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ASSESSMENT OF SOIL PHYSICO-CHEMICAL PROPERTIES OF FOUR SELECTED SILVICULTURAL SYSTEM PRACTICES IN MUBI NORTH OF YOLA, ADAMAWA STATE, NIGERIA

	
ABSTRACT
This study assessed the effect of soil physicochemical properties on four different silvicultural practices in Mubi local Government Area, Adamawa State. Four different Silvicultural systems sites were selected for this study. In each of the site, three plot of 50 X 50 m in size were laid and demarcated. Sub-plot of 1m x1m was laid at each corner and at the center of the plot. In each plot five points were marked for soil sampling collection at three different soil depths. Soil textural class results revealed that Clear cutting (CC), Agroforestry (AF) and Natural regeneration (NR) had the highest percentage of 59.6, 50.6 and 14.0% for sand, clay and silt respectively, while AF, CC and Selective logging (SL) had 40.3, 28.2 and 8.4% for sand, clay and silt respectively. Soil chemical properties showed variations in pH, OC and OM values across the four studied silvicultural practices. The ANOVA conducted showed that sand, clay, silt and porosity had a significant effect (P < 0.05), but the bulk density shows no significant effect (p> 0.05) on silvicultural practices in the study area. Pearson’s correlation coefficient revealed a moderate negative relationship between the silvicultural practices, MC (-0.66) and WHC (-0.65). TN and Avp had a low negative correlation of -060   and -0.61respectively, while Na+, Ca+ and H+ had a high positive correlation of 0.97, 0.99 and 0.98 with silvicultural practices. These findings will offer a long-term benefit for soil fertility and restoration of degraded ecosystems in Mubi North LGA of Adamawa State.
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[bookmark: _GoBack]1.0	INTRODUCTION
In Nigeria, forest ecosystems are increasingly threatened by deforestation, overexploitation, and unsustainable land-use practices. These pressures are particularly pronounced in areas like Mubi North, Adamawa State, where rapid population growth and agricultural expansion are contributing to forest depletion and soil degradation [1]. Soil degradation in forested landscapes has adverse consequences, such as reduced soil fertility, increased erosion, and loss of biodiversity, which further affect forest resilience and productivity. Mubi North’s forests play an essential role in providing ecological services like carbon sequestration, erosion control, and water regulation. However, improper forest management practices in this region can degrade soil quality, impacting both local ecosystems and the communities that rely on forest resources [2].
Globally, sustainable silvicultural practices have been recognized for their potential to support forest productivity while conserving soil resources. Practices like agroforestry, natural regeneration and selective logging have shown promise in enhancing soil organic matter content and minimizing erosion, leading to improved soil fertility and forest recovery [3]. Adapting these practices to Mubi North's ecological conditions can help protect its soil and forest resources, thereby supporting biodiversity conservation and sustaining local livelihoods [2]. In contrast, intensive practices like cleat cutting often result in nutrient loss and increased runoff, which can accelerate soil degradation and reduce the forest's capacity to regenerate [4].
Research has shown that soil quality directly affects the sustainability of forest ecosystems, as it determines the availability of nutrients necessary for plant growth and regulates water retention and infiltration rates [4]. Silvicultural systems are known to influence these parameters in varied ways. For instance, Agroforestry systems provide an ecologically sustainable alternative to conventional logging by integrating trees with crops or pastures to enhance soil resilience. Studies have shown that such systems promote soil aggregation, improve infiltration, and increase organic matter accumulation [5,6]. Similarly, natural regeneration, where disturbed sites recover through natural succession improves soil physical conditions via organic matter buildup and root penetration [7,8]. Selective logging, which involves harvesting specific trees while retaining others, has been found to maintain soil structure and nutrient levels better than clear cutting, which removes entire tree stands and often leads to nutrient loss and soil erosion [9]. Similarly, shelterwood systems, which gradually remove trees to allow regeneration of desired species, have been observed to promote organic matter buildup, which is crucial for soil fertility 10]. These insights underline the importance of assessing the effects of different silvicultural practices on soil physicochemical properties to guide sustainable forest management in Mubi North.
Soil physicochemical properties are fundamental to maintaining soil health and play a critical role in forest ecosystem productivity and stability. These properties, which include soil pH, organic matter, moisture content, and nutrient levels, determine the soil's capacity to support vegetation, retain water, and facilitate nutrient cycling. In forested areas, soil health is largely influenced by the type and intensity of forest management practices, including silvicultural systems. Silviculture, which refers to the practice of managing forest, stands to fulfill ecological, economic, and social objectives, can profoundly affect soil properties and overall ecosystem health. According to recent studies, silvicultural practices, such as selective logging, shelterwood cutting, and clearcutting, impact soil structure, nutrient composition, and moisture availability differently, with consequences for soil fertility and forest regeneration potential [9,10].
Given the unique ecological conditions in Mubi North, it is vital to identify management practices that will support soil health and ensure the long-term productivity of forest resources. The physiographic and climatic conditions of Adamawa State create a delicate balance within the forest ecosystems, making them susceptible to soil degradation if managed improperly. According to recent studies, sustainable forest management in regions like Mubi North can be achieved by adapting silvicultural practices that minimize soil disturbance and promote soil organic matter accumulation, thereby enhancing soil resilience and productivity [11,12].
Despite the recognized importance of soil health in sustainable forestry, there is limited research on the specific impacts of silvicultural practices on soil physicochemical properties in Nigeria. Most studies have focused on agricultural land management, with few examining the relationship between forest management practices and soil quality in local forested areas [13]. Consequently, forest managers in Mubi North lack region-specific guidelines on sustainable silviculture that account for local soil and vegetation characteristics. This knowledge gap hampers efforts to develop policies and practices that ensure the long-term conservation and productivity of forested areas. The Identifacation of impact of soil quality on various silvicultural practices in Mubi North will help in addressing soil degradation and enhancing forest resilience in the face of climate change and other anthropogenic pressures.
2.0	MATERIALS AD METHODS
2.1	Study Area
The research was conducted in Mubi North Local Government Area, Adamawa State, Nigeria. Mubi North is located between latitude 10°10'N and 10°30'N and longitude 13°10'E and 13°30'E. The area experiences a tropical savanna climate with distinct wet and dry seasons. The mean annual rainfall ranges between 800 mm and 1,200 mm, while temperatures vary from 25°C to 40°C throughout the year [14]. The predominant vegetation is characterized by savanna woodland and gallery forests along watercourses [15]. The study area comprises different forest management practices, including clear-cutting, selective logging, agro- forestry, and natural regeneration.
2.2	Sampling Technique and Data Collection
Selective sampling technique was employed for this study. Four (4) different sites where they are practicing silvicultural system (Agroforestry, Clear cutting, Natural regeneration and selective logging systems) were chosen in Mubi North L.G.A in each of the four (4) site, three (3) plot of 50 x 50 m in size laid for soil sampling collection at three (3) different depth (0-10cm, 10-20cm, 20-30cm).  In each plot five (5) point were marked for soil sampling collection and then composited to form a single sample per depth and per sites. This resulted to thirty six (36) composite soil samples (Four (4) site three (3) depths and three (3) replicates).
2.3	Experimental Design
Randomized Complete Block Design (RCBD) in a factorial experiment was employed for this study. The two factors are silvicultural systems and the soil depth. silvicultural systems consist of four (4) levels, while that of soil depth was at three (3) levels. The experiment was replicated thrice, thereby making the treatment total combination of thirty six (36).
2.4	Soil Data Analysis
2.4.1	Soil physical properties
2.4.1.1	Particle size analysis
Soil particle size distribution was determined using the hydrometer method based on Stokes’ Law in line with ISO 11277:2020 standards. Soil samples were dispersed with sodium hexametaphosphate, mechanically agitated, and hydrometer readings were taken at specific intervals to estimate sand, silt, and clay fractions [16, 17].
2.4.1.2	Bulk density
Bulk density was measured using the core method, where undisturbed soil cores of known volume were collected, oven-dried at 105 °C, and weighed. Bulk density was calculated as the ratio of dry soil weight to the volume of the core [18, 19] 
2.4.1.3	Water holding capacity
The gravimetric method was employed to assess water holding capacity. Saturated soil samples were allowed to drain for 24 hours, weighed, oven-dried at 105 °C, and reweighed. The difference in weight was used to calculate the water retained [20].
2.4.1.4	Soil porosity  
Soil porosity was estimated from bulk density and an assumed particle density (2.65 g/cm³) as described by [19, 21]  . The total porosity was calculated using the formula:

