CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and
ENVIRONMENTAL RESOURCES

GLOBAL ISSUES & LOCAL PERSPECTIVES

Edited by
Ahmed Makarfi
Ignatius Onimawo
Prince Mmom
Ani Nkang
Abdullahi Mustapha

Eteyen Nyong

PUPLISHED BY:

Society for Agriculture, Environmental Resources & Management (SAEREM)

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

1



CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

First published 2024
SAEREM World

Nigeria

C 2023 Eteyen Nyong

Typeset in Times New Roman

All rights reserved. No part of this book may be reprinted or reproduced or utilized in any
form or by any electronic, mechanical, or others means, now, known or hereafter invented
including photocopying and recording or in any information storage or retrieved system,
without permission in writing from the copyrights owners.

Climate Change, Food Security, National Security and Environmental Resources
Global Issues & Local Perspectives

ISBN 978-978-60709-9-5

Printed at: SAEREM Worl

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

2



CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

TABLE OF CONTENTS
Preface
Editorial Note
Table of Contents
Acknowledgement

Dedication

Part one: CLIMATE CHANGE

Chapter 1:
The Concept of Technical Efficiency and Effects Climate Change on Palm Oil Processing

Eteyen Nyong
Chapter 2:

Enviromental Resource Policy: Forestry and Climate Change Challenges.
Bolaji, K.A, Kabir G.H and Arowolo O.V.
Chapter 3:

A Review of the Impact of Bush Burning on the Environment: Potential Effects on
Soil Chemical Attributes

Chiroma, A. M.,'" and Alhassan, A. B.,1

Chapter 4
Effect of Climate Change on Income and Constraints of Periwinkle Harvesters in Nigeria

Eteyen Nyong

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

3



CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

Chapter 5:

The Nexus between Climate Change and Agricultural Production in Nigeria

!Ettah, O. 1., ?lgiri, Juliana and 3Ettah, Goddy I.

Chapter 6:

Climate Change and Adaptation Management Practices in Crop and Animal

Production.

Idris, Rakiya Kabir and Suleiman, Akilu

Part two: FOOD SECURITY

CHAPTER 7

Trend of Climate Change Variables: Food Security and Perception on Arable Crop

Farmers in South-South Nigeria.
Eteyen Nyong
CHAPTER 8

Social Media Marketing Culture As an Innovation of Delivering Growth in Post-Covid-19
Era

Sadiq Mohammed Sanusi! and Ahmad Muhammad Makarfi?

CHAPTER 9
SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

4



CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

Digital Agricultural Marketing as A New Age Technologies in Post- Covid-19 Era

Sadiq Mohammed Sanusi! and Ahmad Muhammad Makarfi?
CHAPTER 10

Climate Change, Pollution and National Insecurity
Ogbanje, Elaigwu Christopher & Umar, Haruna Suleiman

CHAPTER 11

Insecurity: Impacts on Agro-Allied Industries and Food Production

Salami, Azeez Oyeniyi
CHAPTER 12

Evolution of Desert Encroachment Narratives and how it affects

Desertification Policy Implementation in Nigeria

Abdullahi Umar; Abdullahi Adamu; Kabiru Shehu: Ismail Alfa Adamu and Sadig Abdullahi

CHAPTER 13

Soil Conservation Management: Climate Change and Food Sufficiency

Eze, Kingsley Chijioké' Obasi, Nnenna Patrick and Inyang, Otoobong Anwanabasi.

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

5



CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

CHAPTER 14

A Review of the Impact of Bush Burning on the Environment: Potential Effects on
Soil Physical Attributes

Alhassan, A. B.,Y"and Chiroma, A. M.,
CHAPTER 15
Effect of Carbon Dioxide (Coz) Emission on Rice Production in Nigeria

Hbrahim Mohammed Kebiru, ?Husseini Salihu, !*Shaibu Ufedo Monday

Part three: NATIONAL SECURITY
Chapter 16

Anthropogenic Activities: Implications on the Population and Diversity of Fauna-Avifauna

Species of old Oyo Forest
Adedoyin, S.0., Omifolaji, J.K., Jatto, S.O.S., Oluwagbemi, T., and Sale, F.A.
Chapter 17

Conservation of Forest Resources in Nigeria: Case Study of Indigenous Forest Food Plants

Species
Okonkwo, H. O, Nsien, I. B., and Akomolede, L. A.
Chapter 18
Poaching and Trade in Wildlife Products: A Global Perspective

Okonkwo, H. O, Nsien, I. B., and Akomolede, L. A.

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

6



CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

Chapter 19

Peace Education and Critical Peace Education: Eradicating Violence

and Promoting Peace in Nigerian Schools
Abdulganiy Aremu SULYMAN and Duze Daniel ALI
Chapter 20
Idealist Education and PEANism as Panaceas for Security Challenges in Nigeria

Abdulganiy Aremu SULYMAN and _Kassim A. OYEWUMI

Part four: ENVIRONMENTAL RESOURCES

Chapter 21

Soil Conservation Management: Climate Change and Food Sufficiency
Lukuman Lekan, ADELAKUN

Chapter 22

Environmental Conservation: Food Production, Resource Management, Food Security,

and Sustainability
Adeyemi Patrick OYEKAN
Chapter 23

Analysis of Green Leafy Vegetable Profitability and Risk Management among Women
Marketers in EKiti State, Nigeria

Ajibade, Y.E.*!, Folayan, J.AZ., Akinyemi, M3, Ayeni, M.D*, Musa, V.H%., and Oni, S.0°.

