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Abstract: 
No-till farming offers a way of optimizing productivity and ecosystem services, offering a wide range of 

economic, environmental and social benefits to the producer and to the society. At the same time, no-till 

farming is enabling agriculture to respond to some of the global challenges associated with climate change, 

land and environmental degradation, and increasing cost of food, energy and production inputs. The effects of 

no-tillage method on soil physico-chemical parameters of selected communities in Ikwuano Local Government 

Area of Abia State was studied. The study adopted an experimental design which involves laboratory analysis of 

some selected physico-chemical parameters of selected soil samples in the study area. Four communities viz-a-

viz Umudike, Ariam, Umuriaga and Oloko were selected purposively and the soil samples of the studied 

communities were collected from the agricultural area of No-tillage and tillage and were analyzed for some 

physico-chemical parameters. The physico-chemical parameters analyzed were: pH, Cation Exchange Capacity 

(CEC),Soil Organic Matter (SOM), Total Nitrogen (TN), Phosphorus (P),Sulphur (S), Magnesium (Mg), 

Potassium (K), Copper (Cu), Iron (Fe), Nickel (Ni), Zinc (Zn), Manganese (Mn), Calcium (Ca) and Aluminium 

(Al). The results state that no-tillage farming practice has more soil physico-chemical parameters and as a 

result can create higher yield of agricultural produce than Tillage type farming practices. 
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I. Introduction: 
The issue of feeding a growing population in sub-Saharan Africa is a recurring problem. This is mainly 

due to widespread land degradation, low soil productivity, limited accessibility, affordability, and a lack of 

knowledge on managing inputs. These challenges are faced by farmers in their efforts to maintain and improve 

soil fertility (Vanlauwe et al., 2015). In order to address global food scarcity and alleviate hunger and poverty in 

sub-Saharan Africa, there is a need for a new approach called sustainable production intensification, as outlined 

by FAO (2011). This approach emphasizes the importance of productive and profitable agriculture that also 

conserves and enhances natural resources and the environment. It aims to harness environmental services and 

promote sustainable crop production intensification. This not only reduces the impact of climate change on crop 

production but also mitigates the factors that contribute to climate change by reducing labor, saving time, fuel, 

and machinery costs. This approach is known as Zero Tillage or No-Tillage. 

Tillage is an agriculture land preparation through mechanical agitation which includes digging, stirring 

and overturning (Vishal, 2021). Zero tillage (ZT) is the process where the crop seed will be sown through 

drillers without prior land preparation and disturbing the soil where previous crop stubbles are present. Vishal, 

(2021) also state that zero tillage not only reduce the cost of cultivation it also reduces the soil erosion, crop 

duration and irrigation requirement and weed effect which is better than tillage. Zero Tillage enhances 

conservation agriculture. Conservation agriculture conserves natural resources, biodiversity and labour. It 

increases available soil water, reduces heat and drought stress, and builds up soil health in the longer term. Zero 

Tillage is an agricultural technique for growing crops or pasture without disturbing the soil through tillage. No-

till farming decreases the amount of soil erosion tillage causes in certain soils, especially in sandy and dry soils 

on sloping terrain. Other possible benefits include an increase in the amount of water that infiltrates into the 

soil, soil retention of organic matter, and nutrient cycling. These methods may increase the amount and variety 

of life in and on the soil also known as soil biodiversity. 
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The Food and Agriculture Organization (FAO) of the United Nations has highlighted that soil 

biodiversity serves as the fundamental component elements for enhancing soil composition, promoting better 

water penetration, and increasing the soil's ability to retain water (Ingham 2009). Hence the need for 

Agricultural practices that will address the terrestrial biodiversity loss in the ecosystem and Zero tillage is one 

of them. Zero or no-till agriculture refers to growing crops with little or no soil disturbance due to tillage. 

Tillage methods include activities such as shoveling and plowing or using tillers to crush clods and level the 

soil. No-till farming requires fewer mechanical inputs and associated energy consumption, and typically less 

labor per unit of production. The goal of zero tillage as sustainable Agricultural practice is to meet society’s 

food demand without compromising the ability of the future generations to meet their needs (WCED, 1987).To 

achieve the goals of sustainable Agriculture, the way in which soil tillage takes place is of great importance. 

This is because the induced physical, chemical, and mechanical changes affect the soil physical, chemical and 

biological processes. These changes in the soil physical environment brought about by tillage affect the 

organisms that live within that environment, with different soil organisms responding in different ways. 