Where:
 BD = Bulk Density
PD= Particle Density (the particle density was assumed to be 2.65 g/cm³).
2.4.1.5	Moisture content 
Soil moisture content was determined using the gravimetric method, where fresh soil samples were weighed, oven-dried at 105 °C for 24 hours, and reweighed. The difference was expressed as a percentage of the dry soil weight [19].
2.4.1.6	Soil texture  
Soil texture was classified using the USDA soil texture triangle, based on the proportions of sand, silt, and clay obtained from particle size analysis [22].
2.4.1.7	Soil structure  
Soil structure and aggregate stability were determined using the wet-sieving method as described in recent studies [23].
2.4.2	Soil Chemical properties
2.4.2.1	Soil pH
Soil pH was measured using a pH meter in a 1:2.5 soil-to-water suspension, as described by [24]. The suspension was stirred, left to equilibrate, and the pH was recorded using a calibrated electrode.
2.4.2.2	Organic carbon
The Walkley-Black wet oxidation method was used to determine organic carbon content, following [25]. Soil samples were treated with potassium dichromate and sulfuric acid, and the unreacted dichromate was titrated with ferrous sulfate to estimate organic carbon content.
2.4.2.3	Nitrogen 
Total nitrogen was determined using the Kjeldahl method, as described by [26]. Soil samples were digested with concentrated sulfuric acid, distilled with sodium hydroxide, and titrated with standard acid.
2.4.2.4	Phosphorus 
Available phosphorus was analyzed using the Bray-1 method for acidic soils and the Olsen method for neutral to alkaline soils, as outlined by [27]. The extracted phosphorus was quantified using a spectrophotometer.
2.4.2.5	Potassium  
Exchangeable potassium was extracted using 1 M ammonium acetate (pH 7.0) and measured using a flame photometer, following the procedure described by [28].
2.4.2.6	Exchangeable cations  
Exchangeable cations (Ca²⁺, Mg²⁺, K⁺, and Na⁺) were extracted using ammonium acetate and analyzed using atomic absorption spectrophotometry, as described by [29].  
2.4.2.7	Exchangeable bases  
Exchangeable bases were determined by leaching soil samples with ammonium acetate and measuring the cation concentrations using atomic absorption spectrometry, following [30].
2.4.2.8	Cation exchange capacity   
Cation exchange capacity (CEC) was measured using the ammonium acetate saturation method, as described by [31]. Ammonium ions were used to saturate the soil, replaced with sodium, and the released ammonium was quantified using the Kjeldahl method.

