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PREAMBLE: 

I stand before you all today with profound gratitude to Almighty God for His grace, mercy, and 

sustaining strength, and with deep humility for the rare privilege of delivering this Inaugural 

Lecture of the Federal University of Agriculture, Abeokuta. An inaugural lecture is not merely a 

ceremonial rite of passage; it is a solemn academic responsibility — an opportunity to reflect on 

one’s scholarly journey, to share contributions to knowledge, and to engage the University 

community and society at large on issues of enduring relevance. 

By the grace of God, as a Registered Soil Scientist of Nigeria (RSS), I started my training in Soil 

Science at Federal Soil Conservation School, Kuru-Jos now Federal College of Land Resources 

Technology, Kuru-Jos in 1982 and read to Ph.D (Soil Physics) in September, 2004 from the 

University of Nigeria, Nsukka with additional skill on the application of micromorphological 

techniques for soil quality assessment at the University of Stirling, Stirling, United Kingdom in 

2002 to 2003. I was trained to become a Soil Scientist by late Professor Joe Sonne Chinyere 

Mbagwu of the University of Nigeria, Nsukka and Prof Donald Davidson of the University of 

Stirling, Scotland, United Kingdom. 

Soil is the foundation upon which agriculture, environmental stability, food security, and climate 

resilience are built. However, despite its fundamental importance, soil—particularly its physical 

environment continues to suffer degradation due to unsustainable land-use practices, population 

pressure, industrial activities, and climate change. The consequences of this degradation extend 

far beyond the farm gate, threatening ecosystem services, livelihoods, and the sustainability of our 

society. 

It is against this background that this inaugural lecture is titled “Sustainable Society with Quality 

Soil Physical Environment as Siamese Twins.” The title reflects the inseparable and mutually 

reinforcing relationship between societal sustainability and the quality of the soil physical 

environment. Just as Siamese twins share life-supporting systems, a sustainable society and a 

healthy soil environment are intrinsically linked; neither can survive without support from the 

other. 

This lecture is the fourth to be delivered from the Department of Soil Science and Land 

Management, and the second in Soil Physics sub-discipline. It is also the twenty-first from the 

College of Plant Science and Crop Production. During this lecture, I will explore the concept of 
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soil physical quality, its relevance to ecosystem services and climate regulation, and how 

research-based soil management practices can serve as pathways toward sustainability. I will also 

reflect on my modest contributions to knowledge in Soil Physics research and offer policy-relevant 

recommendations for safeguarding this vital natural resource for present and future generations. 

Mr. Vice-Chancellor, Sir, distinguished ladies and gentlemen, I humbly invite you to journey with 

me through the soil beneath our feet, yet central to our survival as we examine its role in building 

and sustaining a resilient and prosperous society. 

 

1.0 INTRODUCTION 

Sustainability is a key term of 21st century society. To foster sustainability, society needs to 

become aware of soil quality issues and take action to enhance soil conditions. However, soil 

degradation and poor soil physical environments are challenges to achieve a sustainable society. 

Over time, soil has developed a variety of quality attributes, most of which humans have not yet 

encountered. There are strong reasons and efforts to explore soil quality from the viewpoint of 

fostering ecosystem sustainability. Most notably, soil is one of the critical compartments and 

foundations of terrestrial ecosystem, in which soil quality is fundamental and essential for the 

health of the ecosystem (Hoag et al., 1998). A sustainable society is defined as a society that 

maintains the stock of capital and can prosper indefinitely. Under simple philosophical reasoning, 

the need to maintain capital stocks implies that natural/environmental capital must be embedded 

into social/human capital. It is argued there is a mismatch of understanding and management 

between the natural environment and human society. Soil is the most spatially fixed natural capital 

from human perspectives. Although humans have globally explored and grossly assessed 

biophysical attributes of soils, there are still wide ranges of variations in soils quality on which 

food production systems are reliant. Taking soil quality into consideration towards sustainable 

agricultural practices is one of the most challenging tasks in the 21st century (Doran, 2002). Soils 
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and the processes operating within them are a fundamentally important part of the environment. 

Therefore, it is important to spotlight the issue of soils to a wider audience, with a particular focus 

on the physical soil quality. This may be viewed as a starting point for a detailed discussion of soil 

quality issues, an invitation for consideration of soil quality problems, and an encouragement to 

engage in soil management. Enhancing awareness and understanding of soil quality is essential 

and critical for a sustainable society. Efforts to explore soil quality globally and locally need to be 

made together by Soil Scientists and soil users/managers alike to achieve this goal, i.e., a 

sustainable society. 

1.1 Background and Rationale 

Soil physical quality (SPQ) is a central concept for quantifying land degradation and developing the best 

land use practices (Reynolds et al. 2008); and soil with good physical quality has indicator values which fall 

within the optimal ranges or at least not beyond the critical limits (Arshad & Martin 2002; Reynolds et al. 

2008). Soil degradation undermining the soil resource base has been a concern since antiquity 

dating back to the remarks of ancient Greeks and Romans. The adverse impacts of soil degradation 

on environmental sustainability are well recognized and have been emphasized in global policy 

instruments and multilateral environmental agreements (Doran, 2002). Ironically, the soils of the 

earth have been both the saviour of human civilization as well as the victim of human 

advancement. Clearing the natural vegetation for agricultural expansion saw advancement in the 

soils oftentimes through delicate management to enhance the fertility. But on several occasions 

soils were degraded due to harsh management practices or arbitrarily clearing the forested land 

with no soil consideration. Despite the industrial revolution and technological advancement, soil 

remains the most abused natural resource. Degradation of the soil resource base threatens food 

security and exacerbates poverty and malnourishment, particularly in the developing countries. 
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Soil is the ultimate sink for many anthropogenic activities and is witnessing pollution from almost 

every sector of the economy. Industrialization and urbanization have engulfed the natural 

environment by aggregating the soil with heavy metals and toxic chemicals. On the other hand, 

agricultural soils are witnessing a plethora of contamination mainly due to the incessant and 

indiscriminate use of chemicals for crop production. Also, soil is a natural ally of the earth in 

sequestering CO2 and maintaining the delicate balance of the earth’s atmosphere. However, the 

soil through its exploitation and negligence has become a significant source of greenhouse gas 

emission perturbing the global climate. The poor status of the soil impacts the socio-economic 

condition of the community dependent upon it. Sand dune encroachment and salinization of the 

land have made thousands of people homeless in the dry regions of the world. Degraded soil fails 

to produce the desired crop yield, forcing farmers to switch professions.  

Quality soil physical environment is paramount for the holistic development of the soil and 

preservation of its health and functionality. The soil physical environment essentially encompasses 

soil texture, structure, porosity, permeability, aggregation, and thermal and water regimes which 

together determine the soil capacity to store and transmit air and water shaping the biogeochemical 

processes. Soil quality is the amelioration of the soil condition to perform a specific function 

quantifiable by a set of soil attributes. Soil health on the other hand encompasses the biotic 

attributes along with the soil physical, chemical, biological and hydrological conditions. Soil 

provides food, fresh water, habitat, and energy and is a natural regulator of the environment. As 

the soil degrades, the ecosystem services are lost and the avenues for the livelihood of millions are 

jeopardized. Since agricultural practices have the potential to contribute to greenhouse gas (GHG) 

emissions, development of low carbon agriculture and carbon storage in soil requires attention 

globally (Adesodun et al., 2024). 
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1.2 Importance of Soil in Ecosystems 

Soil is one of the major mediums that naturally sustains ecosystems on Earth. The fragile yet 

essential soil physical environment holds the balance between plant production, cycling of water, 

nutrient gases, and the biota and fauna of various sizes. The physical environment of the soil further 

influences biota or vice versa. Soil provides essential factors and substrates that contribute to 

maintaining and regulating atmospheric gases. Thus, the health of the soil is essential for a healthy 

environment to live in. Soil is composed of various sizes, shapes, and types of soil particles, and 

it empowers the root systems to penetrate successfully. The soil is the minimum matrix needed 

and can be easily improved for civilization and the habitat of humans. Quality soils have additional 

benefits beyond their use in crop production. It typically impacts biodiversity and tourism, and 

controls and counteractions needed for sustainable development. 

1.3 Impact of Soil Physical Environment on Ecosystem Services 

Soil quality is made up of a variety of measurable attributes, some of which are hard to evaluate. 

Nevertheless, the soil physical environment is one of the most important soil quality attributes for 

a sustainable society. Soil provides a wide range of essential ecosystem services or ecological 

functions to support life on Earth. The services are numerous and vary in intensity and type in time 

and space, and as a result complex and even unseen to the untrained eye. Some of these services 

are summarized below. 

1.3.1 Water Filtration and Purification 

The soil physical environment is essential for natural water filtration and purification processes. 