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

7



CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

Chapter 24

Environmental Communication: The Media and Climate Change Issues
Triumph-Aruchi Eteyen Nyong

Chapter 25

Ecotoxicology and Micro Bioindicators Assessesment of Environemtal Pollution

Mansur Abdul Mohammed
Chapter 26

Climate Change Impacts on Water Resources in Nigeria

Muhammad Muhammad Makki, and Umar Faruk Lawan .

Chapter 27

Financing Climate-Smart Agriculture for Sustainable Food Security in Nigeria: Practices,
Risks, Responses, and Enabling Policies

Odili, Okwuchukwu Ph.D* and Okoro Kelechi Okoro?

Chapter 28

Environmental Resources Policy: Water Management, Pollution, Floods, and Climate
Challenges in Forestry

*Timothy Adewole ADEDIGBA. and **Lukuman Lekan, ADELAKUN

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

8



CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

Preface

This book adopts an exegetical approach as well as a pedagogic model, making it attractive
agriculture and environmental economics teachers, professional practitioners and scholars. It is
eschews pedantry and lays bars the issues in such clarity that conduces to learning. The book
elaborates on contemporaneous climate change, food security, national security and environmental
resources issues of global significance and at the same time, is mindful of local or national
perspectives making it appealing both to international and national interests. The book explores
the ways in which climate change, food security, national security and environmental resources
issues are and should be presented to increase the public’s stock of knowledge, increase awareness
about burning issues and empower the scholars and public to engage in the participatory dialogue
climate change, food security, national security and environmental resources necessary in policy
making process that will stimulate increase in food production and environmental sustainability.

Climate Change, Food Security, National Security and Environmental resources: Global issues
and Local Perspectives is organized in four parts. Part One deals with Climate Change with Six
Chapters, Part Two is concerned with Food Security with Nine chapters, Part Three deals with
National Security with Five Chapters, while Part Four pertains Environmental Resources, has Five
Chapters.

Ahmed Makarfi / Eteyen Nyong
April 2024
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CHAPTER 14

A Review of the Impact of Bush Burning on the Environment: Potential

Effects on Soil Physical Attributes
Alhassan, A. B., and Chiroma, A. M.,
Abstract

Bush burning, during land clearing is a common practice among the smallholder farmers in most
developing countries including Nigeria. The practice impacts not only the appearance of the
landscape, but the quality of the soil as well. Controlled and uncontrolled bush fires impact the
soil in a variety of ways with the magnitude of the disturbance largely dependent upon the fire
intensity, duration and recurrence, fuel load, and soil characteristics. The impact on soil
properties is intricate, yielding different results based on these factors. Whereas burning off the
vegetation during land clearing for cultivation is a common farming practice among farmers in
many parts of the tropics, yet little is known about the effects of this practice on the soil. This paper
reviews research investigating the effects of wildfire and prescribed fire on the physical attributes
of cultivated and forest soils and summarizes the current knowledge pertaining its effects on soil
physical properties particularly the ones that largely determine the soil's water and air supplying

capacity to plants.
Introduction

Increased human activities resulting from expanding population remains one of the biggest
challenges to the quality of the environment (Ezihe et al., 2020). Bush burning is the removal of
the surface vegetation cover that protects the soil surface through the use of fire (Plate 1). The
practice of bush burning has been an age long practice in many parts of the world including
northern parts of Nigeria and this practice has been generally recognized as an integral part of the
traditional farming system. Key drivers of soil degradation in forest and savannah ecosystems are

deforestation, fires, erosion, and soil contamination (Ghazoul et al. 2015; Silvério et al. 2019).
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Loss of plant biodiversity is the major footprint of bush burning. The preservation of vegetation
cover is key to maintenance of the ecosystem balance and favourable climatic conditions. The
practice of bush burning exposes the land surface to the adverse effect of wind, water erosion,
ultraviolet radiation etc. Bush burning has detrimental effect to the environment, health and the
economy. Bush burning, whether as a result of a wildfire or a controlled burning, affects not only
the appearance of the landscape, but also the quality of the soil. The degradation of the biological,
chemical, and physical properties of through bush fire reduces the capacity of the soil to function
fully, with such effects being either temporary or permanent (Agbeshie et al., 2022). Whereas the
landscape may quickly recover after a fire, with fresh new growth and emerging seedlings, its
negative effects on soil conditions is so enormous that it often takes much longer time for the soil
to recover. Fires, either wild or naturally occurring have been shown to affect the biological and
physico-chemical quality of soils and diminish the nutrient pool through various mechanisms,
including volatilization, oxidation, ash transfer, and erosion (Pellegrini et al. 2018). Several
researchers have documented the severity of wildfires on soil properties in both forest and
grassland vegetations (Liu et al. 2018; Ibafiez et al. 2021; Jhariya and Singh 2021). Therefore,
increased risk of fire risk not only affect forest flora, but also the soil physical, chemical, and
biological properties (Romeo et al. 2020). However, the extent of soil disturbance by fire is largely
dependent on such factors as fire intensity, duration and recurrence, fuel load, and soil
characteristics (Agbeshie et al., 2022).