3.0	RESULTS AND DISCUSSION
3.1	 Soil Physico-Chemical Properties effect on Silvicultural practice in Mubi North   
LGA
The estimated mean and standard error (SE) of the soil physicochemical properties on the silvicultural practices is presented in Table 1. The result revealed that clear cutting system (CC) had the highest mean sand percentage (59.6%) with a standard error of 0.728. Selective logging (SL) and natural regeneration (NR) had a mean value of 54.4 and 52.0 % with standard error of 1.519 and 2.788 respectively, while agro-forestry system (AF) had the lowest sand percentage of 40.3%, with standard error of 1.190. The highest clay content of 50.7% was observed in agro-forestry system, while selective logging, natural regeneration and clear cutting system had clay content values of 37.1, 34.0 and 28.2 % and 1.602, 1.943 and 0.400 standard error respectively. The result on the silt content revealed a higher percentage (14.0%) in the NR with a S.E of 1.247; this is followed by CC and AF systems with silt content of 12.2 and 10.0 % respectively, while the least percentage (8.4%) was exhibited by the selective logging system. The moisture content (MC) of the soil across the four silvicultural practices examined ranged from 0.25 to 0.52%. AF had the highest water holding capacity of 28.9%, this was followed by CC and SL with equal percentage WHC of 25 4%, while NR had the least WHC of 24.8%. Soil bulk density (BD) ranges between 1.28 to 1.37%. The CC, NR and SL had mean soil porosity (P) of 53.2, 53.3 and 53.4%, while AF system had a soil porosity of 43.4%

 
3.2	Comparison of Soil Physico-Chemical properties across the four Silvicultural practices  in Mubi L.G.A

The result on correlation analysis of soil physic-Chemical properties of the four silvicultural practices revealed that Soil porosity is positively and moderately correlated with silvicultural practices (0.78), while, MC and WHC had a negative and partial correlation of (0.66). Sand and soil bulk density (BD) also had a low positive correlation of 0.53 and 0.60 with silvicutural practices respectively (Table 2). MC, WHC, BD and soil porosity all had significant effect (p < 0.05), while, sand, silt and clay shows no significant effect on the silvicultural practices in the study area.
Presented in Table 3 is the result on the correlation analysis of soil chemical properties on the silvicutural practices shows that sodium (Na), calcium (Ca) and hydrogen (H) ion had a high positive correlation of 0.97, 0.99 and 0.98 respectively with silvicultural practices, while, pH, K, and CEC showed a positive and moderately relationship with silvicultural practices in the study area. The relationship between TN, Av.P and Al were partially correlated with the silvicultural practices in the study area, while, OC and OM had a low negative correlation of -0.067 and -0.131respectively. All the selected chemical properties had a significant effect (p < 0.05) on the silvicultural practices in the study area except OC and OM. 
Table 1: Estimated Mean and standard Error of Selected Soil Physico-chemical Properties on 
                the Silvicultural Practices in Mubi LGA
	SOIL PROPERTIES
	SILVICULTURAL PRACTICES 

	
	AF
	CC
	NR
	SL

	Physical Property

	Sand (%)
	40.33 1.190
	59.550.728
	52.002.788
	54.441.519

	Clay (%)
	50.661.291
	28.220.400
	34.001.943
	37.111.602

	Silt (%)
	10.000.986
	12.220.400
	14.001.247
	8.440.293

	MC (%)
	0.470.103
	0.520.065
	0.320.091
	0.250.073

	WHC (%)
	28.870.705
	25.37
	24.801.562
	25.380.587

	BD (%)
	1.28
	1.280.039
	1.300.019
	1.370.020

	POROSITY (%)
	43.370.291
	53.20
	53.260.975
	53.440.331

	Chemical Property

	pH (%)
	5.760.047
	5.580.077
	6.110.088
	6.020.084

	OC (%)
	2.53
	2.410.089
	2.830.195
	2.310.159

	OM (%)
	4.47 0.432
	4.160.162
	4.850.332
	3.990.275

	TN (%)
	0.050.001
	0.001
	0.001
	0.030.003

	AVP (%)
	0.170.0687
	0.0144
	0.0094
	0.0027

	K (cmol/kg)
	0.580.003
	0.580.005
	0.810.009
	0.690.004

	Na (cmol/kg)
	0.220.002
	0.300.005
	0.320.009
	0.370.014

	Ca (cmol/kg)
	0.0370.014
	0.430.009
	0.490.004
	0.530.006

	Mg (cmol/kg)
	1.650.070
	1.780.023
	2.830.019
	2.240.022

	Al (cmol/kg)
	0.100.009
	0.130.002
	0.050.0004
	0.020.008

	H (cmol/kg)
	0.400.006
	0.490.005
	0.520.007
	0.610.004

	CEC (cmol/kg)
	3.470.096
	3.790.038
	5.080.074
	4.510.066








Table 2: Correlation analysis of Soil Physical Properties and Silvicultural practices in Mubi L.G.A
	
	SILV PRACT
	SAND
	CLAY
	SILT
	MC
	WHC
	BD
	POROSITY

	SILV PRACT
	1
	
	
	
	
	
	
	

	SAND
	0.535
	1
	
	
	
	
	
	

	CLAY
	-0.468
	-0.951**
	1
	
	
	
	
	

	SILT
	-0.134
	0.140
	-0.426
	1
	
	
	
	

	MC
	-0.659*
	-0.064
	0.049
	0.092
	1
	
	
	

	WHC
	-0.656*
	-0.775**
	0.786**
	-0.182
	0.231
	1
	
	

	BD
	0.598*
	0.164
	-0.062
	-0.433
	-0.270
	-0.177
	1
	

	POROSITY
	0.777**
	0.901**
	-0.912**
	0.267
	-0.311
	-0.849**
	0.321
	1


*Significant at 0.05 probability level



** Significant at 0.01 probability level




Table 3: Correlation analysis of Soil Chemical Properties and Silvicultural practices in Mubi L.G.A
	
	SILV PRACT
	pH
	OC
	OM
	TN
	AVP
	K
	Na
	Ca
	Mg
	Al
	H
	CEC

	SILV PRACT
	1
	
	
	
	
	
	
	
	
	
	
	
	

	pH
	0.606*
	1
	
	
	
	
	
	
	
	
	
	
	

	OC
	-0.067
	0.054
	1
	
	
	
	
	
	
	
	
	
	

	OM
	-0.131
	0.008
	0.988**
	1
	
	
	
	
	
	
	
	
	

	TN
	-0.604*
	0.133
	0.500
	0.526
	1
	
	
	
	
	
	
	
	

	AVP
	-0.606*
	-0.566
	-0.295
	-0.274
	0.107
	1
	
	
	
	
	
	
	