Soil acts as a natural filter, improving water quality through combined physical, chemical, and 

biological interactions between soil and water. Filtering contaminants from water is a natural 
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service provided by soil while assuring good water quality for all living beings (Wienhold et al., 

2004). Various soil characteristics influence the water filtration capacity of soils, namely, texture, 

structure, mineralogy, and aggregation, as they inherently determine water movement and 

retention in soil. Moist soils, rich in organic matter, have a higher capacity to filter and retain 

contaminants than dry, empty soils. The filtration capacity of soil is necessary to protect water 

resources, ensure clean drinking water for living beings, and maintain the health of ecosystems. 

However, destructive land-use practices and contamination severely affect the soil’s natural 

filtration ability. Excessively polluted soil can no longer filter water and may create new pollution 

sources, posing risks to the quality of both groundwater and surface water (Hatfield & Sauer, 

2011). Therefore, its preservation and sustainable land-use management are prerequisites for 

maintaining high-quality water resources. It is crucially important to maintain as much high-

quality soil as possible, including utilizable soils, for humanity to survive and society to remain 

sustainable. 

1.3.2 Climate Regulation 

Soil physical environments are the second most influential natural driver of the Earth’s climate. 

Climate change or global warming is defined as an increase in the Earth’s temperature, resulting 

from an increase in the concentration of greenhouse gases in the atmosphere. Healthy soil mitigates 

greenhouse gas emissions by promoting soil carbon sequestration (Lal et al., 2021). Untouched, 

healthy soil can store a lot of carbon, which would otherwise be released to the atmosphere and 

converted into carbon-dioxide (CO2). Thus, soil can play the role of carbon sink, regulating the 

excess input of atmospheric CO2 into the Earth's oceans and therefore into a balanced state. There 

is a balance among sources and sinks of greenhouse gases in the atmosphere. In addition to natural 

and anthropogenic sources, there are several sinks that remove atmospheric CO2, such as the ocean, 



FUNAAB 
INAUGURAL LECTURE SERIES 

8 
 

forests and soils. Soil is one of the major pools and sinks of carbon, playing a significant role in 

the global carbon cycle and regulation of the Earth’s climate. The local and regional climate is also 

modulated by soil moisture and temperature regulation. Soil prevents severe heat or cold 

fluctuations in air temperatures and thereby maintains a more stable climate. Therefore, soil 

management practices keeping the soil physical environments intact can result in better climatic 

outcomes. With the ongoing climate change, concern about soil health, or more precisely soil 

physical environments, is rising. Therefore, soil health should be included as an essential part of 

the climate change mitigation strategy by avoiding soil degradation and restoring the healthy 

conditions of soil physical environments. 

Soil degradation induces large-scale climatic consequences. Research evidences the feedback loop 

between climate variability and soil degradation. Changes in soil physical environments induce or 

enhance changes in soil moisture and precipitation patterns, increasing droughts or flood 

incidences, which impact biomass production and further alter soil physical environments. Thus, 

as climate action, quality soil physical environment should be prioritized because it is the most 

efficient and simplest way to achieve the targeted goals. 

1.3.3 Agriculture and Food Security 

Ensuring global food security is one of the main roles of the agriculture sector. The rapidly rising 

world population is projected to reach nearly 10 billion by 2050. As a result, long-term growth in 

food production would be impossible without investments in new technologies and changes in 

current practices, particularly in the poor countries. In addition, food production has become 

increasingly vulnerable to climate change and extreme events. Besides dramatic developments in 

certain cases, mostly related to small-scale farmers who are facing several production constraints, 

poor soil management could play an influential role in reducing the sustainability of agricultural 
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production. Encouraging farmers to adopt soil management practices that enhance soil fertility and 

provide adequate soil structure for crop growth, ensuring long-term sustainability of crop 

production, is timely. The volume of global research shows that, across a range of agricultural 

systems, soil quality is a key factor in determining crop success. Declines in soil health often result 

in low crop yields while good soil management practices can help buffer crops against the effects 

of climate change and limitations on inputs. An abundant body of evidence supports the 

relationship between better soil health and improved human nutrition. Greater physical protection 

of the soil, through enhancing overall soil structure, using organic farming techniques or inducing 

plant and root activity in the soil, can minimize erosion otherwise associated with declining crop 

growth. Soil structure can be gradually degraded because of regular tillage, equipment trafficking, 

and poor rainfall management. 

1.4 Strategies for Improving Soil Physical Environment 

Best practices to ensure a good soil physical environment have been proposed to enhance soils as 

the basis of sustainable societies. Soil management practices mainly focus on the physical, 

chemical, and biological characteristics of soils to balance the needs of mankind and the 

environment. Some soil management practices such as tillage, cover cropping, organic 

amendments, and afforestation beneficial to improve soil physical environment have been widely 

adapted in different parts of the world. No-tillage minimizes soil disturbance and increases soil 

organic carbon which improves soil structure (Reeder & Westermann, 2006). Cover cropping can 

be alternate practices to keep soil covered which increases organic matter and prevents erosion. 

Soil management practices should be adopted considering environmental conditions, as some 

practices may be destructive rather than beneficial in certain conditions (Basch et al., 2017). The 

best management practices on physical characteristics of soil include conservation tillage, reduced 
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tillage, cover cropping, terracing, organic amendments, and contour farming. In grassland and 

shrubland areas, adopting good soil management practices may bring positive impacts on soil 

organic matter and improve soil aggregate stability. Good soil management practices create 

awareness of soil environmental issues and improve the socio-economic conditions. Education on 

soil management practices and their benefits should be provided to local communities for better 

adaptation. Many soil management practices were suggested to improve fertilizer use efficiency 

in soils. However, these practices can be improved to achieve dual goals of sustainability in 

agriculture and environmental health. A good soil management practice is a comprehensive 

approach to maintain soil conservation and productivity considering local socio-economic 

conditions. 

2.0 MY RESEARCH CONTRIBUTION 

Vice-Chancellor Sir, I started my academic career at the University of Agriculture, Abeokuta 

(UNAAB) now Federal University of Agriculture, Abeokuta (FUNAAB) on 18th February 1999 

as an Assistant Lecturer (Soil Physics) in the Department of Soil Science and Agricultural 

Mechanization. My major contributions to knowledge generally focused on: “soil physical quality 

characterization and assessment, soil organic matter dynamics, land management practices as 

observed from addition of different organic and inorganic amendments on soil physical properties, 

bioremediation of contaminated soil, in-situ studies of soil using micromorphological techniques, 

and soil carbon-nitrogen sequestration and climate change”. 

Soil Science has gone beyond the traditional limits in recent times with environmental issues such 

as soil pollution and remediation, carbon sequestration and climate change coming to the fore as 

parts of the responsibilities of the Soil Physicist or Soil Conservationist (Salako, 2015).  
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Thus, my specific research outputs so far include studies on: 

(i.) Soil structural stability,  

(ii.) Utilization of plant residues for soil quality improvement,  

(iii.) Remediation of polluted soil, and  

(iv.) Soil and climate change studies. 

These studies are summarized in the subsections below. 

2.1 Improvement of Soil Structural Stability 

An understanding of the dynamics of the specific soil organic matter (SOM) pools or fractions, 

i.e., physically-, chemically-, and biologically-fractionated SOM that best improves the 

aggregation and structural stability at both macro- and micro-aggregate scales is necessary for 

assessing the impact of residues management in tropical ecosystems which are very fragile 

particularly under rainfall. 

Our studies (Adesodun et al., 2001) evaluated temporal changes in aggregate stability by mean-

weight diameter (MWD), total organic carbon (TOC) and carbohydrate fractions (cold water-

soluble, hot water-soluble and acid-soluble) contents of a sandy soil applied with inorganic 

fertilizer (NPK), poultry manure and rice mill waste. The results in Table 1 show differential 

performance of these amendments with time. Here, after 3 months of incorporation, all the 

amendments improved aggregate stability with PM giving the highest improvement. Whereas 

RW+F was highest at 6th month and RW at 12th month after application. (Table 1). Thus, the results 

in Table 1 showed that over a longer period RW gave a better improvement in aggregate stability, 

while mixtures of RW+F, PM+RW and PM improved the stability of the soil over shorter periods. 

Aggregate stability correlated very poorly with all the carbohydrate fractions and TOC (Table 2). 

