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Abstract: This study evaluates the influence of soil depth and various land use systems on key soil chemical properƟes 
in selected teaching and research farms in Maiduguri, Nigeria. The invesƟgaƟon was conducted at three insƟtuƟons: 
Ramat Polytechnic, Borno State University, and the University of Maiduguri. Soil samples were collected from three 
land use types—caƩle waste areas, fish water discharge zones, and control sites—at depths of 0-15 cm, 15-30 cm, 
and 30-45 cm. Laboratory analysis assessed properƟes such as pH, electrical conducƟvity (EC), organic carbon, 
organic maƩer, available phosphorus, total nitrogen, caƟon exchange capacity (CEC), and exchangeable bases. 
Results indicated that land use types significantly influenced soil chemical properƟes. CaƩle waste areas recorded the 
highest EC, CEC, and total exchangeable bases (TEB) due to nutrient-rich organic waste deposits. Conversely, control 
sites exhibited lower values, reflecƟng minimal anthropogenic impact. Soil pH and base saturaƟon percentage (PBS) 
remained relaƟvely stable across land use types, showing limited sensiƟvity to land management pracƟces. Soil depth 
also played a crucial role, with deeper layers showing higher nutrient retenƟon capaciƟes. This trend was parƟcularly 
notable in CEC and TEB, suggesƟng enhanced ferƟlity at greater depths. However, EC values decreased with depth, 
indicaƟng reduced salt accumulaƟon. The stability of pH and PBS across depths underscored their resilience to 
environmental changes. It was concluded that land management pracƟces, including organic waste applicaƟon and 
depth-specific soil management, in maintaining soil ferƟlity and ensuring long-term agricultural producƟvity. EffecƟve 
land use strategies can miƟgate soil degradaƟon and enhance agricultural sustainability in semi-arid regions like 
Maiduguri 
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IntroducƟon 
In urban areas, acƟviƟes such as agriculture, industry, and transportaƟon generate significant amounts of 
waste, categorized into agricultural, industrial, municipal, or nuclear types. These wastes are oŌen 
deposited on soil surfaces, along waterways, or released into the atmosphere as solid maƩer. This disposal 
affects the soil ecosystem's delicate balance, impacƟng factors like nutrient availability, soil structure, 
water retenƟon, and microbial acƟvity. Consequently, effecƟve agricultural pracƟces and the long-term 
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sustainability of integrated farms are closely Ɵed to managing caƩle farmyard waste and its influence on 
the physicochemical properƟes of soils. Soil quality plays a crucial role in food safety, influencing the 
potenƟal composiƟon of food and feed from the beginning of the food chain. Maintaining or enhancing 
soil quality is essenƟal for analyzing and sustaining healthy soil ecosystems (Schoenholtz, 2000). Soil 
quality assessments involve examining factors and processes that enable soil to funcƟon effecƟvely as a 
component of a robust ecosystem (Tale & Ingole, 2015). Over Ɵme, inadequate waste disposal in a 
populaƟon can lead to a decline in public health and overall living standards, as people adapt to subopƟmal 
environmental condiƟons. Historically, waste disposal received limited aƩenƟon in developing countries. 
However, with growing awareness of environmental risks, there is now increased focus on managing 
waste. Rapid urbanizaƟon and migraƟon from rural to urban areas have intensified waste producƟon in 
ciƟes. Waste collecƟon is just one of many challenges faced by developing countries in managing waste in 
environmentally sound ways (Oguneleka, 2009; Oguche, 2013). 
When pollutants enter the soil, they interact with soil parƟcles, altering its chemical and physical 
properƟes. Soil's capacity to support safe, nutriƟous crop producƟon and enhance human and animal 
health over the long term—without depleƟng natural resources or harming the environment—is criƟcal 
(Parr et al., 1992). Soil’s ability to maintain biological producƟvity, environmental quality, and support 
plant and animal health within ecosystem boundaries (Doran and Parkin, 1994) as well as to fulfill intended 
funcƟons (Karlen et al., 1997; Schjønning et al., 2003) highlights the importance of managing soil quality 
to meet agricultural and ecological needs. Soil chemical properƟes, such as nutrient content, pH, and 
organic maƩer, are crucial indicators of soil health and producƟvity. Soil depth and land use systems—such 
as agriculture, grazing, and fallow land—can greatly influence these chemical properƟes, impacƟng soil 
ferƟlity and sustainable land management. However, limited research exists on how variaƟons in soil depth 
and different land uses specifically affect soil chemistry in Maiduguri's teaching and research farms. 