	K
	0.669*
	0.802**
	0.371
	0.298
	0.149
	-0.662*
	1
	
	
	
	
	
	

	Na
	0.971**
	0.518
	-0.041
	-0.114
	-0.633*
	-0.529
	0.606*
	1
	
	
	
	
	

	Ca
	0.988**
	0.574
	-0.122
	-0.181
	-0.663*
	-0.573
	0.576*
	0.975**
	1
	
	
	
	

	Mg
	0.682*
	0.763**
	0.367
	0.288
	0.110
	-0.639*
	0.994**
	0.638*
	0.588*
	1
	
	
	

	Al
	-0.846**
	-0.792**
	-0.029
	0.017
	0.261
	0.626*
	-0.759**
	-0.717**
	-0.809**
	-0.720**
	1
	
	

	H
	0.981**
	0.480
	-0.151
	-0.212
	-0.728**
	-0.534
	0.527
	0.979**
	0.990**
	0.550
	-0.749**
	1
	

	CEC
	0.779**
	0.783**
	0.237
	0.161
	-0.046
	-0.693*
	0.968**
	0.738**
	0.701*
	0.978**
	-0.753**
	0.669*
	1


*Significant at 0.05 probability level
** Significant at 0.01 probability level



3.3	Effects of Soil depth and Soil Physical Properties on Silvicultural Practices in Mubi LGA

Presented in Table 4 is the variation of soil physical characteristics across the soil depth and the four studied silvicultural practices in Mubi LGA, Adamawa State. The results revealed that the soil texture varied across the four silvicultural systems in the study area. Agro-forestry system was dominated by clay across the three depths. The consistently high clay content revealed across soil depths indicate a fine-textured soil profile. This observation is supported by the findings of [32], who reported that agro-forestry practices, particularly those involving deep-rooted tree species, tend to stabilize soil structure and protect finer particles such as clay from erosion. Similarly, [33] found that agro-forestry systems often accumulate higher clay content in the topsoil due to reduced surface runoff and increased organic matter input, which helps in binding of soil particles. 
In a clear cutting system, the moderate percentage sandy loam texture exhibited is an indication of a well-drained soil conditions typical of many forest and agricultural soils [34]. The slight variations in clay and silt content across the profile suggest minimal stratification and stable parent material. These findings align with those of [34], who reported consistency in soil texture across soil horizons in undisturbed land-use systems. Similarly, [35] emphasized that sandy loam soils typically retain stable structure with depth, facilitating effective root penetration and moderate water retention. 
The highest moisture content found in clear cutting system could be attributed to reduced evaporation and optimal infiltration at the mid-depth layer. The surface and the layer deeper layer with slightly lower and least moisture content may likely due to direct exposure to evaporation and gravitational drainage respectively. These contradict the findings of [36], who reported increasing moisture with depth in clay-rich arid soils due to capillary water retention. The fluctuation of WHC downward from the topsoil to the deepest layer may be attributed to varying organic matter content and microstructure at each layer. [37] observed similar fluctuations in WHC based on silt-clay interactions and the influence of organic matter, especially in sandy loam soils.
 Clear cutting system had the highest sand percentage (60.7%) at 0-10 cm depth, Agro-forestry, Natural regeneration and selective logging had the highest percentage of sand of 42.2%, 56.0 %and 55.3 % at 20-30, 0-10 and 20-30 depth respectively. The slight decline in moisture content with depth aligns with expectations in well-drained soils, where surface layers tend to retain more moisture after precipitation due to capillary action and organic matter [38]. The relatively low moisture at 20–30 cm depth may limit the availability of water for deep-rooted crops and indicate a need for deeper irrigation scheduling or organic amendments to improve moisture retention [39]. Moreover, the low moisture level in the deepest layer despite higher clay content suggests that structural factors or bulk density may be limiting effective water retention. Compaction, reduced porosity, or limited organic matter could all play a role [40]. The clay content ranged from 27.3 to 52.0%, with Agro-forestry system having the highest clay content of 52.0%, at 0-10cm depth, while Clear cutting system had the least clay content  of (27.3%) at the same soil depth (0-10cm). 
Natural regeneration had the highest silt content of 16.0 and 14.7 % at 10-20 cm and 20-30 cm soil depth respectively. The least silt percentage (8.0 cm) across the three soil depth was observed on the Selective logging system. The highest moisture content 0.71) was observed in the Clear cutting system, this was followed by Agro-forestry system with a value of 0.59% at 0-10 cm soil depth, while the least value of 0.23 was found in the Selective logging system at 0-10 cm depth. 
The water holding capacity values varies ranged from24.5 to 29.7 % with Agro-forestry system having the highest value of 29.68, while the least WHC (24.5 cm) was observed in the Selective logging system at 20-30 cm soil depth. The highest WHC observed in selective logging system at the surface layer can be attributed to higher organic matter and finer pores associated with root biomass and litter decomposition as being asserted by [41] that organic matter plays a critical role in improving WHC through better aggregation and pore space development. The highest value of bulk density at the surface level (0-10 cm) could be attributed to compaction from human or animal activity on the surface.
 The slightly lower bulk density at 10–20 cm suggests improved structure, possibly due to increased root penetration and biological activity at that depth. This finding agrees with [42], who reported that moderate root activity can enhance soil structure and lower bulk density. The increase in bulk density at 20–30 cm is an indication for less root penetration, compaction, and reduced pore space [43]. The variation observed in soil moisture content across depths revealed that the mid-depth (10–20 cm) and (0–10 cm) had the highest and lower percentage of soil moisture content. This could be attributed to reduced and higher evaporation and surface runoff respectively. This is in consistent with findings by [44], who noted that surface soil moisture declines rapidly in tropical forests due to high evaporation rates. The low moisture content at 20–30 cm could also be due to increased compaction or reduced root density and organic matter, which typically diminish with depth. This observation is in agreement with [46], who found reduced water retention in deeper soil layers of forest systems.
  The results on analysis of variance (Table 5) conducted revealed that sand, clay, silt and porosity had a significant effect  (p < 0.05) on silvicultural practices in the study area, while, soil depth moisture content, water holding capacity and soil bulk density had no significant effect (p> 0.05) on silvicultural practices.