This showed that the carbohydrate pools were not very effective in stabilizing the soil aggregates. 
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Table 1: Aggregate stability (MWD) of the experimental soil treated with organic and inorganic fertilizers 

Months after 

application 

Treatments 

 
C F RW RW+F PM   RW+ 

PM 
Means 

3 0.759 0.862 0.787 0.762 0.931 0.854 0.826 

6 1.095 1.115 1.229 1.261 1.227 1.257 1.197 

12 1.271 1.367 1.456 1.253 1.336 1.113 1.299 

Means 1.042 1.115 1.157 1.092 1.165 1.057 – 

C = control; F = NPK Fertilizer; RW = Rice mill wastes; PM = Poultry manure. 

 a LSD ≤ 0:05; treatments = 0:152; months = 0:319 and T x M = 0:223. SOURCE: Adesodun et al. (2001). 

 

Many studies have attributed the observed poor correlation between MWD and organic carbon 

fractions (Table 2) to the transient nature of the polysaccharides in soils. 

Table 2: Relationship between organic matter pools and aggregate stability 

Regression equations    Coefficient of determination (r2) 

MWD = 1.780 - 0:078 (TOC)      0.258* 

MWD = 1.450 – 0.001 (CHO-dilute acid)    0.234* 

MWD = 2.052 – 0.005 (CHO-hot water)    0.440* 

MWD = 1.419 – 0.007 (CHO-cold water)    0.065a 

a Not significant; * Significant at P ≤ 0:05; MWD; Mean-weight diameter; TOC, CHO- = Total OC, acid-

soluble, hot water-soluble and cold water-soluble carbohydrates fractions. 

SOURCE: Adesodun et al. (2001). 

 

Adesodun and Adekonojo (2011) evaluated effect of pig-composted manure applied at 0, 5, 10 

and 15 Mg ha-1 to cultivated and forest re-growth land on distribution of organic carbon (OC) 

fractions and microaggregate stability. In this work, soil samples were collected at 0-20 cm depth 

and analyzed for total organic carbon (TOC) within 2000-200 μm, 200-63 μm and < 63 μm 

aggregate fractions; and free particulate organic carbon (fPOC), occluded/acid-hydrolyzable 

organic carbon (aHOC) in whole soil. The results (Table 3) show that TOC, oPOC or aHOC were 

significantly (p ≤ 0.05) higher in forest re-growth land than the cultivated land. 
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Table 3: Correlations between microaggregate stability indices and organic carbon fractions 

   fPOC  aHOC  TOC   2000-200 μm OC 200-63 μm OC   <63 μm OC 

aHOC   -0.208 

   0.591 

TOC   0.251  0.795 

   0.515  0.010 

2000-200 μm OC  -0.050  0.359  0.639 

   0.899  0.342  0.064 

200-63 μm OC  -0.634  0.367  0.273  0.528 

   0.067  0.331  0.478  0.144 

<63 μm OC  0.051  0.798  0.866  0.435   0.276 

   0.897  0.010  0.003  0.242   0.473 

WDC   0.624  0.545  0.683  0.017   -0.288   0.608 

   0.072  0.129  0.043  0.965   0.453   0.082 

WSi   -0.349  -0.185  -0.482  -0.169   -0.269   -0.206 

   0.358  0.634  0.189  0.664   0.485   0.594 

DR   -0.171  -0.637  -0.766  -0.225   -0.329   -0.700 

   0.661  0.065  0.016  0.560   0.388   0.036 

ASC   0.083  0.813  0.844  0.306   0.299   0.853 

   0.832  0.008  0.004  0.423   0.435   0.003 

CDR   0.328  -0.244  -0.024  0.048   0.097   -0.009 

   0.388  0.528  0.951  0.903   0.803   0.981 

CFI   -0.235  0.207  0.266  0.703   0.269   0.259 

   0.544  0.594  0.489  0.035   0.484   0.500 

Cell Contents: Pearson correlation 

  P-Value 

fPOC = free particulate organic carbon; aHOC = acid hydrolyzable organic carbon; TOC = Total organic carbon; DR = Dispersion ratio; CDR = 

Clay dispersion ratio; CFI = Clay flocculation index; ASC = Associated silt + clay; WDC = Water dispersible clay; WSi = Water dispersible silt. 

SOURCE: Adesodun and Adekonojo (2011). 

 



FUNAAB 
INAUGURAL LECTURE SERIES 

14 
 

However, fPOC was higher in cultivated land than forestland. The result generally showed that < 

63 μm associated-OC was highest followed by 200-63 μm-OC while OC was least in 2000-200 

μm aggregates. In cultivated land, higher accumulation of TOC in whole soil and in 2000-200 μm 

associated-OC were observed with application of 10 Mg ha-1 compost over other rates. These 

results in Table 3 indicate significant correlation between water dispersible clay (WDC) and TOC 

(r = 0.68*), while DR negatively correlated with TOC (r = -0.77*). Correlations were very highly 

significant between ASC and TOC (r = 0.84***) and ASC and < 63 μm associated-OC (r = 

0.85***), whereas correlation between CFI and 2000-200 μm associated-OC was high (r = 0.70*). 

The results generally showed strong intercorrelations between the OC fractions and 

microaggregate stability indices. To remove the disturbances due to these interrelationships and 

determine the underlying structure of the interrelations among these parameters, they were 

subjected to principal component analysis (PCA). The PCA grouped the six correlated OC 

fractions (fPOC, aHOC, TOC, 2000-200 μmOC, 200-63 μmOC and < 63 μmOC) to two groups or 

factors having eigenvalues greater than unity and together accounting for 80.5% of the total 

variability (Table 4). 

Multiple regression was used to show the relationship between the retained variables (fPOC and 

TOC) and the two indices of better micro-aggregation (ASC and CFI). The results showed fPOC 

and TOC only correlated significantly (r = 0.73*) with ASC (Equation 1), while the relationship 

between these retained variables (fPOC and TOC) and CFI was not significant (Equation 2): 

ASC = -8.00 – 0.82(fPOC) + 7.10(TOC)    (1) 

CFI = 0.13 -0.097(fPOC) + 0.143(TOC)    (2) 

Therefore, integrated use of PCA and multiple regression analysis revealed that TOC best 

influenced the stability of this soil at micro scale. 
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Table 4: Principal component analysis of microaggregate stability factors 

Variable PC1  PC2  PC3  PC4 

fPOC  0.077  0.729  -0.314  -0.388 

aHOC  -0.483  0.028  0.483  0.327 

TOC  -0.510  0.300  -0.057  -0.049 

2000-200 -0.399  -0.074  -0.739  0.468 

200-63µm -0.320  -0.573  -0.209  -0.666 

<63µmOC -0.489  0.210  0.273  -0.278 

Eigenvalue 3.2185  1.6132  0.7828  0.2148  

Proportion 0.536  0.269  0.130  0.036  

Cumulative 0.536  0.805  0.936  0.972  

SOURCE: Adesodun and Adekonojo (2011) 

2.2 Mexican Sunflower (Tithonia diversifolia) studies 

Mexican Sunflower (Tithonia diversifolia) is an annual broadleaf weed (Plate 1) introduced into 

West Africa as an ornamental plant, but has become a weed problem in croplands, wastelands, and 

roadsides. It has gained prominence as a serious weed in Nigeria, and most farmers are finding it 

difficult to manage T. diversifolia infestation on their croplands. We carried out studies to assess 

the suitability of T. diversifolia when incorporated as green manure (GM) and composted with 

poultry manure (PM) and other organic-based and inorganic fertilizers to improve some hydraulic 

properties of an Alfisol subject to excessive drainage. 

Some of the findings as presented in Figures 1, 2, 3, 4 and 5 (Adesodun et al., 2015) showed that 

the soil physical quality (SPQ) parameters assessed were enhanced by addition of fresh Tithonia 

diversifolia applied at 10 Mg ha-1 as green manure and compost, while the general trend was GM 

> CP > NF > OMF > PM > NPK > control. In Figure 1, treatment with organic-based fertilizers 

increased the saturated hydraulic conductivity (Ks) than values obtained in inorganic (NPK) fertilizer 
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and control plots. Macroporosity (MacP) was significantly (P ≤ 0.05) greater in the second year (2010) 

of this study than values observed in the first year (Figure 2). Microporosity (MicP) on the other hand was 

significantly greater in the first year (2009) than in 2010 (Figure 3). 