Populations, diversity, and activity are adversely affected by frequent tillage operations (Margulies, 2012),thus 

directly affecting soil biological properties.  Hence, minimum soil disturbance or zero tillage is encouraged in 

order to preserve the soil’s structure, fauna and soil organisms. 

In the study area, very few famers use no-tillage methods, a phenomenon which has been repeatedly 

described as one of the greatest agricultural revolutions of modern times. This implies that it has not been 

widely recognized by most farmers in the study area which is in the southeastern Nigeria, an environment 

widely known to be prone to gully erosion (Ofomata, 1987, Igwe, 2012). 

This study therefore, becomes imperative in examining the best possible ways on how zero tillage 

could be practiced in the study area so as to enhance sustainable Agriculture. 

 

Study Area 

The study Area is Ikwuano LGA , Abia State South .  Ikwuano is one of the local government Areas of 

Abia state , Nigeria. It is located between latitude 5̊ 18 '05 " N and 5̊ 30 '55 "N of the equator and between 

longitude 7̊ 30'30 "E and 7̊ 40'37" E of Greenwich meridian.Its headquarters is at Isiala Oboro. It has an area of 

about281 km
2
 and a population of 137,993 at the 2006 census. It has been projected to about 768,500 as at 

2022. It is made up of 19 communities and 52 villages, it is bounded by Ini LGA of Akwa Ibiom State by the 

west and Umuahia North by the north,Obot Akara LGA of Akwa Ibiom by the south and Bende LGA of Abia 

state by the east as shown on figure 1 below. The climate of Ikwuano is considered to be Af according to 

koppen-Geiger climate classification. This is a humid tropic, with fairly even temperatures throughout the two 

seasons (dry and rainy) of the year. The average annual temperature of Ikwuano is 26.4
o
C and about 2333mm of 

precipitation falls annually. The driest month is January, with 24mm of rain. Most of the precipitation here falls 

in September, averaging 370mm. The rainy season which usually starts from April/May and ends in 

October/November is characterized by clouds driven by light winds, relatively constant temperatures, frequent 

rains and high humidity.The geology of Ikwuano Local Government Area is of asedimentary terrain. Some 

parts of Ikwuano are alsounderlain by the Benin Formation (Iloeje, 1992). The vegetation of Ikwuano LGA of 

Abia state is considered tropical rainforest. The vegetation consists of very dense speciesand under growths of 

creepers. Species found in this vegetation belt are characteristically evergreen;hence, they are exploited for their 

timber.These include; Oji, (Chlorapgora excels), Ofo, (Detarium maccrocarpa), Udara, (Chrysophylum 

africanum), Ukwa, (Traculia africana), Abanaya, (Euphorbia kamerunica), Inyi, (Afromonia species), Aji, 

(Anitaris africana), Apkarata, (Afzenia africana) Icheku, (Diacum Guineensis), Ose oji, (Afromonia meleguta), 

Ujuru, (Irvingia gabonesis),oil palm (Elaeis guinensis)among others. Eze (2011) noted that aforementioned 

trees are heavily embedded in culture and rituals of the Bende people. All these trees have great ethnographic 

evidence rooted in the people's antiquity. 

The economic trees of the rainforest community are extremely numerous in species and varied in sizes, 

but the appear to be the most important. In recent days most of the forest vegetation of the area has been 

depleted for Agricultural, Urbanization, Lumbering activities, and fuel purposes. Agriculture is the major 

occupation of the people of Ikwuano; this is as a result of fertile soil, and abundant rainfall. Subsistence farming 

is predominant and about 70% of the population is engaged in it. The main crops produced in the study area 

include (Yam) Dioscorea species, (Cassava)Manihot esculenta,(Maize) Zea mays, (Cocoa) Theobroma cacao, 

(Oil palm) Elaeis guineensis, Rice (Oriza sativa) and various types of fruits. 
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Figure. 1 : Ikwuano  L.G.A Showing the study area 

Source: GIS unit, Department of Geography and Environmental Sustainability, UNN 

 

Theoretical Framework 

Soil Quality Theory 

The soil quality theory was propounded in 2003 by Dr. Daniel L. Karlen, Dr. Charles A. Ditzler, and 

Dr. Stuart S. Andrews in their paper titled "Soil Quality: Why and How?” Soil Quality Theory focuses on the 

overall health and functionality of soil, taking into account its physical, chemical, and biological properties. It 

recognizes that soil is a vital natural resource that supports plant growth, sustains ecosystems, and provides 

essential services to humans. The concept of Soil Quality Theory has emerged through the collective 

contributions of numerous scientists and researchers in the field of soil science and agronomy. 