According to a review by Certini (2005), an intense fire moving at a slow pace resulted in more
severe damage to the soil than a fast-moving fire. Temperatures of > 850 °C may be attained on
soil surfaces with dry, heavy fuel loads, and may have destructive effects on soil properties
(DeBano, 2000). Consequently, information on the changes to soil properties following fire is key
to finding sustainable and adaptable management practices of soils and forests (Zhang and Biswas,
2017). With current global warming, higher temperatures and extreme drought conditions
significantly increase the risk of forest fires (Zhang and Biswas 2017). There have been several
recent predictions on the possible increase in fire duration, intensity, and frequency in forested
regions, especially in the tropics as a result of higher temperatures (Zhang and Biswas 2017,
Auclerc et al. 2019; Addo-Fordjour et al. 2020). Studies conducted in the African savanna
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ecological zone shows that large areas of open woodlands and wet savannahs with high
populations of game and tall grasses recorded high mean fire counts (Anderson et al. 2003;
Bagamsah and Vlek, 2005; Kugbe et al. 2014) with the high fire incidence attributed to hunting to
flush out rodents and small animals as well as farming and charcoal burning (Day et al. 2014).
Recurrent bush fires in northern parts of Nigeria is gradually becoming a norm, hence the need for
proper enlightenment on the dangers of bush burning to the environment as well as the need to
bring the practice to an end. Statistics has it that more than half of bush burning throughout Nigeria
is deliberately lit, costing millions of naira damages annually. The negative impact of bush burning
need not be overemphasized especially during the hot season in northern Nigeria especially when
viewed against the backdrop of environmental pollution and health hazards (Otitoju et al. 2019;
Ezihe et al. 2020). This is particularly so because the short and long-term impacts of uncontrolled
bush fire exacerbates soil quality decline leading to soil degradation which may ultimately lead to
complete loss of land values (Tadesse, 2016). The objective of this paper is therefore to review the
current state of knowledge on the type and extent of soil modifications following wild and

controlled fire disturbances.
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Plate 1: Photo of uncontrolled fire in a forested landscape

Impact of Fire on Physical Properties of Soil: The physical properties of soils are among the
most important attributes that determining their potential uses, sustainability and productivity
(Chartres, 1982). The benefits of bush burning in improving the soil through immediate release of
occluded mineral nutrients for crop use seem to be short- lived due to its degenerative effects on
soil physical properties (Tucker, 2003; Edem et al., 2012). Many physical properties of soil can be
affected by fire. Soil physical properties in the context of this paper are those characteristics,
processes, or reactions of a soil that are caused by physical forces that can be described by, or
expressed in, physical terms or equations (SSSA, 2001). In the light of the above, this paper will
focus on those important physical characteristics that are affected by soil heating and these include:

Soil colour, texture, structure, aggregation, bulk density, and water storage capacity.
Potential effects on soil colour

The colour of a given soil is generally determined by the amount and state of iron and/or organic
matter it contains (Singh et al., 2004). The hue of the soil colour
depends on the presence of iron oxides that are significantly affected at different levels of
temperatures reached during heating (Terefe et al., 2008). Ash colour on the other hand can also
be used as an indicator of fire severity, and depending on the removal of the organic matter, can
range from black to white ash (complete ashing) (Neary et al., 1999; Bodi et al., 2011). Studies
have shown that changes induced in the colour properties by fire are more or less permanent
(Terefe et al., 2005; Tadesse et al. 2016). At higher temperature (600°C) reddening of soil matrix
occurs. The redder hue that appears following severe heating of soils is apparently because of Fe-
oxides transformation and complete removal of organic matter. The study by Certini, (2005)
revealed that in low to moderate fire, the ground surface is covered by a layer of black or grey ash.
The long term study (ranged from 22 d to 3 yr) by Uleri and Graham, (1993) revealed that soil
color and texture were most noticeably altered in the severely burned soil under concentrated fuel
(1-2% of the land surface), compared with nearby slightly or moderately burned areas.
Furthermore, after severe burning, a 1- to 8-cm-thick reddened layer formed at all of the sites,
which was redder in hue and had higher chromas and values than the unburned soils. Underlying

this layer was a blackened layer with a thickness of 1 to 15 cm and lower Munsell values. The
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authors attributed the redder hues in the burned soils to the result of Fe oxide transformations while
the blackened underlying layer was attributed to the loss of organic carbon resulting from charring
of the organic matter that remained. In a similar study, a slashed burnt field of 12- to 15-yr-old
secondary forest caused munsell values and chromas to decrease and hues to become yellower
with increasing heat severity, especially in the top 5 cm of the soil (Ketterings and Bigham, 2000).
The study also revealed that, at peak surface temperatures >600°C, the soil matrix was reddened
following substantial loss of the soil organic carbon. However, these and other similar studies
showed that color changes were highly dependent on temperature, heating time, organic content,
iron oxide composition, and available oxygen during burning (Berna et al., 2007; Canti and
Linford, 2000; Ketterings and Bigham, 2000). Some literature on soil heating also shows that while
some sediments redden dramatically at temperatures commonly found under the experimental
fires, others fail to redden even at significantly higher temperatures (Canti and LiInford, 2000).
These 'anomalies’ according to the authors was attributed to either organic matter content or
chemical variations affecting the progress- of the iron oxide transformations that lead to soil

reddening.