 

Plate 1: Mexican sunflower (Tithonia diversifolia) 
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Figure 1. Saturated hydraulic conductivity (Ks) in soil depths (0-10 cm and 10-20 cm) relative to
treatments (Trt) and years (YR) 2009 and 2010; Vertical bars represent standard deviation (n =
4). SOURCE: Adesodun et al. (2015)
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Figure 2. Macroporosity (MacP) in the 0-20 cm depth relative to treatments (Trt); YR = Year;
Vertical bars represent standard deviation (n = 4). SOURCE: Adesodun et al. (2015)
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Figure 3. Microporosity (MicP) in the 0-20 cm depth relative to treatments (Trt); YR = Year;
Vertical bars represent standard deviation (n = 4). SOURCE: Adesodun et al. (2015)
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Figure 4. Soil air capacity (AC) in the 0-20 cm depth relative to treatments (Trt); YR = Year;
Vertical bars represent standard deviation (n = 4). SOURCE: Adesodun et al. (2015)
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It must be noted that MacP indicates soil’s ability to drain excess water and provide sufficient aeration; while 

MicP gives the total volume of pores for storage of available water needed for optimum crop production and 

microbial activity. MacP values obtained in this study were greater than minimum optimal value of 0.05–

0.10 m3 m−3 to demonstrate the improvement in soil porosity with the addition of the organic and inorganic 

fertilizers. Soil aeration capacity (AC) is an indicator of aeration status, and an AC of at least 0.10–0.15 m3 m−3 is 

suggested as necessary for root growth. Soil AC as measured for the bulk soil was significantly greatest in the 

second year of this study than for the first (Figure 4). The addition of organic-based fertilizers improved the 

aeration status of this soil while treatment with NPK fertilizer led to an aeration deficit in the first year of the 
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Figure 5. Relative water content (RWC) in the 0-20 cm depth relative to treatments (Trt); YR
= Year; Vertical bars represent standard deviation (n = 4). SOURCE: Adesodun et al. (2015)
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study. Also, all treatments significantly increased AC above the minimum range in the second year. Relative 

water content (RWC) is an indicative of the ability of soil to store water relative to total pore volume. 

Improvement in RWC, i.e. values within the optimum balance of 0.60–0.70 was observed in plots 

treated with organic-based amendments at the second year of this study (Figure 5). Reynolds et al. (2009) 

noted that in agricultural soils, crop performance tends to be maximized, and soil and environmental degradation 

tends to be minimized when indicator parameters of SPQ are within the optimal ranges. 

It was therefore concluded that the wild Mexican Sunflower which has become a weed menace in 

West Africa and usually burned by farmers if incorporated fresh into the soil as green manure or as 

compost would be a good source of amendment to improve soil quality. 

2.3 Soil Carbon-Nitrogen sequestration studies 

Soil carbon-nitrogen sequestration through changes in land use and management is one of the 

important strategies to mitigate the global greenhouse effect. Important land uses and practices 

with the potential to sequester soil organic carbon (SOC) include conversion of cropland to 

pastoral and forest lands, conventional tillage to conservation tillage or no-tillage, and manure use 

through regular addition of manure. However, food security needs for the world’s teeming 

population make conversion of cropland to forestland unsustainable. Therefore, increased food 

demands call for management of croplands to ensure food security and at the same time enhance 

SOC sink within the soil to minimize atmospheric emission of CO2. Therefore, we investigated 

the C-N sequestration potentials and stability of a light-textured tropical Alfisol amended with 

different rates of pig-composted manure. Results from the study (Table 5) indicated that 

application of manure at 10 Mg ha-1 was adequate to enhance C-N sequestration and improve the 

stability of our soil. 
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Table 5: Estimated carbon and nitrogen sequestration values for top 20 cm depth derived from carbon and 

nitrogen stocks (kg m-2) 

Land use Compost rate    Aggregate size (mm)     Mean 

  (Mg/ha) 5.66 – 2.00 2.00 – 1.00 1.00 – 0.50 0.50 – 0.25 < 0.25 

Organic carbon 

C1 (TZESR-Wa) 0 -2.0  -13.3  -26.0  13.1  14.4  -2.76 

   5 6.0  5.6  12.8  11.1  13.4  9.78 

   10 10.9  9.7  16.2  10.5  24.6  14.38 

   15 3.6  8.6  10.1  28.5  22.8  14.72 

C2 (OHORIb)  0 -0.4  -8.3  15.7  5.1  13.2  5.06 

   5 7.0  20.8  12.4  4.7  21.9  13.36 

   10 8.1  13.1  34.9  2.9  28.6  17.52 

   15 2.2  3.6  25.9  4.3  13.0  9.8 

 

Total nitrogen 

C1 (TZESR-Wa) 0 0.91  0.99  1.06  1.02  1.04  1.01 

   5 1.16  1.08  1.09  1.00  1.16  1.10 

   10 1.31  1.22  1.22  1.19  1.29  1.21 

   15 1.16  1.18  1.21  1.06  1.15  1.15 

C2 (OHORIb)  0 1.05  0.59  1.06  0.83  1.08  0.92 

   5 1.27  1.22  1.06  1.08  1.27  1.18 

   10 1.24  0.96  1.12  1.15  1.21  1.14 

   15 0.92  0.91  0.90  0.78  1.00  0.90 

 

LSD at P < 0.05: Treatment x aggregate size = 0.26 

Values = Difference between OC and N stock values for baseline forestland and cultivated land amended with 

compost. In cultivated land, positive values = sequestration; negative values = C and N contribution to greenhouse 

effect; a improved maize variety; b local maize variety.  

SOURCE: Adesodun & Odejimi (2010). 

 

2.4 Soil Physical Quality Assessment by Micromorphology Technique: Image Analysis of 

the Soil Pore System 

 

Our research work in this area established the applicability of fractal scaling of pore spaces 

captured by image analysis. Soil porosity measurement from thin-sections and point-counting are 

useful tools for assessing improvement in physical and biological properties of soil. The Thin 

sections studies were done in the Micromorphological Laboratory of the School of Biological and 

Environmental Sciences, University of Stirling, Scotland under the 2002-2003 Commonwealth 

Split-site Scholarship for academic staff. Void space was estimated from mosaic of images of the 

thin-section captured using a three-chip video camera (HV-C10, Hitachi, Denscii, Japan) and a 
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framegrabber card (Prysm, Synoptic, Cambridge) fitted to a computer running AnalySiS software. 

Adesodun et al. (2005) estimated the effect of sewage sludge and a biocide (chlorpyrifos) treatment 

on faunal activity as expressed in micromorphological properties from soils sampled from 

experimental plots established in 1999 at the Sourhope Experimental Farm in the Bowmont Valley, 

near Kelso in Southern Scotland. Figure 6 shows the result of average total porosity. 

Void space (Figure 6) represented 32.2% (S.E. 12.0) of the slide areas for the sewage sludge 

treatment, 24.7% (S.E. 11.2) for the biocide treatment and 27.6% (S.E. 12.0) for the control; but 

none of the differences were significant. The pattern in percentage pore area followed the same 

trend as the frequency of excrement and the inferred faunal activity (not shown), with the 

maximum suggested for the sewage sludge-treated soil and the minimum for biocide treatment. 

The observation indicated an increase in total porosity with the application of sewage sludge, while 

biocide marginally decreased soil porosity relative to the control. 
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Figure 6: Total porosity representing the percentage of the area occupied by pores larger than 50
micrometer per thin section (bars = standard error). SOURCE: Adesodun et al. (2005).
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Petroleum products are common source of pollution in Nigeria (Adesodun et al., 2008). We further 

studied changes of the pore space of a soil contaminated with petroleum spent-oil by image 

analysis and assessed the applicability of fractal scaling of the pore surfaces to estimate the 

degradation of the spent-oil as mediated by animal wastes (Adesodun et al. 2008). In addition to 

quantifying soil porosity using micromorphology, assessment of the soil physical quality as 

reflected by recent management practices was also expressed by fractal dimensions (D) of pore 

surfaces. The fractal dimension is a measure of the roughness or irregularity of the soil pore walls. 

Values obtained in this study lie between 2.34 and 2.80 (Table 6), indicating that the pores outline 

exhibited fractal behaviour. Kampichler and Hauser (1993) stated that the rougher the pore walls 

of soil, the higher their D values. Therefore, the formation of highly irregular pores as revealed by 

high Ds values of the soils studied with lower concentrations of spent oil indicated improvement 

in the soil quality with addition of CD, PM, and PW to the polluted soils. Values of fractal 

dimensions obtained in our study (Table 6) for pore-solid interfaces contaminated with oil 

correspond to those reported by Anderson et al. (1996) who reported Ds= 2.15 to 2.25 and Ds= 

2.91 to 2.99 with dilation and erosion. Bartoli et al. (1991) calculated Ds= 2.61 to 2.73 by mercury 

porosimetry, while Salako (2003) reported fractal dimensions (D) between 2.92 and 2.93 reflecting 

the effects of fallow management systems on soil pores. 

In summary, oil contaminated soil supplemented with organic wastes showed that the Ds followed 

0.5%SP > 2.5%SP > 5%SP, indicating increases in irregularity of the soil pores with decrease in 

oil concentrations. This study therefore demonstrates the applicability of fractal scaling for 

evaluating pore space of soils amended with animal wastes. 