 

II. Materials And Methods 
Soil samples were collected from four different communities in the study area. Four soil samples were 

collected and analyzed for the physicochemical parameters of the soil. Two communities (Umudike and 

Umuriaga) were designated for no-tillage method while the other 2 communities (Ariam and Oloko) were 

designated for tillage method. Soil samples were collected from the farm lands of each communities designated 

as no-tillage and tillage farmlands. Collection of soil samples was done using soil augur. All the soil samples 

were collected into polyethene bags. The polythene bags were labeled before sampling and gloves were used in 

handling the bags. The soil samples were collected and were handled carefully to avoid foreign materials that 

may affect the reading of laboratory analysis. Also, the samples were preserved in a sack bag and sent 

immediately to the laboratory within 24 hours for analysis. 

The soil physicochemical parameters used in this study are shown in the table below. The parameters 

were selected based on their relevance to soil health and easy interpretation and relation to agricultural use. The 

list includes: Cation Exchange capacity (CEC), Soil PH, Soil organic matter, Total Nitrogen, Phosphorus, 

Calcium, Potassium, Magnesium, Iron, Copper, Zinc, Aluminum, Sulphur, Nickel, Manganese. These 

parameters were chosen purposefully for each of the group. the reason for selection because they are parameters 

needed for growth and proliferation of agricultural produces. The selected parameters are shown in the table 

below. 
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Table: 1 Land use types and the level of their physicochemical parameters. Source: Field work, 2023. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From the above it shows the quantity of each parameter (in parts per million) found in various sampled 

communities of the study area. 

The study of soil parameters is crucial for understanding soil quality and fertility. This comprehensive 

analysis aims to investigate a wide range of soil parameters, including Cation Exchange Capacity (CEC), Soil 

hydrogen ion concentration (pH), Soil Organic Matter, Total Nitrogen (TN), Calcium (Ca), Potassium (K), 

Magnesium (Mg), Iron(Fe), Copper(Cu), Zinc(Zn), Aluminum (Al), Sulphur(s), Nickel(N), and Manganese 

(Mn). These parameters showed the effect of zero-tillage on agriculture in the study area. 

In order to conduct this study, a comprehensive array of specialized instruments and equipment were 

used. These tools enable accurate measurement and evaluation of various critical soil properties. Soil sampling 

tool like the soil auger was used for the collection of representative samples at different points. Clean polythene 

bags were used for contamination-free storage of soil samples. pH meters equipped with suitable electrodes 

were employed for pH measurement, while moisture meters were used to assess soil moisture content. 

Instruments for determining Cation Exchange Capacity (CEC), analyzing organic matter content (SOM), and 

assessing nutrient levels such as Total Nitrogen (TN), Phosphorus(P), Calcium (ca), Potassium (K), and 

Magnesium (Mg) were used to determine the presence of soil physico-chemical parameters in the soil of the 

study area especially area that practices zero tillage. Similarly, atomic absorption spectrometers and specialized 

reagent kits are used to analyze micronutrients like Iron (Fe), Copper (Cu), Zinc (Zn), Aluminum (Al), 

Sulphur(S), Nickel (N), and Manganese (Mn). The preparation of samples involved drying, grinding, and 

sieving. 

 

III. Interpretation Of Results 
Soil pH: 

Soil pH is a measure of the acidity or alkalinity of a soil. It is a scale from 0 to 14, with 7 being neutral. 

A pH below 7 is acidic, and a pH above 7 is alkaline. The standard limit of pH for soil is 5.6.  The ideal pH for 

most plants is between 6 and 7.5. However, some plants prefer more acidic or alkaline soils. Soil pH affects the 

availability of nutrients to plants. Acids dissolve minerals in the soil, making them more available to plants. 

Bases bind to minerals, making them less available. Therefore, plants growing in acidic soils may need to be 

fertilized with lime to increase the pH. Plants growing in alkaline soils may need to be fertilized with sulfur to 

decrease the pH. 