Table 4: Effects of Soil depth and Soil Physical Properties on Silvicultural Practices in Mubi LGA
	Silvicultural 
System
	Soil Depth
 (cm)
	Sand
(%)
	Clay
(%)
	Silt
(%)
	MC
(%)
	WHC
   (%)
	BD
(%)
	Porosity
    (%)
	Textural Class

	AF
	0-10
	39.33
	52.00
	8.66
	0.59
	28.81
	1.36
	42.85
	Clay

	
	10-20
	39.33
	49.33
	11.33
	0.34
	28.13
	1.26
	43.63
	Clay

	
	20-30
	42.33
	50.66
	10.00
	0.48
	29.68
	1.24
	43.64
	Clay

	CC
	0-10
	60.66
	27.33
	12.00
	0.46
	26.46
	1.29
	53.22
	Sandyclayloam

	
	10-20
	58.66
	28.67
	12.66
	0.71
	24.48
	1.29
	53.15
	Sandyclayloam

	
	20-30
	59.33
	28.67
	12.00
	0.40
	25.17
	1.28
	53.25
	Sandyclayloam

	NR
	0-10
	56.01
	32.67
	11.33
	0.36
	22.75
	1.30
	53.93
	Clay

	
	10-20
	51.33
	32.67
	16.03
	0.35
	25.93
	1.34
	54.44
	Sandyclayloam

	
	20-30
	48.67
	36.67
	14.67
	0.26
	25.72
	1.26
	51.43
	Sandy clay

	SL
	0-10
	54.67
	36.67
	8.00
	0.23
	26.26
	1.42
	53.69
	Sandy clay

	
	10-20
	53.33
	38.00
	8.00
	0.36
	25.36
	1.34
	53.59
	Sandy clay

	
	20-30
	55.33
	36.67
	8.07
	0.19
	24.55
	1.35
	53.07
	Sandyclayloam



AF = Agroforestry; CC = Clear Cutting; NR = Natural Regeneration; SL = Selective Logging


















Table 5: Analysis of Variance for Soil Depth, Silvicultural Practices and Soil Physical properties
	SOURCE OF VARIATION
	SS
	DF
	MS
	F
	P-VALUE
	F CRIT
	REMARKS

	SAND

	Soil Depth
	24.5
	2
	12.25
	0.390265
	0.681095
	3.402826
	Ns

	Silv Pract
	1786.306
	3
	595.4352
	18.96962
	1.59E-06
	3.008787
	*

	Interaction
	88.61111
	6
	14.76852
	0.470501
	0.82331
	2.508189
	Ns

	Error
	753.3333
	24
	31.38889
	
	
	
	

	Total
	2652.75
	35
	 
	 
	 
	 
	

	CLAY

	Soil Depth
	8
	2
	4
	0.178218
	0.837857
	3.402826
	Ns

	Silv Pract
	2446.556
	3
	815.5185
	36.33498
	4.38E-09
	3.008787
	*

	Interaction
	41.77778
	6
	6.962963
	0.310231
	0.925369
	2.508189
	Ns

	Error
	538.6667
	24
	22.44444
	
	
	
	

	Total
	3035
	35
	
	
	
	
	

	SILT

	Soil Depth
	24
	2
	12
	1.886463
	0.17341
	3.402826
	Ns

	Silv Pract
	161.2222
	3
	53.74074
	8.448326
	0.000524
	3.008787
	*

	Interaction
	23.11111
	6
	3.851852
	0.605531
	0.723313
	2.508189
	Ns

	Error
	152.6667
	24
	6.361111
	
	
	
	

	Total
	361
	35
	
	
	
	
	

	M.CONT

	Soil Depth
	0.065717
	2
	0.032859
	0.452036
	0.641639
	3.402826
	Ns

	Silv Pract
	0.420714
	3
	0.140238
	1.929255
	0.151798
	3.008787
	Ns

	Interaction
	0.255882
	6
	0.042647
	0.586694
	0.737527
	2.508189
	Ns

	Error
	1.744565
	24
	0.07269
	
	
	
	

	Total
	2.486878
	35
	
	
	
	
	

	WHC

	Soil Depth
	0.585372
	2
	0.292686
	0.013293
	0.986802
	3.402826
	Ns

	Silv Pract
	93.61143
	3
	31.20381
	1.417168
	0.26219
	3.008787
	Ns

	Interaction
	32.53045
	6
	5.421742
	0.246237
	0.956136
	2.508189
	Ns

	Error
	528.4423
	24
	22.01843
	
	
	
	

	Total
	655.1695
	35
	
	
	
	
	

	B.DENS

	Soil Depth
	0.0218
	2
	0.0109
	1.311059
	0.288153
	3.402826
	Ns

	Silv Pract
	0.045053
	3
	0.015018
	1.806326
	0.172943
	3.008787
	Ns

	Interaction
	0.026289
	6
	0.004381
	0.527007
	0.782192
	2.508189
	Ns

	Error
	0.199533
	24
	0.008314
	
	
	
	

	Total
	0.292675
	35
	
	
	
	
	

	POROSITY

	Soil Depth
	4.505006
	2
	2.252503
	0.78693
	0.466637
	3.402826
	Ns

	Silv Pract
	666.2791
	3
	222.093
	77.59002
	1.71E-12
	3.008787
	*

	Interaction
	12.90964
	6
	2.151606
	0.751681
	0.61421
	2.508189
	Ns

	Error
	68.6974
	24
	2.862392
	
	
	
	

	Total
	752.3912
	35
	
	
	
	
	