Figure 7 also showed that addition of CD had a greater effect on increasing transmission (void) 

space at low oil concentrations, whilst PM was better at high contamination levels.  
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Table 6: Pore surface fractal dimension relative to the treatments 

Treatment a   Dp/2   Ds  R2 

C    0.76 (0.23)  2.52  0.83 

CD    0.70 (0.27)  2.40  0.82 

PM    0.70 (0.20)  2.40  0.82 

PW    0.84 (0.21)  2.68  0.91 

0.5%SP    0.84 (0.22)  2.68  0.89 

CD+0.5%SP   0.90 (0.24)  2.80  0.94 

PM+0.5%SP   0.85 (0.21)  2.70  0.91 

PW+0.5%SP   0.87 (0.25)  2.74  0.94 

2.5%SP    0.82 (0.22)  2.64  0.89 

CD+2.5%SP   0.79 (0.37)  2.58  0.87 

PM+2.5%SP   0.79 (0.30)  2.58  0.92 

PW+2.5%SP   0.79 (0.10)  2.58  0.87 

5%SP    0.83 (0.31)  2.66  0.91 

CD+5%SP   0.65 (0.30)  2.30  0.79 

PM+5%SP   0.70 (0.34)  2.40  0.88 

PW+5%SP   0.67 (0.31)  2.34  0.84 

Values in parenthesis indicate standard deviation from the mean. a C, control; CD, cow dung; PM, poultry 

dropping; PW, pig waste; SP, spent oil. SOURCE: Adesodun et al. (2008) 
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Figure 7: Effect of organic waste on transmission pores (>50 μm) distribution expressed as a percentage of 

total area of pores pre thin section. Vertical bar represents least significant difference (LSD) at p=0.05 

(n=3). SOURCE: Adesodun et al. (2008) 
 

Pagliai and Vignozzi (2003) observed that characterization of soil pores system by image analysis 

gives detail information about soil structural conditions, and a good indicator of its modifications 

induced by management. 

2.5 Biodegradation of spent-oil by organic waste 

Further studies focused on the usefulness of animal droppings, viz. poultry manure, pig waste and 

cow dung applied at 10 Mg/ha each in rehabilitating soils polluted with waste lubricating oil 

(Adesodun & Mbagwu, 2008). For the results presented in Table 7, total hydrocarbon content (THC) 

or whole products analytical method, instead of analysis of individual hydrocarbon fractions, was 

adopted for this study because spent or used lubricating oil is highly variable and have altered 

structure due to combustion process. At the end of 2 years of oil pollution, CD + 0.5%SP had the 

highest THC reduction of 88.1% (8814 mg/kg), while PM+2.5%SP had 83.6% (41,789mg/kg) 

reduction for plots with 50 g/kg total oil loading (Table 7). 

Figure 1: Effect of organic wastes on transmission pores (> 50 μm) distribution expressed as 
a  p e r c e n t a g e  o f  t o t a l  a r e a  o f  p o r e s  p e r  t h i n  s e c t i o n .  V e r t i c a l  b a r  r e p r e s e n t s  l e a s t  s i g n i f i c a n t  

d i f f e r e n c e  ( L S D )  a t  p = 0 . 0 5  ( n = 3 ) .
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Table 7: Gravimetric loss of total hydrocarbon content (THC) after 2 years of spent oil pollution 

Treatments Spent oil  Residual THC  Total % loss Net % loss due  

  loading (mg/kg) (mg/kg); n=4  in THC  to organic wastes 

0.5%SP 10000   2454   75.5  NA 

CD+0.5%SP 10000   1186   88.1  12.6 

PM+0.5%SP 10000   1957   80.4  4.9 

PW+0.5%SP 10000   1215   84.9  9.4 

2.5%SP 50000   14550   70.9  NA 

CD+2.5%SP 50000   12984   74.0  3.1 

PM+2.5%SP 50000   8211   83.6  12.7 

PW+2.5%SP 50000   8539   82.9  12.0 

5%SP  100000   29071   70.9  NA 

CD+5%SP 100000   28405   71.6  0.7 

PM+5%SP 100000   25233   74.8  3.9 

PW+5%SP 100000   25432   74.6  3.7 

Total % loss = [{Spent oil loading – Residual THC (treatment)}/ Spent oil loading] x 100; Net % loss = % 

loss in THC (treatment) - % loss in spent oil only; NA = Not applicable; SP = Spent oil; CD = Cow dung; 

PM = Poultry manure; PW = Pig waste. SOURCE: Adesodun & Mbagwu (2008) 

However, the influence of these organic wastes in stimulating biodegradation of this waste-

lubricating oil in soils that received 100 g/kg total oil loading showed PM + 5%SP having highest 

THC reduction of 74,767 mg/kg, representing 74.8% decrease in THC when compared with plots 

treated with only 5%SP. The effectiveness of organic waste in stimulating biodegradation of the 

oil, as evaluated by the net loss corresponding to each organic waste, indicated that cow dung (CD) 

had the highest reduction (12.6%) in THC with 0.5%SP contamination (Table 7); whereas poultry 

manure (PM) was more effective at 2.5% and 5% oil concentrations. Overall observation indicated 
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that PM applied at 10 Mg/ha was a better nutrient supplement in stimulating microbial degradation 

of this spent oil. 

2.6 Other Soil Pollution Studies 

Two species of sunflower (Tithonia diversifolia and Helianthus annuus) were investigated for their 

potential to remove heavy metals from contaminated soils. The contaminants were added as lead 

nitrate (Pb (NO3)2) and zinc nitrate (Zn (NO3)2) at 400 mg/kg which represent upper critical soil 

concentration for both Pb and Zn. The results showed that T. diversifolia mopped up substantial 

concentrations of Pb in the above-ground biomass compared to concentrations in the roots (Table 

8). Observations with H. annuus followed the pattern found with T. diversifolia, showing significant 

(p<0.05) accumulation of Pb in the above-ground biomass.  

Table 8: Concentrations of Pb in plant species and residual soil concentration (mg/kg) at different 

sampling periods 
 

Plant species Compartment Weeks after planting 

   4 6 8 

Tithonia diversifolia  Leaf 87.3 71.3 71.5 

Stem 79.3 77.8 60.7 

Root 99.4 97.4 77.7 

Soil 181.3 142.4 112.2 

LSD0.05 (WAP) =1.32 

LSD0.05 (compartment) =1.52 LSD0.05 (compartment × 

WAP) = 2.63 

Helianthus annuus Leaf 67.3 69.2 37.0 

Stem 76.7 76.2 49.7 

Root 100.3 96.8 65.8 

Soil 188.1 137.7 118.9 

LSD0.05 (WAP) =2.20 

LSD0.05 (compartment) =2.54 LSD0.05 (compartment × 

WAP) = 4.40 

Initial conc.= 400 mg/kg; LSD0.05 = at 5% probability level. 

SOURCE: Adesodun et al. (2010) 
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Results obtained from Zn contaminated (Table 9) soils showed significant (p<0.05) accumulation 

in the above-ground compartments of T. diversifolia and H. annuus compared with the root. 

However, the highest accumulation of Zn was observed in the leaf.  

Table 9: Concentrations of Zn in plant species and residual soil concentration (mg/kg) at different 

sampling periods  

Plant species Compartment Weeks after planting 

   4 6 8 

Tithonia diversifolia Leaf 246.9 254.3 198.8 

Stem 183.8 180.2 119.5 

Root 200.7 198.3 148.0 

Soil 304.1 300.7 281.3 

LSD0.05 (WAP) =1.86 

LSD0.05 (compartment) =2.14 LSD0.05 (compartment × 

WAP) =3.71 

Helianthus annuus Leaf 320.5 300.2 183.7 

Stem 159.4 153.7 119.0 

Root 182.7 177.5 137.7 

Soil 299.7 297.3 283.4 

LSD0.05 (WAP) =0.93 

LSD0.05 (compartment) =2.23 LSD0.05 (compartment × 

WAP)  = 3.86 

Initial conc.= 400 mg/kg; LSD0.05 least significant difference at 5% probability level. 

SOURCE: Adesodun et al. (2010) 

 

This experiment showed that these plants (T. diversifolia and H. annuus) accumulated substantial Pb and 

Zn in their shoots (leaf and stem) at 4 WAP which diminished with time. This implies that the efficiency of 

these plants in cleaning the contaminated soil was at the early stage of their growth. 

2.7 Improvement of Soil Physical Quality with Biochar (charcoal) and Plant residues, 

and Climate change Sudies: recent work 

 

Mr. Vice-Chancellor sir, I would like to report on some of my recent contributions to knowledge 

and which include collaborative studies with other researchers till the present time. In the work 

with Ajiboye et al. (2019) which assessed changes in the morphogenetic and physicochemical 

properties of an Alfisol as influenced by the healing period after charcoal production (CP), among 
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the physical properties studied, the saturated hydraulic conductivity (Ks) decreased by 362% at 

the surface following charcoal production (Table 10). Similarly, the soil aggregate sizes and clay 

flocculation index deteriorated considerably over the healing period without restoration within a 

decade (Tables 11 & 12). 