Potential effects on soil texture: Soil texture and soil colour are the two most noticeable altered
attributes in severely burned soil under concentrated fuel compared to nearby slightly or
moderately burned soil (Ulery and Graham, 1993). In a severely burnt Nigerian soil, Oguntunde
et al. (2004) reported an alteration of the soils particle size distribution leading to a significant
increase in the sand content relative to the contents of silt and clay. This was in agreement with
the findings of previous studies (Praise and Cannon, 2012; Salim et al. (2020). According to Praise
and Cannon, (2012), at temperatures exceeding 170°C, the contents of the clay and silt fraction
fractions deceases. The study by Salim et al. (2020) also showed that relative to the preserved site,
the contents of the sand size fraction substantially increased compared to the clay size fraction in
the burnt site when compared with the preserved site following only one year of fire disturbance
(Table 1). Contrary to these findings, Garcia-Corona et al., (2004) and Ibitoye et al., (2019) did
not find did not significant change the particle size distribution of the soil following fire incidence.
However, these discrepancies however, stem from the fact that the impact of fires on soil quality
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indicators is largely dependent on their severity and frequency (Johnston and Barati, 2013;
Pellegrini et al. 2018; Pérez-Izquierdo et al. 2021).

Tablel: Soil physical analysis in the study site

Parameter Preserved site Burned site Disturbed site
Clay (%) 3.83 3.61 3.60
Silt (%) 14.88 13.39 12.70
Sand (%) 81.29 82.50 83.70
Density (g/cm?®) 1.10 1.08 1.02

Source: Salim et al., (2020).

Most literatures shows that amongst the soil separates, clay is the most sensitive textural fraction,
which begins changing at soil temperatures of about 400°C when clay hydration and clay lattice
structure begins to collapse. The clay size fractions undergo several structural and compositional
changes when exposed to increasing temperatures (Ramaswami and Kamalakkanan, 1995). Up to
200°C the adsorbed water films around the finer fractions evaporates but when the temperatures
increased to 450 to 600°C, dehydroxylation and the loss of structurally bound water occurs with
kaolinite. This change takes place rather abruptly in kaolinite but with other clay types such as
smectide and illite, structural water loss is more gradual (Berna et al., 2007). Studies revealed that
at temperatures of 700 to 800°C the complete destruction of internal clay structure can occur
(Neary et al., 2008). Another study revealed that at temperatures approaching up to 950°C,
crystallization of new phases such Aluminosilicate spinel (SisAlisO32) occurs while porosity
rapidly diminishes and the initiation of the glassy phase [(amorphous free silica (SiO2)] of the
ceramic start (Rice, 1987; Carty and Senapati, 1998). According to Ulery and Graham (1993),
burning result in the production of a finer texture due to an increase in the silt fraction resulting
from the decomposition of kaolinized sand grains. These workers further revealed that after fire
disturbance, the top reddened soil layers had significantly less clay content than that of the
unburned soils. The blackened layers and sand-sized aggregates formed in the surface soils during
burning led to a change in the particle-size distribution resulting in development of coarser textures

as a result of the increase in the relative proportion of sand size fractions. Contrary to the above
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findings, Garcia-Corona et al. (2004) and Ibitoye et al. (2019) did not observe any significant
change in particle size distribution following fire disturbance. This trend is not unexpected because
the components of soil texture (i.e. sand, silt, and clay) have high temperature thresholds and as
such are not usually affected by fire unless they are subjected to higher temperatures at the mineral
soil surface (A-horizon) (Verma and Jayakumar, 2012). As previously reported, the most sensitive
soil separate is the clay fraction, which begins changing at soil temperatures of about 400°C when

clay hydration and clay lattice structure begin to collapse.

Potential effects on soil water storage: Bush burning depending largely on the intensity of the fire
and duration of exposure can cause the soil to lose its ability to absorb and retain water. After a
fire, the top layer of soil often becomes water repellent thereby causing the rain water to drain off
the soil without absorbing into the ground (Tibbits, 2017). Water repellency is as a result of the
presence of organic compound with hydrophobic properties on soil particle surface (Doerr et al.,
2009). Water repellency is known to influence seedling survival and subsequent stand
establishment (Reeder and Jurgensen, 1979). High surface temperatures ‘burn’ off organic
materials and create vapours that move downward in response to a temperature gradient before
finally condensing on the surfaces of soil particles causing them to become water repellent (Letey,
2001). Whereas most of the volatilized organic matter are lost through upward movement in the
smoke, but a small proportion moves downward along steep temperature gradients in the upper 5
cm of the soil and condenses to form a water-repellent layer that impedes infiltration (Fig. 1 A, B,
C). The degree of water repellency formed depends on such factors as the steepness of temperature
gradients near the soil surface, antecedent soil water content, and soil physical properties. For
example, relative to fine-textured soils such as clay, coarse-textured soils are more susceptible to
heat induced water repellency (DeBano, 1990). According to this author, the formation of water-
repellent layer after fire incidence, along with the loss of protective plant cover, increases surface
runoff and erosion during the first rains following burning. A reduction in infiltration by a water-
repellent layer can lead to increase in rill erosion on burned watersheds (Wells, 1981). Several
studies have reported highly variable water repellent soil conditions following forest fires
(Robichaud and Hungerford, 2000; DeBano, 2000; MacDonald and Huffman, 2004; Verma and

Jayakumar, 2012). The impact is always strongest at the soil surface in areas burned at high and
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moderate severity, and declined in strength with decreasing burn severity and increasing depth
(MacDonald and Huffman, 2004). Soil water repellency often prevents water from wetting or
infiltrating the dry soils (Doerr et al., 2009).