Understanding these relaƟonships is essenƟal for developing effecƟve land management strategies and 
opƟmizing soil resources to support agricultural producƟvity, sustainability, and ecological balance. In 
Maiduguri, where agricultural acƟviƟes are an integral part of the economy, the need for a comprehensive 
assessment of soil depth and land use impacts on soil chemical properƟes is criƟcal. Teaching and research 
farms, serving as centers for agricultural educaƟon and experimentaƟon, require a detailed understanding 
of these variables to guide best pracƟces and inform the curriculum. Yet, a knowledge gap exists in 
evaluaƟng how specific land use types across varying soil depths influence key chemical properƟes of soils 
in this region. Therefore, this study aims to assess the effects of soil depth and different land use systems 
on soil chemical properƟes in selected teaching and research farms in Maiduguri. The findings will provide 
insights to support soil management decisions that promote sustainable land use, soil ferƟlity, and long-
term agricultural producƟvity in Maiduguri and similar environments. The study aims to analyze the effects 
of various land use types and soil depth on soil chemical properƟes and assess their interacƟve impact in 
the study area. 
 
MATERIALS AND METHODS 
Study Area 
The experiment will be conducted at the Teaching and Research Farm located on the premises of Ramat 
Polytechnic, Borno State University and University of Maiduguri all located in Maiduguri, Borno State. The 
climate is dry and sub-humid in nature as described by Ojanuga (2006). The mean daily temperature 
ranged between 23.6 and 34.8oC during the cropping season (January to December) and annual average 
rainfall in the zone ranges between 508 to 762mm (NIMET, 2009).  The soil in the study area was classified 
as Typic UsƟpsamment. 
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Techniques of Data CollecƟon 
Soil samples will be collected during the field sampling while analysis will be conducted during the 
laboratory analysis. 
Sampling LocaƟons 
AŌer the reconnaissance visit, three sampling locaƟons will be idenƟfied and used for the study Sampling 
locaƟon. It is expected that; one is situated at the Fisheries water discharge Area. Sampling locaƟon two 
is at the Farm yard site while the third locaƟon is at the Farm Area which was used as a control. 
Soil Sample CollecƟon 
Soil sampling will be carried out in January 2025. A total of 18 soil samples were collected two samples 
from each of the three sites' Fisheries water discharge Areas, Farmyard, and a control site (C) that is farm 
Area. Soil samples will be collected with a spade, soil auger and a trowel at depths: 0 - 15cm, 15 -30cm, 
and 30 – 45cm, from each of the three sites. Soil samples will be placed in labeled Polyethene bags.  
Laboratory Analysis 
Sample PreparaƟon 
Soil samples will be air–dried, and sieved with a 2mm mesh sieve. The finer soil parƟcles will be packed in 
sample containers and labeled accordingly for laboratory analysis 
DeterminaƟon of Soil pH 
Air dried sample will pass through a 2mm sieve and aŌerwards, 10g of it will be placed in 50ml beaker. 