The study provides evidence that CP has profound either positive or negative effects on soil 

morphogenetic, physical, chemical, and microbiological properties; and there was an overall 

improvement in most of the soil quality indices after CP, and the impact may last up to a 

decade. 

Table 10: Effects of CP and healing period on mean soil profile physical properties at CP sites 

Year Depth Sand 

(%) 

Silt 

(%) 

Clay 

(%) 

BD (g 

cm−3) 

Por 

(%) 

Ks (cm 

h-1) 

Control Surface 84.92 3.00 12.08 1.50 43.36 37.36 

1 Surface 84.79 4.19 11.02 1.28 43.46 8.39 

3 Surface 85.58 3.16 11.26 1.33 44.91 10.96 

6 Surface 85.65 4.61 9.74 1.37 48.17 15.13 

8 Surface 86.95 4.39 8.66 1.42 60.08 31.53 

10 Surface 86.97 4.38 8.65 1.50 51.69 50.08 

        

Control Subsurface 73.43 1.96 24.61 1.60 39.62 50.22 

1 Subsurface 78.41 6.22 15.37 1.76 40.77 41.14 

3 Subsurface 78.37 5.80 15.83 1.83 36.39 28.77 

6 Subsurface 79.12 5.05 15.83 1.64 38.05 34.64 

8 Subsurface 85.98 2.52 11.50 1.72 36.25 57.40 

10 Subsurface 82.28 2.80 14.92 1.58 33.46 50.63 

Sed  6.24 2.31 5.33 0.16 6.63 24.39 

SOURCE: Ajiboye et al. (2019) 
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Table 11. Effect of CP on water-stable aggregate sizes and mean weight diameter 

      Aggregate size (mm) 

Year Depth MWD 5–2 mm 2–1 mm 1–0.5 

mm 

0.5–

0.25 

mm 

<0.25 

mm 

Control Surface 1.19 19.6 15.6 11.2 20.2 33.4 

YR 1 Surface 0.84 19 17.2 15.2 8.6 40 

YR 3 Surface 0.73 15.6 19 15.5 7.8 42.1 

YR 6 Surface 0.71 14.4 19.9 15.8 5.9 44 

YR 8 surface 0.64 11.1 20.1 17.9 5.1 45.8 

YR 10 surface 0.64 8.7 20.2 18.4 5 47.7 

        

Control subsurface 2.22 27.1 8.4 4.4 49.2 10.9 

YR 1 subsurface 1.46 24.3 13 8 25.6 29.1 

YR 3 subsurface 1.37 23.8 13.83 10.97 24.5 26.9 

YR 6 subsurface 1.35 22.9 15 14 20.1 28 

YR 8 subsurface 1.31 17.2 18.4 16.1 17 31.3 

YR 10 subsurface 1.31 15.6 22.6 18.9 5.8 37.1 

LSD  0.39 2.41     

LSD = Least significant difference at P < 0.05. 

SOURCE: Ajiboye et al. (2019) 

 

 
 

Table 12: Effect of CP on soil micro-aggregate indices 

Year Depth CDR DR ASC CFI 

Control Surface 0.73 0.72 4.96 0.27 

YR1 Surface 0.75 0.77 3.50 0.26 

YR3 Surface 0.78 0.79 3.47 0.22 

YR6 Surface 0.82 0.80 2.72 0.18 

YR8 Surface 0.84 0.88 2.28 0.17 

YR10 Surface 0.87 0.99 2.06 0.13 

      

Control subsurface 0.58 0.86 7.71 0.42 

YR1 subsurface 0.51 0.81 7.76 0.38 

YR3 subsurface 0.64 0.78 6.48 0.36 

YR6 subsurface 0.65 0.74 4.71 0.36 

YR8 subsurface 0.67 0.74 3.34 0.35 

YR10 subsurface 0.70 0.69 3.29 0.28 

LSD0.05  0.04 0.06 0.94 0.06 

DR = dispersion ratio, CDR = clay dispersion ratio, CFI = clay flocculation index, ASC = aggregate silt + clay. 

SOURCE: Ajiboye et al. (2019). 
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Mr. Vice-Chancellor, sir, as indicated earlier, we all know that incorporation of plant residues into 

soil plays a vital role in enhancing the quality of fragile tropical soils. We evaluated short-term 

effects of commonly available in our environment plant residues of different quality on organic 

carbon (OC) fractions, carbon management indices and stability of a sandy loam soil with low (< 

2%) initial OC content (Adesodun et al., 2020). The residues are Banana clippings (BC), 

Chromolaena odorata (CO), Leucaena leucocephala (LL), Maize Stover (MS), Neem clippings 

(NC), and Panicum maximum (PM) applied at 0 t ha-1 (control), 10 t ha-1 and 20 t ha-1. Pre-sieved 

(2 mm) soil samples from 0-20 cm depth were collected to determine structural index (SI), 

microaggregate stability, total OC (CT), labile OC (CL) and non-labile OC (CNL). Carbon indices, 

i.e. lability index (LI), carbon management index (CMI) and carbon pool index (CPI) were 

computed from the OC fractions to evaluate the best management practice. The OC fractions were 

significantly (p≤ 0.05) higher with LL applied at 20 t ha-1 (19.29 g kg-1 for CT, 1.20 g kg-1 for CL 

and 18.09 g kg-1 for CNL) than other treatments (Tables 13 & 14). This was followed by PM 10 t 

ha-1, with 17.16 g kg-1 for CT and 16.44 g kg-1 for CNL. The LI (1.29) was highest with MS 10 t ha-

1, while CMI (166.6) and CPI (1.85) were highest with LL 10 t ha-1 and 20 t ha-1 respectively. We 

concluded that L. leucocephala, followed by P. maximum and C. odorata provided short- term 

improvement in physical quality of this soil over other plant residues. 

 

 

 

 

 

 

 



FUNAAB 
INAUGURAL LECTURE SERIES 

34 
 

Table 13: Organic carbon fractions relative to plant residues incorporated 

Treatment Rate (t ha-1) CT (g kg-1) CL (g kg-1) CNL (g kg-1) 

Control 0 10.37c 0.7195c 9.65c 

BC 10 12.90bc 0.7191c 12.18bc 

 20 14.76abc 0.7191c 14.04abc 

CO 10 15.69ab 0.7195c 14.97ab 

 20 16.23ab 0.959ab 15.27ab 

LL 10 17.02ab 0.7189c 16.31ab 

 20 19.29a 1.196a 18.09a 

MS 10 12.77bc 0.1978ab 11.81bc 

 20 16.49ab 0.958ab 15.53ab 

NC 10 14.76abc 0.7192c 14.04abc 

 20 14.50abc 0.9588ab 13.54abc 

PM 10 17.16ab 0.7196c 16.44ab 

 20 14.90abc 0.7192c 14.18abc 

CT - Total Carbon; CL- Labile Carbon; CNL- Non-Labile Carbon; BC- Banana Clipping CO- 

Chromolaena odorata; LL- Leucaena leucocephala; MS- Maize Stover; NC- Neem Clippings; PM- 

Panicum maximum. Values in columns for the same parameters with different letters indicate significant 

difference at p ≤ 0.05. SOURCE: Adesodun et al. (2020) 

 

Table 14: Organic carbon fractions relative to plant residues incorporated 

Treatment Rate (t ha-1) CPl Ll CMI 

Control 0 1.00c 1.00ac 100b 

BC 10 1.25bc 0.80ac 98.5b 

 20 1.43abc 0.72ac 98.0b 

CO 10 1.51ab 0.67bc 97.7b 

 20 1.57ab 0.85ab 132.9ab 

LL 10 1.65ab 0.65ab 97.5b 

 20 1.85a 0.93ab 166.6b 

MS 10 1.24bc 1.29a 137.9ab 

 20 1.58ab 0.81ab 132.1ab 

NC 10 1.42abc 0.71ab 98.0b 

 20 1.40abc 1.01ab 134.8ab 

PM 10 1.66ab 0.59b 97.2b 

 20 1.45abc 0.72ab 98.0b 

CP- Carbon Pool Index; LI- Lability Index; CMI-Carbon Management Index Values in columns for the 

same parameters with different letters indicate significant difference at p ≤ 0.05. 