Studies have shown that soil burning decrease soil water retention capacity both at the field
capacity and permanent wilting point leading to a final reduction in soil available water holding
capacity (Tadesse, 2016). This was attributed to the resultant increase in sand size fractions and
decrease in clay content following burning of the top soil layer. Another plausible reason for the
reduction of soil water holding capacity is the reduction in the total organic matter content of the
soil following soil burning (Ibitoye et al., 2019). This may be attributed to the fact that organic
matter improves water retention (Brady and Weil, 1999) and that most organic matter within the
soil contains 50-90% water (Assunta et al., 2004). A confirmation of the above assertion can be
found in the findings by Emerson (1995) who concluded that the increase in clay content following

fire incident increases water holding capacity at both the field capacity and the permanent wilting
point.
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Figure 1-Soil-water repellency as altered by fire: (A) before fire, hydrophobic substances accumulate in the
litter layer and mineral soil immediately beneath; (B) fire burns the vegetation and litter layer, causing
hydrophobic substances to move downward along temperature gradients; (C) after fire, a water-repellent
layer is present below and parallel to the soil surface on the burned area (DeBano, 1981).

Potential effects on aggregate stability: Soil physical properties that are dependent on organic
matter such as soil structure, pore space, aggregation are all affected by heating during a fire
(DeBano, 1990). During the fire, heat transfer from burning biomass on the surface and within the
soil is directly responsible for the changes that occur (O’Brien et al. 2018). The impacts fire on
soil properties are a function of intensity, duration, and frequency, which constitute fire severity
(Alcahiz et al. 2018; Lucas-Borja et al. 2020; FernandezGarcia et al. 2021). Obitoye et al., (2019)
reported a decrease in micro aggregate stability of a burned soil leading to a marked change of soil
structure as previously suggested by Krol et al, (2013). These workers also posited that the
decrease in micro aggregate stability of the burned soil was exacerbated by intensive cultivation
of the soil. Inbar et al. (2014) also reported a gradual breakdown in soil aggregates and subsequent
increase in soil loss following low to moderate wildfire. They concluded that the breakdown in

soil aggregates resulted in an increase in water repellency and subsequent increase in runoff.

Bulk density, which is closely related to soil aggregate stability, has also been shown to increase
significantly as a result of forest fire (Boerner, et al., 2009; Certini, 2005). Heydari et al. (2017)
also reported increase in soil bulk density following a wildfire in an oak forest in llam, Iran.
Similarly, Granged et al. (2011) and Jordan et al. (2011) found significantly higher soil bulk
densities in burnt soil following prescribed and wildfire in Australia and Mexico, respectively. In
a similar study, Verma et al. (2019) also observed higher soil bulk densities in tropical dry
deciduous forests of the Western Ghats, India, following the incidence of 12-year wildfires. The
increase in soil bulk density following fire incident has been attributed to collapse in soil
aggregates leading to destruction of soil organic matter (Alcafiiz et al. 2018). This assertion was
confirmed by the findings of Heydari et al. (2017) who concluded that the destruction of soil
structure and structural pores, coupled with the decline in organic matter increased soil bulk
density. Earlier investigators also attributed increases in bulk density following fire incidence to

the collapse of aggregates and clogging of voids by the ash and dispersed clay minerals; as a

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

18



CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

consequence, both soil porosity and permeability decreases (Certini, 2005). Soil bulk density is
inversely proportional to soil porosity, thus an increase in bulk density results in decreased
porosity, with further ramifications on hydrological properties (Wieting et al. 2017; Lucas-Borja
et al. 2020). Contrary to these findings, Downing et al. (2017) reported a lower soil bulk density
after a high-intensity wildfire on Mount Kenya in Kenya. They attributed the decrease in bulk
density to the addition of partially decomposed organic matter, coupled with soil vapour

expansion.

Summary and conclusions: The literature reviewed suggest that the impact of burning on soil
physical properties depends largely on factors such as temperature, heating time, organic content,
iron oxide composition, and available oxygen during burning. For example, at peak surface
temperatures greater than 600°C, soil organic carbon was mostly depleted and the soil matrix was
reddened whereas in low to moderate fire, the ground surface is covered by a layer of black or grey
ash. However, literature on the impacts of fire on soil texture is highly variable with some reports
suggesting that burning significantly affects the texture of the soil, while others did not show any
significant change in particle size distribution of the soil owing to fire disturbance. This
discrepancy could be attributed to the fact that the components of soil texture (i.e. sand, silt, and
clay) have high temperature thresholds and as such are not usually affected by fire unless they are
subjected to very exceedingly high temperatures. Bush burning depending largely on the intensity
of the fire and how long it burns has been shown to limit the ability of the soil to absorb and retain
water. This is caused by downward movement of vaporized organic matter along steep temperature
gradients and their subsequent condensation to form a water-repellent layer in the upper most few
centimeter layers of the soil. The degree of water repellency formed depends on factors such as
the steepness of temperature gradients near the soil surface, antecedent soil water content, and soil
physical properties. There are reports in literature that shows low to moderate burning cause a
breakdown in soil aggregates and the subsequent increase in soil loss thereby resulting in increased
water repellency and the resultant increase in runoff. Increase in soil bulk density following fire
disturbance has been attributed to collapse in soil aggregates owing to the depletion of soil organic
matter. It can be concluded based on the present review that almost all the soil physical properties
that are dependent on soil organic matter are negatively affected by burning with the magnitude of
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the effect largely depending on such factors as temperature, heating time, organic content, iron
oxide composition, and available oxygen during burning. Hence it is imperative to find an
alternative to the traditional practices of soil burning as a means of land clearing by farmers to

safeguard the soil against progressive decline in quality.