40ml of disƟlled water will be added to it and the mixture will be mechanically shaken and allowed to 
stand for 30 minutes. pH meter will be calibrated using a buffer at a pH of 6.86. The electrode will be 
immersed into the soil suspension and pH will be noted when the equilibrium is reached 
DeterminaƟon of Organic Carbon 
Organic carbon will be determined by the wet digesƟon method (Nelson and Sommers, 1982). This 
method involved adding 10ml of 0.1667M K2Cr2O7 and 20ml of concentrated H2SO4 to weighed soil sample 
(5g) in an Erlenmeyer flask (500ml) and heated to a temperature of 1500C, allowing it to cool at room 
temperature. 20ml of water will be added and 4 – 5 drops of ferroin indicator Ɵtrated with 0.5M ferrous 
sulphate. i.e organic carbon (%) = (Meq of K2Cr2O7 - Meq of FeSO4)/Oven dry soil (g) x 100 
DeterminaƟon of Electrical ConducƟvity (EC) 
5.0 grams of each soil sample will be added to 50 ml of disƟlled water. The lump of the soil will be sƟrred 
to form homogenous slurry, and then the EC meter (Jenway 4010 Model) probes will be immersed into 
the sample and allowed to stabilize at 250C and EC will be recorded. 
DeterminaƟon of Organic MaƩer  
The percentage of organic maƩer will be calculated by mulƟplying the values of organic  
carbon by a factor of 1.724 (Van Bemmelen factor). i.e Organic maƩer (% OM) = Organic Carbon (OC) x 
1.724 
DeterminaƟon of Phosphorus (P)  
Available P will be determined using the Bray II method (Olson and Sommers (1982)). Using a 
spectrophotometer of absorbance at 882nm, the P concentraƟon of the soil sample will be determined 
through a calibraƟon curve relaƟng the readings of the absorpƟon unit to concentraƟon in µgP/ml. Thus 
Pμg/g soil = P(μg/ml) × 50ml/10ml × 100ml/5g soil  
DeterminaƟon of Soil Nitrogen 
 This will be determined by the Kjeldahl digesƟon method (Bremmer 1996). It will be calculated thus: 
Kjeldahl N (%) = (T - B) x M x 2.8/S Where; T = ml of standard acid with sample ƟtraƟon B = ml of standard 
acid with blank ƟtraƟon M = Molarity of Sulphuric acid S = Weight of soil sample in g. 
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Soil Exchangeable Bases (CaƟons)  
The exchangeable bases in the soil will be extracted with 1N neutral ammonium acetate (NH4OAC) buffer 
according to Helmke and Sparks (1996). The concentraƟons of Na and K will be determined with the flame 
photometer while that of Ca and Mg by Atomic AbsorpƟon Spectrophotometer (AAS) 
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Effects of land use types on some soil chemical properties observed in Ramat Polytechnic, Borno State 
University, and the University of Maiduguri.  
Tables 1, 3, and 5 present the effects of different land use types on soil chemical properties at Ramat 
Polytechnic, Borno State University, and the University of Maiduguri, respectively. 
At Ramat Polytechnic (Table 1), Electrical Conductivity (EC) varied significantly among land use types, with 
the cattle waste area recording the highest value (0.1750 dSm⁻¹) and the control site the lowest (0.0217 
dSm⁻¹). This large difference indicates that EC is influenced by land use. Cation Exchange Capacity (CEC) 
and Total Exchangeable Bases (TEB) were also highest in the cattle waste area, reflecting greater nutrient 
accumulation due to organic waste input. All these chemical properties have statistically significant 
differences. While in contrast, pH values showed minimal variation across land use types with no 
significant difference. 
Similarly, Table 3 from Borno State University shows distinct differences in EC, with the cattle waste area 
recording the highest value (0.0750 dSm⁻¹) compared to the control site (0.0017 dSm⁻¹) and its difference 
significantly. The cattle waste area also recorded the highest CEC (17.710 cmol/kg) and TEB (17.993 
cmol/kg), indicating enhanced soil fertility due to organic manure application and is statisticallysignificant. 
However, pH values were consistent across land use types, with no statistically significant effect. 
Table 5 from the University of Maiduguri shows a similar trend, with EC peaking in the cattle waste area 
(0.1450 dSm⁻¹) and being lowest in the control site (0.0017 dSm⁻¹) showing a statistical significant 
variation. AlsoCEC and TEB values were also considerably higher in the cattle waste area, confirming the 
fertility-enhancing effects of organic inputs and the differences are statistically significant. Conversely, pH 
and Percentage Base Saturation (PBS) remained stable, showing no significant differences.                In 
summary, EC, CEC, and TEB are significantly influenced by land use types across all three locations, with 
the cattle waste areas consistently recording the highest values. On the other hand, pH and PBS showed 
no meaningful variations, indicating that these properties are less sensitive to changes in land use. 