3.4	Effects of Soil depth and Soil Chemical Properties on Silvicultural Practices in Mubi LGA

The results on the effects of soil chemical properties and soil depth on the silvicultural practice in Mubi North LGA is presented in Table 6. The soil pH remained relatively consistent across all depths, with slight variation. The surface layer (0–10 cm) recorded a pH of 5.77, which slightly decreased to 5.73 in the 10–20 cm layer and increased to 5.80 in the 20–30 cm depth. the consistent slightly acidic nature of the soil across all depths is due to the accumulation of organic acids from decomposing biomass. This is supported by [47], who found that soils under agro-forestry maintained moderate acidity due to steady organic inputs and microbial activity. In contrast, [48] reported a marked decrease in pH with depth under monoculture plantations, suggesting that species diversity in agro-forestry may buffer soil pH more effectively. 
Organic carbon content was highest in the topsoil (2.71%) and slightly declined to 2.67% at 10–20 cm, with a more noticeable decrease to 2.18% at 20–30 cm. A similar trend was observed for organic matter, which was 5.00% at 0–10 cm, decreasing to 4.62% at 10–20 cm and 3.80% at 20–30 cm. Total nitrogen followed a pattern similar to organic carbon, starting at 0.056% in the surface layer, dropping to 0.051% in the 10–20 cm depth, and slightly rising again to 0.053% in the 20–30 cm depth. Available phosphorus was highest in the 20–30 cm depth at 0.32 mg/kg, compared to 0.11 mg/kg at the surface and 0.094 mg/kg at the mid-depth layer. decreasing trend of organic carbon (OC) and OM with depth is expected, as organic inputs from litter, roots, and microbial activity concentrate in the topsoil. This finding aligns with [48], who observed a strong stratification of OC in forested soils. [49] also reported that agro-forestry systems significantly enhanced surface organic carbon stocks compared to bare or conventionally managed lands. 
The variations in soil chemical properties at three different depth intervals (Table 4) under clear cutting method, showed that soil pH had a slight decrease with increasing depth. The topsoil (0–10 cm) recorded the highest pH value of 5.70, while the subsurface layers (10–30 cm) recorded identical lower values of 5.53. The slightly acidic nature of the soils (pH 5.53–5.70) aligns with findings by [50], who reported similar acidity in tropical forest soils due to organic acid accumulation from litter decomposition. The higher pH at 0–10 cm may result from surface accumulation of organic residues that buffer soil acidity. This observation agrees with [51], who noted that surface soils under forest cover often have a slightly higher pH than sub soils due to continuous litter input. However, these values are relatively low for optimal crop productivity. Contrastingly, [52] observed higher pH values (>6.0) under managed forest plantations, attributing it to liming and better management practices Organic carbon (OC) and organic matter (OM) contents decreased with depth. The highest OC (2.48%) and OM (4.29%) were recorded at the 0–10 cm depth. These values reduced to 2.35% and 4.02% respectively at 10–20 cm, and slightly increased to 2.41% and 4.17% at 20–30 cm. Total Nitrogen (TN) was relatively uniform across the soil profile, ranging narrowly from 0.037% to 0.039%. Available Phosphorus (AV.P) decreased from 0.20% at the topsoil to 0.15% at 20–30 cm.  The effects of Clear Cutting and soil depths on exchangeable bases (K, Na, Ca, Mg), aluminum (Al), hydrogen ion concentration (H), and cation exchange capacity (CEC).Potassium (K) remained constant across depths (0.59 cmol/kg), except at 0–10 cm where it slightly decreased to 0.20 cmol/kg. Sodium (Na) was highest at 10–20 cm (0.45 cmol/kg) and lowest at 20–30 cm (0.30 cmol/kg). Calcium (Ca) and Magnesium (Mg) were fairly stable with slight decreases at greater depths. Aluminum (Al) and Hydrogen (H) concentrations were consistent across all depths. The Cation Exchange Capacity (CEC) slightly declined with depth, from 3.84 cmol/kg at 0–10 cm to 3.76 cmol/kg at 20–30 cm.
The result of soil chemical properties at three soil depths under the Natural Regeneration method (Table 6) showed that soil pH values ranged from 5.97 at 10–30 cm to 6.50 at 0–10 cm. This indicates slightly acidic to near-neutral soil at the surface and more acidic conditions at greater depths. Organic carbon (OC) was highest at 10–20 cm (3.37%) and lowest at 0–10 cm (2.41%), suggesting organic matter movement into the subsurface. Organic matter (OM) followed a similar trend as OC, peaking at 10–20 cm (5.82%) and being lowest at 0–10 cm (4.06%). TN remained constant across all depths at 0.05%, indicating limited nitrogen stratification in the profile. Available phosphorus (Av.P) was highest at 10–20 cm (0.09%) and lowest at 0–10 cm (0.05%). The effects of Natural Regeneration and soil depths on the exchangeable bases (K, Na, Ca, Mg), aluminum (Al), hydrogen ion concentration (H), and Cation Exchange Capacity (CEC). Exchangeable Potassium was slightly higher at the surface (0.82 cmol/kg), decreasing slightly with depth. Sodium (Na) remained constant at 0.33 cmol/kg across all depths, indicating minimal leaching or accumulation trends. Calcium (Ca) concentration was highest at 0–10 cm (0.55 cmol/kg), and slightly lower in subsurface layers (0.54 cmol/kg). Magnesium (Mg) was consistent across all depths at 2.83 cmol/kg, suggesting uniform distribution. Both Aluminium (Al) and Hydrogen (H) remained stable across depths, with Al at 0.05 cmol/kg and H at 0.52 cmol/kg. Cation Exchange Capacity (CEC) was highest in the topsoil (5.26 cmol/kg), slightly decreasing in the subsoil (4.93–5.07 cmol/kg), reflecting the impact of organic matter on nutrient-holding capacity.
The result of the effects of selective logging and soil depths on the chemical properties of soil showed that pH values ranged from 5.93 to 6.13 across the depths. The highest pH (6.13) was recorded at the 0–10 cm depth, while the lowest (5.93) occurred at 20–30 cm. OC values varied from 1.85% to 2.58%, with the highest concentration observed in the topsoil (0–10 cm). Similarly, OM ranged from 3.19% to 4.45%, also peaking at the surface layer. Total nitrogen levels decreased slightly with depth, ranging from 0.04% at 0–10 cm to 0.03% at both the 10–20 cm and 20–30 cm depths. Available phosphorus was highest in the 0–10 cm depth (0.08 mg/kg), followed by 0.07 mg/kg at both lower depths. Potassium content remained constant across all depths at 0.70 cmol/kg. Sodium concentrations were slightly higher in the surface soil (0.39 cmol/kg) and decreased to 0.36 cmol/kg at the lower depths. Ca content ranged from 0.61 to 0.64 cmol/kg, highest in the surface layer. Mg remained consistent at 2.24–2.25 cmol/kg across depths. The slight decline of Ca with depth from 0.55 to 0.54 cmol/kg and constant values of Mg at 2.83 cmol/kg across all depths indicates the crucial role the nutrients plays I root development and soil aggregation. The uniformity suggests low leaching and stable parent material contribution. These findings are supported by [53], who reported minimal variation in Ca and Mg in deep, well-buffered forest soils. Contrarily, strongly weathered soils may show reduced Ca and Mg with depth [54]. 
Al levels ranged from 0.02 to 0.03 cmol/kg, decreasing slightly with depth. The consistency of Aluminum (Al) and constant Hydrogen (H) levels across the soil depths, indicating minimal aluminium toxicity and stability soil acidity status. This is positive for crop root growth, as high Al levels can inhibit nutrient uptake as noted by [55]. These values are similar to those found in moderately weathered soils in humid tropics [56].Hydrogen concentration remained almost uniform at around 0.61–0.62 cmol/kg. CEC ranged between 4.44 and 4.56 cmol/kg. The highest value (4.56 cmol/kg) was observed in the 10–20 cm depth, while the lowest was found in the 0–10 cm layer.
The analysis of variance  conducted (Table 7) showed that pH, TN, Av.P, K, Na, Ca, Mg, Al, H and CEC all had significant effect (P < 0.05) on the silvicultural practices, while, soil depth , OC and OM shows no significant effect at 0.05 probability level.
Table 6: Effects of Soil depth and Soil Chemical Properties on Silvicultural Practices in Mubi LGA
	Silvi-cultural system
	Soil 
Depth
 (cm)
	