References

Addo-Fordjour, P., Kadan, F. Rahmad, Z. B. Fosu, D. and Ofosu-Bamfo, B. (2020) Wildfires cause
shifts in liana community structure and liana-soil relationships in a moist semi-deciduous
forest in Ghana. Folia Geobot, 55:1-15

Agbeshie, A. A.,- Abugre, S. - Darkwa, T. A. and -Awuah, R. (2022). A review of the effects
of forest fire on soil properties. J. For. Res. 33:1419-1441 https://doi.org/10.1007/s11676-
022-01475-4

Alcafiiz, M., Outeiro, L. Francos, M. and Ubeda, X. (2018). Effects of prescribed fires on soil
properties: a review. Sci. Total Environ., 613: 944-957.

Anderson, M. I., Kjoller, A. Struwe, S. (2003). Soil emissions of nitrous oxide in fire-prone
African savannas. Journal of Geophysical Research, 108 (D20) 4630
https://doi.org/10.1029/2002JD003345.

Assunta, M. P., Giacomo, G. Sergio, L., Stefano, D. and Piero, P. (2004). Effect of fire on soil C,
N and microbial biomass. INRA, EDP Sciences 2004, France. Agronomy for Sustainable
Development, 24: 47-53.

Auclerc, A., Le Moine, J. M. Hatton, P. J. Bird, J. A. and Nadelhoffer, K. J. (2019). Decadal post-
fire succession of soil invertebrate communities is dependent on the soil surface properties
in a northern temperate forest. Sci. Total Environ. 647:1058-1068.

Bagamsah, T. T. and Vlek, P. H. G. (eds.) (2005). Cuvillier Verlak, Gottingen. Ecology and
Development Series 25.

Berna, F., Behar, A. Shahack-Gross, R. Berg, J. Boaretto, E. Gilboa, A. Sharon, I. Shalev, S.
Shilstein, S. Yahalom-Mack, N. Zorn, J. R. and Weiner, S. (2007). Sediments
exposed to high temperatures: reconstructing pyrotechnological processes in Late Bronze
and Iron Age Strata at Tel Dor (Israel). Journal of Archaeological Science 34: 358-373.

Bodi, M. B., Mataix-Solera, J., Doerr, S. H. and Cerda, A. (2011). The wettability of ash from
burned vegetation and its relationship to Mediterranean plant species type, burn severity
and total organic carbon content. Geoderma, 160: 599-607.

Boerner, R. E. C., Hart, S. and Huang, J. (2009). Impacts of Fire and Fire Surrogate treatments.
Ecological Applications, 19(2): 338-358

Canti, M. G. and LInford, N. (2000). The Effects of Fire on Archaeological Soils and Sediments:
Temperature and Colour relationships. Proceedings of the Prehistoric Society 66, 2000, pp.
385-395. DOI:10.1017/S0079497X00001869

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

20


https://doi.org/10.1007/s11676-022-01475-4
https://doi.org/10.1007/s11676-022-01475-4
https://doi.org/10.1029/2002JD003345
http://dx.doi.org/10.1017/S0079497X00001869

CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

Carty, W. M. and Senapati, U. (1998). Porcelain- raw materials, processing, phase evolution and
mechanical behavior. Journal of American Ceramic Society, 81: 3-20.

Chartres, C. J. (1982). The use of Landform soil associations in irrigation soil surveys in Northern
Nigeria. J. Soil Sci., 33:317-328.

Certini, G. (2005). Effect of fire on properties of soil - A review. Oecologia, 143: 1-10.

Day, M., Gumbo, D. Moombe, K. B. Wijaya, A. and Sunderland, T. (2014). Zambia country profile
monitoring, reporting and verification for REDD +, CIFOR Bogo.

DeBano, L. F. (1981). Water repellent soils: a state-of-the-art. Gen. Tech. Rep. PSW-46. Berkeley,
CA: US. Department of Agriculture, Forest Service, Pacific South-
west Forest and Range Experiment Station. 21 p.

DeBano, L. F. (1990). The Effect of Fire on Soil Properties. Paper presented at the Symposium on
Management and Productivity of Western-Montane Forest Soils, Boise, ID, April 10-12,
1990.

DeBano, L. F. (2000). The role of fire and soil heating on water repellency in wildland
environments: A review. Journal of Hydrology, 231-232: 195-206.

Doerr, S., Woods, S. and Martin, D. (2009). Natural background’ soil water repellency in conifer
forests of the north-western USA: Its prediction and relationship to wildfire occurrence.
Journal of Hydrology, 371(1-4): 12-21.

Downing, T. A., Imo, M. Kimanzi, J. and Otinga, A. N. (2017). Effects of wildland fire on the
tropical alpine moorlands of Mount Kenya. CATENA., 149: 300-308.

Edem, I. D., Udoinyang, U. C. and Edem, S. O. (2012). Variability of Soil Physical Conditions
Along a Slope as Influenced by Bush Burning in Acid Sands. International Journal of
Scientific and Technology Research, 1(6): 8-14.