Therefore, the results highlight the direct impact of organic waste application on improving soil fertility 
while emphasizing the need for sustainable land management practices. 
 
Effects of Soil depth on some soil chemical properties observed in Ramat Polytechnic, Borno State 
University, and the University of Maiduguri. 
Tables 2, 4, and 6 shows the influence of soil depth across the three study sites of Ramat Polytechnic, 
Borno State University, and the University of Maiduguri. 
The pH levels across the sites showed minimal variation, remaining within a narrow range that indicates 
stability across soil depths. pH differences among depths are not statistically significant. 
Electrical Conductivity (EC) exhibited notable variation, particularly at the University of Maiduguri, where 
deeper soil layers had lower EC values. This pattern indicates that soil depth significantly affects salinity 
at this site confirming that EC values change meaningfully with depth. In Ramat Polytechnic and Borno 
State University showed more consistent EC values, suggesting limited depth-related salinity variation. 
Cation Exchange Capacity (CEC) was significantly higher in deeper soil layers at Borno State University, 
indicating greater nutrient retention capacity at these depths. This distribution strongly supports a 
statistically significant difference in CEC based on depth. In contrast, CEC values at the University of 
Maiduguri were comparatively lower, reflecting reduced nutrient-holding potential. 
Total Exchangeable Bases (TEB) showed the highest values at Borno State University across all soil depths, 
particularly in deeper layers and are statistically significant, indicating that deeper soils retain more 
essential cations. This result underscores the fertility-enhancing potential of deeper soil profiles at this 
site. 
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Base Saturation Percentage (PBS) remained uniformly high across all locations and depths, with minimal 
variability with no statistically significant differences, suggesting that PBS values are unaffected by soil 
depth due to consistently high nutrient saturation levels. 
These results conclusively demonstrate significant depth-related variations in EC, CEC, and TEB, 
particularly at Borno State University, while confirming stable pH and PBS values across all sites. These 
findings highlight the critical role of soil depth in determining key chemical properties essential for soil 
fertility and agricultural productivity. 
 
Conclusion 
The analysis of soil chemical properƟes across different land use types and soil depths at Ramat 
Polytechnic, Borno State University, and the University of Maiduguri reveals significant variaƟons in key 
soil parameters. Organic ferƟlizaƟon, parƟcularly caƩle manure, enhances soil ferƟlity, as evidenced by 
higher CaƟon Exchange Capacity (CEC), Total Exchangeable Bases (TEB), and Electrical ConducƟvity (EC) in 
caƩle waste areas. Deeper soil layers generally exhibit higher nutrient retenƟon and ferƟlity, suggesƟng 
that soil depth plays a crucial role in nutrient availability. Although pH and Base SaturaƟon Percentage 
(PBS) remained relaƟvely stable, the findings highlight the importance of monitoring salinity and soil 
acidity to prevent degradaƟon. Overall, sustainable land management pracƟces, including organic 
amendments, depth-specific ferƟlizaƟon, and efficient irrigaƟon, are essenƟal for maintaining soil health 
and ensuring long-term agricultural producƟvity. 
 
RecommendaƟons  
To enhance soil health and sustainability, organic ferƟlizaƟon, parƟcularly with caƩle manure, should be 
prioriƟzed for improving soil ferƟlity and nutrient retenƟon. Depth-specific soil management is crucial, as 
deeper soils show beƩer nutrient-holding capacity. Regular monitoring of salinity and pH levels will help 
prevent degradaƟon and ensure opƟmal nutrient availability. Increasing organic maƩer through pracƟces 
like crop rotaƟon and compost applicaƟon will improve soil structure and microbial acƟvity. Sustainable 
land use pracƟces, including reduced chemical ferƟlizers and efficient irrigaƟon, are key to maintaining 
long-term soil producƟvity. 
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