	Soil Chemical Properties

	
	
	Ph
	OC (%)
	OM (%)
	TN (%)
	AVp (%)
	K 
cmol/kg
	Na cmol/kg
	Ca 
cmol/kg
	Mg cmol/kg 
	Al cmol/kg
	H cmol/kg
	CEC cmol/kg

	
AF
	  0 – 10
	5.77
	2.71
	5.00
	0.06
	0.11
	0.59
	0.23
	0.43
	1.66
	0.12
	0.40
	3.60

	
	10 – 20
	5.73
	2.67
	4.62
	0.05
	0.09
	0.59
	0.22
	0.43
	1.64
	0.10
	0.40
	3.41

	
	20 – 30
	5.82
	2.18
	3.80
	0.05
	0.32
	0.58
	0.23
	0.42
	1.65
	0.10
	0.39
	3.38

	
CC
	  0 – 10
	5.71
	2.48
	4.29
	0.04
	0.20
	0.59
	0.31
	0.50
	1.81
	0.14
	0.49
	3.84

	
	10 – 20
	5.53
	2.35
	4.02
	0.04
	0.19
	0.58
	0.30
	0.50
	1.77
	0.13
	0.49
	3.78

	
	20 – 30
	5.53
	2.41
	4.17
	0.034
	0.15
	0.59
	0.29
	0.48
	1.76
	0.13
	0.48
	3.76

	
NR
	  0 – 10
	6.40
	2.41
	4.06
	0.05
	0.05
	0.82
	0.33
	0.54
	2.83
	0.05
	0.52
	5.25

	
	10 – 20
	5.97
	3.37
	5.82
	0.06
	0.08
	0.81
	0.33
	0.53
	2.83
	0.05
	0.52
	4.93

	
	20 – 30
	5.97
	2.72
	4.69
	0.05
	0.06
	0.81
	0.32
	0.54
	2.82
	0.05
	0.52
	5.07

	
SL
	  0 – 10
	6.13
	2.58
	4.45
	0.03
	0.08
	0.70
	0.39
	0.64
	2.25
	0.03
	0.62
	4.44

	
	10 – 20
	6.01
	1.85
	3.19
	0.03
	0.07
	0.69
	0.36
	0.61
	2.23
	0.02
	0.62
	4.55

	
	20 – 30
	5.93
	2.52
	4.35
	0.03
	0.07
	0.69
	0.36
	0.61
	2.23
	0.02
	0.60
	4.54


































Table 7: Analysis of Variance for Soil Depth, Silvicultural Practices and Soil Chemical     
              properties
	SOURCE OF VARIATION
	SS
	DF
	MS
	F
	P-VALUE
	F CRIT
	REMARKS

	Ph

	Soil Depth
	0.293889
	2
	0.146944
	3.005682
	0.068408
	3.402826
	Ns

	Silv Pract
	1.538889
	3
	0.512963
	10.49242
	0.000134
	3.008787
	*

	Interaction
	0.206111
	6
	0.034352
	0.702652
	0.650312
	2.508189
	Ns

	Error
	1.173333
	24
	0.048889
	
	
	
	

	Total
	3.212222
	35
	 
	 
	 
	 
	

	OC

	Soil Depth
	0.073267
	2
	0.036633
	0.155043
	0.857229
	3.402826
	Ns

	Silv Pract
	1.3558
	3
	0.451933
	1.91272
	0.154479
	3.008787
	Ns

	Interaction
	2.886467
	6
	0.481078
	2.036069
	0.099862
	2.508189
	Ns

	Error
	5.670667
	24
	0.236278
	
	
	
	