Emerson, W.W. (1995). Water retention, organic carbon and soil texture. Australian Journal of
Soil Research, 33: 241-251.

Ezihe, J. A. C., Agbugba, I. K. Eigege, S. and Etowa, E. B. (2020). Effect of Bush Burning on
Farming Households In Makurdi Local Government Area of Benue State, Nigeria.
Fernandez-Garcia, V., Marcos, E. Huerta, S. and Calvo, L. (2021). Soil-vegetation relationships

in Mediterranean forests after fire. For Ecosyst., 8(1): 1-13.

Garcia-Corona, R., Benito, E. de Blas, E. and Varela, M. E. (2004). Effects of heating on soil
physical properties related to its hydraulic behavior in two north-western Spanish soils.
International Journal of Wildland Fire, 13(2): 195-1909.

Ghazoul, J., Burivalova, Z. Garcia-Ulloa, J. and King, L. A. (2015). Conceptualizing forest
degradation. Trends Ecol. Evol. 30(10): 622-632.

Granged, A. J., Zavala, L. M. Jordan, A. and Barcenas-Moreno, G. (2011). Postfire evolution of
soil properties and vegetation cover in a Mediterranean heathland after experimental
burning: a 3-year study. Geoderma., 164(1-2): 85-94.

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

21



CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

Heydari, M., Rostamy, A. Najafi, F. and Dey, D. C. (2017). Effect of fire severity on physical and
biochemical soil properties in Zagros oak (Quercus brantii Lindl.) forests in Iran. J. for
Res., 28(1): 95-104

Ibitoye, R., Oyedele, D. J. Tijani, F. O. and Akinde, B. (2019). Effect of bush burning Intensity on
selected soil physical and chemical properties in lle-Ife, Nigeria. Moor Journal of
Agricultural Research, 20(2): 20-35.

Inbar, A., Lado, M. Sternberg, M. Tenau, H. and Ben-Hur, M. (2014). Forest fire effects on soil
chemical and physicochemical properties, infiltration, runoff, and erosion in a semiarid
Mediterranean region. Geoderma, 221: 131-138.

Ibafiez, T. S., Wardle, D. A. Gundale, M. J. and Nilsson, M. C. (2021). Effects of soil abiotic and
biotic factors on tree seedling regeneration following a Boreal forest wildfire. Ecosystems
2021:1-17.

Jhariya, M. K. and Singh, L. (2021). Effect of fire severity on soil properties in a seasonally dry
forest ecosystem of Central India. Int J Environ. Sci. Technol. 2021:1-12.

Johnston, M. D. and Barati, M. (2013). Calcium and titanium as impurity getter metals in
purification of silicon. Sep Purif Technol 107:129-134.

Jordén, A., Zavala, L. M. Mataix-Solera, J. Nava, A. L. and Alanis, N. (2011). Effect of fire
severity on water repellency and aggregate stability on Mexican volcanic soils. CATENA.,
84(3): 136-147.

Ketterings, Q. M. and Bigham, J. M. (2000). Soil Color as an Indicator of Slash-and-Burn Fire
Severity and Soil Fertility in Sumatra, Indonesia. Soil Sci. Soc. Am. J. 64(5)
DOI:10.2136/s55aj2000.6451826x

Krol, A., Lipiec, J. Turski, M. and Kus, J. (2013). Effects of organic and conventional management
on physical properties of soil aggregates. Journal of International Agrophysics. 27: 15-21.

Kugbe, J., Fosu, M. and Vlek, P. H. G. (2014). Impact of season, fuel load, and vegetation cover
on fire mediated nutrient losses across savanna agro-ecosystem the case of northern Ghana.
Nutr. Cycl. Agroecosys. 102: 113-136 https://doi.org/DOI10.1007/S10705-014-9635-8

Letey J. (2001). Causes and consequences of fire-induced soil water repellency. Hydrological
Processes, 15(15): 2867-2875.

Liu, J., Qiu, L. Wang, X. Wei, X. Gao, H. Zhang, Y. and Cheng, J. (2018). Effects of wildfire and
topography on soil nutrients in a semiarid restored grassland. Plant Soil 428(1):123-136.

Lucas-Borja, M. E., Ortega, R. Miralles, |. Plaza-Alvarez, P. A. GonzalezRomero, J. Pefia-Molina,
E. Moya, D. Zema, D. A. Wagenbrenner, J. W. and De las Heras, J. (2020). Effects of
wildfire and logging on soil functionality in the short-term in Pinus halepensis Mill. forests
Eur. J. for Res., 139: 935-945

MacDonald, L. H. and Huffman, E. L. (2004). Post-fire soil water repellency: Persistence and soil
moisture thresholds. Soil Science Society of America Journal, 68: 1729-1734.

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

22


https://www.researchgate.net/profile/Quirine-Ketterings
http://dx.doi.org/10.2136/sssaj2000.6451826x
https://doi.org/DOI10.1007/S10705-014-9635-85

CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

Neary, D. G., Klopatek, C. C. DeBano, L. F. (1999). Fire effects on belowground sustainability: a
review and synthesis. Forest Ecology and Management, 122: 51-71

Neary, D. G., Ryan, K. C. and DeBano, L. F. (2008). Wild land Fire in Ecosystems: Effects of Fire
on Soils and Water. U.S. Department of Agriculture, Forest Service, Rocky Mountain
Research Station, USA.