Cation exchange capacity (CEC): CEC refers to the ability of negatively charged soil particles like clay and 

organic matter to attract and exchange positively charged ions (cations) (Sonon, 2014). The cations are held on 

the surface of the particles by electrostatic forces but can be replaced by other cations in the soil solution. This 

exchange of cations allows the cations to remain in the soil and be available for plant uptake (Sumner 

2018).Deforestation and cultivation especially tillage-based cultivation can significantly deplete CEC by 

reducing soil organic matter and weathering clay minerals (Saikh, 2004). Soil organic matter, pH, ionic 

strength, silt, and clay all contribute to the CEC of tropical soils in varying degrees based on soil type, climate, 

 Umudike (No-

tillage) 

Ariam (Tillage) Umuariaga 

(No-Tillage) 

Oloko 

(Tillage) 

standard 

limit 

PH 7.5 7.60 7.8 7.7 5.6 

CEC 
(meq/100g) 

6.8 6.8 4.4 5.6 12.8 

SOM (%) 7.97 7.79 6.76 6.96 3.00 

TN (%) 0.48 0.46 0.44 0.42 0.124 

P (mg/kg) 620.4 596.2 570.6 558 26.88 

S (mg/kg) 86.2 82.8 76.0 70.4 5.20 

K (ppm) 6.27 4.72 3.56 5.65 0.13 

Cu (ppm) 0.03 0.00 0.03 0 .00 4.28 

Mg (ppm) 4.37 2.138 2.35 5.40 1.40 

Fe (ppm) 185.84 132.49 125.57 131.56 5.60 

Ni (ppm) 0.61 0.61 0.00 0.10 2.84 

Zn (ppm) 0.19 0.15 0.09 0.22 7.40 

Mn (ppm) 0.64 0.16 0.36 0.52 7.48 

Ca (ppm) 8.0 0.66 0.67 9.33 2.60 

Al (ppm) 8.0 4.0 0 2.0 6.80 
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and land use. The CEC of the soil in the study area ranged from 6.8 to 9.97 meq/100g, which is considered to be 

high. the standard limit for cation exchange capacity is 12.8 meq/100g, so the soils in the study area are above 

the limit. a high CEC indicates that the soil has a good ability to hold nutrients. 

Soil organic matter (SOM): Soil organic matter plays a crucial role in maintaining soil fertility and crop 

productivity in tropical soils (Ross,etal., 1993). It provides nutrients for plants and microorganisms, improves 

soil structure, and regulates the soil's ability to retain and supply water and nutrients (Schnitzer, 2013; Blume, 

2016). Tropical soils are often poor in nutrients, so organic matter provides essential nutrients through 

decomposition and mineralization (Tiessen, 1994; Woomer, 1994). Organic matter also improves soil structure, 

moisture retention, and buffering capacity in tropical soils (Ross,et al.1993). According to the Food and 

Agriculture Organization, the standard limit for soil organic matter in tropical soils is 3% or higher (FAO, 

2001). In the study area analysis found that in agricultural areas with no tillage have about 7.97%, while  

agricultural area with tillage 7.79%,this means that the no-tillage environment (Umudike and Umuriaga) 

arebetter suitable for agriculture, as crops will can thrive successfully in that environment.  No-tillage, residue 

retention, and organic inputs can help increase and maintain soil organic matter in tropical soils 

(Ross,etal.,1993). Specifically, Kushwaha (2001) found that reduced or no-tillage and residue retention 

increased soil organic matter, aggregation, and microbial biomass in tropical soils. Ramos (2018) also found 

that no-till farming for 10 years doubled the cation exchange capacity of a tropical soil in Brazil by increasing 

soil organic matter. 

In summary, soil organic matter is crucial for soil health and crop production in tropical soils but is 

often depleted under cultivation. No-tillage, residue retention, and organic inputs can help build up and maintain 

soil organic matter in tropical soils according to the standard limit recommended by the FAO. 

Total Nitrogen (TN): From the table 4 above, the total nitrogen content for the soil tested for No-tillage 0.48 

(Umudike and Umuriaga), Tillage agriculture 0.46 (Ariam and Oloko). The standard for total nitrogen in soil 

according to soil chemical analysis and interpretation is 0.124. However, several studies suggest minimum 

thresholds for maintaining soil quality and crop production. Nandasena (2000) found that most tropical soils 

have low total nitrogen, around 0.2-0.5%, though some paddy soils can reach up to 2%. Veldkamp (2012) also 

indicates that many tropical forest soils are nitrogen-limited, with total nitrogen below 0.5%. Patrick (2013) 

suggests that while there may be minimum thresholds around 0.5-2% for a given soil, maximum thresholds are 

difficult to establish and depend on crop needs and nitrogen use efficiency. Some studies have found that 

tropical soils with very low total nitrogen, around 0.2-0.5%, can still produce large amounts of mineral nitrogen 

and support plant growth. Cunningham (1962) found that undisturbed tropical forest soils produced high 

amounts of mineral nitrogen, especially in surface layers, allowing for plant growth even with little total 

nitrogen. However, cultivation of these soils requires maintaining organic matter to preserve this mineralization 

capacity. 