	Total
	9.9862
	35
	 
	 
	 
	 
	

	OM

	Soil Depth
	0.264817
	2
	0.132408
	0.170866
	0.843951
	3.402826
	Ns

	Silv Pract
	3.881111
	3
	1.293704
	1.669457
	0.200104
	3.008787
	Ns

	Interaction
	9.796672
	6
	1.632779
	2.107015
	0.089926
	2.508189
	Ns

	Error
	18.5982
	24
	0.774925
	
	
	
	

	Total
	32.5408
	35
	
	
	
	
	

	TN

	Soil Depth
	0.000122
	2
	6.1E-05
	2.772727
	0.082537
	3.402826
	Ns

	Silv Pract
	0.003166
	3
	0.001055
	47.97096
	2.73E-10
	3.008787
	*

	Interaction
	9.27E-05
	6
	1.54E-05
	0.70202
	0.650781
	2.508189
	Ns

	Error
	0.000528
	24
	0.000022
	
	
	
	

	Total
	0.003909
	35
	 
	 
	 
	 
	

	Av.P

	Soil Depth
	0.012896
	2
	0.006448
	0.604882
	0.554255
	3.402826
	Ns

	Silv Pract
	0.105102
	3
	0.035034
	3.286511
	0.038011
	3.008787
	*

	Interaction
	0.093302
	6
	0.01555
	1.458762
	0.234314
	2.508189
	Ns

	Error
	0.255839
	24
	0.01066
	
	
	
	

	Total
	0.46714
	35
	 
	 
	 
	 
	

	K

	Soil Depth
	0.000187
	2
	9.36E-05
	0.223157
	0.801631
	3.402826
	Ns

	Silv Pract
	0.309583
	3
	0.103194
	246.0754
	3.77E-18
	3.008787
	*

	Interaction
	7.88E-05
	6
	1.31E-05
	0.031331
	0.99984
	2.508189
	Ns

	Error
	0.010065
	24
	0.000419
	
	
	
	

	Total
	0.319914
	35
	 
	 
	 
	 
	

	Na

	Soil Depth
	0.0007
	2
	0.00035
	0.429394
	0.655806
	3.402826
	Ns

	Silv Pract
	0.096054
	3
	0.032018
	39.25913
	2.05E-09
	3.008787
	*

	Interaction
	0.001094
	6
	0.000182
	0.223672
	0.965162
	2.508189
	Ns

	Error
	0.019573
	24
	0.000816
	
	
	
	

	Total
	0.117422
	35
	 
	 
	 
	 
	

	Ca

	Soil Depth
	0.001084
	2
	0.000542
	0.796627
	0.462412
	3.402826
	Ns

	Silv Pract
	0.169468
	3
	0.056489
	83.04869
	8.18E-13
	3.008787
	*

	Interaction
	0.000575
	6
	9.58E-05
	0.140823
	0.989197
	2.508189
	Ns

	Error
	0.016325
	24
	0.00068
	
	
	
	

	Total
	0.187451
	35
	 
	 
	 
	 
	

	Mg
	
	
	
	
	
	
	

	Soil Depth
	0.002475
	2
	0.001237
	0.065737
	0.936545
	3.402826
	Ns

	Silv Pract
	7.695912
	3
	2.565304
	136.2766
	3.32E-15
	3.008787
	*

	Interaction
	0.001926
	6
	0.000321
	0.017051
	0.999973
	2.508189
	Ns

	Error
	0.451782
	24
	0.018824
	
	
	
	

	Total
	8.152094
	35
	 
	 
	 
	 
	

	AL

	Soil Depth
	0.000428
	2
	0.000214
	0.85298
	0.438661
	3.402826
	Ns

	Silv Pract
	0.06879
	3
	0.02293
	91.45591
	2.84E-13
	3.008787
	*

	Interaction
	0.000529
	6
	8.82E-05
	0.351762
	0.901829
	2.508189
	Ns

	Error
	0.006017
	24
	0.000251
	
	
	
	

	Total
	0.075764
	35
	 
	 
	 
	 
	

	H

	Soil Depth
	0.000326
	2
	0.000163
	0.478435
	0.625538
	3.402826
	Ns

	Silv Pract
	0.208972
	3
	0.069657
	204.4568
	3.22E-17
	3.008787
	*

	Interaction
	1.82E-05
	6
	3.04E-06
	0.008914
	0.999996
	2.508189
	Ns

	Error
	0.008177
	24
	0.000341
	
	
	
	

	Total
	0.217493
	35
	 
	 
	 
	 
	

	CEC

	Soil Depth
	0.089611
	2
	0.044805
	0.887781
	0.424656
	3.402826
	Ns

	Silv Pract
	14.18786
	3
	4.729285
	93.70689
	2.18E-13
	3.008787
	*

	Interaction
	0.186439
	6
	0.031073
	0.615689
	0.715642
	2.508189
	Ns

	Error
	1.211254
	24
	0.050469
	
	
	
	

	Total
	15.67516
	35
	 
	 
	 
	 
	


*. Correlation is significant at the 0.05 level (2-tailed)
**. Correlation is significant at the 0.01 level (2-tailed)
4.0	CONCLUSION
This study have shown clearly shown that there are variations on the soil physicochemical properties along the soil depth and among the four silvicultural practices investigated in Mubi North Local Government Area of Adamawa State. The result also revealed significant effect of some physical and chemical properties on the silvicultural practices in the study area. The study has revealed that proper consideration of the soil physicochemical properties before embarking on the silvicultural practices, this will enhance maximum productivity. The embracement of silvicultural practices techniques in Mubi Local Government Area will go a long way in minimizing soil disturbance; promote soil organic matter accumulation, tackling climate change and other anthropogenic pressures affecting forest ecosystems. The study had critically highlighted the role of soil physical and chemical properties on silvicultural management practices and we hope these findings will offer a long-term benefit for soil fertility and restoration of degraded ecosystems in Mubi North LGA of Adamawa State.
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