SOURCE: Adesodun et al. (2020). 
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The Vice-Chancellor sir, I presented a recent work on Soil and Climate Change titled “Carbon 

Footprint and Aggregation of an Alfisol in Response to Different Tillage and Maize (Zea mays 

l.)/Cowpea (Vigna unguiculata l.) Intercrop” at 6th International Conference on Agriculture for 

Sustainable Development (Agri Vision 2024), January 19-21, 2024 held at ICAR-NRRI, Cuttack, 

Odisha, India. This conference was sponsored by TETFUND. The study evaluated improvement 

in soil aggregation and short-term carbon footprint (CF) of the whole production system to assess 

the impact on climate change. This experiment was made up of tillage, i.e., no-tillage (NT), 

minimum tillage (MT) and conventional tillage (CT) as main plots; cropping system, i.e., sole 

maize, sole cowpea, and maize-cowpea intercrop as sub plots; and inorganic fertilizer (NPK-urea), 

organo-mineral fertilizer (OMF) and control as the sub-sub plots. The trend with soil aggregation 

followed NT > CT>MT indicating disaggregation with tillage operations (Table 15 – 18). Organic 

carbon content was highest in NT and least under CT. The C-N stored were least with NPK and 

OMF, whereas maize plots had highest C-N than other cropping system. Higher emissions of N2O 

and CO2 were observed under CT, while application of NPK-urea fertilizers significantly (P≤0.05) 

increased N2O (36.53 kg CE ha-1) and CO2 (4.25 kg CE ha-1). 

Carbon footprint, i.e., GHG emitted per grain yield, was higher under CT and NPK-urea 

treatments. Sole cowpea planted with NPK-urea contributed more to CF compared to OMF, while 

it was least with sole maize and maize/cowpea intercrop. This study showed that minimum tillage 

was better for maize and cowpea production with reduced CF, while lower carbon footprint 

indicates mitigation against greenhouse gas emissions. 
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Table 15: Soil aggregate distribution and mean-weight diameter relative to treatments. 

    Cropping Aggregate sizes (mm) 

Tillage  Amendment System  5.66-2 2–1 1-0.5 0.5-0.25 <0.25  MWD 

NT  Control  Cowpea 13.67 18.60 19.87 12.07  35.80  0.900 

    Intercrop 13.53 18.60 20.60 13.47  33.80  0.900 

    Maize  19.60 18.13 19.87 11.73  30.67  1.033 

  NPK  Cowpea 20.33 19.60 18.40 12.93  28.73  1.100 

    Intercrop 13.60 24.80 18.67 12.60  30.33  0.933 

    Maize  21.80 18.40 18.93 12.33  28.53  1.100 

  OMF  Cowpea 18.73 17.87 20.73 14.80  27.87  1.033 

    Intercrop 17.67 16.33 18.53 12.93  34.53  0.967 

    Maize  24.53 24.33 15.00 10.73  25.40  1.267 

MT  Control  Cowpea 9.53 15.27 19.20 15.60  40.40  0.733 

    Intercrop 10.13 14.00 19.87 14.80  41.20  0.733 

    Maize  7.87 15.73 21.60 18.67  36.13  0.700 

  NPK  Cowpea 6.47 20.07 22.07 18.13  33.27  0.733 

    Intercrop 6.07 15.27 19.07 20.53  39.07  0.600 

    Maize  5.60 14.00 21.20 23.67  35.13  0.600 

  OMF  Cowpea 6.13 14.73 21.67 19.80  37.67  0.633 

    Intercrop 7.80 15.60 21.33 17.20  38.07  0.700 

    Maize  6.87 13.73 20.73 19.73  38.93  0.633 

CT  Control  Cowpea 11.80 21.87 20.07 13.47  32.80  0.867 

    Intercrop 8.07 18.00 19.07 10.73  44.13  0.700 

    Maize  11.07 19.27 21.67 15.47  32.53  0.800 

  NPK  Cowpea 12.67 16.20 20.73 14.93  35.47  0.833 

    Intercrop 11.47 13.93 23.67 16.93  34.00  0.800 

    Maize  12.07 18.33 21.40 14.20  34.00  0.833 

  OMF  Cowpea 11.47 17.27 21.53 17.53  32.20  0.833 

    Intercrop 13.47 16.73 23.87 14.53  31.40  0.867 

    Maize  12.53 15.47 19.60 16.40  36.00  0.800 

LSD p≤0.05: 

T      ** * * **  **  ** 

A      ns ns ns *  *  ns 

CP      ns ns ns ns  *  ns 

NT = No-tillage, CT = Conventional tillage, OMF = Organo-mineral fertilizer. 

SOURCE: Adesodun et al. (2024) 
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Table 16: Total organic carbon and total nitrogen contents and sequestered C and N 

     TOC  TN  C-seq*  N-seq* 

Treatments    (g kg-1)  (g kg-1)  (kg m-2)  (kg m-2) 

Tillage   NT  21.39  1.835  0.66  0.110 

   MT  15.80  0.773  -0.83  -0.012 

   CT  17.09  0.798  -0.45  0.049 

LSD p≤0.05    2.721**  0.1548** 0.827*  0.045** 

 

Amendment  Control  19.08  1.074  0.00  0.000 

   NPK  17.68  1.145  -0.22  0.244 

   OMF  17.52  1.187  -0.40  0.049 

LSD p≤0.05    ns  ns  ns  ns 

 

Cropping system Cowpea 17.35  1.065  -0.27  0.006 

   Intercrop 17.25  1.159  -0.42  0.017 

   Maize  19.68  1.182  0.08  0.026 

LSD p≤0.05    ns  ns  ns  ns 

T X A     2.350*  ns  ns  0.039** 

T X C-sys    ns  0.1337** ns  ns 

A X C-sys    ns  ns  ns  ns 

T X A X C-sys    ns  ns  ns  ns 

* C-N sequestered at 0-15 cm depth. SOURCE: Adesodun et al. (2024) 

Table 17: Greenhouse gases emissions relative to treatments applied 

Treatment   CO2 emission (kg CE ha-1) N2O emission (kg CE ha-1) 

Tillage   NT   1.373    22.408 

   MT   1.903    22.531 

   CT   2.062    22.540 

LSD p≤0.05     0.346**    0.0135** 

 

Amendment  Control   0.000    0.000 

   CHF   4.249    36.531 

   OMF   1.088    30.942 

LSD p≤0.05     0.346**    0.0135** 

 

Cropping system Cowpea  0.000    15.995  

   Intercrop  2.869    31.655 

   Maize   2.468    19.824 

LSD p≤0.05     0.346**    0.0135** 

T X A      ns    0.0116** 

T X C-sys     0299*    ns 

A X C-sys     0299**    0.0116** 

T X A X C-sys     ns    0.0202* 

T = Tillage, C-sys = Cropping system, A = Amendment, CHF = NPK (15:15:15) + urea. 

SOURCE: Adesodun et al. (2024) 
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Table 18: Carbon Footprint relative to the treatments 

Treatment   CF (Kg CE ha-1) 

Tillage (T)   NT  0.013 

    MT  0.027 

    CT  0.040 

LSD p≤0.05     0.021* 

 

Amendment (A)  Control  0.000 

    CHF  0.044 

    OMF  0.037 

LSD p≤0.05     0.021* 

 

Cropping system (C-sys) Cowpea 0.055 

    Intercrop 0.020 

    Maize  0.005 

LSD p≤0.05     0.021* 

T X A      0.018* 

T X C-sys     0.018** 

A X C-sys     0.018** 

T X A X C-sys     0.032* 

SOURCE: Adesodun et al. (2024) 

3.0 CONTRIBUTION TO HUMAN DEVELOPMENT 

3.1 Teaching 

I have taught various courses in Soil Physics, Soil Conservation, Soil Pollution and Soil 

Micromorphology, at undergraduate (S0S 211, SOSO314, SOS 513, SOS516 & SOS520) and 

postgraduate (PDS 706, SOS 802 & SOS810) levels since 1998/1999 academic session to date. I 

also lectured at Alabama Agricultural and Mechanical University (AAMU), Huntsville, Alabama, 

USA in the Fall 2018 Semester and Spring 2019 Semester as Senior Fulbright Scholar (Scholar-

In-Residence Program) sponsored by International Institute of Education (IIE)’s Council for 

International Exchange of Scholars (CIES), USA. In AAMU, Huntsville, Alabama I taught 

NRE251 (Introduction to Soil Science) in Fall 2018 Semester and Spring 2019 Semester at 

undergraduate level; and NRE472/572 (Soil, Water, and Air Pollution Science) in the 2019 Spring 

Semester for final year undergraduate and postgraduate students. 
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3.2 Supervision 

As a Lecturer at the Federal University of Agriculture, Abeokuta, I have supervised seventy-seven 

(77) undergraduate projects to date; twenty-three (23) Masters’ Dissertations with seven (7) as 

Major Supervisor and sixteen (16) as Minor Supervisor. I have also supervised Ph.D Thesis with 

three (3) as Major Supervisor with one (1) completed and two (2) on-going; and three (3) 

completed as Minor Supervisor making a total of six (6) Ph.D Thesis to date. Dr. Olanrewaju 

Johnson Omoju, a Lecturer (Soil Physics) at the Faculty of Agriculture, Department of Soil 

Science and Land Resources Management, was my first Ph.D student. Dr Omoju successfully 

defended his Ph.D on 25th April 2025. 

