0.05) (Table 6).

Table 4 Mean values of the Soil Physiochemical properties
	 
	PROTECTED FOREST

	 Soil Physiochemical
	Composite soil labels
	 Mean 

	Properties
	P1
	P2
	P3
	P4
	 Values

	pH 1:1
	7.4
	5.8
	5.8
	6
	5.250± 0.40

	Organic Carbon%
	2.91
	1.76
	0.73
	1.81
	1.803± 0.45

	Organic Matter%
	5.02
	3.03
	1.26
	3.12
	3.108± 0.77

	Nitrogen%
	0.23
	0.14
	0.05
	0.14
	0.140± 0.04

	Phosphorus_ ppm
	7.02
	4.54
	6.86
	6.54
	6.240± 0.62

	Calcium_me/100g
	13.27
	3.79
	1.91
	2.68
	5.413± 0.08



Table 5 Mean values of the Soil Physiochemical properties
	 
	UNPROTECTED FOREST
	 

	 Soil           Physiochemical
	Composite Soil labels
	Mean

	Properties
	UPF1
	UPF2
	UFP3
	UFP4
	Values

	pH
	5.7
	5.6
	5.7
	6
	  5.750±0.09

	Organic Carbon%
	0.82
	1.46
	1.24
	0.77
	  1.073±0.17

	Organic Matter%
	1.41
	2.51
	2.14
	1.32
	  1.845±0.29

	Nitrogen%
	0.07
	0.12
	0.12
	0.06
	  0.093±0.02

	Phosphorus_ppm
	3.11
	2.63
	2.23
	5.02
	  3.25±0.58

	Calcium_ me/100g
	2.95
	3.62
	3.22
	2.55
	  3.09±0.23



Table 6 Level of significance of the Soil Physical Properties
	Soil Physiochemical Properties
	F-Value
	P-Value
	Outcome
	Level of Variance

	pH 1:1
	1.369
	0.286
	P>0.05
	Not significant

	Organic Carbon%
	2.358
	0.176
	P>0.05
	Not significant

	Organic Matter%
	2.37
	0.175
	P>0.05
	Not significant

	Nitrogen %
	1.405
	0.281
	P>0.05
	Not significant

	Phosphorus_ppm
	12.568
	0.021
	P<0.05
	Significant

	Calcium_me/100g
	0.767
	0.415
	P>0.05
	Not significant



5.2 IMPACT ON THE ABUNDANCE SOIL MACRO FAUNA (EARTHWORMS)
Earthworm data are generally reported on a per-square-meter. The Great Lakes Worm Watch’s Single and Multiple Plot Studies were applied to determine the average densities of earthworms in each plot. It is an effective method of judging the extent of earthworm invasion in your plot. Although we observed evidence of earthworm presence in both the protected and the unprotected forests, we found no earthworms in some of the plots (Table 7). The mean average of earthworms in the protected forest was significantly higher than in the adjacent unprotected forest (Table 8).The study also revealed that there were no significant (P > 0.05) difference in the density of earthworms per square meters in both the protected and unprotected forests(Table 9). The significantly lower densities of earthworms in the forest zone could be attributed to the climatic condition; at the time of sampling; soil at the unprotected site appeared to be dryer than at the protected sites and it was possible that earthworms were congregated at shallow depths. The absence of earthworms in some of the plots could be an artifact of our random sampling and the depth of our soil pits (20cm).





Table 7 The average density of Earthworms per square meter (EW/m2) in both study plots using the Great Lakes Worm Watch’s Single and Multiple Plot Studies
	PROTECTED FOREST
	 
	UNPROTECTED FOREST

	Study plots
	(EW/m2)
	 
	Study plots
	(EW/m2)

	P1
	20833.1
	 
	UP1
	0

	P2
	20833.1
	 
	UP2
	20833.1

	P3
	62500
	 
	UP3
	20833.1

	P4
	62500
	 
	UP4
	20833.1



Table 8: Mean Average of earthworm from both sites
	Study plots
	                                      
	Mean Average

	PF
	
	
	41666.65

	UF
	 
	 
	15624.98




	    
Table 9: Level of Significance of Earthworms at 0.05
	
	
	
	
	
	
	
	
	

	Earthworms
	Mean
	std.deviation
	Df
	Significance

	PF/UF
	1.25
	1.5
	3
	0.194



6 CONCLUSION
The result from this study has shown that human activities coupled with bad forest management have impacted negatively the abundance of soil microorganisms, and earthworm populations affecting the soil physiochemical properties. The earthworm populations were not significant (P > 0.05) in the unprotected site It was revealed that there was a significant difference (P < 0.05) in the soil microorganisms from both the protected and unprotected forest. The mean Average density values of earthworms were higher in the protected forest compared to the adjacent unprotected forest. These could negatively affect soil carbon mineralization; which depends on the abundance of soil microorganisms and earthworm populations.

7  RECOMMENDATION
In the study to economically sustain the proper management of the savanna ecological forest, the following were recommended
Encouragement of local inhabitants to harness other forms of biomass energy (crop residue, organic refuse) which can be used for manure and also reduce pressure on fuel wood.
Secondly, the Provision of adequate financial resources for agencies involved in the management and protection of the savanna ecological forests to enhance their efficiency and performance and Intensive education should be carried out in the community to sensitize them on the need to conserve their forest resources.
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Chart 1: 
Sampling coordinates for Protected Area. 
	PLOT 1
	PLOT 2
	PLOT 3
	PLOT 4

	A 
N10019’31.1”
    W000050’19.9”
	A 
N10019’31.6”
    W000050’19.1”
	A 
N10019’30.4”
    W000050’18.6”
	A
 N10019’30.2”
    W000050’18.5”

	B  N10019’30.4”
      W000050’19.6”
	B 
N10019’30.6”
    W000050’19.4”
	B 
N10019’30.0”
    W000050’19.1”
	B 
N10019’27.7”
    W000050’19.7”

	C  N10019’28.9”
W000050’20.2”
	C 
N10019’29.7”
W000050’19.5”
	C 
N10019’29.4”
W000050’19.6”
	C 
N10019’28.9”
W000050’17.9”







[bookmark: _GoBack]Chart 2: 
Sampling Coordinates for Unprotected Area
	PLOT 1
	PLOT 2
	PLOT 3
	PLOT 4

	A 
N10019’28.7”
W000052’54.4”
	A 
N10019’28.4”
W000052’54.6”
	A 
N10019’27.6”
W000052’54.9”
	A 
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