Phosphorus (P): From the table above, we have 620.0 Mg/kg, 596.2 Mg/kg, 570.6 Mg/kg, and 558 Mg/kg for 

Umudike, Ariam, Umuariagu and Oloko The standard limit for this parameter according to soil chemical 

analysis and interpretation is 26.88 Mg/kg. the phophorus content of the soil in the study area range from 6.27 

to 5.65 mg/kg, which is considered too low. The standard limit for P is 0.13 mg/kg, so the soils in the study area 

are below the standard limit. A low P content indicates that the soil is not very fertile.  Phosphorus availability 

is commonly assumed to limit plant growth in tropical soils (Dalling 2016). The amount of phosphorus 

adsorbed by tropical soils is highly correlated with soil properties like exchangeable aluminum, total iron, 

organic matter, and low pH (Dabin, 1980). 

In summary, while phosphorus limits plant growth in nearly half of all terrestrial ecosystems, it is 

especially limiting in tropical soils. The amount and forms of phosphorus in tropical soils depend on factors like 

parent material, weathering, and agricultural practice. Phosphorus fertilization and organic phosphorus 

solubilization can significantly improve plant growth, but phosphorus management must aim for sustainability. 

Sulfur (S): From the table above, sulfur content of the soil tested for Umudike is 86.2mg/kg, Ariam is 82.8 

mg/kg, Umuriaga has 76.0 mg/kg, while Oloko has 70.4 mg/kg and the standard limit is 5.20. According to 

Yesmin (2021), the critical limit of sulphur for mustard and wheat in Bangladeshi soils is 11-14 mg/kg. 

Similarly, Kumar (2019) found the critical limit of sulphur for groundnut in alluvial Indian soils to be 18.6-

19.58 mg/kg. However, other studies found lower critical limits. Patra (2012) determined that most surface and 

subsurface soils in West Bengal, India were deficient in sulphur below 8.5 mg/kg. Isitekhale (2013) also found 

that soils in central Nigeria were deficient in inorganic sulphur below 8.5 mg/kg. While the critical limit varies 

in different tropical regions and for different crops, most of the research points to a critical limit of sulphur 

between 8.5 to 19.58 mg/kg for tropical soils according to the FAO. The variability depends on factors like soil 

properties, crop requirements, and agro-ecological conditions. For example, Ogeh (2012) found a wide range of 

sulphur in soils from different parent materials in southern Nigeria, from 0.47 to 12.36 mg/kg. 

Potassium (K):  From the table 4 above, Umudike, Ariam, Umuriaga and Oloko, have 6.27, 4.72, 3.56, and 

5.65 respectively, with standard limit of 0.13. Studies found that many tropical soils are deficient in potassium, 
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with 75-90% of soils in some areas having available K below 0.2 cmol/kg, which can limit plant growth 

(Rosolem 2017). However, potassium levels vary based on factors like soil type, land use, and fertilization. 

Clay soils and those receiving long-term potassium fertilization tend to have higher K levels (Rosolem, 2017; 

Firmano, 2020). 

Copper (Cu): From the table above, it appears that soil tested are below the standard limit of 4.28, this will 

imply that it is within the healthy range. Copper is an essential micronutrient for plants and animals, but in 

excess it can be toxic. Copper in soil comes from both natural and anthropogenic sources. Naturally, copper 

enters soil through the weathering of copper-bearing rocks and minerals (Zhen, 2002). Anthropogenically, 

copper pollution comes from industrial activities like mining, smelting, and agriculture (Ladonin, 1996). Once 

in the soil, copper binds strongly to organic matter and accumulates in upper soil layers (Sharma, 2009). The 

amount of organic matter and soil particle size are the main factors controlling how much copper is retained in 

soil. Copper also binds to clay minerals and iron and manganese oxides, though to a lesser extent (Sharma, 

2009). 