3.3 Leadership 

Some of my areas of services in and outside the University are:  

(i.) Current member of the University Curriculum Committee. 

(ii.) Current Chairman of College of Plant Science and Crop Production Curriculum 

Committee. 

(iii.) Head of Department, Department of Soil Science and Land Management, Federal 

University of Agriculture, Abeokuta, Ogun-State, Nigeria with effect from 1st April 2016 

to 13th August 2018. 

(iv.) Deputy Dean, College of Plant Science and Crop Production (COLPLANT), Federal 

University of Agriculture, Abeokuta, Ogun-State with effect from 25th May 2012 to 11th 

August 2014. 

(v.) Acting Head of Department, Department of Soil Science and Land Management, Federal 

University of Agriculture, Abeokuta, Ogun-State with effect from 1st April 2010 to 1st April 

2012. 
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(vi.) Member, University Senate from 2010 to date. 

(vii.) Pioneer Rector of Ekiti State Polytechnic, Isan-Ekiti, Nigeria. 1st September 2019 to 31st 

August 2024. During my tenure, the Polytechnic was able to secure National Board for 

Technical Education (NBTE) and JAMB approval to commence academic programmes 

with admission of the first set of students in 2020/2021 session into Agricultural 

Technology, Accountancy, Computer Science, and Electrical/Electronic Engineering 

Technology. In the year 2022, the Polytechnic was also registered as beneficiary of 

TETFUND interventions. 

(viii.) Acting Provost, College of Technical and Commercial Agriculture, Isan-Ekiti, Ekiti-State, 

Nigeria (1st August 2014 to 31st October 2014). 

3.4 Awards 

(i.) MSc. research work at the University of Nigeria, Nsukka (1995 – 1997) funded by the 

European Union award under STD project titled “Stability of organic matter pools in 

African (Nigeria and Ethiopia) ecosystems”. The experience gained during this work 

prepared me for research activities in the University environment. 

(ii.) Certificate of College on Soil Physics, International Centre for Theoretical Physics (ICTP), 

Trieste, Italy (April 1998). This award served as the foundation for my international 

exposure as a Scientist which enhanced my productivity as a Lecturer. 

(iii.) 2002 Commonwealth Academic Staff Scholarship tenable at University of Stirling, 

Scotland, United Kingdom (1 October 2002 – 30 September 2003). This award was a Split-

site Commonwealth Scholarship for my Ph.D work. Experience gained during this 

fellowship also contributed greatly to my productivity as a Lecturer in and outside of this 

University. 
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(iv.) Carnegie African Diaspora Fellowship Program (12th June – 12th August, 2015). Under this 

fellowship, I hosted with the approval of the University two African-Americans of Nigeria 

and South Africa origins, Professor Emmanuel Babatunde of Lincoln University, 

Pennsylvania, USA and Dr. Kelebogile Setiloane of Delaware University, USA. During 

this programme, a summer School on “Carnegie Diaspora Fellowship for Current 

Issues in Global Higher Education” was organized for some staff and postgraduate 

students. I taught at this Summer School Ethnopedology, which is a hybrid or mixed 

discipline nurtured by natural as well as social science; and it encompasses the soil and 

land knowledge systems of rural populations, from the most traditional to the modern. 

(v.) 2018/2019 Fulbright Scholar-In-Residence Programme tenable at Alabama Agricultural & 

Mechanical University, Huntsville, Alabama, USA from August 15, 2018 to May 15 2019 

as Fulbright Visiting Professor. Some contents of the courses I taught in Huntsville, 

Alabama were integrated into the courses I have been handling after my return to this 

University. 

(vi.) “Shining Star Award” at the 6th International Conference on Agriculture for Sustainable 

Development (Agri Vision 2024), January 19-21, 2024 held at ICAR-NRRI, Cuttack, 

Odisha, India. Many of the student participants at this conference later informed me that 

they greatly benefited from my presentation. 

4.0 CONCLUSION 

This presentation has made a broad examination of the soil physical environment, concentrating 

on its quality parameters. Quality soil physical environments are essential for sustainability, 

fulfilling the needs of the present without compromising future generations. Strategies and 

practices that can enhance soil health include reducing soil compaction, maintaining adequate soil 
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organic matter, improving soil structure, preventing erosion, and reducing salinization and 

sodification.  

Bringing up attention to soil-related issues is essential for a sustainable society, supported by 

scientific insights into soils, sharing information, and take actions against unsuitable soil practices. 

Therefore, sustainable efforts are needed to improve the physical soil environment, involving 

cooperative actions among policymakers, researchers, and farmers because soil is a shared 

heritage. In closing, soil physical environments should be effectively monitored for a sustainable 

society that supports food production along with other ecosystem services. 

5.0 RECOMMENDATIONS 

Within a sustainable society context, soils are the foundation for a broad range of ecosystem 

services. Despite widely known benefits of a good soil environment on food, water, and energy 

production, climate resilience and biodiversity enhancement, soil physical environments are often 

neglected in policy decision-making processes. Therefore, some policy recommendations for 

consideration by decision-makers at various levels are hereby presented as follows:  

1. Many agricultural practices that promote soil conservation often have lower long-term 

costs, but higher initial costs. In this sense, government intervention and support are often 

essential both from regions where soil management efforts are currently being 

implemented and from regions where efforts are still in the planning stages.  

2. The planning and implementation of government support programme must be seen as a 

collaborative effort between government agencies or Departments and local communities. 

3. Since there is no single support train or strategy that can be applied to different regions; 

comprehensive approach to support programme, where research, education, and practical 

implementation are funded, is highly recommended. 
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4. The physical environment of soil is largely determined by land use practices. Monitoring 

top-soil is essential for effective agricultural practices. Therefore, investments and 

innovations in soil monitoring technologies and their applications are important to improve 

soil assessment and management at various scales and land use. 

5. More digital platforms and applications for smart phones should be developed to help users 

easily access and understand soil data. Artificial intelligence, machine learning and big 

data prediction models may also play an important role for soil and land management. 

6. Ongoing or future research or investment efforts should not only focus on developing new 

technologies, but also on how these technologies can be effectively implemented. For 

example, simple and cheap soil monitoring technologies may be developed, but it is 

important to train users/farmers on how to operate these technologies and interpret the 

results. 

7. The Nigerian Farmers Soil Health Scheme (NFSHS) is a significant initiative launched 

recently by President Bola Ahmed Tinubu under the Renewed Hope Agenda with the 

support of some international organizations to enhance soil health and improve agricultural 

productivity. This initiative includes establishment of 774 soil testing laboratories in all 

local government areas, availability of personal soil health cards for farmers, and the 

development of Soil Information System (Digital platform) to aggregate soil data for 

evidence-based decision-making and research is highly commendable. The government 

should demonstrate sufficient pollical will to achieve this project within a relatively short 

time. 
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Sojobi and their children, I thank you all for your love. 

I want to use this forum to thank all my past and present undergraduate and postgraduate students, 

particularly Dr. O. J. Omoju who completed his Ph.D recently; and my on-going Ph.D students - 

Mrs. Abiola Ijiyokun, Mr. Ayodeji Adekunle and Mr. Stephen Abudu. 

I remain deeply grateful to my beloved children, Miss Anjolaoluwa Oluwatomisin Adesodun 

(graduated FUNAABITE), the Favorite Coco, and Mr. Johnson Kayode Adesodun (JK-II and 

current AKOKITE), for their love, patience, and encouragement. Their understanding, prayers, 

and support have been a constant source of strength, motivation, and joy to me through every 

season of this journey. 

Now, I reserve a very special appreciation for my dear wife, Mrs. Tolulope Foluke Adesodun, 

whose unwavering love, patience, prayers, and sacrifices have been the pillar behind my academic 

journey and public service within and outside the University. Her steadfast support, 

encouragement, and understanding, especially during periods of intense research, administrative 

responsibilities, and long absences from home made this achievement possible. She has been a 

constant source of strength, peace, and inspiration. I remain profoundly grateful to her for standing 

by me and our children through every season of this journey. To God be the glory, Amen. 
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SONG: Oluwa, ibi E si mi de, me mo pe mo le de be, Baba mo yin Yin logo o, Amin. 

 

Mr. Vice-Chancellor, sir, thank you for this opportunity. 

Distinguished ladies and gentlemen, I thank you all for listening. 

May God bless you all, Amen. 
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