O’Brien, J. J., Hiers, J. K. Varner, J. M. Hoffman, C. M. Dickinson, M. B. Michaletz, S. T.
Loudermilk, E. L. and Butler, B. W. (2018). Advances in mechanistic approaches to
quantifying biophysical fire effects. Curr. for Rep. 4(4): 161-177

Oguntunde, P. G., Fosu, M. Ajayi, A. E. and Gissen, N. (2004). Effects of charcoal production on
maize yield, chemical properties and texture of soil. Biology and Fertility Soils, 59: 295-
299.

Otitoju, O., Yakubu, O. E. Otitoju, G. T. O. and Daniel, U. (2019). A review of impact of recurrent
bush burning on the climate change paradigm: The Nigerian experience. International
Journal of Biology Research, 4(4): 92-101.

Pellegrini, A. F., Ahlstrom, A. Hobbie, S. E. Reich, P. B. Nieradzik, L. P. Staver, A. C.
Scharenbroch, B. C. Jumpponen, A. Anderegg, W. R. Randerson, J. T. and Jackson, R. B.
(2018). Fire frequency drives decadal changes in soil carbon and nitrogen and ecosystem
productivity. Nature, 553(7687):194-198.

Pérez-1zquierdo, L., Clemmensen, K. E. Strengbom, J. Granath, G. Wardle, D. A. Nilsson, M. C.
and Lindahl, B. D. (2021). Crown-fire severity is more important than ground-fire severity
in determining soil fungal community development in the boreal forest. J. Ecol., 109(1):
504-518

Parise, M. and Cannon, S. H. (2012). Wildfire impacts on processes that generate debris flows in
burned watersheds. Natural Hazards, 61: 217-227.

Ramaswami, K. and Kamalakkanan, M. (1995). Infrared study of the influence of temperature on
clay minerals. Journal of Thermal Analysis, 44: 629-638.

Reeder, C. J. and Jurgensen, M. F. (1979). Fire-induced water repellency in forest soils of upper
Michigan. Canadian Journal of Forest Research, 9(3): 369-373.
Rice, P. (1987). Pottery Analysis. A source book. The University of Chicago Press.

Robichaud, P. and Hungerford, R. (2000). Water repellency by laboratory burning of four northern.
Journal of Hydrology, 231-232: 207-219

Salim, I. S. H., Reis, A. F. S. and Walker, C. A. D et al. (2020). Fire shifts the soil fertility and the
vegetation composition in a natural high-altitude grassland in Brazil. Environmental
Challenges, 9: 1-10.

Silvério, D. V., Brando, P M. Bustamante, M. M. Putz, F. E. Marra, D. M. Levick, S. R. and
Trumbore, S. E. (2019). Fire, fragmentation, and windstorms: A recipe for tropical forest
degradation. J. Ecol. 107(2): 656-667.

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

23



CLIMATE CHANGE, FOOD SECURITY, NATIONAL SECURITY and ENVIRONMENTAL

RESOURCES (GLOBAL ISSUES & LOCAL PERSPECTIVES)

Singh, D., Herlin, 1. Berroir, J. P. Silva, E. F. and Simoes M. M., (2004). An approach to correlate
NDVI with soil color for erosion process using NOAA/AVHRR DATA. Advances in
Space Research, 33:328-332.

SSSA. 2001. Glossary of Soil Science Terms. Soil Science Society of America. Madison, USA.

Tadesse, K. A. (2016). A Review on Effects of Fire and Traditional Practices of Soil Burning on
Soil Physico-Chemical Properties. Journal of Biology, Agriculture and Healthcare, 6(1):
78-83.

Terefe, W., Mariscal, S. I. Peregrina, F. and Espejo, R. (2008). Influence of heating on various
properties of six Mediterranean soils: A laboratory study. Geoderma, 143: 273-280
Tucker, G. (2003). Review of the Impacts of heather and grassland burning in the uplands on soils,
hydrology and biodiversity. English Nature Research reports. No 550 North Minister

House, Peterborough, PE IVA.

Ulery, A. L. and Graham, R. C. (1993). forest fire effects on soil color and texture. Soil Science
Society of America Journal, 57(1): 135-140.

Verma, S. and Jayakumar, S. (2012). Impact of forest fire on physical, chemical and biological
properties of soil: A review. Proceedings of the International Academy of Ecology and
Environmental Sciences, 2(3):168-176.

Verma, S., Singh, D. Singh, A. K. and Jayakumar, S. (2019). Post-fire soil nutrient dynamics in a
tropical dry deciduous forest of Western Ghats. India for Ecosyst., 6(1): 1-9

Wells, W. G., (1981). Some effects of brush fires on erosion processes in coastal southern
California. International Association of Hydrologic Publication Sciences. 132: 305-342.

Wieting, C., Ebel, B. A. and Singha, K. (2017). Quantifying the effects of wildfire on changes in
soil properties by surface burning of soils from the boulder creek critical zone observatory.
J. Hydrol., 13: 43-57.

Zhang, Y. and Biswas, A. (2017). The effects of forest fire on soil organic matter and nutrients in
boreal forests of North America: a review. Adapt Soil Manage 2017:465-476

SAEREM BOOK CHAPTERS2023: First published 2024: ISBN 978-978-60709-9-5

24