While copper levels decreased over time, they remained elevated compared to control plots, showing 

copper can persist in soils for decades. Lime and compost addition decreased copper levels, especially when 

combined with the waste treatment, indicating these amendments may help remediate copper-contaminated 

soils. (Salam, 2021). Engelhardt (2020) found that while some species like maize and dry beans were relatively 

tolerant of high copper levels, other species like rice and radishes showed significant negative impacts on 

growth, indicating copper phytotoxicity. 

Magnesium (Mg): Mg levels in tropical soils are highly dependent on soil properties and management 

practices. According to Hailes (1997), exchangeable Mg levels are typically low in highly weathered, acidic 

tropical soils, with the median level being 0.37 cmol/kg. However, Mg levels can vary greatly based on factors 

like soil pH, clay content, and organic matter. While tropical soils may contain adequate total Mg, much of this 

Mg is locked within soil minerals and unavailable for plant uptake (Senbayram, 2015). The small amount of Mg 

released from weathering is often insufficient for high crop yields and quality (Senbayram, 2015). 

Iron (Fe): from the table above we have 135.84, 132.49,125.57, 131.56, for Umudike, Ariam, Umuriaga and 

Oloko for agricultural soils, with the standard limit of 5.60. Iron content in tropical soils varies but it is 

generally within the standard range for world soils. Nandra (2004) found 2-8% free iron oxide in Tanzanian red 

soils, within the standard range. Winbourne (2017) showed iron controls nitrogen fixation in Belizean limestone 

forests, with more fixation in wet seasons. In summary, while total iron levels in tropical soils are typically in 

the standard range, the specific chemical forms and distributions of iron can vary substantially based on factors 

like soil type, geology, vegetation, and climate. 

Nickel (Ni): From the table above we have, 0.62, 0.62, 0.0000, 0.10, for Umudike, Ariam, Umuriaga and Oloko 

respectively with the standard limit of 2.84. Nickel concentrations in tropical soils and plants vary widely 

depending on location and soil characteristics. Multiple studies found high total nickel concentrations in tropical 

soils, often exceeding recommended limits for agricultural use (Rawat, 2020; Nkrumah, 2019). However, 

available nickel, which is more relevant for plant uptake and toxicity, was often low due to nickel binding 

strongly to soil particles (Susaya, 2010). Soil pH and organic matter content were found to significantly impact 

nickel availability and accumulation. Lower soil pH and higher organic matter were associated with higher 

available nickel (Rawat, 2020; Nkrumah, 2019). The specific mineralogy and nickel-bearing phases in the soil 

also played a major role in controlling nickel availability, sometimes more so than pH alone (Nkrumah, 2019). 

The effects of nickel contamination and high concentrations were found to vary in different tropical ecosystems. 

Zinc (Zn): From the above table, Umudike has 0.19mg/kg, Ariam has 0.15 mg/kg, Umuriaga has 0.09 mg/kg 

and Oloko has 0.22 mg/kgwith standard limit of 7.40 mg/kg.  Zinc availability and mobility in tropical soils is 

complex and depends on many factors. Multiple studies have found that zinc concentrations in tropical soils can 

vary greatly depending on soil properties and conditions. For example, Liang (2022) notes that zinc isotopic 

signatures can differ based on soil constituents, weathering, and leaching, complicating our understanding of 

zinc availability. While zinc deficiency appears to be an issue in some tropical soils, others contain high levels 

of zinc pollution from human activities like mining or sewage disposal. For instance, Salam (2021) found that 

zinc concentrations remained 17-53% of initial levels up to 21 years after industrial waste amendment, though 

lime and compost additions helped decrease zinc over time. Similarly, Gomes (2022) observed that phosphate 

amendment of mining-polluted soil altered zinc speciation and increased its mobility, posing risks of 

groundwater contamination. 

Manganese (Mn): From the table above, we have 0.64 mg/kg, 0.16 mg/kg, 0.36 mg/kg, 0.52 mg/kg, for 

Umudike, Ariam, Umuriaga and Oloko respectively with a standard limit of 7.48 mg/kg. Manganese 

concentrations in tropical soils can vary widely but often exceed recommended limits, according to several 

studies. Zaman (2020) found that a green extraction method could determine "trace" amounts of manganese in 

tropical soils, suggesting manganese may accumulate in these soils. Rhodes (2005) directly measured 

manganese solubility in Sierra Leonean soils and found it was too high to persist in an exchangeable form, 
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implying total manganese was very high. Manganese toxicity is a risk in tropical soils, especially at low pH. In 

summary, manganese is abundant yet variable in tropical soils and sediments, where it commonly exceeds 

recommended limits and presents a risk of toxicity, especially where pH is low. The distribution and chemistry 

of manganese in these environments depends on a variety of soil properties and environmental factors. Legumes 

and other plants show varied sensitivity to excess manganese, depending in part on their ability to sequester it in 

roots. 

Calcium (Ca): from the table above we have, 8.00 mg/kg, 0.66 mg/kg, 0.67 mg/kg, 9.33 mg/kg for Umudike, 

Ariam, Umuriaga and Oloko respectively, with a standard limit of 2.60 mg/kg. However, other research 

indicates higher optimal levels of exchangeable calcium for maximum plant productivity and health, around of 

1200 to 1400 mg/kg (Messmer 2014). While plants can survive at lower calcium levels, deficiency problems 

may still arise (Wallace, 1975). For example, Hartz (2012) found that calcium-related disorders were common 

in vegetable crops at levels considered adequate by standard soil tests. Adding calcium amendments improved 

plant health and yield. Similarly, Ritchey (1982) found that adding calcium salts to clayey subsoils with very 

low exchangeable calcium (0.2 meq/100 g or less) effectively normalized seedling root growth, which was 

otherwise stunted. In summary, while plants can survive at a range of calcium levels, most research indicates 

that exchangeable calcium concentrations of 1200 mg/kg or higher are ideal for maximizing plant health, 

growth, and yield in tropical soils and especially in no-till soils. 

Aluminum: from the table we have,8.00 mg/kg, 4.00 mg/kg, 0.00 mg/kg, 2.00 mg/kgfor Umudike, Ariam, 

Umuriaga and Oloko respectively with a standard of 6.80 mg/kg. Powell (1997) found that aluminum 

concentrations in soil solution were highest in acidic soils (pH 4.33-5.76) that received little to no phosphate or 

sulfur fertilizer. The amount of aluminum decreased as soil pH increased, indicating that aluminum solubility 

depends strongly on soil acidity. Vogt (2001) also found that aluminium concentrations were highest in acidic 

forest soils, with median pH of 4.4 and aluminium concentration of 3.4mg/L. The amount of aluminium in soil 

solution decreased as sulfate concentrations decreased due to reduced atmospheric sulfur deposition, suggesting 

that sulfate may influence aluminium mobility. 

From the study, it was observed that No-till farming practices result in increased soil organic matter 

content, soil moisture content, and soil biodiversity and increase soil physic-chemical parameters as compared 

to conventional plow-tillage systems. Bulk soil density is often higher under no-tillage systems, but there is also 

greater macrospore structure under no-till farming because of the preservation of earthworm burrows compared 

to conventional tillage systems.Generally, tillage has negative impact on soil micro and organisms. Therefore, 

to achieve the goal of preserving the soil organisms and increase its biodiversity, new tillage method such as no-

tillage or reduced tillage should be encouraged among farmers. 

Based on the results of the study, it can be concluded that the soils in the study area are slightly 

alkaline, have a high CEC, but low SOM, TN, and P contents. These results suggest that the soils in the study 

area are not very fertile even with no-tillage agricultural practices, but they have the potential to be improved by 

increasing the SOM and TN contents even with no-tillage agricultural practices. 

 

IV. Conclusion 
Soil tillage methods have complex effects on physical, chemical and biological properties of soil. 

Because of the changing physical and chemical properties of soil, by soil tillage methods, the biological 

properties of soil may also change. Actually, these changes are indirect results of tillage. Changed physical and 

chemical soil properties by soil tillage methods affect the parameter directly related to soil physicochemical 

parameters such as organic matter, soil humidity, temperature and ventilation as well as the degrees of 

interaction between soil mineral and organic matter. 

No-till agricultural practice is beneficial for its ability to reduce soil erosion, sequester soil carbon, 

reduce agricultural runoff, and improve farmland wildlife habitat, while maintaining or even improving crop 

yields. The findings of this study can be used to inform land use planning and management decisions in order to 

protect and restore soil quality. For example, agricultural planners can designate areas for conservation and 

restoration, and farmers can adopt practices that improve soil quality, such as crop rotation, cover cropping, and 

reduced/no- tillage. 
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